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Abstract

Background The prevalence of high body mass index (BMI) is increasing in both children and adults world-
wide. However, it is unclear whether vulnerabilities to maintenance and transition of weight status vary
throughout the lifespan.

Objective We aimed to characterize dynamic transitions of weight statuses across different life stages and to identify
the sensitive periods for maintenance, onset, and resolution of obesity.

Methods This longitudinal study included a total of 23,179 participants aged 6-80 years with 95,994 BMI meas-
urements from the China Health and Nutrition Survey 1989-2015. To examine the heterogeneity in transitions

of weight statuses across different life stages, we divided participants into 8 sub-cohorts based on baseline ages
by 10-year intervals, i.e, 6-10 years, 11-20 years, 21-30 years, 31-40 years, 41-50 years, 51-60 years, 61-70 years,
and 71-80 years. We estimated the probabilities of transitioning between weight statuses at a given follow-up year
by baseline age using generalized linear mixed-effects models.

Results The predicted prevalence of obesity decreased from 6 years, bottomed at around 20 years, increased there-
after, peaked at around 55 years, and then decreased gradually. In general, participants with underweight had lower
probabilities of maintaining the same status compared to those with normal weight, overweight, or obesity for all age
groups. For 10-year follow-up, individuals aged 21-30 years had the highest probabilities of transitioning from normal
weight to obesity and transitioning from overweight to obesity compared to those in other age groups. Individu-

als aged 6-20 years had the highest probabilities of transitioning from obesity to normal weight and transitioning
from overweight to normal weight. Individuals in all adult age groups had higher probabilities of maintaining obesity
status than children and adolescents.

Conclusions Young adulthood is the most sensitive period for obesity onset, whereas childhood and adolescence
are the most sensitive periods for obesity resolution. The findings suggest the heterogeneity of susceptibilities

to weight status transitions across different life stages and highlight the importance of the development of age-
appropriate approaches for the prevention and intervention of obesity.
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Background

The prevalence of obesity has been increasing and rep-
resents a major public health issue in China and world-
wide [1]. Obesity in adults is associated with increased
risks of multiple health consequences, including car-
diovascular disease [2, 3], diabetes [4], and mortality [5].
Several lifespan studies have reported that excess weight
in childhood, as well as weight changes and weight tra-
jectories from childhood to adulthood, has been associ-
ated with risks of adult cardiometabolic diseases [6—9].
Current obesity prevention and intervention strategies
are not age-targeted and thus are inadequate for address-
ing the obesity epidemic [10]. Individuals are suscepti-
ble to excess weight at all ages of lifespan, but the extent
of weight fluctuation and weight status transition may
vary across different life periods. Thus, the determina-
tion of sensitive periods of transitions across weight sta-
tuses is important to identify the high-risk age groups,
which may aid in the development of age-appropriate
approaches to the prevention and intervention of obesity
and its related diseases.

Large-scale cross-sectional studies have shown that
the prevalence of obesity increases from young to middle
adulthood and decreases during aging [11-13]; yet, these
studies cannot investigate the dynamic transition of body
mass index (BMI) statuses within individuals due to the
cross-sectional design. Longitudinal studies have dem-
onstrated that BMI tracks from childhood to adulthood,
and childhood obesity strongly predicts the risk of adult
obesity [14—18]. However, whether the susceptibilities for
maintenance and transition of weight statuses (especially
for onset and resolution of obesity) differ across different
life stages remains unclear.

In the present study, using longitudinal data from
the China Health and Nutrition Survey (CHNS) cohort
study, we aimed to examine the exact patterns of main-
tenance and transition across weight statuses at different
life stages and to determine the sensitive periods of onset
and resolution of obesity in a Chinese population.

Methods

Study population and design

Data were from the CHNS, an international collabora-
tive project between the National Institute for Nutrition
and Health of the Chinese Center for Disease Control
and Prevention and the University of North Carolina in
Chapel Hill. The survey procedures have been described
in detail elsewhere [19, 20]. In brief, the CHNS is a
dynamic cohort study based on multiple cross-sectional
surveys conducted in 1989, 1991, 1993, 1997, 2000, 2004,
2006, 2009, 2011, and 2015. To examine the maintenance
and transition of weight statuses over time, we linked
these cross-sectional examinations to obtain repeated
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BMI measurements within individuals, and 35,841 indi-
viduals were initially included. Then, we excluded indi-
viduals who had stroke or myocardial infarction or were
taking antidiabetic drugs, individuals whose BMI was >3
standard deviations above the mean or <3 standard devi-
ations below the mean stratified for sex and age, individ-
uals whose baseline age was>80 years or<6 years, and
individuals who had only one BMI measurement. Finally,
we included a total of 23,179 participants with 95,994
BMI measurements for overall longitudinal analyses. Of
the 23,179 participants, 15,579 were included for 10-year
follow-up analyses and 8025 were included for 20-year
follow-up analyses (Additional file 1: Fig. S1). The CHNS
was approved by the institutional review boards of the
University of North Carolina at Chapel Hill, the Ministry
of Health of the People’s Republic of China, the National
Institute for Nutrition and Health, and the Chinese
Center for Disease Control and Prevention. Informed
consent was obtained from participants or their parents.

Measurements

Standardized protocols were used by trained examiners.
Height and weight were measured in all surveys. Stand-
ing height was measured without shoes to the nearest 0.2
cm using a portable stadiometer (SECA, Hamburg, Ger-
many). Weight in light clothing without shoes was meas-
ured to the nearest 0.1 kg on a dedicated scale that was
routinely calibrated. BMI was calculated as weight in kil-
ograms divided by height in meters squared. For children
and adolescents, underweight, overweight, and obesity
were defined according to BMI cut-offs for Chinese chil-
dren and adolescents aged 6-18 years [21, 22]. For adults,
underweight was defined as BMI<18.5 kg/m? normal
weight was defined as 18.5 kg/m?><BMI<24.0 kg/m?
overweight was defined as 24.0 kg/m><BMI<28.0 kg/
m?, and obesity was defined as BMI> 28.0 kg/m? [23].

Statistical methods

To compare weight status transitions across different life
periods, we grouped participants into 8 sub-cohorts by
their baseline ages, i.e., 6-10 years, 11-20 years, 21-30
years, 31-40 years, 41-50 years, 51-60 years, 61-70
years, and 71-80 years. To calculate the probabilities of
maintenance and transition of weight status at 10-year
follow-up and 20-year follow-up, we selected the BMI
measurements for analyses which were closest with
10-year and 20-year follow-up time points from indi-
viduals who had measurements taken during time win-
dows of 6 to 15 years and 16 to 25 years, respectively. We
used a generalized linear mixed-effects model to esti-
mate age-specific BMI levels and proportions of weight
statuses during 6—80 years. We calculated age-adjusted
correlation coefficients to describe the BMI tracking
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correlations at 10-year follow-up and 20-year follow-up.
We also used a generalized linear mixed-effects model
to estimate the maintenance and transition probabilities
of weight statuses at any given follow-up year stratified
by baseline age. The mixed model incorporated fixed and
random effects, which allowed the intercept, linear, and
nonlinear parameters to vary from individual to individ-
ual [24]. This model allowed for repeated measurements
and different numbers of unequally spaced observations
across individuals. Akaike information criterion (AIC)
was used for model selection [25]. The model construc-
tion was on the basis of AIC and P values of the polyno-
mial terms of the independent variable (follow-up years
or age) at the significance level of 0.05. Follow-up years
or age and their polynomial terms were included one by
one for the model-building. The higher-order terms of
follow-up years or age were not included in the model
if they were not significant, or made lower-order terms
not significant, or did not improve the goodness of fit of
the model on the basis of AIC values. For instance, when
we estimated the transition probabilities from normal
weight to obesity over follow-up time, follow-up year was
set as independent variable, and the polynomial terms of
follow-up year were set as fixed effect and random effect
simultaneously. Follow-up weight status (1, obesity; 0,
non-obesity) was set as dependent variable. All statistical
analyses were performed using the R software (version
4.2.3).

Results

Characteristics of study participants

The characteristics of study participants for all age groups
are shown in Table 1. For overall longitudinal analyses,
we included 23,179 participants. The sample size ranged
from 1594 in the 71-80 year age group to 6988 in the
31-40 year age group, and the medians (interquartile
ranges) of follow-up length ranged from 6 years (6-13
years) in 11-20 year age group to 11 years (4—19 years) in
21-30 year age group. For 10-year follow-up analyses of
weight status transition, we included 15,579 participants
with the sample size ranging from 978 in the 71-80 year
age group to 5450 in the 31-40 year age group (Addi-
tional file 1: Table S1). For 20-year follow-up analyses, we
included 8025 participants with the sample size ranging
from 58 in the 71-80 year age group to 3026 in the 31-40
year group (Additional file 1: Table S2).

Age-related changes in BMI levels and statuses

over the lifespan

The BMI levels and proportions of weight statuses
changed with age over the lifespan overall and for both
sexes (Fig. 1). For overall analyses, BMI levels increased
from 6 years, peaked at around 40 to 55 years, and
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decreased gradually thereafter. The prevalence of obesity
decreased from 6 years, bottomed at around 20 years,
increased dramatically thereafter, peaked at around 55
years, and then decreased slightly. The prevalence of
overweight showed similar age-related change patterns,
whereas the proportions of normal weight and under-
weight showed opposite age-related change patterns
(Fig. 1). For sex-stratified analyses, males versus females
had similar lifespan change patterns, but males had ear-
lier peak ages for BMI levels and obesity prevalence,
with obesity peaking at around 55-60 years in males and
around 60-65 years in females.

Tracking correlations of BMI levels by age and weight
status

In general, the BMI tracking correlations decreased with
follow-up length for all age and weight status groups
(Fig. 2). Participants aged 6—-20 years had smaller BMI
tracking correlation coefficients compared with par-
ticipants in other age groups for both 10-year follow-up
and 20-year follow-up. Participants with underweight
had lower BMI tracking correlations compared with par-
ticipants with normal weight, overweight, or obesity. In
addition, males versus females had no significant differ-
ence in BMI tracking correlations for most subgroups of
age and weight status (Additional file 1: Fig. S2-S3).

Maintenance of weight statuses across different age
periods

Figure 3 shows the probabilities of maintaining the same
weight status and transitioning from one to another
weight status by age group at 10-year follow-up. For
instance, for participants with normal weight aged 6-10
years, 13.7% transitioned to underweight, 80.3% main-
tained normal weight, 5.2% transitioned to overweight,
and 0.8% transitioned to obesity after 10-year follow-
up. In general, the maintenance probabilities of weight
statuses decreased with follow-up length overall and for
sex and age subgroups (Fig. 3, Additional file 1: Fig. S4).
Compared with participants with overweight or obesity,
participants with underweight had lower maintenance
probabilities at 10-year follow-up for most age groups,
whereas participants with normal weight had higher
maintenance probabilities. For participants with normal
weight, those aged 21-40 years had lower maintenance
probabilities compared to those in other age groups at
10-year follow-up. For participants with overweight or
obesity, those aged 6-20 years had lower maintenance
probabilities compared to those in other age groups. For
participants with underweight, those aged 6-40 years
had the lowest maintenance probabilities.
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Table 1 Characteristics of study participants
6-10years 11-20years 21-30years 31-40years 41-50years 51-60years 61-70years 71-80years
Total
N 3947 4997 5600 6988 6788 5756 3581 1594
Baseline age, years® 7.57 (1.35) 14.15 (2.98) 24.93 (2.84) 34.38 (2.79) 43.58 (2.62) 53.74 (2.65) 63.37 (242) 73.04 (2.24)
Baseline BMI, kg/m?* 1558 (2.09) 1843 (2.76)  2152(268)  2245(2.88)  23.13(3.07) 2328(3.29) 2294(343) 2234(347)
Baseline weight status, n (%)
Underweight 499 (12.6) 715 (14.3) 490 (8.8) 371(5.3) 233 (34) 294 (5.1) 305(85) 185(11.6)
Normal weight 2845 (72.1) 3900 (78.0) 4212 (75.2) 4745 (67.9) 4135 (60.9) 3224 (56.0) 1965 (54.9) 944 (59.2)
Overweight 331 (84) 311 (6.2) 763 (13.6) 1564 (22.4) 1937 (28.5) 1704 (29.6) 1010 (28.2) 366 (23.0)
Obesity 272 (6.9) 71(1.4) 135(24) 308 (4.4) 483 (7.1) 534(9.3) 301 (84) 99 (6.2)
Follow-up length, yearb 7(4,12) 6(3,13) 114,19 11(6,19) 11(5,17) 8(4,14) 6(4,11) 6(4,9)
Males
N 2095 2723 2730 3324 3251 2749 1710 711
Baseline age, years® 7.55(1.33) 1414 (296)  2460(2.85)  3448(2.81) 4369(267) 5375(Q61) 6332(235)  7298(2.15)
Baseline BMI, kg/m?* 1577 (211)  1840(2.73)  2155(.68)  2253(288) 2297(3.03) 2294(3.10) 2270(3.30)  22.24(3.35)
Baseline weight status, n(%)
Underweight 269 (12.8) 468 (17.2) 205 (7.5) 166 (5.0) 118 (3.6) 133 (4.8) 148 (8.7) 86 (12.1)
Normal weight 1488 (71.0) 2025 (74.4) 2102 (77.0) 2223 (66.9) 2050 (63.1) 1687 (61.4) 988 (57.8) 427 (60.1)
Overweight 180 (8.6) 187 (6.9) 348 (12.7) 778 (234) 858 (26.4) 730 (26.6) 466 (27.3) 162 (22.8)
Obesity 158 (7.5) 43(1.6) 75(2.7) 157 (4.7) 225 (6.9) 199 (7.2) 108 (6.3) 36 (5.1)
Follow-up length, yearb 7(4,15) 9(4,15) 11 (5, 20) 11(6,18) 11(5,17) 7(4,13) 6(4,11) 6(4,9)
Females
N 1852 2274 2870 3664 3537 3007 1871 883
Baseline age, years® 7.60 (1.36) 14.15 (3.01) 25.25(2.80) 3430(278)  43.48(2.57) 53.73(2.69) 63.42 (2.48) 73.08 (2.32)
Baseline BMI, kg/mza 1538 (2.05) 1848 (2.80) 21.50 (2.68) 22.37(2.88) 23.28 (3.09) 23.59(342) 23.16 (3.53) 2242 (357)
Baseline weight status, n(%)
Underweight 230(12.4) 247 (10.9) 285 (9.9) 205 (5.6) 115(3.3) 161 (5.4) 157 (84) 99 (11.2)
Normal weight 1357 (73.3)  1875(82.5) 2110 (73.5) 2522 (68.8) 2085 (58.9) 1537 (51.1) 977 (52.2) 517 (58.6)
Overweight 151(8.2) 124 (5.5) 415(14.5) 786 (21.5) 1079 (30.5) 974 (32.4) 544(29.1) 204 (23.1)
Obesity 114 (6.2) 28(1.2) 60 (2.1) 151 (4.1) 258(7.3) 335(11.1) 193(10.3) 63 (7.1)
Follow-up length, yearb 74,9 52,9 11(4,18) 11 (6, 20) 11(5,18) 9(4,15) 7(4,171) 6(4,9)

2 Data were described as mean (standard deviation)
b Data were described as median (interquartile range)

Transition of weight statuses across different age periods

As shown in Fig. 3, for participants with normal weight,
those aged 31-40 years had the highest probabilities
of transitioning to overweight at 10-year follow-up,
those aged 21-30 years had the highest probabilities
of transitioning to obesity, and those aged 6—10 years
or 71-80 years had the highest probabilities of transi-
tioning to underweight among all age groups. For par-
ticipants with overweight, those aged 21-30 years had
the highest probabilities of transitioning to obesity,
whereas those aged 6—20 years had the highest proba-
bilities of transitioning to normal weight among all age
groups. For participants with obesity, those aged 6-20
years had the highest probabilities of transitioning to
normal weight among all age groups. For participants
with underweight, a large proportion transitioned to

normal weight for all age groups with the probabili-
ties ranging from 31.1% in the 71-80 year age group to
69.2% in the 31-40 year age group.

Additional analyses

We performed additional analyses for maintenance and
transition of weight status at 20-year follow-up and
found similar results (Additional file 1: Fig. S4). We also
performed additional analyses stratified by sex, and
males versus females showed similar results (Additional
file 1: Fig. S5-S8). Furthermore, we mapped the change
in maintenance and transition probabilities of weight
status at a given follow-up year ranging from 0 to 20
years (Fig. 4, Additional file 1: Fig. S9-S10).
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Fig. 1 Age-related change in BMI levels and proportions of weight statuses

10-year follow-up

Age group

6-10 yr 0.34 (0.30, 0.37) =
11-20 yr 0.47 (0.44, 0.50) =
21-30 yr 0.67 (0.65, 0.69)

31-40 yr 0.72 (0.70, 0.73)

41-50 yr 0.76 (0.75, 0.77)

51-60 yr 0.78 (0.77, 0.80)

61-70 yr 0.77 (0.76, 0.79)

71-80 yr 0.71 (0.68, 0.74)

Weight status

Underweight  0.38 (0.33, 0.42) ==
Normal weight 0.55 (0.53, 0.56)
Overweight 0.52 (0.49, 0.55)

Obesity 0.59 (0.54, 0.64)

0 0.25 0.5 0.75
Correlation coefficient

-

-

20-year follow-up

0.20 (0.13, 0.27)
0.41 (0.36, 0.45)
0.53 (0.50, 0.55)
0.61(0.58, 0.63)
0.68 (0.65, 0.70)
0.68 (0.65, 0.71)
0.64 (0.59, 0.69)
0.58 (0.38, 0.73)

0.16 (0.09, 0.23)
0.40 (0.38, 0.42)
0.29 (0.23, 0.34)
0.44 (0.32, 0.54)

1

—-—

—_—

0 025 05075 1

Correlation coefficient

Fig. 2 Tracking correlation coefficients of BMI by baseline age and weight status

Discussion

In this large-scale cohort study with ages ranging from
6 to 80 years, we characterized age-related changes in
proportions of weight statuses and examined dynamic
transitions of weight statuses over time across different
life stages to identify sensitive periods for maintenance,

onset, and resolution of obesity. Our principal findings
are fourfold. First, the prevalence of obesity varied with
age and peaked in middle and older adulthood. Second,
young adulthood is the most sensitive period for obe-
sity onset. Third, childhood and adolescence are the
most sensitive periods for obesity resolution. Finally,
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Weight status at 10-year follow-up
Weight status . . . .
at baseline Underweight Normal weight Overweight Obesity
Underweight
6-10 yr 34.8 (29.6, 40.3) - 63.3 (57.7,68.6) - 1.3(03, 32) 06(0.1, 23) ¢t
11-20 yr 33.2(28.6, 38.0) = 61.8 (56.8, 66.6) = 40(23, 64) |~ 1.0(0.3, 25) P
21-30 yr 30.1(25.2, 35.3) - 66.7 (61.4,71.7) - 3.0(14, 54) 0.3(0.0, 1.6)
31-40 yr 26.4 (21.5, 31.8) == 69.2 (63.7, 74.4) === 40(21, 69) |+ 0.3(0.0, 1.9)
41-50 yr 40.7 (33.7, 48.0) - 56.7 (49.4, 63.8) - 26(08, 59) ® -
51-60 yr 55.6 (49.1, 61.9) - 42.0(35.7, 48.5) - 21(07, 47) * 0.4(0.0, 2.3) ¢
61-70 yr 48.7 (42.0, 55.4) - 47.8 (41.2, 54.5) —-— 31(12,62) = 0.4(00, 24) t
71-80 yr 65.1(55.2, 74.1) == 31.1(22.5, 40.9) == 3.8(1.0, 94) =~ -
Normal weight
6-10 yr 13.7 (12.2,15.3)| = 80.3 (78.4, 82.0) = 52(43, 6.3) 0.8(0.4, 1.3)
11-20 yr 10.7 (9.4,12.1) | = 746 (72.6,76.4) - 12.3(10.9, 13.8) 25(1.9, 3.2)
21-30 yr 35(29, 4.2) 70.0 (68.2, 71.6) 2 23.6(22.0,25.1) C 3.0(24, 3.7)
31-40 yr 23(1.8, 2.8) 69.7 (68.2,71.2) - 25.6(24.2,27.0) . 24(1.9, 2.9)
41-50 yr 26(21, 3.2) 71.7 (70.1,73.2) o 242 (22.8,25.7) 1.5(1.1, 2.0)
51-60 yr 5.0(4.2, 6.0) 72.1(70.3,73.9) - 21.2(19.86,22.9) - 16(1.2, 2.2)
61-70 yr 8.2(6.8, 9.7) 71.2 (68.8,73.6) i 19.4 (17.3,2186)| = 1.2(0.7, 2.0)
71-80 yr 12.9(10.4,159)| = 72.1(68.4,75.7) - 13.6 (11.0,16.6) | = 1.3(0.6, 2.6)
Overweight
6-10 yr 6.8(3.9 11.1) |~ 67.1(60.5, 73.3) - 215(16.2,27.5)| —= 46(22 82) |~
11-20 yr 21(06, 53) [ 52.4 (45.0, 59.7) s 33.9(27.1,41.1) == 11.6(7.4,17.1) | =
21-30 yr 0.2(0.0, 1.1) 24.0 (20.4, 28.0) - 46.3 (41.9,50.7) - 29.5 (25.6, 33.6) -
31-40 yr 0.1(0.0, 0.5) 19.2(17.0,21.6)| = 59.2 (56.3, 62.1) b 21.5(19.1, 23.9) =
41-50 yr 0.1(0.0, 0.5) 17.2(15.3,19.2)| = 63.2 (60.7,65.7) - 19.4(17.4,216)| =
51-60 yr 0.2(0.0, 0.6) 216(19.2,24.1)| = 61.0 (58.1, 63.9) = 17.2(15.1,19.5)| =
61-70 yr 06(0.2, 1.6) 25.5(22.1,29.1) - 60.8 (56.8, 64.6) - 13.1(10.5, 16.0) | ~
71-80 yr 51(26, 9.0) |~ 32.2(26.0, 39.0) = 50.5 (43.6, 57.4) == 12.2(8.1,17.3) | =
Obesity
6-10 yr 6.2(3.3,10.7) |= 71.9 (65.0, 78.1) == 17.2(12.1,233) | = 47(22, 87) |+
11-20 yr - 51.1(35.8, 66.3) —— 31.1(18.2,46.6)| —— 17.8(8.0,32.0) | =
21-30 yr 1.2(0.0, 65) ~ 1.2(0.0, 6.5) 22.9(14.4,334)| —— 74.7 (64.0, 83.6) =
31-40 yr - 5.7(3.0, 9.8) |~ 225(17.0,288)| = 71.8 (65.2,77.8) -
41-50 yr 0.3(0.0, 1.7) 49(28,78) |* 27.1(22.4,32.3) s 67.7 (62.3,72.7) i
51-60 yr - 3.7(1.9, 64) |~ 29.0 (24.1, 34.3) - 67.3(61.9,72.4) -
61-70 yr - 5.0(2.3, 9:3) [= 28.9 (224, 36.1) e 66.1(58.7, 73.0) e
71-80 yr - 10.9(4.1,22.2) |—=— 32.7 (20.7, 46.7) — 56.4 (42.3,69.7) —

1T 1T T 1
0 25 50 75 100
% %
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Fig. 3 Maintenance and transition probabilities between weight statuses at 10-year follow-up

individuals with obesity are more likely to maintain
their status after entering adulthood. These findings
demonstrated the heterogeneity in susceptibilities of
maintenance, onset, and resolution of excess weight
across different life periods, highlighting the impor-
tance of developing age-appropriate approaches for the
prevention and intervention of obesity.

Characterizing life-course changes in the prevalence
of excess weight is critical for quantifying the age-spe-
cific magnitude of health burden but is understudied.
Several cross-sectional national population studies
have reported age-related changes in the prevalence
of obesity during adulthood [11-13], but they cannot
estimate the true change over time within individu-
als. This study used longitudinal data to estimate age-
related proportions of weight statuses across the full
lifespan and found that the predicted prevalence of
obesity decreased from young childhood, bottomed
at 20 years, increased thereafter, peaked at around 40
to 55 years, and then decreased slightly. Although the
peak age of obesity prevalence differed to some extent

from previous national studies, the life-course change
patterns were generally similar across studies [26].
From the perspective of prevention, health policies
should place more emphasis on individuals who are at a
higher risk of obesity development for targeted interven-
tions; yet, few studies have examined the heterogeneity in
transitions between weight statuses across different life
stages due to a lack of lifespan longitudinal data. In this
study, we found that participants aged 21-30 years had
higher probabilities of transitioning from normal weight
or overweight to obesity than those in other age groups,
suggesting that young adulthood is a critical period for
obesity development. This period was confirmed by a
large-scale cohort study in England showing that young
adults aged 18-24 years have the highest absolute and
relative risk for transitioning to a higher BMI category
than older adult age groups [27]. The highest susceptibil-
ity to obesity development occurring in young adulthood
could be explained by several biological and behavio-
ral factors. First, obesity can result from a mismatch
between energy intake and expenditure. Studies have
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shown that young adults had lower fat-free mass adjusted
energy expenditure compared with children and adoles-
cents [28]. Second, most young adults experience tran-
sitions from school to work, often accompanied by the
adoption of unhealthy lifestyles including poor dietary
habits, lack of physical activity, inadequate sleep, exces-
sive screen time, and high alcohol consumption [29, 30],
which contribute to an increased risk of obesity develop-
ment [31, 32]. Additionally, our data indicated that adults
were more likely to maintain obesity and less likely to
transition from obesity to normal weight than youths,
suggesting that weight loss might become increasingly
challenging once individuals reach adulthood. Previous
large-scale longitudinal studies have found that weight
gain and weight persistence during young adulthood
have a profound effect on the risk of cardiovascular dis-
ease and mortality in later life [33—35]. Thus, these find-
ings, along with our own, emphasize the importance of
primordial prevention in early life before the onset of
obesity.

Of interest, we found that individuals with overweight
or obesity were more likely to transition to normal weight
in childhood and adolescence than in adulthood, suggest-
ing that childhood and adolescence are the most sensitive
periods for obesity resolution. However, there is limited
literature available for comparison. This finding is impor-
tant and implies that childhood and adolescence may
be the critical periods for effectively addressing obesity
through targeted interventions. The finding is consist-
ent with a small family-based intervention study show-
ing that children with obesity showed better weight loss
and weight maintenance than their parents with obesity
[36], which indicates that obesity intervention in children
may be more effective than in adults. The potential expla-
nations for easier obesity resolution in youth include
higher resting energy expenditure [28], more physical
activity [37], and healthier dietary habits [30] in children
and adolescents compared with adults. Further research
is needed to understand the mechanisms that may be
responsible for differential chances of obesity reversal
across different life periods.

Accumulating evidence has shown that children with
excess weight have reduced risks of cardiometabolic dis-
eases in adulthood if they reverse to normal weight [8,
9, 38]. Notably, we found that although the likelihood
of transitioning to normal weight during childhood and
adolescence was relatively high, approximately 45% of
children and 65% of adolescents who were overweight are
expected to remain overweight or develop obesity after
20 years. Furthermore, about 35% of children and 55%
of adolescents who were obese are projected to remain
overweight or obese after 20 years. The findings are con-
sistent with many previous studies regarding obesity
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tracking from childhood to adulthood [14-17]. There-
fore, childhood and adolescence appear to be the most
critical time window for preventing the onset of obesity
in young adulthood, and early intervention strategies tar-
geting lifestyle modifications during these periods could
effectively manage and control obesity, thereby reducing
the incidence of obesity-associated metabolic disorders
and cardiovascular diseases in later life.

We further found that individuals with underweight
had exhibited lower BMI tracking correlation and higher
probabilities transitioning to other weight statuses com-
pared to those with normal weight, overweight, or obesity
across all age groups. Our findings indicate that individu-
als with underweight are more likely to return to normal
weight but are less likely to develop obesity later in life.
Specifically, only about 40% of children and adolescents
with underweight maintained the status after 20 years,
more than half transitioned to normal weight, and about
5% would become overweight or obesity. The results sug-
gest that underweight is a relatively unstable status in
the current obesogenic environment. This finding aligns
with a previous cohort showing that only 32.5% of under-
weight children remained underweight after 6 years [16].
It should be noted that individuals who are underweight
in childhood and become overweight or obese in later life
experience the most rapid weight gain and may confer a
greater risk of further health consequences. Thus, indi-
viduals transitioning from underweight to obesity should
be particularly taken into consideration in future health
policies aimed at obesity intervention. Studies have
shown that underweight individuals might have higher
expected resting energy expenditure [39], different eating
dietary habits, and genetic predispositions compared to
individuals with obesity [40], which could contribute to
lower susceptibility to obesity.

The major strengths of the current study include
its population-based cohort design, the large sam-
ple size encompassing 23,179 individuals with 95,994
BMI measurements, and an entire age span from 6 to
80 years, which allows us to investigate the differences
in maintenance and transition patterns of underweight,
normal weight, overweight, and obesity across differ-
ent life age periods and further identify critical ages for
onset and resolution of obesity. However, this study has
several limitations to be considered. First, participants
in our study were obtained from a selected Chinese
sample, and thus the results cannot be generalized to
other racial or ethnic groups. Thus, our findings need
to be validated in other large-scale populations. Sec-
ond, the statistical power was insufficient when analyz-
ing data with longer follow-up duration due to a large
proportion of dropouts. To enhance the statistical
power, we defined longer time windows for 10-year and
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20-year analyses, respectively. Third, we were unable
to evaluate the influence of birth cohorts, geographical
regions, educational levels, and lifestyles on transition
patterns of weight statuses because further stratifi-
cation by these factors exceeds the capabilities of our
current sample size. Fourth, BMI does not accurately
reflect body fat mass and distribution, and thus the def-
initions of underweight, overweight, and obesity in the
current study may lack precision. Fifth, our results may
be influenced by survivor bias, particularly in elderly
age groups. Finally, we did not take into consideration
the influences of physical exercise, diet, cancer, and
other severe chronic diseases on our findings due to a
lack of detailed information on these conditions.

Conclusions

In summary, this large-scale longitudinal study exam-
ined the heterogeneity in transition patterns of weight
statuses across different life stages. The findings indi-
cate that individuals with normal weight are most
likely to develop obesity during young adulthood, while
those with obesity are most likely to revert to a normal
weight status during childhood and adolescence. Fur-
ther studies are warranted to examine heterogeneity in
long-term health consequences of weight status transi-
tion at different life stages. The findings emphasize the
importance of the development of age-targeted health
policies for the prevention and intervention of obesity,
thereby mitigating the obesity-related disease burden.
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