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Supplementary Equation 1. Linear mixed-effects model specification and notation
 
Notes: 
ADL, Activities of Daily Living score; DM, diabetes mellitus; HTN, hypertension; Chol, hypercholesterolemia.
𝑦𝑖𝑡 denotes the global cognitive Z-score for participant 𝑖 at time 𝑡. Fixed effects (𝛽 coefficients) include demographic, health behavior, and chronic disease covariates, as well as time terms and interactions. Key time-varying variables are FollowUpTime𝑖𝑡 (years since baseline), OsteoporosisStatus𝑖𝑡 (osteoporosis diagnosis status at time 𝑡), DiagnosisYear𝑖𝑡 (follow-up year of first osteoporosis diagnosis), and YearsSinceDiagnosis𝑖𝑡 (years since diagnosis). Random effects comprise 𝑢0𝑖 (random intercept), 𝑢1𝑖 (random slope for follow-up time), and 𝑢2𝑖 (random slope for years since diagnosis), with 𝜀𝑖𝑡 representing the residual error term.
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Supplementary Figure 1. Flowchart of participant inclusion and exclusion
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Supplementary Figure 2. Covariate balance before and after inverse probability weighting
Notes: This figure displays the standardized mean differences for baseline covariates between osteoporosis and non-osteoporosis groups. Red triangles indicate SMDs before weighting, while blue circles show SMDs after weighting. The dashed vertical line at SMD = 0.1 denotes the conventional threshold for adequate covariate balance. Weighting substantially improved balance across all covariates.
Abbreviations: ADL, activities of daily living; att_2004_z, standardized score for attention and calculation in 2004; chol1, presence of hypercholesterolemia;  cog_count, cognitive follow-up count; DM1, presence of diabetes mellitus;  epi_2004_z, standardized score for episodic memory in 2004; gcz_2004, standardized global cognition score in 2004; HTN1, presence of hypertension; ori_2004_z, standardized score for orientation in 2004; IPW, inverse probability weighting.


[image: F:/Data_Analysis/cognitive change osteo/result fig and tab/正式图表/批量输出为图片/eFigure 2_01.tifeFigure 2_01]Supplementary Figure 3. Predicted trajectories of cognitive Z-scores among participants with and without osteoporosis during the follow-up
Notes: Cognitive function prediction trajectory of IPW weighted osteoporosis group and non-osteoporosis group. The red line represents the osteoporosis group, while the blue line indicates the non-osteoporosis group. The solid red line depicts the cognitive function trajectory predicted after osteoporosis onset, whereas the dashed red line corresponds to the cognitive development trajectory prior to diagnosis. The model adjusted for variables including baseline age, gender, education level, marital status, smoking, drinking, hyperlipidemia, diabetes, hypertension, cancer, chronic lung diseases, arthritis, depressive symptoms, and impairment in daily living activities. A, global cognition; B, episodic memory; C, orientation; D, semantic fluency.
Supplementary Table 1. Difference in Pre-Osteoporosis Onset Cognitive Change Between Osteoporosis and Non-Osteoporosis Groups
	
	Mean difference in cognitive change
	p

	Global cognition
	0.029 (0.005, 0.053)
	0.018

	Episodic memory
	0.017 (-0.008, 0.042)
	0.187

	Orientation
	0.014 (-0.020, 0.048)
	0.419

	Semantic fluency
	0.031 (0.007, 0.056)
	0.012


Notes: Calculated by unadjusted generalized linear models. Cognitive change for each participant was calculated by the cognitive score in Wave 3 minus the score in Wave 2.



Supplementary Table 2. Difference in Cognitive Z-Scores Over Time Between the Osteoporosis Group and the Non osteoporosis Group
	
	Baseline difference
	Difference in slope before osteoporosis onset
	Difference in slope after osteoporosis onset

	
	β (95% CI)
	p Value
	β (95% CI)
	p Value
	β (95% CI)
	p Value

	Global cognition
	0.090(0.016 to 0.165)
	0.017
	-0.008(-0.017 to 0.001)
	0.100
	-0.033(-0.042 to -0.023)
	<0.001

	Episodic memory
	0.117(0.051 to 0.183)
	<0.001
	-0.011(-0.017 to -0.005)
	<0.001
	-0.017(-0.024 to -0.010)
	<0.001

	Orientation
	0.069(-0.016 to 0.153)
	0.111
	-0.009(-0.022 to 0.004)
	0.181
	-0.054(-0.067 to -0.041)
	<0.001

	Semantic fluency
	0.020(-0.052 to 0.092)
	0.586
	0.004(-0.003 to 0.010)
	0.238
	0.001(-0.007 to 0.009)
	0.796


Notes: Adjusted for baseline age, gender, education level, marital status, smoking, drinking, hyperlipidemia, diabetes, hypertension, cancer, chronic lung diseases, arthritis, depression symptom, and number of ADL.





Supplementary Table 3. Difference in Pre-Osteoporosis Onset Cognitive Change Between Osteoporosis and Non-Osteoporosis Groups
	
	Mean difference in cognitive change
	p

	Global cognition
	-0.308 (-0.358, -0.258)
	<0.001

	Episodic memory
	-0.312 (-0.343, -0.282)
	<0.001

	Orientation
	-0.835 (-0.907, -0.762)
	<0.001

	Semantic fluency
	0.483 (0.448, 0.519)
	<0.001


Notes: Calculated by unadjusted generalized linear models. Cognitive change for each participant was calculated by the cognitive score in Wave 10 minus the score in Wave 2.




Supplementary Table 4. Cognitive Z-Score Trajectories Over Time Accounting for Acute Decline After Osteoporosis Onset
	Variables
	Global cognition
	Episodic memory
	Orientation
	Semantic fluency

	
	β (95% CI)
	p Value
	β (95% CI)
	p Value
	β (95% CI)
	p Value
	β (95% CI)
	p Value

	Difference in baseline
	0.087
(0.012 to 0.161)
	0.022
	0.116
(0.050 to 0.182)
	<0.001
	0.060
(-0.025 to 0.145)
	0.165
	0.033
(-0.040 to 0.105)
	0.376

	Slope of without-osteoporosis group
	-0.063
(-0.066 to -0.061)
	<0.001
	-0.044
(-0.046 to -0.043)
	<0.001
	-0.061
(-0.065 to -0.057)
	<0.001
	-0.031
(-0.033 to -0.030)
	<0.001

	Difference in slope before osteoporosis
	-0.012
(-0.022 to -0.003)
	0.014
	-0.012
(-0.019 to -0.006)
	<0.001
	-0.020
(-0.034 to -0.006)
	0.005
	0.013
(0.006 to 0.020)
	<0.001

	Acute cognitive decline
	0.111
(0.025 to 0.197)
	0.011
	0.022
(-0.041 to 0.086)
	0.491
	0.226
(0.153 to 0.379)
	<0.001
	-0.218
(-0.293 to -0.142)
	<0.001

	Changes in slope after osteoporosis
	-0.038
(-0.048 to -0.028)
	<0.001
	-0.018
(-0.025 to -0.010)
	<0.001
	-0.068
(-0.082 to -0.053)
	<0.001
	0.010
(0.002 to 0.019)
	0.020


Notes: Adjusted for baseline age, gender, education level, marital status, smoking, drinking, hyperlipidemia, diabetes, hypertension, cancer, chronic lung diseases, arthritis, depression symptom, and number of ADL.



Supplementary Table 5. Baseline Differences Between Included and Excluded Participants in the ELSA Cohort
	Variable
	Overall
	Included
	Excluded
	p value
	SMD

	
	N = 9,432
	N = 6,496
	N = 2,936
	
	

	Age
	65.69 (10.47)
	64.99 (9.68)
	67.24 (11.89)
	<0.001
	0.21

	Gender
	
	
	
	<0.001
	0.13

	     Female
	5,306 (56.26%)
	3,523 (54.23%)
	1,783 (60.73%)
	
	

	     Male
	4,126 (43.74%)
	2,973 (45.77%)
	1,153 (39.27%)
	
	

	Education level
	
	
	
	<0.001
	0.24

	    ≤Junior high school
	3,995 (42.36%)
	2,518 (38.76%)
	1,477 (50.31%)
	
	

	     Senior high school or vocational
	4,170 (44.21%)
	3,009 (46.32%)
	1,161 (39.54%)
	
	

	     College or above
	1,267 (13.43%)
	969 (14.92%)
	298 (10.15%)
	
	

	Marital status
	
	
	
	<0.001
	0.17

	    Married
	6,269 (66.47%)
	4,478 (68.93%)
	1,791 (61.00%)
	
	

	    Single and others
	3,163 (33.53%)
	2,018 (31.07%)
	1,145 (39.00%)
	
	

	Drinking
	
	
	
	<0.001
	0.16

	     No
	1,116 (11.83%)
	660 (10.16%)
	456 (15.53%)
	
	

	     Yes
	8,316 (88.17%)
	5,836 (89.84%)
	2,480 (84.47%)
	
	

	Smoking
	
	
	
	<0.001
	0.09

	     No
	7,961 (84.40%)
	5,549 (85.42%)
	2,412 (82.15%)
	
	

	     Yes
	1,471 (15.60%)
	947 (14.58%)
	524 (17.85%)
	
	

	BMI
	27.86 (5.19)
	27.85 (5.29)
	27.87 (4.97)
	0.853
	0.00

	ADLs
	0.41 (1.02)
	0.28 (0.79)
	0.71 (1.35)
	<0.001
	0.39

	CESD
	1.56 (1.94)
	1.36 (1.77)
	2.00 (2.21)
	<0.001
	0.32

	Depression symptom
	
	
	
	<0.001
	0.28

	     No
	7,271 (77.09%)
	5,255 (80.90%)
	2,016 (68.66%)
	
	

	 Yes
	2,161 (22.91%)
	1,241 (19.10%)
	920 (31.34%)
	
	

	HTN
	
	
	
	0.068
	0.04

	     No
	4,198 (44.51%)
	2,932 (45.14%)
	1,266 (43.12%)
	
	

	     Yes
	5,234 (55.49%)
	3,564 (54.86%)
	1,670 (56.88%)
	
	

	DM
	
	
	
	<0.001
	0.07

	     No
	8,539 (90.53%)
	5,925 (91.21%)
	2,614 (89.03%)
	
	

	     Yes
	893 (9.47%)
	571 (8.79%)
	322 (10.97%)
	
	

	Hyperlipidemia
	
	
	
	<0.001
	0.13

	     No
	5,670 (60.11%)
	3,775 (58.11%)
	1,895 (64.54%)
	
	

	     Yes
	3,762 (39.89%)
	2,721 (41.89%)
	1,041 (35.46%)
	
	

	Chronic lung diseases
	
	
	
	<0.001
	0.14

	     No
	8,826 (93.58%)
	6,149 (94.66%)
	2,677 (91.18%)
	
	

	     Yes
	606 (6.42%)
	347 (5.34%)
	259 (8.82%)
	
	

	Cancer
	
	
	
	<0.001
	0.08

	     No
	8,751 (92.78%)
	6,068 (93.41%)
	2,683 (91.38%)
	
	

	     Yes
	681 (7.22%)
	428 (6.59%)
	253 (8.62%)
	
	

	Arthritis
	
	
	
	<0.001
	0.18

	     No
	6,190 (65.63%)
	4,437 (68.30%)
	1,753 (59.71%)
	
	

	     Yes
	3,242 (34.37%)
	2,059 (31.70%)
	1,183 (40.29%)
	
	


Table results: Mean + SD/n (%)
Abbreviations: BMI, indicates body mass index; ADLs, activities of daily living; CESD, Center for Epidemiologic Studies Depression Scale; HTN, hypertension; DM, diabetes mellitus; SMD, standard mean difference.
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9,432 participants in ELSA wave 2 (2004) were initially included

1,435 participants were excluded due to:

+ 163 Missing baseline cognitive variables

83 Age <45 years

- 757 History of psychiatric disorders

+ 367 History of stroke

* 65 History of Parkinson's disease, Alzheimer's

disease, dementia, or amnestic disorders

7,997 participants at baseline

1,501 participants were excluded due to:
- 476 History of osteoporosis
+ 1,025 loss cognitive follow-up (waves 3—10)

6,496 Participants included for analysis
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634 developed osteoporosis

5,862 free of osteoporosis
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