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ABSTRACT　
 
BACKGROUND　 Epidemiologic studies have explored the association between a single cardiovascular risk factor (CVRF) and
resting heart rate (RHR), but the research on the relation of multiple risk factors with RHR remains scarce. This study aimed to
explore the associations between CVRFs clustering and the risk of elevated RHR.
 
METHODS　 In this cross-sectional study, adults aged 35–75 years from 31 provinces were recruited by the China PEACE Mil-
lion Persons Projects from September 2015 to August 2020. We focused on seven risk factors: hypertension, diabetes mellitus, dys-
lipidemia, obesity, smoking, alcohol use, and low physical activity. Multivariate logistic regression was used to calculate odds ra-
tios (OR) for elevated RHR (> 80 beats/min).
 
RESULTS　 Among 1,045,405 participants, the mean age was 55.67 ± 9.86 years, and 60.4% of participants were women. The OR
(95% CI) for elevated RHR for the groups with 1, 2, 3, 4 and ≥ 5 risk factor were 1.11 (1.08–1.13), 1.36 (1.33–1.39), 1.68 (1.64–1.72),
2.01 (1.96–2.07) and 2.58 (2.50–2.67), respectively (Ptrend < 0.001). The association between the CVRFs clustering number and elev-
ated RHR was much more pronounced in young males than in other age-sex subgroups. Clusters comprising more metabolic risk
factors were associated with a higher risk of elevated RHR than those comprising more behavioral risk factors.
 
CONCLUSIONS　  There was a significant positive association between the CVRFs clustering number and the risk of elevated
RHR, particularly in young males. Compared clusters comprising more behavioral risk factors, clusters comprising more meta-
bolic risk factors were associated with a higher risk of elevated RHR. RHR may serve as an indicator of the cumulative effect of
multiple risk factors.

  

O ver the past several years, the rapid deve-
lopment of smart wrist-worn devices has
resulted in a convenient approach to mo-

nitoring resting heart rate (RHR) in daily life. RHR
is becoming a promising indicator of cardiovascular
health. Observational studies have shown that elev-
ated RHR is associated with increased all-cause and
cardiovascular mortality in populations with or without
cardiovascular disease (CVD).[1,2] Elevated RHR has
also been found to be associated with cardiovascu-

lar risk factors (CVRFs), such as hypertension, di-
abetes mellitus, dyslipidemia, low physical activity
and smoking, indicating its potential to reflect total
cardiac risk.[3–7] There is abundant epidemiologic ev-
idence supporting the association between a single
CVRF and RHR, but studies exploring associations
between multiple CVRFs and RHR are limited.

CVRFs tend to cluster within individuals, and sev-
eral weak risk factors combined may result in a much
higher risk than that due to a single strong risk factor.
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According to a cross-sectional survey in China, more
than 45% of Chinese adults have two or more coex-
isting CVRFs.[8] Thus, it is important to consider the
situation of multiple CVRFs clustering. However,
very few studies have analyzed the association bet-
ween CVRFs clustering and RHR, and several as-
pects remain unknown. Firstly, prior studies mainly
focused on the relation between metabolic risk fac-
tors and RHR.[9–11] Behavioral risk factors such as smo-
king, physical activity and alcohol use have rarely been
considered, even though these risk factors also have
a significant effect on heart rate.[3,5,7] Secondly, most
studies merely dealt with the relation of CVRFs clus-
tering number with RHR, while regarding each num-
ber of risk factors, different combinations of risk fa-
ctors have not yet been considered before.[9,12] It is
important to consider different CVRF clustering pat-
terns since some risk factors combined may lead to
a higher risk of elevated RHR than others, even if the
number of CVRFs is the same. Thirdly, prior stud-
ies did not assess associations stratified by sex and
age. It has been well documented that RHR levels di-
ffer by sex and age. The RHR in women was on ave-
rage 2–7 beats/min higher than that in men, and there
was a decrease in the RHR with age.[13,14] As such,
whether the associations of CVRFs clustering with
RHR varied between sex and age remains unclear.
Taking advantage of the large sample size in our st-
udy, we are able to include a wider range of CVRFs
(metabolic and behavioral risk factors), comprehen-
sively evaluate the association between these CV-
RFs clustering and RHR, and further explore sex and
age differences. This finding may inform us whether
RHR can be used as a simple and efficient metric for
the identification of high-risk individuals who requ-
ire more intensive risk factor evaluation and earlier car-
diovascular health monitoring in resource-constra-
ined countries with substantial CVD burdens, such as
China.

To bridge this knowledge gap, we used data from
the China PEACE Million Persons Projects, a nation-
wide screening project, to explore (1) the association
between the number of CVRFs clustering and elev-
ated RHR in the overall population and populations
stratified by age and sex; and (2) the associations bet-
ween different CVRFs clusters and the risk of elev-
ated RHR in the overall population and populations
stratified by sex. 

METHODS
 

Study Design and Participants

The China PEACE Million Persons Projects is a gov-
ernment-funded public health screening program
designed to focus on CVD risk throughout China.[15]

In brief, from September 2015 to August 2020, a total
of 294 sites in 31 provinces in mainland China were
selected to provide diversity in geographic distribu-
tion, socioeconomic status, and exposure to risk fac-
tors and diseases. Participants aged 35–75 years who
had lived in the region for at least six months of the
preceding twelve months were invited by local staff
from primary health care institutions or via extens-
ive media campaigns. Among the 3.7 million people
screened in the China PEACE Million Persons Pro-
jects, participants with serial project identification
numbers ending with 1, 3, 5, or 7 were selected to pro-
vide detailed information about CVRFs, and these
participants were included in our study (Figure 1).
We excluded those receiving heart rate-lowering dr-
ugs (including beta-blockers, calcium channel blockers
and ivabradine), those with a history of CVD or other
major chronic diseases (including cancer and chronic
obstructive pulmonary disease), and those with miss-
ing data regarding age, sex, heart rate, blood pressure
(BP), body mass index (BMI), lipid profile, smoking
status, alcohol use, physical activity, education status,
and annual household income. The Central Ethics Co-
mmittee of Fuwai Hospital, Chinese Academy of Me-
dical Sciences and Peking Union Medical College,
Beijing, China approved this project. All enrolled par-
ticipants provided written informed consent. 

Data Collection and Variables

BP, RHR, height, weight, and serum lipid were mea-
sured with standardized devices and procedures for
each participant. BP was measured twice on the right
upper arm after 5 min of rest in a seated position with
a standardized electronic BP monitor (Omron HEM-
7430). If the difference between two systolic BP read-
ings was greater than 10 mmHg, a third measurement
was obtained, and the average of the last two readings
was used. Heart rate readings were also collected using
the electronic BP monitor, and the mean value of the
two readings was calculated as RHR. BMI was defined
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as weight in kilograms divided by height in square
meters. In addition, trained personnel conducted stan-
dardized in-person interviews to collect information
about sociodemographic status (ethnicity, education
level, occupation, annual household income, and me-
dical insurance status), lifestyle (smoking, alcohol
use, and physical activity), medical history, and med-
ication use.

We focused on seven CVRFs in our study: hyp-
ertension, diabetes mellitus, obesity, dyslipidemia,
smoking, alcohol use, and low physical activity. Hyp-
ertension was defined as a systolic BP of 140 mmHg
or higher, a diastolic BP of 90 mmHg or higher, an-
tihypertensive medication use, or a self-reported hi-
story of hypertension according to Chinese guide-
lines.[16] Diabetes mellitus was defined as a self-re-
ported history of diabetes mellitus or current treat-
ment with antidiabetic medication. Obesity was de-
fined as a BMI ≥ 28.0 kg/m2 based on the working
group’s recommendation on obesity in China.[17] Dy-
slipidemia was defined as a self-reported history of
lipid disorder, current treatment with cholesterol-
lowering medication or the presence of one or more
of the following: total cholesterol ≥ 5.2 mmol/L, tri-
glyceride ≥ 1.7 mmol/L, high-density lipoprotein
cholesterol < 1.0 mmol/L, or low-density lipopro-
tein cholesterol ≥ 3.4 mmol/L.[18] Participants who re-
ported their frequency of smoking as ranging from
“occasionally” to “daily” in the questionnaire were
classified as smoking. Participants who consumed
alcohol more than four times per week and more than
“one unit or two units” during a typical day were de-

fined as alcohol use. We added up the hours of var-
ied sports per day spent on leisure time for calculat-
ing physical activity level. Low physical activity was
defined as less than 150 min of moderate activity or
less than 75 min of vigorous activity per week.[19] Met-
abolic risk factors included hypertension, diabetes
mellitus, dyslipidemia and obesity. Behavioral risk
factors included smoking, alcohol use and low phys-
ical activity. According to prior studies and expert
consensus, the study outcome was elevated RHR,
defined as RHR > 80 beats/min.[20–24]
 

Statistical Analysis

Characteristics of the study participants were de-
scribed by the CVRFs clustering number. Continu-
ous variables were presented as mean ± SD, and cat-
egorical variables were presented as counts (per-
centages). Differences between groups were tested
using Kruskal–Wallis tests for continuous data and
Mantel–Haenszel chi-squared tests for categorical
data.

The odds ratios (OR) for elevated RHR association
with CVRFs clustering numbers were calculated us-
ing multivariate logistic regression analysis in total
population and different sex (male, female) and age
(35–44 years, 45–54 years, 55–64 years, 65–75 years)
subgroups. We adjusted for age (except in age-stratif-
ied model), gender (except in gender-stratified mo-
del), education status, and annual household income
in all models.[25] We used the Cochran-Armitage trend
test to assess the trend of elevated RHR across CVRFs
clustering number groups.

 

Figure 1    Participant flow diagram.
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To investigate the associations between different
CVRF clusters and elevated RHR, we created 128
CVRF clusters, covering all possible combinations
of the seven CVRFs included in our study; we excl-
uded 49 clusters with less than 500 participants. Fi-
nally, we retained 79 clusters, each comprising at
least 500 participants. The ORs for elevated RHR
associated with different CVRFs clusters were calcu-
lated using multivariate logistic regression analy-
sis. We further explored the association by sex. How-
ever, we did not further explore the associations by
age due to limited numbers of participants, because
this would lead to a large number of subgroups with
very few people to analyze, even in a study as large as
ours. In all the statistical models, we adjusted for age,
gender (except in the gender-stratified model), edu-
cation status, and annual household income.

All P-values were two-sided, and P-value < 0.05
was considered statistically significant. All analyses

were carried out using SAS 9.4 (SAS Institute, Cary,
NC, USA). 

RESULTS
 

Characteristics of the Study Population

Of 1,168,136 enrolled participants, 18,745 partici-
pants were excluded due to heart rate-lowering drug
use, 67,447 participants were excluded due to previ-
ous CVD or major chronic disease, and 36,539 parti-
cipants were excluded due to missing data (Figure 1).
Among the remaining 1,045,405 participants, 631,459
participants (60.4%) were women, and the mean age
was 55.67 ± 9.86 years. Characteristics of these parti-
cipants were shown by the number of risk factors
(Table 1).

Overall, 4.4% of the participants did not have any
of the seven CVRFs. By comparison, 23.8%, 33.1%,
24.9%, 10.8%, and 3.1% of the participants had 1, 2,

 

Table 1    Baseline characteristics of participants.

Characteristics Overall
(n = 1,045,405)

Number of risk factors
Ptrend-value0

(n = 45,504)
1

(n = 248,821)
2

(n = 345,576)
3

(n = 259,915)
4

(n = 113,358)
≥ 5

(n = 32,231)
Heart rate, beats/min   75.19 ± 10.25   73.81 ± 9.37     74.30 ± 9.56     74.91 ± 10.14   75.79 ± 10.65   76.54 ± 10.89   77.67 ± 11.09 < 0.001

Female 631,459 (60.4%) 35,956 (79.0%) 183,477 (73.7%) 220,837 (63.9%) 140,012 (53.9%) 45,239 (39.9%) 5938 (18.4%) < 0.001

Age, yrs   55.67 ± 9.86     52.28 ± 9.84     53.09 ± 10.11   55.87 ± 9.80     57.55 ± 9.38     57.55 ± 9.17     56.58 ± 9.10   < 0.001

Body mass index, kg/m2   24.73 ± 3.39     23.10 ± 2.39     23.34 ± 2.58     24.20 ± 2.96     25.51 ± 3.45     27.23 ± 3.76     28.37 ± 3.56   < 0.001

Systolic blood pressure, mmHg 135.88 ± 20.20 120.03 ± 11.06 124.53 ± 14.84 134.51 ± 19.40 144.10 ± 19.70 148.47 ± 18.60 150.23 ± 17.65 < 0.001

Diastolic blood pressure, mmHg   81.06 ± 11.21   73.70 ± 7.84     75.79 ± 9.00     80.18 ± 10.61   84.64 ± 11.02   87.59 ± 11.03   89.91 ± 11.07 < 0.001

Total cholesterol, mmol/L     4.59 ± 1.10       4.13 ± 0.63       4.28 ± 0.87       4.61 ± 1.13       4.80 ± 1.18       4.83 ± 1.20       4.82 ± 1.20   < 0.001

Triglycerides, mmol/L     1.62 ± 0.97       1.05 ± 0.30       1.21 ± 0.60       1.57 ± 0.90       1.86 ± 1.06       2.11 ± 1.16       2.38 ± 1.27   < 0.001

Low-density lipoprotein cholesterol, mmol/L     2.46 ± 1.02       2.16 ± 0.62       2.26 ± 0.90       2.50 ± 1.08       2.61 ± 1.04       2.60 ± 1.07       2.55 ± 1.04   < 0.001

High-density lipoprotein cholesterol, mmol/L     1.44 ± 0.42       1.54 ± 0.35       1.52 ± 0.38       1.46 ± 0.42       1.39 ± 0.44       1.33 ± 0.43       1.27 ± 0.43   < 0.001

Education status

　Primary school or lower 458,739 (43.9%) 10,900 (24.0%) 96,104 (38.6%) 156,335 (45.2%) 128,178 (49.3%) 54,015 (47.7%) 13,207 (41.0%)

< 0.001

　Middle school 344,796 (33.0%) 15,674 (34.4%) 84,491 (34.0%) 112,536 (32.6%)   82,465 (31.7%) 37,479 (33.1%) 12,151 (37.7%)

　High school 153,312 (14.7%) 10,462 (17.9%) 41,058 (16.5%)   49,129 (14.2%)   32,873 (12.7%) 15,001 (13.2%)   4789 (14.9%)

　College or above 79,202 (7.6%)   8139 (17.9%) 24,816 (10.0%) 24,352 (7.1%) 14,083 (5.4%) 5963 (5.3%)  1849 (5.7%)

　Unknown   9356 (0.9%)   329 (0.7%)  2352 (1.0%)   3224 (0.9%)   2316 (0.9%)   900 (0.8%)   235 (0.7%)

Annual household income, RMB

　< 10,000 181,042 (17.3%) 4416 (9.7%) 37,481 (15.1%)   61,067 (17.7%)   50,539 (19.4%) 21,911 (19.3%)   5628 (17.5%)

　< 0.001
　10,000–50,000 581,252 (55.6%) 24,194 (53.2%) 138,332 (55.6%)  192,438 (55.7%) 144,782 (55.7%) 63,498 (56.0%) 18,008 (55.9%)

　> 50,000 191,047 (18.3%) 13,167 (28.9%) 50,850 (20.4%)  60,869 (17.6%)   41,670 (16.0%) 18,394 (16.2%)   6097 (18.9%)

　Unknown/Refused to answer 92,064 (8.8%) 3727 (8.2%) 22,158 (8.9%)  31,202 (9.0%)   22,924 (8.8%)   9555 (8.4%)  2498 (7.8%)

Data are presented as means ± SD or n (%).
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3, 4, and ≥ 5 risk factors, respectively. At the same
time, we also summarize the distribution of CVRFs
clustering number by sex and age (supplemental mat-
erial, Figure 1S). 

Association Between CVRFs Clustering Number
and Elevated RHR

The risk of elevated RHR increased with the num-
ber of CVRFs clustering (Figure 2). In the multivari-
ate-adjusted analysis, the OR for the 1, 2, 3, 4, and ≥
5 risk factors relative to the group with no risk factors
ranged from 1.10 (95% CI: 1.08–1.13) to 2.58 (95% CI:
2.50–2.67), independent of age, sex, education status
and annual household income (Ptrend < 0.001).

The relation between CVRFs clustering number
and elevated RHR differed by sex and age (Table 2).
The risk of elevated RHR was more strongly influ-
enced by the CVRFs clustering number in the younger
age group than in the elderly age group (Pinteraction <
0.001), especially when ≥ 5 risk factors were com-
bined; the OR was 3.59 (95% CI: 3.31–3.90) in the gr-
oup aged 35–44 years and 1.85 (1.71–2.01) in the gr-
oup aged ≥ 65 years. The effect of CVRFs clustering
number on the risk of elevated RHR was more pron-
ounced in males than in females (Pinteraction < 0.001).
The associations were similar in the sex-age subgr-
oups (Table 3), and the risk of elevated RHR was the
most strongly influenced by the CVRFs clustering
number in the young male group. 

Association Between Different CVRFs Clusters
and Elevated RHR

Among the 79 clusters of CVRFs, the OR for an ele-
vated RHR relative to the no risk factor group varied
across different clusters, even though the number of
CVRFs was the same (Figure 3). Metabolic risk fac-
tors contributed most to the risk of elevated RHR.
In the group with only one CVRF, “Diabetes melli-
tus” was associated with the highest risk of elevated
RHR (OR = 1.82, 95% CI: 1.65–2.00), followed by “Hy-
pertension” (OR = 1.52, 95% CI: 1.47–1.57) and “Dys-
lipidemia” (OR = 1.11, 95% CI: 1.07–1.14), while “Ob-
esity” and “Alcohol use” were not significantly as-
sociated with elevated RHR. When multiple risk fa-
ctors were combined, clusters comprising more met-
abolic risk factors were associated with a higher risk
of an elevated RHR than clusters comprising more
behavioral risk factors. For example, the ORs for an
elevated RHR were 2.42 (95% CI: 2.29–2.53) in the cl-
uster with three metabolic risk factors (Hyperten-
sion-Diabetes mellitus-Dyslipidemia), 1.86 (95% CI:
1.81–1.91) in the cluster with two metabolic risk fac-
tors plus one behavioral risk factor (Hypertension-
Dyslipidemia-Low physical activity), and 1.13 (95%
CI: 1.06–1.20) in the cluster with three behavioral risk
factors (Smoking-Low physical activity-Alcohol use).
This associations between clusters with elevated
RHR were similar in men and women (supplemental
material, Figures 2S & 3S). 

 

Figure 2    Association between the number of risk factors and elevated resting heart rate. The model was adjusted for age, sex, in-
come, and education. OR: odds ratios.
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DISCUSSION

This study demonstrated that the risk of elevated
RHR increased remarkably with an increasing num-
ber of CVRFs, and the association was much more pr-
onounced in young men. Clusters comprising more
metabolic risk factors had a stronger association with
elevated RHR than clusters comprising more beha-
vioral risk factors. These findings highlight the valu-
able use of RHR, a simple clinical measure, which may
help the early detection of cardiovascular risk to ide-
ntify high-risk individuals among relatively healthy
population.

To our knowledge, this is the first comprehensive
assessment of the associations between CVRFs clus-
tering and elevated RHR across a wide variety of sub-
groups. Prior studies have reported a positive asso-
ciation between the metabolic risk factor number

and the risk of elevated RHR.[9,11] In addition to con-
firming this finding, our study extends the existing
literature with a wider range of CVRFs, including
behavioral risk factors, which have rarely been con-
sidered previously. The novel finding in our study is
that clusters comprising more metabolic risk factors
were associated with a higher risk of elevated RHR
than those comprising more behavioral risk factors.
This is consistent with previous studies, supporting
the close connection between metabolic risk factors
and elevated heart rate. Elevated heart rate is a com-
mon feature among individuals with metabolic risk
factors, such as hypertension, diabetes mellitus and
metabolic syndrome.[23,26] Moreover, a higher heart
rate is predictive of new-onset hypertension, diabe-
tes mellitus, obesity or metabolic syndrome.[24,27,28]

Besides, prior studies demonstrated that the rela-

 

Table 2    Association between the number of risk factors and elevated resting heart rate by sex and age.

Number
Number of risk factors

Ptrend-value
0 1 2 3 4 ≥ 5

Sex

　Male 413,946 (39.6%) Reference 1.12 (1.06–1.19) 1.36 (1.29–1.44) 1.71 (1.62–1.80) 2.12 (2.01–2.24) 2.72 (2.56–2.88) < 0.001

　Female 631,459 (60.4%) Reference 1.09 (1.06–1.12) 1.35 (1.31–1.39) 1.67 (1.62–1.71) 1.90 (1.84–1.96) 2.25 (2.12–2.38) < 0.001

Age, yrs

　35–44 156,534 (15.0%) Reference 1.05 (1.00–1.10) 1.32 (1.26–1.38) 1.87 (1.78–1.97) 2.53 (2.38–2.69) 3.59 (3.31–3.90) < 0.001

　45–54 331,253 (31.7%) Reference 1.11 (1.06–1.15) 1.37 (1.32–1.43) 1.79 (1.72–1.86) 2.29 (2.19–2.40) 3.17 (2.99–3.35) < 0.001

　55–64 327,264 (31.3%) Reference 1.19 (1.13–1.25) 1.45 (1.38–1.52) 1.74 (1.65–1.83) 2.04 (1.94–2.15) 2.52 (2.37–2.68) < 0.001

　≥ 65 230,354 (22.0%) Reference 1.12 (1.05–1.19) 1.33 (1.25–1.41) 1.53 (1.43–1.63) 1.67 (1.56–1.78) 1.85 (1.71–2.01) < 0.001

Values are OR (95% CI). All estimates are adjusted for age (exclude in age-stratified model), sex (exclude in sex-stratified model),
income, and education. OR: odds ratios.

 

Table 3    Association between the number of risk factors and elevated resting heart rate in gender-age subgroups.

Age, yrs Number
Number of risk factors

Ptrend-value
0 1 2 3 4 ≥ 5

Male

　35–44 60,300 (14.6%) Reference 1.1 (0.96–1.25) 1.43 (1.26–1.63) 2.08 (1.83–2.37) 2.84 (2.49–3.24) 4.06 (3.52–4.68) < 0.001

　45–54 122,144 (29.5%) Reference 1.08 (0.97–1.20) 1.38 (1.24–1.54) 1.84 (1.66–2.05) 2.48 (2.23–2.76) 3.33 (2.98–3.72) < 0.001

　55–64 129,551 (31.3%) Reference 1.18 (1.07–1.13) 1.37 (1.24–1.52) 1.66 (1.50–1.83) 1.99 (1.80–2.20) 2.47 (2.23–2.75) < 0.001

　65–75 101,951 (24.6%) Reference 1.14 (1.03–1.27) 1.29 (1.16–1.42) 1.43 (1.30–1.59) 1.60 (1.45–1.78) 1.78 (1.59–2.00) < 0.001

Female

　35–44 96,234 (15.2%) Reference 1.03 (0.98–1.08) 1.28 (1.22–1.35) 1.77 (1.66–1.88) 2.25 (2.05–2.47) 2.80 (2.55–3.11) < 0.001

　45–54 209,109 (33.1%) Reference 1.09 (1.05–1.14) 1.35 (1.29–1.41) 1.74 (1.66–1.82) 2.06 (1.95–2.17) 2.74 (2.44–3.08) < 0.001

　55–64 197,713 (31.3%) Reference 1.17 (1.10–1.24) 1.45 (1.37–1.54) 1.74 (1.64–1.84) 2.01 (1.89–2.14) 2.36 (2.14–2.61) < 0.001

　65–75 128,403 (20.4%) Reference 1.09 (1.01–1.19) 1.34 (1.24–1.46) 1.57 (1.45–1.71) 1.71 (1.57–1.86) 1.91 (1.70–2.15) < 0.001

Values are OR (95% CI). All estimates are adjusted for income, and education. OR: odds ratios.
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tions of behavioral risk factors with RHR were gen-

erally weaker than those of hypertension and dia-

betes mellitus with RHR, which is in line with our

findings.[4,6,9] Our observation further extends this

 

Figure 3    Association between the clusters of risk factors and elevated resting heart rate. The models were adjusted for age, sex, in-
come and education. ALC: alcohol use; DM: diabetes mellitus; DYS: dyslipidemia; HTN: hypertension; LPA: low physical activity; OB:
obesity; OR: odds ratios; SMK: smoking.
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finding in the context of CVRF clustering, the asso-
ciation between several behavioral risk factors com-
bined and the risk of elevated RHR was much weaker
than that between several metabolic risk factors co-
mbined and elevated RHR. Thus, more emphasis sh-
ould be placed on modifying metabolic risk factors,
which can markedly reduce the risk of an elevated
RHR and may further reduce the risk of cardiovas-
cular outcomes. However, behavioral risk factors
may induce long-term sympathetic overactivity, in-
creasing the heart rate over time. Therefore, promo-
ting a healthy lifestyle should not be neglected in the
general population.

The relationship between obesity and elevated
RHR was quite weak in our study. This observation was
consistent with the findings of prior studies sugge-
sting no or a minor influence of BMI on the RHR.[11,24]

A possible mechanism is that sympathetic outflow
to the heart is reduced in obese people with normot-
ension, which explains why heart rates can remain
normal in obese patients.[29] In contrast, cardiac sym-
pathetic outflow is increased in obesity-related hy-
pertension, resulting in a higher RHR. In our study,
the differential risk of an elevated RHR between the
two clusters partially supported this theory; the “Hy-
pertension-Obesity” cluster was associated with a sig-
nificantly higher risk of an elevated RHR than the “Ob-
esity” cluster. Sympathetic activity becomes compli-
cated when obesity is accompanied by other CVRFs,
and the mechanism is not well understood. Further
exploration of sympathetic tone in population of ob-
esity and other concomitant CVRFs is needed.

In the age- and sex-stratified analyses, we found
that the association of CVRFs clustering number with
elevated RHR was more prominent in men aged 35–
45 years than in the other sex-age subgroups. Prior
studies in adolescents also showed such sex differ-
ences, but studies in adults are scarce.[12] The poss-
ible mechanism for the sex and age differences is
that the increased RHR in men primarily reflects a
heightened sympathetic tone related to the exist-
ence of risk factors. However, modest elevation of
RHR would merely the normal situation in women,
which is not represent sympathetic overactivity.[30]

Moreover, fibrosis of the sinus node with increasing
age decreases responsiveness to sympathetic overac-
tivity, resulting in a decrease in the RHR with age.[31]

This explains the remarkable increase in the trend

of the association between elevated RHR and an in-
creased CVRFs number in younger adults (aged 35–
44 years) and the gradual increase in the trend in the
elderly subgroup (≥ 65 years). Therefore, it might be
reasonable to use RHR to assess the risk of multiple
CVRFs in the younger male population, particularly
in those aged 35–44 years.

Our findings have important clinical implications.
Over the past several years, the rapid development
of smart wrist-worn devices in the field of medical
health has offered a convenient approach to monit-
oring heart rate in daily life.[32] Heart rate is becom-
ing a promising parameter to provide more clinical
information for cardiac health with the development
of wearable technology. Our study demonstrated that
an elevated RHR was related to the number and pat-
tern of risk factors clustering. RHR would be a feas-
ible clinical parameter for the identification of high-
risk individuals who require more intensive risk fac-
tor evaluation and earlier intervention regarding their
cardiovascular health. 

LIMITATIONS

Our study should be interpreted in the context of
several limitations. Firstly, as in other large-scale
studies, some risk factors, including physical activ-
ities, tobacco smoking, and alcohol use, were collec-
ted through self-reports, which might have been in-
fluenced by recall bias and social desirability. Seco-
ndly, the study cohort was not established on the ba-
sis of a random sampling design, so it does not repres-
ent the entire Chinese population. However, this lim-
itation may have little influence on our findings be-
cause we focused on the associations rather than the
prevalence of risk factors. Thirdly, participants were
invited to the screening center during the daytime.
Although the impact of circadian rhythm might be
minor, we cannot entirely eliminate its effect. Last but
not least, due to the cross-sectional design, we were un-
able to infer the causality of the associations betw-
een CVRFs clustering and RHR. 

CONCLUSIONS

In conclusion, there was a markedly positive as-
sociation between the CVRF number and the risk of
elevated RHR, particularly in young males. Moreover,
clusters comprising more metabolic risk factors were
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associated with a higher risk of elevated RHR than
those comprising more behavioral risk factors. These
findings indicate that the RHR reflects the number
and pattern of multiple risk factors clustering. As a
simple clinical measure, RHR may help identify in-
dividuals who require further risk factor evaluation,
particularly in primary healthcare settings with lim-
ited resources. 
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