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Short Report: Epidemiology
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Abstract

Aim To investigate whether the effectiveness of lifestyle interventions on the incidence of diabetes was influenced by the
baseline age and BMI of the Asian-Indian participants with prediabetes.

Methods Pooled data, obtained from two of our Indian Diabetes Prevention Programmes (2006, #n=236 and 2013,
n=473; total N=709) which had similar baseline characteristics and intervention principles, were analysed. For the
present secondary analysis we dichotomously categorized the participants’ baseline age (<45 and >45 years) and BMI
(<25.0 and > 25.0 kg/m?). Glycaemic status was ascertained at 6-monthly intervals by oral glucose tolerance tests. The
incidence rates of diabetes and relative risk reduction in both the intervention and the control group were calculated for
categories of baseline age and BMI. Interactions between the intervention and baseline age and BMI on diabetes risk
were also analysed.

Results Incident diabetes was diagnosed in 227 of the total 709 participants (32.0%) [control group 139 participants
(38.8%) vs intervention group 88 participants (24.2%)] during the median follow-up period of 2 years. The overall
relative risk reduction was 35.4% (95% CI 19.3-48.3). Lifestyle intervention was equally effective in both age groups
[relative risk reduction in those aged <435 years: 43.7% (95% CI 19.8-60.5) and in those aged > 45 years: 28.9% (95%
CI 5.3-46.6) P for interaction = 0.52] and in categories of BMI [BMI <25 kg/m*: 36.1% (95% CI 9.5-54.9); and BMI >
25 kg/m?: 34.8% (95% CI 12.9-51.2); P for interaction = 0.95].

Conclusions In Asian-Indian individuals with prediabetes, the effectiveness of lifestyle intervention was not modified by
baseline age and BMI.
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. Chinese Da Qing study [5], the reduction in incidence of
Introduction . ; . . .
diabetes after lifestyle intervention was independent of

Systematic diabetes prevention studies have unequivocally
shown that Type 2 diabetes can be prevented and/or delayed
in people with prediabetes by sustained improvements in
lifestyle modification [1]. In the Finnish Diabetes Prevention
Study (DPS) [2] and the Diabetes Prevention Program (DPP)
in the USA [3] the reduction in incidence of diabetes was
mainly attributed to the benefits of weight reduction among
people with impaired glucose tolerance (IGT); however, in
the Asian diabetes prevention studies, such as the Indian
Diabetes Prevention Programme 1 (IDPP-1) [4] and the
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baseline BMI or weight reduction during follow-up. The
DPP study showed that lifestyle intervention was equally
effective for prevention of diabetes when the analysis was
stratified by baseline BMI [relative risk reductions: BMI 22.0
to <30 kg/m?, 65% (95% CI 46-77); BMI 30 to < 35 kg/m?,
61% (95% CI40-75); and BMI > 35.0 kg/mz, 51% (95% CI
34-63)] compared with placebo [3]. Sub-analysis of the Da
Qing study also showed that lifestyle intervention was
equally effective when the participants were stratified by
baseline BMI (<25.0 kg/m® vs >25.0 kg/m?) [S]. The
influence of baseline BMI on the effect of lifestyle interven-
tions has not been ascertained in an Asian-Indian population.
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What’s new?

e In Western diabetes primary prevention programmes
the effectiveness of lifestyle intervention has been
shown to be influenced by baseline BMI and age.

e The present study assessed the effectiveness of lifestyle
intervention on the incidence of diabetes among Asian-
Indian people with impaired glucose tolerance, strati-
fied by age and BMI.

e The results showed that the impact of lifestyle inter-
vention was similar among non-obese and obese Asian-
Indians with impaired glucose tolerance in different age
categories

The aim of the present study, therefore, was to assess
whether baseline BMI and age influences the effectiveness of
lifestyle interventions on the incidence of diabetes using
pooled data from two Indian Diabetes Prevention Pro-
grammes [4,6].

Pooled data from two primary prevention programmes, the
IDPP-1 study [4] and another study completed in 2013 [6],
were included for the present analysis. The IDPP-1 (2006)
study was a 3-year, prospective randomized controlled trial in
Asian-Indian people with persistent IGT on two repeated oral
glucose tolerance tests (OGTTs) [4]. The primary cohort
comprised 531 (421 male, 110 female) participants who were
divided into four study groups: group 1, who received standard
advice (control group, n=136); group 2, who received mod-
erate intensive lifestyle advice regularly for 3 years (n=133);
group 3, who were treated with metformin 500 mg/day
(n=133); and group 4, who were treated with both lifestyle
intervention and metformin 500 mg/day (#=129). The study
showed that both lifestyle intervention and metformin were
equally effective (relative risk reductions 0f 28.5% and 26.4 %,
respectively) in the prevention of diabetes in this cohort. There
was no additive effect when metformin was added to lifestyle
intervention (relative risk reduction -28.2%). For the present
analysis, groups 1 and 2 were included.

In the second primary prevention study (2013) [6], a total
of 537 men were randomized into two groups: a control
group, who received standard lifestyle advice only at baseline
and an intervention group, who, in addition to the standard
care advice, also received tailored text messages on healthy
lifestyle habits over the period of 2 years. A total of 517
participants completed the 2-year follow-up. The study
showed for the first time that reminders about healthy
lifestyle through text messaging is an effective and acceptable
tool with which to deliver and support lifestyle modification
to prevent Type 2 diabetes in Asian-Indian men with IGT
(relative risk reduction 36.0%) [6].
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Participants from the two studies were combined for the
present analysis because all of them had persistent IGT on
two OGTTs. Baseline BMI (2006 study: 26.0 + 3.5 kg/m?;
2013 study: 25.8 + 3.2 kg/m?% P=0.432) and age (2006
study: 45.7 £+ 5.6 years; 2013 study: 46.1 + 4.7 years;
P=0.256) were similar in the two studies. At annual visits, all
participants underwent an OGTT. During the 6-monthly
interim visits; i.e. at 6, 18 and 30 months, a 2-h post-glucose-
load test was performed. If the blood glucose result was
>11.1 mmol/l, a confirmatory OGTT was performed within
1 week using venous plasma sampling in the fasting state, at
30 min and at 2 h after 75-g glucose ingestion.

The primary outcome was development of diabetes as
classified by the WHO recommendations [7]; a fasting
plasma glucose >7.0 mmol/l and /or a 2-h post-glucose-load
value >11.1 mmol/l during an OGTT.

Plasma glucose was measured using the glucokinase
method in the IDPP-1 study and the hexokinase method in
the 2013 study. Plasma insulin was measured using a
radioimmuno assay kit (Diasorin, Saluggia, Italy; sensitivity
of <24 pmol/l and intra- and interassay coefficients of
variation <10%) in the IDPP-1 study and by electrochemi-
luminiscence assay (Elesys Cobas e411 auto-analyzer; Roche
diagnostics, Mannheim, Germany; coefficient of variation
<3%; detection range: 1.39-6945 pmol/l) in the 2013 study.
Results obtained using the two assays were strongly corre-
lated. Insulin resistance [8] was calculated using the formula:
homeostatic model assessment of insulin resistance (HOMA-
IR): (fasting insulin * fasting glucose)/22.5. The oral dispo-
sition index (total AUC glucose/insulin) * Matsuda’s insulin
sensitivity index was used as a measure of B-cell function [9].

For the present analyses we selected 709 participants (236/
269 from the IDPP-1 study and 473/517 from the 2013
study) who had baseline and follow-up data on anthropom-
etry, glycaemic outcomes, HOMA-IR and B-cell function.

Statistical analysis

Age categories (<45 and >435 years) using the midpoint of the
age at recruitment (35-55 years) and BMI categories (<25.0
and > 25.0 kg/m?) based on the criteria used for obesity in
Asian people [10] were used in the analyses.

Continuous variables were expressed as mean =+ sp values
and evaluated using Student’s ¢-test for normally distributed
variables. For skewed variables, values were expressed as
medians (interquartile range) and analysed using the Mann—
Whitney test. The chi-squared statistic test was applied for
categorical variables. Absolute risk reduction, also known as
the risk difference, was calculated as the difference between
the control event rate and experimental event rate. The 95%
CI of the absolute risk reduction was calculated using the
formula: absolute risk reduction +1.96 x sqrt [control event
rate x (1 - control event rate)/ no. of control participants +
experimental event rate x (1 - experimental event rate)/ no.
of experimental patients]. Relative risk reduction was com-
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puted using the formula: |experimental event rate - control
event rate|/control event rate [11]. The heterogeneity of
treatment effect between the two estimates were calculated
using the standard methods [12,13]. Significant heterogeneity
indicates that the effect of intervention differed according to
the values of the covariates. All analyses were performed using
IBM spss 19.0 software (IBM Corp., Armonk, NY, USA).

The baseline characteristics of the study participants grouped
according to age and BMI are shown in Table 1. There were
358 and 351 participants in the control and intervention
groups, respectively. There was a greater proportion of
overweight/obese than non-obese participants [410 (57.8%)
had a BMI > 25 kg/m? vs 299 (42.2%) with a BMI < 25 kg/
m?] owing to the selection of a high-risk group.

Fasting plasma glucose levels were higher (P=0.004) and
the oral disposition index was lower (P=0.005) among the
older age group. As expected, body weight and HOMA-IR
values were higher in the obese than in the non-obese group
(P<0.0001).

At the end of the follow-up period, among 709 partici-
pants, incident diabetes was diagnosed in 227 participants
(32.0%): 139 (38.8%) in the control group and 88 (24.2%)
in the intervention group. The median (interquartile range)
cumulative relative risk reduction was 35.4% (19.3-48.3%)
and the absolute risk reduction was 13.8% (6.9-20.4%).

The effects of the lifestyle intervention among subgroups
of age and BMI on the incidence of diabetes are shown in
Table 2. Lifestyle intervention was effective in both age
groups [relative risk reduction <45 years: 43.7% (95% CI
19.8-60.5); > 45 years: 28.9% (95% CI 5.3-46.6); P for
interaction = 0.52] and in both the non-obese [BMI < 25 kg/
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m?: 36.1 (95% CI 9.5-54.9)] and the obese [BMI > 25 kg/m?:
34.8% (95% CI 12.9-51.2); P for interaction = 0.95]
categories. There was no evidence of heterogeneity of
treatment effects when the participants were stratified based
on age and BMI .

The main observations of the present analysis in Asian-
Indian people with IGT were that the effectiveness of
moderate lifestyle modification was not altered based on
baseline age and BMI. Despite the presence of significantly
higher insulin resistance in the obese group and lower B-
cell response in the older age group, the effectiveness of
lifestyle modification was similar among the age and BMI
categories. Contrary to our findings, post hoc analysis of
the Finnish DPS [14] and the DPP [15] showed that the
lifestyle intervention was most effective among the older
(>61 years) age group than in the younger group. Similarly
to the present study, however, it was noted in the Finnish
DPS that the effect of lifestyle intervention was of the same
magnitude regardless of baseline BMI (P for interaction =
0.750) [14]. The subgroup analysis of the DPP showed
that lower baseline body weight (~10 kg) was associated
with a reduced risk of developing diabetes in the intensive
lifestyle intervention group [hazard ratio 0.88 (95% CI
0.81-0.96)] [15]. It should be noted that the participants
in the present study had a much lower baseline BMI and
age compared with participants in the DPP and the DPS,
therefore, a comparison with the above findings may not
be appropriate.

The relationship between obesity and diabetes prevalence is
complex and appears to be modified by ethnicity [16]. India,
for instance, has a much lower prevalence of obesity (BMI>30

Baseline characteristics of the participants grouped according to age and BMI (72=709)

Variables Age < 45 years (n=299) Age > 45 years (n = 410) P
Height, cm 165.9 £ 7.5 165.4 + 6.9 0.360
Weight, kg 71.8 + 10.1 70.4 + 10.2 0.067
BMI, kg/m” 26.1 + 3.1 25.7 £3.5 0.178
Fasting plasma glucose, mmol/l 5.5+£0.7 5.6 £0.6 0.004
2-h plasma glucose, mmol/l 8.7+0.8 8.7+ 0.8 0.796
HOMA-IR 3.3 (2.3-4.7) 3.4 (2.3-4.7) 0.669
Disposition index 154.5 (117.5-193.6) 140.6 (109.3-176.4) 0.004
Variables BMI < 25 kg/m?* (#n=299) BMI > 25 kg/m? (n = 410) P

Age, years 46.3 £ 4.9 45.8 £5.1 0.220
Height, cm 166.7 + 6.9 164.9 + 7.3 0.001
Weight, kg 642 + 6.5 759 £ 9.6 <0.0001
Fasting plasma glucose, mmol/l 5.5+0.6 5.6 +£0.6 0.403
2-h plasma glucose, mmol/l 8.7 + 0.81 8.8+ 0.8 0.254
HOMA-IR 2.9 (2.1-4.2) 3.7 (2.7-5.2) <0.0001
Disposition index 149.6 (112.9-187.2) 144.5 (113.8-184.1) 0.845

HOMA-IR, homeostatic model assessment of insulin resistance.
Values are mean + sp or median (interquartile range).
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Effects of the lifestyle intervention among subgroups of age and BMI on the incidence of diabetes (#n=709)

Number Incidence of diabetes P for interaction
Absolute Relative Ratio of
risk risk relative
reduction reduction risk
Total Control Intervention Control Intervention (95% CI), % (95% CI), % (95% CI) Z score P
Overall 709 358 351 139 (38.8) 88 (25.1)  13.8 (6.9-20.4) 35.4 (19.3-48.3) — - -
Age
<45 299 149 150 60 (40.2) 34 (22.7) 17.6 (7.1-27.6) 43.7 (19.8-60.5) 1.52 (0.4-5.3) 0.65 0.52
years
> 45 410 209 201 79 (37.8) 54 (26.9) 10.9 (1.9-19.7) 28.9 (5.3-46.6)
years
BMI
<25.0 299 152 147 56 (38.1) 37 (24.3) 13.8 (3.3-23.9) 36.1 (9.5-54.9) 1.05 (0.3-3.2) 0.06 0.95
kg/m”
>25.0 410 199 211 83 (39.3) 51 (25.6) 13.7 (4.6-22.4) 34.8 (12.9-51.2)
kg/m?*

Relative risk was calculated for each stratum. Calculations were for comparisons between two estimated relative risks.

kg/m?) than the USA but higher rates of Type 2 diabetes [17]. In
addition, the risk of diabetes in Asian populations increases at
arelatively lower BMI threshold than in European populations
[18,19]. The recently published UK biobank study showed
that, compared with white people with a BMI of > 30 kg/m?,
South-Asian people had an equivalent prevalence of diabetes
ata BMI>22.0 kg/m? in women and 21.6 kg/m? in men, values
which were at the lower end of the normal BMI range for white
populations [20]. A meta-analysis of 22 studies in healthy
individuals of European origin showed that average weight
change with lifestyle intervention differed only to a small
extent among people with a BMI between 25 and 40 kg/m”
[21]. This implied that the intervention was equally effective
for different BMI groups.

The present analysis was not powered to assess the
significance of effects within the subgroups, nor was this
test prespecified. The participants enrolled in these primary
prevention programmes had narrow age and BMI ranges and
therefore the effectiveness of the lifestyle intervention in
broader categories (for instance, age >60 years and/or BMI
<23.0 kg/m?) need to be studied. Another limitation is that a
sensitivity analysis with a lower BMI threshold of <23 kg/m*
could not be carried out, as the number of participants in
that category was small compared with the other two
categories (23-25 kg/m* and > 25 kg/m?). Asian Indians
develop Type 2 diabetes at a much younger age and lower
BMI than white people [18,19].

The present analysis showed that lifestyle intervention was
equally effective among non-obese and obese individuals and
also in both the lower (<45 years) and higher (> 45 years) age
categories.
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