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Background and aims: Most studies have analyzed the relationship between
resting heart rate (RHR) measured at only one time point and future clinical
events. The current study aims to investigate the impact of long-term RHR
changes on future clinical outcomes in a decade-long cohort with type 2
diabetes mellitus (T2DM).

Methods: The two-staged follow-up involved 2,513 T2DM participants. The first
stage (2008-2014) intended to identify levels and trends in RHR changes, while
the second stage (2014-2018) attempted to collect new occurrence records of
clinical results. Cox proportional hazards models were applied to predict hazard
ratios (HRs), along with 95% confidence interval (Cl) for the correlation between
RHR changes and future events.

Results: There is no significant correlation between baseline RHR levels and
long-term clinical events. According to the range of RHR change, compared with
the stable RHR group, the adjusted HRs for cardiovascular events and all-cause
death in the large increase group were 3.40 (95% Cl: 1.33-8.71, p=0.010) and 3.22
(95% ClI: 1.07-9.64, p=0.037), respectively. While the adjusted HRs for all-cause
death and major adverse cardiac and cerebrovascular events (MACCE) in the
moderate decrease group were 0.55 (95% Cl: 0.31-0.96, p=0.037) and 0.51 (95%
Cl: 0.26-0.98, p=0.046). According to the trend of RHR, compared with the
normal-normal group, the adjusted HRs for composite endpoint events and
cerebrovascular events in the normal-high group were 1.64 (95% Cl: 1.00-2.68,
p=0.047) and 2.82 (95% Cl: 1.03-7.76, p=0.043), respectively.

Conclusion: Changes in RHR had predictive value for long-term clinical events in

diabetic populations. Individuals with significantly elevated RHR over a particular
period of time showed an increased risk of adverse events.
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Introduction

Individuals with type 2 diabetes (T2DM) form a large and ever-
increasing population, whose risk of cardiovascular events and
mortality has been rising rapidly. Studies have indicated that
diabetes makes it twice as likely for the risk of mortality and an
array of vascular diseases compared with non-diabetic individuals (1).
T2DM patients may constitute a significant part of the overall burden
of cardiovascular disease (CVD). It is therefore a key issue to identify
before timely intervening the risk factors of complications of diabetes.

Resting heart rate (RHR) is a non-invasively measured marker
of cardiac function and a strong and positive sign of general health
(2). Elevated RHR has been confirmed to have an association with
increased cardiovascular events and mortality. Such a link has been
well-documented in apparently healthy people (3) and other
individuals found in disease-specific populations, including
hypertension (4), coronary heart disease (5, 6) and heart failure
(7). Most of the current data are based on research on the
correlation between RHR gauged at a particular time slot and
subsequent CVD events. However, RHR does not remain stable
throughout a lifetime; rather, it is a variable that changes in reaction
to the interplay of genes and environmental causes, physical
activity, clinical conditions and medical therapies.

For this reason, whether temporal changes in RHR have
predictive value for long-term future events has stood out as an
intriguing and crucial issue. Having said that, research on the
relationship between long-term longitudinal trends of RHR and
future clinical results is still far from abundant, not to mention
research within the context of T2DM population. We thus aimed to
categorize long-term RHR changes and evaluate their impact on
future clinical outcomes in a cohort lasting 10 years, focusing on
Chinese T2DM patients from a metropolitan city.

Materials and methods
Study population

The Beijing Community Diabetes Study (BCDS) is a prospective
cohort study with participants from 15 community service centers
in 5 local districts. To ensure consistent implementation of research
processes across all health centers, all staff members underwent
professional training, with frequent on-spot checks of clinical and
laboratory examinations from experienced inspectors. A total of
4,256 T2DM patients (aged 20 to 80) who had lived locally for 5
years or longer were recruited for the study, being identified
through screening of patient records. They were followed up
annually for as long as 10 years (2008-2018), during which
questionnaire surveys, physical examinations and biochemical
indicators were all conducted, apart from electrocardiogram
examinations. Considering that most clinical outcomes took place
after 2014 (81%), we separated the decade-long follow-up into two
stages for current data analysis to evaluate the impact of RHR and
long-term RHR changes on future clinical outcomes. The first stage
(2008-2014) intended to determine the patterns of RHR change,
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while the second stage (2014-2018) was designed to collect records
of future clinical events related to diabetes.

Participants with no RHR records and having a history of atrial
fibrillation, atrial flutter, supraventricular tachycardia, ventricular
tachycardia, pacemaker implantation and sick sinus syndrome
during enrollment were excluded (n=93). Participants who did
not have 2014 RHR records, missed outcome data or did not
complete the entire follow-up were ruled out (n=1544). Those
with clinical outcomes occurring in the first stage (2008-2014)
were also excluded (n=96). Finally, 2,513 T2DM patients were
included in the study (Figure 1).

Ethics approval and consent to participate

The study was conducted with the approval from the Ethics
Committee of Beijing Tongren Hospital, Capital Medical
University. Written informed consent was obtained from
each participant.

Data collection

Each participant was given a standardized examination.
Statistics in terms of age, smoking, level of education,
concomitant disease and medication were acquired with detailed
medical records. Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m?*). Waist circumference (WC) was
measured at the level of the umbilicus in cm. Blood pressure (BP)
was measured 3 times when participants were seated, and the
average of the last 2 measurements was adopted. Blood samples
were collected after an overnight fast for the determination of
plasma glucose, HbAlc, total cholesterol (TC), triglycerides (TG),
high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C) concentrations and serum
creatinine (Scr). GFR was estimated by using the modified MDRD
formula for Chinese patients (8): eGFR (ml/min/1.73m?) =
175 x Ser '3 x age_o'179 x 0.79 (if female). All of the above were

clinically measured by trained staff.

Definition of clinical and
biochemical variables

T2DM was defined according to the criteria of the WHO (1999)
(9). The cutoff for diabetes is glucose level 27 mmol/l for fasting and
>11.1 mmol/l for 2 hours (2h PG) or history of diabetes mellitus or
taking antidiabetic medications. Diagnosis of hypertension was
based on meeting any of the following criteria: systolic blood
pressure (SBP) of 2140 mmHg, diastolic blood pressure (DBP) of
>90 mmHg or current use of antihypertensive drugs (10).
Educational level was categorized into two groups: low (illiteracy,
primary or secondary school) and high (high school, college or
university). Smokers were defined as those who had smoked >1
cigarette/day for at least 12 months.
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FIGURE 1

Flowchart of the BCDS study.

Measurement of resting heart rate

After recumbent resting for 10 minutes in a quiet environment,
all subjects underwent routine 12 lead electrocardiogram
examination, followed by 10 cardiac cycles recorded in lead II.
The average R-R interval was used to calculate RHR.

Outcome ascertainment

Outcomes included all-cause death, cardiovascular events
(acute myocardial infarction, coronary artery bypass grafting,
coronary stent, unstable angina pectoris, hospitalization for heart
failure and installation of cardiac pacemaker), cerebrovascular
events (cerebral hemorrhage, cerebral infarction, transient
ischemic attack and subarachnoid hemorrhage), major adverse
cardiac and cerebrovascular events (MACCE) (recurrent
myocardial infarction, new heart failure, intractable angina,
cardiac death, stroke and cerebrovascular death), renal events
(new-onset proteinuria, microalbuminuria turning into
macroalbuminuria, doubling of the serum creatinine level and
dialysis) and composite endpoint events (all-cause death,
cardiovascular events, cerebrovascular events and renal events).
All events occurred from 2014 to 2018. All outcomes are
adjudicated by an independent committee responsible for
verifying data and events based on outcome criteria.

Statistical analysis
The baseline recorded RHR was categorized as <60 bpm, 60-69

bpm, 70-79 bpm, 80-89 bpm and >=90 bpm, consistent with
previous publications (5, 11). Due to small sizes of the <60 bpm
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and >=90 bpm groups (23 and 13 subjects respectively), however,
we merged <60 bpm group and 60-69 bpm group into <70 bpm
group, as well as the >=90 bpm group and 80-89 bpm group into
>=80 bpm group. Therefore, baseline RHR was categorized as three
groups based on numerical magnitude: <70bpm, 70-79 bpm and
>=80 bpm. In the second analysis, the associations between change
in RHR (difference between the second recorded RHR and the
baseline recorded RHR) and diabetes-related clinical events were
assessed. With reference to the range of numerical change between
the two recorded RHRs, temporal change of RHR can be divided
into five groups: large decrease (over 15 bpm), moderate decrease
(6-15 bpm), stable RHR (-5-+5bpm), moderate increase (6-15 bpm)
and large increase (over 15 bpm), consistent with a previous
publication (12). Participants with a stable RHR were used as the
reference group. In addition, analyses were performed with RHR as
a dichotomous variable, above and below 70 bpm as used in
previous studies (11, 13), RHRs of 70 bpm or lower are
considered normal, while RHRs greater than 70 bpm are
considered high. According to the baseline and second recorded
RHR trends, as used Participants were thus divided into four
groups: normal-normal, normal-high, high-normal and high-high.
For the discrete variables or the continuous variables without a
normal distribution, the median (P25-P75) was reported.
Comparison of variables among groups was performed using the
Kruskal-Wallis and one-way ANOVA. In the meantime,
distribution of discrete/qualitative variables was compared by
Pearson chi-square test.

Cox proportional hazards models were used to estimate crude
and adjusted hazard ratio (HR) with the 95% confidence interval
(CI) to allow for differences between groups with respect to
demographic and risk factors and control for potentially
confounding variables. All potential confounders were included in
the models, all measured at baseline: age, sex, the duration of
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diabetes, education level, smoking, waist circumference,
concomitant disease history in baseline, ACEI/ARB use,
receptor blocker use, SBP, DBP, TC, HbAlc and eGFR.

Two-sided P-values were reported for all analyses. A p-value of
less than 0.05 was considered statistically significant. All statistical
analyses were conducted with SAS software (version 9.2; SAS
Institute Inc., Cary, NC, USA).

Results

Demographic and biochemical parameters
in the baseline

Demographic and biochemical parameters in the baseline are
shown in Table 1. Statistical differences were registered from the
three groups regarding clinical characteristics (age, levels of waist

10.3389/fendo.2024.1385143

circumference, SBP, DBP, FPG, HbAlc, TC and eGFR, and the
percentage of male, smoking, Metformin, ACEI and B receptor
blockers use). The proportions of male and smoking in >=80 group
were substantially higher than those in the other two groups,
whereas the proportions of ACEI and B receptor blockers use
were significantly lower. The levels of age and eGFR in >=80
group were considerably lower than those in <70 group and 70-
79 group, while the levels of waist circumference, SBP, DBP, FPG,
HbAlc and TC were significantly higher.

Grouping according to the two patterns of
RHR change and comparison of their
baseline characteristics

With reference to the range of numerical change between the
second recorded RHR and the baseline recorded RHR, there were

TABLE 1 Demographic and biochemical parameters of the three groups in the baseline.

RHR <70

Baseline RHR categories (bpm)

RHR 70-79 RHR >=80

Number (%) 2513 511 1485 517

Age(years) 62.24 + 10.27 63.32 £ 9.98 62.46 + 10.11 60.51 + 10.83 <0.001
Male n(%) 1003(39.91) 202(39.53) 573(38.59) 228(44.10) 0.086
High educational level n(%) 486(19.42) 100(19.76) 298(20.11) 88(17.12) 0.498
Smoking n(%) 372(14.82) 63(12.35) 206(13.89) 103(19.92) 0.001
Duration of DM (years) 12.21 £ 105.58 5.0(1.1,10.1) 4.7(0.9,9.9) 4.7(0.5,9.9) 0.636
HT n(%) 1824(72.58) 386(75.54) 1061(71.45) 377(72.92) 0.199
History of cerebrovascular n(%) 283(11.26) 63(12.33) 162(10.91) 58(11.22) 0.681
History of cardiovascular n(%) 488(19.42) 111(21.72) 283(19.06) 94(18.18) 0.307
Metformin n(%) 1145(45.56) 222(43.44) 679(45.72) 244(47.20) 0.473
Sulfonylurea drugs n(%) 614(24.43) 135(26.42) 343(23.10) 136(26.31) 0.173
Insulin therapy n(%) 540(21.49) 101(19.77) 326(21.95) 113(21.86) 0.568
ACEI n(%) 391(15.56) 93(18.20) 233(15.69) 65(12.57) 0.044
ARB n(%) 381(15.16) 92(18.00) 222(14.95) 67(12.96) 0.074
Calcium antagonist n(%) 974(38.76) 205(40.12) 585(39.39) 184(35.59) 0.242
B receptor blockers n(%) 302(12.02) 81(15.85) 168(11.31) 53(10.25) 0.009
Diuretic n(%) 92(3.66) 25(4.89) 55(3.70) 12(2.32) 0.089
o receptor blockers n(%) 17(0.68) 3(0.59) 12(0.81) 2(0.39) 0.672
BMI (kg/mz) 27.30 + 6891 25.32 + 348 2691 + 63.32 30.37 £ 107.52 0.475
WC (cm) 88.77 £ 9.45 89.23 + 9.76b 88.23 + 9.37 89.86 + 9.27 0.002
SBP (mmHg) 128.71 £ 13.45 127.07 + 13.14 128.23 + 12.59 131.66 + 15.57 <0.001
DBP (mmHg) 77.53 + 8.47 75.68 £ 9.01 77.41 + 8.07 79.70 + 8.58 <0.001
FPG (mmol/l) 7.70 £2.48 7.18 £ 2.11 7.68 +2.45 8.33 £2.78 <0.001
PG 2h (mmol/l) 11.02 £ 10.49 10.87 + 12.16 10.97 + 11.24 11.31 + 4.57 0.793

(Continued)
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TABLE 1 Continued
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Baseline RHR categories (bpm)

RHR <70 RHR 70-79 RHR >=80
HbAlc (%) 7.23 £ 1.49 7.02 £ 1.45 7.18 £ 1.45 7.58 £ 1.60 <0.001
TG (mmol/l) 1.89 + 143 1.90 + 1.44 1.84 +1.32 2.03 £1.72 0.052
TC (mmol/l) 515+ 1.16 5.08 + 1.18 514 + 1.11 5.27 +1.26 0.031
HDL-C (mmol/l) 1.33 £ 0.46 1.30 £ 0.47 1.34 +£ 047 1.32 £ 042 0.237
LDL-C (mmol/l) 3.01 £091 2.96 £ 0.88 3.01 +0.90 3.09 £ 0.93 0.113
UAER 11.1(7.2,23.6) 12.3(7.1,27.3) 10.5(7.2,21.6) 11.8(7.4,25.9) 0.271
eGFR (ml/min) 93.5(74.6,116.5) 95.8(74.3,118.5) 93.9(75.6,117.3) 89.4(72.3,111.8) 0.031

Data are means + SE, median (P25-P75) or raw numbers (%). RHR, resting heart rate; DM, diabetes mellitus; HT, hypertension; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2h PG, 2-h post oral
glucose load plasma glucose; HbA lc, glycated hemoglobin; TG, triglycerides; TC, total cholesterol; HDL-C, high- density lipoprotein; LDL-C, low-density lipoprotein cholesterol; UAER, urinary

albumin excretion rates; eGFR, estimated glomerular filtration rate.

statistical discrepancies among the five groups in the proportion of
ACEI use and the levels of the duration of diabetes, SBP, DBP, FPG,
HbA1lc, UAER and eGFR (Table 2).

According to the baseline and second recorded RHR trends,
statistically significant differences were seen with the four groups in
the proportion of males, smoking and diuretic use, as well as the
levels of age, SBP, DBP, FPG, HbAlc and TC (Table 3).

The cumulative incidence rate of diabetes-
related clinical events between 2014
and 2018

The cumulative incidence rate of diabetes-related clinical events
from 2014 to 2018 is shown in Figure 1. Out of 2,513 T2DM
subjects, 106 cases suffered from all-cause death including 34

TABLE 2 Demographic and biochemical parameters of the groups according to the range of RHR change in the baseline.

Change in RHR categories (bpm)

large decrease = moderate stable RHR moderate large increase p
decrease increase
Number 83 511 1589 300 30
Age(years) 62.58 + 10.82 62.53 + 10.69 61.95 + 10.22 63.13 £ 9.66 62.53 + 10.69 0.400
Male n(%) 29(34.94) 196(38.36) 647(40.72) 114(38.00) 17(56.67) 0.217
High educational level n(%) 11(13.41) 93(18.27) 325(20.50) 49(16.55) 8(26.67) 0.167
Smoking n(%) 14(16.87) 77(15.10) 232(14.61) 46(15.38) 3(10.00) 0911
Duration of DM (years) 6.1(1.2,11.7) 5.1(1.5,11.1) 4.3(0.6,9.8) 4.9(1.3,9.8) 3.3(1.4,8.1) 0.016
HT n(%) 62(74.70) 367(71.82) 1143(71.93) 229(76.33) 23(76.67) 0.550
History of cerebrovascular
n(%) 9(10.84) 64(12.52) 166(10.45) 39(13.00) 5(16.67) 0.453
History of cardiovascular
n(%) 22(26.51) 106(20.74) 295(18.57) 59(19.67) 6(20.00) 0.407
ACEI n(%) 14(16.87) 78(15.26) 233(14.66) 56(18.67) 10(33.33) 0.032
ARB n(%) 5(6.02) 72(14.09) 250(15.73) 51(17.00) 3(10.00) 0.105
Calcium antagonist n(%) 28(33.73) 202(39.53) 618(38.89) 111(37.00) 15(50.00) 0.556
B receptor blockers n(%) 4(13.33) 51(17.00) 187(11.77) 53(10.37) 7(8.43) 0.051
Diuretic n(%) 1(1.20) 14(2.74) 59(3.71) 18(6.00) 0(0.00) 0.076
o receptor blockers n(%) 0(0.00) 3(0.59) 10(0.63) 4(1.33) 0(0.00) 0.630
BMI (kg/mz) 25.68 + 3.41 2524 +3.28 28.36 + 86.62 25.76 £ 391 2593 £ 3.57 0.904
WC (cm) 90.36 + 9.05 88.25 + 9.25 88.66 + 9.50 89.66 + 9.52 89.75 + 10.46 0.134
(Continued)
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TABLE 2 Continued

Change in RHR categories (bpm)

large decrease moderate stable RHR moderate large increase p
decrease increase
SBP (mmHg) 131.77 + 13.23a 130.65 + 14.94a 127.82 + 12.59a 128.97 + 14.80a 131.20 + 13.32a <0.001
DBP (mmHg) 79.39 + 8.43a 79.00 + 8.39a 76.97 + 8.22a 77.59 + 9.24a 76.37 + 11.20a <0.001
FPG (mmol/l) 8.13 +2.63 8.03 +2.71 7.62 + 242 737 + 221 8.46 + 2.90 <0.001
PG 2h (mmol/l) 11.25 + 4.66 11.45 + 10.70 11.00 + 11.57 10.33 + 3.88 10.75 + 4.55 0.728
HbAIc (%) 7.38 + 1.49a 743 + 1.63a 7.15 + 141a 7.18 + 1.62a 7.40 + 1.44a 0.007
TG (mmol/l) 1.90 + 1.19 1.98 + 1.55 1.86 + 1.43 1.88 + 1.37 1.80 + 0.98 0.659
TC (mmol/l) 5.15 + 1.05 522 +1.22 5.10 + 1.13 523 + 121 559 + 1.27 0.051
HDL-C (mmol/l) 1.33 + 037 134 +0.55 1.31 + 0.42 137 £ 0.51 143 +0.71 0.222
LDL-C (mmol/l) 3.05 +0.83 3.07 + 0.89 2.98 +0.90 3.05 + 091 322+ 143 0.289
UAER 10.9(7.1,18.6) 11.9(7.2,27.4) 10.6(7.1,21.6) 14.3(8.0,28.8) 7.1(6.2,14.4) 0.026
eGFR (ml/min) 99.6(72.8,122.4) 92.3(73.7,117.1) 94.7(76.4,116.6) 89.1(71.1,112.3) 82.2(67.9,105.7) 0.036

cardiac deaths, 14 cerebrovascular deaths and 58 deaths from other  various clinical events among the three groups (<70 group, 70-79
causes. There were 409 composite endpoint events, 143 MACCEs,  group and >=80 group), as shown in Figure 2A.

138 cardiovascular events, 98 cerebrovascular events and 117 renal Grouped according to the range of RHR change and compared
events. There were no statistical differences in the incidence rate of ~ with the stable group, the large increase group, large decrease group

TABLE 3 Demographic and biochemical parameters of the groups according to the trend of RHR change in the baseline.

Change in RHR categories (bpm)

normal-normal normal-high high—-normal high—high

Number 570 383 500 1060

Age(years) 63.31 + 9.69 63.14 + 10.55 62.27 + 10.40 61.32 +10.35 0.001
Male n(%) 203(35.61) 169(44.13) 195(39.00) 436(41.13) 0.045
High educational level n(%) 118(20.77) 74(19.58) 100(20.16) 194(18.30) 0.803
Smoking n(%) 57(10.02) 55(14.40) 74(14.83) 186(17.55) 0.001
Duration of DM (years) 4.9(1.1,10.0) 4.7(1.3,9.8) 5.0(1.1,11.1) 4.4(0.5,9.7) 0.188
HT n(%) 419(73.51) 284(74.15) 357(71.40) 764(72.08) 0.751
History of cerebrovascular n(%) 66(11.58) 47(12.27) 68(13.60) 102(9.62) 0.110
History of cardiovascular n(%) 117(20.53) 68(17.75) 96(19.20) 207(19.53) 0.765
ACEI n(%) 86(15.09) 67(17.49) 88(17.60) 150(14.15) 0.224
ARB n(%) 101(17.72) 60(15.67) 71(14.20) 149(14.06) 0.227
Calcium antagonist n(%) 234(41.05) 155(40.47) 196(39.20) 389(36.70) 0.299
B receptor blockers n(%) 79(13.86) 54(14.10) 58(11.60) 111(10.47) 0.118
Diuretic n(%) 24(4.21) 24(6.27) 14(2.80) 30(2.83) 0.012
o receptor blockers n(%) 2(0.35) 4(1.04) 4(0.80) 7(0.66) 0.568
BMI (kg/m?) 29.30 + 102.08 25.65 + 3.76 2533 + 349 27.75 + 7513 0.764

(Continued)
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TABLE 3 Continued

Change in RHR categories (bpm)

normal-normal normal-high high—normal high—high
WC (cm) 8833 + 9.44 89.67 + 8.95 88.33 £ 9.51 88.88 + 9.60 0.118
SBP (mmHg) 126.48 + 12.74b 127.14 + 13.03b 129.34 + 13.49 130.17 + 13.75a <0.001
DBP (mmHg) 75.90 + 8.52b 76.35 + 8.98b 78.06 + 7.88a 78.58 + 8.35a <0.001
FPG (mmol/l) 7.30 +2.23 740 +2.23 7.85 £ 2.60 7.97 + 2.60 <0.001
PG 2h (mmol/l) 11.93 + 18.17 10.38 + 3.90 10.67 + 6.87 10.93 +7.35 0.122
HbAlc (%) 6.91 + 1.30b 7.17 + 1.58a 7.36 + 1.62a 7.35 + 1.46a <0.001
TG (mmol/l) 1.82 % 1.29 1.87 + 1.44 1.98 + 1.57 1.89 + 143 0.376
TC (mmol/l) 5.03 + 1.14a 5.16 + 1.12a 5.17 + 1.14a 521+ 1.19a 0.039
HDL-C (mmol/l) 132+ 043 1.35 £ 0.56 132 £ 0.51 1.33 +0.42 0.723
LDL-C (mmol/l) 2.93 £0.84 3.01 +£0.93 3.06 + 0.87 3.04 £ 0.94 0.080
UAER 9.5(6.4,22.8) 13.5(7.5,29.1) 11.1(7.0,27.4) 11.1(7.5,21.6) 0.074
eGFR (ml/min) 93.2(76.4,113.0) 91.4(71.9,114.6) 93.8(74.5,118.6) 94.5(74.8,117.4) 0.629

and moderate decrease group had a significantly higher incidence of
all-cause death, and the moderate increase group and moderate
decrease group had a significantly higher incidence of renal events
(both p< 0.001), as shown in Figure 2B. Grouped according to the
trend of RHR change and compared with the normal-normal

group, both the high-normal group and the high-high group had
a significantly higher incidence of composite endpoint events and
cerebrovascular events, and the normal-high group also had a
significantly higher incidence of composite endpoint (both p<
0.001), as shown in Figure 2C.
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FIGURE 2
Cumulative incidence of diabetes-related clinical outcomes in T2DM patients from 2014 to 2018. (A) Comparison of prevalence of diabetes-related
clinical outcomes between RHR<70 group, RHR 70-79 group and RHR>=80 group. (B) Comparison of prevalence of diabetes-related clinical
outcomes between groups grouped according to the range of RHR change (large decrease group, moderate decrease group, stable RHR group,
moderate increase group and large increase group). (C) Comparison of prevalence of diabetes-related clinical outcomes between groups grouped
according to the trend of RHR change (normal-normal group, normal-high group, high-normal group and high-high group). P<0.05 was considered
statistically significant.

Frontiers in Endocrinology 07 frontiersin.org


https://doi.org/10.3389/fendo.2024.1385143
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Gao et al.

Cox proportional hazards models of the
baseline RHR and the long-term RHR
changes with future diabetes-related
clinical outcomes

The Cox proportional hazards models of baseline RHR with
future diabetes-related clinical outcomes were shown in Figure 3. In
unadjusted analysis (Model 1), the risk of cerebrovascular events in
70-79 group and >=80 group were greater than that in <70 group,
with HR (95% CI) of 1.88 (1.03-3.43), P=0.0039] and HR (95% CI):
2.09 (1.06-4.11), P=0.032], respectively. After modifying for age and
gender (Model 2), the increase in risk remained statistically significant,
as HR (95% CI): 1.88 (1.03-3.44), P=0.038] and HR (95% CI): 2.11
(1.07-4.18), P=0.030], respectively. However, after we further adjusted
the duration of diabetes, education level, smoking, waist
circumference, concomitant disease history in baseline, ACEI/ARB
use, § receptor blocker use, SBP, DBP, TC, HbAlc and eGFR (Model
3), those differences became insignificant (P>0.05). For other clinical
events, no significant difference was found among the three groups.

The Cox proportional hazards models of the range of RHR
change with future clinical outcomes were shown in Figure 4.
Compared with the stable RHR group, after unadjustment (Model
1), adjustment for age and gender (Model 2) and further adjustment
for some conventional risk factors and the average RHR (Model 3),
the risk of cardiovascular events and all-cause death in the large
increase group remained significantly high, with HR of 3.40 (1.33-
8.71, P=0.010) and 3.22 (1.07-9.64, P=0.037), respectively; The risk
of MACCE and all-cause death in the moderate decrease group
remained significantly low, with HR of 0.51 (0.26-0.98, P=0.046)
and 0.55 (0.31-0.96, P=0.037), respectively.

The Cox proportional hazards models of the trend of RHR with
future clinical outcomes were shown in Figure 5. Compared with
the normal-normal group, the risk of composite endpoint events,
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cerebrovascular events and renal events were significantly increased
in the normal-high group. After further adjusting for some
traditional risk factors and the average RHR (Model 3), the risk
of renal events was no longer significant (P>0.05), whereas the trend
of composite endpoint events and cerebrovascular events in the
normal-high group remained significant, with HR of 1.64 (1.00-
2.68, P=0.047) and 2.82 (1.03-7.76, P=0.043), respectively.

Discussion

This study finds that in the diabetic population, the RHR level at
a time point is unable to predict the occurrence of long-term clinical
events, while observing the pattern of RHR changes in a certain time
can effectively predict the occurrence of long-term adverse events.
Different patterns of RHR changes can predict different adverse
outcomes. Moreover, these associations are robust and consistent in
analyses adjusted for manifold traditional risk factors, as well as
baseline beta-blocker use.

Numerous epidemiological studies have unveiled a vigorous
correlation between elevated RHR and cardiovascular outcomes and
mortality risks (all cause or cardiovascular). In the post hoc analysis of
the ADVANCE study (a randomized clinical trial study of 12,500
T2DM patients), RHR was linked to cardiovascular events and all-
cause mortality (14). In addition to confirming that the increase of
RHR is an important predictor of cardiovascular disease, Miot et al.
also found that RHR was a strong predictor for renal events when
juxtaposed with CV events and when singled out from all other factors
(15). These studies have all observed the correlation between baseline
RHR levels and the occurrence of adverse events, while our study found
no independent predictive value of baseline RHR levels for 10-year
adverse clinical events. However, heart rate of people is not likely to
remain steady throughout their lives. Therefore, whether temporal
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The Cox proportional hazards models of baseline RHR with future diabetes-related clinical outcomes (A-H). Using the Entry method; crude and adjusted
hazard ratios (HRs) with the 95% confidence intervals (Cls) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in
Model 2. In Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use,
receptor blocker use, SBP, DBP, TC, HbAlc and eGFR were also considered other adjustment variables and were thus added to Model 2.
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The Cox proportional hazards models of the range of RHR change with future clinical outcomes (A-H). Using the Entry method; crude and adjusted
hazard ratios (HRs) with the 95% confidence intervals (Cls) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in Model
2. In Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, B receptor
blocker use, SBP, DBP, TC, HbAlc, eGFR and the average RHR were also considered other adjustment variables and were thus added to Model 2.
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The Cox proportional hazards models of the trend of RHR with future clinical outcomes (A-G). Using the Entry method; crude and adjusted hazard ratios
(HRs) with the 95% confidence intervals (Cls) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in Model 2. In
Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, B receptor
blocker use, SBP, DBP, TC, HbAlc, eGFR and the average RHR were also considered other adjustment variables and were thus added to Model 2.

changes in RHR have predictive values is still poised to be an
interesting and crucial issue.

Existing data indicate that an increase in RHR over time results
in higher CV events and all-cause mortality in individuals with and
without CVD (16-19). However, some studies were confined to
certain sexes or health conditions, while others evaluated short-
term RHR changes only (for example, over weeks or months). In
our study, changes in RHR were monitored over a period of five
years, which had the potential of measuring genuine alterations
connected to physical fitness instead of short-term intraindividual

Frontiers in Endocrinology

variability. We adjusted for a wide range of potential confounders
such as age, educational level, smoking, chronic conditions, drug
usage and metabolic factors, which had yet to be done
systematically in previous research. Results showed that compared
with maintaining a stable RHR, the RHR significantly increased
(over 15 bpm) within a certain period of time, cardiovascular events
and all-cause mortality rate increased by 2.4 and 2.22 times,
respectively. Compared with the RHR group who remained at
normal level, the incidence of composite endpoint events and
cerebrovascular events increased by 0.64 and 1.82 times in
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subjects with RHR ranging from normal to high level (from less
than 70 bpm to greater than 70bpm) within half a decade.

Elevated RHR may have adverse effects on the body through
different mechanisms. Firstly, high levels of RHR can heighten
hemodynamic stress and shorten diastolic period, thus increasing
mechanical load, shear stress, blood pressure and cardiac work.
Such changes elevate oxygen consumption, leading to accelerated
atherosclerosis and plaque rupture (20). Secondly, an increase in
RHR has negative effects on the autonomic nervous system, tilting
balance towards enhanced sympathetic nervous tension, which may
cause life-threatening ventricular arrhythmias and sudden cardiac
death (21). Thirdly, the main metabolic pathway of myocardial
energy production in diabetes patients depends on nonesterified
fatty acids. Compared with glucose oxidation, RHR entails a higher
basal oxygen level (22). Furthermore, as shown in this study, apart
from direct effects, increased heart rate is also relevant to various
abnormal metabolic factors, such as abdominal obesity, elevated
blood pressure, elevated TC and smoking. These factors themselves
can have adverse effects on prognosis.

The shape of the associations between RHR and CVD
morbidity and mortality across the full range of RHR has been
reported as linear (23-25), sigmoid (26), T-shaped (27) or ‘U’-
shaped (28), which results in the question whether a decreased RHR
would bring clinical benefits. In our study, a decrease in RHR did
not increase the risk of long-term adverse events in T2DM, while a
moderate decrease in RHR (a decrease of 6-15bpm) could reduce
the incidence of all-cause death and MACCE by 45% and 49%,
respectively. Whether reducing RHR will have benefits for adverse
outcomes in T2DM populations cannot be merely determined
through cohort follow-up, and clinical trials are needed to clarify.

Our study has several limitations that must be recognized.
Firstly, this study is not based on a random sampling survey of
natural populations, so there could be some selection bias during
the process of research. Secondly, given the observational nature of
our study, we cannot completely rule out the possibility that some
observed associations are caused by unmeasured confounding
factors. Thirdly, we did not record any relevant content on
physical exercises, which may have some impact on RHR.
Fourthly, there is a lack of information on drugs (such as 8
receptor blockers) that may alter RHR during the second follow-
up recording, which is a powerful potential confounding factor.
Previous studies (17), however, have not pointed out the strong
confounding effect of this drug. Fifthly, patients with a history of
cardiovascular disease at baseline were not divided into subgroups
for further analysis. Finally, observing the occurrence of major
vascular events may take longer, and our study’s follow-up time is
relatively short. Therefore, we need to continue our follow-up to
observe the predictive value of temporal changes in RHR for adverse
events in T2DM. However, we have no reasons to believe these
would substantially bias the associations reported herein.

Conclusion
To conclude, in T2DM population, temporal changes in RHR

rather than a single point in time had certain predictive value for long-
term clinical events in diabetes population. Compared to maintaining
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an appropriate and stable level of RHR, individuals with significantly
elevated RHR over a given period of time had an increased risk of
adverse events. While, a moderate decrease in RHR may have certain
clinical benefits. Information about RHR and its time-related changes is
not difficult to acquire and track, so monitoring RHR changes can help
identify subgroups with high incidence of adverse events.
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