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Objectives: Despite a strong link between antibiotic use and resistance, and highly variable antibiotic consump-
tion rates across the USA, drivers of differences in consumption rates are not fully understood. The objective of
this study was to examine how provider density affects antibiotic prescribing rates across socioeconomic groups
in the USA.

Methods: We aggregated data on all outpatient antibiotic prescriptions filled in retail pharmacies in the USA in
2000 and 2010 from IMS Health into 3436 geographically distinct hospital service areas and combined this with
socioeconomic and structural factors that affect antibiotic prescribing from the US Census. We then used fixed-
effect models to estimate the interaction between poverty and the number of physician offices per capita (i.e.
physician density) and the presence of urgent care and retail clinics on antibiotic prescribing rates.

Results:We found large geographical variation in prescribing, driven in part by the number of physician offices per
capita. For an increase of one standard deviation in the number of physician offices per capita there was a 25.9%
increase in prescriptions per capita. However, the determinants of the prescription rate were dependent on socio-
economic conditions. In poorer areas, clinics substitute for traditional physician offices, reducing the impact of
physician density. In wealthier areas, clinics increase the effect of physician density on the prescribing rate.

Conclusions: In areas with higher poverty rates, access to providers drives the prescribing rate. However, in
wealthier areas, where access is less of a problem, a higher density of providers and clinics increases the prescrib-
ing rate, potentially due to competition.

Keywords: antibiotic resistance, public health, pharmacoepidemiology

Introduction

Antibiotic resistance is a significant public health challenge and
contributes to poor inpatient outcomes.1–3 Large differences in
the frequency of resistant infections have been noted, both
among regions of the USA4,5 and across European countries.6

Variations in antibiotic consumption rates among countries6 and
regions of countries7–11 offer one possible explanation for vari-
ation in resistance.

The main drivers of geographical variations in antibiotic
consumption have been attributed to: (i) socioeconomic differ-
ences (e.g. education level,12 financial well-being,9,12,13 access
to health insurance,11,14 use of childcare centres15); (ii) structural

differences (e.g. physician density,9,13 physician remuneration,13

antibiotic costs and competition9,16); and (iii) cultural differences
(e.g. prescribing norms,12 patient demand12). Healthcare provi-
ders, as the only ones that can prescribe antibiotics in the USA,
play an important role in antibiotic consumption. However, des-
pite the importance of understanding the role that providers
play in driving antibiotic use, and the greater cost-related barriers
and lower efficiency of care in the USA vis-à-vis other coun-
tries,17,18 there is only limited research on how provider density,
or the number of providers per capita, affects antibiotic prescrib-
ing in the USA, particularly across socioeconomic groups.

We hypothesized that provider density may affect prescribing
behaviour through competition to retain patients, as has been
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seen in some limited studies in other countries.19,20 One poten-
tial source of competition for providers is non-traditional pre-
scribing outlets, such as urgent care or retail clinics (areas
incorporated into a retail store), where patients can receive
medical services; these have been shown to have high rates of
antibiotic prescribing.21 These types of establishment, which pri-
marily exist in the USA, are viewed as a competitive threat by
physicians’ organizations.22 Since increased provider density
and urgent and retail clinics are associated with more advan-
taged areas,23,24 we hypothesized that the presence of clinics
would have differential effects on provider prescribing across
socioeconomic strata.

Methods

Study data

Data on the annual number of dispensed drug prescriptions collected from
retail pharmacies in the USA were obtained from IMS Health’s Xponent
database for the years 2000 and 2010. IMS data provide the total number
of prescriptions dispensed by age at the zip-code level, and have been
extensively used in prior studies.14,25 –27 We aggregated zip-code level
data up to 3436 geographically distinct hospital service areas (HSAs),
which are collections of zip codes in which residents receive most
of their hospitalizations from the hospitals in that area,28 and thus are
likely to have providers with similar prescribing norms. HSAs also allow
us to compare areas across time.28 We then calculated the number of

prescriptions written per capita in each HSA using population data from
the US Census (www.census.gov).

Socioeconomic and structural indicators were obtained from the
Census Bureau and were selected based on existing literature of the deter-
minants of antibiotic prescribing.7,9,12,16 Structural variables of interest at
the HSA level were population density, number of childcare centres per
capita (attendance correlates with antibiotic use15), the number of hospi-
tals per capita (which included hospitals with emergency departments),
the number of physician offices per capita and the number of clinics per
capita.

Socioeconomic variables included the proportion of the population liv-
ing in poverty in a given year (census estimate based on income and family
size), the population age distribution (percentages of the population under
5 and over 65), race/ethnicity (white, African–American and other), edu-
cation (percentage of the population that graduated from college) and
unemployment. For the general population level of health, we included
the number of dialysis centres per capita.

Infection level in the population, though not a major driver, has been
associated with increased prescriptions as well.12 Because detailed data
on infection level for the entire population are not available, we controlled
for infection level using the elderly population (who account for ≏16% of
all antibiotic prescriptions) by including the number of Medicare discharges
per 1000 Medicare enrollees.28 Geographical differences in climate may
affect the prescription rate and thus we included the average temperature
difference between January and July (www.noaa.gov).

Finally, because the Census Bureau includes additional health-
care establishments in its clinic classifications (for full definition of the
clinics variable see the Supplementary data available at JAC Online), we

Table 1. Socioeconomic indicators across HSAs

Mean (SD) 25–75 percentiles Source

Offices of physicians per 10000 people (NAICS 621111) 5.46 (4.07) 3.03–7.19 US Census Business Survey

Clinics (NAICS 621493/621498) 0.84 (1.94) 0.00–5.66 US Census Business Survey

Kidney dialysis centres per million people (NAICS 621492) 12.2 (23.1) 0.0–16.6 US Census Business Survey

General medical and surgical hospitals per 100000 people

(NAICS 6221)

6.87 (10.96) 1.38–7.36 US Census Business Survey

Childcare centres per 10000 children under five (NAICS 62441) 42.29 (29.63) 24.39–53.12 US Census Business Survey

Difference between mean January and July temperatures (8F) 42.96 (11.2) 38.00–49.70 NOAA Local Climatological Data

Percentage of population under 5 6.31 (1.19) 5.57–6.93 2000, 2010 Census (SF1)

Percentage of population over 65 15.29 (4.6) 12.41–17.69 2000, 2010 Census (SF1)

Percentage of population non-white or African–American 9.24 (12.29) 2.47–10.94 2000, 2010 Census (SF1)

Percentage of population African–American alone 8.07 (13.41) 0.47–8.74 2000, 2010 Census (SF1)

Percentage of civilian population in the labour force that

are unemployed

7.08 (3.37) 4.70–8.90 2000, 2010 Census (DP3)

People per km2 245.62 (897.27) 10.09–87.53 2000, 2010 Census (SF1), Dartmouth

Atlas of Health

Medical discharges per 1000 Medicare enrollees 256.86 (77.53) 206.39–292.21 Dartmouth Atlas of Health

Percentage of population 25+ with a BA or greater 19.86 (10.25) 13.00–23.58 2000 Census (SF3), 2010 American

Community Survey (S1501)

Percentage of population with income below poverty line in

past 12 months

14.07 (6.62) 9.40–17.45 2000, 2010 Census (DP3)

Population total 85862 (189504) 12760–85608 2000, 2010 Census (SF1)

Urgent care and retail clinics per 100000 people (2010 only) 1.67 (2.77) 0.00–2.72 Urgent Care Locations, LLC

(www.urgentcarelocations.com)

Retail clinics per 100000 people (excluding HSAs without retail clinic)

(2010 only)

1.35 (1.02) 0.68–1.67 Urgent Care Locations, LLC

(www.urgentcarelocations.com)

NAICS, North American Industry Classification System.
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obtained data fromUrgent Care Locations, LLC (www.urgentcarelocations.
com) on the locations of urgent care and retail clinics in the USA to use as a
robustness check. Table 1 lists the variables included in the analysis.

Statistical analysis

Because the US Census only occurs every 10 years, we included data from
both 2000 and 2010 in our analyses. We used a two-way fixed-effect
ordinary least squares (OLS) regressionmodel that accounted for inherent
differences in state regulations regarding prescribing as well as differences
between years. Our base model centred on both the number of physician
offices and clinics per capita in an HSA, and included the previously
described socioeconomic, structural and infection level control variables.
To further examine the socioeconomic determinants of differences in pre-
scribing, we augmented the model to include a set of interaction terms,
which allowed the measurement of the synergistic effect of physician
density, poverty and clinics. The interaction terms help identify the two
mechanisms simultaneously motivating differences in prescription rates
across socioeconomic strata: differences in the accessibility of physicians
to the local population and differences in the competitive landscape facing
physicians. For model specification see the Supplementary data available
at JAC Online.

For each regression model, a finer-grained analysis was done on the
effect of clinics using only urgent and retail clinic data. However, these
additional analyses only included data from 2010 because data for finer-
grained analyses were not available for 2000.

To further distinguish between ‘access’ and ‘competition’ effects, we
also used quantile regression to estimate effects of the independent

variables across the entire distribution of prescriptions (for prescribing
rate distribution see Figure S1) using the same model equations. Lastly,
we examined the robustness of our results using the density of dialysis
centres, which are comparable to clinics in that they are health provision
centres that occupy similar physical spaces, are similarly located and hire
similar employees, but would lack competition with physicians.

Results

There were large differences in the rates of antibiotic prescribing
by HSA (Figure 1 and Figure S2). The average rate of prescribing
across HSAs was 793 [standard deviation (SD) 382] prescriptions
per 1000 people. While there were fewer prescriptions written in
2010 compared with 2000, the patterns of prescribing by HSAs
were similar across years (Figure S3).

We found a strong positive correlation between physician
offices per capita and the number of prescriptions per capita
(Table 2, column 1). For an increase of 1 SD in the number of phys-
ician offices per capita there was a 25.9% increase in prescriptions
per capita.We also found that clinics were strongly correlatedwith
increases in the prescription rate (10.5% increase per SD). Other
variables that were strongly correlated with changes in the pre-
scribing rate included: the proportion of the population over 65
(7.4% increase per SD); the number of childcare centres per capita
(1.8% increase per SD); the percentage of the population with a
bachelor’s degree (12.5% increase per SD); the number of dialysis

(a)

(b)

Figure 1. Antibiotic prescribing rates by HSA, 2010. Rates are defined as the number of prescriptions per capita. (a) Geographical variation in prescribing
rates defined as SDs from the mean prescribing rate across all HSAs. There was a clear geographical variation, with more prescriptions on average in the
south-east and to some extent the uppermid-west, while in thewest the rateswere significantly lower on average. (b) Number of prescriptions per capita
colour-coded to match the SD breaks of the map. Source: IMS Xponentw, 2010, IMS Health Incorporated. All Rights Reserved.
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centres (4.6% increase per SD); the percentage of the population
neither white nor African–American (7.9% decrease per SD);
unemployment (0.9% decrease per 1 percentage point increase);
and rural residence (12% decrease). The percentage of the popu-
lation under age 5 was also strongly correlated, but exhibited a
non-linear relationship with respect to prescriptions (Figure S4).
While the results from our finer-grained analysis were less precise
(larger standard errors) because clinic identification data were
only available for 2010, the results were nearly identical to the
prior results (Table 2, columns 2 and 3).

Prescribing differences across socioeconomic strata

Our interaction terms help to elucidate how socioeconomic con-
ditions affected the prescribing rate. While the marginal effect of
the interaction of variables is identified by the coefficient on the
relevant interaction term, the net effect on the baseline prescrip-
tion rate in any context requires the addition of the relevant coef-
ficients. For example, to identify the cumulative effect of physician
density in a high-poverty area with a clinic requires summing the

physician coefficient, each of the pairwise interactions involving
physicians, and the triple interaction term. We found that the
coefficients for the poverty–physician and poverty–clinic inter-
action terms were positive and significant, indicating that
increases in prescriptions per capitaweremore strongly correlated
to both the number of physician offices per capita and the pres-
ence of a clinic in areas with high poverty rates (Table 3, column
1). However, our triple interaction term, which measured the
effect of physician offices on poorer areas with clinics, was nega-
tively correlated with prescribing, indicating the per capita pre-
scribing rate was not as strongly correlated with an increasing
number of physician offices per capita in poor areas with clinics
as in poor areas without clinics. Conversely, our positive clinic–
physician interaction term indicates that in non-poor areas the
opposite was true: the presence of clinics in a non-poor area
increased the correlation between the number of physician offices
per capita and the prescribing rate when compared with areas
without clinics. Results from the finer-grained analysis were gen-
erally the same (i.e. same signs and similar magnitude, but less
precision due to fewer data). While the precision of the interaction

Table 2. OLS regression results on dependent variable prescriptions per capita

Prescriptions per inhabitanta

clinics from census urgent care and retail clinics retail clinics

Offices of physiciansa 0.35 (0.03)*** 0.33 (0.04)*** 0.34 (0.04)***

Clinics (NAICS 621493/621498)a,b 0.07 (0.01)***

Urgent care and retail clinicsa,b 0.09 (0.02)***

Retail clinicsa,b 0.01 (0.03)

Number of kidney dialysis centresa 0.02 (0.01)*** 0.02 (0.01)*** 0.02 (0.01)***

Number of general medical and surgical hospitalsa 20.01 (0.02) 0.02 (0.03) 0.003 (0.027)

Number of childcare centresa 0.03 (0.01)* 0.03 (0.01)* 0.03 (0.01)**

Difference between mean January and July temperatures 0.004 (0.003) 0.002 (0.003) 0.002 (0.003)

Percentage of population under 5 40.76 (8.75)*** 40.48 (9.61)*** 41.42 (9.51)***

Percentage of population under 5 squared 2278.35 (66.89)*** 2269.43 (70.55)*** 2275.63 (70.22)***

Percentage of population over 65a 0.24 (0.09)** 0.25 (0.10)** 0.24 (0.10)**

Percentage of population non-white or African–Americana 20.06 (0.03)** 20.06 (0.03)** 20.06 (0.03)**

Percentage of population African–American alonea 0.003 (0.017) 0.018 (0.018) 0.015 (0.018)

Medical discharges per 1000 Medicare enrollees 0.0004 (0.0002)** 0.0006 (0.0003)* 0.0005 (0.0003)*

Percentage of population 25+ with a BA or greatera 0.24 (0.06)*** 0.25 (0.06)*** 0.28 (0.07)***

Percentage unemployed 22.11 (0.80)** 21.61 (0.71)** 21.56 (0.70)**

Rural 20.12 (0.04)*** 20.14 (0.05)*** 20.14 (0.05)***

Percentage living in poverty 0.43 (0.27) 0.94 (0.32) 0.84 (0.32)**

Year (2010)b 20.12 (0.04)***

Constant 23.95 (0.55)*** 24.19 (0.64)*** 24.23 (0.64)***

N 6862 3433 3433

R2 0.31 0.31 0.30

Standard errors in parentheses.
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
aLogged variable.
bEach column refers to a regressionwith a different definition for clinics. The first columnuses data from the census, which includes additional healthcare
establishments but has data for both 2000 and 2010. The second and third columns only include data for 2010 but use data fromUrgent Care Locations,
LLC (www.urgentcarelocations.com), which has more precise data on clinics. Column 2 includes urgent care and retail clinics, while column 3 only
includes retail clinics.
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with poverty was lessened, the interaction with physician offices
was strengthened.

Robustness

If unobservable factors associated with increasing the number of
centres that deliver healthcare outside the hospital were driving
our results, they would likely show up as correlations with dialysis
centres. Therefore, we examined the robustness of our results to
this assumption by replacing clinics with dialysis centres in our
interaction analysis. We observed a positive association between
dialysis centres and the physician prescribing rate, as would be
expected in a sicker population. However, there was no other stat-
istical effect on prescribing. In addition, if we included both clinics
and dialysis centres in the regression, the clinic effect dominated
the effect of dialysis centres (Table S1).

Our quantile regression analysis augmented the described
findings, showing that the effect of clinics was different across

the prescribing rate distribution. Where the prescribing rate was
low, a clinic was correlated with a strong and significant positive
effect on prescribing; however, as the rate of prescribing
increased, the effect of a clinic alonewas less strongly associated
with prescribing (Figure 2a). However, the effect of the number of
physician offices per capita was magnified by the presence of
a clinic across the prescribing rate distribution, and this effect
was more pronounced in areas with higher prescription rates
(Figure 2b).

Discussion

In this study we found that both the number of physicians per
capita and clinics were significant drivers of the per capita anti-
biotic prescription rate. These results are consistent with the
literature showing that increasing physician density drives con-
sumption of healthcare services.29 However, we also found a

Table 3. OLS regression results on dependent variable prescriptions per capita with interactions

Prescriptions per inhabitanta

clinics from census urgent care and retail clinics retail clinics

Offices of physiciansa 0.25 (0.03)*** 0.25 (0.04)*** 0.30 (0.04)***

Poverty indicator (1/0)b 20.45 (0.15)*** 20.11 (0.14) 20.08 (0.11)

Clinic present indicator (1/0)c 20.00 (0.08) 20.16 (0.10) 20.22 (0.10)**

Clinic–physician interactionc 0.08 (0.04)* 0.17 (0.05)*** 0.12 (0.05)**

Poverty–physician interaction 0.34 (0.09)*** 0.13 (0.08) 0.11 (0.06)*

Poverty–clinic interactionc 0.54 (0.16)*** 0.25 (0.22) 0.29 (0.35)

Poverty–clinic–physician interactionc 20.32 (0.08) *** 20.13 (0.12) 20.15 (0.18)

Number of kidney dialysis centresa 0.02 (0.01)*** 0.02 (0.01)** 0.02 (0.01)***

Number of general medical and surgical hospitalsa 20.01 (0.02) 0.03 (0.03) 0.002 (0.027)

Number of childcare centresa 0.03 (0.01)** 0.03 (0.01)** 0.03 (0.01)**

Difference between mean January and July temperatures 0.004 (0.003) 0.002 (0.003) 0.002 (0.003)

Percentage of population under 5 37.60 (8.00)*** 36.27 (9.26)*** 38.03 (9.19)***

Percentage of population under 5 squared 2257.51 (60.65)*** 2240.48 (68.14)*** 2249.90 (67.91)***

Percentage of population over 65a 0.25 (0.09)*** 0.21 (0.10)** 0.23 (0.10)**

Percentage of population non-white or African–Americana 20.05 (0.02)* 20.06 (0.03)** 20.05 (0.03)*

Percentage of population African–American alonea 20.002 (0.015) 0.01 (0.02) 0.01 (0.02)

Medical discharges per 1000 Medicare enrollees 0.0003 (0.0002) ** 0.0006 (0.0003)** 0.0005 (0.0002)*

Percentage of population 25+ with a BA or greatera 0.24 (0.05) *** 0.21 (0.06)*** 0.27 (0.06)***

Percentage unemployed 21.91 (0.77)** 21.12 (0.65)* 21.19 (0.65)*

Rural (1/0) 20.12 (0.04)*** 20.13 (0.05)*** 20.14 (0.05)***

Year (2010)c 20.13 (0.04)***

Constant 23.71 (0.52)*** 23.64 (0.63)*** 23.93 (0.63)***

N 6862 3433 3433

R2 0.32 0.32 0.30

Standard errors in parentheses.
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
aLogged variable.
b25% of HSAs with the highest percentage of individuals living in poverty.
cEach column refers to a regressionwith a different definition for clinics. The first columnuses data from the census, which includes additional healthcare
establishments but has data for both 2000 and 2010. The second and third columns use data from Urgent Care Locations, LLC (www.
urgentcarelocations.com), and include urgent care and retail clinics in column 2 and only retail clinics in column 3, but only include data for 2010.
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suggestion that clinics altered the prescribing rate differently in
poor and non-poor areas. This is not surprising since clinics provide
an experience that is generally less expensive and more conveni-
ent (more hours, no appointments, less expensive) than physician
offices or emergency departments.21,30 Evidence also suggests
that a large proportion of their clientele are underserved by the
rest of the medical system,31 particularly individuals without
insurance.21 Thus, we examined how poverty and clinics inter-
acted to elucidate the different mechanisms driving prescribing
rates in different socioeconomic areas.

Our results suggest that, in poor areas, while prescription rates
increased with both physician office density and the presence of a
clinic, the effect of physician office density was mitigated by the
presence of a clinic. In other words, these results suggest that
adding a clinic or a physician office in a poor area increases pre-
scribing, but once a clinic already exists in an area introducing
more physician offices has a limited impact. These are the
expected results if access is the fundamental issue.

In higher-income areas, on the other hand, we found that the
presence of a clinic augmented physician prescribing. This correl-
ation was particularly strong when we only used retail clinics,
which are largely concentrated in higher-income areas.24 This
suggests that in wealthier areas, which are generally already
well served by physicians,23 clinic presence increases the prescrib-
ing rate for providers. The significant lack of an interaction with
poverty also supports the notion that retail clinics were largely
affecting prescribing habits in wealthier areas. Our quantile
regression approach also strongly supported this result, showing
that this effect was strongest in areas that received the most
prescriptions.

There are two potential reasons for the per capita increase in
prescribing in non-poor areas: (i) the probability of prescribing an

antibiotic at a visit increases when clinics are introduced; and (ii)
prescribing rates are constant per visit, but the presence of a clinic
augments the office visit rate. Data from TheNational Ambulatory
Medical Care Survey (NAMCS) suggest that while the prescribing
rates remain constant across poverty levels, the visit rate to out-
patient ambulatory care physician offices is 3.5-fold higher in
wealthy areas compared with poor areas (Figure S5). While the
greater office visit rate suggests that the primarymechanism driv-
ing higher prescribing rates is more office/clinic visits, prior studies
have found that increasing physician density increases prescribing
rates through efforts to retain patients19 and to maintain good
patient relationships.20 In addition, when retail clinics open
nearby, physicians may change their operations, including provid-
ing increased access to same-day care and extended hours.32

These responses, which are a form of non-price competition,
can drive up the office visit rate and by extension the antibiotic
prescribing rate. Further study in this area is warranted.

We have rigorously controlled for model specification and pos-
sible omissions of contributing factors by using OLS and quantile
regression and a robustness check using dialysis centre density,
controlling for state and year differences and using carefully
selected control variables. However, our analysis is subject to
some limitations. First, our results are correlative and not causa-
tive and we cannot capture every factor that may affect prescrib-
ing behaviour. Second, the variables includedmay not adequately
identify all the factors leading to differences in prescribing. This is
particularly true for cultural factors, which have been shown to
vary broadly at the country level,12 but additional analysis is
needed to understand whether cultural differences drive variation
in prescribing rates in the USA. Lastly, we only had data on the
number of physician offices and not the number of providers.
However, due to the scale of the analysis (.3400 geographical
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regions), this is unlikely to vary in any systematic way that would
bias the results.

Conclusions

Our results suggest that in the USA, as in other countries,9,13 an
increase in provider density is associated with an increase in per
capita antibiotic prescribing. However, we find evidence that,
rather than this association being driven by supply-induced
demand for prescriptions,9,29 it is due to competition between
providers. Therefore, new intervention campaigns must be broad-
based, acknowledging the changing healthcare delivery land-
scape and emphasizing more local coordination among diverse
groups of practitioners.
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