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Abstract

Aims Body roundness index (BRI) is an obesity-related anthropometric index that combines waist circumference and height
to better reflect body fat. This study aims to prospectively explore the relationship between BRI and the risk of heart failure
(HF) based on a community-based cohort.
Methods and results A total of 140 362 individuals without tumour and HF at baseline were included from the Kailuan co-
hort study. Their demographic information, anthropometric parameters, and biochemical indexes were collected or measured.
The participants were followed up until 31 December 2016 or death or diagnosed with HF, whichever came first. Cox propor-
tional hazards model was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for incident HF. Re-
stricted cubic spline analysis was applied to further evaluate the possible non-linear dose–response relationship between
BRI and the risk of HF. After a median follow-up period of 9.84 years, we identified 1990 HF events. The participants were
grouped into four groups according to the quartiles of BRI (Q1: ≤2.93, Q2: 2.93–3.59, Q3: 3.59–4.38, and Q4: ≥4.38). After
adjustment for potential confounders, compared with the group of participants in the lowest quartile of BRI, the adjusted
HRs (95%CI) were 1.03 (95%CI: 0.87–1.22), 1.27 (95%CI: 1.07–1.49), and 1.50 (95%CI: 1.26–1.78) for subjects in the Q2, Q3,
and Q4 groups, respectively. With each standard deviation (here is 1.10) of BRI increasing, the risk of HF increased by 18%
(HR: 1.18, 95%CI: 1.12–1.24). Subgroup analysis indicated that the association between BRI and HF was more prominent in
younger people (HR: 2.94, 95%CI: 1.80–4.80) than older (HR: 1.89, 95%CI: 1.57–2.27) (P for interaction < 0.001). A significant
linear dose–response relationship between BRI and HF was also observed (P for non-linearity = 0.730).
Conclusions Our study suggests that higher BRI is associated with an increased risk of HF. If these findings can be replicated
in other populations, future studies need to examine whether lowering the BRI may lower the risk of incident HF.
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Introduction

Heart failure (HF) is a serious threat to human health in Asia
and all over the world. According to statistics, there were
about 26 million patients with HF in the world, and the num-

ber is expected to increase because of the ageing population
trend.1–4 There are data to suggest similar trends depicting
high prevalence of HF in many Asian countries.5–7 Over the
past few decades, much research has been devoted to iden-
tifying the modifiable risk factors for HF. However, there
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was significantly less research on HF in Asia than in the West,
even though Asian patients are younger and have more clin-
ical symptoms.8 Therefore, more epidemiological studies on
the modifiable risk factors of HF in some Asian districts are
needed, which may be helpful for the better medical man-
agement and policy-making of HF in Asia.

It is well known that obesity is a major modifiable risk fac-
tor for cardiovascular diseases (CVD) and strongly associated
with the occurrence of HF.9,10 Compared with the general
obesity represented by body mass index (BMI), abdominal
obesity has been proposed to be a much stronger risk factor
for CVD.11,12 Because BMI can neither reflect the visceral fat
nor distinguish between muscle and adipose tissue, BMI may
not be an optimal marker of measuring human adiposity.13,14

Asian people, in particular, have more visceral fat at similar
BMI levels and are more prone to abdominal obesity than
other ethnic groups.15 Therefore, defining obesity by the
standard measure of BMI tends to underestimate the risk of
CVD and HF in Asians.

Body roundness index (BRI) is an obesity-related anthropo-
metric index proposed by Thomas et al. in 2013, which com-
bines waist circumference (WC) and height to describe a
person’s body shape and better reflects the proportion of
body fat and visceral fat than the traditional indexes such

as BMI, WC, and hip circumference.16 Although studies have
shown that BRI was a risk factor for various diseases, such
as coronary artery disease, carotid atherosclerosis, and diabe-
tes mellitus,17–19 there is currently no longitudinal cohort
study to investigate the association between BRI and HF.
Therefore, this study aims to investigate whether BRI is a
significant risk factor for HF and to further explore the
dose–response relationship between BRI and HF using a large
population-sized Chinese community-based cohort. Revealing
the relationship between BRI and HF may help to develop
more comprehensive prevention strategies in preventing
the occurrence of HF.

Methods

Study design and population

We obtained the data from a prospective cohort study in
the Kailuan community of Tangshan City, China. The study
design has been covered in detail in other articles, and this
study has been approved by the Ethics Committee of the
Kailuan General Hospital, and the investigation conforms

Figure 1 Flowchart of inclusion of participants.
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with the principles outlined in the Declaration of
Helsinki.20–22 In brief, the Kailuan community is a fully
equipped community, with 11 hospitals responsible for com-
munity health care. The participants of this study were se-
lected from 159 018 people who agreed and completed
the first survey in any of the four phases: 2006/2007,
2008/2009, 2010/2011, and 2012/2013. These participants
received physical examination every 2 years in the hospital
where questionnaire assessment, clinical examination, and
laboratory examination were performed. Inclusion criteria
of the present study were set as follows: (i) no history of tu-
mour or HF, (ii) 20–80 years old, and (iii) complete BRI data
records. Finally, 140 362 people were included in the pres-
ent study. The flowchart of inclusion of participants was
shown in Figure 1.

Data collection and definitions

Demographic information (e.g. age, gender, and educational
attainment), lifestyle (e.g. smoking, alcohol consumption,
and physical activity), and disease history (e.g. HF and tu-
mour) were obtained through questionnaires. Smoking was
defined as averaging at least one cigarette a day for more
than a year. Drinking was defined as averaging at least
100 mL a day for more than a year. Smoking and drinking sta-
tus were both divided into three types: current, past, and
never. Current means participants were smoking/drinking
when the information was collected, past means participants
had quitted smoking/drinking when the information was col-
lected, and never means participants had never smoked/
drunk before the information was collected. Physical activity
was defined as exercising ≥30 min each time for more than
three times per week. The participants received physical ex-
aminations by trained field workers (i.e. nurses and doctors)
to obtain their anthropomorphic parameters, including
height, weight, WC, blood pressure (BP), and BMI. BP in-
cluded systolic blood pressure, diastolic blood pressure, and
mean arterial blood pressure. After fasting for 8–12 h, fasting
blood samples were collected to measure fasting blood glu-
cose (FBG), total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, and high-sensitivity C-reactive protein (hs-CRP)
levels. Diabetes was defined as if any of the following
conditions was true: (i) FBG ≥ 7.0 mmol/L; (ii) use of
hypoglycaemic drugs; (iii) self-reported diabetes history.
Hypertension was defined as if any of the following condi-
tions was true: (i) BP ≥ 140/90 mmHg; (ii) use of antihyper-
tensive drugs; (iii) self-reported hypertension history.
Hyperlipidaemia was defined as if any of the following condi-
tions was true: (i) TC ≥ 5.17 mmol/L, TG ≥ 1.69 mmol/L,
low-density lipoprotein cholesterol ≥ 3.62 mmol/L, or
high-density lipoprotein cholesterol ≤ 1.04 mmol/L; (ii) use

of lipid-lowering drugs; and (iii) self-reported hyperlipidaemia
history.23

Calculation of body roundness index

The calculation formula of BRI is as follows: BRI ¼

364:2 � 365:5�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 � WC∕ 2πð Þ

0:5 height

h i2r
,WC and height are both

in metres.16

Follow-up and assessment of heart failure

Subjects enrolled in physical examination of 2006, 2008,
2010, or 2012 were followed up until 31 December 2016 or
death or diagnosed with HF, whichever came first. The diag-
nosis of HF was based on the criteria established by the Euro-
pean Society of Cardiology.24 The specific type of HF in the
present study was chronic systolic HF and the diagnostic
criteria included clinical manifestations, laboratory tests,
and imageology. General cardiologists reviewed the medical
records of patients and proved the diagnosis of HF according
to the following criteria: (i) the clinical features of HF, such as
difficulty in breathing, weakness, and fluid retention (e.g. as-
cites, pleural effusion, pedal oedema, and increased jugular
venous pressure), diagnosed with the New York Heart Associ-
ation cardiac function class ≥ II or Killip cardiac function
class ≥ II; (ii) Doppler echocardiography showed the left ven-
tricular ejection fraction ≤ 50%; (iii) increased level of N-ter-
minal pro-B-type natriuretic peptide. The diagnosis of HF
was confirmed by the presence of (i) and any of (ii) and (iii).

Statistical analysis

The physical examination data were input into the computer
terminal of each hospital by trained nurses and uploaded to
Oracle 10.2 database in Kailuan General Hospital. Continu-
ous variables were expressed as the mean ± standard devia-
tion (SD) or the medians with interquartile ranges
depending on their distribution, and the difference between
groups was compared by one-way analysis of variance or
Kruskal–Wallis test. The categorical variables were expressed
as frequencies and percentages, and the χ2 test was applied
for difference comparison. Kaplan–Meier curve and log-rank
test were used to reflect the cumulative incidence of HF
across the quartiles of BRI. According to Schoenfeld resid-
uals and log–log inspection, there was no significant depar-
ture from proportionality in hazards over time. Cox
proportional hazards model was used to assess the relation-
ship between BRI (continuous variable or grouped according
to quartiles) and the risk of incident HF events, with adjust-
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ment for age, sex, educational attainment, salt intake, phys-
ical activity, smoking, drinking, diabetes, hypertension, hy-
perlipidaemia, hs-CRP, and BMI. To further examine
potential modification effects by age and sex, subgroup
analysis was performed by age (<50, ≥50 years) and sex

(women, men). And their interaction effect was estimated
by the Wald test. In addition, restricted cubic spline
analysis was applied to further evaluate the possible
non-linear dose–response relationship between BRI and
the risk of HF, with three knots placed at 10th, 50th, and

Table 1 Baseline characteristics of the participants according to the quartiles of body roundness index

Q1 (≤2.93) Q2 (2.93–3.59) Q3 (3.59–4.38) Q4 (≥4.38) P

N 34 822 35 246 35 111 35 183
Age (years) 43.6 ± 13.7 48.4 ± 12.5 50.7 ± 12.2 53.8 ± 12.2 <0.001
Sex, male 26 465 (76.0) 29 790 (84.5) 29 433 (83.8) 28 335 (80.5) <0.001
Education <0.001

<High school 2113 (6.1) 2707 (7.7) 3417 (9.7) 4493 (12.8)
High school 20 142 (57.8) 23 858 (67.7) 23 782 (67.7) 24 099 (68.5)
>High school 12 567 (36.1) 8681 (24.6) 7912 (22.5) 6591 (18.7)

Physical activity, often 4607 (13.2) 5040 (14.3) 5549 (15.8) 5858 (16.7) <0.001
Smoking <0.001

Never 20 880 (60.0) 20 305 (57.6) 20 099 (57.2) 21 045 (59.8)
Past 1251 (3.6) 1584 (4.5) 1944 (5.5) 2429 (6.9)
Current 12 691 (36.4) 13 357 (37.9) 13 068 (37.2) 11 709 (33.3)

Drinking <0.001
Never 20 936 (60.1) 20 146 (57.2) 19 838 (56.5) 21 351 (60.7)
Past 768 (2.2) 982 (2.8) 1237 (3.5) 1462 (4.2)
Current 13 118 (37.7) 14 118 (40.1) 14 036 (40.0) 12 370 (35.2)

Salt intake <0.001
<6 g/day 4038 (11.6) 3810 (10.8) 3870 (11.0) 3397 (9.7)
6–10 g/day 27 274 (78.3) 27 817 (78.9) 27 232 (77.6) 27 501 (78.2)
>10 g/day 3510 (10.1) 3619 (10.3) 4009 (11.4) 4285 (12.2)

BMI (kg/m2) 22.1 ± 2.6 24.2 ± 2.5 25.7 ± 2.6 27.8 ± 3.3 <0.001
WC (cm) 76 (72–80) 84 (81–86) 90 (87–92) 98 (94–102) <0.001
FBG (mmol/L) 5.0 (4.6–5.5) 5.1 (4.7–5.7) 5.2 (4.7–5.8) 5.3 (4.8–6.0) <0.001
SBP (mmHg) 120.0 (110.0–130.0) 125.0 (115.0–140.0) 130.0 (120.0–141.3) 132.0 (120.0–150.0) <0.001
DBP (mmHg) 80.0 (70.0–83.7) 80.0 (78.0–90.0) 81.3 (80.0–90.0) 84.7 (80.0–92.0) <0.001
MAP (mmHg) 93.3 (83.8–100.0) 96.2 (90.0–106.4) 97.9 (92.6–108.0) 101.3 (93.3–112.1) <0.001
TC (mmol/L) 4.7 (4.1–5.3) 4.9 (4.2–5.5) 5.0 (4.3–5.6) 5.0 (4.4–5.7) <0.001
TG (mmol/L) 1.0 (0.7–1.4) 1.2 (0.9–1.8) 1.4 (1.0–2.1) 1.6 (1.1–2.4) <0.001
HDL-C (mmol/L) 1.5 (1.3–1.7) 1.5 (1.2–1.7) 1.4 (1.2–1.7) 1.4 (1.2–1.7) <0.001
LDL-C (mmol/L) 2.4 (1.9–2.8) 2.4 (2.0–2.9) 2.4 (1.9–3.0) 2.4 (1.8–2.9) <0.001
hs-CRP 1.7 ± 4.9 2.1 ± 5.6 2.5 ± 6.1 3.2 ± 7.4 <0.001
Diabetes 1400 (4.0) 2548 (7.2) 3501 (10.0) 4999 (14.2) <0.001
Hypertension 8435 (24.2) 13 529 (38.4) 15 996 (45.6) 19 487 (55.4) <0.001
Hyperlipidaemia 7327 (21.0) 10 806 (30.7) 13 552 (38.6) 16 169 (46.0) <0.001

N, number; BMI, body mass index; WC, waist circumstance; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein.
Continuous variables are presented as mean ± standard deviation (normally distributed) or median with 25–75th percentile (not normally
distributed); categorical variables are expressed as percentage.

Table 2 Hazard ratios (95% confidence intervals) for incident heart failure associated with quartiles of body roundness index

BRI
No.
HF

Crude
incidence
(per 1000
person-
year)

Model 0 Model 1 Model 2

HR (95% CI) HR (95% CI) HR (95% CI)

Q1 (≤2.93) 224 0.77 Reference Reference Reference
Q2 (2.93–3.59) 338 1.12 1.15 (0.97–1.36) 1.06 (0.89–1.25) 1.03 (0.87–1.22)
Q3 (3.59–4.38) 532 1.72 1.54 (1.31–1.80) 1.32 (1.13–1.55) 1.27 (1.07–1.49)
Q4 (≥4.38) 896 2.84 2.07 (1.79–2.40) 1.62 (1.39–1.89) 1.50 (1.26–1.78)
P for trend <0.001 <0.001 <0.001

BRI, body roundness index; CI, confidence interval; HF, heart failure; HR, hazard ratio; SD, standard deviation.
Model 0: adjusted for age and sex. Model 1: adjusted for age, sex, educational attainment, salt intake, physical activity, smoking, alcohol
drinking, diabetes, hyperlipidaemia, hypertension, and hs-CRP. Model 2: adjusted for age, sex, educational attainment, salt intake,
physical activity, smoking, alcohol drinking, diabetes, hyperlipidaemia, hypertension, hs-CRP, and BMI.
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90th percentiles. The median BRI (3.59) was set as the
reference knot. To avoid possible reverse causality, the par-
ticipants with HF occurring in the first 2 years of follow-up
were excluded for sensitivity analysis. We performed all
statistical analyses using R Version 4.0.2 statistical software
(R Foundation for Statistical Computing, https://www.r-pro-
ject.org/). A two-side P < 0.05 was regarded as significantly
different.

Results

Baseline characteristics

A total of 140 362 people aged 20 to 80 years were included
in our study, including 114 023 male individuals and 26 339
female individuals. The general baseline characteristics
according to the quartiles of BRI are displayed in Table 1.
Individuals with higher BRI were more likely to be older,
have more exercise and higher levels of BP, FBG, TC, TG,
and hs-CRP, and have a higher percentage of being diag-
nosed with diabetes, hypertension, and hyperlipidaemia (all
P < 0.001).

Incidence of heart failure according to the
quartiles of body roundness index

After a median follow-up period of 9.84 years, we identi-
fied 1990 incident HF cases. As shown in Table 2, the

number of HF events in Q1, Q2, Q3, and Q4 groups was
224, 338, 532, and 896, respectively. And the corresponding
incidence rates of HF were 0.77, 1.12, 1.72, and 2.84 per
1000 person-years, respectively. Further Kaplan–Meier
curve showed that participants in the highest quartile of
BRI were more likely to have an increased incidence of
HF, compared with those in the lowest quartile of BRI
(P < 0.0001, Figure 2).

Relationship between body roundness index and
the risk of heart failure

Tables 2 and 3 present the results of multivariable Cox re-
gression analysis regarding the relationship between BRI
and the risk of HF. After adjusting for age, sex, educational
attainment, salt intake, physical activity, smoking, alcohol
drinking, diabetes, hyperlipidaemia, hypertension, hs-CRP,
and BMI, with each standard deviation (SD, 1.10) of BRI in-
creasing, the risk of incident HF elevated by 18% (HR: 1.18,
95%CI: 1.12–1.24). In categorical analysis, compared with
the Q1 group, the HRs of new-onset HF in Q2, Q3, and
Q4 groups were 1.03 (95%CI: 0.87–1.22), 1.27 (95%CI:
1.07–1.49), and 1.50 (95%CI: 1.26–1.78), respectively
(P value for trend < 0.001). In the results of subgroup
analysis (Figure 3), the adjusted HR (95% CI) of incident
HF in participants with lower age (<50 years) was 2.94
(95%CI: 1.80–4.80), while the adjusted HR (95% CI) in par-
ticipants with higher age (≥50 years) was 1.89 (95%CI:
1.57–2.27). The interaction effect between BRI and age
was significant (P for interaction < 0.001). We did not

Figure 2 Kaplan–Meier curve of incidence of heart failure according to the quartiles of body roundness index in 140 362 Chinese people followed for a
median of 9.84 years. Note: Log-rank test showed P < 0.0001.
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observe a statistically significant interaction effect between
BRI and sex (P for interaction = 0.667).

The dose–response relationship between body
roundness index and heart failure

Figure 4 shows the dose–response relationship between BRI
and HF risk. The results showed a consistent, positive dose–-

response association between BRI and the risk of HF. Overall,
there was not any departure from linearity in the study par-
ticipants (P for non-linearity = 0.730).

Sensitivity analysis

To avoid the effect of possible reverse causality, we further
excluded participants who had HF in the first two follow-up

Table 3 Hazard ratios (95% confidence intervals) for incident heart failure of sensitivity analysis

BRI
Model 0 Model 1 Model 2

HR (95%CI) HR (95%CI) HR (95%CI)

Q1 Reference Reference Reference
Q2 1.17 (0.97–1.42) 1.08 (0.89–1.30) 1.05 (0.87–1.28)
Q3 1.55 (1.30–1.85) 1.35 (1.13–1.62) 1.30 (1.08–1.57)
Q4 2.15 (1.82–2.54) 1.73 (1.46–2.05) 1.62 (1.33–1.97)
P for trend <0.001 <0.001 <0.001

BRI, body roundness index; CI, confidence interval; HR, hazard ratio.
Model 0: adjusted for age and sex. Model 1: adjusted for age, sex, educational attainment, salt intake, physical activity, smoking, alcohol
drinking, diabetes, hyperlipidaemia, hypertension, and hs-CRP. Model 2: adjusted for age, sex, educational attainment, salt intake, phys-
ical activity, smoking, alcohol drinking, diabetes, hyperlipidaemia, hypertension, hs-CRP, and BMI.

Figure 3 Hazard ratios (95% confidence intervals) for incident heart failure associated with quartiles of body roundness index in the subgroups of age
and sex, respectively. Note: The P values for interactions were <0.001 and 0.667 for age and sex, respectively. HR, hazard ratio; CI, confidence interval;
BRI, body roundness index; HF, heart failure. Model 0: adjusted for age and sex. Model 1: adjusted for age, sex, educational attainment, salt intake,
physical activity, smoking, alcohol drinking, diabetes, hyperlipidaemia, hypertension, and hs-CRP. Model 2: adjusted for age, sex, educational attain-
ment, salt intake, physical activity, smoking, alcohol drinking, diabetes, hyperlipidaemia, hypertension, hs-CRP, and BMI.
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years in the sensitivity analysis. Similarly, the risk of HF was
observed to increase with BRI level (Table 3).

Discussion

As far as we know, this is the first prospective cohort study to
investigate the relationship between BRI and the risk of HF.
During a median follow-up period of 9.84 years, we observed
that the elevated BRI was significantly associated with an in-
creased risk of incident HF. Interestingly, this association was
more pronounced in younger adults (<50 years). In addition,
the dose–response curve indicated a linear positive correla-
tion between BRI and HF.

Abdominal obesity is considered to be a strong risk factor
for HF.25 Compared with the assessment of visceral fat by im-
aging, WC measurement is often used as a simple and easy
way to evaluate abdominal obesity. But the main drawback
of WC is that it does not consider the influence of height,
which may lead to underestimation or overestimation of ab-
dominal obesity in short or tall people.26,27 Therefore, re-
searchers have proposed a new body measurement index,
namely BRI. This index was calculated by WC relative to
height and had better performance than WC in predicting
the percentage of body fat and visceral adipose tissue.16

Our study found that high BRI was still associated with an
increased risk of HF after adjusting for BMI. This result sup-
ports the existing conclusion that abdominal obesity is an im-
portant risk factor for HF and may be independent of general
obesity. A Swedish cohort study (N = 80 360) showed that re-
gardless of the value of BMI, WC could predict the risk of

HF.28 A similar finding was reported in a cohort
(N = 59 178) where the risk for HF was linked to WC and
waist-hip ratio.29 Another study (N = 3075) aiming at older
people aged 70 to 79 indicated that the abdominal obesity
represented by WC was a stronger risk factor for chronic HF
than BMI or fat mass.30 However, several limitations (e.g. rel-
atively small sample size, self-reported measurement
method, and relatively short follow-up period) might be in-
cluded in the above-mentioned studies. Additionally, given
the better performance of BRI than WC in predicting the per-
centage of body fat and visceral adipose tissue, and no prior
study has delineated the role of BRI in the onset of HF, this
study may provide significant new evidence on the effect of
BRI on HF. In the present study, after adjusting for all poten-
tial covariates, we found that a one-SD increment in BRI was
associated with an 18% increased risk of HF, implying that ex-
cess abdominal adipose tissue is likely to be responsible for
the onset of HF. Therefore, weight control, especially for
the abdominal adipose tissue, might be helpful for the pre-
vention of HF. According to the Heart Failure practice guide-
line formulated by the Heart Failure Society of America that
advising BMI < 30 as one of the prevention strategies for
HF,31 our results may help to supplement this
recommendation. Due to the limited research and the
nature of observational study, it needs more studies
including randomized controlled trials to confirm the
present findings.

Subgroup analysis showed that the association between
BRI and the risk of HF was more prominent in younger adults
than older adults, which might emphasize the importance of
controlling BRI at a young age. A prospective cohort study
showed that obesity in middle-age increases their risk of de-

Figure 4 The dose–response relationship between BRI and heart failure. Point estimates (solid line) and 95% confidence intervals (dashed lines) were
estimated by restricted cubic splines analysis with knots placed at the 10th, 50th, and 90th percentile (median as the reference). Models were adjusted
for age, sex, educational attainment, salt intake, physical activity, smoking, alcohol drinking, diabetes, hyperlipidaemia, hypertension, hs-CRP, and BMI.
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veloping HF later in life while obesity later in life showed in-
significant results, which was in accordance with the present
findings.32 The role that age plays in the relationship between
BRI and HF is not well understood. Some studies have shown
that the duration of obesity can be positively correlated with
the risk of most adverse outcomes including CVD.33–35 In ad-
dition, a recent study found that obesity in early life was as-
sociated with significant changes in myocardial geometry and
function, indicating early onset of potentially unfavourable al-
terations in the myocardium.36 Therefore, we speculate that
the age of onset of abdominal obesity may play a critical role
in the development of HF, but more observational and exper-
imental studies are needed to confirm the effect of age on
the relationship between BRI and HF and to figure out the
specific mechanisms.

lthough the underlying mechanism on the association of
BRI with the risk of HF has not been clarified yet, there are
several hypotheses as follows: First, obesity is associated with
many CVD, such as hypertension, dyslipidaemia, and diabetes
mellitus, and all of these are risk factors for developing myo-
cardial infarction, some of which might lead to HF in
turn.37–42 Second, obesity may lead to elevated production
of proinflammatory cytokines, increased oxidative stress, ex-
cess haemodynamic load, and activation of neurohormones,
all of which might lead to left ventricular remodelling.43–46

Third, obesity may directly damage the heart muscle, causing
structural and functional damage of the heart.47

Our study is the first study to explore the relationship be-
tween BRI and HF and is based on a large prospective cohort
study involving 140 362 individuals followed up for nearly
10 years. However, there are also some limitations in this
study. First, we do not have detailed records of the causes of
HF, so we cannot determine which cardiovascular disease
progressing to HF is themost affected by elevated BRI. Second,

we did not statistically compare the predictive power of BRI,
BMI, and WC for new-onset HF, so we cannot make statistical
judgements on the merits of these three indexes. Third, our
study focused on chronic systolic HF, the results may be not
applicable for other conditions of HF. Fourth, there may be
other HF risk factors that we have not adjusted, such as the his-
tory of amphetamine drug use. Fifth, because the community
belongs to the Kailuan Coal Mining Company, there weremore
men than women in the cohort. However, the ratio of male in-
dividuals to female individuals in the included population was
similar to that in the original cohort, and we have also per-
formed a gender subgroup analysis to minimize the impact
of gender imbalance on the results. Finally, the participants in-
cluded in our study were from a community-based cohort and
almost all of them were Chinese Han population, which may
limit the extrapolation of the findings.

In conclusion, this study demonstrated that elevated BRI
was associated with an increased risk of incident HF, and
the association was more evident in young people. More re-
lated studies on this issue are needed to confirm our findings
in the future.
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