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Increasing Burden of Complex
Multimorbidity Across Gradients
of Cognitive Impairment

Siran M. Koroukian, PhD"2, Nicholas K. Schiltz, PhD'??,
David F. Warner, PhD?, Kurt C. Stange, MD, PhD'*,
and Kathleen A. Smyth, PhD'

Abstract

Introduction: This study evaluates the burden of multimorbidity (MM) across gradients of cognitive impairment (CI).
Methods: Using data from the 2010 Health and Retirement Study, we identified individuals with no Cl, mild Cl, and moderate/
severe Cl. In addition, we adopted an expansive definition of complex MM by accounting for the occurrence and co-occurrence of
chronic conditions, functional limitations, and geriatric syndromes. Results: In a sample of 18 913 participants (weighted n =
87.5 million), 1.93% and 1.84% presented with mild and moderate/severe Cl, respectively. The prevalence of most conditions
constituting complex MM increased markedly across the spectrum of Cl. Further, the percentage of individuals presenting with 10
or more conditions was 19.9%, 39.3%, and 71.3% among those with no Cl, mild Cl, and moderate/severe Cl, respectively.
Discussion: Greater Cl is strongly associated with increased burden of complex MM. Detailed characterization of MM across Cl

gradients will help identify opportunities for health care improvement.
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Introduction

In the United States, nearly 14% of adults aged 71 years or
older have dementia,' and in this population, the prevalence of
cognitive impairment (CI) without dementia has been esti-
mated to be at 22.2%.% With the aging of the population in the
United States, the number of older adults with CI is expected to
increase.>

Previous studies have documented increased mortality
associated with both mild CI>*® and moderate/severe CI.%’
However, little is known about the morbidity burden borne
by older adults with CI. While persons with CI are as likely as
those without CI to present with complex health care needs,
rarely have studies analyzed older individuals’ morbidity pro-
file across gradients of CL.® Yet, a detailed examination of the
specific conditions that increase in prevalence with greater
levels of CI would enhance efforts to develop interventions
to reduce disease burden that are adapted to gradients of CI.
Thus, studies of this nature could pave the way for the devel-
opment of personalized health care and end-of-life care for
individuals with CL.? Such studies are all the more important,
given that chronic conditions often present as part of multi-
morbidity (MM)—a constellation of chronic conditions,
functional limitations, and geriatric syndromes that we call
complex MM.'°

In order to better inform the development of interven-
tions to manage these individuals’ care and improve their
quality of life, it is essential to analyze the MM profile of
older adults across gradients of CI in a more comprehensive
fashion, rather than focusing on co-occurring chronic con-
ditions alone.

Using data on a US representative sample of older adults,
this study aims to characterize older individuals’ MM profile
across gradients of CI by examining the prevalence of chronic
conditions, functional limitations, and geriatric syndromes and
the co-occurrence thereof.

" Department of Epidemiology and Biostatistics, School of Medicine, Case
Western Reserve University, Cleveland, OH, USA

2population Health and Outcomes Research Core, Clinical and Translational
Science Collaborative, Cleveland, OH, USA

3 Department of Sociology, University of Nebraska-Lincoln, Lincoln, NE, USA
*Department of Family Medicine and Community Health, School of Medicine,
Case Western Reserve University, Cleveland, OH, USA

Corresponding Author:

Siran M. Koroukian, PhD, Department of Epidemiology and Biostatistics,
School of Medicine, Case Western Reserve University, 10900 Euclid Avenue,
Cleveland, OH 44106, USA.

Email: skoroukian@case.edu


https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/1533317517726388
http://journals.sagepub.com/home/aja

Koroukian et al

409

Methods

Our study analyzes data from the 2010 to 2012 Health and
Retirement Study (HRS). Since it was limited to the use of
publicly available data from the HRS, the study was deemed
exempt by the institutional review board of Case Western
Reserve University.

Data Source

The HRS is the largest longitudinal study of a US representa-
tive sample of older adults aged 50 years or older (n ~ 30 000).
Launched in 1992, the HRS collects a rich array of data from
its participants every 2 years, including—but not limited to—
income, chronic conditions, functional limitations, geriatric
syndromes, and behavioral factors. These conditions are
self-reported by 95% of respondents and reported by proxy
respondents for the remaining 5% who are unable to respond
to the survey.

Study Population

Our study included all participants in the 2010 HRS (n =
20 566). We excluded 1357 people who were dead at baseline
(ie, an exit interview conducted by spouse or next of kin). We
also excluded 193 people with missing values for CI, 118 who
had missing values for any other covariate, and an additional
376 people with a nonpositive sampling weight—meaning that
the survey weight for these respondents was negative or miss-
ing, leading to the omission of these observations from the
analysis. To obtain data on 2-year self-reported worse health
and 2-year mortality, we also excluded those who were lost to
follow-up by 2012 (6.9%), leaving the study population at 18
913 respondents. The total weighted population—that is, the
representative HRS sample extrapolated to the entire US pop-
ulation of adults aged 50 years or older—was 87 478 731.

Variables of Interest

Variables of interest included CI and conditions constituting
MM. Cognitive status was assessed using a modified version of
the 35-item Telephone Interview Cognitive Status (TICS)"'!
developed by Brandt et al.' The scale is based on the following
items (with total possible points): immediate 10-word recall
(10), delayed 10-word recall (10), serial-7 subtraction test
(5), counting backward test (2), object naming test (2), recall
of the day of the week and the date (4), and naming the pres-
ident and the vice president (2). Consistent with previous stud-
ies by Langa et al,'*'* respondents were grouped in the
categories of no CI (score of 11 or higher), mild CI (score of
8-10), or moderate/severe CI (score of 7 or lower).

When HRS participants were unable to respond, proxy
respondents were asked the following questions: (1) “How
would you rate [the respondent’s] memory at the present time?”’
and (2) “How would you rate [the respondent] in making judg-
ments and decisions?” Participants whose memory was assessed
as “excellent,” “very good,” or “good” were categorized as no

CI, and those whose memory was assessed as “fair” or “poor”
were categorized as CI. Those categorized as CI were grouped in
the category of mild CI if their judgment was assessed as
“excellent,” “very good,” or “good” and in the category of mod-
erate/severe CI if judgment was assessed as “fair” or “poor.”"?

Our complex MM variable was coded as a 4-point compo-
site measure ranging from MMO to MM3, depending on the
occurrence or co-occurrence of self- or proxy-reported chronic
conditions, functional limitations, and/or geriatric syndromes.
We grouped respondents in the MMO category if they had no
chronic conditions, functional limitations, or geriatric syn-
dromes; in MM1 if they had the occurrence (but no co-occur-
rence) of chronic conditions, functional limitations, or geriatric
syndromes; MM2 if they had co-occurrence of any 2 of chronic
conditions, functional limitations, or geriatric syndromes; and
MM3 if they had co-occurrence of chronic conditions, func-
tional limitations, and geriatric syndromes. Thus, for example,
if an individual reported more than 1 chronic condition but no
functional limitations or geriatric syndromes, she or he was
coded as MM 1. On the other hand, an individual with 1 chronic
condition but co-occurring functional limitations and geriatric
syndromes was coded as MM3.

Chronic conditions included hypertension, arthritis, heart
disease, lung disease, diabetes, stroke, cancer, and psychiatric
conditions. We flagged a chronic condition to be “severe” if the
respondent reported being on active treatment for that condi-
tion, and “mild” otherwise. Functional limitations included
limitations in upper and lower body function and strength,
activities of daily living (ADLs), and/or instrumental activities
of daily living (IADLSs). Geriatric syndromes included depres-
sive symptoms (4 or more symptoms from the Center for Epi-
demiological Studies—Depression scale), urinary incontinence,
vision impairment (poor vision even after wearing corrective
eyewear as usual), hearing impairment (poor hearing even after
using hearing aid as usual), severe pain, persistent dizziness,
and falls. Questions pertaining to falls were asked of HRS
participants aged 65 years or older.

We also examined self- or proxy-reported health status as
excellent, very good, good, fair, or poor; self- or proxy-reported
worse health in 2 years (yes/no); as well as the count of chronic
conditions, functional limitations, and geriatric syndromes with
which individuals presented (e.g., a count of 5 for individuals
presenting with hypertension, heart disease, strength limita-
tions, incontinence, and depressive symptoms).

Additional variables included age (grouped in 5-year incre-
ments, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, and
85+), sex (male or female), race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, and other), marital status
(married, divorced, widowed, and never married), income as a
percentage of the Federal Poverty Level (<100%, 100%-199%,
200%-299%, and >300%), and education, in years (<9, 9-12,
13, 14-16, and 17+). Behavioral factors included smoking sta-
tus (never smoked, current smoker, and former smoker), alco-
hol consumption based on average number of drinks consumed
per day (none [0], moderate [1-2], heavy [>3]), vigorous exer-
cise (yes/no, indicated by taking part in vigorous exercise or
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sports at least once a week), and body mass index (BMI in kg/
m?, grouped as underweight for BMI <18, normal/overweight
for BMI 19-30, obese for BMI >30, and missing).

Analysis

In addition to descriptive analysis reporting the weighted
percentage (and 95% confidence interval) of individuals with var-
ious sociodemographic characteristics and components of MM
across CI levels, we reported the count of conditions with which
individuals presented by CI gradient. We also conducted multi-
variable logistic regression analysis to evaluate the independent
association between gradients of CI and each of MM, limitations
in ADLs and IADLs, sensory impairment, and 2-year mortality.

We used survey weights to account for the complex strati-
fied sampling strategy in the HRS. SAS version 9.4 (Cary,
North Carolina) was used in all of our analyses.

Results

Our weighted sample of 18 913 reflects 87.5 million individ-
uals aged 50 years or older. Of those, 1.93% (approximately
1.7 million) were identified with mild CI and 1.84% (approx-
imately 1.6 million) with moderate/severe CI. The demo-
graphic and socioeconomic measures varied markedly
across the CI gradients (Table 1). Compared to individuals
with no CI (4.5%, 95% confidence interval, 4.0-4.9), a con-
siderably greater percentage of individuals with mild or mod-
erate/severe CI were 85 years or older (19.9 [15.4-24.5] and
35.6 [30.5-40.6], respectively). We also found a larger pro-
portion of racial/ethnic minority individuals in the mild and
moderate/severe CI groups, compared to the group with no CI.
Under 6% (5.7 [4.7-6.7]) of those with no CI had less than 9
years of education, compared to 28.1% (22.5-33.6) among
those with mild CI and 24.7% (19.1-30.2) among those with
moderate/severe CI. Conversely, nearly 60% (59.9 [58.1-
61.8]) of those with no CI had incomes exceeding 300% of
the Federal Poverty Level, compared to 41.5% (35.6, 47.5) of
those with mild CI and 38.7% (32.6, 44.8) of those with mod-
erate/severe CI.

The most striking differences by gradients in CI were observed
in self- or proxy-reported health status: The percentage of indi-
viduals with fair/poor health was 23.5% (22.2-24.8) among those
with no CI, 42.1% (36.7-47.4) among those with mild CI, and
63.1% (58.6-67.5) among those with moderate/severe CI. Simi-
larly, 2-year mortality increased from 2.9% (2.6-3.2) among those
with no CI to 10.6% (6.8-14.4) and 24.6% (21.6-27.5) among
those with mild CI and moderate/severe CI, respectively.

The MM profiles by CI gradient are presented in Table 2.
With regard to chronic conditions, the most significant increase
occurred for mild heart disease, from 17.0% (16.2-17.9) in
individuals with no CI to 28.2% (22.5-33.9) and 39.0%
(33.0-45.0) in individuals with mild or moderate/severe CI,
respectively. Similarly, the percentage of individuals with
severe stroke increased from 2.2% (1.9-2.5) to 5.3% (3.3-7.4)
and 13.8% (9.6-18.0) across the gradients of CI, respectively.

Relative to functional limitations, we observed marked
increases in the percentage of individuals presenting with lim-
itations for each of the specific functions as well as for ADLs
(4.1% [3.7-4.6], 12.9% [8.3-17.9], and 27.1% [21.3-33.0]
across the CI gradients, respectively) and for IADLs (11.9%
[11.0-12.7], 34.5% [28.4-40.7], and 73.5% [68.6-48.3]).

Regarding geriatric syndromes, we found increased preva-
lence of urinary incontinence among those with moderate/
severe CI (38.7% [33.4-44.0]), with no difference in prevalence
between individuals with no CI and those with mild CI. We
also note the marked increase, both across no CI and mild CI
groups and across mild CI and moderate/severe CI groups, in
the percentage of individuals presenting with visual and hear-
ing impairment as well as in falls, the latter being reported only
in individuals aged 65 years or older.

The percentage of individuals presenting with MM3, reflect-
ing the co-occurrence of chronic conditions, functional limita-
tions, and geriatric syndromes, increased from 36.4%
(35.1-37.8) among individuals with no CI to 53.0% (47.0-
59.1) and 71.3% (66.4-76.3) among those with mild and
moderate/severe CI, respectively.

Table 3 shows the distribution of individuals across CI gra-
dients by the combined number of individual chronic condi-
tions, functional limitations, and geriatric syndromes reported
(as listed in Table 2). The percentage of individuals with totals
of 10 or more was 19.9% (18.9-21.0) among those with no CI,
39.3% (32.7-45.9) among those with mild CI, and 71.3%
(65.3-77.2) among those with moderate/severe CI.

Table 4 presents the results from multivariable regression
analyses to evaluate the independent association between gra-
dients of CI and each of MM, limitations in ADLs and IADLs,
visual and hearing impairment, and 2-year mortality. We
observed a dose-response association between greater CI and
each of limitations in IADLs and 2-year mortality. Compared
to individuals with no CI, those with mild CI had 2.3 higher
odds of having limitations in IADLs (adjusted odds ratio
[AOR]: 2.30, 95% confidence interval [1.67-3.17]) and those
with moderate/severe CI had nearly 15 times higher odds to
have such limitations (14.96 [11.33-19.77]). Similarly, com-
pared to cognitively intact individuals, those with mild or mod-
erate/severe CI had nearly twice and 4 times higher odds to die
in the next 2 years (AOR: 1.82 [1.15-2.88] and 4.05 [3.17-
5.18], respectively). For limitations in ADLs, despite its
dose—response association with CI gradients, the AOR for mild
CI was only borderline statistically significant (1.59 [1.00-
2.54], P = .0519), while the AOR for mild/moderate CI was
strong and highly significant (3.66 [2.49-5.37]). As for MM3
and sensory impairment, their association with mild CI did not
reach statistical significance; however moderate/severe CI was
positively and significantly associated with these outcomes.

Discussion

In this study of a US representative sample of older adults, we
described the highly complex clinical presentation of individ-
uals with CI and demonstrated a strong dose—response pattern
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Table I. Sociodemographic Characteristics and Health Outcomes Among HRS Respondents by Level of Cognitive Impairment.

No Cognitive
Impairment,
% of Total (95% ClI)

Mild Cognitive
Impairment, % of
Total (95% ClI)

Moderate/Severe
Cognitive
Impairment, % of
Total (95% ClI)

Total, N
(% of Total)

Age categories
50-54
55-59
60-64
65-69
70-74
75-79
80-84
>85
Sex
Male
Female
Race/ethnicity
White non-Hispanic
Black non-Hispanic
Hispanic
Other
Marital status
Married
Divorced
Widowed
Never married
Education, in years
<9
9-11
12
13-15
16
>17
Income as % of federal poverty level
<100%
100%-199%
200%-299%
>300%
Smoking status®
Never smoked
Former smoker
Current smoker
Alcohol use
None
Moderate
Heavy
Body mass index
Underweight
Normal/overweight
Obese
Data missing
Vigorous exercise
No
Yes
Proxy respondent
No
Yes
Self-reported poor health
No
Yes

19.9 (18.2-21.7)
20.8 (19.5-22.2)
18.3 (17.3-19.2)
13.1 (12.2-14.0)
10.2 (9.5-10.8)
7.7 (7.1-82)
5.6 (5.0-6.3)
45 (4.0-4.9)

455 (44.8-46.2)
54.5 (53.8-55.2)

79.2 (76.9-81.6)
9.8 (8.5-11.1)
7.9 (5.9-9.8)
3.1 (2.6-3.6)

64.1 (63.0-65.3)

15.6 (14.7-16.4)
12.8 (12.1-13.6)
7.5 (6.8-8.1)

5.7 (4.7-6.7)
8.7 (8.1-9.3)
30.8 (29.6-32.0)
25.0 (23.9-26.2)
14.9 (13.8-16.1)
14.8 (13.7-15.9)

9.2 (8.3-10.1)
15.6 (14.4-16.8)
15.2 (14.5-16.0)
59.9 (58.1-61.8)

437 (42.5-45.0)
40.8 (39.6-42.0)
15.5 (14.5-16.4)

57.8 (56.2-59.4)
31.5 (30.1-33.0)
10.7 (10.0-11.4)

1.0 (0.9-12)
63.5 (62.3-64.6)
342 (33.0-35.4)

1.4 (1.1-1.6)

72.4 (71.2-73.5)
27.6 (26.5-28.8)

98.1 (97.8-98.3)
1.9 (1.6-2.3)

76.5 (75.2-77.8)
23.5 (22.2-24.8)

7 (1.2-6.3)
I29(80-I7.7)
13.2 (9.2-17.3)
15.2 (10.6-19.8)
12.0 (8.6-15.4)
11.4 (8.7-14.1)
11.6 (8.7-14.6)
19.9 (15.4-24.5)

58.9 (53.1-64.8)
41.1 (35.2-46.9)

63.3 (57.7-69.0)
14.7 (11.2-18.3)
13.4 (9.2-17.6)
8.5 (3.5-13.6)

614
9.7
24.7
4.2

55.6-67.1)
5.9-13.5)
20.4-28.9)
2.1-6.4)

—~ o~~~

28.1 (22.5-33.6)
20.0 (14.5-25.5)
282 (23.0-33.4)
14.4 (10.9-18.0)
5.4 (2.7-82)
3.8 (1.3-6.3)

21.3 (16.8-25.8)
20.7 (15.0-26.4)
16.6 (12.3-20.8)
415 (35.6-47.5)

42.8 (37.0-48.6)
41.1 (35.3-46.9)
16.1 (11.8-20.4)

70.9 (65.2-76.7)
204 (15.5-25.3)
8.7 (3.9-13.4)

6 (1.6-5.6)

68 4 (63.0-73.7)

26 | (20.8-31.3)
9 (0.7-3.2)

84.1 (80.8-87.3)
15.9 (12.7-19.2)

42.8 (36.5-49.1)
57.2 (50.9-63.5)

57.9 (52.6-63.3)
42.1 (36.7-47.4)

43 (1.8-67)
2.6 (0.5-4.7)
9.4 (5.4-13.3)
6.5 (3.3-9.7)
9.7 (6.9-12.5)
12.8 (9.8-15.9)
19.2 (15.1-23.2)
35.6 (30.5-40.6)

44.6 (40.0-49.2)
55.4 (50.8-60.0)

62.9 (57.4-68.5)
16.8 (12.9-20.7)
15.8 (11.6-20.0)
45 (1.7-7.2)

49.6 (44.9-54.3)
7.6 (5.1-10.1)
37.8 (33.0-42.7)
5.0 (2.2-7.8)

24.7 (19.1-30.2)
19.3 (15.4-23.1)
31.9 (26.7-37.0)
13.9 (10.9-16.9)
43 (2.0-6.5)
6.0 (3.1-8.9)

17.5 (13.7-21.2)
23.7 (18.6-28.8)
20.1 (15.6-24.7)
38.7 (32.6-44.8)

482 (43.3-532)
428 (37.9-47.7)
9.0 (5.8-12.1)

80.2 (74.7-85.7)
11.8 (7.9-15.7)
8.0 (4.5-11.5)

5.8 (3.3-8.4)
69.0 (63.8-74.3)
22.2 (18.1-26.4)

2.9 (1.0-4.8)

96.1 (94.6-97.6)
3.9 (2.4-5.4)

23.5 (18.1-28.9)
765 (71.1-81.9)

36.9 (32.5-41.4)
63.1 (58.6-67.5)

16 898 950 (19.3)
17 775 435 (20.3)
15 760 906 (18.0)
11 373 884 (13.0)
8914911 (102)
6 853 643 (7.8)
5244 071 (6.0)
4656 931 (5.3)

40 012 695 (45.7)
47 466 036 (54.3)

68 792 631 (78.6)
8766 617 (10.0)
7 096 487 (8.1)
2 822 996 (3.2)

55 834 746 (63.8)

3, 382 180 (15.3)
11 833 289 (13.5)
6 428 516 (7.3)

5 707 900 (6.5)
7972810 (9.1)
26 928 794 (30.8)
21 551 471 (24.6)
12 731 097 (14.6)
12 586 659 (14.4)

8 407 205 (9.6)
13 880 036 (15.9)
13 419 291 (15.3)
51772 199 (59.2)

38 322 588 (43.8)
35 721 845 (40.8)
13 434 298 (15.4)

51113 394 (58.4)
27 079 219 (31.0)
9286 118 (10.6)

1 019 458 (1.2)
55 683 525 (63.6)
29 553 291 (33.8)

| 222 457 (1.4)

63 874 307 (73.0)
23 604 424 (27.0)

83 658 734 (95.6)
3819 997 (4.4)

65 963 404 (75.4)
21 515 327 (24.6)

(continued)
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Table I. (continued)

Moderate/Severe
No Cognitive Mild Cognitive Cognitive
Impairment, Impairment, % of Impairment, % of Total, N
% of Total (95% ClI) Total (95% Cl) Total (95% ClI) (% of Total)

2-year health self-reported worse health

No 70.0 (69.0-70.9) 49.7 (43.0-56.5) 35.2 (30.9-39.6) 60 299 286 (68.9)
Yes 20.2 (19.5-20.9) 27.2 (21.3-33.1) 28.5 (24.9-32.1) 17 919 036 (20.5)
Loss to follow-up by 2012, or missing value in 9.8 (9.2-10.4) 23.0 (17.3-28.7) 36.3 (32.3-40.3) 9 260 409 (10.6)
2012
2-year mortality
No 90.3 (89.7-90.9) 77.1 (71.4-82.8) 64.0 (60.0-67.9) 78 311 237 (89.5)
Yes 2.9 (2.6-3.2) 10.6 (6.8-14.4) 24.6 (21.6-27.5) 3 042 645 (3.5)
Loss to follow up by 2012 6.8 (6.2-7.4) 12.3 (7.8-16.8) 1.5 (8.3-14.7) 6 124 849 (7.0)
Total (weighted) 84 187 237 | 685 566 | 605 928 87 478 731

Abbreviation: HRS, Health and Retirement Study.
* p=0.03; All other comparisons across gradients of cognitive impairment are significant at p < 0.001

Table 2. Prevalence of Chronic Conditions, Functional Limitations, and Geriatric Syndromes Across Gradients of Cognitive Status.

No Cognitive Mild Cognitive Moderate/Severe Cognitive
Impairment, % of Impairment, % of Impairment, % of Total, N
Total (95% CI) Total (95% CI) Total (95% ClI) (% of Total)

Self-reported chronic conditions

Hypertension

None 44.2 (42.9-45.5) 28.5 (22.5-34.5) 23.4 (18.2-28.6) 38 060 259 (43.5)

Mild 7.8 (7.3-8.3) 9.8 (6.5-13.0) 16.7 (13.3-20.1) 7 022 654 (8.0)

Severe 48.0 (46.6-49.4) 61.7 (55.5-67.9) 59.8 (53.2-66.5) 42 395 818 (48.5)
Avrthritis

None 47.8 (46.5-49.0) 39.8 (34.8-44.9) 41.0 (35.6-46.3) 41 559 818 (47.5)

Mild 27.3 (26.3-28.3) 24.2 (19.0-29.4) 26.3 (21.2-31.5) 23 821 023 (27.2)

Severe 24.9 (24.0-25.8) 36.0 (30.9-41.1) 32.7 (26.7-38.7) 22 097 890 (25.3)
Heart disease

None 77.7 (76.7-78.6) 63.8 (57.8-69.8) 53.7 (47.2-60.3) 67 344 189 (77.0)

Mild 17.0 (16.2-17.9) 28.2 (22.5-33.9) 39.0 (33.0-45.0) 15430 508 (17.6)

Severe 5.3 (4.9-5.7) 8.0 (5.0-11.1) 7.3 (5.1-9.5) 4704 034 (5.4)
Lung disease

None 91.2 (90.5-91.8) 89.5 (86.5-92.4) 89.7 (86.9-92.5) 79 708 781 (91.1)

Mild 7.2 (6.6-7.7) 8.1 (5.3-10.8) 5.8 (3.2-8.3) 6271 814 (7.2)

Severe 1.6 (1.4-1.9) 2.4 (0.9-4.0) 4.6 (2.5-6.6) 1 498 136 (1.7)
Stroke

None 93.1 (92.5-93.6) 83.2 (79.3-87.1) 67.8 (62.6-73.0) 80 836 168 (92.4)

Mild 4.7 (4.3-5.1) 1.5 (8.1-14.9) 18.3 (14.7-22.0) 4 453 421 (5.1)

Severe 2.2 (1.9-2.5) 5.3 (3.3-74) 13.8 (9.6-18.0) 2 189 142 (2.5)
Cancer

None 86.0 (85.3-86.7) 77.8 (72.7-82.9) 76.7 (72.4-81.0) 74 942 882 (85.7)

Mild 9.9 (9.3-10.5) 14.7 (10.5-19.0) 18.9 (14.3-23.4) 8874 573 (10.1)

Severe 4.1 (3.8-44) 7.5 (4.1-10.8) 4.5 (2.4-6.5) 3661 276 (4.2)
Diabetes

None 79.7 (78.8-80.6) 70.3 (66.3-74.3) 70.2 (65.9-74.5) 69 372 203 (79.3)

Mild 16.1 (15.3-16.9) 22.6 (18.8-26.5) 23.2 (19.0-27.5) 14312313 (16.4)

Severe 4.2 (3.9-4.6) 7.1 (4.8-9.4) 6.6 (4.1-9.0) 3794215 (4.3)

Psychiatric conditions

None 79.3 (78.3-80.3) 79.0 (73.5-84.6) 69.5 (63.8-75.2) 69 228 606 (79.1)

Mild 6.2 (5.8-6.7) 7.1 (3.9-10.3) 5.8 (3.3-84) 5464811 (6.2)

Severe 14.4 (13.6-15.2) 13.9 (9.7-18.0) 24.6 (19.6-29.7) 12785 314 (14.6)
Functional limitations—difficulty in:

Sitting for 2 hours 18.4 (17.6-19.2) 25.2 (20.1-30.2) 26.2 (21.8-30.6) 16 329 143 (18.7)

Rising from chair

35.4 (34.2-36.6)

46.6 (40.1-53.1)

60.6 (54.6-66.7)

31 582 460 (36.1)

(continued)
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Table 2. (continued)

No Cognitive
Impairment, % of
Total (95% ClI)

Mild Cognitive
Impairment, % of
Total (95% CI)

Moderate/Severe Cognitive
Impairment, % of

Total (95% CI)

Total, N
(% of Total)

Lifting 10 pounds
Moving an object
Picking up a dime
Reaching over head
Climbing | stair
Climbing several stairs
Walking | block
Walking several blocks
Stooping
Activities of daily living
Instrumental activities of daily living

Geriatric syndromes
Depressive symptoms
Incontinence
Severe pain
Visual impairment
Hearing impairment
Falls®

Composite measure for multimorbidity (MM)
MMO/MMI
MM2
MM3

Total (weighted)

21.8 (20.8-22.7)
25.2 (24.2-26.3)
6.0 (5.6-6.4)
15.2 (14.2-16.1)
15.5 (14.6-16.3)
41.8 (40.6-43.1)
11.9 (11.2-12.6)
25.5 (24.5-26.5)
43.0 (42.0-44.0)
4.1 (3.7-4.6)
11.9 (11.0-12.7)

13.3 (12.5-14.0)
22.1 (21.1-23.1)
5.7 (5.3-6.2)
18.9 (17.8-20.0)
17.8 (16.8-18.7)
35.1 (33.8-36.5)

30.8 (29.6-32.0)

32.8 (32.0-33.6)

36.4 (35.1-37.8)
84 187 237

38.3 (32.2-44.4)
457 (39.8-51.7)
14.7 (10.8-18.5)
31.5 (26.0-37.0)
33.9 (27.7-40.0)
61.9 (56.5-67.3)
28.7 (23.1-34.2)
46.1 (41.1-51.0)
51.6 (45.6-57.7)
12.9 (8.3-17.6)

34.5 (28.4-40.7)

14.0 (9.5-18.5)
18.9 (14.3-23.5)
10.5 (6.1-14.9)
33.1 (27.9-38.3)
33.9 (29.3-38.4)
40.1 (33.5-46.8)

17.3 (12.6-22.1)

29.6 (24.0-35.2)

53.0 (47.0-59.1)
| 685 566

66.2 (61.0-71.4)
66.5 (61.1-71.9)
18.7 (14.6-22.7)
37.2 (31.7-42.8)
55.1 (48.7-61.4)
84.2 (80.5-87.8)
48.0 (41.7-54.4)
67.9 (62.7-73.1)
70.6 (64.9-76.3)
27.1 (21.3-33.0)
73.5 (68.6-78.3)

5.8 (3.8-7.9)
38.7 (33.4-44.0)
10.7 (6.5-14.9)
432 (38.2-48.3)
48.8 (44.2-53.3)
59.1 (53.9-64.2)

5.7 (2.6-8.8)
22.9 (18.5-27.4)
71.3 (66.4-76.3)

| 605 928

20 033 180 (22.9)
23 087 482 (26.4)
5 592 944 (6.4)
13901 058 (15.9)
14 466 593 (16.5)
37 606 042 (43.0)
11 264 042 (12.9)
23 340 018 (26.7)
38 217 221 (43.7)
4125 504 (4.7)
11768 310 (13.5)

11 493 468 (13.1)
19 547 846 (22.3)
5 180 193 (5.9)
17 165 359 (19.6)
16 314 705 (18.6)
13 409 356 (36.2)

26 311 447 (30.1)

28 467 968 (32.5)

32 699 316 (37.4)
87 478 731

Abbreviation: Cl, confidence interval.

?Falls denominator includes only 65 years and older (n = 8260). All comparisons across the gradients of cognitive impairment significant at p < 0.001.

Table 3. Distribution of the Weighted Study Population Across Cognitive Impairment Gradients by the Combined Number of Individual
Chronic Conditions, Functional Limitations, and Geriatric Syndromes Reported.

No Cognitive Impairment,

Number of Conditions % of Total (95% ClI)

Mild Cognitive Impairment,
% of Total (95% Cl)

Moderate/Severe Cognitive Impairment,
% of Total (95% CI)

0 (n = 7 560 984) 8.9 (8.2-9.6)
I (n=11013329) 12.9 (12.1-13.6)
2 (n=10 752 792) 12.6 (12.0-13.3)
3 (n = 9 077 570) 10.6 (9.9-11.3)
4(n=7167511) 8.4 (7.9-8.8)

5 (n = 6 130 779) 7.1 (6.7-7.5)

6 (n = 5 457 823) 6.3 (5.8-6.8)

7 (n = 4 535 050) 5.2 (4.8-5.5)

8 (n = 3 963 240) 45 (4.2-4.8)

9 (n =3 224 762) 3.7 (3.3-4.1)
10+ (n = 18 594 891) 19.9 (18.9-21.0)

3.1 (0.3-5.9) 1.3 (0.-2.7)
8.9 (5.7-12.2) 2.5 (0.3-4.8)
52 (2.7-7.7) 1.3 (0.1-2.5)
7.3 (3.7-10.8) 2.0 (0.4-3.6)
6.2 (3.5-9.0) 2.0 (0.4-3.6)
5.0 (2.2-7.8) 5.1 (2.7-7.5)
6.0 (3.3-8.6) 3.1 (1.6-4.7)
8.6 (4.8-12.3) 3.2 (0.9-5.5)
5.8 (3.3-84) 48 (24-7)
47 (22-7.1) 3.3 (1.4-5.2)

39.3 (32.7-45.9) 71.3 (65.3-77.2)

Abbreviation: Cl, confidence interval.

of increased MM burden and mortality across gradients of CI:
The greater the level of CI, the higher the complex MM burden
and mortality.

These findings highlight the great challenge posed by CI for
clinical management, especially for primary care clinicians'
facing pressures for “productivity” measured as relative value
units or patients seen per day,'® when what is needed to inte-
grate, personalize, and prioritize care'” for people with com-
plex MM'® is time'® and support for coordination of care across

multiple health-care professionals and with community
resources.' 20

Increased MM is also associated with decreased continuity
of care, increased hospitalizations, more frequent visits to the
emergency department, and higher expenditures, posing sig-
nificant challenges to the health-care system. According to the
Alzheimer’s Association Facts and Figures,** the costs paid by
Medicare and Medicaid are estimated at US$67 billion in 2017,
while more than 15 million Americans provided unpaid care
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Table 4. Independent Association Between Gradients of Cognitive
Impairment and Each of Multimorbidity, Limitations in ADLs and
IADLs, Sensory Impairment, and 2-Year Mortality.

Adjusted Odds

Outcome of Gradients of Cognitive Ratio for Cognitive
Interest Impairment Impairment® (95% Cl)
MM3 No cognitive impairment 1.0
(ref)
Mild cognitive impairment 127 (0.93-1.74)°
Moderate/severe 3.33 (2.41-4.59)
cognitive impairment
Limitations in No cognitive impairment 1.0
ADLs (ref)
Mild cognitive impairment 159 (1.0-2.54)°
Moderate/severe 3.66 (2.49-5.37)
cognitive impairment
Limitations in No cognitive impairment 1.0
IADLs (ref)
Mild cognitive impairment  2.30 (1.67-3.17)
Moderate/severe 14.96 (11.33-19.77)
cognitive impairment
Visual impairment No cognitive impairment 1.0
(ref)
Mild cognitive impairment  0.98 (0.71-1.34)°
Moderate/severe 1.52 (1.23-1.88)
cognitive impairment
Hearing No cognitive impairment 1.0
impairment (ref)
Mild cognitive impairment  1.15 (0.92-1.44)°
Moderate/severe 1.93 (1.56-2.37)
cognitive impairment
2-year mortality = No cognitive impairment 1.0
(ref)
Mild cognitive impairment ~ 1.82 (1.15-2.88)°
Moderate/severe 4.05 (3.17-5.18)

cognitive impairment

Abbreviations: ADL, activities of daily living; Cl, confidence interval; IADLs,
instrumental activities of daily living; MM, multimorbidity.

?Obtained from multivariable logistic regression models adjusting for age, race,
sex, income, education, and behavioral variables.

®p > 0.05;

€0.05 < p <= 0.01; all other odds ratios are significant at < 0.0001.

for people with Alzheimer’s or other dementias in 2016,
accounting for 18.2 billion hours of care and US$230 billion
(www.alz.org/facts).

The systems challenges posed by the findings of this
research are substantial. The current system fosters fragmenta-
tion.>>® Too often, we consider diseases as existing alone. We
call for a “dementia strategy” or “integrated stroke care.” We
build “memory clinics,” which deal with the “dementia” bit but
leave the rest of the problems to other clinicians. In contrast,
the research results presented here highlight that dementia is a
keystone disorder. Chronic disease management and self-care
are very difficult in the presence of CI. But these data show that
this conundrum is amplified by the burden of comorbidity and
geriatric syndromes—by complex MM.'? The findings of this
research argue for systems support for stronger relationships
between primary care, specialists (particularly geriatricians),

and community resources to proactively realign services to
integrate care, foster function, and, when appropriate, to take
a more palliative approach. Fortunately, a growing body of
research shows how care can be realigned through team
approaches that integrate care®’>° in ways that result in
improved patient and system outcomes.>*!

We note that our findings may have different implications for
individuals with mild versus moderate/severe CI. For those with
mild CI, our findings call for close attention to their physical
health-care needs, particularly with the intent to preempt physical
decline and improve quality of life. In parallel, neuropsychiatric
assessment should be a routine part of the diagnostic workup for
patients with chronic illnesses (eg, as recommended by others in
the case of chronic obstructive pulmonary disease™?).

Effective care plans rely on individualized needs assess-
ments that are developed with input from the primary care
physician®® and in coordination with the caregiver or home
care provider. Aimed at maximizing independence, these
assessments are revised periodically to accommodate the per-
son’s needs, which might change with decline in his or her
cognitive functioning.** Care plans must ensure that the person
can walk, transfer, and perform daily tasks safely, whether by
modifying the physical environment or by using adaptive
equipment.** Finally, care plans should incorporate access to
assistance and advice 24/7, 365 days a year.>”

For individuals with moderate/severe CI who are signifi-
cantly more likely to experience short-term mortality, these
findings highlight the needs for palliative care,>~*® aimed more
at ensuring comfort and addressing psychosocial and spiritual
needs rather than prolonging life.*® However, this may prove to
be challenging, given that individuals dying with advanced
dementia may not be perceived as having a terminal illness,
as has been found to be the case with nursing home residents.’

The findings also highlight the increased burden to family care-
givers resulting from MM as CI progresses. Although the burden of
caring for family members associated with their CI has been well
documented,***! studies are increasingly examining the incremen-
tal burden associated with providing care for chronic conditions in
persons with CL*** There are also implications for institutional
care settings in terms of staffing numbers and expertise required
to deal with increasing MM in those with advanced CI.

To our knowledge, this is the first study to document
increased MM burden in individuals with higher levels of CI
and the first to use an expanded definition of complex
MM, '#+47 extending beyond chronic conditions and incorpor-
ating functional limitations and geriatric syndromes. However,
even limiting the definition of MM to chronic conditions, a
recent study from Canada reported that MM was the norm,
rather than the exception in community-dwelling individuals
with dementia receiving home care services.*®

The percentage of HRS respondents with mild or moderate/
severe CI in our study (1.9% and 1.8%, respectively) is con-
siderably lower than that reported by Langa et al (3.5% and
5.2%)."3 This discrepancy can be explained by the different
HRS study years (2010 vs 2002) as well as the age range of
the study population (>50 years vs >70 years of age,


http://www.alz.org/facts

Koroukian et al

415

respectively). In fact, when using the data from Table 1 to
derive the percentage of respondents with mild or moderate/
severe CI among those aged 70 years or older, we obtain 3.6%
and 4.8%, respectively.

Our findings should be interpreted in light of the following
study limitations. First, because of the 2-year follow-up of this
study with conditions and CI assessed at baseline, we were
unable to establish temporality between some of the conditions
of interest and more severe CI. For example, it is important to
determine whether cognitive decline occurs as a result of a
condition such as stroke, since the percentage of individuals
with stroke increases markedly across the gradients of CI.
Similarly, it is important to examine the emergence of new
chronic conditions as CI worsens. For example, because of
shared pathophysiology, disease—disease or drug—disease inter-
actions, and poor self-management of existing conditions—
especially among those with mild CI—new conditions may
emerge, increasing MM burden (eg, poorly managed diabetes
leading to cardiovascular disease). Findings from recent studies
highlight the bidirectional nature of the association between CI
and MM, showing longitudinal changes in cognitive function
and accelerated deterioration in physical health, defined as the
faster accumulation of MM over time.*>>* Second, our study
does not account for the care received by individuals with CI
for the various conditions. The management of complex
chronic conditions is especially important in individuals with
mild CI, so they can enjoy a relatively good quality of life,
despite their compromised cognitive status. Finally, as noted by
Langa et al,'* our measures of mild or moderate/severe CI,
which are based on cut-points in the TICS score, reflect cog-
nitive functioning, rather than a clinical diagnosis of dementia.
These cut-points were determined based on how well they
correlated with ADLs and IADLSs, informal caregiving, and the
likelihood of being admitted to a nursing home.

In conclusion, in spite of study limitations, our findings
document substantial increases in MM across CI gradients.
They suggest the need for person-centered, rather than
disease-centric, care that accounts for the interrelatedness of
patient’s cognitive status and morbidity profile. Findings call
for systems change to support the needed care integration for
medical and mental health care®” and to align health care and
community services to deal with the complex needs of patients
and caregivers.'®
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