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ABSTRACT

Introduction: Partial meal replacement (PMR)
offers potential glycemic and weight control
benefits in type 2 diabetes mellitus (T2DM)
patients. We evaluated the clinical impact of
PMR (diabetes-specific nutritional supplement
[DSNS]) in overweight/obese Indian patients
with T2DM.

Methods: PRIDE, a 12-week, phase IV, open-la-
bel, multicenter study randomized (1:1) newly
diagnosed T2DM patients (B 1 year) to either
DSNS plus standard of care (SOC; diabetes
treatment with dietary counseling) group (PMR)
or SOC alone group (SOC). The primary end-
point was mean change in glycated hemoglobin
(HbA1c) from baseline to week 12. Secondary
endpoints were changes in glucose profiles,
body weight, waist circumference, lipid profile,
and factors impacting quality-of-life (QoL) at
week 6 and 12 from baseline. Safety was assessed
throughout the study.
Results: Of the 176 patients enrolled, 171
(n = 85 in PMR group; n = 86 in SOC group)
were included in the modified intent-to-treat
population. The mean reduction in HbA1c at
week 12 from baseline in PMR group was sig-
nificant compared to the SOC group (- 0.59 vs.
- 0.21%, p = 0.002). At week 12, the PMR group
showed significant reduction in mean body
weight (- 2.19 vs. - 0.22 kg; p = 0.001) and
waist circumference (- 2.34 vs. - 0.48 cm;
p = 0.001) compared to SOC group. Mean fast-
ing plasma glucose and post-prandial glucose
significantly reduced from baseline at week 6
and 12 in each group (p\ 0.05). No significant
change was observed in lipid profile. QoL
parameters (treatment adherence, general well-
being, and energy fulfilment) in the PMR were
significantly better than SOC group (p\0.05).
Patients were satisfied with the taste of DSNS.
No serious adverse events were reported.
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Conclusions: DSNS is an encouraging option
for PMR strategy, as it significantly improved
HbA1c, body weight, waist circumference, and
overall well-being among overweight/obese
Indian T2DM patients.
Trial Identification No.: CTRI/2019/10/
021595.

Keywords: Diabetes-specific nutritional
supplement; Glycemic control; India; Partial
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Key Summary Points

Why carry out this study?

Type 2 diabetes mellitus (T2DM) and
obesity are strongly correlated. 74.2
million of India’s population suffers from
T2DM, and about 135 million of urban
India’s adult population is overweight/
obese.

Clinical guidelines for managing T2DM
recommend medical nutrition therapy
and dietary counselling by registered
dieticians in consultation with physicians
to complement treatment for T2DM. In
India, meal planning and diet adherence
remain a major roadblock to effective
management practices for T2DM.

Meal replacement strategies can effectively
manage T2DM via glycemic and body
weight control. In India, limited evidence
exists regarding the effectiveness of the
partial meal replacement (PMR) strategy
in helping achieve glycemic control and
its effect on anthropometric
measurements in the overweight/obese
T2DM population in conjunction with
pharmacotherapy.

What did the study entail?

The study assessed the effect of PMR
therapy on glycemic control and
anthropometric measurements in the
Indian overweight/obese T2DM
population.

What was learned from the study?

PMR using a diabetes-specific nutritional
supplement (DSNS), dietary counseling,
and standard treatment helped improve
glycemic control, achieve weight
reduction, and improve factors impacting
QoL in overweight/obese Indian patients
with T2DM compared to standard care
(diabetes treatment ? standardized diet).

PMR using a DSNS can help improve
glycemic levels, anthropometric
measurements, and factors impacting QoL
in Indian overweight/obese T2DM
patients.

INTRODUCTION

The increasing prevalence of type 2 diabetes
mellitus (T2DM) is associated with micro- and
macrovascular complications resulting in
increased healthcare costs, making it a potential
public health burden worldwide, including
India [1, 2]. Of the various challenges faced by
T2DM patients, the primary challenge remains
the achievement and maintenance of on-target
glycemic control (glycated hemoglobin A
[HbA1c] levels of\7.0%) [3].

A strong causal link has been suggested
between inadequate glycemic control, defined
as HbA1c levels of C 7.0%, and increased risk of
T2DM-related complications [4–6]. Despite the
availability of diverse treatment options, real-
world data suggest that globally, up to 60% of
T2DM patients exhibit sub-optimal glycemic
control [7]. According to the IMPACT study,
T2DM patients in India had an average HbA1c
of 8.56%, with FPG of 172 mg/dl, and a PPG of
253 mg/dl. Seventy-four percent of the patients
had HbA1c[7% and FPG[130 mg/dl, whereas
PPG [160 mg/dl was observed in 83% of the
patients [8]. The enhanced risk of developing
T2DM among overweight/obese people [9],
coupled with the high co-occurrence of both,
often represents a combined pathological con-
dition called ‘‘diabesity,’’ which is purported to
be mediated by the chronic inflammatory
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response observed in obese individuals [10, 11].
The second National Health and Nutrition Sur-
vey found the prevalence of diabetes to be
much higher in overweight individuals versus
the general population [12, 13]. In India, 38%
adults with diabetes were overweight, compared
with the global average of 19% adults [14].

Balanced and well-structured nutrition plays
a critical role in managing T2DM and achieving
glycemic and weight control [15]. The Diabetes
Prevention Program Research Group indicated
that, over the long term, an intensive lifestyle
intervention (low-calorie diet and modest
physical exercise) resulting in weight reduction
might reduce the incidence of T2DM in over-
weight/obese individuals and improvement in
impaired glucose tolerance by 27–58% [16–18].
However, body weight reduction can be chal-
lenging due to usage of anti-diabetic agents that
cause weight gain, and due to barriers to long-
term lifestyle changes like poor dietary educa-
tion, diminishing motivation to change, delays
in scheduled medical follow-up, and lack of
family support [19, 20]. In the multicenter
DiabCare Asia-India study, only 4% of the 2269
patients followed a specified dietary regimen
[21]. High fat consumption, particularly trans-
fats and saturated fats, has been linked to
insulin resistance, glucose intolerance, and poor
diabetes control [22]. Managing T2DM with diet
requires designing diet plans customized to
meet individual patient needs, which remains
an unmet need in India to a large extent.

Medical nutrition therapy is a fundamental
component in the overall treatment plan for
overweight/obese patients with T2DM, offering
the flexibility to maximize treatment outcomes
and improve general well-being [23, 24]. Fur-
thermore, it is associated with up to 2.0%
decrease in HbA1c [25]. According to the ADA,
medical nutritional therapy comprises an
essential component of the behavior change
critical for achieving improved health outcomes
in T2DM patients [26]. The Research Society for
the Study of Diabetes in India recommends
individualizing diet based on patient’s health
profile and cultural and economic background
[25, 27, 28]. Meal replacements (partial or
complete) are extended strategies of the medical
nutrition therapy and used effectively in T2DM

management [29–31]. A partial meal replace-
ment (PMR) strategy involves one or two meal
replacements with high-protein, low-carbohy-
drate beverage or food bars. Evidence suggests
that PMRs are clinically efficacious in promot-
ing weight loss in obese T2DM patients [32].

Aligned with the PMR strategy, Prohance-D�

is a balanced and low glycemic index (GI) dia-
betes-specific nutritional supplement (DSNS). It
provides an appropriate distribution of calories
from proteins, mixed carbohydrates, fibers, and
fats. Currently, limited evidence documents the
glycemic and weight control benefits of PMR
therapy for Indian patients with T2DM. PRIDE
was one of the first studies in India to explore
the impact of the low glycemic index PMR
treatment strategy using DSNS (Prohance-D�) to
reduce glycemic levels, manage body weight,
and improve lipid profiles, as well as factors
impacting QoL in overweight/obese patients
with T2DM in India.

METHODS

Study Design

PRIDE was a phase IV, open-label, randomized,
controlled study performed in overweight/
obese patients with T2DM between October
2019 and June 2020 across five centers in India.
Patients were randomized (1:1) to receive either
daily one serving (50 g) of the DSNS (Prohance-
D� Vanilla flavored powder) along with stan-
dard of care (SOC) treatment (PMR group) or
SOC alone (SOC group) for 12 weeks. The
Standard of Care was defined as diabetes treat-
ment with dietary counseling. Randomization
was performed using centralized block ran-
domization. The randomization code and dis-
pensing products were placed in the clinical
pharmacy under controlled access.

The study was conducted according to the
principles and requirements of the Declaration
of Helsinki and was consistent with the Inter-
national Conference on Harmonization Good
Clinical Practice (GCP) guidelines, the local
regulatory requirements of GCP for Clinical
Research in India, and the Indian Council for
Medical Research guidelines (2017) for
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Biomedical Research on Human Subjects. The
study was reviewed and approved by the Insti-
tutional Ethics Committee of each participating
center. All subjects provided informed consent
to participate in this study. The study was
explained in detail along with the potential
benefits vs. risks to the patients and/or their
families by the investigator. Patients and/or their
families were given sufficient time to think and
deliberate before consenting to participate in the
study. Prior to study enrollment, duly signed and
dated informed consent was obtained from each
participant in the presence of a legally accepted
representative or impartial witness.

The study was reviewed and approved by the
Institutional Ethics Committee of each partici-
pating center. The study was registered on
Clinical Trials Registry India using the identifier
CTRI/2019/10/021595.

Study Population

Patients meeting the following criteria were
deemed eligible for inclusion in the study: male
and non-pregnant females aged 18–65 years,
diagnosed with T2DM for at least 1 year pre-
ceding the study; and treated with a stable dose
of oral anti-diabetic drugs (drugs permitted
include: metformin, sulfonylureas, thiazo-
lidinedione, dipeptidyl peptidase-IV inhibitors,
glucagon-like peptide-1 agonists) for C 1 month
before screening.

Individuals with HbA1c levels between 6.5
and 10%, body mass index (BMI) of 23–34 kg/
m2 (according to the consensus statement for
diagnosis of obesity in Asian Indians) and will-
ingness to provide written informed consent
were included in the study.

Patients were excluded if they were on basal
or multiple prandial insulin injections, on
nutritional food supplements or multivitamin
supplements (specifically calcium/vitamin D
supplements and B complex syrups) within 15
days before study initiation, on herbal/ayurve-
dic preparations that could affect blood glucose,
or had a history of food allergies to one or more
components of the study product. Detailed
exclusion criteria are provided in online Sup-
plementary Table S1.

Intervention, Monitoring,
and Assessments

One serving of the DSNS was used as either a
breakfast/evening snack replacement or before
lunch/dinner as directed by the physician. Fol-
lowing dietary counseling, the physician asses-
sed the patients based on a standard diet
chart that they filled out after each visit. Based
on the data obtained from this diet chart, the
physician prescribed DSNS as either a breakfast/
evening snack replacement or to be taken prior
to a major meal like lunch or dinner. One
serving of 50 g of DSNS provides 16.8% of the
recommended daily allowance (RDA) of pro-
tein. The SOC included diabetes treatment,
dietary counseling, and maintaining a diet
chart. Diet counseling and standard diet charts
were provided to participants in both groups at
study enrollment.

The DSNS used was a balanced mix of high-
quality protein, complex carbohydrates, heal-
thy fats, and soluble fibers with vital vitamins
and minerals, and low GI nutritional supple-
ment by Sun Pharmaceutical Industries Limited,
Mumbai, India. The powder contained 454 kcal
energy, 20.2 g protein, 46.1 g carbohydrate, 0 g
sugar, 8.1 g dietary fiber, 3.5 g fructooligosac-
charide (FOS), 19.2 g fat, 2.3 g saturated fatty
acids, 11.2 g monounsaturated fatty acids, 3.6 g
polyunsaturated fatty acids, 3 g linoleic acid,
465 mg alpha-linolenic acid, 0 g trans fatty
acids, and 0 mg cholesterol per 100 g powder.
Key ingredients included FOS, inulin, vitamins,
minerals, maltodextrin, sunflower seed oil, cal-
cium caseinate, whey and soy protein isolate,
isomaltulose, fructose, rapeseed oil, carnitine,
and taurine.

Adherence to diet intervention was moni-
tored at every study visit through patient dia-
ries. Routine treatment for diabetes was to be
continued during the study. Each participant
recorded their daily food intake in a diet diary
and serving size based on their diet chart and
dietary counseling at each study visit by
dietician/physician.

The study consisted of three visits: baseline,
week 6, and week 12. At each study visit, general
physical examinations such as height, weight,
and waist circumference were carried out. Blood
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samples were collected for scheduled laboratory
evaluation to assess glycemic profile (fasting
plasma glucose [FPG], postprandial glucose
[PPG], and HbA1c), and lipid profiles (total
cholesterol, high-density lipoprotein choles-
terol [HDL-C], low-density lipoprotein choles-
terol [LDL-C] and triglyceride [TG]), measured
by the respective laboratory of each center.
Factors impacting QoL were also assessed for
both groups during this period.

Patients were followed up during the entire
study period for any adverse event (AE),
including hypoglycemia, adherence to diet
restriction, and factors impacting QoL. For any
severe AEs, adverse reaction, illness or injury,
the subjects were informed to seek immediate
treatment and instruct the clinical study sites.

Study Endpoints

The primary endpoint was the mean change in
HbA1c from baseline to week 12 in PMR group
versus SOC group. The secondary efficacy end-
points were mean changes in FPG, PPG, body
weight, waist circumference, and lipid profile
from baseline to weeks 6 and 12 within each
group. The factors impacting QoL included the
assessment of treatment adherence (never,
often, sometimes, very seldom), energy fulfil-
ment, satiety (all the time, never, often, some-
times, very seldom), and feeling of general well-
being (moderately dissatisfied, moderately sat-
isfied, neither, very dissatisfied, very satisfied).
Additionally, in patients receiving PMR therapy,
assessment of taste (moderately dissatisfied,
moderately satisfied, neither, very dissatisfied,
very satisfied) of DSNS was also recorded.

Safety was assessed by recording AEs and
serious adverse events (SAEs) by the investiga-
tor. AEs were classified according to severity as
mild (events that required minimal or no
treatment and did not interfere with patient’s
daily activities), moderate (events that resulted
in a low level of inconvenience or concern with
therapeutic measures), and severe (events that
interrupted a patient’s usual daily activity and
required systemic drug therapy). The relation-
ship of the AE to the study product was assessed
and categorized as unrelated (events that were

not related), unlikely (events that were doubt-
fully related), possible (events that may be
related), probable (events that were likely rela-
ted) and definite (clearly related to the investi-
gational agent, disease, concomitant
medication, or other contributing cause).

Statistical Analysis

A sample size of 71 patients in each group was
required to detect a difference of C 0.5% in
mean HbA1c with 80% power, using a two-
sample t test and assuming a (two-sided) a of
0.05 and a standard deviation (SD) of 1.5%.

Student’s t test was performed for demo-
graphic data and efficacy parameters. The data
were analyzed, and themean, SD, and rangewere
tabulated. Safety parameters were analyzed as
percentages, and the group comparisons were
evaluated using the chi-square test. The primary
analysis group was the modified intention-to-
treat (mITT) population (all randomized patients
who completed at least one post-baseline visit),
and the efficacy analysis results were reported for
this population and the per-protocol (PP) popu-
lation (all randomized patients who completed
the study in accordance with the protocol with-
out major deviations). Patient samples were
supposed to be collected twice (fasting and
postprandial) during each visit. However, due to
COVID-19 disease-related restrictions, samples
for either fasting or postprandial condition were
not obtained in a few patients.

Safety findings were reported for the safety
population, which included all randomized
patients who received at least one dose of the
study product.

The statistical analyses were performed using
SPSS version 10.0 Statistical Package for Social
Sciences.

Post Hoc Subgroup Analysis

A post hoc analysis was undertaken to identify if
certain subgroups of patients with T2DM expe-
rienced better outcomes with DSNS. The post
hoc analysis was performed on the following
subgroups stratified based on metabolic rele-
vance—BMI B or [30 kg/m2; waist
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circumference B or[35 inches; FPG B or[150
mg/dl; PPG B or[204 mg/dl; and HbA1c % B or
[8. This subgroup analysis was performed for
exploratory purposes.

RESULTS

A total of 185 patients were screened of which
176 (88 each in the PMR and SOC groups) were
eligible to be enrolled in the study (three
patients in the PMR group and two patients in
the SOC group were lost to follow up). Of these
enrolled patients, 171 completed at least one
post-baseline visit (85 in PMR and 86 in SOC
group; mITT population). Of these, 19 patients
were lost to follow-up and ten had protocol
deviations. The protocol deviations observed in
the study were due to the visit not being per-
formed by the patients due to COVID-19 dis-
ease-related restrictions that prevented patients
from visiting the site for the study related pro-
cedures. Hence, a total of 142 patients (71 each
in the PMR and SOC group; PP population)
completed the study in accordance with the
protocol without major deviations.

The patient disposition flowchart is shown
in Fig. 1. A total of 24 patients did not report for
the scheduled follow-up visits on weeks 6 and
12. They were either unable to reach the study
site due to COVID-19 disease-related restrictions
or were lost to follow-up (no contact was
established when the study was completed,
resulting in insufficient information to deter-
mine their status at the last visit).

The results for HbA1c, weight, and waist
circumference for mITT and PP population are
presented below. For FPG, PPBG, lipid profile,
and factors impacting quality-of-life, results for
mITT population are presented below and the
same for PP population are presented in the
online supplementary material.

Demographics and Patient Baseline
Characteristics

The demographic and baseline characteristics
were comparable in the mITT patient popula-
tion between the PMR and the SOC groups. A
total of 41.2% of patients (n = 35) in the PMR
group and 33.7% in the SOC group (n = 29) were
females. The mean age was 50.44 ± 9.79 years

Fig. 1 Patient disposition flowchart. N total number of patients, n number of patients included in the specific category,
PMR partial meal replacement, SOC standard of care
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and 49.92 ± 10.39 years in the PMR and SOC
groups, respectively (p = 0.736); mean BMI was
26.65 ± 2.92 kg/m2 in the PMR group and 26.81
± 2.74 kg/m2 in the SOC group (p = 0.712), and
mean waist circumference in the PMR and SOC
groups was 91.01 ± 9.91 and 92.84 ± 9.86 cm,
respectively (p = 0.227).

There was no significant difference in the
demographics and baseline disease characteris-
tics between the groups (Table 1).

PRIMARY ENDPOINT: GLYCEMIC
PROFILE

Mean change in HbA1c

At week 12, the mean HbA1c reduced signifi-
cantly from baseline by 0.59 ± 0.65% and 0.21
± 0.92% in the mITT population in the PMR
and SOC groups, respectively (p = 0.001 and p =
0.037) (Fig. 2a). The PMR group demonstrated a

significantly greater reduction from baseline in
mean HbA1c % compared to the SOC group at
week 12 (p = 0.002).

Table 1 Patient baseline demographics and disease characteristics

Parameters PMR group (N = 85) SOC group (N = 86) p value

Age, years 50.44 ± 9.79 49.92 ± 10.39 0.736

Male, n (%) 50 (58.80) 57 (66.30) 0.313

Female, n (%) 35 (41.20) 29 (33.70)

Height, cm 161.95 ± 7.40 163.55 ± 8.20 0.182

Weight, kg 70.05 ± 9.89 71.78 ± 7.49 0.199

BMI, kg/m2 26.65 ± 2.92 26.81 ± 2.74 0.712

Waist circumference, cm 91.0 ± 9.91 92.84 ± 9.86 0.227

HbA1c, % 8.04 ± 0.81 7.92 ± 0.83 0.340

FPG, mg/dl 153.7 ± 47.04 151.67 ± 39.57 0.716

PPG, mg/dl 208.97 ± 60.95 203.76 ± 54.59 0.556

Total cholesterol, mg/dl 165.78 ± 32.64 167.47 ± 31.61 0.732

HDL-C, mg/dl 40.68 ± 8.53 41.73 ± 7.25 0.387

LDL-C, mg/dl 97.13 ± 24.03 101.85 ± 27.37 0.232

TG, mg/dl 151.98 ± 81.10 163.93 ± 126.37 0.462

All values are presented as mean ± SD
BMI body mass index, FPG fasting plasma glucose, HbA1c glycated hemoglobin, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, N number of patients in each group, PMR partial meal replacement,
PPG post-prandial glucose, SD standard deviation, SOC standard of care, TG triglyceride

Fig. 2 Mean change in HbA1C (%) from baseline to week
6 and week 12 (mITT population). All values are
presented as mean ± SD. p value: calculated using
Student’s t test. HbA1c glycated hemoglobin, mITT mod-
ified intention-to-treat, PMR partial meal replacement, SD
standard deviation, SOC standard of care. The mITT
population consisted of all enrolled patients who com-
pleted at least one post-baseline visit

Diabetes Ther (2022) 13:1599–1619 1605



At week 12, the mean HbA1c decreased sig-
nificantly (p = 0.001) from baseline by 0.62 ±

0.65% in the PP population in the PMR group.
However, the decrease reported in the PP pop-
ulation in the SOC group (0.16 ± 0.98%) was
not significant (p = 0.173) (Table 2). When
compared between the two treatment groups,
the mean HbA1c (%) reduction from baseline
was significantly greater in the PP population in
the PMR group compared to the PP population
in the SOC group at week 12 (p = 0.001).

SECONDARY ENDPOINTS

Mean Changes in Body Weight and Waist
Circumference

At weeks 6 and 12, the mean body weight
decreased significantly from baseline by 1.10 ±

2.57 kg and 2.19 ± 3.14 kg in the mITT popu-
lation in the PMR group (p = 0.001 for both).
However, the reductions were not significant in
the SOC group at both week 6 (0.28 ± 1.91 kg;
p = 0.180) and week 12 (0.22 ± 2.03 kg; p =

0.317). Moreover, the reduction in mean weight
between the groups was significantly greater in
the PMR vs. the SOC group, both at week 6 (p =
0.019) and at week 12 (p = 0.001) (Fig. 3a).

At weeks 6 and 12, the mean body weight
decreased significantly from baseline by 1.40 ±

1.82 and 2.70 ± 2.42 kg in the PP population in
the PMR group (p = 0.001 for both). In the SOC
group, the change in the mean body weight
from baseline was not reported to be significant
at either week 6 (0.36 ± 1.72 kg; p = 0.082) or
week 12 (0.26 ± 1.84 kg; p = 0.237) (Table 3).
Between the two treatment groups, the reduc-
tion in the mean body weight from baseline
significantly favored PP population in the PMR
group over the SOC group at both week 6 and
week 12 (p = 0.001 for both).

At weeks 6 and 12, the mean waist circum-
ference showed a significant reduction from
baseline by 1.22 ± 3.71 cm and 2.34 ± 4.57 cm
in the mITT population in the PMR group (p =
0.003 and p = 0.001, respectively). However,
patients in the SOC group did not report a sig-
nificant change in the mean waist circumfer-
ence at either week 6 (0.20 ± 1.70 cm; p = 0.274)

Table 2 Mean change in HbA1C (%) from baseline to week 6 and week 12 (PP population)

Mean change in HbA1c (%) (mean – SD)

PMR group (N = 71) SOC group (N = 71)

Baseline 8.05 ± 0.82 7.88 ± 0.85

Visit 2 (week 6) 7.78 ± 0.76 7.77 ± 0.97

Mean difference

p value

- 0.26 ± 0.48

(0.001)

- 0.10 ± 0.67

(0.215)

p value 0.106*

Visit 3 (week 12) 7.42 ± 0.68 7.72 ± 1.15

Mean difference

p value

- 0.62 ± 0.65

(0.001)

- 0.16 ± 0.98

(0.173)

p value 0.001**

All values are presented as mean ± SD. p value: calculated using Student’s t test. *p values for within group comparison;
**p value for between group comparison
HbA1c glycated hemoglobin, PMR partial meal replacement, PP per-protocol, SD standard deviation, SOC standard of care
The PP population consisted of all enrolled patients who had completed the study as per the protocol without major
protocol deviation
The bold values indicate statistical significance
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or week 12 (0.25 ± 1.91 cm; p = 0.219). When
compared between groups, patients in the PMR
group showed a significantly greater reduction
in the mean waist circumference from baseline
compared to those in the SOC group at week 6
(p = 0.023) and week 12 (p = 0.001) (Fig. 3b).

At weeks 6 and 12, patients in the PP popu-
lation in the PMR group showed a significant
reduction in the mean waist circumference
from baseline by 1.70 ± 3.43 cm and 2.97
± 4.37 cm, respectively (p = 0.001 for both).
However, patients in the SOC group did not
report a significant change in the mean waist
circumference from baseline at either week 6

(0.18 ± 1.83 cm; p = 0.415) or week 12 (0.23
± 2.01 cm; p = 0.340). Furthermore, the reduc-
tion in mean waist circumference from baseline
was significantly greater in the PMR group than
SOC group at both week 6 and week 12 (p =
0.001 for both) (Fig. 3c).

Mean Changes in FPG and PPG

At weeks 6 and 12, the mean FPG decreased
significantly from baseline by 9.25 ± 27.02 mg/
dl and 15.58 ± 37.12 mg/dl in the mITT popu-
lation in the PMR group (p = 0.003 and p =
0.001, respectively) and by 6.74 ± 30.46 mg/dl

Fig. 3 a Mean change in body weight (kg) from baseline
to week 6 and week 12 (mITT population). All values are
presented as mean ± SD. p value: calculated using
Student’s t test. BW bodyweight, mITT modified inten-
tion-to-treat, N total number of patients with results for
the specified timepoint, PMR partial meal replacement, SD
standard deviation, SOC standard of care. The mITT
population consisted of all enrolled patients who com-
pleted at least one post-baseline visit. b Mean change in
waist circumference (cm) from baseline to week 6 and
week 12 (mITT population). All values are presented as
mean ± SD. p value: calculated using Student’s t test.
mITT modified intention-to-treat, N total number of
patients with results for the specified timepoint, PMR

partial meal replacement, SD standard deviation, SOC
standard of care, WC waist circumference. The PP
population consisted of all enrolled patients who had
completed the study as per the protocol without major
protocol deviation. c Mean change in waist circumference
(cm) from baseline to week 6 and week 12 (PP
population). All values are presented as mean ± SD.
p value: calculated using Student’s t test. N total number of
patients with results for the specified timepoint, PMR
partial meal replacement, PP per-protocol, SD standard
deviation, SOC standard of care, WC waist circumference.
The PP population consisted of all enrolled patients who
had completed the study as per the protocol without major
protocol deviation
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and 11.26 ± 27.98 mg/dl in the SOC group,
respectively (p = 0.047 and p = 0.001, respec-
tively) (online Supplementary Table S2). This
change was not significantly different between
treatment groups at week 6 and week 12 (p =
0.579 for both). The results of the PP population
were similar to that observed in the mITT pop-
ulation (online Supplementary section 1 and
Supplementary Table S3)

At weeks 6 and 12, the mean PPG signifi-
cantly decreased from baseline by 13.25 ± 44.78
and 23.64 ± 48.85 mg/dl in the mITT popula-
tion in the PMR group (p = 0.008 and p = 0.001,
respectively) and by 17.20 ± 52.20 and 24.52 ±

55.47 mg/dl in the mITT population in the SOC
group, respectively (p = 0.003 and p = 0.001,
respectively) (online Supplementary Table S4).
This change was not significantly different
between treatment groups at week 6 and week
12 (p = 0.603 and p = 0.912 respectively).

The results obtained for FPG and PPG in the
PP population were similar to that observed in
the mITT population and are presented in
online Supplementary Section 1 (online

Supplementary Table S3 and Supplementary
Table S5).

Mean Changes in Lipid Profile: Total
Cholesterol, HDL-C, LDL-C, and TG

The mean total cholesterol, HDL-C, LDL-C, and
TG within groups and between the groups at
weeks 6 and 12 was non-significant (online
Supplementary Table S6, S7, S8, S9).

The results of the PP population are pre-
sented in online Supplementary Section 2 (on-
line Supplementary Table S10, S11, S12, S13).

Assessment of Factors Impacting QoL:
Treatment Adherence, Satiety, Energy
Fulfilment, Taste, and Well-Being

Factors impacting QoL as treatment adherence,
satiety, energy fulfilment, and feeling of well-
being were evaluated at baseline, week 6, and
week 12 for both groups. Additionally, the taste
of DSNS was assessed for the PMR group. In the
mITT population, from baseline to week 12,

Table 3 Mean change in body weight (kg) from baseline to week 6 and week 12 (PP population)

Mean change in body weight (kg) (mean – SD)

PMR group (N = 71) SOC group (N = 71)

Baseline 70.17 ± 9.93 71.56 ± 7.66

Visit 2 (week 6) 68.77 ± 9.74 71.21 ± 7.31

Mean difference

p value

- 1.40 ± 1.82

(0.001)

- 0.36 ± 1.72

(0.082)

p value 0.001*

Visit 3 (week 12) 67.47 ± 9.80 71.3 ± 7.36

Mean difference

p value

- 2.70 ± 2.42

(0.001)

- 0.26 ± 1.84

(0.237)

p value 0.001**

All values are presented as mean ± SD. p value: calculated using Student’s t test. *p values for within group comparison;
**p value for between group comparison
The PP population consisted of all enrolled patients who had completed the study as per the protocol without major
protocol deviation
BW bodyweight, N total number of patients with results for the specified timepoint, PMR partial meal replacement, PP per-
protocol, SD standard deviation, SOC standard of care
The bold values indicate statistical significance
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72.4% of patients reported never missing their
treatment in the PMR group compared with
56.6% in the SOC group (within group and PMR
vs. SOC, p \ 0.05; Fig. 4a), 55.3% of patients
never felt hungry in the mITT population in the
PMR group compared to 44.8% in mITT popu-
lation in the SOC group (p\0.05 from baseline
to week 12 for both groups; Fig. 4b), 64.5% of
patients never felt lethargic in the PMR group
compared with 42.1% in the SOC group (within
group and PMR group vs. SOC group, p\ 0.05;
Fig. 4c), 73.7% of patients were satisfied with
their general well-being in the PMR group
compared with 46.1% in the SOC group (within
group and PMR group vs. SOC group, p\ 0.05;
Fig. 4d). Taste was evaluated only in the mITT
population in the PMR group, and at week 12,
57.9% reported to be ‘‘very satisfied’’ with the
taste of the product in the PMR group, and no
patients reported to be ‘‘very dissatisfied.’’
(Fig. 4e). These results collectively indicate that
a higher proportion of patients in the mITT
population in the PMR group adhered to the
treatment regimen and felt energetic and better
compared to those in the SOC group.

The observations for factors impacting QoL
were similar in the PP population (Fig. 4f–j) as
observed for mITT population.

Safety

Overall, six AEs were reported among four
patients (4.54%) in the PMR group, and seven
AEs were reported among five patients (5.68%)
in the SOC group. Most of the AEs were of mild
intensity; 66.67% in the PMR group and 57.14%
in the SOC group (n = 4 each) (online Supple-
mentary Table S14). No AEs of severe intensity
were reported.

The reported AEs in the PMR group were loss
of appetite, stomach bloating, peripheral leg
edema, burning micturition, and urinary
retention. Loss of appetite, peripheral leg
edema, burning micturition and urinary reten-
tion were assessed as being possibly or probably
related to study intervention by the investiga-
tor. No patient in either study group reported
hypoglycemia. No SAEs were observed during
the study.

POST HOC SUBGROUP ANALYSIS

The findings of the post hoc analyses are
described below.

Mean Changes in HbA1c

Consistent HbA1c reduction was observed from
baseline to week 12 in patients across glycemic
strata, BMI profiles, and waist circumference
values in the PMR group (online Supplementary
Figure S1). Furthermore, across subgroups like
BMI B 30 kg/m2, waist circumference B 35
inches, FPG B 150 mg/dl, PPG B 204 mg/dl, and
HbA1c B 8%, PMR group was associated with
significantly greater reduction in HbA1c from
baseline to week 12 when compared with SOC
group. Reduction in HbA1c with PMR group for
most subgroups was between 0.35% and 0.7%
from baseline to week 12 and was statistically
significant. Highest reduction of 0.96% was
observed in PMR group in those with HbA1c
[8%.

Mean Changes in Body Weight, Waist
Circumference, and BMI

Significant weight reduction ranging from 1.71
to 2.62 kg was observed at week 12 in PMR
group across the various subgroups defined by
baseline HbA1c, PPG, FPG, and waist circum-
ference. The reduction in weight was signifi-
cantly higher in the PMR group compared to
the SOC group in all the subgroups (online
Supplementary Figure S2). Consistent reduction
in waist circumference in the PMR group was
noted at 12 weeks in patients with various gly-
cemic profiles and abdominal obesity (online
Supplementary Figure S3). The mean reductions
in these subgroups ranged from 1.17 to 5.23 cm
and were significantly higher than the reduc-
tions in the corresponding SOC subgroups. The
highest reductions were observed in those with
BMI[76.2 and waist circumference B 88.9 cm.
At week 12, significant BMI reduction was
observed in the PMR group compared to base-
line, and to the reduction observed in the SOC
group. In the PMR group, individuals with BMI
[30 had mean BMI reduction of 1.28 kg/m2,
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while those with BMI \ 30 had mean BMI
reduction of 0.75 kg/m2 (online Supplementary
Figure S4).

DISCUSSION

PRIDE is the first study in India to evaluate the
effect of PMR using the DSNS, Prohance-D�,

Fig. 4 a Factors impacting QoL assessment on how often
patients miss their diabetes treatment (mITT population).
p value: calculated using chi-square test. *Significant
difference within group from baseline to week 12
(p\ 0.05); #significant difference in PMR group com-
pared to SOC group at week 12 (p\ 0.05). mITT
modified-intention-to-treat, N total number of patients,
PMR partial meal replacement, QoL quality of life, SOC
standard of care. The mITT population consisted of all
enrolled patients who completed at least one post-baseline
visit. b Factors impacting QoL assessment on how often
patients feel hungry (mITT population). p value: calcu-
lated using chi-square test. *Significant difference within
group from baseline to week 12 (p\ 0.05). mITT
modified-intention-to-treat, N total number of patients,
PMR partial meal replacement, QoL quality of life, SOC
standard of care. The mITT population consisted of all
enrolled patients who completed at least one post-baseline
visit. c Factors impacting QoL assessment on how often
patients feel lethargic (mITT population). p value: calcu-
lated using chi-square test. *Significant difference within
group from baseline to week 12 (p\ 0.05); #significant
difference in PMR group compared to SOC group at week
12 (p\ 0.05). mITT modified-intention-to-treat, N total
number of patients, PMR partial meal replacement, QoL
quality of life, SOC standard of care. The mITT
population consisted of all enrolled patients who com-
pleted at least one post-baseline visit. d Factors impacting
QoL assessment on patient satisfaction with their general
well-being (mITT population). p value: calculated using
chi-square test. *Significant difference within group from
baseline to week 12 (p\ 0.05); #significant difference in
PMR group compared to SOC group at week 12
(p\ 0.05). mITT modified-intention-to-treat, N total
number of patients, PMR partial meal replacement, QoL
quality of life, SOC standard of care. The mITT
population consisted of all enrolled patients who com-
pleted at least one post-baseline visit. e Factors impacting
QoL assessment on patient satisfaction with the taste of
Prohance-D� (mITT population). mITT modified-
intention-to-treat, N total number of patients, PMR
partial meal replacement, QoL quality of life, SOC standard
of care. The mITT population consisted of all enrolled
patients who completed at least one post-baseline visit.
f Factors impacting QoL assessment on how often patients

miss their diabetes treatment (PP population). p value:
calculated using chi-square test. *Significant difference
within group from baseline to week 12 (p\ 0.05);
#significant difference in PMR group compared to SOC
group at week 12 (p\ 0.05). N total number of patients,
PMR partial meal replacement, PP per-protocol, QoL
quality of life, SOC standard of care. The PP population
consisted of all enrolled patients who had completed the
study as per the protocol without major protocol deviation.
g Factors impacting QoL assessment on how often patients
feel hungry (PP population). p value: calculated using chi-
square test. *Significant difference within group from
baseline to week 12 (p\ 0.05). N total number of
patients, PMR partial meal replacement, PP per-protocol,
QoL quality of life, SOC standard of care. The PP
population consisted of all enrolled patients who had
completed the study as per the protocol without major
protocol deviation. h Factors impacting QoL assessment
on how often patients feel lethargic (PP population).
p value: calculated using chi-square test. *Significant
difference within group from baseline to week 12
(p\ 0.05); #significant difference in PMR group com-
pared to SOC group at week 12 (p\ 0.05). N total
number of patients, PMR partial meal replacement, PP
per-protocol, QoL quality of life, SOC standard of care.
The PP population consisted of all enrolled patients who
had completed the study as per the protocol without major
protocol deviation. i Factors impacting QoL assessment on
patient satisfaction with their general well-being (PP
population). p value: calculated using chi-square test.
*Significant difference within group from baseline to week
12 (p\ 0.05); #significant difference in PMR group
compared to SOC group at week 12 (p\ 0.05). N total
number of patients, PMR partial meal replacement, PP
per-protocol, QoL quality of life, SOC standard of care.
The PP population consisted of all enrolled patients who
had completed the study as per the protocol without major
protocol deviation. j Factors impacting QoL assessment on
patient satisfaction with the taste of Prohance-D� (PP
population). N total number of patients, PMR partial meal
replacement, PP per-protocol, QoL quality of life, SOC
standard of care. The PP population consisted of all
enrolled patients who had completed the study as per the
protocol without major protocol deviation

c
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Fig. 4 continued
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together with dietary counseling and standard
treatment on improving glycemic and lipid
parameters and factors impacting QoL in the
overweight/obese patients with T2DM. Inter-
national treatment guidelines by the ADA and
AACE/ACE and the ICMR guidelines on
managing T2DM emphasize the need to achieve
good glycemic control and recommend an
HbA1c target of \7.0% [33–35]. Over the
12-week duration of this study, participants in
the PMR group achieved a significantly greater
mean reduction in HbA1c, body weight, and
waist circumference. Although patients on GLP-
1 agonists were not excluded from the study, it
was seen that none of the patients had received
GLP-1 receptor agonists. SGLT2i and its combi-
nations were uniformly distributed between the
PMR and SOC groups (12.51% in the PMR group
and 13.65% in the SOC group). (online Sup-
plementary Table S15) This indicates that the
reduction in HbA1c levels observed in this study
could have been due to the effect of the PMR.

Statistically significant improvements were
observed in FPG and PPG levels in the PMR
group at weeks 6 and 12 from baseline although
the between group change in FPG and PPG was
not significant. The factors impacting QoL such
as treatment adherence, satiety, energy fulfil-
ment, taste, and well-being in comparison to
SOC group demonstrated that the patients in
PMR groups were significantly more energetic,
felt better, and were more adherent to the
treatment. However, no statistically significant
difference was observed in any lipid parameters
between the groups. Most AEs were mild in
intensity; no SAEs were reported, making the
DSNS well tolerated in the study population.
Thus, the findings indicated that a PMR strategy
consisting of SOC with DSNS could be more
effective than SOC alone in Indian patients
with T2DM in managing blood glucose, and
anthropometric measurements.

In patients with diabetes, meal replacement
treatments are clinically successful and there-
fore recommended in clinical nutrition guide-
lines [36]. PMR therapies, low in calories and GI,
may induce weight loss and promote glycemic
control by increasing satiety levels [37, 38].
Consequently, PMRs may be promising non-
pharmacologic interventions in managing

patients with T2DM. Furthermore, when com-
pared with very low calorie diets (calorie-con-
trolled, vitamin/mineral fortified, liquid meal
replacements), PMRs may be better suited to
promote gradual weight loss [32]. The DSNS,
Prohance-D�, used in PRIDE, is formulated with
suitable and adequate macronutrient propor-
tions for glycemic and metabolic control—the
sources of carbohydrate being FOS and isomal-
tulose. Isomaltulose is a low GI index, slow and
sustained-release carbohydrate, which improves
fat-oxidation during physical activity [39].
Maltodextrin added as a dietary fiber source can
help lower FPG levels [40]. Isomaltulose and
maltodextrin have demonstrated reductions in
the glucose-uptake rate, glucose, and insulin
levels stability, and avoiding glucose spikes [41].
Whey protein isolate can help lower PPG, and
soy protein isolate can help manage cholesterol
levels [42–44]. Positive effects of the PMR strat-
egy have been documented extensively in
patients with T2DM and discussed in the ADA
guidelines [27]. In line with this, introducing
such a strategy as part of clinical practice
guidelines to manage obese/overweight T2DM
patients in India can significantly benefit dis-
ease management.

In India, managing patients with T2DM is
more challenging due to a reduced level of dis-
ease awareness, a high rate of undetected illness
[45], and scarcity of time available to healthcare
professionals to offer guidance/support, inte-
grating medical nutritional therapy in general
management practices [46]. Considerations in
managing diabetes amongst Indian T2DM
patients with diet should be reviewed carefully
considering regional influence, personal, cul-
ture, lifestyle, culinary, and economic diversity,
to improve acceptance [47]. The Indian dietary
guidelines for managing T2DM recommend
50–60% energy from carbohydrates, 10–15%
from protein, and \30% from fat [48]. How-
ever, India has the lowest (\48 g/day) average
protein consumption [49] and the highest car-
bohydrate consumption [50, 51].

The efficacy of meal replacement therapy has
been established across studies. Evidence col-
lectively demonstrates that in patients with
T2DM, meal replacement is associated with
better glycemic control and weight loss
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[32, 52–56]. Achieving an optimum HbA1c level
is critical for T2DM therapy since it is linked to
reducing microvascular complications [57].
Diabetic patients who followed a low GI diet
had approximately a 0.4% reduction in their
HbA1c levels within 10 weeks [58]. Moreover,
the Diabetes Remission Clinical Trial (DiRECT)
reported that a strict calorie-restricted formula
led to significant improvement in the HbA1c
levels (- 0.9%) [52]. The DSNS used in our study
resulted in a significant reduction in HbA1c
levels (p = 0.001), in concurrence with DiRECT
study results. Although our assumption of 0.5%
difference between the groups in HbA1c was not
achieved, the observed difference of 0.38% was
found to be clinically meaningful. It has been
observed that a 0.1% or more decline in HbA1c
significantly reduced fatal/nonfatal CHD (39%),
fatal/nonfatal CVD (37%), and total mortality
(46%) (p \ 0.001) in patients with a mean
baseline HbA1c levels of 7.8% [59].

Maintaining the FPG and PPG levels is
another critical treatment target in the suc-
cessful management of T2DM. In a 3-month
randomized controlled trial that assessed the
effect of a low GI meal replacement in T2DM
patients, patients who took the meal replace-
ment exhibited a stronger ability to regulate 2-h
PPG versus those who did not [60]. A recent
study in India investigated the effectiveness of
medical nutrition therapy in T2DM patients.
Over 6 months, significant reductions from
baseline were noted for HbA1c and FPG [46].
These findings are consistent with the findings
of PRIDE—showing a significant reduction in
FPG and PPG (p = 0.001 for each) over a 12-week
period, implying that PMR strategy utilizing
DSNS could be beneficial in achieving enhanced
glycemic control in T2DM patients in India.

Obesity is an established risk factor for the
development or progression of T2DM [61]. Evi-
dence from real-world studies suggests that as
high as 85.9% of patients with T2DM fall under
the category of overweight or obese [62].
Moreover, the risk of T2DM has been reported
to be up to sevenfold higher among people who
remain obese for[25 years [63]. Furthermore, it
has been reported that the mean BMI of patients
with T2DM is frequently C 30 kg/m2, the
threshold for classifying individuals as obese

[64, 65]. Improvements in glycemic control are
linked directly with the weight loss of an indi-
vidual with T2DM [66, 67]. In India, for every
100 overweight adults C 20 years old, there were
38 with diabetes vs. the global average of 19
adults [14]. Meal replacement therapies have
demonstrated effectiveness in reducing body
weight, waist circumference, and fat mass pre-
viously [68–70]. The ADA recommends using
meal replacement options to substitute for
breakfast or lunch in people trying to lose
weight [53]. A prospective, randomized clinical
study evaluating the safety and feasibility of
meal replacement therapies in obese T2DM
patients observed greater weight loss and sig-
nificant weight reduction (p = 0.012) in a similar
group [32]. Another prospective controlled
study that compared the efficacy of a portion-
controlled meal replacement diet to a standard
ADA recommended diet in overweight/obese
T2DM patients reported significantly greater
initial weight loss and less regain after 1 year of
maintenance in the meal replacement group
[68]. Similar results were observed in improving
obesity-related risk factors in our study using
PMR. A significant decrease in the body weight
and waist circumference in T2DM patients who
received the DSNS versus those who did not
indicates that future PMR strategies should
become a part of the clinical guidelines for
managing Indian patients with T2DM.

Previous studies have suggested that meal
replacement may be associated with weight loss
and improvements in lipid profiles in patients
with T2DM [71, 72]. However, the mean chan-
ges in lipid profile in the PRIDE study were not
significant for any studied parameters.

Consistent with the overall patient popula-
tion, significant reduction in HbA1c, weight,
BMI, and waist circumference was observed in
patients who received PMR for 12 weeks across
various subgroups defined by BMI, waist cir-
cumference, FPG, PPG, and HbA1c in the post
hoc analysis. These subgroups capture a large
spectrum of the patients with T2DM. Further-
more, the reductions from baseline at week 12
for PMR group were significantly higher versus
the corresponding subgroups that received SOC.
Although critical, these findings are based on
post hoc subgroup analyses. Since the PRIDE
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study was not sufficiently powered for these
analyses and multiple comparisons were
undertaken, these results must be considered
with caution while interpreting the statistical
significance of some of these analyses.

The strength of PRIDE is that it is the first
study to evaluate the effect of PMR using DSNS,
Prohance–D�, on glycemic parameters and fac-
tors impacting QoL in Indian overweight/obese
T2DM patients. The PMR improved clinical
endpoints such as glycemic control, anthropo-
metric measurements, and factors impacting
QoL. Moreover, the multicenter nature of the
study ensured that dietary patterns could be
studied in a relatively large sample size, lending
credibility to the potential generalizability of
the results. However, the study was limited by a
lack of blinding between the study groups,
which could have contributed to potential bias.
Besides, the study aimed to observe a minimum
of 0.5% difference in HbA1c between the test
and control groups. However, as the group dif-
ference observed was 0.38%, it was found to be
statistically significant (p = 0.002). Additionally,
the inclusion criterion of patients on stable dose
of non-insulin antidiabetics [ 1 month was
used considering the real-world nature of the
study. Although this could have an impact on
the effect of PMR on HbA1c, the total number of
patients on stable oral antidiabetics for less than
3 months was only * 10% and was uniformly
distributed among both groups; 8/88 in PMR
and 9/88 in SOC group. This should be taken
into consideration in planning future studies
with DSNS and should include patients on
stable OADs for at least 3 months, at study ini-
tiation. The QoL parameters were assessed using
a non-standardized questionnaire and hence,
additional validation is required to understand
the impact of the DSNS on these parameters.
Also, a long-term and controlled study would
have further helped to understand the sustained
benefits of PMR in this diabetic population.
Although the results are encouraging in this
population, long-term studies in the future
could be performed to evaluate the benefits of
the current PMR strategy.

CONCLUSIONS

PMR strategy utilizing DSNS accompanied by
dietary counseling over 12 weeks helped
improve glycemic levels, and anthropometric
measurements in Indian overweight/obese
T2DM patients compared to standard medical
care. Overall, it was noteworthy to ascertain
that most patients were very satisfied with the
taste, well-being, and energy provided by DSNS,
which possibly could have contributed to better
treatment adherence. Attempts should be made
to conduct future long-term, real-life clinical
research to complement present findings and
incorporate PMR strategy with DSNS into clini-
cal guidelines in India for managing T2DM.

ACKNOWLEDGEMENTS

The authors would like to thank the patients for
their participation in this study and the study
teams at all participating centers.

Funding. The sponsorship for this study and
Rapid Service Fee was funded by Sun Pharma-
ceutical Industries Ltd. Mumbai, India.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Authorship Contributions. Dr. Mala Dhar-
malingam contributed to the study conception
and design. Dr. Mala Dharmalingam, Dr.
Rupam Das, Dr. Sandeep Jain, Dr. Sachin Gupta,
and Dr. Manoj Gupta were the study investiga-
tors and contributed to data acquisition. Dr.
Suyog Mehta, Dr. Deepak Bachani, Dr. Vinay
Kudrigikar, and Dr. Sadhna Joglekar, con-
tributed to data analysis and interpretation. All
authors had full access to the data, critically
reviewed the manuscript, and approved the
final submitted version.

Diabetes Ther (2022) 13:1599–1619 1615



Medical Writing, Editorial, and Other
Assistance. Editorial and writing assistance in
the preparation of this article was provided by
Md. Najeeb Ashraf of SciVoc Consulting Inc. on
behalf of ActuReal. Support for this assistance
was funded by Sun Pharmaceutical Industries
Ltd.

Disclosures. Dr. Mala Dharmalingam, Dr.
Rupam Das, Dr. Sandeep Jain, Dr. Sachin Gupta,
and Dr. Manoj Gupta have received investiga-
tors fees for the study conduct from Sun Pharma
Ltd. through a contract research organization,
Ethitrials Contract Research Pvt Ltd. Dr. Mala
Dharmalingam has been a speaker at conference
for Sun Pharma Ltd. Dr. Vinay Kudrigikar, Dr.
Deepak Bachani, Dr. Suyog Mehta, and Dr.
Sadhna Joglekar are full-time employees of Sun
Pharma Ltd.

Compliance with Ethics Guidelines. The
study was conducted according to the principles
and requirements of the Declaration of Helsinki
and was consistent with the International
Conference on Harmonization Good Clinical
Practice (GCP) guidelines, the local regulatory
requirements of GCP for Clinical Research in
India, and the Indian Council for Medical
Research guidelines (2017) for Biomedical
Research on Human Subjects. The study was
reviewed and approved by the Institutional
Ethics Committee of each participating center.
The details of ethics committees are provided in
online Supplementary Table S16. All subjects
provided informed consent to participate in this
study. The study was explained in detail along
with the potential benefits vs. risks to the
patients and/or their families by the investiga-
tor. Patients and/or their families were given
sufficient time to think and deliberate before
consenting to participate in the study. Prior to
study enrollment, duly signed and dated
informed consent was obtained from each par-
ticipant, in the presence of a legally accepted
representative or an impartial witness.

Prior Presentation. The study was presented
at the following conferences: e-poster presen-
tation at the Diabetes India conference 11–13
June 2021. Oral presentations at: Conference of

the Integrated Diabetes and Endocrine Acad-
emy—IDEACON Virtual meeting 2 July 2021.
Annual Conference of Endocrine Society of
India, ESICON, Bengaluru, 11th Dec 2021.
International Diabetes Expert Conclave, IDEC
Virtual conference, 4th Sept 2021.

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Williams R, Karuranga S, Malanda B, et al. Global
and regional estimates and projections of diabetes-
related health expenditure: results from the Inter-
national Diabetes Federation Diabetes Atlas, 9th
edition. Diabetes Res Clin Pract. 2020;162:108072

2. Pradeepa R, Mohan V. Prevalence of type 2 diabetes
and its complications in India and economic costs
to the nation. Eur J Clin Nutr. 2017;71(7):816–24.

3. Winocour PH. Effective diabetes care: a need for
realistic targets. BMJ. 2002;324(7353):1577–80.

4. Stratton IM, Adler AI, Neil HA, et al. Association of
glycaemia with macrovascular and microvascular
complications of type 2 diabetes (UKPDS 35):

1616 Diabetes Ther (2022) 13:1599–1619

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


prospective observational study. BMJ.
2000;321(7258):405–12.

5. Zhang Y, Hu G, Yuan Z, Chen L. Glycosylated
hemoglobin in relationship to cardiovascular out-
comes and death in patients with type 2 diabetes: a
systematic review and meta-analysis. PLoS ONE.
2012;7(8): e42551.

6. Zoungas S, Arima H, Gerstein HC, et al. Effects of
intensive glucose control on microvascular out-
comes in patients with type 2 diabetes: a meta-
analysis of individual participant data from ran-
domised controlled trials. Lancet Diabetes Endo-
crinol. 2017;5(6):431–7.

7. Koye DN, Montvida O, Paul SK. Third-line antidia-
betic therapy intensification patterns and gly-
caemic control in patients with type 2 diabetes in
the USA: a real-world study. Drugs. 2020;80(5):
477–87.

8. Das AK, Mohan V, Joshi S, et al. IMPACT India: a
novel approach for optimum diabetes care. J Dia-
betol. 2021;12:239–45.

9. Field AE, Coakley EH, Must A, et al. Impact of
overweight on the risk of developing common
chronic diseases during a 10-year period. Arch
Intern Med. 2001;161(13):1581–6.

10. Schmidt MI, Duncan BB. Diabesity: an inflamma-
tory metabolic condition. Clin Chem Lab Med.
2003;41(9):1120–30.

11. Lontchi-Yimagou E, Sobngwi E, Matsha TE, Kengne
AP. Diabetes mellitus and inflammation. Curr Diab
Rep. 2013;13(3):435–44.

12. Van Itallie TB. Health implications of overweight
and obesity in the United States. Ann Intern Med.
1985;103(6 (Pt 2)):983–8.

13. Daousi C, Casson IF, Gill GV, et al. Prevalence of
obesity in type 2 diabetes in secondary care: asso-
ciation with cardiovascular risk factors. Postgrad
Med J. 2006;82:280–4.

14. India State-Level Disease Burden Initiative Diabetes
Collaborators. The increasing burden of diabetes
and variations among the states of India: the Global
Burden of Disease Study 1990–2016. Lancet Glob
Health. 2018;6(12):e1352–62.

15. Coppell KJ, Kataoka M, Williams SM, et al. Nutri-
tional intervention in patients with type 2 diabetes
who are hyperglycaemic despite optimized drug
treatment—Lifestyle Over and Above Drugs in
Diabetes (LOADD) study: randomized controlled
trial. BMJ. 2010;341: c3337.

16. Knowler WC, Barrett-Connor E, Fowler SE, et al.
Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med.
2002;346:393–403.

17. Knowler WC, Fowler SE, Hamman RF. Diabetes
Prevention Program Research Program. 10-year
follow-up of diabetes incidence and weight loss in
the diabetes prevention program outcomes study.
Lancet. 2009;374:1677–86.

18. Diabetes Prevention Program Research Group.
Long-term effects of lifestyle intervention or met-
formin on diabetes development and microvascular
complications over 15-year follow-up: the Diabetes
Prevention Program Outcomes Study. Lancet Dia-
betes Endocrinol. 2015;3:866–75.

19. Leader NJ, Ryan L, Molyneaux L, Yue DK. How best
to use partial meal replacement in managing over-
weight or obese patients with poorly controlled
type 2 diabetes. Obesity (Silver Spring). 2013;21:
251–3.

20. Fuller H, Alberti H. Barriers to lifestyle changes in
people with diabetes. Br J Gen Pract. 2017;67(655):
61.

21. Raheja BS, Kapur A, Bhoraskar A, et al. DiabCare
Asia-India Study: diabetes care in India—current
status. J Assoc Physicians India. 2001;49:717–22.

22. American Diabetes Association. Standards of medi-
cal care in diabetes—2011. Diabetes Care.
2011;34(1):S11-61.

23. Evert AB, Boucher JL, Cypress M, et al. Nutrition
therapy recommendations for the management of
adults with diabetes. Diabetes Care. 2014;37(1):
S120–43.

24. Institute of Medicine. The role of nutrition in
maintaining health in the nation’s elderly: evalu-
ating coverage of nutrition services for the Medicare
population [Internet]. 1999. https://www.nap.edu/
catalog/9741/the-role-of-nutrition-in-maintaining-
health-in-the-nations-elderly. Accessed 25 Mar
2022.

25. American Diabetes Association. 5. Facilitating
behavior change and well-being to improve health
outcomes: standards of medical care in diabetes-
2021. Diabetes Care. 2021;44(1):S53–72.

26. Franz MJ, MacLeod J, Evert A, et al. Academy of
nutrition and dietetics nutrition practice guideline
for type 1 and type 2 diabetes in adults: systematic
review of evidence for medical nutrition therapy
effectiveness and recommendations for integration
into the nutrition care process. J Acad Nutr Diet.
2017;117(10):1659–79.

Diabetes Ther (2022) 13:1599–1619 1617

https://www.nap.edu/catalog/9741/the-role-of-nutrition-in-maintaining-health-in-the-nations-elderly
https://www.nap.edu/catalog/9741/the-role-of-nutrition-in-maintaining-health-in-the-nations-elderly
https://www.nap.edu/catalog/9741/the-role-of-nutrition-in-maintaining-health-in-the-nations-elderly


27. Bajaj S. RSSDI clinical practice recommendations
for the management of type 2 diabetes mellitus
2017. Int J Diabetes Dev Ctries. 2018;38:1–115.

28. American Diabetes Association. 4. Lifestyle man-
agement: standards of medical care in diabetes
2018. Diabetes Care. 2018;41:S38–50.

29. Ashley JM, Herzog H, Clodfelter S, et al. Nutrient
adequacy during weight loss interventions: a ran-
domized study in women comparing the dietary
intake in a meal replacement group with a tradi-
tional food group. Nutr J. 2007;6:12.

30. Ryan DH, Espeland MA, Foster GD, et al. Look
AHEAD (Action for Health in Diabetes): design and
methods for a clinical trial of weight loss for the
prevention of cardiovascular disease in type 2 dia-
betes. Control Clin Trials. 2003;24:610–28.

31. Tovar AR, CaamanoMdel C, Garcia-Padilla S, et al.
The inclusion of a partial meal replacement with or
without inulin to a calorie restricted diet con-
tributes to reach recommended intakes of
micronutrients and decrease plasma triglycerides: a
randomized clinical trial in obese Mexican women.
Nutr J. 2012;11:44.

32. Heymsfield SB, van Mierlo CA, van der Knaap HC,
et al. Weight management using a meal replace-
ment strategy: meta and pooling analysis from six
studies. Int J Obes Relat Metab Disord. 2003;27(5):
537–49.

33. Targets G. Standards of medical care in diabetes—
2021. Am Diabetes Assoc Diabetes Care. 2021;44(1):
S73-84.

34. Garber AJ, Handelsman Y, Grunberger G, et al.
Consensus statement by the American Association
of Clinical Endocrinologists and American College
of Endocrinology on the comprehensive type 2
diabetes management algorithm - 2020 Executive
Summary. Endocr Pract. 2020;26(1):107–39.

35. Tandon N, Mohan V. ICMR guidelines for man-
agement of type 2 diabetes. 2018. https://main.
icmr.nic.in/sites/default/files/guidelines/ICMR_
GuidelinesType2diabetes2018_0.pdf. Accessed 25
Mar 2022.

36. Hamdy O, Marchetti A, Hegazi RA, et al. The tran-
scultural diabetes nutrition algorithm toolkit: sur-
vey and content validation in the United States,
Mexico, and Taiwan. Diabetes Technol Ther.
2014;16:378–84.

37. Aston LM. Glycaemic index and metabolic disease
risk. Proc Nutr Soc. 2006;65:125–34.

38. Xia C, Li R, Zhang S, et al. Lipid accumulation
product is a powerful index for recognizing insulin

resistance in non-diabetic individuals. Eur J Clin
Nutr. 2012;66:1035–8.
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