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Abstract

The aim of the present study was to evaluate the impact of a high-protein meal replacement (HPMR) on weight and metabolic, lipid and
inflammatory parameters in overweight/obese Asian Indians. In this 12-week open-label, parallel-arm randomised controlled trial, 122
overweight/obese men and women were administered either a HPMR or a control diet after 2 weeks of diet and exercise run-in. Body weight,
waist circumference (WC), percentage body fat (%BF), fasting blood glucose, post-oral glucose tolerance test (post-OGTT) blood glucose,
fasting and post-OGTT serum insulin, lipid profile, high-sensitivity C-reactive protein (hs-CRP), kidney function and hepatic aminotransferases
were assessed before and after the intervention. Additional improvement in mean values for the following parameters in the HPMR group
compared with the control group was observed: body weight, 4:9% (95 % CI 3-8, 6-1; P< 0-001); WC, 3-8 % (95 % CI 25, 5-1; P<0-001); %BF,
6-3% (95 % CI 4-3, 8-2; P< 0-001); systolic blood pressure, 2:8% (95% CI 0-4, 5-1; P=0-002); diastolic blood pressure, 3-5% (95% CI 0-7, 6-3;
P= 0-01); post-OGTT blood glucose, 7-3% (95 % CI 1-4, 13-1; P=0-02); total cholesterol, 2-5% (95% CI 1-6, 3-5; P<0-001); LDL-cholesterol,
7:3% (95% CI 1-7, 12:9; P<0-01); alanine aminotransferase, 22-0 % (95% CI 2-1, 42; P=0-03) and aspartate aminotransferase, 15-2% (95 % CI
0-9, 29-5; P=0-04). The absolute reduction in BMI was 0-9 units in the intervention arm compared with the control arm (-0-9 %, 95 % CI —1-4,
—-0-5; P<0-001) and in serum TAG was 11-9 mg/dl (-11-9 mg/dl, 95% CI -21-1, -2-7; P<0-01). The reduction in fasting serum insulin in the
intervention v. the control arm was 3-8 v. 0% (P=0-002); post-OGTT serum insulin was 50-3 v. 77-:3 mU/1 (P=0-005); and hs-CRP, 16:7 % v. 0%
(P=0:002). These findings show that intervention with HPMR may lead to significant weight loss and improvement in obesity measures,
metabolic, lipid and inflammatory parameters and hepatic transaminases in overweight/obese Asian Indians.
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a2, Dietary manipulation is important for weight and cardiovas-
cular risk factor management®. High-protein diets have been
used for reducing weight. Diets high in protein are potentially
effective in promoting satiety, inducing weight loss and main-

The prevalence of obesity is increasing globally and in India
Asian Indians have a high percentage of body fat (%BF),
abdominal obesity and excess liver fat (consequently, multiple
metabolic perturbations comprising the metabolic syndrome),

insulin resistance, high pro-coagulant tendency and subclinical
inflammation®. Increasing obesity and a dysmetabolic state
predisposes Asian Indians to obesity-related non-communicable
diseases (OR-NCD) such as type 2 diabetes mellitus and CVD at
a young age'®”. Rapidly changing lifestyles (imbalanced diets,
physical inactivity) as a result of urbanisation and mechanisation
are key factors leading to OR-NCD'®. Several studies have
shown that cardiovascular risk is closely related to abdominal
obesity in South Asians”. Clearly, research is needed to evalu-
ate effective methods for weight loss and for reducing abdom-
inal obesity.

taining lean body tissue®?. Some studies on energy-controlled
diet plans with protein meal replacements have been shown
to be safe and effective as a weight-management strategy by
multiple mechanisms including adherence to compliance in
both obese and diabetic subjects®'”. On the basis of these
studies, a feasible strategy for weight loss could be replacing
whole meals with a protein-rich diet.

Diets consumed by Asian Indians are high in refined
carbohydrates, SFA and trans-fats, salt and sugar, and low in
fibre, 12-3 PUFA and protein'”. Specifically, data show a rela-
tively lower intake of protein in Asian Indians (10-8 % in rural and

Abbreviations: FM, fat mass; hs-CRP, high-sensitivity C-reactive protein; HPMR, high-protein meal replacement; post-OGTT, post-oral glucose tolerance test;

WC, waist circumference.
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10:9% in urban populations) ». North Americans in the USA
(nearly 16% )**'®. The protein digestibility adjusted score is
also of inadequate quality™®. This could be attributed to the
prevalence of a vegetarian dietary pattern among Asian Indians.
Whether a high-protein diet provides benefits in terms of weight
loss, improvement in skeletal muscle anatomy and physiology,
and cardiovascular risk factors in Asian Indians has not been
studied. Simple strategies such as dietary protein manipulation,
which may result in weight loss and also benefit the metabolic
profile, are needed for Asian Indians to prevent OR-NCD.

The present study was designed to determine whether a
high-protein meal replacement (HPMR) diet produces greater
weight loss and improvement in the cardiometabolic profile
compared with a control diet in overweight/obese Asian Indian
subjects.

Methods

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki and Indian Council of
Medical Research Ethical Guidelines for Biomedical Research
for Human Participants”’>. All procedures involving human
subjects/patients were approved by an independent review
committee, ‘Ethics Committee for Human Research’ Written
informed consent forms, approved by the ethics committee,
were signed by the study participants. The study was registered
at clinicaltrials.gov (registration no. NCT021446306).

A total of 122 subjects (fifty male and seventy-two female)
aged between 21 and 65 years and having BMI> 23 kg/m?
(overweight as per ethnicity-specific cut-off values for Asian
Indians) were recruited'?. Subjects with diabetes, CHD and
advanced organ damage, on lipid-lowering therapy, on any
other drug affecting kidney or liver functions within 30d of
study entry, pregnant and lactating women, and those allergic
to the product were excluded. Anthropometric measurements,
body fat estimation and biochemical measurements were
carried out as described previously”. For measurement of
weight, the subject was instructed to stand still on a platform,
with body weight evenly distributed between both feet. After
removing heavy clothing, weight was measured to the nearest
0-1kg. Height was measured using a stadiometer to the nearest
0-1 cm with the subject’s head held in the Frankfort plane. BMI
was calculated as weight (kg)/height (m?). Waist circumference
(WC) was measured midway between the iliac crest and the
lowermost margin of the ribs, with the subject breathing quietly.

Fat mass (FM), fat-free mass and %BF were assessed using the
Tanita Multi-Frequency Body Composition Analyzer SC-330
(Tanita Corporation).

A free-living, randomised (using block randomisation with
variable block size) controlled, open-labelled, parallel-arm
study design (Fig. 1) was used to compare two diets over a
period of 3 months after a run-in period of 2 weeks. Patients
were given dietary advice at the time of enrolment. During the
run-in period, all subjects consumed a standard diet formulated
according to guidelines for Asian Indians™®, which was con-
tinued in the control group for a further 3 months. Dietary
counselling was provided to all participants according to height,
weight and physical activity levels. Instructions were given

verbally and in written form, and were discussed in detail indivi-
dually and during group meetings. The general qualitative
recommendations for both control and intervention diet groups
were to consume a diet rich in vegetables and fruits; select
whole-grain, high-fibre foods (except when the meal is being
replaced by HPMR); select fat-free or low-fat dairy products; to limit
foods containing partially hydrogenated vegetable oils; curtail
consumption of sugar-sweetened beverages and foods with added
sugar; cut down on salt; and limit alcohol intake. All study subjects
(control and intervention group) were asked to visit the study
site once in 30d when dietary advice was further reinforced.
Participants were encouraged to share their experiences with each
other. We attempted to achieve a 2092 kJ (500 kcal) reduction from
day 0 onwards for all subjects in the control and intervention
groups. The aim was for this reduction to be maintained
throughout the study. The subjects were advised 45 min of brisk
walking daily. Physical activity was assessed using the Global
Physical Activity Questionnaire throughout the study during their
monthly visits to the study site. We attempted to achieve similar
negative energy balance in both groups. Most of the participants
were able to maintain negative energy balance as assessed by
compliance checks. Subjects were following the diet and exercise
regimen for at least 6 out of 7d in a week. The compliance for diet
and exercise was similar. Diet and exercise status was assessed
telephonically on a biweekly basis, through text messages and
face-to-face interactions (once every month), and by cross-
checking with the spouse or a close relative of the subject in
both study arms (Fig. 1). The diet and exercise record was
maintained in a compliance log. On the basis of this log,
compliance ranged from 75 to 85% of days (averaging about
80%). There was no difference in compliance between the
intervention and control groups.

Dietary composition was as follows — control diet: 60 %
carbohydrate, 25% fat and 15% protein; and intervention
diet (HPMR): 47 % carbohydrate, 24 % fat and 29% protein.
Participants assigned to the HPMR group were instructed to
replace two daily meals (mainly breakfast and dinner, but
flexible replacement allowed) with commercially available
whey and soya protein isolates in the form of a protein shake
(total amount 200-250 ml/serving). Low-fat (fat 1-5%) milk
(200ml) was used as a vehicle to administer the protein
powder. Diet data were collected using 24 h dietary recall and
FFQ at enrolment, baseline and once every month during
the study. The purpose of the FFQ was to check the pattern of
food consumption at each point of contact. Diet data collected
using 24h dietary recall (analysed using software, ‘DietCal’
version 5.0; Profound Tech Solution; http://dietcal.in/) based
on values from the Nutritive Value of Indian Foods), are
presented in Table 1.

Subjects’ information was recorded in a call log and in case-
report forms, and regularly reviewed by the study coordinators.
Subjects were asked to bring empty boxes of the protein
powder given as investigation product at the time of their visit
to the study site. Participants met with the investigators monthly
to provide updates on diet and lifestyle compliance, and for
general check-ups. Compliance to and acceptability of the diet
was good (80 %), as meal replacement shakes were convenient,
of known nutritional value, saved time in cooking especially for
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Screening (n 200)
Enrolment of subjects (n 122)
Run-in-period (2 weeks) diet and
exercise (lifestyle changes)
Randomisation
1
1 1
Control group (n 60) Visit 1 (day 1) Investigations Intervention group (n 62)
Standard diet with lifestyle changes (anthropometric, body :}'amgrgv'ﬁto‘r""stﬁtl'Leds;%lpeeg';ﬁQ%es
(3 withdrew ct;r::z:tﬁ.lfcg;opped due to = go.mposi.tion, biochemicgl, = non-comg)liance)
clinical, dietary and physical
activity
A
Visit 2 (day 30) Investigations i
Control group (n 55 X Intervention group (n 59)
(2 dropped dugto nog-c(ompliagce) b (a”thr‘?POme‘F'C: body =>| (2 dropped due to jgb relocation, 2 lost
composition, dietary and to follow up, 1 withdrew consent)
l physical activity, compliance)
ntrol ar n Visit 3 (day 60) Investigations -
“ cfogped guegto%glilgcatins,)E ost |4 (anthropometric, body = Intervention group (_n 54)
1o follow-up) composition, dietary and 2 dropped due to non-compliance, 2
physical activity compliance) withdrew consent,1 lost to follow-up
Control group | Visit 3 (day 90) | Intervention group
(n50) Study completion
- o . (n 50)
Same investigations as visit 1
Fig. 1. Flow chart of study subjects. HPMR, high-protein meal replacement.
Table 1. Macronutrient distribution of the control and intervention diets at enrolment, after run-in and during the intervention period
(Mean values and standard deviations)
Day 15 (at enrolment) Day 0 (after run-in period) During intervention*
Control Intervention Control Intervention Control Intervention
Nutrients Mean sb Mean SD Mean SD Mean SD Mean sD Mean SD
Energy (kJ) 6451 947-3 6540 1366-1 6042 636-4 6134 7732 5828 555.2 5975 376-6
Energy (kcal) 1542 226-4 1563 326-5 1444 1521 1466 184-8 1393 132.7 1428 90-0
Protein (g) 47-3 111 48-2 119 44.4 80 44.9 79 44.8 12.8 100-2 1200
Protein (%) 12.2 12.3 122 12.2 128 281
Carbohydrate (g) 2326 45.0 224.3 50-2 210-5 36-3 209-6 378 2139 39-2 1701 165
Carbohydrate (%) 60-3 57-4 58-3 571 61-4 47-6
Fat (g) 471 155 52.7 211 47-4 14.6 49.9 18.0 40-0 1322 38-2 81
Fat (%) 274 30-3 29-5 30-6 25-8 241

* Average energy intake during the intervention period.

subjects staying away from family. Weight loss occurring
because of the HPMR diet was also a motivational factor for
good compliance. Information was collected on any adverse
effects of HPMR from the study subjects, such as acidity,
bloating, dyspepsia, etc. No such side effect was reported by
any of the subjects during the 90 d of intervention.

Sample size

Sample size was computed for the two-group parallel superiority
trial with the primary outcome as percentage body weight

reduction, assuming that by day 90 (post-intervention) the
expected percentage reduction in mean body weight in the
control arm would be 2% and an additional 3% in intervention
arm, and that pooled sp would be 1-8, that is, an effect size of 1-67
(3/1-8) per sp. The anticipated effect size and pooled standard
deviations are from a pilot study conducted on fourteen subjects at
our centre (data not shown). To detect this difference with a 95%
confidence level and 80 % power, forty-five subjects were required
in each of the study arms. Assuming about 20 % loss to follow-up,
122 subjects were enrolled in the study. These 122 subjects were
randomly allocated to the control (12 60) and test groups (2 62).
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Statistical analysis

Quantitative variables were assessed for approximate normal
distribution and were summarised as mean values and standard
deviations. Student’s # test was used to compare the difference
in mean values between the two groups. Variables following
non-normal distribution were summarised by medians and
25th, 75th percentiles and the Wilcoxon rank-sum test was used
to compare differences in the distribution between the two
groups. The mean percentage change from baseline to the end
of the intervention (at day 90) was also computed in each of the
two groups. ANCOVA was used to compute mean values at day
90 post-intervention adjusting for age, family type and baseline
values of outcome parameters. To compute the adjusted mean
for percentage change, only age, family type and baselines
values were included. For both absolute differences at
day 90 post-intervention and percentage change results have
been reported as effect size (95% CD and P value. We used
‘intention-to-treat’ and ‘per-protocol’ analysis for analysing data.
In the ‘intention-to-treat’ analysis, for missing values, we used
the ‘last observation carried forward’ method for imputing the
values, and the ‘per-protocol’ analysis was used for analysing
the data of subjects who completed the study.

Anthropometric measurements were taken at baseline, 30, 60
and 90d to compare the difference in the outcome variable
during the intervention period between the control and
intervention groups. Considering a correlated data structure,
generalised estimating equation (GEE) with and without
covariates (age, family type and baseline outcome variable) was
used. Groupwise results of the GEE analysis have been reported
as mean values with their standard errors with the effect
size and 95% CI and P value for each outcome variable.
Statal2.0 statistical software was used for data analysis. In this
study, P<0-05 has been considered statistically significant.

Results

Out of 122 enrolled subjects, 100 subjects completed the study
(fifty subjects in each study arm). Sex-wise distribution of the
data was: the control group, twenty-five males and thirty-five
females; and the HPMR group, twenty-seven males and
thirty-five males. There was no statistical difference in the
socio-demographic parameters of the study population
between the two groups except for age and family type
(Table 2). As per ‘intention-to-treat’ analysis, overall additional
mean reduction compared with the control arm in the para-
meters (after adjusting for age, baseline values, family type for
various parameters over 90d) were as follows: body weight
(primary outcome), -2-7kg (95% CI -3-3,-2-1; P<0-001);
WC, —2:-8cm (95% CI —3-6,-1-9; P<0-001); and BMI, —0-9 %
95% CI —=1-4,-0-5; P<0-001) (Table 3). Similar results were
observed in the ‘per-protocol’ analysis.

As per ‘intention-to-treat’ analysis, additional mean reduction
in the following parameters were observed in the HPMR group
compared with the control group: body weight, 4-9% (95 % CI
3-8, 6:1; P<0-001); WC, 3:8% (95% CI 2:5, 5-1), P<0-00D),
%BF, 6:3 %, (95 % CI 4-3, 8-2; P< 0-001); systolic blood pressure,
2:8% (95 % CI 0-4, 5-1; P=0-002); diastolic blood pressure, 3-5%

Table 2. Baseline characteristics
(Numbers and percentages)

Control (n60)  Intervention (n 62)

n % n % P
Sex
Male 25 41.7 27 43-6 0-834
Female 35 58-3 35 56-5
Age (years) 35.2 86 39-8 99 0-007
Family type
Joint* 16 267 10 16-1 0-001
Nuclear 20 333 41 66-1
Extendedt 24 40-0 11 17.7
Monthly income (rupees)
<25000 17 29-3 18 29-0 0-596
25000-100 000 25 431 22 355
>100000 16 276 22 355
Tobacco
Not at all 51 850 58 936 0-126
Sometimes 9 15.0 4 65
Alcohol
Not at all 37 617 43 69-4 0-372
Sometimes 23 397 19 30-7
BMI (kg/m?)
Overweight 6 10-0 4 65 0-475
Obese 54 90-0 58 936
Body weight (kg)
Mean 818 82:6 0-86
Minimum, maximum 592, 1331 604, 1262

Percentage body fat
Mean 367 36-8 0-92
Minimum, maximum 20-0, 50-5 21.5, 48-8

* Coparceners staying together.
1 Parents staying together with married children.

(95% CI 0-7, 6:3; P= 0-01); total cholesterol, 2-5%, (95% CI 1.6,
3.5, P<0-001); LDL-cholesterol, 7:3% (95 % CI 1-7, 12-9; P< 0-01);
serum TAG, —11-9mg/dl (95% CI -21-1, —2-7; P< 0-01); post-oral
glucose tolerance test (post-OGTT) blood glucose, 7-3 % (95 % CI
1-4, 13-1; P=0-02); alanine aminotransferase (ALT), 22-0%
(95% CI 2-1, 42; P=0-03) and aspartate aminotransferase, 15-2%
(95% CI 0-9, 29-5; P=0-04) (Table 4). A significant reduction was
also observed in serum insulin and high-sensitivity C-reactive
protein (hs-CRP) levels. Reduction in fasting serum insulin
in the HPMR v. the control arm was 3-8 v. 0% (P=0-002), in
post-OGTT serum insulin was 50-3 v. 77-3 mU/1 (P=0-005) and in
hs-CRP was 16-7 v. 0% (P=0-002) (Table 4).

Discussion

We show for the first time that the HPMR diet leads to significant
weight loss, reduction in WC, body FM, fasting serum insulin,
post-OGTT serum insulin, post-OGTT blood glucose, lipid
variables, hs-CRP and liver transaminases in Asian Indians.
These findings are of practical and clinical significance keeping
in mind the body composition and dysmetabolic state of Asian
Indians, and their greater tendency to convert to diabetes from
prediabetes stage.

A decade ago, a meta-analysis of six randomised control trials
(ranging from 3-12 months) in Caucasians reported a 7% body
weight reduction in subjects on a HPMR diet (P<0-01) v. 3% in
the subjects on an energy-controlled diet". Such magnitude of
weight loss, as has been recorded in all randomised control trials
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Table 3. Results of the generalised estimating equation (GEE) for overall comparison of anthropometric parameters between the control and intervention
groups during 90d intervention
(Mean values with their standard errors; coefficients and 95 % confidence intervals)

Overall unadjusted

Overall

At day O (baseline) At day 30 Atday 60 At day 90 (GEE) adjusted (GEE)*
Parameters Mean SE Mean st Mean se Mean se Coefficient 95% Cl P Coefficient 95% ClI P
Body weight (kg)
Intention-to-treat
Control (n 60) 81-8 16-3 814 16-2 81-1 160 804 16-1 Ref. Ref.
Intervention (n 62) 826 130 809 125 793 126 771 125 -12 -6-3, 3-8 0636 27 -33, 21 <0-001
Per protocol
Control (n 50) 81-6 142 81-3 14.2 809 142 802 142 Ref. Ref.
Intervention (n 50) 831 13-8 813 133 792 133 765 131 -09 -6-3,43 0719 -33 -39, —-2:8 <0-001
Waist circumference (cm)
Intention-to-treat
Control (n 60) 99.2 129 98-:3 125 97.8 127 971 125 Ref. Ref.
Intervention (n 62) 98-9 94 959 92 94.8 91 928 93 -2-5 -6-3, 1.4 0214 -2-8 -3-6, -1-.9 <0-001
Per protocol
Control (n 50) 98-9 124 982 12.2 976 124 968 121 Ref. Ref.
Intervention (n 50) 99-4 94 96-3 901 948 89 923 091 -2:2 -6-3, 1.9 0-305 -34 —4.4, -2.5 <0-001
Hip circumference (cm)
Intention-to-treat
Control (n 60) 1074 78 1061 75 1059 75 1056 77 Ref. Ref.
Intervention (n62) 1087 82 1068 80 1051 83 1036 84 -0-04 -2.8,27 0977 -18 -2.5, -1.0 <0-001
Per protocol
Control (n 50) 1071 77 1058 74 1056 75 1052 76 Ref. Ref.
Intervention (n 50)  108-0 79 1061 75 1041 74 1024 73 -08 -36,2-1 0599 -21 -2:9, -1-3 <0-001
BMI (kg/m?)
Intention-to-treat
Control (n 60) 30-3 4.4 30-1 43 300 44 298 43 Ref. Ref.
Intervention (n 62) 30-4 35 296 33 297 51 283 35 -0-6 -1.9, 0-8 0-420 -0-9 —-1-4, -0-5 <0-001
Per protocol
Control (n 50) 302 4.2 301 4.2 299 43 297 42 Ref. Ref.
Intervention (n 50) 30-3 35 295 33 296 55 279 34 -0-7 -2-2,0-8 0-356 -11 -1.6, —-0-6 <0-001

* Adjusted for age, family type and baseline outcome variable.

with a high-protein diet to date, and as has been observed with
the use of the oral drug orlistat, is comparable with that recorded
in the present study (weight loss with HPMR; 6-5 v.-1-5% of body
weight in the control group). Of note, even such ‘apparently
small’ magnitude weight loss is important for the prevention of
diabetes and other OR-NCD. For example, the Diabetes Preven-
tion Program showed that 1 kg of weight loss is associated with a
16% risk reduction in the development of diabetes”. Further,
Nanditha et al., in a study on Asian Indians, showed that a slight
decrease in BMI (0-406; 95% CI 20-676, 20-136; P=0-002) could
lead to significant conversion to a normoglycaemic state from a
state of impaired glucose tolerance®. As Asian Indians have a
high prevalence of prediabetes and the metabolic syndrome, and
rapid conversion to diabetes®**®, such a strategy may also be
useful for the prevention of diabetes in this ethnic group. Such
dietary manipulations may also be useful in Asian Indians who
consume diets low in protein and have low skeletal muscle
mass®?. Further, such a high-protein diet without contribution
from non-vegetarian sources would be appropriate for largely
vegetarian Asian Indians. Finally, the paucity of any adverse
event with meal replacement is reassuring, whereas, the use of
orlistat (or of other drugs for weight reduction) may be associated
with adverse drug reactions leading to high (up to 39%)
discontinuation rates®>.

Asian Indians possess a high percentage of body fat at BMI
levels lower than Caucasians. Any weight loss strategy in Asian

Indians which targets loss of FM along with weight would
be metabolically beneficial. A meta-analysis by Krieger et al.®®
showed a greater FM loss (range 2:05-5-57 kg) with high-protein
diets v». diets with higher percentage of energy from
carbohydrates. These observations are in line with the findings of
the present study, which showed a FM loss of 3-4 kg in the HPMR
diet group compared with 0-7kg in the control diet group.
Further, we found that a HPMR diet-based intervention led to
significant reduction in WC, a finding which is particularly
beneficial for Asian Indians who have multiple adverse effects
associated with abdominal obesity®. For example, Joshi et al”
showed that abdominal obesity (high waist:hip ratio) increases the
odds of developing myocardial infarction by 2-44 (2-05-2-91) times
in South Asians. Importantly, studies have also shown thata 1cm
increase in WC or a 0-01 unit increase in the waist:hip ratio
measurement was associated with a 2 and 5% increase in the risk
for CVD, respectively'®”. Taking cognizance of these data, a
2-8 cm reduction in WC with the HPMR diet, as seen in the present
study (after adjusting for covariates), may result in a 5-6 % decrease
in CVD, which is clearly significant in the Indian context. Besides
weight, body fat and WC, improvement of other parameters
comprising the metabolic syndrome were observed in our study.
The reduction observed in total cholesterol and serum TAG in the
HPMR group in the present study is similar to the improvement in
lipids reported with the use of high-protein diets seen in other
studies™ . Improvement in blood pressure in the HPMR group
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Table 4. Changes in outcome parameters post-intervention* %
(Mean values and standard deviations; medians and 25th, 75th (p25, p75) percentiles; differences and 95 % confidence intervals) o\
Per protocol Intention-to-treat
Control Intervention Control Intervention
(n 50) (n 50) (n 60) (n 62)
Variables Mean SD Mean SD Difference 95% CIt P Mean SD Mean SD Difference 95% CIt P
Anthropometry
Percentage change in body weight 1.7 22 82 22 6-4 55,73 <0-001 1.5 31 65 31 4.9 38, 61 <0-001
Percentage change in WC 2.2 31 71 31 4.9 3.6, 6-1 <0-001 1.9 34 57 34 3-8 2.5, 51 <0-001
Body composition
Fat (%)
Baseline 367 7-4 368 78 -0-14 -29,25 0915 367 7-4 368 78 -01 -29,25 0-910
Post-intervention 361 7-4 331 83 -27 -32,-211  <0-001 364 71 344 84 -21 -26, -1-5  <0-001
Percentage reduction 07 5.6 8-8 4.8 8 5.9,10-2 <0-001 0-5 51 71 5.5 6-3 4.3, 82 <0-001
Fat mass (kg)
Baseline 30-2 81 304 7-4 -0-2 -03, 26 0-896 302 81 304 74 -0-2 -3, 26 0-900
Post-intervention 291 82 258 7-4 -36 -4.3,-2.9  <0-001 295 84 270 77 -28 -85, -2.0 <0-001
Percentage reduction 31 70 146 6-1 12:6 99,152  <0-001 2:6 65 11.8 8 97 7,124  <0-001
Fat-free mass (kg)
Baseline 511 12.2 52.2 110 -11 -5-3, 3-1 0-598 511 122 522 110 -11 -5.3, 3-1 0-598
Post-intervention 516 10-6 51-8 116 -1.8 -35, -0-2 0-030 516 117 511 10-8 -1.5 -29, 02 0-127
Percentage reduction -28 22.7 2:6 30 56 -1.2,12.2 0-098 -2:4 207 21 29 4.3 -11,97 0-122
Muscle mass (kg)
Baseline 489 114 494 107 -0-40 -4.-4, 3-6 0-840 489 114 494 107 -0-4 —4.4, 36 0-840 Iz
Post-intervention 48-8 10-2 49-1 111 -1-0 -1.5, -0-6  <0-001 488 112 484 105 -0 -1-2, -0-4  <0-001 o)
Percentage reduction 0-3 0-2 2.5 24 2.2 1.3, 31 <0-001 0-2 1.8 2.0 24 17 09, 25 <0-001 =
Blood pressure =
SBP (mmHg) Q
Baseline 120-6 141 1207 134 -01 -51,5 0984 1206 141 1207 134 -0-1 -51,5 0-984 N
Post-intervention 1191 104 1174 129 33 -6-2, -0-4 0027 1207 121 117.3 122 -35 -6, —0-1 0-007 =~
Percentage reduction -05 6-3 30 7-3 33 04, 6-1 0-025 -04 5.8 25 69 2.8 04, 52 0-024
DBP (mmHg)
Baseline 755 88 752 79 0-3 -27, 34 0-836 755 88 752 79 03 -27, 34 0-836
Post-intervention 75 8.5 73-0 9.0 -29 -5.2, -0-5 0-016 75-8 87 72-9 8-6 -2.7 -4.6, —0-7 0-009
Percentage reduction -0-8 8-4 34 7-4 4.2 09,75 0-013 -0.7 77 29 6- 35 07, 6-3 0-014
Lipid parameters
TC (mg/dl)
Baseline 173-2 34.7 165-3 335 79 -4.3, 201 0204 1731 347 1653 334 79 -4.3, 201 0-204
Post-intervention 1719 31-2 156-3 277 —12. -20-1,-5-0 <0-001 172.7 308 158 289 -10- -171, 44 0-007
Percentage reduction -1.2 149 41 129 33 23, 4-2 <0-001 -0-1 13-6 33 11-6 2-5 1.6, 35 <0-001
LDL-cholesterol (mg/dl)
Baseline 113.9 29 112:5 335 1.4 -9.8, 12:6 0-803 1139 29 1125 335 14 -98, 12:6 0-803
Post-intervention 113-3 26-8 100-4 241 -131 -194, -6-8  <0-001 1137 268 1025 254 -10-8 -16-2,-5-4 <0-001
Percentage reduction 8-0 17-8 12.4 26-2 91 2.3, 16 0-010 -11 13.6 6-4 16-3 7-3 1.7,12.9 0-011
Serum TAG (mg/dl)
Baseline 128-2 65 1167 63-2 115 11.5, 34.5 0322 1282 65 1167 632 115 11.5, 34.5 0-322
Post-intervention 112.7 48-8 98-0 48-9 —-12.4 -22.7, —2-1 0018 1175 539 98-8 467 -11.9 -211,-2.7 0-011
Percentage reduction 4.2 282 124 26-2 10-1 -1.2,214 0-078 35 257 100 240 77 -1-5,17:0 0-101
HDL-cholesterol (mg/dl)
Baseline 417 12.0 403 9-8 1.5 -25,54 0-464 417 12 40-2 9.8 15 -25,54 0-464
Post-intervention 43-6 12.6 40-0 84 -15 -3.9,08 0-201 429 122 40-7 95 -13 -32,07 0-201
Percentage reduction —4.4 153 -2-3 13 2:4 -35, 83 0-427 -37 140 -1.8 12. 23 -25,72 0-335
Glycaemic parameters
FBG (mg/dl)
Baseline 94.2 9-8 926 84 1.5 -1.7,4.8 0-340 94.2 9.8 92:6 84 1.5 -1.7,4.8 0-348
Post-intervention 921 84 909 73 -1.0 -31,1.0 0-322 933 88 915 76 -09 -2.7,08 0-308
Percentage reduction 0-8 6-3 12 57 0-2 -23,28 0-848 0.7 5.8 09 51 0-1 -1.9,22 0-903
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Table 4. Continued

Per protocol Intention-to-treat
Control Intervention Control Intervention
(n 50) (n 50) (n 60) (n 62)
Variables Mean SD Mean SD Difference 95% CIt P Mean SD Mean SD Difference 95% CIt P
OGTT glucose (mg/dl)
Baseline 116-5 274 1157 285 0-8 -9-2, 10-8 0876 1165 274 1157 285 08 -9-2,10-8 0-876
Post-intervention 121.7 286 109-6 22.0 -13:2 -20.9, -56 0-001 1216 296 1099 208 -11.5 179, -52  <0-001
Percentage reduction -67 18-6 35 16-0 88 1.6, 16-0 0-018 -55 170 28 145 73 1-4,131 0-015
Fasting insulin (mU/)
Baseline 0-06 0-06
Median 139 121 139 121 -
p25, p75 82, 14.7 10-3, 19-2 11-1,19-3 86, 17-1
Post-intervention - 0-01 - 0-01
Median 149 110 149 109
p25, p75 84, 141 95, 19-5 10-1, 19:2 84,171
Percentage reduction - 0-02 0-02
Median -8-6 11.7 0 38
p25, p75 -38-3, 114 -81, 26-9 -35.9, 85 -2.3, 236
OGTT insulin (mU/I) =
Baseline - 0-06 - 006 %
Median 78-2 511 78-2 511 5
p25, p75 342, 111.2 49.7,122.9 523, 124.7 369, 147-4 3
Post-intervention - 001 0005 &
Median 725 50-1 773 50-3 ]
p25, p75 326, 728 49-4,135-7 49.5, 135-1 352, 96-1 e
Percentage reduction 03 04 e
Median 0-7 17 0 0 5
p25, p75 -27-6, 16-9 —204, 342 —24-6, 93 -12.8, 33-3 o
Inflammatory markers b=
hs-CRP (mg/l) &
Baseline - 0-3 - 0-3 =y
Median 23 37 2.3 37 5
p25, p75 1.6, 57 1.3,5:2 1.3,5:2 1.4,5.7 2
Post-intervention - 0-31 - 07
Median 21 25 21 25
p25, p75 07,44 1.3, 45 1.3, 44 07,48
Percentage reduction - 0-001 - 0-002
Median 0 324 0 167
p25, p75 -384, 254 0, 53-3 -34.3, 10-0 0, 39:2
Liver enzymes
ALT (u/l)
Baseline 50-3 221 514 200 -1.0 -86, 65 0-78 503 221 513 200 -1.0 -86, 65 0-78
Post-intervention 55-6 341 426 122 -11.2 -21, -1.5 0-024 549 323 438 154 -10-2 -184, -2-0 0-02
Percentage reduction -19.0 80-1 129 258 25.7 1.2, 501 0040 -158 733 104 237 22.0 21, 420 0-03
AST (u/l)
Baseline 274 15-9 262 9-8 11 -36, 58 0-63 274 159 26-2 9-8 11 -36, 58 0-63
Post-intervention 25.9 119 217 5.9 -38 -7-0, -0:5 0-02 266 126 224 76 -37 -6:6, —0-8 0-01
Percentage reduction -72 54.0 12.6 257 191 1.5, 367 0-03 -6-0 493 10-1 236 152 09, 29-5 0-04
Kidney functions
Serum creatinine (mg/dl)
Baseline 0-8 0-2 09 0-2 —-0-06 -0-12, 0-01 0-11 0-8 0-2 09 02 -0-05 -0-12, 0-01 0-11
Post-intervention 0-8 0-2 0-8 0-2 —-0-02 -0-07, 0-02 0-32 0-8 0-2 0-8 02 -0-02 —-0-06, 0-02 0-28
Percentage reduction -09 13-8 28 148 38 —2:24, 9.75 0-22 -07 126 22 133 1.90 —2:53, 6:32 0-40
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avoid protein shortage that is, a low-protein diet tends to increase
food intake to meet protein requirements”?.

Despite the benefits of HPMR as discussed above, adverse
effects of these diets have been debated, particularly in the
context of renal functions. Long-term elevation in glomerular
filtration rate after high-protein consumption has been reported
to be detrimental®®. Although a high-protein diet is not recom-
mended for individuals with chronic renal insufficiency, there is
little evidence that a high-protein intake is unsafe for healthy
individuals®®. Importantly, we did not observe any harmful
effect of the HPMR diet on liver and kidney functions over a
period of 3 months (Table 4). In fact, there was significant
improvement in liver enzymes in the meal replacement arm,
which could be attributed to weight loss.

There are certain limitations of this study. First, the lack of
blinding between the two groups is a definite limitation. Second,
only one group received the HPMR, thereby making it difficult to
disentangle the effects of high protein v. changes due to different
macronutrient composition of the diet as a result of protein
replacement. For example, as a result of HPMR, this group
showed changes in other macronutrients (lower % en from carbo-
hydrates) compared with the standard diet in the control group. It
is therefore difficult to critically ascertain whether the observed
beneficial effects of the intervention diet are due to high protein
alone or due to a relatively low carbohydrate content. Further, in
a 12-week study, the group with HPMR showed similar overall
weight loss, significantly more fat loss and no significant differ-
ence in lean body mass v. the standard protein meal replace-
ment®®. In the present study, whole foods were used in the
standard protein (control) diet, which may blur the effect of a
high-protein diet. There is need for more meal replacement
intervention studies using high protein . comparatively lower
protein to clearly understand the effect of high protein per se on
weight loss and other metabolic parameters.

Conclusion

The 3-month intervention with the HPMR diet combined with
standard lifestyle changes in overweight/obese Asian Indians
has shown significant reduction in weight, abdominal obesity,
blood pressure, lipids, glycaemic parameters and hepatic
enzymes compared with a standard control diet in Indians.
These results suggest that the HPMR diet may be an effective
and safe strategy for weight loss in overweight and obese
Asian Indians, and thus may be important for the prevention of
dyslipidaemia and diabetes in Asian Indians. Long-term studies
are required to further evaluate the effect of high-protein diets
on the prevention of diabetes and related disorders.
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