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Abstract

Fluid, electrolyte, and energy (FEE) management plays a crucial role in the recovery of patients with type 2 diabetes mellitus
(T2DM) and prediabetes, especially during acute non-diarrheal illnesses. However, current diabetes management guidelines
often lack specific recommendations on how to address the unique FEE needs of these patients, leading to potential gaps in
managing dehydration and energy deficits. In this article, we aimed to develop practical consensus recommendations on the
role of FEE management in persons with diabetes (PWDs). Modified Delphi consensus methodology was utilized to reach
a consensus. A scientific committee comprising 11 experts from India formed the panel. Relevant clinical questions within
four major domains were formulated for presentation and discussion: (i) burden of FEE deficits in PWDs; (ii) assessment
of FEE deficits in PWDs; (iii) role of FEE management in the recovery of T2DM; and (iv) importance of sustained energy
concepts in meeting the energy requirements of T2DM. The consensus level was classified as “Yes” (when>70% of par-
ticipants agree/strongly agree or disagree/strongly disagree with a statement) and “No” (when < 70% of participants agree/
strongly agree or disagree/strongly disagree with a statement). The questions that lacked agreement were discussed during the
virtual meeting. The experts agreed that slow-release carbohydrates, such as isomaltulose, D-tagatose, and trehalose, offer an
effective solution for meeting energy requirements while stabilizing blood glucose levels and reducing glycemic variability.
Ready-to-drink formulations that combine electrolytes, fluids, and slow-release carbohydrates provide a balanced approach
to hydration and energy needs, which is particularly beneficial for patients with T2DM who are experiencing dehydration.
Incorporating tailored FEE recommendations into existing guidelines could significantly enhance patient care by ensuring
optimal hydration, electrolyte balance, and glucose control. This approach would be especially beneficial for patients with
comorbidities or those at a higher risk of dehydration, supporting improved recovery and metabolic stability.
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Introduction

India has one of the highest diabetes burdens worldwide,
with a rising prevalence of both type 1 and type 2 diabetes
mellitus (T2DM). The International Diabetes Federation
(IDF) reports that, in 2021, the prevalence of diabetes
among adults in India was approximately 75 million, posi-
tioning India as a leading contributor to the global diabe-
tes population [1]. The ICMR-INDIAB study reports that
diabetes prevalence in India varies widely, from 4.8% in
Uttar Pradesh to 26.4% in Goa, with higher rates in south-
ern and northern urban areas. Meanwhile, prediabetes is
more common in central and northern regions, particularly
in less developed states where the diabetes-to-prediabetes
ratio is 1:2, contrasting with a 1:1 ratio in more devel-
oped regions like Chandigarh and Tamil Nadu [2]. This
trend calls for effective management strategies to mini-
mize complications and enhance patient outcomes. A key
component of diabetes care is the proper management of
fluid, electrolyte, and energy (FEE) requirements, which is
especially crucial during acute illnesses or physical stress.
Poor FEE management can worsen hyperglycemia, cause
metabolic disturbances, and complicate the progression
of the disease [3, 4].

Excessive water and electrolyte loss, or dehydration, is
prevalent in persons with diabetes (PWDs), as metabolic
changes interfere with fluid balance and hinder blood glu-
cose control. An important hormone for preserving plasma
osmolality—arginine vasopressin (AVP)—is frequently
raised in patients with diabetes, which might worsen fluid
imbalance. Insulin resistance and glucose intolerance are
caused by the altered function of AVP in gluconeogenesis,
glycogenolysis, and glucose uptake in adipose tissue in
diabetes. Furthermore, copeptin—a pre-pro-vasopressin
peptide—that mimics AVP action has been linked to insu-
lin resistance, metabolic syndrome, and T2DM [5].

Hyperosmolar hyperglycemic state and diabetic ketoaci-
dosis (DKA) are two serious consequences that can result

from this hormonal imbalance, which frequently exacerbates
hyperglycemia [6—8]. Additionally, inadequate hydration
may impact kidney function, elevating the risk of chronic
complications and associated electrolyte imbalances, includ-
ing dysnatremias, hypokalemia, and magnesium depletion,
which complicate diabetes management. Electrolyte imbal-
ances, notably sodium fluctuations, are also prevalent among
persons with diabetes, often complicating hyperglycemia,
kidney dysfunction, and respiratory health issues [9-11]
(Table 1).

Given the rising prevalence of diabetes in India, there is a
critical need for expert-driven guidelines to standardize the
management of oral fluids, electrolytes, and energy require-
ments (Table 2).

This Delphi consensus aims to provide evidence-based
recommendations specifically tailored to the needs of Indian
healthcare settings, addressing key challenges in FEE man-
agement in diabetes care and offering strategies to reduce
dehydration and electrolyte imbalance complications for
improved patient outcomes.

Methodology
Panel selection

A panel of 11 experts was selected based on their academic
achievements, involvement in clinical research, and diverse
experiences in the field of fluid therapy from different parts
of India. A chair was designated to lead the consensus pro-
cess (Fig. 1).

Evidence review

A comprehensive electronic search was conducted on the
PubMed/MEDLINE database to identify pertinent articles
published from January 2000 to August 2024, using diverse
keyword combinations, including “electrolytes,” “oral

Table 1 Symptoms and

. L Aspect
potential complications of

Symptoms Potential complications

dehydration and electrolyte

¢ 1 an Dehydration in diabetes
imbalance in diabetes

Electrolyte imbalance

- Worsened blood
glucose control

- Diabetic ketoacidosis
(DKA)

- Hyperosmolar hyper-
glycemic state (HHS)
[6-8]

- Hyponatremia or
hypernatremia

- Hypokalemia (risk of
cardiac issues)

- Kidney dysfunction
[9, 10]

- Increased thirst, dry mouth
- Dark/concentrated urine
- Fatigue, dizziness

- Muscle cramps, weakness
- Confusion, irregular heartbeats
- Nausea, headache

DKA, diabetic ketoacidosis; HHS, dyperosmolar hyperglycemic state
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Table 2 Management tips for dehydration and electrolyte imbalance in diabetes [5]

Aspect Management tips

- Drink plenty of water or low-sugar, caffeine-free beverages regularly
- Avoid alcohol, as it can dehydrate

Hydration

- Exercise in cooler times or air-conditioned spaces; carry water
- Watch for heat exhaustion signs, e.g., dizziness, sweating, and cramps, and act quickly to rehy-
drate if symptoms arise

During heat/exercise

Glucose monitoring - Check blood glucose regularly, especially in warm climates, as heat can affect levels

Proactive hydration - Keep water accessible, as thirst may not accurately reflect hydration needs in diabetes

Questionnaire
development

40 clinically relevant
questions were developed
based on the available

Literature review

. A comprehensive
literature review

was undertaken.

Panel selection

A total of 11experts were
selected including a chair.

Drafting consensus statements

The consensus report was drafted
based on meeting outcomes and
the final draft of the consensus was
emailed to all the experts for their
opinion. \

literature.

\ 4

| Delphi Survey — Round 2

A virtual meeting was
convened to discuss
statements that did not
achieve consensus during

Round 1. |

Delphi Survey — Round 1

. A questionnaire was
administered to the panel to
record their opinion.

Fig. 1 Overview of the consensus process used to develop the clinical consensus statement

LIS

fluids,” “fluids,” “dehydration,” “energy,” “non-diarrheal
illnesses,” “burden,” “assessment,” “management,” “Dia-
betes,” “Sustained release,” and “oral rehydration” along
with appropriate variations in search phrases and Boolean
operators (AND, OR). The included sources comprised ran-
domized controlled trials, case reports, practice guidelines,
consensus recommendations, surveys, systematic literature
reviews, and meta-analyses. Research studies involving ani-
mals or published in a language other than English were
excluded. Replicates were eliminated during the filtering
process.

ELINT3

Development of questionnaire

After an extensive search, a total of 40 clinically relevant
questions were drafted to facilitate the discussion. A modi-
fied Delphi consensus was considered to arrive at a con-
sensus [12]. The questionnaire was divided into four major
domains:

e Burden of FEE deficits in PWDs
o Assessment of FEE deficits in PWDs

¢ Role of FEE management in the recovery of T2DM
e Importance of sustained energy concepts in meeting the
energy requirements of T2DM

Certain open-ended and discussion questions were incor-
porated to gather valuable insights from the experts. An
electronic survey link to these questions was sent to all the
participants to record their views (Delphi survey Round 1).

Consensus process

The level of consensus was categorized as “Yes”
(when>70% of participants agree/strongly agree or
disagree/strongly disagree with a statement) and “No”
(when <70% of participants agree/strongly agree or disa-
gree/strongly disagree with a statement) [13] (Table 3).
A virtual meeting was held to review the Round 1 Delphi
survey results, open-ended questions, and statements that
did not attain consensus during Round 1. A Round 2 sur-
vey was conducted to discuss questions/statements that did
not achieve consensus during the first round of discussion.
The consensus report was drafted based on the meeting
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Table 3 Level of consensus

Consensus Definition

Yes When >70% of participants
agree/strongly agree or disa-
gree/strongly disagree with a
statement

No When <70% of participants

agree/strongly agree or disa-
gree/strongly disagree with a
statement

outcomes, and the final draft of the consensus was emailed
to all the experts for their opinion.

Results

Following the results of the literature search, in total, 40
clinically relevant questions and/or statements (open-ended
and survey-type [N=7]; statements [N=33]) were devel-
oped and included in the Delphi survey (Table 4).

Discussion
Burden of FEE deficits in PWDs

PWDs frequently experience FEE deficits, making them
vulnerable to significant electrolyte imbalances, especially
among the elderly and those with renal insufficiency [14,
15]. Non-diarrheal conditions like infections and fever
exacerbate FEE deficits, leading to dehydration and further
challenging diabetes management [5, 16]. Although evi-
dence suggests that increased water intake can reduce the
risk of hyperglycemia and T2DM [17, 18], dehydration in
patients with diabetes remains underdiagnosed and often
inadequately managed, with an estimated 24%—45% experi-
encing dehydration [19-21].

Expert’s opinion: Prevalence of dehydration and energy defi-
cits in patients with diabetes

e Among 11 experts, 82% found that in their clinical
practice, up to 10% of PWDs present with symptoms
of dehydration. This suggests that while dehydration is
not present in all patients, it is a noticeable issue within
PWDs.

e A majority of the experts found that in their clinical
practice, nearly 50% of PWDs and nondiarrheal condi-
tions present with symptoms of dehydration and energy
deficits.

@ Springer

Factors contributing to dehydration in PWDs

Fluid loss in PWDs can result from various pathophysiologi-
cal factors or reduced oral intake. Common causes include
diuretic overuse, glucocorticoid deficiency, hypothyroidism,
antidiuretic hormone imbalance, insufficient fluid intake, hot
weather, strenuous exercise, hyperglycemia, alcohol intake,
diabetic complications, diarrhea, and vomiting [5]. Certain
diabetes medicines, like sodium—glucose cotransporter-2
(SGLT?2) inhibitors, metformin, sulfonylureas, and dipeptidyl
peptidase-4 inhibitors, can increase electrolyte imbalances and
the risk of hypovolemia, especially in older adults and people
with declining kidney function [22, 23]. Older adults aged
over 75 years frequently experience dehydration when receiv-
ing loop diuretics, thiazides, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin II receptor blockers (ARBs),
and noninsulin antidiabetic combination therapy [24]. This
dehydration risk may exacerbate complications such as DKA,
as observed in a study of 110 patients with diabetes, where
vomiting (in 50%) and infections (in 52%) were leading trig-
gers for DKA. Predictors of mortality in DKA included insu-
lin needs, fever, and fluid and electrolyte requirements [25].
Additionally, dehydration, whether due to low water intake
or elevated vasopressin levels, can worsen glucose dysregula-
tion and raise diabetes risk [26]. A pilot study on nine males
with diabetes showed that 3 days of water restriction led to
hypohydration and impaired serum glucose regulation [27].

Expert’s Opinion: Factors Contributing to Dehydration in
PWDs

e The factors that may potentially increase the risk of dehy-
dration in PWDs are the following:

e Increased fluid loss due to hypoglycemia-induced
osmotic stress

o Side effects of antidiabetes medications (e.g., SGLT2
inhibitors)

e Thiazide diuretics for hypertension

e Reduced fluid intake due to fear of frequent urination
e Insensible fluid loss (e.g., due to fever, respiratory
infections, viral fevers, heat illnesses, and dry environ-
ment)

e Exacerbation of urinary/genital tract infections

e SGLT?2 inhibitors contribute to an increased risk of dehy-
dration and hypovolemia with increased estimated glo-
merular filtration rate and advancing age.'*

e All the experts agreed that while these medications
offer benefits for managing diabetes, patient education
is essential to minimize the risk of dehydration and its
associated complications.
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Table 4 Summary of consensus statements

Consensus statements

No

Burden of FEE deficits in PWDs

Round 1 Round 2

10

11
12
13

14

15
16

17
18

19

20

21

22

23

24

25

Diabetes in elderly patients aggravates the risk of dehydration

Non-diarrheal conditions (e.g., fever, infections, heat-related illnesses, nausea and vomiting, etc.) in PWDs further
increase the risk of FEE deficits

Non-diarrheal conditions in persons with prediabetes further increase the risk of FEE deficits

Dehydration increases the risk of poor glycemic control in PWDs

The factors that may potentially contribute to dehydration in PWDs are:

a) Increased fluid loss due to hypoglycemia-induced osmotic stress

b) Side effects of anti-diabetes medications (e.g., SGLT2 inhibitors)

c¢) Thiazide diuretics for hypertension

d) Reduced fluid intake due to fear of frequent urination

e) Insensible fluid loss (e.g., due to fever, respiratory infections, viral fevers, heat illnesses, and dry environment)

f) Exacerbation of urinary/genital tract infections

Fever in PWDs aggravates the risk of overt or subclinical dehydration (fluid and electrolyte deficits), along with
increased energy requirements

Infections in PWDs aggravate the risk of overt or subclinical dehydration (fluid and electrolyte deficits), along with
increased energy requirements

T2DM is associated with a significantly greater risk of heat-related illnesses and complications during heat waves

Heat-related illnesses in PWDs aggravate overt or subclinical dehydration (fluid and electrolyte deficits), along with
increased energy requirements

PWDs and non-diarrheal conditions have increased energy requirements due to heightened metabolic demand and
anorexia

Assessment of FEE deficits in PWDs

Screening PWDs for non-diarrheal dehydration is often overlooked in clinical practice

PWDs should be screened for dehydration as a part of routine care

PWDs and non-diarrheal conditions should be screened for dehydration and energy requirement as a part of clinical
assessment

Inadequate FEE management in PWDs can lead to several complications, including the following:

a) Poor glycemic control

b) Delayed recovery from acute non-diarrheal illnesses

c) Increased hospitalization rates

d) Exacerbation of urinary tract/genital infections

e) Increased risk of DKA

FEE deficits in PWDs significantly impact their recovery from acute non-diarrheal illnesses

FEE deficits in persons with prediabetes significantly impact their recovery from acute non-diarrheal illnesses

Role of FEE management in the recovery of T2DM

Only plain water recommendations should be avoided in PWDs and non-diarrheal conditions

Certain homemade or traditional remedies, such as coconut water and fruit juices, may not be suitable for individuals
with diabetes and non-diarrheal conditions

Addressing FEE deficits with electrolyte drinks containing slow-release carbohydrates should be recommended from
day 1 of non-diarrheal illness in PWDs

RTD oral FEE with sustained release energy should be recommended to support recovery in PWDs experiencing fever,

infections, heat-related illnesses, or vomiting

Oral rehydration recommendations in dehydrated PWDs can help improve glycemic control and enhance overall health

outcomes

RTD electrolyte drinks with an optimal amount of glucose and sodium promote faster water absorption compared to
zero-sugar electrolyte drinks

RTD electrolyte drinks with sustained energy can lead to faster recovery in PWDs with non-diarrheal conditions,
compared to homemade fluids, coconut water, or fruit juices

RTD electrolyte drinks with sustained energy can lead to faster recovery in prediabetic individuals with non-diarrheal

conditions, compared to homemade fluids, coconut water, or fruit juices

RTD electrolyte drinks with optimal electrolyte, sodium, and glucose concentrations may be a more effective choice
for rehydration in PWDs compared to non-RTD options such as homemade fluids, coconut water, or fruit juices

91%
100%

73%
100%

91%
64%
73%
82%
100%
82%

100%

91%

82%
91%

91%

91%
91%
100%

91%
100%
100%
91%
82%

100%
91%

91%
100%

91%

100%

100%

100%

100%

91%

100%

NA
NA

NA
NA

NA
82%
NA
NA
NA
NA

NA

NA

NA
NA

NA

NA
NA
NA

NA
NA
NA
NA
NA

NA
NA

NA
NA

NA

NA

NA

NA

NA

NA

NA
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Table 4 (continued)

Consensus statements

Round 1 Round 2

No Burden of FEE deficits in PWDs

26  Electrolyte drinks with low GI should be preferred to address hydration and energy needs in PWDs experiencing non-

100% NA

diarrheal conditions such as fever, infections, health illnesses, and vomiting

27  Well-hydrated patients with diabetes are more likely to recover faster from various infections compared to those who

are dehydrated

100% NA

Importance of sustained energy concepts in meeting the energy requirements of T2DM

28 HCPs need to ensure low-glycemic variability and stable insulin levels while managing hydration and energy require-

ments in PWDs and non-diarrheal conditions

100% NA

29  Slow-release carbohydrates like isomaltulose, D-tagatose, and trehalose are a preferred source of energy among all 91% NA
available low-glycemic carbohydrates for PWDs, prediabetes, obesity, or those following a healthy diet

30 RTD formulations combining electrolytes and slow-release carbohydrates, such as isomaltulose, D-tagatose, and tre- 91% NA
halose, are an effective choice for restoring hydration, addressing energy deficits, and supporting recovery in PWDs

experiencing acute non-diarrheal illnesses

31 RTD formulations combining electrolytes and slow-release carbohydrates, such as isomaltulose, D-tagatose, and tre- 82% NA
halose, are an effective choice for restoring hydration, addressing energy deficits, and supporting recovery in persons

with prediabetes experiencing acute non-diarrheal illnesses

32 Slow-release carbohydrates, such as isomaltulose, D-tagatose, and trehalose, can be packaged in RTD formats with

100% NA

electrolytes to meet hydration and energy needs and support recovery in diabetes and non-diarrheal conditions

33  Slow-release carbohydrates, such as isomaltulose, D-tagatose, and trehalose, can be packaged in RTD formats with 91% NA
electrolytes to meet hydration and energy needs and support recovery in persons with prediabetes and non-diarrheal

conditions

DKA, diabetic ketoacidosis; FEE, fluid, electrolyte, and energy; G/, glycemic index; HCP, healthcare professional; NA, not applicable; PWDs,
persons with diabetes; RTD, ready-to-drink; SGLT2, sodium—glucose cotransporter 2; T2DM, type 2 diabetes mellitus

e Patients on SGLT?2 inhibitors should be advised to increase
their daily water intake by 2—3 glasses to compensate for
the increased urination caused by these medications.

e Fatigue and low energy levels may not always be attrib-
uted to hyperglycemia; rather, they may be early signs
of dehydration, underscoring the role of hydration in
enhancing treatment outcomes.

Expert’s Opinion: Challenges in Accurately Assessing Dehy-
dration in PWDs

e Subtle signs of early dehydration, such as muscle cramps,
dizziness, and fatigue, are often overlooked, especially
during seasonal changes

e Overlapping symptoms with hyperglycemia (e.g., thirst
and dry mouth)

e Lack of clear clinical markers specific to diabetes-related
dehydration

e Inconsistent patient self-reporting of fluid intake

e Reliance on subjective symptoms rather than objective
measures

e Lack of consensus on definition and diagnosis

Assessment of dehydration in PWDs
Assessing hydration status in patients with diabetes is

challenging due to the complex dynamics of fluid regula-
tion. Accurate hydration assessment is essential, as both

@ Springer

overestimation and underestimation can negatively impact
patient outcomes [28]. Common dehydration scales, such
as the World Health Organization (WHO) scale, Clinical
Dehydration Scale, and Gorelick Scale, lack validation for
patients with diabetes, highlighting the need for a more tai-
lored approach [29]. While individual signs of dehydration
like skin turgor and sunken eyes may be unreliable, combin-
ing multiple clinical signs with plasma and urine markers can
improve accuracy [30, 31]. Practical, noninvasive markers,
such as urine osmolality, specific gravity, and color, are use-
ful in large-scale assessments, though different markers may
better suit specific cohorts or dehydration types [32-35].

Expert’s Opinion: Commonly Used Parameters for Dehydra-
tion Assessment

o Clinical signs and symptoms
o Urine output/quantity

o Urine frequency

o Urine color

o Fluid intake

o Fluid balance charts

eSome experts believed that hematocrit and lactate are
the simplest ways to assess dehydration.

However, several barriers exist for accurately assess-
ing dehydration in PWDs. Time constraints, lack of formal
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hydration protocols, poor reliability on clinical signs, and
insufficient training contribute to inconsistent dehydration
management [36, 37].

Diabetes and heat-related illness

PWDs are more at risk of developing heat-related ill-
nesses due to impaired vasodilation and eccrine sweating,
which are essential for thermoregulation. Reduced eccrine
sweating in these patients is a result of both peripheral and
central changes, including decreased sweat gland output,
reduced nerve density, limited nitric oxide bioavailability,
and disruptions in the sympathetic nervous system, fur-
ther compromising the body’s thermoregulatory capacity.
Vasodilatory impairment results from both endothelium-
dependent and endothelium-independent mechanisms.
Endothelium-dependent vasodilation is hindered by the
buildup of advanced glycosylated end products and reduced
nitric oxide limits, while endothelium-independent pathways
are hindered by vascular changes, such as atherosclerosis
and hyperglycemia. Additionally, the absence of C-peptide
exacerbates these vasodilatory issues, reducing skin blood
flow and impairing body temperature regulation under heat
stress. Collectively, these factors contribute to a decreased
ability to dissipate heat, making PWDs more vulnerable
to heat stress and related illnesses, especially during high-
temperature conditions [38]. Consequently, individuals with
T2DM face up to 18% increased risk of mortality and 10%
higher risk of morbidity during heat waves [39].

Complications due to inadequate FEE management
in PWDs

Dehydration in elderly individuals (with or without diabe-
tes), particularly with concurrent infections, correlates with
increased morbidity and mortality, leading to higher health-
care resource utilization [40]. Common symptoms, including
hypotension, dry and sunken eyes, dizziness, confusion, and
lethargy, often result from FEE imbalances.

Expert’s Opinion: The Critical Role of FEE Management in
Reducing Diabetes-Related Complications

e Inadequate FEE management in PWDs can lead to sev-
eral complications, including the following:

a) Poor glycemic control

b) Delayed recovery from acute nondiarrheal illnesses
¢) Increased hospitalization rates

d) Exacerbation of urinary tract/genital infections

e) Increased risk of DKA

e Inadequate FEE management in PWDs can also lead to
complications such as acute kidney injury and worsening
of preexisting illnesses such as chronic kidney disease
(CKD) and stroke.

FEE management in the recovery of T2DM

Effective FEE management is essential for promoting recov-
ery in PWDs or those who are prediabetic, especially during
acute non-diarrheal illnesses [5]. Electrolytes are vital for
cellular function and become depleted during dehydration
episodes, often requiring targeted supplementation.

Current diabetes management guidelines focus primarily
on diet and glycemic control, offering limited recommenda-
tions on FEE management specifically tailored for diabetes-
related dehydration (Table 5).

Despite the availability of these national and interna-
tional guidelines for diabetes management, there are sig-
nificant gaps in the recommendations for FEE management
in PWDs, especially in the context of dehydration. One key
gap is the absence of targeted advice that leaves persons
with diabetes vulnerable to issues stemming from electrolyte
imbalances. Additionally, most guidelines do not empha-
size the importance of addressing energy needs alongside
hydration, such as incorporating slow-release carbohydrates
to provide a sustained source of energy and stabilize blood
glucose levels, particularly during periods of mild illness
or recovery. Another critical gap is the lack of guidance

Table 5 Current guidelines and recommendations for dehydration and oral FEE management

Guidelines Recommendations

RSSDI-ESI (India) [41]
ADA [42]

e Emphasizes dietary management for diabetes; no specific hydration or electrolyte guidance

e Encourages water intake over sugary beverages to manage dehydration

e Focuses on glycemic control and diet; general recommendations on hydration but no detailed dehydra-

tion guidelines
The European Food Safety Author-
ity [43]
ICMR-NIN (India) [44]

e Average daily intake of water of 1.6 L/6.5 cups per day for women and 2 L/8.5 glasses per day for men

e 2 L/day for healthy adults and increased water intake for the elderly to avoid dehydration

ADA, American Diabetes Association; ICMR-NIN, Indian Council of Medical Research-National Nutrition of Institution; RSSDI-ESI, Research

Society for the Study of Diabetes in India-Endocrine Society of India
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on using ready-to-drink (RTD) formulations. Given these
gaps in current diabetes management guidelines, it becomes
essential to identify strategies that address both hydration
and energy needs in persons with diabetes.

Oral rehydration therapy (ORT) is widely regarded as
the first-line intervention for managing fluid and electrolyte
deficits, and it plays an especially critical role in diabetic
care. While oral rehydration solutions (ORS) are generally
prescribed for dehydration, the inclusion of glucose as an
energy source in FEE solutions can raise concerns about
increased osmolarity, which may exacerbate osmotic diar-
rhea [5]. Differentiating between FEE and traditional ORS
solutions enables clinicians to tailor rehydration and energy
support to specific dehydration profiles, enhancing treatment
efficacy. Evidence suggests that early initiation of oral FEE
therapy, ideally from the first day of an acute non-diarrheal
illness, and its prompt inclusion in chronic illness manage-
ment can improve patient outcomes [16]. Additionally, the
requirements for managing FEE in patients with prediabetes
and diabetes are similar, with both groups needing monitor-
ing of fluid and electrolyte intake to maintain optimal health.
Studies support that FEE therapy expedites recovery and
shortens illness duration in non-diarrheal conditions [45].

Expert’s Opinion: Special Considerations for Diabetes
Management

e Elderly men, especially those with prostate conditions,
often limit fluid intake to avoid frequent urination.
Women tend to reduce fluid intake when traveling to
avoid bathroom breaks. Thus, educating patients is cru-
cial to overcoming the barriers associated with dehydra-
tion in PWDs.

e Patients on SGLT?2 inhibitors should be encouraged to
increase their daily water intake by 2—3 glasses to coun-
teract the diuretic effect of these medications.

e A written RTD FEE prescription should be given to
facilitate speed of recovery.

e [t is vital to educate patients that symptoms such as
fatigue and low energy are not always indicative of
hyperglycemia; they may often signify dehydration. Rec-
ognizing and addressing dehydration early on can prevent
misinterpretation and aid in timely

Sustained energy in meeting the energy
requirements of type 2 diabetes

Slow-release carbohydrates are increasingly recognized
for their role in improving glycemic control by providing
glucose gradually, which reduces glycemic variability in
T2DM. Unlike high glycemic index (GI) carbohydrates,
slow-release options such as isomaltulose, D-tagatose, and
trehalose helps minimize postprandial glucose spikes and
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reduce insulin demand [46, 47]. This further helps to support
long-term energy requirements, making these carbohydrates
a preferred choice for PWDs and other metabolic conditions.

While isomaltulose has gained recognition for its unique
benefits and evidence, other slow-release carbohydrates such
as inulin, trehalose, and D-tagatose hold potential in manag-
ing glycemic control and providing sustained energy. Inulin
supports gut health with minimal glycemic impact, offering
potential benefits when paired with other carbohydrates in
RTD formulations [48, 49]. D-Tagatose, also known for its
low GI and prebiotic properties, increases the amount of
short-chain fatty acids through intestinal fermentation, offer-
ing protective effects against metabolic diseases. However,
potential side effects such as diarrhea and elevated uric acid
have been noted, and its high production cost remains a bar-
rier [48].

To further highlight the benefits of slow-release carbohy-
drates, it is important to compare them with widely available
high-GI carbohydrates such as sucrose and maltodextrin.
Sucrose, a commonly used sugar, provides rapid energy but
leads to significant postprandial glucose spikes and higher
insulin demand [47]. Maltodextrin, though frequently
included in nutritional supplements, is rapidly digested and
absorbed, contributing to high glycemic responses similar
to glucose. These characteristics make them less favorable
for managing glycemic control in T2DM [50].

In contrast, isomaltulose provides certain benefits as
compared to trehalose and D-tagatose. The GI of D-taga-
tose is quite low, but it can provide only 1.5 kcal energy/g,
while trehalose has a high GI of 72. With a GI of 32.8, iso-
maltulose offers a sustained energy release, and manages
insulin levels more effectively than other high-GI alterna-
tives available [46]. Additionally, it improves hormonal
responses by lowering gastric inhibitory polypeptide (GIP),
increasing glucagon-like peptide-1 (GLP-1), and reducing
insulin secretion, and may aid in reducing the risk of long-
term complications associated with T2DM. This substitu-
tion is also helpful for individuals with impaired glucose
tolerance, hypertension, obesity, and older adults. Evidence
also suggests significant benefits among Asian populations,
where the prevalence of T2DM is high [51].

A study by Konig et al. investigated the effects of iso-
maltulose and sucrose on the postprandial metabolic response
in 20 overweight or obese men (32—-64 years old) with meta-
bolic syndrome and insulin resistance. The ingestion of
isomaltulose resulted in lower glycemic and insulinemic
responses than sucrose and increased fat oxidation at rest and
during physical activity, further underscoring its advantages
over traditional high-GI carbohydrates [52]. Slow-release
carbohydrates like isomaltulose, D-tagatose, trehalose, and
isomaltulose, unlike other alternatives, combine nutritional
and physiological benefits with cost-effective production and
wide applicability in the food and pharmaceutical industries.
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By integrating these slow-release carbohydrates into RTD
formulations alongside essential electrolytes, healthcare pro-
fessionals can offer a holistic approach to managing energy
and hydration needs effectively.

RTD FEE formulations are particularly advantageous, as
they offer precisely measured electrolytes and energy con-
tent, ensuring consistency and accuracy in nutrient intake
[5]. An optimal RTD ORT solution for PWDs should incor-
porate a balanced composition of sweeteners and essential
electrolytes, including sodium, potassium, and chloride, to
support both hydration and electrolyte balance (Table 6).
Using zero-calorie, natural sweeteners like stevia helps
manage energy intake, while a precise sodium-to-glucose
ratio of 1:1 enhances hydration efficiency by leveraging the
sodium—glucose cotransporter-1 (SGLT1) mechanism. This
optimal ratio promotes faster water absorption, allowing for
rapid rehydration more effectively than water alone.

While traditional remedies, such as homemade sugar-salt
solutions, are commonly used for hydration, they often lack
consistency and suitability for PWDs as they rely on high-GI
sugars, which may contribute to postprandial glucose spikes. In
comparison, RTD formulations that combine slow-release car-
bohydrates with essential electrolytes offer sustained hydration
and energy, making them well-suited for diabetes management.
Such RTD solutions are beneficial not only for individuals with
diabetes but also for those with prediabetes, obesity, or those
following a healthy dietary regimen, including older adults
managing their hydration and energy needs effectively [46].

The expert panel recommended an optimum combination
of electrolytes and slow-release novel carbohydrates, such
as isomaltulose, D-tagatose, and trehalose, packaged in the
RTD format, which would form an efficient choice to restore
hydration and energy deficits and support recovery from
acute non-diarrheal illnesses in PWDs and those with pre-
diabetes. Experts also emphasized that when recommend-
ing a rehydration fluid for patients with diabetes, especially
those with comorbidities, several critical factors must be
carefully evaluated. The composition and constitution of the
rehydration fluid should be considered based on the patient’s
diabetes control, renal function, and associated comorbidi-
ties. A comprehensive approach is necessary to ensure that

Table 6 Key attributes of RTD FEE formulations for diabetes man-
agement

Key attributes

e Noncaffeinated, nonalcoholic, and noncarbonated formulation

e Hygienically prepared

e Optimal levels of key electrolytes such as Na, K, and Cl

e Appropriate glucose or dextrose content for faster water absorp-
tion

o Fully digestible, slow-release carbohydrates to provide sustained
hydration and energy

FEE, fluid, electrolyte, and energy; RTD, ready-to-drink

fluid, electrolytes, and carbohydrates are provided in a bal-
anced way without compromising overall metabolic control.

Management of dehydration in low resource
settings

In resource-limited settings, where challenges in maintaining
hydration are more pronounced, educating patients and car-
egivers to recognize dehydration signs and promoting daily
fluid intake are essential. Noninvasive hydration indicators,
like urine color, can help patients manage hydration effectively.

Daily fluid intake should be encouraged, with emphasis
on locally available options like ORS prepared with water,
sugar, and salt, which is an invaluable tool for combating
dehydration [53]. Similarly, rice water, a byproduct of boil-
ing rice, is a cost-effective source [54]. Buttermilk, a com-
mon household preparation, serves as an excellent hydrat-
ing drink, offering electrolytes like sodium and potassium
[55]. Coconut water (rich in natural electrolytes) is another
valuable option, especially in tropical regions where it is
abundantly available [56]. Infused water with herbs like mint
or lemon can offer flavor and nutrients, encouraging better
hydration adherence. These solutions are simple to prepare
and cost-effective, making them practical for widespread
use. Other home-prepared options, like sattu (roasted gram
flour drink) and lightly salted lemon water, can also support
hydration effectively [57, 58].

Additionally, incorporating water-rich foods such as fruits
and vegetables can further support hydration. Fruits such as
watermelon, papaya, oranges, and apples are excellent low-
cost hydration sources. Vegetables like cucumber, tomato,
and lettuce are similarly beneficial and can be consumed
raw or as part of salads to retain their water content [57,
59]. Vegetable broths and soups can also provide hydration
while delivering essential electrolytes and nutrients, benefit-
ing patients managing T2DM [60].

Slow-release carbohydrates, such as those found in whole
grains like oats and millets, or starchy vegetables like sweet
potatoes, provide sustained energy release and play an essen-
tial role in maintaining blood sugar levels, especially in
PwDs [61, 62]. Combining these carbohydrate sources with
hydrating foods, such as combining porridge with milk or
adding fruits like apples, ensures both energy and hydration
needs are met effectively.

In regions where RTD (ready-to-drink) formulations are
unavailable or unaffordable, these naturally occurring food
products play a pivotal role in managing hydration. High-
lighting traditional and locally accepted hydration solutions
ensures that patients and caregivers have practical, sustain-
able, and affordable options.

These strategies, focusing on education and community
support, provide sustainable solutions for hydration and FEE
management in PWDs in resource-limited settings.
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Conclusion

Managing FEE balance in PWDs is crucial, especially during
illness or increased metabolic demands. Evidence suggests that
tailored FEE solutions, particularly those with slow-release
carbohydrates, provide a stable energy source while minimiz-
ing glycemic fluctuations, making them superior to standard
hydration methods like ORS. Despite the benefits of FEE solu-
tions, current diabetes guidelines lack specific hydration and
energy recommendations for patients with T2DM. Integrat-
ing personalized FEE strategies into clinical guidelines could
bridge this gap, helping to prevent dehydration-related compli-
cations and supporting better overall glucose control.

Effective hydration management faces additional challenges
by patient reluctance toward commercially available rehydration
drinks and the lack of standardized hydration assessment proto-
cols. Educating PWDs on the importance of personalized hydra-
tion strategies and simple hydration monitoring methods, such
as using urine color, can empower self-management. Encour-
aging fluid intake between meals and implementing standard-
ized hydration assessment checklists, along with staff training
on dehydration signs, can improve care delivery. Additionally,
exploring RTD FEE beverages tailored to T2DM needs offers
potential for enhanced recovery and reduced healthcare costs.

Addressing these gaps requires improving physician
knowledge, raising patient awareness, and implementing
standardized protocols. These steps can ensure effective
hydration management, reduce complications, and enhance
the overall quality of life for PWDs.
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