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[ Abstract] Objective To investigate the potential association between multimorbidity and the handgrip
strength of middle-aged and older adults. Methods The baseline (2011) and second-round follow-up (2015) data of
China Health and Retirement Longitudinal Study (CHARLS) were used. Adults=40 were selected as the subjects of the
study. Variables incorporated in the study included handgrip strength, chronic disease prevalence, demographic variables,
and health behavior variables. Generalized estimating equations were used to analyze the longitudinal association between
handgrip strength and multimorbidity. Results A total of 28 368 middle-aged and older adults were included in the
baseline and follow-up samples, with an average age of (59.1+9.7) years old, the oldest being 96 while the youngest being
40. Among them, 6 239 were male, accounting for 47.3%. In the second-round follow-up, 9 186 baseline respondents and
5 994 new respondents were covered, reaching a total of 15 180 respondents. Compared with the baseline, a higher
proportion of the second-round follow-up respondents were female (P=0.033) and were older (P<0.001). From the
baseline to the second-round follow-up, Q1, the lowest grip strength category, increased from 23.4% to 26.6%, while Q4,
the highest grip strength category, decreased from 26.5% to 21.2%. The prevalence of having more than three chronic
diseases increased from 18.2% to 24.2% and the prevalence of having more than five chronic diseases increased from 3.3%
to 6.2%. After adjusting for confounding variables, the interaction items of handgrip strength and time showed statistical
significance. After stratification by gender, the interaction items of male handgrip strength and follow-up time were
statistically significant in both models (P<0.05). The marginal effect graph of the interactive item showed that the
multimorbidity prevalence of respondents with lower handgrip levels grew faster with age. Individual effect analysis
showed that the correlation between handgrip strength and multimorbidity was not statistically significant at baseline, but
the follow-up done four years afterwards showed statistical significant correlation between handgrip strength and
multimorbidity. Conclusion Respondents with lower baseline handgrip strength are associated with increasingly higher
risk of multimorbidity over time. Handgrip strength can be used as an effective screening tool for middle-aged and older
adults in China to identify those at higher risks of multimorbidity of chronic diseases.
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Table 1 Sociodemographic characteristics of Chinese aged over 40

Characteristics of respondents 2011 (n=13 188) 2015 (n=15 180) P
Education level/case (%) 0.011
Illiterate 3641 (27.6) 4262 (28.1)
Below elementary school 2403 (18.2) 2732 (18.0)
Primary school 2993 (22.7) 3267 (21.5)
Junior high school 2716 (20.6) 3085 (20.3)
High school 1202 (9.1) 1532 (10.1)
College and above 233 (1.8) 302 (1.9)
Smoking status/case (%) 0.981
No 7 962 (60.4) 9161 (60.4)
Yes 5226 (39.6) 6019 (39.6)
Drinking /case (%) 0.001
No 8883 (67.4) 9 858 (64.9)
Less than 1 time/month 1049 (7.9) 1326 (8.7)
More than once a month 3256 (24.7) 3996 (26.4)
Sleeping time/case (%) 0.293
<6h 3858 (29.3) 4369 (28.8)
6-9h 8751 (66.3) 10 187 (67.1)
>9h 579 (4.4) 624 (4.1)
Self-rated health/case (%) <0.001
Very good 784 (5.9) 1860 (12.2)
good 2238 (17.0) 1891 (12.5)
Fair 6882 (51.7) 8013 (52.8)
Poor 2832 (21.5) 2701 (17.8)
Very poor 522 (3.9) 715 (4.7)
Wearing glasses/case (%) 0.985
No 11 692 (88.7) 11 039 (88.9)
Yes 1432 (10.8) 4105 (10.6)
Blindness 64 (0.5) 36 (0.5)
Hearing/case (%) <0.001
Excellent 184 (1.4) 327 (2.2)
Very good 1776 (13.5) 2498 (16.5)
good 3863 (29.3) 2546 (16.8)
Fair 5531 (41.9) 7 945 (52.3)
Poor 1834 (13.9) 1864 (12.3)
fall(s) (last year)/case (%) 0.035
No 11 058 (83.9) 12 586 (82.9)
Yes 203 (16.1) 2594 (17.1)
Pain/case (%) <0.001
No 8 821 (66.9) 10 606 (69.9)
Yes 4367 (33.1) 4574 (30.1)

TR Z Vi B (6 9884 (46.0%), P=0.033], 2R TG Lo WA, SHRLALL, 5 5V
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Table 2 Grip strength and chronic multimorbidities in Chinese over 40 years old

Characteristics of respondents 2011 (n=13 188) 2015 (n=15 180) P
Grip strength/case (%) <0.001
First quantile (Q1) 308 (23.4) 4037 (26.6)
Second quantile (Q2) 3302 (25.0) 4111 (27.1)
Third place (Q3) 3305 (25.1) 3807 (25.1)
Fourth quartile (Q4) 3501 (26.5) 3225(21.2)
Suffering from more than 3 chronic diseases/case (%) <0.001
Yes 2402 (18.2) 3676 (24.2)
No 10 786 (81.8) 11 504 (75.8)
Suffering from more than 5 chronic diseases/case (%) <0.001
Yes 436 (3.3) 937 (6.2)
No 12 752 (96.7) 14 243 (93.8)
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Fig 1 Longitudinal correlation between grip strength and cognitive changes in middle-aged and elderly Chinese: based on generalized estimating

equations

The model 1 and model 2 marked in the figure refer to the longitudinal correlation between grip strength and cognitive changes at different multimorbidity cut-off

value. “Q1” is the GS first quartile, “Q2” is the GS second quartile, “Q3” is the GS third quartile, “Q4” is the GS fourth quartile.
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Table 3 Longitudinal correlation between grip strength and multimorbidities in Chinese over 40 years old

Model 1* Model 2°
Variable OR (95%CI) P OR (95%ClI) P
Total
Grip strength (GS)
Q1 (GS first quartile) 1 1
Q2 (GS second quartile) 0.98 (0.86-1.11) 0.762 0.92 (0.71-1.19) 0.551
Q3 (GS third quartile) 0.93 (0.81-1.06) 0.302 0.92 (0.7-1.21) 0.566
Q4 (GS fourth quartile) 0.92 (0.8-1.06) 0.263 0.9 (0.67-1.2) 0.480
GSxTime
Qlxfollow-up time 1 1
Q2xfollow-up time 0.87 (0.74-1.02) 0.101 0.84 (0.61-1.14) 0.271
Q3xfollow-up time 0.83 (0.7-0.98) 0.031 0.68 (0.49-0.94) 0.020
Q4xfollow-up time 0.72 (0.61-0.86) <0.001 0.67 (0.48-0.94) 0.021
Male
Grip strength (GS)
Q1 (<34.0kg) 1 1
Q2 (34.1-40.0 kg) 0.97 (0.8-1.17) 0.79 0.95 (0.64-1.42) 0.837
Q3 (40.1-45.2 kg) 0.78 (0.63-0.97) 0.026 1.02 (0.67-1.57) 0.905
Q4 (>45.2kg) 0.87 (0.7-1.07) 0.192 1.1 (0.72-1.68) 0.654
GSxTime
Q1xfollow-up time 1 1
Q2xfollow-up time 0.81 (0.64-1.02) 0.084 0.67 (0.42-1.05) 0.085
Q3xfollow-up time 1.03 (0.8-1.33) 0.783 0.55 (0.33-0.90) 0.018
Q4xfollow-up time 0.73 (0.57-0.93) 0.013 0.54 (0.34-0.86) 0.009
Female
Grip strength (GS)
QI (<22.5kg) 1 1
Q2 (22.6-27.0 kg) 0.99 (0.83-1.18) 0.966 0.91 (0.65-1.29) 0.626
Q3 (27.1-31.0 kg) 1.04 (0.87-1.25) 0.597 0.87 (0.61-1.25) 0.462
Q4 (>31.0kg) 0.97 (0.81-1.17) 0.815 0.79 (0.53-1.17) 0.247
GSxTime
QI xfollow-up time 1 1
Q2xfollow-up time 0.92 (0.74-1.15) 0.504 0.99 (0.65-1.50) 0.967
Q3xfollow-up time 0.73 (0.58-0.91) 0.006 0.8 (0.52-1.23) 0.319
Q4xfollow-up time 0.72 (0.57-0.91) 0.007 0.8 (0.5-1.28) 0.359

OR: Odds ratio; CI: Confidence interval. Boldfaced numbers indicate statistical significance. All models use generalized estimating equations with different

cut-off value of multimorbidity and control all confounding factors. a: The cut-off value of multimorbidity in model 1 is suffering from 3 or more chronic

diseases; b: The cut-off value of multimorbidity in model 2 is suffering from 5 or more chronic diseases.
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Table4 Correlation between grip strength and multimorbidity at

different time points

Grip strength OR (95%CI) P
Baseline sample (model 1)
Q1 1
Q2 1.04 (0.91-1.18) 0.585
Q3 1.04 (0.90-1.20) 0.586
Q4 1.09 (0.94-1.27) 0.258
Wave3 (model 1)
Q1 1
Q2 0.85 (0.77-0.95) 0.003
Q3 0.78 (0.69-0.87) <0.001
Q4 0.67 (0.60-0.76) <0.001
Baseline sample (model 2)
Q1 1
Q2 1.01 (0.78-1.34) 0.888
Q3 1.09 (0.82-1.46) 0.541
Q4 1.16 (0.85-1.58) 0.363
Wave3 (model 2)
Q1 1
Q2 0.76 (0.64-0.91) 0.002
Q3 0.62 (0.51-0.75) <0.001
Q4 0.59 (0.48-0.74) <0.001

OR: Odds ratio; CI: Confidence interval. Boldfaced numbers indicate
statistical significance. All models use binary logistic regression with

different subsamples and control all confounding factors. The cut-off value

of multimorbidity in model 1 is suffering from 3 or more chronic diseases.

The cut-off value of multimorbidity in model 2 is suffering from 5 or more
chronic diseases.
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