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Original Research

In the United States (US), health care remains inaccessible 
for millions of Americans in terms of affordability, proxim-
ity, and quality, despite significant federal and state efforts 
to expand access.1 The health disparities resulting from 
gaps in access to care have been driven in large part by 
deliberate, long-term disinvestment in communities of 
color, creating concentrated pockets of poverty and resource 
gaps across the nation.2 As a result, many of these commu-
nities remain fragile both economically and in terms of 
health. This fragility was laid bare by the COVID-19 pan-
demic as the virus itself and the subsequent economic 
impacts disproportionately affected predominately non-
white, low-income communities.3

Federally Qualified Health Centers (FQHCs) are commu-
nity-based health care organizations that provide comprehen-
sive primary care and support services to largely underserved 
populations regardless of immigration status, insurance cov-
erage, or ability to pay. In recent decades, increased funding 
for FQHCs has facilitated their trans formation into medical 
homes delivering high-quality, person-centered care and has 

reduced barriers to care for low-income and racial/ethnic 
minority populations.4,5 Across the US, FQHCs have been 
strategically placed in high-poverty and medically under-
served areas and are often the only source of care in the com-
munities they serve. Studies have shown that patient 
outcomes at FQHCs are comparable to those at privately 
owned primary care practices and FQHCs have been vital in 
ensuring that high-need, under-resourced communities have 
access to quality care.6-11

The COVID-19 pandemic has illuminated US health 
care systems challenges, simultaneously underscoring the 
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Abstract
Background: The COVID-19 pandemic has had significant impacts on health care access and delivery, with disparate 
effects across social and racial lines. Federally Qualified Health Centers (FQHCs) provide critical primary care services 
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of racial/ethnic minority residents. FQHC penetration was protective against increased COVID-19 mortality, after model 
adjustment. Conclusions: Our study underpins the critical role of safety-net health care and policymakers must ensure 
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critical importance and the inadequacy of the safety-net. 
As the pandemic has disproportionately affected low-
income, Black, Latinx, and other marginalized popula-
tions, health disparities have been exacerbated for the 
nation’s most underserved communities.12,13 Emerging 
research suggests that inequitable access to health care in 
communities is the primary driver of COVID-19 out-
comes, rather than underlying demographic differences in 
health status.14 While this evidence suggests that lack of 
access to timely or quality care is driving these prominent 
racial and socioeconomic COVID-19 disparities, to-date, 
studies have not examined the role of FQHCs in this equa-
tion.3,14 Simultaneously, the COVID-19 pandemic dis-
rupted health care delivery, particularly for the primary 
care system where chronic disease management and pre-
ventive care were delayed or foregone for long periods.

Studies examining disruptions in chronic disease 
management have shown that even temporary disrup-
tions to care can have long-lasting effects on patients. 
Throughout the pandemic, FQHC doors remained open 
and rapid transitions to telehealth occured, ensuring care 
continuity for the populations they serve. Thus, the con-
tribution of the safety net to COVID-19 outcomes and 
recovery efforts has emerged as an important area of 
investigation. Prior to the pandemic, persons living with 
chronic disease who were regularly engaged in primary 
care have been shown to have lower rates of Emergency 
Department visits and reduced complications of severe 
disease.11,15 It remains to be tested whether utilization of 
or access to health care plays a similarly protective role 
with COVID-19 outcomes.

In this study, we aimed to identify and measure commu-
nity-level associations between FQHC penetration and 
COVID-19 mortality, and adjust for presence of socio-
demographic factors in 4 major US cities. Authors provide 
recommendations on how to support primary care access 
and the health care safety-net, and to improve health out-
comes for underserved populations during the COVID-19 
pandemic recovery and beyond.

Methods

This study is an ecological analysis of COVID-19 epidemi-
ology in 4 major US cities: New York, New York (NYC), 
Chicago, Illinois, Detroit, Michigan, and Seattle, Washington. 
Cities were selected based on population size, geographic 
diversity, and availability of data at the ZIP code level. The 
4 cities in this study had both COVID-19 case and mortality 
data available and extractable at the ZIP code level during 
analogous periods. All data collected and analyzed as part of 
this study were publicly available.

The population in this study included residents from the 
ZIP codes located within each of the 4 cities’ boundaries. 
Each city boundary encapsulates all the Census Bureau-
defined ZIP Code Tabulation Areas (ZCTAs) where the 

United States Postal Service’s (USPS) postal name for that 
ZIP code matches the city name. Data obtained at the ZIP 
code level were spatially attributed to ZCTAs for analysis. As 
the Census Bureau does not publish an official crosswalk 
between ZIP codes and ZCTAs, we used the ZIP Code to 
ZCTA Crosswalk Table developed by John Snow, Inc. (JSI) 
for use with Health Service Resource Administration’s 
(HRSA) Uniform Data System’s (UDS) service area data.16

There were a total of 294 ZCTAs included in the study 
across the 4 US cities. NYC contained 60.2% (n = 177) of 
the total sample of ZCTAs, followed by Chicago (19.4%), 
Seattle (11.2%), and Detroit (9.2%).

COVID-19 Outcomes

The primary outcome of interest for the study was the 
COVID-19 mortality rate per 10 000. All cumulative mor-
tality data were collected as of June 29, 2021. The COVID-
19 case rates (per 10 000) as of 6-28-2021 were used as a 
measure of incidence of COVID-19 infection in an area, as 
well as a measure of COVID-19 burden/morbidity—and as 
a measure of risk of death due to COVID-19 (assuming case 
rates influence mortality rates)—in a community. COVID-
19 case rates were included as a control in all models to 
reduce potential confounding effects of area incidence rates 
on risk of death due to COVID-19. ZIP code level COVID-
19 data were reported by individual city and county health 
departments as case counts and/or rates.17-20 COVID-19 
case and mortality rates per 10 000 residents were calcu-
lated for Seattle, Chicago, and Detroit using population and 
COVID-19 case/death counts reported.

Safety-Net Access—FQHC Penetration

The FQHC penetration rate of the total population refers to 
the percent of total residents in the ZCTA served by any 
health center (from FQHCs reporting 11 or more patients 
residing in that ZCTA). For each ZCTA, the total number of 
health center patients is divided by the total number of resi-
dents. A higher penetration rate is indicative of better access 
and lower unmet need for care. Conversely, a lower pene-
tration rate is indicative of worse access and higher unmet 
need. These data were 2015 to 2019 estimates obtained 
from HRSA’s UDS Mapper.21

Socio-demographic Characteristics

Socio-demographic measures were selected a priori thro-
ugh review of literature to identify salient factors associated 
with community-level health inequities and those support-
ing emerging socio-demographic disparities in COVID-19 
incidence and mortality. The percentage of uninsured resi-
dents, defined as the total civilian, non-institutionalized 
population for whom income status was known that has no 
health insurance, and the percentage of racial or ethnic 
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minority residents were 2015 to 2019 estimates obtained 
from HRSA’s UDS Mapper. Racial and ethnic minorities 
were defined as the percentage of the total population that 
self-identified as Non-White. All Hispanic people regard-
less of race are included in the “Non-White” category.  
The percent of the total population aged 75 and above and 
the total percent of people that live below 200% of the 
Federal Poverty Level (FPL) were obtained from the 2015 
to 2019 American Community Survey estimates.22 Variables 
not found to be statistically significant in initial correlation 
analyses were not included in final models.

Statistical Analysis

The distributions of all variables in the study were exam-
ined by city, including for missingness, and these distribu-
tions were compared across the cities. As the missingness of 
data was uniformly low across the cities, we analyzed the 
observed data with no imputation. Data exploration was 
carried out following the protocol described in Zuur et al.23 
Univariate statistics and choropleth maps were produced 
for all variables in the analysis, including separately, for all 
4 cities. Bivariate linear regression between all variables 
was used to establish independent associations and test for 
collinearity between explanatory factors.

Generalized mixed linear regression analysis was used, 
nesting ZCTAs within each city, due to the statistical depen-
dence of COVID-19 mortality on the unit of observation 
(city), and because of the spatial dimension of the epidemi-
ology of COVID-19. First, we assessed between-city varia-
tion in COVID-19 mortality rates to determine the variation 
attributable to neighborhoods (ZCTAs) and cities by build-
ing and examining the unconditional model with no predic-
tors. We then used the generated covariance parameter 
estimates from this first model to compute the Intraclass 
Correlation Coefficient (ICC) which indicates how much of 
the variation in COVID-19 mortality is accounted for by the 
cities and provides support for using a two-level model.

We continued the model-building process by first includ-
ing each explanatory variable, separately, as fixed effects to 
identify independent associations, and then including all 
variables in the model as fixed effects to determine if the 
influence of the explanatory variables varied among cities. 
The final model included FQHC penetration as a fixed effect, 
adjusting for each of the predictors found to be independently 
associated with COVID-19 mortality. We used the restricted 
maximum likelihood estimation (REML) and the Kenward-
Roger’s degrees of freedom method to estimate the model as 
both are well-suited for most multilevel models with an 
unbalanced design and complex covariance structures. 
REML takes the uncertainty in the fixed parameters into 
account when estimating the random parameters which leads 
to less bias/more conservative parameter estimates. Moreover, 
the Kenward-Rogers degrees of freedom approximation 
method produces acceptable rates of Type 1 error and is not 

overly sensitive to small sample size, so it is ideal to use 
when estimating models with relatively small samples.24,25

All analyses were conducted in SAS 9.2 and ArcGIS. 
Marginal significance at α < .1 was explored in indepen-
dent analyses and statistical significance at α < .05 level 
was established for the final model. We report results for all 
identified associations and models assessed.

Results

All ZCTAs (n = 294) within the cities of NYC, Detroit, 
Seattle, and Chicago were included in the analysis. The 
magnitude of COVID-19 case and mortality rates varied 
widely across the cities. The highest rates of COVID-19 
cases and mortality were concentrated, by far, in New York 
City, the first epicenter of the pandemic, and were lowest in 
Seattle (Figure 1, Table 1). Further, unequal distributions of 
COVID-19 cases and mortality rates were also observed 
across neighborhoods within cities.

FQHC penetration of the total population (14%) varied 
greatly across neighborhoods (Figure 2). Detroit neighbor-
hoods had the lowest average FQHC penetration (11.2%) of 
all the cities, and Seattle had the highest penetration 
(17.7%). Low-income population rates, by ZCTA, were 
highest in Detroit neighborhoods (61%), almost twice the 
average across all cities (34.2%), and lowest in Seattle 
(23.2%) (Table 1). Similarly, the percentage of racial/ethnic 
minority residents was highest in Detroit (85.8%) and low-
est in Seattle (41%). Within each city, the distribution of 
both low-income and racial/ethnic minority residents varied 
greatly across neighborhoods. Uninsured rates did not vary 
widely across the 4 cities; however, there was unequal dis-
tribution of uninsured rates observed within each city. The 
proportion of the population that was 75 years of age and 
above was similar across all 4 cities.

Independently, all covariates were significantly associated 
with a positive increase in COVID-19 mortality rates. The 
percentage of older adult residents had the highest effect 
estimate (β = 1522.4, P < .01) and COVID-19 case rates 
(β = .036, P < .01) had the lowest effect estimate. FQHC pen-
etration (β = 159.71, P < .01) was significantly associated 
with an increase in COVID-19 mortality. The percentage of 
uninsured (β = 1347.6, P < .01) was significantly associated 
with an increase in COVID-19 mortality (Table 2).

All covariates remained significant and positively asso-
ciated with an increase in COVID-19 mortality rates. The 
percentage of older adult residents in each neighborhood 
had the largest effect (β = 1561.9, P < .01) followed by the 
percentage of low-income residents (β = 225.2, P < .01), 
and the percentage of racial/ethnic minority residents 
(β = 109.3, P < .01). COVID-19 case rates had the lowest 
effect estimate (β = .03, P < .01). In the final model, our 
explanatory variable of interest, FQHC penetration, 
remained significant but changed directions. We found that 
FQHC penetration (β = −185.0, P < .01) was associated 
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Figure 1. COVID-19 mortality rates by ZIP code in 4 United States cities, June 28, 2021.



Ford et al 5

with a decrease in neighborhood-level COVID-19 mortal-
ity, adjusting for the covariates.

Discussion

Higher FQHC penetration was associated with reduced 
COVID-19 mortality rates across 4 major US cities, high-
lighting the importance of the high-quality health care 

delivered by FQHCs and its important role regarding 
COVID-19 in cities’ most vulnerable communities. The asso-
ciations were observed both across all and within cities, sug-
gesting that FQHCs play this supportive role both in aggregate 
and at the local-level. The COVID-19 mortality rates were 
also associated with income and race/ethnic minority groups, 
the primary populations served by FQHCs, highlighting the 
disproportionate disease burden in these communities. Our 
results support the emerging research showing that poor 
health care access is driving disparities in COVID-19 rates 
and outcomes to a greater degree than poor health status.11

More broadly, the findings from our analyses bolster  
the evidence base on the importance of investing in the 
safety-net to increase access to primary care. Primary 
care improves individual and community health, and is 
central to health equity.26-29 Prior to and during the 
COVID-19 pandemic, primary care has kept people 
healthy and protected against severe disease outcomes, 
and has had an essential role in public health emergency 
response as well.26,29,30 Often the only source of primary 
care in the most vulnerable communities, FQHCs consis-
tently are shown to provide high-quality care that supports 
improvements in disease outcomes.5-10,15 Our findings 
demonstrate how FQHCs contribution to community health 
have supported better disease outcomes at the population 
level. Ensuring the long-term sustainability of commu-
nity health centers—a critical pillar of the safety-net—to 
deliver necessary services is essential to prevent widen-
ing racial and health disparities due to the COVID-19 
pandemic.

Based on the results presented in this paper, we suggest 
2 primary areas for municipal, state, and federal entities to 
focus on. First, community health centers must have suffi-
cient funding and/or access to low-cost capital so that they 
can expand existing facilities, build, and establish new 
delivery sites, and enhance care delivery. While there are 
several federal funding programs for community health 
centers, many of these programs are temporary or lack 
long-term, guaranteed funding to meaningful sustain these 
organizations.31 Second, it is imperative to build and invest 
in a well-trained, diverse, and culturally competent work-
force for community health centers and the safety net in 
communities with shortages of primary care providers. A 
range of programs have been developed at the federal and 
state levels to attract and maintain staff in underserved 
areas; however, experts have found that “funding for the 
preparation of the primary care workforce is inconsistent 
and insufficient.”32-35

In neighborhoods that lack sufficient access to primary 
care, even with the above recommendations, it will take 
time to invest in new infrastructure and workforce devel-
opment. In the short term, policymakers can direct funding 
and other support to community-based organizations and 
other social services providers that play a critical role in 

Table 1. Summary Statistics for Study Variables.

Study variables 
(N = 294) N Mean (SD)

COVID-19 outcomesa

COVID-19 
incidence (Cases 
per 10 000)

All ZCTAs 294 5655.0 (4441.0)
New York City 177 8882 (2536)
Chicago 57 1022 (253.9)
Detroit 27 662.4 (127.2)
Seattle 33 431.2 (227.0)

COVID-19 mortality 
(deaths per 
10 000)

All ZCTAs 292 197.2 (184.3)
New York City 177 314.4 (145.9)
Chicago 57 18.9 (9.2)
Detroit 25 30.6 (12.6)
Seattle 33 6.7 (4.6)

Safety net accessb

FQHC penetration 
(%)

All ZCTAs 293 14.0% (13.0%)
New York City 177 12.8% (13.7%)
Chicago 57 17.0% (11.9%)
Detroit 27 11.2% (4.6%)
Seattle 32 17.7% (13.9%)

Socio-demographics
Racial/Ethnic 

minority (%)b
All ZCTAs 294 63.0% (26.4%)
New York City 177 64.0% (25.9%)
Chicago 57 61.9% (27.6%)
Detroit 27 85.8% (12.9%)
Seattle 33 41.0% (17.2%)

Low-income (%)c All ZCTAs 293 34.2% (17.5%)
New York City 177 31.8% (15.5%)
Chicago 57 35.0% (17.1%)
Detroit 27 61.0% (11.1%)
Seattle 32 23.2% (10.7%)

Aged 75 or above 
(%)c

All ZCTAs 294 6.1% (2.7%)
New York City 177 6.5% (2.9%)
Chicago 57 5.2% (2.3%)
Detroit 27 5.8% (2.2%)
Seattle 33 5.3% (2.2%)

Uninsured (%)b All ZCTAs 294 7.0% (3.5%)
New York City 177 6.4% (3.2%)
Chicago 57 9.1% (4.0%)
Detroit 27 8.4% (1.8%)
Seattle 33 5.0% (2.5%)

Source: Data adapted from aZIP code level COVID-19 data reported 
by individual city and county health departments17-20; bHealth Resources 
and Services Administration. 2021. “UDS Mapper” (Web Application)21; 
cUnited States Census Bureau via the American Community Survey, 
2015-2019 Estimates.22
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Figure 2. Federally Qualified Health Center penetration by ZIP code in 4 United States cities, 2015 to 2018 estimates.
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connecting community members with health care resources 
outside of their immediate neighborhoods.36 Enabling 
FQHCs and community providers to be responsive to  
the shifting public health needs of their communities will  
further promote responsive, culturally-targeted primary 
care during the later phases of the COVID-19 pandemic 
response.

Future Research

In order to learn from this pandemic and plan more effec-
tively for the next pandemic or other emergency, more 
research is needed to document primary care providers’ 
experiences in this pandemic, including not just community 
health centers but also independent primary care practices 
and hospital-associated primary and ambulatory care facili-
ties. Research may also examine access and care delivery 
differences in FQHCs compared to private practices in 
higher-income communities to establish whether parity has 
remained during the pandemic.6-9 Such research could focus 
on the guidance primary care givers were provided with, if 
any, as well as access to PPE, emergency funds, testing 
materials, and vaccines. Lastly, we urge local and state 
health departments to routinely make available data on 
chronic and communicable diseases to aid researchers in 

monitoring trends, both geographically and temporally, in 
population health outcomes.

Limitations

The analysis is subject to several limitations resulting from 
the ecological analysis design, including the ecological fal-
lacy whereby the ZCTA-level associations identified in the 
analysis may not translate to individual-level associations. 
Additionally, the modifiable area unit problem may result 
from the ZCTA level data, and the associations may not 
exist when examined at other geographic units. Additional 
limitations resulted from the availability, or lack thereof, of 
COVID-19 data for many states and localities across the 
country. To best align the COVID-19 data, authors ensured 
data were available at the same geographic level and for the 
same dates, which limited the metropolitan areas available 
for inclusion in the analysis. The dynamic and ongoing 
nature of the COVID-19 pandemic also means that at a 
given point in time (here June 2021) each metropolitan area 
was experiencing a somewhat different COVID-19 epide-
miology in terms of outbreak timing and local control and 
vaccination efforts. We believe the study period selected 
reflects a full year’s period from when COVID-19 had 
reached most, if not all, US cities. Lastly, given the 

Table 2. Mixed Linear Model Results.

Parameter

Fixed effects Error variance (Random effects) Model fit

Intercept Parameter Intercept Residual AIC BIC

Model 1 93.4 (74.60) 21 952 (18 042.0) 13 032 (1086.0)* 3606 3604.8
Model 2
COVID-19 incidence (cases 

per 10 000 residents)a
−8.5 (8.6) 0.04 (0.00)* 0 8148.0 (676.7)* 3464.7 3464.1

FQHC penetration of total 
population (%)b

69.9 (76.1) 159.7 (51.7)* 22 649 (18 613) 12 695 (1061.6)* 3575.5 3574.3

Racial/Ethnic minority (%)b −24.9662 (76.8) 185.9 (25.2)* 22 310 (18 282) 10 988 (917.2)* 3547.6 3546.4
Low-income (%)c −20.8 (84.6) 299.2 (41.7)* 27 338 (22 473) 11 087 (927.1)* 3537.7 3536.4
Aged 75 or above (%)c 6.3 (71.6) 1522.4 (239.7)* 19 513 (16 040) 11 479 (958.1)* 3555.3 3554.1
Uninsured (%)b −4.16 (79.7) 1347.6 (192.2)* 24 351 (19 981) 11 153 (931.0)* 3548.1 3546.9
Model 3
 −201.3 (38.3) 4467.9 (4128.5) 5407.6 (455.7)* 3303 3301.8
COVID-19 incidence (cases 

per 10 000 residents)a
0.03 (0.00)*  

FQHC penetration of total 
population (%)b

−185.0 (59.4)*  

Racial/Ethnic minority (%)b 109.3 (25.1)*  
Low-income (%)c 225.2 (58.6)*  
Aged 75 or above (%)c 1561.6 (170.0)*  

Entries show parameter estimates with standard errors in parentheses. Estimation Method = Restricted Maximimum Likelihood Model; Kenward 
Rogers Approximation.
Source: Authors’ analysis of data from aZIP code level COVID-19 data reported by individual city and county health departments17-20; bHealth 
Resources and Services Administration. 2021. “UDS Mapper” (Web Application)21; cUnited States Census Bureau via the American Community Survey, 
2015 to 2019 Estimates.22

*Statistically significant, P < .05; ICC = 0.6275.
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availability of COVID-19 data in the 4 cities included in the 
study, it is likely that these cities have COVID-19 surveil-
lance and response efforts unique from localities that do not 
make data public, which may have an impact on the overall 
public health and outcomes.

Conclusions

Our study demonstrates the important role FQHCs had in 
supporting reduced COVID-19 mortality in multiple US 
cities. We recommend that policymakers strengthen the 
FQHC safety net through key investments and strategically 
deployed capital. Additionally, FQHCs and community 
primary care providers must be enabled to provide high-
quality, culturally competent care through investments in 
the health care workforce, which can be supported through 
shifting reimbursement models toward prospective pay-
ments and value-based payments. In summary, we con-
clude that strategic investment in community health, 
particularly that delivered through FQHCs, is essential to 
improving population health and making meaningful 
strides toward closing health inequities across racial and 
social lines.
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