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CIRCULAR
Imphal, the 18™ August, 2025

No. 159/RIMS-MRU/2025: The 4"™ Research Masterclasses 2025, of the Department of Health Research,

Ministry of Health and Family Welfare, Government of India, will be conducted virtually, on 29™ August,
2025 (Friday).

2. All the faculties (RIMS, Dental College, College of Nursing), members of EC, LRAC of MRU, Principal
Investigators undertaking MRU funding projects (including under process projects) and residents are
invited to take part in the session at Banting Hall, RIMS, Imphal.

Date: 29.08.2025 (Friday)
Time; 2:30 PM onwards
Yenue: Banting Hall, RIMS, Imphal (ONLY SITE FOR PARTICIPATION FOR RIMS)

3. As per the directives issued by the DHR, maximum participation from our institute is strongly
encouraged. MRU is submitting the attendance sheet to the DHR after the session concludes.

4. The research papers to be discussed during the research masterclass are available in the RIMS website:
hitps://www.rims.edw.in/secure/ and also being shared with all concerned through their respective
(personal/ departmental/ college) e-mail IDs.
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Prof. T. Jeetenkumar Singh,
Nodal Officer,
Multi-Disciplinary Research Unit,
RIMS, Imphal
Copy to:
1. TheP.S. to Director, RIMS for kind information of Director
The P.A. to Medical Superintendent, RIMSH for kind information
The Dean (Academic), RIMS for kind information & permission to utilize the facilities at Banting Hall.
The Principal, Dental College, RIMS

The Principal, College of Nursing, RIMS with a request for ensuring maximum participation.
The Head of Department, RIMS, Imphal

..................................................................................
.......................................................

...................................................................................

o B B R R S

..........................................................................................

N0 The IT section, RIMS — with a request for uploading the notice in the website & technical support on 29.8.25

11. Asst. Engineer (Elect./Civil), RIMS - with a request for ensuring uninterrupted power supply & optimum AC
functioning.

12. The Care Taker, Banting Hall, RIMS, Imphal- for proper upkeep of the venue & the accompanying facilities.

13. Guard file. :




No. R.11016/22/2024-HR
Government of India -
Ministry of Heaith & Family Weifare
Deptt of Health Research
IRCS Building, 2™ Floer,
Red Cross Road
New Delhi - 110 op4

14.08.2025
To

The Dean/ Principal/ Diregtor of Medica! Colleges/ Institutes
Subjsct: Reguest to attend Research Masterciasses, 2025 for MRU network— reg.

SirfMadam

DHR-ICMR has initiated a dedicated platform to conduct Research Grand Rounds to
strengthen the Nationa research ecosystem through sustained ca¥§zaboratiqn and knowledge
exchange. The objectives of the Research Grand Rounds are as follows:

L. To deliberate on research methodologies, analytical tools, and emerging scientific
approaches

. To strengthen the methodologica understanding amongst researchers needed to
implement different kinds of research. ,

. To foster coilaboration and connectivity across research institutions

2. These Research Grand Rounds will be organized as monthly webinars entitied ‘Research
Masterclass' on last Friday of each month. The speakers for these Research Masterclasses will be
eminent research scientists in the country who will be discussing their eriginal research work in
details from methodological point of view. :

3. The next Research Masterciass is scheduled for 29.&-8.2025'f§=r§day} at 2:30 PM. The
invited speaker is Dr. Viswanathan Mohan, Chairman, Madras Diabetes Research Fourdation
(ICMR - CCoE) & Dr. Mohan's Diabetes Specialties Centre (iDF Centre of Excellence in Digbetes
Care), Chennnai, Tami Nadu. The research paper to be discussad during the research
masterclass is enclosed. The link for the research masterclass will be shared shortly.

4, Act:ordingly, it is requested to kindly disseminate the information in your institution and
ensure maximurm participation in Research Masterciass, Also, it is requested from your institute o
share at least two questions related to research Paper gttached on the following email:
dhr-mru@gov.in fatest by 25.08.2025. These questions wifl be discussea with the speaker during
masterciass.

Yours faithfully

oo N0

)
(Dharkat R, Lutkang)

Deputy Secretary

Copy to: The Nodal Officer of Multi-Disciplinary Research Units (MRUSs)
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Comparing Type 2 Diabetes,
Prediabetes, and Their Associated
Risk Factors in Asian Indians in
India and in the U.S.: The CARRS
and MASALA Studies

Diabetes Care 2015,38:1312-1318 | DOI: 10.2337/dc15-0032

OBJECTIVE

To assess the prevalence of diabetes and prediabetes and the associated risk
factors in two Asian Indian populations living in different environments.

RESEARCH DESIGN AND METHODS

We performed cross-sectional analyses, using representative samples of 2,305 Asian
Indians aged 40-84 years living in Chennai, India, from the Centre for cArdiometa-
bolic Risk Reduction in South-Asia study (CARRS) (2010-2011}), and 757 Asian Indians
aged 4084 years living in the greater San Francisco and Chicago areas from the U.5.
Mediators of Atherosclerosis in South Asians Living in America (MASALA) study
(2010-2013), Diabetes was defined as self-reported use of glucose-lowering medi-
cation, fasting glucose 2126 mg/dl, or 2-h glucose 2200 mg/dL. Prediabetes was
defined as fasting glucose 100~-125 mg/dL and/or 2-h glucose 140~-199 mg/dL.

RESULTS

Age-adjusted diabetes prevalence was higher in India (38% [95% CI 36-40]) than in
the U.S. (24% [95% C1 21-27]). Age-adjusted prediabetes prevalence was lower in
India (24% [95% C1 22-26]) than in the U.S. (33% [95% C130-36]). After adjustment
for age, sex, waist circumference, and systolic blood pressure, living in the U.S.
was associated with an increased odds for prediabetes (odds ratio 1.2 [95% Cl
0.9~1.5]) and a decreased odds for diabetes (odds ratio 0.5 [95% Cl 0.4-0.6]).

CONCLUSIONS

These findings indicate possible changes in the relationship between migration and
diabetes risk and highlight the growing burden of disease in urban India. Additionally,
these results call for longitudinal studies to better identify the gene-environment-
lifestyle exposures that undetlie the elevated risk for type 2 diabetes development in
Asian Indians.

Asian Indians appear to have a higher propensity toward developing type 2 diabetes
than other race/ethnic groups. India is home to the second-largest populaticn of
individuals with type 2 diabetes worldwide (1). Furthermore, immigration to de-
veloped countries is traditionally associated with higher type 2 diabetes risk (2-4),
and Asian Indian immigrants have a higher prevalence of type 2 diabetes than the
general U.S. population (4-6). However, given that India has recently undergone
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rapid economic and nutrition transitions
(7,8), it is unclear whether diabetes risk
among Asian indians immigrants in the
U.S. differs from that of Asian Indians in
urban India. Such a comparison of two
genetically similar populations living in
different environmental settings could
shed light on the behavioral and envi-
renmental factors associated with in-
creased diabetes risk in this ethnic
group. We therefore compared the
age-specific prevalence of type 2 diabe-
tes and prediabetes in two current
population-based studies of urban Asian
Indians aged =40 years: n = 2,305 resi-
dents of Chennai, India, using data from
the Centre for cArdiometabolic Risk
Reduction in South-Asia study {CARRS)
(2010-2011) (9}, and n = 757 from the
U.S.-based Mediators of Atherosclerosis
in South Asians Living in America
(MASALA) study {2010-2013) (10). We
also analyzed the relative associations of
demographic and anthropometric charac-
teristics on prevalent glycemic status in
urban Asian indians in both India and
the U.S.

RESEARCH DESIGN AND METHODS

The design, sampling strategy, recruit-
ment, enrollment, and guestionnalre and
examination companents of the MASALA
and CARRS studies have previously been
described in detail {9,10). in brief, CARRS
is a muitisite cohort study that recruited
participant populations from three ur-
ban megacities in India and Pakistan
(Delhi, Chennai, and Karachi}. The base-
line examination for this cohort included a
representative cross-sectional survey
conducted in each city between 2010
and 2011. For the purposes of this study,
data were analyzed from the Chennai
study site only, as this site was the only
one to perform an oral glucose tolerance
test (OGTT) in order to identify diabetes
accurately. Households were selected
for participation using multistage ran-
dom sampling technique in order to be
representative of the city of Chennai {9).
A total of 6,920 individuals were
screened for participation, of whom
6,906 (99%) provided questionnaire
data. Fasting plasma glucose was ob-
tained from 5,952 participants {86%)
and 2-h post-glucose challenge on
4,051 participants. For this study, we lim-
ited our population to the 4,865 (70%)
participants who were previously diag-
nosed with diabetes as determined by

questionnaire data or who provided
fasting and 2-h postchalienge glucose
measurements.

Participants with existing cardiovascu-
lar disease as ascertained through self-
report (n = 283) and those of age <40
years {n = 2,277) were excluded from
the CARRS study for valid comparisons
with MASALA.

MASALA is based on a community-
based sample of South Asians living in
the greater Chicago and San Francisco
Bay areas. Data collection and assess-
ment occurred between 2010 and
2013. The MASALA study was modeled
to be similar to the Multi-Ethnic Study of
Atherosclerosis (MESA) cohort study
{11), and only individuals without a
known history of cardiovascular disease
were eligible. Recruitment was con-
ducted using telephone-based recruit-
ment methods, similar to the MESA
study {11). Sampling frames were cre-
ated by clinical site {either the Univer-
sity of California, San Francisco, or
Northwestern University) and included
ail nine counties of the San Francisco
Bay Area and the seven census tracts
closest to the Northwestern University
medical center, as well as suburban io-
cations around Chicago where census
data revealed high proportions of Asfan
Indian residents. Name, address, and
telephone number were obtained for
~10,000 households in the targeted cen-
sus tracts from commercial mailing list
companies (infoUSA, Omaha, NE, and
Marketing Systems Group, Harsham, PA}.
Random samples of South Aslan sur-
names from the desired geographic loca-
tions were created using a specific cultural
coding algorithm to identify 162 ethnic-
ities, 16 ethnic groups, 80 language pref-
erences, 21 countries of origin, and 12
religions using a five-step matching pro-
cess to classify a person’s first and last
name, thereby reducing selection bias
among participants with uncommon
South Asian surnames {10). All participants
were screened by telephone and were in-
vited to either the University of California,
San Francisco, or the Northwestern Uni-
versity clinical field center for a 6-h base-
line clinical examination. In total, 9,097
househoids were attempted to be
reached. Within these households, 3,053
individuals were reached and 1,801 {59%)
were eligible for participation {10). Of ali
those eligible, a total of 906 individuals
participated in the study. However, for
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the purposes of our analysis, data were
analyzed only for individuals who identi-
fied as being born in India {n = 757). De-
tails regarding the eligibility criteria,
guestionnaire, and examination compo-
nents in CARRS and MASALA are shown
in Table 1.

In both studies, after at least a 9-h
overnight fast, a 75-g OGTT was admin-
istered to participants without previ-
ously diagnosed diabetes who were
willing and able to participate in the giu-
cose chaltenge. Bloed samples were ob-
tained from a peripheral vein just before
glucosea ingestion {time 0) and at 30 and
120 min post-glucose challenge for plasma
glucose measurements. Serum glucose
was measured using the hexokinase
method in both studies. Type 2 diabetes
was defined similarly as self-reported use
of glucose-lowering medication {either an
oral agent or insulin), fasting glucose
=126 mg/dL, or 2-h postchallenge glu-
cose =200 mg/dL; prediabetes was de-
fined as fasting glucose 100-125 mg/dL
and/or a 2-h postchallenge glucose 140—
199 mg/dL {12). BMI was classified by
World Health Organization criteria {13).
Normal weight was classified as BMI
18.5~24.99 kg/m?, overweight was classi-
fied as BMI 25-29.99 kg/m?, and obese
was classified as BMI =30 kg/m> Asian-
specific cut points for BMI classification
were also used for sensitivity analyses (14).

Statistical Analysis

Prevalence values and 95% Cls were esti-
mated by study site, sex, age-group, and
BMI category. Participant characteristics
were stratified by sex and were compared
by study using ¥° test or ANOVA as ap-
propriate. The non—normally distributed
variables of fasting and 2-h plasma glu-
cose were log transformed. The effect of
location of residence (India or the U.S.)
on the edds of prediabetes and type 2
diabetes compared with normal glucose
tolerance was assessed using standard-
ized polytomous regression. Initially, an
unadjusted regression model was cre-
ated to compare the individual associa-
tion between study location and
prevalent glycemic status. Subseguent
multivariable models were then created
to adjust for covariates including age,
sex, blood pressure, waist circumfer-
ence, educational status, and years since
migration to the U.S. All analyses were
performed using SAS, version 9.4 (SAS
Institute, Cary, NC).
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Table 1—Eligibi1ity; Qu'estionnaire, and exa.nél.components.in CARRS and MASALA

Eligibility criteria

CARRS-Chennai

Diabetes Care Volume 38, July 2015

MASALA

tnelusion criteria

Exclusion criteria

Cuiestionnaires

" Blood presstire

Weight
‘palance beam scale

Height

© - Waist
circumference

" superior jliac spine

» Aged 20 years or older :
» Bermanently residing iit the selected household

® Pregnant women were excluded from the study, as
- were bedridden Individuals. :

:# Questionnaires were used to gather de'mograph’nc L
information including language use; family history of type -

“ 2 diabates, medicat history, and current medication.use- -
& Three seated blood pressure measurements were
taken using.an electronic: sphygmomanometer:

«An average of the last two readings.was used to assess
‘systolic and diastolic blood pressitre :

. Pérticipanf Weight was measured using a standing. -

o Héight was rﬁgasured using 2 portable stadiometer. .
«Waist circumference was measured tsing anonstreteh
measuring tape at the site of maximum circumfarence
halfway between the Jower ribs and the anterior

» Self-identify as South Asian

» Age range 40-84 years

« Ability to speak and read English, Hindi, or Urdu.

« Those with history of physician-diagnosed myocardial
infarction (M), stroke, or transient ischemic attack; with
a history of heart failire; angina; o use’of nitroglycerin; or.

with aHistory of cardidvascular procedures

* Current‘atrial fibrillation, active gancer treatment, or e
expectancy <5 years; impaired cognitive ability as judged by
the reviewer; plans ta:move out of the study region in the
next 5 years; currently living in or-on the wait Hst for -
anursing home - - S

" Individials weighing =136 kg {300 |b) were.also exclided
“ owing to limitations with the computed tomography

" srannaf

“' Qilestionnaires _wér¢ used to. gather demographic
‘information including language use, medical history, family
history-of type 2 diabetes, and current medication use
» Three seated blood pressure measurements were taken
using an'automated blood pressuie monitor

“'» An average'of the last two readings was used to assess
systolié and diastolic:blood pressure
- - Participant weight. was measured tsing a standing balance
beam scale.or digital weighing scale
-« Height was measured using a stadiometer
o Waist circumference was meastred Uslig a flexible tape
measure at the site-of maximum circumference halfway
between the lower ribs and the antarior superior iliac spine

RESULTS

Table 2 displays participant characteris-
tics by sex and study. Of the 2,305 par-
ticipants from CARRS-Chennai, 54%
were women. Of the 757 participants
from MASALA, 46% were women. The
mean duration of residence in the U.S.
for MASALA study participants was
27.8 * 10.8 years for men and 265 =
10.8 years for women. Participants in
the MASALA Study were on average
older than those in CARRS-Chennai and
had higher educational attainment.
On average, for both sexes, partici-
pants in MASALA were taller and had
greater weight and waist circumference
measurements than those in CARRS-
Chennai. Additionally, men in the MASALA
study had a higher mean BMI than men in
CARRS-Chennal; however, this was re-
versed among women. in both studies,
fasting glucose was obtained from all par-
ticipants who were willing to provide a
sample; however, a 75-g OGTT was only
administered to participants without a
prior diagnosis of type 2 diabetes (MASALA
N = 617, CARRS N = 1,674). Participants in
the MASALA study had lower log fasting

glucose values than participants in
CARRS-Chennai but higher log fasting
2-h glucose values. Those in MASALA
also had lower systolic and diastolic blood
pressure levels and took more blood
pressure—lowering medications than par-
ticipants in CARRS-Chennai. Of those
with a prior diagnosis of type 2 diabetes,
participants in MASALA had on average a
longer duration since diagnosis.
Age-adjusted type 2 dizbetes preva-
lence was higher among Indians in
CARRS-Chennai than those in the MASALA
Study both overall (38% [95% CI 36-40] vs.
24% [95% CI 21-27]) and by sex (men 36%
[95% ClI 33-39] vs. 27% [95% Ci 23-31];
women 42% [95% Ci 39-45] vs. 23%
[95% C! 19-28]). Of participants with
type 2 diabetes, 65% of Asian Indians
living inthe U.S. and 71% of Asian Indians
living in India had a previous diagnosis of
diabetes. Age-adjusted prediabetes
prevalence was lower in Asian indians
in Chennai than in the U.S. (overall 24%
[95% Ci 22—-26] vs. 33% [95% Cl 30-36],
men 21% [95% Cl 18-24) vs. 35% [95% CI
31-40], and women 25% [95% Ct 23-28]
vs. 29% [95% CI 24—34]). These patterns

were consistent across age- and sex
groups, but differences in type 2 diabe-
tes prevalence by age were more signif-
icant in women (Fig. 1). In all categories
of BMI, the prevalence of diabetes was
higher in Asian Indians living in india than
in Asian Indians living in the U.S. (Fig. 2).
Differences in diabetes prevalence be-
tween the groups were significant in nor-
mal and overweight participants but were
not significant in participants who were
obese. In all categories of BM|, the preva-
fence of predigbetes was lower in native
Asian Indians than those in the U.S. and
was significantly different in participants
with normal BML. The pattern of higher
diabetes prevalence and lower prediabe-
tes prevalence in Asian Indians living in
India than Asian Indians in the U.S. in all
BMI categories was consistent using the
Asian BMI cut points. However, when
using the Asian specific cut points, the
prevaience of diabetes and prediabetes
was most significantly different in partic-
ipants who were overweight.

Of the 757 participants from MASALA,

189 (25%) had origins from one of four
ofthe South indian states of Tamil Nadu,
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Table 2—Baseline participant characteristics: by study center*

Wormen

Men [
CARRS:Cheanal —* " MASALA CARRS:Chiennai MASALA
Lo {N=1,058) : © M= 408) M = 1,250) (N = 349)
Age (years) 51,2 (9.2}t 56.3 {10.0)% A9.7(8.4)t 54,6 (8.7)*
Education: Bache[or’s degree or h|gher " o110t ' 93,1t 1:3.8% 87.4t
Weight (kg) 646 {12.6)t 74.2 (11.6)* 61.87(119)t 64.0(10.8)t
Height (cm) 163.1(3.3)t 169.8 {4.1)t 150.1 (5.5t 157.0 (5.8}t
BMI (kg/m?) 24.2 (43)% . 25.9-(4.4)% 27.4:(4.9)F 26.0 (4.0)F
Waist circumference (em) 88.8 {11.4)t 95.7.(9.2)# $4.2°(11.0)% 88.9 {9.7)F
Log fasting glucose (mg/dL)§ . . 4.7 (0.3)F - 4:6:{0:2)t 24:7:(0.3)F 4.5(0,1)%
Log 2-h glucose {mg/dLj} 4.7 (04 4.8 {0:3)t “4.7:(0.3)* 4.8 (0.3}t
Systolic blood pressure (mifiHg) CEN31.0 0100 2B IA T 1275 (20.7)¢ 123.0 (17.0)%
Diastolic blood pressure (mmHg] 854 (12.4)F LrEEEIE 83.37(11.7)¥ 70.0(3.8)¥
Use of blood pressure~fowering medication C 108t 36.8% 159t 26.3+
Self-reported diabetes dlagnosls (%) 66.9. - L70L ':725' 5t ' 56.8%
Years since dmgnosns 6 4 {60 5) 11 2 (10 1) 6.0 (S 6)t 8.7 (6.3}t

323) women, CARRS*Chennal {N= 894) MASALA (N 294)

Karnataka, Andhra Pradesh, or Kerala.
After restriction of participants from
MASALA to only those with origins
from South India, age-adjusted type 2 di-
abetes prevalence was again higher
among Indians in CARRS-Chennai than
those in the MASALA Study both overall
(38% [95% Cl 36-40] vs. 25% [95% C1 20—
32]) and by sex (men 36% [95% Ct 33—-39]
vs. 27% [95% Cl: 19-35]; women 42%
[95% €l 39-45] vs. 25% [95% €l 15-34]).
Age-adjusted prediabetes prevalence was
again lower in Asian Indians in Chennai
than in those in the U.S. with origins
from South India specifically (overall 24%
[95% Cl 22-26] vs. 33% [95% Cl 26~39],

2]
[es)

Diabetes Prevalence

wog
(=T -

Prevalence (%)
s
S

65+

45-54  55-64
Age-group (years}

40-44

® CARRS ChennaiMen

¥ MASALA Men

men 21% [95% Cl 19-24) vs. 36% [95% C!
27-45), and women 25% [95% Cl 23-28]
vs. 27% [95% C! 19-38]). These patterns
were again consistent in all age- and sex
groups, but differences in diabetes preva-
lence between Asian Indians in Chennai
compared with Asian Indians in the U.S,
with origins in South India were more sig-
nificant than differences in prediabetes
prevalence between these groups.

Table 3 shows the association of place
of residence (either India [Chennai] or
the U.S. [greater San Francisco and Chi-
cago areas]) with glycemic status. After
adjustment for age, sex, waist circum-
ference, and systolic blood pressure,

80 -~

Prediabetes Prevalence

L -1
< O (=]

Prevalence (%)
=N
L=

30 -
20
10
40-44 453-54 55-64 65+
Age-group (years)
CARRS Chennxi Women LIMASALA Womm

Figure 1—Age-specific prevalence of diabetes and prediabetes by study and sex. *P < 0.05.

Asian Indians in the MASALA Study
had 2 50% (95% C! 0.4-0.6) decreased
odds of type 2 diabetes but a 20% (95%
Cl 0.9-1.5) increased odds of prediabe-
tes than those in CARRS-Chennai. The
inclusion of education and years since
migration In muitivariable models
somewhat attenuated the effect of
place of residence on the cdds of having
diabetes compared with normal glucose
tolerance. Income could not be assessed
in the models, as it was found to be col-
linear with place of residence. The inclu-
sion of height in multivariable models
as a proxy for socioeconomic status
prior to migration did not alter the ef-
fect of place of residence on the odds of
having diabetes or prediabetes com-
pared with normal glucose tolerance
between the groups. However, the
inclusion of height and education
together in multivariable models signif-
icantly attenuated the effect of place
of residence on the odds of having
diabetes.

CONCLUSIONS

Few studies have compared Asian Indians
in India to those who have immigrated to
the U.S. In this study comparing middle-
to older-aged urban Asian Indians, we
found that a community-based sample
of Asian Indians in the U.S, had a lower
prevalence of type 2 diabetes but a
higher prevalence of prediabetes than
Asian Indians living in urban south
India. This was observed despite Asian
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Diabetes Prevalence
50%
5%
40%
= 35%
£
3 30%
5 25%
=
2 20%
A 15%
10%
5%
0““

Obese

Normal  Overweight

CARRS-Chennai  ®#MASALA

Prediubetes Prevalence

h

Normal  Overweight Obese

- CARRS-Chennai  # MASALA

Figure 2—Prevalence of diabetes and prediabetes by study and BM! category. *P < 0.05.

Indians in the U.S. being older and
heavier than those in india. Asian indi-
ans in the U.S. also had better blood
pressure levels than those in India, pos-
sibly explained by their higher usage of
blood pressure—lowering medications.
However, the adjustment for age, sex,
waist circumference, and systolic
blood pressure did not fully explain
the increased odds of type 2 diabetes
in Asian Indians in the CARRS-Chennai
Study.

it is possible that Indla is in an early
stage of the type 2 diabetes epidemic
wherein those who are most suscepti-
ble to the disease develop it the earliest

(15). it is also possible that Asian indians
who have immigrated to the U.S. have
adopted more positive dietary and ex-
ercise habits, thereby lowering their risk
for progression from prediabetes to
overt type 2 diabetes (16). Contrary to
previous findings that Asian indians
who migrate to the U.S. have poorer
metabolic profiles than their counter-
parts in India (17,18), our results indi-
cate that while Asian Indians in india
had lower BMiI and waist circumference
measurements than those living in the
U.S., they still had a higher prevalence
of type 2 diabetes even at normal levels
of BMI and in both sexes, thereby

- Fable 3--Risk factors associated with prediabetes and type 2 diabete's )

: Predigbetes Type 2 diabetes
. Model Covariates S OR 2-95% O OR, | QS%CI P
“F Migrant Al* 139" 14, 159) 073 10:59, 090) <0.01°
2 Migrant Ab*::7 118 {093, 150). 046 {036, 0:59) . <0.01
Age-group (years) 42100 {108,138y 1557 (1.38,174) <0.01
Sex** 14877 (118, 1.85). 147 (119, 1.84) . <001
Waist dircumference (cm) 7 1.03 1 (1.02, 1.04) :'1:05 " {1.04,1.06} - <0.01
SBP fmmHg). . 101 {100, 1:02) - L0210 3{101,1.03) <003
3 Migrant AI* 27152 [0.85, 273} 0.7371{0.39,1.35) Q.07
Age-group {years) £.23 ©-{1.08, 140) 158 {137, 1.75) <001
Sex** 1.46 " {1.16, 1:84) - 143 . {1.14,178) <001
Waist circumference {cm): . 1.03  {1.02,1:04) 105 . (1.04,1.06) <0.01
SBP (mmHg) 1.01 {101,102 1027, {101,103} <001
Education 0.88 - {0.60,1.31) 0.64 {0.43,0.94) 0.06
Years since migration 099 {098 101} 100 7{0.93,1.02) 081
4 Migrant AF* . 150 {097, 2:32) - 088...(0.57,1;35) 005
o Age-group. (years) 1,200 {1.06,137) 1510133171 <001
Sex** 1.24:740,90,1.72) 104, (0.75,143) 041
Height : 099 7{0.98,1.01) " 098 .{0.96,1.0} 0.09
Waist circumference {em).  1.03:7::(1.02, 104} 105 :.-(1.03, 1.06) <001
sBp (mmHg) -107 71{1.01,1.62) 102 . (101,103 <001
Education. . Q.83 ,{oss 1:26} 0.56 {0.37,0.85) 0.02:

Al, Asian Indian; SBP Systohc blood pressure.. *As;an Indiaps fiving i india (CARRS -Chennai..
study) were used as the referent group "‘*Males were sed as the reférent group :
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suggesting a shift in the association be-
tween migration and type 2 diabetes
risk in this population. Paradoxically,
both the overall and the age-specific
prevalence of prediabetes were lower
in Asian Indians living in India than in
the U.S., which may be due to a more
rapid conversion through the natural
history of disease in Asian Indians living
in India. Our results also add strength to
the notion that factors besides age and
central adiposity play a large role in
type 2 diabetes development in Asian
indians (7) in both devetoped and de-
veloping country settings, since the
adjustment for age, sex, waist circum-
ference, and systolic blood pressure did
not explain differences in the odds of
prediabetes or type 2 diabetes be-
tween the two groups. Furthermore,
while the prevalence of type 2 diabetes
was lower in Asian indians living in the
U.S. than in India, it was still consider-
ably higher than the general U.S. pop-
ulation (19-21), despite Asian indians
having an overall lower BMiI.

Risk factors for type 2 diabetes devel-
opment such as high-carbohydrate and/
or -fat diets and sedentary lifestyies
were once considered to influence
those who had migrated to developed
countries feading to an increased prev-
alence of diabetes in migrants than in
those who remained in developing
country settings (17,18}. The results
of our study are among the first to
highlight a higher prevalence of diabetes
in individuals living in india than their
counterparts who have immigrated to
the U.5. It is therefore possible that, given
the rapid economic and nutritional transi-
tions currently taking place in India (7,8},
these factors now exacerbate risks in
Asian Indians both in India and abroad. It
is also possible that with more increased
knowledge of beneficial diet and lifestyle
choices, migrant Asian Indians may be
shifting toward more health-promoting
dietary patterns. A more thorough under-
standing of the dietary transitions taking
place in India and in diaspora indians
could provide important insights into
the development of type 2 diabetes in
nonobese phenotypes. It is possible
that Asian Indians in the U.S. may also
have increased knowledge regarding di-
abetes prevention and greater accessto
health care {16,22) than Asian Indians in
india. Such factors may serve to protect
immigrant pepulations against type 2
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diabetes risk; however, furtherresearch
is needed in this area.

Our study directly compared the age-
specific prevalence of prediabetes, type 2
diabetes, and the associated risk factors
between Asian Indians living in the U.S.
and India. While there were differences in
the sampling frames and sociodemo-
graphic characteristics between the two
studies, both are large population-based
samples with similar anthropometric and
laboratory measures that are representa-
tive of Asian Indians in large urban
centers either in India or in the U.S. Addi-
tionally, while participants from CARRS
are primarily of South Indian origin and
participants from MASALA migrated from
all parts of India, it is possible that the
differences in type 2 diabetes prevalence
between the groups could be attributed
to differences in regional origins. However,
when we restricted our analyses to partic-
ipants from MASALA with origins in South
India only, the finding of a high preva-
lence of diabetes and a relatively lower
prevalence of prediabetes in Asian Indians
from CARRS compared with Asian Indians
from MASALA remained virtually un-
changed. These results suggest that the
differences in type 2 diabetes prevalence
between the groups are likely not attribut-
able to region of origin.

Furthermore, while there were large dif-
ferences in education status as well as
height between Asian indians living in India
and the U.S., adjustment for education and
height in multivariable models as proxy
measures for socioeconomic status prior
to migration attenuated the effect of mi-
gration on the odds of diabetes between
the two groups. These results suggest a
possible healthy migrant effect, whereby
individuals with greater access to educa-
tion as well as early maternal and child-
hood nutrition were more likely to have
the means for migration, However, while
participants from the MASALA study had
high levels of educational attainment, di-
abetes prevalence in this group was still
considerably higher than that in the gen-
eral U.S. population {20,21), thereby sug-
gesting that factors besides education
attainment play a large role in diabetes
risk in Asian Indians.

Being that our study directly compares
rwo distinct Asian Indian pepulations from
differing geographic regions {Chennai, In-
dia, and the greater San Francisco and
Chicago areas of the U.S.) the results can-
not be generalized to Asian Indians living

in other parts of India or the U.S. How-
ever, several studies have noted an in-
creasingly high prevalence of diabetes in
urban India (23-25) with recent evidence
indicating a rise of diabetes in rural areas
of India as well {26). Therefore, the high
prevalence of diabetes in one urban in-
dian city as reported in this study may be
indicative of an even larger burden of dis-
ease in India yet to come. Furthermore,
the diabetes prevalence in MASALA
study participants was similar to what
was found in a recently published study
of Asian Indians in Michigan (27). How-
ever, additional national level data are
needed to assess the prevalence of di-
abetes among Asian Indians living in
the U.S.

Our findings point to a high prevalence
of type 2 diabetes in urban India with a
paradoxically low prevalence of prediabe-
tes compared with urban Asian Indians in
the U.S. Furthermore, the increased type
2 diabetes prevalence in Asian Indians in
India is evident in both sexes, in all age-
groups, and at all levels of BM! and there-
fore cannot be explained by differencesin
anthropometry cr age alone. These find-
ings suggest the need for collaborative
longitudinal research efforts between In-
dia and the U.S. Such collaborations could
help identify the gene-environment-life-
style exposures that underlie the elevated
risk for type 2 diabetes develcpment in
Asian Indians.
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Metabolic non-communicable disease health report of India:
the ICMR-INDIAB national cross-sectional study
(ICMR-INDIAB-17)
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Summary
Background Non-communicable disease (NCD) rates are rapidly increasing in India with wide regional variations. We
aimed to quantify the prevalence of metabolic NCDs in India and analyse interstate and inter-regional variations.

Methods The Indian Council of Medical Research-India Diabetes (ICMR-INDIAB) study, a cross-sectional population-
Dased survey, assessed a representative sample of individuals aged 20 years and older drawn from urban and rural
areas of 31 states, union territories, and the National Capital Territory of India. We conducted the survey in multiple
phases with a stratified multistage sampling design, using three-level stratification based on geography, population
size, and socioeconomic status of each state. Diabetes and prediabetes were diagnosed using the WHO criteria,
hypertension using the Fighth Joint National Commitiee guidelines, obesity (generalised and abdominal) using the
WHO Asia Pacific guidelines, and dyslipidaemia using the National Cholesterol Education Program—Adult
Treatment Panel 111 guidelines.

Findings A total of 113043 individuals (79 506 from rural areas and 33 537 from urban areas) participated in the ICMR-
INDIAB study between Oct 18, 2008 and Dec 17, 2020. The overall weighted prevalence of diabetes was 11- 4% (95% CI
10-2-12-5; 10151 of 107119 individuals), prediabetes 15-3% (13-9-16-6; 15496 of 107119 individuals), hypertension
35-5% (33-8-37-3;35172 0f 111439 individuals), generalised obesity 28 6% (26- 9-30-3; 29861 of 110 368 individuals),
abdominal obesity 39-5% (37-7—41-4; 40121 of 108 665 individuals), and dyslipidaemia 81-2% (77-9-84.5; 14895 of
18492 of 25647). All metabolic NCDs except prediabetes were more frequent in urban than rural areas. In many
states with a lower human development index, the ratio of diabetes to prediabetes was less than 1.

Interpretation The prevalence of diabetes and other metabolic NCDs in India is considerably higher than previously
estimated. While the diabetes epidemic is stabilising in the more developed states of the country, it is still increasing
in most other states. Thus, there are serious implications for the nation, warranting urgent state-specific policies and
interventions to arrest the rapidly rising epidemic of metabolic NCDs in India.

Funding Indian Council of Medical Research and Department of Health Research, Ministry of Health and Family
Welfare, Government of India,

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

South Asia, home to nearly a quarter of the world's
population, is currently undergoing an epidemiological
transition with an explosion in the prevalence of non-
communicable diseases (NCDs).? India, the largest
countty in the region, is also the largest contributor to
the NCD burden. Several studies conducted over the last
two decades have revealed the high total burden of
diabetes, hypertension, and dyslipidaemia in India.™
However, most of these studies have relied on self-report
of these conditions, do not use robust methodclogy for
diagnosis, represent secondary analyses of data from
surveys not specifically focused on NCDs, or are not truly
representative of the population of the country. Also,

none of these studies provide information on the
prevalence of prediabetes, which limits their utility in
assessing the current status of the diabetes epidemic
in India and predicting its future trajectory, Furthermore,
as regions and states in India differ widely from each
other in ethnic composition, dietary habits, and
gocioeconomic development, overall NCD estimates for
the country are likely to mask wide inter-regional and
intraregional differences. Provigion of health care is the
responsibility of states in India; therefore, obtaining
granular state-level data is of utmost importance to
enable state governments to plan and implement
programmes aimed at preventing and managing NCDs
in their respective jurisdictions. This assumes particular
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Research in context.

Evidence before this study :
We searched PubMed; Google Scholar, IndMED, and the
Cochrane Database of Systematic Reviews, and sanned
relevant reference lists and review articles, for studies
publishéd before Apfil 10, 2023, reporting on the prevalence of
non-comimunicable diseases (N¢Ds) among Asian Indians;
using the key words "diabetes”; "prediabetes”, “metabolic
NCDs", "hypertension”, “obesity”; "dyslipidemia”; "urban’,
“rural” “irndia”, “Asian Indians”; and *South Asians”. We used
a combination of MeSH termsand free text forthe search;
which was limited to publications in English. The key ificiision
criteria were original studies (published or reports), -
participants aged 20 years of ¢lder; and studies conducted in
Asian Indians. Available evidendé Suggests a high and 377
increasing prevalence of diabetes hypertension, dyslipidaernia,
and obesity in india. However; many of the studies retri ved
relied on self-report of these conditians, lacked robust’# 1
methodology for diagnosis, or represented secondary anaiy_ses

of data frbm surveys not specifically focused onNCDs: Many of :

them were also not conducted On a truly representative -
population of India, which limits their btility i assessing -
intraregional and inter-regional differences in disease
prevalence and the gerieralisability of their restlts to the whole
of avast and diverse coUntry such as India,

Added value of this study

The present report from the Indian Coundilof Medical
Research=tndia Diabetes (ICMR-INDIAB) study, the largest
nationally representative population-hased study on diabetes
and metabolic NCDs undertaken infindia covering all 28 states

importance in view of recent evidence that mortality and
morbidity due to NCDs is much higher in low-income
and middle-income countries such as India, compared
with wealthier nations.”

The Indian Council of Medical Research-India
Diabetes (ICMR-INDIAB) study is the largest survey on
diabetes and other metabolic NCDs undertaken in
India, and covers all 28 states, two of the union
territories, and the National Capital Territory of Delhi
{hezeafter referred to as states and union territories).®
The present paper analyses the results of the ICMR-
INDIAB study to quantify the prevalence of metabolic
NCDs, namely diabetes, hypertension, obesity, and
dyslipidaemia in a representative sample of adults in
both urban and rural India, and attempts to identify
region-wise and state-wise differences in the status of
these NCDs in the country.

Methods
Sampling and study population
The ICMR-INDIAB study is a cross-sectional,

population-based survey of adults aged 20 years and
older.** The methodological details of the study have

wwaw.thelancet.com/diabetes-endocrinology Vol 11 July 2023

Terntoryof Delh| shaws that India now has amuch hngher

-~ prevalence: of metabohc NCDs than shown by previous

estimates. The study reports on the prevalencé of diabetes and -
prediabetes in different states of Ineia using robust sampling
and diagnostic methods and therefore helps iﬁ assessing the
present statusof the diabetes epidemic and its fikely future .
tfa;ectory The d:abetes epidemicisin trans:t.on in lndia wvth

"dysllpudaemlaare hlgher in urban areas, the Toral preva|ence

rates are much hngherthan previously reported. .

implicationsof allthe available evidence

There isasizeable population in liidia at riskof cardiovascular:
disease and-other lorig-term organ cGmplicatidnis dieto
~metabolic NCDs; which are likely to pose a majéi public heakth
-~ challenge inthe near future. There is also evidence that the NCD

epidemic is spreading torural areas, which lack the health

infrastructure needed toeffectively diagnose and manage these

conditions. This calls for.urgent government-level initiatives for
preventior and managernent of NCDs through strengtheninig
of the public Health-care system and reorientation of priarities
in‘provisior offiealth care. The granular state-level data on
these NCDswill be of particular interest to state'governments
i tridia; which are primarily resporsible for providing health
care in their respecti%:’e ;‘ urisdictions and will é’n’abie themto

been published elsewhere.® Briefly, the study sampled
urban and rural residents in 31 states and union
territories of India using a stratified multistage
sampling design.® In order to obtain a truly repre-
sentative sample of the population, we used three-level
stratification based on geography, population size, and
socioeconomic status of each state. The primary
sampling units were villages in rural areas and census
enumeration blocks in urban areas. Using a systematic
sampling method, 24 and 56 households were selected
from urban and rural areas, respectively. Door-to-deor
assessment was done and from each household,
one individual was selected based on the WHO Kish
method,” to avoid selection bias with respect to sex and
age. The study was conducted in a phased manner
between November, 2008, and December, 2020. In
phase 1, four regions representing the south
{Tamil Nadu), north (Chandigarh), east (Jharkhand),
and west (Maharashtra) of the country were studied
from Oct 18, 2008, to April 16, 2010. The remaining
states were surveyed as follows: phase 2 consisted of
undivided Andhra Pradesh (subsequently divided
into Andhra Pradesh and Telangana), Bihar, Gujarat,
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Karnataka, and Punjab (survey period, Sept 24, 2012, to
July 26, 2013), the north east phase included Assam,
Arunachal Pradesh, Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim, and Tripura (survey period,
Dec 5, 2011, to Nov 14, 2017), phase 3 included Delhi,
Madhya Pradesh, Rajasthan, and Uttar Pradesh (survey
period, Aug 24, 2017, to March 8, 2018), phase 4 included
Kerala, Goa, Puducherry, Haryana, and Chhattisgarh
{swrvey period, Dec 10, 2018, to July 10, 2019), and
phase 5 included Himachal Pradesh, Uttarakhand,
Odisha, and West Bengal (survey period, Sept 1, 2019 to
Dec 31, 2020). Details of the sampling strategy and
phases have been published previously**

Individuals who were temporarily away from home
during the survey period and those who were terminally
ill were excluded.

The study was approved by the Institutional Ethics
Committee of the Madras Diabetes Research Foundation
and individual states, and written informed congent was
obtained from all study participants.

Procedures

In all individuals, a standardised, structured question-
naire was used to collect information on demographic
and socioeconomic characteristics. Weight, heigh,
waist circumference, and blood pressure were measured
and BMI calculated using standardised techniques
(details in appendix p 14).” In all individuals, capillary
blood glucose (CBG) measurement was performed
using a glucose meter (One Touch Ulira, LifeScan
Johnson & Johnson, Milpitas, CA, USA) after ensuring
an overnight fast of at least 8 h. In individuals without
a previous diagnosis of diabetes, an oral glucose
tolerance test (OGTT) was done using an 82.5 g oral
glucose load (equivalent to 75 g of anhydrous glucose)
and the 2 h postload CBG was estimated, whereas in
those with selfreported diabetes, only fasting blood
glucose was measured. In all individuals with diabetes
and on every fifth individual, a venous sample was
drawn for assessment of HbA, and lipids. Samples
were centrifuged within 1h at the survey site, and serum
was transferred to separate labelled vials and temporarily
stored in —20°C freezers until they were transferred to
the central laboratory in Chennai. All biochemical
assays were carried out by the same team of laboratory
technicians using standardised methods throughout the
study period.

HbA, was estimated by highpresswe liquid
chromatography using the Variant II Turbo machine
(Bio-Rad, Hercules, CA, USA), which is certified by the
National Glycohemoglobin Standardization Program as
having documented traceability to the Diabetes Control
and Complications Trial reference method.® Serum
cholestero]l (cholesterol esterase oxidase—peroxidase—
amidopyrine method), serum triglycerides (glycerol
phosphate oxidase-peroxidase—amidopyrine methed),
and high-density lipoprotein cholesterol (direct

method: immunoinhibition) were measured using the
Olympus 2700/480 automated biochemistry analyser
(Fullerton, CA, USA) from 2008 to 20135, and Beckman
Coulter AU 680 clinical chemistry analyser (Fullerton,
CA, USA) from 2016 1o 2021.

Outcomes
Outcomes of interest were diabetes, prediabetes,
dysglycaemia, hypertension, generalised obesity,
abdominal obesity, and dyslipidaemia. Projection
estimates for each of the metabolic NCDs were also
reported for the year 2021. Selfreported or known
diabetes was defined based on a physician diagnosis
of diabetes or current (in the past 6 months) use of
medications for diabetes (insulin or oral hypoglycaemic
agents). Physician diagnosis of diabetes was checked
against medical reports or prescription for validity,
which also helped to define the date and year of
diagnosis. In those without a self-reported diagnosis,
diabetes and prediabetes (impaired fasting glucose
[IFG] and impaired glucose tolerance [IGT]) were
diagnosed using OGTT, HbA,, or a combination of
OGTT and HbA,. For the OGTT, diabetes was
defined as per the WHO consultation group report
recommendations®—ie, fasting CBG of 126 mg/dL
(7.0 mmol/L) or higher, or 2-h post-oral glucose load
CBG of 220 mg/dL {12-2 mmol/L) or higher. Isolated
IFG was diagnosed if individuals had a fasting CBG of
110 mg/dL {6-1 mmol/L) or higher but less than
126 mg/dL (7.0 mmol/L), and 2-h post-glucose CBG of
less than 160 mg/dL {8-9 mmol/L}.” Isolated IGT was
diagnosed if individuals had a 2-h post-oral glucose
load CBG of 160 mg/dL (8-9 mmol/L) or higher but
less than 220 mg/dL (12.2 mmol/L), and fasting CBG
of less than 110 mg/dL (6-1 mmol/L).” Prediabetes
was defined as the presence of IFG, IGT, or
both.®® Dysglycaemia was defined as the presence of
prediabetes or diabetes. We also assessed the prevalence
of IFG using the American Diabetes Association
(ADA) criteria®—le, fasting CBG 100-125 mg/dL
(5-6~6-9 mmol/L}—and of diabetes and prediabetes
using HbA, cutoffs of 6-5% (48 mmol/mol) or higher
and 5-7-6-4% (3946 mmol/mol), respectively.®
Generalised obesity was defined as a BMI of 25 kg/m?
or higher, and abdominal obesity was defined as a waist
circumference of 90 cm or higher for men and 80 cm or
higher for women (based on WHO Asia Padific
guidelines).” Hypertension was defined as a systolic blood
pressure of 140 mam Hg or higher, or a diastolic
blood pressure of 90 mm Hg or higher, or treatment with
antihypertensive drugs (Eighth Joint National Committee
criteria).” For defining dyslipidaemia, National Cholesterol
Education Programme—Adult Treatment Panel I guide-
lines® were used as follows: hypercholesterolaemia—
serum cholesterol concentrations of 200 mg/dL
{5-2 mmol/L} or higher; hypertriglyceridaemia—serum
triglyceride concentrations of 150 mg/dL (1.7 mmol/L)
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or higher; low HDL cholesterol—HDL cholesterol
concentrations of less than 40 mg/dL (1-04 mmol/L} for
men and less than 50 mg/dL (1-3 mmol/L} for women;
high LDL cholesterol—LDL cholesterol concentrations of
130 mg/dL (3-4 mmol/L) or higher calculated using the
Friedewald equation.® The intra-assay and infer-assay
coefficients of variation for biochemical assays conducted
at the central laboratory ranged between 3-1% and 7-6%.

Statistical analysis

The sample size was calculated separately for urban and
rural areas, as previous studies have shown large
variations Dbetween urban and rural prevalence of
diabetes. Assuming a prevalence of 10% in urban areas
and 4% in rural areas, allowing for margin of error of
20% of prevalence, a non-response rate of 20%, and
level of significance of 5%, the sample size was
estimated to be 1200 in urban areas and 2800 in rural
areas in each of the states studied, with a total of
4000 individuals per state (details in appendix pp 1-8).
Estimates for continuous variables are shown as mean
(SE} and for categorical variables as proportions
{95% CI). Sampling weights were calculated to account
for sampling at different levels within each state
(appendix pp 1-10). We used the proc survey (frequency/
mean) procedure, an approach that produces n-way
tables from complex multistage survey designs with
stratification, clustering, and weighting. To account for
the multistage complex survey design of the study, all
the key survey elements were used in the statistical
analysis.” The primary sampling unit was accounted
for as the cluster, the normalised weight was
accounted for as the final study weight, and the state
was accounted for as the stratum to estimate population
means, variance, and proportions. To compare the mean
and percentage of variables between two groups (urban
and rural, and male and female), survey-adjusted
linear regression and the Wald x? test were applied,
respectively.

For subgroup analysis, the Indian states were divided
into six geographical zones: north (Chandigarh, Delhj,
Haryana, Himachal Pradesh, Punjab, and Rajasthan),
south (Andhra Pradesh, Telangana, Karnataka, Kerala,
Puducherty, and Tamil Nadu)j, east (Bihar, Jharkhand,
Odisha, and West Bengal), west (Goa, Gujarat, and
Maharashtra), central (Chhattisgarh, Madhya Pradesh,
Uttar Pradesh, and Uttarakhand), and northeast
{(Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura).

To account for the different time periods of the survey,
the analytical strategy we used is akin to standardising
estimates according to age, sex, and region to obtain the
current prevalence of cardiometabolic risk factors in
each state. The information from the National Family
Health Survey-5 (NFHS-5) was used for the stan-
dardisation.” Similar assumptions have been made by
the International Diabetes Federation while making
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future projections for diabetes.” The purpose of this
standardisation was to ensure that population ageing
and other demographic trends were accounted for when
estimating diabetes in states thai were sampled in
earlier time periods. Minimal assumptions were made
about changes in the population that possibly affected
diabetes prevalence during the study period. We
therefore focus only on region, sex, and age, as these are
known factors that contribute to diabetes prevalence
that are themselves changing in the population, and
therefore could drive secular changes in diabetes
prevalence.

NFHS-5 study weights were computed for subgroups
defined by region, sex, and age (10-year intervals)
following the complex survey design. The weights
assigned to each subgroup based on the NFHS-5
household dataset were multiplied by the weighted
prevalence in the respective subgroup. The prevalence of
each cardiometabolic risk factor in the spedfic state was
calculated by adding the re-weighted prevalence of all
subgroups. The weighting procedure using information
from NFHS.5 is illustrated in detail in the appendix
{pp 11-13).

The estimated adult population (220 years) of India for
the year 2021 from the population projections published
by the Ministry of Health and Family Welfare, Government
of India,® was used for estimating the numbers of
individuals with diabetes, prediabetes, dysglycaemia,
hypertension, obesity, and dyslipidaemia. Projection
estimates were calculated among adults aged 20 years or
older by the direct method to the 2021 India Census
projected population. For the direct method, we used the
region, age, and sex standardised prevalence obtained
from the pooled results from the 31 states and union
territories and multiplied it by the 2021 India Census
projected population. a was set at 0-05 to determine
statistical significance. To analyse data, we used SAS
(version 9.4).

Role of the funding source

This study was funded by Indian Council of Medical
Research and Department of Health Research, Ministry
of Health and Family Welfare, Government of India.
Some members of the funding source provided scientific
inputs for the study, were involved in quality control, and
helped to revise the manuscript.

Results

Overall, from all 31 states and union territories,
119022 individuals were assessed for eligibility, of whom
113043 individuals (33537 from urban areas and
79506 from rural areas) participated in the study {response
rate: 95-0%) between Oct 18, 2008 and Dec 17, 2020.
A total of 5979 individuals were not included in the study
due to the following reasons: refused to participate
(11=3780), not available (n=1369), or their house was locked
(n=830) during the survey period.
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We have included data from the following numbers
of individuals for analysis of various cardiometabolic
risk factors: diabetes or prediabetes—I107119; hyper
tension--111439; generalised obesity—110 368; abdominal
obesity—108665; and dyslipidaemia—18492 (available
only in every fifth participant}.

The mean age of the 113043 individuals studied
was 43-0 years, 52602 (46-5%) were male, and
30119 (weighted proportion 26-9%) had no formal
education (table 1). Compared with their rural
counterparts, urban residents were significantly
younget, and had higher BMI, waist circumference,
diastolic blood pressure, and educational attainment.
The glycaemic (urban vs rural: fasting blood glucose
105 mg/d L vs 100 mg/dL, p<0- 0001} and lipid parameters
(total cholesterol 175 mgfdL vs 167 mg/dL, p<0-0001;
LDL cholesterol 104 mg/dL vs 99 mg/dL, p<0-0001) were
significantly higher among urban residents. Males were
older, were better educated, and had lower BMI
but higher blood pressure, triglycerides, and HDA,
compared with ferales.

The overall weighted prevalence of diabetes by
OGTT was 11-4% (95% CI 10-2-12.5 10151
of 107119 individuals), with significanily higher
prevalence in urban compated with rural areas {urban
areas 4272 [16-49%] of 31560 individuals vs rural areas
5879 [8.9%)] of 75559, p<0-0001), and among males

compared with females (males 4978 [12-1%] of
49706 individuals vs females 5173 [10-7%)] of 57413,
p<0-0001) (table 2}. The weighted prevalence of
diabetes was higher when diagnosed using HbA,
{13-3% [10-4-16-2]; 2082 of 18090 individuals) and
highest when using a combination of OGTT and HbA,
(21-19% [17-6-24.5]; 3368 of 18366 individuals;
appendix p 18).

The weighted prevalence of IFG (by WHO cutoff) was
10-1% {95% CI 9-0-11-2; 10449 of 107119 individuals)
and that of IGT was 3-3% (2-6-4-0; 3276 of
107119 individuals). IFG prevalence was significantly
higher among females and IGT among males.
Prevalence of IFG and IGT was similar in urban
and rural areas. The overall weighted prevalence
of prediabetes was 15.3% (13-9-16.6; 15496 of
107119 individuals; table 2). Sensitivity analysis using
the ADA criteria® for diagnosing IFG (ie, fasting glucose
100-125 mgjdl) demonstrated a nearly three-fold
increase in prevalence of IFG to 27.6% {26-0-29-3;
29073 of 107119 individuals). Using the ADA criteria,
the overall prevalence of prediabetes was 32-8%
(31-1-34.6; 34120 of 107 119 individuals; appendix p 15).
The weighted prevalence of prediabetes by HbA, was
21.0% (17-5-24-6; 3561 of 18090 individuals) and by
using a combination of OGTT and HbA, was 26-6%
(22.8-30-4; 4733 of 18 366 individuals; appendix p 18).

pvalue® -

Male (n=52 601}: Female.(n.==60441) pvaluet

Urban (n=33537) Roral (n=79 506): Overall (n=113.043) }
Age, years 421{0-15) - A34(0105 L . psO000L L = T 44-9(0-12) A42140.09) F0:0001 430 (0-08) 1
Education 1’
No formal schooling 16-2% (15-3-17-1} 32.0% (312327 p<0-0001 17-2% (16-6-17-8) 35:3% (34-5-36-0) p<0.0001 26-3% (26-3-27.5) £
Primary scheol, high school, or higher 64-4% (63-4-653) 60-3% (59-6-61.0) p=0-0001 67.5% (66-8-68-1)  56-6% {55.9-57-3) p<0-0001 61-6%(61-1-62-2) :
secondary school f
Technical, undergraduate, or postgraduate  19-4% (18-3-20-5) 7:7% (7:3-82) p<0-0001 16-3% (14-7-15.9) 8-1% (77~ 85) p=<0-0001 11-5% {11-0-11-9)
education :
Anthropemetry . g
BMI, kg/mv* " 24.0(0:06) 22:2(003) p<0-0001 J95 (0-03) 231(0-04) p<O0001  22B{0-03) ’
Waist circuraference, cm 843 {017) 795 (0-11) p<0:0001 825 (0-10) 79-8 (011 P<G-0001 81-1{0-10) '
Blood pressure ‘ . o . .
Systelic Blood pressure, mm Hg 129(0-24} 129 (0-15) p=0-054 131(0-14}) 127 (0-15) p<0-0001 129 {0-13)
Diastalic bload pressure, mm Hg 82 (0-15} 81 (009} p<0-0001 821(009) 80 (0-08) p<0-0001 81 (007}
G[ycaemicp:a:rameters ; Do e il [ L o T
Fasting bfcied glucose (mgldL) 105 {0-34) 00 (018} p;GAGOOi- 101 (0-21) : 10240.21) PEbiCE 102 (G:17)
2+h post-glucose blood glucose, mgfdL i 123 (0:39) - 118 (0-28) p<@:0001 .. 119 (0-29) 420 (0--26)" poin13 120 (023)
HbA% : 5-8%{0-03} - 55%(0-01) : peO0001 5 T%(0:02) 5.6%(3-0%) p=0-27 | 56%(0.01)
Lipid parameterst
Total serum cholesterol, mg/dL 175(0-78) 167 (0-53) p<0.0001, 169 (0-57) 170 (0-53) p<0-0001 170 (0-44)
Serum triglycerides, mg/dL 143 (2.05) 136 (1.07) p<0-0001 153(1-41) 128(1-29) p<0-0001 140 (0-98)
Serum HDL, cholestercl, mg/dL 40-8(0-22) 41-1(0-14) p=0:0011 39.7(0-16) 42:3(015) p<0-D001 410 (0-12)
Serum LDL cholestercl, mgfdL 104 (0-70) 99 (0-43) p<D-0001 99(0-47) 103 (0-52) p<0-0D01  101(0-37)
Total cholesterol to HDL cholesterol ratio 456{0-03) 428(0:02) p<0-0001 4-52 (0-02) 4-21(0-22) p<D-0001 436 {0-07)
Data are mean.(SE) or percentage {95% C1), *Fér urban vstutal residence. thor male vs famale; tData available onlyiria ‘subset of the popufation (data collaztisd in every fitthindividual, HbA,,, n=18 090; lipid
parameters, n~-18492). E . . v B
Table 1: Baseline charactaristics of the stu &y:ﬁopulatic n
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The overall weighted prevalence of dysglycaemia (by
OGTT) was 26-6% (95% CI 25-0-28-3; 25647 of
107119 individuals) using the WHO criteria (table 2)
and 44.2% (42.3-46.0; 44271 of 107119 individuals)
using the ADA criteria (appendix p 15). The weighted
prevalence of dysglycaemia by HbA, was 34.3%
(30-3-38.4; 5643 of 18090 individuals) and by using
a combination of OGTT (by WHO criteria) and HbA,,
wag 47-7% (43.5-51-8; 8101 of 18366 individuals;
appendix p 18).

The weighted prevalence of hypertension was 35-5%
(95% CI 33-8-37-3; 35172 of 111439 individuals), which
was higher in urban areas and among males. When
sensitivity analysis was done using American College of
Cardiology/American Heart Association (ACC/AHA)
critevia®  (2130/80 mm Hg), the prevalence of
hypertension nearly doubled to 66-3% (64-6-67-9%;
69702 of 111439 individuals). Generalised obesity and
abdorminal obesity were present in 28.6% (26-9--30-3;
29861 of 110368 individuals) and 39-5% (37-7-41-4
40121 of 108665 individuals) of the population,
respectively. Dyslipidaemia was found in 81.2%
(77-9-84-5; 14895 of 18492 individuals), mainly driven
by low HDL cholesterol (66-9%; 62:9-70-9; 12411 of
18492 individuals). Dyslipidaemia and generalised and
abdominal obesity were significantly higher among
urban compared with rural residents. Generalised

obesity was significantly higher in fernales. Of the lipid
parameters, only hypertriglyceridaemia was significantly
higher in males, while hypercholesterolaemia, low HDL
cholesterol, and high LDL cholesterol were significantly
higher in females.

The state-wise weighted prevalence of diabetes ranged
from 4-8% (154 of 3421 individuals; in Uttar Pradesh) to
26-4% (886 of 3744 individuals; in Goa) and that of
prediabetes from 6-8% {236 of 4053 individuals) to
31-3% (1240 of 3925 individuals). Diabetes prevalence
{figure 1A) was highest in the southern and northern
regions of India, with urban areas having high
prevatence throughout. The central and northeastern
regions had lower prevalence. Conversely, prevalence of
prediabetes (figure 1B) was highest in the central and
northern regions of India and lowest in Punjab,
Jharkhand, and some parts of the northeastern region.
The prevalence of prediabetes was not significantly
different between urban and rural areas. The ratio of
diabetes to prediabetes was 1:2 or less in Arunachal
Pradesh, Bihar, Madhya Pradesh, Meghalaya,
Chhattisgarh, Rajasthan, Sikkim, and Uttar Pradesh
{(most of which are states with a lower human
development index). The ratio was 1:1 or more in
Chandigarh, Goa, Delhi, Kerala, Mizoram, Puducherry,
Punjab, and Tamil Nadu (alt states with a high human
development index; appendix pp 19-22).

o " Urban (n=33537) " Rural (n=79506) pualue®  Male(ne52602) . Female(n=60441)  pvaluel  Overall (n=113043)
Dysglycaemia {diabetes and 408531560 16592175558 peOO001 - 11948/49706° - 13699/57413 p<0.0001  25647/107119
prediabetes) (31-8%; 29-4-342). ..(24.-19%; 227-25:4) e 2729 B54-289).  (262%;24-6-277) (26-6%; 25-0-28-3)
Diabetes C 4772131560 SB79/75550. . - pe0:0001 " 48678/49706 5173/57.413 p<0-0001 ° 10151f107119: -
) C(364%; 14-'6_-;8-2) o 189%; 8197 L D121 10-9413:3) 0 {10:% 96118y - S {14 10-2-12:5)
Pradiabetes 4783/31560 1071375559 p=0417: | 6970/43706 8520/57 413 - p=0:023 15496/107119
L (154%,136-172) 052614116 {150% 136-165)  (155%; 14:2-167) : (153%; 13:9-16.6)
Impatred fasting ghucose 3138/31 560 7311475559 p=032 - 4525040706 5924757 413 p<00001  10449/107119
’ {9-9%; B-4-11:5) {10-1%; 9-3-11:0) {9:4%; 8:3-10:6) (10-'7_%; §-6-117) [ {101%; 9-0-11-2)
Impafred glucase tolerance © 10306{31 560 "2246/75559 041 1668/49706 1608/57413 p<0-ooo1 T 3276M07H9
{34 2:5-43) (33%; 27-3:8) . (7% 30-45) (2:9%; 2.3~ 35) 3:3%; 2:6-4.0
Hypertension 11588/33063 23584178376 p<0-0001  17768/51801 17 404/59639 p<0-0001  35172/111439
) (40-7%;38-2-43-2) (33%;31-6-34-3) (387%;36-8-40-7)  (32:6%;31.0-34-2) (35-5%; 33-8-37-3)
Generalised obesity (BML 225 kg/m?) 12135/32784 17726477584 p<{-0Q0L: :.-12311/51784 17550/58584 p<o:0001 29861/110368
' L @96% 3721 - TPIImaiEadd) | (BA%37-270) . (16%300-333) {286%; 269-303)
Abdaminat obesity (waist 290 cm 15566/32293 24555/76372 p<(:0001  13370/52800 26751/56 865 p<0-0001  40121/108665
[males], 280 cm [fernales}) (51-6%; 49-0-54-1) (33:5%; 32-0-34-9) (28-8%; 27-0-307) (49-8%; 47-3-51-4) {39.5%; 37-7-41-4)
Dyslipidaemiat ' . 449305415 10 402/15077 p=O000L 1. 695479283 794119709 T pe00001 34895118492
. T (B29%; 783875 5n 1 (803%; 777-830) Lo LS 733790k (BEB%840-896) 1 (81-2%; 77:3-84°5)
Hypercholesterolaemia (=200 mgldly  13672/5415 . URFOVIBOTT S ips0-0001 .. .2023/9283 7 2045/9209 Tp00In 1 4068/18490
: SRR (74w 164333) 0 {223%:185-250) T (032%,195:26:9). - (248%:20:9-28.6) {24-0%; 20-2-27-8}
Hypertiglyceridaeria (2150 m/dly©  1834/5415 LaRS1AROR p<00001- -+ =3347/9283 " 2938/4209 CUpRDO00L  5685/18492
' B 364 I06°421) S (OOREA0830) nll BTSN IT4ALE) | 7% 234308 32:1%; 28:2-36-0)
Low HDL cholesterol {<40 mg/di 3751/5415 - BRB0IIZ 07 p=0018 7 5798/9283 7113/6209 Spe0001 1241118492
[males]; <50 mg/dt [females] {6819 624738 (6E63%BIL694) - . Lo T (B6IWSIG-E0T) (TB-8%,T32-804) . o (66-9%; 62:9-70:9)
High LDL cholestarol (»130 mg/ety™ | 1191/5415 2369/13077- PROO00T 1 1600/0283 1 1870/9209 7<0-0001 $560/18492
: e (B5%;17-9267) - (19:6%16:9:22.3) : Ui 4%;159-229) - (22:3%:186-261) . (20:9%;17-3-24-5)
Data are n/N (weighted prevalence %; 95%T1). The absolite numbers (INY dox ot corespond exactly tothe per:enft:ages, because the percentages represént weighted prevalences. *For urban vs tuiral residence.
tFor rale s fernale. $Data avaflableanly ina'subsét af the popufation (datacollected in evary fifth individual, =48 492: urban, n=5415; rural, n=13077; male, n=0283; female, n=9209).
Table 2: Weighted prevalence (.>f“:.a;rdiometabolic risk factors amﬁngthe study po}iuléiti:én AN L -
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wise weighted prevalence of
diabetes and prediabetes
(#) Diabetes, (B) Prediabetes.
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Figure 2: Overali and area-wise weighted prevalence of hypertension, generalised obesity, and abdominal obesity

(A) Hypertension, {B) Generalised obesity. (C) Abdominat obesity.

The state-wise weighted prevalence of hypertension
ranged from 24-3% (851 of 3641 individuals) to 51-8%
(1644 of 3709 individuals), generalised obesity from
11-6% (377 of 3219 individuals) to 53-3% (1741 of
3790 individuals), and abdominal obesity from
18-4% (541 of 3212 individuals) to 61-2% (1958 of
3781 individuals; appendix pp 19-20). Weighted preva-
lence of hypercholesterolaemia ranged from 4-6%
(20 of 411 individuals) to 50-3% (289 of 579 individuals),
hypertriglyceridaemia from 21-2% (135 of 661
individuals) to 47-9% {275 of 613 individuals), low HDL
cholesterol from 51-8% (374 of 627 individuals) to
83.1% (488 of 650 individuals), and high LDL
cholesterol from 3-2% (14 of 411 individuals) to 52:1%
(303 of 579 individuals; appendix pp 21-22).

Overall, hypertension was highly prevalent throug-
hout the country except in the central region, more so
in the urban areas (figure 2A). High prevalence rates of
both generalised and abdominal obesity were cbserved
in urban areas compared with rural areas (figures 2B,
C). Overall, abdominal obesity was high in all the
regions of India, while generalised obesity was more
prevalent in the south followed by the northern and
eastern regions. The prevalence of hypertri-
glyceridaemia (figure 3B) and low HDL cholestercl

(figure 3C) was high in all the regions of India with very
little urban—rural difference, whereas hypercholesterol-
aemia {figure 3A) and high LDL cholesterol {figure 3D)
showed wide interstate and inter-regional variability,
with highest prevalence in the northern region, Kerala,
and Goa.

Figure 4 presents the 2021 projections for cardio-
metabolic risk factors for the entire country. We
estimated that in 2021, 101 million people had diabetes,
and the number with prediabetes was 136 million.
About 315 million people in India had hypertension,
254 million had generalised obesity, and 351 million had
abdominal obesity. In addition, 213 million people
had hypercholesterolaemia and 185 million had high
LDL chelesterol.

Discussion

This report from the ICMR-INDIAB study highlights
the enormous burden of NCDs faced by India. Our
estimates of the prevalence of diabetes and prediabetes
in India (101 millicn and 136 million, respectively} are
much higher than earlier reporied figures® which
have been collated from several sources, including an
earlier report from ICMR-INDIAB.” This earlier report,
however, included only 15 states of the country
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Figure 3: Overall and area-
wise weighted prevalence of
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Figure 4: Projections for metabolic disease prevalenceinindia

{including seven of the northeastern states with low
prevalence of diabetes) and had not yet sampled some
of the more sociceconomically developed states of India
(eg, Kerala, Goa, and Puducherry), which could have
led to the reported prevalence rates being lower.” The
present report, on the other hand, uses data from all
states of India which have been age-standardised for
the current time period and, therefore, we believe that
our estimates are a more accurate reflection of the
actual numbers.

We also found that using HbA, in addition to OGTT
for diagnosis led to nearly half the population being
diagnosed with dysglycaemia. This has been reported in
earlier studies also and has been atiributed to the high
prevalence of iron-deficiency anaemia in India.*
National guidelines do not, therefore, recommend the
use of HbA, as the sole diagnostic criterion for diabetes
and prediabetes.” Similarly, use of the ADA cutoffs led to
a near doubling of prevalence of prediabetes compared
with the WHO criteria. Considering the relatively low
risks of progression to diabetes and of cardiovascular
disease among individuals diagnosed with prediabetes
using the ADA criteria compared with the less stringent
WHO criteria,® the Indian National Guidelines have
recommended the use of the latter for diagnosing
prediabetes.” We have therefore used the OGTT and the
WHO criteria for estimating the prevalence of diabetes
and prediabetes in India.

Our resulis also emphasise the interstate and inter-
regional variations in diabetes prevalence in India,
a phenomenon that has already been reported in earlier
studies on NCDs from India, such as the Annual Health
Survey and the District-Level Household Survey con-
ducted between 2012 and 2014,° the NFHS-5 conducted
between 2019 and 2021L% and the India State-Level
Disease Burden Initiative published in 2018

With regard to other metabolic risk faciors, we
document the presence of dyslipidaemia in more
than 80%, hypertension in more than one-third (nearly
two-thirds if the ACC/AHA criteria are used), and
obesity in nearly a third of the population. It is of
interest that low HDL cholesterol accounted for the
majority of the dyslipidaemia burden in the country,
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with an overall prevalence of 66-9%. Previous research
has shown that low concentrations of HDL cholesterol
are more common in Asian Indians or south Asians
compared with other ethnic groups.”® Gupta and
colleagues® reported low HDL cholesterol in 54-9% of
Asian Indian men and 64-4% women,®and an analysis
from the INTERHEART study reported that Jow HDL
cholesterol was present in over 80% of the Asian Indian
participants studied,” a number comparable to our
results. This phenomenon appears to be a component
of the Asian Indian phenotype, which also includes low
adiponectin concentrations, increased visceral fat,
increased waist circumference, and increased insulin
resistance. Both low HDL cholesterol and high
triglycerides were uniformly prevalent across India in
our study. On the other hand, the prevalence of high
LDL cholesterol showed significant interstate variation.
Whether ethnic differences or dietary patterns (eg,
different cooking oils used) are responsible for the
heterogeneity in hypercholesterolaemia needs further
elucidation, and these studies are of particular impor-
tance given the pre-eminent role of LDL cholesterol in
cardiovascular risk.

Our results, in general, are in line with those of other
recent large studies on cardiometabolic risk factors in
India. The prevalence of diabetes was 7-5% and that of
hypertension 25-3% in a pooled analysis of data from
the Annual Health Survey and the District-Level
Household Survey® Another recent analysis of the
NFHS-5 data reported a diabetes prevalence of 6-5%.%
However, this analysis used selfreport and random
blood glucose measurements for diagnosis of diabetes,
with less than 1.5% of the population having a fasting
capillary sample. NFHS-5 also showed a lower
prevalence of obesity compared with our findings,
perhaps due to the higher cutoffs used, and a lower
prevalence of hypertension, probably cn account of the
younger age of the population studied.® Other large
studies on the prevalence of hypertension in India have
reported numbers similar to our results.®* There is also
sufficient evidence for an increasing trend in the
prevalence of these risk factors in India; a series of five
cross-sectional epidemiological studies from Jaipur,
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India showed a secular trend of increase in BMI,
hypertension, and total and non-HDL cholestero} over a
20-year period,*” while clear increases in diabetes
prevalence have been reported in serial studies from
different parts of India using uniform diagnostic
criteria.*?

These results have multiple implications for the
planning and provision of health care in India. There is
a very high prevalence of diabetes and related NCDs in
the country, which translates to a large population of
individuals at risk of not only cardiovascular disease
but also of chronic complications of diabetes such as
kidney, foot, and eye disease, the costs of treating which
are crippling to the individual, society, and country as
a whole. Moreover, the high prevalence rates of obesity
and prediabetes across the country {even in regions
where the prevalence of diabetes is currently low)
suggest that the epidemic will continue to accelerate,
especially since Asian Indians tend to develop diabetes
at lower levels of obesity, and to progress faster
from prediabetes to diabetes compared with white
Caucasians.®* In particular, the unifermly high preva-
lence of prediabetes in rural areas is of grave concern
since these areas, in general, lack the infrastructure to
care for increasing numbers of people with diabetes
and its complications.

Prevention, early diagnosis, and prompt treatment of
hyperglycaemia, hypertension, and dyslipidaemia are
the cornerstones of preventing morbidity and mortality
due to cardiovascular disease and other chronic
complications of diabetes. Unfortunately, only around
7% of people with previously diagnosed diabetes in
India meet treatment targets for blood glucose, lipids,
and blood pressure,” and the proportion is likely to be
even lower among those with undiagnosed diabetes.
Therefore, there needs to be a thorough reorientation
of health-care priorities towards caring for individuals
with metabolic NCDs, particularly in states where the
disease burden is found to be high. As a significant
proportion of India’s population (particudarly in rural
areas) depends on the government for provision of
health care, strengthening the public heaith-care
system is an essential step towards improving diabetes
and NCD care in these regions. The incorporation of
NCD detection and control into the primary health-care
system as part of the National Program for Prevention
and Conirol of Cancer, Diabetes, Cardiovascular
Diseases and Stroke (recently renamed as the National
Programme for Prevention and Control of Non-
Communicable Diseases [NP-NCD]),” and the provision
of NCD care through setting up of Health and Wellness
Centres under the Ayushman Bharat scheme by the
Government of India, are therefore steps in the right
direction.

Provision of health care is primarily the responsibility
of state governments in India. As different states in India
are at different stages in the trajectory of the diabetes

pandemic, state-specific strategies are the need of the
hour. States with a high prevalence of diabetes will need
to put in place systems to ensure optimal risk factor
conirol, so as to effectively prevent long-term compli-
cations. On the other hand, the ratio of diabetes to
prediabetes is less than 12 in many of the less
economically developed states, suggesting that these
states can expect large increases in the prevalence of
diabetes in the near future. Urgent measures are
indicated to prevent or delay such an eventuality, since
these states have limited availability of resources for
provision of optimal diabetes care. There needs to be
a focus on evidence-based approaches to prevent the
progression of prediabetes to diabetes or even to reverse
it to normal in these states.

There were multiple challenges in implementing
such a large nationwide study on diabetes and other
metabolic NCDs in India. These can be broadly
clagsified under manpower and team cohesion,
religious and cultural misconceptions, topography and
climatic conditions, transporting biological samples,
obtaining permissions, linguistic barriers, and safety
and security threats. In each region, local manpower
was recruited with the help of the state principal
investigator. Field data collection challenges such as
religious and cultural misconceptions among the
participants were addressed with the help of religious
leaders and community elders from the local
communities in the surveyed regions. Participant
unavailability and unwillingness to spend time were
overcome through multiple visits to the primary
sampling umits to collect the data. Linguistic barriers
were overcome through translating the study
documents into 15 vernacular languages. The strategies
devised with the assistance of the state principal
invegtigators and health autherities enabled successtul
implementation of the study, obtaining response rates
of more than 90% in every state.

Our study has a few limitations. Since the study is
cross-sectional, causal implications cannot be drawn
from it. The use of CBG, which has a greater coefficient
of variation than venous plasma, is another limitation
of this study. However, we have earlier shown good
correlation between CBG and venous plasma
estimations.™ Also, our methodological approach did
not allow us to differentiate between type 1 and type 2
diabetes. A further limitation of this study is that
different phases of the study were conducted at different
times, which is inevitable when sampling such a large
country. To overcome this limitation, the current
prevalence of cardiometabolic risk factors was estimated
in each state by doing weighted analysis accounting for
region-specific and sex-specific changes in age structure
using 2019 population estimate information from
NFHS-5. Nevertheless, our estimates did not account
for potential long-term changes in lifestyle-based rigk
factors for diabetes. In particular, this means that states
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measured in phases 1-3 might have even higher
metabolic disease prevalence than what is reported
here. The major strengths of the current study are that
it was performed on a nationally representative sample
that was geographically and ethnically diverse, and
truly representative of the regions studied. This study is
perhaps the first to specifically look at the prevalence of
metabolic NCDs by studying all states and unicn
territories of India. Compared with other recent large
surveys, our study used robust methods for diagnosis
of diabetes and prediabetes, such fasting blood glucese
and OGTT, Moreover, HbA, was available in a subset of
the population, which adds to the validity of the
diagnosis. The learnings from this study with respect to
field-level operational challenges and the means of
overcoming them will provide impetus and direction to
future nationwide epidemiclogical studies of such
magnitude.

In summary, this report on India’s metabolic health
from the ICMR-INDIAB study reiterates the significant
NCD bwden in the country. While the diabetes
epidemic seems to have peaked in some of the more
developed states, most of the less developed states are
still in the initial take-off phase. The prevalence of
other cardiometabolic risk factors such as obesity,
hypertension, and dyslipidaemia is uniformly high
across the couniry, particularly in the urban areas. The
focus should therefore be on implementing inter-
ventions to minimise the progression of prediabetes to
diabetes in states where the diabetes epidemic has yet
to peak, and providing optimal care t0 ensure
comprehensive risk factor reduction in individuals with
diabetes so as to prevent complications in those states
where the epidemic has already stabilised.
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White Rice Intake and Incident

Diabetes: A Study of 132,373
Participants in 21 Countries

Diabetes Care 2020;43:2643-2650 | https.//doi.org/10.2337/dc19-2335

OBJECTIVE

Previous prospective studies on the association of white rice intake with incident
diabetes have shown contradictory results but were conducted in single countries
and predominantly in Asia. We report on the association of white rice with risk of
diabetes in the multinational Prospective Urban Rural Epidemiology (PURE) study.

RESEARCH DESIGN AND METHODS

Data on 132,373 individuals aged 35-70 years from 21 countries were analyzed.
White rice consumption (cooked) was categorized as <150, 2150 to <300, 2300
to <450, and 2450 g/day, based on one cup of cooked rice == 150 g. The primary
outcome was incident diabetes, Hazard ratios (HRs) were calculated using a
multivariable Cox frailty model.

RESULTS

During a mean follow-up period of 9.5 years, 6,129 individuals without baseline
diabetes developed incident diabetes. In the overall cohort, higher intake of white
rice (2450 g/day compared with <150 g/day) was associated with increased risk of
diabetes (HR 1.20; 95% C1 1,02-1.40; P for trend = 0.003). However, the highest risk
was seen in South Asia (HR 1.61; 95% Cl 1.13-2.30; P for trend = 0.02), followed by
other regions of the world (which included South East Asia, Middle East, South
America, North America, Europe, and Africa) (HR 1.41; 95% Cl 1.08-1.86; P for
trend = 0.01), while in China there was no significant association (HR 1.04; 95% Cl
0.77-1.40; P for trend = 0.38).

CONCLUSIONS

Higher consumption of white rice is associated with an increased risk of incident
diabetes with the strongest association being observed in South Asia, while in other
regions, a modest, nonsignificant assoclation was seen.

Globally, 425 million people currently have diabetes and this number is expected to
increase to 629 million by 2045 (1). China and India, two countries in Asia where riceis
the staple food, are also the top two countries In terms of the number of peaple with
diabetes in the world (2). Rapid urbanization and economic development, especiatlyin
developing countries of the world, have led to a dramatic change in nutrition and
dietary intake as well as in physical inactivity, both of which are related to the obesity
and diabetes epidemics (3).

Carbohydrate forms 70-80% of the calories consumed in many South Asian
countries {4). Till the early 1870s, most of the traditional diets, especially in India and
some other Asian countries, were less mitled or polished as it was manually hand
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pounded (5,6). Undermilled rice (2% de-
gree of polishing) is nutritionally superior
(higher in fiber, y-oryzancl, other poly-
phenols, and vitamin E} than the fuily
milled white rice {7}. The polishing pro-
cess strips the grains of dietary fiber by
removing the bran and alters the struc-
ture of the grain kernel {8). Interestingly,
during the last four to five decades of
replacing hand-pounded ar undermilled
rice with highly milled white rice, the
prevalence of diabetes in urban areas in
India increased from 2% in the 1970s to
25% in 2015and in rural areas from 1% to
14~16% (9,10). Undoubtedly, this secular
trend in theincrease in the diabetes rates
cannot be solely attributed to increased
intake of polished white rice as several
other diabetogenic factors (e.g., a marked
decrease in physical activity [PA] and
increase in obesity rates) also occurred
during this period, due to the improved
socioeconomic status and lifestyle mod-
ification of the people. Thus, rice {carbo-
hydrate) consumption was possibly only
one of the many factors contributing to
the diabetes epidemic.

It is known that consumption of foods
high in glycemic index {Gl) and glycemic
load {GL} leads to elevated postprandial
bloodglucose levels {11). Ameta-analysis
of cohort studies from Western countries
showed that diets highin Gl and GL, mostly
from carbohydrate sources, were asso-
ciated with higher risk of type 2 diabetes
{12). In contrast, reports from a study
conducted in eight European countries
show that carbohydrate intake was not
associated with diabetes risk (13).

Specifically, consumption of high amounts
of white rice has been shown to increase
the risk of diabetes in some studies
(14-18) but not all {19-22). In their
meta-analysis that pooled results from
four studies in China, Japan, U.S,, and
Australia, Hu etal. (14) showed thateach
extra serving of white rice increased the
risk for diabetes by 11%. By contrast, a
large prospective cohart study of >45,000
participants from Singapore reported that
higher consumption of white rice {above
500 g/day) did not substantially increase
the risk of incident diabetes {19). Two
different cohort studies from Iran also
showed opposing results with one show-
ing an increased risk while the other did
not {21). Many of these studies were
conducted in single countries and pre-
dominantly in Asia where consumption
of white rice is higher than most other
regions of the world. Our aim was to
assess the association of white rice con-
sumption with risk of diabetes in the
large multiethnic, multinationat Pro-
spective Urban Rural Epidemiology
{(PURE) study with data on 132,373 in-
dividuals, enrolled from 21 counties,
representing different geographies and
continents.

RESEARCH DESIGN AND METHODS

Study Design and Participants

The design and methods of the PURE study
have been described previously {23,24).
Inthis report, we include data on 132,373
individuals who had complete informa-
tion on diet from 21 countries {Argentina,
Bangladesh, Brazil, Canada, Chile, China,

Diabetes Care Volume 43, Novemnber 2020

Colombia, India, Iran, Malaysia, occupied
Palestine territory, Pakistan, Philippines,
Poland, South Africa, Saudi Arabia,
Sweden, Tanzania, Turkey, United Arab
Emirates, and Zimbabwe) and who had
completed at least one follow-up visit.
Data were collected at the commu-
nity, household, and individual levels
using standardized gquestionnaires.
Standard case-report forms were used
to record data on health outcomes
during follow-up. For the currentanal-
ysis, we included all cutcome events
(i.e., incident diabetes) until 3 July
2019.

Procedures

In the PURE study, the participants’ ha-
bitua! food intake was recorded using
country-specific validated food freguency
guestionnaires (FFQs) at baseline. For
countries where a validated FFQ was not
available, we developed and validated FFQs
using a standard method (Supplementary
Table 1). For validation of FFQ, we followed
the Hu et al. (25) classification and classified
starchy foods as refined grains {which
included white rice when we started
the PURE study in 2005} and whole grains.
Deattenuated correlation coefficients of
nutrient and food intake are presented
in Supplementary Table 2. Participants
were asked “during the past year, on
average, how often have you consumed
the following foods or drinks” and were
asked to selecttheir response from alist of
fooditems. Theformat ofthe FFQwasthe
same for all countries, and the frequency
of consumption of each food item varied
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from “never” to “more than six times per
day.” Standard serving sizes were assigned
to each food item. The reported fre-
quency of consumption for each food
item was converted to daily intake and
was then multiplied by the portion size
(U.S. Department of Agriculture) to cal-
culate the dally intake of that particular
food. For the present analysis, rice was
not included in the refined grains group,
and it was computed separately. Mixed
dishes prepared with rice (such as rice
with beans, rice with vegetables, and so
on) were disaggregated into their con-
stituents, and a propertional weight was
assigned to the white rice component,
which was included in the white rice
definition, The list of FFQ validation
studies is provided in the supplementary
material (Supplementary Table 1). Re-
garding types of rice, during the FFQ
development, we collected a 24-h dietary
recafl from 100 participants residing in
urban and rurat areas of each country.
The most commonly reported food items
were compiled as a food list and prede-
fined portion sizes were assigned for each
food item. To ensure face and content
validity of the short FFQ, two expert
nutritionists {M.D. and a local nutrition-
ist) checked the food list, and if nutrient-
rich or discriminating foods were missing,
those foods were added to the list. Then,
they structured the food list as a short
FFQ. Brown rice was reported as a com-
monly consumed food only in very few
countries, e.g., Brazil, and hence it was
not included in the list.

Outcome

The main outcome of this study was in-
cident diabetes. incident diabetes was
deemed to have occurred in those who
had no diabetes at baseline but subse-
quently, on follow-up, reported having
a diagnosis of diabetes made by a phy-
sician, used oral antidiabetic agents or
insulin, or had a documented fasting
plasma glucose level of =7.0 mmol/L
{126 mg/dL) (26). Of the 6,129 cases of
incident diabetes, 5,563 (90.7%) were
diagnosed based on documented evi-
dence of the use of hypoglycemic agents
or insulin and/or a documented elevated
plasma glucose level, while in 566 (9.3%),
it was based on self-reported diabetes,

Statistical Analysis
One cup of cooked white rice is roughly
equivalent to 150 g, and hence white rice

consumption was categorized into the
following groups: <150 g/day, =150
to <{300 g/day, =300 to <450 g/day,
and =450 g/day (equivalent to less than
one cup, one to two cups, two to three
cups, and greater than three cups of
cooked rice), with the lowest intake
group, i.e., <150 g/day, used as the ref-
erence group. We estimated the median
intakes of white rice consumption across
these four different categories of white
rice intake. We examined the association
between white rice intake and incident
diabetes in the entire PURE cohort and
examined it separately in South Asia {India,
Bangladesh, Pakistan), the rest of the world
{South East Asia, Middle East, South Amer-
fca, North America/Europe, and Africa),
and China.

We caiculated the hazard ratios (HRs)
for incident diabetes using multivariable
Cox frailty model with random intercepts
to account for center clustering {which
also adjusts for region and country) and
evaluated the association of white rice
consumption with incident diabetes. Mul-
tivariable models were adjusted for age,
sex, BMi, waist-to-hip ratio, family history
of diabetes, smoking, location, wealth
index, education, PA, energy intake, whole
grains and refined grains, vegetable and
fruit intake, and study center as random
effect.

Location refers to urban/rural area.
PA was assessed using the long form

Bhavadharini and Associates

Internaticnal Physical Activity Question-
naire and was calculated as a total of
occupation, transportation, housework,
andrecreational activity reported in met-
abolic equivalents (MET) X minutes per
week. Total PA was then categorized into
physicallyinactive (<600 MET X minutes
per week) or physically active (>600
MET X minutes per week), correspond-
ing to <C150 min per week or >>150 min
per week of moderate intensity PA.

RESULTS

Dietary information was recorded in
148,858 individuals in the PURE study.
After excluding participants who had base-
line diabetes (7 = 16,485), 132,373 indi-
viduals were included in the analysis. The
overall mean age of participants was 50 +
9 years. Baseline characteristics of par-
ticipants across regions and in South Asia,
the rest of the world, and China are pre-
sented in Supplementary Tables 3 and 4.

Overail, the median {interquartile range
[IQR]) consumption of white rice was 128
(36-400) g/day among all PURE partici-
pants. The highest median (IQR) consump-
tion of white rice was seen in South Asia
at 630 (103-952) g/day, followed by
South East Asia at 239 (115-389) g/day,
and China at 200 (57-600) g/day (Fig. 1).

Table 1 shows the characteristics of
participants with different levels of white
rice consumption. Those who consumed
=450 vs. <<150 g/day were younger, had

Median (]QR) white rice conswmption across different populations in
PURE study (1=132,373)
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i Figure 1 —Consumption of white rice (g/day) in different geographic regions. South Asia includes
! India, Pakistan, and Bangladesh. South East Asia includes Malaysia, Fhilippines.
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Table 1—Charactenst1cs of study parhclpants by levels of white rice consumptlon in 132 '3‘73 participants’
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. .White rice mtake (g/day)

<150g/day | =150 to'<300.g/day . 2300 to <450 g/day 2450 g/day

AR : {n =71,914) - oo 16,976Y (n =:14,010) {n = 29,473}
Médian intake (g/day) * | 428 (187-826) '2'0'0' {171.9-233.5) 395 {341.0-400) 900 (609.8-991.4)
Age (years) 50.3 (10.0) 503 (9.7) 50.8:{9.8) 48.8(9.8)
BMi - (kg/m?) 265 5.4 259 * 46 25.3°F 4.5 231 %43
Men 29,192/{40.3) 6,693 {40.5) 5,547 (396} 13,470 (45.7)
Urban 40,509 (56.0) £9,993 {60:5) 7,737 {55.2) 10,621 (36.0)
Physical inactivity 11,474 (17.4) 7,780 (17,7 2,035 {15.3) 5,182 {18.4)
Current smoker 10,811 {15.0) 1,374 {8.4) 1,555.(11.2) 1,431 (4.9)
Fasting plasma glucose {mpnol/L) * 4974038 49%08. 49 %07

Diet components ;
Energy intake {kcal).

" '9%E from carbohydrate.
%E from fat

. %E-from protein S
_Fiber intake {g/day)

1,963 {1,497-2546) - &

57.6 {50.0-66.1)-
26.7 {19:4-32.4)

157 (136-179)
242 (156-345)

2,048 (1 57952 619)
58:2.{52.6-64.6)
25.9°(20.0-30.8)
162 {14.0~18.2)

“213H314.3-29.4)

2,085 (1, 585 2 658)

618 (56.0-68.2)

’ 224(16.9 vy iy B
55 (FFATS) v
169 (104-24.9)

8.0 0.7

12120(1,693-2,741) -

71.4 (63.3-78.5)
15.2 {8.6+23.5)..
12.0 (10.5-14.2).
10.8-(7.8-14.7}

Refined wheat products{g/day}y "~ =
“Whole wheat produicts {g/day)

Red meat {g/day) .-

White meat {g/day}

Processed meat {g/day):

‘Fish {g/day)

Dairy products (g/day

146, (66=300)
27'{0-125)
- 4281 {144-87.8);
39,0 {12,1-74.8)
2:84p-12.1)
11,4 (0~26)
145 3 (29 5—290 0)

T171488-279)-
15 (0=71) .
51:4-{16.4=~108.7)
39.9{13.9-82.7)
0 {06}
12.8 {2.8=36.7)

102 (56-182) 43 (12-107)
11:(0-33) 7 (0-33)
1480 (16.4-107.7) 15 (2.0-52.4)
L 4A4 (188-798) 26.2 (6.9-67.2)
1.9 {0-9.5) 0 (0-3.3)
11.3-{0-28.7) 8:6 (0~39.7}

137.1{13.1~289.9)

Data are median {IQR}, mean + 5D,.0r n {%). E.energy. ,

lower BMI (23.1 + 4.3 vs. 26.5 + 5.4 kg/
m?}, and lower smoking rates (4.9% vs.
15.0%). These clinical characteristics prob-
ably reflect the profile of Asians, partic-
ularly South Asians who consume the
maximum amount of rice. The higher
category of rice consumers also consumed
lower amounts of most other foods, such
as whole and refined wheat products,
fiber, red meat, and dairy products. Addi-
tionally, those who consumed =450 g/day
of white rice consumed the highest per-
centage of their energy from carbohy-
drate and a lower percentage from fat
and protein.

During mean follow-up of 9.5 years,
6,129 cases of incident diabetes were
recorded. Table 2 shows the association
of white rice consumption with incident
diabetes. In the overall PURE cohart,
after adjusting for lifestyle and dietary
factors, higher consumption of white rice
(=450 vs. <150 g/day) was significantly
associated with an increased risk of in-
cident diabetes (HR 1.20; 95% Cl 1.02—
1.40; Pfor trend = 0.003). The subgroup
analysis by regions showed that the
association was most pronounced In
South Asia (HR 1.61; 95% C 1.13-
2.30; P for trend = 0.02) followed by
the rest of the world, which includes
South East Asia, Middle East, South

America, North America, Europe, and
Africa (HR 1.41; 95% Cl 1.08-1.86; P
for trend = 0.01}). However, in China,
the effect was minimal and did not reach
statistical significance (HR 1.04; 95% Cl
0.77-1.40; P for trend = 0.38).

The association between rice intake
and incident diabetes was seen even
when stratified based on family history
of diabetes, PA, BMI, or waist-to-hip ratio,
particularly in South Asia (Supplementary
Tables 54, 58, 5C, and 5D). Further sub-
group analysis by different regions showed
the direction of association to be similar in
South East Asia, Middle East, and South
America, but the results did not reach
statistical significance. In North America,
Europe, and Africa, the amount of white
rice consumed was much less, and there-
fore the model did not provide meaningful
results (Supplementary Table 6). A pooled
analysis showed no significant heteroge-
neity between the ragions (I = 7.7%; P =
0.369) (Supplementary Fig. 1).

CONCLUSIONS

Data from this large multinational pro-
spective cohort study of 21 countries
show that in the overall PURE cohort,
higher consumption of white rice is as-
sociated with an increased risk of di-
abetes, which was most marked and

97.8 {4~252.9)

15.7 {0~118.6)

driven by the strong association seen
in South Asia. In other regions, like South
East Asia, Middle East, South America,
North America, Europe, and Africa, the
association was in a similar direction, but
it did not reach statistical significance
except when pooled. In China, there was
no significant association between white
rice consumption and incident diabetes.

Overall, our findings are consistent
with results from some of the previous
studies conducted in Asia and Europe
and North America (14-18), but not all
(19-22). Ameta-analysis by Hu etal. (14),
which included data on 352,384 partic-
ipants with 13,284 incident diabetes
from four studies in China, Japan, U.S.,
and Australia, showed that each extra
serving of white rice (equivalent to about
150 g of cooked rice) increased the risk for
diabetes by 11%. The Shanghai Women's
Health Study, one of the earliest studies
conducted on 64,227 Chinese women,
showed a relative risk of 1.78 among
women who consumed 750 g of cooked
white rice compared with 500 g/day (15).
A similar association was seen in a Japa-
nese study among women, where women
consuming >>437 g of whiterice hada 1.65
times higher risk of diabetes than those
consuming <200 g/day (16). it is impor-
tant to note that in the meta-analysis by
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Table 2—Association of white rice oonsumphon with-in

the rest of the world

Wh1te rice mtake (g/day)

<180 g/day

cxdent dnabetes int the overall PURE cohort Chma, South Asia, and

=150: 1o <300 g/day - =300 to <450 .g/day : =450 g/day_ ~pfor trend

Overall PURE cohort {N =.132,373) n=71914"" T p=16976" n = 14,010 . n = 29,473

Median intake {g/day) 42.8 (18.7-82.6) - 200 {171.9-233 5) 395 (341.0~400.0) 900 {609.5-991.4)

Diabetes events 2,960 (41) =1 Tez2(6.4) 07 T 528 {45 o 4,619°(8;5) :

Minimally adjusted model 1.00 1.13 {1.03~1.24) - ©1.22(1.09=337) 1,19 (1.05-1.34) 0.001

Fully: adjusted modal* 1.00 112 (1.01~1.24) 125 {1.10-1.43) 1.20 (1.02-1.40) 0.003
South Asia (N = 26,419)t n= 7227 n = 1,672 n = 2,046 = 15,474 .

Median intake {g/day) 34 (15-64) 200 {173~246) 356 {328-395) 379 {694-1,099)

Diahetes events 343 (4.8} 114 {68) = 139 {6.8) . 1,243 (8.00 )

Minimally adjusted model ~1.00 1:48.(0.93-1.52) - i 1.17 (0.90-1.53) 1.23.(0.98-1.58) . . 012

Fully adjusted model* . - .. 1.00 _ 1.26 (0.86-1.86) 1,70 (114-252) 161 (113-2:30) 002
Rest of the world {N = 64,227)% n.= 46,798 “'n = B,004 n = 7,137 n = 2,288

Median intake {g/day) 42 {19-79) - 187 {158-234) 395 {327-395) 675 (550-786)

Diabetes events 2,097 (4.5) 577 (7.2} ; 317 {(4.4) : 108 (4.7}

Minimally adjusted model =+ 1.00 1.21(1.07-1.36} £U1718 (1.00-1.38) 146 (116-1;83) 0.0006
Fully adjusted model*- - 100 1:19:(1.04-1:36} ©1.13 (0.95-1.35) 141 {1.08-1.86) 0.01
China (N = 41,727) n.= 17,889 n=730000 - 1 n= 4,827 £ = 11,711 R

Median intake {g/day}; = - 57 (20-86] =10 ©.200¢200-228) 1400 -(400-402) ¢ .- 800 {600-905)

Diabetes events B 520 (291} . 231 (3.2 172 §3.6) Fi o ERE8 2. 8) -
Mitifmally adjusted model ;- 100w 1.02 (0.86-1.21) 1A42{115%574) = 099 (0.79-1.23) 0.53°
Fully adjusted model* 1,00 .97, (0 80=1. 17).'? 134 (1.05=1: 70) .04 (0.77-%. 40) 0.38:

smoking, location, educat(on wealth index, PA, energy- mtake, whole grains, reﬁned graing; fruits and vegetables, and studv center as random effect,

tSouth Asta includes India; Pakistan, and Bangladesh 1The rest.of the world includes South East Asta, Middle East, South Amenca, North Arnerica,

Europe, and Africa,

Huet al. (14}, however, a direct association
of risk was observed only in one study,
the Nurses’ Health Study Il, which showed
a higher risk (odds ratio 1.40; 95% C11.09~
1.80; P = 0.01). The Japanese study re-
ported an effect only in women and not in
men (16). Prospective data from a south
Indian cohort with a follow-up of 10 years
showed a doubling in the rate of incident
diabetes with increasing quartiles (416 vs.
222 g/day) of white rice consumption (18).

There are also some studies that do not
corroborate our results (19-22). The Sin-
gapore Chinese Health Study of 45,411
Chinese participants followed up for
11 years, with 5,207 cases of incident di-
abetes, reported no increase in the risk of
diabetes (HR 0.98; 95% Cl 0.90-1.08),
although the median intake in the lowest
and highest quartile was substantial
(236 vs. 649 g/day) (19). Another study
from China showed that a diet high in
white rice was associated with a lower
prevalence of diabetes in certain parts of
China (20). In the current study also, in
China, there was no significant associa-
tion between rice intake and incident
diabetes. it is possible that the type of
rice is different in China (sticky rice), that
the vegetables, pulses, or meat con-

sumed with the rice blunts the GL of
the rice, or that the consumption of rice

itself has decreased In China in recent
times.

Data from two prospective studies
from lran reported opposing results
(21). While data from Tehran showed
significantly higher risk for >>250 g/day of
white rice, the Golestan Cohort Study
showed no significant increase in risk at
210 g/dayintake of white rice (21). A lack
of association between white rice intake
and incident diabetes was also reported
in a study conducted in southern Spain
(22). However, this again is not a pre-
dominantly rice-eating region, and the
comparison was between rice con-
sumed two to three times per week
and rice consumed once a week. Hence,
this would not compare with the pre-
dominantly rice-eating populations, like
South Asia, that we have reported in our
study. Unmeasured confounding caused
by other dietary factors, characteristics
of the population and ethnicity could also
explain the discrepancy in these findings.
Finally, the inconsistent reports from
these different studies could also be
attributed to different amounts of white
rice consumed among the different study
population.

What could be the possible mecha-

nism by which excess rice intake leads to
diabetes?

It is known that excess rice consump-
tion leads to postprandial glucose spikes
that, in turn, lead to compensatory hy-
perinsulinemia to maintain euglycemia
(27,28). Over time, B-cells become ex-
hausted, leading to B-cell failure and
diabetes. There are some reports that
suggest that rice consumption leads to
high arsenic exposure due to the arsenic-
contaminated groundwater that is used
forrice cultivation (29-31). Some authors
believe that this is an alternative expla-
nation for the link between rice intake
and diabetes, as arsenic is known to
damage PB-cells (32) or to act as an
endocrine disruptor (33). However, fur-
ther studies are needed to look at this
hypothesis by measuring the arsenic
content of soil and water and the risk
of diabetes.

Traditional diets earlier consisted of
mainly hand-pounded rice and other
coarse grains like barley, rye, and maize.
These have now been replaced by highly
polished white rice in several Asian coun-
tries (34). It has been shown that replac-
ing white rice with unpolished brown rice
decreases the glycemic response by 23%
and the fasting insulin response by 57%in
overweight Asian Indians (35). However,
the consurner acceptance of brown rice
is poor (36). Longer cooking duration,
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decreased visual appeal, and greater
difficulty in chewing the grain are
some of the barriers for the wider ac-
ceptance of brown rice (36,37).

One of the earliest studies on Gl
showed that the Gl of rice was higher
or similar to white bread (38). Consump-
tion of white bread has also been asso-
ciated with an increased risk of diabetes
(39). Arecent study showed that aunique
high-fiber white rice variety had a sig-
nificantly higher dietary fiber and lower
Gl than regular polished white rice (40).
Further, a continuous glucose monitoring
study assessing 24-h glycemic responses
showed that this high-fiber white rice
had a 34% lower 24-h glucose response
and a 30% reduction in adjusted mean
plasma insulin levels (41). While replac-
ing white rice with cther cereals, such as
wheat or millets, may not be an accept-
able option due to taste preferences in
some cultures, modifying the diet qual-
ity by replacing the staple white rice
with less polished brown rice (36) or
healthier varieties of rice may be viabie
options in countries where highly polished
white rice constitutes the bulk {>>70%)
of the calories in the diet. All legumes,
as a class, have a low Gl (42) and, thus,
adding legumes to rice not only increases
the fiber and protein content but also
lowers the Gi of the rice-containing meal
(28,35).

Our study has severa!l strengths. Thisis
the largest prospective study on rice and
incident diabetes, and it covers 21 coun-
tries from five continents, with a broad
range of white rice consumption. Second,
several potential confounders have been
included in the multivariable analysis.
Third, the sample size is large, and there
is a fairly long period of follow-up. How-
ever, there are also limitations of our
study, which include the following: mea-
surement of diet was done only at base-
line and changes in diet and other
lifestyle factors could have subsequently
occurred. Despite extensive adjustment
for confounding factors, residual con-
founding due to unmeasured dietary
factors, such as alcohol use, or the newly
emerging risk factors like air pollution
(43) or use of pesticides (44) cannot be
compietely ruled out. Third, the costs and
logistics involved in carrying out glucose
tolerance tests or A1C tests in all partic-
ipants is prohibitive in a large, multina-
tional study such as this, and hence these
tests could not be done. Nevertheless,

the majority of the participants in the
study (97.3%) were tested for diabetes
using fasting blood glucose. Fourth,
information on different types of white
rice would have further enhanced the
results of this study, for example, whether
parboiled rice or raw rice was used, as
there are nutritional differences be-
tweenthe two. However, unfortunately,
this information was not collected at the
time of baseline data collection as country-
specific FFQs were used, which did not
have this level of granularity. Obviously,
these unanswered questions provide op-
portunities for further research in this
field.

In conclusion, we report that con-
sumption of higher amounts of white
rice was associated with increased risk
of incident diabetes with the risk being
most pronounced in South Asia, while
in other regions the risk was modest
and failedto reach statistical significance,
the most notable example of this being
China. Replacing highly polished white
rice with other cereals or healthier va-
rieties of rice or by adding adequate
legumes and pulses may not only help
to reduce the Gl of the meal but also,
possibly, to reduce the actual quantity of
white rice consumed. These may be
important public health strategies to
be adopted in South Asian and other
populations with rice as the staple food,
which, if combined with measures to
increase PA, could help to slow down
the rapidly rising epidemic of type 2
diabetes in these regions.
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Summary

Background The relationship between macronutrients and cardiovascular disease and mortality is controversial. Most
available data are from European and North American populations where nutrition excess is more likely, so their
applicability to other populations is unclear.

Methods The Prospective Urban Rural Epidemiology (PURE) study is a large, epidemiological cohort study of
individuals aged 35-70 years (enrolled between Jan 1, 2003, and March 31, 2013) in 18 countries with a median follow-
up of 7-4 years (IQR 5-3-9-3). Dietary intake of 135335 individuals was recorded using validated food frequency
questionnaires. The primary outcomes were total mortality and major cardiovascular events (fatal cardiovascular
disease, non-fatal myocardial infarction, stroke, and heart failure). Secondary outcomes were all myocardial
infarctions, stroke, cardiovascular disease mortality, and non-cardiovascular disease mortality. Participants were
categorised into quintiles of nutrient intake {carbohydrate, fats, and protein) based on percentage of energy provided
by nutrients. We assessed the associations between consumption of carbohydrate, total fat, and each type of fat with
cardiovascular disease and total mortality. We calculated hazard ratios (HRs) using a multivariable Cox frailty model
with random intercepts to account for centre clustering.

Findings During follow-up, we documented 5796 deaths and 4784 major cardiovascular disease events. Higher
carbohydrate intake was associated with an increased risk of total mortality (highest [quintile 5] vs lowest quintile
[quintile 1] category, HR 1.28 [95% CI 1-12~1-46], p,...=0-0001) but not with the risk of cardiovascular disease or
cardiovascular disease mortality. Intake of total fat and each type of fat was associated with lower risk of total mortality
(quintile 5 vs quintile 1, total fat: HR 0.77 [95% CI 0-67-0-87], p,...<0-0001; saturated fat, HR 0:86 [0-76-0-99],
Puena=0+0083; monounsaturated fat: HR 9-81 [0-71-0: 92], P..s<0-0001; and polyunsaturated fat: HR 0-80 [0- 71-0-89],
Puens<0-0001). Higher saturated fat intake was associated with lower risk of stroke {quintile 5 vs quintile 1, HR 0-79 [95% CI
0-64-0-98], p,.,,~0-0498). Total fat and saturated and unsaturated fats were not significantly assodated with risk of
myocardial infarction or cardiovascular disease mortality.

Interpretation High carbohydrate intake was associated with higher risk of total mortality, whereas total fat and
individual types of fat were related to lower total mortality. Total fat and types of fat were not associated with
cardiovascular disease, myocardial infarction, or cardiovascular disease mortality, whereas saturated fat had an
inverse association with stroke, Global dietary guidelines should be reconsidered in light of these findings.

Funding Full funding sources listed at the end of the paper (see Acknowledgmenits).

Introduction

Cardiovascular disease is a global epidemic with 80% of
the burden of disease in low-income and middle-income
countries.! Diet is one of the most important modifiable
risk factors for cardiovascular disease and other non-
communicable diseases and current guidelines recom-
mend a low-fat diet (<30% of energy) and limiting
saturated fatty acids to less than 10% of energy intake by
replacing them with unsaturated fatty acids.” However,
recommendations on lowering saturated fatty acids are
largely based on one ecological study® and observational

studies done in European and North American countries
such as Finland, where the intake of saturated faity
acids {about 20% of total energy intake) and cardio-
vascular disease mortality were both very high.* Further-
more, dietary recommendations are based on the
assumption of a linear association between saturated
fatty acid intake and LDL cholesterol, and then the
association between LDL cholesterol and cardiovascular
disease events. However, this assumption does not
consider the effect of saturated fatty acids on other
lipoproteins (eg, HDL cholesterol), ratio of total
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Research in context

Evidence before this study :
We did a systematic search in PubMed for re!evant articles
published between Jan 1, 1960, and May 1, 201/, restricted to
the Eriglish language. Our search terms includéd "carbohydrate”,
“total fat”, “saturated fatty acid”, “monounsaturated fatty add",
“polyunsaturated fatty acid”, “total mortahty and o

“cardigvascutar disease”. We searched pubhshed articles by fitle
and abstract to identify relevant studies. We also hand-searched
reference lists of eligible studies. We considered studies i fﬁéy
evaluated association between macronutrient intake andtotal
mortality or cardiovascular disease: The studies cited inthis
reportars not an exhaustive list 0f éxisting research, Bxisting
evidence on the assodiationsof fats.and carbohydrate fritake

. with cardiovascular disease and mortality are mamlyfrOm Nurth
America and Europe. :

"Added value of this study

Currerit Ghidefines recommend a fow fat diet (<30% of energy)
and limiting saturated fatty acids to less than 10% of erergy
intake hy replacing them with unsaturated fatty acids.

The recarnmendation is based on ﬁndmgs frortsome North

cholesterol to HDL cholestercl, or on apolipoproteins
(which could be a better marker of cardiovascular
disease risk)* and blood pressure, which also affect the
risk of cardiovascular disease.”

Recently, several meta-analyses of randomised trials
and prospective cohort studies*™ and ecological
studies," largely done in European and North American
countries, showed either no association or a lower risk
between saturated fatty acid consumption with total
mortality and cardiovascular disease events.™ The
uncertainty regarding the effect of saturated fatty acids
on clinical outcomes in part might be due to the fact
that most observational cohort studies have been done
in high-income countries® where saturated fatty acid
intake is within a limited range (about 7-15% of energy).
Furthermore, it is not known whether findings obtained
from European and North American countries where
nutritional excess is more comimon, can be extrapolated
to other regions of the world where nutritional
inadequacy might be more common. The Prespective
Urban Rural Epidemieclogy (PURE) study provides a
unique opportunity to study the impact of diet on total
mortality and cardiovascular disease in diverse settings,
such as those where overnutrition is common and
where undernutrition is of greater concern, In this
study, our primary aim was to assess the association of
fats (total, saturated fatty acids, and unsaturated fats)
and carbohydrate with total mortality and cardiovascular
disease events. The secondary aim was to examine
associations between these nutrients and myocardial
infarction, stroke, cardiovascular disease mortality, and
non-cardiovascular disease mortality.
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+American and Furopean countries where nutrition excess is of -
coneern. I is not dear whether this can be extrapolated to other

countries where underautrition iscommon. Morzover, North
American and European populations consume.alower

_‘ carbohydrate dietthan populatzons elsewhere where most

: aclds are not harmfui and d:ets high in carbohydrate have

adverse effects ontotal monahty We did not observe any

"~ Ouridataacross 18 countriesadds to the large and growmg
“body of evidersce thit increased fats dre'not asson_lated with
: h:gher carcinovascu?ar dlsease or monal;ty

i lmphcatnons of al[the available ewdence
-Remaoving-current: restrictions on fat intake but limiting

. carbohydrata intake (when high) might improve hiealth. Dietary
guidelines might niead to be reconsidered in light:of consistent:”
- findings fromthe present study, especially in.countries outs(de

of Europe and North America.

Methods

Study design and participants

The design and methods of the PURE study have been
described previously.* PURE recruitment occurred
between Jan 1, 2003, and March 31, 2013, and included
individuals aged 35-70 years from 18 low-income,
middle-income, and high-income countries on five
continents. We aimed to include populations that varied
by socioeconomic factors while ensuring feasibility of
longterm follow-up when selecting the participating
countries. We included three high-income (Canada,
Sweden, and United Arab Emirates), 11 middle-income
(Argentina, Brazil, Chile, China, Colombia, Iran,
Malaysia, occupied Palestinian territory, Poland, South
Africa, and Turkey) and four low-income countries
(Bangladesh, India, Pakistan, and Zimbabwe), based on
gross national income per capita from the World Bank
classification for 2006 when the study was initiated.
Additional countries have joined PURE, but since follow-
up in these countries is incornplete, they are not included
in the present analyses. The study was cocrdinated by the
Population Health Research Institute (PHRI;, Hamilton
Health Sciences, Hamilton, ON, Canada). More details of
the sampling and recruitment strategy used in PURE are
detailed in the Article by Miller and colleagues” and an
earlier report.”®

Procedures

Data were collected at the community, household, and
individual levels. Within participating communities,
our goal was to enrol an unbiased sample of households.
Households were eligible if at least one member was
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between 35 and 70 years of age, and the household
intended to stay in the current address for another
4 years. Standardised questionnaires were used to
collect information about demographic factors,
sacioeconomic  status  (education, income, and
employment), lifestyle (smoking, physical activity, and
alcchol intake), health history, and medication use.
Physical activity was assessed using the International
Physical Activity Questionnaire.” History of diabetes
was self-reported. Physical assessment included weight,
height, waist and hip circumferences, and blood
pressure. Detailed follow-up occurred at 3, 6, and 9 years
and repeated measures of selected risk factors, causes of
death, other health outcomes, and community data
were collected. Standardised case-report forms were
used to record data on major cardiovascular events and
mortality during follow-up, which were adjudicated
centrally in each country by trained physicians using
standard definitions (appendix pp 8-17). Data were
electronically trangferred to the PHRI where quality
control checks were undertaken.

Participants’ habitual food intake was recorded using
country-specific {or region-specific in India} validated
food frequency questionnaires (FFQs) at baseline.
Where a validated FFQ was not available {je, Argentina),
we developed and validated FFQs using a standard
method ®® Multiple 24-h dietary recalls were used as
the reference method to validate the FFQs in about
60-250 participants from each country (appendix p 18).
To convert food into nutrients, country-specific nutrient
databases were constructed with information on
43 macronutrients and micromutrients. The nutrient
databases are primarily based on the United States
Department of Agriculture food composition database
(release 18 and 21), modified with reference to local food
composition tables, and supplemented with recipes of
local mixed dishes.® However, for Canada, China, India,
Malaysia, South Africa, Sweden, and Turkey we used the
nutrient databases that were used for validation of the
FFQs. The FFQ was administered together with other
questionnaires at the baseline,

For the current analysis, we included all outcome events
known to us until March 31, 2017 148723 participants
completed the FFQ, of which 143934 participants had
plausible energy intake (500-5000 keal per day) and had
no missing values on age and sex. We excluded
1230 participants (0-8% of the cohort) because follow-up
information was not available and 7369 participants with
a history of cardiovascular disease (5-0% of the cohort}.
The remaiming 135335 individuals were included in this
analysis (appendix p 19).

Outcomes

The primary outcomes were total mortality and major
cardiovascular events (fatal cardiovascular disease, non-
fatal myocardial infarction, stroke, and heart failure}.
Secondary outcomes were all myocardial infarctions,

stroke, cardiovascular disease mortality, and non-cardio-
vascular disease mortality. The numbers of cases of heart
failure were too few to be analysed separately.

The follow-up period varied based on the date when
recruitment began at each site or country. During the
follow-up period contact was made with every participant
on an annual basis either by telephone or by a face-to-
face interview with the local research team. The median
duration of follow-up was 7- 4 years {IQR 5-3-9-3), which
varied across countries {appendix p 22).

Statistical analysis

Continuous variables were expressed ag means (SDs)
and categorical variables as percentages. Education was
categorised as none, primary school (first 6 years), or
secondary school (7-11 years) and college, trade school,
or university (>11 years). Smoking was categorised as
nevet, former, or current smoker. Physical activity was
categorised based cn the metabolic equivalent of task
{(MET) per min per week into low (<600 MET min
per week), moderate (600-3000 MET min per week), and
high (>3000 MET min per week) activity. Waist-to-hip
ratic {waist circumferences [cm]fhip circumferences
[cm])) was used as a continuous variable. Since foed
patterns are cuhure dependent and dietary patterns
are generally related to geographical region rather
than income region, we categorised countries into
seven regions. Regions included China, south Asia
(Bangladesh, India, and Pakistan), North America,
Europe (Canada, Poland, and Sweden), South America
{Argentina, Brazil, Chile, and Colombia), Middle East
(Iran, occupied Palestinian territory, Turkey, and United
Arab Emirates), southeast Asia (Malaysia), and Africa
(South Africa and Zimbabwe). For the overall analysis,
participants were categorised into quintiles of nutrient
intake ({carbohydrate, fats, and protein) based on
percentage of energy (% E) provided by nutrients, which
was computed by dividing energy from the nutrient by
the total dailly energy intake (eg, for carbohydrate,
%E=([carbohydrate (g)x4]/total  energy  intake
fkeal]) x 100). To assess the shape of associations between
nutrients and events we used restricted cubic splines,
fitting a restricted cubic gpline function with three knots.
We calculated hazard ratios (HRs) using a multivariable
Cox frailty model with random intercepts to account for
centre clustering (which also adjusts for region and
country). Estimates of HRs and 95% Cls are presented
for percentage of energy from carbohydrate, total protein,
total fat, and types of fat. All models were adjusted for
age and sex. Additionally, all multivariable models were
adjusted for education, smoking, physical activity, waist-
to-hip ratio, history of diabetes, urban or rural location,
and total energy intake.

In subgroup analyses, since higher carbohydrate (but
lower fat) consumption is more common in Asian
countries™ and lower carbohydrate intake (and higher
fat) in non-Asian countries” we examined whether the
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effect of carbohydrate and fats on outcomes were
consistent in these two regions. The countries in Asia
included Bangladesh, China, India, Malaysia, and
Pakistan; the remaining countries were considered to be
non-Asian countries. We used this approach for two main
reasons: to assess the consistency of the associations
across regions representing different levels of nutrient
intake, with Asian countries characterising higher
carbohydrate (and lower fat) consumption and non-Asian
countries capturing lower carbohydrate intake (and
higher fat); and to maximise the power within regions
{compared witt examining effects within smaller
geographical regions with fewer people and relatively few
events). Participants were categorised into region-specific
quintile categories of nutrient intake based on the intake
distribution of participants in Asian and non-Asian
countries, with the lowest quintile category used as
reference group within regions (we did not do further

region subgroup analyses due to low statistical power to
detect subgroup interactions). Since the impact of
macronutrient intake on outcome events might or might
not occur through changes in waist-te-hip ratio, we
excluded waist-to-hip ratio from the multivariable models
in secondary analyses to assess the impact on estimates.

The effect of isocaloric replacement {as 5% of energy) of
carbohydrate with saturated and unsaturated fats and
protein was estimated using multivariable nutrient density
models* In this modelling approach, the percentage of
energy intake from saturated and unsaturated fats and
protein were included as exposures with total energy as a
covariate. The coefficients in this model indicate change in
outcomes by replacement of carbohydrate (as 5% of
energy) by other nutrients. For all analyses, the criterion
for statistical significance was a=0-05. Statistical analyses
were done with SAS software, version 9.3. Spline curves
were generated with the SAS LGTPHCURVY Macro.

“ o overall Chima South Asia Europeand South America: " MiddleEast . SoutheastAsta  Africa(n=4558)
27 (n=1353385) (n=42152) (n=29560) North America  (n=22626) +i(n=11485) [ {n=1Dp038) -
SR i1 (i34 916) o _
Age (years) 5029(3:92) - 5058(9:82):r .. 4818(19:24) o  53:01(918) S113(9-69). 1 4857(923) 7. 5147 (9.96)-  49-98(1035)
Male 56422 (417%) 17575 (417%) 12887 (43-6%) 6567 (44-0%) 8685(38-4%) 4930 (42.0%)  4323(431%) 1455 (31:5%)
Urban location 71300 (527%)  201/0(47:0%) < 14224(451%] " 10488 (703%) 17896(57.0%) - 6526 (56.8%)  4B41(43:2%) - 2155(47:3%)
Systolic biood pressure (mm Hg) 130-9{722) 1329 (22:2) 1258 (21.2) 1320 (20-4) 1317 (227) 1271{20-3) 135-2(231)  138.9{27-5)
Walst-to-hip ratio - T087(008). 086007 . 087(003) | .088(009) T 0BYO(ODB) | 089(009). - 083(008) . 0B4(0087)
Current smoker 84101134449 O5BBI41670  6790P9ACE 225614888 470002548 217811485 1532/9943 13484447
(211%) (23-0%) (23-1%) (15:2%) (20:9%) {19-0%) (15-4%) (30-3%)
Education o _ - o : T b
Pre-sacondary school : 57438/134 981 14313/42036- 115 135/29 432 _1138/14:903  13298/22563 (:9 35/11 485, - 4263/10 032 2556/4528
(42:6%) (33:6%)...- {E1:4%) (7-6%) (58:9%) L (60-4%) L H{425%) - (56-5%)
Sacondary school C51730/134981 21853/47036  16239/20432 4649714003 . 5471/22565. 3114111485 . 4551410032 18534528
(_33'3%) (52:0%) - {348%) (31-2%) {24:3%) C o (271%) (45-4%) (40:9%)
Post-secondary school - 25813/134 981 6070/42036 . 4058/29432 9116/14 903 3796/22 565 1436/11 485. .. 1218/10 032 119/4528
) {19:1%) {14:4%} (13-8%) (61:2%) {16-B%) Y (L3 (12.1%) (2-6%)
Physical activity
Low (<600 MET per min per week) 22022125945  6424/41534  5588/25999 826/13 628 2889/21567 2452/11342  3315/9428 528/2447
{17-5%) (155%) (23:5%) (6-1%) (13-4%) (21-6%) (352%) (21-6%)
Moderate (600-3000 MET permin ~ 47850/125945 17518/41534  8303/25999 4757/13628 6944/21 567 5290/11342  3336/9428 1102/2447
perweek) (38-0%) (42:2%) (34-2%) {34:9%) (322%) (46-6%) (35-4%) (45-0%)
High (>3000 MET per min perweek)  56073/125945 17592/41534  11508/25999 8045/13628  11734/21567 3600/11342 277719428 817/2447
(44:5%) (42-4%) {44:3%) (59-0%) (54-4%) (31:7%) {29-5%) (33-4%)
History-of diabetes 9634 (7:1%) . ¢ H6T0(3B) T 2793(0:2%) 785(53%), - 1530(68%) " 1405(12:2%) 1351 (135%). - T30(5%)
Energy from carbohydrate (%) __61-2%;11-6) 62-9% {98) 65-4% (11-3) 52-4% (8:1) 57-6% (11-4) £3-5% (7-5) 53.9% (8-2) 63.3% (11.5)
Ereigy from fat (%) " AK©3)  APTR@E) . 27%U04. - 305W(60) - 252(pFY T 303% (61 200%(59)  228%(83)
Energy from protein (%) 15-2% (36) 153%(2:3) 11-6% {1-9) 16.7% (2.7) 17.5% (3-8) 16.9% (2-8) 171% (3:2) 13-4% (3-0)
Erorgy from saturated fattyacds (6} -+ BO%(41)  ST%(7) . Bam(s2) | 108%G7) BN o 102%(3) 9% (2], 59%(28)
Enzrgy from monounsaturated fatty 81% (37) 6-8% (2»5) 5-9% (3-1) 112% (2-6) 9-0%(3-2) 10-2% (3-0) 11-8%(3.9) 7:2% (3-2)
acids (%)
En:eirgy'from polyunsaturated fatty 53%30) . 42%[28) 62% {40 4:8%(1:3) 44% (1'6): 7.0% (1:9) 8.2%(2.0) 6:0% (2:9)
aclds (%) : i i e .
Energy from protein (%) 15-2% {3-6) 15-3% (2-8) 11.7% (1.9) 16-7%(2-7) 175% {3-8) 16.9% {2-8) 17:2%(3:2) 13-4% (3.0}
Energy from animal protein (%) £4%{45) 56% (3-4) 1:9% (19} 93%(3:0) 10-5% (40} 8-9% (3:0) 73% (31 5:2%(31)
Energy from plant protein (%) 8-89% (2-2) 9.7% (1-5) 3-8% (21) 7-4% (2-0) 7:0%(23) 8-0% (1-3) 9-8% (2-2) 75%(1-4)
Dataaremean (SD), n (%), or /N (%) MET-metabolic equivateats. o
Table 1: Characteristics of the study parti cnp#ryts at Ba_seline by-region and gverall
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Role of the funding sources

The funders and sponsors had no role in the design
and conduct of the study; in the collection, analysis,
and interpretation of the data; in the preparation,
review, or approval of the manuscript; or in the decision
to submit the manuscript for publication. MD, AM, XZ,
SR, SIB, SSA, and SY had full access to the data and

were responsible for the decision to submit for
publication.

Results

During a median follow-up of 7.4 years (IQR 5-3-9-3),
5796 individuals died and 4784 had a major cardiovascular
disease event {2143 myocardial infarctions and 2234 strokes).

Incidence (per 1000 person-years; 95% CIy i Hazard ratio (95% C1) P
Quintile1 - Quintle2 - Quintle3 - Quintle4 - QuintlleS. . - Quintle2vs Quintlle3vs . Quintiledvs  QuintileSus
: 5 g : quintile - quintile1 quintilel” | quintile
Percentageenergy from éa_rbnhydrate_ : : . s E .
Median (OR) 46.4% 54.6% 60-8% 67-7% 77:2%
(426-490) (529-562) (593-623) (657-697) (744-807)
Total mortality 41 42 45 49 72 1.07 1.06 117 128 0-0001
(38-43)  (39-45)  (42-48)  (4652) (6-9-7.5) (0-96-120)  (094-119)  (1.03-132) (112-1.46)
Major cardiovascular disease 39 42 42 46 51 1.00 102 108 101 0-62
(36-4-2) (3-9-4-5) (3-9-4-5) (43-4-8) (4-8-5-4) (0-90-1.12) (0-91-1-14} (0-96-3-22) (0-88-1-15)
Ayocardial infarction 20 22 2-0 18 21 093 092 099 0-90 0-40
(1-8-2-2) (2-0-2-4) (1-8-2.2) {1-6-2:0) (1-9-2-3) (0-80-109)  (0-78-109) (0-83-1-18) (0-73-1-10)
Stroke 14 16 1.8 24 27 103 109 1.71 111 010
(1-3-1-6) (3:4-3-7) (1-6-2:0) (2-2-2:6) (2:5-29) (0-86-1.22) (0-91-1-31} {1-01-1-45) (0-92-135)
Cardiovascular disease mortality 13 16 14 13 17 118 1-02 111 113 0-50
(1-1-1.4) (1-4-17) (1-3-1-6) (1-2-1-5) (15-1.9) (097-1-43)  (0.83-126) {0.88-138) {0-89-1-44)
Non-cardiovascular disease 2.5 23 2.7 32 53 1.00 1-09 122 136 <0-0001
mortality {2-3-27) (21-2.5) (2:5-2:9) (3-0-3-5) (4-8-5-4) (0-87-1-15) (0-94-1.27) (1.05-1-42) (1-16-1-60)
Percentage energy from total fat : T L i '
Median (ICR) 10-6% 18-0% 243% 291% 35-3%
(81126)  (163-197) (228-255) (279-303)  (333-38:3)
Total mortality 67 51 46 43 41 050 0-81 0-80 077 <0-0001
(6-4-7-0) (4-7-5-4) {43-50) (4-0-4-6) (3-9-4-4) (0-82-0-98) (0.73-0-90) (0-71-0-90) (0-67-0-87)
Major cardiovascular disease 53 43 4-2 40 41 1.01 101 095 095 033
(5-0-5-6) (4-0-46) (3-9-4-5) (3:8-43) (3-8-4-4) 0-92-111)  (0-90-113) (0-84-1.07) (0-83-1.08)
Myocardial infarction 21 16 20 20 23 102 108 0.97 112 40
{1.9-2-3) (1-4-1-8) (1.8-2-2) (1-8-2-2) (2.1-2-6) (0-87-1-20) (0-50-1-2%) (0-80-118) (0-92-1:37)
Stroke 3.0 23 16 16 13 105 0-91 095 082 0-05
(2:7-3:2) (2:1-2:6) (1-5-1-8) (1-4-1-8) (1-2-1:5) {0-93-1-19) (0-78-1.0€) {0-79-1-13) (0-68-1-00)
Cardiovascular disease mortality 16 13 1.5 1.4 15 089 0.92 0.88 092 0.50
(1-4-1-8) (1-2-1-5) (1-3-1.6) (1-3-1:6) (13-17) {0-74-1-06) (0-75-112) (0-70-1-10) (0-72-1-16)
Non-eardiovascular disease 47 34 29 26 23 091 078 078 070 <0:0001
mortality (4-4-5-0) (3-1-3.6) (2-6-3-1) (23-2.8) (21-2.5) (0-821.01)  (0-69-0-89) {0-67-c-90)  (0-60-0-82)
Percentage énergy from tatal préi:ei.n._ : E Ry . _‘ B L o ) )
Median (IGR) 10-8% 13-1% 15-0% 16.9% 16.7%
(9-9-11:5)  (126-13-6) (145-155) (164-174) (188-21.4)
Total mortality 85 5-4 37 32 36 1-05 0.92 0-85 0-88 0-0030
(81-89) (51-57) (35-40)  (29-34) (33-3-9) (©-96-115)  (0-82-1-03) (0-75-0-96) {077-1.00)
Major cardiovascular disease 5.0 4-6 4-4 42 37 102 108 109 096 0-86
(47-53) (4:3-4-9) (41-4-7) (3:9-45) (3-54-0) (0-91-1.13)  (0-96-122) (¢-97-1-24) (0-84-1-10)
Myocardia1 infarction 28 2:0 17 1.7 17 104 101 111 102 0-67
{2-5-3.0) (1-8-22) (L5-18) {1.5-1.9) (1-5-1-9) {0-89-1-20) (0-85-1-20) (0-92-1-33) {0-83-1-24)
Stroke 18 23 24 21 16 1-01 114 111 0.90 047
(1-6-2-0) (2-0-2-4) (2:1-2:6) (19-23) (14-1-8) (0-86-119)  (0-96-1-36) {(0-92-133) {0-74-1-09)
Cardiovascular disease mortality 2-4 17 10 09 11 109 089 0-92 0-90 026
(2:2-2-6) (15-1.9) (0-9-1-2) (0-8-11) (0-9-1-2) (0:93-129)  (0-73-110) (0-74-1-16) (0-71-1-15)
Non-cardiovascuiar disease 55 33 25 2-0 23 1.02 0.92 079 0-85 0.0022
mortality (5-2-5-8) (22-27) (1-8-2-2) (2:1-2-5) (0-91-145)  (0-80-1-05) (0-68-0-93) (0-73-0-99)

(31-36)

Hazard ratios and 95% C's are adjusted for age, sex, education, waist-to-hip Fatio,: smoking, pliysical activity, diabetes,aban or rural location, and efergy intake. Centre was also included as avandom effect and
frailty models were used. Major cardiovascolar diseas a=fatal cardiovascular disease smyacardial infarctionustroke+ heart failure.

Table 2: Association between parcentage Energy from macronutrients and dinical outcomas (n=135335)
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1649 died due to cardiovascular disease and 3809 died due
to non-cardiovascular disease. There were 338 deaths due to
injury, which were not included in non-cardiovascular
disease mortality because these were considered to be
unlikely to be associated with diet. Among non-
cardiovascular disease mortality, in all regions except Africa,
the most common cause of mortality was cancer followed

by respiratory diseases. In Africa, infectious disease was the
first and respiratory disease was the second most common
cause of non-cardiovascular disease mortality.

The characteristics of participants and data on macro-
nutrient intake are presented in table 1.

Carbohydrate intake was higher in China, south Asia, and
Africa compared with other regions. In south Asia about

Ingidanice (per 1000 persan-yrears; 95% Cl)* : Hazard ratio (95% (i} - ) Puwa
Quintile1 Quintile 2 Quintile3. Qufntil_eci- : Quintile g * Quiﬁtifé 2 u$ Quintile Jvs Quinii_ 4 vs:  QuintileSvs .
o . o : : quintile1* quintile 1 quintiled quintife 1
.Percenta'g'e energy from saturatéd fatty acids i L
Median {IQR) 2:8% 4-9% 7-1% 9.5% 132%
(20-34) {4-4-5:5) (6-5-7-7) (8-910-2) {11:9-15.1)
Total mortality 71 52 43 39 44 0-96 092 0-85 086 0.0088
(67-7-4) (4-3-5-5) (40-46) (3-6-4-2) 41-47) (0-88-1-05) (0-83-102)  (075-095)  (076-0-99)
Major cardiovascular disease 52 47 4.1 39 41 113 1-06 103 095 049
(4-9-5-5) (44-51) (38-4-4) (3-6-4-2) (38-49) (1-02-1-25) (0-95-118) (0-91-1-17) (0-83-1-10)
Myacardial infarction 21 18 1.7 19 25 128 120 116 117 0-40
(1.9-2-3) (1.6-2:0) (1:5-1-9) (17-2:1) (2:3-2.7) {1-08-1.51) (1.00-1-44) {0-95-1-41)  (0-94-145)
Stroka 27 2.6 19 15 13 1.10 1.01 093 079 0-0498
(25-2.9) (23-2.8) (1.7-21) (1-417) (11-14) (0-97-1-25) (0-87-117)  (078-111)  (0-64-0-98)
Cardiovascular disease mortality 1.7 1.5 13 14 14 104 0-95 099 0-83 020
(1-6-1-9) (1-4-17) {11-14) (1-2-15) (1-2-16) (0-87-1.24) {078-117) (079-1.23) {0-65-1-07)
Nan-cardiovascular disease 49 3-4 2:8 23 26 0-94 091 078 0-86 0-0108
mortality (4:6-5-2) (3v1—3v6_) (2:5-3-0) (21-2:5) _ (_2-4—2-8) (0-84-1-04) (0-8_1_~1~03) (0-68-091)  (073-1.01)
Percentage energy from monounsaturated fatty acids. ¥ j=E " ' '
Median (iQR) 34% 54% 73% 95% 12:5%
{24-4-0) (50-59)  (68-78) (89-101)  (11.5-138)
Total mortality 75 5.6 44 37 37 102 091 0-81 081 <0-0001
(72-7-9) (53-5.9) (41-47) (3-4-4-0) (3-4-3-9) (0-93-111) (082-100)  (072-091)  (071-0-92)
Major cardiovascular disease 52 4.6 45 39 38 1.04 106 102 095 054
(4-9-5-5) (43-49) (4-2-4-8) (3-6-4-2) (3-6-4-1) (0-94-1-15) (0-95-1-18) (0-90-1-15)  (0-84-109)
Myocardial infarction 24 20 1.9 18 1-9 109 113 1-04 112 0-40
(22-27) (1-8-22) {17-21) (1-6-2:0) {1.7-21) (0.93-1-28) (0-95-134) {0-86-1.25)  (0-92-138)
Stroke 25 23 21 16 15 1-03 1.00 0-99 0-85 010
(2:3-27) (21-25) {1:8-2:3) (1-5-1.8) (1:3-1:6) (0-90-1-18) (0-86-1.16) (0-83~117) {0-70-1.03)
Cardiovascular disease mortality 1.9 17 14 13 11 107 098 .90 085 0-10
(1.7-21) {1-5-1-8) (1:3-1-6) (1-1-14) (0-9-1-2) (0-90-126) (081-118)  (073-112)  (0-66-1-09)
Non-cardiovascular disease 52 35 26 2.2 2.4 1.00 0-86 077 079 0-0003
mortality (449_—5-5) (3-3-3-8 {2-4-2-8) (_2‘0—2-4) (2:1-2.6) (0~90~1-1_1) {0-76-0-97) {0-67-0-89)  (0-68-093)
Percentage enarqy from polyunsaturated fatty acids ’ ' :
Median (IQR) 21% 3-3% 4-4% 57% 8-5%
(1-6-25) (31+36) (4-1-4-7) (5-4-6-2) (7-5-10.4)
Total mortality 5-8 48 46 50 49 092 087 085 0-80 <0-0001
(55-6-2) (4-5-51) {43-4-9) (4-6-53) (46-5-2) (0-84-101) (079-0:96)  (077-094)  (071-0-89)
Major cardiovascular disease 5-4 39 4.0 42 47 1-01 099 097 10 0-94
(51-58) (3-6-4-2) (37-43) (3:9-4-5) {44-5-0) (0-91-1-11) (089-110)  (0-87-1.09)  (0-90-1-14)
Myocardial infarction 22 1-6 17 20 27 102 105 098 112 0-40
(2-0-2-4) (14-1-8)  (1-6-1.9) (1-8-22) (24-2.9) (0-86-1-21) (088-125)  (082117)  (0-93-134)
Stroke 30 19 1.7 1.7 1.6 096 084 095 0-92 Q-30
(28-32) (1-7-2:1) (1-6-1-9) (1-5-1.9) (1-5-1-8) (0-84-1-09) (0-81-1-08) (0-81-1-11) (078-1.09)
Cardiovascular disease mortality 1.5 13 13 14 19 099 088 0-81 0-94 0.20
(1-3-1-6) (11-15) (1-2-15) (1-2-1-6) (1-7-2.1) (0-82-119} (0-72-1-07) {0-67-099)  (076-115)
Non-cardiovascular disease 40 32 30 32 26 090 086 0.88 Q75 0-0002
mortality (3-74-3) (3-073-5) . (27-3-2) (3-0-35) B (2-4-2-8) (0-80-1.00) (0-76-0-96) {©078-0.99)  {0-65-086)
Hazard ratios and §5% Cls are adjusted for aqe.:s:efijcduc'ation, walst-to-hip ratfoi, s_n:wkinq, pﬁysiclal activity, digbetes, urban of rural location, and'energyi intake. Centre wa:s_ajs.n intlisded ds a random effect and
frailty models were used. Major rardiovascular disedse=fatal cardiovaseuldr disease+myocardial infarctionsstroker hear failure. B S :
Table 3: Association between percentage energy from types of differént fat and clinical .o!;rtcon;)_es (n=1§$ 335}
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Figure 1: Association between estimated percentage energy from nutrients and total mortality and major cardiovascular disease (n=135335)
Adjusted for age, sex, education, waist-to-hip ratio, smoking, physical activity, diabetes, urban or rural location, cantre, geographical regions, and energy intake.
Major cardiovascular disease=fatal cardiovascular disease+ myocardial infarction+stroke+heart faifure.

565% of the population consume at least 60% of energy from
carbohydrate and 33% consume at least 70% of energy
from carbohydrate, and in China the corresponding
percentages are 77% and 43% {appendix p 33). The highest
amount of fat consumed was in North America and Europe,
Middle East, and southeast Asia. Intake of protein was
highest in South America and southeast Asia.

Tables 2 and 3 show nutrient intake and risk of total
mortality and cardiovascular disease events. Higher
carbohydrate intake was associated with higher risk of
total mortality (quintile 5 vs quintile 1, HR 1.28 [95% CI
1-12-1-46]; Ppene=0-0001) and non-cardiovascular disease
mortality (quintile 5 vs quintile 1, HR 1-36 [1-16-1-60);
Puena<(+0001), after multivariable adjustment for co-
variates (table 2). No significant associations between
carbohydrate intake and major cardiovascular disease,
myocardial infarction, stroke, and cardiovascular disease
mortality were recorded (table 2).

In comparisons between quintile 5 and quintile 1, total
fat intake was associated with lower risks of total
mortality (HR 0-77 [95% CI 0-67-0-87); Poos<0-0001),
stroke (HR 0-82 [0-68-1-00]; p,...=0-0562), and rion-
cardiovascular disease mortality (HR 070 [0-60-0-82];
Pren<0-0001). No significant associations between total
fat intake and major cardiovascular disease, myocardial
infarction, and cardiovascular disease mortality were
found. Similatly, total protein intake was inversely
associated with risks of total mortality (HR 0-88 {95% CI

0-77-1-00]; p,,.,a=0-0030) and non-cardiovascular disease
mortality (HR 0-85 [0-73-0-99]; p,...=0-0022; table 2).
Animal protein intake was associated with lower
risk of total mortality and no significant association
was observed between plant protein and risk of total
mortality.

In comparisons between quintile 5 and quirttile 1, a
higher intake of saturated fatty acids was inversely
associated with risk of total mortality (HR 0-86 [95% CI
0-76~0-99]; p,,,~0-0088), stroke (HR 0.79 [0-64-0-98};
Puena= - 0498), and non-cardiovascular disease mortality
(HR 0-86 [0-73-1-01]; D,..0-0108; table 3). Higher
saturated fatty acid intake was not associated with
major cardiovascular disease, myocardial infarction, or
cardiovascular disease mortality. Similarly, mono-
unsaturated fatty acid intake was associated with lower
risk of total mortality (HR 0-81 [95% CI 0-71-0.92];
Prena<0-0001), a non-significant trend for lower risk of
stroke (HR 0.85 [0-70-1-03]; p....=0-10), and lower risk
of non-cardiovascular disease mortality (HR 0.79
[0:68-0.92]; DPres=0-0003). Intake of polyunsaturated
fatty acids was associated with lower risk of total mortality
(HR 0-80 [95% CI 0-71-0-89); p,.,<0-0001) and non-
cardiovascular disease mortality (HR 0-75 [0-65-0.86];
Pueni=0+0002). Intakes of monounsaturated fatty acids
and polyunsaturated fatty acids were not significantly
associated with major cardiovascular disease, myocardial
infarction, and cardiovascular disease mortality.
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A

Percentage energy from carbohydrate HR{95% Cl) Pt

B

Percentage energy from total fat HR (5% CD) P trent

Asian regions

Non-Asian regions

QZwsQ1 —t 0-92 (0-81-1.05) 0-98 (0-85-1.09)
Q3ws Q1 -t 094 (0-82~1.07) 0.87(077-0-57)
Q4vsQ1L —— 103(0-60-1-19) 0.84(0.73-0.96)
Q5vsQ1 - 1:09(0-94-1-26) 00644 0.85(0-74-0-95) 0.0078

MHI tH,

Non-Asian regions

Hazard ratio
Energy from saturated fatty acids (%; median [IQR]}

Q2wsQ1 -— 110(0-93-131) 0-99(0-83-1.19)}
Q3ws Q1 - 110 (0-92-1-32) 0-83 {0-68-1.01)
Q4usQa —_— 1-31 (1-08-1.58) 0-82 (0-66-1-01)
Q5w Q1 _ 131 {1.05-1-63) 0.0061 0-81 (0-66-0.99) 0-0124
0-6 1 15 20 06 15 20
Hazard ratlo Hazard ratio

Energy from carbohydrate (%; median [[QR]) Energy from total fat (%; median [IQR])

1Q1 1Q2 jQ3 | Q4 195 [Q1 |Q2 |Q3 |94 | Q5
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Figure 2: Associations between (A} carbohydrate, (B) total fat, {C) saturated fatty acids, (D) monounsaturated fatty acids, and (E) polyunsaturated fatty acids

with risk of total mortality in Asiaand other regions

Hazard ratios (HRs) and 95% Cls are adjusted for age, sex, education, waist-to-hip ratio, smoking, physical activity, diabetes, urban or rural location, and energy
intake. Centre was also included as a random effect and frailty models were used (p for heterogeneity »0.2 for total fat and »0.5 for carbohydrate, saturated fatty
aclds, moenounsaturated fatty adds, and polyunsaturated fatty acids). Q1-Q5=quintiles 1-5.

outcomes are shown in figure 1 and the appendix
(pp 20, 21). Multivariable splines for total fats and subtypes

Restricted multivariable cubic spline plots for total
mortality and major cardiovascular disease and other
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Fiqure 3: Risk of dlinical outcome:

s associated with isocaloric (5% of energy) replacement of carbohydrate

with other nutrients (n=135 335)

Hazard ratios (HRs) and 95% Cls are adjusted for age, sex, education, waist-to-hip rati, smoking, physical activity,
diabetes, urban or rural location, and energy intake Centrewas also included as a random effect and frailty models
were used. Major cardiovascular disease=fatal cardiovascular disease+myocardial infarction+stroke+heart failure.
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showed non-lineay, decreasing trends in total mortality
and major cardiovascular disease outcomes with in-
creasing nutrients. However, multivariable splines for
carbohydrate had a non-linear increasing trend in risks of
total mortality and major cardiovascular discase {figure 1)
and non-cardiovascular disease mortality (appendix p 21).
The rise appeared to occur among those who consumed
more than 60% (mid estimate from the spline) when
energy intake from carbohydrate exceeded 70% energy
{(where the lower CI ig above a HR of 1).

We investigated the influence of socioeconomic status
and poverty using four different measures of socio-
economic status to adjust in the analysis of the associ-
ations between different nutrient intakes and total
mortality and cardiovascular disease events. These were
household wealth, household income, education, and
economic level of the country subdivided by urban and
rural locations. When we included education in the

models, the estimates of association were robust.
Additionally, we adjusted for study centre as a random
effect which takes into account socioeconomic factors
and clustering by community. When we reanalysed the
data using household income, household wealth, or
economic level of the country our results were unchanged
{appendix p 34).

Higher carbohydrate intake was associated with higher
risk of total mortality in both Asian countries and non-
Asian countries (figure 2A). Conversely, higher intake of
total fat and individual types of fat were each associated
with lower total mortality risk in Asian countries and
non-Asian countries (figure 2B~E}.

Isocaloric (5% of energy) replacement of carbohydrate
with polyunsaturated acids was associated with an
11% lower risk of mortality (HR 0-89 [95% CI0-82-0-97}),
whereas replacement of carbohydrate with saturated fatty
acids, monounsaturated acids, or protein was not
significantly associated with risk of total mortality.
Replacement of carbohydrate with different types of fat or
with protein was not significantly associated with major
cardiovascular disease. Replacement of carbohydrate with
saturated fatty acids was associated with a 20% lower risk
of stroke (HR 0-80 [95% Cl 0-69-0-93)). No significant
associations with stroke risk were found for replacement
of carbohydrate with other fats and protein. Replacement
of carbohydrate with polyunsaturated fatty acids was
associated with 16% lower risk of non-cardiovascular
disease mortality (HR 0-84 [95% CI 0-76-0-94];
figure 3A-C).

Discussion

In this large prospective cohort study from 18 countries
in five continents, we found that high carbohydrate
intake (more than zbout 60% of energy) was associated
with an adverse impact on total mortality and non-
cardiovascular disease mortality. By contrast, higher fat
intake was associated with lower risk of total mortality,
non-cardiovascular disease mortality, and stroke.
Furthermore, higher intakes of individual types of fat
were associated with lower total mortality, non-
cardiovascular disease mortality, and stroke risk and
were not associated with risk of major cardiovascular
disease events, myocardial infarction, or cardiovascular
disease mortality. Our findings do not support the
current recommendation to limit total fat intake to less
than 30% of energy and saturated fat intake to less than
10% of energy. Individuals with high carbohydrate intake
might benefit from a reduction in carbohydrate intake
and increase in the consumption of fats.

For decades, dietary guidelines have focused on
reducing total fat and saturated fatty acid intake, based
on the presumption that replacing saturated fatty acids
with carbohydrate and unsaturated fats will lower LDL
cholesterol and should therefore reduce cardiovascular
disease events. This focus is largely based on selective
emphasis on some observational and clinical data,
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despite the existence of several randomised trials and
observational studies that do mnot support these
conclusions.**” Moreover, many studies that report
higher risk of coronary heart disease deaths with higher
saturated fatty acid intake were from North American
and European populations (with relatively high intakes of
total and saturated fats) where in the past cardiovascular
disease was the major cause of deaths® and their
applicability to cther populations is uncertain.

In our study more than half of the participants
(529%) consumed a high carbohydrate diet {at least
60% of energy) and about a quarter derive more than 70%
of their energy from carbohydrate. This value is higher
than most previous studies done in North America and
Europe (appendix p 33). Furthermore, our study
population represented a broad range of carbohydrate
intake (mean intake of 46-77% of energy). This might
explain the stronger association between carbohydrate
intake and total mortality in our study compared with
previous studies, which generally included participants
with lower mean consumption of carbohydrate and a
relatively narrower range of carbohydrate intake (35-56%
of energy).”* Moreover, in our study most participants
from low-income and middle-income countries
consumed a very high carbohydrate diet (at least
60% of energy), espedially from refined sources {such as
white rice and white bread), which have been shown to be
associated with increased risk of total mortality and
cardiovascular  events.? Therefore, recommending
lowering carbohydrate might be particularly applicable to
such settings if replacement foods from fats and protein
are available and affordable. It is also noteworthy that the
spline plots showed a non-linear increasing trend in total
mortality with a carbohydrate intake and the rise seems to
occur among those who consumed more than 60% of
energy from carbohydrate (ie, based on the midpoint of
the estimate, with the lower CI showing an HR >0-1
when more than 70% of energy came from carbohydrates).
Additionally, higher carbohydrate intakes increase some
forms of dyslipidaemia (ie, higher triglycerides and lower
HDL cholesterol), apolipoprotein B (ApoB)-to-
apolipoprotein Al (ApoAl) ratios and increased small
dense LDL (the most atherogenic particles)®* and
increased blood pressure® (see Mente and colleagues®).
Howevet, the absence of association between low
carbohydrate intake (eg, <50% of energy) and health
outcomes does not provide support for very low
carbohydrate diets. Importantly, a certain amount of
carbohydrate is necessary to meet short-term energy
demands during physical activity and so moderate intakes
(eg, 50-55% of energy) are likely to be more appropriate
than either very high or very low carbohydrate intakes.

A high carbohydrate diet is usually accompanied by a
low fat intake. Our findings show a higher risk of total
mortality, non-cardiovascular disease mortality, and stroke
by lower fat consumption. The health benefit of replacing
total fat with carbohydrate has been debated. Previous

www.thelancet.com Vol350 November 4, 2017

studies showed that replacement of fat with carbohydrate
was not associated with lower risk of coronary heart
disease and a pooled analysis of two large cohort studies
(the Health Professionals Follow up and the Nurses’
Health Study)® showed an inverse association between
total fat and total mortality. Furthermore, higher glycaemic
load was shown to be assodated with a higher risk of
ischaemic stroke in the Nurses Health Study.® Our
findings indicate that limiting total fat consumption is
unlikely to improve health in populations, and a total fat
intake of about 35% of energy with concornitant lowering
of carbohydrate intake might lower risk of total mortality.

For individual fats, we found an inverse association
between saturated fatty acid intake, total mortality, non-
cardiovascular disease mortality, and stroke risk without
any evidence of an increase in major cardiovascular
disease, myocardial infarction, and cardiovascular disease
mortality. Our spline showed a non-linear association
between saturated fatty acid intake and outcomes and this
suggests that the nature of the relationship is more
complex than previously assumed and the risks might
depend on the amount of nuirient consurned. This is the
first large study to describe the association between low
level saturated fatty acid intake (eg, <7% of energy) and
total mortality and cardiovascular disease events. Two large
prospective cohort studies (the Health Professionals
Follow up and the Nurses' Health Study) did not find
significant associations between saturated fatly acid intake
and risk of cardiovascular disease when replacement
nutrients were not taken into account.™*** Randomised
controlled trials of saturated fatty acid reduction (replaced
by polyunsaturated fatty acids) have also not shown a
statistically significant impact on total mortality.**” Unlike
previous studies from North American and Europear:
countries, our study covers a much broader range of
saturated fatty acid intake including a large number of
people in the lower range of intake (ie, 50% of participants
consumed less than 7% of energy and 75% of participants
consumed less than 10% of energy from saturated faity
acids compared with 50% of participants with greater than
10% of energy in studies of North American and European
countries), The larger number of people (75%) with lower
saturated fatty acids consumption in PURE allows us to
examine the associations of low saturated fatty acids with
total mortality and cardiovascular disease events. Qur
findings of an inverse association between saturated fatty
acid intake and risk of stroke are consistent with some
previous cohort studies.® Collectively, the available data® do
not support the recommendation to limit saturated fatty
acids to less than 10% of intake and that a very low intake
{ie, below about 7% of energy) might even be harmful.

We found an inverse association between mono-
unsaturated fatty acid intake and total mortlity.
Consistent with our findings, two large cohort studies of
the Health Professionals Follow up and the Nurses’
Health Study showed lower total mortality by higher
monounsaturated fatty acid intake.® Furthermore, our
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findings are consistent with randomised trials of the
Mediterranean diet that have shown reduced risk of total
mortality and cardiovascular disease among those
consuming higher amounts of olive oil and nuts.” Higher
polyunsaturated fatty acid intake was associated with
lower total mortality rates and a modest lower risk of
stroke. This finding is consistent with the lower total
mortality among US men and women (the Health
Professionals Follow up and the Nurses’ Health Study)
and Japanese men® as well as a meta-analysis of
randomised clinical trials.”* Extensive adjustment for
socioeconomic status uging four different approaches
{education, household income, household wealth, and
income level of the country, with subdivision by rural and
urban location) did not alter our results. Despite this, it is
possible that high consumption of carbohydrate and low
consumption of animal products might simply reflect
lower incomes; residual confounding as a potential
reason for our results cannot be completely excluded.

In our replacement analyses, the strongest association
on total mortality was observed when carbohydrate was
replaced with polyunsaturated fatty acids, which is
consistent with the pooled analyses of the Health
Professionals Follow up and the Nurses' Health Study.®
We found a lower risk of stroke when carbohydrate was
replaced with saturated fatty acids, which is consistent
with previous work showing that refined carbohydrate
intake is associated with increased risk of stroke ¥

Mente and colleagues® relate the intake of total fat,
types of fat, and carbohydrate to blood lipids and observed
patterns of assocjations that were congistent with
previous studies {eg, higher intakes of saturated fatty
acids are associated with higher LDL cholesterol, but also
with higher HDL cholesterol, lower triglycerides, lower
total cholesterol-to-HDL cholesterol ratio, and lower
ApoB-to-ApoAlratio). By contrast, increased carbohydrate
intake is associated with lower LDL cholesterol but also
with lower HDL cholestercl and higher triglycerides,
total cholesterol-to-HDL cholesterol ratic, and ApoB-to-
ApoAl ratio. The latter is particularly noteworthy as
ApoB-to-ApoAl ratio is the strongest lipid predictor of
myocardial infarction and ischaemic strokes; this might
provide a mechanistic explanation for the higher risk of
events seen with high carbohydrate intake and the
generally lower risk of cardiovascular disease with greater
saturated fatty acid intake. The lipid findings not only
confirm the validity of the FFQs that we used in the
PURE study, but also show that nutrients have varying
effects on different lipid fractions. This suggests that
predicting the net clinical effect based on considering
only the effects of nutrient intake on LDL cholesterol is
not reliable in projecting the effects of diet on
cardiovascular disease events or on total mortality.

Our study is the first to our knowledge that used country-
specific FFQs and nutrient databases in a large number of
individuals from countties in diverse regions with varying
food habits. The standardised dietary method enabled a

direct comparison of nutrients and foods within each
region included in the study and standardised methods to
collect and adjudicate events. However, our study had
some limitations. First, we used FFQs to estimate
participants’ dietary intake which is not a measure of
absolute intake, but is suited for classifying individuals
into intake categories and is the most commonly used
approach for assessing intake in epidemiological studies.
Measurement error in reporting might lead to random
errors that could dilute real associations between nutrients
and clinical events. Second, dietary intakes were measured
only at baseline, and it is possible that dietary changes
might have occurred during the follow-up period. Even if
major dietary changes occurred after the baseline
assessment, they probably would have weakened the
observed agsociations. Third, there is potential for social
desirability bias and individuals who are health conscious
might also adopt other healthy lifestyles. However, if this
were the case, we would not expect to see different
associations for the different outcomes. Fourth, ag with
any observational cohort study, observed associations
might be in part due to residual confounding (eg
differences in the ability to afford fats and animal proteins,
which are more expensive than carbohydrates) despite
extensive adjustment for known confounding factors.
Furthermore, while high-carbohydrate and low-fat diets
might be a proxy for poverty or access to health care, all of
our models adjusted for education and study centre (which
tracks with country income and urban or rural location)
and would be expected to account for differences in
socioeconomic factors acress intake categories. Additional
analyses adjusting for other measures of sociceconomic
status {household wealth or income} did not alter the
results. Despite this, it is possible that high consumption
of carbohydrate and low consumption of animal products
might reflect lower incomes and residual confounding of
our results cannot be completely excluded. We were unable
to quantify separately the types of carbohydrate (refined vs
whole grains) consumed. However, carbohydrate
consumption in low-income and middie-income countries
is mainly from refined sources. Fifth, we were unable to
measure trans-fat intake which might affect our results,
especially our replacement analyses. Lastly, our FFQ
assessed polyunsaturated fatty acid intake mainly from
foods, rather than from vegetable oils, which might have
different health effects than those observed in our study.

In conclusion, we found that a high carbohydrate
intake was associated with an adverse impact on total
mortality, whereas fats including saturated and
unsaturated fatty acids were associated with lower risk of
total mortality and stroke. We did not observe any
detrimental effect of fat intakes on cardiovascular disease
events. Global dietary guidelines should be reconsidered
in light of the consistency of findings from the present
study, with the conclusions from meta-analyses of other
observational studies®™* and the results of recent
randomised controlled trials.*
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ABSTRACT

Introduction Type 2 diabetes is characterized by
considerable heterogeneity in its etiopathogenesis and
clinical presentation. We aimed to identify clusters of

type 2 diabetes in Asian Indians and to fook at the clinical
implications and outcomes of thig ciustering.

Research design and methods From a network of 50
diabetes centers across nine states of India, we selacted
19684 individuals with type 2 diabetes (aged 10-97
years) with diabetes duration of less than 5 years at the
time of first clinic visit and performed k-means clustering
using the following variables: age at diagnosis, hody
mass index, waist circumference, glycated hemaglobin,
serum triglycerides, serum high-density fipoprotein
cholesterol and C peptide (fasting and stimulated). This
was then validated in a national epidemiofogical data set of
representative individuals from 15 states across India.
Results We identified four clusters of patients, differing in
phenotypic characteristics as well as disease outcomes:
gluster 1 (Severe Insulin Deficient Diabetes, SIDD), cluster
2 (Insulin Resistant Obese Diabetes, IROD), cluster 3
{(Combined Insulin Resistant and Deficient Diabetes, GIRDD)
and cluster 4 (Mild Age-Related Diabetes, MARD), While
SiDD and MARD are similar to clusters reported in other
populations, IROD and C!RDD are novel clusters. Cox
proportional hazards showed that SIDD had the highest
hazards for developing retinopathy, followed by CIRDD,
while CIRDD had the highest hazards for kidney disease.
Conclusions Compared with previously reported
clustering, we show two novel subgroups of type 2
diabetes in the Asian Indian population with important
implications for prognosis and management. The
coexistence of insulin deficiency and insulin resistance
seems 1o be peculiar to the Asian Indian papulation and
is associated with an increased risk of microvascutar
complications,

BACKGROUND

Global estimates suggest that 463 million indi-
viduals have diabetes as of 2019 and that this
number will increase to 700 million by 2045."

What is already known about this subject?
" & -Recently five: distinct “clusters’ of individuals- with
: diabetes: with significantly different characteristics
“-have beenidentified in.a Scandinavian population,-
w The unique-Asian Indian phenatype “predisposes
them o young~onse’t type'2 diabetes {T2D). '

» <For the first hme in End':a (and South Asia), cluster-
-+ing was done on 19084 individuals with T2D using
efght clinically relevant varidbles (age at diagnosis,
‘body - mass index, -waist:eircumference, glycated
“hemoglobin,” tHglycerides, high-density lipoprotein
chalesterdl; and C peptide fasting and stimulated).
& Four replicable clusters were identified two of whigh
were unique fo the Asian Indian popuiation.
& The novel cluster ‘Combiried insulin Resistant and
Deficient Digbgtes’ is of particular importance as it
" Is:characterized by difficult-te-control hyperglyce-
-:mia and:increased hazards of kidney disease and
~Tetinopathy,

How mlght these results change the focus of

research or-clinical practice?
& - Classifying. Asian Indiang with 12D into phenutyplc
'clusters provides insights into the pathophysiolagi-
‘¢at processes driving diabetes in this ethnic: group,
‘which could help in predictinig the risk of complica-
tions and in focusing attention to individuals with the
highest risk of morbidity anidl mortality.

More than 90% of these individuals have type
2 diabetes, a condition that is characterized
by considerable heterogeneity in its etio-
pathogenesis and clinical presentation. This
heterogeneity has significant implications on
the treatment and prognosis of patients with
this condition,
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Recently, distinct ‘clusters’ or subgroups of individuals
with type 2 diabetes have been identified in a Scandina-
vian population of 8980 individuals, based on five param-
eters representing the clinical presentation as well as the
presence of insulin resistance and beta-cell dysfunction.2
These five subgroups have been termed severe autoim-
mune diabetes, severe insulin deficient diabetes, severe
insulin resistant diabetes, mild obesity-related diabetes
and mild agerelated diabetes. Further analyses of these
subgroups have shown that such clustering might have
implications with respect to the risk of diabetes compli-
cations as well as selection of the most appropriate treat-
ment. However, as the above study has been performed
on a white Caucasian population, there is still no clarity
on whether this classification is applicable to individuals
with diabetes belonging to other ethnic groups.

Asian Indians (South Asians) representan ethnic group
with high predilection for developing type 2 diabetes;
indeed, some of the largest increases in diabetes preva-
lence have been reported from the South Asian region,
Type 2 diabetes in Asian Indians differs from that in white
Caucasians in a number of significant ways. They tend to
develop diabetes at a younger age and at lower levels of
obesity than do white Caucasians. They also tend to prog-
ress faster from stages of ‘pre-diabetes’ to frank diabetes
than members of other ethnic groups. The ‘Asian Indian
phenotype’, characterized by high levels of abdominal
fat and increased insulin resistance even at low levels of
body mass index (BMI), has been postulated as a reason
for this increased propensity to develop type 2 diabetes.?
However, recent studies suggest that beta-cell dysfunction
occurs quite early and rapidly in Asian Indians.! Type 2
diabetes in Asian Indians therefore appears to have a
slighty different pathophysiology, with severe insulin
deficiency being the primary defect in contrast to white
Caucasians, in whom the main driver of diabetes is obesity
and consequent insulin resistance.

It is therefore possible due to the above and the well-
known younger age at diagnosis that clusters of type 2
diabetes identified in Asian Indians based on parame-
ters used in the Western population might not behave
exactly in the same manner with respect to treatment
outcomes and risk of complications. In this paper, we
attempt to identify distinct clusters of type 2 diabetes
in Asian Indians and to look at the clinical implications
and outcomes of this clustering. This study is part of the
INdia-Scotland Partunership for pRecision mEdicine in
Diabetes (INSPIRED) project.

RESEARCH DESIGN AND METHODS

Study population

Data for this analysis were obtained from the electronic
medical records of a tertiary care center for diabetes,
which has 50 branches spread across nine states of India.
Clinical data of more than 400000 patients have been
captured and stored in the common diabetes electronic
medical records (DEMR) system of the center,’ which

represents one of the largest databases of patients with
diabetes in the world. Each patient is provided a unique
identification number at the time of their first regis-
tration, and clinical, anthropometric and biochemical
data are updated in the system at each subsequent visit.
Patients undergo a comprehensive evaluation for classifi-
cation of diabetes, assessment of control and presence of
chronic complications at the time of their index visit, and
these tests are repeated subsequently at regular intervals
based on prespecified protocols.

The following examinations and investigations are
performed for every patient during their clinic visits.
Height, weight and waist circumference are measured
using standardized techniques and the BMI calculated as
weight (in kilograms) divided by the square of height (in
meters). Blood pressure is recorded to the nearest 2mm
Hg from the right arm in a sitting position with a mercury
sphygmomanometer (Diamond Deluxe BP Apparatus,
Pune, India).

Blood samples are collected for the measurement of
various parameters including fasting and postprandial
plasma glucose, lipid profile, kidney and liver function
tests, glycated hemoglobin (HbAlc), and C peptide
(fasting and stimulated), while Glutamic Acid Decarbox-
vlase (GAD) autoantibodies are measured in a selected
subset of patients. Fasting plasma glucose (FPG), serum
cholesterol, serum triglycerides and high-density lipopro-
tein (HDL) cholesterol are measured using Hitachi 912
Autoanalyzer (Hitachi, Mannheim, Germany). Fasting C
peptide levels and stimulated (postbreakfast) C peptide
levels are estimated by the electrochemiluminescence
method on an Elecsys 2010 machine (Hitachi). To obtain
the C peptide values, a fasting blood sample is obtained
after an overnight fast of at least 8hours and a postpran-
dial sample after 90min of a standard South Indian
breakfast (above 250calories).® HbAlc is measured by
high-performance liquid chromatography using the
Variant machine (Bio-Rad, Hercules, California, USA).

Diabetes is diagnosed if the FPG level is 2126 mg/dL
(7.0mmol/L) and/or 2-hour postioad glucose level is
>200mg/dL (11.1mmol/L) and/or if the patient has
been prescribed pharmacotherapy for diabetes by a
physician.7

Type 2 diabetes is diagnosed by absence of ketosis, good
beta-cell reserve as shown by fasting C peptide assay
>0.6 pmol/mL, absence of pancreatic calculi (on abdom-
inal radiograph), and response to oral hypoglycemic
agents for at least 2 years.®

Assessment of complications is done as follows:

Retinopathy

A detailed retinal (fundus) examination is done by both
direct and indirect ophthalmoscopy by a retinal specialist.
Fundus photography is done using fourfield stereo color
retinal photography (Model FF 450 plus camera, Carl
Zeiss, Jena, Switzerland). An Early Treatment Diabetic
Retinopathy Study grading system that has been modified

2
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and standardized in other population-based studies is
used for the diagnosis of retinopathy.”?'®

Nephropathy

Microalbuminuria is diagnosed if the albumin excretion
was between 30 and 299 pg/mg and macroalburinuria
if albumin excretion is 2300 pg/mg." Nephropathy is
defined as the presence of either microalbuminuria or
macroalbuminuria.

Chronic kidney disease (CKD) is defined as an esti-
mated glomerular filtration rate of less than 60mlL/
min/1.73m” as calculated by the CKD-Epi formula.

Diabetic Kidney disease is defined as the presence of
CKD and/or albuminuria.

Homeostasis Model Assessment of beta-cell func-
tion (HOMA-B) and insulin resistance (HOMA-IR) are
assessed based on C peptide concentrations and plasma
glucose using the HOMA calculator (University of
Oxford, Oxford, UK).'?

From the DEMR, we selected 373 000 individuals aged
10-97 years who had a diagnosis of type 2 diabetes.
From these, we further selected 55429 individuals who
had baseline data available for the variables of interest,
namely age at diagnosis, BMI, waist circumference,
HbAlc, serum triglycerides, serum HDL cholesterol, and
C peptide (fasting and stimulated). Of these, we selected
20850 individuals with reported duration of diabetes less
than 5 years at first clinic visit (mean 1.74+1.4 years). After
merging the HOMA-B and HOMA-IR and removing indi-
viduals with HOMA-B >500 and HOMA-IR <20 (n=1512),
removing outliers for the remaining variables by the 55D
method (n=188) and excluding individuals who had a
positive test for GAD autoantibodies (n=66), we had a
final sample size of 19 084.

Cluster analysis

The k-means clustering method was done with k value
of 4 using k-means function (max iteration=10000) in
R V.5.6.0. Cluster forming tendency of the data was vali-
dated by the Hopkins statistic value. The optimal nurnber
of clusters was determined based on silhouette width.
Cluster-wise stability was computed by Jaccard bootstrap
method through resampling of the data set 2000 times.
A stable cluster generally yields Jaccard similarity index
of greater than 0.75.'* Cluster analysis was performed on
scaled and centered values. Cluster labels were assigned
based on the phenotype characteristics of individual
cluster mean values of the variables.

Sensitivity analysis was done using three time periods for
duration of diabetes <1 year, <3 years, and <5 years. Clus-
tering tendency of the three different baseline diabetes
duration data was found to have Hopkins statistic values
of 0.19, 0.18, and 0.16, indicating that there were no
significant differences in the cluster groups. Reclustering
was done on men and women separately to validate the
clustering and avoid the sex-dependent stratification
effect on the phenotype variables. The minimum silhou-
ette width was similar in both genders (male and female).

Statistical models

The risk of development of diabetes complications was
calculated using Cox regression models with covariate
as a cluster label and adjusted for age at diagnosis and
sex, after excluding individuals who already had compli-
cations at their first visit to the clinic. Cluster-wise time
to reaching target goal was analyzed by Cox regression
model. Cox proportional hazards assumptions were
tested using R V.3.6.0.

Validation of clustering in a nationally representative
epidemiological data set (ICMR-INDIAB study)
In order to validate the applicability of this clinic-based
clustering to the general population, we atternpted
to replicate the clustering in the data set derived from
the nationally representative Indian Council of Medical
Research-India Diabetes (ICMR-INDIAB} study. ICMR-
INDIAB is a nationwide population-based study on
diabetes and related non-communicable diseases being
carried out in all 29 states and 2 of the Union Territories
of India based on a representative sarple of each state.
The detailed methodology of ICMR-INDIAB has been
published elsewhere.'* Data from ICMR-INDIAB on the
prevalence of diabetes in 15 states of India have been
published.®

For purposes of this validation study, we selected
3851 individuals with type 2 diabetes from the INDIAB
study population in 15 states of India and clustering
was performed using the following six variables: age at
diagnosis, BMI, waist circumference, HbAlc, serum
triglycerides and serurn HDL cholesterol. We excluded G
peptide from the analysis as we did not have data on this
variable in the population-based sample. After excluding
1521 individuals who did not have data on all our vari-
ables of interest as well as 88 outliers (5SD), we had a
final sample size of 2204 individuals for the analysis. The
k-means clustering was applied with k value as 4 (max iter-
ation=10000) in R V.3.6.0. The optimal cluster number
was determined based on the silhouette width method.

Comparison with the Scandinavian clusters

Using the same five variables (age at onset, BMI, HbAlc,
HOMA-B and HOMA-IR) reported by Ahlgvist et al,Q
we then attempted to assess whether the clusters iden-
tified in the Scandinavian population are replicable in
the DEMR-derived Asian Indian clinic population. We
applied the k-means clustering (k=4) on the Asian Indian
population (N=19084) based on these five variables and
analyzed the optimal cluster number based on the silhou-
ette width method.

We were unable to perform the Scandinavian clus-
tering in the population-based INDIAB sample as we did
not have information on variables such as HOMA-B and
HOMA-IR in the epidemiological data set.

RESULTS
Using cluster analysis based on eight clinically relevant
variables (age at diagnosis, BMI, waist circumference,

BMJ Open Diab Res Care 2020;8:20015086. doi:10.1136/bmjdre-2020-001508
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Cluster 1 (SIDD)  Cluster 2 (IROD)  Cluster3 (CIRDD)  Cluster 4 (MARD)
n Ll - 5009 4934 7 9313 : BEES 6828 :
Frequency, % 26.2 25.9 12.1 35.8
Men, % 65.8 59.8 73.7 58.6
Age at diagnosis, years 42.5(10.8) 46.5 (10.4) 421 (3.8) 50.2 (10.3)
BMI, kg/m? 24,9 (3.5) 32.6(4.1) 26.5.(3.1) 25.9 (2.9)
Waist circumference, cm 90 (8.8) 108 (8.9) 94.9 (8.1) 924 (7.4)
Glycated hemoglobin, % 0.7 @13 . 8.3(1.8) 9.111.9) 72(1.9)
Glycated hemoglobin, mmol/mol 93.0 67.0 760 55.0
Serum triglycerides, mg/dL 149(59) . 155(39) 351 (102) 136 (50)
HDL cholesterol, mg/dL 40 (9) 38 () 36 (8) 42 (9)
C peptide fasting, pmol/mL 08Oy 1.5(0.4) 1.2 (0.4) 1.40.3)"
C peptide stimulated, pmol/mL 1.7 (0.6) 3.3(0.8) 2.6 (0.8) 3(0.7)
HOMA-B o 388@269)  100.8(515) B4.5(37.7) 94.1 (43.1)
HOMA-IR 2.8(1.6) 4.1(1.5) 3.8 (1.9) 2.6 (0.8)
WHR. .0.93(0.06) 0.97 (0.08) 0.96 (0.06)- 0.94(0.07)
Systolic blood pressure, mm Hg 123 (16) 128 (18) 127 (17) 127 (17)
Diastolic blood pressure, mmi Hy 79(9) - 82 (9) - 81 (10) 79 (9)
Serum cholesterof, mg/dL 188 (43) 176 (40) 206 (44) 177 (41)
LDL cholesterol, mg/dL 118.(37) 107 (35) 106 (38) 108 (35)
Insulin at registration, % 24.9 10.6 15.0 53
Metformin at registration, %" 38.4 71.3 50.9: 63.4
Sulfonylureas at registration, % 32.8 444 38.0 397
Statin at registration, % 30.2 37.8 ., 37.3 37.8
ACE inhibitor at registration, % 2.4 3.5 2.9 3.4

Variables in boid are those used for clustering.

ACE, angiotensin converting enzyme; BM|, body mass index; CIRDD, Combined Insulin Resistant and Deficient Diabetes; HDL, high-
density lipoprotein; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis modet assessment of
insulin resistence; IROD, Insulin Resistant Obese Diabetes; LDL, low-density iipoprotein; MARD, Mild Age-Related Diabetes; SIDD,

Severe Insulin Deficient Diabetes; WHR, waist hip ratio.

HbAlc, serum triglycerides, serum HDL cholesterol, and
C peptide fasting and stimulated), we were able to iden-
tify four replicable clusters of patients with type 2 diabetes
in this Asian Indian population. The optimal number of
clusters was based on silhouette width obtained from
both the DEMR and the national ICMR-INDIAB data sets
(online supplementary figure S1A,B). Table 1 shows the
clinical and biochemical characteristics of these four clus-
ters with respect to the eight variables used for clustering
and compares other clinically relevant variables across
these clusters. The Jaccard similarity index was greater
than 0.75, which confirmed that the cluster allocations
were stable.

Cluster 1, referred to as Severe Insulin Deficient Diabetes
(SIDD), included 26.2% of clustered patients and was
characterized by the lowest BMIand waist circumference,
as well as the lowest C peptide (fasting and stimulated)
levels. HOMA-B and HOMA-IR were both low in this
cluster. These individuals had the highest HbAlc values
and were more likely to be using insulin compared with
the other clusters.

Cluster 21s a novel cluster which we refer to as Insulin
Resistant Obese Diabetes (IROD). This comprised
25.9% of clustered patients. These individuals had the
highest BMI and waist circumference and the highest
C peptide levels. HOMA-B and HOMA-IR were zlso the
highest for this cluster. Metabolic control was inter-
mediate and individuals were more likely to be on
metformin.,

Cluster 3, another novel group identified in this popu-
lation, is referred to asCombined Insulin Resistant and
Deficient Diabetes (CIRDD) and constitutes 12.1% of the
study population. This group was characterized by the
lowest age at onset. BMI and waist circumference were
intermediate between SIDD and IROD. CIRDD had the
highest triglyceride and lowest HDL cholesterol levels
of all the four groups. C peptide levels were higher than
SIDD, but lower than IROD. HOMA-B and HOMA-IR
values were also intermediate between SIDD and IROD,
indicating coexistence of insulin deficiency and insulin
resistance. Metabolic control tended to be poor; however,
only 15% were on insulin.

]
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Table 2 Cox HR for microvascular complications across clusters |

P value

Labels Events (%) HR (95% Ciy*
Retinopathy SIPD 49 1,56 (+.22 10 1.98) <0.001"
: IROD . 27 0.99(0.79 to 1.24) 0.95
CIRDD . ERT R 1.31(1.01t0 1.71). <0:05
MARD 29 Rt o R
Nephropathy SIbD B.4 1.18 (0.96 to 1.45) 0.1094
IROD 6.3 1.03 (0.87 to 1.23) 0.672
CIRDD 6.2 1.23 (1.05 to 1.46) <0.0001
MARD 5.7 1 -
CKD - . sibb 5 1.5 130 (0.94 0 1.78) 0.1031
IROD = e 148(112101.97) - '<0.001-
CIRDD TrE 230 (1.61t03,26) - <0.001
= - © MARD: o2l IR S e
DKD SIDD 6 1.03 (0.88 to 1.20) 07002
IROD 6.3 1.20 (0.98 to 1.47) 0.0732
CIRDD 5.7 1.22 (1.03 to 1.45) <0.05
MARD 59 1 -

The bold values denole the differences that have attained statistical significance.

"Adjusted for age, sex, HbA1c and blood pressure, using MARD as the reference group, HR=1.0.

CIRDD, Combined Insulin Resistant and Deficient Diabetes; CKD, chronic kidney disease; DKD, diabstic kidney disease; HbA1c,
glycated hemoglobin; IROD, Insulin Resistant Obese Diabetes; MARD, Mild Age-Related Diabetes; SIDD, Severe Insulin Deficient

Diabetes.

Cluster 4, referred to as Mild Age-Related Diabetes
(MARD), represented the most frequent cluster in this
population (35.8%) and was characterized by later age
at onset than other clusters. They were characterized by
the highest HDL cholesterol, fairly preserved C peptide
values and the best metabolic control of all the four
groups. This group had the least use of insulin.

The characteristics of the clusters did not differ when
split by gender (online supplementary table $1, online

— CIROBD e [ROD = me— = MARD  wooommee Sioh
T
s 05 “r____u’-_'.f‘J
2 oy
8 4 e . -
Q proe weraee -1 =
c - o el
= 03 ey -_—... J——  espagupa -
2 . et
] g -
E 6.2 ﬁ‘,"-
=
Q a1
0.0+
2 4 & 8
Time
Number at risk
+; CIRDD{ 4584 819 £ 540 19
% IRCD{85m 1360 504 182 21
= MARG {8418 1540 567 170 23
SIDD {11315 252 08 362 62
0 2 4 i3 8
Tine

Figure 1 Reaching treatment goal (glycated hemoglobin
<7% (53 mmol/mol). CIRDD, Combined Insulin Resistant and
Deficient Diabetes; IROD, Insulin Resistant Obese Diabetes;
MARBD, Mild Age-Related Diabetes; SIDD, Severe Insulin
Deficient Diabetes.

supplementary figure S2A,B) and duration of diabetes
(online supplementary table §2).

Online supplementary table $3 shows the clustering
without including HbAlc in the model. It was observed
that the cluster characteristics are similar even without
including HbAlc. In this model, SIDD was the most
frequent cluster (32.7%), followed by MARD (31.9%),
IROD (21.9%) and CIRDD (13.5%).

Table 2 shows the Cox proportional HR for various
microvascular complications of diabetes among the clus-
ters. SIDD had the highest hazards for developing reti-
nopathy, followed by CIRDD (p<0.05), while CIRDD
had the highest hazards for kidney disease (both CKD
{p<0.05) and proteinuria) after adjusting for age, gender,
HbAlc and blood pressure.

Figure 1 shows the time to reach treatment goal (HbAlc
<7% (53 mmol/mol)}) for various clusters. MARD showed
the shortest time to reach goal, and CIRDD and SIDD the
longest (online supplementary table S4).

Results from the valldation with INDIAB data

Results from the validation study with the INDIAB data
show that the clusters identified in the clinic population
are replicable in this nationally representative data set
(table 3).

In the INDIAB population, MARD was the most
frequent cluster (34.8%), followed by IROD (30.3%),
SIDD (24.7%) and CIRDD (7.6%). SIDD had the lowest
BMI and waist circumference and highest HbAlc.
IROD had the highest BMI and waist circumference

BMJ Open Diab Res Care 2020;8:¢001506. dol:10.1136/bmjdrc-2020-001506
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Table 3 Validation of cluster in nationally representative IGMR-INDIAB data (1=2204)

Cluster 4 (MARD)

Cluster 1 {SIDD) Cluster 2 (IROD) Cluster 3 (CIRDD)
. ) '60'3': T Tar T et o7
% 27.4 30.3 7.6 34.8
Men, % : 546 520 635 575
Age at diagnosis, years 40.1(9.8) 48.2 (9.6) 45.4 (10.2) 56.5(9.8)
BMI, kg/m? 22.7(8.1) 29.9(3.6) 2512.9) 23.4 (2.8)
Waist circumference, cm 82.8 (9.2) 102.5 (8.0) 90.4 (8.9) 86.1 (8.9)
Glycated hemoglobin; % 10021 7.9(1.:8) 9.0.2.0) 6.7 (1.2}
Glycated hemoglobin, mmol/mol 86.0 63.0 75.0 50.0
Serum triglycerides, mg/dL 180.6(84.0) 187.8 (82.3) 414.0:(48.3) 151.1 (72.8)
HDL cholesterol, mg/dL 40.9 (10.5) 37.3(8.9) 31.6(8.1) 39.0 (10.3)
Serum cholesterol, mg/dL - 183.5 (47.8) 178.3 (41.1) 218.9(56.6) 171.7 @2.0)
Systolic blood pressure, mm Hg 135.1 (21.3) 141.6 (23.4) 139.6 (21) 142.4 (24.1)
Diastolic blood pressure; mim Hg Brei) ' 83}7?("1':2::6) .86 (11.9) 822(122)

Variables in bold are those used for clustering.

BMI, body mass index; CIRDD, Combined Insulin Resistant and Deficient Diabetes; HDL, high-density lipoprotein; ICMR-INDIAB, Indian
Council of Medical Research-India Diabetes; [ROD, Insulin Resistant Obese Diabetes; MARD, Mild Age-Related Diabetes; SIDD, Severe

Insulin Deficient Diabetes.

and intermediate metabolic control. Individuals in the
CIRDD cluster had BMI intermediate between SIDD and
IROD, the highest triglycerides and lowest HDL, and
high HbAlc and diastolic blood pressure. MARD had
the highest age at diagnosis, the highest HDL levels, the
lowest diastolic blood pressure and the best metabolic
control. In all these respects, the clusters derived from
the ICMR-INDIAB population behaved similar to those
derived from the DEMR.

Resulls of comparison with the Scandinavian clusters

We then undertook the clustering based on the five vari-
ables used by Ahlqgvist et al® We found that there were
considerable differences between the clusters obtained
in the Scandinavian population and the Asian Indian
population {online supplementary tables S5 and S56).
The insulin deficient cluster in the Asian Indian popu-
lation was similar to SIDD in the Scandinavian popula-
tion, as was the mild age-related subgroup to MARD
(although with alower age); however, the severely insulin
resistant group in our population was also characterized
by poor beta-cell function and higher levels of obesity
(unlike severe insulin resistant diabetes in the Scandina-
vian population), while the mild obesity-related diabetes
cluster could not be clearly defined in our population.

CONCLUSIONS

In this analysis of around 20000 individuals with type 2
diabetes from South India, we were able to identify four
clusters of patients, differing in phenotypic characteris-
tics as well as disease outcomes with respect to diabetes
control and risk of complications. These findings repli-
cated in a population-based study in India across 15
Indian states. Two of these subgroups (SIDD and MARD)

correspond to the clusters identified by Ahlqvist e af in
the Scandinavian populalions,while the other two are
novel subgroups (CIRDD and IROD) with certain unique
phenotypic and biochemical characteristics.

One of these novel subgroups, which we have termed
CIRDD, comprises a minority of patients with type 2
diabetes in our population, but represents a more aggres-
sive phenotype in that the age of onset is lower and their
metabolic control is almost as poor as those of the severe
insulin deficient (SIDD) group. Also, they took almost
as long as those in the SIDD cluster to reach treatment
goals. It is likely that the presence of dual pathophysi-
ology renders these individuals at high risk of developing
diabetes at younger ages and predisposes them to poorer
glycemic control. These individuals also had the highest
serum triglyceride levels among all the clusters, possibly
on account of accelerated lipolysis, secondary to insulin
resistance. The insulin deficiency in these individuals
could, in part, be attributed to beta-cell damage due to
lipotoxicity. Patients with CIRDD also had the highest
hazards of developing kidney disease and the second
highest hazards for retinopathy. More aggressive therapy
with a combination of agents targeting multiple patho-
physiologies of type 2 diabetes may be indicated in these
patients (perhaps as early as at the time of diagnosis}) so as
to help them develop a favorable ‘legacy effect’ and thus
help prevent long-term complications. They also need to
be screened more aggressively for complications, partic-
ularly nephropathy and retinopathy. All these of course
have to be tested prospectively through well-planned
randomized clinical trials.

Individuals with the second novel subgroup, IROD, had
better metabolic control than either SIDD or CIRDD,
implying that they have sufficient beta-cell function to at

6

BM.J Open Diab Res Care 2020;8.60015086. doi:10.1136/bmjdrc-2020-001506

‘wbuAdoa Kg paraaiold
‘pasosuods Hd-FNGIBIPUL 1B 0202 “61 18nBny Lo /oo flug o.py/ iy Loy papeojumod "0202 1snBny /1 uo 905 10G-0202-24pllug/ag LL'0L se paysiand 1s.y :aieD) say gerq usdo ring




least partally compensate for the obesity-related insulin
resistance. However, they also had high risk of devel-
oping kidney disease. The higher risk of kidney disease in
the wo insulin resistant phenotypes (CIRDD and IROD)
can be explained by the association of insulin resistance
with increased salt sensitivity, glomerular hypertension
and hyperfiltration.'® The excess risk of kidney disease
in CIRDD over and above that in IROD can likely be
explained by the poorer glycemic control in the former,
on account of concomitant insulin deficiency.

The SIDD phenotype is similar to that described by
Ahlquist ¢t af and had the worst metabolic control and
took the longest time to reach treatment goal among the
four subgroups. Similar to the Scandinavian population,
the risk of retinopathy was highest in this insulin deficient
phenotype, underlying the pivotal role played by hyper-
glycemia secondary to insulin deficiency in the develop-
ment of this microvascular complication. Enabling timely
attainment of glycemic goals in these individuals would
require more intensive use of insulin therapy, patient
education and adoption of technologies than has been
the case thus far.

Individuals in the MARD subgroup formed the most
frequent cluster in our population and behaved similar
to the corresponding cluster in the Scandinavian popula-
tion. They had the best metabolic control and the lowest
risk of complications of all the four subgroups. However,
these individuals had a significantly lower age of onset of
diabetes (50.2 vears) compared with those in the Scandi-
navian MARD cluster (67.3 years). This is likely explained
by the lower age of onset of diabetes in the Asian Indian
population in general. We cannot be certain whether our
patients with MARD will continue to exhibit features of
a mild phenotype of diabetes for the remainder of their
lifespan; regular follow-up and monitoring is therefore
essential even in this seemingly benign subgroup of type
2 diabetes.

Recentattempts to replicate the subclassification of type
2 diabetes in the US and Chinese population applying
similar variables to those applied in the Scandinavian
population have suggested that this European-oriented
classification is generalizable to other ethnic groups.17
In contrast, when we adopted the same approach in
our Asian Indian population, we found that two of the
subgroups could not be defined as described by Ahlgvist
et al® We postulate that our novel clustering approach
(using variables that have been shown to be associated
with the Asian Indian phenotype) will be more clinically
relevant to our population. While we did use C peptide
in our clustering in order to prove the existence of beta-
cell deficiency, we were able to replicate the clusters even
without the G peptide values. In resource-constrained
settings, the use of C peptide may not be feasible. It is
therefore gratifying that the model works even without
C peptide, which would help to scale up the use of these
clusters to smaller clinics in remote areas; however, the
predictive accuracy will be slightly lower if this approach
is used. Similarly, the cluster characteristics remained

stable even if HbAlc was not used, but considering that
the clinical accuracy is much improved when HbAlc is
used, we prefer that HbAlc stays in the model. Moreover,
HbAlc is now part of the standard of care for diabetes in
India, as in the rest of the world,

The strengths of our study include the use of a very large
database on diabetes and identification of clusters based
on phenotypic variables appropriate to the Asian Indian
phenotype. However, the study does have a few limitations.
Our institution being a private, pay-forservice clinic, data
on all the variables of interest were not available for every
patient due to financial constraints. Similarly, as our inst-
tution is also a tertiary referral center for diabetes, only the
more severe or advanced cases of diabetes tend to visit the
clinic, and this could have introduced an element of bias
into our results. Qur results, however, show that these clus-
ters are replicable when applied to a nationally representa-
tive population derived from a large epidemiological study,
suggesting that they are generalizable to the Asian Indian
population with diabetes.

In conclusion, we show that type 2 diabetes in the Asian
Indian population can be classified into four phenotypic
clusters with important implications for prognosis and
management. While two of these clusters correspond
to those reported in the white Caucasian population,
the other two are novel and unique to the Asian Indian
population. Of the four clusters, CIRDD is of particular
importance as it represents a more aggressive phenotype
of type 2 diabetes characterized by difficult-to-control
hyperglycemia and markedly increased hazards of kidney
disease and retinopathy. We acknowledge that catego-
rizing patients into subtypes will have less power to predict
complications than using the continuous data,”® but
conceptually we believe it is important to recognize that
patients in India differ phenotypically and this pheno-
typic variation impacts on their risk of complications.
Risk prediction either based on allocation to subgroups
or using the continuous traits in clinical practice will help
physicians tailor their treatment strategies such that indi-
viduals receive the most appropriate therapy right from
the time of diagnosis.
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The Stepwise Approach to
Diabetes Prevention: Results From
the D-CLIP Randomized
Controlled Trial

Diabetes Care 2016;39:1760-1767 | DO!: 10.2337/dc16-1241

OBJECTIVE

This study tests the effectiveness of expert guidelines for diabetes prevention:
lifestyle intervention with addition of metformin, when required, among people
with prediabetes.

RESEARCH DESIGN AND METHODS

The Diabetes Community Lifestyle Improvement Program {D-CLIP) is a random-
ized, controlled, translation trial of 578 overweight/obese Asian Indian adults
with isolated impaired glucose tolerance (ilGT), isolated Impaired fasting glucose
(ifFG), or IFG+IGT in Chennai, India. Eligible individuals were identified through
community-based recruitment and randomized to standard lifestyle advice {con-
trol) or a 6-month, culturally tailored, U.S. Diabetes Prevention Program-based
lifestyle curriculum plus stepwise addition of metformin (500 mg, twice daily) for
participants at highest risk of conversion to diabetes at 24 months of follow-up.
The primary outcome, diabetes incidence, was assessed biannually and compared
across study arms using an intention-to-treat analysis,

RESULTS

During 3 years of follow-up, 34.9% of control and 25.7% of intervention partici-
pants developed diabetes (P = 0.014); the relative risk reduction (RRR) was 32%
(95% Cl 7-50), and the number needed to treat to prevent one case of diabetes
was 9.8. The RRR varied by prediabetes type (IFGHGT, 36%; ilGT, 31%; ilFG, 12%;
P = 0.77) and was stronger in participants 50 years or older, male, or obese. Most
participants (72.0%) required metformin in addition to lifestyle, although there
was variability by prediabetes type (ilFG, 76.5%; IFG+IGT, 83.0%; ilGT, 51.3%).

CONCLUSIONS

Stepwise diabetes prevention in people with prediabietes can effectively reduce
diabetes incidence by a third in community settings; however, people with ilFG
may require different interventions.

Randomized controlled trials have shown the efficacy of lifestyle interventions or
metformin for reducing diabetes conversion among individuals with impaired glu-
cose tolerance {IGT) (1-5). The American Diabetes Association (ADA) and the In-
ternational Diabetes Federation recommend stepwise diabetes prevention (lifestyle
modification plus metformin when risk remains elevated) for individuals with any
form of predlabetes, defined as isolated IGT (IIGT), isolated impaired fasting glucose
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(iIFG), or IFG+IGT (6,7). However, no
large diabetes prevention trial has com-
pared the effects of diabetes prevention
across the prediabetes spectrum, and
no study has tested the effectiveness
of the stepwise diabetes prevention
recommendations.

The incredible diabetes burden re-
flects our failure to translate proven ev-
idence for prevention into action cn a
wider scale, Worldwide, 415 millien
people have diabetes, and this number
will reach 642 million by 2040 (8). Most
individuals with diabetes, 75%, live
in low- and middle-income countries
(LMICs) (8), where the condition has es-
pecially marked effects on health and
economic prosperity.

The Diabetes Community Lifestyle
Improvement Program (D-CLIP) (9) is a
randomized controlled, diabetes pre-
vention trial in adults with iIGT, ilFG, or
IFG+IGT in which standard of care is
compared with a culturally tailored life-
style education currictlum based on the
U.S. Diabetes Prevention Program (DPP)
plus stepwise addition of metformin
when needed. D-CLIP was conducted in
Asian Indians, a population at elevated
risk for developing diabetes even at
younger ages and lower BMis (10-13)
and possibly with dual susceptibility
to insulin resistance and early B-cell
dysfunction {14,15). in this study we
tested the effectiveness of guideline-
based, stepwise diabetes prevention by
comparing the incidence of diabetes
between control and intervention par-
ticipants and by determining whether
intervention effects differ across base-
line prediabetes type, HbA,. level,
age, sex, BMI level, or family history
of diabetes.

RESEARCH DESIGN AND METHODS

D-CLIP is a randomized, controlled
translational research study. Detailed
study methods are described elsewhere
(9), and details pertinent to this analysis
are discussed below. The Emory Univer-
sity Institutional Review Board (IRB-
00016503) and the Madras Diabetes
Research Foundation Ethics Commit-
tee approved the study procedures
and materials.

Participants

D-CLIF included overweight or cbese
{World Health Organization Asian-specific
cut points: BMI 23 to <27.5 kg/m? for

overweight, BMI =27.5 kg/m? for
obese and/or waist circumference
=90 cm for men or =80 cm for women)
(16) adults aged 20~65 years with pre-
diabetes {IFG: fasting plasma glucose
[FPG] 5.6-6.9 mmol/L and/for IGT: 2-h,
postload glucose of 7.8-11.0 mmol/L)
{17}. Individuals with diabetes, major
health conditions impeding participaticn
in an unsupervised lifestyle change pro-
gram, or current pregnancy or breast-
feeding were excluded.

Individuals provided written in-
formed consent before screening and
randomization. A detailed discussion of
recruitment and enroliment is available
elsewhere (18). Briefly, two-step screen-
ing included:1) community-based screen-
ing camps at housing/apartment blocks,
worksites, schools, and churches and dur-
ing community health events (e.g., World
Diabetes Day health screening) with a
short demographic questionnaire and an-
thropometry and finger-stick, random

Weber and Associates

capillary glucose measurements; and 2)
clinic-based screening with question-
naires, anthropometric measurements,
blood pressure measurement, a fasting
blood draw, and a 2-h oral glucose toler-
ance test (OGTT} for individuals found in
step 1 to be at risk for having prediabe-
tes (initially, random capillary glucose
=6.1 mmol/L, although this was later
changed to =5.6 mmol/L to improve
the pace of recruitment). A smaller sam-
ple of individuals with probable or known
prediabetes, identified from clinic refer-
rals, attended only clinic-based screen-
ing (step 2 above). Figure 1 details
inclusion and exclusion at each step
of enrollment.

A brief run-in period followed screen-
ing, whereby noncompliant individuals
(never attended the first intervention
class or the control group education
class) were removed from the study.
The baseline characteristics between non-
compliant individuals and participants

l Enroliment I

Community-based Screening
Assessed for eligibility (n = 19,377)

Direct referrals from clinic and ather
study databases (n = 521)

Excluded (n=18,613)
= Not meeting inclusion criteria (n =
16,296 (4,175 with known or suspeacted

J

diabetes, 11,667 with normoglycemia,
454 with normal BMI])
+ Declined to participate (n = 1,718)

Clinic-based Screening

Assessed for eligibility (n = 1,285)

= Other reasons (n = 599)

Excluded {n=707)

» Not meeting inclusion criteria (n = 575
[220 with newly diagnosed diabetes,
355 with narmoglycemia])

*» Declined to participate {n = 35)

Other reasons (n = 73 removed during

Randemized {n = 578)

run-ire period for noncompliance, n =
24 included in study classes, but not
analys!s [n=23 with borderline diabetes,

n = 1 with borderline narmaglycetial)

Y

Allocated ta contral (n = 295)

Allocation

Follow-Up

| Allacated 1o intervention {n = 283)

Lost to follow-up {n = 14)

= Maved/Traveling for Work (n = 6)

» No longer willing to participate (n = 4)

= No lenger responsive or reason
unknown (n=4)

Lost ta follow-up {n = 14)

« Maoved/Traveling for Waork (n = 7)

+ No longer willing to participate {n = 6)
= Became pregnant {(n = 1)

[ Intention-to-Treat Analysis ]

Analyzed {n = 281)

| Figure 1—D-CLIP trial profile,

Analyzed (n = 269)
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remaining in the study were not signifi-
cantly different, The study enrolled 24 indi-
viduals, 12 per study arm, with borderline
glucose levels (0.06—0.28 mmol/L outside
the ADA cutoffs for diabetes {n = 23] or
normoglycemia [n = 1]) who were not in-
cluded in the analysis. The study physicians
requested that these individuals be
allowed to participate in the study be-
cause they felt that lifestyle education
would be beneficial. A sensitivity anal-
ysis was conducted comparing the pri-
mary end point with and without these
individuals.

Randomization and Masking

The study site coordinator (R.H.} pro-
vided a list of eligible study identifiers
to the U.S.-based coordinator (M.B.W.,
who had no interaction with study par-
ticipants} weekly for randomization
using a random-number list created in
SAS software (SAS Institute, Inc., Cary,
NC}. The study site coordinator then in-
formed participants of their allocation
group. Because of the nature of the trial
and the inclusion of group-specific ques-
tions in the study questionnaire, study
participants, staff, and investigators
could not be blinded to group allocation.

Interventions

Control and intervention activities were
conducted at the study site, a diabetes
careand research institution in Chennai,
India, with extensive experience in
diabetes treatment and prevention.
Classes and data collection visits were
designed to fit within participants’
schedules, with most activities occur-
ring on weekends, Control arm partici-
pants received the study site’s standard
of care for prediabetes: a single day with
one-on-one visits with a physician, a di-
etitian, and a fitness trainer and one
group class on diabetes prevention
{e.g., following a low-fat diet rich in
complex carbohydrates and fresh fruits
and vegetables, increasing physica!l ac-
tivity). Metformin prescription for dia-
betes prevention is not standard of
care at the study site, so no control
arm participants received metformin.
Aside from follow-up data collection vis-
its, controi participants had no addi-
tional contacts with study staff.

The stepwise intervention included
lifestyle classes plus metformin when
needed. The lifestyle curriculum was
based on the DPP, with lessons modified

to be group-based and culturally appro-
priate. Weekly classes included 16 core
intervention classes in months 0-4 on
active lifestyle changes, followed by
8 maintenance classes in months 5-6.
Like the DPP, participants had two study
goals: =7% weight loss and =150 min
weekly of moderate-intensity exercise.
Participants were trained on improving
diet quality and reducing dietary intake
through keeping weekly food diaries,
adhering to individual goals for total
fat intake, reducing portion sizes, and
increasing intake of fiber-rich foods. A
trained lifestyle modification team,
including a health coach, a fitness in-
structor, and a community volunteer
peer leader taught each cohort of 8-24
participants (18 total cohorts; median
cohort size, 16}. At 4 months or later
(after the core lifestyle curriculum was
completed}, intervention participants
were prescribed metformin at a dose
of 500 mg twice daily if they were con-
sidered at high risk of converting to di-
abetes, defined as having IFGHGT or
IFG+ HbA;. =5.7% (39 mmol/mol). After
the lifestyle classes ended, intervention
participants had minimal contacts with
study staff (phone calls every 6 months
to schedule study testing visits and
LISTSERV postings for holidays).

Study Testing and Outcome Measures
Testing visits occurred at the study site
at baseline, postcore intervention (month
4), postmaintenance (month 6}, and every
6 months until study closeout and included
study questionnaires, anthropometric
measurements, blood pressure testing,
and fasting blood draws. Three-sample
(0, 30, and 120 min) 75-g OGTTs were per-
formed annually.

The primary outcome, diabetes inci-
dence, was diagnosed on the basis of a
single, annual OGTT or the semian-
nual FPG test. Diagnostic cut points for
diabetes were based on ADA crite-
ria, FPG =7.0 mmol/L or 2-h glucose
=11.1 mmol/L (17). Secondary out-
comes included welght, waist circumfer-
ence, FPG, 2-h glucose, HbA,., physical
activity, diet, and metformin adherence.
Covariates included age, sex, BMI, pre-
diabetes category, HbA;., and self-
reported family history of diabetes
(having a first-degree relative with dia-
betes). Mean minutes of weekly, self-
reported physical activity were estimated
based on the following questions: 1)
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“how many days per week do you exer-
cise;” and 2} “on average how long does
each exercise session last” (possible val-
ues: 0-15, 16-30, 31-45, 46-60, or
>60 min). Weekly physical activity was
categorized as reaching study goals
(=150 min/week} or not. Dietary intake
was measured using a Food Frequency
Questionnaire developed for South In-
dian populations (19). Adherence to
metformin was assessed by pill counts
at each study visit.

Study physicians reviewed study re-
cords and an adverse event question-
naire to determine whether adverse
events occurred and whether they
were study related. If needed, the par-
ticipant met with the study physician to
review the event and make changes.
Participants were also in frequent con-
tact with study staff, who referred par-
ticipants to the study physician if an
adverse event was suspected.

Statistical Analysis

A data safety officer monitored the
study. The analysis was conducted in SAS
9.4 software and followed an intention-
to-treat principle. The study was de-
signed to provide 80% power to
detect a 35% difference in diabetes in-
cidence between groups assuming a
10% loss to follow-up, an « of 0.05, and
an annual conversion rate to diabetes
of 9%,

Intervention adherence was assessed
by evaluating 1} class attendance;
2) changes in dietary intake (using
repeated-measures models}); the percent-
age of participants reaching 3) physical
activity and 4) welght loss goals at 6 and
12 months; and 5) metformin adher-
ence. Changes over time in intermediate
outcomes of weight, waist circumfer-
ence, HbA,., FPG, and 120-min glucose
were modeled using repeated-measures
analysis.

" Time to diabetes, survival probabili-
ties, and associated SEs were quantified
through life-table methods. Cumulative
incidences of diabetes in intervention
and control participants were compared
through product-limit curves and the
log-rank test. Risk reduction and tests
for heterogeneity across baseline cova-
riates were assessed by proportional
hazards regression at a significance level
of P < 0.1, Baseline age, BMI, waist cir-
cumference, and HbA, . values were ex-
amined categorically and continuously.
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The number needed to treat to prevent
one case of diabetes and the 95% C!
were calculated using survival probabii-
ities at 3 years and the Greenwood esti-
mate of the SE.

RESULTS

Study Enrollment and Follow-up
Recruitment (September 2009-February
2012} included community-based screen-
ing of 19,377 individuals, of which 18,613
were ineligible for or declined additional
screening (Fig. 1). The remaining 764 indi-
viduals plus 521 referrals from clinic data-
bases attended clinic-based screening
{n = 1,285}, From these, 707 people
were excluded (575 ineligible, 35 unwill-
ing, and 97 other reasons), and 578 indi-
viduals were randomized to intervention
{n = 283) or control {n = 295). Most of
excluded individuals at each stage of
screening were ineligible for the trial.
Participants {63.2% male; mean age,
44.4 [SD 9.3] years) had a mean BMI of
27.9(SD 3.7) kg/m?, and 30.2% had ilFG,
29.7% had ilGT, and 40.1% had IFG+IGT
(Table 1}. Mean follow-up time was 2.54
years (range 4-48 months}. including in-
dividuals with borderline baseline glu-
cose levels in the analysis resulted in a
small, insignificant strengthening of the
intervention effect, so these individuals
were excluded from the reported results.
Loss to follow-up (individuals lacking all
follow-up data} was 4.7% {intervention,
4.7%; control, 4.6%), leaving 281 control
subjects and 269 intervention participants
for the primary outcome assessment.

Changes in Diabetes Incidence

During the 3 years of follow-up, there
was a 32% (95% C1 7-50) relative re-
duction in diabetes incidence in inter-
vention participants compared with
control subjects {Table 2). The incidence
remained lower in the lifestyle partici-
pants throughout the follow-up {Fig. 2}.
At 3 years, 34.9% of control subjects (n=
98) and 25.7% of intervention partici-
pants {n = 69) had developed diabetes
for an average annual incidence of dia-
betes of 11.1% and 7.8%, respectively
(P = 0.014), and the number needed to
treat to prevent one case of diabetes
with the D-CLIP intervention was 9.8
{95% Cl 5.4-53.9).

The RRRs were stronger in some sub-
groups (Table 2). When comparing across
prediabetes type, the intervention effects
were only significant among participants

Table 1-Baseline characteristics by groups
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. Control .

- Overall Intervention
Cha’racterlstics* . (N =576} (n = 293) {n = 283)
Sex,n(%) T [
-7 Male © 364163.2) 183 (62.5) .. - 181 (64.0}
; Female 21%(36.8) 110 {37.5}) 102 {36.0)
_Education, 71 (%) i D _
U High' sehgol o fesg T TR 222(38.7) 110 (37.8) ... 112{39.6)
Undergraduate/technical degree : : .
or greater - _ 352(61.3) 181 (62.2)  171460.4)
Monthly intome, n (%) S S '
10,000 rupees 149 (28.4) L 71(26.4) 78 [30.6)
*10,000-25,000 rupees: 210 {30.1) 111{41.3) | 99 {38.8)
=>25,000 rupees 165 {31.5) 87 (32.3) . 78 (30.6)
Family history of diabetas, n (%) 330.{57,1) 169 (57.3) 161 {56.9)
.:Agé, years, mean {SD) 44.49.3) . 44.0(9.5) 44.8 {9.0)
“'Weight, kg, mean {SD) 74.6(11.4) 74.7 {11.4) 74.6 (11.3)
BMI, kg/m?, mean (SD): 27.913.7) 278(3.7) 27.9{3.7)
BMI eategories, n (9’) )
Normal = 33(5.7) 18 {6.1) - 15 (5:3)
Overweight © 262.(45.3) 134 {45.4) 128 (45.2)
Obese 2831(45.0) 143 {48.5) 140 (49.5)
Walst circumference, cm, mean {SD) 948 (9 1 “Hag {88y T 847 (9:4)
Plasma glucose, mmel/l. mean (SD) ' S o '
“Fasting’ e Si';’:(_'OLS} CHIBT05) T BT (0]
~ 30-min posﬂoad C97H1:4) 19,6 (1.5} 9.8 (1.4}
120-min posticad - 8.313.5) - 8.41{1.4) 8.2{1.5)
HbAs %, mean (SD) 6.0(D.5) Jeo{0s) 6.0 (0.5)
HbA,, mmol/mol, mean (SD) 421(5.5) 7 42(5.5) - 42 (5.5)
Glucose mtolerance Javel, ' (%) : :
iFG : . 174{30.1) g4 (285) 90 (31.8)
_' 6T 172:{29.8) 89 (30.2) 23 (29.3)
IGT+IFG. ;. | 232(40.1) 122 (41.4) 110 {38.9)
Reported ahy exercise; nt (%) - 331(57.6) 167 {57.2) 164 (SS.D)
Average minutes of exercise, n ("/) .
<150 min 431°(75.2) 221 (75.7) 210{74.7)
2150 min 142(24.8) 71 {24.3) 71{25.3)

Daily dietary intake, kcal, mean {SD}
- Total calories
Calories-from fat -
Calories from carbehydrates

2,970.6 (865.0)
825.8 (287.0)
1,803.2.(523.9) ..

2,999.7 {839.6)
.-839.5 (2767}
1,815.8 {513.0)

2,042.0 (889.9):
812.2 (296.7)
1,791.0 (535.1)

*Family history of d;abetes defined s one or moré first- degree- relatives (parent sibling, or child)

W|th dlabetes

with IFGHGT (36% [95% Ci 3-57]), al-
though the relative reduction in incidence
was similar in magnitude among IIGT par-
ticipants (319%). For individuals with iIFG,
the RRR was 12% {85% C! —80to 57}. The
reduction in incidence was strongest
among older participants and men. Reduc-
tion in diabetes incidence was more than
two-times higher in obese participants
than in overweight participants. The differ-
ences in RRR across glycemic status group,
BMI category, age, and sex did not reach
statistical significance.

Changes in Intermediate Qutcomes
Change in weight and waist circumfer-
ence differed significantly between

intervention and centrol participants
during the 3 years of follow-up (P <
0.001 for each) (Supplementary Fig. 1).
The intervention group lost weight
throughout the 6-month intervention
period, with a maximum weight [oss at
6 months {weight loss: —2.4 [SD 2.7] kg/
~3.2% [SD 3.4] at 4 months and
—2.9 [SD 2.9] kg/-4.0% [SD 3.8] at
& months}. The centrol arm enly lost
weight in months C—4 {—0.8 [SD 2.2] kg/
—-1.0% [SC 2.9]). Similarly, waist circum-
ference decreased in the interven-
tion arm by month 4 (—3.6 [SD 4.6] ¢m)
and month 6 (—3.9 [SD 4.3] cm), but
only in months 04 in the control group
(—1.5 [SD 3.6] cm}. Glucose measures
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‘Table 2—Incidence of diabetes incidence and risk reduction ‘and numbers
needed to treat in D CLIP intervention’ and control partnc;pants by population

subgroup
Incidence density ... R [N ;
{cases/100+ -1 Reductionin -." Number needed .
personsyears} incidence* o treat
"N Control ntervention % 7 95% Gl i 1 85% O
Overall . _ 550 14.2 _': 93 320 07,50:0 9.8 g 53,90
Age, yearst ‘ S o :
=35 . 196 145 104, 345 46,707 - 4.0 21,460
.36-50 292 137 1000 7 210 =21,49 T 13.87 524, —950
=51 162 151 9.0 47T, 7007 1104 4.0, —206
sort . N T
Male 344 145 9.6 ©370 7,587 792 47,2456
Female 206 13.9 102755 240 —27,54 12,0 - 46, —19.0
" B, kg/m?t ‘ - S
23 to <27.5 246 105 870 14 —43,48 463 109, —20.5
2275 273 181 10.5 49 23,66 .- 6.8 43,166
Prediabetes typet i o
iIFG 166 7.2 6.5 12 % gD, 577 11557 7.8, 854,41
ST 162 107 7.4 31 =31,64:.,11.0 .54, —188.3
IFGHGT - 722 222 14.5 36 3, 57 123154, —43.6
HbA,_ % (mmol/moljt- i B
<57 (<39) ur 7.7 62, 0 < 13, =106,64. 19,3 7.9, ~43.1:
57-6.4{39-46) .~ 340 153 . B1. . 50 25,67 - 82°: 52,196
=6.5 (:248) .83 194 203070 -180 0 ~114,35 2564 5.9, —6.2
Family historyt L Lo adman . SN =
No 200 128 73046 - 570 . 83 38 =555
Yes 343 151 113 : 23 " —12 47 ' 108 )

51, w801'13

*Based on the hazard ratie. +Tests for heterogenelty across strata were not statlshcally

_significant except for HbA; . {P = 0. 05)

{Supplementary Fig. 2) were significantly
lower in the intervention arm at most
{RbA;, FPG) or all (2-h glucose) follow-up
visits. FPG and HbA,_ both decreased
more steeply in the Intervention group
until month 6, when lifestyle education
classes ended. The 2-h glucose decreased

35
a0 -
25

20

Cumulative Incidence of Diabetes (%)

— I

slightly in the intervention group be-
tween baseline and 1 year and increased
thereafter.

Intervention Adherence
Participants attended an average of
12 {SD 3.9) core intervention classes:

Control

Intervention 5

S

Relative Reduction in Diabetes incidence:
32% {95% CI 7, 50)

o 4 6 12

# at Risk:
infervention 269 263 284 259
Cantrof 281 281 271 261

18 24 30 36

Months of Follaw-up
242 235 163 104
223 213 1441 75

i Figure Z—Cumulative incidence of diabetes by study arm in the D-CLIP trial from baseline ta year 3.
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22% of participants attended all 16
{n = 63), 70% attended 12 or more {n =
196), and 90% attended at least half (n =
253). Class attendance did not vary by
sex; however, significantly fewer partic-
ipants in the youngest age group
(=35 years) attended 75% or more of
the study classes (46.9% [n = 23 of 49]
compared with 73.0% of those aged
36-50 [n = 116 of 159] and 76.0%
[n = 57 of 75] of those aged 51 or older,
P = 0.0009).

Calories, carbohydrates, and fat in-
take all improved (P << 0.001 for all) dur-
ing the 6-month intervention period
(6-month Intakes were 2,586.4 [SD
820.0] kcal, 1,558.7 [SD 506.0] kcal,
and 719.0 [SD 273.4] kcal, respectively).
In the control arm, there were slight,
nonsignificant decreases in calorie, car-
bohydrate, and fat intake.

About half of intervention par-
ticipants reported reaching the physi-
cal activity goal (=150 min/week) at
6 months (51.1% [n = 121 of 237]) or
1 year (52.1% [n = 124 of 238]). Men
were more likely than women to reach
physical activity goals at 6 months
(43.8% [n = 130 of 297] vs. 23.8% [n =
43 of 181], respectively, P < 0.0001) and
at 1 year (50.5% [n = 149 of 295] vs.
35.0% [n = 62 of 177], respectively, P =
0.0011). At 1 year, 54.1% {n = 79 of 146)
of participants in the oldest age cate-
gory {=51 years) reached the exercise
goal compared with 42.4% {n = 111
of 262) of those aged 36-50 years, and
32.8% (n = 21 of 64) of those aged =35
years (P = 0.0088). The percentage of
control individuals reaching this level
of physical activity was lower (25.9%
[n = 52 of 201] at 6 months and 37.7%
[n = 87 of 231] at 1 year). Conversely,
very few intervention participants
reached the 7% weight loss goal (0 at
6 months, 2 at 1 year).

During the trial, 188 of the interven-
tion participants (72%) presented with
both IFG and either IGT or elevated
HbA ;. and were eligible for metformin.
Of those, only 20 individuals {11%) re-
fused the metformin prescription, citing
a desire to continue with lifestyle inter-
vention alene, and 13 (7%) accepted the
prescription but never took any of the
metformin tablets. Of the metformin
users, 97 (52%) initiated metformin after
the core intervention classes (month 4).
Most individuals with baseline ilFG or
IFG+IGT required metformin during the
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trial (76.5% [n =65 of 85] and 83.0% [n =83
of 100], respectively), whereas 51.3%
{n = 40 of 78) of individuals with ilGT at
baseline were prescribed metformin.
Mean adherence to metformin was
69.6% (SD 37.9).

Adverse Effects

There were no severe adverse events
{e.g., hospitalization, severe injury or ill-
ness) related to participation in the
study, no injuries related to the exercise
program, and no adverse events from
diet changes made. All participants sur-
vived to the end of follow-up. Some par-
ticipants reported mild or moderate
gastritis related to taking metformin,
but none of these cases were severe
enough to stop taking the medication,
One participant developed a rash after
taking metformin, which resolved after
metformin was discontinued.

CONCLUSIONS

A stepwise diabetes prevention pro-
gram reduced the 3-year diabetes risk
by 32% {95% Ct 7-50) in overweight or
obese Asfan Indian adults with any form
of prediabetes. There was evidence,
however, indicating heterogeneity of ef-
fect across prediabetes type, with the
strongest benefit in people with com-
bined IFG+IGT {36%), followed by IGT
(31%) and then 1IFG {12%).

The overall RRR shown here is similar
to that reported at 3 years among the
lifestyle (28.5%) and lifestyle plus met-
formin {28.2%) arms in the Indian Dia-
betes Prevention Program {IDPP) {3),
but less than that shown at 2.8 years
in the DPP (58%) (1), 4 years in the Finn-
ish Diabetes Prevention Study (DPS)
(58%) (20), 6 years in the diet and phys-
ical activity education group in the Da
Qing IGT and Diabetes Study (42%) {2),
and 4 years in the Japanese lifestyle in-
tervention trial (67.4%) (5). This lower
reported effect is likely, at least in
part, because D-CLIP recruited peopie
across the prediabetes spectrum, in-
cluding those with iIFG, whereas the
other studies only included individuals
with IGT (2,3,5,20) or IGT+elevated
FPG (1). In a multicenter diabetes pre-
vention study of lifestyle modification
ameng adults with iIFG or IFG+IGT, life-

style intervention, although highly ef-

fective among individuals with IFG+IGT
(hazard ratio 0.41, 95% Cl 0.24-0.69),
did not reduce diabetes risk among

individuals with iIFG (hazard ratio 1.17,
95% CI 0.50-2.74) {21).

in addition, baseline risk among ali
D-CLIP participants was 14.2% per an-
num, considerably higher than the
11.0% annual risk shown for individuals
with [GT+elevated FPG in DPP (1);
among comparable people in D-CLIP,
namely those with IFG+IGT, the risk
was 22.2% per annum, supporting data
showing that Asian Indians have a higher
rate of prediabetes-to-diabetes con-
version {22). The high percentage of
intervention participants requiring met-
formin, 72%, and the fact that half re-
quired metformin within 4 months of
trial enroliment further supports this
and raises questions about whether fac-
tors other than insulin resistance are in-
volved in the pathogenesis of type 2
diabetes in Asian Indians.

The program appeared to be less ef-
fective in people with ilFG; there was
only a 12% (not significant) RRR, and a
higher proportion of individuals with
baseline ilFG required metformin (IFG+IGT
or IFG+ HbA,, =5.7% [39 mmol/mol] at
4 months or later), indicating a failure of
lifestyle to curtail disease progression,
ilFG may be a phenotype more related
to poor insulin secretion and gluconeo-
genesis than to insulin resistance, and if
so, lifestyle interventions may be insuf-
ficient because they target the wrong
pathophysiclogical mechanism, D-CLIP
was also more effective in participants
with no family history of diabetes (46%),
a group likely affected by weight or
lifestyle-related insulin resistance, than in
those with a family history of diabetes
(23%) and genetic susceptibility to in-
sulin resistance, 3-cell dysfunction, or
both. Furthermore, the D-CLIP inter-
vention might not have been ideal for
those with iIFG. The Mediterranean
diet, which has been inversely associ-
ated with IFG (23), might be more ap-
propriate than the low-fat diet used in
D-CLIP. On-going lifestyle intervention
trials for individuals with IFG (24,25)
will be important for determining the
best course of action for this group. in
addition, other drug ciasses that act
more directly on B-cell function (e.g.,
gliptins) might be better candidate drugs
for this group than metformin, which in-
creases insulin sensitivity and inhibits
gluconeogenesis (26).

There were differences in RRR by
age, BMI group, and sex that were not

Weber and Associates

statistically significant but might indi-
cate a trend. Like the DPP (1), the stron-
gest intervention effect was among the
oldest participants, perhaps a result of
the beneficial effects of weight loss and
increasec physical activity on age-
related peripheral insulin resistance
{27). Older D-CLIP participants also met
exercise goals more frequently at 1 year
and were more likely to attend 75% of
the study classes than the younger par-
ticipants. However, pooled data from
the IDPP studies found no difference in
RRR when comparing individuals youn-
ger than age 45 or 45 years of age or
older {28). The difference between
D-CLIP and these studies might be due
to differences in age cutoffs or interven-
tion methods. Regardless, the data re-
ported from the D-CLIP trial add further
support for targeting diabetes preven-
tion efforts in all age groups, including
older adults.

This study differed from the DPP (1)
and a meta-analysls of the IDPP trials
(28) in that individuals with obese-level
BMis showed markedly higher diabetes
risk reduction than individuals with
lower, but still overweight, BMIs (a
49% reduction vs. a nonsignificant 14%
reduction). Participation in the interven-
tion reduced diabetes incidence among
obese participants to the incidence rate
found among overweight control sub-
jects (10.5 cases/100 person-years). Fur-
ther analyses are needed to clarify the
factors associated with this increased in-
tervention success, but it is possible that
obese individuals were more motivated
to make the necessary lifestyle changes
or that improved lifestyle, particularly
increased physical activity, resulted in
greater improvements in peripheral in-
sulin sensitivity in the obese group. Al-
ternatively, people with lower BMIs and
high diabetes risk may be more B-cell
deficient and thus less amenable to in-
terventions targeting insulin resistance.

Also, unlike the DPP (1) and a recent
meta-analysis of diabetes prevention
studies (29), we found that the interven-
tion effect was stronger in men than in
women, Women reported more barriers
to joining the study initially (30}, which
influenced recruitment outcomes and
might have influenced lifestyle changes.
Aithough class attendance did not differ
by sex, men were significantly more
likely to reach exercise goals at 6 months
and 1 year.
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D-CLIP intervention arm participants
reached maximum weight loss (2.9 kg/4.0%)
at 6 months, although only two partici-
pants reached the 7% weight loss goal.
This weight foss was less than that
seen in the DPP (7 kg/7%) or the DPS
(4.2 kg/4.7%) (1,20); however, mean
baseline weight and BMI were lower in
D-CLIP, so a smaller weight loss may be
more attainable, A meta-analysis of
U.S.-based DPP translation studies also
showed a mean weight loss of 4.0%,
indicating that the weight loss seen in
D-CLIP aligns with other DPP translation
research (31). In diabetes prevention stud-
les In Asian populations in India, China, and
Japan (2,3,5), weight loss was similar to or
less than that seen in D-CLIP, Even with no
weight loss, studies in Asia report signifi-
cant reductions in diabetes incidence (2,3),
which might indicate that in populations
with a lower average BMI, physiclogical
changes other than weight loss may be
more influential in reducing diabetes risk.
Waist circumference loss at 6 months in
D-CLIP {3.9 cm) exceeded the 1-year loss
in the DPP (2.7 cm) (32). Abdominal adi-
posity is common in Asian Indians and can
present at lower BMIs than in other eth-
nicities (33), so a waist circumference de-
crease may better represent adiposity loss
than weight change.

Although lifestyle intervention partici-
pants showed short-term improvements
in adiposity and glucose markers, all mea-
sures increased over longer follow-up.
The inability of interventions to sus-
tain improvements in anthropometry
or glycemic control has previously
been shown (1,34,35). The consistency
of these patterns in multiple studies
indicates a need for further research on
maintenance of weightloss and other life-
style changes associated with glucose
control,

D-CLIP is a large, well-randomized tri-
al with good follow-up, attendance, and
adherence. This is the first large diabe-
tes prevention translation trial to in-
clude individuals with ali three types of
prediabetes and the first study to test
expert group recommendations for
stepwise diabetes prevention. This study
was conducted in a region at high-risk for
diabetes and can provide impertant data
for understanding diabetes prevention
in LMIC settings. This study also has a
large population of men, an underrep-
resented group in diabetes prevention
trials (31}

The major weakness of this study is
the lack of power for subgroup cempar-
isons; however, several results do indi-
cate interesting patterns that warrant
further investigation, Alse, the simplistic
assessment of physical activity may not
accurately reflect true activity, Finally,
the D-CLIP study population was ethni-
cally homogenous, which might affect
generalizability; however, the inclusion
of individuals across the prediabetes
spectrum makes these results more
breadly applicable to community-level
diabetes prevention.

In conclusion, the D-CLIP trial shows
that expert recommendations of adding
metformin in a stepwise manner to life-
style education is an effective method
for preventing or delaying diabetes
in adults with prediabetes, even in a
resource-challenged setting like an LMIC.
However, further research is needed to
better understand diabetes prevention
among people with iIFG. This is espe-
cially important because ilFG is the
more common form of prediabetes in
many racial/ethnic groups like Asian In-
dians {36-38). The possible need for
specialized interventions for diabetes
prevention among different categories
of prediabetes has important public
health and clinical significance.
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After a median of 2.5 years After a median of 2.5 years

HR(95% CI) “HR (85% Ci) HR (05% C1)
0.97 (0.66, 1.44): . 065 (0344, 0.96_) 0.51 (l_J,E«‘B', 0.68}

HR, hazard ratio; i-IFG, isolated impaired fasting glucose; i-IGT, isolated impaired glucose tolerance; IFG +IGT,
impaired fasting glucose plus impaired glucose tolerance.

ARTICLE HIGHLIGHTS

« We undertook this study because it is unclear whether conventional lifestyle interventions could reduce diabetes
incidence in all three glucose-defined prediabetes phenotypes.

« We specifically sought to answer the question of whether the effect of conventional lifestyle interventions on dia-
betes incidence differs by prediabetes phenotype.

« We found that diabetes incidence was reduced significantly in individuals with impaired glucose tolerance (with
or without impaired fasting glucose) but not in those with isolated impaired fasting glucose.

+ The implications of our findings are that there is a need for precision prevention of type 2 diabetes.
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Effect of Conventional Lifestyle
Interventions on Type 2 Diabetes
Incidence by Glucose-Defined
Prediabetes Phenotype:

An Individual Participant Data
Meta-analysis of Randomized
Controlled Trials

Diabetes Care 2023,46:1903-1907 | https://doi.org/10.2337/dc23-0696

OBJECTIVE

To examine whether the effect of conventional lifestyle interventions on type 2
diabetes incidence differs by glucose-defined prediabetes phenotype.

RESEARCH DESIGN AND METHODS

We searched multiple databases until 1 April 2023 for randomized controlled tri-
als that recruited people with isolated impaired fasting glucose (i-IFG), isolated
impaired glucose tolerance (i-IGT), and impaired fasting glucose plus impaired
glucose tolerance (IFGHGT). Individual participant data were pooled from rele-
vant trials and analyzed through random-effects models with use of the within-
trial interactions approach. ‘

RESULTS

Four trials with 2,794 participants {(mean age 53.0 vears, 60.7% men) were included:
1,240 (44.4%), 796 (28.5%), and 758 {27.1%) had i-IFG, i-IGT, and IFG+IGT, respec-
tively, After a median of 2.5 years, the pooled hazard ratio for diabetes incidence in
i-IFG was 0.97 (95% Cl 0.66, 1.44), I-|GT 0.65 (0.44, 0.96), and IFG+IGT 0.51 (0.38,
0.68; Pinteraction = 0'01)'

CONCLUSIONS

Conventional lifestyle interventions reduced diabetes incidence in people with IGT
(with or without IFG) but not in those with i-IFG.

Conventional lifestyle interventions incorporating behavieral counseling to change diet
and physical activity reduce type 2 diabetes incidence in people with prediabetes (1).
It remains unclear, however, whether they are effective in all three glucose-defined
prediabetes phenotypes, including isolated impaired fasting glucose (i-IFG), isolated
impaired glucose tolerance (i-IGT), and impaired fasting glucose plus impaired glucose
tolerance {IFG+IGT) (2). In this systematic review and individual participant data (IPD)

| Checktor |
i updates

Thirunavukkarasu Sathish, 2

Kamlesh Khunti,® K.M. Venkat Narayan,®*
Viswanathan Mohan,5

Melanie J. Davies,>® Thomas Yates,>®
Brian Oldenburg,™®

Kavumpurathu R. Thankappan,®

Robyn 1, Tapp,'®** Ram Bajpai*?

Ranjit Mohan Anjana,® Mary B. Weber,>?
Mohammed K. Ali,*** and

Jonathan E. Shaw”

*Department of Family and Preventive Medicine,
Schaol of Medicine, Emory University, Atianta, GA
2Emory Global Diobetes Research Center, Woodruff
Health Sciences Center, Emory University, Atlonta,
GA

*Diabetes Research Centre, University of Leicester,
Leicester, UK.

“Hubert Deportment of Global Health, Rollins
School of Public Health, Emory University, Atlanta,
GA

“Modras Diabetes Research Foundation and Dr.
Mohan’s Diabetes Specialities Centre, Chennai,
Tamil Nodu, india

SNIMR Leicester Biomedical Research Centre,
Leicester General Hospital, Leicester, U.K.
’Boker Heart and Diabetes institute, Melbourne,
Victoria, Australia

#Schoal of Psycholagy and Public Heaith, 1o Trobe
University, Meibourne, Victoria, Australia
“Department of Public Heaith, Amrita institute
of Medical Sciences & Reseorch Center, Kochi,
Kerala, india

Research Institute for Health and Wellbeing,
Coventry University, Coventry, UK.
pgetbaurne School of Population ond Global
Health, Uriversity of Melbourne, Melbourne,
Victorio, Austrolio

12school of Medicine, Keele University, Staffordshire,
UK

Corresponding author: Thirunavukkerasu Sathish,
sathish.thirunavukkorasu@emory.edu

Received 18 April 2023 ond occepted 11 July
2023

This article contains supplementary materiai online
ot https:/deiorg/10.2337/figshare. 23675406.

M.K.A. and JL.E.S. are joint senior authors.

@ 2023 by the Americon Diohetes Associotion.
Reoders may use this orticle os long as the
work Is properly cited, the use is educational
and not for prafit, ond the work is not altered.
More information is availabie at https/fwww
diabetesjaumnals.orgfiaurnals/pages/license.

See accompanying article, p. 1894.

£20Z J2qUIBAON ZZ UO SUBYOW A AQ Jpd'0800£290/8 1

]
2
m
n
=
m
-4
g .
pa]




1904

Prediabetes Phenotype and Diabetes Prevention

Diabetes Care Volume 46, November 2023

meta-analysis, we examined whether the
effect of conventional lifestyle interven-
tions on diabetes incidence differs by glu-
cose-defined prediabetes phenotype.

RESEARCH DESIGN AND METHODS

We followed standard guidelines for
the conduct and reporting of this study
{(Supplementary Table 1) (3,4), which is
registered with international prospective
register of systematic reviews (PROSPERQ)
(no. CRD42020197356).

Search Strategies and Eligibility
Criteria

We searched MEDLINE, Cochrane Central
Register of Controlled Trials (CENTRAL),
Embase, Scopus, and ClinicalTrials.gov from
inception to 1 April 2023 using the search
strategies given in Supplementary Table 2.
No language restrictions were applied. We
considered randomized controlled trials
(RCTs) satisfying the eligibility criteria:
1) recruiting of adults (=18 years) with
i-IFG, with i-IGT, and with IFG+iGT, de-
fined based on the American Diabetes
Association {ADA) {5) or World Health Or-
ganization (WHO) {6) criteria, and 2) eval-
uation of the effect of conventional dietary or
physical activity interventions on diabetes inci-
dence (fasting plasma glucose =126 mg/dL,
2-h plasma glucose =200 mg/dL, or taking
antidiabetes medications) {5) in comparison
with a control group (usual care or mini-
mal intervention). Conventional fifestyle
interventions are similar to or based on
the interventions tested in landmark life-
style RCTs for diabetes prevention (1,7).
We excluded studies reporting exclusively
pharmaceutical or surgical interventions.

Data Sharing

We contacted principal investigators (Pls)
of eligible studies to obtain IPD that are
relevant for this study. The Pls had ethics
approval to share their study data. Af-
ter signhing data-sharing agreements,
de-identified IPD were obtained and
checked for accuracy, consistency, and
completeness.

Risk of Bias and Certainty of the
Evidence Assessment

The Cochrane risk-of-bias tool, version 2
{RoB 2), was used to assess the bias in
each study (8), and the Grading of Recom-
mendations Assessment, Development and
Evaluation {(GRADE) framework was used

‘Table 1—Characteristics of studies and participants included in the meta-analysis -
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to determine the certainty of the evi-
dence (9).

Two reviewers (T.S. and R.B) indepen-
dently screened study titles, abstracts,
and full texts; extracted study-level data
from published articles; and performed
the risk of bias and GRADE assessments,
with disagreements resolved by discus-
sion or by a third author {R.LT).

Statistical Analyses

Analyses were done per the intention-to-
treat principle {3). We pooled the incidence
rates of diabetes (per 1,000 person-years)
across studies using the random-effects
DerSimonian-Laird models {3). Cox regres-
sion was used to estimate hazard ratios
(HRs) {and 95% Cls) for diabetes incidence
in individually randomized trials, and shared
frailty models {10) were used in cluster-
randomized trials to account for the correla-
tion of observations within clusters. We con-
ducted a two-stage IPD meta-analysis (3).
Firstly, we analyzed the IPD of each study
separately to obtain relevant aggregate data
{HRs and 95% Cls). If no IPD were available
for a study, we used the effect estimates
from the published article. Secondly, we
pooled these aggregate estimates using
random-effects models (3). Effect modifi-
cation by prediabetes phenotype was as-
sessed with addition of an interaction
term between the phenotype and the
treatment group in each study sepa-
rately. If only aggregate data were avail-
able for a study, we used the HRs (and
95% Cls) from the published article to es-
timate the interaction HR (and 95% Ci)
using the equation developed by Riley
and Fisher (11) (Supplementary Table 3).
The interaction estimates were then pooled
with use of random-effects models (3). The

Table 2—Pooled mCIden.ce rate of diabetes dacross studies by prediabetes phenotype

proportion of variability in effect estimates
due to between-study heterogeneity was
guantified with /# (3). We did not assess
publication bias, as the number of in-
cluded studies was <10 {3). We conducted
sensitivity analyses to assess the robust-
ness of our results. In the Diabetes Com-
munity Lifestyle Improvement Program
(D-CLIP), 72.2%, 48.2%, and 75.5% of inter-
vention participants with i-IFG, with i-IGT,
and with IFG+IGT, respectively, required
metformin (500 mg twice daily), in addi-
tion to undergoing lifestyle interventions,
at 4 months or later (12). So, in D-CLIP, we
adjusted for metformin use (yes or no) in
Cox models, In addition, we imputed miss-
ing outcome data {varied from 0 to 9.1%
across studies) using multiple imputation
{13) (Supplementary Table 4). Analyses
were performed in Stata software.

Data and Resource Availability
Data-sharing agreements with Pls of the
individual studies restrict further dissemi-
nation of data to third parties.

RESULTS

A total of 3,678 articles were identified
through our systematic search, among
which four studies met our eligibility crite-
ria and were Included in this meta-analysis
{Supplementary Fig. 1).

Table 1 shows the characteristics of in-
cluded studies. We obtained the IPD of
three studies: Kerala Diabetes Preventicn
Program (K-DPP) (14) and D-CLIP {12)
from India and let’s Prevent Diabetes
from the U.K. (15). IPD of the Zensharen
Study for Prevention of Lifestyle Diseases
(ZSPLD) from Japan (16) were unavailable
because the organization that conducted

this study no longer exists. K-DPP and
D-CLIP were conducted in the community
{12,14), whereas Let’s Prevent Diabetes
and ZSPLD were done in clinical settings
{15,16). In all four studies behavior change
counseling was implemented for achieve-
ment of diet and physical activity modifica-
tion, lasting 0.5-3.0 years,

Atotal of 2,794 participants (mean age
53.0 years, 60.7% men) were included in
the meta-analysis: 1,240 (44.4%), 796
(28.5%), and 758 {27.1%) had i-IFG, i-IGT,
and IFG+IGT, respectively. The overall
pooled incidence rate of diabetes was
highest in the I[FG+IGT group, followed
by the IFIGT and i-IFG groups (Table 2). Af-
ter a median of 2.5 years (interquartile
range 2.3, 2.8), the pooled HR for diabe-
tes incidence in HFG was 0.97 (95% Cl
0.66, 1.44; P = 0), iHGT 0.65 (0.44, 0.96;
# = 0}, and IFG+IGT 0.51 (0.38, 0.68;

= 0) (Pinteraction = 001) (Flg 1 and
Supplementary Fig. 2). The main results
were not materially altered in sensitivity
analyses (Supplementary Tables 4 and 5).
The risk of bias was low in all four studies
(Supplementary Fig. 3), and the certainty of
the evidence was moderate {Supplementary
Table 6). There are minor discrepancies in
effect estimates between the original ar-
ticles {12,14-16) and the current study,
the reasens for which are explained in
Supplementary Table 7.

CONCLUSIONS

The findings of this systematic review and
meta-analysis show that the effect of con-
ventional lifestyle interventions on type 2
diabetes incidence varies among predia-
betes phenotypes, with a significant risk
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Study Int (n/N} Con (n/N) Hazard ratio [95% Cl] Weight (%)
i-IFG
Thankappan 2018 44/279 48/300 —— 1.04[0.56, 1.93] 10.58
Weber 2016 15/90  15/84 —— 0.88[0.43, 1.80] 7.84
Davies 2016 7/57 10/51 b 0.58[0.13, 2.57] 1.81
Saito 2011 12/180 10/199 — 1.17[0.50, 2.74] 5.55
Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00 ‘ 0.97[0.66, 1.44]
Testof 6,= 0 Q(3) = 0.77, p = 0.86
Testof6=0:2=-0.14, p=0.89
i-IGT
Thankappan 2018  1/7 218 0.41[0.04, 4.74] 0.67
Weber 2016 16/83 22/89 —— 0.69[0.41, 1.17] 14.54
Davies 2016 30/301 34/308 —— 0.62[0.34, 1.14) 10.88
Heterogeneity: 12 = 0.00, I = 0.00%, H> = 1.00 P 0.65{0.44, 0.96]
Testof 8, =6 Q(2) = 0.21, p=0.90
Testof0=0:2=-2.14, p=0.083
IFGHGT
Thankappan 2018  19/55 25/46 —— 0.44[0.19, 1.02) 5.69
Weber 2016 38110 611122 - 0.6410.43, 0.96] 24.27
Davies 2016 21/189 2274 — 0.36[0.13, 1.01] 3.75
Saito 2011 231131 41131 —l— 0.41{0.24, 0.70] 14.40
Heterogeneity: 1 = 0,00, 12 = 0.00%, H? = 1.00 L 4 0.51{0.38, 0.68]
Test of 8, = 6 Q(3) = 2.41, p = 0.49
Testof 8 =0:z=-4.54, p=0.00
Overall $ 0.64{0.53, 0.79]
Heterogeneity: ¥2 = 0.00, P = 0.00%, H* = 1.00
Testof 8, =6 Q(10) = 9.99, p=0.44
Testof8=0:z=-431, p=0.00
Test of group differences: Q,(2) =6.61, p=0.04

0.06 025 100 400

Random-effects DerSimonian-Laird model

Favors intervention

Favors control

Figure 1—Forest plot for the effect of conventional [ifestyfe interventions on type 2 diabetes incidence by prediabetes phenotype. Con, control;
Int, intervention; i-IFG, isolated impaired fasting glucose; i-iGT, isolated impaired glucose tolerance; IFG+1GT, impaired fasting glucose pius im-
paired glucose tolerance. n refers to the number of events, and N refers to the sample size.

reduction in people with HGT and with
IFG+IGT but not in those with i-IFG.
These differences in risk reduction could
be attributed mainly to the variations in
the pathophysiological abnormalities be-
tween prediabetes phenotypes (17). Peo-
ple with i-IFG have decreased early-phase
insulin secretion and increased hepatic in-
sulin resistance, whereas i-IGT is charac-
terized by reduced early- and late-phase
insulin secretion and elevated skeletal

muscle insulin resistance and IFG+IGT in-
cludes a combination of defects seen in i-
IFG and i-1GT (17). These pathophysiologi-
cal abnormalities that differentiate indi-
viduals with IGT and i-IFG might mean
that different therapeutic interventions
are likely required to prevent progression
to diabetes (2,17).

People with i-IFG constitute a substan-
tial proportion of the global prediabetes
population. A recent meta-analysis of

14 studies with 27,112 individuals with
prediabetes found that the propor-
tional prevalence of i-IFG (ADA criteria)
was 58% in Caucasians and 48% in
Aslans (18}. The proportional prevalence
of IFG among adults in India was much
higher (84% with ADA criteria), as reported
in a nationwide study (19). In addition to its
high prevalence, --IFG increases the risk of
developing diabetes four- to sixfold in com-
parison with normoglycemia (20) and is a

£202 JSGUAADN ZZ U SLEUDW A AG jRU'9BO0EZ0P/8L L LE L/E0G/L L/O/IRT-apie e e0/610°SIBLINCISEIEqRIDY THY WO) papeolumog




diabetesjournals.org/care Sathish and Associates 1907

m“

high-risk state for cardiovascular disease
and all-cause mortality (2). Thus, more re-
search is required to identify effective in-
terventions for this large group at high
risk. Some promising strategies include a
low-calorie diet (~1,200 kcal/day} or high-
intensity interval training, as they have
been shown to normalize fasting plasma
glucose and reverse the pathophysiology
in people with type 2 diabetes (2).

The strengths of this analysis included
the ability to aobtain IPD, permitting stan-
dardization of the effect measure and
outcome definition across studies, and
imputation of missing outcome data. We
used the "within-trial interactions” ap-
proach to assess the differences in the in-
tervention effect between prediabetes
phenotypes, thereby eliminating aggrega-
tion bias (3). However, the analyses are
post hoc and observational, so the results
should be considered hypothesis generat-
ing. We combined studies with i-IFG de-
fined based on the ADA (three studies} or
WHO (one study) criteria for the meta-
analysis. However, this did not affect our
results, as the pooled HRs for i-IFG de-
fined only according to ADA criteria and
WHO criteria were similar (1.01 vs. 0.96,
respectively), and they were also similar
to the pooled HR in Fig. 1 (0.97). Further,
the meta-analysis is constrained by a
small number of studies, the majority of
which were conducted among Asian Indi-
ans or Japanese, and so the effect of life-
style interventions in I-IFG may be different
for other ethnicities. Finally, there is a possi-
bility of confirmation bias based on find-
ings from the individua! studies included in
the systematic review. However, the meta-
analysis mitigated any substantial risk from
this bias.

In conclusion, conventional lifestyle in-
terventions significantly reduced type 2
diabetes incidence in people with IGT
{(with or without IFG}) but not in those
with i-IFG. Further confirmation and ef-
forts to lower diabetes incidence in peo-
ple with i-IFG are needed.
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