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Diabetes Risk Among Overweight
and Obese Metabolically Healthy
Young Adults

Diabetes Care 2014,;37:2989-2995 | DOI: 10.2337/dc14-0869

OBJECTIVE

To determine diabetes incidence over time among obese young adults without
metabolic risk factors.

RESEARCH DESIGN AND METHODS

Incident diabetes during a median follow-up of 6.1 years was assessed among
33,939 young men (mean age 30.9 *+ 5.2 years) of the Metabolic, Lifestyle and
Nutrition Assessment in Young Adults cohort who were stratified for BMI and the
number of metabolic abnormalities (based on the Adult Treatment Panel-lll).
Metabolically healthy (MH) obesity was defined as BMI =30 kg/m? in the presence
of normoglycemia, normal blood pressure, and normal levels of fasting triglycer-
ide and HDL-cholesterol levels (n = 631).

RESULTS

A total of 734 new cases of diabetes were diagnosed during 210,282 person-years of
follow-up. The incidence rate of diabetes among participants with no metabolic risk
factors was 1.15, 2.10, and 4.34 cases per 1,000 person-years among lean, over-
weight, and obese participants, respectively. In a multivariable model adjusted for
age, region of origin, family history of diabetes, physical activity, fasting plasma
glucose, triglyceride level, HDL-cholesterol, systolic blood pressure, and white blood
cell count, a higher diabetes risk was observed among MH-overweight (hazard ratio
[HR] 1.89 [95% Cl 1.25-2.86]; P < 0.001) and MH-obese (HR 3.88 [95% Cl 1.94-7.77];
P < 0.001) compared with MH-normal weight subjects. There was no interaction
between BMI and the number of metabolic abnormalities at enrollment in predicting
diabetes risk.

CONCLUSIONS

Healthy metabolic profile and the absence of diabetes risk factors do not protect
young adults from incident diabetes associated with overweight and obesity.

Heterogeneity in the metabolic risk status of individuals with normal weight (NW),
overweight, or obesity raised the hypothesis that metabolically healthy (MH)-obese
individuals have no additional metabolic risk (1-3). However, there is conflicting
evidence regarding the metabolic course of this subpopulation. Adjusted diabetes
risk, for example, was reported to be unchanged (1,3), 4-fold higher (4), or 13-fold
higher in MH-obese compared with MH-NW individuals (5).

While the definition of healthy obesity suffers from inconsistency (6,7), the pre-
vailing defining criteria of MH in most studies assessing diabetes risk include indi-
viduals with a BMI =30 kg/m2 with one (1,4) or even two (3,5,7) metabolic
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abnormalities. Therefore, using the
phrase "metabolically healthy" to label
individuals who have one or more of the
metabolic syndrome risk factors may
contribute to confusion in the literature.

All of the men in the Israel Defense
Forces (IDF) aged =25 years have been
metabolically characterized and fol-
lowed in a large ongoing study of the
Metabolic, Lifestyle and Nutrition As-
sessment in Young Adults (MELANY) co-
hort. Data from this study were analyzed
to compare the risk of diabetes among
overweight and obese individuals with
none of the metabolic syndrome risk
factors with similar individuals with
varying numbers of risk factors.

RESEARCH DESIGN AND METHODS

Study Population

The MELANY cohort is an ongoing inves-
tigation of the IDF Medical Corps (8,9).
Army personnel that remain in military
service beyond their mandatory service
period (2 to 3 years) and are older than
25 years of age are referred every ~5
years for a routine health examination
and screening tests at the Staff Periodic
Examination Center. At each visit, subjects
complete a detailed questionnaire re-
viewing demographic, lifestyle, and med-
ical factors. Following a 14-h fast, blood
samples are drawn and analyzed imme-
diately. Weight and height are measured,
and a complete physical examination is
performed by a physician. All medical in-
formation is recorded in the same central
database, thereby allowing ongoing, uni-
form follow-up as described previously
(10). All participants in MELANY, indepen-
dent of their rank and position, have sim-
ilar access to medical services, which are
provided free of charge.

Included in this study were men with
measured body height and weight who
attended the Staff Periodic Examination
Center at least once between 1 January
1995 and 8 March 2011. Data on partic-
ipants who developed type 1 or 2 diabe-
tes prior to their first visit and those
with a follow-up of <1 year from enroll-
ment to the diagnosis of diabetes were
excluded from the analysis. The Institu-
tional Review Board of the IDF Medical
Corps approved this study with assurance
of strict maintenance of participants’ an-
onymity during data analyses. Our data
set included 5,112 women, 40 of whom
developed diabetes (0.78%). This small
incidence rate precluded meaningful

statistical analyses; thus, the current anal-
ysis was limited to male participants.

Definitions of Study Groups

BMI was used to define obesity
(=30 kg/m?), overweight (30 > BMI
= 25 kg/m?), and NW (<25 kg/m?).
Each weight group was further divided
according to the number of metabolic
abnormalities present at enrollment.
These were defined according to the
criteria of the Adult Treatment Panel-
I (ATP-III) (11) as triglyceride level
=150 mg/dL (1.7 mmol/L) or use of lipid-
lowering drugs, glucose =100 mg/dL
(=5.6 mmol/L), systolic blood pressure
=130 mmHg or diastolic blood pressure
=85 mmHg or use of antihypertensive
drugs, and HDL-cholesterol <40 mg/dL.
MH was defined as the absence of any
metabolic abnormalities of the ATP-III
criteria, while metabolically abnormal
(MA) included at least one abnormality
from the above criteria.

Follow-up and Outcomes

Follow-up began at participants’ first
visit to the Staff Periodic Examination
Center and ended at the time of diabe-
tes diagnosis, death, retirement from
military service, or 8 March 2011, which-
ever came first. Screening for diabetes
was performed at each visit based on
fasting plasma glucose (FPG) levels. In-
cident cases of diabetes were based on a
physician diagnosis of diabetes in accor-
dance with the American Diabetes Asso-
ciation criteria by documenting either
two FPG levels =126 mg/dL or a glucose
level =200 mg/dL 2 h after ingestion of
75 g of glucose.

Laboratory Methods

All laboratory studies were performed
on fresh samples in an 1SO-9002 quality-
assured, core facility laboratory. Glucose
levels were determined at an on-site lab-
oratory with the use of fresh blood sam-
ples collected in test tubes containing
sodium fluoride to inhibit in vitro glycolysis.
Lipids were measured directly, with the
exception of LDL-cholesterol, which was
calculated. Biochemical markers were
measured with an automated analyzer
(BM/Hitachi 917; Boehringer Mannheim).

Statistical Analysis

We first calculated the hazard ratios
(HRs) and 95% Cls of BMI at enrollment
on diabetes risk using Cox proportional
hazards analysis adjusted for age, family
history of diabetes, region of origin,
physical activity, FPG, triglyceride level,
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and white blood cell (WBC) count. Next,
the cohort was divided into 12 groups
based on BMI status (NW, overweight,
or obese) and the number of cumulative
metabolic abnormalities: MH (absence
of any ATP-Ill criteria), MA-1 (one ATP-
Il criterion), MA-2 (two ATP-IlI criteria),
and MA-3 (three or four ATP-IIl criteria).
Cox proportional hazards models were
used to estimate the HR and 95% ClI for
developing diabetes across the 12 catego-
ries. MH participants with NW served as
the reference group, unless stated other-
wise. Continuous variables were summa-
rized using means and SD or medians with
intraquartile ranges. Counts with percen-
tages were used for categorical variables.
Multivariable models were adjusted for
age, family history of diabetes, region of
origin, physical activity, and WBC count
(12), with additional adjustment for the
metabolic risk factors (FPG, triglyceride
level, HDL-cholesterol, and systolic blood
pressure) where appropriate. Additional
analysis was conducted using repeated
assessments of BMI during the follow-
up period as time-dependent variables
in a Cox regression model. We controlled
for the additional metabolic parameters
only at baseline, since these variables
might be part of the causal chain. Log
minus log plots for each variable were
inspected to verify the assumption of pro-
portionality of the hazards. Subjects with
missing data (~5.0%) were excluded
from multivariable analysis. Analyses
were performed with IBM SPSS statistical
software, version 21.0.

RESULTS

Tables 1-3 present the baseline charac-
teristics of the cohort across BMI and
metabolic abnormalities categories
(Table 1, NW; Table 2, overweight; and
Table 3, obese participants). MH-obese
constituted 14.7% of the obese group
(1.9% of the entire cohort) and were
characterized by younger age, mildly
higher degree of physical activity, and
lower current and past rates of smoking
compared with obese subjects with
metabolic abnormalities (Table 3).
There were 734 new cases of diabetes
during 210,282 person-years of follow-
up. In a multivariable analysis adjusted
for age, family history of diabetes, re-
gion of origin, physical activity, FPG,
triglyceride level, and WBC count, each
one-unit increase in BMI was associated
with a 10.6% increase in diabetes risk
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Table 1—Baseline characteristics of the NW participants

Number of ATP-IIl risk factors

Baseline characteristics 0 1 2 =3 Total P of trend
N (%) 9,183 (55) 5,327 (32) 1,720 (10) 438 (2.7) 16,668
Age (years) 295+ 4.8 30.2 £ 5.4 319 = 6.0 343 6.4 30.1 =53 0.027
Region of origin 0.081

Israel 8 8 9 7 8

Former USSR 13 12 10 8 12

Asia 24 25 29 30 25

Africa 29 29 27 27 29

West 26 26 25 28 26
BMI (kg/m?) 223+ 17 227 1.7 231+ 14 235+ 1.2 226+ 16 <0.001
Height 176.8 = 6.6 177.0 = 6.8 176.6 £ 6.6 176.7 = 6.9 176.7 £ 6.6 0.452
Fasting glucose level (mg/dL) 86.3 = 7.0 89.2 = 9.1 92.2 + 10.0 99.0 = 10.4 88.2 + 8.6 0.026
Impaired fasting glucose = 13.3 26.5 60.7 8.6 0.033
Systolic BP (mmHg) 111.7 = 8.6 118.4 = 13.0 121.3 * 13.4 127.2 = 12.9 115.3 * 11.6 0.009
Diastolic BP (mmHg) 70.4 * 7.7 74.4 = 9.6 76.8 = 9.6 81.9 9.7 72.7 = 9.0 0.009
Abnormal BP = 341 47.2 77.9 17.8 0.012
HDL (mg/dL) 52.6 £9.2 45.5 * 10.9 39.8 £ 8.9 36.7 =73 48.6 = 10.8 0.014
Abnormal HDL = 39.1 69.6 86.5 21.9 0.014
TGs (mg/dL), median (25th; 75th) 74 (57; 95) 92 (69; 124) 156 (104; 196) 193 (161; 24) 84 (63; 117) 0.022
Abnormal TGs = 135 56.7 88.3 12.5 0.017
LDL (mg/dL) 107.0 = 29.2 112.7 = 31.4 119.9 = 33.7 127.3 = 35.9 110.7 = 30.9 0.002
Physical activity 0.011

None 59 61 67 71 61

<150 min/week 32 30 28 24 31

=150 min/week 9 9 5 5 8
Family history of diabetes 9.8 11.5 14.3 16.4 11.0 0.004
Smoking status 0.015

Never 65 62 54 47 63

Ex-smoker 11 11 11 14 11

Current 24 27 35 38 26
WBC count (103 cells/mma) 6.2*+1.4 6.5+ 1.5 6.9 * 1.6 7.0 =15 6.4 = 1.5 0.022

Categorical variables are presented by (%). For continuous variables, the mean = SD is given unless otherwise indicated. Abnormal values of BP, HDL,
and TG are based on the ATP-Ill criteria as detailed in the RESEARCH DESIGN AND METHODS section. BP, blood pressure; HDL, HDL-cholesterol; LDL,

LDL-cholesterol; TG, triglyceride.

(95% Cl 1.08-1.12; P < 0.001) across the
entire BMI range. The incident rate of
diabetes among MH participants was
lower in those of NW compared with
obese participants (1.15 vs. 4.34 cases
per 1,000 person-years; P < 0.001).
With increasing number of risk factors,
diabetes incidence increased substan-
tially less among NW participants than
among obese participants, reaching an
incidence rate of 3.17 and 19.17 cases
per 1,000 person-years when at least
three metabolic abnormalities were re-
corded among NW and obese young
men, respectively (Fig. 1A). Fig. 1C—E de-
picts the cumulative incidence of diabe-
tes over time in a multivariable model
adjusted for age, region of origin, family
history of diabetes, physical activity, and
WBC count, with the corresponding HR
values (= 95% Cl) (Fig. 1B and Supple-
mentary Table 1). It is evident that

among MH individuals, those who
were overweight (HR 1.60 [1.11-2.31];
P = 0.012) and obese (HR 2.74 [1.53-
4.89]; P < 0.001) were at increased
risk for diabetes compared with NW in-
dividuals. Addition of one metabolic ab-
normality (MA-1) increased the risk for
incident diabetes by 67% (95% Cl 1.18—
2.36; P =0.003) and 51% (95% Cl 0.91—
2.88; P = 0.102) among NW and obese
participants, respectively. The increased
diabetes risk of obese in either meta-
bolic status persisted when BMI was
treated as a time-dependent variable
(Supplementary Table 2).

To better differentiate between
the effect of obesity and its associated
metabolic abnormalities on diabetes
risk, we conducted an additional multi-
variate model adjusted for the metabolic
risk factors entered as continuous varia-
bles. Fig. 2 demonstrates the cumulative

diabetes incidence adjusted for age, re-
gion of origin, family history of diabetes,
physical activity, WBC count, FPG, triglyc-
eride level, HDL level, and systolic blood
pressure among MH and MA-3 partici-
pants (Fig. 2A and B, respectively). Diabe-
tes risk increased by more than threefold
in the obese group compared with NW,
within both clusters of metabolic abnor-
malities. A test of interaction between
BMI and number of risk factors at en-
rollment was not significant (P of inter-
action = 0.78).

CONCLUSIONS

This analysis of 33,939 young men with
210,282 person-years of follow-up dem-
onstrates that among young men, an
abnormal BMI is associated with in-
creased risk for diabetes, independent
of the cluster of metabolic abnormali-
ties (Fig. 1). In fact, compared with

#20¢ Idy 01 uo 1sanb Aq 4pd-6862/55061.9/6862/ | L/LE/1PA-BI0IIE/01ED/WOD IIEUYDIBA|IS BPE//:d)Y WO} papeojumoq


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-0869/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-0869/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-0869/-/DC1
http://care.diabetesjournals.org

2992 Diabetes Risk and Metabolic Health
]

Table 2—Baseline characteristics of the overweight participants

Number of ATP-IIl risk factors

Diabetes Care Volume 37, November 2014

Baseline characteristics 0 1 2 =3 Total P of trend
N (%) 4,207 (32) 4,545 (35) 2,947 (23) 1,297 (10) 12,996
Age (years) 309 = 5.5 319 £5.9 331*6.1 348 6.2 322 *+6.2 0.008
Region of origin 0.114

Israel 8 9 10 9 9

Former USSR 13 13 9 9 12

Asia 22 22 24 25 23

Africa 32 32 33 31 32

West 25 24 24 26 25
BMI (kg/m?) 26.8 £ 1.3 27.1 13 273+ 13 275+ 1.4 271+ 14 0.006
Height 176.7 = 6.6 177.0 £ 6.8 176.8 £ 6.6 1769 = 6.6 176.9 = 6.6 0.600
Fasting glucose level (mg/dL) 87.6 = 6.6 90.0 = 8.5 92.2 £9.5 97.9 = 10.5 90.5 = 8.9 0.030
Impaired fasting glucose = 11.3 22.0 52.2 14.1 0.037
Systolic BP (mmHg) 113.2 = 8.0 119.5 *+ 125 121.2 = 12.9 128.6 = 12.6 118.8 = 12.3 0.024
Diastolic BP (mmHg) 720+ 7.4 76.0 = 9.3 779 = 9.7 83.2 9.6 75.9 = 9.5 0.013
Abnormal BP = 32.9 423 79.2 29.0 0.021
HDL (mg/dL) 50.4 = 8.0 45.0 = 9.7 39.2 £ 85 35.8 = 6.0 44.5 = 9.9 0.006
Abnormal HDL = 34.1 66.7 89.1 36.0 0.004
TGs (mg/dL), median (25th; 75th) 89 (68; 113) 111 (83; 144) 173 (133; 221) 207 (170; 267) 118 (83; 168) 0.015
Abnormal TGs = 21.8 69.1 93.8 71.0 0.011
LDL (mg/dL) 120 = 31.9 1239 = 34.6 127.7 = 35.9 130.5 = 38.1 1239 = 34.1 0.002
Physical activity 0.041

None 59 66 69 71 65

<150 min/week 31 26 24 23 27

=150 min/week 10 8 7 6 8
Family history of diabetes 13.9 15.3 17.8 20.4 15.9 0.008
Smoking status 0.017

Never 61 57 53 45 56

Ex-smoker 15 16 15 19 16

Current 24 27 32 36 28
WBC count (103ce||s/mm3) 6.6 = 1.4 6.8 * 1.5 7.1*1.5 7.2 15 6.8 = 1.5 0.016

Categorical variables are presented by (%). For continuous variables, the mean = SD is given unless otherwise indicated. Abnormal values of BP, HDL, and TG
are based on the ATP-IlI criteria as detailed in the REsEARCH DESIGN AND METHODS section. BP, blood pressure; HDL, HDL-cholesterol; LDL, LDL-cholesterol; TG,

triglyceride.

MH-NW young adults, those who were
overweight or obese, with no ATP-III
metabolic abnormalities had nearly
two- and fourfold higher risks for inci-
dent diabetes, respectively.

A subpopulation of apparently
healthy or benign obese was thought
to deviate from the natural course
of obesity-related cardiovascular and
metabolic risk (13,14). Indeed, both
cross-sectional and prospective data
have suggested that these individuals
may be protected from diabetes. For ex-
ample, comparable levels of fasting glu-
cose (7,15,16) and diabetes prevalence
(7,17) were reported in obese and NW
individuals without metabolic risk fac-
tors for diabetes. Moreover, both the
Framingham study (3) and an Australian
cohort study (1) reported that MH-obese
and NW individuals had similar diabetes
incidence during up to 11 years of

follow-up. In contrast, other studies re-
ported up to 13-fold increase in diabetes
risk among MH-obese (allowed to include
up to one metabolic abnormality from
ATP-IIl criteria) as compared with MH-
NW individuals (4,5).

The definition of MH across studies is
inconsistent and confusing, as its per-
mits the inclusion of individuals with
one (1,4) or even two metabolic abnor-
malities (3,5,7). Our stratification of di-
abetes risk factors argues against using
such definitions of metabolic “healthi-
ness,” given an increase of 35-67% in
diabetes risk observed in MA-1 com-
pared with MH (Fig. 1 and Supple-
mentary Table 1). Another potential
explanation for the apparently conflict-
ing reports in the literature may arise
from lack of careful adjustment to the
various risk factors (such as fasting glu-
cose, HDL-cholesterol, triglycerides, and

blood pressure) as continuous variables
within risk factor groups. This is espe-
cially important in young adults, in
whom diabetes risk attributed to in-
creased levels of FPG, triglycerides, or
WBCs could be demonstrated already
within what is currently considered to
be the normal range for these parame-
ters (9,12,18). The definition of MH used
in our study, along with an additional
adjustment for other known risk factors
(Fig. 2), allow us to adequately assess the
independent role of increased BMI in
mediating diabetes risk among young
adults. Of note, we also stratified our
analysis to WBC count, a marker of sys-
temic inflammation that was recently
shown to serve as an independent risk
factor for diabetes in this population
(12,19). Our results are in line with the
notion that inflammatory burden, as re-
flected by WBC count, may not be a
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Table 3—Baseline characteristics of the obese participants
Number of ATP-IIl risk factors

Baseline characteristics 0 1 2 =3 Total P of trend
N (%) 631 (15) 1,275 (30) 1,402 (33) 967 (23) 4,275
Age (years) 314 £5.7 322 *+59 328 £ 6.1 344+ 6.2 328 £ 6.1 0.024
Region of origin 0.221

Israel 6 10 8 9 8

Former USSR 13 9 13 12 12

Asia 22 21 22 22 22

Africa 35 33 33 29 33

West 24 27 24 28 25
BMI (kg/m?) 320 * 2.2 328 2.6 329*+28 335+ 3.2 329*+28 0.037
Height 176.9 * 6.6 176.2 £ 6.8 176.7 £ 6.7 177.0 £ 6.8 176.6 = 6.8 0.71
Fasting glucose level (mg/dL) 88.0 £ 6.7 903 £ 7.9 92.1 £ 9.0 98.4 + 10.9 92.4 £ 9.5 0.045
Impaired fasting glucose = 8.6 19.5 51.8 20.7 0.053
Systolic BP (mmHg) 1144 £ 7.6 122.1 = 13.6 124.8 = 13.7 132.9 = 13.9 1243 = 14.2 0.016
Diastolic BP (mmHg) 73.4 7.2 77.7 9.9 80.1 =9.9 853 *+9.9 79.6 = 10.3 0.009
Abnormal BP = 39.8 52.7 86.1 48.6 0.016
HDL (mg/dL) 492+ 7.8 454 + 96 39.8 + 8.5 354 * 6.2 418 +96 0.002
Abnormal HDL = 27.3 61.1 89.3 48.4 0.001
TGs (mg/dL), median (25th; 75th) 99 (78; 122) 120 (93;149)  174(133;225) 217 (176;289) 150 (108; 210) 0.013
Abnormal TGs = 24.4 66.6 93.0 50.2 0.006
LDL (mg/dL) 123.5 = 38.1 1259 = 32.9 128.2 = 33.89 128.5 * 35.6 126.8 = 33.7 0.04
Physical activity 0.036

None 72 75 77 79 76

<150 min/week 22 18 18 16 18

=150 min/week 6 7 4 5 6
Family history of diabetes 17.4 19.3 19.5 21.8 19.7 0.04
Smoking status 0.01

Never 58 55 51 44 52

Ex-smoker 16 17 17 19 17

Current 26 28 32 36 31
WBC count (103ce||5/mm3) 7.0 x 1.5 7.2 15 74 15 7.6 1.6 73 *15 0.01

Categorical variables are presented by (%). For continuous variables, the mean = SD is given unless otherwise indicated. Abnormal values of BP, HDL,
and TG are based on the ATP-Ill criteria as detailed in the REsEARCH DESIGN AND METHODS section. BP, blood pressure; HDL, HDL-cholesterol; LDL, LDL-

cholesterol; TG, triglyceride.

required mediator for diabetes onset
among obese young adults (20). The in-
dependent role of obesity in mediating
diabetes incidence even among individ-
uals with normoglycemia, no evidence
of dyslipidemia, and with normal blood
pressure is intriguing. While obesity
seems to mediate the incidence of diabe-
tes, independent of the above-mentioned
classic risk factors, it may still be mediated
by significant insulin resistance and/or
B-cell dysfunction that have not yet re-
sulted in dysglycemia or dyslipidemia. In
addition, it has also been demonstrated
that diabetes risk associated with a posi-
tive family history of the disease may be
mediated, at least in part, by obesity
(21,22). Given the relatively young age
of our cohort, it is likely that first degree
relatives of participants reporting a nega-
tive family history for diabetes might still
develop diabetes in the future. For these

participants, overweight and obesity may
carry an additional risk that is otherwise
associated with a positive family history
of diabetes.

The age of study participants may be
another source of ambiguity when as-
sessing diabetes risk among MH obese.
The participants in our study were
mostly in their late 20s or early 30s, as
compared with other studies that in-
cluded mostly participants in their 5th
or 6th decades of life (1,3,4,6). It is
therefore possible that MH obesity in
middle-aged men confers a lower diabe-
tes risk as a result of survival bias, as this
group consists of men who were likely
overweight or obese for many years and
nevertheless have not developed diabe-
tes or other metabolic abnormalities.
Metabolically healthy obesity in young
adults, in contrast, may consist of a
more heterogeneous population that

includes both obese subjects who are
likely to develop various metabolic ab-
normalities in the near future as well as
those who will maintain their metabolic
health for several decades. In support
of this concept, a recent study from the
Young Finns cohort describing 34 cases of
type 2 diabetes among young adults dem-
onstrated that overweight at youth is a risk
factor for diabetes, even in the absence of
any metabolic abnormalities (23).

This study has several limitations.
First, the MELANY cohort may be con-
sidered representative of a unique
group of healthy young men. Neverthe-
less, the characteristics of the popula-
tion are strikingly similar to other
cohorts that included young men from
various developed countries (24-26).
The relatively homogeneous environ-
ment to which participants in our study
were exposed might reduce the effect of
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Figure 1—Incidence and risk of diabetes according to number of risk factors stratified by BMI. Diabetes
rates (case per 1,000 person-years) (A) and HRs (% 95% Cl) (B) of multivariable model adjusted for age,
region of origin, family history of diabetes, physical activity, and WBC count. Data are available
in Supplementary Table 1. C—E: Cox proportional survival curves by BMI categories. The values under
each chart indicate the number of participants at risk at 0 (enrollment), 4, 8, and 12 years of
follow-up. Diabetes incidence of MH-NW participants is shown for comparison (D and E, gray dashed line).

unknown confounders. In addition, our
analysis pertains to people from a wide
range of backgrounds and origins, reflect-
ing that the development of diabetes is

A No ATP-III risk factors

g 0.3 1

4=

2 Obese [HR=3.9, 1.9-7.8)
c = = — = Overweight [HR=1.9, 1.3-2.9]
o Normal BMI (ref)

k]

o 0.2

(%]

c

[}

3

o

£

o 0.14

>

B

o

3

£

O 04

Follow up (years)

not origin specific. Second, although they
did not compromise the outcome defini-
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Figure 2—Diabetes incidence in men stratified by categories of BMI. Cox proportional survival
functions for cumulative diabetes risk were calculated across BMI subgroups for participants
with no metabolic risk (A) and those with at least three ATP-IIl criteria (B). The multivariable
model was adjusted for age, region of origin, family history of diabetes, physical activity, WBC
count, FPG, triglyceride level, HDL level, and systolic blood pressure. Within each panel, NW
participants served as the reference. HRs (95% Cl) are indicated next to each curve.
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(27,28), circulating insulin and C-
peptide, were not obtained in this study,
limiting our ability to more directly as-
sess adiposity and insulin resistance. Fi-
nally, the analysis was conducted only in
men, thereby limiting the generalization
of the results to women. The strengths of
the study include the standardized and
direct (rather than reported) measure-
ments of height and weight (29), its large
size and follow-up duration, which pro-
vided us with sufficient power to assess
diabetes incident rates in this relatively
young population.

To conclude, we found that overweight
and obesity confers an increased risk for
diabetes at any BMI status, including
young obese adults with no other recog-
nizable diabetes risk factors. This finding
emphasizes the importance of tight follow-
up of overweight and obese young adults
for diabetes incidence, independent of
the presence of other risk factors.
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