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BACKGROUND: Older adults with diabetes rarely have
only one chronic disease. As a result, there is a need to
re-conceptualize research and clinical practice to address
the growing number of older Americans with diabetes and
concurrent chronic diseases (diabetes-multimorbidity).
OBJECTIVE: To identify prevalent multimorbidity combi-
nations and examine their associationwith poor function-
al status among a nationally representative sample of
middle-aged and older adults with diabetes.
DESIGN: A prospective cohort study of the 2012–2014
Health and Retirement Study (HRS) data. We identified
the most prevalent diabetes-multimorbidity combina-
tions and estimated negative binomial models of
diabetes-multimorbidity on prospective disability.
PARTICIPANTS: Analytic sample included 3841 HRS
participants with diabetes, aged 51 years and older.
MAIN MEASURES: The main outcome measure was the
combined activities of daily living (ADL)-instrumental activ-
ities of daily living (IADL) index (range 0–11; higher index
denotes higher disability). The main independent variables
were diabetes-multimorbidity combination groups, defined
as the co-occurrence of diabetes and at least one of six
somatic chronic diseases (hypertension, cardiovascular dis-
ease, lung disease, cancer, arthritis, and stroke) and/or two
mental chronic conditions (cognitive impairment and high
depressive symptoms (CESD score ≥4).
KEY RESULTS: The threemost prevalent multimorbidity
combinations were, in rank-order diabetes-arthritis-
hypertension (n = 694, 18.1%); diabetes-hypertension
(n = 481, 12.5%); and diabetes-arthritis-hypertension-
heart disease (n = 383, 10%). Diabetes-multimorbidity
combinations that included high depressive symptoms
or stroke had significantly higher counts of ADL-IADL
limitations compared with diabetes-only. In head-to-
head comparisons of diabetes-multimorbidity combina-
tions, high depressive symptoms or stroke added to so-
maticmultimorbidity combinationswas associatedwith a
higher count of ADL-IADL limitations (diabetes-arthritis-
hypertension-high depressive symptoms vs. diabetes-ar-
thritis-hypertension: IRR = 1.95 [1.13, 3.38]; diabetes-
arthritis-hypertension-stroke vs. diabetes-arthritis-hy-
pertension: IRR = 2.09 [1.15, 3.82]) even after adjusting
for age, gender, education, race/ethnicity, BMI, baseline

ADL-IADL, and diabetes duration. Coefficients were ro-
bust to further adjustment for diabetes treatment.
CONCLUSIONS: Depressive symptoms or stroke added
onto other multimorbidity combinations may pose a sub-
stantial functional burden for middle-aged and older
adults with diabetes.
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INTRODUCTION

For older adults with diabetes, having at least one additional con-
current chronic disease is common.1 Over 80% of patients with
diabetes have multimorbidity,2 and the number of co-existing dis-
eases increases with age.3 The complex interactions of biological
and non-biological factors in diabetes argue for a re-
conceptualization of research and clinical practice to address the
growing number of older Americans with diabetes.4 In 2013, the
AmericanDiabetesAssociation and theAmericanGeriatrics Society
recognized critical gaps in current diabetes knowledge around older
adults with diabetes and other concurrent conditions (diabetes-
multimorbidity).5 Their recommendations centered on clarifying
the epidemiology of diabetes and developing evidence to support
optimal care for older patients with complex disease profiles.
The complexity of caring for patients with diabetes-

multimorbidity has been previously recognized6, 7 and attrib-
uted to several reasons. First, specific diabetes-multimorbidity
combinations may affect patients’ ability to perform self-
management activities, resulting in suboptimal diabetes con-
trol.1 Second, individuals with diabetes are at higher risk of
developing mental health conditions. Rates of depression are
two times greater for people with diabetes compared with
those of the general population.8 Combinations of somatic
and mental health conditions may impair physical function
and interfere with lifestyle/medication regimen adherence.1

Third, focus on individual diseases may miss interactions
between diseases and the complexities of polypharmacy.
Fourth, older adults with long-standing diabetes-
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multimorbidity may vary substantially from those with newly
diagnosed disease, further complicating treatment algorithms.5

Diabetes necessitates self-vigilance to maintain adequate
glycemic control and avert diabetes-related complications.
However, the challenges of having specific diabetes-
multimorbidity combinations are less understood. The US
Department of Health and Human Services recommended
the identification of specific disease combinations and com-
parison of similar multimorbidity patterns as critical next
steps. Because the identification of all multimorbidity permu-
tations is infeasible and potentially uninformative, examining
prevalent and clinically meaningful chronic diseases remains
the recommended approach.2, 9–11

Overall, individuals with multimorbidity are more likely to
develop functional limitations leading to premature disability
and death, and specific combinations may signal high disabil-
ity burdens.12 The purpose of our study is to evaluate the
association between prevalent diabetes-multimorbidity com-
binations and prospective disability in a nationally representa-
tive sample of middle-aged and older Americans. Understand-
ing how diabetes-multimorbidity combinations influence the
functional status of older adults is of particular importance,
given the high prevalence and growing economic liability of
diabetes and multimorbidity in this population.

METHODS

Data

The Health and Retirement Study (HRS) is a nationally rep-
resentative biennial survey of non-institutionalized middle-
aged and older adults (51 years and older). HRS survey waves
2012–2014 were used in this study.

Population

Of the 18,851 respondents in 2012 and 17,090 respondents in
2014 who were alive, not in nursing homes, and cohort eligi-
ble, 16,501 respondents were surveyed in both waves. We
excluded 522 participants with proxy interviews in 2012 be-
cause they were not asked the depressive symptoms battery of
questions; 11,927 participants who had not reported a diabetes
diagnosis by 2012; and 211 participants who reported fewer
than two chronic conditions. The final analytic sample includ-
ed 3841 respondents with diabetes-multimorbidity.

Variables
Functional Status. Respondents were asked about difficulty
performing a variety of everyday tasks to assess physical
function, including (1) Nagi items, such as walking several
blocks, climbing stairs, and pushing a heavy object; (2) activ-
ities of daily living (ADL), including dressing, walking across
a room, eating, bathing, toileting, and transferring from bed;
and, (3) instrumental activities of daily living (IADL),

including meal preparation, grocery shopping, using a tele-
phone, taking medication, and managing money.

ADL Index.Nagi items were used to determine if respondents
should be routed to ADL questions. Respondents reporting no
difficulties with Nagi items were not asked about ADLs.
Respondents reporting one Nagi item difficulty but no
difficulty dressing were not asked any additional ADL
questions. These respondents were defined as having no
ADL disability. The remaining respondents were asked all
ADL questions and were defined as having a specific ADL
disability if (1) the respondent reported difficulty with the
ADL due to a health or memory problem or (2) the respondent
needed help with the ADL. We created an ADL index,
representing the count of ADL disabilities for each respondent
who had a least one non-missing ADL response (range 0–6;
higher number indicates higher ADL disability).

IADL Index.All respondents were asked about difficulty with
IADLs. Each IADL disability was defined as (1) difficulty
performing the IADL due to a health or memory problem, (2)
not performing the IADL due to a health or memory problem,
or (3) needing help to perform the IADL. We created an IADL
index, representing the count of IADL disabilities for each
respondent who had at least one non-missing IADL response
(range 0–5; higher number indicates higher IADL disability).

ADL-IADL Index. The primary outcome variable, ADL-
IADL index, was created by summing ADL and IADL indices
(range 0–11; higher number indicates higher disability). Com-
bining the ADL and IADL domains into a single index cap-
tures a greater range of functional disability prevalence and
has been previously described and validated in studies of
disability among older adults.13–15

Chronic Disease. Seven self-reported, physician-diagnosed
chronic diseases, each prompted by BHas a doctor ever told
you that you have…,^ were included: heart disease (myocar-
dial infarction, coronary heart disease, angina, congestive
heart failure, or other heart problems); hypertension (i.e., high
blood pressure); stroke (but not TIA); diabetes; arthritis; lung
disease (including chronic bronchitis or emphysema, and ex-
cluding asthma); and cancer (any malignant tumors, except
skin cancer). We defined respondents as having the chronic
disease if they reported a diagnosis prior to or in the 2012
wave.
Two mental chronic conditions were included: high depres-

sive symptoms and cognitive impairment. Concordant with
HRS data user guides and previous studies, four or more
responses indicating a depressive effect on the CESD instru-
ment were defined as having high depressive symptomatolo-
gy.16, 17 Cognitive ability was assessed using a multidimen-
sional measure of cognitive function, based on the Telephone
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Interview for Cognitive Status. In accordance with HRS data
user guide criteria and prior studies, cognitive impairment was
defined as a score of 10 or less on a 35-point scale for
respondents aged 65 and older, and a score of 5 or less on a
27-point scale for respondents aged 51–64.18–21

Treatment and Duration of Diabetes. Respondents were
defined as undergoing treatment for diabetes if they
responded Byes^ to at least one of the following questions:
BIn order to treat or control your diabetes, are you now taking
medication that you swallow?^ or BAre you now using insulin
shots or a pump?^. Respondents were asked BIn what year was
your diabetes first diagnosed?^ The duration of respondent’s
diabetes diagnosis was calculated by subtracting the year of
diagnosis from 2012.

Covariates

Sociodemographic covariates measured in 2012 included age
(years), female gender, education (years), and race/ethnicity
(mutually exclusive indicator variables). Bodymass index was
calculated according to the established formula (BMI =weight
[pounds] × 703 / height^2 [inches]) using first self-reported
height (HRS does not record height at follow-up) and self-
reported weight.

Analysis

Characteristics of the study population were summarized
using frequencies and percentages for categorical vari-
ables, and means and standard deviations for continuous
var iab les . To assess the re la t ionsh ip be tween
multimorbidity in 2012 and ADL-IADL disability in
2014, groups of respondents with similar combinations
of diabetes plus one or more additional chronic diseases
in 2012 were identified and ranked according to their
frequency. We calculated each group’s mean ADL-IADL
index. An a priori criterion of ≥ 1.5% prevalence in the
study population for the multimorbidity groups was cho-
sen to ensure sufficient sample size in each multimorbidity
group. Sequentially adjusted negative binomial regression
models were used to evaluate the count of ADL-IADL
disabilities for various diabetes-multimorbidity combina-
tions, as well as account for overdispersion. To control for
multiple comparisons, we employed the Benjamini-
Hochberg procedure in which our uncorrected α-level
was 0.050 and our corrected α-level was 0.029.22

To investigate the incremental burden of disability associ-
ated with multimorbidity in individuals with diabetes, we
compared the ADL-IADL index in each diabetes-
multimorbidity group with the ADL-IADL index in respon-
dents with diabetes-only and respondents with diabetes and
one additional disease within their multimorbidity combina-
tion. Subsequently, we compared the count of ADL-IADL
disabilities between specific diabetes-multimorbidity groups.
For each comparison, the following models were tested: (1)

unadjusted, (2) minimally adjusted (age, gender, education,
race/ethnicity, and BMI), and (3) fully adjusted (additionally
adjusted by baseline ADL-IADL index and diabetes duration).
Finally, sensitivity analyses were performed to account for
potential confounding associated with medication treatment
for diabetes. For all analyses, model coefficients represent the
log of the ratio of expected ADL-IADL counts. The
exponentiated coefficients comparing the ADL-IADL index
between diabetes-multimorbidity combination groups should

Table 1 Baseline Characteristics of the Study Population, Health
and Retirement Study 2012–2014

Total study population, N 3841
Female, n (%) 2160 (56.2)
Years of education, mean (SD) 12.1 (3.5)
Race and ethnicity, n (%)
Hispanic 676 (17.6)
Non-Hispanic White 2071 (54)
Non-Hispanic Black 940 (24.5)
Non-Hispanic other 150 (3.9)

Age in 2012, mean (SD) 68.1 (9.5)
Body mass index, mean (SD) 31.0 (6.6)
Arthritis, n (%) 2798 (72.9)
Chronic diseases, n (%)
Arthritis 2798 (72.9)
Hypertension 3352 (87.3)
Heart disease 1438 (37.5)
Stroke 421 (11.0)
Diabetes 3841 (100)
Cancer 692 (18.0)
Lung disease 582 (15.2)
High depressive symptoms* 814 (21.2)
Cognitive impairment† 174 (4.5)

Years of diabetes duration, mean (SD) 10.9 (9.1)
Number of conditions, mean (SD) 3.7 (1.3)
ADL index, mean (SD) 0.5 (1.3)
ADL index, n (%)
0 3140 (81.8)
1 184 (4.8)
2 156 (4.1)
3 110 (2.9)
4 105 (2.7)
5 86 (2.2)
6 59 (1.5)

IADL index, mean (SD) 0.5 (1.1)
IADL index, n (%)
0 2875 (74.9)
1 471 (12.3)
2 240 (6.3)
3 103 (2.7)
4 75 (2)
5 75 (2)

ADL-IADL index, mean (SD) 1 (2.1)
ADL-IADL index, n (%)
0 2615 (68.1)
1 442 (11.5)
2 225 (5.9)
3 133 (3.5)
4 93 (2.4)
5 101 (2.6)
6 70 (1.8)
7 44 (1.1)
8 40 (1)
9 33 (0.9)
10 15 (0.4)
11 27 (0.7)

*BHigh depressive symptoms^ was defined as a score of ≥ 4 on the
CESD 8 instrument
†Cognitive impairment was defined as a score of 10 or less on the 35-
point scale for respondents aged 65 and older and a score of 5 or less
on the 27-point scale for respondents aged 51–64 on the TICS
instrument
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be interpreted as follows: BA is expected to have an ADL-
IADL disability count X.XX times greater than B^.
Exponentiated coefficients and 95% confidence intervals are
reported.
The HRS over-samples African-Americans, Hispanics, and

older individuals from Florida. Thus, we present weighted
multivariate analyses to account for the complex survey de-
sign. All analyses were conducted in STATA/SE 13.1
(StataCorp, College Station, TX).

RESULTS

The study sample (Table 1) consisted of 3841middle-aged and
older adults with diabetes-multimorbidity, with a mean age of
68 years (SD = 9.5). Fifty-six percent of the participants were
female, 54% were non-Hispanic white, and the mean number
of chronic conditions was 3.7 (SD = 1.3). Table 2 presents the
17 most prevalent diabetes-multimorbidity combinations
(with ≥ 1.5% prevalence in the study sample) and correspond-
ing mean number of ADL-IADL limitations. The most prev-
alent combination was diabetes-arthritis-hypertension (n =
694), followed by diabetes-hypertension (n = 481), and
diabetes-arthritis-hypertension-heart disease (n = 383). Four

of the combinations included high depressive symptomatolo-
gy (groups 5, 8, 11, and 17).
Table 3 presents comparisons between the ADL-IADL

indices of each diabetes-multimorbidity group and respon-
dents with diabetes-only and respondents with diabetes
and one additional disease within their multimorbidity
combination. Overall, fully adjusted models that indicate
13 of the 17 most prevalent diabetes-multimorbidity com-
binations were associated with significantly higher ADL-
IADL disability compared with diabetes-only. Groups 5,
13, and 17 had the highest prospective ADL-IADL index
compared with diabetes-only in the fully adjusted models
(IRRs = 8.24, 12.23, and 18.15, respectively). Compared
to having diabetes and one additional disease in the com-
bination was associated with greater ADL-IADL disability
in four diabetes-multimorbidity combinations: groups 5,
11, 13, and 17.
Table 4 presents nested and head-to-head comparisons of

diabetes-multimorbidity combinations for model specifica-
tions 1–3 (unadjusted to fully adjusted). Estimated coefficients
across unadjusted and minimally adjusted models were gen-
erally similar across comparisons, with large attenuations oc-
curring upon final adjustment for baseline ADL-IADL index
and diabetes duration.

Table 2 Prevalent Multimorbidity Combinations (2012) and Mean ADL-IADL (2014)

Group 

Rank 
N (%)

Diabetes 

(DM)

Arthritis 

(ARTH)

Hypertension

(HTN)

Heart 

Disease 

(CVD)

Stroke 

(STK) 

Cancer 

(CA)

Lung 

Disease 

(PLM)

Depressive 

Symptoms 

(CESD)

Mean (SD)

ADL-IADL

1 694 (18.1) 0.53 (1.38)

2 481 (12.5) 0.28 (0.99)

3 383 (10.0) 0.82 (1.74)

4 173 (4.5) 0.38 (1.13)

5 171 (4.5) 1.49 (2.51)

6 155 (4.0) 0.53 (1.42)

7 124 (3.2) 0.36 (1.22)

8 103 (2.7) 2.73 (3.20)

9 103 (2.7) 1.05 (2.14)

10 90 (2.3) 0.86 (1.87)

11 81 (2.1) 1.00 (2.01)

12 79 (2.1) 1.34 (2.59)

13 64 (1.7) 1.56 (2.42)

14 53 (1.4) 0.47 (1.41)

15 50 (1.3) 1.32 (1.93)

16 48 (1.2) 0.56 (1.07)

17 47 (1.2) 3.04 (2.87)

Somatic

Somatic-Stroke

Mental-Somatic 
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Mental-Somatic vs Somatic Combinations

The addition of high depressive symptoms to less complex
combinations of somatic conditions was associated with greater
ADL-IADL limitations. In nested comparisons, added high de-
pressive symptoms to diabetes and hypertension (group 11 vs.
group 2) resulted in 3.55 times greater ADL-IADL limitations in
the fully adjusted model (CI = 1.67, 7.56). Similarly, added high
depressive symptoms to diabetes-arthritis-hypertension (group 5
vs. group 1) were associated with 1.95 times greater ADL-IADL
limitations in the fully adjusted model (CI = 1.13, 3.38).

Mental-Somatic vs. Somatic-Stroke

The addition of high depressive symptoms and stroke, respec-
tively, to identical somatic combinations, was associated with
statistically similar findings. Head-to-head comparison of group
5 (high depressive symptoms added to the combination of dia-
betes-arthritis-hypertension) and group 15 (stroke added to the
same combination) or group 8 (high depressive symptoms added

to diabetes-arthritis-hypertension-heart disease) against group 13
(stroke added to the same combination) showed no significant
difference in ADL-IADL limitations across model specifications.

Somatic-Stroke vs. Somatic

Nested comparisons between group 15 and group 1 indicated
that the addition of stroke to the combination of diabetes-
arthritis-hypertension was associated with 2.09 times greater
ADL-IADL limitations in the fully adjusted model (CI = 1.15,
3.82). The nested comparison of added stroke to the combi-
nation of diabetes-arthritis-hypertension-heart disease (group
13 vs. group 3) indicated 2.30 times greater ADL-IADL
limitations in the fully adjusted model (CI = 1.36, 3.88).

Somatic-Heart vs. Somatic

Nested comparisons involving added heart disease to various
combinations of diabetes-arthritis-hypertension-cancer (group
6); diabetes-arthritis-hypertension-lung disease (group 10);

Table 3 Weighted Negative Binomial Regression of ADL-IADL on Multimorbidity Combinations Compared with Individuals with Only
Diabetes (n = 211), and Individuals with Diabetes and Any One Additional Disease Within the Combination (Range, n = 196 to n = 706)

Group rank Model 1:
unadjusted
eb (95% CI)

Model 2:
minimally adjusted
eb (95% CI)*

Model 3:
fully adjusted
eb (95% CI)†

Comparator: diabetes-only (n = 211)
Group 1: DM + ARTH + HTN 5.81 (2.79, 12.08) 3.02 (1.46, 6.28) 2.54 (1.22, 5.28)
Group 2: DM + HTN 2.86 (1.22, 6.70) 1.77 (0.90, 3.47) 1.84 (0.92, 3.68)
Group 3: DM + ARTH + HTN + CVD 8.94 (4.53, 17.63) 3.52 (1.78, 6.94) 2.77 (1.32, 5.79)
Group 4: DM + ARTH 4.54 (1.74, 11.85) 4.93 (2.07, 11.77) 4.78 (1.86, 12.30)
Group 5: DM + ARTH + HTN + CESD 18.44 (9.16, 37.14) 12.84 (6.08, 27.14) 8.24 (3.45, 19.70)
Group 6: DM + ARTH + HTN + CA 5.42 (2.16, 13.59) 3.28 (0.90, 12.01) 1.16 (0.45, 2.98)
Group 7: DM + HTN + CVD 3.05 (1.12, 8.36) 1.63 (0.79, 3.36) 1.06 (0.51, 2.18)
Group 8: DM + ARTH + HTN + CVD + CESD 33.11 (14.10, 77.77) 22.76 (8.69, 59.63) 6.53 (2.16, 19.75)
Group 9: DM + ARTH + HTN + CVD + PLM 14.56 (7.14, 29.73) 11.03 (3.87, 31.46) 5.40 (1.78, 16.38)
Group 10: DM + ARTH + HTN + CVD + CA 10.67 (4.64, 24.52) 4.61 (1.99, 10.70) 3.99 (1.44, 11.02)
Group 11: DM + HTN + CESD 15.07 (5.72, 39.73) 9.49 (4.27, 21.13) 6.20 (2.51, 15.31)
Group 12: DM + ARTH + HTN + PLM 11.86 (4.85, 29.02) 7.34 (2.92, 18.44) 4.68 (1.70, 12.86)
Group 13: DM + ARTH + HTN + CVD + STK 20.17 (8.99, 45.23) 17.32 (6.08, 49.35) 12.23 (3.83, 39.09)
Group 14: DM + HTN + CA 7.76 (2.98, 20.19) 7.32 (2.21, 24.26) 2.24 (0.72, 6.92)
Group 15: DM + ARTH + HTN + STK 15.31 (6.26, 37.45) 6.57 (3.09, 13.97) 4.63 (1.90, 11.25)
Group 16: DM + ARTH + CVD 6.28 (2.49, 15.85) 8.19 (2.63, 25.51) 6.81 (1.90, 24.38)
Group 17: DM + ARTH + HTN + CVD + PLM + CESD 36.24 (17.89, 73.40) 31.66 (13.65, 73.41) 18.15 (6.25, 52.68)
Comparator: diabetes + one disease
inside combination (range, n = 196 to n = 706)
Group 1: DM + ARTH + HTN 1.74 (1.13, 2.68) 1.25 (0.83, 1.90) 1.08 (0.71, 1.65)
Group 2: DM + HTN – – –
Group 3: DM + ARTH + HTN + CVD 2.69 (1.64, 4.42) 1.6 (0.93, 2.74) 1.31 (0.73, 2.37)
Group 4: DM + ARTH – – –
Group 5: DM + ARTH + HTN + CESD 5.23 (3.04, 8.99) 4.8 (2.65, 8.69) 2.23 (1.12, 4.42)
Group 6: DM + ARTH + HTN + CA 1.67 (0.84, 3.35) 1.04 (0.42, 2.61) 0.62 (0.34, 1.13)
Group 7: DM + HTN + CVD 1.07 (0.44, 2.60) 0.74 (0.36, 1.54) 0.64 (0.27, 1.51)
Group 8: DM + ARTH + HTN + CVD + CESD 9.44 (5.95, 14.96) 6.72 (3.90, 11.59) 1.53 (0.77, 3.02)
Group 9: DM + ARTH + HTN + CVD + PLM 4.39 (2.48, 7.76) 3.5 (1.64, 7.46) 1.43 (0.63, 3.23)
Group 10: DM + ARTH + HTN + CVD + CA 3.3 (1.96, 5.57) 1.69 (0.87, 3.26) 1.46 (0.70, 3.06)
Group 11: DM + HTN + CESD 4.79 (2.10, 10.95) 5.4 (2.60, 11.22) 3.39 (1.62, 7.08)
Group 12: DM + ARTH + HTN + PLM 3.56 (1.70, 7.47) 2.57 (1.10, 6.01) 1.66 (0.61, 4.52)
Group 13: DM + ARTH + HTN + CVD + STK 6.06 (3.27, 11.22) 5.22 (2.60, 10.45) 3.47 (1.76, 6.84)
Group 14: DM + HTN + CA 2.82 (1.17, 6.83) 3.91 (1.49, 10.25) 1.47 (0.48, 4.44)
Group 15: DM + ARTH + HTN + STK 4.58 (2.25, 9.34) 2.91 (1.39, 6.11) 2.24 (0.82, 6.07)
Group 16: DM + ARTH + CVD 1.44 (0.66, 3.15) 2.53 (1.04, 6.18) 1.41 (0.56, 3.56)
Group 17: DM + ARTH + HTN + CVD + PLM + CESD 10.35 (6.74, 15.89) 10.44 (7.02, 15.55) 3.39 (1.52, 7.57)

*Adjusted for age, gender, education, baseline BMI, and race/ethnicity
†Additionally adjusted for baseline ADL-IADL index and diabetes duration

NB: Italicized values represent statistically significant findings accounting for multiple comparisons using the Benjamini–Hochberg procedure with an
uncorrected α-level of 0.050 and a corrected α-level of 0.029
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and diabetes-arthritis-hypertension-stroke (group 16) yielded
non-significant findings.

Nested Mental-Somatic Combinations

The nested comparisons of added arthritis to the combination
of diabetes-hypertension-high depressive symptoms (group 5
vs. group 11) and added heart disease to the combination of
diabetes-arthritis-hypertension-high depressive symptoms
(group 8 vs. group 5) indicated no incremental burden of
ADL-IADL limitations associated with the more complex
combinations after full covariate adjustment.

Sensitivity Analyses

Sensitivity analyses of model specifications adjusted for dia-
betes treatment were conducted but were not substantively
different from our fully adjusted model findings, indicating
incremental and non-significant contribution of this factor (not
presented, available upon request).

DISCUSSION

This study adds to our understanding of the challenges facing
adults living with diabetes by identifying multimorbidity com-
binations associated with greater disability in mid- and late-
life. We found that disease combinations with high depressive

symptoms or stroke were associated with greatest prospective
ADL-IADL disability compared with diabetes-only and dia-
betes plus one additional component disease in the combina-
tion, across models that progressively adjusted for
sociodemographic characteristics, baseline functional status,
and diabetes duration. In comparing prevalent diabetes-
multimorbidity combinations to each other, we also found that
combinations that included high depressive symptoms or
stroke were associated with greater numbers of ADL-IADL
limitations relative to nested or similar somatic combinations.
Our findings highlight several points. When comparing

mental-somatic to somatic-only combinations, the addition
of depressive symptoms to a less complex combination of
somatic conditions has a substantial negative impact on func-
tional status. Older adults with more complex somatic combi-
nations had similar levels of disability with or without the
addition of high depressive symptoms. In addition, we found
penalties to function in combinations of stroke and other
somatic conditions, even among already complex combina-
tions of disease. The triangular relationship between diabetes,
depression or stroke, and disability has been previously inves-
tigated. Prior studies reported higher risk of disability and
lower likelihood of recovery from disability after stroke
among patients with diabetes,23–25 as well as a substantially
higher risk of disability among patients with diabetes and
major depression (compared with diabetes-only and/or depres-
sion-only).26, 27 To our knowledge, this is the first study to

Table 4 Weighted Negative Binomial Regression of ADL-IADL on Nested and Head-to-Head Multimorbidity Combinations

Diabetes-multimorbidity group comparison Model 1:
unadjusted
eb (95% CI)

Model 2: minimally
adjusted*
eb (95% CI)

Model 3:
fully
adjusted†

eb (95% CI)

Mental-somatic vs.
somatic

11: DM + HTN + CESD v 2: DM + HTN 5.27 (2.26,
12.31)

5.66 (2.64, 12.13) 3.55 (1.67,
7.56)

5: DM + ARTH + HTN
+CESD

v 1: DM + ARTH + HTN 3.17 (2.04, 4.95) 3.47 (2.21, 5.45) 1.95 (1.13,
3.38)

8: DM + ARTH + HTN +
CVD + CESD

v 3: DM + ARTH + HTN +
CVD

3.70 (2.47, 5.56) 3.95 (2.26, 6.92) 1.24 (0.81,
1.90)

8: DM + ARTH + HTN +
CVD + CESD

v 9: DM + ARTH + HTN +
CVD + PLM

2.27 (1.24, 4.15) 2.09 (0.98, 4.46) 1.09 (0.57,
2.09)

Mental-somatic vs.
somatic-stroke

5: DM + ARTH + HTN +
CESD

v 15: DM + ARTH+ HTN
+ STK

1.20 (0.61, 2.38) 1.07 (0.53, 2.15) 0.75 (0.39,
1.43)

8: DM + ARTH + HTN +
CVD + CESD

v 13: DM + ARTH+ HTN
+ CVD + STK

1.64 (0.91, 2.96) 1.46 (0.78, 2.75) 0.61 (0.36,
1.02)

Somatic-stroke vs.
somatic

15: DM + ARTH +
HTN + STK

v 1: DM + ARTH + HTN 2.63 (1.37, 5.08) 2.67 (1.44, 4.93) 2.09 (1.15,
3.82)

13: DM + ARTH + HTN
+ CVD + STK

v 3: DM + ARTH + HTN +
CVD

2.26 (1.35, 3.77) 2.94 (1.62, 5.35) 2.30 (1.36,
3.88)

Somatic-heart vs.
somatic

10: DM + ARTH + HTN
+ CA + CVD

v 6: DM + ARTH + HTN +
CA

1.97 (0.83, 4.66) 1.67 (0.73, 3.82) 1.91 (1.02,
3.57)

9: DM + ARTH + HTN +
PLM + CVD

v 12: DM + ARTH + HTN
+ PLM

1.23 (0.60, 2.52) 1.32 (0.63, 2.75) 1.03 (0.51,
2.09)

13: DM + ARTH + HTN
+ STK + CVD

v 15: DM + ARTH + HTN
+ STK

1.32 (0.61, 2.85) 1.53 (0.80, 2.95) 1.29 (0.72,
2.30)

Mental-somatic 5: DM + HTN + CESD +
ARTH

v 11: DM + HTN + CESD 1.22 (0.67, 2.25) 1.62 (0.78, 3.35) 1.21 (0.57,
2.60)

8: DM + ARTH + HTN +
CESD + CVD

v 5: DM + ARTH + HTN +
CESD

1.80 (1.16, 2.77) 1.71 (1.08, 2.71) 0.87 (0.57,
1.31)

*Adjusted for age, gender, education, BMI, and race/ethnicity
†Additionally adjusted for baseline ADL-IADL index and diabetes duration
NB: Italicized values represent statistically significant findings accounting for multiple comparisons using the Benjamini–Hochberg procedure with an
uncorrected α-level of 0.050 and a corrected α-level of 0.029
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estimate the incremental functional burden of added stroke or
depressive symptoms in the context of prevalent
multimorbidity combinations in patients with diabetes. This
is of particular importance given that multimorbidity, depres-
sive disorders, and stroke are highly prevalent among older
adults with diabetes8, 28–30 and are associated with poor self-
management and negative individual health outcomes,28, 31

and with increased healthcare utilization and expenditures.32,
33 Thus, identifying specific disease combinations to target for
screening and treatment of depression, stroke prevention, and
post-stroke rehabilitation may help maintain or improve func-
tional status for older patients with diabetes.
Our results show limited functional impact of heart disease

added onto other diabetes-multimorbidity combinations. We
hypothesize that Bsurvivor bias^ due to differences in the
severity of concomitant potentially life-shortening conditions
may account for these puzzling results. In other words, indi-
viduals who experience less severe/advanced life-limiting dis-
ease in their respective combinations aremore likely to survive
long enough to develop heart disease.
This study draws from a number of strengths. First, the HRS

provides a long-standing, ongoing, and robust longitudinal
dataset generalizable to the US population of adults 51 and
older. Second, the prospective design of the HRS permits
assessment of time-sequencing between multimorbidity com-
binations and the main dependent variable (ADL-IADL dis-
ability). Third, this study contributes to the emerging literature
on multimorbidity among individuals living with diabetes, by
identifying and comparing the most prevalent diabetes-
multimorbidity combinations as they occur in a nationally
representative sample, an improvement over prior work that
examines single diseases in isolation, total disease counts, or
pre-specified dyads/triads of co-occurring diseases. Our study
contributes to this evolving literature by comparing prevalent
and clinically meaningful diabetes-multimorbidity groupings,
to identify the combinations that pose the greatest risk to the
preservation of functional status and may, in turn, cascade to
rapid loss of independence and institutionalization.
This study also has several limitations. Severity of disease is

notoriously difficult to ascertain from self-reported data and
across the multitude of diagnoses and combinations.34 While
we account for aspects of severity via diabetes duration and
treatment, future iterations need to incorporate severity in the
context of multimorbidity. In addition, individuals with more
severe combinations of diabetes-multimorbidity may have
disproportionately died prior to being captured in the study
population, introducing severity-related mortality bias. Final-
ly, this study assessed a limited observation period of two
interview waves. Comprehensive long-term longitudinal stud-
ies of multimorbidity progression and differential mortality are
needed to better understand the functional burden associated
with diabetes-multimorbidity combinations.
Recent advancements provide clinical insights into the

functional consequences of specific multimorbidity combina-
tions with diabetes.1, 2, 11, 35, 36 This knowledge is essential in

order to design interventions and optimize the clinical care for
patients with diabetes-multimorbidity.8 Our research high-
lights the importance of depressive disorders and stroke within
larger multimorbidity combinations in patients with diabetes.
Our results may help focus clinical management targets, and
broker conversations between patients and clinicians regard-
ing screening, prevention, and treatment priorities, particularly
for mental disorders and vascular brain events that portend
vast functional burdens and threaten functional independence.
The prevalence of patients with diabetes-multimorbidity is
increasing in the USA and worldwide, raising important ques-
tions regarding the organization and delivery of care for
chronic conditions that carry a high functional penalty and
may be difficult to manage in older adult populations.
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