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Abstract

Importance

Federally qualified health centers (FQHCs) receive federal funding to serve medically
underserved areas and provide a range of services including comprehensive primary care,
enabling services, and behavioral health care. Greater funding for FQHCs could increase
the local availability of clinic-based care and help reduce more costly resource use, such as
emergency department visits (ED).

Objective

To examine the impact of funding increases for FQHCs after the ACA on the use of FQHCs
and EDs.

Methods

Retrospective study using the Massachusetts All Payer Claims Database (APCD) 2010—
2013 that included APCD enrollees in 559 Massachusetts ZIP codes (N = 6,173,563 in
2010). We calculated shift-share predictions of changes in FQHC funding at the ZIP code-
level for FQHCs that received Community Health Center funds in any year, 2010-13 (N =
31). Outcomes were the number of ZIP code enrollees with visits to FQHCs and EDs, overall
and for emergent and non-emergent diagnoses.

Results

In 2010, 4% of study subjects visited a FQHC, and they were more likely to be younger,
have Medicaid, and live in low-income areas. We found that a standard deviation increase in
prior year FQHC funding (+31 percentage point (pp)) at the ZIP code level was associated
with a 2.3pp (95% CI 0.7pp to 3.8pp) increase in enrollees with FQHC visits and a 1.3pp

PLOS ONE | https://doi.org/10.1371/journal.pone.0243279 December 3, 2020

1/14


https://orcid.org/0000-0001-8078-5431
https://doi.org/10.1371/journal.pone.0243279
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243279&domain=pdf&date_stamp=2020-12-03
https://doi.org/10.1371/journal.pone.0243279
http://creativecommons.org/licenses/by/4.0/
http://chiamass.gov
http://bphc.hrsa.gov
http://bphc.hrsa.gov
mailto:apcd.data@state.ma.us

PLOS ONE

The impact of funding for FQHCs on utilization and emergency department visits in Massachusetts

Research and Quality (www.ahrg.gov) and the
Massachusetts General Hospital Claflin Scholar
Award (www.massgeneral.org). The funders had
no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Competing interests: The authors have declared
that no competing interests exist.

(95% CI -2.3pp to -0.3pp) decrease in enrollees with non-emergent ED visits, but no signifi-
cant change in emergent ED visits (0.3pp, 95% CI -0.8pp to 1.4pp).

Conclusions

We found that areas exposed to greater FQHC funding increases had more growth in the
number of enrollees seen by FQHCs and greater reductions in ED visits for non-emergent
conditions. Investment in FQHCs could be a promising approach to increase access to care
for underserved populations and reduce costly ED visits, especially for primary care treat-
able or non-emergent conditions.

Introduction

The Patient Protection and Affordable Care Act (ACA) provided $11 billion in new funding
from 2011 to 2015 to federally qualified health centers (FQHCs) through creation of the Com-
munity Health Center Fund (CHCEF). FQHC:s are safety net providers that qualify for federal
funding from the Health Resources and Services Administration (HRSA) Health Center pro-
gram to provide comprehensive primary care and serve medically underserved areas or popu-
lations regardless of ability to pay. The increases in funding for FQHCs was intended to boost
the availability of primary care and help accommodate potential increases in demand for care
from ACA-related coverage expansion for low-income individuals. Between 2010 and 2016,
annual federal funding for FQHCs grew from $2.8 to $4.7 billion, accompanied by a $2.1 to
$3.3 billion increase in funding from non-federal sources.

Increases in FQHC funding could improve access to primary care, especially for lower-
income populations without a usual source of care. Prior studies have shown that increases in
FQHC federal funding are associated with growth in number of patients, visits, delivery sites,
and scope of services at FQHCs, both before and after passage of the ACA [1-3]. Lower-
income adults and children residing in areas with more FQHCs or greater FQHC funding
increases have also been found to be more likely to have office visits [4, 5].

Whether such improvements in access have downstream effects, such as reducing low value
use of the emergency department is less clear. The existing evidence on FQHC use and ED vis-
its is largely based on cross-sectional comparisons and has mixed findings [6-9]. One county-
level study in California that examined the impact of expanded FQHC capacity found that
increased geographic density of FQHCs reduced ED visits for uninsured residents, but not
Medicaid enrollees; other measures of local FQHC capacity were not associated with changes
in ED visits [10].

Clarifying the impact of funding changes for FQHCs on local care patterns is important for
ongoing policy decisions. Since its creation in 2010, the CHCF has grown to be the primary
source of federal funding for FQHCs; in 2017, it represented 72% of federal health center fund-
ing [11]. The fund faced difficult reauthorizations in Congress in 2015 and 2018, and a recent
short-term extension of the CHCF will expire on December 11, 2020 [12-15]. Although multi-
ple bills were introduced in the 116™ Congress that would extend the CHCF for an additional
five years, none of them have passed yet [16].

To assess the impact of changes in FQHC funding on local FQHC visits and ED visits, we
used longitudinal data from the Massachusetts All Payer Claims Database (APCD) from 2010-
2013 and leveraged the substantial funding changes since the passage of the ACA.
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Materials and methods
Data sources and population

The data sources for this study are the Massachusetts APCD version 3 and the Uniform Data
System (UDS) with data on FQHCs from HRSA. The APCD v3 includes individual-level data
from 2009-2013 medical claims for Massachusetts residents. Because the APCD only includes
care billed to insurers, it does not include information on care received by the uninsured. The
file available to researchers also excludes claims for Medicare fee-for-service beneficiaries,
thus, the study population is limited to individuals with Medicaid, Medicare Advantage, or
commercial coverage in 559 Massachusetts ZIP codes (N = 6,173,563 in 2010). Although the
uninsured comprise a disproportionate share of FQHC patients, the uninsured rate in Massa-
chusetts remained below 4% throughout the study period, lower than in any other state due to
health reform efforts in 2006. Another advantage of studying the Massachusetts population is
that Massachusetts had relatively generous Medicaid eligibility rules prior to ACA Medicaid
expansion, so we are better able to isolate the effect of the FQHC funding increases from other
ACA policy changes.

The UDS contains FQHC-level data on annual funding, number of patients served by ZIP
code, and other aggregate patient characteristics, including sociodemographics, insurance
type, and types of services received. Our analysis included 31 FQHCs in Massachusetts that
received grants from the CHCF in 2010-2013 and excluded the 5 community health centers
that solely received funds for special populations (e.g. migrants, homeless). This study was
approved by the Mass General Brigham Institutional Review Board for research related to sec-
ondary use of data, including a waiver of consent.

Predicted funding changes

The prior literature that examines area-level effects of FQHC availability or expansions have
used a range of catchment areas for FQHCs, including county, metropolitan statistical area,
and hospital referral region [4, 5, 10]. However, the actual service areas of FQHCs depend on
the number, size, and geographic spread of each FQHC’s delivery sites and the local availability
of non-FQHC primary care providers; the actual service areas could cross boundaries of prede-
fined catchment areas. To address these challenges, we used information from the UDS on the
number of patients each FQHC served by ZIP code to construct shift-share predictions of
aggregate changes in FQHC funding for each ZIP code in Massachusetts.

The shift-share approach was developed by economists to estimate local labor market
effects of national industry demand shocks, though they have since been used in other settings
[17-19]. Borusyak et al. (2018) demonstrates how shift-share design uses idiosyncratic varia-
tion in industry-level changes to identify causal effects that manifest in local markets. Using
the shift-share approach, we used variation across ZIP codes in predicted exposure to changes
in FQHC funding to identify the effects of funding changes on outcomes. To estimate pre-
dicted exposure to FQHC funding changes, we used the UDS to calculate the annual percent-
age change in total federal and non-federal funding for individual FQHCs. Then we estimated
funding changes at the FQHC*ZIP code level by applying weights that approximate the share
of funding that each FQHC allocated to the given ZIP code in 2009, the year prior to our study
period. Since data on how FQHC distribute their funding across their clinic sites or service
areas are unavailable, we use UDS data on the number of patients in each ZIP code who visited
each FQHC in 2009 and FQHC funding levels in 2009, to impute weights under the assump-
tion that FQHC:s allocate funds across ZIP codes proportional to patient demand. Finally,
because multiple FQHCs can serve the same ZIP code, we summed predicted funding changes
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FQHC % change in funding 2010-11

within each ZIP code across FQHCs that had patients in those ZIP codes in 2009. For the aver-
age ZIP code, the predictor averaged funding changes across 11 FQHCs (range: 0-31). Fig 1
presents the shift-share predictions for 559 ZIP codes in 2010-2011, the location of 31 FQHCs,
and the magnitude of funding change at each FQHC for comparison with our constructed pre-
dictor (see S1 Fig for 2011-2013 estimates). Thirty-two ZIP codes had no FQHC users
throughout the study period. We include a detailed description of the shift-share design in S1
Appendix.

A key requirement of this shift-share design is that funding changes are quasi-randomly
distributed across FQHC:s, as if by a natural policy experiment. A concern is that some FQHCs
could obtain funds more or less successfully due to endogenous characteristics of populations
they serve and the demand for FQHC care. The heterogeneity in the types of grants HRSA
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Fig 1. Estimated ZIP code exposure to FQHC funding changes using shift-share approach (2010-2011). Note: Q1 = 1** Quartile, Q2 = 2™ Quartile, etc.
which range between the numbers in brackets. Red circles represent FQHC:s in their geographic locations, with the size of the circle corresponding to the
magnitude of the change in funding received by that FQHC from 2010-2011. Five-digit ZIP code areas are colored by shades of green, with darker areas
indicating ZIP codes that were exposed to larger changes in FQHC funding between 2010-2011. Map data from U.S. Census Bureau TIGER/Line®
Shapefiles (https://www2.census.gov/geo/tiger/TIGER2017/) in the public domain. Data from the Uniform Data System (UDS) and the Massachusetts All-

Payer Claims Database (APCD) (2010-2011).

https://doi.org/10.1371/journal.pone.0243279.g001
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awards to FQHC:s helps to mitigate this concern. For example, FQHCs can obtain grants for
new access points, capital investments, or health information technology development, as well
as receive regular, annual appropriations to health centers under Section 330 [20]. Neverthe-
less, to test the assumption of quasi-random distribution of funding changes across health cen-
ters, we regressed the annual percentage change in FQHC funding levels on various observable
FQHC traits, including number of patients and patient demographics (e.g., race/ethnicity,
insurance type). We did not find significant associations between FQHC characteristics and
annual percent funding changes, which supported this key assumption, although we cannot
rule out unobservable differences across FQHCs with larger vs. smaller funding changes (see
S1 Table).

Outcome variables

Our primary outcome of change in FQHC use was the annual percentage change (2010-11,
2011-12, 2012-13) in the number of unique people in a ZIP code who made a visit to any
FQHC based on medical claims in the APCD. We identified outpatient claims in the APCD
with a service or billing National Provider Identifier (NPI) that corresponded to an FQHC
name or address. We compared the number of unique Medicaid patients who visited each
FQHC based on APCD claims with the number of Medicaid patients reported by FQHCs in
the UDS and found a high correlation of 0.87 (see S2 Fig).

Our primary outcomes of change in ED use was the annual percentage change in the num-
ber of unique people with ED visits in a ZIP code overall and for emergent and non-emergent
visits. We used the New York University Emergency Department (NYU ED) visit severity
algorithm to classify emergent vs. non-emergent ED visits using a previously validated
approach [21, 22]. The NYU algorithm assigns the probability that an ED visit falls into each
of four categories: 1) non-emergency; 2) emergency treatable in a primary care setting; 3)
emergency, not treatable in a primary care setting, but preventable or avoidable; 4) emergency
that is not preventable or avoidable.

We classified ED visits where the probability of being a non-emergency or an emergency
treatable in a primary care setting was greater than 75% as non-emergent visits (40% of visits)
based on a prior validation study [21]. ED visits with a probability of being an emergency not
treatable in a primary care setting (either preventable/avoidable or not) greater than 75% were
classified as emergent visits (13% of visits). The NYU ED algorithm separately classifies injury-
related and mental health-related ED visits (24% and 5% of ED visits, respectively), and 18% of
visits had an unknown visit classification. For all outcomes, we capped values at the 99 per-
centile to limit the influence of outliers.

Covariates

Using the APCD, we controlled for the ZIP-code level age distribution (i.e., % age <18, 18-39,
40-64, and 65+), and median HHS-HCC (hierarchical condition category) scores, as age and
underlying comorbidities would affect health care utilization choices. HHS-HCC scores,
which were developed for risk adjustment in the ACA marketplaces, summarize ICD-9 diag-
nosis codes from claims into HCCs to predict spending, using separate models for adult, child,
and infant populations to account for clinical differences across age groups [23].

Those who are uninsured or Medicare beneficiaries are not included in the APCD, but
because their distribution is likely to affect patient revenue at FQHCs, we applied the exposure
weights to FQHC-level insurance mix data reported in the UDS, in order to control for pro-
portions of FQHC patients who are uninsured or on Medicare in each ZIP code. The shift-
share design allows exposure weights to be applied to FQHC-level covariates, in addition to
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the main predictor, to control for ZIP-level time-varying observables [17]. We similarly
adjusted for the number of patients who received dental or substance use disorder services, in
order to account for potential expansions in FQHC capacity not captured by medical claims in
the APCD.

Statistical analysis

We used a linear regression model to estimate the effect of year-to-year changes in funding
(2010-2013) on outcomes of interest; these models included ZIP code fixed effects to estimate
changes within ZIP code and account for potential unmeasured time-invariant traits at the
ZIP code level. We hypothesized that FQHC funding changes may have current and lagged
effects on capacity, as health centers may need time to hire and train new staff, make capital
improvements, and/or build new delivery sites, and so we constructed shift-share predictions
for funding changes in the same year as the changes in outcome took place, and two lagged
years (one year prior and two years prior to changes in outcome).

We weighted regressions by ZIP code population in the APCD and clustered the standard
errors by ZIP code. For all model results, we scaled the coefficients to represent a standard
deviation change in the percentage change in funding. As a falsification test, we estimated the
impact of future year funding changes (i.e., the next year funding change) on ED visits overall
and by subtype (see S3 Fig).

All statistical analyses were performed using Stata 14.

Sensitivity analysis

Secondary outcomes included changes in the number of visits to any FQHC and the total
number of ED visits overall and for emergent and non-emergent visits at the ZIP-code level.
For ED visit classification, we also tested an alternate probability threshold of 50% to classify
emergent and non-emergent visits using the NYU ED algorithm; this threshold classified 45%
of visits as non-emergent and 26% of visits as emergent (see S4 Fig). We also repeated our anal-
ysis with the Bonferroni correction for four primary outcomes.

Results
FQHC funding changes and visit patterns in Massachusetts

Both federal and non-federal funding for FQHCs increased in aggregate from 2010-2011 and
2011-2012, and decreased in 2012-2013 (Table 1); funding for FQHCs in Massachusetts fol-
lowed a similar trend but with larger relative changes. Non-federal funding increased across all
years nationally and in Massachusetts, and comprised a much larger share of funding in Mas-
sachusetts than the national average (e.g., 77% vs. 46% in 2013). The total number of Massa-
chusetts residents with FQHC visits and ED visits included in the APCD also increased over
this three-year period.

Characteristics of FQHC patients in Massachusetts

We estimated that about 4% of all enrollees included in the APCD data visited an FQHC in
2010. As expected, those who visited FQHCs compared to those who did not were more likely
to be younger (e.g., 31% vs. 22% <18 years old), have Medicaid (67% vs. 17%) and were less
likely to be commercially insured (30% vs. 73%, Table 2). In addition, those who visited
FQHCs were more likely to live in ZIP codes with a greater proportion of residents with
incomes below 200% of the federal poverty level (37% vs. 22%) and had slightly higher HCC
scores on average (0.55 vs. 0.49).
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Table 1. Changes in FQHC funding and FQHC visit patterns, 2010-2013.

% change (2011-12)

258

)
5.2%

L L208350 1
L

2
S

2010

[National

Federal funding ($ millions) $2,794
. Non-federal funding ($ millions) $2,137 |

Total funding ($ millions) $4,931
Massachusetts

Federal funding ($ millions) $84

Non-federal funding ($ millions) $200
.. Total funding (§ millions) | . $284]
_TowlFQHCvisits | L102871
_ Npeople with FQHC visits | 207,927 |

ED visits 2,498,501

N people with ED visits 1,117,682

2011 % change (2010-11) 2012
$3,146 12.6% $3,210
$2239| o a8%|
$5,385 9.2% $5,667
$125 48.2% $141
$216 8.2% $239
Lisgag| 2%
2,574,321 3.0% 2,642,755
1,142,325 2.2% 1,134,438

2013| % change (2012-13)
$3,146 -2.0%
saees| 7T
$5,794 2.2%
$84 -40.6%
$276 15.6%
s61] 53%
1251766 36%
2650 91%
2,748,064 4.0%
1,172,574 3.4%

Notes: Funding information obtained from the UDS; number of FQHC visits, patients with FQHC visits, and ED visits obtained from the Massachusetts APCD; N

people with visits among those with medical insurance in January in each year included in the APCD.

https://doi.org/10.1371/journal.pone.0243279.t001

Table 2. Characteristics of Massachusetts residents with at least one FQHC visit versus no visits in 2010 in APCD.

Any FQHC visit in 2010

Age categories

<18

18-44

45-64

65+
Gender: Female
Race

American Indian/Alaska Native

Asian

Black

Hispanic

White

Other

Unknown/missing
Insurance type (Jan)

Commercial total

Medicare

Medicaid

Health Safety Net
Median HCC score

Overall

<18

18+

Mean % of patients’ ZIP code with income <200% FPL

N =207,927

31.2%
38.1%
24.0%

6.7%
58.4%

0.5%
5.9%
10.0%
21.3%
20.0%
0.9%
41.4%

29.6%
3.0%
67.1%
0.9%

0.55

0.19

0.80
37.2%

No FQHC visit in 2010

N = 5,099,099

22.4%
36.0%
28.2%
13.5%
52.7%

0.2%
0.9%
2.2%
3.7%
14.4%
3.1%
75.4%

72.5%
7.7%
17.2%
1.5%

0.49

0.11

0.58
22.2%

Notes: APCD enrollees included if living in Massachusetts and had medical coverage in January 2010.

https://doi.org/10.1371/journal.pone.0243279.t1002
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Change in Number of Patients with FQHC Visits
1.2%
Current year ) )
: b © !
funding A
. 2.3%
1-year prior ) ® )
funding A
. 1.8%
2-year prior -
funding A
-5% -4% -3% 2% 2% 3% 4% 5%

-1% 0% 1%
Annual Percentage Change (%)

Fig 2. Association between changes in total funding and APCD enrollees with FQHC visits. Notes: “Current year”
refers to year concurrent to change in outcome, which is one of 2010-11, 2011-12, or 2012-13. Regressions weighted
by ZIP code population; outcomes capped at 99th percentile; coefficients scaled to represent change in outcomes
associated with a 1 SD change in predictors (Current year % A all funds SD = 32.07; 1-year prior % A all funds

SD = 31.05; 2-year prior % A all funds SD = 21.94). Bars indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0243279.9002

Compared with the traits of FQHC patients reported in the UDS, our APCD data included
fewer patients overall, and had a greater proportion of Medicaid and commercially insured, as
expected (see S2 Table). Age and gender distributions were similar between the APCD sample
and UDS-e.g., 31% vs. 24% of FQHC patients in the APCD vs. UDS were age 18 or younger,
and 7% vs. 8% were age 65 or older.

FQHC funding changes and FQHC visits

In multivariate analyses, the number of local enrollees with FQHC visits was positively associ-
ated with one-prior year and two-prior year funding changes. For example, a one standard
deviation change in prior year funding (+31 percentage point) was associated with a 2.3pp
(95% CI: 0.72pp to 3.81 pp) increase in the number of enrollees in the ZIP code with an FQHC
visit (Fig 2).

FQHC funding changes and ED visits

Changes in funding for FQHCs in current and previous years were associated with decreases
in the number of enrollees with ED visits overall (e.g., additional 32pp increase in current year
funding associated with 1.0pp (95% CI: -1.5pp to -0.6pp) decrease, see Fig 3). In analyses that
classified visits more likely to be non-emergent vs. emergent, we found increases in funding
were associated with decreases in the number of enrollees with non-emergent visits (e.g.,
+32pp increase in current year funding associated with 1.4pp (95% CI: -2.0pp to -0.8pp)
decrease in number of enrollees with non-emergent visits) but did not find an effect on emer-
gent visits.

Sensitivity analyses and falsification tests

In sensitivity analyses that examined changes in the number of FQHC visits, we did not find
significant associations with funding changes, but findings for changes in the number of ED
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Change in Number of Patients with ED Visits

All ED Visits Current year funding A -1.0% H@—
1-year prior funding A -0.7% H—@—
2-year prior funding A -0.7% H@—

Non-emergent Current year funding A -1.4% —@—

ED Visits 1-year prior funding A -1.3% —e—
2-year prior funding A -1.1% —e—

Emergent Current year funding A -0.2% H—@+

ED Visits 1-year prior funding A 0.3% —
2-year prior funding A -0.2% H—@+

7% -6% -5% -4% -3% 2% -1% 0% 1% 2% 3% 4% 5% 6% 7%
Annual Percentage Change (%)

Fig 3. Association between changes in total funding and APCD enrollees with ED visits. Notes: “Current year”
refers to year concurrent to change in outcome, which is one of 2010-11, 2011-12, or 2012-13. Regressions weighted
by ZIP code population; outcomes capped at 99th percentile; coefficients scaled to represent change in outcomes
associated with a 1 SD change in predictors (Current year % A all funds SD = 32.07; 1-year prior % A all funds

SD = 31.05; 2-year prior % A all funds SD = 21.94). Bars indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0243279.9003

visits were similar to the primary analyses (see S5 Fig). In our falsification tests that examined
the impact of future year funding changes on ED visits, we found no association between next
year funding changes and ED visits overall or non-emergent visits; there was, however, a nega-
tive relationship with emergent visits. Finally, we applied the Bonferroni correction for four
primary outcomes, and there were no changes in our findings (see S3 Table).

Discussion

We examined changes in FQHC funding in Massachusetts between 2010-2013, which
included the first three years of the availability of Community Health Center Funds. Over this
time period there were statewide increases in FQHC funding and the number of patients
receiving care from FQHCs. As expected, those who visited FQHCs in our sample lived in
poorer neighborhoods and were more likely to have Medicaid insurance compared with those
who did not. In analyses that exploited quasi-experimental variation in funding changes across
FQHCs, we found that areas exposed to greater funding increases had more growth in the
number of patients seen by FQHCs and greater reductions in the number of people with ED
visits, especially for non-emergent conditions.

Prior studies of investment in FQHCs have focused on the effects of funding increases that
occurred through major federal appropriations, such as the Health Center Growth Initiative in
2001, the American Recovery and Reinvestment Act of 2009, and the ACA [2-4, 24]. Few have
examined how changes in total aggregate funding from all sources impact outcomes [1]. In
Massachusetts, non-federal grants from state, local, and private sources comprised the major-
ity of non-patient revenue. Nationally, nearly half of non-patient revenue for FQHCs comes
from non-federal sources, underscoring the importance of accounting for these additional
funding sources for FQHCs.

We found that prior year funding increases had positive, but modest effects on the total
number of people who visited a FQHC; however, we did not find significant effects on visit
volume. This finding could reflect heterogeneity in how FQHCs used their additional funding.
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For example, some might expand their visit capacity, by creating new delivery sites or improv-
ing existing sites, or offer new services, which could increase the reach of FQHCs, but not nec-
essarily the average number of visits per patient. It is possible that FQHCs improved their visit
quality, intensity, or service offerings, although we were not able to assess this directly with the
available data. Funding increases could also help FQHCs provide enabling services to patients
to improve health literacy or promotion or assist with non-medical needs, such as food, hous-
ing, and transportation, which would not be captured by medical claims. Importantly, many of
these enabling services are not reimbursed by insurance and the availability of such services
could be more susceptible to changes in funding. Lastly, these changes could take time to man-
ifest, such as the time needed to hire and train new staff. Future research should investigate the
extent to which funding changes influenced these potential mechanisms, such as by examining
FQHC level changes in service availability and staffing mix.

Prior work has found that those with public vs. commercial insurance in Massachusetts
were more likely to have non-emergent ED visits [25]. Consistent with these findings and our
hypotheses, we found that although the total number of ED visits increased in Massachusetts
from 2010 to 2013, ED visits were lower in ZIP codes with greater predicted increases in
FQHC funding, especially for non-emergent visits. FQHCs could reduce ED visits by provid-
ing more underserved individuals with a usual source of care and more options for primary
care treatable conditions [26]. In recent surveys, a growing proportion of FQHCs report that
they are able to accommodate same or next-day appointments, and provide telephone advice
outside of regular operating hours [27]. Targeting improvements in primary care availability
through increases in FQHC funding could help shift visits from the ED to clinic setting for
low-income populations, and reduce low-value medical spending. The average cost of a pre-
ventable ED visit in Massachusetts was about $500 in 2010 [28] and it is possible that cost sav-
ings associated with reductions in ED visits found in our study are modest compared with the
changes in FQHC funding. However, ED visits represent just one potential change in direct
(or indirect) costs associated with greater availability of FQHC care; for example, other studies
have found differences in hospitalization rates associated with FQHC use [29].

Limitations

This is a non-randomized study; although we found little evidence that FQHC funding
changes correlate with observable characteristics, and control for characteristics of both
FQHCs and ZIP codes in analysis, we cannot rule out the potential for unmeasured confound-
ing. We included ZIP code fixed effects to account for time-invariant differences across ZIP
codes; if there were changes in ZIP code level traits, such as socioeconomic status, between
2010-2013, this could confound our findings. Our area-level analysis assesses how changes in
exposure to FQHC funding changes impacts local changes in proportion of residents with
FQHC visits and ED visits, and inferences should not be made at the individual-level.

The APCD does not include claims for the uninsured or Medicare fee-for-service enrollees
(inclusive of dual-eligibles), who were 82% of all Medicare beneficiaries in Massachusetts in
2013 [30]. According to UDS data on insurance types aggregated across the 31 FQHCs
included in our study, 11% of patients were Medicare beneficiaries and 17% were uninsured in
2013. We adjusted at the center level for the annual percentage of FQHC patients covered by
Medicare or uninsured in our models to address this limitation, but bias could remain if fund-
ing differentially affects care patterns across insurance coverage types.

Although our patient counts in the APCD were highly correlated with patient counts in the
UDS at the FQHC level, we identified fewer people in our sample overall that used FQHCs
compared with the number of patients reported in the UDS. For example, in 2010, the 31
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study FQHCs in Massachusetts reported a total of about 347,705 patients with Medicaid or
commercial insurance (see S2 Table) compared with 207,927 unique patients we identified in
the APCD with at least one FQHC visit in 2010. Potential reasons for this differential could be
incomplete capture of visits in the APCD due to the redaction of visits with substance use diag-
noses. To account for this, we adjusted for FQHC-level information from the UDS on the
number of patients with SUD-diagnoses; findings were similar. We could also overestimate
the total number of people with FQHC visits using the UDS because these data are reported by
FQHCs, and we cannot determine if the same patient visited multiple FQHCs. There could
also be changes in individual-level insurance status within a year that introduce noise into the
UDS estimates.

The claims data have limited information on outpatient visit complexity because Medicaid
pays FQHCs an all-inclusive rate such that we could not examine changes in the intensity of
visits provided, only the total number of visits. We did not have sufficient power for a sub-
analysis in patients with chronic conditions, and future research should investigate the poten-
tially differential effects of funding in that subgroup and others, such as patients in rural areas.
We did not correct for multiple comparisons to reduce the likelihood of Type II error [31, 32];
however, in sensitivity analyses we applied the Bonferroni correction to reduce Type I error
associated with testing multiple hypotheses across the four primary outcomes such that the
family-wise error rate was p = 0.0125 and our findings did not change (see S3 Table for cor-
rected p-values) [33]. This study is specific to Massachusetts and the generalizability of our
findings to other states could be limited. Massachusetts had a much lower uninsured rate com-
pared with the rest of the country over this time period (e.g., 4% in Massachusetts vs. 16%
nationally in 2010). In addition, because Massachusetts implemented health reform starting in
2006, our findings apply to a state that did not undergo a large insurance coverage expansion
as FQHC funding was increasing. Lastly, fluctuations in federal funding in Massachusetts were
larger over time compared with national changes, which could reflect the receipt of some
larger or special types of grants (e.g., New Access Points) or other regional differences in
funding.

Conclusions

Since 2015, the end of the ACA’s 5-year authorization period for the CHCF, FQHCs have
faced potential drop-offs in funding almost every year, with Congress making short-term
extensions at the edge of each funding cliff. Many FQHC:s reported considering a number of
responses to funding delays, e.g., hiring freezes, delays in planned expansions or improve-
ments, and reductions in staff [34]. Such responses could reduce the capacity of FQHCs to
serve patients; our study suggests such reductions could have further downstream impacts on
ED use and costs. Funding for FQHCs represent a direct public investment in safety net pro-
viders, and such investment could be a policy tool to meet growing demand for outpatient care
and to reduce costly emergency department care for underserved populations.

Supporting information

S1 Fig. Distributions of shift-share estimated yearly change in FQHC funding in ZIP code.
(DOCX)

$2 Fig. Unique Medicaid patient count at FQHCs according to APCD claims versus the
UDS, 2009-2013.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0243279 December 3, 2020 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s002
https://doi.org/10.1371/journal.pone.0243279

PLOS ONE

The impact of funding for FQHCs on utilization and emergency department visits in Massachusetts

S3 Fig. Emergency department (ED) visit falsification test (future year funding change and
changes in ED visits).
(DOCX)

S4 Fig. Sensitivity analysis using 0.50 threshold for nonemergent and emergent visits in mea-
suring association between changes in total funding and (a) APCD enrollees with ED visits,
and (b) ED visits.

(DOCX)

S5 Fig. Association between changes in total funding and (a) FQHC visits, and (b) ED visits.
(DOCX)

S§1 Table. 2010-11 percent (%) change in FQHC-level total funding regressed on 2009
FQHC patient insurance mix, race, income, and age.
(DOCX)

$2 Table. Characteristics of FQHC patients in the UDS, 2010-2013.
(DOCX)

§3 Table. Sensitivity analyses including Bonferroni correction for multiple comparisons.
(DOCX)

S1 Appendix. Constructing shift-share funding predictions.
(DOCX)

Author Contributions

Conceptualization: John Hsu, Joseph P. Newhouse, Vicki Fung.
Data curation: Catherine Myong, Mary Price.

Formal analysis: Catherine Myong, Peter Hull, Joseph P. Newhouse, Vicki Fung.
Funding acquisition: Vicki Fung.

Methodology: Catherine Myong, Peter Hull, Vicki Fung.
Project administration: Vicki Fung.

Resources: Vicki Fung.

Software: Catherine Myong, Mary Price.

Supervision: Vicki Fung.

Visualization: Catherine Myong.

Writing - original draft: Catherine Myong, Vicki Fung.

Writing - review & editing: Catherine Myong, Peter Hull, Mary Price, John Hsu, Joseph P.
Newhouse, Vicki Fung.

References

1. Lo Sasso AT, Byck GR. Funding growth drives community health center services. Health affairs (Project
Hope). 2010; 29(2):289-96. Epub 2010/03/30. https://doi.org/10.1377/hlthaff.2008.0265 PMID:
20348076.

2. Shil, Lebrun LA, TsaiJ. Assessing the impact of the Health Center Growth Initiative on health center
patients. Public health reports (Washington, DC: 1974). 2010; 125(2):258-66. Epub 2010/03/20.
https://doi.org/10.1177/003335491012500215 PMID: 20297753; PubMed Central PMCID:
PMC2821854.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243279 December 3, 2020 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243279.s009
https://doi.org/10.1377/hlthaff.2008.0265
http://www.ncbi.nlm.nih.gov/pubmed/20348076
https://doi.org/10.1177/003335491012500215
http://www.ncbi.nlm.nih.gov/pubmed/20297753
https://doi.org/10.1371/journal.pone.0243279

PLOS ONE

The impact of funding for FQHCs on utilization and emergency department visits in Massachusetts

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Han X, Luo Q, Ku L. Medicaid Expansion And Grant Funding Increases Helped Improve Community
Health Center Capacity. 2017; 36(1):49-56. https://doi.org/10.1377/hlthaff.2016.0929 PMID:
28069846.

McMorrow S, Zuckerman S. Expanding federal funding to community health centers slows decline in
access for low-income adults. Health services research. 2014; 49(3):992—1010. Epub 2013/12/19.
https://doi.org/10.1111/1475-6773.12141 PMID: 24344818; PubMed Central PMCID: PMC4231582.

Andersen RM, Yu H, Wyn R, Davidson PL, Brown ER, Teleki S. Access to Medical Care for Low-
Income Persons: How do Communities Make a Difference? Medical Care Research and Review. 2002;
59(4):384—411. https://doi.org/10.1177/107755802237808 PMID: 12508702.

Laiteerapong N, Kirby J, Gao Y, Yu TC, Sharma R, Nocon R, et al. Health care utilization and receipt of
preventive care for patients seen at federally funded health centers compared to other sites of primary
care. Health services research. 2014; 49(5):1498-518. Epub 2014/05/02. https://doi.org/10.1111/1475-
6773.12178 PMID: 24779670; PubMed Central PMCID: PMC4177342.

Chow JY, Comulada WS, Gildner JL, Desmond KA, Leibowitz AA. Association between Federally Qual-
ified Health Center usage and emergency department utilization among California’s HIV-infected Med-
icaid beneficiaries, 2009. AIDS Care. 2019; 31(4):519-27. https://doi.org/10.1080/09540121.2018.
1524112 PMID: 30238793

Falik M, Needleman J, Wells BL, Korb J. Ambulatory Care Sensitive Hospitalizations and Emergency
Visits:: Experiences of Medicaid Patients Using Federally Qualified Health Centers. Medical Care.
2001; 39(6):551-61. 00005650-200106000-00004. https://doi.org/10.1097/00005650-200106000-
00004 PMID: 11404640

Potter AJ, Trivedi AN, Wright B. Younger Dual-Eligibles Who Use Federally Qualified Health Centers
Have More Preventable Emergency Department Visits, but Some Have Fewer Hospitalizations. Journal
of Primary Care & Community Health. 2017; 8(1):3-8. https://doi.org/10.1177/2150131916657081
PMID: 27371525

Nath JB, Costigan S, Lin F, Vittinghoff E, Hsia RY. Access to Federally Qualified Health Centers and
Emergency Department Use Among Uninsured and Medicaid-insured Adults: California, 2005 to 2013.
Academic Emergency Medicine. 2019; 26(2):129-39. https://doi.org/10.1111/acem.13494 PMID:
30648780

Federal Grant Funding: National Association of Community Health Centers; 2019 [cited 2019 June 13,
2019]. Available from: http://www.nachc.org/focus-areas/policy-matters/health-center-funding/federal-
grant-funding/.

Coronavirus Aid, Relief, and Economic Security Act, Pub. L. No. 116-136(2020).

Rosenbaum S. Will health centers go over the "funding cliff "? Milbank Q. 2015; 93(1):32-5. https://doi.
org/10.1111/1468-0009.12103 PMID: 25752348.

Rosenbaum S. The Community Health Center Fund: What's At Risk? Milbank Q. 2017; 95(4):706-9.
https://doi.org/10.1111/1468-0009.12289 PMID: 29024018

COVID-19 Pushes Health Centers to the Brink International Community Health Services [updated Octo-
ber 20; cited 2020 November 23]. Available from: https://www.ichs.com/about/advocacy/health-center-
funding/.

Community Health Centers Prepare for Funding Uncertainty. Kaiser Family Foundation: 2019 Septem-
ber 2019. Report No.

Borusyak K, Hull P, Jaravel X. Quasi-Experimental Shift-Share Research Designs. National Bureau of
Economic Research Working Paper Series. [presented at "Labor Studies Program Meeting", November
9, 2018]. In press 2018.

Bartik TJ. Who Benefits from State and Local Economic Development Policies? Kalamazoo, MI: W.E.
Upjohn Institute for Employment Research; 1991.

Blanchard OJ, Katz LF, Hall RE, Eichengreen B. Regional Evolutions. Brookings Papers on Economic
Activity. 1992; 1992(1):1-75. https://doi.org/10.2307/2534556

Heisler EJ. Federal Health Centers: An Overview. Federation of American Scientists: Congressional
Research Service, 2017 May 19, 2017. Report No.: Contract No.: R43937.

Ballard DW, Price M, Fung V, Brand R, Reed ME, Fireman B, et al. Validation of an algorithm for catego-
rizing the severity of hospital emergency department visits. Med Care. 2010; 48(1):58—63. Epub 2009/
12/03. https://doi.org/10.1097/MLR.0b013e3181bd49ad PMID: 19952803; PubMed Central PMCID:
PMC3881233.

Johnston KJ, Allen L, Melanson TA, Pitts SR. A "Patch" to the NYU Emergency Department Visit Algo-
rithm. Health services research. 2017; 52(4):1264—76. Epub 2017/07/21. https://doi.org/10.1111/1475-
6773.12638 PMID: 28726238; PubMed Central PMCID: PMC5517669.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243279 December 3, 2020 13/14


https://doi.org/10.1377/hlthaff.2016.0929
http://www.ncbi.nlm.nih.gov/pubmed/28069846
https://doi.org/10.1111/1475-6773.12141
http://www.ncbi.nlm.nih.gov/pubmed/24344818
https://doi.org/10.1177/107755802237808
http://www.ncbi.nlm.nih.gov/pubmed/12508702
https://doi.org/10.1111/1475-6773.12178
https://doi.org/10.1111/1475-6773.12178
http://www.ncbi.nlm.nih.gov/pubmed/24779670
https://doi.org/10.1080/09540121.2018.1524112
https://doi.org/10.1080/09540121.2018.1524112
http://www.ncbi.nlm.nih.gov/pubmed/30238793
https://doi.org/10.1097/00005650-200106000-00004
https://doi.org/10.1097/00005650-200106000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11404640
https://doi.org/10.1177/2150131916657081
http://www.ncbi.nlm.nih.gov/pubmed/27371525
https://doi.org/10.1111/acem.13494
http://www.ncbi.nlm.nih.gov/pubmed/30648780
http://www.nachc.org/focus-areas/policy-matters/health-center-funding/federal-grant-funding/
http://www.nachc.org/focus-areas/policy-matters/health-center-funding/federal-grant-funding/
https://doi.org/10.1111/1468-0009.12103
https://doi.org/10.1111/1468-0009.12103
http://www.ncbi.nlm.nih.gov/pubmed/25752348
https://doi.org/10.1111/1468-0009.12289
http://www.ncbi.nlm.nih.gov/pubmed/29024018
https://www.ichs.com/about/advocacy/health-center-funding/
https://www.ichs.com/about/advocacy/health-center-funding/
https://doi.org/10.2307/2534556
https://doi.org/10.1097/MLR.0b013e3181bd49ad
http://www.ncbi.nlm.nih.gov/pubmed/19952803
https://doi.org/10.1111/1475-6773.12638
https://doi.org/10.1111/1475-6773.12638
http://www.ncbi.nlm.nih.gov/pubmed/28726238
https://doi.org/10.1371/journal.pone.0243279

PLOS ONE

The impact of funding for FQHCs on utilization and emergency department visits in Massachusetts

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kautter J, Pope GC, Ingber M, Freeman S, Patterson L, Cohen M, et al. The HHS-HCC risk adjustment
model for individual and small group markets under the Affordable Care Act. Medicare & medicaid
research review. 2014; 4(3). Epub 2014/11/02. https://doi.org/10.5600/mmrr2014-004-03-a03 PMID:
25360387; PubMed Central PMCID: PMC4214270.

Hadley J, Cunningham P, Hargraves JL. Would Safety-Net Expansions Offset Reduced Access Result-
ing From Lost Insurance Coverage? Race/Ethnicity Differences. 2006; 25(6):1679-87. https://doi.org/
10.1377/hlthaff.25.6.1679 PMID: 17102194

Lines LM, Li N-C, Mick EO, Ash AS. Emergency Department and Primary Care Use in Massachusetts 5
Years After Health Reform. 2019; 57(2):101-8. https://doi.org/10.1097/mlr.0000000000001025
00005650-201902000-00003. PMID: 30461581

Rosenbaum S, Tolbert J, Sharac J, Shin P, Gunsalus R, Zur J. Community health centers: growing
importance in a changing health care system [Internet]. 2018 [updated March; cited 2018 April 18].
Available from: http://files.kff.org/attachment/Issue-Brief-Community-Health-Centers-Growing-
Importance-in-a-Changing-Health-Care-System.

Lewis C, Getachew Y, Abrams MK, Doty MM. Changes at Community Health Centers, and How
Patients Are Benefiting: The Commonwealth Fund; 2019 [cited 2020 April 29, 2020]. Available from:
https://www.commonwealthfund.org/publications/issue-briefs/2019/aug/changes-at-community-health-
centers-how-patients-are-benefiting.

Chen B, Lao S-Y, Lee Y, Stillman L, Weintraub T. Universal Health Insurance Access Efforts in MA: A
Literature Review. Health Resources in Action, 2013 September 30, 2013. Report No.

Wright B, Potter AJ, Trivedi A. Federally Qualified Health Center Use Among Dual Eligibles: Rates Of
Hospitalizations And Emergency Department Visits. Health Affairs. 2015; 34(7):1147-55. https://doi.
org/10.1377/hlthaff.2014.0823 PMID: 26153309

The Kaiser Family Foundation State Health Facts: Total Number of Medicare Beneficiaries.

Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology. 1990; 1(1):43-6.
PMID: 2081237

Perneger TV. What’s wrong with Bonferroni adjustments. BMJ. 1998; 316(7139):1236-8. https://doi.
org/10.1136/bm;.316.7139.1236 PMID: 9553006.

Veazie PJ. When to combine hypotheses and adjust for multiple tests. Health services research. 2006;
41(3 Pt 1):804-18. https://doi.org/10.1111/j.1475-6773.2006.00512.x PMID: 16704513

Kaiser Family Foundation. Community health centers prepare for funding uncertainty [Data Note].
2019. Available from: https://www.kff.org/medicaid/issue-brief/community-health-centers-prepare-for-
funding-uncertainty/.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243279 December 3, 2020 14/14


https://doi.org/10.5600/mmrr2014-004-03-a03
http://www.ncbi.nlm.nih.gov/pubmed/25360387
https://doi.org/10.1377/hlthaff.25.6.1679
https://doi.org/10.1377/hlthaff.25.6.1679
http://www.ncbi.nlm.nih.gov/pubmed/17102194
https://doi.org/10.1097/mlr.0000000000001025
http://www.ncbi.nlm.nih.gov/pubmed/30461581
http://files.kff.org/attachment/Issue-Brief-Community-Health-Centers-Growing-Importance-in-a-Changing-Health-Care-System
http://files.kff.org/attachment/Issue-Brief-Community-Health-Centers-Growing-Importance-in-a-Changing-Health-Care-System
https://www.commonwealthfund.org/publications/issue-briefs/2019/aug/changes-at-community-health-centers-how-patients-are-benefiting
https://www.commonwealthfund.org/publications/issue-briefs/2019/aug/changes-at-community-health-centers-how-patients-are-benefiting
https://doi.org/10.1377/hlthaff.2014.0823
https://doi.org/10.1377/hlthaff.2014.0823
http://www.ncbi.nlm.nih.gov/pubmed/26153309
http://www.ncbi.nlm.nih.gov/pubmed/2081237
https://doi.org/10.1136/bmj.316.7139.1236
https://doi.org/10.1136/bmj.316.7139.1236
http://www.ncbi.nlm.nih.gov/pubmed/9553006
https://doi.org/10.1111/j.1475-6773.2006.00512.x
http://www.ncbi.nlm.nih.gov/pubmed/16704513
https://www.kff.org/medicaid/issue-brief/community-health-centers-prepare-for-funding-uncertainty/
https://www.kff.org/medicaid/issue-brief/community-health-centers-prepare-for-funding-uncertainty/
https://doi.org/10.1371/journal.pone.0243279

