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Abstract

Objectives: The association between an individuals’ de-
mographic and health characteristics and the presence of
multiple chronic conditions is not well known among older
United States (US) adults. This study aimed to identify the
prevalence and associations of having multiple chronic
conditions among older US adults with self-reported pain.
Methods: This retrospective, cross-sectional study used
data from the 2017 Medical Expenditure Panel Survey.
Study subjects were aged =50 years and had self-reported
pain in the past four weeks. The outcome variable was
multiple (=5) chronic conditions (vs. <5 chronic condi-
tions). Hierarchical logistic regression models were used to
identify significant associations between demographic and
health characteristics and multiple chronic conditions with
significance indicated at an a priori alpha level of 0.05. The
complex survey design was accounted for when obtaining
nationally-representative estimates.

Results: The weighted population was 57,074,842 US
older adults with pain, of which, 66.1% had >5 chronic
conditions. In fully-adjusted analyses, significant associ-
ations of =5 comorbid chronic conditions included: age 50—
64 vs. 265 years (adjusted odds ratio [AOR]=0.478, 95%
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confidence interval [CI]=0.391, 0.584); male vs. female
gender (AOR=1.271, 95% CI=1.063, 1.519); white vs. other
race (AOR=1.220, 95% CI=1.016, 1.465); Hispanic vs. non-
Hispanic ethnicity (AOR=0.614, 95% CI=0.475, 0.793);
employed vs. unemployed (AOR=0.591, 95% CI=0.476,
0.733); functional limitations vs. no functional limitations
(AOR=1.862, 95% CI=1.510, 2.298); work limitations vs. no
work limitations (AOR=1.588, 95% CI=1.275, 1.976); little/
moderate vs. quite a bit/extreme pain (AOR=0.732, 95%
CI=0.599, 0.893); and excellent/very good (AOR=0.375,
95% CI=0.294, 0.480) or good (AOR=0.661, 95% CI=0.540,
0.810) vs. fair/poor physical health.
Conclusions: Approximately 38 million of the 57 million
US older adults with pain in this study had =5 chronic
conditions in 2017. Several characteristics were associated
with multiple chronic conditions, which may be important
for health care professionals to consider when working
with patients to manage their pain.

This study was approved by The University of Arizona
Institutional Review Board (2006721124, June 12, 2020).
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Introduction

The proportion of older adults in the population is
increasing globally and within the United States (US), in
part due to increasing life expectancy [1]. This leads to a
corresponding increase in the prevalence of multiple
chronic conditions among older adults [2-4]. Data from the
National Health Interview Survey (NHIS) indicated that the
prevalence of multiple chronic conditions (i.e., 1 chronic
condition) among US adults was 21.8% in 2001 and had
increased to 26.0% in 2010 [5], while another study also
using NHIS data indicated the prevalence of multiple
chronic conditions was 25.5% in 2012 [5]. Recent estimates
indicate that over half (52%) of US adults have at least one
chronic condition, and approximately 27% had =2 chronic
conditions in 2018 [6]. The presence of multiple chronic
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conditions in an individual, particularly among older adults,
is an important public health topic given that chronic con-
ditions can lead to functional impairment in later-life, which
is a significant determinant of healthcare resource use such as
medical and social services [7, 8], and mortality [9].

Pain, defined by the International Association for the
study of pain (IASP) as “an unpleasant sensory and
emotional experience associated with, or resembling that
associated with, actual or potential tissue damage” [10], is
also prevalent, ranging from 24 to 72% in previous studies
[11-13]. Pain can have detrimental effects on an in-
dividual’s quality of life [10] and is often reported as an
underlying disability among older adults [14]. Pain can be
burdensome to manage, as individuals often have to use
several strategies to manage pain [15, 16].

Various demographic characteristics such as age,
gender, and race have been shown to be associated to
various degrees with pain [17], however the association of a
more comprehensive set of personal characteristics on pain
among individuals with pain and chronic conditions is not
well known. Further research to assess the association
between individual characteristics and multimorbidity
among older adults is therefore needed, in order to deter-
mine appropriate clinical and public health policy needs
[18-20]. The objective of this study was to determine the
characteristics associated with the presence of multiple
(=5) chronic conditions among community-dwelling older
United States adults with self-reported pain.

Methods

Study design and data source

This study employed a retrospective, cross-sectional design, and uti-
lized the most current data from the 2017 Medical Expenditure Panel
Survey (MEPS) Household Component. MEPS uses the sampling
framework from the previous years’ National Health Interview Survey
and involves a panel design to collect five rounds of data over two
years. The MEPS 2017 full-year consolidated data file includes data for
each person in the households surveyed, such as demographics,
employment and income details, health insurance coverage, health
conditions and health status, healthcare utilization and costs, and
access and satisfaction with healthcare. This file also provides
weighting variables to calculate nationally representative estimates of
the non-institutionalized US population [21, 22].

Eligibility criteria

Eligible subjects were community-dwelling adults alive for the full
year, age =50 years, and had pain in the past four weeks (determined

by a response of “a little bit”, “moderate”, “quite a bit”, or “extreme”,
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when asked: “during the past four weeks, pain interfered with normal
work outside the home and housework”) [23, 24].

Variables

Variables were organized into one of five categories according to
Andersen’s Behavioral Model (predisposing, enabling, personal
health practices, external environmental, need factors) [25].

Predisposing factors included: age (50-64, 265 years); gender
(male, female); ethnicity (Hispanic, non-Hispanic); and race (white,
other).

Enabling factors included: education completed (high school or
less, more than high school); employment status (employed, unem-
ployed); income level (poor/near poor/low income [<200% federal
poverty level], middle/high income [>200% federal poverty level]);
insurance coverage (private, public, uninsured); and marital status
(married, other).

Personal health practices included: exercise status (yes, no) and
current smoker status (yes, no).

The only external environmental factor was census region
(Northeast, Midwest, South, West).

Need factors included: instrumental activity of daily living limi-
tations (yes, no); activity of daily living limitations (yes, no); func-
tional limitations (yes, no); work limitations (yes, no); pain severity
(little/moderate, quite a bit/extreme); perceived mental health status
(excellent/very good, good, fair/poor); and perceived physical health
status (excellent/very good, good, fair/poor) [23, 24].

Outcome variable

The outcome variable in this study was chronic conditions. The list of
chronic conditions included: angina, arthritis, asthma, cancer,
chronic bronchitis, coronary heart disease, diabetes, joint pain,
emphysema, hypercholesterolemia, hypertension, myocardial
infarction, other unspecified heart disease, and stroke. These condi-
tions are collected in MEPS due to their relatively high prevalence in
the population and the availability of generally accepted clinical
standards for managing these conditions. For every subject, the
presence of each condition was determined, summed, and then
dichotomized as either multiple (>5) or few (<5) chronic conditions for
analysis. Five conditions was chosen as the threshold for groups
because it allowed comparison of individuals with several conditions
vs. those with few chronic conditions, and allowed better balanced
groups compared to a threshold of, for example, two conditions
(which may also be defined as multiple chronic conditions, yet highly
prevalent among this population of older adults with pain) [23, 24].

Data analysis

Data for the two groups were summarized and compared using chi-
square tests. Hierarchical logistic regression models assessed the as-
sociation of each variable with >5 chronic conditions, with <5 condi-
tions serving as the reference group. This process started with the
predisposing group of variables and then adding further groups of
variables from least modifiable to most modifiable factors
(i.e., enabling, personal health practices, external environmental, and
need factors) to successive models. An alpha level of 0.05 was set a
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priori. Analyses were conducted using SAS Studio (SAS institute Inc.,
Cary, NC, USA).

Results

Figure 1 outlines the subject selection process. From the
31,880 subjects available in the 2017 MEPS dataset, 5,076
were eligible for this study (=5 chronic conditions=1,766, <5
chronic conditions=3,310). This represented a weighted
population of 57,074,842, of which 19,372,008 or 33.9%
(95% confidence interval [CI]=32.2, 35.6) had =5 chronic
conditions and 37,702,833 or 66.1% (95% Cl=64.4, 67.8%)
had <5 chronic conditions.

Table 1 outlines the characteristics of study subjects.
Approximately half (51%) the subjects were aged =65 years,
and the majority were: female (55%), non-Hispanic (90%),
white (81%), educated beyond high school (51%), unem-
ployed (61%), had middle/high income (68%), private in-
surance coverage (61%), married (57%), had no IADLs
(91%), no ADLs (95%), no functional limitations (61%), no
work limitations (73%), little/moderate severity pain
(75%), excellent/very good perceived mental health (52%),
excellent/very good/good perceived physical health
(73%), did not do regular exercise (58%), and did not
smoke (85%). The most common census region was the
south (38%). There were differences between those who
had >5 chronic conditions and those who had <5 chronic
conditions for all characteristics (p<0.05) except gender
(p=0.5578), race (p=0.5296), and smoking status
(p=0.2949).

Table 2 reports the weighted percentage of subjects
who had each type of chronic condition. The most common
chronic conditions were hypertension (87.4%, 95%
CI=85.9%, 88.9%), joint pain (71.4%, 95% CI=69.7%,
73.1%), arthritis (62.1%, 95% CI=60.3%, 63.8%), and hy-
percholesterolemia (57.0%, 95% CI=55.3%, 58.8%).

Table 3 displays the results of the hierarchical logistic
regression analyses and indicates the factors that were

Subjects in 2017 Medical Expenditure Panel
Survey (MEPS) dataset: N=31,880
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predictors of >5 chronic conditions. Results are presented
for each level of the analysis (i.e., models 1-5). In the fully
adjusted analysis (model 5), all of the predisposing factors
were predictors of a subject having =5 chronic conditions;
those aged =65 years (vs. 50—64 years), males (vs. females),
non-Hispanic (vs. Hispanic ethnicity), and white (vs other
race) were associated with greater odds of having =5
chronic conditions. Employment status was the only
enabling factor associated with =5 chronic conditions;
those who were unemployed (vs. employed) were associ-
ated with greater odds of having >5 chronic conditions.

Among need factors, functional and work limitations
were associated with higher likelihood of having >5 chronic
conditions, while little/moderate pain severity (vs. quite a
bit/extreme pain severity), and excellent/very good and
good (vs. fair/poor) perceived physical health status were
associated with lower likelihood of having >5 chronic
conditions.

None of the personal health practices or external
environmental factors were predictors of =5 chronic con-
ditions. The fully adjusted logistic regression model had a
Wald statistic of <0.0001 and a c-statistic of 0.758.

Discussion

This study first reports the prevalence of multiple chronic
conditions and then the associations of multiple chronic
conditions among the increasing community-dwelling
older adult US population.

Published prevalence estimates of multiple chronic
conditions vary widely due to variations in definitions and
measurements, population characteristics, study sample
sizes, and sampling methods [26]. The current study used
nationally representative data of the community-dwelling
US older adult population with self-reported pain, and
found that the overall prevalence of multiple (=5) chronic
conditions was 33.9% (95% CI=32.2, 35.6). That approxi-
mately one-third of the community-dwelling US older adult
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Excluded subjects
not alive for the full year, aged
<50 years, or did not report
having pain in the last four
weeks: N=26,804

Eligible study subjects: N=5,076

Figure 1: Subject selection process.
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Table 1: Characteristics of United States older adults (age =50 years) with self-reported pain in the past four weeks stratified by >5 chronic

conditions vs. <5 chronic conditions.

Variables

Total (weighted
n=57,074,842)

Weighted % (95% confidence

interval)

>5 chronic conditions (weighted

n=19,372,008)

Weighted % (95% confidence

interval)

<5 chronic conditions (weighted

n=37,702,833)

Weighted % (95% confidence

interval)

p-Value

Predisposing factors
Age, years
50-64
>65
Gender
Male
Female
Ethnicity
Hispanic
Non-Hispanic
Race
White
Other
Enabling factors
Education completed
High school or less
More than high school
Employment status
Employed
Unemployed
Income level
Poor/near poor/low
income
Middle/high income
Insurance coverage
Private
Public
Uninsured
Marital status
Married
Other
Need factors
IADL
Yes
No
ADL
Yes
No
Functional limitation
Yes
No
Work limitation
Yes
No
Pain severity
Little/moderate
Quite a bit/extreme
Perceived mental health
status
Excellent/very good
Good
Fair/poor

49.0 (47.0, 51.0)
51.0 (49.0, 53.0)

44.8 (43.5, 46.1)
55.2 (53.9, 56.5)

10.1 (8.8, 11.4)
89.9 (88.6, 91.2)

81.1(79.5, 82.7)
18.9 (17.3, 20.5)
49.3 (47.2, 51.3)

50.7 (48.7, 52.8)

39.0(36.8, 41.2)
61.0 (58.8, 63.2)

32.2(30.3, 34.2)
67.8 (65.8, 69.7)
61.0 (59.1, 62.9)
35.4(33.6, 37.3)
3.6 (2.9, 4.2)
57.2(55.1, 59.2)
42.8(40.8, 44.9)
9.1(8.1,10.2)

90.9 (89.8, 91.9)

5.1(4.4,5.8)
94.9 (94.2, 95.6)

39.3(37.5, 41.1)
60.7 (58.9, 62.5)

26.8 (25.1, 28.6)
73.2(71.4,74.9)

75.0(73.3, 76.8)
25.0(23.2, 26.7)

52.0(50.1, 53.9)
33.5(31.8, 35.3)
14.5 (13.3, 15.6)

34.9 (31.8, 38.0)
65.1 (62.0, 68.2)

45.5 (42.7, 48.3)
54.5 (51.7, 57.3)

7.5(5.9,9.1)
92.5(90.9, 94.1)

81.7 (79.4, 83.9)
18.3 (16.1, 20.6)
53.8 (50.8, 56.9)

46.2 (43.1, 49.2)

19.9 (17.0, 22.9)
80.1 (77.1, 83.0)

41.0 (37.6, 44.4)
59.0 (55.6, 62.4)
52.8 (49.5, 56.0)
44.8 (41.6, 48.0)

2.5 (1.6, 3.4)
51.2 (48.0, 54.4)
48.8 (45.6, 52.0)
15.6 (13.5, 17.7)

84.4 (82.3, 86.5)

8.6 (7.0, 10.1)
91.4(89.9, 93.0)

60.4 (57.5, 63.2)
39.6 (36.8, 42.5)

44.9 (41.9, 48.0)
55.1(52.0, 58.1)

61.3 (58.1, 64.5)
38.7 (35.5, 41.9)

41.2 (38.2, 44.3)
37.9 (35.0, 40.8)
20.9 (18.7, 23.1)

56.2 (54.0, 58.5)
43.8 (41.5, 46.0)

44.4 (42.7, 46.2)
55.6 (53.8, 57.3)

11.4 (9.8, 13.0)
88.6 (87.0, 90.2)

80.9 (79.0, 82.7)
19.1 (17.3, 21.0)
46.9 (44.6, 49.2)

53.1(50.8, 55.4)

48.8 (46.4, 51.1)
51.2 (48.9, 53.6)

27.7 (25.8, 29.7)
72.3(70.3, 74.2)
65.2 (63.2, 67.2)
30.6 (28.7, 32.5)

4.1(3.3, 4.9)
60.2 (57.9, 62.6)
39.8(37.4, 42.1)

5.8 (4.8, 6.9)

94.2 (93.1, 95.2)

3.4(2.6, 4.1)
96.6 (95.9, 97.4)

28.5 (26.5, 30.5)
71.5 (69.5, 73.5)

17.5(15.9, 19.1)
82.5(80.9, 84.1)

82.1(80.4, 83.7)
17.9 (16.3, 19.6)

57.6 (55.4, 59.8)
31.3(29.3, 33.3)
11.2 (10.0, 12.4)

<0.0001

0.5578

0.0001

0.5296

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
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Variables

Total (weighted
n=57,074,842)

Weighted % (95% confidence

interval)

>5 chronic conditions (weighted

n=19,372,008)

Weighted % (95% confidence

interval)

n=37,702,833)

Weighted % (95% confidence

interval)

<5 chronic conditions (weighted p-Value

Perceived physical health
status
Excellent/very good
Good
Fair/poor
Personal health practices
factors
Exercise
Yes
No
Smoker
Yes
No
External environmental
factors
Census region
Northeast
Midwest
South
West

35.5(33.9, 37.2)
37.5(35.9, 39.0)
27.0 (25.5, 28.5)

41.9 (40.0, 43.7)
58.1 (56.3, 60.0)

14.9 (13.8, 16.0)
85.1 (84.0, 86.2)

18.2 (16.5, 19.8)
22.1(20.3, 23.9)
38.2 (36.1, 40.3)
21.5(19.7, 23.4)

21.0(18.8, 23.2)
37.4 (34.6, 40.2)
41.6 (39.0, 44.3)

43.0 (40.9, 45.1)
37.5(35.5, 39.4)
19.5 (17.9, 21.1)

<0.0001

<0.0001
33.7 (31.1, 36.2) 46.1 (43.8, 48.4)
66.3 (63.8, 68.9) 53.9 (51.6, 56.2)
0.2949
15.7 (13.9, 17.5) 14.5 (13.0, 15.9)
84.3(82.5, 86.1) 85.5(84.1, 87.0)
0.0073

16.8 (14.5, 19.1)
21.9 (19.0, 24.8)
42.0 (38.4, 45.6)
19.3 (16.4,22.1)

18.9 (17.0, 20.7)
22.2(20.3, 24.1)
36.3 (34.0, 38.6)
22.7 (20.7, 24.7)

Analysis based on an unweighted sample of n=5,076 (=5 chronic conditions n=1,766; <5 chronic conditions n=3,310) United States adults alive
during the calendar year 2017, age >50 years, with self-reported pain in the past four weeks. Statistically significant differences between
groups based on chi-square tests. IADL, instrumental activities of daily living; ADL, activities of daily living.

Table 2: Weighted percentage of each chronic condition present
among older United States adults (age >50 years) with pain in the
past four weeks.

Chronic condition Weighted percentage (95% confidence

interval)

Hypertension 87.4 (85.9, 88.9)

Joint pain 71.4(69.7,73.1)
Arthritis 62.1(60.3, 63.8)
Hypercholesterolemia 57.0 (55.3, 58.8)
Diabetes 24.1 (22.6, 25.6)
Other heart disease/ 22.3(20.7, 24.0)
condition

Cancer 22.2 (20.7, 23.7)
Asthma 14.5(13.4, 15.6)

Coronary heart disease 13.6 (12.4, 14.8)

Myocardial infarction 9.6 (8.6, 10.6)
Stroke 9.4 (8.5, 10.3)
Emphysema 6.4 (5.6,7.3)
Angina 5.7 (4.9, 6.5)
Chronic bronchitis 4.7 (4.0, 5.4)

Analysis based on an unweighted sample of n=5,076 (=5 chronic
conditions n=1,766; <5 chronic conditions n=3,310) United States
adults alive during the calendar year 2017, age >50 years, with self-
reported pain in the past four weeks.

population with pain also have at least five other chronic
conditions indicates the scale of the healthcare challenge
to help these individuals manage all of their conditions,
including pain, and obtain optimal health outcomes.

This study then found several factors were statistically
associated with multiple chronic conditions among older
community-dwelling US adults with self-reported pain,
which are each addressed below.

All of the predisposing factors (age, gender, ethnicity,
race) were statistically associated with multiple chronic
conditions in the fully adjusted analyses. These findings
add to the literature that assesses the association of such
factors among older adults with pain. For instance,
community-dwelling US adults aged 50-64 years with pain
had lower odds of having multiple chronic conditions
compared to adults who were =65 years. This finding is
consistent with other studies reporting strong associations
between age and multiple chronic conditions [27-29].
However, this phenomenon is not limited to community-
dwelling older adults in the US; for example, a study from
Canada reported the prevalence of multiple chronic con-
ditions increased with age among middle-aged adults [30].
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The current study found males, Whites, and non-Hispanics
had greater odds of having multiple chronic conditions
than females, other races, and Hispanics respectively. The
associations of these variables with chronic conditions
differs in the literature, for example, one previous study
among US adults aged 20 years and older found that the
prevalence of multiple chronic conditions was greater
among those aged =65 years vs. those aged 45-65 and 20—
44 years, greater among women than men, and greater
among Whites and Blacks than those who were Hispanic or
another race [31]. Furthermore, another study found that
the prevalence and mortality of chronic conditions varies
between genders and races in the US population, for
example, there are more cases of women admitted to hos-
pital with asthma than men, and a higher mortality rate
from asthma among non-Hispanic Blacks [32]. While it is
not possible to modify these predisposing factors, it can
nevertheless be useful to know how they are associated
with the presence of multiple chronic conditions among
older adults and may assist healthcare professionals when
considering the holistic care of these patients and reducing
health disparities.

Employment status was the only enabling factor
associated with multiple chronic conditions in the current
study. Older employed community-dwelling US adults had
lower odds of multiple chronic conditions than those who
were unemployed. This finding supports previous studies
that found a relationship between employment status and
multiple chronic conditions, specifically departure from
the workforce due to multiple chronic conditions [33-35].
This finding therefore supports the notion that those with
multiple chronic conditions may be unable to work. The
association of employment status and multiple chronic
conditions may also be explained, at least partially, by
resiliency, which is associated with work engagement be-
haviors among older workers [34].

Several need factors were associated with multiple
chronic conditions. The presence of functional and work
limitations was associated with greater odds of multiple
chronic conditions. A similar study using 2017 MEPS data
found that older adults with pain and fewer chronic con-
ditions had a lower likelihood of reporting functional
limitations than those with =5 chronic conditions [36]. This
finding also corresponds with previous work that found
individuals with more chronic conditions become func-
tionally impaired earlier than persons with fewer chronic
conditions [37]. This finding adds to existing evidence of
the association between the prevalence of limitations and
multiple chronic conditions among older adults with pain,
and given that both limitations and multiple chronic con-
ditions are associated with poorer health outcomes, could
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be a good factor to target for healthcare interventions in
order to improve health outcomes.

In terms of pain severity, the current study found that
community-dwelling US older adults who reported little/
moderate pain had lower odds of having multiple chronic
conditions than those who reported quite a bit/extreme pain.
This is an unsurprising finding given that individuals with
pain generally suffer from poorer health compared to those
who do not have pain [38—40]. Recent studies from Europe
have described how older adults with multimorbidity also
have chronic persistent pain [41, 42], while another study
from Canada using data from 2006 to 2016 found that each
additional comorbid condition was associated with an 8%
increase in the odds of reporting pain [43].

Finally, community-dwelling US older adults who re-
ported their health as excellent/very good/good had lower
odds of having multiple chronic conditions than those who
described their health as fair/poor. This finding concurs
with a European study that found increased number of
comorbid conditions was associated with a greater likeli-
hood of an individual reporting fair or poor health [44].
Similar findings have been reported in recent studies from
Brazil [45], Canada [46], and Denmark [47], thus this study
adds data for the US older adult population with pain.
These aforementioned need factors may be the easiest
modifiable targets for healthcare interventions to improve
chronic condition management, pain management, and
ultimately health outcomes in this population.

The findings from this study provide additional evidence
that greater efforts are needed to help manage and improve
the health of older adults with pain from both a clinical and
public health perspective. For example, greater interdisci-
plinary coordination between healthcare professionals may
help improve pain management among this population. In
addition, perhaps a greater emphasis on disease prevention
and health promotion efforts may help prevent or reduce the
prevalence of pain among older adults. Finally, from a
research perspective, further work is needed that in-
corporates patient populations with multiple diagnoses that
can affect pain, in order to improve our understanding of the
factors that influence pain, how to prevent pain, and how to
manage pain in these populations.

This study had some limitations. First, multiple
chronic conditions were defined as =5 conditions, whereas
alternative definitions may have led to different results.
Second, two of the conditions included are well-known
pain diagnoses (arthritis and joint pain), which may have
influenced the association between chronic conditions and
pain. Third, this study did not account for how well the
conditions were controlled (i.e., it only accounted for the
presence of the condition). Fourth, data were self-reported,



DE GRUYTER

which may have over- or under-estimated the true preva-
lence of chronic conditions and pain. Finally, this was a
cross sectional study that was unable to ascertain causality
(i.e., only statistical associations could be identified).
Future studies using prospective or longitudinal designs
are warranted to assess this relationship over time.

Conclusion

In conclusion, this study provides insight into the preva-
lence of multiple chronic conditions among a nationally
representative sample of older US adults, and identifies
individual factors that are significant predictors of multiple
chronic conditions in this population. The results from this
study re-affirms the need for further attention to older
adult’s health care, which is increasingly important given
population growth among older adults nationally and
globally.

Research funding: Authors state no funding involved.
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.

Ethical approval: Research involving human subjects
complied with all relevant national regulations, institutional
policies and is in accordance with the tenets of the Helsinki
Declaration (as amended in 2013), and has been approved by
the authors’ Institutional Review Board (IRB #2006721124).

References

1. Roberts AW, Ogunwole SU. The population 65 years and older in
the United States: 2016. American Community Survey Reports;
2018. Available from: https://www.census.gov/content/dam/
Census/library/publications/2018/acs/ACS-38.pdf [Accessed 25
May 2021].

2. Schneider KM, O’Donnell BE, Dean D. Prevalence of multiple
chronic conditions in the United States’ Medicare population.
Health Qual Life Outcome 2009;7:82.

3. Federal Interagency Forum on Aging-Related Statistics. Older
Americans 2016 — key indicators of well-being federal interagency
forum on aging-related statistics 2016. Available from: https://
agingstats.gov/docs/LatestReport/Older-Americans-2016-Key-
Indicators-of-WellBeing.pdf [Accessed 25 May 2021].

4. Vogeli C, Shields AE, Lee TA, Gibson TB, Marder WD, Weiss KB,
et al. Multiple chronic conditions: prevalence, health
consequences, and implications for quality, care management,
and costs. | Gen Intern Med 2007;22:391-5.

5. Ward BW, Schiller JS. Prevalence of multiple chronic conditions
among US adults: estimates from the National Health Interview
Survey, 2010. Prev Chronic Dis 2013;10:120203.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Axon and Arku: Associations of multiple (25) chronic conditions =— 821

. Boersma P, Black LI, Ward BW. Prevalence of multiple chronic

conditions among US adults, 2018. Prev Chronic Dis 2020;17:E106.

. Van den Akker M, Buntinx F, Knottnerus JA. Comorbidity or

multimorbidity: what’s in a name? A review of literature. Eur ) Gen
Pract 1996;2:65-70.

. Patel KV, Guralnik JM, Dansie EJ, Turk DC. Prevalence and impact

of pain among older adults in the United States: findings from the
2011 National Health and Aging Trends Study. Pain 2013;154:
2649-57.

. Zheng DD, Loewenstein DA, Christ SL, Feaster D), Lam BL,

McCollister KE, et al. Multimorbidity patterns and their
relationship to mortality in the US older adult population. PLoS
One 2021;16:e0245053.

Raja SN, Carr BC, Cohen M, Finnerup NB, Flor H, Gibson S, et al.
The revised International Association for the Study of Pain
definition of pain: concepts, challenges and compromises. Pain
2020;161:1976-82.

Andersson HI, Ejlertsson G, Leden |, Rosenberg C. Chronic painin
a geographically defined general population: studies of
differences in age, gender, social class, and pain localization.
Clin ) Pain 1993;9:174-82.

Bassols A, Bosch F, Campillo M, Canellas M, Banos JE. An
epidemiological comparison of pain complaints in the general
population of Catalonia (Spain) Pain. 1999;83:9-16.

Helme RD, Gibson SJ. The epidemiology of pain in elderly people.
Clin Geriatr Med 2001;17:417-31.

Ettinger WH, Fried LP, Harris T, Shemanski L, Schulz R, Robbins J.
Self-reported causes of physical disability in older people: the
cardiovascular health study. CHS Collaborative Research Group. |
Am Geriatr Soc 1994;42:1035-44.

Axon DR, Bhattacharjee S, Warholak TL, Slack MK. Xm? scores for
estimating total exposure to multimodal strategies identified by
pharmacists for managing pain: validity testing and clinical
relevance. Pain Res Manag 2018; Article 2530286. https://doi.
0rg/10.1155/2018/2530286.

Axon DR, Patel M), Martin JR, Slack MK. Use of multidomain
management strategies by community dwelling adults with
chronic pain: evidence from a systematic review. Scand ] Pain
2019;19:9-23.

Wandner LD, Scipio CD, Hirsh AT, Torres CA, Robinson ME. The
perception of pain in others: how gender, race, and age influence
pain expectations. ) Pain 2012;13:220-7.

Anderson GF. Medicare and chronic conditions. N Engl ) Med
2005;353:305-9.

Fuster V, Voute . MDGs: chronic diseases are not on the agenda.
Lancet 2005;366:1512-4.

Norris SL, High K, Gill TM, Hennessy S, Kutner JS, Reuben DB,
et al. Health care for older Americans with multiple chronic
conditions: aresearch agenda. ] Am Geriatr Soc 2008;56:149-59.
Agency for Healthcare Research and Quality. Survey background.
Available from: https://meps.ahrg.gov/mepsweb/about_meps/
survey_back.jsp [Accessed 25 May 2021].

Agency for Healthcare Research and Quality. Download data files,
documentation, and codebooks. Available from: https://meps.
ahrg.gov/mepsweb/data_stats/download_data_files.jsp
[Accessed 25 May 2021].

Agency for Healthcare Research and Quality. MEPS HC-201 2017
full year consolidated data codebook. Available from: https://
meps.ahrg.gov/data_stats/download_data/pufs/h201/h201ch.
pdf [Accessed 25 May 2021].


https://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-38.pdf
https://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-38.pdf
https://agingstats.gov/docs/LatestReport/Older-Americans-2016-Key-Indicators-of-WellBeing.pdf
https://agingstats.gov/docs/LatestReport/Older-Americans-2016-Key-Indicators-of-WellBeing.pdf
https://agingstats.gov/docs/LatestReport/Older-Americans-2016-Key-Indicators-of-WellBeing.pdf
https://doi.org/10.1155/2018/2530286
https://doi.org/10.1155/2018/2530286
https://meps.ahrq.gov/mepsweb/about_meps/survey_back.jsp
https://meps.ahrq.gov/mepsweb/about_meps/survey_back.jsp
https://meps.ahrq.gov/mepsweb/data_stats/download_data_files.jsp
https://meps.ahrq.gov/mepsweb/data_stats/download_data_files.jsp
https://meps.ahrq.gov/data_stats/download_data/pufs/h201/h201cb.pdf
https://meps.ahrq.gov/data_stats/download_data/pufs/h201/h201cb.pdf
https://meps.ahrq.gov/data_stats/download_data/pufs/h201/h201cb.pdf

822 —— Axon and Arku: Associations of multiple (25) chronic conditions

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Agency for Healthcare Research and Quality. MEPS HC-201 2017
full year consolidated data file. Available from: https://meps.
ahrq.gov/data_stats/download_data/pufs/h201/h201doc.pdf
[Accessed 25 May 2021].

Andersen RM. Revisiting the behavioral model and access to
medical care: does it matter? ] Health Soc Behav 1995;36:1-10.
Fortin M, Stewart M, Poitras ME, Almirall MD, Maddocks H. A
systematic review of prevalence studies on multimorbidity:
toward a more uniform methodology. Ann Fam Med 2012;10:
142-51.

Akner G. Analysis of multimorbidity in individual elderly nursing
home residents. Development of a multimorbidity matrix. Arch
Gerontol Geriatr 2009;49:413-9.

Marengoni A, Rizzuto D, Wang HX, Winblad B, Fratiglioni L.
Patterns of chronic multimorbidity in the elderly population. ] Am
Geriatr Soc 2009;57:225-30.

Schafer|, von Leitner EC, Schon G, Koller D, Hansen H, Kolonko T,
et al. Multimorbidity patterns in the elderly: a new approach of
disease clustering identifies complex interrelations between
chronic conditions. PLoS One 2010;5:e15941.

Sakib MN, Shooshtari S, St. John P, Menec V. The prevalence of
multimorbidity and associations with lifestyle factors among
middle-aged Canadians: an analysis of Canadian Longitudinal
Study on Aging data. BMC Publ Health 2019;19:243.

King DE, Xiang J, Pilkerton CS. Multimorbidity trends in United
States adults, 1988-2014. | Am Board Fam Med 2018;31:503-13.
Raghupathi W, Raghupathi V. An empirical study of chronic
diseases in the United States: a visual analytics approach. Int )
Environ Res Publ Health 2018;15:431.

Bound J, Schoenbaum M, Stinebrickner TR, Waidmann T. The
dynamic effects of health on the labor force transitions of older
workers. Lab Econ 1999;6:179-202.

Jason K], Carr DC, Washington TR, Hilliard TS, Mingo CA. Multiple
chronic conditions, resilience, and workforce transitions in later
life: a socio-ecological model. Gerontol 2017;57:269-81.
Schofield D), Callander EJ, Shrestha RN, Passey ME, Percival R,
Kelly S). The indirect economic impacts of co-morbidities on
people with depression. ] Psychiatr Res 2013;47:796-801.

Axon DR, Le D. Association of self-reported functional limitations
among a national community-based sample of older United

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

DE GRUYTER

States adults with pain: a cross-sectional study. | Clin Med 2021;
10:1836.

. Dunlop DD, Lyons JS, Manheim LM, Song ], Chang RW. Arthritis

and heart disease as risk factors for major depression: the role of
functional limitation. Med Care 2004;42:502-11.

Bjornsdoéttir SV, Jonsson SH, Valdimarsdoéttir UA. Functional
limitations and physical symptoms of individuals with chronic
pain. Scand ) Rheumatol 2013;421:59-70.

Covinsky KE, Lindquist K, Dunlop DD, Yelin E. Pain, functional
limitations, and aging. ] Am Geriatr Soc 2009;57:1556—61.
Lichtenstein M), Dhanda R, Cornell JE, Escalante A, Hazuda HP.
Disaggregating pain and its effect on physical functional
limitations. ] Gerontol A Biol Sci Med Sci 1998;53:361-71.

Mills SEE, Nicolson KP, Smith BH. Chronic pain: a review of its
epidemiology and associated factors in population-based
studies. Br ) Anaesth 2019;123:e273-283.

Scherer M, Hansen H, Gensichen J, Mergenthal K, Riedel-Heller S,
Weyerer S, et al. Association between multimorbidity patterns
and chronic pain in elderly primary care patients: a cross-
sectional observational study. BMC Fam Pract 2016;17:68.
Ferguson M, Svendrovski A, Katz J. Association between
multimorbid disease patterns and pain outcomes among a
complex chronic care population in Canada. ] Pain Res 2020;13:
3045-57.

Palladino R, Lee JT, Ashworth M, Triassi M, Millett C. Associations
between multimorbidity, healthcare utilization and health status:
evidence from 16 European countries. Age Ageing 2016;45:431-5.
Cavalcanti G, Doring M, Portella MR, Bortoluzzi EC, Mascarelo A,
Dellani MP. Multimorbidity associated with polypharmacy and
negative self-perception of health. Rev Bras Geriatr Gerontol
2017;20:634-42.

Fortin M, Bravo G, Hudon C, Lapointe L, Almirall J, Dubois M-F, et al.
Relationship between multimorbidity and health-related quality of
life of patients in primary care. Qual Life Res 2006;15:83-91.
TangLH, Thygesen LC, Willadsen TG, Jepsen R, la CourK, Frolich A,
et al. The association between clusters of chronic conditions and
psychological well-being in younger and older people-A cross-
sectional, population-based study from the Lolland-Falster
Health Study, Denmark. ] Comorbidity 2020;10:
235042X20981185.


https://meps.ahrq.gov/data_stats/download_data/pufs/h201/h201doc.pdf
https://meps.ahrq.gov/data_stats/download_data/pufs/h201/h201doc.pdf

	Associations of multiple (≥5) chronic conditions among a nationally representative sample of older United States adults wit ...
	Introduction
	Methods
	Study design and data source
	Eligibility criteria
	Variables
	Outcome variable
	Data analysis

	Results
	Discussion
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


