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Background. Many physicians are experiencing increasing demands from both their patients and society. Evidence is
scarce on the consequences of the pressure on physicians’ decision making. We present a theoretical framework and
predict that increasing pressure may make physicians disregard societal welfare when treating patients. Setting. We
test our prediction on general practitioners’ antibiotic-prescribing choices. Because prescribing broad-spectrum anti-
biotics does not require microbiological testing, it can be performed more quickly than prescribing for narrow-
spectrum antibiotics and is therefore often preferred by the patient. In contrast, from a societal perspective, inap-
propriate prescribing of broad-spectrum antibiotics should be minimized as it may contribute to antimicrobial resis-
tance in the general population. Methods. We combine longitudinal survey data and administrative data from 2010
to 2017 to create a balanced panel of up to 1072 English general practitioners (GPs). Using a series of linear models
with GP fixed effects, we estimate the importance of different sources of pressure for GPs’ prescribing. Results. We
find that the percentage of broad-spectrum antibiotics prescribed increases by 6.4% as pressure increases on English
GPs. The link between pressure and prescribing holds for different sources of pressure. Conclusions. Our findings
suggest that there may be societal costs of physicians working under pressure. Policy makers need to take these costs
into account when evaluating existing policies as well as when introducing new policies affecting physicians’ work
pressure. An important avenue for further research is also to determine the underlying mechanisms related to the dif-
ferent sources of pressure.
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Many general practitioners (GPs) work under pressure.
On one hand, they are facing an aging patient population
with more complex care needs, which is increasing the
demand for health care.1 On the other hand, they are
having difficulties retaining and recruiting colleagues,
which may be causing an insufficient supply of care.2–4

These issues are being highlighted by both the media and
stakeholders.5–7 Given the current market conditions, it is
pertinent to understand how working under pressure
affects physicians’ decision making and thus the potential
need for policy interventions. Our study uncovers the
relationship between different sources of work pressure
and GPs’ prescribing decisions.

The literature is scarce in terms of uncovering poten-
tial unintended treatment consequences of physicians
working under pressure. Two recent reviews found that
one of the most important barriers to physicians’ imple-
mentation of research-based knowledge in clinical prac-
tice is lack of time.8,9 A number of register-based studies
have found an association between GPs’ working condi-
tions and prescription of antibiotics10,11 but without pro-
viding evidence of the underlying reason for their
observation. Two recent register-based studies contribute
further by showing that falling behind work schedules
affects physicians’ treatment patterns, such as opioids
and antibiotics prescribing, as well as follow-up care.12,13

Furthermore, clinical errors, which are more common
when physicians are under pressure,14 are linked to inap-
propriate antibiotic prescribing.15 Another strand of the
literature analyzed the association between the provision
of preventative services and resource constraints. These
studies found that a lack of resources detrimentally
affects physicians’ provision of preventative services.16,17

We contribute to the literature by investigating
whether different sources of pressure affect GPs’

adherence to clinical guidelines. We focus on GPs’ pre-
scribing of broad-spectrum versus narrow-spectrum anti-
biotics. Because microbiological tests are unnecessary
when prescribing broad-spectrum antibiotics, it is typi-
cally quicker than prescribing narrow-spectrum antibio-
tics and therefore expected to be preferred by patients
seeking quick treatment.18–22 Consequently, GPs may
find prescribing broad-spectrum antibiotics less resource
demanding. However, broad-spectrum antibiotics may
contribute to antimicrobial resistance in the population,
which is described as one of the largest threats to human
health and society.23–27 Health care authorities therefore
discourage the use of broad-spectrum antibiotics in favor
of narrow-spectrum antibiotics,24 and feedback or deci-
sion support systems are commonly used to reduce inap-
propriate prescribing.28,29

We exploit a balanced longitudinal survey of English
GPs’ self-reported pressure related to different sources and
link this information to practice-level administrative data
on GPs’ prescribing decisions. Using a series of linear mod-
els with GP fixed effects, we estimate the importance of dif-
ferent sources of pressure for GPs’ prescribing. We find
that as pressure on GPs increases, the prescribing of broad-
spectrum antibiotics (a lower-effort service) increases rela-
tive to narrow-spectrum antibiotics (a higher-effort service).
This result holds for different sources of pressure. Policy
makers should therefore be aware of the existence of wider
societal costs of physicians working under pressure.

Methods

As a starting point, we set up a theoretical framework
for understanding physicians’ treatment behavior under
pressure. Next, we present the institutional setting for
English GPs. The following subsections present our
choice of variables, how we link our data, as well as our
empirical strategy.

A Theoretical Framework for Understanding
Physicians’ Response to Pressure

Our theory regarding physicians’ response to pressure is
based on the agency literature, which generally assumes
that physicians act as agents for both their patients and
the third-party payer or society at large.30 To address the
physicians’ double-agency role, we make use of the termi-
nology and insights from a multitasking framework.31,32

Following the agency literature on physician beha-
vior,33 we assume that physicians choose the amount of
effort to exert into a treatment that maximizes their own
utility. We consider the following utility function for phy-
sician i:
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ui ei, zi; gð Þ= bi ei, zi; gð Þ � ci ei, zi; gð Þ ð1Þ

We define ei as the physician effort that is aligned with
the preferences of the patient (henceforth ‘‘patient
effort’’). The term zi is the effort that is aligned with
society’s interests (henceforth ‘‘societal effort’’). The soci-
etal effort, zi, not only includes the effort needed to
deliver the treatment but also the potential effort associ-
ated with informing and convincing the patient when the
socially preferred option is not aligned with the patient’s
preferences.

We assume that the physician benefits from providing
effort into a treatment decision given by the function
bi ei, zi; gð Þ, which is strictly concave and strictly increas-
ing in ei and zi. The benefit function captures the benefit
of a physician, who internalizes the positive effects of
effort ei and zi on patient utility and societal welfare. We
assume that the altruistic concerns may be crowded out
if the physician experiences increasing pressure, described
by the parameter g � 0, from lacking resources, that is,
bi

00

eig
� 0 and bi

00

zig
� 0. Thus, a physician working under

increasing pressure may not experience the same benefit
from serving the individual patient and society. Our con-
clusions are, however, robust to cases in which pressure,
g, does not affect altruistic concerns.

Physician i’s cost of effort is captured by function
ci ei, zi; gð Þ, which is strictly convex and strictly increasing
in ei and zi. It is a standard assumption that ci ei, zi; gð Þ is
increasing in patient effort, ei.

33 That ci ei, zi; gð Þ increases
in societal effort, zi, signifies that it is also costly for the
physician to inform, convince, and treat the patient in
line with societal preferences. The convexity of the cost
function indirectly expresses the physician’s resource con-
straint. This constraint implies that for each treatment
decision, the physician faces opportunity costs of provid-
ing effort, that is, loss of leisure time or care to other
patients. If the physician experiences increasing pressure,
g, we expect the opportunity costs of providing effort
into a treatment decision to increase, that is, ci

00
eig
� 0 and

ci
00
zig
� 0.

Appendix 1 describes the interior solution to the GPs’
utility maximization problem in cases in which the 2
types of effort are either substitutes or complements.
This study focuses on physicians’ provision of 2 treat-
ments that are substitutes, that is, where providing one
type of effort reduces the marginal utility of providing
the other type of effort. We are interested in the specific
case in which patient effort, ei, is to prescribe broad-
spectrum antibiotics, and societal effort, zi, is instead to
prescribe narrow-spectrum antibiotics. If we assume that
an increase in pressure has a greater effect on the cost of

providing societal effort than on patient effort, then we
may have a scenario in which societal effort decreases
with pressure whereas patient effort increases, that is,
dz
dg

\0 and de
dg

.0. Because prescribing narrow-spectrum
antibiotics often requires additional testing and costly
negotiations with the patient, we expect that the oppor-
tunity costs of providing this type of effort increases the
most with pressure. Therefore, we expect to observe an
increase in prescribing broad-spectrum antibiotics rela-
tive to narrow-spectrum antibiotics as pressure increases.
A more detailed description of our theoretical frame-
work is available from the authors upon request.

Institutional Setting

The English general practice setting. Funding to English
general practices is allocated primarily on a per capita
basis with additional payments linked to performance
and selected services but not to prescribing. Several indi-
cators point to English GPs being under an increasing
amount of pressure from being resource constrained. A
recent analysis7 found that the number of consultations
grew by 13% between 2010 and 2015. In the same period,
the GP workforce grew by only 5%, and funding for pri-
mary care as a share of the NHS budget fell by 0.4 per-
centage points. A recent work-life survey34 found several
signs that the GPs are working under increased pressure.
Almost all GPs (98%) reported that they experience
increasing complex care needs among their patients.
Compared with 10 y ago, GPs reported increased stress
on all of 14 surveyed indicators.

Prescribing behavior. Prescribing of antibiotics is cov-
ered by the National Institute for Health and Care Excel-
lence (NICE) in their Key Therapeutic Topics document
and is monitored by the Care Quality Commission, the
English health care regulator.35,36 According to the regu-
lators, prescriptions of antibiotics should be minimized
to cases of a bacterial infection. In addition, regulators
discourage the use of broad-spectrum antibiotics in favor
of narrow-spectrum antibiotics due to an increasing con-
cern of antimicrobial resistance.24 Although prescribing
behavior is not a direct measure of effort, we henceforth
(and following the ‘‘Theoretical Framework’’ section)
denote the amount of broad-spectrum antibiotics pre-
scribed as e and the amount of narrow-spectrum antibio-
tics as z. These measures capture the effort of prescribing
as well as time spent by the physicians convincing the
patient to accept a treatment and/or ordering tests.
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The National General Practitioner Worklife Survey

The General Practitioner Worklife Survey (GPWLS) is a
survey of individual GPs in England, focusing on topics
such as their job satisfaction, job pressure, working
hours, and pay. It has both a cross-sectional and longitu-
dinal element. The longitudinal element we use in this
study covers 2010, 2012, and 2015 to 2017.34,37–39 In each
survey year, a 10% random cross-sectional sample is
selected from the entire GP population and combined
with a targeted longitudinal sample consisting of GPs
who responded to previous surveys. Together, these 2
samples form the target sample of between 5000 and
7000 GPs from a population of roughly 40,000 GPs
nationwide. The response rate varies across years, but
approximately 2500 responses are obtained for each sur-
vey.34,37–39 We select 6 questions that most strongly
reflect GPs’ experience of pressure and that reflect differ-
ent sources of this pressure. Appendix 2 provides an
overview of these questions. All 4 waves include ques-
tions 1 to 5, whereas only the last 2 waves include ques-
tion 6. GPs answering ‘‘do not know’’ to question 6 are
not included in the analysis. As very few GPs respond
‘‘no pressure’’ or ‘‘slight pressure’’ for questions 1 to 5, we
recoded these questions into a binary response grouping
‘‘no’’/’’slight’’/’’moderate’’ and ‘‘considerable’’/’’high.’’ See
Appendix 12.1 for the number of GPs responding in each
grouping.

GP Practice Prescribing Records

Monthly prescribing data are published from 2010 to
present for all English general practices and reported by
NHS Digital.40 We calculate the share of broad-spectrum
antibiotics (e) of all prescribed antibiotics e+ zð Þ. Thus,
we measure physicians’ behavior at the intensive margin,
that is, whether physicians prescribe narrow- versus
broad-spectrum antibiotics. This measure is aligned with
NICE’s indicator for antibiotic use.35

Data Linkage

Both the GPWLS and prescribing data contain unique
practice identifiers, allowing linkage from survey respon-
dents to their practice. Appendix 4 reports the linked
sample size for GPs and practices. Of 433 GPs respond-
ing to all questions in all years (analysis sample), only 32
(7.3%) are linked to more than 1 practice during the
study period. Our results are robust to removing these
GPs. To link each survey to monthly prescribing data,
we calculate the mean percentage of broad-spectrum
antibiotics prescribed over the months the survey
was conducted. The surveys were conducted over

the following months: September–November 2010,
September–November 2012, March–May 2015, and
October–December 2017.

Empirical Strategy

We estimate the association between GPs’ pressure and
their practice rate of broad-spectrum antibiotics prescrib-
ing. For GP i in year t, we model the prescription rate as

eit

eit + zit

=b1git + tt + ui + eit; ð2Þ

where the ratio eit

eit + zit
measures the practice’s share of

broad-spectrum antibiotic prescriptions of all types of
antibiotics. The variable g is a binary measure of GP
work pressure, taking the value 1 when pressure is con-
siderable/high and 0 otherwise; t is a vector of survey
year dummies; u is a vector of GP fixed effects; and e is
an idiosyncratic error term. We estimate the model using
an ordinary least square regression, where standard
errors are robust and clustered at the GP level. The
results are robust to clustering standard errors at the
practice level. This estimation is done for each of the
measures of GP pressure, g, presented in Appendix 2.

Our estimate of interest, b̂1, measures the association
between GP pressure and the prescription rate of broad-
spectrum antibiotics. b̂1.0 suggests that increasing pres-
sure increases the prescribing of broad-spectrum antibio-
tics at the detriment of narrow-spectrum antibiotics. For
the estimations to yield a causal relationship between
pressure and prescription patterns, the assumption of
conditional mean independence needs to hold for the
pressure variables. We cannot be certain that this
assumption holds, but we minimize this concern by
including GP fixed effects; that is, we control for GP
characteristics that are constant during our analysis
period.

To avoid compositional changes in the sample across
years affecting our results, we use a balanced sample of
GPs. We weight the regressions by the inverse of GP
head count in a practice. This weighting helps account
for the pressure data being self-reported by the GP but
the prescribing data being reported at practice level. The
weighting ensures that greater importance is given to
observations in which GP self-reporting is more closely
linked to practice prescribing. Another option could be
only including single-handed practices. However, as
single-handed practices are rare in England and repre-
sent only 2.6% of practices in the GPWLS sample, it is
not feasible to model pressure and antibiotic prescribing
using this very small sample.
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The 6 pressure measures are correlated (see Appendix
3). We therefore estimate separate regressions for each
measure, obtaining 6 separate estimates of the associa-
tion between alternative measures of work pressure and
prescribing. To summarize our findings across the multi-
ple measures, we estimate a composite measure. As we
do not have any clear hypotheses about how different
sources of pressure affect prescribing, we refrain from
weighting these pressures independently of prescribing as
is done in methods such as confirmatory factor analysis.
Instead, we estimate the average estimate in a way that
maintains the direction and magnitude of the estimates
without assigning different weights to different mea-
sures.41 Following Kling et al.,42 we use a 2-stage process.
In the first stage, to account for the potential correlation
of the error terms between each equation, we use a see-
mingly unrelated regression (SUR) framework to esti-
mate each of the 6 regressions individually. The potential
correlation of errors could arise, for example, if the error
terms contain a GP’s time-varying unobserved propen-
sity to feel pressured. In the second stage, the average of
the individual estimates from the SUR models is calcu-
lated using a linear combination, and the cluster robust
standard error is obtained using the delta method.

Robustness Checks

We perform 9 robustness checks to investigate the sensi-
tivity of our results to our sample selection, model speci-
fication, and estimation method (see Appendices 5–13).

As an alternative to calculating prescribing patterns
over the 3 mo each survey was conducted, we consider
the survey months plus 1 mo on either side and also the
full calendar year (see Appendices 5 and 6). As 2015 was
the only year in which the survey was conducted in the
spring, we also perform a robustness check excluding all
observations from 2015 (see Appendix 7) and as a pla-
cebo test excluding 2012 (see Appendix 8).

As our use of GP fixed effects may not fully control
for relevant GP characteristics, we estimate models con-
trolling for time-varying factors that may affect GPs’ per-
ceptions of pressure, that is, the number of hours and
sessions GPs work, the size of the patient population, the
number of the patient population aged 75 y and older,
and GP headcount (see Appendix 9). We refrain from
including lagged dependent variables in our fixed effects
regressions, as it introduces biases.43

Models are also estimated without weighting by the
inverse of GP head count in a practice (see Appendix
10), using 3 subsamples of GPs split into small, medium,
and large practices on the basis of the practices’ GP
headcount (see Appendix 11), and using an alternative

Likert scale grouping to measure pressure (see Appendix
12). Finally, changes at the extensive margin (patients’
access to and preferences for antibiotics) may affect pro-
viders’ choices at the intensive margin (the share of
broad-spectrum antibiotics). As a robustness check, we
therefore investigate whether our findings are affected by
changes at the extensive margin by controlling for total
antibiotic prescriptions at the practice level (see Appen-
dix 13).

Role of the Funding Source

The funding source had no role in study design or
implementation.

Results

Descriptive Statistics

From 2010 to 2017, the percentage of broad-spectrum
antibiotics prescribed fell from 8% to 4% for all GPs,
representing an improvement in prescribing behavior
from the societal perspective. Figure 1 demonstrates the
improvements made in a monthly time-series plot and
indicates the survey months. Figure 2 is a violin plot illus-
trating the improved prescribing of broad-spectrum anti-
biotics over survey years, both in the median and in the
variation across practices.

Figure 1 Time series of the percentage of broad-spectrum

antibiotics prescribed. The figure shows the average percentage
of prescribed broad-spectrum antibiotics calculated for all
practices in England for each month from August 2010 to
April 2018. The General Practitioner Worklife Survey months
were September to November 2010, September to November
2012, March to May 2015, and October to December 2017.
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During the same time period, the proportion of GPs
reporting considerable or high pressure increased. For
example, pressure from patients’ demand increased from
65% to 84%. Between the final 2 surveys, the proportion

of GPs reporting their practice was actively recruiting
GPs increased from 41% to 46%. Across the 6 pressure
measures, 95.2% of the GPs changed their reporting of
pressure during our observation period. Appendix 4
shows descriptive statistics for all GPs in England
(excluding the GPWLS variables), for the GPWLS sam-
ple, and for the balanced estimation sample.

Regression Results

Table 1 reports the results from 6 regression models
along with the average pressure estimate. The dependent
variable is the percentage of broad-spectrum antibiotics
prescribed, whereas the measure of GP pressure differs
across models. Across all individual pressure models, we
found a positive association between increasing pressure
on GPs and their prescribing of broad-spectrum antibio-
tics. These associations are statistically significant at a
10% level for 2 measures of pressure. Increasing GP
pressure relating to demand from patients increases the
percentage of broad-spectrum antibiotics prescribed by
0.631 percentage points. Reporting that the practice is
actively recruiting increases the percentage of broad-
spectrum antibiotics prescribed by 0.347 percentage
points. The magnitude of these changes corresponds to
an 8–14% increase in the prescription rate of broad-
spectrum antibiotics in 2017 (0.347/4.54 and 0.631/4.54).

The average pressure estimate summarizing the associ-
ation across all measures of pressure is positive and sta-
tistically significant at a 1% level. An increase in GP
pressure, as defined by this measure, is associated with

Figure 2 Violin plot showing variation across practices and
over survey years in the percentage of broad-spectrum
antibiotics prescribed. The white marker indicates the median,
the box indicates the interquartile range, spikes extend to the
upper- and lower-adjacent values, and the shaded area is a
kernel density distribution. The sample consists of English
general practitioners who responded to the General
Practitioner Worklife Survey (waves 2010, 2012, 2015, and
2017).

Table 1 Impact of 6 Measures of Pressure on the Rate of Broad-Spectrum Antibiotics Prescriptiona

Dependent Variable Percentage of Broad-Spectrum Antibiotics

Measure of

Pressure

Demands

from

Patients

Insufficient

Time

Insufficient

Resources

Long

Working

Hours Paperwork

Actively

Recruiting

a GP

Average

Estimate

0.631* (1.92) 0.187 (1.01) 0.156 (0.85) 0.228 (0.84) 0.199 (0.95) 0.347* (1.93) 0.291*** [2.76]

Constant 3.864*** (9.53) 4.406*** (25.49) 4.488*** (31.88) 4.377*** (19.01) 4.298*** (15.87) 5.294*** (46.89)

Observations 1732 1732 1732 1732 1732 2144

GPs 433 433 433 433 433 1072

R2 0.666 0.663 0.663 0.663 0.663 0.802

aThe columns contain estimated coefficients (in percentage points) from 6 ordinary least squares regressions. We regress measures of general

practitioner (GP) pressure on the percentage of broad-spectrum antibiotics prescribed while controlling for GP fixed effects, with GP dummies,

and survey year dummies. The regressions are weighted by the inverse of GP headcount (i.e., higher importance given to observations from

practices with fewer GPs). We use a balanced panel of English GPs, who responded to the General Practitioner Worklife Survey. Practice

recruiting status was asked in only the 2015 and 2017 surveys, whereas the other pressure variables were asked in 2010, 2012, 2015, and 2017.

The percentage of broad-spectrum antibiotics was obtained over the 3 survey months (3 mo for each year). In parentheses are t statistics

(standard errors robust, clustered by GP). The average estimate is obtained using seemingly unrelated estimation; the z-score is in square

brackets.

*P \ 0.10; **P \ 0.05; ***P \ 0.01.
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an increase in the percentage of broad-spectrum antibio-
tics prescribed of 0.291 percentage points. This represents
an increase of 6.4% compared with the level of broad-
spectrum antibiotics prescribed in the average GP prac-
tice from the balanced GPWLS sample in 2017 (0.291/
4.54).

The empirical results support our theoretical predic-
tion that increased pressure on physicians leads them to
reduce the more costly societal effort (narrow-spectrum
antibiotics) relative to the less costly patient effort
(broad-spectrum antibiotics). Our findings are robust, in
terms of the key estimate’s sign and statistical signifi-
cance, to all changes made to the model specification,
sample selection, and the estimation method (see Appen-
dices 5–13), the exceptions being 1) for practices with
more than 10 GPs (20% of our full sample; see Appen-
dix 11) and 2) a larger average effect for considerable
pressure when compared with high pressure (see Appen-
dix 12).

Discussion

Our study provides an important step in understanding
the consequences of physicians working under pressure.
Previous studies found that physicians’ working condi-
tions, such as time pressure, may affect their treatment
patterns.12,13 We complement these studies by investigat-
ing whether different sources of pressure affect physi-
cians’ adherence to clinical guidelines. We find evidence
that increasing pressure may make physicians less adher-
ent to clinical guidelines. More specifically, the prescrip-
tion of broad-spectrum antibiotics increases by 6.4% as
pressure on English GPs increases. Because the prescrib-
ing of broad-spectrum antibiotics is much lower in Eng-
land than in other high-income countries,44–46 the
consequences of pressure could differ in other settings.

Related studies also find that pressure may lead GPs
to inappropriate prescribing behavior. As these studies
make use of different outcomes and measures of pres-
sure,12,13 we cannot directly compare our estimates to
their findings. However, Freedman et al.12 showed that
when GPs experience unexpected schedule changes,
potentially inappropriate antibiotic prescriptions increase
by up to 2.2% of the sample mean. Neprash and Bar-
nett13 found an increase in the likelihood of prescribing
opioids of 33% of the sample mean as the workday pro-
gresses. The increase was 17% when appointments were
running behind schedule.

Our analysis is based on a unique panel data set on
GPs’ perceived pressure and practice prescribing. The
different pressure variables enable us to assess the

importance of different sources of pressure for medical
decision making. Our findings show that both GPs who
experience increasing pressure from demands from
patients as well as GPs actively recruiting increase their
share of prescriptions of broad-spectrum antibiotics. The
same tendencies are observed for the other sources of
pressure, but these estimates are statistically insignificant.
The average estimate of all included sources of pressure
confirm the relationship with prescribing.

Our findings suggest that working under pressure may
lead GPs to more often deviate from clinical guidelines.
However, as this response to pressure enables GPs to
provide more effort to other patients, it may be socially
efficient. Determining whether or not GPs’ response to
pressure is socially efficient requires a comparison of the
magnitudes of these externalities, which is beyond the
scope of this study. Further research should also focus
on identifying and estimating the consequences of pres-
sure in other cases where there may be nonalignment
between patient and societal preferences.

In cases where pressure is detrimental to society, pol-
icy makers need to identify measures that can alleviate
this issue. One solution could be to design pressure-
reducing policies. Another solution could be to educate
both patients and physicians on the advantages of choos-
ing the socially optimal treatment through information
campaigns [47]. Alternatively, policy makers can enforce
new regulation, update clinical guidelines, or introduce
incentive schemes to affect medical decision making.

Limitations

Our study faces limitations. First, our study is based only
on GPs responding to the GPWLS. This subset of GPs
work in larger than average practices in England (see
Appendix 4). However, the variation in our pressure vari-
ables suggests that our sample does not suffer from sys-
tematic self-selection on these variables, indicating that
our results are generalizable (see the ‘‘Descriptive Statis-
tics’’ section).

Another limitation is that our data on prescribing is
at the practice level and the data on pressure is at the
individual GP level. We tried to correct this issue of data
aggregation by using regression weights based on GP
head count. Reassuringly, our conclusions are robust to
whether or not we use these weights (see Appendix 10).
As a further robustness check, we conducted subgroup
analyses for different practice sizes. Our findings are
robust for small- and medium-size practices (80% of our
sample). However, we found no statistically significant
link between pressure and prescribing for practices with
more than 10 GPs (see Appendix 11). This finding is
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expected, as the link between GP pressure and practice
prescribing is weaker for larger practices. Including the
large practices in our analysis thereby yields a conserva-
tive estimate of the relationship between pressure and
prescribing.

A further data limitation is that for 2015, pressure was
measured at a different time of year than for the other
survey years (in the spring and not the autumn). Reassur-
ingly, the signs and sizes of our estimates are similar if we
drop 2015 (see Appendix 7). However, as we cut the sam-
ple, the statistical significance is reduced but still statisti-
cally significant for the average estimate. Dropping 2012
instead of 2015 yields a similar result (see Appendix 8),
which indicates that 2015 is not driving our findings.

We cannot exclude the possibility of reversed causal-
ity. If causality is reversed, such that GPs’ prescription
behavior leads to changes in pressure, we would expect
GPs who supply more costly effort by prescribing higher
rates of narrow-spectrum antibiotics to feel more pres-
sured. As a result, the relationship between the rate of
broad-spectrum antibiotics prescribed and pressure
would be negative. As we find a positive relationship
between the prescription of broad-spectrum antibiotics
and pressure, the reversed mechanism is not dominant.
Reversed causality may, however, play a role at high lev-
els of pressure. Appendix 12 confirms that both consider-
able and high pressure from demand from patients
increases the rate of broad-spectrum antibiotic prescrip-
tions. Interestingly, we find that the estimates in some
cases are lower for high pressure than for considerable
pressure. This finding may reflect that some of the GPs
who feel highly pressured may be those who prescribe
more narrow-spectrum antibiotics. The nonlinearity may
also be attributed to the sample sizes in the pressure cate-
gories. However, as pressure is measured as a binary vari-
able in our main analyses, this nonlinearity is not an issue.

Conclusions

Our analysis shows that the percentage of broad-spectrum
antibiotics prescribed increases by 6.4% as pressure on
English GPs increases. The link between pressure and pre-
scribing holds for different sources of pressure. These find-
ings indicate that there may be societal costs from
physicians working under pressure. Policy makers need to
take these costs into account when evaluating existing poli-
cies as well as when introducing new policies affecting phy-
sicians’ work pressure. An important avenue for further
research is therefore to determine the underlying mechan-
isms related to the different sources of pressure.
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