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Abstract: Objective To explore nonlinear effect of BMI and sleep duration on the risk of self — reported pain in Chinese
elderly and explore their potential interactions. Methods  The cohort study was conducted based on the Chinese health and
retirement longitudinal study (CHARLS). Piecewise linear splines modeled nonlinear exposures, and competing risk models
(Fine — Gray) analyzed associations between BMI, sleep duration, and self — reported pain, after adjusting for demographic
characteristics, lifestyle factors, and health status with all — cause death as competing event. Results  Total of 4 409 elderly
individuals were included, with a median follow — up of 3. 1 years. During follow —up, 1 521 participants (34.50% ) reported
pain occurrence, and 199 (4.51% ) died. Both underweight (BMI <20.0 kg/m’) and overweight/obese (BMI >26.9 kg/
m’) were associated with a significantly increased short — term risk of pain (8=5.447, P <0.001; B=3.582, P<0.001),
which gradually decreased over time (8 = —-1.436, P <0.00l; B = -0.960, P <0.001). Similarly, short sleep ( <6
hours) and long sleep ( >9 hours) were associated with an elevated short — term pain risk (8=5.516, P <0.001; 8=8.771,
P <0.001), with the risk diminishing over time (8= -1.448, P <0.001; 8= -2.354, P <0.001). Notably, long sleep
duration exhibited the strongest effect. Interaction analysis revealed negative multiplicative interactions at baseline for
underweight with short sleep (8= -1.953, P <0.001), overweight/obesity with short sleep (8= —1.326, P <0.001), and

overweight/obesity with long sleep (8= —1.612, P <0.001), indicating that the short — term pain risk in these combined —

TEZ T RIS VAL RIS — AR o RERI(1992—) 55 W LA B2, P57 1o - AT 9 AR SR T2 VT (1998—) , 55, 73, BF 5 07 1 < 3
5 BAge i
BEEE HLEPE, E - mail : zhuhuiping@ cemu. edu. e¢n



IACTIR B2 2% 2026 4F55 53 %45 8 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 8

- 1467 -

risk groups was lower than the sum of their individual effects. However, time — interaction analysis showed that the pain risk in

these combined - risk groups declined significantly slower over time compared to those with single risk factors (8=0.521, P<

0.001; B=0.355, P<0.001; 8=0.435, P<0.001), suggesting more persistent pain and slower recovery. Conclusion

Abnormal BMI and abnormal sleep duration are significantly associated with an increased risk of pain requiring medication

intervention in the Chinese elderly population, with long sleep duration showing the strongest association. Complex synergistic

effects exist between abnormal weight and sleep problems: although combined — risk groups do not exhibit additive short — term

pain risk, they experience prolonged pain duration and slower recovery, making them a high - risk population for pain

chronification.
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Table 1 Transformation forms of sleep duration and BMI

E3giES A R

BMI( 2437 ; kg/m”)
<20 BMI,,,., = max(0, 20 — BMI)
20 ~26.9 BMI,,,..i = min(max(0, BMI -20), 6.9)
>26.9 BMI,,,, =max(0, BMI - 26.9)

MR AR FSF (B 2 /)
<6 Sleep o =max(0, 6 —Sleep)
6~9 Sleep,gma = min(max(0, Sleep -6), 3)
>9 Sleepy,,, = max(0, Sleep — 9)

1.2.5 AHsrde fHAFERE/NT 65 2,65 ~74 4,

75 ~84 %85 % R LA 10y o DU s B AR DL o> M AE I
FIATERS PR IS s WA KT 73 o 2 RS WS A A
JE NSCH N s OREE DL B DU AR Sy
PG EAL/ TR TR R 28 e R 5 18 PR EL
PN 0, <2 BRI 2 F DL b =2 FHZG R A 43 R 2
TR 25 40 A R B0 U AR B 410 18 B 3% ( Center for
Epidemiological Studies Depression Scale, CES — D) 15§
53053 3947 (CES - D=16) Jo (CES - D <16) IR



- 1468 -

PRAC TR 2= 2% 2026 4255 53 #:55 8 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 8

DLW, B BMI ## <18.5,18.5 ~24.9,25 ~29.9
Fi= 30 73 R P | T PR EE Lo T RIS i U 2 e
MRS L <6 /NI 6 ~9 /NI =9 /NI 43 Bl iR A
2 BRI I F FIREAR K =4

1.2.6 Fine — Gray #5 AU {4 ¢

h(¢1X) = hyy (1) exp (B,BMI + B,Sleep + B, ( BMI x
Sleep) +8, (BMI x log(t +1)) + 85 (Sleep x log(t +
1)) +Bs(BMI xSleep x log(t+1)) +vyZ)

Sleepshort ’ Sleepnormal ’ Sleeplung H Z ﬂ‘j Tj} /E% ( 45'5 ﬁ@\ N ‘rét
W HERER)  HRIE RO v,

2 &5 R

2.1 FRRAFALAFE RO REPA 4 409 %
ZAEN, LRIV E] 3.1 4F, 1 521 (34.50% ) 44
AR NAEBE VT AR s TR KR (R AT D) L, 199
(4.51% ) HIEF NAEREVTHIET . WK 2,

BMI Oy BMI, . BMI,,. BMI, . Slep %
F2 PR GATELIAE 0
Table 2 Characteristics of the participants

IS R (n =2 689) AN (n =1 521) T2 (n=199)
BMI(x +5) 23.63 £3.83 23.82 +3.94 24.02 £3.78
AR AT (2 5) 7.22 +2.00 7.22 +2.01 7.09 £2.16
S (x £5) 68.29 +6.80 67.71 £6.44 67.41 £5.79
PRI (%) ]

@ 1278(28.99) 741(16.81) 106(2.40)

L) 1411(32.00) 780(17.69) 93(2.11)
ISR n (% ) ]

eI 2 196(49.81) 1249(28.33) 162(3.67)

AT 493(11.18) 272(6.17) 37(0.84)
HEBE (%) ]

YH 697(15.81) 427(9.68) 51(1.16)

N 1273(28.87) 744(16.87) 93(2.11)

ik 531(12.04) 282(6.40) 45(1.02)

K#=EK&LLE 188(4.26) 68(1.54) 10(0.23)
TAES[n(% )]

HLIEBAAT /0] 809(18.35) 360(8.17) 54(1.22)

MEzE/ He 1880(42.64) 1161(26.33) 145(3.29)
ERWHM[n(%) ]

= 1471(33.37) 833(18.90) 114(2.59)

= 1217(27.61) 688 (15.61) 85(1.93)
BRI [n(%) ]

& 1 655(37.54) 945(21.43) 121(2.74)

B2 1 034(23.45) 576(13.06) 78(1.77)
PR (%) ]

0 Ff 883(20.03) 515(11.68) 53(1.20)

<2 fp 520(11.79) 348(7.89) 35(0.79)

>2 fil: 1286(29.17) 658(14.92) 111(2.52)
REMRMALY[n(%) ]

5 1 899(43.07) 993(22.52) 138(3.13)

2 790(17.92) 528(11.98) 61(1.38)
FERIER [ n(% ) ]

7 2 525(57.27) 1433(32.50) 192(4.35)

H 164(3.72) 88(2.00) 7(0.16)
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(BMI >26.9) A\Ff 9 & A= XU St AR Ltk A8 Ak,
T PN JRUIS: Bt BMIT i 25 1 & 51 61 BH (. T (B = 5. 447,
P <0.001;8=3.582,P <0.001) , {H% XK bt BF ]
BB WL (B = - 1.436,P <0.001;8 = - 0.960,
P <0.001) ; BEARAS 2 ( <6 /NET) FIEEAR 4 (> 9 /)
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-1.612,P <0.001) fEFELWIIFFAE T S HAE T, (B =0.435,P <0.001) i) = [ 52 HAE IS N IE, $2
P& R AT bR XU RRAE B9 ARE , LTI RS, i L3 5 UG AT 1) P i XU I I 1) 1 o g e 2
T4 2RO Z 05 W A S I R AR IA S R T XU R, R HORR S B2,
BEIR A (B =0.521,P <0.001) GHHE/MEMESHER  RET NS (5£3) .

A (B=0.355,P <0.001) DL /A i -5 B HR 2ot

F 3 EAREHCA BMI 5 H IR H AR 1Y Fine — Gray [R]85

Table 3 Fine — Gray regression model of sleep duration, BMI, and self — reported pain

A i B (95% CI) SE P value
BMI 432 (037 - kg/m* )
1. <20.0 5.447(3.912,6.982) 0.783 <0.001
2.20.0~26.9 0.014( -0.010,0.038) 0.012 0.251
3. >26.9 3.582(2.708 ,4.456) 0.446 <0.001
AR B (B s /N )
1. <6 5.516(4.797,6.235) 0.367 <0.001
2. 6~9 0.086( —0.055,0.227) 0.072 0.230
3. >9 8.771(7.583,9.959) 0. 606 <0.001
BMI Al R Fisf 4 TS (7] (14 28 F 350
1. Log(t+1) x (BMI<20.0) —1.436( -1.853, -1.019) 0.213 <0.001
2. Log(t+1) x (BMI>26.9) —1.448( —1.640, —1.256) 0.098 <0.001
3. Log(t+1) x (Sleep <6) ~2.354( -2.681, -2.027) 0.167 <0.001
4. Log(t+1) x (Sleep >9) ~1.436( -1.853, -1.019) 0.213 <0.001
5. (BMI<20.0) x (Sleep >9) ~1.656( —3.951,0.639) 1.171 0.157
6. (BMI>29.9) x (Sleep >9) —-1.612( -2.369, -0.855) 0.386 <0.001
7. (BMI<20.0) x (Sleep <9) ~1.953( -2.827, —1.079) 0.446 <0.001
8. (BMI>29.9) x (Sleep <9) -1.326( -1.757, -0.895) 0.220 <0.001
9. (BMI<20.0) x (Sleep >9) x Log(t +1) 0.427( -0.204,1.058) 0.322 0.185
10. (BMI>29.9) x (Sleep >9) x Log(t+1) 0.435(0.227,0.643) 0. 106 <0.001
11. (BMI<20.0) x (Sleep <9) x Log(t+1) 0.521(0.290,0.752) 0.118 <0.001
12. (BMI>29.9) x (Sleep <9) xLog(t+1) 0.355(0.239,0.471) 0.059 <0.001
P51
rgis Ref - -
B -0.027( -0.127,0.073) 0.051 0. 606
ARG
60 ~69 Ref - -
70 ~79 -0.040( -0.157,0.077) 0.060 0.508
=80 -0.151( -0.369,0.067) 0.111 0.174
TS WAR
P Ref - -
AALEWS 0.034( —0.099,0.167) 0.068 0.613
Pz eli]
= Ref - -
B 0.001( —=0.111,0.113) 0.057 0.983
ST IR
& Ref - -
2 -0.031( -0.141,0.079) 0.056 0.571
HERE
past Ref - -
Ik -0.037( -0.162,0.088) 0.064 0.559
rheg -0.078( —0.241,0.085) 0.083 0.349
Fozk -0.266( —0.542,0.010) 0.141 0.059
0 fifp Ref - -
<2 0.077( —=0.064,0.218) 0.072 0.285
>2 i -0.520( -0.657, -0.383) 0.070 <0.001
k254
= Ref - -

= 0.186(0.076,0.296) 0.056 0.001
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TERAE IR
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H -0.175( -0.395,0.045) 0.112 0.119
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