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Obesity Progression Between
Young Adulthood and Midlife and
Incident Diabetes: A Retrospective
Cohort Study of U.S. Adults
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OBJECTIVE

Understanding how changes in weight over the life course shape risk for diabetes is
critical for the prevention of diabetes. Using data from the National Health and
Nutrition Examination Survey (NHANES), we investigated the association between
self-reported weight change from young adulthood to midlife and incident diabetes.

RESEARCH DESIGN AND METHODS

We categorized individuals into four weight-change groups: those who remained
nonobese (stable nonobese), those who moved from an obese BMI to a nonobese
BMI (losing), those who moved from a nonobese BMI to an obese BMI (gaining), and
those who remained obese (stable obese). Diabetes status was determined by self-
report of a prior diagnosis, and age at diagnosis was used to establish time of di-
abetes onset. Hazard ratios (HRs) relating weight change to incident diabetes over
10 years of follow-up were calculated using Cox models adjusting for covariates.

RESULTS

Those who were obese and lost weight exhibited a significantly lower risk (HR 0.33;
95% Cl 0.14, 0.76) of diabetes compared with those with stable obesity. We also
observed lower risk among those who were stable nonobese (HR 0.22; 95% Cl 0.18,
0.28) and those in the gaining category (HR 0.70; 95% CI 0.57, 0.87). Further, there
was evidence of an increased incidence of diabetes among obese individuals who lost
weight compared with individuals who were stable nonobese; however, weight loss
was rare, and the association was not statistically significant. If those who were
obese had become nonobese during the 10-year period, we estimate that 9.1%
(95% Cl 5.3, 12.8) of observed diabetes cases could have been averted, and if the
population had maintained a normal BMI during the period, 64.2% (95% Cl 59.4, 68.3)
of cases could have been averted.

CONCLUSIONS

The findings from this study underscore the importance of population-level
approaches to the prevention and treatment of obesity across the life course of
individuals.

The incidence and prevalence of diabetes among adults in the U.S. has risen during the
past 30 years (1,2). In 1988, 9.8% of the adult population was living with diabetes; by
2014, this prevalence had grown to 12.3% (2). These increases have important impli-
cations for U.S. mortality (3), morbidity (4), disability (5), and health care expenditures
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(6). A recent study found that diabetes
was responsible for a higher volume of
personal medical expenditures than any
other medical condition (6). A 2017 study
estimated that nearly one-fifth of deaths
among obese adults were attributable to
diabetes (3).

Arising trend in the prevalence of obe-
sity can account for most of the increase
in diabetes between 1976 and 1980 and
between 2007 and 2010 (2,7). The rela-
tionship between obesity and diabetes
has been established by observational
studies of BMI and diabetes status
(8-11) and supported further by research
into the physiologic link between body
fat, insulin resistance, and type 2 diabetes
(12). Alongside the effects of prevalent
obesity on diabetes, prospective cohort
studies have shown weight change over
the life course can also have profound
effects on the risk of diabetes (11,13-18).
A recent study using data from the
Nurses’ Health Study (NHS) and the
Health Professionals Follow-Up Study
(HPFS) examined major health outcomes
associated with weight change in adult-
hood. Of the outcomes considered, type 2
diabetes showed the strongest associa-
tions with weight change. A general re-
duction in risk was observed for weight
loss in both cohorts, whereas weight gain
was associated with an increased inci-
dence of diabetes commensurate with
the absolute change (11). These associa-
tions have also been observed in studies
outside the U.S. and in studies focused
on ethnic differences (17,19-21).

With few exceptions, investigations of
the relationship between weight change
and the incidence of diabetes have been
limited to samples that are not nationally
representative. Exceptions include two
studies using the National Health and
Nutrition Examination Survey (NHANES) |
Epidemiologic Follow-Up Study, 1971—
1992 (22,23), and two studies that moni-
tored adolescents for one to two decades
(24,25). Recent national data on the asso-
ciation between weight change and inci-
dent diabetes are not available, largely
because the two major national cohorts
with ongoing data collection, the NHANES
and the National Health Interview Survey
(NHIS), have not prospectively monitored
individuals for incident disease status.

One opportunity not yet explored is to
treat a national probability sample as a
retrospective longitudinal study. NHANES
has routinely asked questions about

weight histories, including weight at age
25 and weight 10 years before the survey,
alongside weight at the survey. It has also
asked questions about the history of di-
abetes diagnosis. Leveraging these data
provides an opportunity to investigate
the relationship between weight histo-
ries, in the form of weight at age 25 and
weight 10 years before the survey, and
the incidence of diabetes during 10 years
of follow-up before the survey.

We used this approach to examine the
relationship between weight change in
adulthood and diabetes incidence. We
sought to determine whether obese indi-
viduals who lost weight were 1) atareduced
risk of diabetes relative to individuals with
stable obesity (the “risk reduction” hy-
pothesis), and 2) at an increased risk of
diabetes relative to individuals who
maintained a nonobese BMI over time
(the “residual risk” hypothesis).This latter
hypothesis predicts that individuals who
have been obese are at higher risk of de-
veloping diabetes than those who have
never been obese.

RESEARCH DESIGN AND METHODS

Data for this study were drawn from the
NHANES, a nationally representative sam-
ple of U.S. adults. NHANES was collected
periodically from the noninstitutional-
ized U.S. population before 1999 and con-
tinuously thereafter. Interviews were
conducted at individuals’ homes, and lab-
oratory and physical examinations were
performed by trained technicians using
mobile examination centers (26). Institu-
tional Review Board approval was not
required for this study because the inves-
tigation was based on secondary analyses
of publicly available, deidentified data.

We incorporated data on adults aged
40-74 at examination from both the
NHANES Il (1988-1994) and continuous
NHANES (1999-2014). Self-reported weight
change was assessed by participant re-
call of weight at age 25 and 10 years
before the NHANES survey. Incident di-
abetes was determined from respond-
ents affirming that a health care provider
had indicated a diagnosis of diabetes.
The reported age at diagnosis was used
to establish the time of diabetes onset.
The study design is visually depicted in
Supplementary Fig. 1.

Those who reported a date of onset
that was before the initiation of follow-up
were considered prevalent diabetes cases
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and were excluded. An individual who did
not report a diagnosis of diabetes but re-
corded an HbA;. =6.5% (48 mmol/mol)
at examination was considered to have
undiagnosed diabetes and excluded from
survival analyses. Diabetes type (type 1 or
type 2) was not able to be determined.
We also excluded individuals missing ob-
servations for BMI, HbA,, family history
of diabetes, or education. After exclusions,
a sample size of 21,554 individuals re-
mained for analysis.

Respondents were asked to recall
weight at age 25 and weight 10 years be-
fore their age at survey. Measured height
at the examination was used to calculate
BMI, unless the participant was 50 years
or older at the time of the survey. In this
case, reported height at 25 was used to
calculate BMI at 25, and measured height
at the examination was used to calculate
BMI at 10 years before the examination.
Reported height at age 25 was incorpo-
rated to account for the possibility of
height decline with age. To calculate
BMI, weight was converted into kilograms
and height was converted to meters. BMI
values for both time points were catego-
rized into underweight, normal weight,
overweight, obese, and obese II.

BMI change categories were then gen-
erated to capture weight change over
the life course of an individual. The pri-
mary analysis used four BMI change cate-
gories based on BMI (kg/m?) at age
25 and on BMI 10 years prior to the sur-
vey: stable nonobese (BMl,ge 25 <30 and
BMIlO years prior <3O)r lOSing (BMlage 25
=30 and BMlyg years prior <<30), gaining
(BMlage 25 <30and BMI]O years prior 230)1
and stable obese (BMl,g >5 =30 and
BMIlO years prior 230)~

Survival Analysis

Two hypotheses, which are referred to as
the “risk reduction” hypothesis and the
“residual risk” hypothesis, were tested
using Cox proportional hazard models
predicting the rate of incident diabetes
across the four BMI change categories
over the time period. A total of 1,877
cases of incident diabetes were recorded
during follow-up, with individuals contrib-
uting 208,061 person-years, or a rate of
9.02 cases per 1,000 person-years. Models
included adjustment for race/ethnicity,
sex, educational attainment, family history
of diabetes, and age at the start of follow-
up. To test the risk reduction hypothesis,
the stable obese weight-change category
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was used as the reference category to
which all other weight-change categories
were compared. To test the residual risk
hypothesis, the same model was used,
with the stable nonobese category chosen
as the reference category. To determine
whether the time period studied had an
effect on the results observed, a sensitivity
analysis was run excluding NHANES 1988—
1994 data (Supplementary Table 2). No
meaningful differences were observed,
so the primary model with both time pe-
riods (1988-1994 and 1999-2014) was
preserved.

A secondary analysis was implemented
in which those who maintained a normal
BMI during the time period were treated
as a separate category of BMI change. In
doing so, those originally in the stable
nonobese category were categorized
into two new groups: 1) “stable normal”
(BMIage 25 <25and BMIlO years prior <25)'
as described; and 2) “max overweight,”
comprising those who were never obese
but were overweight (BMI =25 and BMI
<<30) at least once at age 25 or 10 years
before the survey. Stable normal was
used as the reference category for this
model.

Hypothetical Scenarios

Estimates of the percentage of diabetes
cases that could be averted under four
hypothetical scenarios were calculated
using the following equation for the pop-
ulation-attributable fraction (PAF):

k HR; — 1
PAF =Y pd,-( : >
i=0

HR;

where pd; is the proportion of total
incident cases in the sample observed
in the ith BMI trajectory category, and
HR; is the hazard ratio associated with
that BMI trajectory (27). To calculate
the attributable fractions, we treated
individuals with the BMI trajectory exposure
of interest as if they were hypothetically
part of a different level of exposure based
on the respective scenario. In doing so,
the PAFs represent the fraction of cases
that would be eliminated if people with a
particular BMI trajectory were redistributed
to another trajectory and experienced the
same relative risks as individuals in that
new trajectory.

For clarity, we referred to the four sce-
narios used in PAF calculations with
the names 1) “weight loss,” 2) “weight
maintenance,” 3) “partial prevention,”

and 4) “comprehensive prevention” (Ta-
ble 3):

1. The weight loss scenario is a hypothet-
ical scenario in which individuals who
were obese in young adulthood lost
down to a nonobese BMI at midlife.

2. The weight maintenance scenario es-
timates what would have happened if
individuals who gained weight—from
nonobese in young adulthood to obese
by midlife—had not gained this weight,
but instead had maintained their non-
obese BMI during the time period.

3. Partial prevention asks what if the to-
tal population had a nonobese BMI
from young-adulthood that was main-
tained through midlife.

4. Comprehensive prevention examines
what would happen if the total popu-
lation had a normal BMI from young
adulthood through midlife. The PAF
calculation for this scenario used esti-
mates generated for the stable normal
category from our secondary analysis,
because those who were stable normal
approximate the ideal weight-change
category for the period from young
adulthood to midlife.

Examination sample weights were
used for all estimates and analyses. Stata
14 software (StataCorp) was used for sta-
tistical analysis and data management.
The Stata package punafcc was used to
generate PAFs (28). A two-sided P value
of <0.05 was used to determine statisti-
cal significance.

RESULTS

Table 1 reports characteristics of the
sample with weighted estimates and
unweighted sample sizes stratified by
weight-change category. The mean age of
the sample was 43.8 years at baseline, and
50.2% were men. The mean BMI was
23.6 kg/m? at age 25, 26.6 kg/m? at
10 years before the survey, and 27.8 kg/m>
at the end of follow-up. The study sample
was 78.9% non-Hispanic white, 9.0% non-
Hispanic black, and 8.5% Hispanic. Of the
individuals in the study, 52.6% reported
having more than a high school educa-
tion. A family history of diabetes was re-
ported by 43.5%, ranging from 54.9%
among those who lost weight to 41.1%
among those who maintained a stable
nonobese BMI.

Regarding life-course weight change,
79.4% of the population was stable

Stokes and Associates

nonobese, 1.1% reported losing from an
obese BMI to a nonobese BMI, 14.6% re-
ported gaining weight, and 4.9% remained
stable obese between young adulthood
and midlife.

Survival Analysis

Figure 1 shows cumulative incidence
curves by time in study for each weight
change group. Compared with stable
obese individuals, those who maintained
a stable nonobese BMI from young adult-
hood through midlife had the lowest risk
(HR 0.22;95% CI1 0.18, 0.28) of developing
diabetes during the 10 years of follow-up
(Table 2). Those who reported losing from
an obese BMI to a nonobese BMI over
their life course had 0.33 (95% Cl 0.14,
0.76) times the risk of developing diabe-
tes as those who maintained a stable
obese BMI during the time period. Indi-
viduals who reported gaining from a non-
obese BMI toan obese BMI had 0.70 (95%
Cl10.57, 0.87) times the risk of developing
incident diabetes as those who were sta-
ble obese. When the reference category
was changed to the stable nonobese (Ta-
ble 2), no significant difference (HR 1.47;
95% Cl 0.65, 3.36) was observed in the
risk of onset diabetes between those
reporting losing from an obese BMI to a
nonobese BMI and those who main-
tained a stable nonobese BMI over the
time period.

In the secondary analysis (Supplementary
Table 1), we observed that those who
gained from a nonobese to an obese
BMI during the period had 5.77 (95% Cl
4.63, 7.18) times the rate of incident
diabetes compared with those who
remained in the normal BMI range. Those
who remained obese at both times
had 8.07 (95% Cl 6.28, 10.38) times the
rate compared with the stable normal
category. Finally, those who were over-
weight at either time point (max over-
weight) showed increased incidence of
diabetes (HR 2.65; 95% Cl 2.12, 3.31) rel-
ative to those who were stable normal
weight.

Hypothetical Scenarios

PAFs were calculated from the four scenar-
ios that are outlined in the RESEARCH DESIGN
AND METHODS and represented in Table 3. In
the weight loss scenario, if those who
were obese lost to a nonobese BMI,
9.1% (95% Cl 5.3, 12.8) of observed dia-
betes cases could have been averted
(Table 3). In the weight maintenance
scenario, if those who gained weight
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Table 1—Life course obesity progression and onset diabetes in adults ages 40-75*

Stable nonobese®
n (%) = 16,454 (79.4)

Gainingb

n (%) = 3,719 (14.6)

Stable obese®

n (%) = 1,154 (4.9)
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Losingb
n (%) =227 (1.1)

Total
N = 21,554

Age (years), i (95% CI)®

Sex, n (%)
Male
Female
Race, n (%)
Non-Hispanic
White
Black
Hispanic
Other
Education, n (%)

Less than high school
High school or equivalent
More than high school

BMI (kg/m?), w. (95% Cl)

At age 25°
10 years priord
At survey®

Family history of diabetes’

43.6 (43.2, 43.9)

8,483 (49.7)
7,971 (50.3)

8,176 (79.4)
3,388 (8.3)

4,008 (8.4)
882 (3.9)

4,687 (18.2)
4,161 (28.0)
7,606 (53.8)

22.5(22.4, 22.6)
24.6 (24.5, 24.7)
26.2 (26.1, 26.3)

7,058 (41.1)

46.2 (45.7, 46.7)

1,836 (50.8)
1,883 (49.2)

1,757 (77.5)
923 (11.3)
951 (9.0)

88 (2.2)

1,193 (22.0)
956 (30.0)
1,570 (48.0)

25.2 (25.0, 25.3)
33.7 (33.5, 33.9)
33.2 (33.0, 33.4)

1,950 (51.9)

40.9 (40.1, 41.7)

601 (54.8)
553 (45.2)

517 (76.5)

348 (13.9)
260 (7.7)
29 (1.9)

357 (19.6)
299 (31.4)
498 (48.9)

34.4 (34.1, 34.8)
38.0 (37.4, 38.6)
37.3 (36.7, 37.8)

672 (54.7)

43.7 (42.2, 45.1)

133 (62.6)
94 (37.4)

114 (78.3)
45 (7.8)
63 (8.4)
5(5.4)

81(24.2)
56 (29.4)
90 (46.4)

33.4 (32.5, 34.2)
26.6 (26.0, 27.3)
29.5 (28.4, 30.6)

114 (54.9)

43.8 (43.5, 44.1)

11,053 (50.2)
10,501 (49.8)

10,554 (78.9)
4,704 (9.0)
5,282 (8.5)
1,004 (3.5)

6,318 (18.9)
5,472 (28.5)
9,764 (52.6)

23.6 (23.5, 23.7)
26.6 (26.5, 26.7)
27.8 (27.7, 28.0)

9,794 (43.5)

*Source: NHANES 111 (1988-1994) and NHANES (1999-2014); sample weighted estimates. 2Age at start of follow-up. ®Stable nonobese: BMl,ge 5 <30and
BMl1g years prior <30; losing: BMl,ge 25 =30 and BMlyg years prior <30; gaining: BMl,ge 25 <30 and BMlyg years prior =30; stable obese: BMI,ge 25 =30 and
M1 years prior =30. “Self-reported BMI at age 25. 9dself-reported BMI 10 years before survey. ®Self-reported BMI at survey. fSelf—repor‘ced family history of

diabetes.

during the period had not gained weight,
23.5% (95% Cl 21.8, 25.1) of the observed
cases would have been averted. In the
partial prevention scenario, maintaining
a nonobese BMI between young adult-
hood and midlife would have prevented
34.5% (95% Cl 32.4, 36.6) of diabetes
cases. In the comprehensive prevention
scenario, if the total population had a nor-
mal BMI from young adulthood through
midlife, 64.2% (95% ClI 59.4, 68.3) of cases
would have been averted.

CONCLUSIONS

The category with the highest risk of in-
cident diabetes consisted of people who
were obese during both young adulthood

and midlife. Being nonobese at age 25 or
10 years before the survey was advan-
tageous relative to remaining obese
throughout this period. Those who lost
from an obese BMI to a nonobese BMI
benefited from a reduction in the rate
of incident diabetes compared with those
who remained obese (HR 0.33; 95% CI
0.14, 0.76). Likewise, those who had
been nonobese at age 25 but became
obese by a period 10 years before the
survey had lower risks than those who
were obese throughout the period (HR
0.70; 95% Cl 0.57, 0.87) (Table 2). These
results are consistent with other evidence
based on nonnational sources that dura-
tion of obesity predicts the incidence of
diabetes (29).

Table 2—Risk reduction and residual risk: HRs for obesity progression and incident

diabetes*
Hypothesis BMI change HR*T 95% Cl P value
Risk reduction Stable nonobese 0.22 0.18,00.28 <0.001
Losing 0.33 0.14,0.76 0.009
Gaining 0.70 0.57, 0.87 0.002
Stable obese 1.00 (Ref) = =
Residual risk Stable obese 4.45 3.59, 5.51 <0.0001
Gaining 3.13 2.69, 3.63 <0.0001
Losing 1.47 0.65, 3.36 0.355
Stable nonobese 1.00 (Ref) — —

*Source: NHANES Il (1988-1994) and NHANES (1999-2014). tAdjusted for education, race, sex,

family history of diabetes, and age at start time.

We found some evidence in support of
the residual risk hypothesis. Those who
were obese at age 25 and became non-
obese had an HR of 1.47 (95% Cl 0.65,
3.36) relative to those who maintained a
nonobese BMI throughout the period.
However, the 95% Cls were wide because
weight loss from an obese BMI to a non-
obese BMI was rare, representing only
1.1% of the total population (Table 1).

We used our estimates of the risks as-
sociated with weight change to explore
the potential effect of weight loss inter-
ventions and prevention initiatives tar-
geting weight gain. The weight loss
scenario was designed to approximate a
comprehensive weight loss intervention
targeting individuals with obesity at age
25. We estimated that if all those who
were obese at age 25 lost to a nonobese
BMI by midlife, 9.1% (95% Cl 5.3, 12.8) of
observed incident cases of diabetes could
be averted. Preventing weight gain in the
population after age 25, represented by
the weight maintenance scenario, was
associated with a 23.5% (95% Cl 21.8,
25.1) reduction in diabetes cases in the
population. In total, we found that 64.2%
(95% CI 59.4, 68.3) of diabetes cases dur-
ing this time period could be averted if all
individuals in the population maintained a
weight in the normal range between early
adulthood and midlife.



care.diabetesjournals.org

0.20
1

0.15
|

Cumulative Incidence (%)
0.10
1

0.05
I

0.00
1

T T T T

0 2 4 6 8 10
Time in Study (yrs)

Stable Obese
Losing

Stable Nonobese
Gaining

Figure 1—Cumulative incidence curve for the Cox model. Source: NHANES Il (1988-1994) and
NHANES (1999-2014). Stable nonobese: BMl,ge 25 <30 kg/m? and BMly years prior <30; losing:
BMl,ge 25 =30 and BMlyg years prior <30; gaining: BMl,ge 25 <30 and BMlyg years prior =30; stable
obese: BMl,ge 5 =30 and BMlyg years prior =30.

Our results are consistent with sev-
eral previous studies that examined weight
change in adulthood (11,13,14,16-18).
A recent study by Zheng et al. (11) found
that increasing levels of weight gain
were strongly associated with incident
diabetes and that moderate weight
loss was associated with reduced risk.
Among women in the NHS, those who
gained =20 kg of weight from early to
middle adulthood showed 10.51 times
the incidence rate of diabetes com-
pared with those who lost or gained
<2.5 kg (11). Similar effects were ob-
served among men in the HPFS. We
also found a similar effect from
weight gain in our study, with those
gaining into the obese category having
5.77 times the incidence rate of diabetes

compared with those who maintained a
normal BMI (Supplementary Table 2). In
an earlier analysis of the HPFS, an ele-
vated BMI of =23 at age 21 was associated
with diabetes onset later in adulthood,
and a weight gain of =2.5 kg in adulthood
was associated with an elevated risk of
diabetes (13). These findings support
the results from our study that those
who lost weight during the study period
did not fully reduce their risk of diabetes
relative to those who maintained a nonob-
ese or normal BMI.

Our study had several strengths. Using
a retrospective cohort design, we were
able to take advantage of a large, na-
tionally representative cohort of U.S.
adults to estimate associations between
weight change and incident diabetes

Table 3—Population attributable fractions for population counterfactuals*

Stokes and Associates

across the life course. BMI observations
at two earlier points in the life course
were used to study the incidence of di-
abetes during a subsequent decade of
exposure. Although many other studies
have looked at weight change and inci-
dent diabetes, the nonrepresentative
samples used in previous studies may
not be generalizable because covariate
distributions can differ, with some of
those covariates serving as key effect
modifiers of the association between
weight change and incident diabetes.
As a nationally representative survey,
results using NHANES are more broadly
generalizable than those from other
cohorts like the NHS and the HPFS, which
rely on data gathered in disproportion-
ately white populations. Although the
focus of NHANES is not on ethnic differ-
ences, our findings agree with those
from multiethnic studies that more fully
consider racial/ethnic differences such
the Multiethnic Cohort Study per-
formed in Hawaii and Los Angeles
(17,30).

An additional strength of the current
study is that by conditioning on survival
in the 10-year period between the second
weight observation and baseline, any ef-
fects of illness-associated weight loss
are likely to be substantially mitigated.
The prior literature has generally not ac-
counted for potential reverse causal path-
ways in investigating associations between
weight change and incident outcomes
(15-18). Some prior studies conditioned
on survival for several years subsequent
to assessment of weight status; however,
there is evidence that illness-induced
weight loss can occur with substantial
lag times, suggesting that the measures
taken in those studies were not sufficient
to address the bias (31,32). Finally, by up-
dating height data in our BMI calcula-
tions for older adults, we accounted for

Scenario PAF (%) 95% Cl Definition

1 Weight losst$ 9.1 5.3,12.8 If those who maintained an obese BMI, instead lost to
a nonobese BMI between young adulthood and midlife

2 Weight maintenancett 23.5 21.8,25.1 If those who gained weight, instead remained nonobese

between young adulthood and midlife
3 Partial preventiont 34.5 32.4,36.6 If the total population had a nonobese BMI from young
adulthood that was maintained through midlife
4 Comprehensive prevention§ 64.2 59.4, 68.3 If the total population had a normal BMI from young

adulthood through midlife

*Source: NHANES |11 (1988-1994) and NHANES (1999-2014). tWeight loss and weight maintenance represent fraction of cases prevented if one
trajectory’s risk were substituted for another, as described. ¥HR; from Table 2. §HR; from Supplementary Table 1.
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any age-associated height loss that these
individuals might have experienced.

This study had several limitations. First
was our reliance on historic, self-reported
weight measures. Although prior studies
have shown self-reported weight is a
strongly correlated predictor of actual
weight (33), our use of historic self-report
likely introduced error. However, evi-
dence has demonstrated that historic
weight measures can have high agree-
ment with measured weight (34,35).

A second limitation was the use of re-
called height to account for age-related
height decline. Error could have been in-
troduced when relying on self-reported
height at age 25 in adults older than age
50 to calculate BMI at age 25 (36). Evi-
dence suggests a relatively high level of
agreement between height recall and his-
torically measured height among older
adults (37,38). A validation study in an
older population (page = 61.0 * 2.9 years)
in which recalled historic height was com-
pared with measured historic height at
age 45 demonstrated high correlation
(r = 0.944) (37). Furthermore, Must et al.
(38) found high correlation between mea-
sured height in high school and recalled
height among an elderly population aged
71-76 years. In light of the evidence, we
opted to use recalled height with the
older population in an attempt to miti-
gate underestimation of height due to
age-related height decline.

A third limitation is that we could not
adjust for physical activity or diet because
recall data on these variables were not
collected. The results may thus partly re-
flect the effects of physical activity and
dietary factors over the life course.

Another limitation is that members of
the relevant cohorts who had died before
the survey were not represented in the
retrospective data set. Their experience
might have differed from that of survivors
in ways that affected the estimated rela-
tionship between obesity and diabetes.
Furthermore, our report relied on self-
reported data on diabetes status, which
may have missed people who had not
been diagnosed with the condition. How-
ever, recent evidence from the NHANES
indicates that the proportion of people
with undiagnosed diabetes is relatively
low in the U.S,; thus, relying on self-reported
diabetes status is unlikely to represent a
major source of bias in estimates (39).
We further accounted for undiagnosed
cases in the analysis by excluding

individuals with HbA,. values that ex-
ceeded the relevant threshold. As a re-
sult, we expect any error introduced
from the use of self-report diagnosis to
be small. Finally, the study did not ac-
count for weight cycling between re-
ported weight measures or distinguish
subtypes of diabetes.

Conclusion

In testing the risk reduction hypothesis,
we found those who lost weight between
young adulthood and midlife showed sta-
tistically significant reductions in risk for
diabetes onset compared with those who
remained obese. When considering the
residual risk hypothesis, those who had
been obese at age 25 but had subse-
quently become nonobese had a higher
risk of developing diabetes than those
who remained nonobese throughout
their life course, but the difference was
not statistically significant. A large per-
centage of the observed diabetes cases
could have been averted with effective
intervention and prevention efforts in
young adulthood.

This study used a novel application of
NHANES survey data to explore the asso-
ciations and implications of weight change
from young adulthood through midlife and
demonstrated the viability of using historic
self-reported weight data for longitudi-
nal analyses. We show that remaining or
becoming obese raises the risk of inci-
dent diabetes relative to remaining non-
obese. The findings from a national sample
underscore the importance of developing
policies and programs that reduce the
prevalence of obesity.
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