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[Abstract] Objective To investigate the relationship between biological aging and the rate of cognitive decline in
middle-aged and elderly populations. Methods Longitudinal tracking data of cognitive function were obtained from the
China Health and Retirement Longitudinal Study (CHARLS). We employed the Klemera and Doubal method (KDM) to
estimate biological age (BA), and calculate the biological aging index (BAI) and biological aging type (BAT). A
multivariate linear regression model was employed to analyze the relationships between baseline BAI, BAT, and cognitive

function scores. Based on the baseline analysis, a mixed-effects model was used to examine the longitudinal associations
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between baseline BAIL, BAT, and cognitive function during follow-up. Results A total of 5897 participants were included
in the study. BAI was found to be negatively associated with baseline cognitive function scores, with the partial regression
coefficient (B) (95% CI) being —0.185 (—0.231, —0.139) (P < 0.001). Compared with the lagged aging group, the
premature aging group had lower cognitive function scores (8 [95% CI]: —0.741 [—0.966, —0.516]). For age and sex, for
each additional year of baseline BAI, cognitive function scores declined by an average of 0.012 (95% CI: —0.019, —0.005)
points per year after adjusting for age and sex, and declined by 0.011 (95% CI: —0.018, —0.004) points per year after
adjusting for other covariates. Compared with participants with lagged aging, those with premature aging experienced, on
average, an additional decline of 0.042 (95% CI: —0.075, 0.009) points per year in cognitive function scores after adjusting
for age and sex alone, and by 0.039 (95% CI: —0.072, —0.007) points per year after adjusting for other covariates.
Conclusion Biological aging affects the rate of cognitive decline in middle-aged and elderly populations. A higher BAI is

associated with a faster decline in cognitive function. Compared with those with lagged aging, individuals with premature

aging exhibit a more rapid rate of cognitive decline.
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Table 2 Distribution of BAT in the overall study population and by sex subgroups
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Table 1 Basic characteristics of CHARLS study participants
- _ Middle-age group Elderly group )
Characteristic Overall (n=6 460) (< 65 years old) (n=4 963) (=65 years old) (n=1497) X/t P
Sex/case (%)
Male 3250 (50.3) 2381 (48.0) 869 (58.0)
46.69 < 0.001
Female 3210 (49.7) 2582 (52.0) 628 (42.0)
Educational attainment/case (%)
Less than junior high school 4170 (64.6) 2981 (60.1) 1189 (79.4)
Junior high school 1513 (23.4) 1313 (26.5) 200 (13.4)
256.75 <0.001
High school 145 (2.2) 87 (1.7) 58 (3.9)
College or above 632 (9.8) 582 (11.7) 50 (3.3)
Marital status/case (%)
Married 5521 (85.5) 4391 (88.5) 1130 (75.5)
156.23 <0.001
Divorce/separation/widowhood 939 (14.5) 572 (11.5) 367 (24.5)
Place of residence/case (%)
City 2453 (38.0) 1864 (37.6) 589 (39.3)
1.56 0.223
Countryside 4007 (62.0) 3099 (62.4) 908 (60.7)
Smoking/case (%) 2705 (41.9) 1994 (40.2) 711 (47.5) 25.30 <0.001
Alcohol consumption/case (%)
No 4202 (65.0) 3181 (64.1) 1021 (68.2)
< 1 time/month 528 (8.2) 427 (8.6) 101 (6.7) 10.01 0.007
> 1 time/month 1730 (26.8) 1355 (27.3) 375(25.1)
Nighttime sleep/case (%)
< 7 hours 3239 (50.1) 2395 (48.3) 844 (56.4)
7-8 hours 2740 (42.4) 2218 (44.7) 522 (34.8) 45.74 < 0.001
= 9 hours 481 (7.5) 350 (7.0) 131 (8.8)
The length of the nap/case (%)
No naps 2912 (45.1) 2312 (46.6) 600 (40.1)
< 30 minutes 1143 (17.7) 861 (17.3) 282 (18.8)
20.33 < 0.001
31-60 minutes 1450 (22.4) 1085 (21.9) 365 (24.4)
> 60 minutes 955 (11.8) 705 (14.2) 250 (16.7)
CA (Xx£5s) 58.23 +8.73 54.49 + 5.67 70.62 +£4.73 —110.20 < 0.001
BA (x=£5s) 58.22 £9.09 54.51 £6.26 70.54 £ 5.42 —96.63 < 0.001
Cognitive function score (X 5) 16.32 £5.11 16.97 £ 4.90 14.19 £ 5.22 18.31 < 0.001
CA: chronological age; BA: biological age.
F2 BEHRABEMEZLEEBATS HER

BAT n Composition ratio/% BAI (Xt s) BAI extremum
Overall 6460 100.0 0.00 £ 2.46 —11.84-13.72
Premature (BAI > 0) 3001 46.5 2.07 £1.75 0.00-13.72
Lagged (BAI < 0) 3459 53.5 —1.79+£1.32 —11.84-0.00
Male 3250 100.0 0.09 £2.24 —5.94-11.40
Premature (BAI > 0) 1512 46.5 1.94 +1.74 0.01-11.40
Lagged (BAI < 0) 1738 53.5 —1.53+1.07 —5.94-0.00
Female 3210 100.0 —0.09 +2.67 —11.84-13.72
Premature (BAI > 0) 1489 46.4 220+1.74 0.00-13.72
Lagged (BAI < 0) 1721 53.6 —2.06+1.48 —11.84-0.00
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Table 3 Analysis of the relationship between baseline biological aging index and cognitive function scores
Model 1 Model 2
Population
B 95% CI P B 95% CI P

Overall —0.205 —0.254, —0.155 <0.001 —0.185 —0.231, —0.139 <0.001
Middle-age group —0.237 —0.294, —0.179 <0.001 —0.212 —0.265, —0.159 <0.001
Elderly group —0.113 —0.211, —0.015 0.025 —0.092 —0.183, —0.001 0.048

B: partial regression coefficient. The middle-age group is defined as individuals aged < 65 years, whereas the elderly group includes those aged = 65 years.

Adjustments are made only for age and sex in Model 1; further adjustments for other covariates such as educational attainment, marital status, and lifestyle

factors are made in Model 2.
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Fig 1 Relationship between biological aging types and cognitive function scores

The middle-aged group is defined as individuals aged < 65 years, whereas the elderly group includes those aged = 65 years. Adjustments are made only for age and

sex in Model 1; further adjustments for other covariates such as educational attainment, marital status, and lifestyle factors are made in Model 2.
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Table4 Longitudinal association between biological aging index and the rate of cognitive decline

Model 1 Model 2

Characteristic Variable

B 95% CI P B 95% CI P

BAI and the rate of decline in cognitive function = Overall

Time —0.103 —0.120, —0.086 <0.001 —0.097 —0.165, —0.080 < 0.001

BAI —0.143 —0.189, —0.096 <0.001 —0.122 —0.114, —0.080 < 0.001

Time x BAI —0.012 —0.019, —0.005 <0.001 —0.011 —0.018, —0.004 0.002
Middle-aged group

Time —0.067 —0.085, —0.048 <0.001 —0.063 —0.081, —0.044 < 0.001

BAI —0.181 —0.234, —0.128 <0.001 —0.153 —0.201, —0.104 < 0.001

Time x BAI —0.000 —0.008, 0.007 0.931 0.000 —0.007, 0.008 0.982
Elderly group

Time —0.256 —0.303, —0.210 <0.001 —0.242 —0.287, —0.196 < 0.001

BAI —0.053 —0.152,0.028 0.291  —0.049 —0.138,0.041 0.289

Time x BAI —0.038 —0.055, —0.021 <0.001 —0.037 —0.054, —0.020 < 0.001

BAT and the rate of cognitive decline Overall

Time —0.082 —0.104, —0.060 <0.001 —0.077 —0.097, —0.056 < 0.001

BAT

Lagged aging Reference — — Reference - -

Premature aging  —0.596 —0.823, —0.371 <0.001 —0.456 —0.661, —0.251 < 0.001

Time x BAT —0.042 —0.075, —0.009 0.012 —0.039 —0.072, —0.007 0.018
Middle-aged group

Time —0.067 —0.089, —0.044 <0.001 —0.064 —0.086, —0.041 < 0.001

BAT

Lagged aging Reference — — Reference - -

Premature aging ~ —0.731 —0.980, —0.481 <0.001 —0.555 —0.783, —0.327 < 0.001

Time x BAT —0.002 —0.034, 0.038 0.906 0.004 —0.032, 0.039 0.846
Elderly group

Time —0.202 —0.271, —0.132  <0.001 —0.186 —0.255, —0.117 < 0.001

BAT

Lagged aging Reference — — Reference - -

Premature aging  —0.312 —0.815,0.193 0226 —0.270 —0.732,0.193 0.256

Time x BAT —0.131 —0.218, —0.046 0.003 —0.131 —0.217, —0.045 0.003

The time refers to the interval from baseline to follow-up (in years). Adjustments are made only for age and sex in Model 1; further adjustments for other
covariates such as education level, marital status, and lifestyle factors are made in Model 2.
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