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Background: People worldwide are becoming obese at earlier ages, increasing exposure to longterm obesity.

Purpose: To examine how BMI at age 25 years predicts later obesity and test the importance of
long-term obesity beyond obesity severity for adult cardiovascular, inﬂammatory, and metabolic risk.
Methods: Data from adults aged 35–64 years from the 1999–2010 U.S. National Health and
Nutrition Examination Survey were analyzed in 2013 to test how BMI at age 25 years predicts later
adult BMI. Next, logistic regression models predicted the odds of elevated risk for blood pressure
(BP); high-density lipoprotein cholesterol; total cholesterol; triglycerides; C-reactive protein (CRP);
and glycosylated hemoglobin (HbA1c) by BMI at age 25 years and current BMI.
Results: Men obese at age 25 years had a 23.1% estimated probability of Class III obesity after age
35 years, compared to a 1.1% probability for men of normal weight at this age. For women, these
probabilities were 46.9% and 4.8%, respectively. Those obese in both periods had higher odds of
elevated BP, CRP, and HbA1c compared to those of normal weight at age 25 years, with no effects
for lipids. After adjustment for current BMI, these associations were either eliminated (for BP and
CRP) or greatly reduced (HbA1c).

Conclusions: The biological risks of long-term obesity are primarily due to the risk of more severe
obesity later in life among those obese early in life, rather than obesity duration. Current body weight
rather than duration may be the best reﬂection of clinical cardiovascular and metabolic risk.
(Am J Prev Med 2014;46(6):578–584) & 2014 American Journal of Preventive Medicine

Introduction

T

he striking rise in obesity rates in the U.S. over the
past several decades has led to a parallel rise in the
duration of obesity over the average individual’s
lifetime. According to the most recent 2009–2010 estimates, 35.9% of American adults aged Z20 years are
categorized as obese, a number that has risen from 13.3%
in 1960–1962,1,2 and the probability of being obese at age
25 years has increased by 30% for those born between
1955 and 1975.3 The trend toward increasing lifelong
obesity in recent cohorts has been projected to decrease
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life expectancy and increase disability rates in the U.S.2,3
Although current obesity has well-known associations
with cardiovascular and metabolic risk factors,4,5 less is
known about the health consequences of longer-term
obesity. If the duration of obesity exposure increases
health risks analogously to the risks of pack-years of
smoking,6 the implications for population aging and the
medical costs of the high number of U.S. children and
young adults who are currently obese could be dramatic.7
Longer obesity duration may impact biological risk
through a variety of pathways. The impact of obesity on
peripheral insulin resistance may eventually exhaust
pancreatic β cells, leading to decreased insulin production and subsequent diabetes.8 Obesity is associated with
altered cardiac hemodynamics, which over time may
impact cardiac muscle performance and increase blood
pressure.9 Adipose tissue is also associated with increased
expression of inﬂammatory cytokines such as interleukin
(IL)-6 and tumor necrosis factor (TNF)-α,9 and longterm obesity may inhibit regulatory responses resulting
in a systemic proinﬂammatory state. Alternatively, longer
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obesity duration may be associated with health risks
primarily through its association with more severe
obesity, which has known associations with a higher
prevalence of hypertension, dyslipidemia, diabetes, and
inﬂammation.5,10 Despite these potential links, few
studies have explicitly examined the health effects of
long-term obesity. The current study analyzed the
association of obesity at age 25 years with severity of
obesity and biomarkers of cardiovascular, metabolic, and
inﬂammatory risk later in adulthood in a nationally
representative U.S. sample.

Methods
Data
Data were analyzed from the National Health and Nutrition
Examination Survey (NHANES), 1999–2010, a representative
survey of the non-institutionalized U.S. population.11 These
continuous cross-sectional surveys conducted by the National
Center for Health Statistics collect extensive demographic and
health data, including biological markers, through a household
interview and separate medical examination. Additional details of
the NHANES survey design have been published previously.12
NHANES data are de-identiﬁed, publicly available, and thus
exempt from human subjects approval. The analysis was conducted in 2013.

Analytic Sample
For analysis of the association of BMI category at age 25 years with
obesity class after age 35 years, all respondents aged 35–64 years
with non-missing data for BMI at age 25 years and current BMI
were included (N¼13,887). For the biomarker analysis, the sample
was restricted to adults aged 35–64 years who participated in the
medical examination and whose BMI placed them in the obese
category (n¼5,626). From this group, 269 adults did not report
their weight at age 25 years, 33 had no valid biomarkers, and an
additional three had no education information, resulting in a ﬁnal
sample size of 5,321.

Measures
Exposures. BMI at age 25 years and current BMI were the key
exposure variables of interest. The NHANES interview component
included a weight history questionnaire asking, How much did you
weigh at age 25 years? Recalled weight is highly correlated with
measured weight across long recall periods.13,14 Current height
and weight were measured by a trained technician during the
medical examination, and both current and BMI at age 25 years
were calculated as BMI=weight [kg]/height [m2]. BMI at both time
points (both calculated using current height) was then categorized
according to CDC guidelines (o18.5=underweight, 18.5–
24.9=normal, 25.0–29.9=overweight, and Z30=obese). For analysis, respondents were classiﬁed into three BMI trajectory groups
based on their BMI at age 25 years: normalobese, overweightobese, and obeseobese. There were 111 respondents
who reported their weight in the underweight range at age
25 years; they were included in the normalobese group.
June 2014
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Outcomes. Several markers of cardiovascular and metabolic
risk were considered, which were dichotomized according to
conventional clinical cut-offs for high risk15–18: (1) systolic blood
pressure 4140 mm/Hg or diastolic blood pressure 490 mm/Hg;
(2) high-density lipoprotein (HDL) cholesterol (o40 mg/dL);
(3) total cholesterol 4200 mg/dL; (4) serum triglycerides (Z150
mg/dL); (5) glycosylated hemoglobin (HbA1c) Z6.5% as a measure
the average blood glucose over the past 2–3 months19; and (6) highsensitivity C-reactive protein (hsCRP) (43.0 mg/L) as a marker of
inﬂammation. Blood pressure was taken from the mean of three
readings, and serum lipids were analyzed from the fasting
subsample. Details of NHANES laboratory procedures are available
at cdc.gov/nchs/nhanes.htm. Modeling the biomarkers as continuous rather than dichotomous outcomes yielded similar substantive results, which are available online in the supplementary table.

Covariates. All models controlled for age (years); race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and
other); education (less than high school, high school completion,
some college, or completed college or higher); smoking status
(current, former, or never); and NHANES interview year.

Statistical Analysis
First, the association of BMI category at age 25 years with obesity
class after age 35 years was examined, as one direct way in which
early obesity can inﬂuence later health is through increasing the
likelihood of more severe obesity at later ages. Ordered logistic
regression was used to predict the probability of current Class I
obesity (BMIZ30 but o35); Class II obesity (BMIZ35 but o40);
and Class III obesity (BMIZ40) based on BMI categories at age 25
years, adjusting for continuous age and race/ethnicity. The next aim
was to examine how duration and current level of obesity jointly
inﬂuence the biological risk proﬁles of middle-aged adults. For this
aim, logistic regression models were used to predict the relative odds
of high biological risk as a function of the different BMI trajectories
and control variables. The normalobese category was used as the
reference in all models, so that direct comparisons could be made
between those who were obese in both periods and those who are
only obese in the current period. Model 1 adjusted for sociodemographic covariates, and Model 2 additionally controlled for current
BMI (continuous) to account for the more severe obesity among
those obese at age 25 years and currently obese. Because of observed
gender differences in risk factors and possible differences in the
relation of obesity to risk factors by gender,20 all models were run
separately for men and women, conducted using Stata, version 11.2
(StataCorp LP, Cary NC) and adjusted for the NHANES complex
survey design. Identical models that included additional comparisons
of BMI trajectories for those not currently obese to the normalobese
reference group were also conducted and are available upon request.

Results
Table 1 shows descriptive statistics for the currently
obese analytic sample by weight status at age 25 years.
Consistent with secular obesity trends, those who were
obese at age 25 years were slightly younger (45.4 years)
compared to those with normal weight at age 25 years
(50.4 years). Figures 1 and 2 demonstrate the striking
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Table 1. Descriptive statistics, U.S. National Health and Nutrition Examination Survey, 19992010 (adults aged 3564
years, currently obese, n¼5,321)
BMI category at age 25 years
Normal weight

Overweight

Obese

BMI at age 25 years (M [SE])

22.2 (0.05)

27.2 (0.03)

34.8 (0.18)

BMI at interview (M [SE])

34.3 (0.10)

35.2 (0.13)

39.8 (0.28)

Age (M [SE])

50.4 (0.23)

48.0 (0.25)

45.4 (0.33)

Female gender

70.7

35.6

46.9

Non-Hispanic white

68.8

72.5

71.1

Non-Hispanic black

15.0

12.3

15.5

Hispanic/Mexican American

12.2

11.9

9.7

4.1

3.3

3.8

Less than high school

18.7

16.4

16.5

High school

26.9

25.3

28.7

Some college

32.1

34.1

36.7

Bachelor’s degree or more

22.3

24.3

18.2

Never smoker

49.6

46.6

52.7

Past smoker

26.4

22.8

20.7

Current smoker

20.8

28.5

25.1

High blood pressure

21.4

21.3

22.8

Low HDL cholesterol

24.1

36.2

33.6

High total cholesterol

58.4

52.2

46.4

High triglycerides

45.0

47.6

41.1

High C-reactive protein

61.4

54.9

65.2

High HbA1c

10.8

12.6

17.4

Race

Other
Education

Smoking

Biomarkers of risk

n

2,424

1,898

999

Note: Values are percentages, unless otherwise noted.
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein

association between obesity at age 25 years and the
probability of severe obesity after age 35 years. Men who
were already obese at age 25 years (of whom only 6.5%
were Class III) had a 23.1% probability of Class III
obesity after age 35 years, compared to a 5.3% probability
for those who were overweight at age 25 years, and a 1.1%
probability for those who were normal weight. Although
more obese women already fell into Class III obesity at
age 25 years (15.9%), the upward trajectories were even
more dramatic; a woman who was obese at age 25 years

had a 46.9% probability of Class III obesity after age
35 years compared to a 22.3% probability for a woman
who was overweight at age 25 years, and 4.8% probability
for a woman who was normal weight at age 25 years.
Thus, individuals who are obese at age 25 years have a
substantial risk of morbid obesity later in life, with health
effects that may be distinct from obesity duration.
Table 2 shows results for the joint effect of long-term
and severity of obesity on biological risk factors. Model 1
for each risk factor does not adjust for the severity of
www.ajpmonline.org
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Figure 1. Probability of Class I, II, and III obesity after age 35
years by BMI at age 25 years, men
Data from the National Health and Nutrition Examination Survey (1999–
2010).

current obesity. Overall, being in the obeseobese
category was associated with higher odds of elevated
blood pressure (OR¼1.40, 95% CI¼1.01, 1.95); CRP
(OR¼1.58, 95% CI¼1.19, 2.10); and HbA1c (OR¼2.20,
95% CI¼1.47, 3.27) for men, compared to those in the
normalobese category (Table 2, Model 1). The odds of
dyslipidemia were lower for those in the obeseobese
category, but these differences were not statistically
signiﬁcant in men. This pattern was similar for women,
with the odds for both elevated CRP and HbA1c
signiﬁcantly higher for the obeseobese category compared to normalobese, but no signiﬁcant risk of
increased blood pressure. Women in the obeseobese
category had reduced odds of high total cholesterol
(OR¼0.58, 95% CI¼0.45, 0.75) compared to those who
were in the normalobese category. There were no
elevated risks for men in the overweightobese category
relative to the normalobese, whereas for women there
was an elevated risk in this category of low HDL
(OR¼1.34, 95% CI¼1.01, 1.79) and high HbA1c
(OR¼1.57, 95% CI¼1.12, 2.20), but a lower risk of
elevated total cholesterol (OR¼0.74, 95% CI¼0.59,
0.94) and CRP (OR¼0.75, 95% CI¼0.57, 0.99).
Model 2 added controls for current continuous BMI to
account for the fact that individuals obese at age 25 years
are likely to be heavier than their currently obese
counterparts who were not obese at this age. The results
strongly suggest that the increased odds of high CRP in
Model 1 were due to the more severe current obesity of
those who were obese at 25 years rather than long-term
obesity. Once the severity of current obesity was controlled for, the odds of high CRP associated with current
obesity were similar for those who were obese at age 25
years compared to normal weight at this age (men:
June 2014

OR¼0.79, 95% CI¼0.59, 1.06; women: OR¼0.77, 95%
CI¼0.53, 1.13). The higher odds for elevated HbA1c were
also greatly reduced following adjustment for obesity
severity, remaining signiﬁcantly elevated only for men in
the obeseobese category compared to normalobese
(OR¼1.55, 95% CI¼1.01, 2.37), with a similar OR not
reaching statistical signiﬁcance for women (OR¼1.57,
95% CI¼0.98, 2.50). Of note, after controlling for the
severity of current obesity, women who became obese
more recently remained at higher risk for both elevated
total cholesterol and triglycerides compared to those who
were obese in both periods. Although certain associations
were statistically signiﬁcant for women versus men or vice
versa, the overall pattern and magnitude of coefﬁcients
were similar for men and women (Table 2), suggesting that
the association between long-term obesity and biological
risk does not differ substantively by gender.

Discussion
The health implications of long-term obesity are of
increasing medical and public health importance. The
current ﬁndings suggest that the biological risks of
longer-term obesity are primarily due to the risk of more
severe obesity later in life among those obese early in life,
rather than the impact of long-term obesity per se. This is
good news in some respects, as overweight and obese
young adults who can prevent additional weight gain can
expect their biological risk factors to be no worse than
those who reach the same level of BMI later in life. The
bad news, in turn, is that maintaining a stable level of
0.5
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Figure 2. Probability of Class I, II, and III obesity after age 35
years by BMI at age 25 years, women
Data from the National Health and Nutrition Examination Survey (1999–
2010).
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1.0
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1.0
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1.0
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*
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0.97*

0.93

1.0

0.87

1.0

(0.99, 1.06)

1.03

1.03

1.0

*

0.75

1.0

(1.13, 1.20)

1.16***

1.55*

1.57
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1.29

Note: Boldface indicates statistical signiﬁcance. All models control for age, race/ethnicity, educational attainment, smoking, and National Health and Nutrition Examination Survey wave.
*po0.05, **po0.01, ***po0.001.
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein

BMI, cont.

0.90

1.0

Model 2

Triglycerides

(0.90, 1.64) (0.77, 1.47) (1.01, 1.79) (0.94, 1.71) (0.59, 0.94) (0.59, 0.98) (0.67, 1.29) (0.62, 1.22) (0.80, 1.32) (0.57, 0.99) (1.12, 2.20) (0.87,1.80)

1.0

Obeseobese

1.00

1.0

Model 1

Total cholesterol

(1.01, 1.95) (0.75, 1.60) (0.67, 1.26) (0.58, 1.13) (0.50, 1.00) (0.58, 1.16) (0.56, 1.27) (0.47, 1.14) (1.19, 2.10) (0.59, 1.06) (1.47, 3.27) (1.01, 2.37)

1.40*

Normalobese
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BMI, cont.

Obeseobese

1.06

Overobese

1.0

Model 2
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(0.81, 1.40) (0.76, 1.32) (0.70, 1.16) (0.67, 1.13) (0.67, 1.10) (0.69, 1.14) (0.70, 1.56) (0.67, 1.51) (0.96, 1.56) (0.81, 1.33) (0.80, 1.65) (0.72, 1.54)

1.0

Normalobese

Men

Model 1

Blood pressure

Table 2. Logistic models of elevated biomarker risk, exponentiated coefﬁcients (95% CIs)
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obesity from a young age is not the norm, and being
obese at age 25 years places individuals at risk of much
more severe levels of obesity later in life compared to
those who are normal weight at age 25 years.
Only a few previous papers have examined the
association of longer-term obesity and biomarkers of
cardiovascular and metabolic risk, and to our knowledge
the present study is the ﬁrst using the most recent
nationally representative NHANES surveys. Using
NHANES III (19881994) data, Janssen et al.21 found
that overweight duration 410 years compared to r10
years was associated with increased risk of various
markers of metabolic syndrome in both men and women
in the U.S. Consistent with the current ﬁndings, the
associations were largely eliminated with controls for the
severity of current overweight. Recent work has also
identiﬁed an association between obesity duration and
incident type II diabetes in both the Framingham cohort
and Coronary Artery Risk Development in Young Adults
(CARDIA) cohorts.22,23 This is partially consistent with
the current ﬁndings for HbA1c, in which much of the
association of duration and HbA1c was attenuated with
controls for the severity of BMI, but the odds of elevated
HbA1c remained slightly higher for longer-term obese
men. Recent results from CARDIA indicated a signiﬁcant
association between duration of obesity and coronary
calciﬁcation in middle age.24 Like most previous studies
of obesity duration, the CARDIA study used 0 years of
duration as the reference category, making it difﬁcult to
determine whether different durations among obese
individuals are statistically distinguishable from one
another, and in most cases the conﬁdence intervals for
1–5 years to 420 years of duration overlapped. To the
extent that these results reﬂect a real association of
duration and coronary calciﬁcation, it may suggest that
duration of obesity could affect the development of
atherosclerosis through pathways beyond those measured by traditional cardiovascular risk factors.
The results found here for lipids differed from the
other risk factors, with obesity at age 25 years associated
with lower levels of total cholesterol and triglycerides for
women, a result that remained with adjustment for
obesity severity. As one possibility is that individuals
who became obese earlier in their lives were more likely
to be identiﬁed to be at risk and prescribed lipid-lowering
medications, identical models with controls for lipidlowering medication use were run as a sensitivity
analysis, which did not alter these ﬁndings. The ﬁndings
are consistent with a recent study of the 1958 British
Birth Cohort, which found no evidence of worse lipid
proﬁles with longer duration of obesity, and that the
association of current BMI with lipids was stronger for
those with the lowest childhood BMI.25 Recent
June 2014
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examination of four childhood cohorts from the U.S.
and Europe also reported that associations of childhood
obesity with type 2 diabetes, dyslipidemia, and high-risk
intima-media thickness were not signiﬁcant once adult
obesity was taken into account, although an elevated risk
of hypertension remained.26 The current results that
longer-term obesity is associated with lower risk of
elevated lipids compared to the same level of obesity
acquired more recently are also consistent with earlier
ﬁndings from NHANES, which showed that weight gain
in adulthood compared to weight stability was a signiﬁcant risk factor for metabolic syndrome in
U.S. adults.27 Taken together, these ﬁndings may suggest
that more recent weight gain is a more salient risk factor
for dyslipidemia than long-term obesity.
To our knowledge, this study is the ﬁrst to examine the
association between long-term obesity and inﬂammation.
A signiﬁcant portion of circulating CRP in obese
individuals is produced by adipose tissue,28 but whether
long-term obesity induces higher circulating levels above
current adiposity has not been tested. This study found
strong associations between obesity at age 25 years and
risk of elevated CRP, although the association was
entirely accounted for by adjustment for severity of
current obesity. This conﬁrms strong associations
between current adiposity and high CRP but does not
support the idea that long-term obesity itself contributes
to systemic inﬂammation through dysregulation of
inﬂammatory mechanisms.
A recent study29 found a dose-response association
between duration of obesity and mortality using data from
the Framingham cohort. In contrast to the current results,
the association between obesity duration and mortality
increased after controlling for current BMI, a result that the
authors speculate is due to the nonlinear relationship
between BMI and mortality, and particularly the fact that
in their sample higher current BMI was associated with
lower mortality.29 The average age of obesity onset in the
Framingham sample was 50 years, whereas more recent
cohorts are experiencing much earlier onset of obesity. By
examining the impact of obesity that arises by age 25 years,
the current study may better characterize the biological risk
of these more recent cohorts.
There are several limitations to the current analysis.
Weight at age 25 years was self-reported, and thus may
have been subject to recall bias, particularly if those with
higher risks were more likely to distort or misremember
their weight at this age. Nonetheless, recalled weight is
highly correlated with measured weight.13,14 Another
limitation is that the interval between the weight at age
25 years and current weight captured in this crosssectional survey varied by current age of the respondent.
Sensitivity analyses were run, stratifying by ages 35–49
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years and 50–64 years to look for evidence of different
associations of BMI trajectories on risk by age, and found
similar substantive results (available on request).
In summary, this study adds to growing evidence that
in terms of traditional cardiovascular, inﬂammatory, and
metabolic risk, obesity duration confers little additional
risk beyond the current level of attained weight. Although
this ﬁnding could be considered good news in light of the
dramatic increase in the probability of being obese by age
25 years in recent U.S. cohorts,3 it should be remembered
that obesity at this age remains hazardous because of its
tracking with even more severe obesity later in life.
Moreover, duration of obesity may still have important
implications for mobility and musculoskeletal disease;
research questions that should be investigated. Prevention
of weight gain at all ages should thus be a clinical and
public health priority, but current attained weight rather
than duration may be the best reﬂection of current
metabolic and cardiovascular risk.15-18
The NHANES data used in this study are publicly available
from the National Center for Health Statistics.
No ﬁnancial disclosures were reported by the authors of
this paper.
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