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Abstract

Background: The coexistence of chronic mental health conditions with somatic conditions (somatic-mental multimorbidity, or SMM) is
common and has been associated with greater symptom burden and functional impairment, higher costs, and excess mortality. However,
most existing literature focused on the co-occurrence of an index mental health condition with specific additional conditions. By contrast, we
studied the prevalence and patterns of SMM more broadly considering 19 selected conditions, and we focused on differences by age, sex, and
race/ethnicity.

Methods: The Rochester Epidemiology Project (REP) records-linkage system was used to identify all residents of Olmsted County, MN,
on April 1, 2010. We identified individuals with each of 19 common chronic conditions, including 5 mental health conditions, using the
International Classification of Diseases, ninth revision (ICD-9) codes received from any health care provider between April 1,2005 and March
31,2010.

Results: Among the 138,858 residents of the county, 52.4% were women, and 7.9% had SMM. SMM increased steeply with older age, was
1.7 times more common in women, and was lower in Asians compared with whites. Of the 10,903 persons with SMM, 7,739 (71.0%) were
younger than 65 years. Depressive and anxiety disorders were the most common conditions involved in SMM. The dyads that were observed
more frequently or less frequently than expected by chance varied in composition by age and sex.

Conclusions: SMM that reaches medical attention is highly prevalent across all age groups, is more frequent in women, is less frequent in
Asians, and encompasses a wide range of conditions.

Keywords: Somatic multimorbidity—Mental health multimorbidity—Age—Sex—Race/ethnicity

Mental health conditions often coexist with chronic somatic condi-
tions (1-4), leading to multimorbidity that includes mental health
conditions (somatic—-mental multimorbidity; SMM). SMM has been
associated with greater symptom burden and functional impair-
ment, poorer quality of life, higher costs, and excess mortality (5,6).
Although the prevalence of SMM is high and increasing in clinical
practice (7,8), health care programs and clinical research have tradi-
tionally focused on individual conditions considered in isolation, or

on the co-occurrence of specific comorbid conditions with an index
medical or mental health condition, particularly in older adults
(9,10). Few studies have examined the prevalence and the patterns
of co-occurrence of mental health conditions with a broader range
of chronic somatic conditions across the entire life span and using
medical record data (11-13). Therefore, we studied the prevalence
and patterns of SMM by age, sex, and race/ethnicity across the entire
life span in a geographically defined U.S. population.
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Methods
Study Population

We used the medical records-linkage system of the Rochester
Epidemiology Project (REP) to identify all persons who resided
in Olmsted County, MN, on April 1, 2010; however, we excluded
those who had not given permission to use their medical records for
research (<3% of the overall population). Extensive details about the
REP and the study population were reported elsewhere (we included
138,858 people) (14). The study was approved by the Mayo Clinic
and the Olmsted Medical Center Institutional Review Boards.

Definition of Chronic Conditions

The diagnostic indices of the REP were searched electronically for all
International Classification of Diseases, ninth revision (ICD-9) codes
that each person in the Olmsted County population received from
any health care institution from April 1, 2005 through March 31,
2010. These ICD-9 codes were used to define the 20 chronic condi-
tions recommended by the U.S. Department of Health and Human
Services (DHHS) to study multimorbidity (15-19). However, we
modified the list by removing HIV infections and autism spectrum
disorders because their frequency was low in the overall population
(18). We also added anxiety disorders because they are common
across all age strata in the general U.S. population and in primary
care practices (20). Our definition of anxiety disorders was based
on the ICD-9 codes used in the Medical Expenditure Panel Survey
(MEPS) (16,21). The condition labeled “schizophrenia” included
other psychoses. Therefore, we considered a total of 19 selected con-
ditions, including 5 mental health conditions. All conditions were
defined as chronic and common (15). Supplementary Table 1 pro-
vides the list of the 19 conditions used in this study, their abbrevia-
tions, and their corresponding ICD-9 codes.

To enhance diagnostic accuracy, only persons who received at
least two diagnostic codes for a given condition separated by more
than 30 days were considered to have that particular condition (18).
We defined general multimorbidity as the presence of 2 or more of
the 19 conditions in the 5 years before the prevalence date (April
1, 2010). Similarly, we defined SMM as any combination of two or
more conditions in which at least one condition was somatic and at
least one condition was mental.

Statistical Analyses for Prevalence

We computed the age-, sex-, and race/ethnicity-specific prevalence of
general multimorbidity and of SMM. The prevalence was directly stand-
ardized to the total U.S. population by age using the 2010U.S. census
data (when appropriate for internal comparison across groups). The
prevalence was also directly standardized to the total U.S. population
by age, sex, and race/ethnicity to facilitate comparisons with other
studies. Because this study covered the target population completely,
and no sampling was involved, confidence intervals were not included
in the tables and the figures related to prevalence (18). The age- and
sex-specific prevalences of the individual chronic somatic and mental
health conditions were reported elsewhere (18).

Case-Control Analyses

We formally tested the association of age, sex, and race/ethnicity with
prevalent SMM using cross-sectional case—control analyses. These
analyses compared persons who had SMM (cases) to persons who
had other types of multimorbidity (somatic—somatic or mental-men-
tal; controls). For each association, we computed an odds ratio,a 95%

confidence interval, and a two-sided p value with alpha at.05. Analyses
were adjusted by age (seven age groups), sex, and race/ethnicity (four
groups), when applicable. In addition, we tested the association of
increasing number of mental health conditions with the prevalence of
one or more somatic health conditions, and conversely, the association
of increasing number of somatic health conditions with the prevalence
of one or more mental health conditions. For these dose-effect analy-
ses, each condition was given the same weight (simple counts).

Heat Maps for Co-occurrence of Conditions

We developed a series of heat maps stratified by age and sex to dis-
play the absolute frequencies of specific somatic-mental health dyads.
Hotter colors (darker orange) correspond with a higher prevalence of
a dyad. We also developed a second series of heat maps to show the
observed-to-expected ratios (OERs) for each somatic-mental health
dyad, accounting for age in single-year increments. We only displayed
OERs for dyads that occurred in five or more persons and that reached
statistical significance. These ratios can be interpreted as cross-sectional
measures of association. Dyads that were observed more frequently
than expected are shown in shades of orange (OER > 1.0). Dyads that
were observed less frequently than expected are shown in shades of
purple (OER < 1.0). OERs were calculated based on the assumption
that the occurrence of the two chronic conditions was independent.
These heat maps were developed to explore SMM patterns and to sug-
gest hypotheses; therefore, concerns about multiple comparisons do
not apply. Only persons aged > 20 years were included in the heat maps
because the prevalence of multimorbidity before age 20 years was low.
All analyses were performed using SAS version 9.3.

Results
Prevalence of SMM

The mean number of conditions, the prevalence of general multimor-
bidity, and the prevalence of SMM in the 138,858 people included in
the study are presented in Table 1. The mean number of conditions was
higher among persons aged > 65 years than in persons aged < 65 years
for both men (5.6 times higher) and women (4.9 times higher). The
prevalence of SMM was also higher among persons aged > 65 years
than in persons aged < 65 years for both men (2.8 times higher) and
women (2.7 times higher). However, the absolute number of individu-
als with SMM was higher among persons aged < 65 years than in per-
sons aged > 65 years for both men (2.7 times higher) and women (2.3
times higher). These differences in absolute numbers in younger versus
older persons were greater for SMM than for general multimorbidity.

The prevalence of SMM increased steadily through age 50 years,
plateaued between ages 50 and 79 years, and increased sharply there-
after in both men and women (Figure 1C). By contrast, the prevalence
of general multimorbidity increased steeply with older age without an
apparent plateau (Figure 1A). The prevalence of SMM was consist-
ently higher in women than in men (Table 1 and Figure 1C), whereas
the prevalence of general multimorbidity was similar for men and
women (Figure 1A). A lower prevalence of SMM was observed in
Asians than in other race/ethnicity groups (Table 1 and Figure 1). The
prevalence was particularly low for Asian men (Table 1).

Case—-Control Analyses

Table 2 shows the association of age, sex, and race/ethnicity with
prevalent SMM compared with somatic—somatic multimorbidity or
mental-mental multimorbidity considered combined (cross-sectional
case—control analyses). Women were at significantly higher risk of
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Table 1. Mean Number of Chronic Conditions and Prevalence (per 100 people) of General and Somatic-Mental Health Multimorbidity by
Age, Sex, and Race/Ethnicity

Men Women
Multimorbidity Prevalence® Multimorbidity Prevalence®
Number of Number of
Total Conditions, General, Somatic— Total Conditions, General, Somatic—
Age (y) Population ~ Mean (SD) n (%) Mental, 7 (%)  Population ~ Mean (SD) n (%) Mental, 7 (%)
All races/ethnicities
0-19 19,316 0.15 (0.43) 372 (1.9) 143 (0.7) 18,709 0.14 (0.45) 450 (2.4) 177 (0.9)
20-39 18,028 0.36 (0.82) 1,586 (8.8) 607 (3.4) 21,051 0.51 (0.92) 2,604 (12.4) 1,289 (6.1)
40-49 8,978 0.85 (1.29) 1,984 (22.1)  777(8.7) 9,650 0.89 (1.28) 2,180 (22.6) 1,144 (11.9)
50-59 9,036 1.43 (1.63) 3,526 (39.0) 1,008 (11.2) 9,944 1.41 (1.61) 3,754 (37.8) 1,601 (16.1)
60-69 5,506 2.27 (1.94) 3,297 (59.9) 596 (10.8) 6,248 2.22(1.92) 3,699 (59.2) 1,104 (17.7)
70-79 3,359 3.45 (2.19) 2,685 (79.9) 402 (12.0) 3,921 3.28 (2.17) 3,086 (78.7) 699 (17.8)
>80 1,903 4.58 (2.51) 1,674 (88.0) 428 (22.5) 3,209 4.18 (2.40) 2,784 (86.8) 928 (28.9)
0-64 58,419 0.62 (1.19) 9,146 (15.7) 2,886 (4.9) 62,838 0.68(1.22) 10,868 (17.3) 4,853 (7.7)
>65 7,707 3.45 (2.34) 5,978 (77.6) 1,075 (13.9) 9,894 3.35 (2.29) 7,689 (77.7) 2,089 (21.1)
All ages 66,126 0.95 (1.65) 15,124 (22.9) 3,961 (6.0) 72,732 1.05 (1.68) 18,557 (25.5) 6,942 (9.5)
Age std. — — (24.5) (6.3) — — (25.3) (9.4)
Age, sex, race/ethnicity std.© — — (23.2) (6.1) — — (26.7) (9.9)
Blacks
0-19 1,535 0.13 (0.43) 2(1.4) 9 (0.6) 1,487 0.14 (0.40) 2(1.5) 10 (0.7)
20-39 1,133 0.33 (0.82) 6(7.6) 29 (2.6) 1,201 0.41 (0.84) 118 (9.8) 61 (5.1)
40-49 384 1.04 (1.61) 100 (26.0) 41 (10.7) 351 1.21 (1.75) 106 (30.2) 0(17.1)
50-59 262 1.68 (1.91) S (45.0) 36 (13.7) 226 2.08 (2.08) 121 (53.5) 50 (22.1)
60-69 87 2.00 (1.95) 4(50.6) 11 (12.6) 113 2.30 (1.93) 9 (61.1) 8 (15.9)
70-79 48 3.04 (2.71) 5(72.9) 7 (14.6) 59 2.90 (2.61) 8 (64.4) 2(20.3)
>80 14 4.14 (2.63) 2(85.7) 2 (14.3) 22 3.14 (2.80) 7(77.3) 5(22.7)
0-64 3,358 0.45 (1.08) 347 (10.3) 122 (3.6) 3,326 0.52 (1.17) 407 (12.2) 193 (5.8)
>65 105 2.85(2.47) 0 (66.7) 3(12.4) 133 2.64 (2.37) 4 (63.2) 3(17.3)
All ages 3,463 0.52 (1.22) 417 (12.0) 135 (3.9) 3,459 0.60 (1.31) 491 (14.2) 216 (6.2)
Age std.” — — (24.1) (6.7) — — (26.6) (10.4)
Asians
0-19 1,082 0.10 (0.34) 9(0.8) 3(0.3) 1,095 0.09 (0.33) 13 (1.2) 3(0.3)
20-39 945 0.24 (0.61) 49 (5.2) 11 (1.2) 1,254 0.25 (0.64) 4(5.1) 31 (2.5)
40-49 394 0.63 (0.98) 64 (16.2) 12 (3.0) 426 0.51 (0.92) 51 (12.0) 17 (4.0)
50-59 258 1.13 (1.32) 81 (31.4) 10 (3.9) 317 1.33 (1.67) 112 (35.3) 37 (11.7)
60-69 137 2.01 (2.02) 69 (50.4) 13 (9.5) 205 1.87 (1.69) 104 (50.7) 1(10.2)
70-79 70 2.63 (2.21) 46 (65.7) 5(7.1) 107 3.17(1.98) 84 (78.5) 1(19.6)
>80 27 3.96 (2.89) 21 (77.8) 3(11.1) 47 4.11 (2.65) 39 (83.0) 9 (40.4)
0-64 2,754 0.37 (0.87) 239 (8.7) 46 (1.7) 3,207 0.39 (0.93) 292 (9.1) 101 (3.1)
>65 159 2.61(2.32) 100 (62.9) 11 (6.9) 244 2.95(2.19) 175 (71.7) 8 (19.7)
All ages 2,913 0.49 (1.13) 339 (11.6) 57 (2.0) 3,451 0.57 (1.25) 467 (13.5) 149 (4.3)
Age std.b — — (19.3) (3.0) — — (20.2) (6.4)
Whites
0-19 14,781 0.16 (0.44) 317 (2.1) 122 (0.8) 14,302 0.16 (0.47) 391 (2.7) 153 (1.1)
20-39 14,463 0.39 (0.85) 1,377 (9.5) 548 (3.8) 17,225 0.55 (0.94) 2,326 (13.5) 1,152 (6.7)
40-49 7,734 0.86 (1.29) 1,746 (22.6) 688 (8.9) 8,474 0.90 (1.28) 1,956 (23.1) 1,031 (12.2)
50-59 8,215 1.44 (1.63) 3,246 (39.5) 935 (11.4) 9,117 1.40 (1.59) 3,433 (37.7) 1,480 (16.2)
60-69 5,137 2.30 (1.93) 3,132 (61.0) 566 (11.0) 5,781 2.25 (1.92) 3,462 (59.9) 1,053 (18.2)
70-79 3,167 3.49 (2.17) 2,555 (80.7) 382 (12.1) 3,695 3.29 (2.16) 2,921 (79.1) 656 (17.8)
>80 1,839 4.61 (2.50) 1,626 (88.4) 420 (22.8) 3,115 420 (2.39) 2,711 (87.0) 900 (28.9)
0-64 48,053 0.67 (1.23) 8,280 (17.2) 2,622 (5.5) 52,344 0.74 (1.25) 9,857 (18.8) 4,427 (8.5)
>65 7,283 3.50 (2.33) 5,719 (78.5) 1,039 (14.3) 9,365 3.39 (2.29) 7,343 (78.4) 1,998 (21.3)
All ages 55,336 1.04 (1.72) 13,999 (25.3) 3,661 (6.6) 61,709 114 (1.74) 17,200 (27.9) 6,425 (10.4)
Age std.b — — (25.0) (6.6) — — (25.8) (9.7)

Note: SD = standard deviation. *"Multimorbidity was defined as the presence of 2 or more of 19 conditions in the 5 years before April 1,2010. Only persons who
received at least two codes for a given condition separated by more than 30 days were considered prevalent. Somatic-mental multimorbidity was defined as all
combinations of two or more conditions in which at least one condition was somatic and at least one condition was mental. "The prevalence was directly standard-
ized to the total U.S. population by age using the 2010 U.S. census data. These age-standardized prevalence figures may be used to compare across groups within
our population (eg, men to women). However, they should not be used as national projections. “The prevalence was directly standardized to the total U.S. popula-
tion by age, sex, and race/ethnicity using the 2010U.S. census data. The age-, sex-, and race/ethnicity-standardized prevalence for men and women combined was
25.0 for general multimorbidity and 8.0 for somatic-mental multimorbidity. These standardized prevalence figures may be used to facilitate comparisons with
other populations.
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Figure 1. Prevalence (per 100 population) of combinations of 2 or more of the
19 chronic conditions (general multimorbidity) by sex (panel A) and by race/
ethnicity (panel B). Prevalence of somatic-mental multimorbidity (SMM) by
sex (panel C) and by race/ethnicity (panel D).

SMM than men. For both men and women, persons younger than
the referent group of 50-59 years were at significantly increased risk
of SMM, whereas those who were > 60 years old were at significantly
lower risk. Asian race/ethnicity was associated with significantly
lower risk of SMM as compared with white race/ethnicity; how-
ever, no other statistically significant race/ethnicity differences were
observed. Supplementary Table 2 shows the corresponding case—
control analyses comparing SMM to somatic-somatic multimorbid-
ity and to mental-mental multimorbidity considered separately.

We also studied the association between the number of mental
health conditions and the risk of somatic conditions for men and
women separately in two broad age groups. Similarly, we studied
the association between the number of somatic conditions and the
risk of mental health conditions for men and women separately in
two broad age groups. In both the younger and the older age groups,
and for both men and women, there was a dose—effect trend in the
association between increasing number of mental health conditions
and the risk of at least one somatic condition, and between increas-
ing number of somatic conditions and the risk of at least one mental
health condition (data not shown).

Heat Maps for Co-occurrence of Conditions

Figure 2 shows a series of heat maps representing the co-occurrence
of conditions in terms of absolute frequency, stratified by age and
sex. Among mental health conditions, depression was the most
common condition involved in SMM for both men and women,
and in all age groups. Overall, the most common somatic condi-
tions co-occurring with depression were hyperlipidemia, hyper-
tension, diabetes, cardiac arrhythmias, and arthritis. Depression
co-occurred frequently with asthma in the 20- to 39-year-old age
group, particularly among women. As expected, dyads that included
depression and cancer, coronary artery disease, and chronic kidney

diseases were more common among persons > 70 years of age than
in younger age groups.

Anxiety and substance use disorders were the second and third
most common mental health conditions involved in SMM after
depression in both men and women, particularly in the younger age
groups. However, in the oldest age group, dementia and cognitive dis-
orders were the second most common mental health condition (after
depression) in both men and women. Although the overall patterns of
somatic—mental health dyads were similar in men and women, women
had more dyads including anxiety and somatic health conditions.

Figure 3 shows a series of heat maps of OERs for each somatic—
mental health dyad, assuming independent probabilities, stratified by
age and sex. Both depression and anxiety disorders were associated
with hyperlipidemia, hypertension, diabetes, arthritis, arrhythmias,
asthma, coronary artery disease, and chronic obstructive pulmo-
nary disease in the younger age groups. In general, these associations
became weaker with increasing age and were stronger in men than in
women especially in the younger age groups. Substance use disorders
were associated with hepatitis, chronic obstructive pulmonary disease,
and arrhythmias in both men and women in most age groups, and with
coronary artery disease in younger men (20-59 years) and in older
women (50+ years). Dementia and cognitive disorders were associated
with stroke in men of all ages and in older women. By contrast, demen-
tia and cognitive disorders co-occurred with cancer less frequently than
expected in women (purple square). Schizophrenia was associated with
arrhythmias in both men and women in most age groups.

Discussion

Discussion of Principal Findings

In this U.S. population-based study, SMM was common, it was 1.7
times higher in women than men, and it increased with older age
with an apparent plateau between ages 50 to 79 years. By contrast,
the prevalence of general multimorbidity increased in a linear fash-
ion with older age. Sex differences were greater for SMM than for
general multimorbidity. The absolute number of persons affected by
SMM was substantially higher in persons < 65 years of age than in
persons 65 years old or older; however, we did not assess the sever-
ity of the conditions or their functional consequences. Compared
with persons with somatic—somatic or mental-mental multimorbid-
ity, SMM was significantly associated with sex (higher prevalence
in women), with race/ethnicity (lower prevalence in Asians), and
with age (higher prevalence in younger persons). The composition of
the most common somatic-mental health dyads varied only slightly
between men and women; however, women had higher frequencies
of somatic—mental health dyads.

The dyads that were observed more frequently or less frequently
than expected by chance varied in composition by age and sex. It
is not clear whether the associated conditions are causally related,
contribute to the pathophysiology of each other, share common
etiologic factors, or contribute to poorer outcomes of each other
leading to increased detection and diagnosis. Future examination
of these potential relationships is necessary. The sex and gender
differences may reflect biological differences (eg, chromosomal or
hormonal differences) or social and cultural differences such as
higher rates of recognition of psychiatric conditions in women than
men (gender-related factors) (12). There may be sex or gender dif-
ferences in the risk of somatic or mental health conditions, in the
clinical presentation of common mental health conditions, or in
care-seeking behavior leading to differential detection (11). We also
explored patterns of SMM across race/ethnicity groups considering
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Table 2. Case—Control Study of Somatic-Mental Multimorbidity (SMM; Cases) Versus OtherTypes of Multimorbidity (Somatic-Somatic and

Mental-Mental; Controls)

Cases With Controls With Other
Characteristic SMM, 7 (%) Multimorbidity, 7 (%) OR (95% CI)* p Value
Sex?
Men 3,961 (36.3) 11,163 (49.0) 1.00 (reference) —
‘Women 6,942 (63.7) 11,615 (51.0) 1.70 (1.62-1.78) <.001
Men
Age group (y)*
0-19 143 (3.6) 229 ) 1.56 (1.25-1.95) <.001
20-39 607 (15.3) 979 ) 1.56 (1.38-1.77) <.001
40-49 777 (19.6) 1,207 8) 1.62 (1.44-1.82) <.001
50-59 1,008 (25.4) 2,518 6) 1.00 (reference) —
60-69 596 (15.0) 2,701 (24.2) 0.55 (0.49-0.62) <.001
70-79 402 (10.1) 2,283 (20.5) 0.44 (0.39-0.50) <.001
>80 428 (10.8) 1,246 2) 0.85 (0.75-0.97) .02
Race/ethnicity?
White 3,661 (92.4) 10,338 (92.6) 1.00 (reference) —
Black 135 (3.4) 282 (2.5) 1.04 (0.84-1.28) .75
Asian 57 (1.4) 282 (2.5) 0.50 (0.37-0.67) <.001
Other® 108 (2.7) 261 (2.3) 0.95 (0.76-1.21) 70
‘Women
Age group (y)°
0-19 177 (2.5) 273 0.88 (0.72-1.07) 19
20-39 1,289 (18.6) 1,315 3) 1.32 (1.19-1.46) <.001
40-49 1,144 (16.5) 1,036 ) 1.48 (1.33-1.65) <.001
50-59 1,601 (23.1) 2,153 (18.5) 1.00 (reference) —
60-69 1,104 (15.9) 2,595 (22.3) 0.57 (0.52-0.63) <.001
70-79 699 (10.1) 2,387 (20.6) 0.39 (0.35-0.44) <.001
>80 928 (13.4) 1,856 .0) 0.67 (0.60-0.74) <.001
Race/ethnicity*
White 6,425 (92.6) 10,775 (92.8) 1.00 (reference) —
Black 216 (3.1) 275 (2.4) 1.05 (0.87-1.27) 60
Asian 149 (2.1) 318 (2.7) 0.77 (0.63-0.94) .01
Other* 152 (2.2) 247 (2.1) 0.87 (0.70-1.07) 18

Note: CI = confidence interval; OR = odds ratio. *ORs and 95% Cls adjusted by age, sex, and race/ethnicity (as applicable). "ORs adjusted by age (seven groups)

and race/ethnicity (four groups). ‘ORs adjusted by race/ethnicity (four groups). ‘ORs adjusted by age (seven groups). *“Other” included persons of unknown race/

ethnicity and persons other than white, black, and Asian.

race/ethnicity either as a potential risk factor or simply as a risk
marker. For example, the lower SMM rates in Asians deserve fur-
ther study to determine whether the differences are biological (eg,
due to susceptibility genes) or related to cultural factors (eg, socio-
economic status, access to medical care, or racial discrimination)
(22,23).

Comparison With Previous Studies

Our findings for both general multimorbidity and SMM are consist-
ent with previously published work. For example, in a systematic
review of 39 studies (including 6 conducted in the United States),
general multimorbidity was common (with prevalence estimates in
nearly all reports exceeding 20%), increased with age, and was more
frequent in women (11). This review also emphasized the frequent
associations between depression and a variety of somatic conditions
including asthma, diabetes, and hypertension (11). Others stud-
ies have shown high rates of co-occurrence between mental health
conditions (major depression, anxiety disorders, and other mental
health problems) and neurological diseases, pain syndromes, asthma,
chronic obstructive pulmonary disease, thyroid disease, obesity,

gastroesophageal reflux disease, malignancies, and serious chronic
infectious diseases (4,24-28).

The observed trends of increasing prevalence of somatic con-
ditions with increasing number of mental health conditions, and
of increasing prevalence of mental health conditions with increas-
ing number of somatic conditions, are also consistent with prior
studies (12,29-31). However, most previous studies focused on
the co-occurrence of depression with several somatic conditions in
middle-aged and older individuals (11). By contrast, in our study,
depression was also highly comorbid with asthma, arrhythmias,
and lipid disorders in cohort members as young as 20-39 years,
an age group infrequently included in multimorbidity research. We
emphasize the need to extend multimorbidity studies into younger
age groups.

Patterns of multimorbidity involving anxiety disorders are less
well-studied than those associated with depression, even though
anxiety disorders are the most prevalent class of mental disorders
and are frequently encountered in primary care settings, where most
multimorbidity is identified and managed (20). We found similar
patterns of co-occurring somatic conditions associated with anxi-
ety disorders as we did for depression in men and women of all
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Figure 2. Heat maps of the prevalence of somatic-mental multimorbidity dyads (number of dyads per 100 population) stratified by age and sex. The
value in each square is the percentage of co-occurrence in the population (prevalence of a given dyad). The 5 mental health conditions are presented in
rows, and the 14 somatic health conditions are presented in columns; the color scale is shown on the right. The definitions of acronyms or abbreviations
are: ANX = anxiety disorders; ARR = cardiac arrhythmias; ART = arthritis; AST = asthma; CAD = coronary artery disease; CAN = cancer; CHF = congestive
heart failure; COPD = chronic obstructive pulmonary disease; CKD = chronic kidney disease; DEM = dementia and cognitive disorders; DEP = depressive
disorders; DIA = diabetes; HEP = hepatitis; HTN = hypertension; LIP = hyperlipidemia; OST = osteoporosis; STR = stroke; SUB = substance abuse disorders;

SZ0 = schizophrenia.

age groups. These results are broadly consistent with other studies
showing a high frequency of co-occurring chronic pain, diabetes,
cardiovascular and respiratory conditions, and vestibular and gas-
trointestinal problems with anxiety disorders (32,33).

Strengths and Limitations

A first strength of our study was the access to medical record data for
the full spectrum of primary through tertiary care based on billing
codes of all conditions for a geographically defined population. The
population studied included all age, sex, and race/ethnicity groups
regardless of socioeconomic status, insurance status, and health care
delivery setting (14). Second, 18 of the 19 health conditions (with
the exception of anxiety disorders) were chosen by the DHHS as
high public health priorities for the nation (15). The chronic health
conditions defined by DHHS have been used by other investigators
to assess general multimorbidity patterns in nationally representa-
tive samples from the United States (18,34-37). In addition, nearly
all of the chronic mental health and somatic conditions used in this
study were included among the 40 conditions used in a U.K. study
(12) and among the 11 conditions suggested for international multi-
morbidity research (38).

There are limitations that need to be considered. First, our analyses
were purely descriptive and hypothesis generating rather than hypoth-
esis testing. However, we consider our findings an important first step
toward understanding the incidence and life course accumulation of
SMM. Second, our analyses were restricted to somatic and mental
health conditions that were brought to medical attention. Therefore,
we may have underestimated those conditions that were asymptomatic
or did not uniformly come to medical attention, such as dementia and
cognitive disorders, and other mental health disorders. The underascer-
tainment may have varied by age, sex or gender, and race/ethnicity. In
addition, the time sequence of the development of the chronic condi-
tions was not considered (eg, condition A preceding condition B). If the
time sequence of chronic conditions differed across age, sex, or race/eth-
nicity groups, it may have led to differences in the estimated prevalence.

Third, we were unable to establish the validity of ICD-9 codes.
The use of ICD-9 and other diagnosis codes has clear advantages,
including not having to rely on self-report of medical conditions (17).
However, these diagnosis codes were assigned during the course of
routine medical care and are thus subject to misclassification. We
attempted to reduce the risk of false-positive diagnoses by including
only those persons who received at least two codes for a given con-
dition separated by more than 30 days and within a S-year capture
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Figure 3. Heat maps of a risk ratio obtained by dividing the observed frequency of each pair of conditions by the frequency expected assuming independent
probabilities stratified by age and sex (observed-to-expected ratios; OERs). We only displayed OERs for dyads that occurred in five or more persons and that
reached statistical significance. The hotter colors (orange) correspond to higher frequencies of co-occurrence than expected, whereas the cooler colors (purple)
correspond to lower frequencies than expected. The 5 mental health conditions are presented in rows, and the 14 somatic health conditions are presented
in columns; the color scale is shown on the right. The definitions of acronyms or abbreviations are: ANX = anxiety disorders; ARR = cardiac arrhythmias;
ART = arthritis; AST = asthma; CAD = coronary artery disease; CAN = cancer; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease;
CKD = chronic kidney disease; DEM = dementia and cognitive disorders; DEP = depressive disorders; DIA = diabetes; HEP = hepatitis; HTN= hypertension;
LIP = hyperlipidemia; OST = osteoporosis; STR = stroke; SUB = substance abuse disorders; SZO = schizophrenia. N < 5 = the dyad was present in fewer than five

patients. ns = the OER was not statistically significant.

frame. Fourth, we did not assess the severity of specific conditions or
their cumulative effects on function and prognosis, nor did we study
possible interactions between treatment and specific conditions.
Fifth, our study focused on a single geographically defined
U.S. population, and the prevalence of SMM may differ in other
populations. However, the demographic and socioeconomic charac-
teristics of our population are similar to those of the upper Midwest
of the United States (39), and the prevalence of multimorbidity in per-
sons 65 years of age or older was similar in our population compared
with the entire U.S. Medicare population (18,34-36). Replication of
this study in other populations in the United States and worldwide
will allow for useful comparisons (17,18,40). Our analyses did not
include a measure of socioeconomic status, an established risk factor
for multimorbidity in general (11), and SMM in particular (3,12),
and a major determinant of health care costs and quality of care in
patients with SMM (41,42). In addition, although the REP is not an
insurance-based medical records-linkage system, it is possible that a
small segment of the Olmsted County population was not captured
adequately. In particular, persons without health insurance coverage
who had recently immigrated to the county may have received some
simple medical services (eg, immunizations) through local charitable

organizations not included in the REP. However, all the remaining
services for these persons should have been captured by the REP.

Finally, we used unweighted disease counts (as opposed to a
weighted multimorbidity index) to quantify multimorbidity; there-
fore, our approach did not consider differences in severity or in prog-
nostic impact of the conditions. On the other hand, disease counts
are frequently used in multimorbidity research and are considered
particularly suitable for cross-sectional multimorbidity studies that
use electronic records or administrative data (43).
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