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[ Abstract] Objective To investigate the relationship between resting heart rate (RHR) and metabolic syndrome (MS)
in middle-aged and elderly individuals residing in plateau regions, and to provide new scientific evidence for elucidating
the influence of RHR on the mechanism of MS. Methods From June 2021 to December 2022, a multi-stage stratified
cluster sampling method was employed to select 6 269 middle-aged and elderly individuals in Xizang Autonomous
Region. Based on the quartile distribution of RHR, the participants were divided into four groups: Q1 (RHR < 66.5 beats/
min), Q2 (66.5 < RHR < 73.0 beats/min), Q3 (73.1 < RHR < 80.5 beats/min), and Q4 (RHR > 80.5 beats/min). Uncondi-
tional logistic regression analysis was used to explore the potential association between RHR and MS. Results The
overall prevalence of MS among the 6 269 middle-aged and elderly individuals was 22.35%. The prevalence varied
across different RHR groups: 17.12% in Q1, 20.24% in Q2, 22.77% in Q3, and 29.48% in Q4, with statistically
significant differences (y2 = 74.934, P < 0.001). After adjusting for sex, age, alcohol consumption, and body mass index
(BMI), compared with the RHR < 66.5 beats/min group, the risk of MS was significantly elevated in the 73.1 < RHR <
80.5 beats/min group (OR = 1.371, 95%CI: 1.121 - 1.678) and substantially increased in the RHR > 80.5 beats/min group
(OR =2.027,95%CI: 1.672 - 2.482). Stratified analysis by sex and age revealed that in males, the risk of MS increased by
37.0% (OR = 1.370, 95%CI: 1.024 - 1.832) and 137.9% (OR = 2.379, 95%CI: 1.803 - 3.139) in the 73.1 < RHR < 80.5
beats/min and RHR > 80.5 beats/min groups, respectively. In females, the corresponding risks increased by 36.6% (OR =
1.366, 95%CI: 1.030 - 1.810) and 76.4% (OR = 1.764, 95%CI:1.328 - 2.343), respectively. When RHR > 80.5 beats/min,
the risk of MS was significantly elevated in all age groups except for the 70 - 75 age group, with the highest risk observed
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in the 40 - 49 age group (OR=2.777,95%CI: 1.922 - 4.010). Conclusions An RHR > 80.5 beats/min significantly increases
the risk of MS in middle-aged and elderly individuals in plateau regions, with higher risks observed in males and

individuals aged 40 - 49. RHR may be an important predictor of MS, and further investigation into its influence

mechanisms in different populations is warranted.

[ Keywords] resting heart rate; metabolic syndrome; plateau region; middle-aged and elderly individuals
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Table 1 Distribution of different characteristics about sex, age, urban and rural , degree of education, smoke, alcohol consumption,
BMI, central obesity, hypertension, dyslipidemia and MS among the middle-aged and elderly populations at
high altitude in different resting heart rate (RHR) groups

Q141 (n=1 606)

Q241.(n=1576)

Q34 (n=1537)

Q441 (n=1550)

i HR ME % O s A mim | Am e A R
5 Bk 753 48.89 663 42.07 610 39.69 713 46.00 21.724  <0.001
ik 853 53.11 913 57.93 927 60.31 837 54.00
IR 40~49 569 35.43 532 33.76 517 33.64 489 31.55 11.7362  <0.001
50~59 609 37.92 575 36.48 584 38.00 536 34.58
60~69 319 19.86 362 22.97 322 20.95 405 26.13
70~75 109 6.79 107 6.79 114 7.42 120 7.74
w2 WX 233 14.51 249 15.80 245 15.94 197 12.71 8.323 0.040
AR 1373 85.49 1327 84.20 1292 84.06 1353 87.29
SCAGTREE LT 1376 85.68 1338 84.90 1299 84.52 1310 84.52 1.115 0.773
Wt R B L 230 14.32 238 15.10 238 15.48 240 15.48
AR w5 1510 94.02 1479 93.85 1447 94.14 1427 92.06 7.355 0.061
=z 96 5.98 97 6.15 90 5.86 123 7.94
el % 1494 93.03 1457 92.45 1390 90.44 1382 89.16 18.996  <0.001
7 112 6.97 119 7.55 147 9.56 168 10.84
BMI>24.0 & 866 53.92 792 50.25 741 4821 755 48.71 12.684 0.005
2 740 46.08 784 49.75 796 51.79 795 51.29
FRC i 877 54.61 808 51.27 755 49.12 697 44.97 30.825  <0.001
P 729 4539 768 48.73 782 50.88 853 55.03
e I % 888 55.29 812 51.52 737 47.95 648 41.81 62.115 <0.001
& 718 4471 764 48.48 800 52.05 902 58.19
Bl PRI ko 1355 84.37 1333 84.58 1249 81.26 1215 78.39 27.583  <0.001
= 251 15.63 243 15.42 288 18.74 335 21.61
MR8 & 1267 78.89 1242 78.81 1174 76.38 1135 73.23 18.791 <0.001
=z 339 21.11 334 21.19 363 23.62 415 26.77
MS %5 1331 82.88 1257 79.76 1187 77.23 1093 70.52 74934  <0.001
= 275 17.12 319 20.24 350 22.77 457 29.48
o SRS AIF] LUK F i 02156
22 RE4HFIEFEFAMS EmF(k2) HF R EZRIA SR (Y P<0.05), MS B E
A MS B3 1401 ], BORERN 22.35%; ARG, BEHFEE KI5
BMI. PG 175 0 J 4 [X o 22 4F N MS 880 324
2 AFEFHESJFEPEEAN MS BRfE T
Table 2 MS prevalence in middle-aged and elderly individuals residing at high altitudes with different characteristics of
about sex, age, urban and rural , degree of education, smoke, alcohol consumption and BMI.
FHE S MK B B E/% B! PfE
PR Stk 2739 759 27.71 80.613 <0.001
ZE 3530 642 18.19
W% 40~49 2107 354 16.80 48.8162 <0.001
50~59 2304 566 24.57
60~69 1 408 351 24.93
70~75 450 130 28.89
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Table 2 Continued

RHE S MAH R BRI % 2 Pl

wWe WX 924 225 24.35 2.504 0.114
RAX 5345 1176 22.00

SCALTRRE HIFLLT 5323 1168 21.94 3.343 0.067
Wi KB 946 233 24.63

AR Fa 5863 1326 22.62 3.522 0.061
2 406 75 18.47

¢} 7 5723 1300 22.72 5.108 0.024
2 546 101 18.50

BMI <24.0 3154 152 4.82 1123.863 <0.001
>24.0 3115 1249 40.10
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Ja, 5 Q1 #ALt, Q3 ZH(OR=1.371, 95%CI=1.121~
1.678) A1Q4 #H( OR=2.027, 95%CI=1.672~2.482) [{]
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Table 3 Results of model analysis of the influence of different resting heart rate (RHR) groups on the risk of metabolic syndrome

Q241 Q34 Q44
A i ZHRH P
ORfA 95%CI ORfH 95%CI OR{H 95%CI
L) Ql 1.288 1.024~1.469® 1.427 1.197~1.702b 2.024 1.708~2.398b <0.001
[ ity) Q1 1.258 1.050~1.508b 1.482 1.239~1.771b 2.030 1.710~2.411b <0.001
3 Ql 1.259 1.050~1.508b 1.503 1.257~1.797> 2.054 1.729~2.440b <0.001
iy Q1 1.166 0.952~1.429 1.371 1.121~1.678b 2.027 1.672~2.482b <0.001
7:b P<0.05,

24 RHR 5 MS &5 X% 69 585 1 5] 5 & logistic
HEsH(k4) HANDESTERER, 5Q1 A
(Z WYL AL, Q3 A1 Q4 4L 5 1 MS i XU
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Table 4 Results of stratified logistic regression analysis of the association between RHR and the risk of
metabolic syndrome by sex and age

Q241 Q34 Q441
A e
ORfH 95%CI ORf& 95%CI OR{& 95%CI
1 Ji)e 5 1.211 0.912~1.609 1.370 1.024~1.832b 2.379 1.803~3.139b
Aok 1.105 0.825~1.480 1.366 1.030~1.810b 1.764 1.328~2.343b
SRR % 40~49 1.117 0.756~1.651 1.414 0.963~2.076 2.777 1.922~4.010b
50~59 1.141 0.826~1.574 1.383 1.011~1.893b 2.165 1.577~2.971b
60~69 1.246 0.828~1.873 1.463 0.959~2.234 1.523 1.024~2.267>
70~75 1.229 0.567~2.664 1.052 0.494~2.242 1.160 0.543~2.476

TE:b P<0.05; ¢ WHRAERS, KA, BMI; d MR, 0R, BML 28820 HQ14H.



FEASLTAE 202557 A 41 55 7

Chin J Public Health, Jul 2025 Vol.41 No.7 - 833 -

33 #®

AR T &R X A Z 45 AN B RHR 5
MS B RS 2 ] 6 R, 45 R E7R, 4 RHR=>73.1
W/ B, MS 0 =8 AR 2 3 38, X — 451 5
BEAE A 95 45 B AHAL S 17), T RHR 5 MS 55 X,
Kz (R OCER, [ N AN L4518 FF A — . —LEmt
7 & Bl RHR 5 MS £ 1E 41 56 819, jj 5 — e
Fo 0 & B RHR 5 AEBE o 5 1 MS 2 4740 52021,
X FRAS—F M v R 5 LN BE P RRAE . A2 3 7 20
DL RSG5 5 Ok o ANWIF AL 7E AR 1B 51
FERVI 2. . BMIZR &K K5, RHR 5
MS Z [AI 34775 IEFE R R &, JUH R AE B A
ENBEHRHEONE . B A RHR>80.5 K /4 Bf
MS £ XU B8 0 137.9%, 3 & T 2ot 1 76.4%.
X B ERRERSD R AL, £ RHR 5
MS B3 RS 2 Ta) 7R 5% B0 5 B PR 42 J31) 17 S o X e
ZRA RS BEAREFE R (&0 A
K, XL AT N LB IE SE 5 R Il R K MS XU 36 n
IO Ak, Lotk MS B R A2 1T RE 5 A2 3 45 # fn
RGP KD 2, Xt — e T ER
AR . RS AW 7 B 4E43 1 RHR 5 MS 1] B
EIEM KK R, HAE 60~69 % Fl 70~ 75 % F %
B, RHR 5 MS i KRS 1 O 5K 5 B ok 55 , ¢
BAE70~75 5 NBEH R W E 00, XAfRe 52
SR N B AR AR 2 A U AR L S TR R K. Bl
ARSI K, A NS 5 (s LA 5 R R
) AT AE A MS [ 3 R B R & ) i RHR
()52 2> FHF Uk 55 o BEAb, 4 N B0 A2 96 7 30
A RRAT R AT Re S H4E NBEAS A, 1X R 7] BE 52 e
RHR 5 MS 2 [8] ) R BL5E

AHIFE R FH R W 1 v, JE I logistic [ A 4y
Mg IER AR 2R, 3R T § 20X 52 &1
Z AR SR B . R IX b7 VL R A AU il VR 44 A
2, HRE R K REWZR . BLAh, A KB TC R G
NIREABEBERmF R, BB 085 e
SCEEF AR AR B AR B Ak, X ] BE 2 2 45 R
HER T o KRR 708 2 K F ATHE M B Z 1, 9
N Z A5 77 AR AEY) 248 br, k& 211587, 8
B A A, DL i DR SR S0 2R I HE T, R I 9R /D A
W7 T AIF 2 T v H i AL 1 R 45

gE LT, m R X 2 4E N RHR 5 MS &
I IR 2 ) A7 7E IEAH R R R, IX R BCIL HAE
PR AE N B O 3, RHR 5 MS 25 KU
TE P IR A 88 b 1) 22 s G B T ) e SRS HE T
T BH S W o F W i o Hp R N TRE AR BRI, R
A A2 RHR (1) 5 89 a0, 38 i {8 B 380 8 AR Vs
75 T TR AR MS RS o 72 SR X, | T ik
(PR 55 IR 25 (WIS A 5% ), AT BE 0T o 2R AIAR W 7=
A AN R, T H MS T RE 5 22 R 8 T 5% A
EZHAEH . B, AR R P58 75 23— B4Rt

e JEL s Xy E N PR A EURR A A AR 3 7 U RHR
5 MS K&K, DUE A2 X b2 4 N
i B B AR I BE A B 1 )

S 3k

[1] O'Neill S, O'Driscoll L. Metabolic syndrome: a closer look at the
growing epidemic and its associated pathologies[J]. Obesity Reviews,
2015, 16(1): 1-12.

[2] Pkt BAHERS, Jopk, 55, = 4 BUEE JE IR AR 455 1E O BIDIR &%
FLEmA R AT [1]. P EAIETE, 2023, 39(5): 617-621.

[3] WHETHE, 25, RIAE, 25, WL B ARAT AL X e AR SRS E R
AR R HSERE K [J]. BHERATRA A, 2022, 43(3): 387-391.

[4] Saklayen M G. The global epidemic of the metabolic syndrome[J].
Current Hypertension Reports, 2018, 20(2): 12.

[5] Tian J, Yuan Y, Shen M Y, et al. Association of resting heart rate and
its change with incident cardiovascular events in the middle-aged and
older Chinese[J]. Scientific Reports, 2019, 9(1): 6556.

[6] Hu L H, Huang X, Zhou W, et al. Associations between resting heart

rate, hypertension, and stroke: a population-based cross-sectional study

[J]. The Journal of Clinical Hypertension, 2019, 21(5): 589-597.

RIGFY, MR, XK, 5. R0 50 MER S BLIRR [J]. f

PR A4, 2020, 24(7): 779-784.

[8] Zhang X, Hong F, Qin Z X, et al. Resting heart rate is associated with
the risk of metabolic syndrome and its components among Dong adults

—
~
[

in southwest China: cross-sectional findings of the China multi-ethnic
cohort study[J]. Diabetes/Metabolism Research and Reviews, 2022,
38(1): e3475.

[9] MR¥EIR, £H, T, &5 KEWHRAEANF S 0E 5RBLEEMER K
Z [J]. R 2 &, 2021, 25(6): 668-672 5 697.

[10] TEK, AR, $LIEEE, 55, Wh 2 & AU SEE M BR IR &
FERE IR F 4T [7]. SRR B4, 2025, 52(2): 376-380.

[11] rrAele 2 oo bl IR % 4y 2. T B 2 B9 PR B i F /i (2017 4F
W3], HAERE PR 4 &, 2018, 10(1): 4-67.

[12] EXGR, MO, E88, 55 JRIE b AT =/ P B 00 B 0
fa B R REE M7 (7). HARIRAT R 244 K, 2014, 35(4): 354-358.

[13] Li G J, Wang H L, Wang K, et al. The association between smoking
and blood pressure in men: a cross-sectional study[J]. BMC Public
Health, 2017, 17(1): 797.

[14] BREE, AR, XA, 5. 2008—2018 47 Jb 5T X A8 BE Ak A
PABAT NS (7). AR A, 2021, 25(3): 284-288.

[15] Seravalle G, Grassi G. Heart rate as cardiovascular risk factor[J].
Postgraduate Medicine, 2020, 132(4): 358-367.

[16] Long T F, Wang J, Han X, et al. Association between resting heart
rate and incident diabetes risk: a Mendelian randomization study[J].
Acta Diabetologica, 2019, 56(9): 1037-1044.

[17] Béhm M, Schumacher H, Teo K K, et al. Resting heart rate and
cardiovascular outcomes in diabetic and non-diabetic individuals at
high cardiovascular risk analysis from the ONTARGET/TRANSC-
END trials[J]. European Heart Journal, 2020, 41(2): 231-238.

[18] Jiang X J, Liu X X, Wu S L, et al. Metabolic syndrome is associated
with and predicted by resting heart rate: a cross-sectional and longi-
tudinal study[J]. Heart, 2015, 101(1): 44-49.

[19] Wu X Y, Du R, Hu C Y, et al. Resting heart rate is associated with
metabolic syndrome and predicted 10-year risk of cardiovascular
disease: a cross-sectional study[J]. Journal of Diabetes, 2019, 11(11):
884-894.

[20] Oda E, Aizawa Y. Resting heart rate predicts metabolic syndrome in
apparently healthy non-obese Japanese men[J]. Acta Diabetologica,
2014, 51(1): 85-90.

[21] Wang S, Liu K, Zhang X, et al. Elevated resting heart rate predisposes
metabolic syndrome in women rather than in men: a 15-year pros-
pective study[J]. BMC Cardiovascular Disorders, 2015, 15: 110.

[22] Yang S J, Yu B, Yu W Q, et al. Development and validation of an
age-sex-ethnicity-specific metabolic syndrome score in the Chinese
adults[J]. Nature Communications, 2023, 14(1): 6988.

[23] EE4n, TEAAGF, XU, & 2018 EIRE 15 4 45~64 & N
S BUR B 50 PR 3 —— T ORI 43 A7 [J]. BA5E 5 HRME R
2%, 2024, 41(7): 768-773.



https://doi.org/10.1111/obr.12229
https://doi.org/10.11847/zgggws1138579
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1038/s41598-019-43045-5
https://doi.org/10.1111/jch.13529
https://doi.org/10.1002/dmrr.3475
https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://doi.org/10.3760/cma.j.issn.0254-6450.2014.04.003
https://doi.org/10.1186/s12889-017-4802-x
https://doi.org/10.1186/s12889-017-4802-x
https://doi.org/10.1080/00325481.2020.1738142
https://doi.org/10.1007/s00592-019-01344-3
https://doi.org/10.1093/eurheartj/ehy808
https://doi.org/10.1136/heartjnl-2014-305685
https://doi.org/10.1111/1753-0407.12927
https://doi.org/10.1007/s00592-013-0503-9
https://doi.org/10.1186/s12872-015-0104-3
https://doi.org/10.1038/s41467-023-42423-y
https://doi.org/10.11836/JEOM24001
https://doi.org/10.11836/JEOM24001

	1 对象与方法
	1.1 对象
	1.2 方法
	1.2.1 问卷调查及体格测量
	1.2.2 实验室检测

	1.3 判断标准
	1.4 质量控制
	1.5 统计分析

	2 结　果
	2.1 研究对象基本情况（表1）
	2.2 不同特征中老年人 MS患病情况（表2）
	2.3 不同RHR分组对MS患病风险的影响模型分析（表3）
	2.4 RHR与MS患病风险的年龄性别分层logistic回归分析（表4）

	3 讨　论
	参考文献

