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Weight changes from early
to middle adulthood and
cardiometabolic multimorbidity
later in life among middle-
aged and older adults: a
retrospective cohort study
from the NHANES 1999-2018
Fayun Zhao, Qiang Zhao, Huandong Wang, Kun Wang,
Shenke Kong, Peiyao Ma and Xin Wang*

Department of Cardiology, Henan Provincial Chest Hospital, Zhengzhou, China
Background: Weight gain in adulthood can influence the development of

diabetes and cardiovascular diseases. It is speculated that weight gain is related

to cardiometabolic multimorbility (CMM). This study was designed to examine

the relationships between weight changes from early to middle adulthood and

the risk of CMM.

Methods: Data of the National Health and Nutrition Examination Survey

(NHANES) 1999-2018 cycles were analyzed in the present study. Weights at

age 25 years and 10 years before recruitment were self-reported and were used

to define five weight change patterns including stable normal, maximum

overweight, obesity to non-obesity, non-obesity to obesity, and stable obesity

patterns. Meanwhile, absolute weight changes were classified into five groups:

weight loss≥ 2.5 kg, weight change within 2.5 kg, 2.5 kg≤ weight gain < 10.0 kg,

10.0 kg≤ weight gain < 20.0 kg, and weight gain≥ 20.0 kg. CMM was defined as

the coexistence of two or three of diabetes, coronary heart disease (CHD),

and stroke.

Results: A total of 25,994 participants were included. Across adulthood,

compared to stable normal weight, maximal overweight, obesity to non-

obesity, non-obesity to obesity, and stable obesity were consistently

associated with increased risks of diabetes, CHD, and CMM. For instance,

stable obesity was respectively related to 358.0% (HR: 4.58, 95% CI: 4.57, 4.58),

88.0% (HR: 1.88, 95% CI: 1.88, 1.88), and 292.0% (HR: 3.92, 95% CI: 3.91, 3.92)

higher risks of diabetes, CHD, and CMM. Meanwhile, any account of weight loss

and gain was linked to higher risks of diabetes, CHD, and CMM than weight

change within 2.5 kg. However, participants with maximum overweight had a

decreased incidence of stroke (HR: 0.85, 95% CI: 0.85, 0.86), and weight loss ≥

2.5 kg and weight gain ≥ 2.5 and <20 kg were also related to a lower risk of stroke.

J-shaped or U-shaped associations of absolute weight changes with the risks of

diabetes, CHD, and CMM were observed.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1306551&domain=pdf&date_stamp=2024-02-19
mailto:xin18037312120@163.com
https://doi.org/10.3389/fendo.2024.1306551
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1306551
https://www.frontiersin.org/journals/endocrinology


Zhao et al. 10.3389/fendo.2024.1306551

Frontiers in Endocrinology
Conclusions: Maintaining a stable normal weight can benefit more from the

prevention of diabetes, CHD, and CMM. Both weight gain and loss across

adulthood were accompanied by increased risks of diabetes, CHD, and CMM.
KEYWORDS

body mass index, body weight changes, obesity, cardiometabolic diseases,
cardiometabolic multimorbidity
Introduction

Obesity has been an emerging epidemic in the past five decades.

The prevalence of obesity reached 11% and 15% for men and

women respectively in 2014, rising from 5% and 8% respectively in

1980 (1). In the US, the prevalence of obesity was 42.4% in 2018

(2, 3). Obesity is associated with diabetes, cardiovascular diseases

(CVD), and mortality. It is estimated that about 4 million deaths

were attributed to obesity in 2015 (4). Therefore, the burden of

diseases attributed to obesity-related diseases will be a

major challenge.

On the other hand, cardiometabolic diseases (CMDs)—defined

as diabetes, coronary heart disease (CHD), and stroke—have also

become a global health problem. There were more than 463 million

people suffering from diabetes, 197 million people suffering from

CHD, and 12.2 million people suffering from stroke worldwide (5,

6). As the population ages, cardiometabolic multimorbidity

(CMM), defined as the coexistence of at least two CMDs, will be

a common phenomenon (7). A previous study showed that an

increase per 5 kg/m2 in BMI was related to a 1.9 higher risk of CMM

(7). However, this study only involved a single measurement of BMI

not the dynamic changes in body weight over time. It is

documented that weight gain is common from early to middle

adulthood and is linked to increased risks of diabetes, CVD,

hypertension, and mortality (1, 8–11). Therefore, it is speculated

that weight gain is related to CMM. However, few studies were

conducted to evaluate the relationship between weight gain across

adulthood with the risk of CMM. Therefore, the purpose of this

study is to dissect the relationship between weight changes from

early (age 25 years) to middle adulthood (mean age 47 years) and

the risk of new-onset CMDs and CMM using the data of National

Health and Nutrition Examination Survey (NHANES).
Materials and methods

Study population

Data analyzed in the present study were derived from the

NHANES 1999-2018 cycles. NHANES is a series of ongoing

cross-sectional surveys and is designed to assess the health and

nutritional status of the non-institutionalized population in the US.
02
Data from questionnaires, physical examinations, and laboratory

tests were collected by trained interviews. A multistage stratified

cluster random sampling method was used in continuous NHANES

surveys, which started in 1999, and thereafter in 2-year cycles.

Details of NHANES are found at the NHANES website (https://

www.cdc.gov/nchs/nhanes/index.htm) (12).

Since eligible participants for weight at 10 years before

recruitment were aged≥ 36 years, this study incorporated data on

participants aged≥ 36 years at the time of the survey. There were

47,433 participants excluded due to missing data in diabetes, CHD,

and stroke, 915 participants due to diagnosis with CMD at baseline,

19,136 participants due to missing data in weight and height, 1063

participants due to abnormal weight changes, and 6775 participants

due to missing data in covariates (as shown in Figure 1). Finally, a

total of 25,994 participants were included in this study. This study

was approved by the NHANES Institutional Review Board

(protocols Numbers: NHANES Protocol #2011-17 and NHANES

Protocol #2018-01). Written informed consent was obtained from

all participants.
Assessments of weight changes

In the NHANES, participants were required to recall weight and

height at age 25 years as well as weight 10 years before the survey.

BMI at age 25 years and BMI at 10 years before recruitment (mean

age: 47 years, range: 26-75 years, interquartile range: 36-58 years)

were calculated as weight (kg) divided by the square of height (m2).

For participants aged< 50 years at the time of the survey, weight at

age 25 years and height at the examination were used to calculate

BMI at age 25 years. Otherwise, weight and height at age 25 years

were used to calculate BMI at age 25 years. BMI at 10 years before

recruitment was calculated using weight and height at 10 years

before recruitment (10). According to a previous study, BMI at the

two time points were categorized into underweight or normal

weight, overweight, and obesity using cut-off values of 25.0 kg/m2

and 30.0 kg/m2 (9). According to BMI at age 25 years and 10 years

before recruitment, five weight-change patterns were identified as

follows: stable normal pattern for underweight or normal weight at

both times, maximum overweight pattern for overweight at either

time, obesity to non-obesity pattern for obesity at age 25 years and

non-obesity at 10 years before recruitment, non-obesity to obesity
frontiersin.org
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pattern for non-obesity at age 25 years and obesity at 10 years before

recruitment, and stable obesity for obesity at both times (13).

Meanwhile, absolute weight change between age 25 years and 10

years before recruitment was classified into five groups: weight

loss≥ 2.5 kg, weight change within 2.5 kg (reference group), 2.5 kg≤

weight gain < 10.0 kg, 10.0 kg≤ weight gain < 20.0 kg, and weight

gain≥ 20.0 kg (14, 15).
Outcomes

According to previous studies, this study was designed as a

retrospective cohort from the cross-sectional data, as shown in

Figure 2 (9, 10, 16). Baseline was defined as 10 years before

recruitment. Incident CMDs were identified if participants

reported that they had been diagnosed with one of the CMDs by

a physician. CMM was defined as two or three of CMDs. When

single CMDs as the end-event, participants with the corresponding

CMDs at baseline were excluded. The time of follow-up was defined

as the interval between baseline and the age, at which single CMDs

were established. When CMM was the end-event, participants with

two or three of CMDs at baseline were excluded. The time of follow-

up was defined as the interval between baseline and the age, at
Frontiers in Endocrinology 03
which the second CMD was established. Therefore, datasets for

single CMDs and CMM may be different in sample size.
Statistical analysis

Characteristics of all participants were expressed as mean ±

standard deviation (SD) for continuous variables with a normal

distribution, median (range interquartile) for abnormal

distribution, and frequency (percent) for categorized variables.

Analysis of variance, Kruskal-Wallis test, and chi-square test were

respectively employed to compare the differences across weight

change patterns and absolute weight changes for continuous

variables with normal distribution, for ones with abnormal

distribution, and for categorized variables. The hazard ratios

(HRs) and 95% confidence intervals (95% CIs) were used to

evaluate the associations of weight changes with the risks of

single CMDs and CMM using Cox proportional hazards models.

The proportional hazards assumption was examined by including a

cross-product of follow-up time and weight change patterns in Cox

proportional hazards models. If likelihood ratio tests comparing

models with and without this variable were not significant, the

proportional hazards assumption held. The associations of weight
FIGURE 1

The process of participant selection.
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change patterns and absolute weight changes with CMM were

further stratified by age (< 60 years and ≥ 60 years) and sex

(males and females). Covariates including age, sex, race,

education level, current smoking, current alcohol drinking, family

income-poverty ratio level, marital status, family history of diabetes

or CVD, MET, healthy eating index scores, and history of

hypertension were adjusted with CMM as the end-event. When

one of CMDs as the end-event, the other two CMDs were

additionally adjusted. When absolute weight changes were

analyzed, height at examination was additionally adjusted.

Furthermore, the sampling weight was used to adjust for non-

response bias and over-sampling. All the variables with missing data

were imputed using the Multivariate Imputation by Chained

Equations (mice) package in the statistical program R (version

3.5.1) to explore the robustness of the main results. The non-

linear associations of absolute weight changes with the risks of

single CMDs and CMM were further examined using a restricted

cubic spline with four knots. All analyses were performed using SAS

9.4 (SAS Institute Inc., Cary, NC, USA.). A two-tailed P≤ 0.05

indicated a statistical significance.
Results

Characteristics of participants across
weight change patterns

There were 25,994 participants (mean of age: 47.26 ± 13.55

years) in this study, including 13,073 men and 12,921women. The

averages of BMI at age 25 years and 10 years before recruitment

were 23.53 ± 4.41 kg/m2 and 27.39 ± 5.71 kg/m2, respectively. The

mean of absolute weight change was 9.34 ± 11.38 kg. The

proportions of the five weight change patterns were respectively

36.00% for stable normal, 37.37% for maximum overweight, 0.97%

for obesity to non-obesity, 19.31% for non-obesity to obesity, and

6.34% for stable obesity. Meanwhile, the distributions of absolute

weight change were 26.53% for weight loss ≥ 2.5 kg, 5.73% for

weight change within 2.5 kg, 30.34% for weight gain ≥ 2.5 and <10

kg, 21.90% for weight gain ≥ 10 and < 20 kg, and 15.50% for weight

gain ≥ 20 kg. During 10 years of follow-up, the cumulative

incidences of CMDs were 14.24% for diabetes, 6.42% for CHD,

and 3.08% for stroke, and CMM was 4.81%.
Frontiers in Endocrinology 04
The distributions of characteristics across weight change

patterns are shown in Table 1. Significant differences were

observed in all characteristics across weight change patterns.

Meanwhile, Supplementary Table 1 shows the characteristics of

participants across absolute weight change, and significant

differences were observed in all characteristics.
Associations of weight changes across
adulthood with the incidence of diabetes

Table 2 shows that compared to a stable normal pattern, a stable

obesity pattern was related to a 358.0% (HR: 4.58, 95% CI: 4.57,

4.58) higher risk of diabetes. Non-obesity to obesity pattern was

associated with a 247.0% higher risk of incident diabetes (HR: 3.47,

95% CI: 3.47, 3.47). Participants with maximum overweight had an

84.0% higher incidence of diabetes (HR: 1.84, 95% CI: 1.84, 1.85).

When absolute weight change was a continuous variable, a

J-shaped association for incident diabetes with absolute weight

change was found (P for non-linear association< 0.001,

Figure 3A). When classified into categories (Table 2), compared

to weight change within 2.5 kg, weight loss and gain were linked to a

higher incidence of diabetes. Furthermore, the extreme weight gain

(weight gain≥ 20 kg) group had the largest effect on incident

diabetes (HR: 3.02, 95% CI: 3.02, 3.02).
Associations of weight changes across
adulthood with the incidence of CHD

Compared to stable normal patterns, maximum overweight,

obesity to non-obesity, non-obesity to obesity, and stable obesity

patterns were related to a higher incidence of CHD (Table 3). The

stable obesity pattern had a stronger association with incident CHD

than other weight change patterns (HR: 1.88, 95% CI: 1.88, 1.88).

There was a J-shaped association of absolute weight change

with the incidence of CHD (P for non-linear association= 0.009,

Figure 3B). Meanwhile, weight loss and gain were related to a

higher risk of CHD (Table 3). Furthermore, the extreme weight

gain (weight gain≥ 20 kg) group had the largest effect on incident

CHD (HR: 1.37, 95% CI: 1.37, 1.37).
FIGURE 2

The schematic diagram of retrospective cohort study.
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TABLE 1 Characteristics of participants in the NHANES 1999–2018 according to weight change patterns from age 25 years to 10 years
before recruitment.

Characteristics
Total
sample

(n= 25994)

Stable
normal

(n= 9359)

Maximum
overweight
(n= 9714)

Obesity to
non-obesity

(n= 252)

Non-
obesity to
obesity
(n= 5020)

Stable
obesity
(n=1649)

P

Age (years) ※ 47.26 ± 13.55 44.64 ± 13.50 48.81 ± 13.54 45.45 ± 13.15 51.54 ± 12.29 40.24 ± 11.49 <0.001

MET (MET-
min/week)§

588 (14, 2200) 661 (35, 2240) 600 (21, 2300) 530 (5, 2400) 1991 (405,6089) 540 (0, 2560) <0.001

HEI score※ 53.24 ± 13.77 53.64 ± 14.24 53.55 ± 13.57 52.07 ± 14.71 52.90 ± 13.26 50.36 ± 13.26 <0.001

BMI at age 25 years
(kg/m2) ※ 23.53 ± 4.41 20.77 ± 2.04 23.50 ± 2.78 32.56 ± 3.77 24.62 ± 3.12 34.66 ± 4.80 <0.001

BMI at 10 years
before recruitment
(kg/m2) ※

27.39 ± 5.71 22.29 ± 1.94 27.14 ± 1.56 27.18 ± 2.16 33.82 ± 3.70 38.30 ± 6.59 <0.001

Absolute weight
change
(kg) ※

9.34 ± 11.38 3.36 ± 5.21 8.64 ± 8.15 -12.46 ± 8.85 22.97 ± 12.11 9.21 ± 13.98 <0.001

Sex# <0.001

Male 13073 (50.29) 3772 (40.30) 5747 (59.16) 145 (57.54) 2552 (50.84) 857 (51.97)

Female 12921 (49.71) 5587 (59.70) 3967 (40.84) 107 (42.46) 2468 (49.16) 792 (48.03)

Race# <0.001

Mexican-American 3862 (14.86) 1089 (11.64) 1615 (16.63) 62 (24.60) 834 (16.61) 262 (15.89)

Other Hispanic 1885 (7.25) 643 (6.87) 792 (8.15) 17 (6.75) 339 (6.75) 94 (5.70)

Non-
Hispanic White

13097 (50.38) 4896 (52.31) 4843 (49.86) 110 (43.65) 2528 (50.36) 720 (43.66)

Non-
Hispanic Black

5276 (20.30) 1739 (18.58) 1859 (19.14) 56 (22.22) 1129 (22.49) 493 (29.90)

Other Race 1874 (7.21) 992 (10.60) 605 (6.23) 7 (2.78) 190 (3.78) 80 (4.85)

Education level# <0.001

Less than
high school

6382 (24.55) 2094 (22.37) 2521 (25.95) 94 (37.30) 1306 (26.02) 367 (22.26)

High school
or equivalent

6182 (23.78) 2131 (22.77) 2290 (23.57) 54 (21.43) 1271 (25.32) 436 (26.44)

College or above 13430 (51.67) 5134 (54.86) 4903 (50.47) 104 (41.27) 2443 (48.67) 846 (51.30)

Current smoking# <0.001

No 12959 (49.85) 4628 (49.45) 4788 (49.29) 94 (37.30) 2562 (51.04) 887 (53.79)

Yes 13035 (50.15) 4731 (50.55) 4926 (50.71) 158 (62.70) 2458 (48.96) 762 (46.21)

Current
alcohol drinking#

<0.001

No 7505 (28.87) 2611 (27.90) 2629 (27.06) 63 (25.00) 1686 (33.59) 516 (31.29)

Yes 18489 (71.13) 6748 (72.10) 7085 (72.94) 189 (75.00) 3334 (66.41) 1133 (68.71)

FIR# <0.001

Low (0–1.0) 4265 (16.41) 1559 (16.66) 1479 (15.23) 70 (27.78) 814 (16.22) 343 (20.80)

Medium (1.1–3.0) 10736 (41.30) 3624 (38.72) 4044 (41.63) 107 (42.46) 2251 (44.84) 710 (43.06)

High (>3.0) 10993 (42.29) 4176 (44.62) 4191 (43.14) 75 (29.76) 1955 (38.94) 596 (36.14)

Marital status# <0.001

(Continued)
F
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Associations of weight changes across
adulthood with the incidence of stroke

Table 4 shows that stable obesity participants had an increased

risk of stroke (HR: 1.02, 95% CI: 1.02, 1.03). Non-obesity to obesity

and obesity to non-obesity patterns were respectively related to a

13.0% (HR: 1.13, 95% CI: 1.13, 1.14) and 71.0% (HR: 1.71, 95% CI:

1.70, 1.71) higher incidence of stroke. However, the maximum

overweight group showed a reverse association with incident stroke

(HR: 0.85, 95% CI: 0.85, 0.86).

As a continuous variable, there was no significant non-linear

association of absolute weight change with the risk of stroke (P for

non-linear association= 0.906, Figure 3C). With absolute weight

change as a categorized variable, participants who lost weight more

than 2.5 kg had a decreased risk of stroke, with a hazard ratio of
Frontiers in Endocrinology 06
0.90 (95% CI: 0.90, 0.91). Small to moderate weight gain

(weight gain ≥2.5 kg and <10 kg) and moderate to large weight

gain (weight gain ≥10 kg and <20 kg) were also linked to a lower

risk of stroke, with hazard ratios of 0.93 (95% CI: 0.93, 0.93) and

0.98 (95% CI: 0.98, 0.98). However, the extreme weight gain (weight

gain ≥20 kg) group was related to an increased risk of stroke (HR:

1.12, 95% CI: 1.11, 1.12), as shown in Table 4.
Associations of weight changes across
adulthood with the risk of CMM

Supplementary Table 2 presents that overweight and obesity at

age 25 years were linked to a higher risk of CMM than underweight

or normal weight (HR: 1.72 and 2.61, 95% CI: 1.72, 1.72 and 2.61,
TABLE 1 Continued

Characteristics
Total
sample

(n= 25994)

Stable
normal

(n= 9359)

Maximum
overweight
(n= 9714)

Obesity to
non-obesity

(n= 252)

Non-
obesity to
obesity
(n= 5020)

Stable
obesity
(n=1649)

P

Married 16822 (64.71) 6042 (64.56) 6451 (66.41) 163 (64.68) 3152 (62.79) 1014 (61.49)

Separated 7113 (27.36) 2517 (26.89) 2588 (26.64) 68 (26.98) 1543 (30.74) 397 (24.08)

Never married 2059 (7.92) 800 (8.55) 675 (6.95) 21 (8.33) 325 (6.47) 238 (14.43)

Family history of
diabetes or CVD# <0.001

No 12512 (48.13) 4937 (52.75) 4761 (49.01) 111 (44.05) 2110 (42.03) 593 (35.96)

Yes 13482 (51.87) 4422 (47.25) 4953 (50.99) 141 (55.95) 2910 (57.97) 1056 (64.04)

History of diabetes# <0.001

No 20900 (80.40) 8537 (91.22) 7848 (80.79) 187 (74.21) 3260 (64.94) 1068 (64.77)

Yes 5094 (19.60) 822 (8.78) 1866 (19.21) 65 (25.79) 1760 (35.06) 581 (35.23)

History
of hypertension#

<0.001

No 12442 (47.86) 5717 (61.09) 4397 (45.26) 115 (45.63) 1588 (31.63) 625 (37.90)

Yes 13552 (52.14) 3642 (38.91) 5317 (54.74) 137 (54.37) 3432 (68.37) 1024 (62.10)

History of CHD# <0.001

No 23363 (89.88) 8741 (93.40) 8674 (89.29) 229 (90.87) 4259 (84.84) 1460 (88.54)

Yes 2631 (10.12) 618 (6.60) 1040 (10.71) 23 (9.13) 761 (15.16) 189 (11.46)

History of stroke# <0.001

No 24943 (95.96) 9065 (96.86) 9325 (96.00) 240 (95.24) 4737 (94.36) 1576 (95.57)

Yes 1051 (4.04) 294 (3.14) 389 (4.00) 12 (4.76) 283 (5.64) 73 (4.43)

Cardiometabolic
diseases#

<0.001

No 24743 (95.19) 9161 (97.88) 9278 (95.51) 235 (93.25) 4547 (90.58) 4547 (90.58)

Yes 1251 (4.81) 198 (2.12) 436 (4.49) 17 (6.75) 473 (9.42) 473 (9.42)
MET, metabolic equivalent; HEI, healthy eating index; BMI, body mass index; FIR, Family income–poverty ratio; CVD, cardiovascular disease; CHD, coronary heart disease.
※These variables were expressed as mean ± SD and analyzed using analysis of variance.
#These variables were analyzed using the chi-square test.
§These variables were express as median (P25, P75) and analyzed using Kruskal-Wallis test.
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TABLE 2 Associations of weight change across adulthood with the incidence of diabetes in NHANES 1999-2018.

Weight change
No. of incident

diabetes/
person-years

HR 95% CI P

Weight change patterns※

Stable normal 615/9169 Ref

Maximum overweight 1313/9186 1.84 1.84,1.85 <0.001

Obesity to non-obesity 34/221 1.61 1.61,1.61 <0.001

Non-obesity to obesity 1131/4404 3.47 3.47,3.47 <0.001

Stable obesity 388/1459 4.58 4.57,4.58 <0.001

Absolute weight change #

Weight loss ≥ 2.5 kg 149/1389 1.19 1.19,1.20 <0.001

Weight change within 2.5 kg 562/6698 Ref

Weight gain ≥ 2.5 and <10 kg 859/7564 1.22 1.22,1.22 <0.001

Weight gain ≥ 10 and < 20 kg 944/5308 1.89 1.89,1.90 <0.001

Weight gain ≥ 20 kg 967/3480 3.02 3.02,3.02 <0.001
F
rontiers in Endocrinology
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※Adjustment for age, sex, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or CVD, MET, healthy
eating index scores, and history of hypertension, CVD, and stroke.
#Adjustment for age, sex, height at examination, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or
CVD, MET, healthy eating index scores, and history of hypertension, CVD, and stroke.
A B

C D

FIGURE 3

The non-linear associations of absolute weight changes across adulthood with the risks of single CMDs and CMM. (A) the outcome was diabetes;
(B) the outcome was CHD; (C) the outcome was stroke; (D) the outcome was CMM.
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2.61). Similarly, participants with overweight or obesity at 10 years

before recruitment had a higher risk of CMM (HR: 1.54 and 3.04,

95% CI: 1.53, 1.54 and 3.04, 3.05).

Table 5 displays the associations of weight change across

adulthood with the risk of CMM. Stable obesity participants had

3.92 times the risk of CMM than stable normal ones (HR: 3.92, 95%

CI: 3.91, 3.92). Meanwhile, non-obesity to obesity was related to a

188.0% higher risk of CMM (HR: 2.88, 95% CI: 2.88, 2.89), and
Frontiers in Endocrinology 08
obesity to non-obesity was related to a 179.0% higher risk of CMM

(HR: 2.79, 95% CI: 2.78, 2.80). The maximum overweight group was

linked to a 50.0% higher risk of CMM (HR: 1.50, 95% CI: 1.50, 1.50).

Meanwhile, a U-shaped relationship between absolute weight

change and the risk of CMM was found (P for non-linear

association< 0.001, Figure 3D). Participants with weight loss ≥ 2.5

kg had a 66.0% higher risk of CMM than weight change within 2.5

kg (HR: 1.66, 95% CI: 1.65, 1.66), as shown in Table 5. Meanwhile,
TABLE 3 Associations of weight change across adulthood with the incidence of CHD in NHANES 1999-2018.

Weight change
No. of incident CHD/

person-years
HR 95% CI P

Weight change patterns ※

Stable normal 377/9123 Ref

Maximum overweight 605/9292 1.31 1.31,1.31 <0.001

Obesity to non-obesity 17/246 1.58 1.58,1.59 <0.001

Non-obesity to obesity 468/4743 1.48 1.48,1.48 <0.001

Stable obesity 139/1606 1.88 1.88,1.88 <0.001

Absolute weight change#

Weight loss ≥ 2.5 kg 101/1442 1.22 1.22,1.22 <0.001

Weight change within 2.5 kg 309/6711 Ref

Weight gain ≥ 2.5 and <10 kg 404/7618 1.08 1.07,1.08 <0.001

Weight gain ≥ 10 and < 20 kg 406/5420 1.26 1.26,1.26 <0.001

Weight gain ≥ 20 kg 386/3819 1.37 1.37,1.37 <0.001
※Adjustment for age, sex, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or CVD, MET, healthy
eating index scores, and history of hypertension, diabetes, and stroke.
#Adjustment for age, sex, height at examination, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or
CVD, MET, healthy eating index scores, and history of hypertension, diabetes, and stroke.
TABLE 4 Associations of weight change across adulthood with the incidence of stroke in NHANES 1999-2018.

Weight change
No. of incident

stroke/person-years
HR 95% CI P

Weight change patterns ※

Stable normal 216/9307 Ref

Maximum overweight 285/9688 0.85 0.85,0.86 <0.001

Obesity to non-obesity 8/250 1.71 1.70,1.71 <0.001

Non-obesity to obesity 233/5080 1.13 1.13,1.14 <0.001

Stable obesity 59/1669 1.02 1.02,1.03 <0.001

Absolute weight change#

Weight loss ≥ 2.5 kg 40/1488 0.90 0.90,0.91 <0.001

Weight change within 2.5 kg 149/6863 Ref

Weight gain ≥ 2.5 and <10 kg 217/7859 0.93 0.93,0.93 <0.001

Weight gain ≥ 10 and < 20 kg 205/5709 0.98 0.98,0.98 <0.001

Weight gain ≥ 20 kg 190/4075 1.12 1.11,1.12 <0.001
※Adjustment for age, sex, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or CVD, MET, healthy
eating index scores, and history of hypertension, diabetes, and CVD.
#Adjustment for age, sex, height at examination, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or
CVD, MET, healthy eating index scores, and history of hypertension, diabetes, and CVD.
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all weight gain groups (≥ 2.5 kg) were linked to an increased risk of

CMM. Furthermore, the extreme weight gain (weight gain ≥20 kg)

group had a stronger association with the risk of CMM (HR: 2.78,

95% CI: 2.78, 2.78).

In the stratified analyses, similar relationships between weight

change patterns and the risk of CMM were observed in participants

aged < 60 years and ≥ 60 years, and the effect size of weight change

patterns on the risk of CMM was greater among participants aged≥

60 years at baseline than their counterparts (Figure 4A). Meanwhile,

the association of absolute weight change with the risk of CMM

among participants < 60 years was consistent with the main results.

However, among participants aged ≥ 60 years, weight loss≥ 2.5 kg

and weight gain ≥2.5 kg and <10 kg were related to a lower risk of

CMM (HR: 0.99 and 0.84, 95% CI: 0.98, 0.94 and 0.84, 0.84), as

shown in Figure 4B. On the other hand, similar relationships

between weight change patterns and the risk of CMM were

observed in men and women, and the effect sizes were greater

among women than men (Figure 4C). The association of absolute

weight change with the risk of CMM in females was comparable

with the main results. However, weight loss≥ 2.5 kg was linked to a

decreased risk of CMM (HR: 0.93, 95% CI: 0.93, 0.94) in males, as

shown in Figure 4D.
Sensitivity analysis

When all variables were imputed using multiple imputations,

the imputed dataset was used to repeat the relationships between

weight change across adulthood and the risk of CMM. The results of

sensitivity were comparable with the main results, as shown in

Supplementary Table 3. As removing participants with new-onset
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CMM within two years after baseline, the associations of weight

change with the risk of CMM were consistent with the main results,

as shown in Supplementary Table 4.
Discussion

A national retrospective cohort study was designed to evaluate

the associations of weight changes across adulthood with the risks

of single CMDs and CMM. Compared to a stable normal pattern,

maximum overweight, obesity to non-obesity, non- obesity to

obesity, and stable obesity were related to increased risks of

diabetes, CHD, and CMM. However, the maximum overweight

pattern was reversely associated with incident stroke. Compared to

weight change within 2.5 kg, weight loss≥ 2.5 kg and weight gain≥

2.5 kg were linked to higher risks of diabetes, CHD, and CMM.

Whereas, weight loss≥ 2.5 kg and small to large weight gain (weight

gain≥ 2.5 kg and < 20 kg) were related to a lower risk of stroke.

Furthermore, J shaped or U shaped associations of absolute weight

change with the risks of diabetes, CHD, and CMM, but not stroke,

were observed.

This study examined the relationships between weight changes

across adulthood and the incidence of single CMDs, and found that

both weight gain and loss were positively associated with the risk of

diabetes and CHD. Previous studies found that weight in early

adulthood can influence subsequent diabetes risk (17, 18).

Furthermore, weight change and weight gain during early

adulthood have also been demonstrated to have a strong impact

on the subsequent diabetes risk (19, 20). However, evidence on the

relationship between weight loss and the risk of diabetes were

mixed. Some studies suggested a reversed link between weight
TABLE 5 Associations of weight change across adulthood with the risk of CMM in NHANES 1999-2018.

Weight change
No. of CMM/
person-years

HR 95% CI P

Weight change patterns※

Stable normal 198/9359 Ref

Maximum overweight 436/9714 1.50 1.50,1.50 <0.001

Obesity to non-obesity 17/252 2.79 2.78,2.80 <0.001

Non-obesity to obesity 473/5020 2.88 2.88,2.89 <0.001

Stable obesity 127/1649 3.92 3.91,3.92 <0.001

Absolute weight change#

Weight loss ≥ 2.5 kg 71/1490 1.66 1.65,1.66 <0.001

Weight change within 2.5 kg 176/6896 Ref

Weight gain ≥ 2.5 and <10 kg 268/7887 1.18 1.18,1.19 <0.001

Weight gain ≥ 10 and < 20 kg 335/5693 1.69 1.69,1.69 <0.001

Weight gain ≥ 20 kg 401/4028 2.78 2.78,2.78 <0.001
※ Adjustment for age, sex, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or CVD, MET, healthy
eating index scores, and history of hypertension.
#Adjustment for age, sex, height at examination, race, education level, current smoking, current alcohol drinking, family income-poverty ratio level, marital status, family history of diabetes or
CVD, MET, healthy eating index scores, and history of hypertension.
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loss and incident diabetes, but others failed (21, 22). A recent study

reported that weight loss≥ 2.5 kg was related to a 27% lower risk of

diabetes, but any account of weight gain was positively associated

with incident diabetes (1). On the other hand, weight gain can

contribute to the development of CVD (23). Any account of weight

gain can contribute to subsequent CVD risk, which is consistent

with the findings of this study (1). It was documented that weight

gain in early adulthood can lead to low-grade inflammation, a lower

adiponectin level, and a higher leptin level, which can accelerate

vascular aging and contribute to CVD (24).

In this study, the maximum overweight pattern was related to a

14.6% lower risk of stroke than a stable normal pattern, and reverse

associations of weight loss and weight gain ≥ 2.5 and < 20 kg with

the incident stroke were observed. However, a previous study

reported that there was a positive link between weight gain and

stroke in healthy men (25). Meanwhile, in a prospective study of

participants aged 40-69 years, 5-year weight gain and weight loss

were related to a higher risk of stroke only in women (26). The

different results may be attributed to the different populations and

cut-off values used to define weight change. The results of the

restricted cubic spline showed the risk of stroke increased with

increasing the magnitude of weight gain, which implied that there

might be a threshold value effect of weight gain on the risk of stroke.

Meanwhile, the time interval between age 25 years and 10 years

before recruitment was relatively long (about 22 years). Weight

change patterns only captured the weight at the two time points of
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age 25 years and 10 years before recruitment. It was possible that

other weight change patterns occurred during this period of

adulthood, for example losing and regaining weight (“weight

cycling”). On the other hand, the obesity-stroke paradox might be

one of the reasons. This paradox emphasizes the biological

protective role of the adipose tissue, which is currently recognized

as an endocrine organ (27). Soluble tumor necrosis factor-a (TNF-

a) receptors secreted by adipose tissue may neutralize the biological

impact of TNF-a, and contrast the post-stroke pro-inflammatory

state (27). Moreover, a previous study on patients with dilated

cardiomyopathy found that lower plasma adiponectin and

increased leptin resistance were observed in obese patients (28).

Therefore, the protective effect of weight gain on stroke should be

viewed with caution and further examined in future study.

Up to now, little was known about the association of weight

change across adulthood with the risk of CMM. A recent study

reported that BMI severity over 20 years was linked to poor

cardiometabolic health (29). A study using the data of NHANES

reported that any weight change patterns were linked to accelerated

biological aging compared with stable normal weight (15). It is

documented that biological aging is closely related to health risks,

including CMM. Meanwhile, another study using the data of

NHANES found that maintaining a stable normal weight had the

lowest risk of mortality, but stable obesity, weight gain, and weight

loss were accompanied by an increased risk of mortality (13).

Meanwhile, J-shaped or U-shaped associations of weight change
A B

C D

FIGURE 4

The associations of weight changes across adulthood with the risk of CMM stratified by age and sex. (A) indicated the associations of weight change
patterns with the risk of CMM stratified by age; (B) indicated the associations of absolute weight change with the risk of CMM stratified by age; (C)
indicated the associations of weight change patterns with the risk of CMM stratified by sex; (D) indicated the associations of absolute weight change
with the risk of CMM stratified by sex.
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with all-cause mortality were observed. These findings partly

supported the results of this study that there were J-shaped

associations of absolute weight change with the risks of diabetes

and CHD and a U-shaped association of absolute weight change

with the risk of CMM.
Limitations and strengths

The strengths of the present study included the large and

nationally representative sample of the US population and the solid

evidence on the associations of weight changes from early to middle

adulthood with the risks of single CMDs and CMM. However, the

limitations of this study should also be clarified. First, there may be

recall bias when participants were required to recall weights at age 25

years and 10 years before recruitment, though recalled weight has

been validated to be close to measured weight (30). Second, the

approximation of middle adulthood (age range: 26-75 years) was

close to age 25 years. It may be indistinguishable between early and

middle adulthood. Third, the mechanisms underlying the

associations of weight changes with the risk of CMM were not fully

explained. Fourth, given the data mining nature of second-hand data

and retrospective epidemiological study, there could exist

unmeasured or unavailable variables, such as other concomitant

diseases including cancer, anorexia nervosa, bariatric surgery, and

so on. These concomitant diseases were not considered or mentioned

in this study but could confound the associations of weight change

with the risks of CMDs and CMM. For example, weight loss was

associated with an increased risk of diabetes in this study, which was

inconsistent with previous studies (31–34). Weight loss might not be

abiogenetic and might be caused by other concomitant diseases.

Thus, there might be bias in the associations of weight change with

the risks of CMDs and CMM. Therefore, further well-designed study

is needed to confirm the results of this study in the future.

In conclusion, this study suggested that maintaining a stable

normal weight can benefit from the lowest risk of diabetes, CHD, and

CMM. Stable obesity, weight loss, and weight gain from early to

middle adulthood were related to increased risks of diabetes, CHD,

and CMM. However, weight loss and light weight gain were linked to

a decreased risk of stroke. In addition, J-shaped or U-shaped

associations of absolute weight change with the risk of diabetes,

CHD, and CMM were found. Therefore, this study highlighted the

importance of public health initiatives to maintain a stable and

normal weight and to prevent overweight and obesity across

adulthood. Meanwhile, greater public health efforts should be made

to control weight across adulthood as a minimum goal for young

adults to prevent the development of single CMDs and CMM.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession
Frontiers in Endocrinology 11
number(s) can be found below: https://www.cdc.gov/nchs/

index.htm.
Ethics statement

The studies involving humans were approved by the NHANES

Institutional Review Board (protocols Numbers: NHANES Protocol

#2011-17 and NHANES Protocol #2018-01). The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

FZ: Writing – original draft. QZ: Data curation, Formal analysis,

Writing – review & editing. HW: Data curation, Formal

analysis, Writing – review & editing. KW: Data curation, Formal

analysis, Investigation, Writing – review & editing. SK: Project

administration, Writing – review & editing. PM: Project

administration, Writing – review & editing. XW: Conceptualization,

Writing – review & editing.
Funding

The author(s) declare no financial support was received for the

research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/

full#supplementary-material
frontiersin.org

https://www.cdc.gov/nchs/index.htm
https://www.cdc.gov/nchs/index.htm
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1306551/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1306551
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhao et al. 10.3389/fendo.2024.1306551
References
1. Zheng Y, Manson JE, Yuan C, Liang MH, Grodstein F, Stampfer MJ, et al.
Associations of weight gain from early to middle adulthood with major health
outcomes later in life. JAMA: J Am Med Assoc (2017) 318:255–69. doi: 10.1001/
jama.2017.7092.

2. Nielsen J, Narayan KV, Cunningham SA. Incidence of obesity across adulthood in
the United States, 2001-2017-a national prospective analysis. Am J Clin Nutr (2023)
117:141–8. doi: 10.1016/j.ajcnut.2022.10.012.

3. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity and severe
obesity among adults: United States, 2017-2018. NCHS Data Brief (2020) 360):1–8.

4. Collaborators GBDO, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K,
et al. Health effects of overweight and obesity in 195 countries over 25 years. New Engl J
Med (2017) 377:13–27. doi: 10.1056/NEJMoa1614362.

5. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. J Am Coll Cardiol (2020) 76:2982–3021. doi: 10.1016/
j.jacc.2020.11.010

6. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global
and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas, 9(th) edition.
Diabetes Res Clin Practice (2019) 157:107843. doi: 10.1016/j.diabres.2019.107843.

7. Kivimaki M, Kuosma E, Ferrie JE, Luukkonen R, Nyberg ST, Alfredsson L, et al.
Overweight, obesity, and risk of cardiometabolic multimorbidity: pooled analysis of
individual-level data for 120 813 adults from 16 cohort studies from the USA and
Europe. Lancet Public Health (2017) 2:e277–e85. doi: 10.1016/S2468-2667(17)30074-9

8. Sheehan TJ, DuBrava S, DeChello LM, Fang Z. Rates of weight change for black
and white Americans over a twenty year period. Int J Obes Relat Metab Disord (2003)
27:498–504. doi: 10.1038/sj.ijo.0802263.

9. Wang T, Zhou Y, Kong N, Zhang J, Cheng G, Zheng Y. Weight gain from early to
middle adulthood increases the risk of incident asthma later in life in the United States: a
retrospective cohort study. Respir Res (2021) 22:139. doi: 10.1186/s12931-021-01735-7.

10. Stokes A, Collins JM, Grant BF, Scamuffa RF, Hsiao CW, Johnston SS, et al. Obesity
progression between young adulthood and midlife and incident diabetes: A retrospective
cohort study of U. S Adults Diabetes Care (2018) 41:1025–31. doi: 10.2337/dc17-2336.

11. Jia G, Shu XO, Liu Y, Li HL, Cai H, Gao J, et al. Association of adult weight gain
with major health outcomes among middle-aged chinese persons with low body weight
in early adulthood. JAMA Netw Open (2019) 2:e1917371. doi: 10.1001/
jamanetworkopen.2019.17371.

12. Centers for Disease Control and Prevention (CDC). About the national health
and nutrition examination survey. (2018). Available online at: https://www.cdc.gov/
nchs/nhanes/about_nhanes.htm.

13. Chen C, Ye Y, Zhang Y, Pan XF, Pan A. Weight change across adulthood in
relation to all cause and cause specific mortality: prospective cohort study. Bmj (2019)
367:l5584. doi: 10.1136/bmj.l5584.

14. Wang L, Yi J, Guo J, Ren X. Weigh change across adulthood is related to the
presence of NAFLD: results from NHANES III. J Trans Med (2023) 21:142.
doi: 10.1186/s12967-023-04007-8.

15. Cao X, Yang G, Li X, Fu J, Mohedaner M, Danzengzhuoga, et al. Weight change
across adulthood and accelerated biological aging in middle-aged and older adults. Am
J Clin Nutr (2023) 117:1–11. doi: 10.1016/j.ajcnut.2022.10.020.

16. Zhou Y, Wang T, Yin X, Sun Y, Seow WJ. Association of weight loss from early
to middle adulthood and incident hypertension risk later in life. Nutrients (2020) 12
(9):2622. doi: 10.3390/nu12092622.

17. de Lauzon-Guillain B, Balkau B, Charles MA, Romieu I, Boutron-Ruault MC,
Clavel-Chapelon F. Birth weight, body silhouette over the life course, and incident
diabetes in 91,453 middle-aged women from the French Etude Epidemiologique de
Femmes de la Mutuelle Generale de l’Education Nationale (E3N) Cohort.Diabetes Care
(2010) 33:298–303. doi: 10.2337/dc09-1304.

18. de Mutsert R, Sun Q, Willett WC, Hu FB, van Dam RM. Overweight in early
adulthood, adult weight change, and risk of type 2 diabetes, cardiovascular diseases, and
Frontiers in Endocrinology 12
certain cancers in men: a cohort study. Am J Epidemiol (2014) 179:1353–65.
doi: 10.1093/aje/kwu052.

19. Black E, Holst C, Astrup A, Toubro S, Echwald S, Pedersen O, et al. Long-term
influences of body-weight changes, independent of the attained weight, on risk of
impaired glucose tolerance and Type 2 diabetes. Diabetes Med (2005) 22:1199–205.
doi: 10.1111/j.1464-5491.2005.01615.x.

20. Sun W, Shi L, Ye Z, Mu Y, Liu C, Zhao J, et al. Association between the change in
body mass index from early adulthood to midlife and subsequent type 2 diabetes
mellitus. Obes (Silver Spring) (2016) 24:703–9. doi: 10.1002/oby.21336.

21. Delahanty LM, Pan Q, Jablonski KA, Aroda VR, Watson KE, Bray GA, et al.
Effects of weight loss, weight cycling, and weight loss maintenance on diabetes
incidence and change in cardiometabolic traits in the Diabetes Prevention Program.
Diabetes Care (2014) 37:2738–45. doi: 10.2337/dc14-0018.

22. Mishra GD, Carrigan G, Brown WJ, Barnett AG, Dobson AJ. Short-term weight
change and the incidence of diabetes in midlife: results from the Australian
Longitudinal Study on Women’s Health. Diabetes Care (2007) 30:1418–24.
doi: 10.2337/dc06-2187.

23. Norman JE, Bild D, Lewis CE, Liu K, West DS, Study C. The impact of weight
change on cardiovascular disease risk factors in young black and white adults: the
CARDIA study. Int J Obes Relat Metab Disord (2003) 27:369–76. doi: 10.1038/
sj.ijo.0802243.

24. van Sloten TT, Boutouyrie P, Lisan Q, Tafflet M, Thomas F, Guibout C, et al.
Body silhouette trajectories across the lifespan and vascular aging. Hypertension (2018)
72:1095–102. doi: 10.1161/HYPERTENSIONAHA.118.11442.

25. Prestgaard E, Mariampillai J, Engeseth K, Erikssen J, Bodegard J, Liestol K, et al.
Change in body weight and long-term risk of stroke and death in healthy men. Stroke; J
Cereb Circulation (2020) 51:1435–41. doi: 10.1161/STROKEAHA.119.027233.

26. Kisanuki K, Muraki I, Yamagishi K, Kokubo Y, Saito I, Yatsuya H, et al. Weight
change during middle age and risk of stroke and coronary heart disease: The Japan
Public Health Center-based Prospective Study. Atherosclerosis (2021) 322:67–73.
doi: 10.1016/j.atherosclerosis.2021.02.017.

27. Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM,
McAlister FA. Body mass index and mortality in heart failure: a meta-analysis. Am
Heart J (2008) 156:13–22. doi: 10.1016/j.ahj.2008.02.014.

28. Wojciechowska C, Jachec W, Romuk E, Nowalany-Kozielska E, Tomasik A,
Sieminska L. The effect of BMI, serum leptin, and adiponectin levels on prognosis in
patients with non-ischaemic dilated cardiomyopathy. Endokrynologia Polska (2017)
68:26–34. doi: 10.5603/EP.2017.0005.

29. Robson E, Norris T, Costa S, Kivimaki M, Hamer M, Johnson W. Contribution
of 20-year body mass index and waist circumference history to poor cardiometabolic
health in overweight/obese and normal weight adults: A cohort study. Nutr Metab
Cardiovasc Dis (2021) 31:2851–9. doi: 10.1016/j.numecd.2021.06.005.

30. Casey VA, Dwyer JT, Berkey CS, Coleman KA, Gardner J, Valadian I. Long-term
memory of body weight and past weight satisfaction: a longitudinal follow-up study.
Am J Clin Nutr (1991) 53:1493–8. doi: 10.1093/ajcn/53.6.1493.

31. Chen M, Surbhi S, Bailey JE. Association of weight loss with type 2 diabetes
remission among adults in medically underserved areas: A retrospective cohort study.
Am J Health Promot (2022) 36:29–37. doi: 10.1177/08901171211024426.

32. Rebelos E, Moriconi D, Honka MJ, Anselmino M, Nannipieri M. Decreased
weight loss following bariatric surgery in patients with type 2 diabetes. Obes Surg (2023)
33:179–87. doi: 10.1007/s11695-022-06350-z.

33. Magkos F, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly SC, et al. Effects
of moderate and subsequent progressive weight loss on metabolic function and adipose
tissue biology in humans with obesity. Cell Metab (2016) 23:591–601. doi: 10.1016/
j.cmet.2016.02.005.

34. Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni AG, et al.
Benefits of modest weight loss in improving cardiovascular risk factors in overweight
and obese individuals with type 2 diabetes. Diabetes Care (2011) 34:1481–6.
doi: 10.2337/dc10-2415.
frontiersin.org

https://doi.org/10.1001/jama.2017.7092
https://doi.org/10.1001/jama.2017.7092
https://doi.org/10.1016/j.ajcnut.2022.10.012
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1016/S2468-2667(17)30074-9
https://doi.org/10.1038/sj.ijo.0802263
https://doi.org/10.1186/s12931-021-01735-7
https://doi.org/10.2337/dc17-2336
https://doi.org/10.1001/jamanetworkopen.2019.17371
https://doi.org/10.1001/jamanetworkopen.2019.17371
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://doi.org/10.1136/bmj.l5584
https://doi.org/10.1186/s12967-023-04007-8
https://doi.org/10.1016/j.ajcnut.2022.10.020
https://doi.org/10.3390/nu12092622
https://doi.org/10.2337/dc09-1304
https://doi.org/10.1093/aje/kwu052
https://doi.org/10.1111/j.1464-5491.2005.01615.x
https://doi.org/10.1002/oby.21336
https://doi.org/10.2337/dc14-0018
https://doi.org/10.2337/dc06-2187
https://doi.org/10.1038/sj.ijo.0802243
https://doi.org/10.1038/sj.ijo.0802243
https://doi.org/10.1161/HYPERTENSIONAHA.118.11442
https://doi.org/10.1161/STROKEAHA.119.027233
https://doi.org/10.1016/j.atherosclerosis.2021.02.017
https://doi.org/10.1016/j.ahj.2008.02.014
https://doi.org/10.5603/EP.2017.0005
https://doi.org/10.1016/j.numecd.2021.06.005
https://doi.org/10.1093/ajcn/53.6.1493
https://doi.org/10.1177/08901171211024426
https://doi.org/10.1007/s11695-022-06350-z
https://doi.org/10.1016/j.cmet.2016.02.005
https://doi.org/10.1016/j.cmet.2016.02.005
https://doi.org/10.2337/dc10-2415
https://doi.org/10.3389/fendo.2024.1306551
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Weight changes from early to middle adulthood and cardiometabolic multimorbidity later in life among middle-aged and older adults: a retrospective cohort study from the NHANES 1999-2018
	Introduction
	Materials and methods
	Study population
	Assessments of weight changes
	Outcomes
	Statistical analysis

	Results
	Characteristics of participants across weight change patterns
	Associations of weight changes across adulthood with the incidence of diabetes
	Associations of weight changes across adulthood with the incidence of CHD
	Associations of weight changes across adulthood with the incidence of stroke
	Associations of weight changes across adulthood with the risk of CMM
	Sensitivity analysis

	Discussion
	Limitations and strengths

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


