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BACKGROUND:  Multimorbidity (≥ 2 chronic diseases) 
is associated with greater disability and higher treat-
ment burden, as well as difficulty coordinating self-
management tasks for adults with complex multimor-
bidity patterns. Comparatively little work has focused 
on assessing multimorbidity patterns among patients 
seeking care in community health centers (CHCs).

OBJECTIVE:  To identify and characterize prevalent 
multimorbidity patterns in a multi-state network of 
CHCs over a 5-year period.

DESIGN:  A cohort study of the 2014–2019 ADVANCE 
multi-state CHC clinical data network. We identified 
the most prevalent multimorbidity combination pat-
terns and assessed the frequency of patterns through-
out a 5-year period as well as the demographic charac-
teristics of patient panels by prevalent patterns.

PARTICIPANTS:  The study included data from 838,642 
patients aged ≥ 45 years who were seen in 337 CHCs 
across 22 states between 2014 and 2019.

MAIN MEASURES:  Prevalent multimorbidity patterns 
of somatic, mental health, and mental-somatic com-
binations of 22 chronic diseases based on the U.S. 
Department of Health and Human Services Multiple 
Chronic Conditions framework: anxiety, arthritis, 
asthma, autism, cancer, cardiac arrhythmia, chronic 
kidney disease (CKD), chronic obstructive pulmonary 
disease (COPD), congestive heart failure, coronary 
artery disease, dementia, depression, diabetes, hep-
atitis, human immunodeficiency virus (HIV), hyper-
lipidemia, hypertension, osteoporosis, post-traumatic 
stress disorder (PTSD), schizophrenia, substance use 
disorder, and stroke.

KEY RESULTS:  Multimorbidity is common among 
middle-aged and older patients seen in CHCs: 40% 
have somatic, 6% have mental health, and 24% have 
mental-somatic multimorbidity patterns. The most 

frequently occurring pattern across all years is hyper-
lipidemia-hypertension. The three most frequent pat-
terns are various iterations of hyperlipidemia, hyper-
tension, and diabetes and are consistent in rank of 
occurrence across all years. CKD-hyperlipidemia-hyper-
tension and anxiety-depression are both more frequent 
in later study years.

CONCLUSIONS:  CHCs are increasingly seeing more 
complex multimorbidity patterns over time; these most 
often involve mental health morbidity and advanced 
cardiometabolic-renal morbidity.
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community health centers · safety-net clinics · vulnerable 
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BACKGROUND
There is growing recognition that multimorbidity (≥ 2 
chronic diseases) is a significant public health problem with 
substantial associated penalties for patients—greater disabil‑
ity, lower quality of life, and earlier mortality1–3—as well as 
posing considerable challenges to health-care systems and 
public programs.4,5 While the prevalence of multimorbidity 
varies greatly by age, gender, race, and socioeconomic level, 
approximately one-half of middle-aged adults (50–65 years 
of age) have multimorbidity and over 80% of those 75 years 
of age and older have multimorbidity.3 The association 
between escalating chronic disease burden and poor health-
related outcomes has been extensively documented, although 
earlier work has been limited to examining single diseases 
in isolation, specifying only dyads or triads of co-existing 
disease, or evaluating morbidity patterns at a static point in 
time.6,7

Comparatively little work has been done to under‑
stand multimorbidity combination patterns and the com‑
plexity of these patterns among vulnerable, low-income 
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populations, particularly those who seek care in the US 
health-care safety net—a broad set of public health clin‑
ics and community health centers (CHCs). CHCs serve 
30 million patients nationwide8 and provide health care to 
medically underserved populations, regardless of health 
insurance coverage, documentation status, or ability to pay. 
While CHCs provide excellent quality of care for their 
patients, these patients experience higher rates of unmet 
need and poorer health outcomes compared with patients 
who seek care outside of the safety net.9,10 Yet, little is 
known about the prevalence and multimorbidity combina‑
tion patterns in these patients, especially in the presence of 
mental health disorders.11 Given the emphasis on “whole 
person care” and examining the totality of chronic diseases 
patients experience and manage, the inclusion of mental 
health conditions is critical to the study of multimorbid‑
ity. In order for CHCs to be responsive to the needs of the 
populations they serve, greater understanding is needed on 
the prevalence, complexity, and shifts in disease patterns 
over time.9,10.

CHC patients have a higher prevalence of individual 
somatic chronic conditions, such as hypertension, asthma, 
and diabetes,12,13 and greater levels of risk factors for 
these diseases, such as smoking and obesity. Additionally, 
among low-income populations, mental health condi‑
tions—including substance use disorders—are prevalent 
and often co-occur with somatic conditions.12,14 Studies in 
the UK indicate that patients in low-income areas (similar 
to CHC populations in the USA) develop multimorbidity 
10–15 years earlier than those from wealthier areas, and 
the difference is even more significant for patients with 
mental disorders.15 The majority of these multimorbidity 
studies focus on older adult populations; it is unknown 
whether CHC patients in the USA develop multimorbid‑
ity earlier in the life course or whether they have different 
patterns of multimorbidity.

Overall, individuals with multimorbidity require ongo‑
ing chronic care disease support and are more likely to 
experience adverse health outcomes leading to premature 
disability and death. Specific chronic disease combina‑
tion patterns may require individually tailored support 
and intervention (which may differ from support and 
intervention in response to individual disease burden), 
and may result in high volumes of complex patients that 
require strategies tailored to large patient panels16 in 
order to improve outcomes and prevent staff burnout. 
The purpose of our study is to identify the prevalence 
and patterns of multimorbidity combinations for middle-
aged and older patients in a large, multi-state network of 
safety-net clinics. Given the high prevalence of chronic 
conditions and growing health-care needs within the 
safety-net population, understanding the distribution 
of specific multimorbidity combinations is of particu‑
lar importance for informing strategies to optimize care 

delivery, reduce disparities, and address unmet health-
care needs.

METHODS

Data source
Electronic health record (EHR) data were obtained from 
the Accelerating Data Value Across a National Community 
Health Center Network (ADVANCE) multi-state clinical 
research network (CRN) of PCORNnet.17 ADVANCE rep‑
resents a unique “community laboratory” of clinical data for 
research with underrepresented and vulnerable populations 
receiving care in CHCs (http://​advan​cecol​labor​ative.​org). It 
is the largest collection of EHR data from individuals who 
receive care in US safety-net settings, and the ADVANCE 
patient population has been found to be representative of the 
overall CHC population in the USA.8,18,19.

Study cohort

We assessed data from 838,642 patients in 337 clinics active 
throughout the study period of 2014–2019, operated by 63 
health systems in 22 states. Patient data were included if 
patients were ≥ 45 years of age by study end and if they 
had ≥ 1 office visit at an included primary care clinic during 
the study period. The study included data from patients up 
to their year of death (Appendix Fig. 4).

Dependent variable

We assessed multimorbidity combinations of 22 chronic dis‑
eases recommended by the U.S. Department of Health and 
Human Services Multiple Chronic Conditions framework 
for operationalizing multimorbidity20,21: anxiety, arthritis, 
asthma, autism, cancer, cardiac arrhythmia, chronic kid‑
ney disease (CKD), chronic obstructive pulmonary disease 
(COPD), congestive heart failure, coronary artery disease, 
dementia, depression, diabetes, hepatitis, human immuno‑
deficiency virus (HIV), hyperlipidemia, hypertension, oste‑
oporosis, post-traumatic stress disorder (PTSD), schizophre‑
nia, substance use disorder, and stroke. Chronic diseases 
were ascertained from EHR problem lists.22 We present the 
most prevalent combinations—those that met a threshold 
of having ≥ 1% of study patients in the combination—and 
rank order the prevalence throughout the study period. We 
also present socioeconomic and demographic characteris‑
tics of the most frequent multimorbidity combinations. We 
categorized combinations as (1) somatic multimorbidity 
(≥ 2 physical chronic diseases), (2) mental multimorbid‑
ity (≥ 2 mental health conditions), and (3) mental-somatic 
multimorbidity (at least one somatic and one mental health 
condition).

3546

http://advancecollaborative.org


Quiñones et al.: Multimorbidity Combinations in CHCsJGIM

Independent variables

We assessed patient-level demographic and socioeconomic 
factors from EHR data. Patient death is reported as having 
occurred during the study period with a documented date 
from the EHR. The number of chronic diseases (chronic dis‑
ease burden) and the average number of yearly visits were 
summarized by the mean and standard deviation (SD) as 
well as the median and interquartile range (IQR). Patient 
age is reported as first observed age in the clinical record 
and categorized as 38–44, 45–54, 55–64, and 65 + years 
(although multimorbidity or patient characteristics were 
not summarized until patients reached the age of 45). Race, 
ethnicity, and preferred language were used to create the 
mutually exclusive categories non-Hispanic White (White), 
non-Hispanic Black (Black), non-Hispanic Asian (Asian), 
non-Hispanic other (other), and Hispanic (Hispanic or of 
unknown ethnicity with Spanish language speaking prefer‑
ence). Categorical variables of visit-based characteristics, 
including patient household federal poverty level (FPL) 
(continuously < 138%, continuously ≥ 138%, or intermit‑
tently over/under 138%) and patient insurance coverage 
were assessed over the study period (continuously insured, 
continuously uninsured, intermittently insured).

Statistical analysis

We summarized patient characteristics overall, and by mul‑
timorbidity combination, with counts and percentages and 
used t tests and chi-square statistics to assess differences 
between groups. Next, we estimated the percentage of 
patients in each multimorbidity combination by the end of 
each study year and ranked ordered multimorbidity com‑
binations by each study year. We visualized these rankings 
with heatmaps, overall and by sex, race/ethnicity, age cat‑
egory, and FPL. All time-varying patient characteristics are 
presented as the last observed value in the reported year. 
Type 1 error was set to 0.05. Analyses were performed 
using R version 4.0.1. The study protocol was approved 
by our university’s Institutional Review Board (IRB ID# 
STUDY00020124).

RESULTS
Table 1 presents descriptive information for our patient sam‑
ple across the study period. Over half of the patient sample 
had or developed multimorbidity by the end of the study 
period (n = 436,554; 52.1%). Among patients with multi‑
morbidity, nearly half had somatic multimorbidity combi‑
nations (49.1%) and mental-somatic multimorbidity com‑
binations (47.2%). Fewer patients had solely mental health 
multimorbidity combinations (3.8%). The mean age was 

lower for mental multimorbidity combinations (47.9 years) 
compared with somatic (56.4 years) and mental-somatic 
(53.5 years) combinations. The average number of yearly 
visits was highest in mental and mental-somatic multimor‑
bidity combinations (4.8 and 5.0) than somatic multimorbid‑
ity combinations (3.9) although the former two combinations 
had standard deviations higher than their respective mean. 
Patients with mental-somatic multimorbidity combinations 
had higher average chronic disease burden (4.1), followed 
by patients with somatic multimorbidity combinations (3.0) 
and patients with mental multimorbidity combinations (2.3). 
Female (62.8%), White (62.2%), English-speaking (88.5%), 
and Medicaid-insured (74.7%) patients were overrepre‑
sented in mental multimorbidity combinations compared 
with their counterparts. White patients had greater propor‑
tions of mental multimorbidity combinations (62.2%) and 
mental-somatic multimorbidity combinations (54%). Black, 
Hispanic, and Asian groups were each more represented in 
somatic multimorbidity combinations than mental or mental-
somatic multimorbidity combinations.

There were 24,169 unique multimorbidity combinations 
that characterized this clinical patient sample. Only 11 mul‑
timorbidity combinations met the 1% prevalence threshold 
and represent the most frequently occurring chronic dis‑
ease patterns seen in this sample. Figures 1 and 2 present 
the percentages and the rank order of these multimorbid‑
ity combinations during each year. The top three prevalent 
multimorbidity combinations across all years were somatic 
multimorbidity combinations: hyperlipidemia-hypertension 
(ranging from 9% in 2014 to 8.2% in 2019), followed by 
diabetes-hyperlipidemia-hypertension (5.5% in 2014 to 4.5% 
in 2019) and diabetes-hypertension (3.4% in 2014 to 2.9% in 
2019). Only two multimorbidity combination patterns dem‑
onstrated an increasing prevalence trend across the study 
years: CKD-diabetes-hyperlipidemia-hypertension (1.5% in 
2014 to 2% by 2019) and anxiety-depression (1.2% in 2014 
to 1.4% by 2019). Notably, the largest increase in rank order 
occurred for anxiety-depression, which started ranked 11th 
and ended as the 6th most prevalent multimorbidity combi‑
nation (Fig. 2).

Figure 3a and b display sociodemographic patient charac‑
teristics for the 11 most frequently occurring multimorbidity 
combinations in the last year of the study period (2019). 
Differences by race/ethnicity are stark across groups within 
specific multimorbidity combinations. White patients com‑
prised a smaller proportion of nearly every multimorbidity 
combination group with the exception of anxiety-depression 
(ranked 6th). Asian patients were the highest racial/ethnic 
group represented in the hyperlipidemia-hypertension and 
diabetes-hyperlipidemia-hypertension combinations (ranked 
1st and 2nd), Black patients represented the largest proportion 
of the diabetes-hypertension combination (ranked 3rd), and 
Hispanic patients comprised the largest proportion of the 
diabetes-hyperlipidemia combination (ranked 5th). Males 
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Table 1   Study Sample Characteristics Overall and by Multimorbidity Categories, ADVANCE data 2014–2019

Somatic multimorbidity comprises 15 chronic diseases (arthritis, asthma, cancer, cardiac arrhythmia, chronic kidney disease, chronic obstructive 
pulmonary disease, congestive heart failure, coronary artery disease, diabetes, hepatitis, human immunodeficiency virus, hyperlipidemia, hyperten‑
sion, osteoporosis, stroke). Mental multimorbidity comprises 7 chronic conditions (anxiety, autism, dementia, depression, post-traumatic stress 
disorder, schizophrenia, substance use disorder). Mental-somatic multimorbidity comprises any combination of ≥ 1 somatic and ≥ 1 mental chronic 
condition. For insurance types prior to age 65 and 65 + , “other” is defined as private insurance, other public insurance, or uninsured. Visit-based 
characteristics were summarized at the patient level; therefore, if patients did not have a visit, or an encounter, they were not included in the sum‑
marized variable and may not necessarily add to the total number of patients of 838,642 or any of the stratified multimorbidity categories
SD standard deviation, IQR inter-quartile range, FPL federal poverty level

Overall Somatic multimorbidity Mental multimorbidity Mental-somatic 
multimorbidity

p value

N (%) 838,642 214,178 (25.5) 16,404 (2.0) 205,972 (24.6)
Death, n (%)  < 0.001
Yes 17,989 (2.1) 6,346 (3.0) 218 (1.3) 8,137 (4.0)
No 820,653 (97.9) 207,832 (97.0) 16.186 (98.7) 197,835 (96.0)
Chronic disease burden, n (%)
0 or 1 disease 402,088 (47.9)
 ≥ 2 diseases (multimorbidity) 436,554 (52.1) 214,178 (49.1) 16,404 (3.8) 205,972 (47.2)
Chronic disease burden, mean (SD) 2.0 (1.9) 3.0 (1.1) 2.3 (0.6) 4.1 (1.7)  < 0.001
Chronic disease burden, median (IQR) 2.0 (0.0–3.0) 3.0 (2.0–4.0) 2.0 (2.0–3.0) 4.0 (3.0–5.0)  < 0.001
Average number of yearly visits, mean (SD) 3.5 (4.0) 3.9 (2.7) 4.8 (6.7) 5.0 (6.2)  < 0.001
Average number of yearly visits, median (IQR) 2.7 (1.5–4.2) 3.3 (2.0–4.8) 3.0 (2.0–5.3) 4.0 (2.5–6.0)  < 0.001
First observed age, mean (SD) 53.0 (9.9) 56.4 (10.3) 47.9 (7.3) 53.5 (9.7)  < 0.001
Sex, n (%)
Female 467,844 (55.8) 112,894 (52.7) 10,302 (62.8) 122,763 (59.6)  < 0.001
Male 370,798 (44.2) 101,284 (47.3) 6102 (37.2) 83,209 (40.4)
Race/ethnicity, n (%)
Non-Hispanic White 358,230 (42.7) 78,406 (36.6) 10,210 (62.2) 111,214 (54.0)  < 0.001
Non-Hispanic Black 150,085 (17.9) 49,390 (23.1) 1649 (10.1) 31,401 (15.2)
Hispanic 242,151 (28.9) 63,996 (29.9) 2842 (17.3) 45,448 (22.1)
Non-Hispanic Asian 21,699 (2.6) 7018 (3.3) 184 (1.1) 2891 (1.4)
Non-Hispanic other 10,295 (1.2) 2590 (1.2) 310 (1.9) 3039 (1.5)
Unknown 56,182 (6.7) 12,778 (6.0) 1209 (7.4) 11,979 (5.8)
Language, n (%)
English 642,434 (76.6) 158,727 (74.1) 14,514 (88.5) 172,051 (83.5)  < 0.001
Spanish 160,755 (19.2) 44,945 (21.0) 1450 (8.8) 28,221 (13.7)
Other 35,453 (4.2) 10,506 (4.9) 440 (2.7) 5700 (2.8)
Insurance status, n (%)
Continuously uninsured 185,105 (22.1) 35,496 (16.6) 2288 (13.9) 20,914 (10.2)  < 0.001
Continuously insured 431,420 (51.4) 108,372 (50.6) 8631 (52.6) 107,215 (52.1)
Intermittently insured 222,117 (26.5) 70,310 (32.8) 5485 (33.4) 77,843 (37.8)
Visit-based characteristics at the patient level
FPL, n (%)
Continuously < 138% 538,140 (73.0) 135,252 (70.7) 11,008 (74.9) 137,283 (73.2)  < 0.001
Continuously ≥ 138% 105,926 (14.4) 25,671 (13.4) 1621 (11.0) 18,248 (9.7)
Intermittently over/under 93,480 (12.7) 30,297 (15.8) 2075 (14.1) 32,029 (17.1)
Insurance type (age < 65)
Disability 83,140 (24.9) 21,492 (26.6) 2598 (24.6) 38,884 (31.8)
Medicaid 236,877 (71.0) 52,778 (65.2) 7903 (74.7) 79,338 (65.0)
Other 13,703 (4.1) 6671 (8.2) 73 (0.7) 3901 (3.2)
Insurance type (age ≥ 65)
Dual eligible 13,859 (9.2) 6044 (9.6) 117 (11.9) 5846 (12.7)
Medicaid 65 +  14,955 (9.9) 5964 (9.5) 111 (11.3) 3518 (7.6)
Medicare 120,798 (80.1) 50,276 (80.1) 737 (74.7) 36,459 (78.9)
Other 1140 (0.8) 466 (0.7) 21 (2.1) 360 (0.8)
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were more represented in the first five ranked combinations 
(all somatic multimorbidity combinations), and females 
were more represented in the last six ordered combinations 
(a mix of somatic, mental, and mental-somatic multimor‑
bidity). Multimorbidity combinations were largely similar 
across FPL groups. Lastly, age strata were evenly distrib‑
uted for most of the multimorbidity combinations with the 
exception of diabetes-hyperlipidemia, anxiety-depression, 
depression-hypertension, and depression-hyperlipidemia, all 
of which were most prevalent among the youngest age cat‑
egory of 45–54 years. Arthritis-hyperlipidemia-hypertension 
and arthritis-hypertension were more common among those 
aged ≥ 65 years.

DISCUSSION
This study adds to our understanding of the challenges fac‑
ing CHCs with large proportions of their patient panels 
contending with multimorbidity, including patterns charac‑
terized by somatic, mental health conditions, and increas‑
ingly complex patterns of multimorbidity with greater 

numbers of morbidities. We found that the most prevalent 
combinations across study years were, in order, hyperten-
sion-hyperlipidemia, followed by hypertension-hyperlip-
idemia-diabetes and hypertension-diabetes. Notably, the 
multimorbidity pattern of CKD-diabetes-hyperlipidemia-
hypertension increased in rank from 6 to 4th for the last 
4 years of observation. Also, four of the 11 most prevalent 
multimorbidity combination patterns included a mental 
health condition, suggesting high mental health morbidity 
in this safety-net clinical population. The changing prevalent 
multimorbidity combination patterns seen across the study 
years suggest rising prominence of mental health morbidity 
and advanced cardiometabolic disease among vulnerable 
CHC patients. This may be due to both the aging of existing 
CHC patient panels and changes to the composition of CHC 
patients over the study years.

Our findings are largely aligned with the limited num‑
ber of studies focusing on multimorbidity in safety-net 
health-care settings. One such study assessed how common 
multimorbidity is in CHC settings and assessed the preva‑
lence of individual chronic diseases using national data on 

Fig. 1   Heatmap of percent‑
age of patients comprising the 
most prevalent multimorbid‑
ity combinations, ADVANCE 
data 2014–2019. Abbrevia‑
tions: HLP = hyperlipidemia; 
HTN = hypertension; DM = dia‑
betes; CKD = chronic kidney 
disease; DEP = depression; 
ANX = anxiety; ARTH = arthri‑
tis. Notes: The most prevalent 
combinations were those that 
met a threshold of having ≥ 1% 
of patients in the combination. 
Each number represents the 
percentage where the numerator 
is the number of patients with 
a multimorbidity combination 
in the respective year and the 
denominator is the total number 
of patients with multimorbidity 
in the respective year. Greater 
shading intensity corresponds to 
larger percentages for the group
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ambulatory care settings at one point in time23. The study 
found CHCs provide a high volume of care for patients with 
multimorbidity and treat high rates of chronic diseases that 
disproportionately affect low-income communities, such as 
diabetes and hypertension23. Our findings add to this lit‑
erature by highlighting several points. Older adults had a 
higher prevalence of somatic multimorbidity combinations, 
and middle-aged patients had similar proportions of somatic 
multimorbidity combinations and greater proportions of 
mental multimorbidity combinations, suggesting that CHC 
patients experience a high burden of disease earlier in adult‑
hood. Specific disease combinations with increasing promi‑
nence among CHC patient panels (CKD-diabetes-hyper-
lipidemia-hypertension and anxiety-depression) suggest a 
need to improve screening and treatment for mental health 
disorders, as well as strengthening secondary prevention 
efforts to avert progression of metabolic morbidity to renal 
involvement. Providing adequate resources for community 
health centers to target secondary complications of cardio‑
metabolic conditions might be indicated: nutritionists, podia‑
try and footwear resources, ophthalmologists, more readily 
available nephrology consultation, pharmacists, and home 
services to improve blood sugar and pressure monitoring.

Understanding patterns of multimorbidity in vulnerable 
populations—such as those reported in this study—provides 
valuable insights into formulating clinically responsive care 

plans matched to the needs of these patient panels. For 
instance, practices are increasingly seeing patients with 
complex multimorbidity and should adopt continuity of 
care policies to ease high treatment burdens involved in 
self-managing multiple conditions, attending various medi‑
cal appointments, and managing complex drug regimens.24 
In addition, safety-net institutions may need to move toward 
providing greater levels of geriatric care—even while serv‑
ing patient panels with aggregate average ages that may be 
considered “pregeriatric”—as this care aligns with the broad 
chronic disease needs of their patients. Conducting assess‑
ments and identification of geriatric syndromes and integrat‑
ing effective geriatric care models into safety-net systems 
may be necessary next steps in providing responsive care in 
light of the multimorbidity burden observed in these clinical 
settings.25.

This study draws from a number of strengths. First, 
the ADVANCE community health center network pro‑
vides a comprehensive, ongoing, and robust multi-state 
clinical dataset across various geographic regions in the 
USA, representing a large safety-net clinical population. 
Second, this study contributes to the emerging literature 
on multimorbidity by assessing the most prevalent pat‑
terns among vulnerable adults in the USA over a 6-year 
period—including housing insecure, agricultural workers, 
low-income, uninsured, and underinsured groups. Our 

Fig. 2   Heatmap of rank 
order of the most prevalent 
multimorbidity combinations, 
ADVANCE data 2014–2019. 
Abbreviations: HLP = hyper‑
lipidemia; HTN = hypertension; 
DM = diabetes; CKD = chronic 
kidney disease; DEP = depres‑
sion; ANX = anxiety; 
ARTH = arthritis. Notes: The 
most prevalent combinations 
were those that met a threshold 
of having ≥ 1% of patients in the 
combination. “*” Represents 
tied rank. The number repre‑
sents the rank order of the most 
prevalent multimorbidity com‑
binations where the numerator 
is the number of patients with 
the multimorbidity combination 
in the respective year and the 
denominator is the total number 
of patients with multimorbidity 
in the respective year. Greater 
shading intensity corresponds to 
higher rank of the group

3550



Quiñones et al.: Multimorbidity Combinations in CHCsJGIM

study contributes to this evolving literature by identify‑
ing prevalent multimorbidity patterns for an understudied 
safety-net clinical population and assessing changes to 
prevalent patterns over time.

This study also has several limitations. First, we note 
that there is no consensus on how to measure and opera‑
tionalize multimorbidity and these choices greatly affect 
prevalence estimates.26 We opted to apply the framework 

Fig. 3   a Heatmap of prevalent 
multimorbidity combinations by 
patient demographic character‑
istics, ADVANCE data 2019. 
Abbreviations: HLP = hyper‑
lipidemia; HTN = hypertension; 
DM = diabetes; CKD = chronic 
kidney disease; DEP = depres‑
sion; ANX = anxiety; 
ARTH = arthritis. Notes: The 
most prevalent combinations 
were those that met a threshold 
of having ≥ 1% of patients in 
the combination. Each number 
represents the percentage where 
the numerator is the number of 
patients with the multimorbidity 
combination by the end of the 
study period, and the denomi‑
nator is the total number of 
patients with multimorbidity by 
the end of the study period. The 
color corresponds to the demo‑
graphic group. Greater shading 
intensity corresponds to larger 
percentages for demographic 
groups. b Heatmap of prevalent 
multimorbidity combinations by 
patient demographic character‑
istics, ADVANCE data 2019. 
Abbreviations: HLP = hyper‑
lipidemia; HTN = hypertension; 
DM = diabetes; CKD = chronic 
kidney disease; DEP = depres‑
sion; ANX = anxiety; 
ARTH = arthritis. Notes: The 
most prevalent combinations 
were those that met a threshold 
of having ≥ 1% of patients in 
the combination. Each number 
represents the percentage where 
the numerator is the number of 
patients with the multimorbid‑
ity combination by the end 
of the study period, and the 
denominator is the total number 
of patients with multimorbidity 
by the end of the study period. 
The color corresponds to the 
demographic group. Greater 
shading intensity corresponds 
to larger column percentages for 
demographic groups
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endorsed by the US Department of Health and Human 
Services Multimorbidity Framework that centers around 
chronic diseases relevant to aging populations,20,21 but 
future studies should examine how consideration of addi‑
tional chronic conditions and sensory impairments affects 
multimorbidity prevalence estimates for safety-net popu‑
lations.26 Second, this analysis is contingent on access 
to clinical services and does not assess the CHC patient 
population who did not have any clinical visits during 
this study time period. Our results may underestimate the 
prevalence of multimorbidity as some chronic conditions 
may be undiagnosed,27 especially among CHC patients 
who experience long interruptions and obstacles to their 
health-care access,14 although recent studies have shown 
good continuity of care and engagement in similar CHC 
patient samples.28,29 Third, we relied on problem lists for 
chronic disease ascertainment in electronic health record 
data. While problem list completeness is quite heterogene‑
ous across clinical practices and health-care systems, we 
found problem lists were adequately complete, and prob‑
lem list–ascertained diagnoses were highly concordant with 
encounter-ascertained diagnoses in our CHC data (analyses 
available upon request). Finally, patients may seek care out‑
side CHCs and thus may not be captured in our analyses; 
however, evidence suggests that most established CHC 
patients, especially those diagnosed with chronic diseases, 
continue to seek and receive care from CHCs.29.

Demographic cohorts over the next decade are enter‑
ing into older age with greater multimorbidity burdens 
than prior birth cohorts30 and will put further strains on 
the health-care systems, particularly those in the safety 
net. This study addresses gaps in our understanding of 
the multiple clinical needs of the safety-net population 
and needs to mobilize primary and secondary preventive 
care to avert cascading increases in clinical complexity 
and health-care expenditures. Whether it triggers refer‑
rals to social services and supports within and external 
to clinics,31 a better understanding of the specific chronic 
disease needs of patient panels—such as the complex car‑
diometabolic, renal, and mental health chronic disease 
needs observed in this study—will guide safety-net health 
systems in organizing and delivering care that is atten‑
tive to the psychosocial and physical health burden.7,32,33 
Identification of multimorbidity patterns that frequently 
occur in CHC settings provides insight into the clinical 
complexity patients and clinicians face and will inform 
programs that treat current problems, increase uptake of 
preventive services to avert new diagnoses, and promote 
behavioral health support that may avoid complications 
and exacerbations of existing illness.
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