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ORIGINAL RESEARCH

High Variability of Body Mass Index Is
Independently Associated With Incident
Heart Failure

Chang Liu
Jacob Joseph

, MPH*; Yiyun Chiang
, MD; Yan V. Sun

, MPH*; Qin Hui
, PhD

, PhD; Jin J. Zhou @, PhD; Peter W. F. Wilson &, MD;

BACKGROUND: Heart failure (HF) is a serious condition with increasing prevalence, high morbidity, and increased mortality.
Obesity is an established risk factor for HF. Fluctuation in body mass index (BMI) has shown a higher risk of cardiovascular
outcomes. We investigated the association between BMI variability and incident HF.

METHODS AND RESULTS: In the UK Biobank, we established a prospective cohort after excluding participants with prevalent HF
or cancer at enroliment. A total of 99 368 White participants with >3 BMI measures during >2 years preceding enroliment were
included, with a median follow-up of 12.5years. The within-participant variability of BMI was evaluated using standardized SD
and coefficient of variation. The association of BMI variability with incident HF was assessed using Fine and Gray’s competing
risk model, adjusting for confounding factors and participant-specific rate of BMI change. Higher BMI variability measured in
both SD and coefficient of variation was significantly associated with higher risk in HF incidence (SD: hazard ratio [HR], 1.05

[95% CI, 1.03-1.08], P<0.0001; coefficient of variation: HR, 1.07 [95% Cl, 1.04-1.10], P<0.0001).

CONCLUSIONS: Longitudinal health records capture BMI fluctuation, which independently predicts HF incidence.

Key Words: body mass index m heart failure m heart failure incidence

burden. It affects an estimated total of 64 mil-

lion patients with HF worldwide," including 6
million in the United States.? The prevalence of HF
is projected to exceed 8 million adults by the year
2030.% HF prevalence is similar among both men and
women; however, a higher incidence has been ob-
served among men, and a longer survival was ob-
served among women.* Many factors play critical
roles in HF cause, such as obesity,® aging,®’ diabe-
tes,® and hypertension.® Their potential causal effects
were supported by recent Mendelian randomization
studies.’0

H eart failure (HF) is a disease of high public health

Furthermore, as on of the leading risk factors for
HF, obesity is associated with a high population-
attributable fraction of up to 21% in HF cases.”>'3
Fluctuation in body mass index (BMI) has a negative
impact on health,"*"" such as associations with higher
risk in coronary heart disease, coronary heart disease
mortality, and all-cause mortality."*'" Although the as-
sociation between BMI variability and HF was identified
among patients with type 2 diabetes' with possible
explanation of metabolic syndrome development, such
an association has not been established among the
general population. Herein, we assessed the hypoth-
esis that BMI variability is associated with incident HF
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RESEARCH PERSPECTIVE

What Is New?

e Body mass index fluctuation is an independent
predictor of heart failure incidence with consist-
ent associations across risk factor subgroups.

e The research underscores the need for explor-
ing the mechanisms driving longitudinal body
mass index changes and their specific associa-
tions with heart failure subtypes.

What Question Should Be Addressed

Next?

e Future studies focusing on the underlying
mechanisms and drivers of longitudinal body
mass index change could lead to new insights
of weight management strategies for heart fail-
ure prevention and intervention.

Nonstandard Abbreviations and Acronyms

cv coefficient of variation

among a large cohort free of prevalent HF and cancer,
independent of mean BMI and slope of BMI change.

METHODS

The following research was conducted using data from
the UK Biobank Resource under application number
34031. The UK Biobank will make the data available to
all bona fide researchers for all types of health-related
research that is in the public interest, without preferen-
tial or exclusive access for any people. All researchers
will be subject to the same application process and
approval criteria as specified by UK Biobank. For more
details on the access procedure, see the UK Biobank
website: www.ukbiobank.ac.uk.

Study Population

This study was performed using the data from the
UK Biobank, a large prospective cohort study with
participants aged 40 to 69years enrolled in 2006 to
2010.' The UK Biobank study was approved by the
North West Multi-centre Research Ethics Committee.
All participants provided written informed consent.
Researchers can access data from the UK Biobank
by registering at the UK Biobank server. The pro-
cedures for data cleaning and coding, which were
used to produce the study’s findings, can be ob-
tained from the corresponding author on a reason-
able request.
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Longitudinal measures of BMI were obtained from
the baseline measure and linkage to primary care
data,'® which includes ~42% of the UK Biobank par-
ticipants having >1 BMI records identified from the pri-
mary care data. Inclusion criteria for this current study
include: White (British, Irish, and any other White back-
ground) participants free of HF at enrollment, and with
>3 BMI measures from primary care records within a
time window of >2years before and at enroliment, to
assess the BMI variability. HF onset was ascertained
on the basis of linkage to Hospital Episode Statistics
data, using International Classification of Diseases,
Tenth Revision (ICD-10), codes 111.0, [13.0, 113.2, 125.5,
142.0, 142.5, 142.8, 142.9, 150.0, 150.1, and 150.9, and
self-reported medical conditions during enrollment in-
terview.'® The earliest date of diagnosis was compared
with the enrollment date, and the HF prevalent cases
before or at enroliment were excluded, whereas the HF
incident cases after enrollment were treated as out-
comes of interest. To avoid possible weight loss at-
tributable to malignancy, we excluded participants with
cancer diagnosed before or at enrollment using the na-
tional cancer registries linked with the UK Biobank.'®
A total of 99368 participants with a median follow-up
of 12.5years (interquartile range, 12.0-13.3years) were
included in this study based on aforementioned inclu-
sion and exclusion criteria. Time to incident HF was
defined as time of HF onset compared with enrollment
date for 1 of the following: HF diagnosis after enroll-
ment for cases of incident HF or loss to follow-up or
end of follow-up (November 12, 2021) for non-HF con-
trols. Information on ejection fraction for the HF inci-
dent cases was not available.

Statistical Analysis

For the overall cohort and separately by HF incident
cases, characteristics were summarized as mean+SD
or median and interquartile range for continuous vari-
ables, and count (percentage) for categorical variables.
Two-sample t test, Mann-Whitney U test for continu-
ous variables, and x? test for categorical variables were
used to compare between incident HF versus no inci-
dent HF where appropriate. The within-participant vari-
ability of BMI was calculated using SD and coefficient
of variation (CV; SD divided by within-participant mean
BMI) across the multiple measurements. The SD and
CV were mean centered and scaled by SD for down-
stream analyses, for an interpretation based on a stand-
ardized scale. To calculate the participant-specific rate
of BMI change, a mixed-effect model of longitudinal
BMI regressed on the date of BMI measures adjust-
ing for age and sex was adopted. Participant-specific
random intercepts representing differences in indi-
vidual baseline BMI, and random slopes represent-
ing differences in individual rate of BMI change, were
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incorporated. The random slopes of BMI change were
then scaled to kg/m? per year for downstream analysis.

The association of BMI variability with incident
HF was assessed using Fine and Gray’s competing
risk model, treating death events as competing risk
events.?® Three models were assessed: model 1 ad-
justed for age, sex, smoking history (current or previ-
ous smoking versus never smoking), frequent alcohol
consumption (>3 times per week versus less frequent),
self-reported health conditions, including diabetes,
hypertension, heart attack history, stroke history, and
ICD-10(144.0,144.1,144.2,144.3,144.5,146.0, 146 1, 146.9,
147.0, 147.2, 148, 1481, 148.2, 148.3, 148.4, 148.9, 149.0,
and 149.5) defined atrial fibrillation history based on
Hospital Episode Statistics data, high-density lipopro-
tein cholesterol, low-density lipoprotein, total choles-
terol, triglycerides, and estimated glomerular filtration
rate estimated using the 2021 Chronic Kidney Disease
Epidemiology Collaboration equation.?! In addition to
model 1, model 2 adjusted for within-participant mean
BMI across longitudinal measures. In addition to model
2, model 3 adjusted for the participant-specific rate of
BMI change per year, which was the random slopes
derived using the mixed-effect model aforementioned.
Cumulative incidence curves were used to visualize the
difference in HF incidence between the groups with
highest 20%, middle 60%, and lowest 20% quantile
of BMI variability measured in both SD and CV, using
Fine and Gray’s competing risk model adjusting for the
covariates in model 3. Using model 3 and excluding
risk factor of stratification, we further explored the as-
sociations across risk factor strata: sex, age (<60or
>B0vyears), diabetes, hypertension, BMI at enroliment
categorized as underweight (BMI <18.5kg/m?), normal
weight (BMI >18.5 and <25 kg/m?), overweight (BMI =25
and <30kg/m?), and obese (BMI >30kg/m?), increase
and decrease in BMI over time (positive and negative
slopes of BMI change). The interaction between BMI
variability and these risk factors was also tested using
model 3. A forest plot was used to represent the strat-
ified subgroup analysis results with the P value of each
interaction term between BMI variability and subgroup
indicator. In addition, we performed sensitivity analyses
by controlling for blood pressure medication use, sleep
apnea, sodium in urine, albumin, and sodium from diet.

Analyses were performed using R, version 4.0.2 (R
Foundation for Statistical Computing, Vienna, Austria),
and SAS statistical software, version 9.4 (SAS Institute
Inc, Cary, NC).

RESULTS

The cohort of 99368 participants was 57% women,
with mean age of 57.5 (SD, 7.8) years. A total of 3406
incident HF cases were observed during the follow-
up (Table 1). Participants who experienced incident
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HF had a higher level of BMI variability in SD com-
pared with participants who did not (SD: 1.68 versus
1.53; P<0.001); however, this was not the case in CV
(0.0562 versus 0.0560; P=0.137). Participants who ex-
perienced incident HF also had a lower proportion of
women (35.6% versus 57.8%; P<0.001), higher propor-
tions in lifestyle risk factors and prevalence of cardio-
vascular comorbidities, medication use, higher mean
BMI, and BMI at enrollment, and higher BMI increase
rate, and higher levels in lipid profile, except for high-
density lipoprotein cholesterol and low-density lipopro-
tein cholesterol (Table 1).

In model 1, the effect per positive SD in BMI vari-
ability, measured in both SD and CV, was associated
with greater risk in HF incidence (SD: hazard ratio [HR],
112 [95% ClI, 1.10-1.14], P<0.0001; CV: HR, 1.11 [95%
Cl, 1.08-1.14], P<0.0001). After additionally adjusting
for within-participant mean BMI in model 2, the asso-
ciations were reduced but remained statistically signifi-
cant (SD: HR, 1.05 [95% ClI, 1.02-1.07], P=0.0002; CV:
HR, 1.06 [95% ClI, 1.04-1.09], P<0.0001). In model 3
additionally adjusting for participant-specific rate of BMI
change, the associations remained unchanged (SD:
HR, 1.05 [95% ClI, 1.03-1.08], P<0.0001; CV: HR, 1.07
[95% CI, 1.04-1.10], P<0.0001; Table 2 and Figure). In
model 3, the within-participant mean BMI across lon-
gitudinal measures and the participant-specific random
slope of BMI change were both associated with higher
risk of incident HF (Table S1). Results from the sensitiv-
ity analyses with additional covariates did not meaning-
fully change the HR estimates in model 3 (Table S2). By
comparing the 3 subgroups with highest 20%, middle
60%, and lowest 20% quantile (reference) of BMI vari-
ability, based on model 3, participants with highest 20%
quantile of BMI variability measured in both SD (HR, 1.35
[95% ClI, 1.18-1.54], P<0.0001) and CV (HR, 1.41 [95%
Cl, 1.24-1.60], P<0.0001) showed highest incidence of
HF, followed by the middle 60% (SD: HR, 1.14 [95% Cl,
1.02-1.27], P=0.0169; CV: HR, 1.26 [95% CI, 1.14-1.4Q],
P<0.0001) and lowest 20% quantile (Figures S1 and S2).

Stratified analysis results showed a consistent di-
rection of hazardous effect of BMI variability (Table 2
and Figure). In model 3, the within-participant mean
BMI and the participant-specific random slope of BMI
change was associated with greater risk of incident
HF in subgroups stratified by sex, age, diabetes, and
hypertension (Table S1). Stratified analysis among the
underweight group was not performed because of the
small sample size (N=445) and number of events (13
incident HF cases). Although not reaching statistical
significance, we identified a suggestive interaction be-
tween BMI variability and sex with potentially stronger
associations observed among women than men in the
fully adjusted models for both SD (women: HR, 1.09
[95% ClI, 1.04-1.13], P=0.0001; men: HR, 1.03 [95% Cl,
1.00-1.06], P=0.0880) and CV (women: HR, 1.11 [95%
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Table 1. Cohort Characteristics

BMI Variability and Incident Heart Failure

Incident heart failure No incident heart failure
Variables Overall cohort (N=99368) | (N=3406 [3.4%)]) (N=95962 [96.6%)]) P value*
Female sex, n (%) 56655 (57.0) 1213 (35.6) 55442 (57.8) <0.001"
Age at enroliment, y 57.5+7.8 62.5+5.8 57.4+7.8 <0.001t
Smoking history, n (%) 45430 (45.7) 2053 (60.3) 43377 (45.2) <0.001"
Frequent alcohol consumption, n (%) 42611 (42.9) 1356 (39.9) 41255 (43.0) <0.001*
Diabetes, n (%) 7098 (7.1) 728 (21.4) 6370 (6.7) <0.001t
Hypertension, n (%) 33249 (33.5) 1951 (57.4) 31298 (32.7) <0.001t
Heart attack history, n (%) 2986 (3.0) 571 (16.8) 2415 (2.5) <0.001t
Stroke history, n (%) 1859 (1.9) 217 (6.4) 1642 (1.7) <0.001"
Atrial fibrillation history, n (%) 1689 (1.7) 328 (9.6) 1361 (1.4) <0.001"
BMI at enrollment, kg/m? 28.0+£5.1 30.55+6.1 27.88+5.0 <0.001"
Within-participant mean BMI (across 27.0x4.7 29.41+5.6 26.9+4.6 <0.001t
longitudinal measures), kg/m?
HDL-C, mg/dL 55.8+14.8 49.9+14.1 56.0+14.8 <0.001"
LDL-C, mg/dL 136.0+34.3 122.2+35.7 136.6+34.1 <0.001"
Total cholesterol, mg/dL 218.0+45.2 227.0+43.9 2071+44.4 <0.001t
Triglycerides, median (IQR), mg/dL 134.3 (95.0-193.4) 151.7 (106.7-214.7) 133.7 (94.6-192.6) <0.001"
eGFR, mL/min/1.73m? 93.9+13.1 87.6+16.4 94.1+13.0 <0.001t
Cholesterol-lowering medication, n (%) 22611 (22.9) 1774 (52.4) 20837 (21.8) <0.001t
Blood pressure medication, n (%) 12308 (12.5) 541 (16.0) 11767 (12.3) <0.001t
BMI variability
SD 1.54+1.26 1.68+1.24 1.53+1.26 <0.001*
Coefficient of variation 0.0560+0.0393 0.0562+0.0396 0.0560+0.0394 0137
BMI change
Slope, kg/m? per year 0.160+0.140 0.194+0.170 0.159+0.139 <0.001t

Mean=SD shown for continuous variables unless stated otherwise; count (percentage) shown for categorical variables.
BMI indicates body mass index; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; and LDL-C,

low-density lipoprotein cholesterol.

*P value for comparing incident heart failure vs no incident heart failure groups.

P<0.05 used for defining statistical significance.

Cl, 1.06-1.16], P<0.0001; men: HR, 1.04 [95% CI, 1.00-
1.08], P=0.0422). Furthermore, the associations were
identified only among participants with increased BMI,
in comparison to decreased BMI for both SD (BMI in-
crease: HR, 1.06 [95% CI, 1.01-1.10], P=0.0091; BMI
decrease: HR, 1.00 [95% ClI, 0.79-1.27], P=0.9996)
and CV (BMI increase: HR, 1.07 [95% ClI, 1.02-1.12],
P=0.0037; BMI decrease: HR, 1.05 [95% CI, 0.87—
1.27], P=0.6148) (Table 2 and Figure). Interactions with
age, diabetes, hypertension, and BMI weight status
category at enrollment were not identified.

DISCUSSION

This is the first large study that reports a positive asso-
ciation between BMI variability and incident HF, inde-
pendent of known HF risk factors and mean BMI, after
excluding prevalent cancer cases that are susceptible
to weight fluctuations. The associations of BMI variabil-
ity with incident HF were consistent across all BMI cat-
egories. It has been shown in recent studies that obesity
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plays a potential causal role in HF incidence based on
single measurement of BMI.'%2223 However, longitudinal
multiple measures of time-varying BMI contain additional
information that can better characterize an individual’s
underlying metabolic condition. The associations be-
tween BMI variability and incidence of cardiovascular
diseases, such as coronary heart disease, and mortality
outcomes have been established,'*?* but the relationship
between BMI variability and incident HF in the general
population remains unclear. Our study addresses an im-
portant knowledge gap in HF susceptibility across sev-
eral risk factor categories. Potential sex differences may
indicate that the hazardous effect of major changes in
body weight impacts women more than men in HF onset.
Furthermore, the effect of BMI variability on HF incidence
may be of greater influence among the population with
increasing trend of body weight. The associations we
identified in the overall cohort are independent from the
BMI change rate over time, which indicates that BMI vari-
ability may be included as an informative measurement
of HF risk to better assess populations susceptible to HF.
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Table 2. Association Between BMI Variability (Measured in SD and CV, per SD) and Incident HF

BMI Variability and Incident Heart Failure

SD HR (95% Cl), P value CV HR (95% ClI), P value

Cohort Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Overall 112 (1.10-1.14), 1.05 (1.02-1.07), 1.05 (1.03-1.08), | 1.11 (1.08-1.14), 1.06 (1.04-1.09), 1.07 (1.04-1.10),
P<0.0001* P=0.0002* P<0.0001* P<0.0001* P<0.0001* P<0.0001*

Female sex 115 (1.11-1.19), 1.07 (1.03-1.12), 1.09 (1.04-1.13), 114 (1.09-1.19), 1.09 (1.04-1.14), 111 (1.06-1.16),
P<0.0001* P=0.0009* P=0.0001* P<0.0001* P<0.0001* P<0.0001*

Male sex 110 (1.08-1.13), 1.03 (1-1.06), 1.03 (1.00-1.06), 1.09 (1.05-1.13), 1.04 (1.01-1.08), 1.04 (1.00-1.08),
P<0.0001* P=0.0674 P=0.0880 P<0.0001* P=0.0178* P=0.0422*

Aged <60y 1.15 (1.11-1.19), 1.07 (1.02-1.12), 1.07 (1.02-1.12), 1.14 (1.09-1.2), 1.09 (1.04-1.15), 1.09 (1.03-1.15),
P<0.0001* P=0.0024* P=0.0072* P<0.0001* P=0.0004* P=0.0018*

Aged =60y 111 (1.09-1.14), 1.04 (1.01-1.07), 1.05 (1.02-1.08), 11 (1.07-1.14), 1.05 (1.02-1.09), 1.06 (1.03-1.09),
P<0.0001* P=0.0076* P=0.0028* P<0.0001* P=0.0006* P=0.0004*

No diabetes 111 (1.09-1.14), 1.04 (1.01-1.07), 1.05 (1.02-1.08), 111 (1.08-1.14), 1.06 (1.03-1.09), 1.06 (1.03-1.10),
P<0.0001* P=0.0023* P=0.0012* P<0.0001* P<0.0001* P<0.0001

Diabetes 117 (1.11-1.28), 1.08 (1.02-1.16), 1.09 (1.02-1.16), 1.15 (1.08-1.22), 1.10 (1.03-1.18), 1.10 (1.03-1.18),
P<0.0001* P=0.0119* P=0.0073* P<0.0001* P=0.0053* P=0.0052*

No hypertension 111 (1.09-1.14), 1.05 (1.01-1.08), 1.05 (1.01-1.08), 111 (1.08-1.15), 1.06 (1.03-1.10), 1.06 (1.03-1.10),
P<0.0001* P=0.0037* P=0.0049* P<0.0001* P=0.0003* P=0.0009"

Hypertension 113 (1.1-1.17), 1.05 (1.01-1.09), 1.06 (1.01-1.10), 111 (1.07-1.16), 1.06 (1.02-1.11), 1.07 (1.02-1.12),
P<0.0001* P=0.0157* P=0.0091* P<0.0001* P=0.0030* P=0.0025

Normal weight 1.07 (1.01-1.13), 1.09 (1.02-1.18), 1.06 (0.97-1.17), 1.08 (1.02-1.15), 110 (1.08-1.18), 1.08 (1.00-1.16),

(enroliment BMI >18.5 P=0.03* P=0.016* P=0.1838 P=0.0078* P=0.0068" P=0.0627

and <25kg/m?)

Overweight (enroliment 1.07 (1.08-1.11), 1.06 (1.01-1.11), 1.06 (1.01-1.11), 1.08 (1.03-1.13), 1.08 (1.02-1.13), 1.08 (1.03-1.13),

BMI >25 and <30kg/m?) | P=0.0008* P=0.0118* P=0.0127* P=0.0007* P=0.0029* P=0.0031*

Obese (enrollment BMI 113 (1.08-1.17), 1.06 (1.02-1.11), 1.06 (1.01-1.11), 1.09 (1.04-1.15), 1.08 (1.03-1.14), 1.07 (1.02-1.13),

>30 kg/m?) P<0.0001* P=0.0039" P=0.0142* P=0.0004* P=0.0011* P=0.0063*

BMI increase (positive 118 (1.14-1.21) 1.09 (1.05-1.13) 1.06 (1.01-1.10), 115 (1.11-1.20) 110 (1.06-1.15) 1.07 (1.02-1.12),

slope [kg/m? per year]) P<0.0001* P<0.0001* P=0.0091* P<0.0001* P<0.0001* P=0.0037*

BMI decrease (negative 0.97 (0.88-1.06) 0.98 (0.87-1.10) 1.00 (0.79-1.27), 0.99 (0.90-1.08) 1.00 (0.90-1.12) 1.05 (0.87-1.27),

slope [kg/m? per year]) P=0.4973 P=0.7086 P=0.9996 P=0.7851 P=0.9809 P=0.6148

Model 1: adjusted for age, sex, smoking history (current or previous smoking vs never smoking), frequent alcohol consumption (=3 times per week vs less
frequent), diabetes, hypertension, heart attack history, stroke history, atrial fibrillation history, high-density lipoprotein cholesterol, low-density lipoprotein, total

cholesterol, triglycerides, and estimated glomerular filtration rate.

Model 2: model 1+within-participant mean BMI across longitudinal measures.
Model 3: model 2+participant-specific random slope of BMI change per year.

In stratified analyses, corresponding variable for the stratification was not included (eg, sex was excluded in women or men only analysis).
Stratified analysis among underweight group was not performed because of the small sample size and number of events. BMI indicates body mass index;

CV, coefficient of variation; and HF, heart failure.
* P<0.05 used for defining statistical significance.

Prior studies have noted an association between
body weight change and adverse cardiovascular out-
comes, including myocardial infarction, stroke, and
mortality, among patients with type 2 diabetes® or
hypertension.?® Furthermore, existing evidence has
shown that body weight variability is associated with
cardiovascular disease risk among patients with type
2 diabetes compared with nondiabetic controls.?’
Although HF shares a similar risk profile with these
cardiovascular disease outcomes, no statistically sig-
nificant difference was observed comparing risk factor
categories, including diabetes and hypertension.

This new evidence should not override the well-
established benefits of weight loss in obese popula-
tions to prevent cardiovascular diseases, including HF.28
Our definition of BMI variability was solely based on the
primary care data, which did not denote intentional or
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unintentional weight loss. Intentional weight loss via di-
eting or exercise is more likely among healthy individuals
and might be subject to weight regain, whereas uninten-
tional weight loss might be associated with some chronic
medical conditions, such as depression and diabetes,
which have been linked with cardiovascular diseases.?®%°
Further studies are needed to separate these 2 mecha-
nisms. Our study has several potential limitations. First,
limited by available clinical data, our study did not dif-
ferentiate between HF subtypes (eg, HF with reduced
versus preserved ejection fraction), which might have
implications for the interpretation of our findings in spe-
cific subgroups within HF. Therefore, our findings in all-
cause HF cannot capture potential discrepancy across
HF subtypes. Future research endeavors should focus
on unraveling these complexities to provide more tailored
and nuanced insights into the relationships between
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Figure.

Association between body mass index (BMI) variability (measured in SD and coefficient

of variation [CV], per SD) and incident heart failure.

Models adjusted for age, sex, smoking history (current or previous smoking vs never smoking), frequent
alcohol consumption (>3 times per week vs less frequent), diabetes, hypertension, heart attack history,
stroke history, atrial fibrillation history, high-density lipoprotein cholesterol, low-density lipoprotein,
total cholesterol, triglycerides, estimated glomerular filtration rate, within-participant mean BMI across
longitudinal measures, and participant-specific random slope of BMI change per year. In stratified
analyses, corresponding variable for the stratification was not included (eg, sex was excluded in women
or men only analysis). Stratified analysis among underweight group was not performed because of the
small sample size and number of events. P values indicate the interaction between BMI variability and the
variables of stratification. HR indicates hazard ratio.

longitudinal BMI phenotypes and the heterogeneous
presentations of HF. Second, we recognize that our
study primarily included White European participants.
The associations between BMI variability and HF were
null in non-European groups in the UK Biobank, likely be-
cause of a small sample size and limited number of HF
cases. The generalizability of our findings to other racial
and ethnic groups requires future investigation in large
non-European populations. Third, small sample size of
certain subgroups (eg, “negative” slopes in BMI changes)
limited statistical power to identify significant association.
Furthermore, the stratification of BMI change directions,
although initially aimed at understanding weight fluctu-
ation in different trajectories, ignored the group without
significant weight gain or loss, and inadvertently con-
strained the assessment of the full spectrum of BMI

variability over time, prompting a cautious interpretation
of our finding in the stratification of BMI change direc-
tions. Another potential limitation in our study is not ad-
dressing diet as a potential confounding factor. Although
our research sought to examine the link between fluctu-
ations in BMI and HF, the influence of diet on both BMI
and HF risk cannot be overlooked. Diet plays a pivotal
role in shaping an individual’s BMI and is a complex and
multifaceted aspect of an individual's lifestyle. Further
studies should explore how dietary factors might interact
with BMI fluctuations and subsequently contribute to the
development of HF. Finally, this study only used data from
participants who had multiple BMI measurements in the
primary care data. Multiple primary care visits indicate a
propensity to more comorbidities, although we excluded
prevalent cancer and HF at enrollment.
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CONCLUSIONS

BMI fluctuation is an independent predictor of HF inci-
dence with consistent associations across risk factor
subgroups. Future studies focusing on the underlying
mechanisms and drivers of longitudinal BMI change
could lead to new insights of weight management
strategies for HF prevention and intervention.
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