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A B S T R A C T

Background: In the United States, the prevalence of obesity among adults has increased 3-fold since the 1980s, but patterns of incidence of new cases of
obesity are not known.
Objectives: To examine the incidence of new cases of obesity: overall, by demographic and educational subgroups, by weight status, and changes during
this century.
Methods:We analyzed adult (�20 y) anthropometric records from the US nationally representative Panel Study of Income Dynamics from 2001 to 2017.
Among those not having obesity (body mass index, BMI, �30 kg/m2) at first observation, we used Poisson models to estimate the incidence of obesity
[cases/1000 person-years (PYs)] and incidence rate ratio (IRR).
Results: Among 13,888 adults followed for 115,797 PYs, the incidence of obesity in 2001–2017 was 28.1/1000 PYs (95% CI: 26.7, 29.7). Over the
periods 2001–2005, 2005–2009, and 2009–2013, the incidence of obesity was stable, but in 2013–2017 the incidence increased by 18% compared to
2009–2013 [IRR: 1.18 (95% CI: 1.06, 1.30)]. Blacks had higher obesity incidence [47.9/1000 PYs (95% CI: 42.7, 53.1)] than Whites [26.2/1000 PYs
(95% CI: 24.6, 27.9)]. Risk was particularly high among Black females [57.9/1000 PYs (95% CI: 49.1, 66.8)] and Black young adults (20–29 y) [65.5/
1000 PYs (95% CI: 54.2, 76.7)]. Across race, obesity incidence was highest in young adults (20–29 y) [34.1/1000 PYs (95% CI: 31.5, 36.7)] and declined
with age [age 70þ y: 18.9/1000 PYs (95% CI: 16.6, 21.8)]. Those with overweight had an obesity risk 7 times higher than those with normal weight
[62.1/1000 PYs (95% CI: 58.8, 65.3) vs. 8.8/1000 PYs (95% CI: 8.1, 9.6)]. Those with less than high-school education had higher obesity incidence than
those with education beyond high-school [39.4/1000 PYs (95% CI: 34.4, 44.4) vs. 24.7/1000 PYs (95% CI: 23.1, 26.3)].
Conclusions: Incidence of obesity was stable over the first 13 y of the last 2 decades but increased by 18% in 2013–2017. Blacks and younger adults were
at highest risk, and those with overweight were also at high risk for developing obesity.
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Introduction

Obesity is a major health problem globally [1] and a risk factor for
type 2 diabetes [2], cardiovascular diseases [3], certain cancers [4], and
premature mortality [5]. The longer a person is exposed to obesity, the
higher the risk of developing other chronic diseases [6]. Because
obesity, once established, is rarely reversed [7], prevention is of utmost
importance, and, for successful prevention, we need to identify when
and in whom obesity is most likely to present; this goal is addressable
only with data on incidence of disease.

In the United States, recent patterns of obesity incidence at the
national level have been documented for childhood, adolescence [7, 8],
and for the transition to adulthood (ages 18–21 y) [7]. For adults,
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however, the only national representative longitudinal data dates 40 y
back and focused on incidence of overweight and major weight gain
(�5 unit increase in BMI, in kg/m2). The study, using data from the
First National Health and Nutrition Examination Survey Epidemio-
logic Follow-up Study, collected follow-up measures in 1981–1984
from adults first measured in 1971–1975 and found that the 10-y
incidence of major weight gain in males and females was highest in
those aged 25–34 y at baseline (3.9% for males and 8.4% for females)
[9]. However, these data are out of date. When this study was con-
ducted, the prevalence of adult obesity in the United States was stable
around 12–14% [10]; since then, the prevalence has increased, reaching
42% in 2017–2018 [10, 11].

More recent studies of obesity incidence in the United States have
relied on nonrepresentative cohorts (all-White cohort [12, 13]; primary
person-year; BMI, Body Mass Index.
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healthcare [14]), or were restricted to specific age groups [18–21 y [7]].
From the 1950s to the 1990s, among Whites aged 40–55 y, the 8-y
incidence of obesity increased from 5.8% to 14.8% [13]. A study of
young adults (18–21 y) found no changes in annual incidence between
the periods 1996–2001 and 2001–2008 [7].

Not only do we not have nationally representative data from the 21st

century on the age-specific incidence of obesity in US adults, we also
have no information on incidence patterns across race or socioeco-
nomic status, further limiting our ability to understand risk and prevent
new cases [15]. The lack of contemporary longitudinal studies also
limits our understanding about how much the increasing prevalence is
caused by more people developing obesity, people developing obesity
at younger ages, and/or people with obesity surviving longer.

This study documents the incidence patterns of obesity across
adulthood using a nationally representative sample from the US Panel
Study of Income Dynamics (PSID) [16]. We present current estimates of
age-specific incidence of obesity in the US population by sex, race,
educational level, and weight status, and we demonstrate how incidence
patterns have changed across the first 2 decades of the 21st century.
Methods

The PSID
The PSID was launched in 1968 as a nationally representative

sample of over 18,000 people living in 5000 families in the United
States; it has since continuously collected information on socioeco-
nomic indicators in these people and their descendants. For the PSID to
remain nationally representative, survey weights are calibrated to the
population characteristics from the Current Population Survey or
American Community Survey for each data wave [17].

The PSID is a dynamic open cohort of households, meaning that
people and households enter the study through birth, marriage, and
family formation and exit through death, divorce, and family dissolu-
tion. The PSID consist of the ‘Main Study’ and 5 supplement studies.
Since 1999, the Main Study has biannually collected self-reported
weight and height information about the household head and cohab-
iting partner/spouse. Since 2005, the supplement study ‘Transition into
Adulthood’ has biannually collected height and weight data from a
subsample of youth ages 18–29 y living in a PSID household [16, 18].
In total, between 2001 and 2017, 23,320 adults aged �20 y were
eligible for data collection about height and weight data.

The data for this study were provided by the PSID as a deidentified
dataset with no personal indicators, and so did not constitute ‘human
subjects’ or ‘clinical investigation’ data. Therefore, no institutional
review board review was required.
Defining incident obesity
In the PSIDMain Study,weight and height for the household head and

cohabiting partner/spouse are reported for both persons by either the head
him/herself or by the partner/spouse using telephone interviews. In the
Transition into Adulthood supplement, weight and height are reported by
the person themselves. Other studies have shown that respondents tend to
overestimate their height and underestimate their weight, more so among
females [19] and young adults [20]. To address potential self-report bias,
we developed a regression-based correction equation using data from the
NHANES, which contains both self-reported and measured weight and
height. This correction is similar to what has been implemented in other
studies [21, 22]. Correction equations were estimated seperately for fe-
males and males and by age group, race, and education level. The
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modeled correction coefficients from the NHANES data were applied to
reported height and weight data from the PSID. Model coefficients and
analyses using the original reported data are in the SupplementalMethods
and Supplemental Tables 1, 2, 3, and 4. Using the corrected height and
weight, we calculated BMI as weight (kg)/height (m)2 to define normal
weight (BMI < 25), overweight (25� BMI < 30), and obesity (BMI �
30). A case of incident obesity was defined as the first time a person had a
record of BMI � 30 in PSID.

The adults entered the cohort at different time points and were
followed for different durations due to left and right censoring.
Therefore, we reported incident obesity as the incidence rate per 1000
person-years (PYs). We calculated PYs from the age at the first
anthropometric record at or above 20 years of age. End of PYs was the
midpoint between the last record below the obesity threshold and the
record where the person first had a BMI �30 kg/m2 or when the last
BMI was recorded, whichever occurred first.

Age-specific incidence was calculated for 10-year age groups
(20–29, 30–39, 40–49, 50–59, 60–69, and 70þ) as the number of new
cases of obesity within an age group in those who did not have obesity in
any previous records including in younger age groups. Age-specific PYs
were calculated from the beginning of the age group (e.g., age 30 y) for
those who had records from younger ages or from the age within the age
group when the person had her/his first BMI record (e.g., age 35 y).

These estimates were also calculated separately for sex (female,
male), race (White, Blacks, and Other Races), and education (<high
school, high school degree, >high school). In the PSID, race is self-
reported as White, Black/African American, American Indian/Alaska
Native, Asian, Native Hawaiian or Pacific Islander, or Other Races (not
specified). People can mention up to 4 races and we used the first one
mentioned. To understand the difference in risk of obesity between
normal weight and overweight, we also stratified by weight status at
first anthropometric record (normal weight, overweight).

To investigate changes over time in the incidence of obesity, we
created 4 equal-duration periods: 2001–2005, 2005–2009, 2009–2013,
and 2013–2017. For each period, we included records from all people
who did not have obesity the year when the period started, i.e., in 2001,
2005, 2009, and 2013, or when they entered the period, e.g., in 2003 for
those in period 2001–2005.
Statistical analysis
We used Poisson regression to model incidence rates and calculate

predictive margins to estimate incidence rates overall and by sex, age
group, race, education, weight status, and period. Follow-up time was
split into 1-year intervals for analytical purposes. Poisson regression
can model event rates (i.e., events of obesity/time with the incorpora-
tion of an offset term given time of follow-up) and allows for both time-
varying exposures and covariates [23]. We used the survey commands
(svy) of Stata (version 15.1) to correct for cluster sample design and
unequal probability of sampling by applying survey weights, stratum,
and cluster provided by the PSID. With these adjustments, we ensured
that the results were national representative of the adult US population
between 2001 and 2017 [16].

Incidence rates are presented as cases per 1000 PYs. Overall rates
and rates by education level are adjusted for age, sex, and race, while
sex-, age-, and race-specific rates are adjusted for the two other de-
mographic variables (e.g. for sex: age and race).

Using the Poisson models, we also tested differences in incidence
over time by calculating incidence rate ratios (IRRs) for each period,
with 2001–2005 as reference. We calculated IRRs for those with
overweight (BMI �25 kg/m2) compared to those with normal weight
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(BMI <25 kg/m2) at first observation or at the beginning of an age
group in the age-specific models.

Results

Of the 23,320 adults aged �20 y eligible for data collection on
height and weight, we excluded those with missing information on year
of birth (n ¼ 50), and those who refused to provide (n ¼ 55) or had
missing information on height and weight (n ¼ 206). We excluded
records reported during pregnancy (records ¼ 1690): 7 pregnant fe-
males had no records at other time points. Because at least 2 time points
were needed to calculate incidence, we retained only those adults with
at least 2 records of weight and height (n ¼ 19,029). Respondents who
had obesity at the first anthropometric record were not eligible for
incident obesity (n ¼ 5056). We excluded those with missing data on
covariates (race, n ¼ 85). The resulting analytic sample consisted of
13,888 adults born between 1904 and 1995, with �2 records of height
and weight at ages �20 y (median records: 6, median follow-up: 10
PYs). These yielded 115,797 PYs of follow-up (Supplemental
Figure 1). Characteristics of the study population at their first anthro-
pometric record are summarized in Supplemental Table 5.

Incidence of obesity
Across the entire period, 2001–2017, national incidence of obesity

among adults was 28.1 per 1000 PYs (Table 1). During the first 3
periods (2001–2005, 2005–2009, and 2009–2013), overall incidence of
obesity was relatively stable: it was 34.1 per 1000 PYs during
2001–2005, 36.4 per 1000 PYs in 2005–2009, and 34.5 per 1000 PYs
in 2009–2013 (Table 2). Compared to 2001–2005, the incidence of
obesity had not increased by 2005–2009 (IRR: 1.06; 95% CI: 0.94,
1.19) or by 2009–2013 (IRR: 1.00; 95% CI: 0.90, 1.11) (Supplemental
Table 6). In contrast, the incidence of obesity in 2013–2017 was 40.7
per 1000 PYs and thus, higher than in all other periods: 2001–2005,
Table 1
Incidence rates of adult obesity overall and by sex, race, age, and education

Overall Race

White

Overall 28.1 (26.7, 29.7) 26.2 (24.6,
Sex
Females 26.5 (24.7, 28.2) 23.3 (21.5,
Males 30.2 (28.2, 32.2) 29.6 (27.4,

Age group
20–29 y 34.1 (31.5, 36.7) 31.1 (28.0,
30–39 y 31.3 (28.0, 34.6) 28.6 (24.8,
40–49 y 29.6 (26.6, 32.5) 27.6 (24.7,
50–59 y 27.9 (24.8, 30.9) 27.5 (24.3,
60–69 y 22.9 (19.6, 26.3) 21.3 (17.6,
70þ y 18.9 (16.0, 21.8) 17.2 (14.5,

Education
< High school 39.4 (34.4, 44.4) 35.6 (30.7,
High school 34.5 (31.5, 37.6) 32.8 (29.4,
> High school 24.7 (23.1, 26.3) 23.2 (21.4,

n 13,888 9118
New cases 3933 2271
Person-years 115,797 81,490

Incidence is calculated as the incidence rate of new cases of obesity per 1000 person
defined as the first time a person has a BMI �30 kg/m2.
Overall incidence rates are adjusted for sex, race, and age. Sex-specific rates are ad
specific rates are adjusted for sex and age. All incidence rates are shown as adjus
population in the period 2001–2017.
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IRR: 1.18; (95% CI: 1.06, 1.30); 2005–2009, IRR: 1.12; (95% CI: 1.02,
1:22); 2009–2013, IRR: 1.18; (95% CI: 1.06, 1.30).
Incidence of obesity by demographic and educational
subgroups

Obesity incidence was highest in young adulthood (age 20–29 y,
34.1/1000 PYs) and declined with age to a low of 18.9 cases per 1000
PYs at age 70þ y (Table 1). Overall, males had higher incidence of
obesity than females (IRR: 1.14; 95% CI, 1.05, 1.23]). Across age
groups, only in the age groups 20–29, 30–39, and 50–59 y was the
incidence of obesity higher in males than females. At age 70þ y, the
incidence of obesity was lower in males than females (Figure 1A and
Supplemental Table 7).

Obesity incidence among Blacks (47.9/1000 PYs) was almost
double that of Whites (26.2/1000 PYs) (Table 1) (IRR: 1.82; 95% CI:
1.58, 2.07); those of Other Races tended to have a slightly higher
incidence of obesity (30.0/1000 PYs) than Whites (IRR: 1.14; 95% CI:
0.92, 1.37). Compared to White females, the obesity incidence was
more than double in Black females (IRR: 2.49; 95% CI: 2.04, 2.95) and
37% higher in females of Other Races (IRR: 1.37; 95% CI: 1.03, 1.71).
Among males, compared to Whites, the obesity incidence was higher
for Blacks (IRR: 1.30; 95% CI: 1.09, 1.51) and similar for Other Races
(IRR: 0.96; 95%CI: 0.72, 1.20). Across all ages, Blacks had the highest
incidence of obesity (Figure 1B). The difference between Blacks and
Whites was largest in adults aged 20–29 y (IRR: 2.03; 95%CI: 1.57,
2.49]) and 30–39 y (IRR: 2.12; 95% CI: 1.56, 2.67) and decreased with
age (Figure 1B) (Supplemental Table 7).

Those who had less than high-school education had higher obesity
incidence than those with a high-school degree (IRR: 1.14; 95% CI:
1.01, 1.28) and those with education beyond high school (IRR: 1.59;
95%CI: 1.36, 1.83). In Blacks, there was no difference in incidence of
obesity between those with different levels of education (Table 1).
Between Blacks and Whites with education beyond high school, the
Black Other Races

27.9) 47.9 (42.7, 53.1) 30.0 (24.1, 36.0)

25.0) 57.9 (49.1, 66.8) 31.9 (23.8, 39.9)
31.9) 38.5 (33.2, 43.9) 28.5 (21.8, 35.1)

34.2) 65.5 (54.2, 76.7) 37.1 (25.9, 48.3)
32.3) 61.9 (49.8, 76.7) 30.8 (16.9, 44.8)
30.6) 50.2 (41.1, 59.3) 31.8 (18.8, 44.9)
30.6) 37.3 (25.4, 49.2) 23.7 (16.4, 30.9)
24.9) 33.7 (22.0, 45.3) 33.4 (15.8, 51.0)
20.0) 33.7 (11.8, 55.6) 29.9 (8.7, 49.1)

40.4) 54.9 (38.8, 70.9) 60.0 (38.4, 81.8)
36.2) 47.9 (41.0, 54.9) 48.6 (33.8, 63.3)
24.9) 46.3 (39.2, 53.4) 20.2 (14.8, 25.6)

3917 853
1434 228
27,488 6818

-years of follow-up and shown with 95% CIs using Poisson models. Obesity is

justed for age and race. Age-specific rates are adjusted for race and sex. Race-
ted and weighted using survey weights, stratum, and cluster to reflect the US



Table 2
Incidence rates of adult obesity by period

2001–2005 2005–2009 2009–2013 2013–2017 IRR for 2013–2017 vs.
2001–2005

Overall 34.1 (31.0, 37.2) 36.4 (33.5, 39.3) 34.5 (32.1, 37.0) 40.7 (37.7, 43.6) 1.18 (1.06, 1.30)
Sex
Females 30.9 (27.2, 34.6) 35.6 (32.1, 39.1) 33.7 (30.3, 37.2) 38.1 (34.3, 41.9) 1.21 (1.04, 1.41)
Males 37.6 (33.2, 42.0) 37.1 (32.3, 42.0) 35.6 (32.0, 39.3) 44.0 (39.6, 48.4) 1.17 (1.02, 1.35)

Race
White 31.6 (28.3, 34.9) 33.8 (30.8, 36.8) 32.0 (29.0, 35.0) 39.1 (35.8, 42.4) 1.23 (1.10, 1.38)
Blacks 60.3 (49.6, 71.02) 62.0 (49.6, 74.3) 61.4 (51.5, 71.2) 57.9 (47.2, 68.6) 0.96 (0.76, 1.21)
Other 37.0 (24.2, 49.8) 38.2 (25.2, 51.2) 33.5 (24.0, 43.0) 41.6 (28.2, 55.0) 1.12 (0.85, 1.49)

Age group
20–29 y 37.6 (31.2, 43.9) 34.0 (29.2, 38.7) 32.6 (27.1, 38.0) 41.6 (35.2, 48.0) 1.11 (0.88, 1.39)
30–39 y 38.4 (32.0, 44.8) 35.5 (29.3, 41.8) 37.8 (32.4, 43.3) 46.4 (40.0, 53.0) 1.21 (0.99, 1.48)
40–49 y 34.3 (28.5, 40.0) 40.2 (33.9, 46.4) 39.2 (33.5, 44.9) 44.8 (36.6, 52.9) 1.31 (1.03, 1.65)
50–59 y 37.6 (31.8, 43.4) 37.6 (31.1, 44.0) 34.2 (29.4, 39.0) 46.6 (39.3, 54.0) 1.24 (0.98, 1.57)
60–69 y 27.7 (18.2, 37.3) 38.6 (29.3, 47.9) 28.4 (22.3, 34.5) 35.4 (28.4, 42.4) 1.28 (0.88, 1.86)
70þ y 24.5 (17.1, 31.8) 29.1 (20.9, 37.3) 30.2 (21.6, 38.9) 22.1 (15.2, 28.9) 0.90 (0.60, 1.36)

Education
< High school 44.8 (35.6, 54.1) 55.8 (47.1, 64.5) 46.1 (37.2, 55.0) 50.3 (39.5, 61.0) 1.12 (0.88, 1.43)
High school 38.1 (33.3, 42.9) 45.1 (37.8, 52.3) 45.8 (39.8, 51.7) 50.1 (43.6, 56.6) 1.32 (1.10, 1.57)
> High school 30.6 (26.9, 34.4) 30.9 (27.6, 34.2) 28.7 (26.0, 31.5) 36.8 (33.0, 40.5) 1.20 (1.04, 1.38)

n 8659 9217 9437 9136
New cases 1164 1339 1363 1518
PYs 28,682 31,215 32,084 30,919

Incidence is calculated as new cases per 1000 PYs of follow-up (95% CIs) using Poisson models. Obesity is defined as the first time a person has a body mass
index �30 kg/m2.Incidence rates are modeled over year and adjusted for sex, race, and age. IRR, incidence rate ratio; PYs, person-years of follow-up. Overall
incidence rates are adjusted for sex, race, and age. Sex-specific rates are adjusted for age and race. Age-specific rates are adjusted for race and sex. Race-specific
rates are adjusted for sex and age. All incidence rates are shown as adjusted and weighted using survey weights, stratum, and cluster to represent the US population
in the 4 periods.

Figure 1. Age-specific incidence of obesity by sex, race, baseline weight status, and period. Shown is the age-specific incidence rate of obesity as cases per
1000 person-years (PYs) with 95% CIs, according to sex (A) (n: 6621 males; 7267 males); race (B) (n: 9118 Whites; 3917 Blacks; 853 Other Races); weight
status at first anthropometric record (C) (n: 7379 with normal weight; 6509 with overweight); and by period (D) (n: 8959 in 2001–2005; 9217 in 2005–2009;
9437 in 2009–2013; 9136 in 2013–2017). Incidence rates were calculated using Poisson models. Normal weight is defined as a BMI <25 kg/m2, overweight is
defined as a BMI �25 kg/m2 and <30 kg/m2, and obesity is defined as the first time a person has a BMI �30 kg/m2.
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difference in obesity incidence was larger than between Blacks and
Whites with lower levels of education (IRR: 2.05; 95% CI: 1.70, 2.40
vs. IRR: 1.45; 95% CI: 1.01, 1.88).

For most subgroups, the incidence of obesity increased over the study
period. The increasewasmainly drivenby a higher incidence in the period
2013–2017, whereas the incidence of obesity did not vary much across
2001–2005, 2005–2009, and 2009–2013 (Supplemental Table 6). By
2013–2017, the incidence of obesity had increased most for those aged
40-49 y (31%) followed by those aged 50–59 (24%) and 30–39 y (21%)
(Table 2). Females experienced a 21% increase in the incidence of obesity
(IRR: 1.21; 95%CI: 1.04, 1.41), whereas the increase for males was 17%
(IRR: 1.17; 95%CI: 1.02, 1.35) (Table 2). The incidence of obesity
increased among Whites (23%) and remained the same for Blacks and
Other Races. In 2001–2005, Blacks had an obesity incidence 92% higher
thanWhites (IRR: 1.92; 95%CI: 1.52, 2.31), while its was 44% higher in
2013–2017 (IRR: 1.44; 95% CI: 1.15, 1.73).

In terms of educational level, the incidence of obesity increased
most for those who had a high school degree (32% increase) followed
by those with an education beyond high school (20%), whereas it
remained the same for those with less than a high school degree.

Incidence of obesity by weight status
Adults who were overweight at their first anthropometric record

were 7.0 (95% CI: 6.3, 7.7) times more likely to enter obesity than
those with normal weight at their first anthropometric record (Table 3).
This pattern was consistent for all demographic groups (Figure 1C and
Table 3). Among both adults with normal weight and overweight,
incidence of obesity was highest at ages 20–29 y (9.9/1000 PYs and
97.0/1000 PYs, respectively); for both groups the risk of obesity was
halved by age 40–49 y (4.9/1000 PYs and 54.0/1000 PYs,
Table 3
Incidence rates of adult obesity by baseline weight status

Normal Weight Overwe

Incidence IRR Incidenc

Overall 8.8 (8.1, 9.6) 62.1 (58
Sex
Females 10.0 (8.9, 11.0) Ref 67.3 (61
Males 7.6 (6.6, 8.6) 0.8 (0.7, 0.9) 55.0 (51

Race
White 8.4 (7.6, 9.2) Ref 59.4 (56
Black 13.8 (9.8, 17.8) 1.7 (1.2, 2.3) 87.2 (77
Other 9.4 (6.5, 12.3) 1.1 (0.8, 1.5) 62.4 (49

Age group
20–29 y 9.9 (8.3, 10.5) Ref 97.0 (88
30–39 y 6.1 (4.3, 7.8) 0.6 (0.4, 0.9) 59.3 (53
40–49 y 4.9 (3.5, 6.4) 0.5 (0.4, 0.7) 54.0 (47
50–59 y 3.3 (1.6, 5.0) 0.3 (0.2, 0.6) 46.3 (41
60–69 y 2.7 (1.0, 4.5) 0.3 (0.1, 0.6) 33.8 (28
70þ y 4.6 (1.7, 7.4) 0.5 (0.3, 0.9) 27.7 (23

Education
< High school 16.2 (12.4, 20.1) 2.3 (1.7, 2.9) 68..4 (57
High school 12.7 (10.3, 15.0) 1.7 (1.4, 2.0) 71.6 (65
> High school 7.1 (6.4, 7.8) Ref 58.1 (54

n 7379 6509
New cases 800 3133
PYs 70,549 45,248

Weight status is at first anthropometric record. Normal weight is defined as a BMI
obesity is defined as the first time a person has a body mass index�30 kg/m2. IRR,
is calculated as the incidence rate of new cases per 1000 PYs of follow-up (95% CI
age. Sex-specific rates are adjusted for age and race. Age-specific rates are adjusted
rates are weighted using survey weights, stratum, and cluster to represent the US
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respectively). The risk continued to decrease thereafter with increasing
age (Table 3).

Among adults with normal weight at their first anthropometric re-
cord, Blacks had 70% higher incidence of obesity than Whites (IRR:
1.7; 95% CI: 1.2, 2.3). When comparing those with overweight at their
first anthropometric record, Blacks had a 40% higher incidence of
obesity than Whites (IRR: 1.4; 95% CI: 1.3, 1.6).

Discussion

To understand which people are at highest risk of developing
obesity, at which ages new cases of obesity are most common, and
how these patterns have changed over the past 2 decades, we
calculated obesity incidence in a national representative prospective
cohort from 2001–2017. We found that across this century, the
incidence of obesity was relatively stable until 2013, but by
2013–2017, the incidence of obesity had increased by 18%. The risk
of developing obesity differed across groups and was most
commonly experienced by Blacks, especially Black females and
Black adults under the age of 50 y, and by people with low levels of
education. Across race, adults at the youngest ages (20–29 years) had
higher incidence of obesity than older age groups. Among those with
overweight, younger adults were more likely than older overweight
adults to progress to obesity.

Over the last 2 decades, the obesity incidence increased by 18%,
which mainly occurred in the period 2013–2019. In the 1990s, an
obesity incidence rate of 14.8%was observed inWhite people followed
over 8 y [13]. Though not directly comparable to our results, this
suggests that the incidence of obesity has more than doubled over the
last 2 decades. Our results show that the increase mainly occurred
ight IRR for overweight vs. normal weight

e IRR

.8, 65.3) 7.0 (6.3, 7.7)

.9, 72.6) Ref 6.8 (5.8, 7.7)

.7, 58.2) 0.8 (0.7, 0.9) 7.3 (6.3, 8.2)

.0, 62.9) Ref 7.1 (6.3, 7.8)

.9, 96.5) 1.4 (1.3, 1.6) 6.3 (4.5, 8.2)

.4, 75.3) 1.0 (0.8, 1.2) 6.6 (4.5, 8.8)

.5, 105.4) Ref 9.8 (8.0, 11.6)

.1, 65.6) 0.6 (0.6, 0.7) 9.8 (6.9, 12.7)

.6, 60.5) 0.5 (0.5, 0.6) 11.0 (7.3, 14.6)

.3, 51.3) 0.5 (0.4, 0.5) 13.9 (6.8, 21.0)

.3, 39.2) 0.3 (0.3, 0.4) 12.3 (4.5, 20.1)

.6, 31.9) 0.3 (0.2, 0.3) 6.1 (2.5, 9.6)

.9, 79.0) 1.3 (1.1, 1.5) 4.2 (3.0, 5.4)
.9, 77.2) 1.2 (1.1, 1.4) 5.7 (4.5, 6.8)
.0, 62.2) Ref 8.2 (7.1, 9.2)

<25 kg/m2, overweight is defined as a BMI � 25 kg/m2 and <30 kg/m2, and
incidence rate ratio; PYs, person-years of follow-up; Ref, reference. Incidence
s) using Poisson models. Overall incidence rates are adjusted for sex, race, and
for race and sex. Race-specific rates are adjusted for sex and age. All incidence
population between 2001 and 2017.
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during the time period 2013–2017. This pattern is consistent with
findings that the prevalence of obesity started to increase again from
2013–2014 after leveling in the late 2000s [24]. We observed a small
decrease in the incidence of obesity from 2009–2013 compared to
2005–2009, contemporaneous with reported decreases in calorie intake
[25], consumption of sugar-sweetened beverages and poor diets, and an
increased intake of healthy foods [26].

A higher incidence at younger ages may be partly explained by the
fact that the pool of adults who are eligible to enter obesity for the first
time becomes smaller as more people have obesity [27]. For instance,
26% of the US population has obesity at ages 18–21 y [7], leaving 74%
of the population eligible for incident obesity. Due to the high obesity
incidence from age 20–29 y, even fewer people will be eligible at age
30þ y, and so on for the remaining ages. There may also be other ex-
planations for younger adults having the highest risk of obesity; early
adulthood is a phase where many start their own households and thus
change their home environment. The proportion with low physical ac-
tivity level increased from adolescence to young adulthood (mean age 25
y) [28], and the proportion consuming fast food �3 times a week
increased from adolescence to young adulthood (mean age 21) [29].

A higher incidence at younger ages combined with national cross-
sectional studies showing that the prevalence of obesity increases with
age until age 60 y [30] indicates that those who developed obesity at
younger ages may still have obesity at older ages. This argument is
supported by a study of youths that found that obesity is rarely
reversed, as only 2% of adolescents with obesity had no obesity in
young adulthood [7]. This is especially of concern given that early
onset of obesity is associated with longer exposure to excess weight
and higher risks of cardiometabolic diseases [31].

Our estimates of a higher incidence of obesity in Blacks than in
Whites across sex and age are consistent with published data on obesity
prevalence [15, 30, 32]. Yet, incidence estimates contribute by showing
that the differences in obesity are driven by higher incidence in those
under age 40 y, demonstrating that Blacks have higher incidence of
obesity and are exposed to longer duration of obesity. Although the
obesity incidence by 2013–2017 had increased by 25% among Whites,
no increases were observed among Blacks. Though the relative differ-
ence in obesity risk between Blacks and Whites decreased from 92% to
43%, race disparities in obesity incidence were still large in 2013–2017,
which is consistent with published data on obesity prevalence [30].This
suggests that the level hitherto interventions aiming at preventing obesity
may have reached those at highest risk but not to a sufficient extent.

Obesity incidence was higher among those with less than high
school education. Although this is consistent with published preva-
lence data [15], we have not found prevalence studies of the relation-
ship between obesity, education, and race. Our results show that, in
contrast to Whites and Other Races, there was no difference in inci-
dence of obesity between Blacks with a high school degree and Blacks
with an education beyond high school. Further, Blacks had higher
obesity incidence than Whites at all education levels, and the difference
was largest among those with highest level of education, suggesting
that higher education is less protective against obesity among Blacks
than among Whites. In 2013–2017, those with a high school education
had reached the same incidence of obesity as those with less education.
Educational attainment in the United States has increased over the last
decades. Yet, our results show that those with the lowest education
levels continued to have the highest risks of developing obesity; thus,
even though the education levels of the population shifted upwards, the
distribution of risk stayed consistent.
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In the United States, only 30% of the adult population has a BMI
categorizing them as normal weight. In this study, we show that the
incidence of obesity in adults with overweight is 7 times higher than in
adults with normal weight. Thus, overweight should not be considered
a ‘new normal,’ but rather a temporary phase that often cascades into
obesity. Younger adults with overweight were more likely than older
overweight adults to progress to obesity, suggesting that preventing
overweight among young adults should be a focus. For older adults, the
results suggest that the older an adult is before entering the overweight
category, the less likely he or she may be to progress to obesity. Thus,
efficient obesity intervention measures may not need to prioritize older
people with overweight; this finding aligns with studies showing that
older adults with overweight have lower mortality risk than other
weight groups [33].

This study used data representative of the US population covering
nearly 2 decades. Biannual anthropometric reports generated a median of
6 measures per person and a median follow-up of 10 y (range 1–17), with
a total of 115,797 PYs of follow up. There are also limitations. First, BMI
does not measure adiposity and is not a strong measure to diagnose
clinical obesity in an individual; however, at the population level, BMI is
a good indicator [34]. Second, we used a regression equation to correct
self-reported data, which resulted in 1) an exclusion of 598 (4%) more
people due to obesity at first BMI record compared to the not-corrected
data; 2) an overall higher incidence of obesity than in the uncorrected
data. Thus, in line with the literature, the self-reported data under-
estimated BMI [19, 20]. However, the prevalence of obesity (Supple-
mental Table 5) was 5–6 percentage points lower than in prevalence
studies [30, 32]. This suggests that despite the correction coefficient, BMI
may still have been underestimated; if the number of incident obesity
cases had been 5% higher, the incidence rates would had been 1–2 cases
higher per 1000 PYs. In the PSID, height and weight for household head
or spouse are self-reported for both persons, by either the head him/-
herself or by the spouse. We have not found literature on correction for
proxy reports. Further, with a spousal report, we expect to encounter
noise, not bias. That is, a spouse may report information about their
spouse with some error, but there is no reason to believe that that would
be systematic error that would introduce bias in a particular direction.

Incidence of obesity was stable during the first 3 quarters of this
century, but in the period 2013–2017, obesity incidence among US
adults increased by 18% and reached an incidence rate of 40.7 per 1000
PYs. This translates to an average of 4% of the adult population entered
the obesity category each year in the period 2013–2017. Disparities and
age differences were large, especially in Black females and young
Black people. Even Blacks with an education beyond high school level
had higher obesity incidence than Whites with the same education
level. For younger adults, overweight may be a temporary stepping
stone to obesity, whereas adults age 60þ with overweight were less
likely to progress to obesity. Policies for prevention should focus on
young adults, those with lower educational level, and Blacks irre-
spectively of educational level.
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