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OBJECTIVE

To determine whether duration and degree of weight gain are differentially associated with diabetes risk in younger versus middle-aged black and white adults.
RESEARCH DESIGN AND METHODS

We combined data from three cohort studies: Atherosclerosis Risk in Communities
(ARIC), Coronary Artery Risk Development in Young Adults (CARDIA), and the Framingham Heart Study. A total of 17,404 participants (56% women; 21% black) were
stratiﬁed by baseline age (younger: ‡30 and <45 years; middle-aged: ‡45 and <60
years) and examined for incident diabetes (median follow-up 9 years). Duration and
degree of gain in BMI were calculated as “BMI-years” above one’s baseline BMI.
RESULTS

Diabetes incidence per 1,000 person-years in the younger and middle-aged groups
was 7.2 (95% CI 5.7, 8.7) and 24.4 (22.0, 26.8) in blacks, respectively, and 3.4 (2.8,
4.0) and 10.5 (9.9, 11.2) in whites, respectively. After adjusting for sex, baseline
BMI and other cardiometabolic factors, and age and race interaction terms, gains
in BMI-years were associated with higher risk of diabetes in the younger compared with middle-aged groups: hazard ratios for 1-unit increase in log BMI-years
in younger versus middle-aged blacks were 1.18 (P = 0.02) and 1.02 (P = 0.39),
respectively (P for interaction by age-group = 0.047), and in whites were 1.35 (P <
0.001) and 1.11 (P < 0.001), respectively (P for interaction by age-group = 0.008).
CONCLUSIONS

Although middle-aged adults have higher rates of diabetes, younger adults are at
greater relative risk of developing diabetes for a given level of duration and degree
of weight gain.
The young adulthood period is associated with the greatest gains in adiposity during
the life course (1,2). Although middle-aged adults have the highest incidence of diabetes in the U.S., incidence in younger adults has risen steadily in recent years (3).
Research on the clinical predictors of type 2 diabetes, however, has largely focused on
middle-aged populations (4,5). Diabetes prediction rules derived from middle-aged
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RESEARCH DESIGN AND METHODS
Study Characteristics

ARIC is a longitudinal study of 15,792
adults aged 45–64 years at enrollment

in 1987–1989 in four communities:
Forsyth County, NC; Jackson, MS (black
only); the northwestern suburbs of
Minneapolis, MN; and Washington
County, MD. Three subsequent examinations were conducted approximately
every 3 years (1990–1992, 1993–1995,
and 1996–1998). The ﬁfth ARIC examination (2011–2013) was not used for this
study due to its distance in time from the
ﬁrst four examinations.
CARDIA is also a longitudinal study in
four communities: Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland,
CA. It enrolled 5,115 black and white
men and women aged 18–30 years in
1985–1986, with the recruitment approximately balanced on age, sex, race,
and education status within each community. Seven subsequent examinations were conducted every 2–5 years
(1987–1988, 1990–1991, 1992–1993,
1995–1996, 2000–2001, 2005–2006,
and 2010–2011).
The ﬁrst examination of the offspring
cohort of the Framingham Heart Study
began in 1971–1975. A total of 5,124
offspring and spouses of the offspring
(aged 5–70 years) of the Framingham
Heart Study’s original cohort were recruited. They were next examined 8
years later and then about every 4 years
through the seventh examination, followed by the eighth examination ;6.5
years later (2005–2008).
Details of these three studies have
been reported elsewhere (12–14). The
studies were approved by their institutional review boards of the participating
institutions. All participants provided
written informed consent at each
examination.
Participants

Initial eligibility criteria for our analysis
included participants aged ,60 years
and without diabetes (deﬁned as fasting
blood glucose ,126 mg/dL and no use
of medication for diabetes) at their index or “baseline” examination. Additional exclusions included the following:
not black or white (n = 34); did not have
at least one follow-up visit to determine
diabetes or weight status (n = 98); and
at the index examination were either
pregnant (n = 48), did not fast .8 h
(n = 537), or had missing data on any
of the following cardiometabolic traits:
fasting blood glucose, HDL cholesterol
(HDL-C), triglycerides, BMI, or blood

pressure (n = 165). After these exclusions and with some participants meeting more than one exclusion criterion,
17,404 participants remained eligible
for the current analysis.
To ensure a more contemporary sample while allowing for sufﬁcient followup of approximately one decade, we
chose the following examinations as
the “baseline” for each study. For ARIC,
its ﬁrst examination (1987–1989) was
considered the “baseline” examination
and its fourth cycle (1996–1998) as the
last examination for a follow-up period
of ;9 years. For CARDIA, we considered
either the year 10 (1995–1996) or year
15 (2000–2001) examination cycle as
“baseline” depending on which exam a
participant was ﬁrst examined, for an
approximate follow-up period of 10
years. For the Framingham Heart Study,
the Offspring Cohort Examination 3
(1984–1987) or 4 (1987–1991) was considered the “baseline” depending on
which exam a participant was ﬁrst examined, for a follow-up period of ;12
years; Framingham Offspring Cohort
participants at examination cycle 3
could re-enter the analysis at examination 6 (1995–1998) as “baseline” if they
remained age eligible and diabetes
free.
Assessment of BMI, BMI-Years,
Baseline Covariates, and Incident
Diabetes

Height and weight were measured with
participants in light clothing. BMI was
calculated as weight in kilograms divided by the square of height in meters.
To calculate our primary predictor,
which is the degree and duration of
prospective weight gain, we estimated
for each participant his/her “BMI-years”
deﬁned as the area of BMI units above
or below his/her baseline BMI during follow-up. BMI-years was a timedependent variable calculated for each
participant using linear interpolation
between measured BMI points at each
interim examination across the entire
follow-up period and the amount of
time since the baseline exam. Only measured BMI points were used in the analysis; imputation was not used to adjust
for missed visits or missing weight. BMIyears could range from a large negative
to a large positive value; however, the
relationship between BMI-years and incident diabetes may differ depending on
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populations that incorporate measures of
adiposity and other cardiometabolic variables have performed poorly in young
adults (6), suggesting that risk factors
are likely modiﬁed by age.
To our knowledge, no study has directly compared whether and how the
impact of risk factors, including obesity,
on incident diabetes might differ between middle-aged and young adults.
Given the growing body of evidence suggesting the adverse effects of a greater
cumulative obesity exposure (i.e., duration and degree) on the risk of developing diabetes (7–9), it is critical to account
for both of these dimensions when assessing this question. Recent ﬁndings
from a follow-up study of adolescents
and young adults suggest that younger
individuals are at greater risk of developing diabetes for a given cumulative level
of excess weight gain (10). However,
whether this age-related differential effect extends from young adulthood into
middle age is unknown. It is also unknown
whether the magnitude of any such association would vary between blacks and
whites. Given prior evidence suggesting
that other cardiometabolic factors affect
diabetes risk differently in blacks and
whites, further race-speciﬁc investigations appear warranted (11).
We therefore conducted pooled analyses using data from three large wellcharacterized community-based cohort
studies in the U.S. Together, the Atherosclerosis Risk in Communities (ARIC)
study, the Coronary Artery Risk Development in Young Adults (CARDIA) study,
and the Framingham Heart Study
provide a rich resource to compare the
incidence of type 2 diabetes in younger
versus middle-aged blacks and whites.
We hypothesized that the association
of prospective weight gain over approximately one decade, expressed as BMIyears to account for both the degree and
duration of weight gain, would be more
strongly associated with incident diabetes in younger than middle-aged adults
independent of baseline BMI and other
cardiometabolic risk factors. We secondarily investigated whether the magnitude of the associations would differ
between blacks and whites.
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Statistical Analysis

We pooled individual participant-level
data from the three studies and stratiﬁed the results by baseline age-groups
(younger: $30 and ,45 years; middleaged: $45 and ,60 years) and race. Cox
proportional hazards models were used
for the multivariable analyses, in which
the BMI-years (positive and negative)
were included as time-dependent variables (accumulated net recalculated at

time of each event), and adjustment
for all other covariates was based solely
on baseline values. The cardiometabolic
covariates were selected a priori as potential confounders based on prior evidence that they were associated with
adiposity as well as with diabetes
(11,16–19). The absolute values of
BMI-years and baseline triglycerides
were natural-log transformed due to
their skewed distribution or range
from zero to large numbers. BMI-years
was assigned a small positive number
(0.00001) if BMI-years was zero to allow
for natural logarithmic transformation.
Interaction terms between the age cohort indicator variable and the covariates were used to test for differences
in associations by baseline age-groups.
Additional two-way and three-way interaction terms were used to test for
differences by race and for age-group
differences within race.
BMI-years, particularly natural log–
transformed BMI-years, is difﬁcult to
translate into a clinically meaningful result. To help readers more easily interpret and quantify the association
between this exposure variable and its
interactions with age and race, we used
the coefﬁcients derived from our primary model to generate a table of hazard ratios (HRs) that illustrates the
results for a given set of baseline BMI
values and alternative uniform increases in BMI over a ﬁxed follow-up
period. Namely, we calculated for each
race and age-group the HRs and 95% CIs
for incident diabetes associated with a
prespeciﬁed baseline BMI and a prespeciﬁed constant linear increase in BMI
over 9 years of follow-up. We chose
the following baseline BMI values: 22,
27, and 32 kg/m2 to be within the approximate midrange of normal, overweight, and obese BMI categories,
respectively. We chose the following cumulative increases in BMI over the 9
years: 1, 2, 5, and 10 kg/m2 to correspond to approximately the 25th, 50th,
90th, and 99th percentile values, respectively, among all participants who
had increased BMI (13,087 participants)
during follow-up. Within each race and
age-group, a baseline BMI of 22 kg/m2
and no weight gain over 9 years were
used as the referent.
In a sensitivity analysis, we examined
the robustness of our primary ﬁnding by
removing baseline fasting glucose as a

covariate from our primary multivariable model. We did this because of
its likely role in the causal pathway in
the development of diabetes (20) and
to address any potential concerns of
overadjustment, given that our primary
outcome is partly deﬁned by subsequent fasting glucose levels.
Tests of statistical signiﬁcance were
two tailed, with an a level of 0.05. SAS
version 9.3 (SAS Institute, Cary, NC) was
used to perform all analyses.
RESULTS
Baseline Characteristics, Incident
Diabetes, and Change in BMI-Years

The age ranges in ARIC, CARDIA, and the
Framingham Heart Study were 44–59,
30–46, and 30–59 years, respectively.
More than half (55.6%) of the total participants in the analysis were women.
One-ﬁfth (21.0%) were black, all from
ARIC and CARDIA. Among blacks, mean
baseline BMI was similar in both agegroups (Table 1). Those in the younger
age-group (between 30 and 45 years
old) had signiﬁcantly more favorable
blood pressure proﬁle and fasting triglyceride and glucose levels, but less favorable HDL-C levels, than those in the
middle-aged group (between 45 and 60
years old). Among whites, the younger
group had signiﬁcantly lower baseline
BMI and more favorable blood pressure
proﬁle and fasting triglyceride and glucose levels.
During a median follow-up of 9 years,
there were 1,509 newly identiﬁed cases
of diabetes among all age-race groups. Diabetes incidence (per 1,000 person-years)
in the younger and middle-aged groups
among blacks was 7.2 (95% CI 5.7, 8.7)
and 24.4 (22.0, 26.8), respectively, and
among whites was 3.4 (2.8, 4.0) and 10.5
(9.9, 11.2), respectively.
The distribution of the cumulative
BMI-years over the follow-up period is
shown in Table 2. Cumulative BMI-years
for each participant was calculated by
summing for each interim exam the
area deﬁned by the time between exams and the linear interpolation of starting BMI and interim-exam BMI from
baseline to incident diabetes or the censored exam. Each participant was then
classiﬁed as having a net gain in BMIyears (i.e., area $1), net loss in BMIyears (i.e., area #21), or no change in
BMI-years (i.e., area between 21 and
1). The cumulative distribution for
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whether BMI-years was positive or negative. To allow for independent associations, the absolute value of BMI-years
was split into two variables: BMI-years
gained if BMI-years was positive and
BMI-years lost if BMI-years was negative.
A value for BMI-years gained would by
deﬁnition imply a zero value for BMIyears lost and vice versa.
Blood pressure was measured with
participants seated after a 5-min rest
using a random-zero mercury sphygmomanometer in ARIC and CARDIA and a
standard mercury-column sphygmomanometer in the Framingham Heart
Study. The average of two readings was
used. Participants were instructed to fast
overnight before providing blood specimens for measuring glucose and lipid
levels. Age, race, and medication use
were self-reported and veriﬁed with prescriptions brought to the clinic for that
purpose.
Incident diabetes was deﬁned when
any of the following were present at a
follow-up examination: fasting blood
glucose $126 mg/dL, casual blood glucose $200 mg/dL, or use of insulin or
oral hypoglycemic medication. Time to
diabetes was estimated using a previously described method by Duncan
et al. (15). In brief, for cases ascertained
based on blood glucose value, the incident date was estimated by linear interpolation using the glucose values at the
ascertaining and previous examinations.
For cases ascertained based on the use
of diabetic medications (;15% of the
observed cases), the time to diabetes
was estimated by using their fasting glucose at the earlier visit and a slope estimated using information from all
subjects with diabetes who had been
unaware of their status (because the
fasting glucose at ascertainment for
those who were on diabetic medication
may have been affected by their knowledge of their diabetes status).
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Table 1—Baseline characteristics by race and age-group
Blacks

Characteristic

Whites

$30 and ,45 years
old (n = 1,359)

$45 and ,60 years
old (n = 2,297)

$30 and ,45 years
old (n = 3,266)

$45 and ,60 years
old (n = 10,482)

Mean (SD) or %

Mean (SD) or %

P value*

Mean (SD) or %

Mean (SD) or %

Age (years)

35.7 (3.5)

51.1 (4.3)

d

37.5 (3.8)

52.0 (4.2)

d

Women (%)

58.7%

62.9%

0.06

52.9%

54.5%

,0.001

SBP (mmHg)

113.5 (13.8)

125.7 (19.8)

0.11

111.0 (12.6)

118.1 (16.2)

,0.001

DBP (mmHg)

75.2 (10.5)

80.0 (11.9)

,0.001

73.2 (9.8)

73.5 (10.2)

,0.001

61.1%
25.6%
13.3%

26.3%
25.6%
48.1%

0.008

67.6%
24.3%
8.1%

48.4%
27.7%
23.9%

,0.001

Normal BP (%)†
Prehypertensive (%)†
Hypertensive (%)†

P value*

51.5 (14.2)

56.3 (17.8)

,0.001

50.4 (13.9)

51.6 (16.5)

0.29

83.2 (60.9)

104.8 (72.0)

0.003

100.4 (79.8)

128.0 (81.4)

,0.001

Fasting glucose (mg/dL)

90.2 (8.7)

98.5 (10.2)

,0.001

89.4 (8.0)

97.1 (9.3)

,0.001

BMI (kg/m2)

29.1 (7.0)

29.3 (6.0)

0.27

25.7 (5.0)

26.7 (4.7)

,0.001

Data are mean (SD) or percent, unless otherwise indicated. SD is from the unadjusted distribution. BP, blood pressure; DBP, diastolic blood pressure;
SBP, systolic blood pressure. *P value from a simple x2 or Student t test after adjustment for age and sex where appropriate. †Blood pressure
categories: normal, SBP ,120 and DBP ,80 mmHg and not using antihypertensive medication; prehypertension, not hypertension and SBP 120–139
or DBP 80–89 mmHg; hypertension, SBP $140, DBP $90 mmHg, or using antihypertensive medication. P values provided reﬂect the distribution
of the three blood pressure categories between the two age-groups within each race. ‡Means and SD from the untransformed distribution. Student
t test P value is from the natural log–transformed distribution.

BMI-years is shown for each race and
age-group. Among blacks, the proportions of younger and middle-aged adults
with a net gain of at least 1 BMI-year
at end of follow-up were 72 and 60%,
respectively. Among the younger and
middle-aged whites, the proportions
were 76 and 67%, respectively. Within

each race, the median gain in BMI-years
over the follow-up time also tended to
be greater in the younger as opposed to
the middle-aged adults.
Multivariable Analyses

As shown in the upper half of Table 3,
after adjusting for sex, baseline covariates,

race and age interaction terms, and loss
in BMI-years, gain in BMI-years was associated with signiﬁcantly higher risk of
diabetes in the younger compared with
middle-aged groups in both racial
groups. In contrast, although baseline
BMI was positively associated with incident diabetes within each of the four

Table 2—Net changes in BMI-years at end of follow-up by race and age-group*
Age-group at baseline
$30 and ,45 years old
Median
Blacks
Net gain of .1 BMI-years at end of follow-up
n (%)
BMI-years/follow-up time†
Net stable (61) BMI-years at end of follow-up
n (%)
BMI-years/follow-up time
Net loss of .1 BMI-years at end of follow-up
n (%)
BMI-years/follow-up time
Whites
Net gain of .1 BMI-years at end of follow-up
n (%)
BMI-years/follow-up time
Net stable (61) BMI-years at end of follow-up
n (%)
BMI-years/follow-up time
Net loss of .1 BMI-years at end of follow-up
n (%)
BMI-years/follow-up time

25th percentile

$45 and ,60 years old

75th percentile

Median

n = 1,359

25th percentile

75th percentile

n = 2,297

1.58

976 (71.8)
0.86

2.62

1.09

0.01

108 (7.9)
20.05

0.07

0.00

389 (16.9)
20.10

0.11

20.80

275 (20.2)
21.59

20.44

20.69

542 (23.6)
21.20

20.40

n = 3,266

1.27

2,478 (75.9)
0.69

1,366 (59.5)
0.61

1.81

n = 10,482

2.13

1.05

6,995 (66.7)
0.58

1.77

0.03

203 (6.2)
20.04

0.07

0.02

1,222 (11.7)
20.05

0.09

20.64

585 (17.9)
21.18

20.33

20.64

2,265 (21.6)
21.10

20.35

*Results stratiﬁed by net gain in BMI (cumulative BMI-years .1), no net change in BMI (cumulative BMI-years 61), and net loss in BMI
(cumulative BMI-years less than 21). †BMI-years/follow-up time: cumulative area calculated based on time to each recorded examination
(x-axis) and connected BMI measurements (y-axis) divided by the total amount of follow-up time in years.
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HDL-C (mg/dL)
Triglycerides (mg/dL)‡
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Table 3—HRs by age-group for the association of prospective gains in BMI with incident diabetes, after adjusting for
covariates*
Age-group at baseline
$30 and ,45 years old

Sensitivity analysis (excluding baseline fasting glucose from
the primary model)
Blacks
n (events)
Baseline BMI (5 units)
Log(BMI-years over baseline BMI)† (1 unit)
Whites
n (events)
Baseline BMI (5 units)
Log(BMI-years over baseline BMI) (1 unit)

HR

P value

HR

P value

P value for interaction‡

1.29
1.18

1,359 (89)
,0.001
0.02

1.25
1.02

2,297 (391)
,0.001
0.39

0.69
0.047

1.37
1.35

3,266 (110)
,0.001
,0.001

10,482 (919)
1.38
,0.001
1.11
,0.001

0.92
0.008

1.41
1.13

1,359 (89)
,0.001
0.08

1.25
0.99

2,297 (391)
,0.001
0.56

0.69
0.065

1.60
1.27

3,266 (110)
,0.001
,0.001

10,482 (919)
1.60
,0.001
1.06
0.001

0.96
0.006

*Additional covariates in the primary multivariate analyses include sex, baseline HDL-C (15 mg/dL), log(baseline triglycerides), baseline fasting
glucose, baseline prehypertension, baseline hypertension, log(BMI-years below baseline BMI), as well as interaction terms for age-group 3 baseline
covariates, race 3 baseline covariates, and age-group 3 race 3 baseline covariates. The referent group for hypertension and prehypertension
is those with normal blood pressure, deﬁned as systolic blood pressure ,120 mmHg and diastolic blood pressure ,80 mmHg and not using
antihypertensive medication. In the sensitivity analyses, baseline fasting glucose was removed as a covariate from the primary multivariable model.
†BMI-years is a time-dependent variable calculated using linear interpolation between measured BMI points and the amount of time above or below
baseline BMI. ‡P value for interaction is the test of effect modiﬁcation between age-group at baseline and the risk factor on incident diabetes.

race and age subgroups, signiﬁcant interactions by age-group within each
race were not observed. Among blacks,
HRs of diabetes risk for 1-unit increase
in natural-log BMI-years in younger versus middle-aged adults were 1.18 (P =
0.02) and 1.02 (P = 0.39), respectively
(P for interaction by age-group = 0.047).
Among whites, HRs of diabetes risk for
1-unit increase in natural-log BMI-years
in younger versus middle-aged adults
were 1.35 (P , 0.001) and 1.11 (P ,
0.001), respectively (P for interaction
by age-group = 0.008). The P values
for interactions between race and increase in natural-log BMI-years on
incident diabetes in the younger and
middle-aged groups were 0.14 and
,0.001, respectively (results not shown).
Results of the sensitivity analysis in
which baseline fasting glucose was removed from the multivariable model
are shown on the lower half of Table 3.
The primary ﬁnding that BMI gain was
more strongly associated with incident
diabetes in younger compared with
middle-aged adults remained statistically
signiﬁcant in whites (P for interaction =
0.006) but was no longer signiﬁcant in

blacks (P for interaction = 0.065). The interaction between race and increase in
natural-log BMI-years on incident diabetes
in the younger and middle-aged cohorts
remains largely unchanged (P for interaction = 0.78 and 0.007, respectively) (results
not shown).
Table 4 translates the model results
into HRs and 95% CIs for incident diabetes according to baseline BMI and constant linear change in BMI over 9 years.
Using a baseline BMI of 22 kg/m2 and no
weight gain as the referent, the HR for
incident diabetes in younger blacks
with a BMI of 32 and a gain of 10 additional BMI units is 3.10 (95% CI 1.70,
5.65). This is in contrast to an HR of
1.68 (1.37, 2.07) in their older counterparts with the same baseline BMI and
weight gain. Among whites, the HR of
diabetes risk in the younger individuals
with the same baseline BMI and weight
gain is 5.91 (3.38, 10.32), compared
with 2.91 (2.43, 3.49) in the older
group.
CONCLUSIONS

Although middle-aged black and white
adults had higher rates of incident

diabetes than their young-adult counterparts, young adults had a greater relative risk of developing diabetes for a
given level of gain in BMI-years, independent of any differences in baseline
BMI and other cardiometabolic factors.
Younger adults also had an overall
higher prevalence and larger degree
of net gain in BMI-years. Our ﬁnding
supports continued efforts to prevent
weight gain in both younger and middleaged adults. It further highlights the
importance of accounting for the age
at which weight gain occurs when assessing obesity’s impact on diabetes
risk. A cautionary message to young
adults might be that gaining weight at
their age may be more strongly associated with developing diabetes than if a
similar degree and duration of weight
gain were to occur in their middle-aged
counterparts.
Although previous studies have also
brought forth the need to consider the
age in which weight gain occurs when
assessing diabetes risks (10,19,21–23),
these studies were cross-sectional (21),
limited to a single ethnic population
(19,22), and/or relied on self-reported
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Primary model
Blacks
n (events)
Baseline BMI (5 units)
Log(BMI-years over baseline BMI)† (1 unit)
Whites
n (events)
Baseline BMI (5 units)
Log(BMI-years over baseline BMI) (1 unit)

$45 and ,60 years old
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0

1.28 (1.04, 1.57)
1.65 (1.28, 2.12)
2.13 (1.52, 2.99)

1

1.95 (1.45, 2.62)
2.66 (1.94, 3.63)
3.63 (2.45 5.36)

1.43 (1.06, 1.94)
1.85 (1.32, 2.59)
2.39 (1.59, 3.59)

2

2.57 (1.69, 3.91)
3.51 (2.29, 5.37)
4.79 (2.96, 7.75)

1.66 (1.08, 2.55)
2.15 (1.36, 3.39)
2.77 (1.66, 4.64)

5

3.17 (1.90, 5.30)
4.33 (2.58, 7.25)
5.91 (3.38, 10.32)

1.86 (1.10, 3.15)
2.40 (1.39, 4.16)
3.10 (1.70, 5.65)

10

1 (ref)
1.38 (1.30, 1.46)
1.90 (1.68, 2.13)

1 (ref)
1.25 (1.17, 1.35)
1.57 (1.37, 1.81)

0

1.18 (1.12, 1.25)
1.63 (1.51, 1.77)
2.25 (1.97, 2.55)

1.03 (0.97, 1.09)
1.29 (1.17, 1.41)
1.62 (1.39, 1.88)

1

1.28 (1.18, 1.39)
1.76 (1.60, 1.95)
2.43 (2.11, 2.80)

1.04 (0.95, 1.13)
1.30 (1.17, 1.46)
1.64 (1.39, 1.93)

2

1.42 (1.26, 1.60)
1.95 (1.72, 2.22)
2.69 (2.29, 3.17)

1.06 (0.93, 1.20)
1.32 (1.15, 1.53)
1.66 (1.38, 2.00)

5

1.54 (1.33, 1.77)
2.11 (1.81, 2.46)
2.91 (2.43, 3.49)

1.07 (0.92, 1.24)
1.34 (1.14, 1.58)
1.68 (1.37, 2.07)

10

Increase in BMI over 9 years†: $30 and ,45 years old at baseline
Increase in BMI over 9 years†: $45 and ,60 years old at baseline
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1 (ref)
1.29 (1.14, 1.47)
1.67 (1.30, 2.15)

1.58 (1.29, 1.93)
2.15 (1.70, 2.72)
2.94 (2.10, 4.12)

Table 4—Matrix of HRs (95% CI) for incident diabetes associated with a speciﬁc baseline BMI and increase in BMI over 9 years*

Blacks
22
27
32

1 (ref)
1.37 (1.18, 1.58)
1.86 (1.39, 2.51)

Baseline BMI†

Whites
22
27
32

*Increase in BMI is assumed to be a constant linear function over time. Within each race and age-group, a baseline BMI of 22 kg/m2 and no weight gain over 9 years was used as the referent. Adjusted for
baseline BMI, HDL-C, natural log–transformed triglycerides, fasting glucose, and hypertension group, as well as interaction terms for age-group 3 baseline covariates, race 3 baseline covariates, and age-group 3
race 3 baseline covariates. †BMI units expressed as kg/m2.

data of weight change or diabetes status
(10,22). Furthermore, only one accounted for both degree and duration
of weight gain when examining the
age differentials in obesity-related incidence of diabetes (10). That study,
by Lee e al. (10), used data from the
National Longitudinal Survey of Youth
1979 and evaluated a younger cohort,
speciﬁcally adolescents and young
adults. Using excess weight calculated
as self-reported BMI over a reference
BMI (25 kg/m2 for adults or 85th percentile for adolescents), they found
younger individuals to have greater
risks of self-reported diabetes for a given
level of excess BMI-years exposed. Our
study, which used objectively measured
BMI and diabetes status, supports and
extends this age effect modiﬁcation
from young adulthood to middle age,
the latter being a time period with the
highest incidence of diabetes in the U.S.
(24). We further found that these associations were independent of any differences in baseline cardiometabolic risk
factors.
It is unclear why adiposity gained in
young adulthood is associated with
greater relative risk for developing diabetes than if the same level of adiposity
were gained in middle age. This might be
explained in part by the greater absolute
risks for developing diabetes in the older
age-group, such that each additional risk
factor is likely to contribute only an incremental effect to the overall risk. Such
decreases in relative risks with aging
have been observed in studies
assessing other predictors and/or outcomes (25,26). Another potential explanation is survival bias. Those in the
middle-aged group who were most susceptible to diabetes may have already
developed the disease by the time of
the study index examination and were
thus excluded from the analyses, leaving
in those who may be more protected
from developing the disease. Reverse
causality is another possibility given
that outcomes associated with BMI are
likely to be especially pronounced in
young adults since older individuals experience age-related loss of height and
muscle mass. Alternatively, there may
be a pathophysiologic explanation.
Type 2 diabetes results when pancreatic
b-cells are unable to match insulin
secretion in the face of insulin resistance over time. Obesity is a known
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be noted. First, black participants were
recruited in only two cohorts (CARDIA
and ARIC) with very little overlap in
age. It is possible that the observed
age differential effects in blacks might
have been due to differences between
studies. However, the standardized data
collections and protocols and rigorous
quality control measures within each
study make this concern less likely. Second, the duration of weight gain during
follow-up was based on measurements
ascertained over a range of 3–6 years.
Perhaps more frequent measurements
would improve the accuracy of estimations of BMI-years to capture sudden
ﬂuctuations in weight that can result
from life events such as postpregnancy
or acute illnesses. Third, relying on laboratory measurements and use of diabetes medications to ascertain diabetes
may have missed cases controlled by
lifestyle alone. Finally, we lacked data
to evaluate the potential impact of cumulative obesity burden prior to the index examination, which would likely be
greater in the older participants simply
because they have lived longer and because of age-related loss in muscle
mass. Rather, our focus was on comparing differences in the incremental increase in diabetes risk for a given level
of weight gained prospectively within a
speciﬁed follow-up period. It might be
more generalizable to settings such as
new patient encounters in which only
current information is available, yet
one wishes to estimate future risks
based on various possible scenarios of
weight gain. Certainly future studies
that examine the effects of lifetime
obesity burden on diabetes incidence
starting from early childhood and
across the life span are still needed.
In summary, in this combined analysis
of three population-based cohorts, a
given degree and duration of weight
gained in young-adult blacks and whites
are more strongly associated with risk of
diabetes than if similar weight was
gained in middle age, even after accounting for baseline weight and other
cardiometabolic risk factors. Our ﬁndings support continued efforts to prevent weight gain in both younger and
middle-aged adults. Additionally, a cautionary message to young adults might
be that gaining weight at their age may
be more strongly associated with developing diabetes than if similar weight

gain were to occur in their middleaged counterparts.
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