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Abstract: Objective To analyze the research development trends of telemedicine applications in cardiovascular disease
management in low— and middle—income countries based on bibliometric methods. Methods Research articles related to the
application of telemedicine in cardiovascular disease management within middle —and low—income countries were retrieved
from the Web of Science database, covering the period from January 1, 1998, to April 30, 2024. Using Excel, VOS viewer,
and R software, we analyzed and visualized annual publication volume, regional research intensity, keywords, country
citations, and conducted regional disparity and research topic analyses. Results A total of 514 articles were included in the
study. The number of publications on telemedicine in cardiovascular disease management in low — and middle —income
countries showed an upward trend from 1998 to 2023, particularly experiencing rapid growth since 2012. China (21%), the
United States (13%), and India (11%) ranked as the top three countries in terms of research output. Among 134 low— and
middle—income countries, 57 (43%) reported the application of telemedicine in cardiovascular disease management, with the
highest research output from China, India, Brazil, Iran, and Bangladesh. The research primarily focused on upper—-middle—
income (50.3%) and lower—middle—income countries (40.9%). The technological applications were concentrated in disease
risk factor control, screening, and diagnosis, covering all stages of prevention. The most commonly used tools included mobile
applications and wearable electrocardiogram devices, which have increasingly incorporated machine learning, deep learning,

and artificial intelligence technologies in recent years. The target users of these technologies included the general public,
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patients, and healthcare service providers. Conclusion The volume of literature on telemedicine in cardiovascular disease
management in low— and middle —income countries continues to grow, integrating into the entire management process of
cardiovascular diseases in these regions. However, challenges such as the digital divide due to regional development
disparities persist. There is an urgent need to promote the implementation of technology support and economic incentive

policies, particularly in African countries, to establish an efficient, safe, and convenient digital cardiovascular disease

management system.
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H RSO I 20 A8 SR AR S8 H AR 1) |
Fra#, 5 &I A E % (high income countries, HICs)
FAEE AT > 80% 11U M40 8 A= TR e TP I A
R, A M U5y 2 =00 AR T K A 7R
BEEFRN, EAEEST (telehealth ) ARNE B HERE T
U ) TS R A3, e R BRI A il
15 AT A A5 E B AEOR AT D s ik s BR A, Ay
(B NP E 2w R Ny QU I 9 N
BT RSs, JHEsR B E s 2 5O B 38 HLRE
T3, BB B P RCRE, AR FE 20 LA B
PR TORpLIE . SR, AR BT e TP IR A I K
() S SHET AT SR AFAE — BB Rt , 3 IAEBOR HOR |
AN G K5 TAAAEA D, BRI T e

AR 7 A A5 P AT B2 ISR DT T AN S
T Web of Science .05 £ 1 SCHRIT 53T, R4E
it FHLZC A B 7 A P AR [ 2800 I 4 i 6 BAH O
WEIE A e, o3 BT HOR N HI B BIFFE R b Js 2%
S BORIME DITRAb il T Z R IR UE S8 -5 B R B
FHANE T 1 1R B0 ) o

1 MRS TS

1.1 UHRGRR ARG LL IR BT 0 A e
RIS [ 58 SRy 32 A8 G B 3R], X Web of Science
DG ERHAT U R, KR 2R  TS=("telehealth”
OR “Cardiovascular disease”) AND ALL=(“LMICs”), ¥
RIS A TR AT 7] SCI4 Jie , AR i T 4
F20244F4 A 30 H, L& 1.

R SCERG R SR A [F] AR

Table 1 Expansion of literature search keywords

ETERTY BT
“telemedicine” OR “digital health” OR “digital medicine” OR “mobile health” OR “electronic health” OR “ehealth” OR “mhealth” OR
Telehealth “teleconsultation” OR “remote consultation” OR “remote monitoring” OR “remote rehabilitation” OR “wearable device” OR “telephone” OR
“mobile phone” OR “artificial intelligence” OR “information technology”
Cardiovascular ~ “CVD” OR “myocardial infarction” OR “MI” OR “cardiac rehabilitation” OR “coronary” OR “Acute Coronary Syndrome” OR “ACS” OR
disease “Arrhythmia” OR cardio* OR cardiac* OR heart*
“developing countries” OR “less developed countries” OR “third—world countries” OR “under—developed countries” OR “poor countries” OR
LMIC “less developed countries” OR “under developed countries” OR “less developed nations” OR “third world nations” OR “under developed
Cs

nations” OR “developing nations” OR “poor nations” OR “poor economies” OR “third world economies” OR “developing economies” OR

“under developed economies” OR “less developed economies”

1.2 kAR AR E  ARRUE: (DR EREE
JrHEAR (BFEEARR T s . FaeFHL . APP
GO SERR M 5 ()85 AREEF R A B, 5F
FUA O B B s fE R R (R Il & IR 55 )
HEBRARAE : (1) SCE N ZE 50 1A B SO & fE 2
CRERE: R B PRI AE ) TE 6 5 (2)BIFFE 8B LA |
SCHRTE i BT P 0 S5 sl e R 4 3

1.3 X#RHFRH = AW Endnote FAHE A
YR SCHR , B Sl a4 T D R SR e SR Se it
WS R S5 A7 52 4, 1] EXCEL #/Fl ¥4k
W58 SCREACR I ) A S e, i R BRE53Hr I ]
ML EMFREEESZSE,; MM H
VOSviewer A0 28 H- IH 2 e 8iin] , AT g i+ 5

BRI, AT PR b SR A TR PRI 2R
2 % R

21 XFEMAHSRE R HAE Web of Science #% 0>
BAERRE] 1479 F SCHR o 8 30 Sk bR S 2 Y
T , HEBR AT G BR Y STk , e &9l A 514 5 SCHik
AT o

2.2 XMREEAHSH AR AR 514 SCHR
Y & FE IR0 AE 1998—2024 4F , ST &,
2 7 7 HPER SO [ R 400 ML 785 5 A L v 114 R S AF
FEAFBE R S VAR TS, 7E 1998—2011 4F[H]
SCHREICE 3 /D, 2012 AT SCHRE L T 0RO K, 3R
IZAZ B TR ok s . DL 1.



BT BE 2 2025 4F

552 55 5] Modern Preventive Medicine, 2025, Vol. 52, NO. 5 - 781 -

80
70
60

~ 50 }

o 10
Hk
> 30 F

2

4 4 4

I 2 2
o Clea—r 0 |_||—||—||—|.—.|_||_||_|l_|ﬂﬂ H

74

56 37
50 49

28 29

B 1 1998—2024 4F I ey 77 H RIS 580 ML B i BRAE SCAIT o i
Figure 1 Number of telemedicine studies related to cardiovascular disease management in low— and middle—income countries

(1998—2024)
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disease management in low— and middle—income countries by
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Figure 2 Temporal trends in the number of telemedicine studies

on cardiovascular disease management in low— and middle—income

countries (1998—2024)

X AR TR B, EE AT LI =K
BRI R HEARF RSB S By
B 05 XUy R 25 A v L. “ W B ™ B b < g ™
A BRSO mE TN TR Yk ™
“HLPEERIC S APP S AL 4% L X S B BEA
R ERT v o M S B2 8 L T8 =¥ < G 7 Tl
A PRI R BT T O AR G G
W6 DR 22 S I A A P — AR B AR AR A B L
SYH R, DIFHLNEARR APP FLL R R
HErs H T T = 3 LA % T 58 8 1H) A
“NTERE"“FHL APP” 22 " “ B e ple ™« v F
CURIBEAS T CTHAE” RN T IZA H BT A HT L 1)
LI 3,

R4 19982024 AL HR B YT AR IRICA B 20 LA B T
HRAR DR S 2 S i) i A3
Table 4 Keyword frequency in articles on telemedicine for
cardiovascular disease management in low— and middle—income

countries (1998—2024)
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risk 35 risk factor 20
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Research on the association between sedentary duration, physical activity,

and male sperm quality
ZENG Si—xuan’, YANG Ting—ting, LI Fu-ping, TTAN Run, ZHANG Lu, FU Peng-bo, FU Le—yao, SONG Gui—shuang, LTAO
Jun-hao, YU Chuan, XIAO Cheng—han, LIU Zhen—mi
"West China School of Public Health / West China Fourth Hospital, Sichuan University, Chengdu, Sichuan 610041, China

Abstract: Objective To investigate the association between sedentary duration, physical activity, and male sperm quality.
Methods Based on 1 578 semen samples from the Sichuan Human Sperm Bank, a linear regression model and restricted
cubic spline analysis were employed to examine the linear and nonlinear associations of daily sedentary duration, weekly
physical activity volume, and physical activity level with conventional semen parameters and sperm kinetic parameters.
Results Daily sedentary duration and weekly physical activity volume showed significant nonlinear associations with forward
motility, immotility, and total motility (P < 0.05). Additionally, weekly physical activity volume was significantly nonlinearly
associated with average curvilinear velocity, average path velocity, average straight—line velocity, and average flagellar beat
frequency (P < 0.05). Compared to the low activity group, the moderate and high activity groups had significant improvements
in forward motility [% Change (95%CI): 4.302 (1.691-6.979), 2.816 (0.227-5.472)], total motility [% Change (95%CI): 3.624
(1.227-6.079), 2.567 (0.179-5.012)], average curvilinear velocity [% Change (95%CI): 6.600 (3.021-10.304), 3.958 (0.446—
7.594)], average path velocity [% Change (95%CI): 6.529 (2.987-10.193), 4.012 (0.532-7.613)], and average straight—line
velocity [% Change (95% CI): 5.992 (2.049-10.087), 4.221 (0.319-8.274)], with the moderate activity group showing more
pronounced improvements. Conclusion Both insufficient and excessive daily sedentary duration are risk factors for male
sperm quality, with insufficient sedentary duration potentially posing greater harm. Maintaining regular and moderate physical
activity is beneficial for improving sperm quality.

Keywords: Sedentary duration; Physical activity; Sperm quality; Cross—sectional study
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RAFRYRTT IR 2R o AR, AL T BB SE AL
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AT REAT Bl 959 AR A0 v A SR A N SO T AT
FTHRG AR U GRS, SR, H AR T Ak S5
TG B kS ¥ B A A . A G TR
TR B URA TSRO S T R S
HRURTIRCAS AREM, T 52 IR 1~ S S A A A
W o K730 1 2RO T IO sh ARk A7
R oA 0 E 2R b, IR U A BURS 1 sh 48
P R RE B 52 At S WOk 15 B 2 i 5 B
1, [ I 2% A YRR AR ARG 1 Sh A HE s ] LS v
B WL S s 5 B, 3R THIT S 45 i T (R

PRI, A T T AT ST e O B TH 1A A 1
(Sichuan Provincial Human Sperm Bank,SHSB)
1 578 ZARKE S IR E IFTERT 4, LA H ARSI
R IIESIAR AL B R K R MUR R AR IS 1
AR bR A BT 45 )R S8, BT B TE R 2k A
LA ICHK , Ry AP A e T 2k B A B PR\ 2E
A ARSI T BRI E SRS ARE
1 #RETE
1.1 AR R ASCHFFE GOk A THE 2019 4F 10
H—2021 4F 12 7 1 U118 AJHE 14 (SHSB) i 55
(AR B PEIARG & o IATRIE: 18 ~ 45 2 s Tofe getk
PRI 5 TCI AL AN SR S s B 2 ~ 7 do HEBR AR
T  AETE AR B AR BB M i S sl O TR 5 5 ) 4
FEAGERE AR HINA 1578 BAFEFAFH)
ZAXE o ARWEIENAT T U R Ae B A 2 512
(WCSUH-SCU IRB,2019-076) f#it i , Fi fi & 5 %
152 5 R IS © 0 R T 3R AU 5032 £ 045 8 )
TR A
1.2 7k
1.2 BEAEIRIE R REACSRAERE o F PR
& J1 3% &) 1] &  (International Physical Activity
Questionnaire, IPAQ) WUARRIFFE X 52 1) B JE AR 7735 2
i (MET-min/w). A [ 2& B (& 75§ ) &
(MET-min/w) &} H # A2 B (min/d) A& 73 8l 7K1
(i P ) o TPAQ S~ PRy T3 3 T AR 4 il
SE 32 [ BRIA ] I 732 8 B AR 3 36 s A
A, WSO E e T EHR R ARERHAB ARETFE th i
TE T RAFERUE™ ", TPAQ fids i 7 48 H 4L, 7k
13 i B R AR 24 38 (metabolic equivalent tasks,
METs) A7 84k, 43 1A g3 gl i 2047 | b 55 A

FUSRFEAR TG s 2 M, 53 902 BRI PR A4 7 16 3 1)
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SRR A PR 4. 62 ISR G b
1A IR SE IR 4, 551 R 25 2R i gl i
AL IS ] 9 20 AR SC R B(ICC) O 0.750 ~ 0.822, 3%
WAL N R . Jd s PTG | P R A ) 15 s 2H 1Y)
AR T 13 Bl R A B[R] 9 22 S PR PP X 43R0
B, 4 Kruskal-Wallis H ¥ 5 155 J5 46 56 25 5 7R 4%
T2 R A G 2R 22 57 (P<0.05) , W IZ R 0 K I
X%
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ARWFFERY G AR AL - (1) H U b AR
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index, BMI) 2 H B ARG Bz, (2) AF
FA NI 2T 15, (3 )38 ) B e £R I / AR 3R
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(2)4 Kolmogorov—Smirnov 4 56 J5 2% JRy 8044 B 25
G3AT KA R AR R AT 1 ARXTEL (In ) 6405 (3) 28 T bk
RAFAEZ BN, K 1 a1 2K
(variance inflation factor, VIF)YJ/NF 4 8K J5 22 37 J#2%
TIRA KR AL AR DIDEAL 5 H AR A
TGS 5K F B E S A 4t e &R, 100 x
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PP B R S I BRI S T AESS (restricted cubic
spline, RCS) SRR RIS AR LM XL R, G5 A HEAR R K
/N L K Dk i 4F S UE U] (Bayesian information
criterion, BIC), TFAli RCS 5 S %00 4 BHULASUR i
M, NI RCS BEE 4 A9 R (5 5.35.65 195 1
SR R BT, S AT AR (3 5.27.5.50.72.5
195 A 43I0 AU T

Fr A g8 vt K 5 4 o XM K 5, Benjamini &
Hochberg YA THZIEZ B R PAE™, WL Y P<
0.05 Fmngiit i E k.

2 # R

21 MAABARBREAZESH AUFHRMA
1 578 ST LI FEANFIE . WFFENTERY T4 1%
H(24.94 + 4.71) % 5 KBS FEXT G DU AUE TG
iz AR E A 56.8% ; BT AR BMI S
PIE A (22.09 + 2.32 )kg/m*, 58.4%F11 713.2%I15 5%
TEI AL ST . BRIEX R L2 1. % 2 ik
TAWEFENRER R R b A FRAE . IS AHERE H
FRARIHE AR TE sl A 360.0(240.0, 483.0)min/d,
2079.0(999.9, 3 564.0)MET—min/w; &5 /- A 5% %t 5
AT IIE S ACE R AR TR 73500 i 43.79% K1 38.8%.,

R WIFEARER AL

Table 1 Characteristics of study populations

(5:3)

RS (x£5)/[n(%)]
IR (<18.5) 105(6.7)
AL (=24) 219(13.8)

Y > 15
AN 921(58.4)
el 657(41.6)

il > 154
A 1156(73.2)
Eilibd 422(26.8)

HADS-A 1543 2.53 +2.08

HADS-D #4343 2.41£2.52

PSQI 1543 3.43+2.16

AR (d) 4.62+1.19
s 371(23.5)
"2 727(46.1)
K 273(17.3)
% 207(13.1)

R 2 WA REEAE bR

Table 2 Distribution of exposure indicators in the study

IR M(Ps, Prs)In(%)
B H AL I (min/d ) 360.0 (240.0, 483.0)
B SR S35 By ik (MET-min/w) 2079.0 (999.9, 3 564.0)
P 792.0 (396.0, 1 386.0)
hég 240.0 (103.0, 600.0)
JRZN 480.0 (187.0, 1 440.0)
RN S o
1% 277(17.5)
5l 689(43.7)
= 612(38.8)

22 A H AN KT RE YR

221 B HEARRHC S5 MU RIS IR Gk sk

FE AR (v=s)/[n(%)]
(%) 24.94 +4.71

20 ~21 425(26.9)

22 ~24 504(31.9)

25~ 44 649(41.2)
R

i 1 496(94.8)

HAh 82(5.2)
HE K

ABHATF 682(43.2)

AR 896(56.8)
TSR

KU 1348 (85.4)

CLsE 230 (14.6)
JER S 3

w 1319(83.6)

= 259(16.4)
BMI(kg/m?) 22.09 £2.32

brifE (18.5~23.9)

1 254(79.5)

3 R, B H AR I 5 RS W Br 22 [R) C  25 2
PERER(P>0.05), & 1 B/nE HE AR 5851k
J(P=0.016) .PM(P=0.007) . IM(P=0.015) Fl TM(P<
0.001) g AELRMEOCHK 25 . APl ik B . PM.TM B
i [R] S2A5 U FU AR AL 28 SR AIG s B 8 T, 0 )
TEF AR K2 272.75 .331.14 F1 310.29 min/d B 3]
KT ARG 2218 N 2 T2 % IM 2 U7 RIS E,
PN a= 0= S IR - F RS |
314.46 min/d i H B9 5

222 H # Ak S S5 73 1248 hn g oCie
4 s, B HFRAR I 5K B 1 aE R bRz A T
HEAMERE (P>0.05). 2 BontEHRK S
BCF(P=0.007 ) Z [EJf7-Ae 5] U B i) i AR e C R
M2k 2 e FR AL K 24 8 293.60 min/d 1 3] 3k T
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Table 3 Results of linear models of sedentary hours and physical activity with conventional semen indicators

% Change (95%CI)

TREEA R

FE T (ml) K Eag(100) AU (10%ml) PM(%) M(%) T™(%)
B H A 0.177(-1.753 ~ —2.695(-6.066 ~  —2.867(=5.900 ~ 0.270(-0.612 ~ ~0.428(-2.416 ~ 0.198(-0.616 ~
(min/d) 2.145) 0.798) 0.264) 1.160) 1.601) 1.019)
T JE A T35 B -0.577(-2.487 ~  -1.105(-4.526 ~  -0.532(-3.634~  -0.192(-1.069 ~ 0.264(-1.734 ~ 0.015(-0.796 ~
(MET-min/w) 1.372) 2.438) 2.671) 0.692) 2.302) 0.832)

. 0.155(-1.749 ~ 0.515(-2.923 ~ 0.360(-2.735 ~ —0.602(-1.464 ~ 0.326(-1.650 ~ -0.325(-1.123 ~
o 2.094) 4.075) 3.553) 0.268) 2.342) 0.481)

. 1.772(-0.170 ~ 0.585(-2.874 ~ -1.167(-4.230 ~ 0.317(-0.558 ~ -0.661(-2.628 ~ 0.401(-0.408 ~
e 3.752) 4.167) 1.995) 1.200) 1.346) 1.216)
- -1.655(-3.544 ~  -2.136(-5520~  -0.489(-3.592~  -0.026(-0.903 ~ 0.454(-1.548 ~ 0.056(-0.755 ~

0.270) 1.369) 2.715) 0.860) 2.496) 0.874)

ARSIV
ik 2%l Z% {0 SH(H Z% 10 Edl 2%l
6.103(0.342 ~ 9.218(-1.310 ~ 2.936(—6.050 ~ 4.302(1.691 ~ —~7.512(-12.715 ~ 3.624(1.227 ~
4 12.194)° 20.869) 12.782) 6.979)" -1.998)" 6.079)"
o 0.600(-4.896 ~ 1.265(-8.556 ~ 0.661(-8.181 ~ 2.816(0.227 ~ -5.387(-10.743 ~ 2.567(0.179 ~
™ 6.414) 12.140) 10.353) 5.472)° 0.290) 5.012)°

74 PM AET )32 RG340 2585 IM A ANIE SlRE 1 5028 TV RS 1406 75" B.HAS IEJG 19 P <0.05; ™ B.HALIE /G 1Y P {H<0.01; 7 B.H.AL
1EJG 1 P {H<0.001,

e L NI S 2 AR RS e DA sl AN U S eI DR E RN AR
Table 4 Resulis of linear models of sedentary hours and physical activity with sperm kinematic indicators

% Change (95%CI)

IR

VCL(pm/s) VAP(pm/s) VSL(jpum/s) LIN(%) STR(%) WOB(%) ALH(pm) BCF(Hz)
B HEAERHE  0.654 (-0.538 ~ 0.642 (~0.539 ~ 0.753 (-0.569 ~ 0.098 (-0.637 ~ 0.110 (=0.313 ~ -0.012 (-0.387 0.271 (-0.993 ~ -0.124 (-1.012
(min/d) 1.861) 1.837) 2.092) 0.838) 0.535) ~0.365) 1.552) ~0.772)

B SES) 0.078 (-1.106 ~ 0.026 (-1.145 ~ 0.156 (~1.156 ~ 0.078 (=0.655 ~ 0.130 (-0.292 ~ —0.052 (-0.426 -0.587 (-1.837 0.052 (-0.836 ~

1 (MET-min/w) 1.275) 1.211) 1.485) 0.817) 0.554) ~0.324) ~0.680) 0.947)
o -0.573 (=1.735 -0.656 (-1.805 —0.482 (=1.770 0.092 (-0.633 ~ 0.175 (=0.242 ~ —0.083 (-0.453 —0.771 (=2.005 -0.349 (-1.223
AT

~0.603) ~0.507) ~0.824) 0.822) 0.595) ~0.288) ~0.478) ~0.532)
s 0.246 (<0932 ~ =0.010 (=1.174 -0.179 (=1.479 —-0.424 (-1.149 -0.169 (-0.588 —0.256 (=0.627 0.450 (=0.806 ~ 0.136 (-0.746 ~
=5
1.438) ~1.167) ~1.137) ~0.306) ~0.251) ~0.117) 1.722) 1.027)
- 0.370 (=0.817 ~ 0.459 (=0.717 ~ 0.605 (=0.712 ~ 0.234 (-0.500 ~ 0.145 (-0.277 ~ 0.089 (-0.286 ~ —0.535 (~1.786 0.237 (-0.652 ~
1.571) 1.649) 1.940) 0.974) 0.570) 0.465) ~0.732) 1.134)

PR 136 sk

P
i ZH(H Sl Z%A Zx(H S (H Z%AA ZH(H Sl
" 6.600 (3.021 ~ 6.529 (2.987 ~ 5.992 (2.049 ~ -0.571 (-2.656 -0.504 (-1.709 -0.067 (-1.142 5.948 (2.163 ~ 2.583 (-0.016 ~

10.304)™ 10.193)" 10.087)™ ~1.559) ~0.715) ~1.020) 0.874)" 5.249)

3.958 (0.446 ~ 4.012 (0.532 ~ 4.221 (0.319 ~ 0.252 (=1.863 ~ 0.201 (=1.021 ~ 0.052 (=1.032 ~ 2.717 (=0.976 ~ 2.036 (-0.565 ~
7.594)" 7.613)" 8.274)" 2.413) 1.437) 1.147) 6.548) 4.705)
H: VCL PR ZR L 5 VAP R P35 AR R 5 VSL S -3 FLZR R 5 LIN SRR s STR Al w1 s WOB S48l s ALH SR P35 M g 2
BCF S V-T2 ;" B.HALIE G Pl <0.05;" B.HAZIEG Y P i <0.01;B.HAZIEJGHY P 1 <0.001 .

In

2.3 KA EHHETF IR BN T h 2.3.1 BTG sl 5 W RS W A 22 8] ) TR
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