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Arthritis–diabetes comorbidity and functional recovery in older adults: a longitudinal cohort study using the Health and Retirement Study
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This file contains Supplementary Tables S1–S4, supplementary methods for inverse-probability weighting, and legends for Additional files 2 and 3.
Supplementary Table S1. Risk sets and crude next-wave outcomes
Counts are person-wave observations unless otherwise stated.
Panel A. Disability-onset risk set
	Exposure group
	Participants
	Person-waves
	Outcome 1, n (%)
	Outcome 2, n (%)
	Death, n (%)
	Non-death loss, n (%)

	Neither
	7250
	25319
	20259 (80.0)
	2302 (9.1)
	991 (3.9)
	1767 (7.0)

	Arthritis only
	10529
	38403
	28132 (73.3)
	5749 (15.0)
	1766 (4.6)
	2756 (7.2)

	Diabetes only
	1916
	5747
	4291 (74.7)
	690 (12.0)
	314 (5.5)
	452 (7.9)

	Comorbidity
	3824
	11216
	7448 (66.4)
	2114 (18.8)
	719 (6.4)
	935 (8.3)


Panel B. Functional-recovery risk set
	Exposure group
	Participants
	Person-waves
	Outcome 1, n (%)
	Outcome 2, n (%)
	Death, n (%)
	Non-death loss, n (%)

	Neither
	2576
	5140
	1049 (20.4)
	2474 (48.1)
	1029 (20.0)
	588 (11.4)

	Arthritis only
	7451
	18652
	3253 (17.4)
	9759 (52.3)
	3492 (18.7)
	2148 (11.5)

	Diabetes only
	933
	1786
	330 (18.5)
	860 (48.2)
	379 (21.2)
	217 (12.2)

	Comorbidity
	3613
	9199
	1269 (13.8)
	5071 (55.1)
	1802 (19.6)
	1057 (11.5)


Note. Panel A outcome 1 = remaining independent and outcome 2 = incident disability. Panel B outcome 1 = recovery to complete independence and outcome 2 = remaining disabled. Non-death loss indicates absence of an observed next-wave functional outcome among participants not known to have died. Participants may contribute more than one adjacent-wave observation.
Supplementary Table S2. Complete three-state transition results
All four exposure groups, three baseline functional states, and four next-wave outcomes.
Panel A. Adjusted standardized probabilities
	Baseline state
	Exposure group
	Next-wave state
	Standardization person-waves
	Standardization participants
	Adjusted probability, % (95% CI)

	Independent
	Neither
	Independent
	69075
	17540
	84.6 (84.0–85.1)

	Independent
	Neither
	IADL limitation
	69075
	17540
	4.4 (4.2–4.8)

	Independent
	Neither
	ADL disability
	69075
	17540
	6.5 (6.2–6.9)

	Independent
	Neither
	Death
	69075
	17540
	4.4 (4.2–4.7)

	Independent
	Arthritis only
	Independent
	69075
	17540
	79.4 (78.9–79.8)

	Independent
	Arthritis only
	IADL limitation
	69075
	17540
	4.6 (4.4–4.9)

	Independent
	Arthritis only
	ADL disability
	69075
	17540
	11.1 (10.8–11.5)

	Independent
	Arthritis only
	Death
	69075
	17540
	4.8 (4.6–5.0)

	Independent
	Diabetes only
	Independent
	69075
	17540
	81.1 (80.0–82.2)

	Independent
	Diabetes only
	IADL limitation
	69075
	17540
	5.2 (4.6–5.9)

	Independent
	Diabetes only
	ADL disability
	69075
	17540
	7.7 (7.0–8.6)

	Independent
	Diabetes only
	Death
	69075
	17540
	6.0 (5.4–6.7)

	Independent
	Comorbidity
	Independent
	69075
	17540
	76.4 (75.4–77.2)

	Independent
	Comorbidity
	IADL limitation
	69075
	17540
	4.8 (4.4–5.3)

	Independent
	Comorbidity
	ADL disability
	69075
	17540
	12.2 (11.6–12.9)

	Independent
	Comorbidity
	Death
	69075
	17540
	6.6 (6.1–7.1)

	IADL limitation
	Neither
	IADL limitation
	5643
	3855
	27.3 (24.6–30.2)

	IADL limitation
	Neither
	Independent
	5643
	3855
	33.9 (31.1–36.6)

	IADL limitation
	Neither
	ADL disability
	5643
	3855
	25.1 (22.6–27.6)

	IADL limitation
	Neither
	Death
	5643
	3855
	13.7 (12.0–15.8)

	IADL limitation
	Arthritis only
	IADL limitation
	5643
	3855
	25.9 (24.1–27.8)

	IADL limitation
	Arthritis only
	Independent
	5643
	3855
	30.5 (28.7–32.1)

	IADL limitation
	Arthritis only
	ADL disability
	5643
	3855
	30.0 (28.3–31.7)

	IADL limitation
	Arthritis only
	Death
	5643
	3855
	13.6 (12.6–15.0)

	IADL limitation
	Diabetes only
	IADL limitation
	5643
	3855
	28.5 (23.8–33.7)

	IADL limitation
	Diabetes only
	Independent
	5643
	3855
	30.8 (26.4–35.1)

	IADL limitation
	Diabetes only
	ADL disability
	5643
	3855
	23.4 (19.5–27.7)

	IADL limitation
	Diabetes only
	Death
	5643
	3855
	17.2 (13.9–21.2)

	IADL limitation
	Comorbidity
	IADL limitation
	5643
	3855
	24.6 (21.9–27.4)

	IADL limitation
	Comorbidity
	Independent
	5643
	3855
	25.8 (23.1–28.5)

	IADL limitation
	Comorbidity
	ADL disability
	5643
	3855
	32.7 (29.8–35.5)

	IADL limitation
	Comorbidity
	Death
	5643
	3855
	16.9 (14.9–19.4)

	ADL disability
	Neither
	ADL disability
	18082
	8151
	52.1 (49.4–54.5)

	ADL disability
	Neither
	Independent
	18082
	8151
	22.6 (20.6–24.8)

	ADL disability
	Neither
	IADL limitation
	18082
	8151
	8.0 (6.9–9.4)

	ADL disability
	Neither
	Death
	18082
	8151
	17.3 (15.8–18.9)

	ADL disability
	Arthritis only
	ADL disability
	18082
	8151
	56.2 (54.9–57.2)

	ADL disability
	Arthritis only
	Independent
	18082
	8151
	21.3 (20.5–22.3)

	ADL disability
	Arthritis only
	IADL limitation
	18082
	8151
	6.4 (6.0–7.0)

	ADL disability
	Arthritis only
	Death
	18082
	8151
	16.1 (15.5–16.8)

	ADL disability
	Diabetes only
	ADL disability
	18082
	8151
	52.1 (47.9–56.1)

	ADL disability
	Diabetes only
	Independent
	18082
	8151
	20.7 (17.8–24.0)

	ADL disability
	Diabetes only
	IADL limitation
	18082
	8151
	5.8 (4.4–7.8)

	ADL disability
	Diabetes only
	Death
	18082
	8151
	21.3 (18.6–24.3)

	ADL disability
	Comorbidity
	ADL disability
	18082
	8151
	57.2 (55.5–58.7)

	ADL disability
	Comorbidity
	Independent
	18082
	8151
	17.6 (16.5–18.9)

	ADL disability
	Comorbidity
	IADL limitation
	18082
	8151
	5.4 (4.8–6.1)

	ADL disability
	Comorbidity
	Death
	18082
	8151
	19.8 (18.8–20.9)


Panel B. Absolute risk differences
	Baseline state
	Next-wave state
	Contrast
	Risk difference, percentage points (95% CI)

	Independent
	Independent
	Comorbidity - Arthritis only
	-3.04 (-4.06 to -2.06)

	Independent
	IADL limitation
	Comorbidity - Arthritis only
	+0.18 (-0.32 to +0.70)

	Independent
	ADL disability
	Comorbidity - Arthritis only
	+1.10 (+0.34 to +1.89)

	Independent
	Death
	Comorbidity - Arthritis only
	+1.76 (+1.25 to +2.32)

	IADL limitation
	IADL limitation
	Comorbidity - Arthritis only
	-1.31 (-4.54 to +1.99)

	IADL limitation
	Independent
	Comorbidity - Arthritis only
	-4.67 (-7.83 to -1.47)

	IADL limitation
	ADL disability
	Comorbidity - Arthritis only
	+2.67 (-0.69 to +6.01)

	IADL limitation
	Death
	Comorbidity - Arthritis only
	+3.31 (+0.77 to +5.92)

	ADL disability
	ADL disability
	Comorbidity - Arthritis only
	+1.00 (-0.96 to +2.95)

	ADL disability
	Independent
	Comorbidity - Arthritis only
	-3.69 (-5.20 to -2.13)

	ADL disability
	IADL limitation
	Comorbidity - Arthritis only
	-1.02 (-1.88 to -0.15)

	ADL disability
	Death
	Comorbidity - Arthritis only
	+3.70 (+2.41 to +5.02)


Panel C. Model-scale relative risk ratios for the primary contrast
	Baseline state
	Outcome versus persistence state
	Contrast
	Relative risk ratio (95% CI)
	P value

	Independent
	IADL limitation
	Comorbidity vs Arthritis only
	1.11 (0.99–1.25)
	0.081

	Independent
	ADL disability
	Comorbidity vs Arthritis only
	1.17 (1.08–1.27)
	<0.001

	Independent
	Death
	Comorbidity vs Arthritis only
	1.48 (1.34–1.64)
	<0.001

	IADL limitation
	Independent
	Comorbidity vs Arthritis only
	0.87 (0.70–1.08)
	0.210

	IADL limitation
	ADL disability
	Comorbidity vs Arthritis only
	1.17 (0.96–1.44)
	0.126

	IADL limitation
	Death
	Comorbidity vs Arthritis only
	1.37 (1.07–1.76)
	0.012

	ADL disability
	Independent
	Comorbidity vs Arthritis only
	0.79 (0.70–0.89)
	<0.001

	ADL disability
	IADL limitation
	Comorbidity vs Arthritis only
	0.82 (0.70–0.97)
	0.024

	ADL disability
	Death
	Comorbidity vs Arthritis only
	1.26 (1.14–1.40)
	<0.001


Note. Risk differences are comorbidity minus the named comparator. In Panel C, the persistence state matching the baseline state is the multinomial reference outcome. Person-wave and participant counts in Panel A refer to the common complete-case standardization sample for each baseline-state model, not exposure-specific observed counts.
Supplementary Table S3. Disability history and functional-improvement extensions
Prespecified extensions of the primary recovery analysis.
	Baseline history/state
	Outcome
	Complete model person-waves
	Participants
	Comorbidity, % (95% CI)
	Arthritis only, % (95% CI)
	Risk difference, percentage points (95% CI)

	Recent-onset disability
	Recovery
	8558
	6898
	34.7 (32.6–36.7)
	38.2 (36.9–39.5)
	-3.52 (-5.99 to -1.06)

	Recent-onset disability
	Death
	8558
	6898
	13.7 (12.2–15.4)
	13.2 (12.4–14.2)
	+0.47 (-1.36 to +2.37)

	Persistent disability
	Recovery
	12516
	5501
	10.9 (10.0–12.1)
	13.0 (12.3–13.9)
	-2.06 (-3.39 to -0.69)

	Persistent disability
	Death
	12516
	5501
	21.7 (20.4–23.2)
	17.3 (16.5–18.2)
	+4.44 (+2.79 to +6.06)

	ADL disability
	Independent
	18082
	8151
	17.6 (16.5–18.9)
	21.3 (20.5–22.3)
	-3.69 (-5.20 to -2.13)

	ADL disability
	IADL limitation
	18082
	8151
	5.4 (4.8–6.1)
	6.4 (6.0–7.0)
	-1.02 (-1.88 to -0.15)

	ADL disability
	Death
	18082
	8151
	19.8 (18.8–20.9)
	16.1 (15.5–16.8)
	+3.70 (+2.41 to +5.02)

	ADL disability
	Any functional improvement
	18082
	8151
	23.0 (21.8–24.5)
	27.7 (26.8–28.8)
	-4.71 (-6.43 to -2.99)


Note. Recent-onset disability indicates independence at wave t−1 and disability at wave t; persistent disability indicates disability at both waves t−1 and t. Any functional improvement from baseline ADL disability combines transition to complete independence and transition to IADL limitation. Risk differences are comorbidity minus arthritis only. Probabilities for both exposure categories were standardized over the same complete-case model sample; sample counts therefore describe the model standardization population rather than observed exposure-specific counts. All estimates use 20,000 joint parameter draws from participant-clustered robust covariance.
Supplementary Table S4. Summary of prespecified sensitivity analyses
Primary contrast: arthritis–diabetes comorbidity versus arthritis only.
	Analysis
	Disability-onset RD, percentage points (95% CI)
	Onset person-waves
	Recovery RD, percentage points (95% CI)
	Recovery person-waves

	Primary complete-case analysis
	+1.30 (+0.41 to +2.22)
	69075
	-3.42 (-4.72 to -2.10)
	23725

	No adjustment for other chronic-condition count
	+1.69 (+0.83 to +2.65)
	69075
	-4.26 (-5.67 to -2.96)
	23725

	Exclude cognition score ≤6
	+1.29 (+0.35 to +2.17)
	68904
	-3.48 (-4.85 to -2.03)
	23034

	Raw code 7 ('does not do') treated as missing
	+1.18 (+0.40 to +2.10)
	60052
	-4.69 (-6.57 to -3.02)
	14522

	Raw code 7 treated as no difficulty
	+1.38 (+0.52 to +2.16)
	69559
	-3.39 (-4.74 to -2.18)
	22838

	Inverse-probability weighting for non-death loss
	+1.83 (+0.87 to +2.83)
	65609
	-3.91 (-5.64 to -2.21)
	19745

	Disease present only after confirmation in two adjacent waves
	+0.98 (+0.11 to +1.95)
	64173
	-3.47 (-5.06 to -2.10)
	21567

	Contemporaneous raw HRS Core disease responses
	+1.47 (+0.57 to +2.35)
	68895
	-3.10 (-4.33 to -1.86)
	23643

	Self interviews, cognition/CES-D omitted
	+2.06 (+1.12 to +3.00)
	70814
	-3.64 (-4.94 to -2.34)
	23999

	Self + proxy interviews, cognition/CES-D omitted; proxy adjusted
	+2.29 (+1.37 to +3.21)
	73328
	-3.02 (-4.09 to -1.90)
	29762


Note. The first eight rows summarize the prespecified disease-definition, covariate-specification, coding, and attrition analyses. The final two rows are proxy-compatible reduced-adjustment analyses; cognition and CES-D were omitted so that proxy interviews could be retained. Positive onset values indicate a higher probability of incident disability, and negative recovery values indicate a lower probability of return to complete independence.
Supplementary methods
[bookmark: _GoBack]Inverse-probability weighting used non-stabilized inverse probabilities of observed non-death follow-up, capped at 10. In the primary onset model, 65,609 observations had observed follow-up and 5,015 were lost; mean weight 1.076, 99th percentile 1.292, maximum 1.896. In the recovery model, 19,745 had observed follow-up and 2,573 were lost; mean weight 1.130, 99th percentile 1.585, maximum 3.335.
Legends for additional figure files
Additional file 2: Supplementary Fig. S1. Adjusted 2-year probabilities of all next-wave functional states and death by baseline functional state and arthritis–diabetes status. Estimates were standardized from baseline-state-specific pooled multinomial models; error bars indicate 95% confidence intervals. ADL, activities of daily living; IADL, instrumental activities of daily living.
Additional file 3: Supplementary Fig. S2. Adjusted 2-year probabilities of recovery after recent-onset disability, recovery after persistent disability, and any functional improvement from baseline ADL disability for the arthritis-only and comorbidity groups. Error bars indicate 95% confidence intervals. Recent-onset disability indicates independence at wave t−1 and disability at wave t; persistent disability indicates disability at both waves t−1 and t. Any functional improvement combines transition to complete independence or IADL limitation. ADL, activities of daily living; IADL, instrumental activities of daily living.
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and

crude

next-wave

outcomes

Counts

are

person-wave

observations

unless

otherwise

stated.

Panel

A.

Disability-onset

risk

set

Exposure

group

Participants

Person-waves

Outcome

1,

n

(%)

Outcome

2,

n

(%)

Death,

n

(%)

Non-death

loss,

n

(%)

Neither

7250

25319

20259

(80.0)

2302

(9.1)

991

(3.9)

1767

(7.0)

Arthritis

only

10529

38403

28132

(73.3)

5749

(15.0)

1766

(4.6)

2756

(7.2)

Diabetes

only

1916

5747

4291

(74.7)

690

(12.0)

314

(5.5)

452

(7.9)

Comorbidity

3824

11216

7448

(66.4)

2114

(18.8)

719

(6.4)

935

(8.3)

Panel

B.

Functional-recovery

risk

set

Exposure

group

Participants

Person-waves

Outcome

1,

n

(%)

Outcome

2,

n

(%)

Death,

n

(%)

Non-death

loss,

n

(%)

Neither

2576

5140

1049

(20.4)

2474

(48.1)

1029

(20.0)

588

(11.4)

Arthritis

only

7451

18652

3253

(17.4)

9759

(52.3)

3492

(18.7)

2148

(11.5)

Diabetes

only

933

1786

330

(18.5)

860

(48.2)

379

(21.2)

217

(12.2)

Comorbidity

3613

9199

1269

(13.8)

5071

(55.1)

1802

(19.6)

1057

(11.5)

Note.

Panel

A

outcome

1

=

remaining

independent

and

outcome

2

=

incident

disability.

Panel

B

outcome

1

=

recovery

to

complete

independence

and

outcome

2

=

remaining

disabled.

Non-death

loss

indicates

absence

of

an

observed

next-wave

functional

outcome

among

participants

not

known

to

have

died.

Participants

may

contribute

more

than

one

adjacent-wave

observation.

Supplementary
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S2.

Complete

three-state

transition

results

All

four

exposure

groups,

three

baseline

functional

states,

and

four

next-wave

outcomes.

Panel

A.

Adjusted

standardized

probabilities

Baseline

state

Exposure

group

Next-wave

state

Standardization

person-waves

Standardization

participants

Adjusted

probability,

%

(95%

CI)

Independent

Neither

Independent

69075

17540

84.6

(84.0

–

85.1)

