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Preface

Management of diabetes, a disease which is assuming epidemic
proportions, remains a challenge despite the availability of nu-
merous guidelines. According to International Diabetes
Federation (IDF) 2015 estimates, globally 415 million people
are suffering from diabetes and this figure may reach up to 642
million in 2040 [1]. Currently, 78.3 million people with diabe-
tes are in Southeast Asia (SEA) region and this may rise up to
140.2 million in 2040 if proper measures are not taken [1].
India has the second largest population (69.2 million) with
diabetes in the world after China (109.7 million) [2]. In addi-
tion, approximately 52% adults with diabetes remain undiag-
nosed in India. Large-scale surveys, such as District Level
Household and Facility Survey (DLHS) 2012–2013 and
Annual Health Survey (AHS) 2014, have reported that around
7% Indian adults are suffering from diabetes and the prevalence
is higher in urban (9.8%) compared to rural areas (5.7%) [3].

Type 2 diabetes mellitus (T2DM) is a progressive metabolic
disorder characterized by abnormal insulin secretion and utiliza-
tion. Indian patients with T2DM have distinctive clinical and
biochemical characteristics, which makes them the so-called
Asian Indian Phenotype [4–7]. These abnormalities include
more insulin resistance (IR), elevated abdominal adiposity (i.e.,
higher visceral fat in spite of lower body mass index [BMI]),
lower level of adiponectin, and a higher level of highly sensitive
C-reactive protein [4–7].Moreover, they have greater propensity
to develop cardiovascular (CV) complications such as coronary
artery disease (CAD) and atherosclerosis at any age point [4, 8]
and have significant pro-coagulant affinities [9–11]. At the same
BMI, more Asian Indians develop metabolic syndrome (MS)
and diabetes compared to their western counterparts [12]. In
spite of a relatively lower rate of obesity as defined by

international BMI cut-off points, Indians tend to have larger
waist circumference (WC) and waist-to-hip ratios (WHR), indi-
cating a greater degree of central body obesity [13]. Asian
Indians also have increased metabolic risk compared to their
western counterparts due to high leptin levels [14], greater IR
[6, 15, 16], higher insulin sensitivity index and lower acute
insulin response to glucose [17], early loss of β-cell function
[6], Bconcept of thin-fat Indian,^ or Bsarcopenic obesity^ [18].

Numerous international and national guidelines are in place
for themanagement of T2DM.Adopting country-specific guide-
lines improves treatment outcomes in diabetes. The Research
Society for the Study of Diabetes in India (RSSDI) therefore
published the clinical practice recommendations for the manage-
ment of T2DM in 2015, which was adapted from the 2014
global guidelines for type 2 diabetes by IDF. The recommenda-
tions were specifically designed considering the diverse socio-
economic and cultural background of Indians. The 2015 RSSDI
guidelines were very well accepted by the healthcare practi-
tioners across India and helped in decision-making.

However, diabetes research is continuously evolving. Every
year, several publications are being added to the literature which
can significantly impact holistic diabetes care. Addition of new
medicines to the diabetes management armamentarium, which is
beneficial in terms of reduction inmorbidity andmortality risk, is
transforming the treatment of T2DM. Keeping this in mind, in
the 2017 update, all of the sections have been updated with
recent evidence. Moreover, three new sections, Hypoglycemia,
Diabetes and CVrisk, and Technologies, have been incorporated
and some of the annexures revised. The objective of this updated
RSSDI 2017 clinical practice recommendations is to provide
evidence-based recommendations for the treatment of patients
with T2DM. It is expected that these recommendations will help
define practically implementable best practices not only for the
management of T2DM but also help in timely prevention of
acute and chronic complications of diabetes by primary care
physicians across India.

References

1. International Diabetes Federation. The International
Federation (IDF) diabetes atlas, seventh edition. 2015.
Available from http://www.diabetesatlas.org/

2. IDF diabetes atlas—7th edition 2015. Across the globe,
available at http://www.diabetesatlas.org/across-the-globe.
html

3. Akhtar SN, Dhillon P. Prevalence of diagnosed diabetes
and associated risk factors: evidence from the large-scale
surveys in India. Journal of Social Health and Diabetes.
2017;5(1):28.

4. Mohan V, Sandeep S, Deepa R, Shah B, Varghese C.
Epidemiology of type 2 diabetes: Indian scenario.
Indian Journal of Medical Research. 2007;125(3):217.

(continued)

DM Diabetes mellitus PVD Peripheral vascular
disease

DN Diabetic neuropathy QoL Quality of life
DPP-4 Dipeptidyl peptidase-4 RCT Randomized

controlled trial
DR Diabetic retinopathy SBP Systolic blood

pressure
DSME Diabetes self-management

education
SGLT 2 Sodium-glucose

cotransporter 2
ESRD End stage renal disease SMBG Self-monitoring of

blood glucose
GFR Glomerular filtration rate SU Sulfonylurea
GLP-1 Glucagon like peptide-1 T2DM Type 2 diabetes

mellitus
HDL High density lipoprotein UTI Urinary tract infection
HYQ Hydroxychloroquine WC Waist circumference
IDA Iron deficiency anemia WHO World Health

Organization
IDF International Diabetes

Federation
WHR Waist-to-hip ratio

Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115 S3

http://www.diabetesatlas.org/
http://www.diabetesatlas.org/across-the-globe.html
http://www.diabetesatlas.org/across-the-globe.html


5. Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali
A, Dhandania VK, Joshi PP, Unnikrishnan R, Nirmal E,
Subashini R, Madhu SV. Prevalence of dyslipidemia in
urban and rural India: the ICMR–INDIAB study. PLOS
One. 2014;9(5):e96808.

6. Shah VN, Mohan V. Diabetes in India: what is different?
Current opinion in endocrinology. Diabetes and Obesity.
2015;22(4):283–9.

7. Unnikrishnan R, Anjana RM, Mohan V. Diabetes in
South Asians: is the phenotype different? Diabetes.
2014;63(1):53–5.

8. Enas EA, Mohan V, Deepa M, Farooq S, Pazhoor S,
Chennikkara H. The metabolic syndrome and dyslipid-
emia among Asian Indians: a population with high rates
of diabetes and premature coronary artery disease. J
Cardiometab Syndr. 2007;2(4):267–75.

9. Hughes K, Aw TC, Kuperan P, ChooM. Central obesity,
insulin resistance, syndrome X, lipoprotein(a), and car-
diovascular risk in Indians, Malays, and Chinese in
Singapore . J Epidemiol Community Heal th.
1997;51(4):394–9

10. Kain K, Blaxill JM, Catto AJ, Grant PJ, Carter AM.
Increased fibrinogen levels among South Asians versus
Whites in the United Kingdom are not explained by
common polymorph isms . Am J Epidemiol .
2002;156(2):174–9.

11. Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK,
Montague PA, et al. Differences in risk factors, athero-
sclerosis, and cardiovascular disease between ethnic
groups in Canada: the Study of Health Assessment and
R i sk i n E thn i c g r oup s (SHARE) . Lance t .
2000;356(9226):279–284.

12. Ma RC, Chan JC. Type 2 diabetes in East Asians: sim-
ilarities and differences with populations in Europe and
the United States. Annals of the New York Academy of
Sciences. 2013;1281(1):64–91

13. Ramachandran A, Snehalatha C, Viswanathan V,
Viswanathan M, Haffner SM. Risk of noninsulin depen-
dent diabetes mellitus conferred by obesity and central
adiposity in different ethnic groups: a comparative anal-
ysis between Asian Indians, Mexican Americans and
Whites. Diabetes Res Clin Pract 1997;36(2):121–5.

14. Lilja M, Rolandsson O, Shaw JE, Pauvaday V,
Cameron AJ, Tuomilehto J, Alberti KG, Zimmet
PZ, Söderberg S. Higher leptin levels in Asian
Indians than Creoles and Europids: a potential ex-
planation for increased metabolic risk. International
journal of obesity. 2010;34(5):878.

15. Gao H, Salim A, Lee J, Tai ES, Van Dam RM. Can body
fat distribution, adiponectin levels and inflammation ex-
plain differences in insulin resistance between ethnic
Chinese, Malays and Asian Indians? International
Journal of Obesity. 2012;36(8):1086.

16. Abdullah N, Attia J, Oldmeadow C, Scott RJ, Holliday
EG. The architecture of risk for type 2 diabetes: under-
standing Asia in the context of global findings.
International Journal of Endocrinology. 2014.

17. Kodama K, Tojjar D, Yamada S, Toda K, Patel CJ, Butte
AJ. Ethnic differences in the relationship between insu-
lin sensitivity and insulin response. Diabetes care.
2013;36(6):1789–96

18. Joshi SR. Diabetes care in India. Annals of Global
health. 2015;81(6):830–8.

Methodology

The methodology followed to develop the current recommenda-
tions is similar to that used to prepare RSSDI 2015 recommen-
dations. A steering committee of RSSDI involving experienced
diabetologists and endocrinologists across India was constituted,
which met twice in the year 2017. The steering committee de-
liberated and defined the scope of the recommendations. As in
the case of 2015 version, for all sections of the recommenda-
tions, expert panel groups were constituted including one
steering committeemember as a coordinator with several nation-
al experts to review all available Indian, Asian, and global evi-
dence and make suitable recommendations.

The members of the expert panel reviewed the previous
RSSDI recommendations and formulated recommendations
based on available research evidence and economic and logistic
constraints prevalent in India. Where there was little or no evi-
dence, the group relied on their clinical experience and expertise,
judgment, and consensus to make the recommendations. The
recommendations of the expert panel groups were reviewed by
the steering committee and were then finalized by the writing
group as a draft consensus document.

The decision on the analytical reevaluation of the recommen-
dations proposed by RSSDI 2017 was based on the Indian evi-
dence published between 1990 and 2017 and following a review
of relevant local factors in the Indiancontext.This included Indian
evidencefromindexed literaturesearches,articlespublished in the
International Journal of Diabetes in Developing Countries
(IJDDC), RSSDI Textbook of Diabetes (third edition) [1, 2],
JournalofAssociationofPhysiciansof India (JAPI), andpersonal
communications from authors. Where Indian evidence was not
available,Asian/global evidencewas consideredwhere available.

Similar to the 2015 document, only BRecommended care^
and BLimited care^ setting of the IDF guidelines have been
considered while the BComprehensive care^ was omitted.
This practical approach facilitates implementation of cost-
effective evidence-based care in limited resource settings like
India.

& Recommended care constitutes evidence-based care
which is cost-effective. Interventions should be made
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available to all people with diabetes with an aim of any
healthcare system to achieve this level of care.

& Limited care is the lowest level of care that seeks to
achieve the major objectives of diabetes management
provided in healthcare settings with very limited re-
sources such as drugs, personnel, technologies, and
procedures.
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Diagnosis of diabetes

RSSDI 2017 recommendations

Recommended care

Diabetes can be diagnosed with any of the following criteria:

& Fasting plasma glucose (FPG) ≥ 126 mg/dL* or
& Oral glucose tolerance test (OGTT) using 75 g of anhy-

drous glucose with FPG ≥ 126 mg/dL and/or 2-h plasma
glucose ≥ 200 mg/dL or

& Glycated hemoglobin (A1C) ≥ 6.5%** or
& Random plasma glucose ≥ 200 mg/dL in the presence of

classical diabetes symptoms
& Asymptomatic individuals with a single abnormal test

should have the test repeated to confirm the diagnosis
unless the result is unequivocally abnormal.

Limited care

Diabetes can be diagnosed with any of the following criteria:

& FPG ≥ 126 mg/dL* or
& 75 g OGTT (using 75 g of anhydrous glucose) with FPG

≥ 126 mg/dL and/or 2-h plasma glucose ≥ 200 mg/dL or
& Random plasma glucose ≥ 200 mg/dL in the presence of

classical diabetes symptoms
& Asymptomatic individuals with a single abnormal test

should have the test repeated to confirm the diagnosis
unless the result is unequivocally abnormal.

*FPG is defined as glucose estimated after no caloric intake
for at least 8–12 h.

**Using a method that is National Glycohemoglobin
Standardization Program (NGSP) certified. For more on
A1C and NGSP, please visit http://www.ngsp.org/index.asp
[10]

Note:

1. Point of care device for estimation of A1C is not recom-
mended for diagnosis.

2. Capillary glucose estimation methods are not recom-
mended for diagnosis.

3. Venous plasma is used for estimation of blood glucose.

(a) Plasma must be separated soon after collection be-
cause the blood glucose levels drop by 5–8% hourly
if whole blood is stored at room temperature.

For more details on glucose estimation, visit
http://www.ncbi.nlm.nih.gov/books/NBK248/ [11].

Preamble

Traditionally, measuring FPG and OGTT is often considered
for diagnosis [1] despite several international guidelines
recommending A1C as a diagnostic tool for detecting
diabetes/prediabetes [2, 3]. The optimal cut-off value of
A1C to diagnose diabetes is determined in a way that individ-
uals with A1C levels above a certain cut-off value have a
much larger probability of having or developing diabetes-
related complications [4]. However, in several countries in-
cluding India, there is no consensus on a suitable cut-off point
of A1C for diagnosis of diabetes. Moreover, measuring A1C
is more expensive than FPG [5] and standardization of mea-
surement techniques and laboratories is poorly practiced
across the country [6]. Nonetheless, a recent review has in-
cluded A1C as a criterion for the diagnosis of diabetes in India
[7]. In lieu of this, the panel felt that using A1C as sole criteria
for diagnosis of diabetes is inappropriate in resource constraint
settings and framing recommendations based on fasting or 2-h
plasma glucose or OGTT to detect or diagnose diabetes would
be more appropriate in limited resource settings like India.

Considerations

The decision about setting diagnostic thresholds values was
based on the cost-effective strategies for diagnosing diabetes
that were reviewed in Indian context.

Rationale and evidence

A1C cut-off for diagnosis of diabetes in Indian patients
& The panel opined that A1C cut-off point of 6.5% is

optimal for the diagnosis of diabetes in Indian pa-
tients. This was based on the data available from four
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centers in India: Chandigarh, Chennai, Bangalore, and
Andhra Pradesh. Data from a community-based ran-
domized cross-sectional study in urban Chandigarh
suggest that A1C cut point of 6.5% has optimal spec-
ificity of 88%, while cut-off point of 7.0% has sensi-
tivity of 92% for the diagnosis of diabetes [8]. On the
other hand, data from Chennai Urban Rural
Epidemiology Study (CURES) demonstrated 88.0%
sensitivity and 87.9% specificity for detection of dia-
betes when A1C cut-off point is 6.1% (based on 2-h
postload plasma glucose) and 93.3% sensitivity and
92.3% specificity when A1C cut-off point is 6.4%
(when diabetes was defined as FPG ≥ 7.0 mmol/l)
[1]. Furthermore, Mohan et al. derived and validated
the A1C cut-off value of > 6.3% in the ethnic popula-
tion of Rayalaseema area of Andhra Pradesh state.
Study reports that there is no significant difference in
the training and validation data set and concludes that
A1C > 6.3% appeared to be the optimal cut-off value
for the diagnosis of T2DM [9].

& The panel opined that A1C cannot be used as Bsole^ mea-
surement for the diagnosis of diabetes in Indian settings.
However, panel emphasized that A1C can be used in set-
tings where an appropriate standardized method is
available.

Implementation

Individuals should be educated on the advantages of early
diagnosis and should be encouraged to participate in commu-
nity screening programs for diagnosis.
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Screening/early detection
of diabetes/prediabetes

RSSDI 2017 recommendations

Recommended care

& Each health service provider should decide whether to
have a program to detect people with undiagnosed
diabetes

– This decision should be based on the prevalence of
undiagnosed diabetes and available support from
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healthcare system/service capable of effectively
treating newly detected cases of diabetes

– Opportunistic screening for undiagnosed diabetes and
prediabetes is recommended. It should include:

° Individuals presenting to healthcare settings for
unrelated illness

° Family members of diabetes patients
° Antenatal care
° People over the age of 30 years should be encouraged

for voluntary testing for diabetes

– Community screening may be donewherever feasible

& Detection programs should be usually based on a two-step
approach:

– Step 1: Identify high-risk individuals using a risk as-
sessment questionnaire

– Step 2: Glycemic measure in high-risk individuals

& Where a random non-FPG level ≥ 100 mg/dL to ˂
200 mg/dL is detected, FPG should be measured or
OGTT should be performed

& Use of A1C as a sole diagnostic test for screening of
diabetes/prediabetes is not recommended

& People with high blood glucose during screening need
further diagnostic testing to confirm diabetes while those
with screen-negative to diabetes should be retested as ad-
vised by the physicians

& Paramedical personnel such as nurses or other trained
workers should be included in any basic diabetes care team

Limited care

& Detection programs should be opportunistic and limited to
high-risk individuals in very limited settings

& The principles for screening are as for recommended care
& Diagnosis should be based on FPG or capillary plasma

glucose if only point-of-care testing is available
& Using FPG alone for diagnosis has limitations as it is less

sensitive than 2-h OGTT in Indians

Prediabetes

Recommended care

& People with screen-positive for prediabetes (FPG = 100 to
125mg/dL or 2-h plasma glucose in the 75-g OGTT = 140
to 199 mg/dL or A1C = 5.7 to 6.4%) should be monitored
for development of diabetes annually and simultaneously

screened and treated for modifiable risk factors for cardio-
vascular disease (CVD) such as hypertension, dyslipid-
emia, smoking, and alcohol consumption

& Screening strategies should be linked to healthcare
system with capacity to provide advice on lifestyle
modifications:

– Screening strategies should be aligned with ongoing
support national programs available at community
health centers or above

– Patients with impaired glucose tolerance (IGT), im-
paired fasting glucose (IFG) should be referred to
these ongoing support programs

& People with prediabetes should modify their lifestyle
including:

– Attempts to lose 5 to 10% of body weight if over-
weight or obese

– Participate in moderate physical activity (e.g., walking)
for at least 150 mins/week

– 6–8 h of sleep daily

& Healthy lifestyle measures including diet and physical ac-
tivity are equally important for non-obese patients with
prediabetes

& People with prediabetes failing to achieve any benefit on
lifestyle modifications after 6 months may be initiated on
oral antidiabetic agents (OADs)

– Metformin: In younger individuals with one or more
additional risk factors for diabetes regardless of BMI

– Alternatively, alpha-glucosidase inhibitors (AGIs)
such as acarbose or voglibose may be initiated if met-
formin is not tolerated

& Other pharmacological interventions with pioglitazones,
orlistat, vitamin D, or bariatric surgery are not
recommended

& People with prediabetes should be educated on:

– Weight management
– Physical activity
– Alcohol and tobacco consumption

Limited care

& The principles of detection and management of prediabe-
tes are same as for recommended care

& Linkages to healthcare system with capacity to provide
advice on lifestyle modifications and alignment with on-
going support national programs available at community
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health centers where patients detected with prediabetes
can be referred are critical

Preamble

Chronic hyperglycemia is associated with significantly higher
risk of developing diabetes-related microvascular and
macrovascular complications. Early detection of diabetes/
prediabetes through screening increases the likelihood of iden-
tifying asymptomatic individuals and provides adequate treat-
ment to reduce the burden of diabetes and its complications.
Through a computer-simulated model on the data from the
Anglo-Danish-Dutch study of intensive treatment in people
with screen-detected diabetes in primary care (ADDITION-
Europe), Herman et al. have demonstrated that the absolute
risk reduction (ARR) and relative risk reduction (RRR) for
CV outcomes are substantially higher at 5 years with early
screening and diagnosis of diabetes when compared to 3 years
(3.3% ARR, 29% RRR) or 6 years of delay (4.9% ARR, 38%
RRR) [1]. Adopting a targeted approach and utilizing low-cost
tools with meticulous planning and judicious allocation of re-
sources can make screening cost-effective even in resource-
constrained settings like India [2]. Furthermore, in a systematic
review andmeta-analysis, screening for T2DM and prediabetes
is found to be cost-effective when initiated at around 45–
50 years of age with repeated testing every 5 years [3].

Prediabetes is defined as blood glucose concentration
higher than normal but lower than established thresholds for
diagnosis of diabetes. People with prediabetes are defined by
having IGT (2-h plasma glucose in the 75-g OGTT = 140 to
199 mg/dL) or IFG (FPG = 100 to 125 mg/dL). It is a state of
intermediate hyperglycemia with increased risk of developing
diabetes and associated CV complications and therefore early
detection and treatment of prediabetic IGT and IFG is neces-
sary to prevent the rising epidemic of diabetes and its associ-
ated morbidity and mortality. Although IDF guideline does
not deal with screening and management of prediabetes, the
American Diabetes Association (ADA) recommends screen-
ing for prediabetes and T2DM through informal assessment of
risk factors or with an assessment tool guidelines [4]. Given
the high prevalence rates of prediabetes in our country, RSSDI
panel members opine that including screening and manage-
ment aspects of prediabetes is logical and will provide an
important opportunity for prevention of diabetes in India.

Considerations

The decision about conducting a screening program should be
based on the following local factors than were reviewed in
Indian context: limited resources, lack of quality assurance
in labs, high-risk population for diabetes, large unrecognized
burden of undiagnosed diabetes, high prevalence of

prediabetes, among fastest converting population form predi-
abetes to diabetes, large rural–urban divide, largely sedentary
population in urban areas, onset of T2DM at least a decade
earlier that in western countries, newer technologies for
screening, cost of early detection to the individual, capacity
for carrying out screening, and capacity to treat/manage screen
positive individuals with diabetes and prediabetes.

Rationale

Opportunistic screening

& The panel opine that screening should be opportunistic
but not community based as they are less effective outside
healthcare setting and poorly targeted, i.e., it may fail to
identify individuals who are at risk. In a cross-sectional
study on 215 participants in a tertiary care hospital in
Haryana, opportunistic screening showed that for every
seven patients with known diabetes there are four undiag-
nosed diabetes patients [5]. Opportunistic screening is more
cost-effective with better feasibility within the healthcare
system while minimizing the danger of medicalization of
a situation. Furthermore, patients diagnosed through oppor-
tunity screening have good prognosis over those diagnosed
by clinical onset of symptoms [6]. However, community
screening may be carried out wherever feasible.

& The panel suggest opportunistic screening in:

– Individuals presenting to healthcare settings for unre-
lated illness

– Adult family members of patients with diabetes
– Antenatal care
– People over the age of 30 years should be encouraged

for voluntary testing for diabetes

Risk assessment questionnaire

& There are two risk scores specific for Indians developed by
Madras Diabetes Research Foundation (MDRF) and by
Ramachandran et al. [7] (Annexures I and II). The latter is
a simple onewith few risk variables listed and can be applied
at any work site by the paramedical personnel. Both risk
scores are validated and are being used widely in our coun-
try. The Indian Diabetes Risk Score (IDRS) tool has been
found to be useful for identifying undiagnosed subjects with
diabetes in India and could make screening programs more
cost-effective [8]. It is also used in several national programs
for prevention of not only diabetes but also cardiometabolic
diseases such as stroke. Also its applicability in identifying
prevalence of diabetes-related complications such as CAD,
peripheral vascular disease (PVD), and neuropathy among
T2DM patients has been found to be successful [9].
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Random plasma glucose level

& The panel endorse the IDF recommendation on the need to
measure FPG and performOGTT based on random plasma
glucose levels which are associated with the development
of diabetes (2 h plasma glucose ≥ 200 mg/dL) or prediabe-
tes (2 h plasma glucose ≥ 140 to <200 mg/dL) [10].
According to IDF guidelines, FPG values ≤100 mg/dL
are considered normal. Anything above 100 mg/dL is con-
sidered to be at risk of developing diabetes. Moreover,
people with FPG levels between 100 and 125 mg/dL have
IFG, suggesting an increased risk of developing T2DM.
Confirming the FPG levels ≥ 126 mg/dL by repeating the
test on another day, indicates that a person has diabetes
[11]. In a cross-sectional study on 13,792 non-fasting
National Health and Nutrition Examination Surveys
(NHANES) participants without diagnosed diabetes, ran-
dom blood sugar level of ≥ 100 mg/dL was strongly asso-
ciated with undiagnosed diabetes [12]. In addition, predic-
tion of diabetes carried out on the basis of this data showed
that random blood glucose ≥ 100 mg/dL was 81.6% (95%
CI = 74.9%, 88.4%) sensitive and 78% (95% CI = 76.6%,
79.5%) specific to detect undiagnosed diabetes, which is
better than current screening guidelines [13]. In patients
with no history of diabetes or prediabetes, random blood
glucose screening is effective in promoting additional
screening among high-risk age groups and encourages sub-
jects to make lifestyle changes [14].

& The panel opine that although the present criteria of IFG
(100 to 125 mg/dL) may be sensitive and has lesser vari-
ability, measuring 2-h plasma glucose levels may give
more accuracy and confidence in targeting this population
for prevention strategies.

A1C as criteria for screening

& A systematic review and meta-analysis of 49 studies in-
volving patients ≥ 18 years of age has found that A1C as
screening test for prediabetes has lesser sensitivity (49%)
and specificity (79%) [15]. Moreover, the use of ADA
recommended A1C threshold value of 6.5% for diagnosis
of diabetes may result in significant underdiagnosis [16].
The predictive value of A1C for T2DM depends on vari-
ous factors such as ethnicity, age, and presence of iron
deficiency anemia (IDA) [17–20]. In a cohort study on
individuals from Swedish and Middle-East ancestry,
A1C ≥ 48 mmol/mol had a predictive sensitivity of 31
and 25%, respectively, for T2DM [18]. Furthermore,
A1C values ≥ 42 and ≥ 39 mmol/mol as predictors for
prediabetes were associated with a sensitivity of 15 and
34% in individuals of Swedish and 17 and 36% in indi-
viduals of Middle-East ancestry. Similarly, a systematic

review and meta-analysis of 12 studies including 49,238
individuals without T2DM reveal that A1C values are
higher in Blacks (0.26% (2.8 mmol/mol), p < 0.001),
Asians (0.24% (2.6 mmol/mol), p < 0.001), and Latinos
(0.08% (0.9 mmol/mol); p < 0.001) when compared to
Whites [20]. Moreover, significantly high A1C levels are
observed in patients with IDAwhen compared to healthy
subjects (5.51 ± 0.696 vs 4.85 ± 0.461%, p < 0.001) and
A1C levels decline significantly after treatment with iron
supplements in IDA subjects (5.51 ± 0.696 before treat-
ment vs 5.044 ± 0.603 posttreatment; p < 0.001) [17].

& The panel opine that the use of A1C as sole criteria for
screening of diabetes/prediabetes would be inappropriate in
most settings in our country at this time. However, A1Cmay
be utilized for screening if it is being done from a laboratory
known to be well equipped with external quality assurance.

& The panel also caution on the concerns of high prevalence
of anemia and high prevalence of hemoglobinopathies in
certain regions/populations particularly from the North
East as these can have significant impact when A1C is
used as diagnostic test for screening.

Diagnosis of prediabetes

& The panel endorse the ADA [4] criteria for diagnosis of
prediabetes for Indian context

Rescreening

& The panel emphasize on striking balance between cost of
screening and cost of treating complications.

& On the basis of expert opinion of the panel, general
population should be evaluated for the risk of diabetes
by their healthcare provider on annual basis beginning
at age 30.

& Yearly or more frequent testing should be considered
in individuals if the initial screen test results are in the
prediabetes range or present with one or more risk
factors that may predispose to development of
diabetes.

& The panel opine that screening programs should be linked
with healthcare system and ongoing national prevention
programs that will facilitate effective and easy identifica-
tion of people at high risk of developing diabetes and its
complications.

Glycemic parameter Values
FPG 100 to 125 mg/dL

2-h plasma glucose in the 75-g OGTT 140 to 199 mg/dL

A1C 5.7 to 6.4%
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Paramedical personnel

& Paramedical personnel can play a key role as facilitator
in imparting basic self-management skills to patients with
diabetes and those at risk of diabetes. They can be actively
involved in engaging people with diabetes or at risk of
diabetes in implementing diet and lifestyle changes, be-
havioral changes, weight management, prepregnancy
counselling, and other preventive education.

& Nurses or other trained workers in primary care settings
and in hospital outpatient settings can:

– Help in identification of people at risk of diabetes
– Help in recognition of symptoms of diabetes, hypo-

glycemia, and ketosis
– Help in timely referral of these cases

& Nurses or nurse educators in secondary and tertiary care
settings can:

– Perform all the above activities
– Help in prevention and treatment of hypoglycemia
– Help in problems with insulin use

Evidence

It has been observed that Indians are more prone to diabetes
at a younger age and at a lower BMI compared to their
western counterparts [21, 22]. The reason for this difference
has been attributed to BAsian Indian phenotype^ character-
ized by low BMI, higher body fat, visceral fat and WC,
lower skeletal muscle mass, and profoundly higher rates of
IR [23, 24]. The 10-year follow-up data of the CURES that
assessed incident rates of dysglycemia in Asian Indians are
now available [25]. According to the study, Asian Indians
were found to have one of the highest incidence rates of
diabetes (diabetes, prediabetes, and any dysglycemia =
22.2, 29.5, and 51.7 per 1000 person-years, respectively),
with rapid conversion from normoglycemia to dysglycemia
(45.1%). In a cross-sectional study on slum dwellers in
Bangalore, prevalence of diabetes and prediabetes was iden-
tified as 12.33 and 11.57% in people aged 35 years or above
[26]. Moreover, female gender, increasing age, overweight
and obesity, sedentary lifestyle, tobacco consumption, and
diet habits were strongly associated with prevalence of dia-
betes and prediabetes. Similarly, in a cross-sectional study in
Tamil Nadu, prevalence of diabetes and prediabetes was
identified as 10.1 and 8.5%, respectively [27]. Risk factors
associated with prediabetes in this study were age of
40 years, male gender, BMI > 23 kg/m2, WHR for men >
1 and women > 0.8, alcohol intake, and systolic blood pres-
sure (SBP) > 140 mmHg. Likewise, in a household survey

in Punjab using World Health Organization STEP wise
Surveillance (WHO STEPS) questionnaire, prevalence of
diabetes and prediabetes was identified as 8.3 and 6.3%,
respectively [28]. Risk factors that were significantly associ-
ated with diabetes were age (45–69 years), marital status,
hypertension, obesity, and family history of diabetes. A
study on 163 north Indian subjects proposed severity of IR
and family history of diabetes as determinants of diminished
beta-cell function leading to diabetes in MS [29]. Predictors
of progression to dysglycemia were advancing age, family
history of diabetes, 2-h plasma glucose, A1C, low and high
density lipoprotein (HDL) cholesterol, and physical inactiv-
ity. Despite the escalating burden, the current evidence on
the prevention of T2DM and its complications in India still
remain scanty. Though the general practitioners in India are
well aware of symptoms and complications of T2DM, they
are oblivious regarding the use of standard screening tests
resulting in significant delay in diagnosis and treatment [30].
Considering significant resource constraints together with
awareness levels of patients and physicians, there is a need
for prevention strategies that are culturally relevant and cost-
effective [31]. Following section covers evidence from India
studies on various strategies that are helpful in detecting and
minimizing the risk of development of diabetes and its as-
sociated complications.

& Simplified tools for detection of diabetes such as
IDRS developed by MDRF and Diabetes Risk Score
for Asian Indians devised by Prof. A. Ramachandran
are found to be useful for identifying undiagnosed
patients with diabetes in India. Use of these tools
could make screening programs more cost-effective
[7, 8]. Studies from different regions of India includ-
ing Jammu and Kashmir, Chennai, Haryana, Delhi,
Jabalpur, and Kerala estimated the utility of MDRF-
IDRS in identifying risk for diabetes mellitus (DM)
and prediabetes in Indian adult population and found
statistically significant association between IDRS and
DM patients indicating MDRF-IDRS to be efficient
tool to screen and diagnose the huge pool of undiag-
nosed diabetics in India [33–37].

& Other novel non-invasive screening tools such as
EZSCAN for detection of prediabetes, diabetes, and mi-
crovascular complications [38–40], EZSCAN and
SUDOSCAN for chronic kidney diseases (CKD) [41,
42], pedobarography and SUDOSCAN for diabetic pe-
ripheral neuropathy [43–47], Michigan Neuropathy
Screening Instrument (MNSI), and Optimal Scaling
Combination (OSC) for diabetic foot problems [48] have
also been evaluated in Asian population with T2DM.
However, there are a lot of false positive and false negative
results with these non-invasive screening tools and cur-
rently the panel does not recommend using these tools
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for diagnosis of diabetes or prediabetes, in the absence of
the gold standard tests based on blood glucose testing
outlined above.

& It is also found by some researchers that identifying
the presence of multiple risk factors could be used as a
simple measure of identifying people at high risk of
diabetes [49].

& The panel suggest that individuals with diabetes or at risk
of developing diabetes should be advised on lifestyle
changes and implementing strategies focusing on diet, ex-
ercise, and weight loss to prevent the risk of progression
and thus complications of diabetes [50].

& Several landmark studies have shown that lifestyle inter-
vention could prevent the progression to T2DM by about
30–60% [51]. Evidence from literature suggests that initial
lifestyle interventions are cost-effective [52] and can sig-
nificantly reduce the incidence of diabetes in Asian
Indians with IGT or with combined IGT + IFG [53, 54].
In patients in whom metformin is contraindicated, AGIs
such as acarbose or voglibose may be used, as they confer
lesser side effects compared to other OADs. Furthermore,
lifestyle intervention with diet and exercise in those with
IGT can significantly decrease the incidence of diabetes
and its complications [55, 56] while providing long-term
beneficial effects for up to 20 years [57]. A systematic
review and meta-analysis of 50 trials identified that life-
style intervention reduced risk of progression to diabetes
by 36% over 6 months to 6 years which attenuated to 20%
by the time of follow-up results of the trials were measured
[15]. Another systematic review and meta-analysis show
that physical activity in prediabetes subjects improves oral
glucose tolerance, FPG and A1C levels, and maximum
oxygen uptake and body composition [58]. Results indi-
cate that physical activity promotion and participation
slow down the progression of disease and decrease the
morbidity and mortality associated with T2DM. Optimal
sleep (7–8 h per night) has been shown to maintain meta-
bolic health, aid in weight loss, and increase insulin sen-
sitivity, while short duration (< 5–6 h) or longer duration
(> 8–9 h) of sleep was associated with increased risk of
diabetes [59, 60]. Similar results were observed in a sys-
tematic review and meta-analysis of 10 articles which de-
termined that the pooled relative risks for T2DM were
1.09 (95% CI = 1.04, 1.15) for each 1-h shorter sleep du-
ration among individuals who slept < 7 h/day and 1.14
(1.03, 1.26) for each 1 h increment of sleep duration
among individuals who slept longer, when compared to
7-h sleep duration per day [61].

& Interventions predominantly based on counselling and ed-
ucation are found to be effective in preventing/reducing
the risk of developing diabetes and its complication and
also helps in improving dietary patterns of individuals
with prediabetes and diabetes [31, 62]. Mobile phone

messaging was found to be an inexpensive and most ef-
fective alternative way to deliver educational and motiva-
tional advice and support towards lifestyle modification in
high-risk individuals [63].

& Dietary interventions such as high-carbohydrate low-fat
diet [64], fiber-rich [65], and protein-rich diet [66, 67]
were found to have definite role in prevention of diabetes.
Furthermore, components of whole grains, and fruit and
green leafy vegetables such as cereal fiber and magne-
sium, are consistently associated with lower risk of devel-
oping T2DM [68].

& Evidence from the CURES and Prevention Awareness
Counselling and Evaluation (PACE) diabetes project
suggests that awareness and knowledge regarding di-
abetes is inadequate among patients in India and im-
plementation of educational programs at massive level
can greatly improve the awareness on diabetes and its
associated CVD [69, 70]. Moreover, mass awareness
and screening programs through community empow-
erment were found to effectively prevent and control
diabetes and its complications such as foot amputa-
tions [71].

& Currently, the role of yoga and fenugreek in the prevention
of diabetes is being evaluated in the Indian prevention of
Diabetes Study by RSSDI.

Implementation

A clear and transparent decision should be made about wheth-
er or not to endorse a screening strategy. If the decision is in
favor of screening, this should be supported by local protocols
and guidelines and public and healthcare professional educa-
tion campaigns.
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Obesity and diabetes

RSSDI 2017 recommendations

Recommended care

& The cut-off points for overweight and obesity in Indian
T2DM patients are as follows:

– BMI 18–22.9 kg/m2: normal
– BMI 23–24.9 kg/m2: overweight
– BMI ≥ 25 kg/m2: generalized obesity
– WC ≥ 90 cm for men and ≥ 80 cm for women: ab-

dominal obesity (AO)
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& Maintaining healthy lifestyle is recommended for man-
agement of metabolic syndrome. This includes:

– Moderate calorie restriction (to achieve a 5–10% loss
in body weight)

– Increase in physical activity; up to 150 min/week of
moderate to vigorous intensity physical activity

– Change in dietary composition (low-calorie diet)
– Combination of aerobic and resistance training exercise
– Change in behavioral pattern

& Overweight and obese people with T2DM should be ini-
tiated on exercise therapy, prescribing a combination of
aerobic and muscle strengthening activities

& Pharmacotherapy for obese patients with T2DM should be
considered in addition to lifestyle changes in those with
BMI > 27 kg/m2 without comorbidity or a BMI > 25 kg/
m2 with comorbidity

– Metformin should be first-line drug for all T2DM
patients

– Glucagon-like peptide (GLP)-1 analogues, dipeptidyl
peptidase (DPP) 4 inhibitors, and sodium-glucose
cotransporter (SGLT) 2 inhibitors may be preferred
as add-ons to metformin in obese T2DM patients

& Lipase inhibitors (orlistat) may be used for inducing
weight loss

& Surgical treatment (bariatric surgery) is indicated in pa-
tients with BMI > 32.5 kg/m2 with comorbidity and
BMI > 37.5 kg/m2 without comorbidity

& Surgical options for weight loss surgery include:

– Restrictive procedures: laparoscopic adjustable gas-
tric banding (LAGB) and sleeve gastrectomy

– Malabsorptive procedures: bilio-pancreatic diver-
sions (BPD)

– Combined procedures: Roux-en-Y gastric bypass
(RYGB)

– Experimental procedures: illeal interposition and
duodeno-jejunal bypass, various implantable pulse
generator

& Comprehensive lifestyle changes including dietary modi-
fication, exercise, behavioral management, pharmacother-
apy and bariatric surgery are the most effective interven-
tions for weight management in T2DM patients

Preamble

Obesity is a highly prevalent metabolic disorder that is often
associated with T2DM [1, 2]. Obesity is clinically defined as

a BMI of ≥ 30 kg/m2 (a BMI of 30 represents an overweight
of approximately 30 lb. (14 kg) for any given height) [3].
However, WHO and International Obesity Task Force
(IOTF) suggested BMI cut-offs of 23 and 25 kg/m2 for
Asian Indian adults for overweight and obesity, respectively
[4, 5]. Furthermore, the guidelines defined generalized obe-
sity (GO, BMI ≥ 25 kg/m2), AO (WC ≥ 90 cm for men and
≥ 80 cm for women), and combined obesity (CO, GO plus
AO) for Asian population [5]. In India, the prevalence of
obesity is rising at an alarming rate, especially affecting
urban population [2, 6]. The Indian Council of Medical
Research-INdia DIABetes (ICMR-INDIAB) study currently
report that 135, 153, and 107 million individuals in India
will have GO, AO, and CO, respectively, in extrapolation to
the whole country. Furthermore, female gender, hyperten-
sion, diabetes, higher socioeconomic status, physical inactiv-
ity, and urban residence were significantly associated with
GO, AO, and CO, in Indian populations [7]. Indians are at
increased predisposition to diabetes that has been attributed
to the BAsian Indian Phenotype^ characterized by lesser GO
as measured by BMI and greater central body obesity and
more truncal fat as shown by greater WC and WHR [2, 8–
11]. High AO contributes significantly to metabolic alter-
ations such as IR, dysglycemia, and dyslipidemia [12–16,
17]. Obesity-induced IR may cause T2DM by increasing
the allostatic load on the pancreas which eventually leads
to failure of pancreas. High consumption of sugars among
children and adults in India may also have clinical signifi-
cance in view of the high tendency for Indians to develop
IR, abdominal adiposity, and hepatic steatosis and the in-
creasing Bepidemic^ of T2DM [2, 18]. Because Asian
Indians tend to develop diabetes at a significantly lower
BMI and WC than white Europeans, lower thresholds of
BMI to define overweight (BMI = 23–24.9 kg/m2) and obe-
sity (BMI ≥ 25 kg/m2) were proposed by IDF and National
Institute of Health and Care Excellence (NICE) [19, 20].

In light of increasing prevalence of obesity in both devel-
oped and developing countries and a higher risk for develop-
ing IR, dyslipidemia, dysglycemia, and a higher CV risk at
lower levels of BMI in Indians, a consensus meeting was
convened in New Delhi in 2008 (published in 2009) to rede-
fine the cut-offs for BMI and WC for diagnosing overweight
and obesity in Indian population [21, 22]. According to this
consensus statement, a BMI of 18–22.9 kg/m2 should be con-
sidered as normal, a BMI of 23–24.9 kg/m2 should be consid-
ered as overweight, and BMI more than 25 kg/m2 indicates
presence of obesity. The upper limit for WC for men and
women was defined as 90 cm and 80 cm, respectively.

Considerations

The following local factors were considered when framing
recommendations for obesity that were reviewed in Indian
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context: high prevalence of obesity, high abdominal adiposity,
increased fasting insulin and IR, nutritional factors, and ath-
erogenic lipid profile [increased triglycerides and low density
lipoprotein (LDL) and low HDL].

Rationale and evidence

Identification

& Indian Diabetes Risk Score is a simple technique for
screening of diabetes, which uses four risk factors: age,
AO, family history of diabetes, and physical activity.
Several studies have highlighted the importance of IDRS
in the screening of diabetes in Indian population [23–26].
In a cross-sectional study comparison of IDRS and
FraminghamRisk Score (FRS) by obesity and lipid abnor-
mality status in women of Asian Indian origin hinted that
IDRS can predict CV and diabetes risk more effectively
than FRS and serve as simple and cost-effective tool for a
primary care physician to identify at risk individuals for
diabetes and cardiovascular diseases [27].

Lifestyle intervention: behavioral therapy, exercise, and
therapy

& Lifestyle interventions including diet therapy, physical activ-
ity, and behavioral and psychosocial strategies have shown
positive health outcomes in obese T2DM patients [28]. The
Diabetes Prevention Program (DPP) [29] and the Look
AHEAD (Action for Health in Diabetes) trial [30] report
clinically significant weight losses averaging 4 to 5% (or
4–5 kg) at 3–4 years. Similarly, a randomized controlled
trial (RCT) including Asian Indians report that lifestyle in-
tervention with less education lost a model-predicted
3.30 kg more in weight and 4.95 cmmore inWC than those
with more formal education [31]. Moreover, a population-
based cross-sectional study with 15,145 participants report
that an additive interaction exists between poor sleep quality,
AO, and family history of diabetes in relation to IFG [32].

& The diet therapy for obese T2DM patients should be based
on the criteria of decreased energy intake and increased
energy expenditure to produce the negative energy balance.
This includes low-calorie diet and diet with caloric restric-
tion and with varying combination of macronutrients [33].

& Behavioral therapy includes modifiable factors such as eat-
ing patterns and exercise habits that can have significant
impact on the management of obesity. A review in Indian
scenario suggested that slow eating techniques along with
stimulus control (not distracted by television, books, or
other materials) have positive effect on weight loss [33].
In obese T2DM patients, IDF recommends to maintain
healthy lifestyle through behavioral therapy that includes

moderate calorie restriction to promote weight loss (5–10%
loss of body weight in the first year) [34], moderate in-
crease in physical activity, and change in dietary composi-
tion. Other important components of behavioral therapy
embrace self-monitoring, goal setting, and stimulus or cue
control. Such strategies help in setting up realistic goals,
guide patients in identifying stimulus that lead to excessive
nutrient intake, and eliminate them accordingly [35].

& A recent systematic review and meta-analysis report that
diet and physical exercise resulted in significant improve-
ment of body weight in south Asian adults but had no
effect on BMI andWC. Furthermore, no alteration in these
parameters was observed in south Asian children [36].

& Body weight has been shown to be inversely associated
with physical activity [37]. Subjects with low physical ac-
tivity have threefold greater risk of major weight gain in
men and almost a fourfold in women [38, 39]. Moreover,
this association was stronger for women than for men and
for obese compared to normal weight or overweight indi-
viduals [40]. Furthermore, slow and prolonged exercise is
associated with fatty acid oxidation with beneficial effects
on body weight [41, 42]. RCT comprising 262 sedentary
men and women report that the combination of aerobic and
resistance training exercise reduced WC from − 1.9 to −
2.8 cm and mean fat mass of − 1.7 (− 2.3 to − 1.1 kg;
p < 0.05) compared with the non-exercise group [43].

& Therefore, the panel opined that prescribing a combination
of aerobic and resistance training exercises in individuals
with T2DM can improve metabolic control while reduc-
ing obesity and its related complications.

Pharmacotherapy for obese T2DM

& Though lifestyle modifications are effective in preventing
diabetes relapse or remission [44], they often fail requiring
initiation of pharmacotherapy. Metformin is the first choice
drug with some evidence for weight loss [45, 46]. The DPP
and Indian Diabetes Prevention Program (IDPP) trial report
that metformin and lifestyle intervention greatly reduce the
risk of T2DM in overweight or obese patients [47, 48]. Use
of GLP-1 analogues [49], SGLT-2 inhibitors [50, 51], and to
some extent DPP-4 inhibitors [52, 53] has been shown to
induce weight loss and should be considered as add-on to
metformin in obese T2DM patients. Furthermore, GLOBE
study report that fixed dose combination (FDC) of acarbose/
metformin in Indian T2DM patients was associated with
significant reduction in body weight (− 1.7 ± 2.2 kg com-
pared to control (p < 0.0001)) [54].

& Orlistat (tetrahydrolipstatin), a lipase inhibitor, is the only
approved agent for weight loss in India. It causes modest
weight loss by blocking fat absorption from gut and when
used in combination with lifestyle changes was found to be
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effective in prevention of diabetes [10, 55]. Furthermore, a
recent systematic review andmeta-analysis report that treat-
ment with orlistat and lifestyle intervention resulted in sig-
nificantly greater weight loss (p < 0.001) and improved gly-
cemic control (p < 0.001) in overweight and obese T2DM
patients compared with lifestyle intervention alone [56].

Surgery

& The surgical options for weight loss include LAGB and
sleeve gastrectomy, RYGB, BPD, illeal interposition and
duodenojejunal bypass, and various implantable pulse
generators [21].

& Surgical treatment (bariatric surgery) is indicated in patients
with BMI > 32.5 kg/m2 with comorbidity or BMI >
37.5 kg/m2 without comorbidity and who fail to lose
weight with medical management [21], although hard evi-
dence for this is lacking. Evidence from several studies
suggests that bariatric surgery provides durable glycemic
control compared with intensive medical therapy [57–60].
Moreover, gastric bypass has been observed to uniquely
restore the pancreatic β-cell function and reduce truncal
fat, thus reversing the core defects in diabetes [57]. In ad-
dition, a systematic review and meta-analysis of RCTs re-
port that RYGB surgery is superior to medical treatment for
short- to medium-term remission of T2DM and improve-
ment of metabolic condition and CV risk factors [61].

& Bariatric surgery is an effective option for severely obese
patients with poorly controlled T2DM and weight loss due
to gastric bypass surgery is associated with good glycemic
control [62]. In patients who had undergone bariatric sur-
gery, about 8% showed complete remission of diabetes
while more than 90% showed a significant decrease in
their insulin or OADs requirement [62].

& Laparoscopic sleeve surgery and RYBG were found to be
safe and effective treatment options among obese Indian
population with T2DMwith significant remission rates (>
95%, p < 0.001), larger reductions in A1C, and diabetes
medication usage [63–65].
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Diet therapy

RSSDI 2017 recommendations

Recommended care

& A healthy Indian Mediterranean diet pattern is recom-
mended due to its protective role in high-risk individuals
with T2DM

& High-carbohydrate diets with relatively large proportion of
unrefined carbohydrate and fiber-rich foods such as pulses,
legumes, unprocessed vegetables, and fruits are recommend-
ed.Millets and brown rice are preferred to polishedwhite rice

& Low-carbohydrate ketogenic diet is preferred than low-
caloric diet in patients with T2DM

& Diet containing carbohydrates may be monitored by car-
bohydrate counting, glycemic index, glycemic load, ex-
changes, or experience-based estimation

& Protein intake equivalent to at least 15% of total daily
calories is recommended

& Diet containing high proportion of fat and monounsaturat-
ed fats like sunflower oil significantly increases the risk of
metabolic syndrome (MS); therefore, they are not recom-
mended in obese T2DM patients

& Saturated fatty acid (SFA) intake should be less than 10%
of total calories. Use of trans fatty acids (TFAs) should be
avoided in high-risk individuals

& Intake of non-nutritive artificial sweeteners in moderate
amounts may be considered

& High fiber diet in soluble form improves the glycemic and
lipid profile

& Combining foods with high and low glycemic indices,
such as adding fiber-rich foods to a meal or snack, im-
proves the glycemic and lipaemic profiles

& Cardio-protective diet should include:

– More leafy vegetables, vegetable salads, fruits, nuts,
whole grains, coarse grains, sprouted grams, spices,
and other foods rich in fiber and antioxidants

– Moderate amounts of low fat milk and milk products,
vegetable oils with SFA, monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA)
(1:1:08), flesh foods (fish, chicken without skin,
white of the egg, red meat), and artificial sweeteners

– Avoid: Alcohol, excess sugar, industrial trans fat, sat-
urated fats, and foods that are refined, processed, salt-
rich, cholesterol-rich and deep-fried, polished rice,
high fructose corn syrup (HFCS)

– Total dietary salt intake should be reduced (< 5 g/day)
in population at high risk of hypertension

& Provide access to a dietician (nutritionist) or other
healthcare professionals trained in nutrition, at or around
the time of diagnosis offering an initial consultation and
during follow-up sessions as required, preferably individ-
ually or in groups

& Individualize advice on food and meals to match needs,
preferences, and culture

& Advice on reducing energy intake and control of foods
with high amounts of added refined sugars, fats, and
alcohol

& Provide advice on the use of foods in the prevention and
management of hypoglycemia where appropriate

Limited care

& Nutritional counselling may be provided by any
healthcare personnel, with training in nutrition therapy,
but not necessarily an accredited dietician nutritionist)

& BMass awareness campaign for healthy diet and lifestyle^
is essential for prevention of diabetes in India

Preamble

Nutritional and diet therapy remains an integral part of diabetes
management. As there is no Bone-size-fits-all^ meal plan or
eating pattern, RSSDI recommendations emphasis on develop-
ment of individualized eating plan, based on individual’s health
needs, personal and cultural preferences, access to healthful
choices, health literacy, and numeracy [1, 2] in consonance with
ADA [3]. The primary goal of the diet therapy is to improve
health by providing calories for normal growth and develop-
ment while achieving and maintaining optimal glycemia and
normalizing dyslipidaemia [4]. Therefore, diets are often altered
or/modified with respect to amount of carbohydrate, the type of
fat, and the quantity and type of protein to meet these needs.
Evidence from epidemiological and experimental studies
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focusing on nutritional intervention in the prevention of T2DM
suggests that intake of foods with more non-starch polysaccha-
rides and omega-3 fatty acids with low glycemic index (GI)
may play a protective role, whereas excess intake of saturated
fats and TFAsmay contribute to the increased risk [2]. In people
who are accustomed to consuming sugar sweetened foods,
ADA recommends the use of non-nutritive sweeteners in mod-
erate amounts as they have the potential to reduce overall cal-
orie and carbohydrate intake [3]. However, the exact nature of
diet appropriate for patients with T2DM still remains amatter of
debate due to lack of tools and strategies that help to decide on
healthy eating patterns to minimize the burden of disease [6].
Among Asian Indians from South Asia, intake of refined car-
bohydrate, saturated fatty acids (SFA) and n-6 PUFA as well as
TFAs is higher and intake of n-3 PUFA and fiber is lower [7, 8].
In addition, attitudes, cultural differences, and religious and
social beliefs and imbalances in dietary patterns pose significant
barriers in effective prevention and management of T2DM [9].
Evidence suggest that intake of MUFAs among Asian Indians
ranged from 4.7 to 16.4% that indirectly could contribute to
increasing obesity, metabolic syndrome, and T2DM [10, 11].
In this context, it is felt that RSSDI recommendations on diet
therapy can suggest approaches to the dietary management of
diabetes in Asian Indians (Annexure III).

Considerations

The panel endorse most of the IDF recommendations on diet
therapy with a fewmodifications based on the local factors that
were reviewed in Indian context including high prevalence of
both obesity and undernutrition, poor access to healthy food
choices, and inadequate physical activity in some.

Rationale and evidence

Carbohydrate monitoring

& Several parameters like carbohydrate counting, glycemic
index (GI), glycemic load (GL), exchanges, or experience-
based estimation can be used for monitoring of carbohy-
drate content in food, which may be useful in diet man-
agement for T2DM patients [12].

High-carbohydrate, low-fat diets

& The most beneficial metabolic profile is provided by a
high-carbohydrate low-fat diet, and the worst metabolic
profile results from low-carbohydrate high-fat diets.

& High-carbohydrate diabetes diets are effective when rela-
tively large amounts of unrefined carbohydrate and fiber
are included such as legumes, unprocessed vegetables,
and fruits.

& Carbohydrate intake is intertwined with fat intake, and
low carbohydrate diets usually tend to be high on fat
and/or high protein. Fat intake should occur mainly in
the form of MUFA with a parallel decrease in SFAs and
TFAs. Such a diet is particularly beneficial in patients with
impaired glucose tolerance, diabetes, and obesity.

& A recent review suggests that high-carbohydrate diets are
at least as effective as low-carbohydrate diets, associated
with significant weight loss and a reduction in plasma
glucose, A1C, and low density lipoprotein-cholesterol
(LDL-C) levels in patients with T2DM. However, high-
carbohydrate diets may raise serum triglyceride levels and
reduce high density lipoprotein-cholesterol (HDL-C)
levels, increasing the risk of cardiovascular disease, which
can be improved with the consumption of a low GI/GL
foods and high fiber [13].

& Evidence suggests that in patients with diabetes, weight
loss achieved due to intake of low-carbohydrate diets is
linked to duration of the diet restriction and reduced energy
intake but not with restriction of carbohydrates alone.
Therefore, obese diabetes patients should consider
switching to a diet reduced in calories and fat to reduce
the incidence of T2DM and myocardial infarction [14, 15].

& Asian Indians increasingly tend to consume high-
carbohydrate diet in the form of refined grain. Data from
Chennai Urban Rural Epidemiological Study (CURES)
suggests that higher consumption of refined grains is sig-
nificantly associated with higher waist circumference
(p < 0.0001), systolic blood pressure (p < 0.0001), diastol-
ic blood pressure (p = 0.03), fasting blood glucose (p =
0.007), serum triglyceride (p < 0.0001), lower high densi-
ty lipoprotein cholesterol (p < 0.0001), and IR (p < 0.001).
Individuals who consumed refined grains were more like-
ly to have metabolic syndrome (odds ratio [OR], 7.83;
95% confidence interval, 4.72–12.99] and IR compared
to those who did not consume [16].

& In another study that examined the association of dietary
carbohydrates and glycemic load with the risk of T2DM
among urban adult Asian Indian population, consumption
of refined grain (OR 5.31 [95%CI = 2.98, 9.45]; p < 0.001),
total carbohydrate (OR 4.98 [%CI = 2.69, 9.19], p < 0.001),
glycemic load (OR 4.25 [95% CI = 2.33, 7.77]; p < 0.001),
and glycemic index (OR 2.51 [95% CI = 1.42, 4.43]; p =
0.006) were positively associated with the risk of T2DM
while dietary fiber intake was inversely associated with
T2DM (OR 0.31 [95% CI = 0.15, 0.62]; p < 0.001) [17].

& Data from a population-based, cross-sectional study
reporting dietary intake of urban Indian adults indicate that
carbohydrates are the major source of energy (64%),
followed by fat (24%) and protein (12%) among South
Indian population. Refined cereals contributed to the bulk
of the energy (45.8%), followed by visible fats and oils
(12.4%) and pulses and legumes (7.8%). Intake of
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micronutrient-rich foods such as fruits and vegetables
(265 g/day), and fish and seafood (20 g/day) was far below
the FAO/WHO recommendation. This suggests that these
aberrant dietary patterns among urban South Indians con-
tribute to the diabetes risk in this population [18].

& The Urban Rural Epidemiological Study (CURES 147) re-
port that white rice among all refined grains has high GI and
contributes for almost 50 and 73% of daily total calories in
diet in the urban and rural South Indians, respectively [19].

& Evidence suggests that improving the carbohydrate qual-
ity of the diet by replacing the common cereal staple white
rice with brown rice could have beneficial effects on re-
ducing the risk of diabetes and related complications. It
was observed that consumption of brown rice was associ-
ated with significant reduction in 24-h glycemic response
(p = 0.02) and fasting insulin response (p = 0.0001)
among overweight Asian Indians [20].

& As Indians consume relatively more carbohydrates, it is
very difficult to alter the amount of carbohydrate in their
diets. Therefore, substituting brown rice in place of white
rice can be an acceptable option andmay reduce the risk of
T2DM [8].

& Sugar and sugar-sweetened beverages have been found to
increase the glycemic load.Mohan et al. report that intake of
sugar in urban South Indians is mostly in the form of added
sugar in hot beverages which contributed around 3.6% of
total glycemic load compared to white rice (66%) [17].

& Recent studies report that the intake of total sugar
(25.0 kg/capita) among Indians exceeds the average glob-
al annual per capita consumption (23.7 kg) [8, 21].

Low-carbohydrate, ketogenic diet

& A recent RCT reports that patients with T2DM had im-
proved their glycemic control (p = 0.002) and lost more
weight (p < 0.001) after being randomized to a very low-
carbohydrate ketogenic diet (VLCKD) and lifestyle online
program rather than a conventional, low-fat diabetes diet
online program [22].

& Another trial from Kuwait reports that low-carbohydrate
ketogenic diet (LCKD) had beneficial effect and improved
glycemic control in patients with T2DM compared to low-
caloric diet (LCD) [23].

Low GI of pulses and pulse-incorporated cereal foods

& Dal, roti, rice, and curry are the typical examples of
Indian mixed diets that are unique from basic or less-
mixed diets of Westerners, Black Africans, and other
Asians. Different carbohydrate foods mixed with cereals
exhibit GIs intermediate between the GI of each food in-
dividually. Within-individual variations in GI and

insulinaemic indices of cereal-pulse mixtures are attribut-
able to viscosity of food, high un-absorbable carbohydrate
content, or delayed gastric emptying [24].

& Evidence suggests that replacing high GI diets with low
GI diets combined with grams and pulses as staple will
ensure satiety and adequate calories. Combining acarbose
with such modified diet was associated with significant
decline in postprandial blood glucose in T2DM patients
with secondary failure with OADs [25].

& Similarly, use of thepla (wheat flour, Bengal gram flour, and
oil) was associated with lower hyperglycemic and
hyperinsulinemia effect in T2DMpatients. Enhanced insulin
secretion by pulses (gram flour) is attributed to lower GI of
mixed diets in non-insulin dependent diabetes patients [26].

& A retrospective analysis shows that modified pulse-
carbohydrate (75% pulse + 25% cereals) was associated
with significant reduction in A1C (p < 0.01) and greater
reduction in body weight compared to standard diet (75%
cereals + 25% pulse) [27].

& A systematic review and meta-analysis of 12 RCTs report
that diets including tree nuts at a median dose of 56 g/day
significantly lowered A1C (MD = − 0.07% [95% CI = −
0.10, − 0.03%]; p = 0.0003) and fasting glucose (MD = −
0.15 mmol/L [95%CI = − 0.27, − 0.02 mmol/L]; p = 0.03)
compared with control diets in patients with diabetes [28].

& In a systematic review of dietary patterns in India, it was
identified that diet rich in rice and pulses was associated
with lower risk of diabetes whereas diet rich in sweets and
snacks was associated with high risk [29].

& Consumption of legumes may be beneficial in T2DM pre-
vention in older adults at high cardiovascular risk [30].

Consumption of oils among Indian population

& A recent study comprising 27,012 rural South Indians re-
ports that the highest quintile of fat intake was significantly
associated with the prevalence of abdominal obesity and
impaired fasting glucose (33%, p < 0.001 and 23.3%, p =
0.003, respectively). Furthermore, sunflower oil as the
main cooking oil was significantly associated with a higher
risk of these components of the metabolic syndrome (MS)
(p < 0.001) compared to traditional oils and palmolein [31].

& Another study evaluating the risk of MS with type of
vegetables oils used for cooking among Asian Indians
suggests that the prevalence of MS was higher among
sunflower oil users (30.7%) than palmolein (23.2%) and
traditional oil (17.1%, p < 0.001) users. Higher linoleic
acid percentage, vitamin E, and linoleic acid/alpha-
linolenic acid ratio in sunflower oil were assumed to con-
tribute to increased risk of MS among Asian Indians [32].

& Dietary intervention with cooking oils containing high con-
centration of MUFA (canola and olive oil) compared to
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commonly used refined oils in Asian Indians with non-
alcoholic fatty liver disease was associated with significant
improvements in grading of fatty liver (p< 0.01), liver span
(p < 0.05), measures of insulin resistance (in olive group)
(p < 0.001), and lipids (high density lipoprotein in olive
group, p = 0.004; triglyceride in the canola oil group, p =
0.02) [33].

& Indian diets predominantly vegetarian are relatively low in
saturated FA, high in n-6 polyunsaturated fatty acids
(PUFA), and very low in n-3 PUFA. They appear as a
good dietary composition as per global standards. But
the undeniable increase in the incidence of obesity, diabe-
tes, and cardiovascular diseases in India draws the focus
on a balance between fats, carbohydrates, and proteins,
rather than an emphasis on individual macronutrients.

Fiber and diabetes mellitus

& Fiber-rich diet has got a definite role in the treatment of
diabetes mellitus, obesity, and hypercholesterolemia or
hyperlipidemia [34]. The beneficial effects of fiber-rich
food in diabetes patients may be attributed to slow release
of the absorbed glucose into the blood circulation resulting
in decreased insulin secretion [35].

– Diabetes patients on high carbohydrate and fiber diets
are found to have lower postprandial glycemia and
serum insulin concentration.

– In obese diabetes patients, diet rich in fiber is partic-
ularly useful as it increases satiety, reduces the food
intake, and also shows blood glucose reducing effect
as is manifested by diminished GI.

& A recent RCT with full cross-over design including 56
Indian subjects reports that flatbreads with 15% chickpea
flour (CPF) and 3 or 4% guar gum (GG) significantly
reduced PPG (both ≥ 15% reduction in positive incremen-
tal AUC, p < 0.01) and postprandial insulin (PPI) (both ≥
28% reduction in total AUC, p < 0.0001) compared with
flatbreads made from control flour [36].

& Evidence suggests that high fiber diet, particularly of the
soluble type, significantly improves glycemic control, de-
creases hyperinsulinemia, and lowers plasma lipid con-
centrations in patients with T2DM [37, 38].

& Furthermore, a recent randomized, controlled, parallel arm
study reports that daily consumption of 3 g of soluble fiber
from 70 g of oats was associated with beneficial effects on
the lipid parameters, specifically total cholesterol and low
density lipoprotein cholesterol in Asian Indians [39].

& Nonetheless, a meta-analysis of 17 prospective cohort
studies did not find any direct correlation between dietary
fiber intake and risk of T2DM [40].

High prevalence of hypertension among Indian population:
need for cardio-protective diet [41, 42] (Annexure IV)

& A recent systematic review reports that the overall mean
weighted salt intake was 10.98 g/day among Indians,
which is higher than the current WHO recommendation
(< 5 g/day) [43]. Higher intake of salt was significantly
associated with higher prevalence of hypertension
(p < 0.0001) and increased systolic and diastolic blood
pressure (p < 0.0001). This calls for urgent steps to de-
crease salt consumption of the population at high risk [44].

& A recent systematic review and meta-analysis of
population-based studies including several studies from
India report that the prevalence of high salt intake is >
87% in urban India. Moreover, the study concludes that
excessive salt intake has a greater impact on the preva-
lence of hypertension in urban than rural regions [45].

& Evidence from CURES indicate that higher intake of fruit
and vegetables is associated with significant reduction in
systolic blood pressure (p = 0.027), BMI (p < 0.0001),
waist circumference (p < 0.0001), total cholesterol (p =
0.017), and LDL-cholesterol concentration (p = 0.039)
[46]. This suggests that increased intake of fruits and veg-
etables may have protective role against CVD risk in Asian
Indians who have high rates of premature CAD [46, 47].

& Lifestyle and dietary modifications are recommended as
first-line management therapies for lipid and glucose con-
trol in patients diagnosed with diabetes or those with con-
firmed CVD. In newly diagnosed T2DM patients, initial
dietary therapy substantially reduces plasma triglyceride,
marginally improves total cholesterol and sub-fractions,
and results in a potentially less atherogenic profile sug-
gesting that healthy dietary habits help reduce the occur-
rence and mortality due to CVD events in people with and
without established CAD [48–50].

& It has been observed that combining foods of known GI
can alter the glycemic and lipemic profiles favorably, i.e.,
differences between foods of high and low glycemic indi-
ces may be kept minimal [13, 51, 52]. Addition of dietary
fiber such as dicoccum wheat to the regular diet was as-
sociated with significant reduction in total lipids
(p < 0.01), triglycerides (p < 0.01), and LDL-cholesterol
(p < 0.05) and effectively reduced cardiovascular risk fac-
tors [53]. Moreover, a systematic review and meta-
analysis including 22 cohort studies report an inverse re-
lationship between total dietary fiber intake and risk of
CVD (risk ratio 0.91 per 7 g/day [95% CI = 0.88 to
0.94]) and CAD (0.91 [0.87 to 0.94]) [54].

& Evidence from a 24-week randomized control trial in
Asian Indians suggests that single food intervention with
pistachio nuts has beneficial effects on the cardiometabol-
ic profile in terms of significant improvements in WC
(p < 0.01), FPG (p < 0.04), total cholesterol (p < 0.02),
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LDL cholesterol (p < 0.006), high sensitivity C-reactive
protein (p < 0.05), tumor necrosis factor-α (p < 0.03), free
fatty acids (p < 0.001), thiobarbituric acid reactive sub-
stances (p < 0.01), and adiponectin levels (p < 0.001) [55].

& Similarly, a systematic review and meta-analysis of RCTs
report that pistachios, but not other nuts, significantly re-
duce SBP (MD = − 1.82; 95% CI = − 2.97, − 0.67; p =
0.002). Moreover, pistachios (MD = − 0.80; 95% CI = −
1.43, − 0.17; p = 0.01) and mixed nuts (MD = − 1.19; 95%
CI = − 2.35, − 0.03; p = 0.04) have a significant DBP re-
ducing effect [56].

Indian consensus dietary guidelines to prevent obesity,
metabolic syndrome, and diabetes

& Excess consumption of calories, saturated fats, TFAs, sim-
ple sugars, salt, and low intake of fiber together with sed-
entary lifestyles led to an increase in obesity, T2DM, and
CVD in both urban and rural populations of India [57]. In
light of this, consensus dietary guidelines for Asian
Indians are framed with an intention to curb rising epi-
demics of obesity, MS, hypertension, T2DM, and CVD.
The consensus guidelines suggest:

– Reduction in the intake of refined carbohydrates
– Preferential intake of complex carbohydrates and low

glycemic index foods
– Intake of low-carbohydrate ketogenic foods
– Higher intake of fiber
– Lower intake of saturated fats
– Optimal ratio of unsaturated to saturated fatty acids
– Avoiding trans fatty acids
– Slightly higher protein intake
– Lower intake of salt
– Restricted intake of refined sugar less than 10% of

total daily energy [58]

Diet-related non-communicable diseases (NCDs) in India
& Studies evaluating secular trends in dietary intake in rela-

tion to NCDs in India suggest that, over the past three
decades (1973–2004), a rapid transition in nutrition oc-
curred with concurrent increase in obesity, hypertension,
MS, T2DM, and CAD. Evidence indicates that there is a
7% decrease in energy derived from carbohydrates and a
6% increase in energy derived from fats. Decreased intake
of coarse cereals, pulses, fruits, and vegetables, together
with increased intake of meat products and salt, coupled
with declining levels of physical activity resulted in esca-
lated burden of NCDs in India [59]. Moreover, WHO
revealed that four metabolic risk factors such as obesity,
raised blood pressure, raised blood glucose, and raised

blood total cholesterol levels and four behavioral risk fac-
tors such as tobacco use, unhealthy diet, physical inactiv-
ity, and harmful use of alcohol had largest contribution to
the significant proportions of NCDs in India [60].

Implementation

Implementation of dietary management therapies demands
knowledgeable and competent dietitians and nutritionists
who are trained in providing effective dietary interventions
that are consistent with individual’s needs and demands.
Self-management and counselling in nutrition (for individuals
or groups) should first include assessment, identification of
the nutrition problem, and later implementation of nutritional
strategies followed by nutrition monitoring and evaluation of
individual outcomes. Nationwide community intervention
programs aimed at creating awareness about the consequences
of unhealthy food choices and replacing them with healthy
food choices is urgently needed in India. Evidence from initial
studies suggests that simple 4-week nutritional counselling
provided to increase patient’s nutritional knowledge can sig-
nificantly improve fasting and postprandial blood glucose
levels in illiterate to semi-literate patients with T2DM [61],
but long-term interventional studies are lacking. Increasing
taxation on sugar-sweetened beverages has been shown to
decrease the incidence of obesity and T2DM, suggesting that
prevention strategies, encompassing multiple stakeholders
(government, industry, and consumers), may decrease exces-
sive sugar consumption in the Indian population [58].
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Lifestyle management

RSSDI 2017 recommendations

Recommended care

& Lifestyle advice including diet and physical activity
should be given to all people with T2DM during the time
of diagnosis.

& Lifestyle intervention is a cost-effective approach in pre-
vention of T2DM.

& Lifestyle interventions should be reviewed yearly or at the
time of any treatment or at every visit.

& Advice people with T2DM that lifestyle modification, by
changing patterns of eating and physical activity, can be
effective in controlling many of the adverse risk factors
related to T2DM.

& The intensity of physical activity should be monitored by
International Physical Activity Questionnaire (IPAQ)-
long form or accelerometry in high-risk T2DM patients.

& Introduce physical activity gradually, based on the indi-
vidual’s willingness and ability, and setting individualized
and specific goals.

& Intensity of physical exercise should be individualized, as
intensive activity produces/aggravates complications in
some T2DM patients.

& A total of 60 min of physical activity is recommended
every day for healthy Indians in view of the high predis-
position to develop T2DM and CAD.

– At least 30min of moderate-intensity aerobic activity
– Fifteen minutes of work-related activity
– Fifteen minutes of muscle-strengthening exercises (at

least 3 times/week)

& In the absence of contraindications, encourage resistance
training three times in a week.

& Provide guidance for adjusting medications (insulin) and/
or adding carbohydrate for physical activity.

& Yogic practices lead to improvement in glycemic control,
reduction in BP, correction of dyslipidemia, reduction of
IR and correction of hyperinsulinemia, and reduction of
weight along with elimination of stress.

& Yogic practices can be combined with other forms of phys-
ical activity when it should be done for 30 min every day.
For those individuals not having other forms of physical
activity, it is recommended that yogic practices are carried
out for 45–60 min to achieve the metabolic benefits.

& Yoga may be as effective as or better than exercise in
improving a variety of health-related outcome measures.

& Yoga results in better outcome than exercise in heart rate
variability (HRV), kidney function, menopausal symp-
toms, psychiatric symptoms, pain, sleep disturbances,
stress, and lipid profile.

Limited care

& The principles and content of lifestyle management are as
for recommended care.

& Encourage increased duration and frequency of physical
activity (where needed), up to 30–45min on all days of the
week or an accumulation of at least 150 min per week of
moderate-intensity aerobic activity (50–70% of maximum
heart rate).

Preamble

Lifestyle intervention is an integral part of diabetes manage-
ment along with dietary and pharmacological interventions.
Lifestyle interventions, which include increased physical ac-
tivity, dietary modification, as well as weight reduction among
overweight people, have potential to prevent T2DM in high-
risk individuals [1, 2]. Obesity, which is one of the foremost
reasons for T2DM development and associated with higher
CV risk, can be controlled with significant lifestyle modifica-
tions. Major forms of lifestyle modifications considered for
patients with T2DM include dietary modification and
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increasing physical activity (both aerobic and resistance train-
ing). Awealth of literature supports the fact that regular phys-
ical activity reduces morbidity and mortality in patients with
T2DM. Regular aerobic training not only reduces glycemic
burden but also helps to prevent atherosclerotic CVD by sev-
eral mechanisms. In older adults with diabetes, regular walk-
ing was associated with reduced all-cause and CVD mortality
[3–6]. Interestingly, regular exercise is shown to provide sim-
ilar benefits in patients with T2DM when these exercises are
done in single or multiple bouts, as long as the recommended
length of activity is performed. Recent reports indicate posi-
tive effects of resistance training in patients with T2DM. All
T2DM patients without complications and even those with
complications can perform mild–moderate physical activity
with appropriate caution. Yoga is also known to reduce gly-
cemic parameters, improve insulin sensitivity, and reduce the
use of OADs [4, 7]. Since Asians are considered to do less
physical activity compared to their western counter parts [8],
lifestyle modification is of paramount importance for blood
glucose control and CV protection in patients with T2DM.

Considerations

The panel endorsed most of the IDF recommendations on
lifestyle modifications with additions on the specific role of
yoga in the Indian context. The panel considered evidences of
physical activity on glycemic parameters in view of the high
predisposition of Asian Indians to develop T2DM and CAD.
The benefits of yogic practices, individually and when com-
bined with physical activity, are also considered.

Rationale and evidence

I den t i f i ca t ion
& International Physical Activity Questionnaire-long form

and accelerometry are the tools used for monitoring the
intensity of physical activity. Several studies used these
devices for monitoring the extent of exercise in south
Asian population [9, 10].

Physical activity

& Hepatic glucose production and peripheral glucose uptake
maintain glucose homeostasis in the resting and fed states.
However, both phenomena are affected due to progressive
IR and cause hyperglycemia. Moreover compared to other
ethnic groups, Asian Indians are more prone toMS and IR
at a relatively young age [11–13].

& Physical inactivity is considered as a major risk factor of
T2DM [13]. Evidence suggests that adequate physical ac-
tivity may reduce up to 27% risk of T2DM [14].

& The IDPP report that the RRR for T2DM was 28.5% with
lifestyle modification (p = 0.018), 26.4% with metformin

(p = 0.029), and 28.2%with both (p = 0.022), as compared
with the control group [15].

& A recent systematic review including 20 articles report
that lifestyle intervention was also cost-effective for the
primary prevention of T2DM [16]. Similar identifications
have also been reported in South Indian patients [7].

& Pooled data from two IDPP (2006 and 2013) studies in-
cluding 709 patients report that lifestyle modification re-
duces risk of T2DM by 35.4%; risk reduction was equally
effective in patients with different BMI (obese and non-
obese) and age groups (> 45 and < 45 years) [17].

& Physical activity tends to increase the blood flow to the
muscles resulting in increased uptake of glucose and oxygen.
The effects of aerobic training on glycemic control are well
established. Adults with T2DM following a simple aerobic
walking program report a significant decrease in glycemic
parameters (A1C and FPG) as well as BMI [18, 19].

& A recent cross-sectional study reports that south Asian adults
requiredmore intense physical activity (232min/week) com-
pared to white Europeans (150 min/week) in order to obtain
the same cardiometabolic risk factor score [10].

& Short-term progressive resistance training program either in
untrained or supervised training has shown to significantly
decrease elevated blood glucose levels, lipid parameters,
and body weight in Asian Indians with T2DM [20, 21].

& A recent meta-analysis examined the effects of combined
training of aerobic and resistance training vs each alone on
A1C reduction and other physiological parameters, in pa-
tients with T2DM. Data from seven studies including 192
male and 240 female patients revealed that combined
training decreased glycemic burden, abdominal adipose
tissue, and lipid profiles (total cholesterol and triglycer-
ides) without any adverse effects. [22].

& In T2DM patients with sedentary lifestyle and in whom
structured aerobic exercise is not feasible, practicing resis-
tance training and home-based walking were found to be
safe, effective, and beneficial with significant decrease in
A1C (p < 0.05), FPG, as well as depression and improved
quality of life (QoL) [23].

& Physical activity is also known to improve the overall
health status, ameliorate depressive symptoms, and de-
crease the rate of hospitalizations in patients with
T2DM. A 2-year follow-up study in T2DM patients re-
ports that physical activity status is an independent predic-
tor of lower hospitalizations and an important strategy to
reduce healthcare costs [24].

& Evidence indicates that exercise also improves psycholog-
ical distress in patients with T2DM and results in im-
proved well-being [25].

& Data suggests that intensive physical exercise reduces the
risk of CVD in patients with IGT [26, 27]. A 23-year
follow-up Chinese study report that lifestyle intervention
for 6 years was associated with less cumulative incidence
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of CVDmortality (11.9 vs 19.6%, p = 0.033) and all-cause
mortality (28.1 vs 38.4%, p = 0.049) compared to the con-
trol group [27].

& A recent review reports that exercise also produces some
risk in certain individuals with T2DM like patients with
CAD, diabetic foot, diabetic neuropathy, denervation, and
loss of proprioception [28].

& However, recently, ADA recommended that adults with
T2DM should engage in 150 min or more of moderate to
vigorous intensity physical activity per week, spread over at
least 3 days/week, with no more than two consecutive days
without activity [29]. However, for the resource-limited set-
tings, the IDF guideline for T2DM encourages increased
duration and frequency of physical activity (where needed),
up to 30–45 min on 3–5 days/week or an accumulation of
150 min/week of moderate-intensity aerobic activity (50–
70% of maximum heart rate) [30]. These recommendations
were discussed and a balanced recommendation was
framed based on the vast experience of panel members.

& Furthermore, in view of the high predisposition of Asian
Indians to develop T2DM and CAD, the physical activity
consensus guidelines for Asian Indians [31] suggest a total
of 60min of physical activity every day, although hard
evidence for a clear benefit of this in Indians is lacking.
This can include:

– At least 30min of moderate-intensity aerobic activity
– Fifteen minutes of work-related activity
– Fifteen minutes of muscle-strengthening exercises

& Based on the previous recommendations, the RSSDI state-
ment, in its previous version, recommended all patients
with T2DM to perform regular exercises with either mild
or moderate intensity (Annexure V).

Behavioral lifestyle intervention

& Behavioral lifestyle intervention (BLI) has a great role in
the management of T2DM as it bridges the gap between
motivation and action [32].

& A recent RCT reports that the A1C levels of the patients
taking BLI were significantly reduced (− 1.56 ± 1.81,
p < 0.05); however, there was no change observed in the
control group at 6-month period [33].

& Similarly, another study conducted in Dutch primary care
on high-risk individuals reports that insight into the pro-
cess of behavior change can contribute to better adapted
and potentially more effective interventions for diabetes
prevention [32].

& Moreover, a systematic review which included Indian
RCTs revealed that behavioral change strategy is an essen-
tial part of an effective lifestyle modification program and
can be effectively used for prevention of T2DM [34].

Yoga

& Another important way of overcoming the chronic stress
and negative affective state in patients with T2DM is
through mind-body therapy, especially Byoga^ [4, 35,
36]. Yoga is an old, traditional, psychological, physical,
and spiritual exercise regimen in India [37].

& In the process of yoga, abdominal stretching leads to
rejuvenation/regeneration of pancreatic cells and increases
the utilization and metabolism of glucose in peripheral
tissues, liver, and adipose tissues through enzymatic pro-
cess. Furthermore, it improves blood supply to the mus-
cles andmuscular relaxation and enhances insulin receptor
expression causing increment of glucose uptake and thus
reduces blood sugar [28].

& Yoga appears to be a suitable alternative to supplement life-
style intervention programs. Yoga, as a practice, is a holistic
philosophy, in which physical exercises are intertwined with
lifestyle and behavioral changes of the community, includ-
ing diet, relaxation, and stress management.

& Recently, two meta-analyses including RCTs report that
yogic exercises help in improving glycemic parameters
and lipid profiles in patients with T2DM. However,
high-quality RCTs are required to prove the long-term
efficacy of yoga in patients with T2DM [35, 36].

& A systematic review of 33 controlled trials, including 80%
studies from India, reveals that yogasans may result in
significant improvements in glycemic control, lipid levels,
and body composition. Furthermore, yoga may also lower
oxidative stress and BP, enhance pulmonary and autonom-
ic function, mood, sleep, and QoL, and reduce medication
use in adults with T2DM [38].

& Several RCTs also report that yogic exercises reduce
blood glucose, A1C, triglycerides, total cholesterol, very
low density lipoprotein (VLDL), medication requirement
[39], and oxidative stress [40]. improve cardiac autonomic
functions [41], and result in greater weight loss and reduc-
tion in WC [42] in Indian T2DM patients.

& It has been previously documented from studies on healthy
individuals that long-term practice of yoga leads to lower
metabolic rates [43, 44], lower levels of the stress hormone
cortisol [45], changes in the activity of the autonomous
nervous system [46, 47], and increases in insulin sensitivity
at target tissues which in turn reduces IR and subsequently
increases peripheral utilization of glucose [48].

& Practicing yoga and pranayama for a period of 3 months in
patients with T2DM showed beneficial effects on metabol-
ic parameters (A1C, FPG, and PPG) and anthropometric
measurements [49]. In addition, yogasanas tend to exhibit
positive effect on glucose utilization and fat redistribution
in these patients [50]. Patients practicing specific yogasanas
for up to 40 days responded with significant decrease in
FPG, PPG, WHR, and changes in insulin levels.
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& Evidence also suggests that beneficial effects of yoga go
beyond glycemic control with clinical improvement in nerve
function observed in T2DM with sub-clinical neuropathy
[51, 52]. In patients practicing specific yogasanas for up to
40 days, the right hand and left hand median nerve conduc-
tion velocity had increased from 52.81 ± 1.1 to 53.87 ±
1.1m/s and 52.46 ± 1.0 to 54.75 ± 1/1m/s, respectively [51].

& Yoga results in better outcome than exercise in HRV, kid-
ney function, menopausal symptoms, psychiatric symp-
toms, pain, sleep disturbances, stress, and lipid profile
[28].

& Some of the asanas like Kapaal Bhatti where there is a
valsalva-like maneuver have a risk of producing vitreous
hemorrhage in patients with significantly advanced retinop-
athy; hence, one should exercise caution and obtain clear-
ance from their physician before performing such asanas.

& The expert panel opined that a combined approach of
physical activity and yoga would provide more beneficial
effects on metabolic control as well as several other phys-
iological parameters in patients with T2DM.

& Currently, the role of yoga and fenugreek in the prevention
of diabetes is being evaluated in the Indian Prevention of
Diabetes Study by RSSDI.

Implementation

Implementation of lifestyle management in patients with
T2DM requires adequate awareness and education from the
treating physician. It is imperative that all healthcare profes-
sionals encourage patients to practice the combined approach
of diet and physical activity along with pharmacological inter-
vention. In this regard, providing patients with structured ed-
ucational programs using information leaflets on practices and
procedures of physical activity could greatly enhance the ad-
herence and overall health of patients with T2DM.
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Education

RSSDI 2017 recommendations

Recommended care

& Identification of high-risk individuals for T2DM and early
intervention in the form of health education is recom-
mended for prevention of diabetes.

& A patient-centered, structured self-management education
is an integral part of the care of all people with T2DM.

& Diabetes self-management education is recommended for all
people with diabetes at the time of diagnosis and it should be
a continuous process and should be done whenever needed.

& Use an appropriately trained multidisciplinary team to pro-
vide education to groups of people with diabetes or individ-
ually if groupwork is considered unsuitable.Where desired,
include a family member or friend or any care taker.

& The education program should focus more on rural pa-
tients as they have less knowledge and awareness regard-
ing diabetes.

& Include in education teams a healthcare professional with
specialist training in diabetes and delivery of education for
people with diabetes.

& Diabetes education should be focused towards the assess-
ment of change in behavior of people and promote self-
management in person with T2DM.

& Ensure that education is accessible to all people with dia-
betes, taking account of culture, ethnicity, psychosocial,
literacy, and disability issues. Consider delivering educa-
tion in the community or at a local diabetes center, through
technology and in different languages. Include education
about the potential risk of alternative medicine and com-
mon myths about diabetes.

& Use techniques of active learning (engagement in the process
of learning andwith content related to personal experiences),
adapted to personal choices and learning styles.

& Use modern communications technologies to advance the
methods of delivery of diabetes education.

& Provide ongoing diabetes self-management support.

Limited care

& The principles are as for Recommended care but education
may be provided by a smaller team (physician and
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educator) or in very limited situations by an appropriately
skilled individual.

& Consider how available technologies can best be used to
deliver education.

Preamble

Diabetes self-management education (DSME) is recognized
as an important component of management of T2DM.
Individuals with diabetes tend to make dramatic impact on
the progression and development of diabetes by involving in
their own diabetes self-care practices [1]. Moreover, diabetes
education improves metabolic control, prevents or delay com-
plications, improves QoL, and empowers people to make in-
formed choices to manage their condition [2]. It is expected
that patient who is well-educated has better understanding of
the disease and self-manages the condition more effectively
[3]. Evidence from literature suggests that implementation of
DSME has been successful in lowering glycemic levels in
uncontrolled patients [4, 5]. The DSME is an ongoing process
that facilitates knowledge, skill, and ability necessary for dia-
betes self-care [5, 6]. It is guided by evidence-based standards
while incorporating needs, goals, and life experiences of the
person with diabetes [7]. India is a country with diverse social,
economic, cultural, and educational patterns with majority of
population residing in rural areas. Evidence has also revealed
that rural people have less knowledge and awareness than
urban Indian people [8]. It is presumed that the poor level of
awareness on diabetes in India is due to high percentage of
individuals with low or no literacy [9, 10].

Considerations

The panel endorsed the IDF recommendations on education as
such. However, evidence from India together with local fac-
tors such as cost, literacy, malnutrition, body weight, and BMI
were reviewed in the Indian context and are reflected in the
recommendations.

Rational and evidence

Educational programs and their outcomes

& In management of T2DM patient, structured diabetes care
program (Freedom 365*) of ongoing diabetes education
on diet and lifestyle correction, biochemical investiga-
tions, clinical monitoring, and treatment at regular inter-
vals was associated with better clinical outcomes com-
pared to routine medical care. The program played a piv-
otal role in improving the patient’s quality of care by over-
coming clinical inertia and improving adherence to thera-
py while preventing the occurrence/progression of
diabetes-associated complications [11].

& Organized diabetes education that involves improving
knowledge on better control of disease symptoms, disease
regimens, and dangers in practice was found to positively
impact lifestyle changes, self-control abilities, and at the
same time improve the QoL in T2DM patients [12].

& A recent systematic review including 118 unique interven-
tions reports that DSMEwas associated with a statistically
significant mean reduction in A1C (− 0.74 for intervention
and − 0.17 for control groups) [5].

& The National Diabetes Education Program (NDEP) course
was designed to enable educators in India to provide a com-
plete perspective of the disease condition, the importance of
self-care, blood glucose monitoring, diet and physical activ-
ity, self-injection of insulin, medication adherence, and the
long-term benefits of compliance and a basic awareness of
the various complications of diabetes. Following its imple-
mentation, most of participants acknowledge that they
learned new skills and they were benefited by increase in
knowledge, confidence, and improved attitude towards dia-
betes care among the participants [13].

& In order to minimize the increasing burden of NCDs, the
Ministry of Health and Family Welfare, Government of
India, has launched the National Programme on
Prevention and Control of Diabetes, Cardiovascular
Diseases and Stroke (NPDCS) on 8 January 2008 with
several objectives including health promotion and health
education for the community [14].

& Besides diabetes, educational intervention was also suc-
cessful in reducing some of the obesity parameters and
improving dietary patterns in individuals with prediabetes
and diabetes. Initiation of primary prevention strategies
through education right from elementary schools could re-
duce IFG by 17% suggesting such interventions may delay
T2DM or even change the course of disease for improved
outcomes among vulnerable population groups [15].

& Awareness about early detection and treatment of hyper-
glycemia in pregnancy is also important, as it will not only
offer better fetal outcome but a good glycemic control
during pregnancy will provide better intrauterine metabol-
ic environment, which may help to prevent the develop-
ment of diabetes, obesity, and MS in these offspring of
diabetic mother in their later life [16].

Knowledge and awareness

& The ICMR-INDIAB study reports that the awareness of
diabetes in urban India was significantly higher than rural
residents (58.4 vs 36.8%, p < 0.001). Furthermore, partic-
ipants from Tamil Nadu had the highest (31.7) and
Jharkhand the lowest (16.3) knowledge score, and among
self-reported subjects with diabetes, Maharashtra had the
highest (70.1) and Tamil Nadu the lowest score (56.5) [8].
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& Similarly, another ICMR-INDIAB study including 14,277
participants reveals that only 480 subjects were with self-
reported diabetes (254 urban and 226 rural) and the level
of glycemic control among subjects with self-reported di-
abetes in India is poor [17].

& A population-based study from a South Indian state re-
ports that among 6211 participants, good knowledge and
positive attitude were observed in 3457 (55.6%) and 3280
(52.8%) people, respectively. Furthermore, literacy had a
significant association with good knowledge, attitude, and
practice in general and T2DM population. Overall, wom-
en had significantly better knowledge (p < 0.001) [18].

& A recent study from east Delhi, India reports that self-
learning module (SLM) was significantly associated with
increasing knowledge on aspects of effect of diabetes on
foot (p < 0.05) and foot care and its steps (p < 0.05) than
the control group in T2DM patients [19].

& Though general practitioners in India are well aware and
updated about symptoms and screening of T2DM, there is
lack of effective approach towards screening and treat-
ment of complications. Most of the patients were not ad-
vised on non-pharmacological measures and diabetes ed-
ucation, while interpretation of test results for screening of
disease and its complications appeared to be a major flaw
in general practice [20].

& Evidence from several studies determining the level of
knowledge and awareness on diabetes across India sug-
gests that most of the patients had poor knowledge and
awareness about their condition [8, 21–27]. Low socio-
economic status, old age, cultural factors, lack of access
to healthcare, family history of diabetes, and importantly
low literacy levels were the major predictors of poor gly-
cemic control among patient with T2DM.

Challenges in diabetes management in India [28–31]

& The awareness about the disease and its complications is
less than satisfactory.

& There is lack of knowledge attitude practice studies to
determine the gaps in knowledge among diabetics and
physicians in the areas of individual diabetes care in India.

& Inadequate knowledge, delay in clinical response, and
poor control are some of the physician-related issues that
need to be addressed through diabetes education.

& Patients’ lack of knowledge about diabetes care is a sig-
nificant barrier that can impede their ability to manage
their disease. In view of this, there is an imperative need
for more structured diabetes education programs in India.

& Lack of strong referral system to provide quality care, i.e.,
early diagnosis, prevention, and control of chronic com-
plications in diabetes.

& Indian studies have also shown that barriers to insulin ther-
apy are due to lack of awareness, causing wrong perception

and false beliefs. People those who are already on insulin
therapy showed to have better understanding and acceptabil-
ity towards insulin therapy than those that are not on insulin;
still intensification remains a challenge in these patients [32].

& Implementing efficacious health service intervention like
patient education in a real-world resource-constrained set-
ting is challenging and may not prove effective in improv-
ing patient outcomes. Therefore, interventions need to
consider patients’ and healthcare providers’ experiences
and perceptions and how macro-level policies translate
into practice within local health systems [33].

Assessing the need for evidence-based education [34–38]

& A qualified diabetes educator who can be a nurse, a dieti-
cian, or a social worker can fill up the important void of
poor awareness and play a major role in optimal diabetes
care.

& Continuous medical education and additional trainings are
needed to help health professionals integrate new knowl-
edge and transform old practices.

& There is a need to assess the impact of existing education
and training programs in the management of diabetes.

& Investment must be made to ensure that specialized dia-
betes education is accessible to healthcare personnel and
people with diabetes.

& General practitioners and physicians should be periodical-
ly updated on recent guidelines on diagnosis, treatment, as
well as management goals.

& Key aims of diabetes education are to change behavior of
people and promote self-management.

& Steps to improve awareness in diabetes care in India:

– Physician and family physician education
– Need for continuing medical education
– Education for patients with diabetes
– Diabetes education programs in India

& Study has shown that a pharmacist may also be involved
with clinicians as a part of collaborative diabetes care and
has documented positive clinical, humanistic, and eco-
nomic outcomes, which emphasized the value of multidis-
ciplinary collaborative care for Asian diabetes patients and
supported the effectiveness of this approach in managing
chronic diseases [38].

& Counselling is the most important strategy capable of
bringing about sustained lifestyle changes.

Implementation

& Major components of implementing these recommenda-
tions are the recruitment of personnel and their training in
the principles of both diabetes education and behavior
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change strategies. The staff are required to develop theoret-
ically based, patient-centered, ongoing follow-up education
programs for people with diabetes. Educational strategies
and materials matched to the needs and culture of the com-
munity served with attention to health literacy are neces-
sary. Institutional support at the practice, community, and
healthcare system levels is critically important.

& Diabetes discrimination at education institutes and work-
place is often the result of a lack of knowledge about
diabetes. Because diabetes is usually a Bhidden^ disability,
many do not understandwhat it is like to have diabetes. By
educating such authorities about diabetes and their needs
and abilities, they may be able to get fair treatment.

& Mass awareness campaign through various print and elec-
tronic media will also be an effective model of education.
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Oral antidiabetic agents

RSSDI 2017 recommendations

Recommended care

& Begin oral glucose-lowering medications when lifestyle
interventions alone are unable to maintain blood glucose
control at target levels

– Maintain support for lifestyle measures throughout
the use of these medications.

– Consider each initiation or dose increase of oral
glucose-lowering medications as a trial, monitoring
the response through self-monitoring blood glucose
(SMBG) or A1C in 2–3 months.

– Consider cost and benefit risk ratio when choosing a
medication (patient-centric approach should be used).

– Consider discontinuing ineffective therapies.
– Hypoglycemia, weight gain, and cost of therapy are

also important parameters in deciding therapy.

& First-line therapy

– Begin with metformin unless there is evidence of re-
nal impairment or other contraindication.

– Titrate the dose over early weeks to minimize discon-
tinuation due to gastrointestinal intolerance.
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– Monitor renal function and use metformin with caution
if estimated glomerular filtration rate (eGFR) < 45 mL/
min/1.73 m2. Do not use if eGFR is < 30 mL/min.

– Other options include a sulfonylurea (or glinide) for
rapid response where glucose levels are high or a
DPP4 inhibitor or AGI; these agents can also be used
initially in place of metformin where it is not tolerated
or contraindicated.

– In some circumstances, dual therapymay be indicated
initially if it is considered unlikely that single agent
therapy will achieve glucose targets.

& Second-line therapy

– When glucose control targets are not being achieved,
a sulfonylurea or a thiazolidinedione or a SGLT2 in-
hibitor, or a DPP-4 inhibitor, or AGI can be added
using a patient-centric approach.

& Third-line therapy

– When glucose control targets are no longer being
achieved, start insulin or add a third oral agent.

– Options for third oral agent include an AGI, a DPP4
inhibitor, a SGLT2 inhibitor, or a thiazolidinedione
(depending on second-line agent used).

– From July 2014, hydroxychloroquine (HYQ) has
been approved by DCGI as an Badjunct to diet and
exercises to improve glycemic control in patients with
T2DM on sulfonylurea and metformin combination^

& Fourth-line therapy

– Begin insulin therapy when optimized oral blood
glucose-lowering medications and lifestyle interven-
tions are unable to maintain target glucose control.

– Intensify insulin therapy if insulin is being used already.

Limited care

& The principles are as for recommended care taking partic-
ular note of cost and availability of generic therapies.

Preamble

The primary aims of controlling glycemic levels are to avoid
acute symptoms of hyperglycemia, to avoid fluctuation in blood
glucose over time, and to prevent/delay the development of
various complications associated with diabetes without hamper-
ingQoL of patients. The treatment should also aim at preserving
β-cell function and prevent or slow the rate of apoptosis that
will in turn delay the natural progression of the disease.

Particularly from a patient point of view stability of metabolic
control over time may be another specific goal that needs to be
considered. Given the progressive loss of β-cell function in
T2DM, treatment with OADs is ensued if the target A1C is
not achieved with initial lifestyle modification. However, the
properties of any antidiabetic agent that play a role in the choice
of drug(s) in individual patients may vary because diabetes itself
has a different mechanism responsible for its pathophysiology.
Several guidelines provide treatment algorithms on ways in
which glucose-lowering agents can be used either alone or in
combination. The current guideline based on the current clinical
evidences provides overview on available OADs and tries to
come up with some practically applicable recommendations for
optimal management of T2DM in Asian Indians.

Considerations

The decision on choice of OAD therapy in T2DM patients
was based on the cost, safety, and efficacy factors that were
reviewed in Indian context.

Rationale and evidence

Antidiabetic agents

& Biguanides: Metformin remains the first-line drug in the
management of patients with T2DM due to its efficacy
and being weight neutral, economical, and devoid of ma-
jor adverse effects such as hypoglycemia. Its mechanism
of action predominately involves reducing hepatic glucose
output [1–3]. Metformin is associated with initial gastro-
intestinal side effects, and caution needs to be taken to
avoid its use in patients at risk for lactic acidosis (e.g., in
advanced renal insufficiency, alcoholism). Even though
some CV benefits from metformin have been noted, the
clinical trial data are not robust.

& Sulfonylureas: They are the oldest class of OADs which
are also known as insulin secretagogues. They show their
effect by closure of ATP-sensitive potassium channels on
β-cells, stimulating insulin release [4, 5]. Although they
are effective in controlling glucose levels, their use is as-
sociated with modest weight gain and risk of hypoglyce-
mia. Modern sulfonylureas particularly gliclazide modi-
fied release (MR) and glimepiride have a lower risk of
hypoglycemia and are preferred to be used in south
Asian T2DM patients [5]. Shorter-acting secretagogues,
the meglitinides (or glinides), also stimulate insulin release
through similar mechanisms but may be associated with
comparatively less hypoglycemia [6] but they require
more frequent dosing. Moreover, modern sulfonylureas
exhibit more reductions of A1C than glinides [7].

& Thiazolidinediones: They are peroxisome proliferator acti-
vated receptor γ activators [8] that improve insulin
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sensitivity in skeletal muscle and reduce hepatic glucose
production [1, 2]. The risk of hypoglycemia is negligible
and may be more durable in their effectiveness than sulfo-
nylureas and metformin [9, 10]. Pioglitazone appeared to
have a pleotropic effects on cardiovascular events as a sec-
ondary outcome in one large trial involving patients with
overt macrovascular disease [11]. Pioglitazone had been
linked with a possible increased risk of bladder cancer
[12]; however, a recent systematic review report that the
association of bladder cancer with pioglitazone was not
found to be significant [13]. Moreover, data from a retro-
spective study in India involving 2222 (pioglitazone users,
n = 1111; pioglitazone non-users, n = 1111) T2DM patients
found no evidence of bladder cancer in any of the group,
including patients with age > 60 years, duration of diabetes
> 10 years, and uncontrolled diabetes [14]. Recognized side
effects of thiazolidinediones include weight gain, fluid re-
tention leading to edema, and/or heart failure in predisposed
individuals and patients with increased risk of bone frac-
tures [9, 11, 13].

& DPP4 inhibitors: Drugs like vildagliptin, saxagliptin,
gemigliptin, sitagliptin, teneligliptin, and linagliptin are
incretin enhancers; they enhance circulating concentrations
of active GLP-1 and gastric intestinal polypeptide (GIP)
[15, 16]. Their major effect is the regulation of insulin and
glucagon secretion; they are weight neutral. Furthermore,
recent CV studies with DPP-4 inhibitors have shown that
these agents do not increase the CV risk [17–19]. Recent
studies have reported a higher incidence of heart failure
hospitalization with saxagliptin and alogliptin [17, 18].
However, the reason for the same is not clear and the pri-
mary outcomes of non-fatal MI, non-fatal stroke, and CV
death were not different in intervention arm as compared to
placebo arm. Sitagliptin showed no difference in the rate of
hospitalization for heart failure [20]. The other DPP4 inhib-
itors as yet do not have outcome studies published.

& Typically, none of the incretin-based classes cause hypo-
glycemia by themselves. Teneligliptin is a new agent in
the class of DPP-4 inhibitor reported to be effective, safe,
and well tolerated in Indian T2DM patients as monother-
apy or in combination [21, 22]. However, data available
for teneligliptin is limited and there are no RCTs available
for teneligliptin.

& SGLT2 inhibitors: They provide insulin-independent glu-
cose-lowering by blocking glucose reabsorption in the
proximal renal tubule by inhibiting SGLT2 receptor [23].
These agents provide modest weight loss and BP reduc-
tion when used as monotherapy [23, 24]. Dapagliflozin,
canagliflozin, and empagliflozin are the three Food and
Drug Administration (FDA)-approved agents used in pa-
tients with T2DM [23]. SGLT2 inhibitors have the poten-
tial to reduce CV risk in patients with T2DM [25, 26] not
only through beneficial effects on glycemic control but

also via beneficial effects on body weight, BP, lipids,
and serum uric acid [27, 28]. SGLT2 inhibitors significant-
ly reduce BP in patients with T2DM [29, 30].
Nonetheless, SGLT-2 inhibitors are associated with an in-
creased risk of genital infection [31].

& AGIs: Acarbose, voglibose, and miglitol are the AGIs
which retard gut carbohydrate absorption [32, 33] reduce
postprandial hyperglycemia. The main adverse effects are
gastrointestinal, flatulence, distention, nausea, and diarrhea.
Moreover, a recent systematic review and meta-analysis
report that AGIs might associate with increased risk of
hepatotoxicity. However, the evidence is limited and no
clinically important AEs were observed [34].

& Colesevelam, a bile acid sequestrant whose mechanism of
glucose-lowering action remains poorly understood and
whose major additional benefit is LDL-C reduction [35,
36], is used infrequently in treatment course of diabetes. In
a pilot study of colesevelam HCl 3.75 g/day in patients
with T2DM, LDL-C and total cholesterol were decreased
by 11.7 and 7.8%, respectively, and also A1C was de-
creased by 0.5% [37]. Adverse effects mainly observed
were constipation and GI discomfort.

& Hydroxychloroquine (HYQ): Recently, HYQ has been ap-
proved by DCGI in the management of T2DM in India. It
has a modest effect on reducing A1C along with reduction
of pro-inflammatory markers. It was shown to reduce
white blood cell (WBC) count and increase adiponectin
in many studies [38, 39]. When used in patients with rheu-
matoid arthritis, it has shown to delay new onset diabetes,
a promising action helpful in prevention [40]. Moreover,
in Indian patients with uncontrolled T2DM, significant
difference in glycemic efficacy was not found between
HYQ and pioglitazone [41]. Several ongoing trials will
throw more light in days to come. Adverse effects are
mainly gastrointestinal, nausea, vomiting. Blurring of vi-
sion, retinopathy, and maculopathy are uncommon if the
recommended daily dose is not exceeded [42, 43].

& The dopamine agonist bromocriptine (quick release for-
mulation) is also available as an antihyperglycemic agent
and supposedly acts by mimicking the morning surge of
dopamine [44, 45]. Its mechanism of action and precise
role are unclear.

& The glucose-lowering effectiveness of OADs is said to be
high with metformin, sulfonylureas, and thiazolidinedione
(expected A1C reduction ~ 1.0–1.5%) and comparatively
lower for meglitinides, DPP4 inhibitor, SGLT2 inhibitor,
AGIs, HYQ, colesevelam, and bromocriptine (~ 0.5–
1.0%) [10, 46–49]. However, older drugs have typically
been tested in clinical trial participants with higher base-
line A1C, which is associated with greater treatment emer-
gent glycemic reductions, irrespective of therapy type. In
head-to-head trials, any differential effects on glucose con-
trol between different OADs are small. So agent- and
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patient-specific properties, such as ease of administration,
dosing frequency, side effect profiles, cost, and other ben-
efits, often help in their selection.

& Two-drug combination therapies with metformin (such as
metformin plus thiazolidinediones, metformin plus sulfo-
nylureas, metformin plus SGLT2 inhibitors, and metformin
plus DPP4 inhibitors) were more effective in reducing A1C
thanmetforminmonotherapy by about 1% [10]. In addition,
triple FDC of metformin and sulfonylurea plus pioglitazone
or voglibose are also available in India. Even though they
have to be administered with caution and there is some
ambiguity regarding their timing of administration, several
studies have proved their efficacy in Indian population [50].

& RSSDI wheel given along with this recommendation book
will help a practitioner choose an ideal drug for his patient
based on cost, weight, hypoglycemia risk, and other co-
morbid conditions
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Injectables

RSSDI 2017 recommendations

Insulin therapy

& A three-step protocol involving initiation, titration, and inten-
sification is recommended for all patients requiring insulin.

Initiation

– BProviders should avoid using insulin as a threat or
describing it as a sign of personal failure or
punishment^ [1].

– Ensure timely commencement of insulin.
– Even though triple oral therapy may be effective, pa-

tients taking two OADs and having an A1C > 8.0%
and/or long-standing T2DM are less likely to achieve
their glycemic goals with a third OAD. Even if gly-
cemic goals are achieved, there is often limited dura-
bility of glycemic control. Therefore, consider initiat-
ing insulin in patients with uncontrolled or symptom-
atic or complicated T2DM.

– Individuals with symptomatic hyperglycemia and
metabolic decompensation should receive an initial
antihyperglycemic regimen containing insulin with
or without metformin.

– The therapeutic choice of regimen, preparation, and de-
livery device should be made through a process of
shared, informed decision-making, by both patient and
physician.

– Initiate with once daily basal insulin, once daily
premixed/co-formulation insulin, or twice daily
premixed insulin, either alone or in combination of
GLP-1 analogues (either alone or in combination with
basal insulin, in same pen device) or in combination
with other OADs, based upon clinical features, glucose
profile, risk of hypoglycemia, and patient preference

– Basal bolus insulin regimens may be needed in severe
hyperglycemia and in life-threatening or organ/limb-
threatening clinical situations.

– Analogue insulins may be used in preference to hu-
man insulins with possible lower risk of nocturnal and
symptomatic hypoglycemia; however, economic con-
siderations must be taken into account.

– Newer longer acting basal insulins [IDeg U100/IGlar
U300] and co-formulations [IDegAsp] may have less-
er hypoglycemia.

– Match the timing of insulin and meals.
– Counselling/education about SMBG and hypoglyce-

mia prevention, recognition, and treatment is recom-
mended to all patients initiating with insulin. Provide
guidance for adjusting insulin dose adjustments, ad-
ministration, storage, and other practical aspects.

Titration

– Initiate insulin as defined in the algorithm, using a
self-titration regimen (dose increases of 2–4 units
(U) every 3 days or biweekly) or with more frequent
contact with a healthcare professional.

– Aim for premeal glucose levels of < 115 mg/dL and
PPG levels of 140–180 mg/dL. These targets can be
individualized, based upon the risk of hypoglycemia
and the urgency for glycemic control

– Titration should be done at regular and short intervals,
to attain glycemic goals without causing hypoglycemia.

– Titration can be carried out as guided by the physi-
cian, trained paramedical staff, or by the patient/
caregivers who have been educated and empowered.

Intensification

– Intensification of insulin therapy is recommended
when patients fail to achieve glycemic goals even
after optimal dose titration.

– Several options can be considered during
intensification:

° Switch to premix insulin twice daily or (rarely)
thrice daily

° Use high mix insulins or adopt a heteromix insulin
regimen
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° Switch to insulin co-formulation-based regimen
° Add prandial insulin (basal plus or basal bolus)
with largest meal of the day

° Add GLP-1 analogues

– The choice of intensification strategy should be based
upon dietary pattern, lifestyle, gluco-phenotype, risk
of hypoglycemia and weight gain, affordability, as
well as patient preference.

– Basal plus regimen can be used as a stepwise ap-
proach to insulin intensification, leading to basal-
bolus prescription. It is associated with lesser risk of
hypoglycemia and weight gain than basal bolus
regimen.

– Both premix insulin therapy and co-formulation insu-
lins are acceptable methods of intensification. Co-
formulation insulin offers the advantage of lower risk
of hypoglycemia and nocturnal hypoglycemia.

– Follow insulin intensification as recommended in the
algorithm VIII.

GLP-1 analogues

& GLP-1 analogues are viable second-line or third-line op-
tions for the management of patients with uncontrolled
hyperglycemia.

& GLP-1 analogues can be considered in overweight/obese
patients as second-line therapy in patients with metformin
inadequacy.

& GLP-1 RAs can be considered in overweight/obese patients
as first-line therapy in patients with metformin intolerance.

& GLP-1 analogues can be added to insulin therapy if gly-
cemic goals are not achieved with reasonably high doses
of insulin or if unacceptable weight gain or hypoglycemia
occurs. Dose reduction of insulin may be needed in such
cases. Transient gastrointestinal side effects may occur.

& InpatientswithT2DM,antihyperglycemicagentswithprov-
en CVbenefit should be considered to reduce the risk of CV
events.Liraglutidehasbeen indicatedbyFDABasanadjunct
to standard treatment of CVrisk factors to reduce the risk of
major adverse CVevents (CV death, non-fatal MI, or non-
fatal stroke) in adults with T2DM and high CVrisk^ [2].

Limited care

& Less expensive human insulins (regular insulin, neutral
protamine Hagedorn (NPH) insulin, and conventional
premixed human insulin) are able to achieve most of the
healthcare gains with insulin therapy.

& Insulin supplies should be assured and be of consistent
quality and type.

Comprehensive care

Insulin pump: Sufficient evidence from randomized con-
trolled studies to support the use of insulin pump in patients
with T2DM is lacking; however, it is a potential option in
selected individuals [3]. Nonetheless, longitudinal data sug-
gest that insulin pumps may be useful in patients with severe
IR and poor glycemic control despite adhering to recommend-
ed insulin therapy, diet, and exercise [4]. Furthermore, pump
therapy in appropriate patients may reduce risk of hypoglyce-
mia and weight gain [4].

Preamble

Type 2 diabetes mellitus is a progressive disease in which
patients nearly lose > 50% of their β-cell function by the
time of diagnosis. Furthermore, this loss steadily con-
tinues to decline at approximately 3–5% per year [5, 6].
Intensive glycemic management has reduced the mortali-
ty, morbidity, and risk of diabetes-related complications in
patients with T2DM [6, 7]. Most of the medications avail-
able to control glycemia have a final common pathway in
the form of targeting β-cells or IR and are dependent
upon the presence of insulin for their therapeutic effect.
The durability of these medications varies and their safety
is occasionally under scrutiny. Over a period, patients fail
to achieve or maintain A1C levels even with multiple
OADs and will require insulin therapy.

Most guidelines recommend early insulin therapy in pa-
tients with high A1C at the time of presentation [1, 8, 9].
The knowledge available through landmark trials in last de-
cade warrants that glycemic control should be intensive in
early stages of diabetes, preferably in first 4 years of diagnosis
of diabetes [10–12]. This makes us understand that the indi-
cations of insulin therapy in T2DM should be more proactive,
albeit not at the cost of severe symptomatic hypoglycemia,
especially in patients where hypoglycemia may be
deleterious.

The traditional postponement of insulin therapy up to
prolonged failure of lifestyle and oral agents to achieve gly-
cemic control has been revised in the last decade to incorpo-
rate insulin therapy much earlier, often in combination with
OADs or GLP-1 analogues. All healthcare professionals and
primary care physicians must understand the significance of
legacy effect that was very clearly demonstrated in the long-
term cohorts of UK Prospective Diabetes Study (UKPDS)
trial [6]. An Indo-centric way of defining legacy effect is met-
abolic karma [14].

Non-insulin injectables such as GLP-1 analogues and
amylin analogues (pramlintide) have been approved in
various countries. The GLP-1 analogues improve glyce-
mic control through multiple mechanisms, with low risk
of hypoglycemia and clinically relevant weight loss [13].

S42 Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115



As pramlintide is not available in India, it is not covered
in these recommendations.

Considerations

The decision on choice of injectable therapy in T2DMpatients
is based on clinical, pharmacological, as well as psychosocial
factors. Apart from these, local factors such as cost, quality,
cold chain maintenance, and perennial availability of insulin
preparations as well as delivery devices must be considered in
the Indian context.

Rationale and evidence

Insulin therapy

& Due to the progressive nature of diabetes and β-cell dys-
function, insulin replacement therapy is frequently required
in T2DM patients [5, 7]. Optimally, insulin aims to create a
normal glycemic profile as possible without unacceptable
weight gain or chances of hypoglycemia [15, 16].

& A current National Insulin Summit (NIS) consensus from
India reports that insulin therapy is the most effective an-
tidiabetic agent and can reduce A1C by 1.5–3.5% from
baseline when used as monotherapy in T2DM patients,
whereas other antidiabetic agents can only reduce A1C
to a range of 0.5–2.0% [16]. However, most patients and
physicians are reluctant to initiate insulin early due to fear
of injection, hypoglycemia, weight gain, and other com-
plications [18].

& Indications of Insulin in T2DM in newly detected patients:

– Those patients, who at the time of diagnosis are
symptomatic, have one of the following:

° A1C > 9%
° FPG > 250 mg/dL
° PPG > 300 mg/dL
° Positive ketonuria
° Catabolic status
° Pregnant or planning pregnancy

– When patient presents with metabolic/cardiovascular/
medical/surgical/obstetric crisis, insulin is safer as
well as more effective.

° In these cases, insulin may be started as monother-
apy or with metformin if the latter is not contrain-
dicated and is well tolerated.

° As the patient’s glucose toxicity resolves, the reg-
imen can potentially be de-escalated, and a switch
over to oral therapy may be considered.

& Indications of insulin in T2DM in patients with already
established diagnosis:

– If a trial of adequate doses of two to three non-insulin
agents for 3–6 months fails to achieve A1C to target
levels, or if organ dysfunction contraindicates use of
oral agents, addition of insulin may be justified as the
landmark studies suggest that achieving intensive gly-
cemic control (if not contraindicated) in initial few
years of diagnosis is of profound benefit.

° Individualization of therapy requires taking several
factors into consideration, including an assessment
of the patient’s risk for hyperglycemia and related
complications vs the risks of therapy, presence of co-
morbid conditions, assessment of psychological sta-
tus, capacity for self-care, economic considerations,
and family and social support systems. Lifestylemod-
ification includingmedical nutrition therapy, exercise,
smoking cessation, and stress management must be
promoted at all times.

° A1C targets must be determined as per criteria set
for individualized therapy [16] and efficacy of each
agent of reducing A1C as combination therapy
must be considered.

° Near-normal glycemic targets should be considered
for younger patients with recent onset of T2DM
and few or no micro- or macrovascular complica-
tions, while slightly higher A1C targets may be
considered for older patients with long-standing
T2DM and evidence of CVD [17].

° If a patient already on two or more agents and con-
tinues to have A1C in excess of 9%, insulin may be
initiated even if patient is asymptomatic.

° While initiating insulin, doses of sulfonylurea
should be reduced and a strict watch must be kept
on hypoglycemia.

° It should be explained to the patient during every
visit following diagnosis of diabetes that insulin is
one of the options available to manage their diabe-
tes and that it may turn out to be the best and even-
tually necessary way of maintaining glucose con-
trol, especially in the longer term.

° Adequate doses of oral agents do not necessar-
ily mean the highest administrable doses be-
cause, in most of the cases, doubling the doses
of these medicines does not necessarily incre-
ment their effects.

& The insulin strategy:

– While starting the insulin therapy, the following fea-
tures have to be considered in a sequential order:
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choosing the right regimen, identifying the appropri-
ate preparation, prescribing the available strength of
the preparation, matching it with the correct delivery
device, deciding the proper insulin dose, and follow-
ing the optimal titration strategy.

– Ideally, an insulin treatment program should be designed
specifically for an individual patient, tomatch the supply
of insulin to his or her dietary/exercise habits and pre-
vailing glucose trends, as revealed through self-monitor-
ing. Anticipated glucose-lowering effects should be bal-
anced with the convenience of the regimen, in the con-
text of an individual’s specific therapy goals.

& Patient education:

– Proper patient education regarding monitoring of glu-
cose, insulin injection technique, insulin storage,
recognition/ treatment of hypoglycemia, and sick
day management is imperative. Where available, cer-
tified diabetes educators can be invaluable in guiding
the patient through treatment course of diabetes.

& Adverse events and barriers:

– Hypoglycemia is a major safety concern with insulin
treatment. It is considerably prevalent in patients with
T2DM who are on insulin treatment and also fairly
common with usage of other antidiabetic agents [18].

– Weight gain may occur with insulin therapy. However,
evidence from a study in T2DM patients, evaluating
the effect of different treatment modalities on weight
gain indicate that sulfonylurea + insulin was associated
with significant weight gain followed by insulin group,
sulfonylurea group, and sulfonylurea + metformin +
insulin group, and sulfonylurea + metformin group.
Weight gain due to treatment was significantly related
to pretreatment weight loss and patients with improved
metabolic control tend to attain stable body weight
[19]. A recent Cochrane review reports that combina-
tion therapy of insulin with sulfonylurea or pioglita-
zone resulted in additional weight gain compared to
insulin monotherapy. Combination with DPP4 inhibi-
tors resulted in weight neutrality and combination with
metformin or AGIs produced weight loss compared to
insulin monotherapy [20].

– Various barriers to insulin use prevail in society. A
recent National Insulin Summit (NIS) consensus lists
the barriers to insulin therapy as related to patient/
community, physician/provider, and drug/device and
proposes different bridges to overcome these hurdles.
Patient-related barriers such as inability to inject,
monitor, or titrate the insulin dose, weight gain, hy-
poglycemia, and lack of awareness of uncontrolled

diabetes can be bridged with patient education and
training, support and counselling, and social market-
ing. Physician and provider barriers such as inade-
quate communication or motivation skills, inability
to initiate, optimize or intensify insulin, and lack of
awareness may be addressed through relevant skill
development training, and continuing medical educa-
tion (CME). Furthermore, drug- or device-specific
barriers such as suboptimal effects of insulin, lack of
flexibility, and device discomfort can be surmounted
through CME, flexible insulin regimens, and prepa-
rations and modern devices [21].

& Initiation of insulin therapy (Annexure VI):

– As initial therapy, unless the patient is passing
through an acute medical, surgical, or obstetric crisis,
or in metabolic decompensation, premixed or basal
insulin is typically initiated [1, 3, 8, 22]. The general
concept is to first correct the fasting hyperglycemia
with a dinner/bed time injection and then address
postprandial hyperglycemia.

– Choice of initial insulin is often dictated by sub-
jective features such as disease severity and abil-
ity of the patient to self-inject at specific times of
the day. Even though FPG and PPG measure-
ments together provide sufficient information to
choose an insulin type, it is difficult to make an
appropriate decision when they are considered
separately. Similarly, choice of insulin on the ba-
sis of A1C value alone can be challenging.
Therefore, to facilitate an objective rationale for
the physicians, the following simple ratios could
be helpful: ratio of prandial and FPG index
((PPG-FPG)/FPG), ratio of FPG to A1C, and ratio
of 1,5-anhydroglucitol and A1C [23].

– Recommendations from guidelines:

° American Association of Clinical Endocrinologists
and American College of Endocrinology
(AACE/ACE) and ADA/European Association
for the Study of Diabetes (EASD) guidelines rec-
ommend initiating insulin therapy with basal insu-
lin. The IDF recommends initiation of insulin with
either basal insulin (Annexure VII) or premixed
insulin (Annexure VIII) when combination of oral
therapies fails to achieve glycemic target of A1C <
7.0% [1, 3, 8, 24]. The JAPI 2017 consensus rec-
ommends both basal and premix insulin at the ini-
tiation, with the decision based on glycemic profile
(FPG and PPG) of the patients [7, 25]. However,
Indian National Consensus Group (INCG) 2013
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recommends only premixed insulin at the initiation
since PPG response to a meal is more pronounced
in ethnic Asian communities [26].

° The INCG recommends initiation of insulin in newly
diagnosed patients with FPG > 250 mg/dL, PPG >
300mg/dL, and A1C > 9% or if patient fails onmax-
imal tolerated/optimal doses of two or three OADs. If
A1C levels are between > 7 and ≤ 7.5 % after initial
treatmentwithmetformin, guidelines recommend ini-
tiation of second OAD/GLP-1 analogues. However,
if A1C levels still remain above 7% after 3 months of
dual therapy, the guidelines recommend addition of
premixed insulin once or twice daily to metformin
therapy. If A1C levels are > 7.5 and ≤ 8.5%, it rec-
ommends addition of premixed insulin once daily to
initial metformin therapy. It recommends titration of
premixed insulin therapy from once to twice daily, if
A1C levels remain above 8.5%. Similarly, A1C
levels above 7% and FPG > 100 mg/dL require titra-
tion of premixed insulin once/twice daily till FPG
levels < 100 mg/dL [26].

° A recent consensus published in JAPI 2017 recom-
mends that premix insulin analogues may be pre-
ferred over human premix insulins due to the lower
incidence of major and nocturnal hypoglycemia
and flexibility of administration. However,
IDegAsp may be preferred over premix insulin an-
alogues in view of possible lower incidence of
overall and nocturnal hypoglycemia and superior
fasting plasma control [27].

– Basal insulin:

° Basal insulin provides relatively uniform 24-h insu-
lin coverage, which controls blood glucose by sup-
pressing hepatic glucose production in between
meals and during sleep. Either intermediate-acting
(NPH), long-acting (insulin glargine (IGlar), insulin
detemir (IDet), or ultra-long acting insulin degludec
(IDeg) formulations may be used. The latter three are
associated with less overnight hypoglycemia than
NPH and possibly slightly less weight gain [28–
31]. The dose requirement of these basal insulin an-
alogues may differ. Most comparative trials show a
higher average unit requirement with IDet compared
to IGlar [32, 33]. Initiation of IDeg, as compared to
IGlar, may be associated with significantly lesser
patient-reported hypoglycemic episodes and lesser
dose of insulin requirement while achieving similar
glycemic control among patients with T2DM [34].

° Basal insulin can be started at a daily dose, preferably
at bed time, of 10 U/day or 0.1 to 0.2 U/kg body
weight/day when A1C < 8.0% or 0.2 to 0.3 U/kg

body weight/day when A1C < 8.0%. If glycemic
goals are not attained, titrate 10–15% or 2–4 U every
2–3 days. Alternatively titration can also be done on
the basis of FPG as follows: add 20% of total daily
dose (TDD) or 4 U when FPG > 180 mg/dL, add
10% of TDD or 2 U when FPG is between 140 and
180 mg/dL, and add 1 U when FPG is between 110
and 139 mg/dL. When hypoglycemia is reported,
reduce the dose by 4 U or 10–20%. Additionally,
dose reduction during hypoglycemia on the basis of
blood glucose levels is recommended as follows: re-
duce by 10–20% when blood glucose < 70 mg/dL
and reduce 20–40% when blood glucose < 40 mg/
dL. Consider discontinuing or reducing the dose of
sulfonylurea when basal insulin is initiated, as hypo-
glycemia risk is high when both are used together.

– Premix insulin:

° Premix insulin can be started once daily with 10 U
either in themorning if predinner glucose is high or in
the night, if the prebreakfast glucose is high. If a pa-
tient on biphasic insulin aspart (BIAsp) 30 once or
twice daily has within-target FPG but an A1C > 7%,
a switch to BIAsp 30 twice or thrice daily should be
considered. If their FPG is above target, the dose
should be titrated to achieve FPG 72–108 mg/dL;
however, if hypoglycemia occurs, an additional daily
dose should be added rather than further dose titration
[25, 27, 35].When the daily insulin dose in once daily
regimen exceeds 20 U, intensify the regimen to twice
daily such that the dose is distributed as two third in
morning and one third in evening.However, when the
single dose exceeds 30 U, the dose can be split into
two equal doses, which reduces the chance of hypo-
glycemia. Also, premix insulin may be started twice
daily in case of patients with higher A1C, or if blood
glucose control is suboptimal [26].

° A current systematic review including several RCTs
in Asian patients reports that premix insulin is asso-
ciated with a mean change of A1C of − 0.12 to −
4.2% from baseline to endpoint (improvement was
generally more pronounced with insulin initiation
vs intensification). Moreover, the efficacy and safe-
ty outcomes for premixed insulin analogues are sim-
ilar to those for basal or basal-bolus insulin [36].

& Intensification of insulin therapy (Annexure IX):

– Although most of the patients with T2DM requiring
insulin therapy can be successfully treated with one or
two doses of insulin, some, because of progressive
diminished in their insulin secretory capacity, will
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require prandial insulin therapy as well. This is typ-
ically achieved with regular insulin administered
about 30 min before meals or rapid insulin ana-
logues such as insulin lispro (ILis), insulin aspart
(IAsp), or insulin glulisine (IGlu), which can be
injected just before or with the meal. They result
in better PPG control than human regular insulin.

– Recommendations from guidelines:

° The INCG 2013 and the JAPI 2014 recommend to
intensify premix insulin to twice and thrice daily if
A1C > 7% and FPG > 110 mg/dL [5, 26].

° Similarly NIS 2016 recommends that in unmet
needs of glycemic control with premix/basal insu-
lin, twice daily IDegAsp should be preferred over
premix insulin analogues for intensification.
Furthermore, an analogue-based basal-bolus regi-
men may be preferred (if cost is not an issue) over
human basal-bolus regimen and IDeg over IGlarg
due to reduced risk of nocturnal hypoglycemia in
patients with T2DM [37].

– Basal insulin:

° Basal insulin needs intensification when the PPG
> 140 mg/dL and A1C > 7% irrespective of normal
FPG < 100 mg/dL. Moreover, patients who are not
at target (A1C < 7%) with high doses of basal in-
sulin (> 0.5 U/kg) or those who are at increased risk
of nocturnal hypoglycemia need further insulin in-
tensification [7].

– Premix insulin:

° A combined analysis of two-phase III RCTs reports
that IDegAsp twice daily compared to BIAsp 30
twice daily resulted in similar glycemic control
with a lower risk of nocturnal hypoglycemia (p =
0.0001) in patients with T2DM previously treated
with insulin [38].

° Moreover, a 26-week randomized treat-to-target
trial in Asian T2DM patient reports that IDegAsp
effectively improved long-term glycemic control
and provided superior reductions in FPG with a
lower dose and numerically less nocturnal hypo-
glycemia compared to BIAsp 30 [39].

GLP-1 analogues

& The injectable GLP-1 analogues like liraglutide,
exenatide, lixisenatide, dulaglutide, and albiglutide imitate

the effects of endogenousGLP-1, thereby stimulating pan-
creatic insulin secretion in a glucose-dependent fashion,
suppressing pancreatic glucagon output, slowing gastric
emptying, and decreasing appetite. Their main advantage
is weight loss, which can be significant in some of the
patients. Limiting side effects of these agents are nausea
and vomiting, particularly early in the course of treatment
[40].

& Albiglutide is non-inferior to IGlar at reducing A1C,
with modest weight loss and less hypoglycemia [41].
Similarly, dulaglutide in combination with ILis results
in a significantly greater improvement in glycemic
control than IGlar [42]. Furthermore, a systematic re-
view and meta-analysis of RCTs report that with
dulaglutide, exenatide (once weekly), and liraglutide,
the absolute reduction in A1C at 6 months was 0.9–
1.4% and was significantly better than exenatide twice
daily and conclude that once-weekly GLP-1 analogues
are a convenient therapeutic option for use as add-on
to metformin [43]. There have been concerns regard-
ing an increased risk of pancreatitis with GLP-1 ana-
logues but recently published ELIXA and LEADER
studies do not show any increased risk of pancreatitis,
pancreatic cancer, or thyroid cancer with lixisenatide
or liraglutide [44, 45].

& Furthermore, in the LEADER trial, the primary com-
posite outcome of first occurrence of death from CV
causing non-fatal MI or non-fatal stroke was signifi-
cantly less with liraglutide as compared to placebo
(HR, 0.87; 95% CI, 0.78, 0.97; p < 0.001 for non-
inferiority; p = 0.01 for superiority) [45]. On the basis
of this result, liraglutide is approved for its CV bene-
fits as well by FDA Bas an adjunct to standard treat-
ment of CV risk factors to reduce the risk of major
adverse CV events (CV death, non-fatal MI, or non-
fatal stroke) in adults with T2DM and high CV risk^
[2].

Combination injectable therapy (insulin + GLP-1
analogues) [1]

& Consider advancing to combination injectable therapy
if the basal insulin has been titrated to acceptable FPG
level or if the dose is 0.5 U/kg/day and A1C remains
above the target.

& Metformin can be continued and other antidiabetic
agents can be discontinued on individual basis when
combination therapy is initiated. Generally, GLP-1 an-
alogues are not discontinued after initiating basal in-
sulin; however, when more complex insulin regimens
are started, they should be stopped. Similarly,
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sulfonylureas and DPP4 inhibitors should also be
stopped or their dose reduced.

& Basal insulin plus GLP-1 analogues are non-inferior to
basal plus insulin regimens. This combination is also
associated with less hypoglycemia risk and promotes
weight loss instead of weight gain. However, it may
be associated with transient gastrointestinal side
effects.

Implementation

Timely initiation and appropriate intensification of inject-
able therapy is a challenging aspect of diabetes care. This
must be addressed by focusing on patient education and
motivation, as well as updating knowledge of healthcare
professionals. Lifestyle modification, self-monitoring, and
insulin education should be integral parts of insulin ther-
apy in T2DM. Structured guidelines and protocols should
be shared and glycemic audits of persons on oral medica-
tions performed to address the issue.
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Alternate therapies

RSSDI 2017 recommendations

Recommended care

& Clinicians trained in modern system of medicine are
advised not to prescribe alternate therapies to treat

T2DM. However, some of the alternate therapies such
as plant-based preparations and yoga may be used
along with pharmacological therapy in certain patients
with T2DM to reduce complications. However, these
therapies should not replace conventional diabetes
therapies.

As diabetes is a disease which is chronic and controllable,
rather than curable, patients are often daunted by the possibil-
ity of lifelong allopathic medications. Therefore, some pa-
tients use complementary and alternative medicinal (CAM)
therapies for its prevention and management [1]. Ayurveda,
yoga, unani, siddha, homeopathy, and naturopathy systems of
medicine are often integrated into diabetes healthcare delivery.
More than 300 Indian plant and mineral products have been
reported, with sub-optimal therapeutic effects in diabetes.
Evidence has established a few beneficial effects of methi,
vijaysar, gurmar, neem, amla, ghritkumari, turmeric, black
pepper, date fruit, onion, and karela in diabetes [1–17].
Moreover, yoga, pranayama, meditation, acupuncture, mas-
sage therapy, aromatherapy, and many relaxation techniques
are being practiced in India, for prevention and management
of diabetes [17–19]. Furthermore, some dietary supplements
including chromium, alpha-lipolic acid, omega-3 fatty acids,
magnesium, and zinc are also having some beneficial effects
in the management of diabetes [1]. Although they do not sub-
stitute physical activity, they may supplement non-
pharmacologic therapies in diabetes. Many of these alternative
therapies have not been subjected to or have not withstood the
rigorous scientific studies such as RCTs. Hence, the use of
these agents may be considered as an adjunct to standard care.
Moreover, there is a need to generate evidence on the benefits
as well as toxicity of these agents by rigorously conducted
clinical trials.
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Individualizing therapy

RSSDI 2017 recommendations

ABCD (EFGH) approach for diabetes management

Choice of any antidiabetic agent should take into account the
patient’s general health status and associated medical disor-
ders. This patient-centric approach may be referred to as the
ABCD (EFGH) approach for diabetes management. As
shown in the figure, for any T2DM patients, first line of ther-
apy should be metformin unless it is not tolerated by the pa-
tient or contraindicated.

Individualized treatment

& For patients who have been diagnosed with diabetes, con-
sider a combination of metformin and one of the treatment
options based on patients Age, BMI, CKD, Duration of
diabetes, Established CVD, Financial condition,
Glycemic status, and Hypoglycemia concern.

& Drug choice should be based on patient preferences as
well as presence of various comorbidities and complica-
tions and drug characteristics, with the goal of reducing
blood glucose levels while minimizing side effects, espe-
cially hypoglycemia and weight gain.

& A comparative effectiveness meta-analysis suggests that
overall each new class of non-insulin agents added to initial
therapy lowersA1C around 0.9–1.1% [1].Moreover, current
National Insulin Summit (NIS) consensus from India reports
that all oral antidiabetic agents can reduce A1C to a range of
0.5–2.0% and injectables (GLP-1 RA and insulin) reduce
A1C to a range of 0.5–3.5% when used as monotherapy [2].
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RSSDI therapeutic wheel

Note: Hydroxychloroquinone has recently been approved
by DCGI for the treatment of T2DM as third-line therapy;
SGLT2 inhibitors are recommended in patients with high
CV risk

Age

& eGFR-adjusted doses of gliptins may be a suitable addi-
tion to metformin for elderly patients to avoid hypoglyce-
mia and weight gain [3]. Recent double blind RCTs have
reported that gliptins are efficacious and safe with no tol-
erability issue when used as add-on therapy in elderly
patients with T2DM [4–7].

& Agents belonging to AGIs could also be an important
choice in elderly patients. These agents have moderate
efficacy and minimal side effects like hypoglycemia, but
the major limiting factor for their use is the gastrointestinal
side effects, such as flatulence and diarrhea [8]. A double
blind RCT revealed that compared to diet alone, addition
of acarbose improved the glycemic profile and insulin
sensitivity in elderly patients with T2DM [9].

& Glitazones are a safer alternative in patients with pre-
served cardiac function. However, postmenopausal fe-
males must be spared for their use because of high
predisposition to osteoporosis. Furthermore, the use
of glitazones is restricted in elderly T2DM patients
owing to the complications like weight gain, fluid
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retention, peripheral edema, aggravation of congestive
heart failure, and especially increased risk of bladder
cancer associated with their use [10].

& Newer sulfonylureas like gliclazide MR and glimepiride
(due to low risk of hypoglycemia) and glinides (due to
shorter half-life) can be safely used in elderly patients with
T2DM [11]. A recent RCT (GENERATION) did not find
any significant difference between saxagliptin and
glimepiride in elderly T2DM patients [12].

& Evidence regarding the use of GLP-1 RA and SGLT2
inhibitors in elder T2DM patients is limited. However,
available data suggests that agents of both the classes
provide good glycemic control in patients with T2DM.
However, certain drawbacks like cost, injection, and
limited availability with GLP-1RAs and increased risk
of genital and urinary tract infections, hypovolemia,
postural hypotension, and weight loss with SGLT2
inhibitors may limit their usage in some older T2DM
patients [10].

& Early initiation of insulin in older patients was found to be
beneficial without increasing risk of hypoglycemia or
greater total direct healthcare costs [13]. Evidence sug-
gests that basal insulin analogues like glargine and detemir
were effective and safe without any risk of hypoglycemia
and weight gain [14, 15]. Moreover, a pooled analysis
from five RCTs revealed that addition of insulin glargine
compared to NPH insulin to oral antidiabetic drugs in
older adults was effective with low risk of hypoglycemia
[16].

& In addition, individualization of therapy is desirable based
on risk of hypoglycemia, comorbidities, functionality,
cost, and personal preference.

BMI

& While prescribing pharmacological treatments for over-
weight or obese patients with T2DM, providers should
first consider antidiabetes medications which cause either
weight neutrality or weight loss. Metformin, AGIs, GLP-1
RAs, and SGLT-2 inhibitors are associated with weight
loss characteristics, and DPP-4 inhibitors appear to be
weight neutral [17, 18]. A systematic review and meta-
analysis of 62 randomized trials revealed that, when com-
pared to other antidiabetic agents, SGLT2 inhibitors and
GLP-1 RAs were associated with clinically significant
body weight loss (range, 1.15–2.26 kg) as add-on to met-
formin [19].

& GLP-1 RA seems to be the best add-on therapy for those
having high BMI. This group of medications has the
highest weight-reducing property in addition to excellent
efficacy. A recent systematic review and mixed treatment
comparison meta-analysis report that GLP-1 RAs are

associated with weight loss (− 1.62 to − 1.01 kg) in over-
weight or obese patients with T2DMwith no difference in
weight loss between different types of GLP-1 RAs [20].

& SGLT-2 inhibitors also have a weight reduction property.
Evidence suggests that SGLT-2 inhibitors were associated
with weight loss in patients with T2DM [21, 22].
Medicines in this group have an additional advantage of
excellent tolerance and can be given orally. However, their
glycemic efficacy seems to be less than that of GLP-1 RA
and also experience with this group of agents is less than
that with GLP-1 RA [23].

& Gliptins are weight neutral and so can be used as third line
of agents [24, 25].

& Use of newer sulfonylureas compared to older sulfonyl-
ureas and other OADs does not result in significant weight
gain in patients with T2DM [26–28]. Last option for such
kind of patients should be insulin or glitazones since they
are having weight gain properties.

Complications (CKD)

& In the same manner, if we focus on complications (renal
impairment), preference of therapy would be gliptins as
add-on therapy with metformin [29]. Few of the gliptins
need dose adjustment as per eGFR while vildagliptin
needs dose adjustment in hepatic insufficiency.
Linagliptin and teneligliptin do not require any dose ad-
justment in renal disease [30–33].

& Repaglinide is another agent which may be used across all
stages of renal insufficiency. Similarly, glitazones may be
used in CKD; however, one has to be careful about fluid
retention [34, 35].

& Short-acting sulfonylureas like glipizide can be preferred
in patients with moderate/severe renal impairment.
Furthermore, in mild/moderate renal impairment,
gliclazide and glimepiride may also be used, preferably
at lower doses [11].

& GLP-1 RAs, owing to their GI adverse effect, limit their
use in renal insufficiency patients [34].

& AGIs may be used in patients with mild to moderate renal
disease [35].

& Insulin may be used in any stages of renal insufficiency
and is the best agent for this purpose. Short-acting insulin
analogues are preferred over conventional insulins [36]
and insulin doses should be reduced with falling eGFR
and A1C targets can be increased slightly [37, 38].

Duration of diabetes

& Patients with long-standing T2DM are very challenging to
treat because these patients often lack sufficient β-cell
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function to respond to some oral glucose-lowering agents,
may have profound comorbidities, and may have renal im-
pairment [39]. As results of recent trials have suggested to
utilize an aggressive approach in cases where duration of
diabetes <5 years, SU or glinide, as an add-on therapy to
metformin, will be the best choices, as they are very potent
agents [40]. Addition of glitazones may also be useful at this
stage [41].

& Apart from this, ADA 2013 stated that lean patients with
long duration of disease may benefit from gliptins or sul-
fonylureas with early use of insulin [42].

& Basal insulin analogues are often used in patients with
long-standing diabetes to address insulinopenic states
[39].

& Incretin-based therapies, particularly GLP-1 receptor ago-
nists, provide postprandial control with lower risks of hy-
poglycemia than prandial insulin [39]. GLP-1 RA may
score over gliptins for this indication as they are more
effective than gliptins. Therefore, gliptins may be consid-
ered as second add-on option.

& SGLT-2 inhibitors may also be useful as second add-on
agent due to their insulin-independent action which is
pathophysiologically different [43].

& AGIs are last choices due to their moderate efficacy.

Established CVD

& Intensive glycemic control with antidiabetic drugs reduces
cardiovascular risk and complications in patients with
T2DM [44].

& In patients with established CVD,DPP4 inhibitors, GLP-1
analogues, and SGLT-2 inhibitors may be preferred [45].

& Pioglitazone should not be used in heart failure [45] or
patients with low ejection fraction [46]. Moreover, pioglit-
azone has been shown in different studies to reduce CVD
risk [47, 48].

& Glimepiride and gliclazide MR can be preferred over con-
ventional sulfonylureas in patients at increased risk of
CVD or with CVD [11].

& GLP-1 RAs may be suitable alternative for patients who
are overweight or obese. AGIs may be preferred in pa-
tients with postprandial hyperglycemia.

& Recent data from EMPA-REG and CANVAS studies have
shown that SGLT-2 inhibitors reduce CV risk and CV
mortality and may be preferred [49, 50].

Financial concern

& Considering that many Indian patients do not have medi-
cal insurance and treatment needs to be continued lifelong,

cost of therapy also plays an essential role in T2DM pa-
tients from Indian subcontinent.

& SUs should be the first choice with metformin by consid-
ering their cost. Then after AGIs or glitazones should be
used at next therapy level [51]. In the next level, the ther-
apeutic option should be glinides or insulin.

& High cost will prevent the use of insulin analogues,
gliptins, SGLT-2 inhibitors, and GLP-1 RA in most of
the patients [52].

Glycemic status

& Good glycemic control of patients is directly correlated
with efficacy of any antidiabetic agent.

& The order of glucose-lowering agents according to their
efficacy of A1C reduction is insulin, sulfonylureas, GLP-1
RAs, pioglitazone, gliptins, SGLT-2 inhibitors, and AGIs
[2, 53].

& Insulin followed by GLP-1RA, SUs, and glitazones have
highest efficacy in terms of reducing A1C [54].

& As a second-line agent, insulin should be preferred, follow-
ed by GLP-1 RA, sulfonylureas, gliptins, and others [55].

& Gliptins, SGLT-2 inhibitors, or AGIs should be considered
as add-on therapy if these agents are not able to achieve
glycemic targets.

& It is always to be understood that good efficacy, in most
cases, comes with a price written on it in the form of
increased incidence of hypoglycemia or prohibitive cost.

Hypoglycemia concern

& Hypoglycemia is the biggest hurdle that any medical fra-
ternity is facing during treatment course of diabetes.

& Sulfonylureas have an increased risk of severe hypoglyce-
mia compared with metformin or thiazolidinedione mono-
therapy. Moreover, sulfonylureas as a second-line agent
have a greater risk of severe hypoglycemia than DPP-4
inhibitors and SGLT-2 inhibitors [53].

& A traditional meta-analysis reported that only sulfonyl-
ureas (relative risk (RR), 4.57) and glinides (RR, 7.50)
were associated with increased risk of hypoglycemia,
whereas thiazolidinediones (RR, 0.56), AGIs (RR, 0.42),
DPP-4 inhibitors (RR, 0.63), and GLP-1 RAs (RR, 0.89)
were not associated [56].

& On introducing DPP-4i on a background of secretagogues,
the dose of secretagogues needs to be reduced and close
monitoring of blood glucose is necessary [57]. Similarly,
while introducing SGLT-2i on a background of insulin or
secretagogues, the dose of insulin or secretagogues needs
to be reduced [58].
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& In patients with history of hypoglycemia or for those at
high risk of hypoglycemia, GLP-1 RA or gliptins should
be considered as first choice with metformin [59]. Other
options include SGLT-2 inhibitors, glitazones, and AGIs.

& Last option for such patients should be glinides, sulfonyl-
ureas, or insulin since there are high chances of hypogly-
cemia with these agents.

& Patients requiring to avoid hypoglycemia include:

– Those with established CV disease
– Elderly patients
– Those suffering from retinopathy and cannot perform

SMBG without help of others
– Those who stay alone, especially in remote areas
– Those who are having poor longevity
– Those who are having documented hypoglycemia

unawareness
– Those who met with severe symptomatic hypoglyce-

mia requiring hospitalization
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Postprandial hyperglycemia

RSSDI 2017 recommendations

Recommended care

& Postprandial hyperglycemia is defined as 2-h plasma glu-
cose level of > 200 mg/dL during OGTTwith 75 g anhy-
drous glucose.
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& Postprandial hyperglycemia is harmful and should be
addressed.

& Treatment strategies to lower PPG in people with post-
prandial hyperglycemia should be implemented.

& PPG should be measured 1–2 h after a meal.

– The target for PPG is 160 mg/dL as long as hypogly-
cemia is avoided.

& A variety of both non-pharmacologic and pharmacologic
therapies should be considered to target PPG.

– Medical nutrition therapy (MNT) that includes diet
with low glycemic load is recommended in all pa-
tients with postprandial hyperglycemia.

– Pharmacological agents to lower postprandial hyper-
glycemia include:

° AGIs (acarbose or voglibose), DPP4 inhibitors, or
GLP-1 analogues (preferably short acting) are rec-
ommended as first-line therapy.

° Glinides and short-acting sulfonylureas are recom-
mended as second-line agents.

° Rapid-acting insulin analogues should be preferred
over the regular insulin when postprandial hyper-
glycemia is a concern.

° Combination therapy of AGI with other agents
may be considered for better control of postprandi-
al hyperglycemia.

– SMBG should be considered because it is currently the
most practical method for monitoring postprandial
glycemia.

– Efficacy of treatment regimens should be monitored
as frequently as needed to guide therapy towards
achieving PPG target.

Limited care

& The principles for management of postprandial hypergly-
cemia are as for recommended care.

Preamble

Poorly controlled diabetes is associated with increased
risk of micro- and macrovascular complications which
further depend upon both fasting and PPG levels [1–4].
Evidence from large controlled clinical trials suggest that
intensive glycemic control can significantly decrease the
development and/or progression of these complications
[1, 5–8]. However, tight glycemic control needs to be

instituted early in the disease course so that legacy effect
can be seen as reduced number of complications even
after many years. The relationship between hyperglycemia
and CVD is complex with evidence suggesting that an
acute increase of glycemia, particularly after a meal, con-
tributes to the increased risk of diabetes-related complica-
tions and have a direct detrimental effect on CVD in pa-
tients with T2DM [9–11]. Until recently, the predominant
focus of diabetes treatment has been on lowering A1C
levels, with emphasis on FPG [12, 13]. Nevertheless, con-
trol of fasting hyperglycemia alone is insufficient to ob-
tain optimal glycemic control. Emerging evidence sug-
gests that reducing PPG excursion is as important or per-
haps more important for achieving desired glycemic tar-
gets [14]. Usually A1C is supposed to be largely contrib-
uted by FPG when it is away from target. As and when it
comes closer to the target, PPG starts taking upper hand
and contributes predominantly. But in Asian Indians, sce-
nario remains quite different. In Indians, the PPG remains
relatively high all across the A1C spectrum and especially
very high even at higher A1C values [15–17]. Relative
contribution of postprandial hyperglycemia to A1C levels
in patients with T2DM is higher than FPG levels when the
A1C levels are below 7.5% and it decreases progressively
as A1C levels increase [18]. Therefore, targeting both
PPG and FPG is an important strategy for achieving op-
timal glycemic control. The purpose of these recommen-
dations is to assist clinicians in developing strategies to
consider and effectively manage postmeal glucose in peo-
ple with T2DM in Asian countries.

Considerations

India has a high prevalence of diabetes and onset of diabetes is a
decade early. Postprandial hyperglycemia is more prominent in
Indians due to high traditional diets with high glycemic index.
Literature is limited regarding postprandial hyperglycemia de-
spite a definite role in micro and macrovascular complications.

Rationale and evidence

Definition of postprandial hyperglycemia

& ADA 2017 defines postprandial hyperglycemia as a 2-h
plasma glucose level of more than 200 mg/dL (11.1 mmol/
L) during an OGTT. It recommends the use of glucose load
equivalent to 75 g anhydrous glucose dissolved in water as
prescribed by WHO. On the other hand, IDF 2011 defines
postprandial hyperglycemia as a plasma glucose level of
140 mg/dL or more after 1–2 h of food intake [19, 20].

& Asian Indians display marked rise in prandial glucose ex-
cursion after consumption of 75 g of bread meal compared
to their Caucasian counterparts [21, 22].
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Harmful effects of postprandial hyperglycemia

& Elevations in PPG are due to the loss of first phase insulin
secretion, decreased insulin sensitivity in peripheral tis-
sues, and consequent decreased suppression of hepatic
glucose output after meals due to insulin deficiency [13].

& Postprandial hyperglycemia is an independent risk factor for
the development of several complications including [23]:

– Macrovascular disease
– Retinopathy
– Cancer
– Impaired cognitive function in elderly people with

T2DM
– Increased carotid intima-media thickness
– Decreased myocardial blood volume and myocardial

blood flow
– Oxidative stress, inflammation, and endothelial

dysfunction
– Renal failure
– Neuropathy
– Amputation

& Evidence from an Indian study in subjects with a history
of T2DM for more than 25 years suggests that postpran-
dial hyperglycemia was associated with increased risk of
both diabetic nephropathy and neuropathy [15, 24]. The
Kumamoto study suggested reductions in retinopathy and
nephropathy with reduced PPG [6, 19].

& The causes of postprandial hyperglycemia are influenced
by many factors which include a rapid flux of glucose
from the gut, impaired insulin release, and endogenous
glucose production by the liver and peripheral IR [11].

Addressing postprandial hyperglycemia

& Currently, there is lack of data linking improved clinical
outcomes with that of correcting postprandial hyperglyce-
mia. Neither the Hyperglycemia and Its Effect After Acute
Myocardial Infarction on Cardiovascular Outcomes in
Patients With Type 2 Diabetes Mellitus (HEART2D) study
nor the Nateglinide and Valsartan in Impaired Glucose
Tolerance Outcomes Research (NAVIGATOR) study could
demonstrate direct benefit of lowering postprandial hyper-
glycemia in reducing CVD in patients with T2DM [25–27].

& However, emerging evidence indicates that agents that
target PPG show significant positive trends in risk reduc-
tion for all selected CVevents. Findings from the Study to
Prevent Non-Insulin-Dependent Diabetes Mellitus
(STOP-NIDDM) trial also showed that treating people
with IGT with acarbose is associated with a significant

reduction in the risk of CVD and hypertension [28]. The
ongoing Acarbose Cardiovascular Evaluation Trial (ACE)
will further elucidate whether acarbose therapy can reduce
cardiovascular-related morbidity and mortality in patients
with IGT who have established CAD or acute coronary
syndrome (ACS) and will also determine if acarbose ther-
apy can prevent or delay transition to T2DM in this patient
population [29]. The panel opined that addressing post-
prandial hyperglycemia is important with a recommended
target of 160 mg/dL, as long as hypoglycemia is avoided.

& Postprandial hyperglycemia is an important pathophysio-
logical state contributing to the pathogenesis of CVD in
people with and without diabetes. It should be routinely
monitored in T2DM patients. Serum glucose level 2-h
post-OGTT must be performed as it is a powerful predictor
of all-cause premature death and CV risk and a better indi-
cator than FPG [30–32]. Management of postprandial hy-
perglycemia is central to long-term glycemic control and an
essential part of CVD prevention in IGT and T2DM. The
level of implementation of routine screening for postmeal
hyperglycemia, using the OGTT, should be improved in the
Asia-Pacific region, combined with wider use of effective
interventions to manage postprandial hyperglycemia [33].

Strategies to prevent postprandial hyperglycemia

Non-pharmacological

& Physical activity and MNT are the cornerstones of non-
pharmacologic therapy in T2DM patients.

& In general, adults with diabetes are advised to perform
moderate-intensity aerobic physical activity at least
150 min/week. They are also advised to perform resis-
tance training three times per week; even older people
are advised to perform this [19]. A randomized crossover
study showed that, in T2DM patients, walking after
meals is more effective for lowering postprandial glyce-
mia [34].

& Traditional Asian Indian and Chinese diets are
carbohydrate-rich (as high as 80% of the macronutrient
composition) with high glycemic index values [35].
Consumption of rice is very high in South India which is
associated with four- to fivefold increase in risk of diabe-
tes [36]. The higher carbohydrate load in the Indian diet
leads to greater PPG excursion, increased glucosidase, and
incretin activity in the gut which leads to higher lipaemic
peaks and associated CVD [35]. Evidence suggests that
diets with low glycemic index values are beneficial in
controlling postprandial hyperglycemia [13, 37, 38].

& To promote effective postprandial hyperglycemia control,
the panel emphasized on advising patients onMNTwhich
should include:
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– Carbohydrate should constitute 45–65% of total ca-
loric intake, with a minimum of 130 g/day for adults

° Consumption of low glycemic index foods
° Increase intake of soluble and insoluble fiber
° Consumption of fruits and vegetables in place of
refined carbohydrate

– 10–15% proteins and fats less than 30%
– Saturated fats should be less than 7%
– Cholesterol less than 300 mg/day

Pharmacological

& Based on limited Indian evidence available from literature,
the panel relied on expert opinion for pharmacological
management of postprandial hyperglycemia which in-
cludes the following:

– Therapies which have been available for some time
include AGIs (acarbose and voglibose), glinides (rap-
id-acting insulin secretagogues), short-acting sulfo-
nylureas (glipizide), and insulins (rapid-acting hu-
man insulins/insulin analogues and biphasic
[premixed] human insulins/insulin analogues).

– In addition, new classes of therapies for managing
postprandial hyperglycemia such as GLP-1 ana-
logues (preferably the short-acting exenatide) and
DPP-4 inhibitors have shown significant benefits in
reducing PPG excursions and lowering A1C.

– Use of glinides is limited to the treatment of postpran-
dial hyperglycemia only if sulfonylureas are contra-
indicated or economic consideration prohibits the use
of newer costlier agents.

– AGIs (acarbose, miglitol, and voglibose) can be used as
first-line drug in early T2DM, as well as in combination
with nearly all establishedOADs and insulin. AGIs have
been shown to effectively control postprandial hypergly-
cemia while providing additional benefits in terms of
CV risk protection [39, 40]. Moreover, AGIs tend to
inhibit carbohydrate absorption from gut which can be
of particular importance in Indian settings where there
are increased odds for PPG and lipid excursion due to
consumption of diets with high glycemic index.

Implementation

Frequent monitoring of glucose levels using techniques such
as SMBG can significantly improve glycemic control besides
detecting PPG excursion. SMBG is currently the optimal
method for assessing plasma glucose levels. Evidence sug-
gests that structured SMBG followed by therapeutic

interventions results in greater A1C reduction in people with
T2DM compared with programs without structured SMBG
[41–43]. Therefore, the panel opined that SMBG with appro-
priate patient education is necessary for optimal management
of postmeal hyperglycemia.
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Clinical monitoring

RSSDI 2017 recommendations

Recommended care

& Monitor blood glucose control by measuring A1C using
high-precision methods standardized to criteria aligned to
the international reference values and subject to stringent
quality assurance testing when no conditions are present in
a patient that would preclude its accurate measurement.

& SMBG helps in adjusting treatment medications and nu-
trition therapy to achieve A1C targets and also to detect
and prevent asymptomatic hypoglycemia and glucose

variability. In patients on insulin, a combination of A1C
and SMBG is useful in achieving glycemic control.

& Measure A1C every 2 to 6 months depending on level,
stability of blood glucose control. and changes in therapy
and report A1C results in percentages.

& Provide A1C result, in the laboratory, before the clinical
consultation.

& Anemia and abnormal hemoglobin may affect the values
obtained for A1C in some assays. To determine whether
abnormal hemoglobin is present, use high-performance
liquid chromatography (HPLC) or mass spectrometry.
Anemia has to be corrected before a proper diagnosis
based on A1C values is made.

& Estimated average glucose ([eAG] reported in either
mmol/l or mg/dL) is derived from A1C. Only few coun-
tries have chosen to report eAG due to its limitations and
lack of applicability to all ethnic groups. It may help peo-
ple with diabetes relate their A1C to daily glucose moni-
toring levels or highlight when A1C is inappropriate.

& Measure blood glucose when patients are hospitalized,
either at site-of-care or in the laboratory. Site-of-care cap-
illary blood glucose meters should be monitored by certi-
fied quality assurance schemes. Ascertain whether meters
are calibrated against plasma or blood

Limited care

& If A1C measurement is not available, blood glucose mea-
sured either at site-of-care or in the laboratory could be
used for clinical monitoring.

& Site-of-care capillary blood glucose meters should be
quality controlled by certified quality assurance schemes
or by reference to laboratory methods.

Targets of glucose control

Recommended care

& Advise people with diabetes that maintaining an A1C be-
low 7.0%minimizes the risk of developing complications.

& A lower A1C target may be considered if it is easily and
safely achieved.

& A higher A1C target may be considered for people with
comorbidities or when previous attempts to optimize con-
t ro l have been assoc ia ted with unacceptable
hypoglycemia.

& An individual’s A1C target should be regularly reviewed
by taking benefits, safety, and tolerability into account.

& Treatment should be reviewed and modified if A1C level
is above the agreed target on two consecutive occasions.
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& Advice those in whom target A1C levels cannot be
reached that any improvement is beneficial.

& Target values for glucose control for A1C and capillary
plasma glucose are as follows:

Limited care

& The principles are as for recommended care including as-
sessment of diabetes control by A1C measurement. In
very limited settings, diabetes control may need to be
based on measurement of plasma glucose levels alone.

Preamble

Monitoring of blood glucose levels is critically important to
ensure good glycemic control. It is considered the cornerstone
of diabetes care that helps both physicians and patients to
adjust the therapy according to patient’s need. Following clin-
ical testing to assess levels of control and progression of
T2DM, most guidelines recommend clinicians to perform fre-
quent monitoring of glycemic status by measurement of A1C
as a follow-up care of individuals with diabetes [1, 2].
Moreover, A1C measurement is the gold standard for the ther-
apeutic management of diabetes in both research and in clin-
ical settings, which involves assessing glycemic control over

the previous 2–3 months [3, 4]. Long-term hyperglycemia as
measured by A1C has been shown to be strongly related to
development of diabetic microvascular complications though
its relation to development of macrovascular complications is
less clear. Therefore, patients who are not at targets or at in-
creased risk of developing complications require more inten-
sive monitoring, ranging from frequent self-monitored glu-
cose [3, 5] to continuous glucose monitoring (CGM) [6, 7]
to assess daily variations in blood glucose levels [8]. The
current recommendations provide an insight on the impor-
tance and frequency of monitoring to be performed in order
to facilitate medication and lifestyle changes when average
A1C values remain above targets levels.

Normal Target

A1C < 5.7%/39 mmol/mol < 7.0%/53 mmol/mol

FPG 5.5 mmol/l (100 mg/dL) 6.5 mmol/l (115 mg/dL)

PPG 7.8 mmol/l (140 mg/dL) 9.0 mmol/l (160 mg/dL)

Type of monitoring Recommended care Limited care

Complete history and physical
examination

• A complete history and physical examination is recommended
• Periodicity: annually

• As for recommended care

Ophthalmic • Detailed exam by qualified ophthalmologist
• Dilated
• Periodicity: at diagnosis and every 2 years if there

is no retinopathy

• If ophthalmologists are not available
need to adapt low cost technology to
enable GPs to learn and use fundus
photography

Smoking cessation • If present counselling by physician at every visit • As for recommended care

BP measurement • BP measurement at each visit • As for recommended care

Measurement of lipids • At diagnosis or at age 40 and periodically (6 monthly) thereafter • At diagnosis or at 40 at least

Screening for CVD • A resting ECG may give useful information on baseline
cardiac status and for future reference

• As for recommended care

Microalbuminuria • At diagnosis and annually thereafter • If resources are limited and technical
issues may consider use of
ACEI/ARB if BP is > 140/80

Distal peripheral neuropathy • At diagnosis and at least annually
• Test for vibration with 128 Hz tuning fork or a 10-g

monofilament, pinprick sensation ankle jerk

• As recommended by IDF
• Additional training required

Peripheral arterial disease • At diagnosis
• History of claudication, distal pulses, and ABI

• As for recommended care
• Additional training required

Comprehensive foot care • At diagnosis and annually
• Assessment of foot pulses and testing for loss of

protective sensation (10 g monofilament plus
testing any one of vibration using 128 Hz
tuning fork, pinprick sensation, ankle reflexes,
or vibration perception threshold)

• As for recommended care
• Additional training required

Other clinical monitoring
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Considerations

The decision on clinical monitoring of glycemic levels in
T2DM patients was based on the local factors such as avail-
ability of newer technologies and cost of monitoring that were
reviewed in Indian context.

Rationale and evidence

A1C for monitoring blood glucose

& Several guidelines and literature pertaining to moni-
toring emphasize on adjustments to the treatment
based on glycemic measurements, methods available
for monitoring, and their quality implementation.
Evidence suggests that regular monitoring of A1C
will facilitate identification of patients with poor gly-
cemic control and help both physicians and patients
to take necessary steps to achieve desired glycemic
targets [9, 10]. Though frequent monitoring of A1C
is associated with reduced diabetes-related complica-
tions and improved metabolic control [10, 11], most
patients do not understand or are not aware of im-
portance of glycemic monitoring. Therefore, it be-
comes absolutely necessary to empower the patients
with knowledge and understanding on A1C levels
for optimal glycemic control that will in turn moti-
vate them to effectively manage their diabetes [10,
12].

& The International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) working group on
A1C standardization have established a reference mea-
surement procedure (HPLC-MS or HPLC-CE) for
A1C embracing the concept of metrological traceabil-
ity [13].

& Though IDF recommends reporting IFCC units (mmol
A1C per mol unglycated hemoglobin), the panel sug-
gested reporting A1C in DCCTaligned values (%) as ma-
jority of the physicians are not familiar with new IFCC
units. However, it was emphasized that the healthcare pro-
fessionals should be made aware of the new IFCC units
and encouraged to practice them during routine clinical
practice.

& The concept of eAG was introduced following intro-
duction of continuous ambulatory blood glucose mon-
itoring [14]. The eAG may help people with diabetes
relate their A1C to daily glucose monitoring and high-
light any inaccuracies in A1C measurement relative to
glucose levels [15]. There are calculators available for
converting A1C to eAG in both millimoles per liter
and milligrams per deciliter. Measurement of timed
glucose levels are often recommended as a substitute

for A1C when the latter is either unavailable or
inappropriate.

& In a meta-analysis, Cavagnolli et al. found that A1C
values are higher in blacks, Asians, and Latinos when
compared to white persons [16]. Even though this ob-
servation is made in non-diabetes patients, authors
claim that these differences might influence the use
of same A1C point to diagnose diabetes in all ethnic
populations.

& Abnormal hemoglobin levels are known to affect A1C
values in a way that can significantly alter the results with
regard to diabetes control [17]. Therefore, it is important to
consider hematological factors that can confound A1C
levels in people with diabetes, best detected using
HPLC-based assays.

& Anemia significantly impacts A1C levels. In a cross-
sectional study, Rajagopal et al. have found that the
mean A1C in patients with controlled diabetes with
IDA was significantly higher than those without IDA
(7.86 ± 0.11 vs 5.45 ± 0.038% (p < 0.05)). They also
found that A1C values were higher with the reduction
of total hemoglobin (p < 0.05) [18]. Similarly, Madhu
et al. have found significantly higher A1C levels in
IDA subjects than healthy people (5.51 ± 0.696 vs
4.85 ± 0.461%, p < 0.001). They also found a signifi-
cant decline in A1C levels after iron supplementation
(p < 0.001) [19]. Therefore, A1C results in diabetes
patients with IDA should be interpreted carefully.
IDA has to be corrected before a proper diagnosis is
made.

& Measurement of blood glucose using blood glucose
meters on admission to hospital wards helps to identi-
fy patients with hypoglycemia or hyperglycemia.
Considering that in developing nations like India,
where cost is major barrier for monitoring, these de-
vices should be accurate and cost-effective and field
testing specifically tailored for Asian and Indian needs
is imperative. Such data is available from only one
study in India by Dr. Mohan’s group from Chennai
that evaluated the performance of glucose meter for
Indian conditions across different values and tempera-
tures [20].

Glucose measurement

& Plasma glucose is the preferred measure of most modern
laboratories. Whole blood gives lower readings due to the
volume occupied by hemoglobin. Capillary blood glucose
strips measure the glucose in the plasma of the capillary
blood sample but may be calibrated to give results either
as plasma or sometimes whole blood glucose (checkmeter
instructions).
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Implementation

There should be access to a laboratory or site-of-care test
monitored by certified quality assurance schemes for
measurement of A1C. People in whom A1C measure-
ment is inappropriate must be identified by careful re-
view of hematological parameters and other factors that
can affect A1C values. Provision of capillary blood glu-
cose meters and strips needs to be assured in hospitals
and clinics. It is important to ascertain whether there are
contraindications for use of a particular type of glucose
meter in a particular patient. It is essential to establish
whether meters report values for plasma or blood and to
ensure that schemes for monitoring the quality of their
output are in place. Blood glucose meters should be cal-
ibrated on regular basis and their use in hospitals should
be restricted to trained personnel.
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Self-monitoring of blood glucose

RSSDI 2017 recommendations

Recommended care

& SMBG is useful to people with diabetes who have the
required knowledge, skills, and willingness to use the in-
formation obtained through testing to actively adjust treat-
ment with the help of the treating physician and to enhance
understanding of diabetes and assess the effectiveness of
the management plan on glycemic control

& The purpose(s) of performing SMBG and using SMBG
data should be agreed between the person with diabetes
and the healthcare provider.

& SMBG on an ongoing basis should be available to those
people with diabetes using insulin.

& SMBG protocols (intensity and frequency) should be indi-
vidualized to address each individual’s specific educational/
behavioral/clinical requirements/specific needs and goals
(to identify/prevent/manage acute hyper- and hypoglyce-
mia) and provider requirements for data on glycemic pat-
terns and to monitor impact of therapeutic decision-making.

& Intensive/regular SMBGmay be recommended if a person
with diabetes is on multiple daily insulin injections,
pregestational diabetes on insulin, history of hypoglyce-
mia unawareness, have brittle diabetes, or with poor met-
abolic control on multiple OADs and/or basal insulin
SMBG should be performed at least as often as insulin is
administered:

– For patients on intensive insulin regimens who are on
multiple doses of insulin or on insulin pumps should
be tested three or more times daily (all premeals,
postmeals, bedtime, prior to exercise).

& SMBG plays important role when a patient suspect low
blood glucose or after treating low blood glucose until
they are normoglycemic and prior to critical tasks such
as driving. For many patients, this will require testing 6–
10 (or more) times daily, although individual needs may
vary. Similar considerations apply for pregnant women on
insulin.

– Pregnant women with insulin-treated diabetes should
be advised to perform SMBG on a daily basis, failing
which, at least weekly monitoring should be
encouraged.

– Ideal SMBG is seven tests/day, i.e., three before and
three after each meal and one test at 3 am. As a com-
promise one fasting test and three tests each after
breakfast, lunch, and dinner daily may be more fea-
sible and acceptable, which can further be

individualized to twice or thrice a week as the pregnancy
advances. Two-hour postmeal monitoring may be easier
to remember as this timing is routinely used.

& In accordance with the sick day rule, the frequency of
SMBG should be increased in special situations like fever,
vomiting, and persistent polyuria with uncontrolled blood
glucose, especially if abdominal pain or rapid breathing is
present. Ketone test should be performed as and when
needed.

& SMBG accuracy is instrument and user dependent, so it is
important to evaluate each patient’s monitoring technique,
both initially and at regular intervals thereafter. The ongo-
ing need for and frequency of SMBG should be
reevaluated at each routine visit.

& SMBG should be considered for people using oral
glucose-lowering medications as an optional component
of self-management and in association with A1C testing:

– To provide information on, and help avoid,
hypoglycemia.

– To assess changes in blood glucose control due to
medications and lifestyle changes.

– To monitor the effects of foods on postprandial
glycemia.

– To monitor changes in blood glucose levels during
intercurrent illness.

& SMBG may be useful in T2DM, during periods of acute
illness; using sulfonylureas or glinides as combination or
monotherapy; to identify hypoglycemia especially in the
first 3 months of starting sulfonylurea; in those who expe-
rience episodes of hypoglycemia and those who have re-
duced awareness of hypoglycemia; are drivers and those
who fast; and under preconception care.

& Regular use of SMBG should not be considered part of
routine care where diabetes is well controlled by nutrition
therapy or oral medications alone.

& Structured assessment of self-monitoring skills, the quali-
ty and use made of the results obtained, and of the equip-
ment used should be made annually.

Limited care

& SMBG using meters with strips should be considered for
people with diabetes using insulin or drugs like sulfonyl-
urea and glinides.

Preamble

Frequent and precise blood glucose monitoring and con-
comitant optimal adjustment of insulin to carbohydrate

Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115 S65



intake and exercise are the basis of diabetes treatment.
The SMBG is an essential component of the modern dia-
betes treatment and the most uncomplicated and common-
ly used strategy of interim glucose monitoring across the
globe [1]. Established advantages with SMBG include
achieving target A1C, reducing glucose variability, and
prediction of severe hypoglycemia [2]. Therefore, it has
been recommended for achieving a specific level of gly-
cemic control and to prevent hypoglycemia in people with
diabetes. The objective of SMBG is to assemble detailed
information about blood glucose levels at various time
points to enable maintenance of a more constant glucose
level by more precise regimens. It can be used to aid in
the adjustment of a therapeutic regimen in response to
blood glucose values and to benefit individuals regulate
their dietary intake, physical activity, and insulin doses to
improve glycemic control on a day-to-day basis [2, 3].
SMBG serves as a vital adjunct to A1C as it can differ-
entiate the fasting, preprandial, and postprandial hypergly-
cemic levels; detect the glycemic excursions; recognize
and contribute in monitoring resolution of hypoglycemia;
and provide immediate feedback to patients about the ef-
fects of food choices, activity, and medication on glyce-
mic control [4].

In diabetes patients on intensive insulin regimens,
SMBG is suggested at premeals, during snack, and bed-
time, occasionally after eating, preexercise, when suspi-
cion of and after correction of hypoglycemia, and before
tasks like driving [5, 6]. There is also a positive relation-
ship between frequency of SMBG and improvements in
A1C and early detection of lower glucose values prior to
symptomatic hypoglycemia may allow correction with a
reduced risk for hyperglycemia [7]. Use of SMBG during
exercise may also allow improved insulin management
and reduce risk for hypoglycemia during and following
exercise [8]. Measurement of blood glucose at different
times in a day helps in management of improving blood
glucose profiles, confirming hypoglycemia, monitoring
recovery, and preventing hyperglycemic crises [3].

A recent observation study of diabetes self-management
conducted by Schnell et al. revealed that SMBG implementa-
tion leads to an improvement in metabolic control, along with a
significant improvement in diabetes management [9]. SMBG
coupled with training in self-titration of insulin doses has re-
sulted not only in better compliance and glycemic control but
also increased the chances of achieving tight A1C target.

In patient who have stable oral regimen with A1C
within the target range, SMBG data can be used as bio-
feedback at times of increased stress or changes in diet or
physical activity. While patients whose diabetes is not in
control or have initiated medication, SMBG data can be
helpful in modifying or creating the diabetes management
regimen [10].

SMBG has been well studied among individuals with dia-
betes and has proved to be a useful tool in improving glycemic
control effectively and recognizing low blood glucose levels
before the development of severe hypoglycemia [5].
Landmark clinical trials of insulin-treated patients have in-
cluded SMBG as part of the multifactorial interventions to
demonstrate the benefit of intensive glycemic control on dia-
betes complications [11, 12]. Clinical evidence supports a cor-
relation between greater SMBG frequency and lower A1C.
Moreover, patient’s specific needs and goals should not only
determine but in fact should dictate SMBG frequency and
timing [13].

Despite being recommended in various guidelines [13,
14], a large gap between recommended to current prac-
tices of SMBG is observed in both developed and devel-
oping countries. In India, this strategy is still not properly
understood or implemented. Lunch and dinner are our
major meals of the day and glycemic variations are not
recorded during routine tests which are invariably done in
the morning. Availability of meals with varying glycemic
indices and affordability of glucose meters and strips are
major factors that play a dominant role either in
recommending or practicing SMBG. Fortunately, the ad-
vent of less expensive meters and a reduction in the cost
of the strips has considerably brightened the scenario.
Apart from this, SMBG use is also associated with im-
proved cost-effectiveness [15]. In this consensus, we have
evaluated various literature and recommendations on
SMBG available online and drawn statement to fit
Indian scenario.

Considerations

The decision including SMBG in clinical practice was based
on the factors such as availability of and access to glucose
meters and foods with varying glycemic indices that were
reviewed in Indian context.

Rationale

The aims of SMBG should include the following [16, 17]:

& Accurately assess level of metabolic control by individual
therapy

& Achievement of realistic targets
& Prevention of both acute and chronic complications of

diabetes
& Reduce the effect of extreme glycemic excursions on cog-

nitive function
& Assure proper data collection in various diabetes centers

in order to provide an opportunity of comparison
& Enhance and enable improvement in interdisciplinary care

for patients with diabetes
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& Benefits can be achieved by maintaining proper record
either in a form of a diary or electronic record keeping

& Record keeping should incorporate blood glucose
readings, insulin dosage, record of special circum-
stances like illness, eating out, exercise, any episode
of hypoglycemia and its severity, and any episode of
ketonuria or ketonemia

& SMBG requires an easy procedure for patients to regularly
monitor the performance and accuracy of their glucose
meter

Optimization

SMBG accuracy is dependent on the instrument and user.
Therefore, it is important to evaluate individual patient’s
monitoring technique, both initially and at regular inter-
vals thereafter. Optimal use of SMBG requires proper
review and interpretation of the data, both by the patient
and healthcare provider [18]. Among patients who check
their blood glucose at least once daily, many report tak-
ing no action when results are high or low. Patients
should be taught how to use SMBG data to adjust food
intake, exercise, or pharmacological therapy to achieve
specific goals. Ongoing need for and frequency of
SMBG should be reevaluated at each routine visit.
SMBG is especially important for insulin-treated patients
to monitor and prevent asymptomatic hypoglycemia and
hyperglycemia [19]. In a prospective Japanese study,
Nishimura et al. have found that structured blood glu-
cose testing comprising of seven-point SMBG for three
consecutive days once every 2 months is beneficial for
glycemic control rather than routine testing involving
SMBG measurements three times each week before
breakfas t or dinner [20] . However, dai ly sel f -
management was better with routine testing. The authors
conclude that these two regimens can be individualized
when SMBG is used less frequently.

Evidence from India

& In a study by Shaji et al. that assessed knowledge, attitude,
and practice of T2DM patients towards self-monitoring
and the impact of SMBG on glycemic control, patients
who monitored ≥ 3 times had significantly better glycemic
control of A1C (7.1–8%) than those who monitored < 3
times (p = 0.021) [21].

& Selecting a structured, flexible SMBG pattern that can
be tailored to the clinical, educational, behavioral, and
financial requirements of individuals with diabetes is
recommended. As it is important to determine the fre-
quency and intensity of SMBG needed to support the
chosen treatment regimen, one should also consider

practical obstacles to monitoring, such as affordability
or access and individualize glycemic target and mod-
ify monitoring patterns accordingly [16, 22].

& Insulin self-titration interventions based on structured
SMBG are associated with significant reduction in
A1C during a follow-up of 12 weeks with a trend
towards greater effectiveness in improving glycemic
control than conventional treatment, with no increase
in incidence of hypoglycemia or body weight gain
[23].

Implementation

It is essential to establish whether glucometers report values
for plasma or blood and to ensure that schemes for monitoring
the quality of their output are in place. Blood glucose meters
should be calibrated on a regular basis. Low-cost glucose
strips and meters should be developed and made available
for wider implementation of SMBG. Strategies that can lower
PPG excursions in people with postprandial hyperglycemia
should be implemented.
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Chronic complications

RSSDI 2017 recommendations for diabetic
retinopathy (DR)

Recommended care

& Documentation of formal history of vision and visual acu-
ity either by recording it on sheet or electronic medical
record (EMR) should be made mandatory.

& Ensure that examination of the eyes of people with T2DM
is performed around the time of diagnosis and then rou-
tinely every 1–2 years as part of a formal recall process:

– Measure and document visual acuity, corrected with
glasses or pinhole.

– Assess retinopathy:

° Using retinal photography through dilated pupils,
performed by an appropriately trained healthcare
professional or

° Through examination by an ophthalmologist

& Discuss the reasons for eye examination with the person
with diabetes.
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& Counsel women who are planning pregnancy on the risk
of progression of retinopathy during pregnancy, especially
if there is preexisting retinopathy. Ensure regular follow-
up throughout pregnancy and up to 1 year postpartum.

& Use tropicamide to dilate pupils, unless contraindicated,
after discussing the implications and obtaining agreement
of the person with diabetes.

& Classify the findings of eye examination as required: rou-
tine review, earlier review, or referral to an ophthalmolo-
gist (if not making the examination).

& The following frequency of screening is suggested:

– 1–2 years, if no retinopathy, depending on clinical
situation

– 12 months, if minimal unchanged retinopathy
– 2–4 months, after any active ophthalmic intervention
– 3–6 months if worsening since last examination
– More often during pregnancy

& The following situations require specialist referral:

– The same day:

° Sudden loss of vision
° Evidence of retinal detachment

– Within 1 week:

° Evidence of preretinal and/or vitreous hemorrhage
° New vessel formation or rubeosisiridis
° Inability to see or assess disc or fovea

– Within 1–2 months:

° Advanced retinal lesions (4:2:1 rule):

& ▪ Microaneurysms or retinal hemorrhages in four
quadrants

& ▪ Venous beading in two quadrants
& ▪ IRMAs in one quadrant

° Unexplained deterioration of visual acuity
° Macular edema
° Unexplained retinal findings
° Cataract
° Inability to visualize fundus

& Advise that good control of blood glucose, BP, and blood
lipids can help to reduce the risk of development or wors-
ening of eye complications.

& Advise that DR is not a contraindication for use of aspirin,
if this is indicated for prevention of CVD.

& Advise that tests of intra-ocular pressure should be made
periodically.

& Explain guarded prognosis about regaining vision after
intra-ocular lens (IOL) surgery in mature/hypermature
cataract because of poor assessment of retina in the pres-
ence of mature cataract

Limited care

& Use direct fundoscopy through dilated pupils, performed
by a member of the healthcare team who is properly
trained and has appropriate experience to assess
retinopathy.

& Check visual acuity.
& Repeat review, referral, and preventative therapy are as for

recommended care.
& Less frequent examinations (every 2 years) may be con-

sidered following one or more normal eye examinations

Preamble

Diabetic retinopathy (DR) is a microvascular complication of
diabetes and one of the leading causes of blindness or vision
impairment in India [1, 2]. Visual loss from DR could be due
to diabetic macular edema (DME) or proliferative diabetic
retinopathy (PDR). Global data suggests that the overall prev-
alence as 35.4% for any DR and around 7.5% for PDR [3].
Factors such as longer duration of diabetes and poorer glyce-
mic and BP control were found to be strongly associated with
DR [3, 4]. In a cross-sectional study carried out by All India
Ophthalmological Society, prevalence of DR was 21.7% and
the rate was high in males (p = 0.007), in patients with diabe-
tes duration > 5 years (p = 0.001), in patients with age >
40 years (p = 0.01), in insulin users (p = 0.001), and in patients
with history of vascular accidents (p = 0.0014) [2].
Furthermore, in the cross-sectional survey of Indian patients
with T2DM in chronic complications in newly diagnosed pa-
tients with type 2 diabetes mellitus in India (CINDI) and car-
diovascular risk factors, micro- and macrovascular complica-
tions at diagnosis in patients with young onset type 2 diabetes
in India (CINDI 2) studies DR was prevalent in 6.1 and 5.1%
patients, respectively [5, 6]. Moreover, the socioeconomic
burden resulting fromDR induced visual impairment or blind-
ness, particularly in the working age group, is a serious con-
cern [7]. Therefore, it is high time to devise the means of
managing DR and bring the problem under control. Early
diagnosis, optimization of risk factors, and timely photocoag-
ulation at appropriate places could entirely prevent the blind-
ness from diabetes [8]. Moreover, a systematic approach to
health education and creating awareness among patients and
various health personnel and matching it with appropriate
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screening and service deliverymechanisms will go a long way
in preventing blindness due to DR. Furthermore, early detec-
tion and management of DR with quick referrals and a highly
coordinated teamwork between the endocrinologists and the
ophthalmologists could reduce the prevalence of DR in India
[9]. In addition, these recommendations will provide insights
on the management of DR while promoting awareness and
thus preventing vision impairment due to DR through cost-
effective interventions.

Considerations

The recommendations on management of DR were taken
from IDF 2014. However, few of the IDF recommendations
were modified based on the local factors such as limited re-
sources, high prevalence of DR, lack of quality assurance in
labs, and availability of newer technologies and therapies for
eye screening and treatment which were reviewed in Indian
context.

Rationale/evidence

Screening

& Several guidelines emphasize on eye screening in T2DM;
however, it appears they are divided on the frequency of
screening. Some recommend annual screening (NICE-
UK) while others recommend screening every 1–2 years
(Canadian-Canada, Australian-Australia, and SIGN-
Scotland).

& With regard to frequency of screening in limited care
setting, the panel endorsed the ADA recommendation
which suggests less frequent examinations (every 2–
3 years) following one or more normal eye examina-
tions [10].

& Screening methods for DR include direct and indirect
ophthalmoscopy, slit-lamp biomicroscopy, stereoscop-
ic color film fundus photography, mydriatic or non-
mydriatic digital color, and monochromatic photogra-
phy [11, 12].

Counselling pregnant women

& DR is the foremost cause of blindness in women during
their motherhood time, and pregnancy increases the short-
term risk of DR progression [11]. The possible relation-
ship between DR and the perinatal outcome has been ad-
dressed in several studies [13, 14]. Women with high se-
verity of DR were more likely to develop obstetric com-
plications [13, 15] and those with proliferative changes
accounted for higher incidence of congeni tal
malformations and/or fetal death [13].

& As pregnancy can induce progression of DR, the panel
recommended preconception counselling for women,
clearly explaining about the risk of progression of DR
during pregnancy especially if they already have prolifer-
ative retinopathy. They should be advised on maintaining
good glycemic control before and throughout pregnancy
under the guidance of healthcare professional. In addition
the panel emphasized on the need for close follow-up
during pregnancy and up to 1 year postpartum and mon-
itor for progression of DR and co-existing hypertension
and renal disease, if any.

Guarded prognosis after IOL surgery

& Though surgical interventions are crucial for cataract man-
agement, most of the patients, particularly those with com-
plicated cataracts, may not restore the vision. These pa-
tients eventually develop corneal decompensation, glau-
coma, and optic atrophy [16]. Because the prognosis of
retina is poor especially in the presence of mature cataract,
the panel suggested that it is important to educate the
patient about guarded prognosis for regaining vision after
IOL surgery.

Evidence

Though evidence from past studies suggests that prevalence of
DR is low in Indians compared to other ethnic groups, emerg-
ing data indicate significant increase in prevalence of retinopa-
thy in South Asians compared to Caucasians [17]. Data from a
population-based study (CURES) indicate that the overall prev-
alence of DR in urban South Indian population was 17.6%,
with higher prevalence among men than in women (21.3 vs
14.6%; p < 0.0001) and among subjects with proteinuria (p =
0.002) [18]. Similarly, prevalence of DR in western India was
found to be 33.9% [19]. Data from a recent population-based
cross-sectional study suggests that one of 10 individuals in rural
South India, above the age of 40 years, had evidence of DR
[20]. A meta-analysis of seven studies from India found 14.9%
of known diabetes patients aged ≥ 30 years and 18.1% among
those aged ≥ 50 years had DR. Furthermore, no linear trend
was observed between age and the proportion with DR [21].
Duration of diabetes, A1C, male gender, macroalbuminuria,
and insulin therapy were found to be strongly associated with
increased risk of DR among South Indians [22, 23]. Moreover,
the risk of nephropathy (OR, 5.3; p < 0.0001) and neuropathy
(OR, 2.9; p < 0.0001) was significantly higher among T2DM
patients with DR compared to those without DR [24]. After
adjusting for age, gender, A1C, SBP, serum triglycerides, and
duration of diabetes, DR was significantly associated with ne-
phropathy (p = 0.005) than with neuropathy [24].
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Implementation

Sufficient number of trained general ophthalmologists and gen-
eral physicians is required to develop an integrated DR model
that facilitates early detection and create awareness on DR.
Medical camps should be conducted for screening of diabetes
and DR screening camps, which will help to identify people at
risk of sight-threatening DR and initiate treatment including
laser photocoagulation or vitreous surgery. Mobile vans with
a fundus camera or other low-cost tools that can be used in
remote rural areas should also be explored. However, success-
ful implementation of program requires team approach, involv-
ing both administrative and voluntary organizations.
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RSSDI 2017 recommendations for diabetic
neuropathy (DN)

Recommended care

& All patients with T2DM should be assessed for DN at the
time of initial diagnosis and annually thereafter.

& Diagnose sensorimotor nerve damage by history and ex-
amination (10 g monofilament with or without tempera-
ture, non-traumatic pinprick, vibration [128 Htz tuning
fork], ankle reflexes), and/or simple quantitative testing
(e.g., biothesiometer vibration perception). Use serum
B12, thyroid function tests, creatinine/urea, alcohol abuse,
and medication history to exclude other causes.

& Diabetic Neuropathy Symptom Score (NSS) and
Neuropathy Disability Score (NDS) in T2DM population
have been found to be a useful resource in evaluating
diabetic sensorimotor polyneuropathy as an important
bedside tool.

& Diagnose symptomatic (painful) DN by excluding oth-
er possible causes of the symptoms. Manage by stabi-
lizing blood glucose control, and treatment with tricy-
clic antidepressants, if simple analgesia is not success-
ful. If a 1- month trial of tricyclic therapy is not suc-
cessful, further treatment options include pregabalin/
gabapentin and duloxetine, then tramadol and oxyco-
done. Further management normally requires referral
to a pain control team. Be aware of the psychological
impact of continuing symptoms, particularly if sleep is
disturbed. In patients with DN and comorbid depres-
sion, anxiety, and sleep loss, duloxetine should be
preferred.

& Diagnose erectile dysfunction by history (including med-
ication history), exclusion of endocrine conditions (mea-
sure prolactin and testosterone), and a trial of a

phosphodiesterase type-5 (PDE5) inhibitor (where not
contraindicated by nitrate therapy). Consider other ap-
proaches such as intra-urethral or intracavernosal drugs
and sexual and relationship counselling, where PDE5 in-
hibitors fail or cannot be used.

& Diagnose gastroparesis by history, trial of a prokinetic
drug (metoclopramide, domperidone), and if troublesome
by gastric emptying studies.

& Diagnose CV autonomic neuropathy by resting heart rate
and heart rate response to provocation tests (lying-
standing, Valsalva, deep breathing) and by lying and
standing BP. Inform anesthetists when relevant, where this
is present.

Limited care

& Screen and diagnose sensorimotor nerve damage by his-
tory of symptoms and sensory assessment by 10 g mono-
filament or tuning fork with/without non-traumatic dis-
posable pinprick.

& NSS and NDS in T2DM population have been found to be
a useful resource in evaluating diabetic sensorimotor
polyneuropathy as an important bed side tool.

& Manage symptomatic (painful) diabetic neuropathy by ex-
cluding other causes, stabilizing glycemic control, and
treatment with tricyclic antidepressants if simple analgesia
is not successful. Opiate analgesia may be necessary as
locally available.

& Assess erectile dysfunction by history and examination
and consider possible contributions of other medication
or disease.

Preamble

Neuropathies are the most common complication of diabetes,
affecting up to 50% of patients with T2DM [1]. Metabolic
disruptions in the peripheral nervous system (altered protein
kinase C activity and increased polyol pathway activity) due
to hyperglycemia play a key role in the development of DN [2,
3]. Approximately 30% patients either with known or newly
diagnosed diabetes are suffering from DN [4, 5]. In the cross-
sectional survey of Indian patients with T2DM in CINDI and
CINDI 2 studies, DN was prevalent in 13.15 and 13.2% pa-
tients, respectively [6, 7]. The most common form of DN is
the distal symmetrical polyneuropathy that involves both tib-
ial and sural nerves [8]. Presence of neuropathy is associated
with significant morbidity, including recurrent foot infection
and ulcers, impotence in men with diabetes, and sudden death
in individuals with CV autonomic neuropathy. Neuropathic
pain in patients with diabetes is commonly encountered in
clinical practice. Therefore, timely screening and early
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detection ensure prevention of the progression of DN [9]. The
present recommendations provide insights on the manage-
ment aspects of DNwhile exploring newer therapeutic options
that have emerged in recent years.

Considerations

The panel endorsed the IDF 2014 recommendations for diag-
nosis and management of DN. However, few of the recom-
mendations were modified based on local factors such as lim-
ited resources, which helps in clinical diagnosis of DN, lack of
quality assurance in labs, and need for cost-effective diagnos-
tic techniques which were reviewed in Indian context.

Rationale/evidence

Detection of sensorimotor polyneuropathy

& Though nerve conduction studies are powerful tools for
identifying cases of DN [10], NSS (Annexure X) and
NDS (Annexure XI) in T2DM patients were found to be
a useful resource for evaluating diabetic sensorimotor
polyneuropathy as a bed side tool [11, 12]. A cross-
sectional study in T2DM patients that examined the nerve
conduction velocities of motor and sensory nerves using
NSS and NDS in patients of clinically detectable neurop-
athy showed significant electrophysiological changes with
duration of T2DM [11]. Similar results were observed in
another study where NSS and NDS together helped in
prompt eva lua t ion of d iabe t i c senso r imo to r
polyneuropathy and also in diagnosing subclinical cases
[13–15]. A study that validated the use of NSS and NDS
for clinical diagnosis of peripheral neuropathy in middle-
aged 855 T2DM patients showed that NSS and NDS can
detect DN with a sensitivity of 71.1% and specificity of
90% and was found to be simple, acceptable, reproduc-
ible, and validated method for early diagnosis of DN [12,
16].

& The panel emphasized on neurological examination using
NSS and NDS as it is an important bed side tool and a
useful resource in evaluating diabetic sensorimotor
polyneuropathy.

Management of diabetic neuropathy

& Duloxetine and pregabalin were approved by the USFDA
in 2004, and tapentadol extended release was approved in
2012 for the treatment of painful diabetic neuropathy
(PDN) [17].

& Duloxetine is a selective inhibitor of reuptake of both 5-
hydroxytryptamine and norepinephrine [18, 19]. Results

from randomized controlled clinical trials reveal that
duloxetine provides significantly more diabetic neuro-
pathic pain relief than either placebo or routine care with
higher degree of safety and tolerability [20–22].
Moreover, a recent Cochrane collaboration review includ-
ing data from eight studies and 2728 participants reports
that both 60- and 120-mg daily doses of duloxetine were
efficacious, but lower doses were not associated with im-
provement in the PDN management [23].

& Pregabalin is a potent gabapentinoid used in the manage-
ment of PDN. Several double-blind placebo-controlled
trials have reported the dose-dependent (600 mg/daily)
efficacy of pregabalin; however, a number of side effects
including mood disturbance, ankle edema, and sedation
also have been reported [24–26].

& Both duloxetine and pregabalin are effective; however, a
significant better improvement in QoL of patients was
obtained by duloxetine with comparatively mild increase
in the price [27].

& Tapentadol, an opioid analgesic, may act via opioid spinal-
supraspinal synergy, as well as intrinsic spinally mediated
μ-opioid receptor agonist-norepinephrine reuptake inhib-
itor effect [28]. The efficacy and safety of tapentadol were
also published in several clinical trials [29, 30].

Implementation

Appropriate protocols should be developed for sensory
testing and may include formal assessment using the
NSS and NDS. Recommended medications should be
available according to the level of resources. Medical
teams need to remain trained in the diverse manifestations
of autonomic neuropathy.

References

1. World Health Organization. Diabetes mellitus fact sheet
138.

2. Singh R, Kishore L, Kaur N. Diabetic peripheral neurop-
athy: current perspective and future directions.
Pharmacol Res. 2014;80:21–35.

3. Bayram EH, Sezer AD, Elçioğlu HK. Diabetic neurop-
athy and treatment strategy—new challenges and appli-
cations. InSmart Drug Delivery System 2016. InTech.

4. Rani PK1, Raman R, Rachapalli SR, Pal SS,
Kulothungan V, Sharma T. Prevalence and risk factors
for severity of diabetic neuropathy in type 2 diabetes
mellitus. Indian J Med Sci. 2010;64(2):51–7.

5. Gill HK, Yadav SB, Ramesh V, Bhatia E. A prospective
study of prevalence and association of peripheral neu-
ropathy in Indian patients with newly diagnosed type 2
diabetes mellitus. Journal of Postgraduate Medicine.
2014;60(3):270.

Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115 S73



6. Sosale B, Sosale AR, Mohan AR, Kumar PM, Saboo B,
Kandula S. Cardiovascular risk factors, micro and
macrovascular complications at diagnosis in patients
with young onset type 2 diabetes in India: CINDI 2.
Indian Journal of Endocrinology And Metabolism.
2016;20(1):114.

7. Sosale A, Kumar KP, Sadikot SM, Nigam A, Bajaj S,
Zargar AH, Singh SK. Chronic complications in newly
diagnosed patients with type 2 diabetes mellitus in India.
Indian Journal of Endocrinology and Metabolism.
2014;18(3):355.

8. Kakrani AL, Gokhale VS, Vohra KV, Chaudhary N.
Clinical and nerve conduction study correlation in pa-
tients of diabetic neuropathy. J Assoc Physicians India.
2014;62(1):24–7.

9. Bansal D, Gudala K, Muthyala H, Esam HP, Nayakallu
R, Bhansali A. Prevalence and risk factors of develop-
ment of peripheral diabetic neuropathy in type 2 diabetes
mellitus in a tertiary care setting. J Diabetes Investig.
2014;5(6):714–21.

10. Kannan MA, Sarva S, Kandadai RM, Paturi VR,
Jabeen SA, Borgohain R. Prevalence of neuropathy
in patients with impaired glucose tolerance using
various electrophysiological tests. Neurol India.
2014;62(6):656–61

11. Hussain G, Rizvi SA, Singhal S, Zubair M, Ahmad J.
Cross sectional study to evaluate the effect of duration of
type 2 diabetes mellitus on the nerve conduction velocity
in diabetic peripheral neuropathy. Diabetes MetabSyndr.
2014;8(1):48–52.

12. Chawla A, Bhasin G, Chawla R. Validation of
Neuropathy Symptoms Score (NSS) and Neuropathy
Disability Score (NDS) in the clinical diagnosis of pe-
ripheral neuropathy in middle aged people with diabe-
tes. The Internet Journal of Family Practice.
2013;12(1):1–4.

13. Asad A, Hameed MA, Khan UA, Butt MU, Ahmed N,
Nadeem A. Comparison of nerve conduction studies
with diabetic neuropathy symptom score and diabetic
neuropathy examination score in type-2 diabetics for de-
tection of sensorimotor polyneuropathy. J Pak Med
Assoc. 2009;59(9):594–8.

14. Afifi L, Abdelalim AM, Ashour AS, Al-Athwari A.
Correlation between clinical neuropathy scores and
nerve conduction studies in patients with diabetic pe-
ripheral neuropathy. The Egyptian Journal of
Neu ro l ogy, P sych i a t r y and Neu ro su rge ry.
2016;53(4):248.

15. Kamel SR, Hamdy M, Omar HA, Kamal A, Ali LH,
Elkarim AH. Clinical diagnosis of distal diabetic
polyneuropathy using neurological examination scores:
correlation with nerve conduction studies. Egyptian
Rheumatology and Rehabilitation. 2015;42(3):128.

16. Chawla A, Chawla R, Jaggi S. Microvasular and
macrovascular complications in diabetes mellitus: dis-
tinct or continuum? Indian Journal of Endocrinology
and metabolism. 2016;20(4):546.

17. Javed S, Petropoulos IN, Alam U, Malik RA. Treatment
of painful diabetic neuropathy. Therapeutic advances in
chronic disease. 2015;6(1):15–28.

18. Smith T, Nicholson RA. Review of duloxetine in the
management of diabetic peripheral neuropathic pain.
Vasc Health Risk Manag. 2007;3(6):833–44.

19. Ormseth MJ, Scholz BA, Boomershine CS.
Duloxetine in the management of diabetic peripheral
neuropathic pain. Patient Prefer Adherence.
2011;5:343–56.

20. Goldstein DJ, Lu Y, Detke MJ, Lee TC, Iyengar S.
Duloxetine vs. placebo in patients with painful diabetic
neuropathy. Pain. 2005;116(1–2):109–18.

21. Raskin J, Pritchett YL, Wang F, D’Souza DN, Waninger
AL, Iyengar S, et al. A double-blind, randomized
multicentre trial comparing duloxetine with placebo in
the management of diabetic peripheral neuropathic pain.
Pain Med. 2005;6(5):346–56.

22. Wernicke JF, Pritchett YL, D’Souza DN, Waninger A,
Tran P, Iyengar S, et al. A randomized controlled trial of
duloxetine in diabetic peripheral neuropathic pain.
Neurology. 2006;67(8):1411–20.

23. LunnM, Hughes RA, Wiffen PJ. Duloxetine for treating
painful neuropathy, chronic pain or fibromyalgia. The
Cochrane Library. 2014.

24. Richter RW, Portenoy R, Sharma U, Lamoreaux L,
Bockbrader H, Knapp LE. Relief of painful diabetic pe-
ripheral neuropathy with pregabalin: a randomized,
placebo-controlled trial. The Journal of Pain.
2005;6(4):253–60.

25. Arezzo JC, Rosenstock J, LaMoreaux L, Pauer L.
Efficacy and safety of pregabalin 600 mg/d for
treating painful diabetic peripheral neuropathy: a
double-bl ind placebo-control led tr ia l . BMC
Neurology. 2008;8(1):33.

26. Wang D, Bao JB, Zhang K, Ju LF, Yu LZ. Pregabalin for
the treatment of neuropathic pain in adults: a systematic
review of randomized controlled trials. International
Journal of Clinical and Experimental Medicine.
2017;10(1):16–29.

27. Roy MK, Kuriakose AS, Varma SK, Jacob LA, Beegum
NJ. A study on comparative efficacy and cost effective-
ness of Pregabalin and Duloxetine used in diabetic neu-
ropathic pain. Diabetes &Metabolic Syndrome: Clinical
Research & Reviews. 2017;11(1):31–5.

28. Christoph T, Schröder W, Tallarida RJ, De Vry J,
Tzschentke TM. Spinal-supraspinal and intrinsic μ-
opioid receptor agonist-norepinephrine reuptake inhibi-
tor (MOR-NRI) synergy of tapentadol in diabetic heat

S74 Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115



hyperalgesia in mice. Journal of Pharmacology and
Experimental Therapeutics. 2013;347(3):794–801.

29. Schwartz S, Etropolski M, Shapiro DY, Okamoto A,
Lange R, Haeussler J, Rauschkolb C. Safety and efficacy
of tapentadol ER in patients with painful diabetic periph-
eral neuropathy: results of a randomized-withdrawal,
placebo-controlled trial. Current Medical Research and
Opinion. 2011;27(1):151–62.

30. Vinik AI, Shapiro DY, Rauschkolb C, Lange B, Karcher
K, Pennett D, Etropolski MS. A randomizedwithdrawal,
placebo-controlled study evaluating the efficacy and tol-
erability of tapentadol extended release in patients with
chronic painful diabetic peripheral neuropathy. Diabetes
Care. 2014;37(8):2302–9.

RSSDI 2017 recommendations for diabetic
nephropathy

Recommended care

& Kidney function should be assessed at diagnosis and an-
nually by:

– Urine test for albuminuria
– Measurement of serum creatinine and calculation of

eGFR

& Urinary albumin-to-creatinine ratio (ACR) measure-
ment in an early morning first void (mid-stream) spot
specimen is the preferred method for assessment of
albuminuria/proteinuria. Where a first void specimen
is not possible or practical, a random spot urine spec-
imen is acceptable. ACR can be measured in the lab-
oratory or at site-of-care.

& Control hyperglycemia and avoid exercise before testing
for albuminuria.

& If ACR is raised (microalbuminuria), i.e., ACR > 25 mg/g
in men and > 35 mg/g in women, repeat ACR twice over
the following 4 months:

– Microalbuminuria is confirmed if ACR is elevated in
two out of three tests, in the absence of infection or
overt proteinuria.

– If both repeat tests are not raised, check again
annually.

– An ACR > 300 mg/g indicates macroalbuminuria.

& CKD is diagnosed on the basis of a raised urine albumin/
protein or a reduced eGFR (< 60 mL/min/1.73 m2) calcu-
lated from the Modification of Diet in Renal Disease
(MDRD) formula and using a standardized creatinine assay.

& Individuals with CKD should be managed as follows:

– Use angiotensin converting enzyme (ACE) inhibitors
or angiotensin receptor blockers (ARBs) in individ-
uals with micro- or macroalbuminuria, titrated to
maximum tolerated dose.

– Intensify management of BP (target ≤ 130/80mmHg)
using BP-lowering medications and dietary modifi-
cation (low salt intake).

– Intensify management of blood glucose.
– Monitor ACR, eGFR, and serum potassium.
– Advice limiting protein intake to 1 g/kg daily if pro-

teinuric, but many Indian patients may be taking only
0.6–0.8 g/kg/day. So protein restriction may be em-
phasized only to avoiding extra protein intake from
non-vegetarian source.

– Intensify other renal and CV protection measures.
– Smoking leads to the progression of end stage renal

disease (ESRD) in diabetes so patients must be
counselled for quitting smoking.

& Agree referral criteria for specialist renal care between
local diabetes specialists and nephrologists. Referral
criteria might include eGFR < 30 mL/min/1.73 m2, pro-
gressive deterioration of kidney function, persistent pro-
teinuria, biochemical or fluid retention problems, or diffi-
cult diagnosis (to rule out non-diabetic renal disease where
fundus is normal and no proteinuria).

Limited care

& Check annually for proteinuria in an early morning urine
sample (or a random sample) using a dipstick. If test is
positive, exclude UTIs by microscopy (and culture if
possible).

& Measure serum creatinine and calculate eGFR annually.
& A simple inexpensive screening procedure for urinary

protein excretion which can be used as a diagnostic
test in outpatient has been reported in Indian popula-
tion. Estimated proteinuria (EPE) is useful in serial
evaluation of kidney function.

& Manage those with proteinuria as follows:

– If available, consider use of ACE inhibitors or ARBs
taking into account cost.

– Aim for BP ≤ 130/80 mmHg using any BP-lowering
medication and control of salt intake.

– Aim to achieve targets for blood glucose control.
– Aim to improve lipid profile using available

medications.
– Check proteinuria status annually.
– Measure serum creatinine and calculate eGFR

annually.
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Preamble

Diabetic nephropathy is a leading cause of ESRD affecting
∼ 20–30% diabetes patients and is associated with in-
creased CV mortality [3]. It affects 10–40% of T2DM pa-
tients who eventually suffer from kidney failure [4, 5]. In
the cross-sectional survey of Indian patients with T2DM in
CINDI and CINDI 2 studies, DN was prevalent in 1.06 and
0.9% patients, respectively [6, 7]. Cost of treatment for
advanced CKD is substantial. Less than 10% of ESRD
patients have access to any kind of renal replacement ther-
apy [8, 9]. Thus, in a country with limited resources, it
becomes appropriate to direct efforts towards prevention
of CKD rather than the treatment. In India, with an increase
in the prevalence of diabetes, it becomes imperative to
evolve definite guidelines for detection of diabetic ne-
phropathy and suggest practical clinical recommendations
to combat it. Improving glycemic control, aggressive anti-
hypertensive treatment, and the use of ACE inhibitors or
ARBs will slow down the rate of progression of nephrop-
athy [10, 11]. In addition, protein restriction and other
treatment modalities such as phosphate lowering may have
benefits in selected patients [12].

Considerations

The panel endorsed the IDF 2014 recommendations for
diagnosis and management of diabetic nephropathy.
However, few of the recommendations were modified
based on local factors such as limited resources, lack of

quality assurance in labs, higher prevalence of diabetic
kidney disease, and hypertension and cost of treatment
of kidney failure through dialysis or transplantation which
were reviewed in Indian context.

Rationale/evidence

Screening for urinary protein excretion

& EPE is a method of estimating ACR in a random urine
sample to assess renal function in patients with diabetes.
EPE was found to be useful in serial evaluation of kidney
function in Indian patients with diabetes [13, 14].
Moreover, EPE is a simple and inexpensive screening
procedure for urinary protein excretion which can be used
as a diagnostic test in outpatient wards, particularly in
developing countries like India.

& As EPE is an inexpensive screening procedure to assess
kidney function, the panel recommended it for use in
Indian population who are at risk of diabetic nephropathy.

& Screening of microalbuminuria and estimation of
glycated albumin can help in the clinical management
of diabetic nephropathy [15]. Screening for albumin-
uria by measuring urine albumin concentration or es-
timating ACR is acceptable in Asian population [16].
However, evidence suggests that vigorous exercise
even for short periods (15–20 min) leads to ACR
above the microalbuminuria threshold even in healthy
subjects [17, 18].

& On the basis of evidence, the panel suggested that physi-
cians should ask about recent vigorous exercise and avoid
measuring urine albumin excretion for at least 24 h in the
presence of same.

Management

Protein restriction

& IDF recommends limiting protein intake to 1 g/kg body
weight daily among individuals with CKD, if they are found
proteinuric. Similarly, ADA recommends protein intake
should be 0.8 g/kg/body weight/day in patients with CKD
[2]. In the Indian context, the source of protein is mainly
from vegetable and animal oils and daily protein consump-
tion is about 0.6–0.8 g/kg body weight [19]. Furthermore,
protein content in non-vegetarian diet was found to be higher
when compared to the vegetarian diet [20]. In addition, ev-
idence suggests that animal proteinmay aggravate the risk of
diabetes [21]. Therefore, the panel emphasized on protein
restriction and avoiding extra protein intake, particularly in
non-vegetarians with nephropathy.

Stratifying target blood pressure as per clinical condition

ADA 2017 [1] •< 140/90 mmHg is recommended to
decrease CVD mortality and slow
down CKD progression

• Lesser targets such as
< 130/80 mmHg might be
considered in individuals with
albuminuria and at increased risk of
CVD and CKD progression

• While achieving < 130 mmHg
systolic BP target, especially in old
people, care should be taken to avoid
diastolic BP levels < 60–70 mmHg

KDIGO 2012 [2] • In CKD patients, not requiring
dialysis, with urinary albumin
excretion < 30 mg/day and office BP
consistently below 140/90 mmHg, a
target of ≤ 140/90 mmHg is
recommended

• In CKD patients, not requiring
dialysis, with urinary albumin
excretion > 30 mg/day and office BP
consistently > 130/80 mmHg, a
target of ≤ 130/80 mmHg is
recommended
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Smoking

& Smoking is associated with hyperglycemia, dyslipidemia,
and decline in GFR which leads to the progression of
ESRD in patients with diabetes [22, 23]. Smoking tends
to induce albuminuria and abnormal renal function
through formation of advanced glycated end products
(AGES) which are responsible for advanced vascular per-
meability and kidney damage [24]. A recent systematic
review reports that consumption of ≥ 15 packs of
cigarette/year increases the risk of progression of CKD
[25]. Moreover, data from a recent study in India suggests
that compared to non-smokers the prevalence of
microalbuminuria in smokers was fourfold higher [26].

& The panel opined that patients must be counselled against
tobacco use and encouraged to quit smoking to reduce the
risk of progression to ESRD.

Referral to specialist

& The panel endorsed IDF recommendation on referral
criteria; however, it was suggested that because most of
the patients at this stage of diabetic nephropathy require a
specialist care which may not be available at primary care
or single physician center. Hence, local diabetes special-
ists should refer the patient to specialist renal care center/
nephrologist. Likewise, nephrologists should refer pa-
tients to specialist renal care if the patient presents with
following condition:

– eGFR < 30 mL/min/1.73 m2

– Progressive deterioration of kidney function
– Persistent proteinuria, biochemical or fluid retention

problems or
– Difficulty in diagnosis (to rule out non-diabetic renal

disease where fundus is normal and proteinuria is not
present)

Indian evidence

& Prevalence of microalbuminuria is strongly associated
with age, DBP, A1C, FPG, and duration of diabetes [27,
28].

& A positive correlation between urine albumin excretion
rate and eGFR < 60 mL/min/1.73 m2 was observed indi-
cating that these two parameters provide a complimentary
benefit in management of CKD [29].

& Vitamin D deficiency can have significant impact on
albuminuria. Therefore, supplementation with
calcitriol should be considered in these patients as it
has been shown to provide beneficial effects on
microalbuminuria [30].

Implementation

Management of CKD requires access to healthcare profes-
sional, laboratory for ACR and creatinine estimations, and
availability of multiple blood pressure-lowering medications
in particular renin-angiotensin system blockers.
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RSSDI 2017 recommendations for foot care

Recommended care

& Assess feet of patients with diabetes as part of an annual
review for lesions which require active treatment and for
risk factors for ulcer and amputation:

– History of previous foot ulceration or amputation,
symptoms of peripheral arterial disease (PAD), phys-
ical or visual difficulty in self-foot care

– Foot deformity (hammer or clawed toes, bone prom-
inences), visual evidence of neuropathy (dry skin,
dilated veins) or incipient ischemia, callus, nail de-
formity or damage, footwear

– Detection of neuropathy by 10 g Semmes Weinstein
monofi lament (or 128-Hz tuning fork) , a
biothesiometer (VPT) is an option for quantitative
assessment (cut-off point for ulcer risk > 25 V),
non-traumatic pinprick

– Palpation of foot pulses (dorsalis pedis and posterior
tibial). Doppler or ankle/brachial pressure (ABI) ratio
(< 0.9 for occlusive vascular disease) may be used
where pulses are diminished to quantify the
abnormality
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& Discuss the reasons for foot review with each person
with diabetes as part of the foot care educational
process.

& Must emphasize not to walk bare foot at all including visit
to religious places.

& Timely screening and early detection of diabetic neuropa-
thy may help in prevention of the progression to diabetic
foot.

& Agree a foot care plan based on the findings of annual foot
reviewwith each personwith diabetes. Assess and provide
necessary foot care education according to individual need
and risks of ulcer and amputation.

& Classify risk of ulcer or amputation according to findings
of the foot assessment:

– No added risk: no risk factors and no previous history
of foot ulcer or amputation

– At risk: one risk factor and no previous history of foot
ulcer or amputation

– High risk:

° Two or more risk factors
° Previous ulcer or amputation (very high risk)

& Manage according to risk classification level:

– No added risk: provide foot care education
– At risk: arrange regular review, approximately every

6 months, by foot care team

° At each review:

& Inspect both feet—ensure provision of local management
as indicated

& Evaluate footwear—provide appropriate advice
& Enhance foot care education

– High risk:

° Arrange frequent review every 3–6 months by foot
care team

° At each review:

& Inspect both feet—ensure provision of local management
as indicated

& Evaluate footwear—provide advice and specialist insoles
and shoes if indicated

& Consider need for vascular assessment or referral if
indicated

& Evaluate and ensure the appropriate provision of intensi-
fied foot care education

& People with foot ulceration or infection require the follow-
ing management:

– Pressure off loading
– Refer to multidisciplinary foot care team within 24 h

for:

° Appropriate wound management, dressings, and
debridement as indicated

° Infections should be classified as mild (superficial
with minimal cellulitis), moderate (deeper than
skin ormore extensive cellulitis), or severe (accom-
panied by systemic signs of sepsis). Consideration
of systemic antibiotic therapy (often longer term)
for extensive cellulitis or bone infection as indicat-
ed; generic penicillin, cephalosporins, macrolides,
clindamycin, and/or metronidazole as indicated as
first-line medications, with amino-quinolones, or
co-amoxicillin as examples of second-line
medications

° Probing to bone, radiology and scans, magnetic
resonance imaging, and biopsy where indicated
for suspected osteomyelitis

° Reduce weight bearing, relief of pressure (walking
with crutches, rest) off loading, and optimal pres-
sure distribution (casting if indicated)

° Investigation and treatment (referral) for vascular
insufficiency

° Specialist footwear and orthotic care (e.g., insoles)
and individualized discussion of prevention of re-
currence, when ulcer has healed

° Optimal blood glucose control

– Amputation should not be considered unless:

° A detailed vascular evaluation has been performed
by the vascular team

° Ischemic rest pain cannot be managed by analgesia
or revascularization

° A life-threatening foot infection cannot be treated
by other measures

° A non-healing ulcer is accompanied by a higher
burden of disease that would resul t in
amputation

Limited care

& Risk assessment and classification would be as for recom-
mended care but with sensory assessment by 10-g mono-
filament or tuning fork, with or without non-traumatic
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disposable pinprick only, and peripheral circulation as-
sessment by palpation of pedal pulses.

& NSS and NDS in T2DMpopulation has been found to be a
useful resource in evaluating diabetic sensorimotor
polyneuropathy as important bedside tool.

& Classification of infection would be as for recommended
care but antibiotic therapy would be with generic penicil-
lin, quinolones, macrolides, and/or metronidazole, given
intravenously for deep tissue infections, and adjusted by
response or culture results.

& Vascular referral would be according to findings and local
revascularization facilities.

Preamble

Diabetic foot problems are one of the most common reasons
for hospitalization of patients with diabetes (about 30% of
admissions) and consume about 20% of the total healthcare
costs of the disease compared to all other diabetic complica-
tions [1, 2, 3]. In India, prevalence of foot ulcers in patients
with diabetes in clinic population varies from 3 to 14% [4–6].
Peripheral neuropathy, Charcot arthropathy, foot ulcers, infec-
tions, and lower extremity amputations are the various lower
limb complications seen in diabetes patients [6]. Strategies
aimed at preventing foot ulcers are cost-effective and can even
be cost-saving if increased education and efforts are focused
on those patients with recognized risk factors for the develop-
ment of foot problem. The management of diabetic foot dis-
ease may seem poorly defined by comparison with complica-
tions such as nephropathy, hyperlipidemia, and retinopathy,
for which clear guidelines exist. A multidisciplinary team ap-
proach, particularly in specialized diabetic foot clinics, is very
successful in avoiding and treating foot complications. Present
guideline focuses on the various mechanisms of managing
diabetic foot disease.

Considerations

The panel endorsed the IDF 2014 recommendations for diag-
nosis and management of diabetic foot complications.
However, few of the recommendations were modified based
on local factors such as limited resources and lack of quality
assurance in labs, which were reviewed in Indian context.

Rationale/evidence

Detection and timely screening

& Vibration perception threshold (VPT) is considered as a
gold standard for diagnosis of diabetic peripheral neurop-
athy. However, simple clinical scores such as NSS and
diabetic neuropathy examination (DNE) scores were

found to be simple and useful tools for the diagnosis of
peripheral neuropathy in patients with diabetes [7, 8].
Moreover, a good correlation between VPT score with
tuning fork, monofilament, and ankle reflex was found
suggesting that simple bed side tests are useful in clinical
practice, even in those subjects in whom foot care prac-
tices are not followed [9, 10].

& Using NSS and NDS in T2DM patients has been found to
be a useful resource in evaluating diabetic sensorimotor
polyneuropathy as an important bed side tool [11–13]
(Annexure XII).

Avoid walking bare foot

& Sociocultural practices like bare foot walking indoors and
other religious places, use of improper footwear, and lack
of knowledge regarding foot care are significant contribu-
tors of diabetic foot complications in India [14–16].
Therefore, the panel emphasized on educating patients
on problems associated with walking bare foot [17] and
advice on the use of appropriate/therapeutic footwear, par-
ticularly those at high risk to prevent the development of
foot deformities and ulceration [18].

& A questionnaire-based study evaluating the foot care
knowledge and practices with foot complications in 300
Indian patients suggests that majority of these patients
were not educated previously about foot care and walked
indoors without foot wear. The study emphasized that
poor knowledge of foot care and poor footwear practices
are important risk factors for foot problems in diabetes and
called for a joint effort from doctors and footwear industry
and to educate patients about foot care and improve their
choice and selection of footwear so as to reduce foot prob-
lems [19].

Pressure offloading

& Pressure modulation commonly referred to as Boff-
loading^ is an important component in the management
and treatment of diabetic foot ulcers. It involves mitigation
of pressure at an area of high vertical or shear stress [20,
21]. Combining effective, easy to use offloading devices
such as total contact casts and removable cast walkers
ensures patient compliance, heal foot ulcers, and avert
limb amputations [1, 21, 22].

& Mandakini offloading device [23, 24] and Samadhan
offloading system [24, 25] were found to bemost econom-
ical, easy to apply, and effective methods to redistribute
the pressure in ulcerative areas.

& A recent systematic review and meta-analysis report that
compared with standard dressing changes, negative
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pressure wound therapy had a higher rate of complete
healing of ulcers (RR, 1.48; 95% CI, 1.24–1.76;
p < 0.001), shorter healing time (MD, − 8.07; 95% CI, −
13.70 to − 2.45; p = 0.005), greater reduction in ulcer area
(MD, 12.18; 95% CI, 8.50–15.86; p < 0.00001), greater
reduction in ulcer depth (MD, 40.82; 95% CI, 35.97–
45.67; p < 0.00001), fewer amputations (RR, 0.31; 95%
CI, 0.15–0.62; p = 0.001), and no effect on the incidence
of treatment-related adverse effects (RR, 1.12; 95% CI,
0.66–1.89; p = 0.68) [26].

Implementation

Availability of basic equipment, appropriate protocols, struc-
tured records, and recall systems needs to be supported by
appropriate training for professionals providing screening
and management services. Liaison needs to be established
with orthoptists, footwear suppliers, and cast technicians.
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Infections and vaccinations

RSSDI 2017 recommendations

Recommended care

& All adult diabetes subjects should be educated about ad-
ministering pneumococcal and influenza vaccine and
those age of > 60 years should be advised to be
vaccinated.

& For diabetes subjects, a single dose of pneumococcal
conjugate vaccine (PCV13) to start and a second dose
(in immunocompromised or > 65 years old) after
1 year and a booster dose after 5 years with pneumo-
cocca l polysacchar ide vacc ine (PPSV23) i s
recommended.

& Children with diabetes < 2 years of age can be given pneu-
mococcal polysaccharide vaccine and children > 6 months
of age can be provided with influenza vaccine.

& Other vaccines may be administered in patients with dia-
betes based on need.

& Irrespective of age, immunization is recommended in all
patients with:

– Renal failure
– Diabetes and immune-compromised state due to con-

comitant conditions
– Diabetes and chronic lung diseases like chronic ob-

structive pulmonary disease (COPD) and bronchial
asthma

– Diabetes patients who smoke
– Poor hygienic conditions (especially slum dwellers)

and those who frequently travel to high-risk areas

& Vaccination is contraindicated/postponed in patients with:

– Hypersensitivity to the active substances or to any of
the excipients of the vaccine

– History of chicken egg allergy particularly when con-
sidering flu shot

– Recent history of Guillain-Barre syndrome within
6 weeks of a previous influenza vaccination in the
case of flu shot

– Postponed in patients with febrile illness or any acute
infection

& In patients with chicken egg allergy, chemoprophylaxis
with amantadine/rimantadine or immunization using a
protocol as reported by Murphy and Strunk may be
considered.

Limited care

& The principles for infections and vaccinations during dia-
betes are as for recommended care subject to availability
and affordability of pneumococcal and influenza vaccines.

Preamble

The risk of developing infectious diseases due to diabetes is
now being considered an important complication of diabetes
[1, 2]. Diabetes increases the risk of infection by two to three
times in comparison to the non-diabetic population. The mor-
bidity and mortality associated with infectious diseases such
as influenza, pneumonia, and hepatitis, which is usually pre-
ventable by appropriate vaccination, also appear to be very
high in diabetes subjects [3]. Patients with T2DM, especially
those with PVD, are at high risk for many types of typical and
atypical infections due to immune dysfunction, DN, and poor
circulation [4]. Furthermore, skin breakdown in patients with
advanced diabetes and PVD provides a portal of entry for
bacteria. Longer duration of diabetes and poor glycemic con-
trol causes increased risk of pneumonia related hospitaliza-
tions in diabetes subjects due to compromised immune system
of the host [5]. A recent study demonstrated that patients with
high blood glucose level are at increased risk of community-
acquired pneumonia [6, 7]. Even certain viral infections can
lead to new onset of diabetes in the population who are genet-
ically prone to develop diabetes.
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Considerations

The decision about conducting a screening program should be
based on local factors such as limited resources and high prev-
alence of diabetes-related infections factors that were
reviewed in Indian context.

Rationale and evidence

Infections in diabetes

& Several factors have been implicated for infections in dia-
betes, of which, altered immunity is the most predominant
one [4, 8]. Other predisposing factors increasing suscepti-
bility to infections include diabetes-related complications,
frequent catheterization, and dialysis in chronic renal fail-
ure patients. Evidence that these immunological defects
can be corrected through good glycemic control support
the importance of close monitoring of infectious diseases
in subjects with diabetes [9].

& Urinary tract, respiratory tract, and foot and deep soft in-
fections are most common in T2DM occurring with in-
creased incidence and resulting in high mortality [10, 11].

& Following section deals with evidences from Indian and
global studies on infections that commonly occur in pa-
tients with diabetes.

– Influenza: Diabetes increases the risk of hospitaliza-
tion after influenza infection and quadruples the risk
of intensive care unit (ICU) admission after hospital-
ization [12]. Death rates among patients with diabetes
during influenza epidemics may increase up to 5–
15% [13]. Evidence that influenza can trigger coro-
nary complications, when taken in the context of di-
abetes subjects, gains more significance since the risk
for CVD is already two- to fourfold higher in this
subgroup [11, 14].

– Retroviral infections: Cirrhosis of liver in diabetes
patients results in higher incidence of glucose intoler-
ance (60–96%) and overt diabetes (20–60%) [15].
Elevated rates of inflammation and endothelial cell
dysfunction are observed in human immunodeficien-
cy virus (HIV)-infected patients with T2DM [16].
Moreover, in HIV patients undergoing active retrovi-
ral therapy, autoimmune diabetes may be caused due
to protein inhibitors and nucleoside analogues.
Therefore, in HIV patients with compensated cirrho-
sis and high IR, insulin should be the preferred choice
of treatment [15].

– Malignant otitis externa: This commonly occurs in
patients with diabetes and is mostly caused by
Pseudomonas aeruginosa [17]. It can be prevented
by creating proper awareness regarding healthy ear

cleaning practices like not using commercially avail-
able ear buds and other foreign objects or unsterilized
cotton. Management protocol comprises of strict gly-
cemic control, correction of electrolyte imbalance,
improvement in immuno-competence, aural toileting,
hyperbaric oxygen therapy and prolonged systemic,
and ototopic antimicrobial therapy (3–6 weeks) with
agents such as piperacillin with tazobactam, cipro-
floxacin, and cefoperazone [17].

– Infections of hand and upper limb: Diabetes ulcers in
the upper limb should be promptly treated with ade-
quate surgical means in order to prevent spreading of
infection. Creating awareness on healthy cleaning
practices minimizes disability and result in better out-
come [18].

– UTIs: These, mostly asymptomatic bacterial infec-
tions, occur more frequently in female diabetes pa-
tients. In all hospitalized diabetes patients, it is rec-
ommended to perform urine culture to detect pres-
ence of bacteriuria, a condition leading to an unex-
plained worsening of the glycemic control in some
patients [19].

– Hepatitis: It has been observed that several patients
with underlying diabetes suffer from prolonged or
complicated course of acute viral hepatitis. It is possi-
ble that with impaired hepatocyte regenerating capac-
ity, these patients run a more prolonged and compli-
cated course. In diabetes population, hepatitis B and C
produce more comorbidities and prolonged infections.

° Even though hepatitis B virus (HBV) itself may not
cause diabetes directly, cirrhosis derived from HBV in-
fection poses twofold higher risk for T2DM [20].
Infection due to HBV may occur during monitoring of
blood glucose and other procedures involving multi-
patient use of finger-stick devices designed for single-
patient use and inadequate disinfection and cleaning of
blood glucose monitors between patients [21].

° When hepatitis C virus (HCV) infection occurs in
diabetes patients, the chronicity as well as risk of
infections further increase. In a meta-analysis of 22
studies, it was found that patients with T2DMwere at
higher risk for acquiring HCV than non-T2DM pa-
tients (OR, 53.50; 95% CI, 52.54, 54.82) [22].

° Hepatitis A is the most common vaccine-preventable
virus acquired during travel and it is highly prevalent
in the Indian subcontinent. Protection with hepatitis
A vaccination is proven to last at least 15 years [23].

– Tuberculosis: Because diabetes impairs host defense
mechanism, it has long been known to be a risk factor
for active tuberculosis (TB) and reactivation of latent
TB [24]. Evidence suggests that the risk of
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developing TB is increased among patients with dia-
betes, particularly during the first year after diagnosis
of diabetes [25]. Furthermore, it is associated with
worse treatment outcomes, higher rates of relapse,
and higher mortality rates in patients affected by both
diseases. It is estimated that 15% of TB cases globally
could be attributed to diabetes and 40% of these cases
are from India and China [26]. Moreover, in develop-
ing Asian countries, prevalence of TB among diabe-
tes patients was 1.8–9.5 times higher than in the gen-
eral population [26]. The situation is particularly chal-
lenging in low-income and middle-income countries
where TB is endemic. Data from a systematic review
of 13 observational studies indicate that efforts to
diagnose, detect, and treat diabetes early may have a
beneficial impact on TB control [27].

Types of vaccines

& Various types of vaccinations recommended to prevent
these infections are:

– Pneumococcal vaccination: Two pneumococcal vac-
cines are available: PPSV23 and PCV13. Secondary
immune response after PCV13 immunization is
higher, whereas response is lower after immunization
with PPSV23 vaccine [28].

– ° The panel recommends the use of PCV13 for adults
≥ 50 years followed by a dose of PPSV23 at least
1 year later (and at least 5 years after their previous
PPSV23 dose) depending on the clinical judgment
of the physician. These recommendations are in line
with the guidelines from the ADA 2017 and are also
in synergy with the guidelines released recently by
the Indian Society of Nephrology 2016, Indian
Academy of Allergy 2017, and the Geriatric
Society of India 2015 [29–32].

– ° PCV13 is available for vaccination of older adults
and must be considered an important step for vacci-
nating older diabetes patients with age of > 50 years.
PPSV23 may be offered to immune-compromised
patients with diabetes for additional coverage after
PCV13. Repeated vaccination with PPSV23 must
be avoided to prevent hypo-responsiveness. Clinical
judgment in relation to individual subjects should be
relied upon before these recommendations are put
into practice.

– Influenza vaccination: In all patients with T2DMwith
age ≥ 6 months, excluding those who are allergic to
eggs, influenza vaccine is recommended [33, 34].

Influenza vaccination among diabetes patients re-
duced hospital admissions by 79% in two influenza
epidemics in England [35].

– HBV: To all unvaccinated patients with diabetes of age
19–59 years, three dose series of HBVis recommended
[34]. In unvaccinated patients with ≥ 60 years of age,
three dose series vaccine could be considered [34].

& Apart from the vaccines mentioned above, other routinely
recommended, age-related vaccines should also be pro-
vided to all diabetes patients [34].

& Annexure XIII provides brief information on recommend-
ed vaccines for patients with diabetes.

Methods to improve rate of vaccination

& Despite the importance of vaccination in diabetes patients,
vaccination rates are low in them. In a survey on 307
diabetes patients in Singapore, only 30.6% of patients
were found to be vaccinated with influenza vaccine [36].
Another cross-sectional survey on 279 diabetes patients in
Spain determined the vaccination rates for seasonal influ-
enza, pneumococcus, and hepatitis B as 40, 2, and 2%,
respectively [37]. A survey on 274 elderly people in
Turkey revealed that the proportion of diabetes patients
vaccinated for influenza or pneumococcus or tetanus as
38.1, 13.4, and 9.28%, respectively [38].

& Perception, knowledge, and misconception that vaccines
are infective and cause side effects are some of the barriers
for avoiding vaccination [36, 37].

& Maintaining a diabetes registry, systemic tracking system,
and reminder system serve as tools for improvising the
acceptance to vaccination and communicating with the sub-
jects for the need of vaccination which provides awareness
on immunization [37, 39]. The combined used of patient
outreach letters, special immunization clinics, standing or-
ders, and practitioner reminders onmedical records resulted
in a remarkable 15-fold increase in pneumococcal vaccina-
tions in diabetes patients in Guam, USA [40]. Similarly, a
combination of strategies including dissemination of guide-
lines, advice on setting up disease and vaccine registers, call
and recall systems, and benchmarking of performance re-
markably improved influenza and pneumococcal vaccina-
tion rates in high-risk individual groups including diabetes
patients in UK [41]. Periodic training of the staff accompa-
nied by ongoing assessment of immunization rates and
work flow and also a close follow-up with the patient or
his caregiver by the treatment team are beneficial in mini-
mizing the risk of inappropriate revaccinations [42].

& The protocols should also aim at implementing a quality
assurance process so that the standards of care are main-
tained [43].
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Implementation

Apart from the micro- and macrovascular events in diabetes,
infections due to influenza and pneumococci should be consid-
ered as significant public health concern. All clinics providing
vaccinations shall maintain the records to assess the efficacy of
vaccines regarding occurrence of various complications in vac-
cinated individuals compared to non-vaccinated subjects.
Vaccination strategies in diabetes should evolve as part of rou-
tine care and a central registry needs to be maintained.
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Fasting and diabetes

RSSDI 2017 recommendations

Recommended care

& Fasting is best avoided in persons with T2DM especially if
they also have:

– Uncontrolled or unstable glycemic values
– History of recurrent diabetic ketoacidosis (DKA),

inter-current illness
– Significant macrovascular complications
– Significant microvascular complications
– History of hypoglycemic unawareness
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& T2DM patients should abstain from fasting if they are:

– On intensive insulin therapy
– Non-adherent to advice on diet, drug regimens, and

daily activities
– Experiencing frequent hypoglycemic episodes (hypo-

glycemia without any symptoms)
– Antenatal or nursing
– Elderly or children and continuing certain antidiabetic

medications

& Patient-centered diabetes education with regular glucose
monitoring and adjustment of treatment regimens should
be recommended in all T2DM patients in order to mini-
mize AEs related to diabetes such as hypoglycemia during
fasting.

& Persons with diabetes who wish to fast must consult a
physician prior to fasting and should be encouraged to
participate in pre fast counselling/assessment to optimize
monitoring/therapeutic strategies for optimal glycemic
control.

& Lifestyle modification including patient centered fasting
nutrition plan is recommended for all patients with
T2DM to avoid further complications.

& During fasting, patients with diabetes should always:

– Carry some sweets/other source of glucose to use in
case of hypoglycemia

– Carry identification card displaying diabetic status
and current medication

– Test blood glucose levels regularly (especially, if un-
well during fasting)

– Treat promptly if glucose levels are deranged
– End the fast immediately if dehydrated or

hypoglycemic
– Discuss with the physician regarding change in dose

and timing of insulin injections

& Patients with diabetes should be educated to increase the
awareness on risks of fasting.

& Hypoglycemia may be prevented in four levels includ-
ing primordial, primary, secondary, and tertiary, using
Anticipate, Suspect, Act to treat, Prevent (ASAP)
strategy.

& Metformin, incretin-based therapies like sitagliptin,
vildagliptin, and liraglutide, and pioglitazone, newer sul-
fonylureas like gliclazideMR and glimepiride are the pref-
erable agents to be used during fasting that is spread over a
number of days or weeks.

& Rapid-acting insulin analogues may be preferred over reg-
ular human insulin due to their less risk of hypoglycemia
and less postprandial glucose excursions in patients with
T2DM who fast during Ramadan.

Limited care

& The principles for management of diabetes during fasting
are as for recommended care.

& Consume complex carbohydrates like whole grain, potato,
berries, citrus fruits, apple, nuts, and legumes at prefasting
time and simple carbohydrates like bread, cereals, and
rice, at postfasting time to reduce complications.

Preamble

Fasting is a common religio-cultural practice followed in
different forms according to various religions across the
world. Hindus perform fasting during Navaratri, Karva
Chauth, and Guru Purnima, Muslims observe during
Ramadan, Buddhist performs during Lent, and Jains keep
fasting in occasion of Paryushana [1–3]. Religious fasting
is a means of inculcating discipline in an individual but
not to impose excessive hardship [4]. Fasting is a time of
great spiritual growth and can also improve physical well-
being if properly undertaken. Though preference for reli-
gious fasting is a personal decision, persons with diabetes
may fast after careful risk assessment and counselling
with healthcare professionals and religious leaders, who
help the individual make an informed decision [5].
Fasting may place patients who are on antidiabetic medi-
cations at higher risk of hypoglycemia and associated
complications. Furthermore, in special populations like
pregnant individuals, elderly people, persons with con-
comitant diseases, and those with renal and hepatic im-
pairment, the risk of complications may increase if proper
care is not taken. Therefore, a patient-centered approach
including diet plan and dose modification/omission with
careful monitoring during fasting period may reduce the
complications in patients with diabetes. Fasting may have
different connotations in different religions. It does not
necessarily mean to abstain from food. For example, in
the Jain religion, many eat the last meal before sunset and
is considered a form of prayer. Similarly in Ramadan, one
who cannot fast can feed the needy to offer prayer.
Depending on the degree of abstinence from food, fasts
may be classified as follows:

However, it should be noted that almost all religions pro-
vide special concessions to believers who are ill, travelling, or
unable to keep fasts due to some reason or the other.

Type of fast

• Complete fasting: giving up food and water completely for a period

• Partial fasting: eating less than you need to avoid hunger

• Limiting the number of food items eaten

• Giving up favorite foods
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Considerations

Based on the following factors, the glucose-lowering therapy/
strategy during fasting period may be modified/altered.

Rationale and evidence

Pre fast counselling/assessment/education

& Discussion about fasting should be initiated prior to
the fast. This should include the potential discomforts
and risks of fasting and means of mitigating them. The
person’s exact perspective of fasting, including dura-
tion of fast, allowance for liquids and snacks during
the day, acceptance of sublingual foods, and freedom
to break the fast in case of significant discomfort,
must be clarified [1].

& Prefast assessment comprises comprehensive history tak-
ing, physical examination, and investigations aimed at
identifying stigmata of target organ damage, so that strat-
egies can be made to optimize health during fasts [6].
Prefast counselling should include appropriate diabetes
education, self-management practices, and hypoglycemia
awareness training [7].

& An observational study including Indian patients reports
that the knowledge of diabetes during the period of
Ramadan among the Muslims was only 58.5 and 37.3%
patients did not monitor their blood glucose levels in the
previous Ramadan [8].

& Concerned physician, pharmacist, and health workers
have great role in providing education and making aware-
ness regarding the management of diabetes during fasting
[9, 10].

& Factors that may increase the risk of hypoglycemia, hypo-
glycemia unawareness, and dehydration must be noted
[11, 12]. The concept of shared decision-making and
person-centeredness must be followed, in letter and in
spirit while considering whether a particular individual
can fast safely or not [13].

& A structured diabetes educational program should be given
to the patients and their families, which gives information
on risk quantification, physical activity, glucose monitor-
ing, diet, hypoglycemia, dosage and timing ofmedications,
and identification of the symptoms of complications [5].

& Evidence suggested that structured education program
was associated with significantly less weight gain
(p < 0.001) and hypoglycemic episodes (p < 0.001) with
reduced risk of acute complications compared to those
who were not educated during fasting [14, 15].

& A study including 774 diabetes patients report that those
who received individualized education were more likely
to modify their diabetes treatment plan during Ramadan
(p < 0.0001), to perform SMBG at least twice daily during
Ramadan (p < 0.0001), and to have improved knowledge
about hypoglycemic signs and symptoms (p = 0.0007).
Moreover, BMI (− 1.1 ± 2.4 vs − 0.2 ± 1.7 kg/m2,
p < 0.0001) and A1C (− 0.7 ± 1.1 vs − 0.1 ± 1.3%,
p < 0.0001) significantly reduced in these patients during
Ramadan compared with who received usual care [16].

& SMBG should be considered as an important tool that
helps both patients and physicians to practice safe
decision-making regarding drug dosage and other aspects
of management [17]. Evidence suggests that among pa-
tients with T2DM, an increase in frequency of SMBGwas
associated with better glycemic control in those who were
on insulin and were able to adjust their regimen [18, 19].
Furthermore, Ramadan education and awareness in diabe-
tes (READ) program including regular glucose monitor-
ing report significantly less episodes of hypoglycemia and
weight gain in patients with T2DM [14].

Lifestyle modification and nutrition

& Fasting, itself as a form of lifestyle modification for
T2DM patients, if utilized properly, may result in several
health benefits to the patients [1].

& Prefasting diet should include the diet containing slow
release foods and patients with T2DM should not indulge
in overeating in the postfasting period in order to avoid
postprandial hyperglycemia [1, 20]. Therefore, complex
carbohydrates like whole grains, potato, berries, citrus
fruits, apple, nuts, and legumes at prefasting and simple

Fasting Glucose-lowering therapy Individual phenotype Patient characteristics
• Duration of fast
• Restriction of fluids/solids: absolute/partial
• Frequency of fast (once weekly/once monthly/once

yearly/others)

• Potential for hypoglycemia
• Potential for dehydration
• Potential for gastrointestinal

upset
• Duration of action

• Risk of hypoglycemia
• Risk of hypoglycemia

unawareness
• Ability to self-monitor blood

glucose

• Pregnancy
• Elderly
• Concomitant

diseases
• Adolescent and

children
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carbohydrates like bread, cereals, rice, and pasta at
postfasting may be more appropriate to reduce complica-
tions [1, 5].

& Diet during Ramadan should be individualized by
balancing patient risk and adequacy of glycemic control.
The Epidemiology of Diabetes and Ramadan (EPIDIAR)
study reports that around 15–30% of the patients with
diabetes either gain or lose their body weight during
Ramadan period [21].

& Moderate to highly vigorous exercise should not be per-
formed during fasting. However, routine daily activities
can be continued [1, 5, 22].

Religious fasts

Though several guidelines are available for different aspects
of diabetes care, fasting in diabetes poses a unique challenge
[4, 23]. Designing randomized controlled trails to address the
issues related to fasting in patients with diabetes is particularly
difficult. Therefore, understanding the physiology of fasting
and linking it to pathophysiology and clinical manifestation of
diabetes are required to design strategies for glycemic man-
agement during fasting [24].We summarize different religious
fasts commonly observed in India that can have significant
impact on metabolic and glycemic health in diabetes:

& Ramadan fasting: It is a principle ritual followed by
Muslims during the sacred month of Ramadan (the ninth
lunar month of Islamic/Hijri calendar) [5, 23]. During this
month, all healthy adult Muslims abstain from food,
drinks, and medication from dawn to dusk (sunset).
Believers usually eat two times, one before dawn
(Suhur) and one after sunset (Iftar). Hypoglycemia and
dehydration are major complications associated with
fasting though hyperglycemia may occur, due to overin-
dulgence in food during the two main meals of Suhur and
Iftar [25, 26]. Therefore, prefast risk stratification follow-
ed by a treatment tailored to individual needs appears to be
the best management strategy. In addition, structured ed-
ucation enables patients to self-manage their condition
better [5, 27].

& Jain fasts: There are two sects in the Jain religion, the
Shwetambers and the Digambers. The fasts are similar in
both sects, except for the duration of fasting during the
pious month of Paryushana 8 days for the Shwetamber
sect and 10 days for the Digamber sect. Jains usually fast
from dusk to dawn, unlike Hindu fasting which extends
from dawn to moon-rise [1, 3].

& Hindu fasts: Though not mandatory, most of the Hindus
observe day-long andweek-long fasts. Karva Chauth, Guru
Purnima, Ekadashi, Makar Sakranti, and Holi Ashtami are
some of the annual, monthly, and weekly fasts observed as

part of various vows. During Navratras, which occur twice
a year, Hindus observe longer fasts for a period of 9 days
usually from dawn to moon-rise/star-rise. The day-long
nature of Hindu fasts however makes it distinct from the
month-long fasts of Ramadan and Buddhist Lent. Unlike in
Islam, there are no universal rules laid down for Hindu
fasts, and therefore data on metabolic effect of these fasts
is scanty so far [1, 12].

Pharmacological management

& Metformin can be used safely in patients with diabetes
during fasting due to minimal incidences of hypoglyce-
mia; however, once daily dosing needs to be adjusted or
modified to avoid complications [5].

& Newer generation sulfonylureas (gliclazide MR and
glimepiride) should be preferred over older, long-acting
sulfonylureas like glibenclamide and chlorpropamide dur-
ing Ramadan fasting, as they are relatively more safe and
economical [4, 5, 27].

& Pioglitazone was found to be safe and efficacious in low-
ering blood glucose in fasting subjects during Ramadan in
combination with other antidiabetic agents [28]. However,
it was associated with significant increase in body weight
compared with placebo [29].

& Agents that can act on incretin system may maintain ade-
quate glycemic control in a glucose-dependent manner,
thus providing a safe alternative therapeutic option during
Ramadan [24]:

– Vildagliptin was found to be effective, safe, and well
tolerated in T2DM patients fasting during Ramadan,
with a consistently low incidence of hypoglycemia
across studies, accompanied by good glycemic and
weight control [30].

– Switching antihyperglycemic treatment to sitagliptin
from a sulfonylurea reduced the risk of symptomatic
hypoglycemia by approximately 50% in patients who
fasted during Ramadan [31, 32].

– In Treat 4 Ramadan trial, liraglutide compared with
sulfonylurea was well tolerated with more patients
achieving target A1C, lose or maintain weight with
no severe hypoglycemia and with high level of
treatment satisfaction [33]. However, LIRA-
Ramadan trial did not report any significant differ-
ence between liraglutide and sulfonylureas in terms
of severe hypoglycemia (23.7 vs 20.9%), although
weight loss (p = 0.0091) and A1C reduction
(p < 0.0001) were significant in liraglutide group
[34]. This suggests that liraglutide may be consid-
ered an effective therapy in combination with met-
formin during Ramadan.
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& SGLT2 inhibitors may be used during fasting, in view
of their low risk of hypoglycemia. However, the po-
tential risk of dehydration must be taken into account.
In a recent RCT, dapagliflozin reports significantly
fewer incidences of hypoglycemia than sulfonylureas
(6.9 vs 28.8%, respectively; p = 0.002). However, pos-
tural hypotension was greater in the dapagliflozin
group bu t d id no t r each s ign i f i cance [35] .
Furthermore, in a recent survey, 70% physicians report
that SGLT2 inhibitors are safe and effective for T2DM
management during Ramadan [36].

& Use of a rapid acting insulin analogue instead of regular
human insulin before meals in patients with T2DM who
fast during Ramadan was associated with less hypoglyce-
mia and less PPG excursions [37].

& A recent RCT concluded that 40% dose as IDet at sunrise
and 60% as Premix 70 before dinner was non-inferior to
standard care in patients with T2DM during Ramadan and
was associated with less AEs [38].

& Detailed information on categories of risk in patients with
T2DM who fast during Ramadan can be found in
Annexure XIV.

& Detailed information on recommended changes in treat-
ment regimens of OADs and insulin in patients with
T2DM who fast during Ramadan and other religious fasts
can be found from in the annexure XV.

References

1. Kalra S, Bajaj S, Gupta Y, Agarwal P, Singh SK, Julka S,
et al. Fasts, feasts and festivals in diabetes-1: Glycemic
management during Hindu fasts. Indian J Endocrinol
Metab. 2015a;19(2):198–203.

2. Latt TS, Kalra S. Managing diabetes during fasting—a
focus on Buddhist Lent. Diabetes Voice. 2012;57:42–5.

3. Julka S, Sachan A, Bajaj S, Sahay R, Chawla R,
Agrawal N, Saboo B, Unnikrishnan AG, Baruah MP,
Parmar G, Kalra S. Glycemic management during Jain
fasts. Indian Journal of Endocrinology and Metabolism.
2017;21(1):238.

4. Bashir MI, Pathan M, Raza SA, Ahmad J, Azad Khan
AK, Ishtiaq O, et al. Role of oral hypoglycemic agents in
the management of type 2 diabetes mellitus during
Ramadan. Indian J Endocr Metab 2012;16(4):503–7.

5. International Diabetes Federation (IDF), in collaboration
with the Diabetes and Ramadan (DAR) International
Alliance. Diabetes and Ramadan: Practical Guidelines,
April 2016, Available at https://www.idf.org/sites/default/
files/IDF-DAR-Practical-Guidelines-Final-Low.pdf

6. Al Arouj M. Risk stratification of Ramadan fasting in
person with diabetes. J Pak Med Assoc. 2015;65(5,
Suppl 1):S18–21.

7. Al-Arouj M, Assaad-Khalil S, Buse J, Fahdil I, Fahmy
M, Hafez S, et al. Recommendations for management of
diabetes during Ramadan: update 2010. Diabetes Care.
2010;33(8):1895–902.

8. Zainudin SB, Ang DY, Soh AW. Knowledge of diabetes
mellitus and safe practices during Ramadan fasting
among Muslim patients with diabetes mellitus in
Singapore. Singapore Medical Journal. 2017;58(5):246.

9. Almansour HA, Chaar B, Saini B. Fasting, diabetes, and
optimizing health outcomes for Ramadan observers: a
literature review. Diabetes Therapy. 2017:1–23.

10. Kannan S, Mahadevan S, Seshadri K, Sadacharan D,
Velayutham K. Fasting practices in Tamil Nadu and
their importance for patients with diabetes. Indian
Journal of Endocr inology and Metabol ism.
2016;20(6):858.

11. Fatima J, Karoli R, Chandra A, Naqvi N. Ramadan
fasting in patients with type 2 diabetes mellitus: experi-
ence from a teaching hospital. Indian J Endocrinol
Metab 2012;16(2):323–4.

12. Gupta L, Khandelwal D, Singla R, Gupta P, Kalra S.
Pragmatic dietary advice for diabetes during Navratris.
Indian Journal of Endocrinology and Metabolism.
2017;21(1):231.

13. Mohammed GA, Car N, Muacevic-katanec D. Fasting
of persons with diabetes mellitus during Ramadan.
Diabetologia. Croatica. 2002;31(2):75–84.

14. Bravis V, Hui E, Salih S, Mehar S, Hassanein M,
Devendra D. Ramadan Education and Awareness in
Diabetes (READ) programme for Muslims with type 2
diabetes who fast during Ramadan. Diabet Med.
2010;27(3):327–31.

15. Ahmedani MY, Haque MS, Basit A, Fawwad A, Alvi
SF. Ramadan Prospective Diabetes Study: the role of
drug dosage and timing alteration, active glucose moni-
to r ing and pa t i en t educa t ion . Diabe t Med .
2012;29(6):709–15

16. McEwen LN, Ibrahim M, Ali NM, Assaad-Khalil SH,
Tantawi HR, Nasr G, Mohammadmoradi S, Misha AA,
Annabi FA, Ba-Essa EM, Bahijri SM. Impact of an in-
dividualized type 2 diabetes education program on clin-
ical outcomes during Ramadan. BMJ Open Diabetes
Research and Care. 2015;3(1):e000111.

17. Jabbar A. Glucose monitoring during Ramadan. J Pak
Med Assoc. 2015;65(5 Suppl. 1): S51–3.

18. Franciosi M, Pellegrini F, De Berardis G, BelfiglioM, Di
Nardo B, Greenfield S, et al. Self-monitoring of blood
glucose in non-insulin-treated diabetic patients: a longi-
tudinal evaluation of its impact on metabolic control.
Diabet Med. 2005;22(7):900–6.

19. Pfützner A, Weissmann J, Mougiakakou S, Daskalaki E,
Weis N, Ziegler R. Glycemic variability is associated
with frequency of blood glucose testing and bolus: post

S90 Int J Diabetes Dev Ctries (March 2018) 38 (Suppl 1):S1–S115

https://www.idf.org/sites/default/files/IDF-DAR-Practical-Guidelines-Final-Low.pdf
https://www.idf.org/sites/default/files/IDF-DAR-Practical-Guidelines-Final-Low.pdf


hoc analysis results from the ProAct Study. Diabetes
Technology & Therapeutics. 2015;17(6):392–7.

20. Chamsi-Pasha H, Aljabri KS. The diabetic patient in
Ramadan. Avicenna Journal of Medicine. 2014;4(2):29.

21. Salti I, Bénard E, Detournay B, Bianchi-Biscay M, Le
Brigand C, Voinet C, Jabbar A. A population-based
study of diabetes and its characteristics during the fasting
month of Ramadan in 13 countries results of the
Epidemiology of Diabetes and Ramadan 1422/2001
(EPIDIAR) study. Diabetes care. 2004;27(10):2306–11.

22. Ramadan J, Telahoun G, Al-Zaid NS, Barac-Nieto M.
Responses to exercise, fluid, and energy balances during
Ramadan in sedentary and active males. Nutrition.
1999;15(10):735–9.

23. Pathan MF, Sahay RK, Zargar AH, Raza SA, Khan AK,
Siddiqui NI, et al. South Asian Consensus Guideline:
use of GLP-1 analogue therapy in diabetes during
Ramadan. Indian J Endocr Metab 2012;16(4):525–7.

24. Bajaj S. Newer anti-diabetic drugs in Ramadan. J Pak
Med Assoc. 2015;65(5 Suppl.1): S40–3.

25. Islam N. Oral anti-diabetics in Ramadan. J Pak Med
Assoc. 2015;65(5 Suppl.1):S37–9.

26. Almalki MH, Alshahrani F. Options for controlling type
2 diabetes during Ramadan. Frontiers in endocrinology.
2016;7.

27. Kalra S, Aamir AH, Raza A, Das AK, Khan AA,
Shrestha D, Qureshi MF, Fariduddin M, Pathan MF,
Jawad F, Bhattarai J. Place of sulfonylureas in the man-
agement of type 2 diabetes mellitus in South Asia: a
consensus statement. Indian Journal of Endocrinology
and Metabolism. 2015;19(5):577.

28. Vasan S, Thomas N, Bharani, Ameen M, Abraham S,
Job V, et al. A double-blind, randomized, multicentre
study evaluating the effects of pioglitazone in fasting
Muslim subjects during Ramadan. Int J Diab Dev
Ctries. 2006;26(2):70–76.

29. Gray LJ, Dales J, Brady EM, Khunti K, HanifW, Davies
MJ. Safety and effectiveness of non-insulin glucose-
lowering agents in the treatment of people with type 2
diabetes who observe Ramadan: a systematic review and
meta-analysis. Diabetes, Obesity and Metabolism.
2015;17(7):639–48.

30. Hassanein M, Abdallah K, Schweizer A. A double-
blind, randomized trial, including frequent patient-
physician contacts and Ramadan-focused advice,
assessing vildagliptin and gliclazide in patients with
type 2 diabetes fasting during Ramadan: the
STEADFAST study. Vasc Health Risk Manag.
2014;10:319–26.

31. Aravind SR, Ismail SB, Balamurugan R, Gupta JB,
Wadhwa T, Loh SM, et al. Hypoglycemia in patients
with type 2 diabetes from India and Malaysia treated
with sitagliptin or a sulfonylurea during Ramadan: a

randomized, pragmatic study. Curr Med Res Opin.
2012;28(8):1289–96.

32. Lee SW, Lee JY, San San Tan C, Wong CP. Strategies to
make Ramadan fasting safer in type 2 diabetics: a sys-
tematic review and network meta-analysis of random-
ized controlled trials and observational studies.
Medicine. 2016;95(2).

33. Brady EM, Davies MJ, Gray LJ, Saeed MA, Smith D,
Hanif W, et al. A randomized controlled trial comparing
the GLP-1 receptor agonist liraglutide to a sulphonylurea
as add on to metformin in patients with established type
2 diabetes during Ramadan: the Treat 4 Ramadan Trial.
Diabetes Obes Metab. 2014;16(6):527–36.

34. Azar ST, Echtay A, Wan Bebakar WM, Al Araj S,
Berrah A, Omar M, Mutha A, Tornøe K, Kaltoft MS,
Shehadeh N. Efficacy and safety of liraglutide compared
to sulphonylurea during Ramadan in patients with type 2
diabetes (LIRA-Ramadan): a randomized trial. Diabetes
Obes Metab. 2016;18(10):1025–33.

35. Wan Seman WJ, Kori N, Rajoo S, Othman H, Mohd
Noor N, Wahab NA, Sukor N, Mustafa N, Kamaruddin
NA. Switching from sulphonylurea to a sodium-glucose
cotransporter 2 inhibitor in the fasting month of
Ramadan is assoc ia ted wi th a reduct ion in
hypoglycaemia. Diabetes, Obesity and Metabolism.
2016;18(6):628–32.

36. Beshyah SA, Chatterjee S, Davies MJ. Use of SGLT2
inhibitors during Ramadan: a survey of physicians’
views and practical guidance. British Journal of
Diabetes. 2016;16(1):20–4.

37. Kalra S, Jawad F. Insulin in Ramadan. J PakMed Assoc.
2015;65(5, suppl 1):S44–6.

38. Shehadeh N, Maor Y. Effect of a new insulin treatment
regimen on glycaemic control and quality of life of
Muslim patients with T2DM mellitus during Ramadan
fast—an open label, controlled, multicentre, cluster
randomised study. International Journal of Clinical
Practice. 2015;69(11):1281–8.

Diabetes and CV risk

RSSDI 2017 recommendations

Recommended care

& Cardiovascular risk factors that should be assessed in all
patients at diagnosis and annually include:

– Dyslipidemia
– Hypertension
– Smoking status
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– Family history of premature coronary disease
– Presence of albuminuria

& Current or previous CVD events, BP, pulse, age, and body
weight of patients should be recorded during their first and
subsequent visits.

& IDRS, QRISK, and WHO-ISH are simple and effective
tools for identifying and predicting CVD risks in patients
with T2DM and should be recommended for identifying
high-risk individuals.

& Patients with diabetes and CVD risk should follow the
ABC treatment goals*.

– A (A1C): < 7%
– B (BP): < 130/80 mmHg
– C (cholesterol-LDL): < 100 mg/dL

(*The treatment target goals should be individualized ac-
cording to age, risk and comorbidity.)

& All patients should be managed with lifestyle intervention
including physical exercise and DASH diet. If required,
low-dose antiplatelet drugs, lipid-lowering agents, and
BP-lowering medications can be considered.

& Yoga has shown efficacy in improving the dyslipid-
emia state, lower BMI, and macrovascular complica-
tions in patients with T2DM. Thus, yoga classes
with different asana are recommended for all pa-
tients with CVD risk.

& Foods available in Indian subcontinent like oats, nuts,
psyllium husk, cinnamon, flaxseeds, fenugreek, soy,
Indian gooseberry, garlic, raagee, and white marudah
should be recommended to the patients in order to reduce
the CVD complications.

& In high-risk patients, low-dose antiplatelet therapy should
be administered along with lifestyle intervention for sec-
ondary prevention.

& Statins should be added to lifestyle intervention in all pa-
tients with CVD risk, if not contraindicated, to reduce
dyslipidemia. The intensity can be modified or titrated
according to patient CVD risk, age, side effects, tolerabil-
ity, LDL-C levels, etc.

& If triglyceride level remains > 200 mg/dL irrespective of
statin therapy, addition of fibrates can be considered.

& Glycemic control with glucose-lowering drugs that are
proven to be CV safe and beneficial should be recom-
mended to reduce CVD risk and complications in patients
with T2DM. Empagliflozin and liraglutide are approved
by various regulatory authorities for CV risk reductions,
apart from their glucose-lowering ability.

& Weight control should be an important consideration,
while choosing glucose-lowering therapy in overweight/
obese persons.

& Pharmacological antihypertensive therapy with subse-
quent titration in addition to lifestyle therapy should be
initiated in patients with confirmed office-based BP of >
140/90 mmHg.

& Pharmacological therapy for patients with diabetes and
hypertension should comprise of a regimen that includes
ACE inhibitor, ARB, thiazide diuretics, calcium channel
blockers, and β-blockers. If one class is not tolerated, it
should be substituted with other class; however, FDCs of
different drug classes may be preferred in patients with
diabetes to reduce CVD risks and complications.

& ACE inhibitors are the drug of choice for diabetes, if not
contraindicated, and ARBs may be used if ACE inhibitors
are not tolerated.

& Other medications for dyslipidemia (bile acid binding
resins, ezetimibe, sustained release nicotinic acid, concen-
trated omega-3 fatty acids) can be considered in patients
failing to reach targets with conventional lipid-lowering
medications.

Limited care

& Cardiovascular risk factors like albuminuria and atrial fi-
brillation should be assessed in all patients at diagnosis
and annually.

& Cardiovascular risk may be calculated by using different
assessment tools for people with diabetes.

Preamble

Patients with T2DM are always at higher risk for several
CVDs such as CAD, CHF, stroke, PAD, and cardiomyopathy.
Furthermore, compared to non-diabetes patients, T2DM pa-
tients have a considerably higher risk of CV morbidity and
mortality [1]. In addition, the coexistence of risk factors like
hypertension, abnormal cholesterol, high triglycerides, obesi-
ty, and smoking with T2DM may increase the burden and
complications of CVD [2]. In India, CVD attributes to nearly
25% of all deaths. Furthermore, according to the Global
Burden of Disease study, age-standardizedCVDmortality rate
was 272 per 100,000 population in India, which was higher
than the global average of 235 per 100,000 population [3]. An
Indian population-based study evaluated the prevalence of
CVD risk factors in 6198 T2DM patients. A study reports that
compared to participants with diabetes vs those without it,
prevalence of hypertension was 73.1% (95% CI, 67.2 to
75.0) vs 26.5% (25.2 to 27.8), hypercholesterolemia was
41.4% (38.3 to 44.5) vs 14.7% (13.7 to 15.7), hypertriglyc-
eridemia was 71.0% (68.1 to 73.8) vs 30.2% (28.8 to 31.5),
lowHDL-Cwas 78.5% (75.9 to 80.1) vs 37.1% (35.7 to 38.5),
and incidence of smoking/smokeless tobacco use was 26.6%
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(23.8 to 29.4) vs 14.4% (13.4 to 15.4; p < 0.001) [4]. In CINDI
study, risk factors for macrovascular complications including
hypertension, obesity, and dyslipidemia were observed in
23.3, 26, and 27% of patients, respectively, and ischemic heart
disease was seen in 6% of patients [5]. Furthermore, in the
CINDI 2 study carried out later, CV risk factors such as hy-
pertension, dyslipidemia, BMI > 23 kg/m2, and smoking were
prevalent in 27.6, 62.4, 84.2, and 24% patients, respectively
[6]. In addition, ischemic heart disease, PVD, and stroke were
found in 0.7, 2, and 1% patients, respectively. Statin therapy
was required in 95.3% of the patients. Moreover, history of
diabetes was significantly associated with MI (OR, 2.37, PAR
9.9%, p < 0.0001) and stroke (OR, 1.16, 1.05–1.30; 3.9%,
1.9–7.6, p < 0.0001) in the effect of potentially modifiable risk
factors associated with MI in 52 countries (INTERHEART)
study and INTERSTROKE studies respectively [7, 8]. CAD
and stroke constitute the majority of CVD mortality in India
(83%), with CAD being predominant [9]. Therefore, aggres-
sive controlling of these risk factors may delay or reduce the
incidence of CVDs in T2DM patients.

Considerations

When framing recommendations for diabetes and CV risk,
following factors should be reviewed: hypertension, smoking,
obesity, increased fasting insulin and IR, lifestyle intervention,
and atherogenic lipid profile (abnormal cholesterol, high
triglycerides).

Primary prevention of CVDs aims at preventing patients
from the event of CAD/CVD. This includes engaging in mod-
erate physical activity, maintaining normal body weight, lim-
iting alcohol consumption, reducing sodium intake, maintain-
ing adequate intake of potassium, and consuming a diet rich in
fruits, vegetables, and low-fat dairy products and less saturat-
ed and total fat. Secondary prevention of CVDs in patients
with diabetes plans to reduce the mortality and morbidity
and prevent the repeated CVD event. This comprises treat-
ment with aspirin, β-blockers, ACE inhibitors, and statin.
The tertiary prevention intends at rehabilitation, preventing
complications, and improving QoL. This can be achievedwith
some interventional surgical procedures. Quaternary preven-
tion targets at preventing overdiagnosis, overmedicalization,
overlabelling, and overtreatment.

Rationale and evidence

Identification Cardiovascular risk factors such as dyslipid-
emia, hypertension, smoking, family history of premature cor-
onary disease, and the presence of albuminuria should be
assessed at least annually in all patients with T2DM [2].
Even the CINDI and CINDI 2 studies on Indian population
suggest for the screening of CV complications at the time of
diagnosis itself [5, 6].

The following tools have been used by several physicians
for assessment of the CVD risk in individuals with diabetes
and CVD:

1. FRS [10]
2. QRISK Risk Score [11]
3. IDRS [12]
4. UKPDS Risk Engine [13]
5. SCORE tables [14]
6. WHO risk prediction charts [15]
7. American College of Cardiology/American Heart

Association (ACC/AHA) atherosclerotic cardiovascular
disease (ASCVD) risk calculator [16]

8. The 3rd Joint British Societies’ risk calculator (JBS) [17]

A cross-sectional study from India including 1007 par-
ticipants reports that FRS was not able to differentiate the
study participants properly with respect to CVD risk.
However, the IDRS was found to produce better discrimi-
natory performances in the study population [10]. In addi-
tion, IDRS can predict CVand diabetic risk more effective-
ly than FRS and serve as simple and cost-effective tool for
a primary care physician to identify at risk individuals for
diabetes and CVD in Asian Indian women [12]. In another
cross-sectional study, 900 participants were examined for
CVD risk with WHO-ISH risk prediction chart. This study
concluded that the WHO-ISH 10-year risk prediction chart
was easier for assessing the CVD risk factors and risk
grouping and could also be used to predict their 10-year
risk of stroke or MI [18]. Furthermore, a prospective study
reports that Indian patients presenting with acute MI and
JBS risk score are likely to identify the largest proportion
of the patients as at Bhigh risk^ as compared to WHO, FRS,
and ACC/AHA [19].

Management

& Lifestyle intervention: Early identification of metabolic
syndromes such as AO, elevated BP, hypertriglyc-
eridemia, reduced HDL cholesterol, borderline high-
risk LDL cholesterol and IFG (110 to 126 mg/dL),
and design interventions to reduce the CVD risks are
the major goals of the primary prevention [20].
Furthermore, close monitoring and maintaining rec-
ommended targets for BP (130/80 mmHg), lipid con-
trol (LDL < 100 mg/dL), and glycemia (A1C < 7%)
are important for the prevention of CVD in patients
with T2DM [14, 20]. In addition, physical exercise,
weight control, lifestyle modification with changing
food habits, and cessation of smoking also prevent
the CVD risk in T2DM patients [20].

& Diet: Substitution of dietary saturated fat with PUFAs
is reported to be associated with improved CV
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outcomes. Several foods like oats, nuts, psyllium
husk, cinnamon, flaxseeds, fenugreek, soy, amla, gar-
lic, finger millet, and white marudah were also report-
ed to have lipid-lowering property [21]. Moreover,
American Family Physicians (AFP) advocates that
the Mediterranean diet can reduce CV mortality and
the DASH eating plan associates with a reduced risk
of CAD [22]. Moreover, the following dietary adapta-
tions can be made to lessen the development of CVDs
in T2DM patients: reductions in caloric intake (by 500
to 800 kcal/day), total fat intake (especially saturated
fat) and food portion sizes, increased consumption of
dietary fiber, and moderate alcohol use [23].

& Physical activity: It is an independent and protective risk
factor associated with reduced CV morbidity and mortal-
ity (OR, 0.86; p < 0.0001), and physical inactivity ac-
counts for 12.2% of the population-attributable risk for
acute MI and 6% of CAD with an estimated 0.68-year
reduction in life expectancy [22]. The exercise-based car-
diac rehabilitation (CR) is the cornerstone for secondary
prevention of CVD. CR is associated with a 13 and 26%
lower all-cause and CVD mortality respectively and a
31% reduction in hospital admissions at 12 months in
patients with CAD [22]. Hence, AFP recommend that
physical activity for adults should be at least 150 min of
moderate-intensity aerobic activity per week, 75 min of
vigorous-intensity aerobic activity per week, or an equiv-
alent combination [24].

& Yoga: A randomized parallel study in India compared effi-
cacy of yoga in addition to OADs. A study reports a sig-
nificant reduction in total cholesterol, triglycerides, LDL-
C, and body weight in patients after yoga [25].
Furthermore, evidence suggests that yoga also helps in
reducing the blood glucose levels [26–28], lipid levels
[26, 27], body weight, and BP [27] in patients with T2DM.

& Stress management: Evidence state that psychosocial
stress has an association with the etiology and pathogen-
esis of CVDs [29]. Most notably, the INTERHEART
and INTERSTROKE studies report that psychological
factors have a strong effect towards MI (OR, 2.67;
PAR, 32.5%, p < 0.0001) and ischemic stroke (OR,
2.20, 1.78–2.72; 17.4%, 13.1–22·6), respectively [7, 8].
In an RCT, cognitive behavioral therapy (CBT) had a
41% lower rate of fatal and non-fatal first recurrent
CVD events (HR, 0.59; 95% CI, 0.42,0.83; p = 0.002),
45% fewer recurrent acute MI (0.55, 0.36–0.85; p =
0.007), and a non-significant 28% lower all-cause mor-
tality (0.72, 0.40–1.30; p = 0.28) than the reference
group after adjustment for other outcome-affecting vari-
ables during a mean 94 months of follow-up period [30].
Nonetheless, a recent Cochrane review did not find such
associations of CVD events with the psychological inter-
ventions in CAD patients [31].

Pharmacological management

& Medical treatment with pharmacotherapies like aspirin,
lipid-lowering drugs, and BP-controlling agents improves
survival, extends QoL, reduces the need for intervention
procedures, such as angioplasty and coronary artery by-
pass graft surgery, and decreases the incidence of subse-
quent MI [20].

Antiplatelet therapy

& Aspirin is widely used for secondary prevention of CVD;
however; its use in primary prevention is still controversial
[2]. A meta-analysis evaluated the efficacy of aspirin in
primary prevention of CVD in T2DM patients. Study re-
ports that low dose aspirin (75 mg/day) was allied with a
reduction of MI and stroke among women with diabetes.
Furthermore, a meta-analysis demonstrated 35% reduc-
tion in MI among men (RR, 0.65; 95% CI, 0.51 to 0.82;
p < 0.01), but the results were not significant in women
(RR, 0.90; 95% CI, 0.71 to 1.14; p = 0.37) [32]. However,
a systemic review including 10 RCTs reports no CVD
benefit and trials with diabetes subgroup analyses also
showed any effect [33]. Similarly, a recent meta-analysis
evaluated aspirin for primary prevention of CVD in pa-
tients with diabetes and reported no difference with re-
spect to the risk of all-cause mortality (OR, 0.93; 95%
CI, 0.81–1.06), individual atherosclerotic events, bleed-
ing, gastrointestinal bleeding, or hemorrhagic stroke rates
compared to placebo [34]. Furthermore, a meta-analysis
(n = 4000) by the Antithrombotic Trialists’ (ATT) collab-
orators showed that the effects of aspirin on major vascu-
lar events were similar for patients with or without diabe-
tes: RR 0.88 (95% CI, 0.67–1.15) and RR 0.87 (95% CI,
0.79–0.96), respectively [35].

& In patients with aspirin intolerance/allergy or patients at very
high risk for CVD, clopidogrel is recommended [2, 36].
Evidence suggests that clopidogrel was significantly more
effective than aspirin in secondary prevention of CVD in
patients with diabetes [36]. Furthermore, dual antiplatelet
therapy may be reasonable for up to a year after ACS [2].

& ACochrane systematic review reports that use of clopidogrel
plus aspirin was associatedwith a reduction in the risk of CV
events and an increased risk of bleeding compared with
aspirin alone. However, only in patients with acute non-ST
coronary syndrome benefits outweigh harms [37].

Lipid-lowering agents

& A high prevalence of lipid abnormality in patients with
T2DM positions them at high-risk category in the CVD
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risk stratifications. Elevated levels of atherogenic choles-
terol (AC), generally measured as non-HDL‑C, plays a
central role in CVD, especially among Asian Indians [38].

& For management of dyslipidemia, the primary goal is to
reduce LDL-C levels to < 100 mg/dL by addition of drug
therapy (statins) to maximal diet therapy. Furthermore,
fibrates may be added if triglycerides remain > 200 mg/
dL in patients receiving statin therapy [20]. Statins report-
ed a significant benefit in CV risk reduction and showed
significant primary and secondary prevention of CVD/
CAD deaths in patients with diabetes [39–41].

& A recent meta-analysis investigating 4351 diabetes pa-
tients reports that compared with placebo, standard dose
statin treatment resulted in a significant RRR of 15% in
the occurrence of any major CVor cerebrovascular event
(RR, 0.85; 95% CI, 0.79–0.91). Compared with standard
dose statin treatment (simvastatin 20 mg, pravastatin
40 mg, or atorvastatin 10 mg), intensive-dose statin (sim-
vastatin 80 mg or atorvastatin 80 mg) treatment resulted in
an additional 9% RRR [42].

& Moreover, statins were reported to produce similar results
in various studies in India [43, 44]. Evidence advocates
atorvastatin has negligible or no ability to increase HDL-
C, which is the key feature in patients with diabetes. Thus,
other statins should probably be preferred to atorvastatin
in patients with diabetes/MS [45].

& In addition, ADA recommend that either high intensity or
moderate intensity statin therapy should be used together
with lifestyle intervention according to patient age and
ASCVD risk factors [2]. The details have been given in
Annexure XVI. The Lipid Association of India expert
consensus statement 2016 revealed that statin therapy is
highly effective in lowering NHDL‑C, LDL‑C, apolipo-
protein B, and remnant cholesterol, besides being remark-
ably safe [46]. Recent evidence shows a clear CVDbenefit
of lowering LDL-C with ezetimibe on top of a statin in
patients with T2DM [47].

& Furthermore, in CAD/CAD risk-equivalent patients,
ezetimibe addition onto simvastatin, atorvastatin, or
rosuvastatin provided greater LDL-C reductions and goal
attainment than those who up-titrated these statin therapies
[48]. The Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) study assessed the effect of fenofibrate
on CVevents in T2DM patients. Fenofibrate reduced total
CV events, mainly due to fewer non-fatal MI and revas-
cularizations but did not significantly reduce the risk of
coronary events such as CAD death or non-fatal MI [49].

& Furthermore, USFDA states that the current evidence base
is insufficient to support fibrates for CVD protection and
that more trial evidence is needed [50]. Nonetheless, pre-
scribing lipid-lowering agents in older people with T2DM
(> 85 years) requires special consideration because expo-
sure to higher doses (or higher potency) might increase the

risk of adverse effects instead of improving life
expectancy.

Glucose-lowering drugs

& Intensive glycemic control with antidiabetic drugs reduces
CV risk and complications in patients with T2DM. A
meta-analysis including large, long-term prospective
RCTs (such as the UKPDS, the prospective pioglitazone
clinical trial in macrovascular events [PROactive], the
Action in Diabetes and Vascular Disease: Preterax and
Diamicron MR Controlled Evaluation [ADVANCE] trial,
the Veterans Affairs Diabetes Trial [VADT], and the
Action to Control Cardiovascular Risk in Diabetes
[ACCORD] trial) reports that intensive glycemic control
was associated with 17% reduction in events of non-fatal
MI (OR, 0.83; 95% CI, 0.75–0.93) and a 15% reduction in
events of CAD (OR, 0.85; 0.77–0.93); however, the study
did not find any significant effect on events of stroke
(0.93, 0.81–1.06) or all-cause mortality (1.02, 0.87–1.19)
[51].

& In a meta-analysis of 301 clinical trials, the CVD risk of all
glucose-lowering drugs including metformin, sulfonyl-
urea, thiazolidinedione, DPP4 inhibitor, AGI, SGLT2 in-
hibitors, GLP-1 analogue, meglitinides, and insulins was
evaluated. The results indicated that there were no signif-
icant differences in the association between any of the nine
glucose-lowering drugs alone or in combination and risk
of CV mortality [52].

& Two SGLT2 inhibitors, empagliflozin and canagliflozin,
were recently shown to provide CV benefits in patients
with T2DM. Empagliflozin was reported to produce sub-
stantial reductions in CVD death (by 38%) and all-cause
mortality (by 32%), as well as in hospitalization for HF
(by 35%), as compared with standard care in EMPA-REG
OUTCOME trial [53]. In the recently published CANVAS
trial, canagliflozin significantly reduced the composite of
death from CV causes, non-fatal MI, or nonfatal stroke
(HR, 0.86; 95% CI, 0.75 to 0.97; p < 0.001 for non-
inferiority; p = 0.02 for superiority) in T2DMpatients with
established CVD or at high risk for CVevents [54].

& Similarly in LEADER trial, liraglutide 1.8 mg daily was
associated with lower rates (patients) of death from CV
causes (4.7 vs 6.0%; HR, 0.78; 95% CI, 0.66 to 0.93; p =
0.007) or any causes (8.2 vs 9.6%; HR, 0.85; 0.74 to 0.97;
p = 0.02) compared to placebo in patients with T2DM
[55]. Therefore, using these medications early in the
course of management in high-risk T2DM patients could
provide potential benefits from looming CVDs.

& Furthermore, in the future, CAROLENA trial
(NCT01243424) will provide CVoutcomes of linagliptin
and glimepiride in patients with T2DM.
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BP-lowering agents

& A tight control of BP with pharmacological therapy like
ARBs, ACE inhibitors, or β-blockers, diuretics, and cal-
cium channel blockers helps in minimizing CVD risks in
patients with T2DM [2]. Tight control of blood glucose
decreases the risk of microvascular complications, where-
as tight control of BP reduces both micro- and
macrovascular complications.

& ADA, IDF, and other organizations recommend a target
BP of 130/80 mmHg in diabetes patients [2, 56].
Furthermore, patients with confirmed office-based BP >
140/90 mmHg in addition to lifestyle therapy should be
initiated with pharmacological therapy to achieve BP
goals [2].

& A meta-analysis including 147 RCTs involving 464,164
people reports a significant reduction in risk of coronary
events (20–25%) and stroke (30–45%) with all five BP-
lowering agents. However, calcium channel blockers had
a greater preventive effect on stroke (RR, 0.92; 95% CI,
0.85 to 0.98) [57].

& Two meta-analyses and ACCORD study report that inten-
sive BP control associated with a reduction of stroke
event; however, these studies report more adverse effects
[58–60]. In addition, in the ADVANCE trial, a fixed com-
bination of perindopril and indapamide was associated
with mean reduction in SBP of 5.6 mmHg and DBP of
2.2 mmHg after a mean of 4.3 years of follow-up in pa-
tients with T2DM. The relative risk of a major
macrovascular or microvascular event was also reduced
by 9% [61].

& Furthermore, some patients require a combination of two
drugs in order to achieve a recommended BP target.
Several Indian studies evaluated the efficacy of some
FDCs, losartan 50 mg plus ramipril 2.5 mg vs each alone
[62], metoprolol extended release (XL) plus amlodipine vs
losartan plus amlodipine [63], and metoprolol and
amlodipine [64], and reported that the FDCs were effec-
tive, safe, and well tolerated in patients with hypertension.

Cardiovascular karma (metabolic memory)

& Karma, an ancient term, suggests that right action with
right intention consequently provides a right outcome in
a persons’ life. This is also proved in the field of diabetes
through STENO-2, EMPA-REG, and LEADER trials.
Recent results of STENO-2 trial after 21 years follow-up
report that an intensive, multifactorial intervention includ-
ing ACE inhibitors/ARBs demonstrated a median of
7.9 years of gain of life in patients with T2DM [65]. The
choice of individual agent for a person with diabetes may
be influenced by a number of factors including their risk

profile (CV, renal, end-organ damage), preferences, and
previous experience of therapy, as well as costs.
Moreover, a good karma may pass on to the unborn off-
spring of a pregnant mother with diabetes and also bene-
fits the physician [66].

Implementation

Patients with diabetes and CVD risk should be assessed for
complete lipid profile and BP measurement during their med-
ical visits. Antiplatelet agents, lipid-lowering therapies, and
antihypertensive medications along with lifestyle interven-
tions should be provided with individualization and prefer-
ence of each patient. Structured annual assessment and
record-keeping should be instituted.
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Hypoglycemia

RSSDI 2017 recommendations

Recommended care

& Risk of hypoglycemia should be assessed in every visit in
patients with T2DM by using questionnaires.

& Patient should be well educated and informed regarding:

– The symptoms, causes, and risks associated with
hypoglycemia

– Usage of SMBG tools with frequent monitoring es-
pecially patients taking insulin

– Insulin dose adjustment considering blood glucose
values

& A strict monitoring of hypoglycemic episodes is recom-
mended for patients taking insulin, sulfonylureas, or
meglitinides alone or in combination.

& Modern insulins or modern sulfonylureas should be used
instead of respective traditional drugs in patients with high
risk of hypoglycemia.

& Oral glucose (15–20 g) is preferred in conscious hypogly-
cemic patients (glucose alert value of < 70mg/dL). Repeat
the treatment, if SMBG shows continued hypoglycemia
after 15min. Patient should consume a meal or snack once
SMBG returns to normal, to prevent recurrence of
hypoglycemia
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& Intramuscular glucagon or intravenous glucose is pre-
ferred for unconscious patients or patients with clinically
significant hypoglycemia (glucose alert value of < 54 mg/
dL). Repeat intramuscular or subcutaneous glucagon dose
of 0.5 mg if there is no symptomatic improvement.

& Treatment should be modified in the event of hypoglyce-
mia occurring repeatedly at a particular time of the day or
in the event of hypoglycemia unawareness.

Limited care

& All patients with risk of hypoglycemia should be enquired
about symptomatic and asymptomatic hypoglycemia at
each visit.

& Patients along with their family members should be well
educated about identification and management of
hypoglycemia.

& Hypoglycemia should be strictly managed and monitored
in special situations such as elderly, pregnancy, fasting,
and metabolic disorders.

Preamble

Hypoglycemia is a major cause of concern with some antidi-
abetic drugs during the course of glycemic management in
patients with T2DM [1]. However, the extent of hypoglyce-
mia varies with different antidiabetic drugs pertaining to their
pharmacokinetic and pharmacodynamic properties. The
International Hypoglycemia Study Group categorizes hypo-
glycemia into three categories basing upon the glycemic
criteria [2].

& Glucose alert value (level 1): < 70 mg/dL (3.9 mmol/L)
& Clinically significant hypoglycemia (level 2): < 54 mg/dL

(3.0 mmol/L)
& Severe hypoglycemia (level 3): no specific glucose

threshold

The prevalence of hypoglycemia in patients with T2DM in
India is quite high. A recent cross-sectional study reports that
nearly 96% of patients (out of 366 patients) were associated
with at least one or other symptoms of hypoglycemia (dizzi-
ness, weakness). Furthermore, patients taking insulin in addi-
tion to OADs were at higher risk than patient taking OADs
alone (OR, 2.3; p < 0.01) [3]. Meanwhile, another cross-
sectional study including 1650 subjects from South India re-
vealed that the cumulative incidence of institutional hypogly-
cemia was 12.36%; among which, 26.96% had asymptomatic
episodes [4]. Severe hypoglycemia can lead to several
diabetes-related short- and long-term complications such as
precipitation of acute cerebrovascular disease, MI,

neurocognitive dysfunction, retinal cell death, and loss of vi-
sion [5] and may lead to coma or death if not reversed [1]. The
ACCORD and ADVANCE trial and other evidences report
that severe hypoglycemia was directly associated with mortal-
ity in patients with T2DM [6–8]. Furthermore, Kalra et al.
stated that diabetes patients with severe hypoglycemia are
associated with sixfold increase in deaths over those not
experiencing it [5]. Therefore, urgent steps need to be taken
with some corrective measures against hypoglycemia in
T2DM patients to minimize the burden. Following are some
of the causes and risk factors of hypoglycemia [5].

Considerations

Several factors such as the intensity of hypoglycemic risk,
patient characteristics, drug usage, fasting, and patient educa-
tion should be considered during framing the recommenda-
tions for hypoglycemia management in patients with T2DM.

Rationale and evidence

Identification

& Symptoms of hypoglycemia include, but not limited to,
excess sweating and hunger, dizziness, blackout, fainting,
fatigue, light-headedness or shakiness, nausea or
vomiting, mental confusion or unresponsiveness, and dry-
ness or tingling lips [1].

& Some endocrinologists or diabetologists use a three-step
approach (Whipple’s Triad) for diagnosis of hypoglyce-
mia. It includes:

– Low blood glucose level
– Symptoms of hypoglycemia at the time of the low

glucose level
– Symptom relief with treatment of hypoglycemia

Causes and risk factors for hypoglycemia

Causes Risk factors

• Metabolic defects
• Autoimmune conditions
• Inborn errors of metabolism
• Dietary toxins
• Alcohol consumption
• Stress
• Infections
• Starvation
• Severe excessive exercise

• Glucose-lowering drugs
(especially sulfonylureas/
insulin)

• Increased glucose utilization
• Decreased glucose production
• Female gender
• Sleep
• Duration of diabetes
• Age
• Progressive insulin deficiency
• Intensive diabetes treatment

with OADs and insulin
combination
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Management

& Management of hypoglycemia can be subdivided into
three aspects:

– Prevention of hypoglycemia
– Adjustment or withdrawal or modification of current

antidiabetic regimen
– Treatment of hypoglycemia

Prevention of hypoglycemia

& Prevention of hypoglycemia is preferable than treatment,
as it is much more likely to avoid severe events and eco-
nomic burden [9]. Hypoglycemia prevention requires a
combined effort from physician as well as patient.
Patient education, patient counselling, and continuous
blood glucose monitoring are the critical factors that need
to be considered for the prevention of hypoglycemia in
patients with diabetes. Evidence suggests that a proper
and structured diabetes education helps in reducing dia-
betic complications including hypoglycemia [10–13].

& Furthermore, interventions targeting health beliefs and atti-
tudes about hypoglycemia and diabetes self-management
can be more effective than knowledge-centered patient ed-
ucation, which focuses on Bsymptom perception^ in reduc-
ing hypoglycemia unawareness [5]. Patients receiving insu-
lin for the treatment of T2DM can be benefitted by
adjusting insulin doses following SMBG procedure [5,
14]. In addition, a cross-sectional study from India reports
that 85% of patients were taking timely meals to prevent
hypoglycemia [3]. Stratifying patients according to age and
avoiding very tight glucose control in elderly patients (>
70 years) and very young children < 5 years of age will help
to prevent hypoglycemia in these high-risk people.

Adjustment or withdrawal or modification of ongoing an-
tidiabetic regimen

& Majority of the antidiabetic agents can produce hypogly-
cemia; however, the intensity depends upon their mecha-
nism of action. Insulin, sulfonylureas, and meglitinides
due to their glucose-independent mechanism of action
cause a high risk of hypoglycemia [5].

& The UK Hypoglycemia Study Group report that the inci-
dence of severe hypoglycemia increased from 7 to 25% in
patients treated with insulin for < 2 years with those treat-
ed for > 5 years [15]. However, modern insulin analogues
report lower incidence of hypoglycemia than traditional
human insulins [16–18].

& Among all sulfonylureas, modern sulfonylureas like
gliclazide MR and glimepiride are associated with lesser
hypoglycemic episodes [19, 20]. Meglitinides were

reported to inflict high rates of hypoglycemia [21]. In spe-
cial situations like elderly, fasting, metabolic disorders,
and pregnancy, the dose of these drugs should be adjusted
or modified to avoid further complications. Furthermore,
avoid/reduce the dose of insulin in people with CKD who
have a tendency to develop hypoglycemia.

Treatment of hypoglycemia

& Fifteen to 20 g of carbohydrate (four teaspoons of sugar or
glucose) can be given orally to a conscious patient with hy-
poglycemia; if unconscious, glucagon injection intramuscu-
larlyorglucose injection intravenously canbepreferred [1, 5].

& Care takers of hypoglycemia-prone diabetes patients
(family members, roommates, school personnel, child
care providers, correctional institution staff, or coworkers)
should be well instructed on the use of glucagon kits in-
cluding where the kit is located and when and how to
administer glucagon [1].

& Acute glycemic response correlates better with the glucose
content than with the carbohydrate content of food.
Therefore, pure glucose is the preferred treatment [1].
Fifteen minutes after glucose administration, an SMBG
should be done and the treatment should be repeated if
hypoglycemia persists. Patient should be advised to eat a
regular meal or have a snack to prevent recurrence of
hypoglycemia [22].

Implementation

Patient empowerment with hypoglycemiamonitoring tools, hy-
poglycemia risk awareness, and the available preventive strate-
gies together with physician-patient collaboration plan of treat-
ment can reduce the frequency and intensity of hypoglycemia.
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Technologies

RSSDI 2017 recommendations

Recommended care

& Technology in diabetes management may be used in all
pat ients for bet ter outcome and to minimize
complications.

& Diabetes technology should be used for prevention,
screening, and management of patients with T2DM and
to improve their QoL.

& Technology-assisted tools, including telemedicine, dedi-
cated electronic health records, m-Health, e-Health, and
mobile applications, may be advantageous for effective
lifestyle modification to prevent diabetes.

& Tools including telemedicine, m-Health, e-Health,
and mobile applications may be useful for improving
medication adherence with reducing overall compli-
cations and modifying risk factors in patients with
T2DM.
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Limited care

& Barriers for diabetes technology like cost, regulatory per-
missions, patient literacy, data protection, and data securi-
ty should be considered, and therefore, use of technology
should be individualized.

Preamble

Technology in diabetes imparts both educational and motiva-
tional assistance and improves the healthcare system for dia-
betes patients. Technology involving mobile applications, in-
ternet portals, and websites helps in daily diabetes self-
management activities including blood glucose monitoring,
online diabetes education, calculation of insulin dose, exercise
regimes, healthy eating, taking medication, monitoring for
complications, and problem-solving [1, 2]. Furthermore, dia-
betes education through technology enables the patients to
gain knowledge on current practices in the field of diabetes
management as well as enables them to guide other patients on
management of diabetes. A current statistics report states that

57% (731 million) Indians have mobile phones, out of which,
33.4% (244 million) use a smartphone [3].

Diabetes technology includes the development ofmarkers for
diabetes control, advancedmonitoring techniques, mathematical
models, assessment procedures, and control algorithms [4].
Nonetheless, certain barriers like cost, patient literacy, regulatory
permission, data protection, and data security limit the use of the
advanced technology in the field of diabetes [2]. Some new
technologies and novel therapies are given below [5]:

1. New insulin delivery systems
2. Usage of informatics in the medicinal field
3. Usage of telemedicine
4. Glucose content sensors
5. Closed loop system and algorithms
6. Advanced multidisciplinary approaches for controlling

diabetic eye diseases
7. Novel pharmacological approaches to the treatment of

T2DM
8. Nanomedicines set to revolutionize the treatment of

diabetes

Considerations

During framing the recommendations, the applicability, use-
fulness, and barriers of novel technologies and newer thera-
pies for diabetes management especially in Indian patients
should be considered.

Rationale and evidence

Technology for glucose monitoring (skin patches)

& Flash glucose monitoring (FGM) or sensing technol-
ogy is a new tool used over CGM or SMBG for

glucose monitoring in insulin-treated T2DM patients
(FGM is a new tool for CGM in patients with dia-
betes). It is made with a small, round sensor with
microfilament that measures glucose levels in the
interstitial fluids.

& A recent multicenter, open-label RCT reports that time
spent by participants in hypoglycemia < 70 and <55 mg/
dL reduced by 43 and 53%, respectively, with FGM com-
pared to SMBG (p = 0.0014) [6]. However, no change in
A1C was detected.

& An Indian study including 388 T2DM patients also report-
ed statistically significant reductions from baseline in A1C
(p < 0.0001), FPG (p < 0.0001), and BMI (p = 0.0226)
levels after 6 months of undergoing FGM [7].

Mobile applications used for digital management of diabetes (adapted from [2])

Diet therapy HealthyOut, Foodily, CarbControl, Lose It, Weight Watchers, Daily Burn, Calorie Counter PRO,
iCookbook Diabetic, Fooducate, EatLocal, CalorieKing, HEALTHeDiabetes

Physical exercise Track 3, Strava, MyFitnessPal, Moves, Pacer, Steps Pedometer and Step Counter Activity
Tracker, Map My Walk, Stepz, Walker-Pedometer Lite, Footsteps, iRunner and Runtastic
Pedometer, Fitbit, the Jawbone Up24, the Nike Fuelband

Blood glucose controlling Diabetic, Diabetes in Check, Diabetes Companion, My Sugar Junior, Go Meal, Glooko, Glucose
Buddy, DiabetesApp Lite, CareLink, LibreView, Accu-Chek Connect

Online diabetes education Diabetes EDC, Point of Care Diabetes, Diabetes Journal, Prognosis Diabetes, Diabetes Forecast,
Diabetes Forum, and Diabetes FAQ

Insulin dose calculators Insulin Calculator, Bolus Calc, Insulin Dose Calculator Pro, Diabetes Personal Calculator

Medication adherence MyMedSchedule, My Meds, MedSimple, Medagenda, Pillmanager, Pill Reminder, RxmindMe
Prescription

Digital healthcare information Kaiser Permanente (My Health manager), EPIC (My Chart), and VistA (U.S. Department of
Veterans Affairs)
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& Furthermore, evidence suggests that professional
(masked) continuous glucose monitoring (P-CGM) sys-
tem and factory-calibrated glucose monitoring (F-CGM)
system can influence patients for diabetes self-care prac-
tices, which in turn results in glycemic control enhance-
ment over a wide range of baseline therapies [8, 9].

Telemedicine

& Telemedicine is used for distant management of the dis-
ease such as screening, prevention, and treatment by
means of telecommunications technology. Diabetes Tele
Management System (DTMS®) is a telemedicine-based
system which provides individualized therapy advice for
diabetes management by considering each individual’s
A1C, BP, and LDL levels and presence of any comorbid
conditions [10].

& A retrospective cohort study comprising 1000 T2DM pa-
tients reports that DTMS® was safe and cost-effective in
the intensive treatment of T2DM without serious comor-
bidities and avoided limitations of a traditional healthcare
such as very frequent physical visits for each and every
drug dose adjustment, diet, and exercise advice [11].

& Mohan et al. used telemedicine intervention for the pre-
vention of diabetes through The Chunampet Rural
Diabetes Prevention Project (CRDPP) [12].

& Furthermore, evidence report that tele-screening for dia-
betic retinopathy in Indians was cost-effective compared
with no screening [13, 14].

Mobile health (m-Health)

& A systematic review revealed that mobile phone technolo-
gy improved health outcomes for chronic disease condi-
tions such as diabetes in Asian Indian patients [15].
Furthermore, a review by Muralidharan et al. reports that
m-Health including short message service (SMS) and ap-
plications for medication reminders and insulin optimiza-
tion had a great role in prevention and management of
T2DM [16].

& In a randomized trial which evaluated the outcomes of mo-
bile reminder in opportunistic screening for T2DM in a
primary healthcare setting, more participants in the interven-
tion arm (85.7%) returned for definitive test compared to
control arm (53.3%) (RR, 1.61; 95% CI, 1.35–1.91) [17].
Amultisite RCTcompared the outcome of m-Health among
people with T2DM in India. The study reports that signifi-
cantly more participants in m-Health than usual care had
improved medication adherence (39.0 vs 12.8%; p = 0.03)
and increased the frequency of blood glucose self-testing
(39.0 vs 10.3%; p = 0.01) at 6 months [18].

& Furthermore, diabetes prevention trial revealed that a prag-
matic and scalable strategy using mobile technology

promotes sustained lifestyle changes and prevents people
from developing T2DM [19]. Mobile phone messaging is
an economical way to provide educational and motivation-
al advice about lifestyle modification. A prospective, par-
allel group RCT reports that fewer participants in the mo-
bile messaging group had developed T2DM than standard
care group (18 vs 27%; HR, 0.64; 95% CI, 0.45–0.92; p =
0.015) in a period of 3 years [20]. An observational study
compared the outcomes of M-health/E-health with conven-
tional care in 109 diabetes patients. Diabetes knowledge
scores (19.9 ± 2.5 vs 17.9 ± 3.98, p = 0.005) and QoL indi-
ces (88.5 ± 7.8 vs 83.5 ± 10.7, p = 0.015) showed a statisti-
cally significant improvement in the intervention arm; how-
ever, no significant difference was observed in glycemic
control parameters between arms [21].

& Furthermore, Lifestyle Modification in Information
Technology (LIMIT) reduced various risk factors for
T2DM like overweight/obesity, hypertriglyceridemia,
high LDL-C, and low HDL-C with less cost compared
to control in young employees [22]. In addition,
Welltang—a smartphone-based diabetes management ap-
plication—resulted in statistically significant improve-
ments in A1C, blood glucose, and satisfaction in
Chinese people with diabetes [23].

Implementation

With more and more patients, as well as the healthcare practi-
tioners, being comfortable with, and are having expertise in
using the novel and advanced technologies, diabetes technolo-
gy has become an attractive and beneficial option for diabetes
management. However, large RCTs are needed to establish the
effectiveness, safety, and cost-benefits in improving diabetes-
related outcomes. Nonetheless, the future of the digital health
industry is encouraging despite many challenges to overcome.
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Annexures

Screening/early detection of diabetes/prediabetes

Annexure I

The Indian Diabetes Risk Score

& The tool encompasses four parameters, age, abdominal
obesity, family history of diabetes, and physical activity
to detect T2DM, and also helps to distinguish T2DM from
non-T2DM.

& A maximum score of 100 is given for these categories
combined as shown in the figure.

– Subjects with an IDRS of < 30 are categorized under
low risk, 30–50 as medium risk, and those with > 60
as high risk for diabetes.

– Similarly WC ≥ 90 cm, sedentary lifestyle, and family
history of diabetes are indicators for high risk of diabetes.

– Limiting the blood sugar testing to those with an
IDRS score of 50 and above could identify more than
90% of Indians with diabetes and prediabetes.
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Annexure II

Dr. A. Ramachandran’s Diabetes Risk Score for Indians can be
used to identify people having undetected diabetes. The likeli-
hood of detecting diabetes in people with a score of 21 or more
is high and requires testing with an oral glucose tolerance test.
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Ramachandran A, Snehalatha C, Vijay V, Wareham NJ,

Colagiuri S., Derivation and validation of diabetes risk score
for urban Asian Indians. Diabetes Res Clin Pract.
2005;70(1):63–70.

Parameter Score

Age

< 35 years 0

35–49 years 20

≥ 50 years 30

Waist circumference

Waist < 80 cm (female), < 90 cm (male) 0

Waist ≥ 80–89 cm (female), ≥ 90–99 cm (male) 10

Waist ≥ 90 cm (female), ≥ 100 cm (male) 20

Physical activity

Regular vigorous exercise or strenuous (manual)
activity at home/work

0

Regular moderate exercise or moderate physical
activity at home/work

10

Regular mild exercise or mild physical activity at home/work 20

No exercise and/or sedentary activities at home/work 30

Family history of diabetes

No diabetes in parents 0

One parent is diabetic 10

Both parents are diabetic 20

Minimum score = 0; maximum score = 100; positive score ≥ 60/100

Variables Risk score

Age (30–44) years 10

Age (45–59) years 18

Age (> 59) years 19

Family history of diabetes 7

Body mass index (≥ 25) kg/m2 7

Waist (M ≥ 85, W ≥ 80 cm) 5

Sedentary physical activity 4

Maximum score 42
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Diet therapy

Annexure III
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Annexure IV
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Lifestyle management

Annexure V

General recommendations for diet in diabetes patients

•When blood glucose is under control, 100 g of fruit (e.g., papaya, sweet
lime, orange, guava) should be allowed daily

• Whole fruits are recommended rather than fruit juices

• At least one vegetable dish has to be included in the daily menu

• Roots and tubers can be consumed once a week by patients with
diabetes but should be included as calorie suppliers

• Low-calorie foods like tea, coffee, skimmed milk (without sugar),
buttermilk, and salads are allowed for patients with diabetes

• Cream from milk should be removed before consuming

Diet in diabetes patients with established CVD

Highly recommended Moderately recommended Not recommended
Leafy vegetables, vegetable salads, fruits, whole

grain, coarse grains, nuts, sprouted grams, spices,
and all other foods which are rich in fiber and
antioxidants

Low fat milk and milk products, vegetable oils with
MUFA and PUFA, flesh foods (fish, chicken without
skin, red meats), white of the egg, and artificial sweeteners

Alcohol, refined sugar, beverages with
HFCS, industrial trans fat, excess
fats and foods that are refined,
processed, salt-rich, and deep-fried

CVD cardiovascular disease, MUFA mono-unsaturated fatty acids, PUFA polyunsaturated fatty acids, HFCS high fructose corn syrup

General recommendations: exercise therapy in diabetes
• Patients with diabetes should exercise as part of their medical management

• Exercise used to reduce weight should be combined with dietary measures

• Moderate intensity aerobic activity and resistance training should be part of
the exercise regimen

•Multiple short exercise sessions lasting at least 10 min each in course of
a day are useful

• Exercise should be appropriate to the persons general physical condition and
lifestyle

• Use proper foot wear and if appropriate, use protective equipment

• Avoid exercise in extreme hot or cold conditions

• Inspect feet before and after exercise
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Injectables

Insulin therapy

Annexure VI

Approaches for initiating insulin

OD once daily, BID twice daily, TID three times a day, GLP-1 RA glucagon like peptide-1 receptor agonist, IAsp Insulin aspart, IDegAspmix of insulin
degludec and insulin aspart
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TDD total daily dose, GLP-1 RA glucagon like peptide-1 receptor agonist, SGLT2i sodium glucose co-transporter 2 inhibitors, DPP-4i dipeptidyl
peptidase-4 inhibitors
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Annexure VIII

Steps for initiating premixed insulin

Steps for initiation of basal insulin therapy

Glucose value Total daily dose

Step 1. Initiation with basal insulina A1C < 8% 0.1–0.2 units/kg

A1C > 8% 0.2–0.3 units/kg

Step 2. Titrationb (every 2–3
days to reach glycemic goals)

Fixed regimen Increase by
2 units/day

Adjustable regimen

FPG > 180 mg/dL Add 4 units

FPG 140–180 mg/dL Add 2 units

FPG 110–139 mg/dL Add 1 unit

Step 3. Monitor for hypoglycemia BG < 70 mg/dL Reduce by
10 to 20%

BG < 40 mg/dL Reduce by 20 to 40%

A1C glycated hemoglobin, BG blood glucose, FPG fasting plasma glucose, NPH neutral
protamine Hagedorn, SU sulfonylureas
aConsider discontinuing SU therapy and basal analogues should be preferred over NPH
insulin
bFor most patients with T2D taking insulin, glucose goals are A1C < 7% and fasting and
premeal blood glucose < 110 mg/dL in the absence of hypoglycemia. A1C and FPG targets
may be adjusted based on patients age, duration of diabetes, presence of comorbidities,
diabetic complications, and hypoglycemia risk

OAD oral antidiabetic agents,GLP-1 RA glucagon like peptide-1 receptor agonist,OD once daily, BID twice daily, TID three times in a day, TZD thiazolidinedione,
DPP-4I dipeptidyl peptidase-4 inhibitors
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Annexure IX
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Chronic complications

Diabetic neuropathy

Annexure X

Diabetic neuropathy symptom score (DNS) (Meijer JWG et al.
2002)

Annexure XI

Modified neuropathy disability score (NDS) (Boulton
2005)

Neuropathy Disability Score (NDS)

Vibration perception threshold
128-Hz tuning fork; apex of big toe:

normal = can distinguish vibrating/not
vibrating

Normal = 0
Abnormal = 1

Temperature perception on dorsum of the foot
Use tuning fork with beaker of ice/warm water

Pinprick
Apply pin proximal to big toe nail just enough to

deform the skin: trial pair = sharp blunt:
normal = can distinguish sharp/not sharp

Achilles reflex Present = 0
Present with

reinforcement = 1
Absent = 2

NDS total out of 10

Steps for intensification of insulin therapy

Therapeutic option Total daily dose

Step 1. Add prandial insulin When glycemic targets are unmet TDD 0.3–0.5 units/kg (40–50% basal:
50–60% prandial)a

Step 2. Titrationb (every 2–3 days to
reach glycemic goals)

Fixed regimen (prandial insulin) Increase TDD by 2 units/day

Adjustable regimen (prandial insulin)

FPG > 180 mg/dL Increase TDD by 4 units

FPG 140–180 mg/dL Increase TDD by 2 units

FPG 110–139 mg/dL Increase TDD by 1 unit

2-h PPG or next premeal glucose > 180 mg/dL Increase prandial dose for the next meal by 10%

Premixed insulin

FPG/premeal BG > 180 mg/dL Increase TDD by 10%

Step 3. Monitor for hypoglycemia Fasting hypoglycemia Reduce basal insulin dose

Night time hypoglycemia Reduce basal insulin or reduce short/rapid-acting
insulin taken before supper or evening snack

Between meal hypoglycemia Reduce previous premeal short/rapid-acting insulin

BG blood glucose,DPP-4 dipeptidyl peptidase 4 inhibitors,FPG fasting plasma glucose,GLP-1 glucagon-like peptide 1 receptor agonists,NPH neutral protamine Hagedorn,
PPG postprandial glucose, SGLT2 sodium glucose cotransporter 2, TDD total daily dose
aBasal + prandial insulin analogues preferred over NPH + regular insulin or premixed insulin
bFor most patients with T2D taking insulin, glucose goals are A1C < 7% and fasting and premeal blood glucose < 110 mg/dL in the absence of hypoglycemia. A1C and FPG
targets may be adjusted based on patient’s age, duration of diabetes, presence of comorbidities, diabetic complications, and hypoglycemia risk

DNS Questionnaire
1. Are you suffering of unsteadiness in walking?
Need for visual control, increase in dark, walk like a drunken man, and lack of

contact with floor
2. Do you have a burning, aching pain or tenderness at your legs or feet?
Occurring at rest or at night, not related to exercise, exclude intermittent

claudication
3. Do you have prickling sensations at your legs and feet
Occurring at rest or at night, distal > proximal, stocking glove distribution
4. Do you have places of numbness on your legs or feet?
Distal > proximal, stocking glove distribution

The questions were answered either “Yes” (positive = 1 point) if symptom has
occurred during the last 2 weeks or “No” (negative = 0 point) if it did not.
Maximum score is 4 and minimum 0
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Diabetic foot care

Annexure XII

Scoring systems to screen for diabetic peripheral neuropa-
thy (Yang Z et al. 2014)
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Infections and vaccinations

Annexure XIII

Recommended vaccines for diabetic patients
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Diabetic neuropathy examination
Muscle strength
1. Quadriceps femoris: extension of the knee
2. Tibialis anterior: dorsiflexion of the foot

Reflex
1. Triceps surae

Sensation: index finger
1. Sensitivity to pinpricks
2. Monofilament and vibration perception threshold

Sensation: big toe
1. Sensitivity to pinpricks
2. Sensitivity to touch
1. Vibration perception
2. Sensitivity to joint position

Only the right leg and foot are tested.
Scoring from 0 to 2:
0 = Normal
1 = Mild/moderate deficit
• Muscle strength: Medical Research Council scale 3–4
• Reflex: decreased but present
• Sensation: decreased but present
2 = Severely disturbed/absent
• Muscle strength: Medical Research Council scale 0–2
• Reflex: absent
• Sensation: absent
Maximum score = 16 points

Vaccines Dosage

Pneumococcal (polysaccharide) 1 or 2 doses

Influenza 1 dose TIVannually

Tetanus, diphtheria,
pertussis (Td/Tdap)

• Substitute one time dose of Tdap;
then boost with Td every 10 years

Measles, mumps,
rubella (MMR)

• 1 or 2 doses, 4-week interval

Varicella • 2 doses, at least 4 weeks apart

Zoster • 1 dose, 60 years

Hepatitis A • 2 doses at least 6 months apart

Hepatitis B • 3 doses

Human papillomavirus
(HPV)

Female

• 3 doses through age 26 years
• The second dose should be

administered 1–2 months after
the first dose

• Third dose should be administered
6 months after the first dose (at
least 24 weeks after the first dose)

Human papillomavirus
(HPV)

Male

• 3 doses through age 21 years
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Fasting and diabetes

Annexure XIV

Categories of risk in patients with T1DM or T2DM who
fast during Ramadan

Category Parameter I [very high risk] II [high risk] III [low/moderate risk]

Personal
characteristics

Life stage Childhood/adolescence/
pregnancy/lactation/elderly

Late mid age Healthy adulthood

Lifestyle Intense physical labor; potential
public health impact of
hypoglycemia, e.g., in
commercial drivers

Variable duties, e.g.,
shift workers

Routine lifestyle

Overall health Infirm; cognitive dysfunction;
severe acute illness

Risk of dehydration; on
concomitant steroid
therapy

Stable

Diabetes-related
characteristics

Type of diabetes Brittle diabetes; T1DM,
poorly controlled

T2DM, poorly
controlled

T1DM, well
controlled

T2DM, well controlled

Acute
complications

h/o severe hypoglycemia/DKA/
HHNKC within 3 months
prior to Ramadan; h/o
recurrent hypoglycemia

None None

Chronic
complications

h/o hypoglycemia unawareness;
CKD stage 4/5; Advanced
macrovascular

CKD stage 3, stable
macrovascular
complications

No complication

Therapeutic
characteristics

Non-insulin therapy Conventional sulfonylurea Thrice daily regimes All other therapy

Insulin therapy Basal bolus regimes Thrice daily regimes:
basal-plus; premixed tds;
rapid-rapid-premix;
premix-rapid-premix

Once or twice daily
regimes: basal;
premixed analogues

Medico-religious
advice

Religious suggestion Listen to medical advice.
Do not fast in health is
endangered. Be prepared
to break the fast if
ill health occurs

Medical management Structured education;
SMBG; dose titration.
Watch for complications,
and manage appropriately

T1DM type 1 diabetes, T2DM type 2 diabetes, DKA diabetes ketoacidosis, HHNKC hyperosmolar hyperglycemic non-ketotic coma, CKD chronic
kidney disease
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Annexure XV

Dose adjustment/modifications for the management of
T2DM during Ramadan fast
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Antidiabetic agents Current regimen Recommended dose modification
during Ramadan

Metformin Once daily • Take at iftar

Twice daily • Take at iftar and suhur

Thrice daily • Take 2/3 of the total daily dose at the iftar
and the other 1/3 at the suhur

Sulfonylureasa Once daily • Take at iftar

Twice daily • Take 1/2 of usual evening dose with the
suhur and the usual morning dose with the Iftar

Glinides • The daily dose may be ↓ or divided to 2
doses according to meal size and should be
taken at iftar and suhur

TZD • No dose adjustments is required

DPP-4 inhibitors • No dose adjustments required

Acarbose • No dose adjustments is required

SGLT-2 inhibitorsb • No dose adjustment is required and the dose
be taken with iftar

GLP-1 receptor agonists • The dose should be titrated 6 weeks prior to
Ramadan and no dose adjustment is required

AGIs • No dose modification is required

Long-acting insulin Once daily • ↓ dose by 15–30% and take at iftar

Twice daily • Take usual morning dose at iftar
• ↓ evening dose by 50% and take at suhur

Short-acting insulin • Take normal dose at iftar and
lunch-time dose at dinner

• ↓ suhur dose by 50%

Premixed insulin Once daily • Take normal dose at iftar

Twice daily • Take 1/2 of usual evening dose with the suhur
and the usual morning dose with the iftar

Thrice Daily • Omit afternoon dose and adjust iftar and suhur doses
• Carry out dose titration every 3 days

Insulin pump Basal rate • ↓ dose by 20–40% in the last
3–4 h of fasting

• ↑ dose by 0–30% early after iftar

Bolus rate • Normal carbohydrate counting and insulin
sensitivity principles apply

AGIs alpha glucosidase inhibitors, DPP-4 dipeptidyl peptidase-4, SGLT-2 sodium-glucose co-transporter-2, TZD thiazolidinedione
aGliclazide and glimepiride should be preferred among all other sulfonylureas
bElderly patients, patients with renal impairment, hypotensive individuals, those at risk of dehydration, or those taking diuretics should not be treated with SGLT2 inhibitors
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Diabetes and CV risk

Annexure XVI

Statin treatment in patients with diabetes
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Risk Age Statins

ASCVD risk factorsa < 40 years Moderateb/high intensity statinsc

40–75 years High intensity statins

> 75 years Moderate/high intensity statins

ASCVD < 40 years High intensity statins

40–75 years High intensity statins

> 75 years High intensity statins
aASCVD risk factors include LDL cholesterol ≥ 100 mg/dL (2.6 mmol/L), high blood pressure, smoking, overweight and obesity, and family history of premature
ASCVD
bModerate intensity statins (once daily): Atorvastatin 10–20 mg, Rosuvastatin 5–10 mg, Simvastatin 20–40 mg, Pravastatin 40–80 mg, Lovastatin 40 mg,
Fluvastatin XL 80 mg, Pitavastatin 2–4 mg
cHigh intensity statins (once daily): Atorvastatin 40–80 mg, Rosuvastatin 20–40 mg atherosclerotic cardiovascular disease (ASCVD)
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