Journal of Cachexia, Sarcopenia and Muscle

| oRIGINAL ARTICLE CEIEED

Changes in Weight, Waist Circumference or Both With
Incident Heart Failure in Chinese Middle-Aged and
Older Adults

Yu Yin! | Rui Tang! | Xi Wang! | Mengyi Zheng? | Jingli Qu! | Shuohua Chen?® | Shouling Wu? | Yu Yuan!

!Department of Occupational and Environment Health. Key Laboratory of Environment and Health, Ministry of Education and State Key Laboratory
of Environmental Health (Incubating), School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, Wuhan,
China | 2Cardiovascular Center, Beijing Tongren Hospital, Capital Medical University, Beijing, China | *Department of Cardiology, Kailuan General
Hospital, Tangshan, China

Correspondence: Shouling Wu (drwusl@163.com) | Yu Yuan (yuyuan8hust@163.com)
Received: 28 October 2024 | Revised: 31 May 2025 | Accepted: 28 July 2025

Funding: This study was supported by the Chief Scientist Research Project of Hubei Shizhen Laboratory (HSL2024SX0003), the National Key Research and
Development Program of China (2022YFE0209900), the National Natural Science Foundation of China (82021005, 81930092 and 82192903).

Keywords: cardiovascular disease | middle-aged and elderly population | prospective study | waist change | weight change

ABSTRACT

Background: Previous studies have acknowledged that higher body weight and waist circumference were associated with an
increased risk of heart failure. Notably, both body weight and waist circumference can change over time. However, no previous
study has investigated the association between combined changes in weight and waist circumference in middle-aged and older
adults and incident heart failure.

Methods: This prospective study included 45620 middle-aged and older Chinese adults (aged 45-104years). These participants
were free of critical diseases at baseline, including coronary heart disease, stroke, heart failure, atrial fibrillation and cancer.
Weight change from 2006-2007 to 2012-2013 was categorized into five groups: excessive weight loss (change < —10%, N=3943),
lesser weight loss (—10% < change <—5%, N=5890), stable weight (+5%, N=23208), lesser weight gain (5% <change <10%,
N=7153) and excessive weight gain (>10%, N=5426). Waist circumference change was categorized into five groups: excessive
waist circumference loss (change <—10%, N=28236), lesser waist circumference loss (—10% < change <—5%, N=6215), stable
waist circumference (£5%, N=16953), lesser waist circumference gain (5% < change <10%, N=6642) and excessive waist cir-
cumference gain (>10%, N=7574). Combined changes in weight and waist circumference were divided into 25 groups, i.e., cross-
classified combinations derived from the five categories of weight change and five categories of waist circumference change.
Incident heart failure cases that occurred from 2012-2013 to December 31, 2022 were recorded. Cox proportional hazards re-
gression models were used to estimate the associations of weight change, waist circumference change or both with heart failure.
Multivariate models were stratified by age at risk (in 5-year intervals) and sex, and were adjusted for variables including height,
smoking, drinking, educational attainment, occupation, dietary pattern, physical activity, hypertension, fasting blood glucose
and total serum cholesterol. In the analysis of weight change, we additionally adjusted for weight at baseline and waist circum-
ference change. Conversely, for the analysis of waist circumference change, adjustments were made for baseline waist circumfer-
ence and weight change. When examining combined weight and waist circumference changes, adjustments were made for both
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baseline weight and waist circumference. Additionally, we employed restricted cubic spline analyses to examine the nonlinear
associations between changes in weight or waist circumference and heart failure.

Results: We identified 1036 heart failure cases during follow-up. The median (interquartile range, IQR) of follow-up time was 9.66
(9.40, 9.96) years. The incidence rate of heart failure was 2.47 cases per 1000 person-years. The median (IQR) age of our participants
was 52.1 (46.8, 57.7) years. The proportion of men was 77.9%. The mean (standard deviation) of weight and waist circumference
at baseline (baseline, 2006-2007) was 70.1 (10.4) kg and 87.2 (9.0) cm, respectively. Compared with those who kept stable weight,
participants in the excessive weight gain group had a higher risk (HR [hazard ratio], 1.27; 95% CI [confidence interval]: 1.03-1.57).
Compared with those who kept stable waist circumference, participants in the excessive waist circumference gain group had a higher
risk (HR, 1.28; 95% CI: 1.05-1.56), while those in the excessive waist circumference loss group had a lower risk of heart failure (HR,
0.76; 95% CI: 0.64-0.92). Compared with participants with stable weight and waist circumference, those who lost excessive weight and
kept stable waist circumference (HR, 1.53; 95% CI: 1.10-2.14), those who lost lesser weight and gained excessive waist circumference
(HR, 2.19;95% CI: 1.38-3.46), and those who gained excessive weight and excessive waist circumference (HR, 1.48; 95% CI: 1.03-2.14)
had a higher risk of heart failure. The restricted cubic spline illustrated a U-shaped relation between weight change and incident heart
failure (P overall=0.027, P for non-linear relation =0.007), whereas a positive linear relation was observed for waist circumference
change with incident heart failure (p overall <0.001, p for non-linear relation =0.675).

Conclusions: Excessive weight gain and waist circumference gain were associated with 27% and 28% higher risk of heart failure,

while excessive waist circumference loss was associated with a 24% lower risk of heart failure.

1 | Introduction

Heart failure (HF) has been defined as a global pandemic, with
the increase of the global number of HF cases from 27.2 million in
1990 to 55.5 million in 2021 [1]. Prior studies have acknowledged
that obesity (measured by body mass index [BMI] and waist cir-
cumference [WC]) is a major risk factor for HF, which suggested
that both higher BMI and higher WC were associated with in-
creased risk of HF [2]. Nevertheless, these studies only included
the baseline values rather than the long-term changes of anthropo-
metric indicators [2], while both body weight and WC may change
over time [3]. Evaluating the changes in weight and WC may more
accurately reflect long-term adiposity status of individuals and
provide additional information on fat redistribution [4]. Several
epidemiological studies have explored the associations of changes
in weight with the risk of incident HF [5-7], which suggested that
the top and bottom 10% of weight changes [5], the weight change
in the highest and third quartiles compared to that in the lowest
quartile [6] and weight gain of 10kg or more [7] were associated
with a higher risk of HF. Nonetheless, the weight changes in these
studies occurred during puberty (8-20years) [6] or from young
to middle adulthood [7], not in middle and old age. Additionally,
these studies were limited by special populations (patients with
Type 2 diabetes [T2D] and either established cardiovascular dis-
ease [CVD] or at high CVD risk [5] and the males [6]). Moreover,
two trials conducted in the United States and Canada involving
patients with T2D have explored the association between changes
in WC and the incidence of HF [8, 9]. These studies found that a
loss of WC was associated with a lower risk of HF [8], while a gain
in WC was linked to a higher risk of HF [9]. Compared with a sin-
gle absolute change, relative change can reduce the bias caused
by baseline differences. However, the above studies [5-9] only in-
cluded the absolute changes in weight and WC; few studies [5-9]
have examined the relationships between weight or WC relative
change during middle and old age and the risk of incident HF.

Although the individuals may experience concurrent increases
or decreases of both body weight and WC in most circumstances
[10], body weight and WC may also change in different directions.

Specifically, sarcopenia has been characterized as an age-related
decline in skeletal muscle mass, which may result in weight loss
in the elderly [11]. Meanwhile, older adults experience an increase
in WC due to age-related adipose tissue accumulation and redistri-
bution [12]. For instance, in the Australian Diabetes, Obesity and
Lifestyle study, adults who were 25-34years of age gained an av-
erage of 6.7kg weight and 6.6cm WC during a 12-year follow-up,
whereas those aged >75years lost an average of 4.5kg weight and
gained 0.8cm WC [3]. Despite the fact that middle-aged and older
adults may experience simultaneous changes in weight and WC
[13], there is a lack of studies investigating the association of the
combined changes in weight and WC with the development of HF,
especially in middle-aged and older adults.

To fill in the knowledge gap, we aimed to examine the associations
of changes in weight or WC, especially the combined changes of
them with incident HF in middle-aged and older Chinese adults.

2 | Methods
2.1 | Study Population

Participants were from the Kailuan cohort, which is an ongo-
ing prospective cohort study conducted in Tangshan, China.
From July 2006 to October 2007 (baseline), the Kailuan co-
hort enrolled 101 510 participants from the Kailuan Company,
and all the participants underwent questionnaire interviews,
clinical examinations and laboratory tests at enrollment.
They were resurveyed every 2years. There were 33840 indi-
viduals lost to follow up at visit (2012-2013). A total of 67670
participants were surveyed, both at baseline (2006-2007) and
during visit 3 (2012-2013). Participants who met the follow-
ing criteria were excluded: (1) pregnant during the baseline
or visit 3 (N=112); (2) diagnosed with coronary heart dis-
ease, stroke, HF, atrial fibrillation or cancer at baseline or
visit 3 (N=3274); (3) with missing date of baseline or visit 3
(N=1); (4) with missing weight or WC data at baseline or visit
3 (N=5761); (5) with baseline age <40years (N=12155); (6)
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with abnormal value of weight or WC at baseline or visit 3
(N=1734); and (7) with BMI< 15 or >50kg/m? at baseline or
visit 3 (N=13). Finally, we included 45 620 participants in the
analyses (Figure S1). The study was conducted following the
guidelines of the Declaration of Helsinki and was approved
by the Kailuan General Hospital Ethics Committee. Our study
follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline for
cohort studies. The Kailuan Study was registered with the
Chinese Clinical Trial Registry (ChiCTR-TNC-11001489). All
the participants agreed to participate in the study and pro-
vided written informed consent.

2.2 | Assessment of Changes in Weight and WC

In the Kailuan cohort, standing height and body weight were
measured using standard instruments and protocols with par-
ticipants barefoot and wearing light indoor clothing [14]. WC
was measured using a soft non-stretchable tape at the midpoint
between the lowest rib margin and iliac crest.

The changes in weight and WC were calculated by subtracting
the values obtained at baseline (2006-2007) from those obtained
at the follow-up visit (visit 3, 2012-2013) and then dividing the
results by the values obtained at baseline. Changes in weight
were categorized into five groups as follows: excessive weight
loss (change < —10%), lesser weight loss (—10% < change <—5%),
stable weight (£5%), lesser weight gain (5% < change <10%) and
excessive weight gain (> 10%). Changes in WC were categorized
into five groups as follows: excessive WC loss (change <—10%),
lesser WC loss (—10% < change < —5%), stable WC (£5%), lesser
WC gain (5% < change <10%) and excessive WC gain (>10%).
The stable weight and stable WC groups were defined as the ref-
erence groups for weight change and WC change, respectively.
Combined changes in weight and WC were categorized into
25 groups, reflecting the combination of five levels of weight
change (excessive weight loss, lesser weight loss, stable weight,
lesser weight gain and excessive weight gain) and five levels of
WC change (excessive WC loss, lesser WC loss, stable WC, lesser
WC gain and excessive WC gain). For the 25 groups, the stable
weight and stable WC group was set as the reference group.

2.3 | Assessment of Outcomes

In the Kailuan cohort, each participant was followed from visit
3 (2012-2013) to the incidence of HF, death, or the end of fol-
low-up (December 31, 2022), whichever came first. HF cases
were identified through a rigorous process. Two experienced
cardiologists (both professors with Doctor of Medicine degrees),
who were blinded to the current study protocol, independently
reviewed the medical records to confirm the first occurrence
of HF. In cases where there was disagreement between the two
cardiologists, a third cardiologist (also a professor with a Doctor
of Medicine degree) was consulted to provide the final adjudi-
cation. The method of HF diagnosis has been described in de-
tail previously [15]. Specifically, we followed the International
Classification of Disease 10th revision codes I50.x to identify HF
cases [15]. By reviewing the medical records of the participants,
it was clear that (1) the presence of symptoms indicative of HF,

such as dyspnoea, fatigue and fluid retention; additionally, the
cardiac function at discharge was classified based on the New
York Heart Association cardiac function Grade II, III or IV [16]
or Killip II, IIT or IV [17]; (2) left ventricular ejection fraction
<50% measured using 2-dimensional and Doppler echocardiog-
raphy according to the modified Simpson's method [18]; and (3)
left ventricular ejection fraction > 50% but with elevated plasma
N-terminal pro-brain natriuretic peptide (NT-proBNP) levels
(=125ng/L) [19]. The diagnosis of HF must meet the criteria (1)
and any of (2) and (3) [15].

2.4 | Assessment of Covariates

BMI was calculated as weight (kg) divided by the square of
height (m?). Smoking status was categorized as never, current
and former smokers. Alcohol intake status was categorized as
never, current and former drinkers. Educational attainment was
divided into three categories: primary school or below, middle
school and high school or beyond. Occupations were classified
based on participants’ work settings—specifically, whether they
worked in the mine, and the nature of their labour, distinguish-
ing between manual and mental tasks. Those engaged in man-
ual labour within the mine were categorized as coal miners.
Participants who undertook mental labour within the mine or
manual labour outside the mine were classified as other blue-
collar workers. Finally, individuals performing mental labour
outside the mine were designated as white-collar workers [20].
Dietary patterns were evaluated based on the questions in the
questionnaire regarding the frequency of tea drinking (>4
times/week, 1-3 times/week, 1-3 times/month, <1 time/month
and never), the frequency of consuming fatty food (<1 time/
week, 1-3 times/week and >3 times/week), and the daily salt
intake (< 6 g/day, 6-12g/day and > 12 g/day) [20]. Dietary scores
were applied to assess the quality of dietary patterns. The fre-
quency categories for tea consumption were assigned scores of
100, 75, 50, 25 and 0, respectively. Similarly, the frequency cat-
egories for fatty food intake were assigned scores of 100, 50 and
0. The categories for daily salt consumption were also assigned
scores of 100, 50 and 0. By summing the scores from these three
questions, the total score was standardized and reassigned a
value ranging from 0 to 100. Dietary pattern was classified into
three groups: favourable pattern (80-100), intermediate pattern
(50-79) and unfavourable pattern (0-49) [20]. Physical activity
(PA) was self-reported by participants. Participants were cate-
gorized into three groups based on their reported frequency and
duration of PA: no (<1 time/week), occasional (1-2 times/week)
or regular (>3 times/week and >30min/time) PA [21]. Blood
pressure was measured twice at a 5-min interval on the day of
physical examination using a mercury sphygmomanometer on
the left upper arm with each participant in the seated position.
The average of two readings was used for the analysis. If the
difference between the two readings was more than 5mmHg,
a third measurement was taken, and the average of the three
readings was used for the analysis [22]. Hypertension was de-
fined as systolic blood pressure >140mmHg, diastolic blood
pressure >90mmHg, the use of antihypertensive medication or
self-reported hypertension [22]. The concentrations of fasting
blood glucose and total cholesterol were measured using the
Hitachi 747 auto-analyser (Hitachi, Tokyo, Japan) on the day of
the blood draw.
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2.5 | Statistical Analysis

Continuous variables with a normal distribution were de-
scribed using means (standard deviations, SD); non-normally
distributed continuous variables were described using me-
dians (interquartile ranges, IQR) and categorical variables
were described using frequencies (percentages). The One-way
ANOVA and Kruskal-Wallis tests were used to compare dif-
ferences in normally distributed and non-normally distrib-
uted continuous variables across groups defined by changes
in weight and WC, respectively. The Chi-square test was em-
ployed to compare differences in categorical variables among
these groups. Person-years for each participant were calcu-
lated from the date of the follow-up visit (visit 3, 2012-2013)
until the date of HF, death, or the end of follow-up (December
31, 2022), whichever came first. The incidence rate of HF was
calculated by dividing the number of incident cases by the
total follow-up duration (person-years).

The Kaplan-Meier method was used to analyse time-to-event
data and group differences were compared using the log-rank
test. Cox proportional hazards regression models were used to
estimate the association of weight change, WC change or both
with incident HF. The proportional hazard assumptions were
evaluated by visualization of Schoenfeld residuals, and the as-
sumption was valid. Multivariate models were stratified by
age at risk (5-year interval) [23] and sex, and were adjusted for
height, smoking status (never, former or current smoker), alco-
hol intake status (never, former or current drinker), educational
attainment (primary school or below, middle school, high school
or beyond), occupations (coal miners, other blue-collar workers
or white-collar workers), dietary pattern (favourable, intermedi-
ate and unfavourable patterns), PA (no, occasional or regular),
hypertension status (yes or no), fasting blood glucose and total
serum cholesterol levels. Age-at-risk is a time-varying covari-
ate whereby, as an individual gets older during the follow-up,
they may contribute to more than one ‘age-at-risk’ group [24].
For the analysis of weight change, we additionally adjusted for
weight at cohort recruitment and WC change. For the analysis
of WC change, we additionally adjusted for WC at cohort recruit-
ment and weight change. For the analysis of weight and WC
changes, we additionally adjusted for weight and WC at cohort
recruitment. To examine the nonlinear associations of changes
in weight or WC with HF, we further utilized restricted cubic
splines (RCS) analyses. The analyses were performed using
three knots positioned at the 5th, 50th and 95th percentiles of
the distribution of weight and WC changes. The reference values
(HR=1) were set at the point where weight and WC changes
were equal to zero. The confounders included in this analysis
were consistent with those used in Cox model 3 for weight and
WC change analyses. Nonlinearity was examined using likeli-
hood ratio tests.

In the stratified analyses, we further examined the associa-
tions of changes in weight, WC or both with incident HF among
prespecified baseline subgroups based on age (<65years and
>65years), sex (male and female), BMI at recruitment (<24 kg/
m? and >24kg/m?), WC (< 85cm for male or <80cm for female
and >85cm for male or >80cm for female), PA level (low or
high) [25] and dietary pattern (favourable or unfavourable). PA
level was divided into low PA (no PA) and high PA (occasional

and regular PA). Dietary pattern was divided into favourable
pattern (favourable pattern and intermediate pattern) and unfa-
vourable pattern (unfavourable pattern).

Several sensitive analyses were conducted to test the robust-
ness of the results. First, we restricted the sample to those who
have never smoked given the impact of smoking on the HF risk.
Second, we excluded HF cases that occurred within the first
lyear after the follow-up visit 3 (2012-2013) to minimize po-
tential reverse causality. Third, Fine and Grey subdistribution
models were also performed to validate the analysis in case of
the presence of competing risks of death.

Missing covariates were recoded with missing indicators for cat-
egorical variables or median for continuous variables. Analysis
was performed with the SAS program (version 9.4) and R soft-
ware (version 4.3.3). Two-sided p <0.05 was considered statisti-
cally significant.

3 | Results
3.1 | Study Participants

Our study included 45620 participants, with a total of 1036 in-
cident HF cases identified during the follow-up period (2012-
2022). The median follow-up time was 9.66years (IQR: 9.40,
9.96), and the incidence rate of HF was 2.47 cases per 1000
person-years. The median age of participants was 52.1years
(IQR:46.8, 57.7) and 77.9% (35 520/45620) were men. At baseline
(2006-2007), the mean weight was 70.1kg (SD: 10.4), and the
mean WC was 87.2cm (SD: 9.0). From baseline to the follow-up
visit (2012-2013), the mean change in weight was 0.3kg (SD:
6.7), and the mean change in WC was —0.6cm (SD: 9.9), over
a median duration of 6.33years (IQR: 6.00, 6.61). Compared to
the stable weight group, participants in the weight loss group
were older, had a higher proportion of males, heavier baseline
weight, larger baseline WC, and a higher proportion of PA, non-
smoking, non-drinking, unfavourable dietary patterns, lower
education levels and hypertension (Table 1). Compared to the
stable WC group, participants in the WC loss group were older,
had a lower proportion of males and hypertension, heavier
baseline weight, larger baseline WC, and a higher proportion of
PA, non-smoking, non-drinking, unfavourable dietary patterns
and education levels (Table 2). The basic characteristics of par-
ticipants grouped by weight and WC changes were shown in
Tables 1 and 2.

3.2 | Changes in Weight, Waist Circumference
or Both With Incident Heart Failure

We identified 1036 incident HF cases during 419565 person-
years follow-up. The person-years of follow-up associated with
the endpoints of HF, death, and the end of follow-up were 4272,
24361 and 390932, respectively. There were statistically sig-
nificant differences observed among the survival curves of the
weight change groups, as well as among the survival curves of the
WC change groups (log-rank p <0.001, Figure S2). Compared to
the stable weight group, the other four weight change groups had
a higher cumulative incidence of HF (Figure S2A). In contrast,
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TABLE 3 | Associations between weight change categories and heart failure.

Weight change (%)
Loss Stable Gain
Variable (Change <—10) (-10<Change <—5) (—5<Change <5) (5< Change <10) (Change >10)
No. of events/ 118/3943 145/5890 503/23208 151/7153 119/5426
total
Incidence 3.33(2.78,3.99) 2.70(2.30, 3.18) 2.34(2.14, 2.55) 2.28(1.95, 2.68) 2.42(2.02,2.90)

rate, per 1000
person-years

HR (95% CI)

Model 1 1.05 (0.85, 1.30) 1.01 (0.84 1.21)
Model 2 1.03 (0.83, 1.27) 1.00 (0.83, 1.21)
Model 3 1.10 (0.89, 1.36) 1.00 (0.83, 1.21)

1 (reference) 1.12(0.93,1.34) 1.28 (1.04,1.58)

1 (reference) 1.12(0.93, 1.35) 1.28 (1.04, 1.58)

1 (reference) 1.11 (0.93, 1.34) 1.27 (1.03, 1.57)

Model 1: The multivariable models were adjusted for height and weight at cohort recruitment, waist circumference change (continuous variables) and stratified by age

at risk (5-year interval) and sex.

Model 2: The multivariable models were adjusted for height and weight at cohort recruitment, waist circumference change (continuous variables), smoking status,
alcohol intake status, dietary pattern, educational attainment, physical activity and stratified by age at risk (5-year interval) and sex.

Model 3: The multivariable models were adjusted for height and weight at cohort recruitment, waist circumference change (continuous variables), smoking status,
alcohol intake status, dietary pattern, educational attainment, physical activity, occupation, hypertension, fasting blood glucose, total serum cholesterol level and

stratified by age at risk (5-year interval) and sex.
Abbreviations: CI, confidence interval; HR, hazard ratio.

the groups experiencing waist circumference gain demonstrated
a higher cumulative incidence of HF compared to the stable WC
group, while the WC loss groups exhibited a lower cumulative
incidence of HF (Figure S2B). After adjustments for covariates,
we found a significant relation between excessive weight gain
and higher risk of incident HF compared to stable weight. The
HR (hazard ratio, 95% confidence interval, CI) of the excessive
weight gain group was 1.27 (95% CI: 1.03-1.57) in the fully ad-
justed model (Table 3). Compared with those in the stable WC
group, the participants in the excessive WC gain group had a
28% higher risk of HF (adjusted HR, 1.28; 95% CI: 1.05-1.56),
while the participants in the excessive WC loss group had a 24%
lower risk of HF (adjusted HR, 0.76; 95% CI: 0.64-0.92) (Table 4).
For the combined changes of weight and WC, compared with the
stable weight and WC group, those who maintained stable WC
and lost excessive weight had a higher risk of HF, with adjusted
HR (1.53; 95% CI: 1.10-2.14). Those who gained excessive WC
and lost lesser weight had a higher risk of HF, with adjusted HR
(2.19; 95% CI: 1.38-3.46). Those who gained excessive WC and
gained excessive weight had a higher risk of HF, with adjusted
HR (1.48; 95% CI: 1.03-2.14) (Figure 1). The restricted cubic
spline (RCS) showed an approximate U-shape for the relation
between weight change and incident HF (p overall =0.027, p for
non-linear relation=0.007). Both weight loss and weight gain
were related to higher risks of HF (Figure 2A). The RCS analy-
sis showed a significantly positive linear dose-response associ-
ation between WC change and the risk of HF (p overall <0.001,
p for non-linear relation=0.675). WC loss was related to lower
risk of HF, while WC gain was related to the higher risk of HF
(Figure 2B).

3.3 | Stratified Analyses

There were no clear differences in associations of weight change,
WC change or both with the risk of incident HF according to

strata of age, sex, BMI, WC, PA and dietary pattern (Figures S3-
S10). The relatively small sample size in specific strata may lead
to insufficient statistical power, thereby limiting the ability of
those variables to modify the effects of changes in weight, WC
or both on the risk of HF (Figures S3-S10).

3.4 | Sensitivity Analyses

In the sensitivity analyses, there was no substantial change in the
association of weight change, WC change or both with HF among
participants who have never smoked (n=31329) or in the analyses
excluding HF cases that occurred within the first 1 year (n =45498)
(Tables S1-S4, Figures S11-S12). Furthermore, the subdistribution
HRs obtained from the Fine-Grey model were still consistent with
the main results (Tables S5 and S6, Figure S13). Thus, we consid-
ered competing risks of death not to be an issue in the Cox model.

4 | Discussion

We examined the relationship between changes in weight
and WC and the risk of incident HF in a large prospective co-
hort of middle-aged and older Chinese adults. Key findings
include a U-shaped association between weight change and
HF risk, and a positive linear association between WC change
and HF risk. Additionally, individuals who experienced exces-
sive weight loss with stable WC, those who lost lesser weight
and gained excessive WC, or those who gained excessive
weight and excessive WC had a higher risk of HF compared
to those with stable measurements. These results underscore
the importance of monitoring weight and WC changes for HF
prevention in middle-aged and older adults. Taken together,
prioritizing the monitoring of weight and WC changes in
middle-aged and older adults would be important for the pre-
cise prevention of HF.
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TABLE 4 | Associations between waist circumference change categories and heart failure.

Waist circumference change (%)

Loss Stable Gain

Variable (Change <—10) (-10<Change<-5) (—5<Change<5) (5<Change <10) (Change >10)

No. of events/
total

Incidence
rate, per 1000
person-years

HR (95% CI)
Model 1
Model 2
Model 3

194/8236

2.61 (2.26, 3.00)

0.73 (0.61, 0.88)
0.72 (0.60, 0.87)
0.76 (0.64, 0.92)

166/6215

2.94(2.53,3.42)

1.00 (0.83, 1.20)
1.00 (0.83, 1.20)
1.02 (0.85, 1.23)

386/16953

2.46(2.23,2.72)

1 (reference)
1 (reference)

1 (reference)

130/6642

2.10 (1.77, 2.49)

1.06 (0.86, 1.29)
1.05 (0.86, 1.29)
1.04 (0.85, 1.27)

160/7574

2.29 (1.96, 2.67)

1.33 (1.10, 1.62)
1.33 (1.10, 1.62)
1.28 (1.05, 1.56)

Model 1: The multivariable models were adjusted for height and waist circumference at cohort recruitment, weight change (continuous variables) and stratified by age
at risk (5-year interval) and sex.

Model 2: The multivariable models were adjusted for height and waist circumference at cohort recruitment, weight change (continuous variables), smoking status,
alcohol intake status, dietary pattern, educational attainment, physical activity and stratified by age at risk (5-year interval) and sex.

Model 3: The multivariable models were adjusted for height and waist circumference at cohort recruitment, weight change (continuous variables), smoking status,
alcohol intake status, dietary pattern, educational attainment, physical activity, occupation, hypertension, fasting blood glucose, total serum cholesterol level and
stratified by age at risk (5-year interval) and sex.

Abbreviations: CI, confidence interval; HR, hazard ratio.

2.19 (1.38, 3.46)

1.48 (1.03, 2.14)
1.28 (0.87, 1.89)

1.21 (0.91, 1.61)

1.60 (0.87, 2.96)0_95 0.42,2.17)

1.53 (1.10, 2.14)

1.02 (0.75, 1. Excessive waist circumference gain

1.24 (0.86, 1.80),

2 10.97 (060, 1.57) G g 111 (0.8

0.70 (0.47, 1.03)

0 98 (0.60, 1.61) Lesser waist circumference gain

1.09 (0. 70, 1.71) Stable waist circumference
0.64 (0 31,1.32)
Lesser waist circumference loss
Excessive waist circumference loss

15 0.92 (0.65, 1.30) 0.91 0.70, 1.18)

|

Hazard ratio (95% CI) of Heart Failure

0.5
0
Excessive weight loss Lesser weight loss Stable weight Lesser weight gain Excessive weight gain
No. of events/participants
Category Excessive weight loss Lesser weight loss Stable weight Lesser weight gain Excessive weight gain

Excessive waist circumference loss
Lesser waist circumference loss
Stable waist circumference

Lesser waist circumference gain
Excessive waist circumference gain

40/1388 (2.9%)
18/695 (2.6%)
43/1152 (3.7%)
11/356 (3.1%)
6/352 (1.7%)

30/1486 (2.0%) 93/3905 (2.4%)  23/892 (2.6%)
33/1018 (3.2%) 84/3242 (2.6%)  17/786 (2.2%)
5212213 (2.3%) 197/9257 (2.1%) 56/2621 (2.1%)
9/591 (1.5%)  62/3411 (1.8%)  25/1310 (1.9%)
21/582 (3.6%)  67/3393 (2.0%)  30/1544 (1.9%)

8/565 (1.4%)

14/474 (3.0%)
38/1710 (2.2%)
23/974 (2.4%)
36/1703 (2.1%)

FIGURE 1 | Adjusted hazard ratios for heart failure based on the combined changes in weight and waist circumference. The multivariable-
adjusted model included the combined categories of weight and waist circumference changes, weight, height and waist circumference at cohort
recruitment, smoking status, alcohol intake status, dietary pattern, educational attainment, physical activity, occupation, hypertension, fasting
blood glucose, total serum cholesterol level; and stratified by age at risk (5-year interval) and sex. Weight changes were categorized into five groups:
Excessive weight loss (lost >10%), lesser weight loss (10% < lost <5%), stable weight (change within 5%), lesser weight gain (5% < gained <10%)
and excessive weight gain (gained >10%). Waist circumference changes were categorized into five groups: Excessive waist circumference loss (lost
>10%), lesser waist circumference loss (10% < lost < 5%), stable waist circumference (change within 5%), lesser waist circumference gain (5% < gained
<10%) and excessive waist circumference gain (gained > 10%).

Many previous studies have explored the association between
weight change and the risk of HF [5-7]. However, these studies
have generated disparate findings for the association of weight
change with incident HF [5-7]. A study from the international
multicenter CANVAS and CREDENCE trials demonstrated that
extremes of weight loss were associated with a higher risk of HF in
the CANVAS trial, whereas extremes of weight gain were linked

to an increased risk of HF in the CREDENCE trial [5]. The BMI
Epidemiology Study conducted in Sweden found that subjects in
the highest and third quartiles of BMI change during puberty had
a higher risk of HF compared to those in the lowest quartile, re-
vealing a J-shaped nonlinear association between BMI change and
HF [6]. Additionally, another study from the United States indi-
cated that weight gain of >10kg was associated with a higher risk
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2.5 P nonlinear=0.007
P overall=0.027

HR (95% CI)
~
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FIGURE 2

25 P nonlinear=0.675
P overall<0.001

2.0

5

HR (95% CI)

0.5

25 -20 -15 -10 -5 0 5 10 15 20 25
waist change (%)

| The restricted cubic spline for the association between weight and waist circumference change categories and heart failure. The

curve represents adjusted HRs based on restricted cubic splines with knots at the 5th, 50th and 95th percentiles of the distribution of weight and
waist circumference percent change (solid lines are HRs, dashed lines indicate 95% CIs), the reference values (HR =1) were set at where weight and
waist circumference changes were equal to zero. The multivariable-adjusted models were stratified by age at risk (5-year interval), sex and adjusted
for height, weight change, waist circumference change, smoking status, alcohol intake status, dietary pattern, educational attainment, physical ac-
tivity, occupation, hypertension, fasting blood glucose and total serum cholesterol level. For the analysis of weight change, we additionally adjusted
for weight at cohort recruitment. For the analysis of waist circumference change, we adjusted for waist circumference at cohort recruitment.

of HF, while the relationship between weight loss and HF risk was
not statistically significant [7]. In our current study, a U-shaped
association between weight change and risk of HF was found.
These inconsistent findings could be partly explained by different
population characteristics (race, lifestyle, genetic susceptibility
and pre-existing disease) [5-7], self-reported values of weight [7]
and weight change in different age groups [5-7]. Meanwhile, there
is scarce evidence regarding the association between changes
in WC and incident HF in the general middle-aged and older
adults. A randomized clinical trial involving adults with T2D who
were overweight or obese, with an average age of approximately
60years, demonstrated that a reduction in WC was associated with
a lower risk of HF [8]. Another randomized controlled trial con-
ducted in the United States and Canada, which included patients
with T2D, CVD or those at high risk for CVD, also with an average
age of around 60years, suggested that an increase in WC was more
closely linked to the development of HF. Furthermore, a J-shaped
relationship was observed between changes in WC and the inci-
dence of HF [9]. The existing studies [8, 9], which were conducted
among participants with chronic diseases or at high CVD risk,
may have limited generalizability due to their specific participant
selection. In our study, we found a positive linear dose-response
relation between WC change and incident risk of HF in general
middle-aged and older Chinese adults. WC gain is a strong indi-
cator of abdominal fat accumulation, particularly visceral adipose
tissue (VAT) [26]. The accumulation of VAT is associated with a
higher content of free fatty acid (FFA) [27], which can impair car-
diac structure and function through lipotoxicity [28]. Additionally,
VAT adipocytes secrete pro-inflammatory cytokines, including
leptin, tumour necrosis factor-alpha and interleukin-6 [29]. These
cytokines contribute to chronic inflammation, which may lead to
the development of cardiac systolic dysfunction and myocardial fi-
brosis [29]. Given these mechanisms, it is plausible that WC gain,
as a proxy for VAT accumulation, is related to a higher risk of HF
independent of overall body weight change.

Weight is a measure of overall obesity, while WC is a surrogate
measure of upper body or abdominal obesity [26]. The elder adults
experience both weight and WC changes along with the ageing pro-
cess [30]. A study from the Charleston Heart Study cohort showed
that weight increased in adults who were 37-46years of age, while
weight decreased in55-74years old adults [30]. However, WC of
the adults in both age groups increased [30]. Therefore, when eval-
uating body size of the older people, both weight and WC measures
should be taken into account and measuring weight as well as WC
may further stratify individuals in the risk prediction of CVD. A
previous Swedish prospective cohort study has investigated the
combined associations of BMI and WC with HF, which showed
that subjects with high BMI and high WC had higher risks of HF
hospitalization compared with those with low or normal BMI
and WC [31]. However, BMI and WC in this study were measured
only once at baseline, which limited the ability to capture tempo-
ral changes in adiposity and their potential influence on HF risk.
Body weight and WC would change over time [3, 30]; therefore,
evaluating the changes in weight and WC may serve as a more
appropriate measurement of long-term adiposity status for the
middle-aged and older adults.

Our study found that compared to individuals maintaining sta-
ble weight and WC, higher risks of HF were observed in three
groups, i.e., those with excessive weight loss but stable WC, those
with lesser weight loss but excessive WC gain and those with ex-
cessive weight and WC gain. Weight loss in older adults is closely
associated with sarcopenia [32]. Sarcopenia can contribute to
the development and progression of HF through multiple patho-
physiological pathways. First, sarcopenia is linked to chronic
inflammation and oxidative stress, which result in endothelial dys-
function—a key factor in HF [33, 34]. Second, sarcopenia may con-
tribute to the development of insulin resistance (IR), a known risk
factor for incident HF [35, 36]. These may partially explain why
individuals with weight loss but stable WC have a higher risk of
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HF compared to those maintaining stable weight and WC. While
the present study did not measure body composition directly, fu-
ture research should consider these factors to better understand
the relationship between changes in weight and WC and the onset
of sarcopenia and HF. In older adults, the phenotype of weight loss
and WC gain may reflect sarcopenic obesity, which was defined
as the co-existence of sarcopenia and obesity [37]. As mentioned
above, on the one hand, sarcopenia could increase the risk of HF
by promoting inflammation, oxidative stress and IR mechanisms
[33-36], on the other hand, WC gain may lead to a higher risk of
HF through many mechanisms, such as the accumulation of FFA
or the release of more inflammatory factors [27-29]. A study from
the UK Biobank showed that among participants who died from
heart diseases (including heart failure), some had adverse muscle
composition, characterized by low muscle volume coupled with
high muscle fat infiltration [38]. This finding indirectly supports
our finding that weight loss and waist circumference gain increase
the risk of heart failure, as these changes may reflect an underly-
ing muscle-fat metabolic imbalance. The above mechanisms could
offer a plausible interpretation for a higher risk of HF among in-
dividuals with weight loss and WC gain compared to those with
stable weight and WC. Moreover, individuals with weight gain and
WC gain should also be given attention, as their combined gen-
eral obesity and abdominal adiposity may impose a higher risk of
HF compared to those maintaining stable weight and WC, likely
through pathways involving FFA accumulation [28] and release
of pro-inflammatory cytokines, including leptin, tumour necrosis
factor-alpha and interleukin-6 [29]. Additionally, body fatness may
be associated with altered left ventricular remodelling through
increased haemodynamic load, neurohormonal activation and in-
creased oxidative stress, which is a risk factor for HF [39].

The study found that the associations between changes in
weight, WC or both and incident HF showed no significant dif-
ferences across different dietary patterns. The non-significant
differences might be attributed to the relatively small sample
sizes in subgroups after stratification. Importantly, these find-
ings do not negate the critical role of dietary patterns in HF
prevention. A favourable dietary pattern may still reduce HF
risk through other pathways, such as modulating lipid profiles,
blood pressure and blood glucose levels [40]. The dietary pattern
stratification in our study was based on baseline dietary data
and failed to dynamically track the impact of dietary pattern
changes on study outcomes. Future research incorporating re-
peatedly measured dietary data could further explore whether
the relationships between body size changes and HF differ in
subgroups with dietary pattern modifications.

5 | Study Advantages and Limitations

To the best of our knowledge, this is the first study to investi-
gate the association of the combined changes in weight and WC
with the risk of incident HF in a large prospective cohort study.
Additionally, to further reduce the possibility of reverse causal-
ity, we performed analyses excluding HF cases that occurred
within the first 1 year after the follow-up visit (visit 3, 2012-2013)
and generated similar findings. Several potential limitations
should be noted. First, the generalizability of the study was lim-
ited, given the population was Chinese middle-aged and older
adults. The findings in this study need to be validated among

other ethnic groups. Second, we only explored the association of
the changes in weight and WC with HF of any cause and did not
differentiate the specific types of HF. Third, we did not perform
human body composition analysis and therefore could not dis-
tinguish between muscle mass and fat mass. However, changes
in weight and WC may influence the risk of incident HF through
overlapping effects of VAT accumulation, reduction in muscle
mass or a systemic increase in total fat mass. These factors could
collectively contribute to the observed associations. Therefore,
more prospective studies evaluating the associations between
changes in body composition and risk of HF are warranted in
the future. Nonetheless, this study provides important evidence
to inform public health interventions aimed at reducing HF risk
through long-term weight and WC management.

6 | Conclusions

Our findings identified a U-shaped association between
weight change and incident HF, alongside a positive linear re-
lationship between WC change and HF risk among Chinese
middle-aged and older adults. Notably, individuals with dis-
cordant weight and WC trajectories, specifically weight loss
with stable WC, weight loss with WC gain or concurrent
weight and WC gain, showed higher HF risks compared to
those maintaining stable weight and WC. Our study under-
scores the importance of monitoring changes in both weight
and WC when assessing the risk of incident HF in middle-
aged and older adults. These combined changes may provide
valuable insights into HF risk. Further research is needed to
elucidate the underlying mechanisms linking weight and WC
changes to HF occurrence.
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