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Abstract

How does removing barriers to entry for previously excluded groups affect the productivity
of high-skill professions? This paper studies the entry of female physicians into the Russian Em-
pire’s rural public healthcare system after the world’s first full-term medical school for women
graduated its first cohort in 1878. I digitize historical records to construct a novel panel of the
medical labor force and vital statistics covering 336 districts from 1876-1910 and exploit varia-
tion in the timing of female physicians’ replacement of departing male physicians in a staggered
difference-in-differences design. I find that the first female physicians reduced infant and young
adult mortality of both sexes, increasing natural population growth and life expectancy. To
interpret these findings, I develop a conceptual framework distinguishing supply-side selection
from demand-side gender concordance preferences. On the demand side, female physician entry
increased clinic use and displaced untrained midwives, consistent with women shifting toward
physician care when female providers became available. On the supply side, declines in young
adult male mortality, despite historical evidence that men were unlikely to increase care-seeking
in response to female physicians solely due to their gender, suggest positive selection among
the first female entrants. In the long run, the framework predicts a rise in average quality
but an attenuation of the initial quality gap; consistent with this prediction, estimated gen-
der differences in physician value added are smaller among later graduation cohorts. Overall,
the findings suggest that opening medicine to women improved health through both greater

physician effectiveness and increased use of formal medical care.
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1 Introduction

How does the entry of previously excluded groups into high-skill professions affect the productivity of
those professions? Barriers to education and employment have historically prevented many workers
from entering occupations in which they might have been highly productive. Women and racial,
ethnic, and religious minorities were often formally or informally excluded from universities and
from high-skill professions such as medicine, law, academia, and public service. A large empirical
literature has studied how the expansion of educational and labor market opportunities affected
the individuals who gained access. Women provide a prominent example: expanding women’s
opportunities changed their schooling, careers, and fertility (e.g., Goldin and Katz, 2002; Goldin,
2014). Much less is known about how these expansions affected the productivity of occupations

from which these groups had previously been excluded.

Theoretical work suggests that these productivity effects could be large. When barriers prevent
talented individuals from entering occupations suited to their comparative advantage, aggregate
productivity can fall substantially (e.g., Lagakos and Waugh, 2013; Restuccia and Rogerson, 2017;
Hsieh and Klenow, 2009; Hsieh et al., 2019). Yet there is little causal, micro-level evidence on
whether removing such barriers raises the productivity of a profession by expanding the pool of
talent from which it can draw. Further, the productivity consequences of entry need not only operate
through changes in the talent pool. Opening a profession to a previously excluded group can also
affect demand through preferences for demographic concordance between providers and consumers,
a margin that existing Roy-style occupational choice models do not address. Few settings combine
both plausibly exogenous variation in entry timing and the data needed to measure the productivity

and concordance effects.

I study this question using the entry of female physicians into the Russian Empire’s public rural
healthcare system following the establishment of the world’s first full-term, five-year medical school
for women in 1872.2 Physicians were employed by district-level governments (Zemstvos®) and
assigned to geographically defined catchment areas, within which they practiced independently and
provided near-free care. Because patients were effectively tied to their assigned physician, and
only one physician practiced in a given area, this system limited both workplace discrimination
and patient sorting across providers. These institutional features make the setting well suited to
studying the effects of female physician entry. In the main analysis, I focus on cases in which a female
physician replaced a departing male physician without an accompanying increase in total physician

employment, separating changes in physician composition from contemporaneous expansions in

2While some women had previously obtained medical degrees in Western Europe, these were typically granted
through exceptions or informal channels. In the United States, women’s medical colleges existed but offered only
two-year programs until the 1890s.

3The Russian Empire was also one of the pioneers in this regard, one of the first countries to provide publicly-
administered, near-free healthcare to large subsets of population following the establishment of Zemstvos, rural elected
local governments. For more details on the reforms and the role of Zemstvos, see, for example, Nafziger [2011].



physician supply.

Why might the entry of female physicians affect health outcomes in this setting? 1 consider two
mechanisms. On the demand side, patient behavior may respond to physician gender. If patients
prefer gender-concordant care, the arrival of female physicians may increase healthcare utilization
among women and, by extension, children. This mechanism reduces mortality if receiving care from
a physician improves outcomes relative to no treatment or informal care, and therefore predicts
mortality declines concentrated among women, infants and children. It also predicts a decrease in

reliance on informal providers, such as midwives.

On the supply side, the larger barriers women faced may have positively selected the earliest female
physicians on clinical ability, which I define broadly as a bundle of traits that may affect patient
mortality.* If so, female physician entry should reduce mortality among groups whose survival
contemporary medicine could affect, including male patients, whose care-seeking was unlikely to
increase in response to female physician entry. As barriers to entry relaxed over time, this positive
selection would weaken, while access to a broader pool of talent could raise average physician quality
and improve population health in the long run. These contrasting predictions allow me to distinguish

between the two mechanisms empirically.

To measure how female physician entry affected mortality and health outcomes, I digitize novel
district-level data on Zemstvo physicians by gender for the period 1876 to 1915, covering more
than 330 districts of the Russian Empire with Zemstvo governments. To examine health outcomes,
I digitize a comprehensive panel of district-level vital statistics spanning 1876 to 1910, the last
year these records were published. The data include annual births by gender and detailed records
of deaths by gender and age, including month-specific mortality within infancy and five-year age
groups thereafter. These data enable the study of within-infancy and adult mortality outcomes that
have been largely inaccessible in historical contexts. I augment these data with rich information on
district-level medical labor and healthcare provision for the first thirteen years of the panel. These
highly granular data allow me to investigate the channels through which female physicians affected
mortality and to examine changes in reliance on informal care. I also digitize cause-of-death records
by age and sex from a Zemstvo province, which allow me to assess whether the mortality effects are

concentrated among groups for whom contemporary medicine offered greater scope for intervention.

I exploit the staggered timing of first female replacement hires across districts in a difference-in-
differences design. Between 1878 and 1915, 92% of studied districts had hired their first female
physician, with adoption smoothly staggered over time. For the main analysis, I focus on districts

in which the first female physician replaced a departing male physician without an increase in the

4This prediction requires ability to meaningfully affect entry probabilities. Medical education and employment
may also have depended on family resources, social connections, patronage, or political acceptability, which I do not
observe. Such factors would weaken selection on ability if they are unrelated to it. If they systematically differed
by gender, or were correlated with ability, their implications would be ambiguous, but they would attenuate the
differences in most cases.



total number of physicians, allowing me to isolate changes in physician composition from expansions
in physician supply. Therefore, the identifying variation comes from differences across districts in
the timing of these first female replacement hires: I compare within-district changes in outcomes
before and after female physician entry across districts treated at different times. I estimate both
average treatment effects and event studies, which trace the dynamics of the effects and allow me

to assess pre-treatment trends.

I find three main mortality results. First, infant mortality declined by approximately 3.8% on
average. In the corresponding levels specification, this amounts to 13.7 fewer deaths per 1,000
births, or a 1.4 percentage-point decline. For context, infant mortality in 1876 was 31.4%. The
effects were larger and more sustained in middle infancy, particularly between months 1-5. Second,
mortality declined significantly among young men and women aged 15-54. Third, I find declines
in mortality among children, although negative pre-treatment trends make these estimates less

conclusive. I find no statistically significant effects on mortality among older age groups.

This pattern of mortality effects is difficult to reconcile with a purely demand-driven mechanism.
Increased care-seeking driven by gender concordance would operate primarily through women, in-
fants, and children, and therefore predict improvements concentrated among these groups. However,
I also find substantial mortality declines among young men, whose healthcare utilization is unlikely
to increase in response to female physician entry. Therefore, the decline in young male mortality

points toward differences in physician effectiveness as an important part of the explanation.

These mortality reductions translated into improvements in population growth and life expectancy.
Using district-level population counts from the 1897 Census combined with annual birth and death
records, I construct measures of natural population growth. I find that female physician entry
increased population growth rate by 0.11 percentage points relative to a pre-treatment mean of
1.65%. This reflects both declining mortality and weakly rising birth rates, consistent with improved
survival among young adults and thus increased child-bearing years in the population. I also examine
period life expectancy at birth using age- and sex-specific census population data. The entry of the
first female physicians increased female life expectancy by 1.1 years (2.8%) and male life expectancy
by 1.2 years (3.5%).

To understand why the mortality effects are concentrated among infants, children, and young adults,
I examine variation in causes of death and the scope for medical intervention at the time. Newly
digitized cause-of-death data show that these age groups accounted for a disproportionate share
of deaths from causes that were potentially preventable or treatable through medical care. Infant
mortality was largely driven by conditions linked to poor hygiene and feeding practices [Natkhov and
Vasilenok, 2023|, which could be mitigated through improved maternal knowledge and basic care,
consistent with contemporary accounts of female physicians’ efforts to instruct mothers [Jakobson,
1958]. Among children, mortality was dominated by infectious disease, especially smallpox, for

which the quality and reliability of vaccination could materially affect survival [Veretennikova, 1984;



Chapman, 2026]. Among young men, mortality was often driven by injuries followed by infection,
for which recently introduced antiseptic techniques such as sterilizing instruments and cleaning
wounds to prevent bacterial infection could substantially improve survival, as emphasized by Mokyr
[2005, p.94]. These techniques had become mainstream in the Russian Empire by the late 1870s
and early 1880s [Breido, 1956]. Among young women, mortality was often driven by childbirth-
related complications, for which the same infection-prevention practices, together with improved
obstetric techniques, could reduce maternal deaths. Older adults, on the other hand, mostly died
from chronic and infectious diseases for which effective treatment remained limited. This evidence
suggests that female physicians were most effective in contexts where existing medical knowledge

and practices could meaningfully prevent or treat the underlying causes of death.

I next examine some of the channels through which female physicians may have reduced mortality.
Their entry increased clinic use and was associated with a suggestive increase in the share of births
taking place in clinics. I also document large and persistent declines in the number of untrained
midwives, suggesting that female patients substituted away from informal providers toward female
physicians when the latter became available. This substitution provides evidence of demand-side
responses, consistent with increased formal care-seeking among women in the presence of female

physicians.

I then address several important threats to identification. Female physician entry was not accom-
panied by increases in other healthcare inputs controlled by Zemstvo boards, such as clinic beds or
local medical budgets, making coincident improvements in healthcare provision an unlikely expla-
nation for the mortality decline. Nor do differences in physician career stage appear to account for
the results. Female physicians had higher estimated value added than male physicians from similar
graduation cohorts, and linking entering female physicians to the departing male physicians they
replaced yields no evidence that differences in graduation year or the age of the departing physician

explain the mortality effect.

The findings are also robust to alternative samples, specifications, and identification strategies. The
results are similar when I include all first female physician entries rather than restricting attention
to replacements of departing male physicians. As a spatial placebo, I find no mortality effects in the
urban populations of treated districts, where the female physicians in my sample did not practice.
The results are also stable across alternative estimators and placebo tests, and an interrupted
time series design examining within-district mortality changes around female physician entry yields
similar patterns. I further implement alternative identification strategies, including a stacked design
comparing female and male replacement hires occurring in the same year and comparisons of female

and male physician expansions, which provide broadly consistent, though less precise, evidence.

To study the broader implications of these results, I formalize the supply and demand channels in a
conceptual framework that predicts the long-run composition and quality of the physician workforce.

As barriers to entry relax, the exceptional positive selection of the earliest female entrants diminishes,



so the initial female advantage in average physician quality generally attenuates over time. The
long-run composition of the profession depends on underlying ability distributions and gender-
concordance preferences. I first consider a benchmark in which men and women have identical
latent medical-ability distributions and concordance preferences are symmetric. In this case, the
long-run features gender parity in both physician shares and average quality. I then relax the equal-
distribution benchmark: if women have a higher underlying distribution of medical ability,” the
workforce becomes majority female and average female quality is higher, while marginal quality
remains equal across genders. In almost all cases, the initial gender gap in quality is predicted to

shrink over time.

I examine these predictions in two ways. First, using the linked physician panel and estimating
individual-level physician value added, I find that gender differences in physician value added are
smaller among later graduation cohorts. Second, I use modern data to evaluate the longer-run
implications of the framework. Today, in all countries formerly part of the Russian Empire, women
account for substantially more than half of the physician workforce. One possible explanation is that
female patients disproportionately prefer female physicians, increasing relative demand for female
physicians. I provide evidence against a purely concordance-driven explanation using experimental
evidence from Kissel, Matiashvili, and Roy [2026|, where we show that gender concordance prefer-
ences are confined to gender-sensitive specialties. However, using data from the Republic of Georgia,
I document that women comprise over 60% of practicing physicians across nearly all specialties —
including non-gender-sensitive ones. This pattern is consistent with an underlying female advantage

in medicine, although other forces affecting occupational sorting cannot be ruled out.

Literature Review This paper contributes to three strands of literature. First, it contributes to
the literature on the misallocation of talent (e.g., Hsieh and Klenow [2009]; Lagakos and Waugh
[2013]; Gollin, Lagakos, and Waugh [2014]; Bohm and Watzinger [2015]; Restuccia and Rogerson
[2017]; Gradstein [2019]; Lopez and Torres [2020]; Celik [2023]). A large body of work, largely
theoretical or based on macro-level data, shows that restricting access to labor markets can generate
substantial aggregate losses by preventing talented individuals from pursuing professions of their
comparative advantage (e.g., Hsieh et al. [2019]; Ashraf et al. [2022]; Lee [2024]; Brouillette [2025]).
Descriptive empirical work has also documented that under-representation may lead to inefficiencies
(e.g., Abramitzky et al. [2024]; Iaria, Schwarz, and Waldinger [2024]). A smaller causal literature
examines how demographic restrictions on access to high-skill positions affect subsequent outcomes:
Besley et al. [2017] show that gender quotas in Sweden increased the competence of male politicians

by crowding out less capable men. Lubczyk and Moser [2025] study female scientists’ entry into firms

SFormally, I assume that the female ability distribution first-order stochastically dominates the male distribution
and that this dominance is preserved in upper-tail means: for any common entry threshold ¢, E[Ay | Ay > t] >
E[A,, | As > t]. The latter condition ensures that, at a common equilibrium entry threshold, female physicians have
higher average ability.



during WWII and find increases in men’s publications in these firms.% This paper contributes to this
literature by studying the removal of a formal barrier excluding women from a high-skill profession
and measuring its consequences for physician effectiveness and population health through female

physicians’ own productivity.

Second, this paper contributes to the health economics literature on how provider characteristics in-
fluence patient behavior and outcomes. A substantial body of medical research has examined gender
concordance preferences between patients and physicians, with many studies reporting associations
with better health outcomes [Schmittdiel et al., 2009; McDevitt and Roberts, 2014; Greenwood,
Carnahan, and Huang, 2018; Eggermont et al., 2018; Lee et al., 2019] and improved perceptions
of care |Bertakis and Azari, 2012; Smith, 2022|. Other studies, by contrast, have found no signifi-
cant effects on outcomes [Jerant et al., 2011; Krdhenmann-Miiller et al., 2014; Yang et al., 2016] or
perceptions of care [Bertakis, 2009; Scheid and Smith, 2017; Crawford et al., 2019].7 These stud-
ies document associations between physician-patient gender concordance and outcomes. Causal
evidence in economics has shown that racial concordance can increase care-seeking for preventive
services |Alsan, Garrick, and Graziani, 2019] and gender concordance can increase care-seeking
among female physicians’ female family members [Anderson et al., 2026], but there is little causal
evidence of the effect gender concordance among patients on their care-seeking, where preferences
may be stronger, particularly in gender-sensitive specialties such as gynecology or urology [Kissel,
Matiashvili, and Roy, 2026], and in more patriarchal settings. This paper provides novel causal
evidence that increasing the availability of female physicians led to higher healthcare utilization

among women, shifting demand towards formal healthcare.

Finally, this paper contributes to the growing literature on the determinants of the large declines
in mortality and increases in life expectancy around the turn of the twentieth century. Much of
this work has focused on non-medical public health improvements, such as water filtration and
sewage infrastructure, and their effects on infant and child mortality [Cutler and Miller, 2005; Fer-
rie and Troesken, 2008; Kesztenbaum and Rosenthal, 2017; Chapman, 2019; Alsan and Goldin,
2019; Egedesp, Hansen, and Jensen, 2020; Anderson, Charles, and Rees, 2022|. Other studies em-
phasize the role of medical innovations, including sulfa drugs and smallpox vaccines [Jayachandran,
Lleras-Muney, and Smith, 2010; Ager, Worm Hansen, and Sandholt Jensen, 2018]|, as well as institu-
tional changes such as health insurance expansions [Winegarden and Murray, 2004; Bauernschuster,
Driva, and Hornung, 2020| and the creation of public health systems [Hoehn-Velasco, 2018; Marein,
2023|. In contrast, relatively little is known about the productivity of physicians during this pe-
riod, particularly before the widespread use of antibiotics. Existing evidence [Anderson et al., 2020;
Hollingsworth et al., 2024; Saaritsa, Simanainen, and Ristola, 2024; Liebert and Méder, 2026,

Schaede and Mankki [2026] provide related evidence from a quota favoring male entrants into primary-school
teaching in Finland. Although the quota admitted academically lower-scoring men, students exposed to these teach-
ers experienced better long-run outcomes, illustrating that observable admission credentials need not fully capture
occupational productivity.

"See Lau et al. [2021] for a comprehensive review.



largely focuses on later periods or on changes in medical supply rather than physician productivity.
Building on this literature, this paper provides new causal evidence that physicians, and female
physicians in particular, influenced mortality across multiple age groups in the late nineteenth cen-

tury, and shows that individual physician quality mattered for population health.

The rest of the paper is structured as follows. Section 2 recounts the history of the opening of the
world’s first full-term medical school for women and the history of rural public medicine. Section
3 describes the novel data digitized for this study and presents descriptive statistics. Section 4
describes the empirical strategy and identifying assumptions. Section 5 presents the mortality
effects, interprets the effect sizes in the context of existing literature, relates them to causes of
death, examines the channels through which they arise, and reports robustness checks. Section
6 develops the conceptual framework, derives its long-run implications, and evaluates them using

historical and modern data. Section 7 concludes.

2 Historical Background

This section describes the institutional and historical context surrounding the entry of the first fe-
male physicians in the Russian Empire. The creation of a formal medical education path for women,
paired with a decentralized system of rural public healthcare, resulted in substantial variation in
when and where female physicians entered the profession. This section also explains how the struc-
ture of rural public healthcare limited demand-side and workplace discrimination, which allows me

to measure physician performance with relatively little friction.

2.1 World’s First Full-Term Medical School for Women

In 1872, the Russian Empire established the world’s first full-term medical school for women.® In
the United States, women’s medical colleges had existed since the 1850s, but they offered limited
curricula and did not adopt four-year programs until 1891 [Fee and Brown, 2004].” Pressure to
expand access to medical training for women in the Russian Empire stemmed in part from public
health concerns. Contemporary discussions emphasized the limited training of existing midwives:
“there arose a need for educated midwives who could replace the ignorant traditional ones, through
whose ineptitude so many lives perish and so much suffering is caused” [Abramov, 1886, p. 5|.
In response, the government’s medical council surveyed the six existing male medical schools on

the potential benefits of creating a course for “educated midwives.” All six endorsed the proposal

8By 1872, several women were already practicing medicine in the Russian Empire, having obtained degrees as
exceptions at men’s universities in Zurich and Paris [Pigeard-Micault, 2007; Gosteli, 2019]. The first two women
officially admitted to a medical university were from the Russian Empire, matriculating at the University of Zurich in
1867. In 1849, Elizabeth Blackwell became the first woman to earn a medical degree in the United States, graduating
from Geneva Medical College in New York. However, her admission was reportedly intended as a practical joke and
did not establish a broader precedent [Nimura, 2021; Blackwell, 2005, p. 27]. These early cases of women earning
medical degrees from traditionally male institutions were rare and lacked systematic institutional support.

9By the 1890s, medical education in the United States remained largely unregulated, and very few institutions
offered four-year programs at all [Fee and Brown, 2004]. Moehling, Niemesh, and Thomasson [2026] discuss how the
regulation of medical education in fact led to a reduction in the share of female physicians in the US.



and recommended that women receive not only midwifery instruction but also a general medical

education.

As a trial, a four-year course was launched in St. Petersburg in 1872. Yet from the outset, the
original goal of producing “learned midwives” quickly gave way to a broader vision: women were
instead offered a full medical education. Before the first cohort graduated, a fifth year was added,
and the program was formally renamed the Courses for Female Doctors. The curriculum closely
matched that of men’s medical schools, with the exception of courses in forensic and police medicine,
fields female doctors could not legally practice in, which were replaced with more advanced midwifery
instruction (p. 7). The courses were taught by the same professors who taught in the all-male

Imperial Medical-Surgical Academy in Saint Petersburg.

The students were subject to entry and annual qualifying exams, with the final licensing exams at
the end of the fifth year. The final exams were identical to those of the men’s schools. Members of
the medical committee who attended the final exams for the first graduating cohort concluded that
the women possessed all the necessary knowledge for medical practice [Abramov, 1886, pp. 9-10].
Thus, the first women physicians of the Russian Empire entered the medical workforce. The use
of entry, annual qualifying, and final licensing examinations indicates that demonstrated academic
ability played an important role in the trainees’ progression through education and into medical
practice. This supports the premise that selection into the physician workforce was at least partly
ability-based.

The courses quickly gained popularity. By 1885, nearly 400 women held the right to practice
medicine in the Russian Empire [Ministry of Internal Affairs, 1885|. Between 1887 and 1897, how-
ever, the courses were shut down under a new Interior Minister who opposed them, citing the
adequate existing supply of male physicians [Tarnovskaya, 1903, p. 509]. A subsequent policy shift
fueled by renewed activism led to their reinstatement and expansion in 1897. This decision was
driven by mounting evidence of the critical role female doctors played in treating female patients.
Contemporary reports emphasized that many women, due to “shyness” or cultural norms, avoided
seeking care from male physicians until their conditions had progressed significantly |[Tarnovskaya,
1903].19 Further pressure came from the specific needs of Muslim women, who were often entirely

unable to access medical care in the absence of female doctors.!!

By 1910, the number of female doctors had grown more than fivefold, reaching 2,075 [Ministry of

Internal Affairs, 1911|. Their share of the medical profession rose from under 2.5% in 1885 to over

10T his sentiment was not specific to the Russian Empire. A famous American obstetrician Charles D. Meigs noted
in his work Females and Their Diseases: “All these evils of medical practice spring not, in the main, from any want of
competency in medicines or medical men, but from the delicacy of the relations existing between the sexes [...] There
are women who prefer to suffer the extremity of danger and pain rather than waive those scruples of delicacy which
prevent their maladies from being fully explored.” (Meigs [1848], as quoted in [Reeder, 2024, pp.13]).

1YWhile an interesting case to study, as Muslim women were prohibited from seeing male doctors, very few districts
with Zemstvos that administered public rural healthcare had sizable Muslim populations, so I am unable to pursue
this interesting heterogeneity in this setting.



10% by 1910. Women thus became an increasingly vital part of the medical workforce, particularly

in rural public medicine, where they held full rights to practice independently.

Contemporaries had much to say about female doctors. Abramov [1886], a contemporary publicist,
in his defense of keeping the women’s medical courses open, cited an 1879 Zemstvo survey reporting
that “many Zemstvos proclaimed the advantages of hiring specifically female doctors to serve rural
populations.” Newspapers also frequently reported on the successes of female physicians, some
acquiring near-mythic reputations: “|A female Zemstvo physician in Kursk province| became so
popular that the peasants called her “the Merciful One”, sent by the Lord himself” [Suschinsky,
1883, p. 21|. Abramov also argued that female doctors were generally superior to their male
counterparts: “the female doctor turns out to be more effective, more hard-working, more attentive
to the patients than the male physicians, and so her practice is wider than that of male physicians”
(pp. 21-22). A newspaper article wrote about a female Zemstvo doctor in Tula province: “[she]
obtained a reputation of an excellent surgeon, performing surgeries |...] wholly unheard of in |her]
district.” [Suschinsky, 1883, p. 21]

Female medical students came from a wide range of social backgrounds. Using data from the
first eight years of admissions, Suschinsky [1883] reports that approximately 75% were wives or
daughters of men in civil service, such as bureaucrats, educators, and physicians, as well as guild
and small merchants, military personnel, and honorary citizens. Children of peasants were also
represented, though in much smaller numbers (Appendix Table A.1.1). These distributions are
broadly comparable to the social origins of male Zemstvo physicians, as shown in Frieden [1981,

Table IV.C.3].

2.2 Zemstvo Medicine: Rural Public Medicine of the Russian Empire

In 1864, the imperial government introduced the Zemstvo system of local self-government as part
of a broader set of progressive administrative reforms following the emancipation of the serfs in
1861. Zemstvos were elected district and provincial councils responsible for providing crucial local
public goods, including primary education, roads, and rural healthcare [Imperial Chancellery, 1867].
Because the central government did not directly manage most local services, the development and
organization of medical care in rural areas was largely determined by these local institutions. The
healthcare provision programs, which were virtually free, aimed to bring modern medical care to

12 Districts were divided into catchment areas, each typically served by one doctor

the peasantry.
responsible for a clinic and the entire local population (see Appendix Figure A.3.1 [Frenkel, 1913]).
These doctors provided both inpatient and outpatient care at the clinic and often traveled long
distances to treat patients in remote villages. Their responsibilities ranged from clinical treatment

to health education and preventive care, particularly in areas such as hygiene and infant feeding.

2Tndividual Zemstvos differed in their payment structures, with some asking for small payments for clinic stays.
Almost all charged residents of other catchment areas or districts. For examples of patient payment structures, see
Appendix Table A.2.1.



They were usually assisted by several nurses, whose role was to carry out doctors’ instructions and

administer medicines during follow-up home visits.

Three features of the Zemstvo medical system make it a compelling setting to study the impact of
female physician entry. First, patients were effectively tied to their assigned catchment-area physi-
cian: in the vast majority of cases, access to near-free public care required visiting that physician,
while private alternatives were prohibitively expensive for most peasants. Even if the district al-
lowed going to a physician in a different catchment area, that would often require traveling long
distances. This limited the scope for patient self-selection across physicians and instead shifted
variation to the margin of whether patients sought care at all or relied on informal providers. Sec-
ond, because each catchment area was typically served by a single physician, practitioners, both
male and female, operated with substantial autonomy, limiting workplace discrimination. Third,
districts were divided into a small number of catchment areas (median of four), so each physician
was responsible for a large share of the local population, making changes in physician composition

consequential for aggregate district-level health outcomes.'3

While serving as a Zemstvo doctor was demanding, it came with notable benefits. Chief among
them was financial: these positions paid over twice as much, about 1,000 rubles a year on average,
compared to typical government jobs, which paid under 440 rubles.'® They paid several-fold more
than midwife and nurse postings |[Zhbankov, 1891]. They were also highly prestigious. From the

Y

start, Zemstvo practice was seen as a form of “service to the people,” a calling embraced by many
men and, later, women. Doctors prepared themselves “to fight the ignorance of the popular masses

and to change the entire aspect of their world view” |Frieden, 1981].

Zemstvo practice also served as an important career stepping stone. Among the 1903-1909 MD
cohorts'® living in Zemstvo provinces, more than 47% of men and almost 52% of women entered
Zemstvo service in the first three years after their graduation.!” Meanwhile, half of all physicians

newly hired by Zemstvos between 1889-1910 had 5 or fewer years of experience. These comparable

13The empirical analysis is conducted at the district rather than catchment-area level because vital statistics
are available only at the district level. The estimated effects therefore capture the district-level consequences of
introducing a first female physician even though she directly served one catchment area. Patients could seek care
outside their assigned catchment area, but almost all Zemstvos charged residents of other catchment areas or districts,
limiting this margin of patient sorting; see Appendix Table A.2.1.

14 Available wage data suggest that gender-based pay differences were uncommon. Zhbankov [1891] reports physi-
cian salaries by district in 1888. Among the 50 districts employing a female physician for which wages are reported,
38 did not report different salaries by gender, and 12 reported male-favoring wages.

!5Calculations based on Table 2.4 of Frieden [1981].

16T start in 1903, because physician-level data are available starting in 1889, and the first graduation of the newly
reopened female medical school took place in 1903. The previous most recent graduation year was 1887.

17 Among all physicians practicing in these provinces in 1889-1910, 24% of female and 20% of male physicians were
Zemstvo physicians, suggesting that these jobs likely drew similar types of male and female physicians. A gap existed
instead in the shares of physicians pursuing military and police-type jobs (~ 13% men vs 0% women, largely due to
institutional limitations) and private practices (26% men vs 44% women). These calculations are based on the data
processed for Matiashvili [2026], which exploits the physician-level data in a movers’ design to estimate physician
value added and explore the characteristics of high and low-value-added physicians of this era.
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shares suggest that both men and women actively pursued Zemstvo positions upon graduation,

easing concerns about negative selection into the job type.

Hiring for Zemstvo physician positions typically followed a formal process of vacancy postings, ap-
plications, and candidate evaluation. Appendix Figure A.4.1 shows an example of a 1910 vacancy
advertisement published in the weekly newspaper Russian Doctor [Vladislavlev and Podvisotskii,
1910]. Applicants responded to such postings by submitting their credentials. Application packets
typically included educational and professional records and, occasionally, reference letters, suggest-
ing that previously observed ability played a role in hiring decisions. These were submitted to
Zemstvo boards, which deliberated on candidates before making a final decision. Because vacancies
arose from physician turnover and were filled through this decentralized process, the timing of fe-
male physician entry was often driven by local staffing needs. This makes it unlikely that systematic
differences in underlying health trends were correlated with the timing of the first female physician

hire.

Finally, understanding the scope of medical knowledge at the time is important for understanding
how physicians could have affected population health in this historical setting. While medicine had
not yet reached the modern scientific model, important advances had been made in infection pre-
vention through antiseptic and aseptic methods, which were important for preventing wound infec-
tions, especially among young adults. Obstetric practices taught in medical schools aided childbirth.
High infant mortality, driven by poor feeding and hygiene practices [Natkhov and Vasilenok, 2023;
Gilyarovsky, 1866], made the educational role of physicians particularly important. A large share
of child mortality was accounted for by infectious diseases. While vaccines did not exist for most
diseases, a powerful smallpox vaccine did exist, if administered correctly. By contrast, most older
adults perished from chronic or poorly understood diseases. These differences imply that physi-
cian quality could plausibly affect mortality outcomes in some domains but not others. Further

discussion of causes of death is provided in Section 5.3.

3 Data and Descriptive Statistics

To study how the entry of female physicians affected health outcomes, I collected, digitized, and
assembled a novel district-by-year panel that combines detailed information on the physician labor
force with rich vital statistics and measures of healthcare provision, covering 336 Zemstvo districts
in 35 provinces.'® The main outcome panel spans 35 years, from 1876 to 1910: physician and vital
statistics data are available throughout this period, while most other healthcare provision outcomes
are available from 1876 to 1888. I additionally digitize physician data through 1915, which I use
to distinguish districts that had not yet hired a female physician by 1910 but did so by the end of
the observable period, from districts for which no female physician hire is observed. All outcome

datasets begin in 1876, two years before the first female physicians graduated in 1878. In this

18There were a total of 373 districts in these provinces in 1876. However, 37 districts did not have tabular data in
the Zemstvo Medical Time Series due to a lack of record-keeping. These districts are not part of the analysis.
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section, I describe these data sources in detail and explain how they allow me to identify both the

timing and location of first female physician entry.

3.1 Medical Personnel

Female Physician Entry into Zemstvo Practice The central variable of interest is the treat-
ment indicator for the entry of the first female physician into a district Zemstvo’s employ. To
construct this measure, I draw on two newly digitized historical sources. The first is the Zemstvo
Medical Collection, a seven-volume compendium compiled in 1890 by prominent Zemstvo physi-
cian Dmitrii Nikolaevich Zhbankov |Zhbankov, 1891]. Prepared for the annual Pirogov Doctors’
Conference to commemorate 35 years of Zemstvo medicine, the Collection documents the medical
histories of provincial and district Zemstvos from 1865 to 1888, covering nearly the entire universe of
Zemstvo districts. The compendium includes district-level time-series tables reporting annual med-
ical statistics, such as the number of physicians (with female physicians recorded separately when
present), nurses, midwives, clinic beds, inpatient and outpatient visits, smallpox vaccinations, and
other metrics (see Appendix Figure B.1.1). While many district-years lack information on specific
indicators, such as clinic or home births, physician counts are nearly complete, and fully complete
from 1875 onward. The series ends in 1888.

The second data source used to construct the treatment indicator for the entry of the first female
physician into a district is the annual Medical Directories of the Russian Empire, which included
all registered practicing physicians. I use volumes from 1890 to 1916 (e.g., Ministry of Internal
Affairs [1890]), which, beginning in 1890, reported physicians’ practice locations. Licensed practicing
physicians were required to report their name, birth year, academic title, graduation year, job title,
and residence location each year. While some physicians may not have lived in the same village in
which they practiced, the analysis is conducted at the district level, and given the large geographic
distances involved, residence provides a reliable measure of district-level practice location.'® Because
the directories were typically published in the first quarter of the year, they effectively describe the
medical workforce from 1889 to 1915.2° Each edition was divided into three sections: Male Doctors,
Female Doctors, and Late-Reporting Doctors.?! I digitize all three sections (see Appendix Figure
B.2.1 for illustration), harmonize location names, and assign villages to districts where relevant.
I treat the three sections as a single physician roster for each directory year: physicians listed as
late-reporting are assigned to that directory year and included in district physician counts, same as
physicians listed in the main Male Doctors and Female Doctors sections. I then construct a district-

by-year panel of female physician counts and append it to the panel derived from the Zemstvo

19Tn addition, housing was often included as an in-kind benefit in district Zemstvo contracts, given the relative
scarcity of rental property. See an example job advertisement in Appendix Figure A.4.1. Because housing was
provided by the specific district Zemstvo, it would have been located within that district.

20The 1915 volume was never published, so I do not separately observe the 1914 medical workforce. Physicians
who first appear in the 1916 volume are therefore assigned an entry year of 1915.

21Physicians who did not submit their information by the deadline were listed in the appendix “Late-Reporting
Doctors.” As discussed in subsection 5.4, female physicians were considerably less likely to report late than male
physicians.
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Medical Collection. In Appendix B.3, I assess the continuity of the resulting physician series around

the transition from the Zemstvo Medical Collection to the Medical Directories.

I define first female physician entry as the first year a female physician appears in a district’s Zemstvo
employ. Between 1878 and 1915, 310 out of 336 districts (92%) employed at least one female
physician. During the 1878-1910 outcome period, 158 districts (47%) employed multiple female
physicians simultaneously at some point. However, second and subsequent female physician hires
were concentrated toward the end of the outcome period, and the average cumulative duration of
simultaneous multiple-female-physician presence was only 2.7 years. This provides limited variation
with which to separately estimate the effects of additional female physicians. I therefore focus on

the timing of the first female physician hire as the primary treatment variable.

Male Doctors Accurately measuring the number of male physicians is central to this study. It
allows me to identify first female physician hires through 1915 in which a woman replaced a departing
male physician. The empirical strategy is explained in greater detail in Section 4. This variable also
offers a fuller picture of healthcare provision at the time, supports additional robustness checks,
and constitutes an important part of the total physician number control included in the baseline
specifications. I digitize male physician counts from the Zemstvo Medical Collection for 1876-1888
and supplement these with geolocated data from the Medical Directories of the Russian Empire
for 1889-1915, following the procedure described above for female physicians. In 1876, the median
district had three male Zemstvo physicians; by 1910, this number had doubled to six. Female

physicians were always in a minority in any district.

Midwives Midwives, both semi-trained and untrained, including traditional village midwives,
were commonly employed by local Zemstvos to assist with childbirth. The vast majority of Zemstvos
hired such women. Data from the Zemstvo Medical Collection (1876-1888) provide systematic
information on their employment. Of the 336 districts in the sample, 324 reported midwife counts.
Among these, the median number of midwives per district was two, and 81% of district-years

recorded the presence of at least one midwife.

As noted above, concerns about limited training among existing midwives and their ability to
manage difficult deliveries was one of the motivating beliefs behind the establishment of the female
medical school.?? At the same time, contemporary accounts suggest that many women who were

reluctant to seek care from male physicians instead relied on the midwives. One contemporary

observer wrote that “women |[...|] do not seek help in time |...| owing to a natural sense of modesty
before a male doctor, and instead endure |...] with a midwife, whose knowledge is insufficient to
bring real benefit |...|” [Suschinsky, 1883|. Female physicians therefore offered an alternative source

of care that could induce women to shift from midwives toward physicians, a substitution margin I

*2Historical evidence from early twentieth-century Sweden suggests that the expansion of professional midwifery
reduced maternal mortality [Lorentzon and Pettersson-Lidbom, 2021]. However, contemporary complaints about
midwives in the Russian Empire frequently emphasized their limited training, suggesting that this group differed
substantially from the trained professionals studied in other settings.
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examine directly in Section 5.4.

Nurses and Other Lower-Level Personnel In addition to physicians and midwives, the Zem-
stvos employed several types of nurses: male, female, and, sometimes, nurse-midwives, who had
more training than the midwives described above but primarily served in nursing roles. Most nurses

were locally trained and primarily implemented physicians’ instructions.

Hiring and firing decisions for these lower-level personnel were either directly administered by the
physicians in charge or were made with physicians’ recommendations [Zhbankov, 1891]. 333 districts
reported male nurse counts, with the median number of male nurses equal to ten, and 98.9% of the
district-years reported having at least one male nurse. Female nurses were less common; only 5% of
the district-years reported having any female nurses. 323 districts reported nurse-midwife counts,
but the median number of these workers was 0, and only 26% of district-years employed at least

one nurse-midwife.

Zemstvos also employed smallpox vaccinators who helped the doctors and nurses vaccinate the
population. 224 districts reported hiring these workers, and those that did had a median number

of 4 vaccinators. 68% of these district-years reported at least one vaccinator.

3.2 Vital Statistics

All data on the number of births and deaths by age group and sex come from the Interior Min-
istry’s annual publication of the Statistics Chronicles of the Russian Empire, which published The
Movement of Population in European Russia annually in 1876-1910, covering 50 provinces (with
ca. 500 districts) of the Russian Empire, including all Zemstvo provinces (e.g. Central Statisti-
cal Committee of the Ministry of Internal Affairs [1890]). I digitize these data (Appendix Figure
B.4.1 for illustration). To my knowledge, this is the first paper to digitize the complete panel of
these vital statistics. I additionally digitize district-level age- and sex-specific population counts
from the 1897 Population Census, which I use to benchmark age-specific mortality and to construct

population-growth and life-expectancy measures described below.

An important limitation of the vital statistics data is that they are based on clergy records of vital
events. Clergy of all denominations were required to maintain metric books following Peter the
Great’s 1722 edict [Imperial Chancellery, 1830]. Although the clergy were officially instructed to
record events such as stillbirths and deaths before christening, registration of such cases ultimately
depended on parental discretion. As a result, death rates within the first month of life may be
undercounted. Importantly, because these data were compiled independently of the medical system,
they are not mechanically affected by changes in physician staffing. While some measurement error
is likely, particularly in volatile years, it should be uncorrelated with treatment. These statistics
were highly regarded by contemporary statisticians and formed the basis for all official analyses of

the period.

14



Infant Deaths Infant deaths are defined as deaths between the ages of 0 and 1 in a given year,
and the infant mortality rate is measured as deaths before age one per 1,000 births in the same
calendar year. Because births and infant deaths are observed annually rather than by birth cohort,
this measure is an approximation to the cohort infant mortality rate. Infant mortality was extraor-
dinarily high: 29.4%, on average, across the sample, compared with about 0.55% in the United
States today. Within the time frame, I also observe deaths in the first month of life, 1-2 months,
3-5 months, and 6—12 months.

Childhood Deaths I define childhood deaths as those occurring between ages 1 and 14.23 Due
to the lack of yearly population counts by age group and sex, I focus on trends in death counts
rather than mortality rates. I use the 1897 Census population to benchmark the magnitude of
these outcomes around the middle of the sample period. Mortality rate among children ages 1-
14 in the analysis districts in the census year was approximately 2.9%. Importantly, estimates of
female physician entry on early childhood deaths may be biased upward due to survival bias: if
female physicians improve infant survival among less healthy newborns, this may raise the number
of deaths in later age groups in nearby years. As a result, any mortality-reducing effects of female

physician entry, especially on childhood mortality, may be understated in this framework.

Youth and Adult Deaths I define youth and early adulthood deaths as those occurring between
ages 15 and 54, and older adulthood deaths as those aged 55 and above. Age-group distinctions were
motivated by both the structure of the data — for instance, in some years, all deaths between ages
15 and 34 were reported together — as well as historical patterns of life expectancy. Conditional
on surviving to age 5, life expectancy was approximately 55 years, according to Novoselskii [1916,
p.120]. I therefore treat those aged 55 and above as older adults in this setting. Using the 1897
Census population and corresponding death counts, the annual mortality rate was approximately

1.0% among those ages 15-54 and 5.1% among those ages 55 and above.

Causes of Death To interpret heterogeneity in the mortality effects across age groups and sex,
I additionally digitize cause-of-death data from an 1880 report for Kostroma Province, one of the
Zemstvo provinces in the analysis sample [Ivanov, 1883]. The report provides deaths by cause,
age group, and sex. To match the setting studied in the main analysis, I restrict these data to
rural areas and exclude cities. Unlike the annual vital statistics described above, these data are
available for a single province and year and are therefore not used as outcomes in the difference-in-
differences analysis. Instead, I use them descriptively to characterize the causes of death faced by
different demographic groups and the extent to which those causes were potentially responsive to

contemporary medical care. Appendix Table A.5.1 reports the resulting distributions.
Population and Life Expectancy The 1897 Population Census, the only population census

conducted in the Russian Empire, was carried out in January 1897 and published in separate

province-level volumes. I digitize district-level total and age-specific current population counts by

Z3Geparating childhood into ages 1-4 and 5-14 yields very similar results for each group, so I combine them for
parsimony.
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gender.?? T use these data together with the annual vital statistics to reconstruct natural population

growth and an approximate annual period life expectancy at birth for districts in my sample.?”

3.3 Healthcare Provision

Using the Zemstvo Medical Collection, I construct a district-by-year panel of healthcare provision,
utilization, and innovation measures. These data allow me to examine the impact of female physi-

cians on both the intensive and extensive margins of healthcare delivery.

First, I digitize data on childbirths in rural Zemstvo clinics. While childbirth traditionally occurred
at home, institutional deliveries were a relatively recent innovation aimed at improving outcomes
for both mothers and infants. I then examine the share of all births, with this denominator taken
from the vital statistics, that took place in clinics. In 1876, no district reported any childbirths in

clinics. By 1888, 25% of districts reported some, albeit a small share, of births in clinics.

Second, I digitize the number of patients who were treated at least overnight in the clinics (inpatient
visits). These were usually pre- and post-surgery patients, but also included laboring mothers.
Highly infectious patients were sometimes treated in the same clinics, but would often have separate

wards to avoid the spread of infections.

I also digitize data on clinic beds and Zemstvo medical budgets over this period. Clinic capac-
ity, budget allocations, and physician hiring were all determined by Zemstvo boards. These data
therefore allow me to test whether other dimensions of medical provision changed concurrently with
female physician entry, which could otherwise cause me to misattribute their effects to the physician

entry.

Together, these newly digitized data enable a rare examination of the effects of physician entry on
age- and sex-specific mortality, as well as on healthcare provision and take-up. To my knowledge,
no other historical setting from this period offers data of comparable detail on mortality, healthcare

provision, and the physician labor force.

3.4 Descriptive Statistics

When and where did the female physicians enter? Figure 1 maps the spatial distribution
of the first female physician hires over time. Figure la shows that female physicians were first
hired by four district Zemstvos in 1878, the first year female physicians graduated. Following early
successful adopters, female physicians began to be hired across the country. Iulia Kviatkovskaia, a

female physician who graduated in 1886, wrote in her memoirs (Kviatkovskaia [1937, p. 82]):

"We had to overcome great difficulties to earn our place among the male doctors, who

were, by and large, our primary opponents. Great service in this regard was rendered

241 use exact population counts as reported on the day of the Census, rather than permanent population counts.
For example, for Vladimir province, I digitize the first column of Table 1 (starting on page 2) of Central Statistical
Committee of the Ministry of Internal Affairs [1904].

253ee Appendix C.3 for more detail on the construction of this measure.
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to us - female doctors as a whole - by the first women, [...] who were accepted into
Zemstvo service [...[|. Thanks to the fact that these women doctors upheld high standards
of knowledge and in no way fell short of the men, other Zemstvos gradually began to

admit women into service without hesitation.”

As Figure 1 shows, the hiring of the first female physicians was geographically dispersed. By 1910,
when my outcome data end, 85% of districts had hired at least one female physician; by 1915,
this share had reached 92%. For the empirical analysis, I restrict the sample to districts whose
first female physician hire by 1915 replaced a departing male physician, as described in Section
4.2. Districts with no observed female physician hire through 1915 and districts whose first female
physician hire coincided with an expansion in the physician workforce are excluded from the main
analysis sample. Figures 1d—1f show the geographic diffusion of entry within the analysis sample
through the end of the mortality outcome period. As Appendix Figure B.5.1 illustrates, most years

during this period saw at least one new district hire its first female physician.

Summary Statistics Table 1 reports summary statistics for the analysis sample. Panel A fo-
cuses on physicians and vital statistics, which are available for the entire 1876-1910 period. A
median district in this sample hired its first female physician in 1893 and had four physicians. The
table highlights important features of vital events in the late Russian Empire. Between a quarter
and a third of all births resulted in death within the first year of life, with roughly one-quarter of
these infant deaths occurring in the first month of life. Infants and children aged 0-14 together
accounted for two-thirds of all deaths in a typical year. Male deaths were more concentrated in
infancy and childhood than female deaths.? Panel B reports healthcare provision metrics available
for 1876-1888. A median district had two midwives, no nurse-midwives, ten male nurses, no female
nurses, and four smallpox vaccinators. A median district had 42 clinic beds and treated 525 inpa-
tients annually, 5% of whom died during their stay. It recorded no clinic births and had an annual
medical budget of 18,000 rubles (equivalent to ~ $300,000 in 2026 US dollars).

4 Empirical Strategy

I begin by developing a conceptual framework that distinguishes two mechanisms through which
replacing a male physician with a female physician may affect health outcomes: changes in patients’
demand for care and differences in physician effectiveness. The framework generates testable em-
pirical predictions that guide the analysis. I present an empirical strategy to estimate the effects of
first female physician entry using a staggered difference-in-differences design that exploits variation
across districts in when a departing male physician was first replaced by a first female physician.

Finally, I discuss the assumptions required for a causal interpretation.

26The slightly changing sample sizes reflect oddities of the original data source. In some cases, book binding
covered columns, which are recorded as missing data. All deaths were reported in a separate column that was never
missing and thus has the maximum number of observations.
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4.1 Conceptual Framework and Empirical Predictions

Why might the entry of female physicians affect population health outcomes, and how can we dis-
tinguish between competing mechanisms? I focus on two channels that motivate both the empirical
design and the organization of the results, summarized in Table 2. While other mechanisms may
also have contributed to the documented mortality effects, historical accounts suggest that these
two channels were particularly important. Moreover, they generate distinct empirical predictions
that I can test relatively directly, including in settings where alternative mechanisms are unlikely

to operate.

Demand-side concordance. Modern medical literature (e.g., Varadarajulu, Petruff, and Ramsey
[2002]; Nolen et al. [2016]) and contemporary historical documents (e.g., Suschinsky [1883]; Vereten-
nikova [1984]) emphasize that patients may prefer gender-concordant care. If female patients are
more willing to seek care from a female physician than from a male physician, whether due to
modesty, cultural norms, or trust, then the arrival of female physicians increases female healthcare
utilization. As long as the treatment effect of physicians is greater than that of midwives or no
providers, this channel predicts mortality improvements concentrated among women and, through
maternal behavior, among infants and young children. It also predicts a decline in reliance on in-
formal providers such as untrained midwives, who served as a gender-concordant but lower-quality

alternative to male physicians.

Supply-side selection. If entry and persistence in medicine were increasing in latent medical ability,
the greater barriers faced by women imply that the earliest female physicians would be selected from
farther into the upper tail of the ability distribution than incumbent male physicians. Throughout,
I use broad physician ability to mean latent clinical productivity, i.e., the set of physician attributes
and behaviors that translate into better patient outcomes. These attributes include medical knowl-
edge and technical skill, as well as effort, attentiveness, adherence to effective practices, and other
dimensions of physician behavior that may positively affect patient outcomes. To the extent that
physician ability translated into improved patient survival, this channel predicts mortality declines

across all patient groups whose survival contemporary medicine could affect, regardless of gender.

These two mechanisms generate distinct empirical predictions, summarized in Table 2. The dis-
placement of untrained midwives tests the demand-side channel. Because midwives offered women a
gender-concordant, but lower-quality, alternative to male physicians, their displacement would sug-
gest substitution toward formal care once female physicians became available. This displacement
could reflect either realized declines in midwife use, or changes anticipated by local governments
at the time of hiring. Supporting evidence also comes from changes in the share of births taking
place in clinics. I therefore test the demand-side channel using changes in patterns of care rather
than female, infant or child mortality, which may also reflect supply-side selection, supply-side

2

concordance,?” or female physicians’ more intensive midwifery training.

2TFemale physicians more effectively treating female and pediatric patients.
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For the supply-side channel, the primary evidence comes from changes in young adult male mortality.
Contemporary evidence from female physicians working in urban hospitals, where patients could
choose their providers, suggests that men were unlikely to increase care-seeking in response to
female physician entry: “men did not seek care from us” [Kviatkovskaia, 1937, p.81]. Similarly,
data from St. Petersburg city public healthcare show that female physicians treated fewer adult
male ambulatory patients per physician than did male physicians, despite having similar total
ambulatory caseloads [Abramov, 1886].2% A decline in young adult male mortality following female
physician entry would therefore be difficult to explain through increased male care-seeking, supply-
side concordance, or differences in midwifery training, and would instead point toward greater

clinical effectiveness of the early female cohorts.

I formalize these channels in a simple model in Section 6, where I also derive long-run predictions

for the equilibrium composition and quality of the physician workforce.

4.2 Primary Identification Strategy

Using a staggered difference-in-differences design, I estimate the effects of female physician entry
on mortality rates, as well as on healthcare utilization and provision outcomes, such as the share of
births in clinics and the number of midwives. I compare within-district changes in outcomes before

and after female physician entry across districts that experienced entry at different times.

I focus on districts whose first female physician hire is observed through 1915, excluding districts
for which no female physician hire is observed over this period. I further restrict the sample to
cases in which a female physician replaced a departing male physician.? The identifying variation
thus comes from district-years in which the total number of Zemstvo physicians does not increase
between t — 1 and ¢, but a female physician appears for the first time in year ¢.3° I interpret these
events as cases in which a female physician filled a vacancy left by a departing male physician, rather
than expansions in medical staffing. Because vacancies are not directly observed in the earlier data,

I infer replacements from non-increasing physician counts and the appearance of a female physician.

An ideal experiment would compare districts hiring male versus female replacement physicians in
the same year. This comparison is not feasible for the full sample because data on male replace-
ment vacancies are unavailable for the 1876-1888 period. Because 46% of first female physician
entries had occurred by 1888, restricting the analysis to districts with first female entry after 1888
would substantially reduce an already limited sample. Nevertheless, as a robustness check, I imple-

ment a stacked design comparing female and male replacement events in this restricted sample and

Z8Female and male physicians treated 3,327 and 3,448 ambulatory patients per physician, respectively. Across
ambulatory and home care combined, the corresponding numbers of adult male patients were 549 per female physician
and 724 per male physician.

29Tn practice, I classify an entry as a replacement when a female physician appears for the first time in year ¢t and
the total number of physicians in the district does not increase between ¢ — 1 and t.

39Because the 1915 Medical Directory, which would have reported the 1914 physician workforce, was never pub-
lished, I classify a first female physician entry observed over this interval as a replacement if the total number of
physicians does not increase between 1913 and 1915, and assign the entry year to 1915.

19



re-estimate my primary specification using the corresponding districts, female-entry cohorts, and
observation period. The two approaches yield similar estimates that are also consistent with the
full-sample results, although considerably less precise. This comparison provides suggests that the

main findings are not driven by the choice between these identification strategies.

I define treatment as an absorbing state beginning in the first year a district hires a female physician.
Therefore, the treatment indicator remains equal to one in subsequent years, even if the initial
female physician leaves and the district temporarily employs no female physician. This definition
corresponds to the causal effect of the first female physician hire, and allows the initial entry to have
persistent effects on medical practice and patient behavior after the entering physician departs. In
some districts, the first female physician left and another female physician was hired only after an
intervening period without one. As a robustness check, I re-estimate the results after excluding

post-treatment district-years in which no female physician is present.

The analysis sample therefore consists of 107 districts whose first female physician hire by 1915 was
a replacement hire. For mortality outcomes, which are observed from 1876 to 1910, 101 of these
districts were treated by 1910. The remaining six districts first hired a female physician between
1911 and 1915 and are untreated throughout the mortality outcome period. For healthcare provision
outcomes, which are observed from 1876 to 1888, 49 of the 107 districts were treated by 1888. The
remaining 58 had not yet been treated by 1888 and are untreated throughout this shorter outcome

period.

For count outcomes, such as deaths in post-infancy age groups®! or the number of midwives, I esti-
mate treatment effects using a Poisson pseudo-maximum likelihood estimator with high-dimensional
fixed effects (Correia, Guimaraes, and Zylkin, 2020). This method accommodates count outcomes
that include zeros and permits the inclusion of multiple fixed effects. The coefficients have a semi-

elasticity interpretation.

For outcomes measured in rates, I estimate the following equation:

Ya = a+ B1(t > first female doctor entry year)gs + 0g + pe + ¥ Xgr + €ar (1)

Similarly, for outcomes measured in counts, I estimate:
E[Ya | Xat, 0a, pt] = exp (o + SL(t > first female doctor entry year)g + 0g + e + ¥ Xar) (2)
where d indexes district and ¢t indexes year. Xg includes the total number of physicians. By

construction, districts whose first female physician hire coincided with an expansion in the physician

workforce are excluded from the analysis sample.?? Expansions in subsequent years and contractions

31For these age groups, meaningful mortality rates cannot be constructed due to a lack of age- and gender-specific
annual population counts.

32The identification strategy requires the total number of physicians not to increase between ¢t — 1 and ¢, while a
female physician is recorded in t but not in t — 1.
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in all years remain in the sample. 4 and u; represent district and year fixed effects, respectively.

Standard errors are clustered at the district level.

The treatment variable is 1(¢ > first female doctor entry year)s, which equals one from the first
year a district employs a female physician onward. For outcomes estimated in levels 8 gives the
change in the outcome associated with female physician entry.For log-transformed outcomes, 3 rep-
resents a log-point change. For count outcomes estimated using PPML, the proportional treatment
effect is exp(8) — 1.

I construct event studies to examine pre-treatment trends and estimate dynamic treatment effects.
Because treatment timing varies across districts, the panel is unbalanced in relative time. For
instance, 15-year effects can only be estimated for districts that hired a female physician by 1895,
while 10-year pre-trends can only be estimated for those hiring after 1885. Relative time is defined
using first-hire dates observed through 1915, so districts whose first female physician hire occurs
after the end of the relevant outcome panel contribute only pre-treatment observations for that

outcome. The equation takes the following form for rates regressions:

J-1
Yo = a+ Y v (Lead j)a + v (Lead < —J)g
j=2
-1
+ Y 7i(Lag i)a + 71 (Lag > Da;
i=0
+0q+ it + ¥ Xar + €a (3)
and, similarly, for count outcomes:
J—1
E[Yy | Xai, 64, j1e] = exp <a + ) 7 (Lead j)g + 7 (Lead < —J)g
j=2
-1
+ ZTZ' (Lag i)g: + 77 (Lag > I)a
i=0
+ 0 + pe + Wth) (4)

where j indexes years prior to first female physician entry and ¢ indexes years following entry. The
coefficients «y; capture differences in outcomes prior to female physician entry, while 7; capture
dynamic post-entry effects. Due to limited observations in the tails of the event-time distribution,

I bin extreme event times at J leads and I lags.?> The omitted category is the year immediately

33For the main mortality outcomes, I set J = 10 and I = 15, so that the endpoints contain event times less than
or equal to —10 and greater than or equal to 15, respectively. The values of J and I differ for healthcare provision
outcomes because of their shorter temporal coverage.
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prior to the district’s first female physician hire. I include time-varying controls for the number
of physicians, though results are unchanged when these controls are excluded. Standard errors are
clustered at the district level. All estimates are unweighted, but results are robust to weighting by
the 1897 Population Census district population, the number of annual births, and the inverse of the

number of physicians.

Causal interpretation of the difference-in-differences estimates requires that, absent female physician
entry, districts experiencing entry at different times would have followed similar outcome trends. I
examine this parallel-trends assumption using event-study estimates throughout Section 5, as well
as a series of associated robustness checks in Section 5.5. Because the baseline two-way fixed-effects
estimator may also be sensitive to treatment-effect heterogeneity under staggered adoption, I verify

that the results are similar using alternative estimators designed for such settings.

A related concern is that male physicians may have disproportionately exited districts following
temporary adverse health shocks. This would have resulted in female physician entry to coincide
with subsequent mean reversion in mortality. If such a shock were concentrated in the year preceding
entry, the earlier pre-treatment event-study coefficients would be negative relative to the omitted
t = —1 period. I find no such pattern. To examine this concern more directly, I additionally compare
mortality in t = —1 with the average of the earlier pre-treatment periods. Section 5.5 shows that
mortality immediately before entry is statistically indistinguishable from this earlier pre-treatment

average.

I then focus on two additional threats to interpretation that are particularly relevant in this context.
The first is that the estimated effects may reflect differences in training between entering female
physicians and the male physicians they replaced. Female physicians were, on average, more recently
trained, raising the possibility that the estimated effects capture differences in medical training

correlated with time.

Several facts mitigate this concern. Physician turnover in Zemstvo districts was high. On average,
a new physician was hired approximately every two years, and most new hires had graduated within
the previous five years. Therefore, female physician entry occurred alongside substantial inflows of
recently trained male physicians, limiting actual differences in training recency between entering
female physicians and the male physicians they replaced. I assess this concern directly in Sections
5.5 and 6.3 by comparing the characteristics of entering female and departing male physicians, and

by estimating physician value added within graduation cohorts.

Male and female physicians also received largely comparable formal training. Female physicians
were taught by the same faculty who taught male medical students in St. Petersburg and faced
identical graduation requirements. The main curricular differences were that female physicians
received more extensive training in midwifery and no training in forensic medicine. To the extent

that these differences affected physician effectiveness, they would be most relevant for outcomes
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related to childbirth. Section 5, however, also examines mortality among groups for whom this

training difference is unlikely to be relevant.

A second threat is that female physician entry may have coincided with other health-improving
investments. For instance, more progressive districts may have been both more willing to hire
female physicians and more likely to implement other healthcare reforms at the same time. By
construction, first female physician hires that coincide with an expansion in the total physician
workforce are excluded from the analysis sample. A remaining concern is that districts could have
bundled female physician hiring with other changes in healthcare provision. I assess this possibility
in Section 5.5 by examining whether female physician entry coincided with changes in other inputs
controlled by Zemstvo boards, including medical budgets and clinic beds. I also report estimates
from a complementary shift-share instrument for female physician entry based on district-level

physician vacancies and the regional supply of newly graduated female physicians.

4.3 Balance on Observables and Raw Trends

The hiring of female physicians was not random: it depended on the availability of vacancies, female
physicians applying to posted positions, and Zemstvo boards choosing to hire them. I therefore
assess whether baseline trends differed across three groups: (1) early adopters, treated between 1878
and 1888, when both mortality and healthcare provision outcomes are available, comprising 45.8%
of the sample; (2) late adopters, treated between 1889 and 1910, when mortality but not healthcare
provision outcomes are available, comprising 48.6% of the sample; and (3) future adopters, treated

between 1911 and 1915, after the outcome data end, comprising 5.6% of the sample.

In addition to examining event-study pre-trends for each outcome, Table 3 compares baseline rates
of change in key demographic and healthcare variables across these three groups. None of the joint
F-tests reject equality of baseline trends at the 5% level, with only one (change in births) comparison
marginally significant at the 10% level. Appendix Table B.5.1 similarly compares baseline (1876)
levels across adoption groups: none differ significantly at the 5% level, and only two differences

(mortality at months 1-2 and the number of midwives) are marginally significant at the 10% level.

I also examine raw trends in the primary outcome of infant mortality, which can be meaningfully
expressed as a rate rather than a raw count. For other mortality outcomes, I observe counts
of deaths, which mechanically increase with population growth. Figure 2 plots infant mortality in
calendar time for early adopters (1878-1888), late adopters (1889-1910), and future adopters (1911—
1915). Although the differences in baseline levels are not statistically significant in Appendix Table
B.5.1, the figure shows higher initial infant mortality among early adopters. Differences in outcome
levels do not threaten identification in a difference-in-differences design so long as trends would
have evolved similarly in the absence of treatment. Consistent with this requirement, the formal
baseline comparisons above show no statistically significant differences across adoption groups. As

an additional robustness check, I allow for differential trends by baseline mortality by interacting
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baseline mortality with year fixed effects.

The patterns of infant mortality in Figure 2 are consistent with female physician entry reducing
infant mortality. All three groups followed similar trends between 1876 and 1878. During 1878-1888,
when treatment was concentrated among early adopters, infant mortality declined more rapidly in
these districts, narrowing their initial gap with late and future adopters. Late adopters tracked
future adopters closely during most of the 1876-1888 period, with somewhat higher mortality levels,
but subsequently caught up with and generally surpassed future adopters during 1889-1910, when
they began to receive treatment. Appendix Figure B.6.1 shows this stark picture of convergence in

space.??

5 Results

I find that the entry of the first female physicians led to large and persistent reductions in infant
mortality and mortality among both young men and women, alongside increases in population
growth and life expectancy. I also find suggestive evidence of reductions in child mortality, but no
effects on older adult mortality. I benchmark these estimates against modern and historical health-
improving interventions and further show that the observed mortality patterns are consistent with
the scope of contemporary medical knowledge. Using detailed data on healthcare provision, I then
examine potential channels, documenting increased clinic use and reduced dependence on midwives,

consistent with a demand-side response.

5.1 Mortality
Infant Mortality I begin by examining the effects of the first female physician entry on infant

mortality. Figure 3 plots event-study coefficients estimated from equation 3, with the outcome
measured as the logarithm of infant mortality. Coefficients can therefore be interpreted as semi-

elasticities.

Pre-trends are visually flat in the ten years prior to female physician entry, and a joint F-test fails to
reject that pre-treatment coefficients are jointly zero (p = 0.94).35 Coefficients turn negative upon
physician entry and reach statistical significance by year two. Though estimates in years three and
four are noisier and lose statistical significance, point estimates remain negative throughout and are
statistically significant in subsequent years, with effects increasing slightly over the first five years,
before stabilizing at a lower level. Because deaths in the first day(s) of life, including stillbirths
and very early neonatal deaths, are inconsistently recorded in these clergy-based records (Section
3.2), the infant mortality measure used here understates mortality concentrated at birth itself. The

observed decline, therefore, reflects improved survival over the course of infancy, dominated by

34 Appendix Figure B.7.1 plots trends in infant mortality in relative time, from five years before to ten years after
the first female physician entry in a district. To avoid compositional changes affecting the means, I construct a fully
balanced panel of districts observed in all relative years, which leaves 41 treated districts. Infant mortality rates were
generally declining over this period, but the decline appears to accelerate following the first female physician entry.

3%While conventional pre-trend tests may be underpowered, the HonestDiD sensitivity analysis by Rambachan
and Roth [2023] in Appendix D.3 shows that the results remain robust under modest deviations from parallel trends.
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causes of death related to hygiene and feeding practices.

The gradual improvement in the initial years after entry is consistent with mechanisms that take time
to diffuse, including the development of patient trust and the dissemination of medical knowledge.
As female Zemstvo physician Alexandra Arkhangelskaya described, medical and maternity stations

played an important educational role in rural communities:

“Giving birth in a hospital, [the peasant woman| sees simplicity and cleanliness in how
she and her child are cared for. [...] Every medical and maternity station [...] serves as
a school for the peasant woman. She not only learns for herself, but also spreads it to
the women around her.” Alexandra Arkhangelskaya, Zemstvo physician 18851905 in
[Jakobson, 1958, p.23].

This contemporaneous account emphasizes the role of medical care as a channel for the diffusion
of better hygiene and infant-care practices. As discussed further in Section 5.4, women were more

likely to give birth in these clinics when a female physician was in charge.

I present the average treatment effect estimates in Table 4. Column (1) reports estimates without
controlling for the total number of physicians; Column (2) adds this control, with the coefficient
remaining unchanged. This preferred estimate suggests that infant mortality declined by 13.7 deaths
per 1,000 births following female physician entry. In a median treated district, which recorded 7,349
births per year, this effect translates into approximately 100 fewer infant deaths annually. This drop
likely resulted from a combination of improved direct medical information and greater dissemination

of education.

Column (3) examines heterogeneity by baseline medical provision. In districts where the first female
physician represented a larger share of the medical workforce, the potential effect on district-level
mortality should be greater. Therefore, I divide districts according to whether the first female
physician represented an above-median share of physicians at entry and interact treatment with

this indicator. The interaction is negative, but only marginally statistically significant.

Column (4) tests whether the effects of female physician entry were larger in districts with higher
initial infant mortality. I measure baseline mortality in 1876, before the first female physicians
graduated, and mean-center it across districts. The interaction is negative and statistically signifi-
cant, indicating larger mortality reductions in districts with higher initial mortality. The coefficient
on female physician entry also remains negative and statistically significant, corresponding to the

estimated effect at the mean level of infant mortality in 1876.3¢ Columns (5)—(8) repeat the analyses

36Because early adopters had somewhat higher infant mortality than later adopters (Figure 2), a related concern
is that this pattern could reflect differences across treatment cohorts. Appendix Figure D.3.5 reports cohort-specific
treatment effects following Callaway and Sant’Anna [2021]. The estimated effects are negative for 21 of 27 treatment
cohorts, including 10 post-1888 cohorts, indicating that the mortality reductions are not concentrated among the
earliest-treated districts. As an additional robustness check, Section 5.5 allows mortality trends to vary flexibly with
initial mortality by interacting 1876 infant mortality with year fixed effects.
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of columns (1)—(4) using log infant mortality.

One alternative explanation for the decline in infant mortality is that female physicians affected
fertility decisions, including induced abortions, thereby changing the composition of live births.
However, I find no significant effect of female physician entry on the number of births (Appendix
Figure C.2.1); if anything, the estimates suggest a slight increase in live births. Although this does
not rule out changes in birth composition, the results provide no evidence of a decline in live births

that might be expected if access to abortion increased.

Infant Mortality by Month of Life The Vital Statistics provide detailed data on infant deaths
by age groups: first month of life, 1-2 months, 3-5 months, and 6-12 months, allowing for a more
detailed analysis of the origins of declines in infant mortality. Examining heterogeneity within

infancy helps identify which causes of death female physicians were most effective in addressing.

Figure 4 presents event-study estimates for death rates per 1,000 births for each of these categories,
adding estimates from each month group one at a time for visual comparison. Two patterns stand
out. First, infant mortality reductions accrued throughout infancy. Second, point estimates are
smallest and least precise in the first month of life and largest in the middle months of infancy,

although the estimates are not statistically distinguishable across age intervals.

Relatively small and noisy estimates for the first month of life likely reflect two factors. First,
the recording of stillbirths and deaths prior to christening was at the discretion of parents. While
some provinces reported stillbirths in the Movement of Population data, many reported none -
a pattern that is implausible and suggests inconsistent reporting rather than the absence of such
events. Second, a large fraction of deaths in the first month of life seemed to be poorly understood

at the time and therefore likely regarded as untreatable, as further discussed in Section 5.3.

Large declines occurred in later infancy, particularly between one and five months of age, when
infants were most vulnerable to poor feeding and hygiene practices. The effects decline in magnitude
after six months. Notably, nearly three-quarters of infant deaths occurred within the first six months

of life, accounting for more than 220 deaths per 1,000 births.
Child and Adult Mortality While infant mortality accounted for over 40% of annual deaths

in the sample, female physicians treated patients across all ages and genders. The rich vital statis-
tics data allow me to examine effects beyond infancy. Figure 5 presents estimates separately for
childhood (ages 1-14), early adulthood (ages 15-54), and older adulthood (ages 55 and above), as

described in Section 3.2.

I estimate Equation 2 separately for each age-sex group. Because annual age-specific population
counts are unavailable, the dependent variables are death counts and the PPML estimates are
reported as proportional changes in deaths, 100[exp(S3) — 1]. To provide an absolute benchmark for
their magnitude, I use age- and sex-specific population counts from the 1897 Census together with

1896 deaths to calculate mortality rates near the middle of the sample period. Figure 5 reports
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in parentheses the implied percentage-point change in annual mortality obtained by applying each

estimated proportional effect to the corresponding 1896 mortality rate.

The estimated effects on infant deaths are negative and similar to those in Table 4. Female physician
entry reduces infant deaths by approximately 5.3-5.5%, corresponding to an implied decline in in-
fant mortality of approximately 1.52-1.69 percentage points at the 1896 mortality rate. For children
ages 1-14, deaths fall by approximately 5.7-6.2% between sexes, corresponding to implied declines
in annual mortality of approximately 0.16-0.18 percentage points, respectively. However, the corre-
sponding event studies for child deaths in Appendix Figure C.1.1 display negative pre-trends, so I

interpret these estimates cautiously.

I find large and statistically significant declines in deaths among both men and women ages 15—
54. Female physician entry reduces male deaths by approximately 9.2% and female deaths by
7.5%. The confidence intervals are relatively wide for these age groups, so the estimates should
be interpreted primarily as evidence that mortality declined rather than as precise estimates of the
magnitude of the effect. At the corresponding 1896 mortality rates, these estimates imply reductions
in annual mortality of approximately 0.09 and 0.07 percentage points, respectively. Thus, although
the proportional declines in deaths are substantial, their absolute magnitudes are considerably
smaller when expressed relative to the population at risk. I find no statistically detectable effects

among individuals ages 55 and above.

Population Growth As a demographic implication of the observed changes in deaths, I re-
construct annual district-level natural population growth rates by combining the birth and death

37 Figure 6 shows that the entry of

series with population counts from the January 1897 Census.
female physicians is associated with a significant acceleration in natural population growth. On
average, natural growth increases by 0.11 percentage points relative to a pre-treatment mean of
1.65%. Appendix Figure C.2.1 decomposes this effect and shows that the increase is initially driven
by mortality reductions and, in later years, by suggestive increases in births. The latter effect is
likely coming from both decreases in deaths among men and women in young adulthood, and lower

prevalence of stillbirths, which I cannot capture but would appear in this pattern.

Life Expectancy To translate the observed mortality reductions into an aggregate metric, I
construct approximate annual period life expectancy at birth using an indirect standardization of
the 1897 Census. Figure 7 presents the corresponding event-study estimates. During this period,
in the studied districts, mean female life expectancy at birth was about 39 years, while male life
expectancy was about 35 years. The entry of a female physician increased female life expectancy
by roughly 1.1 years (2.8%) and male life expectancy by about 1.2 years (3.5%). Appendix C.3

provides details on the construction of these estimates.

3"Migration is unlikely to pose a major concern: according to the 1897 Census, 93% of the rural population in the
studied provinces were born in the same district in which they were enumerated.
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5.2 Interpreting Effect Sizes

The mortality reductions documented above are large for the entry of a single physician into a dis-
trict. These point estimates should not be interpreted as exact magnitudes: confidence intervals are
fairly wide for several age-specific outcomes, particularly for young-adult mortality. Moreover, be-
cause the outcomes are observed at the district level, the estimates capture district-wide effects and
cannot be mechanically rescaled by the number of physicians or catchment areas in the district. Such
a calculation would require assuming that catchment areas were equally sized and that the effects
of female physician entry were confined to patients directly served by the entering physician. The
latter assumption is unlikely to hold for outcomes affected by the diffusion of medical knowledge and
health practices - contemporary accounts explicitly describe women spreading hygiene and infant-
care practices learned at medical and maternity stations to others in their communities |Jakobson,
1958]. Existing estimates from other settings are not directly comparable to the replacement-type
variation studied here, but they provide context for the magnitude of health effects associated with

changes in provider quality in low-resource environments.

Okeke [2023] implements a randomized experiment in Nigeria, where communities were assigned
either an additional mid-level provider, identical in quality to existing ones, or a physician. Those
assigned an additional mid-level provider experienced no detectable mortality reductions, meaning
that on the margin, an additional provider of similar quality may not improve health outcomes. On
the other hand, communities assigned a physician saw seven-day infant mortality fall by approxi-
mately 20%, with each physician representing roughly one-sixth of the total provider workforce. In
settings of severe medical access scarcity, closely analogous to the historical environment studied

here, a single high-quality physician can thus produce large reductions in mortality.

These findings are also broadly consistent with existing literature on historical healthcare interven-
tions. Anderson et al. [2020] find that introducing occupational licensing requirements for midwives,
improving the quality of an average midwife, reduced maternal mortality by 7-8% across US states
between 1900 and 1940. Liebert and Méader [2026] find that one additional physician per 1,000 pop-
ulation reduced infant mortality by 23% in German municipalities in the 1930s, where the average

municipality had roughly 96 physicians.

At the same time, large-scale public health interventions have been documented to have much larger
effects. Alsan and Goldin [2019] find that the joint introduction of safe water and sewerage reduced
child mortality in Massachusetts municipalities by roughly one-third over four decades, and Cutler
and Miller [2005] attribute approximately half of the decline in US urban mortality between 1900

and 1936 to water chlorination and filtration.

Further, several features of the setting justify expecting large per-physician effects of the type iden-
tified here. First, the baseline environment was one of very high preventable mortality and very

low medical quality: most childbirth occurred outside formal care, hygiene practices were poor, and
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the untrained midwives who dominated childbirth assistance were widely regarded as ineffective or
harmful (Section 2). Among young men, mortality was frequently driven by injuries followed by
infection, conditions for which timely antiseptic wound care could substantially improve survival
(Section 5.3). In this context, even modest improvements in care quality, such as antiseptic tech-
nique during delivery or wound care, and basic hygiene instruction, could translate into substantial

proportional reductions in mortality across multiple demographic groups.

Finally, these estimates should be interpreted as capturing the impact of a highly selected group of
early entrants. Evidence in Section 6 shows that the female advantage in estimated physician value
added is concentrated among earlier graduation cohorts, consistent with stronger positive selection
among pioneers. As discussed in Section 6.2, liberalization would, in the long run, exert upward
pressure on the average quality of male physicians by raising the competitive bar and gradually
shrinking the quality gap between male and female physicians. If positive selection was strongest
among the earliest entrants, the effects estimated here may exceed the long-run gains once entry

barriers are fully relaxed and selection thresholds adjust.

5.3 Causes of Death by Sex and Age Group

What explains the heterogeneity in effects across age groups and gender? To shed light on this
question, I use historical evidence on causes of death by age and sex. I digitize cause-of-death data
from an 1880 report for Kostroma Province, a Zemstvo province in my sample [Ivanov, 1883|. To
maintain consistency with the study setting, I focus on rural areas and omit cities. I first describe
cause-of-death profiles for each demographic group and then relate the estimated effects to these

underlying mortality patterns. Appendix Table A.5.1 summarizes these distributions.

Infants Most deaths among infants under six months were attributed to abdominal diseases linked
to poor hygiene and feeding practices, and were, in principle, preventable through physician-provided
education and, in some cases, even treatable if caught on time. Natkhov and Vasilenok [2023]
report that over 90% of ethnic Russian infants, who make up the vast majority of this study’s
sample,?® were introduced to solid food before six months of age, significantly increasing their risk
of gastrointestinal illness. Contemporary medical observers expressed concern over such practices.
Gilyarovsky [1866], who studied childhood mortality in Novgorod Province, described infants left
unattended for over twenty-four hours, fed spoiled dairy, kept warm in ovens, or placed in worm-
infested cradles. He concluded that he “found many child-rearing customs that are incompatible
with the safety of children” (p. XLV).

)

The second most common cause was classified as “inherent weakness,” with most such deaths, by
definition of the data, occurring in the first month of life [Ivanov, 1883, p. IV]. This category likely

captured complications from childbirth, undiagnosed conditions, and what would now be classified

38 A median district in my sample had 93% ethnic Russians, making heterogeneity analysis along these lines
difficult. Zemstvos were generally established in places that would pose a lesser risk of secession and therefore, by
definition, did not include many districts with non-Russian majorities.
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as sudden unexpected infant deaths.?? The vagueness of this category suggests that contemporary

physicians neither understood nor knew how to treat such cases.

Childhood In childhood (ages one to fifteen), mortality was driven primarily by infectious dis-
eases, which accounted for 70-72% of deaths. Smallpox was an especially important cause (~ 47%)
of mortality among children, and contemporary vaccination technology left substantial scope for
improvements in quality. Chapman [2026] shows that in nineteenth-century Britain, large declines
in smallpox mortality occurred only after improvements in the quality and reliability of vaccina-
tion. Contemporary evidence suggests that similar variation in vaccine quality existed in the Rus-
sian Empire. Describing her response to a local smallpox epidemic, the Zemstvo physician Anna
Veretennikova wrote: “Instead of the disgusting substance that I found in the possession of the
nurse and the vaccinators, I ordered [new materials|. The success of vaccination |[...| exceeded my
expectations: for every hundred successful cases, there were only three or four unsuccessful ones”
[Veretennikova, 1984].4° Higher-quality physicians could therefore have reduced childhood mortality

not only through treatment, but also through more effective preventive care.

Abdominal diseases remained an important cause of death, accounting for 15% of deaths. Fever of
unknown etiology also accounted for ~8% of all deaths, some of which may have reflected wound
infections, as discussed below. Because these latter causes accounted for only a small share of deaths
in this age group, however, proportionally similar reductions in abdominal-disease mortality and
wound infections would translate into much smaller effects on overall childhood mortality than in
infancy or early adulthood.

Adults In early adulthood (ages sixteen to forty-nine*!), causes of death diversified and diverged
by gender. Apoplexia and violent or accidental causes, which would have included infections result-
ing from such causes, accounted for 17.1% of male deaths, compared with 3.8% of female deaths in
the Kostroma data.*? In addition, 18.7% of deaths, the largest share of all male age groups, were
attributed to unspecified fever. Unspecified fever may also have included infections following injury.
When injuries were followed by infection, deaths could be prevented with timely and appropriate
wound care.*® Access to more competent wound care, including using the antiseptic method which
has been deemed “one of the simplest and cheapest life-saving ideas in history” [Mokyr, 2005, p. 94],

had become widespread in the Russian Empire, followed by more rigorous aseptic techniques in the

39In 2022, 18% of all infant deaths in the United States were attributed to unexplained causes [Centers for Discase
Control and Prevention, 2024a,b|. Of these, 41% were due to Sudden Infant Death Syndrome (SIDS), 31% to unknown
causes, and 28% to accidental suffocation or strangulation.

40«gyccess” of smallpox vaccination could be evaluated shortly after, based on the reaction at the injection site
[Chapman, 2026].

4IThe age group cutoffs were decadal, so I could not cut them off at 54, as in the rest of the paper.

42While the original table only mentions Apoplexia and Accidental Causes, the detailed breakdown of Accidental
Causes includes events such as murder, which I classify as Violent.

43 A famous case of a death resulting from lack of antiseptic care is that of the US President James Garfield, who
received a non-life-threatening gunshot wound but passed away from ensuing infections likely caused by his doctors’
refusal to use antiseptic methods, such as probing the President’s wounds after dismounting their horses without
washing their hands [Ehrhardt, O’Leary, and Nakayama, 2018|.
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1890s [Breido, 1956]. However, their effectiveness depended on strict adherence to protocols, creat-
ing scope for variation in physician performance. It is important to note here that I do not interpret
the approximately 9.2% point estimate literally as the share of male deaths prevented through this
channel. The cause-of-death evidence helps explain why young men may have been particularly re-
sponsive to differences in physician quality. Violent and accidental causes represented a significant
share of their mortality, and some of these injuries created substantial scope for mortality reductions

due to antiseptic wound care.

Among women, childbirth was a major cause of death, accounting for 14.7% of deaths in the
1649 age group. Non-specific fever deaths, which could include cases of maternal sepsis, which
was often undiagnosed (e.g., Ministry of Internal Affairs [1889]), accounted for another 19.5% of
deaths, the largest share of all female age groups. Many childbirth-related deaths were potentially
preventable with contemporary medical knowledge: antiseptic and aseptic practices could reduce
infections associated with delivery,** while safer obstetric techniques could reduce mortality from

other complications of childbirth. The scope for medical intervention was therefore substantial.

At older ages, mortality was dominated by chronic and infectious diseases for which effective medical
interventions were limited at the time. In addition, over the longer time horizons, deaths prevented

in earlier ages would have shifted to this age group.

5.4 Channels of Mortality Reductions

Having shown that the entry of female physicians reduced mortality and increased population growth
and life expectancy, I next examine how healthcare provision and take-up changed following female
physician entry. These outcomes provide evidence on the channels through which the mortality
effects may have operated. Section 6 then turns to why female physicians differed from the male

physicians they replaced.

Table 5, Panel A, shows how healthcare provision changed following female physician entry. The
number of in-clinic patients increased, while the estimated increase in the share of births occurring
in clinics is positive but imprecisely estimated. These patterns could reflect increased demand or

more efficient clinic operations.

As discussed in Section 2, midwives, often semi-trained or untrained, provided an important alter-
native source of childbirth care. Column (3) of Table 5, Panel A*> shows a sharp decline in the
number of midwives following female physician entry, consistent with substitution away from these
providers once female physicians became available. Because midwife employment was determined

by local Zemstvos, this response may reflect either realized changes in patient demand or boards’

44 A well-known example of the consequences of inadequate antiseptic practices comes from 19th-century Viennese
hospitals, where maternal mortality from sepsis was significantly higher among patients treated by doctors than by
midwives. Physicians often assisted with childbirth immediately after performing autopsies, while midwives did not
[Loudon, 2013].

458ee also Appendix Figure D.5.1 for the corresponding event study.
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anticipation of such changes. Contemporary accounts directly describe this substitution. Reflecting
on her own practice after arriving in a rural district, Anna Veretennikova noted that women turned
to her rather than the local midwife in pathological deliveries, leaving the midwife with little work:
“her presence in the village was unnecessary, and [she| had absolutely nothing to do” [Veretennikova,
1984, p. 53|. I find little evidence that other lower-level medical personnel adjusted following female

physician entry.

The increase in clinic use, a suggestive increase in the share of births taking place in clinics, and a
sharp decline in midwife employment provide a plausible utilization channel through which female

physician entry may have contributed to the mortality reductions.

Additional suggestive evidence points to another channel: administrative diligence. A gender gap
in time spent on electronic records today has been well-documented |Ganguli, Rivara, and Inouye,
2022; Bessen et al., 2025]. T document a related descriptive pattern in this historical setting. The
Medical Directories, upon which this study draws for physician labor force counts, reported three
lists of physicians every year: male, female, and late submitters. Out of 608 Zemstvo doctors
on these lists of late-submitting physicians between 1889-1910, only 2 (0.3%) were women. This
is roughly one-twentieth of women’s 6.8% share of Zemstvo physician-years. While not a direct
measure of clinical effectiveness, this pattern suggests that female physicians were more consistent

in administrative tasks, potentially improving continuity and quality of care.

5.5 Robustness

Alternative Identification Strategies, Estimators and Specifications. Appendix D.1 re-
ports results from three alternative identification strategies. First, I compare mortality changes
around female and male replacement hires using a stacked design. Each stack groups districts hir-
ing female replacement physicians in a given year with districts hiring male replacement physicians
in that same year, using observations from five years before through five years after the replacement
and including stack-specific district and calendar-year fixed effects. To distinguish differences in
identification strategy from differences in sample composition, I also re-estimate my primary speci-
fication over 1885-1910 using the same districts and female-entry cohorts. The estimates from the
two approaches are similar in magnitude and exhibit a broadly comparable pattern across age and
sex groups, although both are imprecise. Both approaches produce negative point estimates for
infants and adults ages 15-54, consistent with the mortality declines in the main analysis. This
comparison supports the use of the main identification strategy - the variation in the timing of
female replacement entry - as an alternative to directly comparing female and male replacement

events.

Second, I examine changes in mortality around expansions in the physician workforce, comparing
expansions that introduce a district’s first female physician with expansions that add a male physi-

cian. I construct non-overlapping event windows around one-physician expansions. Male physician
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expansions are considerably more frequent than first-female expansions and are therefore estimated
relatively precisely. I find little evidence that male physician expansions reduce mortality: with the
exception of mortality among children ages 1-14, the estimates are close to zero across age groups.
The female-versus-male estimates are substantially less precise because there are fewer first-female
expansion events, most fall at the tail-end of the observation period, and, after constructing non-
overlapping windows, these events have fewer post-entry years per event. For infant mortality, the
point estimates are negative and suggest that expansions introducing the first female physician
reduced mortality relative to male physician expansions, although the estimates are too imprecise
to draw strong conclusions. For other age groups, the differential estimates do not exhibit a clear
pattern. I interpret this exercise as primarily providing evidence that physician-supply expansions
alone did not generate mortality declines comparable to those following female physician entry, con-
sistent with findings in a more contemporary setting by Okeke [2023], who finds that expansions in

access to providers of similar quality have little effect on mortality.

Third, I estimate an interrupted time-series specification that allows both the level and the district-
specific mortality trend to change following the first female physician’s entry. This approach uses
within-district variation to compare mortality after entry with the trajectory predicted by each
district’s own pre-entry trend. The results provide additional evidence of mortality improvements
at younger ages. Infant mortality falls discretely at entry and subsequently declines relative to its
pre-entry trend. I find a similar pattern for children ages 1-14 of both sexes, with negative shifts in
both mortality levels and post-entry trends. For ages 15-54, the estimated level shifts are negative
but imprecise, while the subsequent trend increases for men and does not significantly change for

women. I find no evidence of either level or trend changes at ages 55 and older.

I next implement several checks on the event-study specification. First, to examine whether female
physician entry followed a temporary adverse mortality shock, I compare mortality in the year
immediately preceding entry with the earlier pre-treatment period. Appendix Figure D.3.1 plots all
pre-treatment event-time coefficients after re-centering them so that the average through ¢t = —2
equals zero. Mortality at ¢ = —1 is statistically indistinguishable from this earlier pre-treatment
average and does not stand out relative to the surrounding pre-treatment coefficients, providing no

evidence of a mortality spike immediately before female physician entry.

For outcomes expressed in rates. I re-estimate the effects using the imputation estimator of
Borusyak, Jaravel, and Spiess [2024] and the heterogeneous-treatment-effect robust estimators of
Callaway and Sant’Anna [2021] and Sun and Abraham [2021|. Results are consistent across ap-
proaches (Appendix Figures D.3.2 and D.3.3).

I also estimate a specification that departs from the absorbing-treatment definition by excluding
post-entry district-years in which no female physician was present, which yields very similar results
(Appendix Figure D.3.6). A Goodman-Bacon decomposition confirms that no pairwise comparisons

receive negative weights [Goodman-Bacon, 2021]. A permutation test that randomly reassigns the
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observed female physician entry years across districts, while preserving the empirical distribution
of treatment timing, yields a two-sided permutation p-value of 0.016 (Appendix Figure D.3.7),
indicating that an estimate at least as extreme as the observed coefficient on infant mortality

occurs infrequently under random reassignment of treatment timing.

Given the different levels of baseline mortality among earlier versus later-adopting cohorts (Figure 2),
I interact baseline mortality levels with year fixed effects to allow for differential trends by baseline
mortality. The results are very similar to the main estimation (Appendix Table D.3.1). Results
are also robust to alternative weighting schemes: importantly, results are negative, statistically
significant, and larger in magnitude when weighting districts by their 1897 Census population,
although I retain the unweighted specification as the baseline because, as I show, population growth
itself is affected by female physician entry (Appendix Table D.3.1). The results are also robust to
spatial and serial correlation adjustments using Conley standard errors (Appendix Table D.3.2).
I allow residual correlation within radii of 200, 500, and 1,000 kilometers, ranging from relatively
local spatial dependence to a deliberately conservative specification permitting correlation across

much broader geographic areas.

In Appendix D.3, I apply the Honest Difference-in-Differences framework [Rambachan and Roth,
2023] to assess sensitivity to violations of the parallel trends assumption. The estimated effects
remain similar under small departures from parallel trends, allowing post-treatment deviations
up to 10% as large as the largest deviation observed in the pre-treatment period. Under larger
departures, corresponding to 20-30% of the largest pre-treatment deviation, the robust confidence

intervals widen substantially and generally include zero, due to a relatively small sample size.

For the non-linear models using Poisson Pseudo-Maximum Likelihood (PPML) estimation, in Ap-
pendix Figure D.3.4 I verify robustness using logged outcomes and the standard TWFE estimator
as well as logged outcomes and the Callaway and Sant’Anna [2021] estimator, although the event

studies using the latter estimator are substantially noisier.

Departing Physicians: Training Recency & Physician Quality. Next, [ address the identi-
fication concern that the results reflect training recency rather than physician gender, and a related
concern that the results reflect characteristics of the departing male physician rather than the qual-
ity of the entering female physician. I provide direct evidence using individual-level data from the
Medical Directories, available for the 1889-1915 period, which I link to identify both the entering
female and departing male physician in each replacement district. I find no statistically detectable
difference between the value added®® of departing male physicians and that of other male Zemstvo
physicians (Appendix Figure E.1.4). This provides no evidence that female physicians systematically

replaced unusually low-value-added men.

The most direct test of training recency compares the graduation years of the entering female

46More on value added estimation in Section 6.3.
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physician and the departing male physician. Appendix Table D.4.1, column (1), interacts female
physician entry with the difference between their graduation years, where positive values indicate
that the entering female physician graduated more recently. The interaction is small and statisti-
cally indistinguishable from zero. Column (2) enters the graduation years of the entering female
and departing male physicians separately; neither interaction is statistically distinguishable from
zero. Column (3) examines the age at exit of the departing male physician. This estimate is also
imprecise and provides no evidence that the observable age of the departing physician accounts for

the estimated mortality effect.

Bundled Treatment. A remaining concern is that districts bundled female physician hiring
with other changes in healthcare provision that could independently reduce mortality. I address

this threat to identification in several ways.

Appendix Figure D.4.1 examines two margins determined by Zemstvo boards: clinic beds and
medical budgets. If female physician entry coincided with broader improvements, these outcomes
might increase. Especially, medical budgets would be expected to increase to provide funds for
the life-saving changes. I find no evidence of such increases. A remaining concern is that lower
salaries for female physicians could have freed resources for other mortality-reducing inputs even
if total medical budgets remained unchanged. This possibility appears quantitatively limited. In
1888, 38 of the 50 districts employing female physicians for which wages are observed paid male
and female physicians equally. Among the remaining districts, the female-male wage differential
typically amounted to approximately 0.2% of an average district medical budget and was at most
0.8%, making it unlikely that the resulting savings financed substantial changes in other medical

inputs.

Table D.3.1 also shows comparable effects for early and late adopters. This suggests that results

are not driven by a small set of early, reform-oriented districts.

These checks cannot fully rule out unobserved bundled changes. This is particularly relevant given
the frequent turnover of physicians in districts, which makes vacancies relatively common and there-
fore weakens the interpretation that the timing of female hires was driven by rare, idiosyncratic
physician exits.*” As a complementary exercise, Appendix D.2 reports a shift-share IV that in-
teracts district vacancies with the regional supply of newly trained female physicians, defined as
graduates within three years of completing training. This design requires the additional assumption
that, conditional on fixed effects and physician employment, local turnover does not affect infant
mortality through channels other than female physician entry. The 2SLS estimate is negative and

similar in magnitude to the baseline estimate, but is not statistically significant.

4"In the 1889-1910 sample, there was some physician turnover reflected in changes in rosters about every other
year, not counting expansions and contractions. This rate would likely be smaller for the full sample, as the 1889-1910
period experienced a great famine, a war, and a revolution, which affected physician employment.
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Additional Validity Checks. As an additional placebo test, I examine mortality in large cities
located within the same districts as the rural populations studied in the main analysis.*® These
cities were administratively separate from the Zemstvo healthcare system and were not served by
Zemstvo physicians. Because restricting this exercise to the replacement-hire analysis sample leaves
only 12 cities, I instead use all cities located in districts that eventually hired a female physician.
Treatment timing is defined by the first female physician entry in the surrounding Zemstvo district.

I find no corresponding decline in urban mortality (Appendix Figure D.4.2a).

Appendix Figure D.4.2b extends the main analysis of infant mortality by including all districts:
both districts in which the first female physician replaced a departing male physician and districts
in which her entry coincided with an expansion.* In the baseline specification, I exclude expansion
events because they often coincided with broader institutional changes or parallel investments in
healthcare, making it difficult to isolate the effect of female physician entry alone. Results using the
full sample remain similar in magnitude to the main analysis. However, pre-treatment trends are less
flat, although never statistically significantly different from zero. This likely reflects the fact that
many expansion entries occurred in the final decade of the sample, coincident with rapid growth in
the medical workforce and potentially other unobserved improvements in healthcare infrastructure

that likely accompanied medical care expansions.

Measurement of Entry Timing. An important assumption underlying the main estimation
sample is that the timing of the first female physician entry is measured accurately. For 1889-1910,
when I rely on the Medical Directories, some imprecision is possible. These directories were typically
published in the first quarter of year ¢, and I assign each roster to year ¢ — 1, assuming it reflects
the prior year’s workforce. This could introduce error if, for example, a district hired its first female
physician in January of year ¢, but I assign her entry to ¢ —1 and classify the hiring as a replacement
based on physician counts between t — 2 and ¢ — 1. To address this concern, Appendix Figure D.4.2¢
restricts the sample to districts that experienced no increase in the number of physicians between

t — 2 and . Results remain very similar to the main specification.

6 Mechanisms

Section 4.1 introduced the supply and demand channels informally. I now formalize them to clarify
the conditions under which each mechanism generates the predicted patterns, and to set up the
long-run analysis in Section 6.2. I then evaluate the long-run predictions using physician-level

value-added estimates for the short and medium run, and modern evidence for the long run.

6.1 Model: Short-Run Effects
Let there be two types of adult patients, indexed by sex, i € {f,m}, who each face a fixed health

shock and must decide whether to seek medical care or not. In this setting, I assume that patients

“®Data from Malein and Matiashvili [2024].
4°In Table D.3.1, I present the average treatment effect for this unrestricted sample.
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are randomly assigned to a doctor of fixed sex and cannot choose between physician genders - a
reasonable approximation given the institutional context of the rural Russian Empire, and consistent

with constraints in many rural healthcare systems today.

In any district, for each patient type ¢, they either have access to a gender-concordant or a gender-

discordant physician j:

1. Gender-concordant physician: Normalize the probability of seeking care from a gender-
concordant physician to one.?® Thus, the share of type-i patients willing to seek care from a

gender-concordant physician is given by

pij=1Vi=]
2. Gender-discordant physician: Patient 7 seeks care with some probability that could be
less than one, if perceived cost (such as shame, or discomfort) is smaller than perceived benefit

of treatment. S
pij <1, Vi

Then, the survival likelihood within a patient type can be expressed as: s; j = s; 0+ p; ;j7j, where s; o
is the probability of survival without treatment for male or female patients, and 7; is the treatment

effect, or value added, of receiving care from a doctor of type j.

To evaluate the net effect of assigning a population of type i to a female versus a male doctor, I
define the survival difference:

Asi = i f — Sim = Di,fTf — PimTm
This difference reflects two potential sources of variation: differences in care-seeking behavior (p;; >
pi;) due to beliefs or preferences; and differences in physician value added by physician gender (7¢
vs. Ti).2t The sign and magnitude of As; will vary by patient type i, depending on which margin

dominates.

Below, I consider each adult patient type in turn. The primary distinction between patient groups
is that male-patient outcomes are relatively more informative about the supply-side channel, while

effects for female patients may reflect both supply- and demand-side responses.

Adult Male Patients For adult male patients, we observe:

ASm = P fTf — Tm

This difference is positive - that is, an adult male patient benefits from being assigned a female

physician if and only if:

%Here, the framework abstracts away from generalized discrimination (e.g., a scenario where all patients inherently
prefer male physicians, regardless of the patient’s own gender). The key predictions for adult male patients hold as
long as men are less likely to seek care from a female physician than a male physician (pm,f < Pm,m)-

51This framework assumes away any supply-side concordance effects. For example, if physicians are in fact more
effective at treating gender-concordant patients, then we would expect larger treatment effect differences for female
physicians treating female patients, and attenuated effects for female physicians treating male patients. The current
data do not allow me to comment on the presence of these concordance effects.

37



T Pmm 1 >1

Tm Pm,f DPm,f
Consistent with the contemporary evidence presented in Section 4.1, we have assumed that ﬁ >1
that is, men experience weak discordance disutility when treated by a female physician, so on net,
weakly fewer male patients seek care from female physicians than male physicians. Therefore,
male patients benefit from the assignment to female doctors only if entering female physicians have
sufficiently larger value added than male physicians to offset the weakly reduced likelihood that male
patients seek care from them. In practice, this inequality may be even harder to satisfy if increased
care-seeking by female patients (who prefer gender-concordant providers) crowds out marginal male

patients.

Adult Female Patients The survival gain from a female physician replacing a male physician

can be expressed as:

ASsy =Tf —PrmTm
This difference is positive whenever:

KBS <1
- Pfms Dfm

m

That is, this difference is positive whenever the relative ability advantage of female physicians over
male physicians exceeds the probability that female patients seek care from male doctors. Given
the assumption that female patients prefer gender-concordant providers, ps.,, < py s = 1, female
physician entry can improve female population-level outcomes even when female physicians are
less effective than male physicians because they bring more women into medical care. Therefore,
estimates for female (and infant) mortality cannot conclusively distinguish between supply- and
demand-side mechanisms. The availability of data on midwives, however, provides a pre-existing
gender-concordant alternative against which changes in women’s care-seeking can be interpreted.
The decline in midwife employment following female physician entry is consistent with women

shifting toward female physicians once they became available.

6.2 Model: Long-Run

The results of this paper thus far capture a short-run, local effect of the first female entrants,
when the profession was still adjusting to the removal of entry barriers. An important question
is how these effects evolve in the long-run equilibrium once medical education and hiring are fully
liberalized. The long-run equilibrium depends on three forces: selection into medicine, underlying

ability distributions across genders, and demand-side concordance preferences.

To frame this, consider how entry barriers influence selection into the profession. Throughout, I
abstract from gender-differentiated occupational sorting and hold fixed the relative attractiveness of

medicine. [ assume that, conditional on other determinants of entry, the probability of entering and
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remaining in medicine is increasing in latent medical ability, and that the pre-existing additional
barriers faced by women raise their effective ability threshold for entry. Consider three periods:
T—1,T,and T 4+ 1. Period T — 1 is the pre-entry equilibrium with only male physicians. T
captures the short-run impact of the first female entrants following liberalization. T'+ 1 represents
the long-run equilibrium without barriers. The difference-in-differences estimates therefore identify
the local treatment effect of the initial female cohorts relative to the prevailing male ability threshold
at time T

Initial Selection Under the ability-monotone entry assumption, when barriers to women’s entry
are removed, the earliest female physicians are drawn from the extreme upper tail of the female
ability distribution. Because these entrants come from a very high ability threshold, their average

productivity initially exceeds that of incumbent male physicians (Figure 8a).

Equal Ability Distributions A useful benchmark case assumes that the underlying ability dis-
tributions of men and women are identical and that entrants into medicine are drawn from the upper
tail of these distributions. As female entry expands, the selection thresholds governing entry into
medicine must adjust for both genders. Women begin to enter from progressively lower portions
of the female ability distribution. The male threshold rises as higher-ability women replace lower-
ability men, until both genders are selected from a common equilibrium threshold ¢; (Figure 8b).
In this equilibrium, the marginal entrant is identical across genders, implying gender parity in both
physician shares and average ability. Because the new equilibrium threshold exceeds the pre-reform
male threshold, entry liberalization raises the profession’s overall ability threshold and increases

medical productivity. Appendix E formalizes this result.

Shifted Ability Distributions The long-run equilibrium need not exhibit gender parity if the
underlying ability distributions differ across genders. Suppose, for example, that the female ability
distribution first-order stochastically dominates the male distribution and satisfies upper-tail mean
dominance:

E[Af’Ath] >E[Am’AmZﬂ

for any relevant common entry threshold ¢. The first condition implies that a larger share of
women exceeds any common threshold, while the second implies that, conditional on exceeding that

threshold, female physicians have higher average ability.

As illustrated in Figure 8c, the equilibrium threshold s will exceed the equal-distribution benchmark
(tg, > ta > t1 > tm,). In this scenario, women constitute a majority of physicians and have higher
average quality, while the marginal quality of male and female physicians remains equal because
both groups are selected from the same marginal threshold. This means that removing barriers to
entry can raise the overall quality of the profession even if the resulting workforce is not gender
balanced. Importantly, the initial gender gap in average quality narrows, although the extent of

convergence depends on the underlying talent distributions.
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Role of Gender Concordance Preferences Finally, demand-side preferences may also affect
the equilibrium composition of the physician workforce. If patients exhibit gender-concordance
preferences, the demand for male and female physicians may differ even when underlying ability
distributions are identical. For example, if female patients have stronger preferences for female

physicians, the demand for female physicians will increase relative to that for male physicians.

In equilibrium, stronger demand for female physicians relaxes their entry threshold, producing a
female-majority workforce but higher average and marginal quality among male physicians (Fig-
ure 8d). If both forces coexist, female comparative advantage in medicine and stronger demand for
female physicians, the female share of the profession expands further. In that case, the effect on
average quality differences becomes ambiguous: higher underlying female ability increases average
quality, while relaxed selection due to higher demand reduces it. However, stronger demand for
female physicians still implies a lower female entry threshold and therefore higher marginal quality

among male physicians.

Across all cases, the exceptional selection advantage of the earliest female entrants attenuates as
entry thresholds adjust. Average gender differences in physician quality may nevertheless persist or

even reverse when underlying ability distributions or demand differ across genders.

6.3 Empirical Evidence: Short and Medium Run

I now turn to evaluating the predictions of the framework. First, I estimate physician-level value
added and compare its distribution across male and female physicians. I then examine how gender
differences in estimated value added evolved across graduation cohorts to assess whether they exhibit

the convergence predicted by the conceptual framework.

Estimating Value Added Differences I estimate value added using the full linked physician
panel for 1889-1910, restricted to physicians employed in Zemstvo positions from Matiashvili [2026].
The value-added construction follows the logic of estimators used in the teacher value-added lit-
erature, in particular Biasi [2021], which relies on group-level outcomes rather than direct physi-
cian—patient linkage: 1 residualize district-year mortality on district and year fixed effects and
allocate the resulting residual equally across all physicians active in that district-year. I identify
physician value added from changes in district-level mortality as physicians enter, leave, and move
across Zemstvo districts. I use spell-level leave-one-out estimates when I observe more than one spell
per physician, and I apply empirical Bayes shrinkage to the estimates. The procedure is described
in greater detail in Appendix E.1. Appendix E.1 also reports a calibrated simulation showing that
estimated value added is positively correlated with true physician quality despite substantial signal
attenuation. I measure value added for 8,430 unique physicians (7,602 male and 828 female) in the
1889-1910 period.

The resulting distributions of estimated physician value added, separately for male and female physi-

cians, are shown in Appendix Figures E.1.1a-E.1.1¢, for infant and young adult (female and male)
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mortality outcomes. Here, differences in young male mortality most cleanly map to true physician
value added, as this group is least likely to reflect demand-side changes in health-seeking behavior.
Female physicians have higher estimated value added on average across all three outcomes. The
probability that a randomly drawn female physician outranks a randomly drawn male physician
ranges from 0.52 to 0.53, relative to 0.5 under the null of no difference, and is statistically signif-
icant for two of the three outcomes. The share of female physicians whose estimated value added
exceeds the male median ranges from 51-55%. While these average differences are modest, they
vary considerably across graduation cohorts, which I examine next. As a descriptive benchmark,
the decline in young adult male mortality following female physician entry is similar in magnitude to
that following the entry of the first physician in the top quintile of estimated value added (Appendix
Figure E.1.3). By contrast, the entry of physicians in the third quintile produced no measurable
effect, while the entry of physicians in the bottom quintile increased mortality, and all these effects

persisted for at least five years after entry.

These value-added estimates provide an opportunity to examine whether the data exhibit the con-
vergence pattern described in Section 6.2. In particular, given that we observe a third of a century of
female physician entry, do we observe convergence in value added due to weaker selection? Figure 9
illustrates how value-added distributions of male and female physicians evolve across graduation
cohorts. Because empirical Bayes shrinkage depends on the precision of physicians’ estimated value
added, it can differentially compress estimated gender gaps across cohorts when the underlying
estimates differ in precision. I therefore use raw value added for this comparison. Separately, to
address the concern that early-cohort physicians have more years of panel exposure and therefore
potentially more identifying variation, I restrict the early, 187818872 cohort to their first six years
in the panel,®® approximately matching the average observation window of the late, 1903-1910

cohort.%*

Among physicians graduating in the 1878-1887 period, female physicians have substantially higher
estimated value added than male physicians: the probability that a randomly drawn female physician
outranks a randomly drawn male is 0.58, and 59% of female physicians exceed the male median value
added. Among physicians graduating in the 1903-1910 period, this gap shrinks: the probability
that a randomly drawn female outranks a randomly drawn male is 0.5, and 52% of female physicians
exceed the male median. This pattern is consistent with the adjustment predicted by the selection
framework. Under the framework, such a pattern would arise as positive selection among female

entrants declines and the male selection threshold rises as barriers to female entry relax.

52The first period while the female medical school was open.

53The matched window equalizes the number of observed panel years but not the career stages. For example, the
1878-1887 cohort had already been practicing for 2-11 years before the panel begins in 1889, while the 1903-1910
cohort enters the panel near graduation. To the extent that value added rises with experience, this comparison favors
the early cohort in terms of the levels of value added; however, any such bias would affect male and female physicians
within that cohort symmetrically and therefore cannot account for the within-cohort gender gap.

The period after the reopening of the female medical school; the first graduating cohort was 1903.
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6.4 Empirical Evidence: Long-Run

How did the physician workforce evolve over time? In Figure 10a, I first document the evolution
of the share of female physicians in the Russian Empire and, subsequently, in the Soviet Union
and some of the former USSR republics. This share rose steadily throughout the late imperial and
Soviet periods, ultimately stabilizing at over 70%, a level that persists in Russia and many Eastern
European countries today. Notably, the share of female physicians in the US has also been rising
steadily. In 2019-2020, female medical school students outnumbered men for the first time, reaching
nearly 55% of the student body by 2023-2024 [Boyle, 2024].

What can these modern workforce patterns tell us through the lens of this paper’s conceptual
framework? To interpret them, I combine two pieces of evidence. The first comes from Kissel,
Matiashvili, and Roy [2026], where we use an experimental design among respondents in the modern
United States to measure willingness-to-wait for gender-concordant care. We find that women
exhibit a preference for female physicians only in gender-sensitive specialties: for example, women
are willing to wait two extra weeks to see a female urologist or psychiatrist, but show no preference
for a female orthopedist, while men exhibit no preference in any specialty. This suggests that while
concordance preferences may affect gender composition in some subspecialties, they cannot account

for female-majority workforces across the board.

The second piece of evidence comes from the Republic of Georgia, formerly occupied by the Russian
Empire and the Soviet Union, whose medical institutions evolved under similar historical and cul-
tural conditions. I compile novel data on the near-universe of practicing physicians in 2025, including
their names, specialties and patient reviews, from a public online platform, and assign gender using
a first-name dictionary. I find that 66.7% of physicians are female. Figure 10b shows that women
constitute the majority in all specialties except anesthesiology (48%), urology/andrology (10%)>°,
and surgery (9%).°¢ Crucially, while the high female shares in pediatrics (88%) and OB/Gyn (81%)
could reflect concordance preferences in gender-sensitive specialties, the female majority extends to

non-gender-sensitive specialties: neurology (59%) and cardiology (58%) are two examples.

These patterns are consistent with a female comparative advantage in medicine, although they
cannot distinguish this mechanism from other forces affecting occupational sorting. Work-life bal-
ance considerations, institutional incentives, and other factors that differentially attract women to

medicine may also contribute to workforce composition and cannot be ruled out.

%5 As mentioned, in Kissel, Matiashvili, and Roy [2026], we find no gender concordance preferences among men for
urologists. In the light of that evidence, such a low share of female urologists may reflect physicians’ own preferences
or physicians’ expectations of patient preferences, even if inaccurate.

%63ee Coldin [2015] for discussion of gender gaps in time-inflexible professions such as surgery and their relation
to cultural norms surrounding women’s caregiving responsibilities.
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7 Conclusion

What happened to health and healthcare when women were allowed to become doctors? The findings
in this paper show that first female physician entry was followed by substantial improvements
in population health. Mortality declined among infants and young adults of both sexes, with
suggestive declines among children. Natural population growth accelerated, and estimated period
life expectancy increased. These changes were accompanied by greater clinic use and a shift away
from undertrained midwives toward formal medical care. Together with the physician-level value-
added evidence, these results indicate that differences in physician effectiveness mattered even in a

low-technology medical environment before antibiotics and many modern therapies.

The evidence is consistent with a combination of supply- and demand-side forces. On the supply
side, the mortality effects among young men and the physician-level value-added results point toward
positive selection among the earliest female physicians. On the demand side, increases in clinic use,
suggestive increases in the share of births in clinics, and the displacement of midwives are consistent
with female patients making greater use of formal medical care when female physicians became

available.

A hundred and fifty years later, what lessons can we learn from these findings? The large productiv-
ity effects documented here reflect the removal of formal barriers to entry in a setting where informal
barriers were also muted: autonomous practice limited workplace discrimination, and restricted pa-
tient sorting limited selective avoidance of female physicians. The results therefore provide evidence
that relaxing a formal barrier to entry can generate substantial gains when it expands the pool
of talent available to a high-skill profession, as predicted by the talent misallocation literature for

which causal micro-level evidence remains limited [Hsieh et al., 2019].

Formal and informal barriers, however, have not disappeared. In high-income countries, women in
medicine and STEM continue to face disparities in promotion and compensation unexplained by
differences in qualifications [Lautenberger and Dandar, 2024|; in the Middle East, North Africa,
and South Asia, formal legal restrictions persist, and female labor force participation remains below
40 percent |[Klasen, 2019; Elborgh-Woytek et al., 2013]. The potential gains from expanding the
pool of physician talent and increasing women’s use of formal care may be particularly important
in lower-income settings where gender norms limit women’s access to male providers. A parallel
lesson extends to high-skill immigration in the developed world: one in four physicians in the
United States is an international medical graduate, disproportionately concentrated in the most
underserved areas |[Braga, Khanna, and Turner, 2024|, and policies restricting their entry would
function as direct barriers to entry in the framework of this paper. The broader implication is
that institutional restrictions that exclude potentially productive entrants can impose costs on the

populations those professionals serve.
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8 Exhibits

Figures
Figure 1: Geographic and Temporal Diffusion of Female Physician Entry

Panel A - Full Sample
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Notes: Panels (a)—(c) show the geographic diffusion of first female physician entry across the full sample of 336 Zemstvo districts,
while panels (d)—(f) restrict to the 107-district analysis sample. The analysis sample includes districts whose first observed
female physician hire through 1915 is classified as a replacement hire, defined as the total physician employment not increasing
at the time of entry. Each panel indicates whether a district had hired its first female physician by that year. Physician-entry
data come from the Zemstvo Medical Collection for 1876-1888 and the annual Medical Directories of the Russian Empire for
1889-1915; see Section 3 for details. Historical district boundaries are from Kessler and Markevich [2020].
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Figure 2: Infant Mortality Trends by Timing of Female Physician Entry

Infant Mortality per 1,000 Births
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Notes: The underlying unit of observation is a district-year. Each series plots average infant mortality across districts grouped
by the timing of their first female physician entry within the analysis sample. Early adopters first hired a female physician
in 1878-1888 and account for 45.8% of the sample. Late adopters first hired one in 1889-1910 and account for 48.6% of the
sample. Future adopters first hired one in 1911-1915, after the mortality outcome panel ends, and account for 5.6% of the
sample. The figure reports centered three-year moving averages and is restricted to the 103 districts with non-missing infant
mortality in every year 1876-1910. The underlying data were digitized for this project, as described in Section 3.

o4



Figure 3: Female Physician Entry and Infant Mortality

Pre-trends joint F-test p = 0.940
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Notes: This figure reports event-study estimates of equation 3, with log of infant deaths/1,000 births as the dependent variable.
The sample contains 107 districts whose first female physician hire through 1915 is classified as a replacement hire and covers
3,679 district-year observations from 1876-1910. Six districts first hire a female physician in 1911-1915 and therefore contribute
only untreated observations during the mortality panel. All specifications include district and year fixed effects and control
for the total number of physicians. Event time is measured relative to the first female physician entry in a district. The
omitted category is the year immediately preceding that entry. The edge years pool event times at or before -10 and at or after
+15. Points report coefficient estimates. Vertical bars report 95% confidence intervals. Standard errors are clustered at the
district level. The horizontal treatment-effect line and reported ATE correspond to the average treatment effect estimated from
equation 1.
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Figure 4: Female Physician Entry and Infant Mortality by Month of Life

(a) First Month of Life
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(¢) 3-5 Months of Life
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Notes: The figure reports event-study estimates for mortality within four intervals of infancy: the first month of life, months
1-2, months 3-5, and months 6-12 - age groups reported in the original data source. In each case, the dependent variable
is the log of deaths in the specified age interval divided by total births in the district-year. Panels successively add each age
interval, with previously displayed series retained in lighter colors for comparison. The sample and specification follow Figure
3: all regressions include district and year fixed effects and control for the total number of physicians, the year immediately
preceding first female physician entry is omitted, and event times at or before -10 and at or after +15 are pooled. Vertical bars
report 95% confidence intervals based on standard errors clustered at the district level. The reported ATE in each panel is the
corresponding average treatment effect from equation 1.
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Figure 5: Female Physician Entry and Mortality by Age and Sex
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Notes: The figure reports average treatment effects of first female physician entry on annual death counts by age and sex,
estimated using the PPML specification in equation 2. Age groups are infancy (age 0), childhood (ages 1-14), youth and
early adulthood (ages 15-54), and older adulthood (ages 55 and above). Markers report the PPML estimates transformed into
percent changes in deaths, 100[exp(83) — 1], and vertical bars report transformed 95% confidence intervals. Values in parentheses
report the implied percentage-point change in annual mortality obtained by applying each estimated proportional effect to the
corresponding sex- and age-specific 1896 mortality rate, constructed using population counts from the 1897 Census. The sample
is the replacement-hire analysis sample, with outcomes covering 1876-1910. All specifications include district and year fixed
effects and control for the total number of physicians. Standard errors are clustered at the district level.
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Figure 6: Female Physician Entry and Population Growth Rate
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Notes: The figure reports event-study estimates of the effect of first female physician entry on the annual natural population
growth rate. Natural population growth is defined as births minus deaths divided by the lagged district population. District
populations are anchored to the January 1897 Census, treated as representing end-of-1896 population, and reconstructed
backward and forward using annual births and deaths. Births are linearly interpolated in the 2% of district-years in which they
are missing; all such observations occur between 1876 and 1883. The sample and event-study specification otherwise follow
Figure 3, including district and year fixed effects, a control for the total number of physicians, an omitted event year of -1,
endpoint bins at -10 and +15, and district-clustered standard errors. Vertical bars report 95% confidence intervals. The average
treatment effect is 0.11 percentage points (SE = 0.04), equivalent to 6.7% of the pre-treatment mean of 1.65%.
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Figure 7: Female Physician Entry and Life Expectancy at Birth

(a) Male Period Life Expectancy at Birth
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(b) Female Period Life Expectancy at Birth
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Notes: The figure reports event-study estimates of the effect of first female physician entry on approximate period life expectancy
at birth, separately for men and women. Annual district-level life expectancy is constructed by indirect standardization using
age- and sex-specific population counts from the January 1897 Census and annual age- and sex-specific death counts; Appendix
C.3 provides the full construction. The event-study specification follows equation 3 and includes district and year fixed effects
and a control for the total number of physicians. The omitted category is the year immediately preceding first female physician
entry, and the endpoints pool event times at or before -10 and at or after +15. Vertical bars report 95% confidence intervals
based on standard errors clustered at the district level. The average treatment effects are 1.2 years (SE = 0.41; 3.5%) for men
and 1.1 years (SE = 0.46; 2.8%) for women.
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Figure 8: Evolution of Population Distributions of Latent Ability to Practice Medicine and Physician
Entry Thresholds
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Notes: Each panel illustrates the evolution of the population distributions of potential physician ability and the corresponding
entry thresholds across three conceptual time periods: T'—1 (before female physician entry), T’ (the short-run effects of opening
medical education to women), and T + 1 (the long-run equilibrium without barriers to entry). Panel (a) shows the initial
distributions for women and men, respectively. The male physician threshold ¢, reflects the prevailing entry cutoff prior
to liberalization. The female threshold ¢y, > tn, captures that the first female physicians entered from the upper tail of the
ability distribution. Panel (b) depicts the long-run equilibrium when male and female ability distributions are assumed identical,
yielding a common threshold ¢1 such that Ly > t1 > tmg- Panel (c) shows the case where the female ability distribution first-
order stochastically dominates the male one. The new equilibrium threshold t2 lies above t1, producing a higher overall talent
threshold and a greater share of women among physicians, while maintaining parity in marginal quality across genders. Panel
(d) presents the case with equal ability distributions and stronger concordance preference for female physicians compared to
male physicians. This yields a greater share of women among physicians and two separate ability thresholds that satisfy:
tmqy >t fi-
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Figure 9: Convergence in Estimated Value Added of Male and Female Zemstvo Physicians, 1889-1910
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Notes: The figure plots kernel density estimates of raw physician value added based on mortality among men ages 15-54,
separately by physician sex and graduation cohort. Value added is estimated from the log number of male deaths ages 1554 in
the linked physician panel for 1889-1910. District and year fixed effects are first removed from the outcome, and the resulting
district-year residual is allocated equally across physicians practicing in that district-year. Physician value added is then
constructed from leave-one-out spell-level residual allocations, as described in Appendix E.1; higher value added corresponds
to lower mortality. Panel (a) compares physicians graduating in 1878-1887 and panel (b) compares physicians graduating in
1903-1910. Empirical Bayes shrinkage is not applied in this figure. To make the amount of observed career information more
comparable across cohorts, the early cohort is restricted to its first six years in the panel, matching the average observation
window of the late cohort. The Mann—Whitney statistic tests equality in the ranks of the male and female distributions;
the reported probability is the share of all female-male physician pairs in which the female physician has higher estimated
value added, with 0.5 indicating no difference. The Kolmogorov—Smirnov statistic tests equality of the two distributions, and
“share above median” reports the fraction of female physicians above the male median. The x-axis is truncated to [-0.1,0.1] for
readability.

Figure 10: Female Share of Physicians over Time and by Specialty

(a) Share of Female Physicians in the Russian Empire (b) Share Oé Femalebph%’SiCifniS in2t};e Republic of
(1884-1916), USSR (1924-1975), the Russian Federation corgia, by Specialty, 2025.
(2020), and Select Modern Countries (2010s-2020s).
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Notes: Panel (a) documents the female share of physicians over time. The solid blue series follows the Russian Empire, Soviet
Union, and Russian Federation; the dashed US series provides a comparison, and the modern country markers report recent
female physician shares, with highlighted markers identifying selected countries formerly part of the Russian Empire. Russian
Empire shares for 1884-1916 are approximated from the number of pages devoted to male, female, and late-reporting physicians
in the annual Medical Directories. The 1924 Soviet share is constructed analogously from the Directory of Medical Doctors
of the USSR [Public Commissariat for Healthcare, Russian Soviet Federative Socialist Republic, 1925]; the 1955 estimate is
from Ramakrishnan, Sambuco, and Jagsi [2014], the 1970 estimate is drawn from https://chapaev.media/articles/11425; and
modern country estimates are from World Health Organization [2025]; US historical shares are calculated from complete-count
decennial censuses Ruggles et al. [2020]. The shaded interval marks the period during which the women’s medical school was
closed. Panel (b) reports female shares by medical specialty in the Republic of Georgia in 2025, using the near-universe of
physicians listed on www.tsamali.ge. Physician gender is assigned from first names and specialties are taken from the platform.
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Tables

Table 1: Summary Statistics

Analysis Sample

(1) &) ®3) (4) (5)
Median Mean SD Districts  District-
Years
Panel A: Physicians and Vital Statistics, 1876-1910

District Zemstvo:

Hired Its First Female Physician (Year) 1,893  1,894.60 11.87 107 3,745
Doctors 4 5.52 3.70 107 3,745
Births 7,349  9,283.36 6,441.84 107 3,745
Infant Deaths (Age 0) per 1,000 Births 286 293.80 89.59 107 3,679
Within-Infancy Deaths per 1,000 Births, Months:

0 72 75.22 25.04 107 3,679
1-2 64 67.22 29.07 107 3,679
3-5 66 67.38 24.99 107 3,679
6-12 82 83.97 25.70 107 3,679
Number Male Deaths, Ages:

0 1,126 1,417.23  984.42 107 3,680
1-14 674 903.31 760.65 107 3,680
15-54 386 553.38 819.68 107 3,679
55+ 427 507.76 322.91 107 3,677
All 2,651  3,385.83 2,581.79 107 3,711
Number Female Deaths, Ages:

0 945 1,199.12  853.70 107 3,680
1-14 652 873.13 738.12 107 3,568
15-54 398 529.65 492.21 107 3,678
55+ 462 539.56 358.55 107 3,569
All 2,500  3,149.05 2,226.77 107 3,711

Panel B: Healthcare Provision, 1876-1888

District Zemstvo:

Midwives 2 2.83 2.58 103 1,336
Nurse-Midwives 0 0.89 1.68 102 1,326
Male Nurses 10 11.85 7.41 105 1,349
Female Nurses 0 0.38 2.03 105 1,365
Smallpox Vaccinators 4 8.86 10.45 71 873
Clinic Beds 42 49.76 32.61 103 1,330
Annual Medical Budget (Rubles, 1,000s) 18 20.61 12.53 106 1,327
Clinic Patient Death Rate, % 5 6.00 3.22 95 1,033
In-clinic Patients 525 650.10 843.31 103 1,281
Share of Births in Clinics 0 0.00 0.00 30 369
Total Districts 107

Notes: This table reports summary statistics for the 107-district analysis sample, defined as districts
whose first observed female physician hire through 1915 is classified as a replacement hire. Panel A
pools district-year observations from 1876-1910 for physician and vital-statistics outcomes. Panel B
reports healthcare-provision outcomes available from the Zemstvo Medical Collection for 1876-1888.
Columns report the median, mean, standard deviation, the number of districts with non-missing ob-
servations, and the number of district-year observations. Infant and within-infancy mortality rates are
expressed per 1,000 births; the clinic patient death rate is expressed in percent; and the annual medical
budget is reported in thousands of rubles. Share of Births in Clinics is the number of births recorded
in rural Zemstvo clinics divided by the total number of births in the district, with the denominator
taken from the vital statistics. Physician counts and first-entry dates come from the Zemstvo Medical
Collection for 1876-1888 and the annual Medical Directories of the Russian Empire for 1889-1915.
Birth and death data come from annual editions of The Movement of Population in European Russia.
Healthcare-provision measures come from the Zemstvo Medical Collection. Differences in sample size
across outcomes reflect missing information in the original historical sources.
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Table 2: Mapping Mechanisms to Outcomes

Treatment Effect Difference Demand-Side Concordance
(AT) Preference (pf.¢ > pfm)

Mortality Outcomes
Infant mortality v v
Adult female mortality v v
Adult male mortality v

Substitute Labor Demand

X

Midwives employed X v
Healthcare Provision

In-clinic Patients v v

Share of Births in Clinics v v

Notes: This table summarizes the empirical predictions of the two mechanisms developed in Sections 4.1 and 6. The
treatment effect difference mechanism refers to differences in the clinical effectiveness of female and male physicians.
The demand-side concordance mechanism refers to greater willingness of female patients to seek formal medical
care when the assigned physician is female, due to the physician’s gender alone. A checkmark indicates that the
corresponding mechanism can generate a change in this framework. A cross indicates that the mechanism does not
directly predict such a change.
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Table 3: Balance on Baseline Trends, 1876-1878

1878-1888 Adopters  1889-1910 Adopters  1911-1915 Adopters F-test p-value

n @ 6 4) G © O © (10)

Mean SD N Mean SD N Mean SD N
Panel A: Physicians and Vital Statistics

Doctors .0045 .11 49 .027 083 50 -.014 .057 6 0.41
Births -.026 .046 43 -.035 077 45 .035 1 6 0.06
Infant Deaths (Age 0) per 1,000 Births 069 .12 43 .061 13 45  -.0062 .14 6 0.37
Within-Infancy Deaths per 1,000 Births, Months:

0 .04 .16 43 .026 .14 45 -.033 .083 6 0.52
1-2 .043 .19 43 .023 14 45 -.054 .072 6 0.39
3-5 .057 1 43 .071 17 45 -.059 .16 6 0.11
6-12 18 .16 43 .15 A7 45 .16 .27 6 0.66
Number Male Deaths, Ages:

0 .032 14 44 .022 13 45 .0074 12 6 0.88
1-14 A7 2 44 21 .24 45 1 .23 6 0.47
15-54 034 099 44 .051 094 45 .0059 .062 6 0.47
55+ .051 1 43 .022 1 45  .027  .069 6 0.39
All .048  .091 44 .064 12 45 .024 13 6 0.63
Number Female Deaths, Ages:

0 037 .15 44 .04 15 45 018 .16 6 0.94
1-14 .19 .22 44 .22 .26 45 12 .29 6 0.58
15-54 .016 1 44 .023 1 45 .021 .045 6 0.95
55+ .055 .13 44 .018 097 45 .014  .028 6 0.26
All .048 1 44 .067 13 45 022 .14 6 0.57
Panel B: Healthcare Provision

(conditional on positive values)

Midwives 099 .22 37 13 .35 40 21 .74 5 0.77
Nurse-Midwives -.033 .075 5 .14 .35 7 0 . 1 0.55
Male Nurses 016 .095 48 .043 093 47 .041  .057 6 0.37
Female Nurses .083 .66 6 0 0 3 . . 0 0.84
Smallpox Vaccinators .056 2 20 -.0045 .24 23 -.21 37 3 0.17
Clinic Beds 086 .25 43 .059 12 43 .095 A7 6 0.77
Annual Medical Budget (Rubles, 1,000s) .16 .22 34 .36 1.7 34 041 046 5 0.73
Clinic Patient Death Rate, % .19 4 29  -.00062 .35 28 .19 .26 3 0.16
In-clinic Patients 21 .58 38 12 2 35 13 13 5 0.68
Share of Births in Clinics -47 .75 2 1.1 .00068 2 0 0.10

Notes: This table reports baseline trends in observables by timing of the first female physician hire. Baseline trends are
calculated as mean annual growth rates over 1876—-1878. Although three districts in the analysis sample had already hired a
female physician by 1878, I retain the full 1876-1878 window. This is done so that the baseline trend measure averages two
annual growth rates instead of relying on a single year-to-year change. Early adopters are districts with a first hire in 1878—
1888 (45.8% of the sample), late adopters in 1889-1910 (48.6%), and future adopters in 1911-1915 (5.6%). Share of Births in
Clinics is the number of births recorded in rural Zemstvo clinics divided by the total number of births in the district, with the
denominator taken from the vital statistics. Columns 1-9 report group means, standard deviations, and numbers of districts;
column 10 reports the p-value from a joint F-test of equality of means across groups. Variation in the number of districts across
cells in Panel A reflects missing data, which can prevent calculation of the baseline growth measure. In Panel B, cells with
especially few observations reflect either missing reporting or baseline values equal to zero, for which proportional growth rates
are undefined. See the notes to Table 1 for data sources.
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Table 4: Female Physician Entry and Infant Mortality

Infant Deaths/1,000 Births Log Infant Deaths/1,000 Births
(1) (2) (3) (4) (5) (6) (7) (8)

Female Physician Entry -13.659%FF 0562 -12.692** -0.038*F* -0.038***  -0.001  -0.034**
(4.039) (8.086) (4.876) (0.012) (0.012)  (0.029)  (0.015)
Female Physician Entry X Above-Median Share at Entry -20.254* -0.058
(10.790) (0.035)
Female Physician Entry X Infant Mortality in 1876 -0.360%** -0.001%**
(0.070) (0.000)
N 3,679 3,679 3,414 3,679 3,679 3,679 3,414
Districts 107 107 98 107 107 107 98
Mean Yis76 313.793 313.793 313.793 -1.220 -1.220 -1.220 -1.220
Year FE v v v v v v v v
District FE v v v v v v v v
Controls v v v v
R-squared 0.619 0.620 0.609 0.672 0.673 0.673 0.676

Notes: This table reports average treatment effects of first female physician entry on infant mortality over 1876-1910 in the
107-district replacement-hire analysis sample. Columns (1)—(4) use infant deaths before age one per 1,000 births as the
dependent variable; columns (5)—(8) use the logarithm of infant deaths divided by births. All specifications include district
and year fixed effects. Columns (1) and (5) omit time-varying controls; columns (2)—(4) and (6)—(8) control for the total
number of physicians. Columns (3) and (7) interact female physician entry with an indicator for whether the first female
physician represented an above-median share of the district physician workforce at entry. Infant mortality in 1876 is
mean-centered across districts, so the coefficient on Female Physician Entry in columns (4) and (8) gives the estimated
treatment effect at the sample mean of 1876 infant mortality. “Mean Y1876” reports the mean dependent variable in 1876.
Standard errors, clustered at the district level, are reported in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 5: Female Physician Entry and Healthcare Provision

(1) (2) (3)

In-clinic Patients Share of Births in Clinics Midwives
Panel A: Healthcare Provision and Access
Female Physician Entry 0.205** 0.002* -0.206**

(0.093) (0.001) (0.094)

N 1,274 369 1,206
Districts 102 30 93
Raw Mean Y1876 561.544 0.000 2.630
Year FE v v v
District FE v v v
Controls v v v
Estimator PPML TWFE TWFE PPML TWFE

(1) (2) (3)

Male Nurses Female Nurses Nurse-Midwives
Panel B: Healthcare Personnel
Female Physician Entry -0.051 0.494 -0.140

(0.047) (0.353) (0.183)

N 1,336 390 793
Districts 104 30 61
Raw Mean Y1876 10.165 0.800 0.443
Year FE v v v
District FE v v v
Controls v v v
Estimator PPML TWFE PPML TWFE PPML TWFE

Notes: This table reports changes in healthcare provision following first female physician entry using outcomes available for
1876-1888. The sample follows the replacement-hire design used in the main analysis. Treatment is equal to one beginning in
the year of first female physician entry. All specifications include district and year fixed effects and control for the total
number of physicians. Standard errors are clustered at the district level. Count outcomes are estimated using Poisson
Pseudo-Maximum Likelihood (PPML), while the Share of Births in Clinics is estimated using a conventional two-way
fixed-effects specification. PPML coefficients are semi-elasticities. The proportional effect is given by exp(8) — 1. For example,
the coefficient of —0.206 on midwives in Panel A corresponds to an 18.6% decline, or approximately 0.49 fewer midwives
relative to the 1876 mean of 2.63. The coefficient on Share of Births in Clinics is a level change in the share, so a coefficient of
0.002 corresponds to an increase of 0.2 percentage points. Share of Births in Clinics is the number of births recorded in rural
Zemstvo clinics divided by the total number of births in the district, with the number of births taken from the vital statistics.
“Raw Mean Yig76” reports the mean of the untransformed dependent variable in 1876. Sample sizes differ across outcomes
because healthcare-provision measures are incompletely reported in the original Zemstvo Medical Collection. *p < 0.10,

*p < 0.05, ***p < 0.01.
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APPENDIX

A Historical Background

A.1 Social Origins of the First Female Physicians

The tabulation below is based on the table provided by [Suschinsky, 1883, p. 34|, based on the
first 8 years of admissions (1872-1879):

Table A.1.1: Social Origin Breakdown

Category Number Percent
Wives and daughters of civil officials 214 30.0%
Merchants and honorary citizens 133 18.7%
Military 107 15.0%
Townspeople (Meshchane) 105 14.7%
Clergy 59 8.3%
Wives and daughters of doctors and students 41 5.8%
Persons of free origin 20 2.8%
Daughters of lower ranks 13 1.8%
Peasants, colonists, and domestic servants 9 1.3%
Foreigners 8 1.1%
Guild members and artisans 4 0.6%

A.2 Costs to Patients, Examples

The table below is based on accounts of individual district operation descriptions found in Zhbankov

[1891].
Patient Category Arzamasskii, Kazanskii, Kazan Gorokhovetskii, Vladimir
Nizhegorod

Inhospital

Local Free Free 3 rubles/month

Non-local 20 kopecks/day 8 rubles 10 3 rubles/month
kopecks/month

Ambulatory

Local poor Free Free Free

Local not poor Pay for medicine Free Free

Non-local poor Free 8 rubles 10  Free
kopecks/month

Non-local non-poor Pay for medicine 8 rubles 10 Free
kopecks/month

Table A.2.1: Comparison of patient charges across three district hospital examples
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A.3 Doctors’ Catchment Areas

Figure A.3.1: Example of Catchment Areas, Kharkiv Province, 1890 and 1910

(a) Zemstvo Doctor Catchment Areas, (b) Zemstvo Doctor Catchment Areas,
Kharkiv Province 1890 Kharkiv Province 1910
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Source: Frenkel [1913]

A.4 Job Advertisement Example

Figure A.4.1: Example of a Job Advertisement, 1910 [Vladislavlev and Podvisotskii, 1910]

(a) Job Ad, Original (b) Job Ad, English Translation

A.5 Causes of Death

Table A.5.1: % of Causes of Death by Age Group and Disease in Kostroma Province, 1880 based on
Ivanov [1883]

06mo 6-12mo 1-15yF 1-15yM 1649y F 1649yM 50+ yF 50+yM

Abdominal Diseases 50.5 38.3 14.6 14.7 2.6 3 1.5 2.2
Inherent Weakness 31.3 1.2 0 0 0 0 0 0

Other Infectious Diseases 12.2 46.3 72 70.4 46.4 49.9 14.9 15.9
Acute Respiratory Diseases 1.9 4.2 2.7 2.2 2.7 2.5 1.4 1.7
Other 5 1.7 1.2 1.9 10.4 8.8 71.6 62.3
Fever (unknown underlying dis.) 3.4 8 8.4 8.3 19.5 18.7 9.1 11.4
Apoplexia, Violent, Accidental Deaths 1 2 1.1 2.6 3.8 17.1 1.6 6.5
Childbirth 0 0 0 0 14.7 0 0 0
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B Data and Descriptive Statistics

B.1 Zemstvo Medical Collection Data Example

Figure B.1.1: Zemstvo District Medical Time-Series, example table

(a) Zemstvo District Medical Time-Series, example (b) Zemstvo District Medical Time-Series, example table,
table, original translated
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Source: Zhbankov [1891]
B.2 Medical Directories Data Example
Figure B.2.1: Medical List, example table
(a) Medical Directories example page, 1890, original (b) Medical Directories example page, 1890, translated

_ 2 Alphabetieal list of women-doctors
A}lq]aBMTHbIH CNUCOKDL HMEHWHUHB-BpaYen.

Anrexesa (mo wymy Peiins) Amma Kumpuiz. 51 ®.-Bp. 79, sup. C. Cocmorka, Mopmanm., Tau6os.

Anppeena Oasra fk. 60 z.-Bp. 87. Bp. ropox. yumi. Mocksa.

Anrymesuys Buxtopis Ioc. 58 m.-sp. 83. Opi. sew. Gor. Mameckifl sap., Capanyr, Barcs.

Anresyan® Jopores Hcaak. 51 w.-Bp. 77, sup. Pocross ma [

Apnoasys Esrenia Anr. 62 m.-sp. 87, pup. Cepacromois.

ponoBa Bipa Esr. 56 .-sp. 86. Bew. p. C. Ionoeka, Axescum., Tyisck.

ApxaureascEad Ai-ipa Tasp. 51 m.-pp. 82. Bem. sp. C. Ierposka, Bepefics., Mockos.
PXaureancEaf Bfpa s, 3 . Bpommuma, Mock.

Source: Ministry of Internal Affairs [1890].

Angeleva (married name Rein) Anna Kirill. 51 wom.-dr. 79, priv. V. Sosnovka, Morshan., Tambov.
Andreeva Olga Yak. 60 wom.-dr. 87. Dr. city school, Moscow.
Antushevich Viktoria 10s. 58 wom.-dr. 83. Ord. Zem. hosp. Izhevskii factory, Sarapul., Vyatsk.
Aptekman Dorotea Isaak. 51 wom.-dr. 77, priv. Rostov on D.
Arnold Evgenia Ant. 62 wom.-dr. 87, priv.

| Pranuvs Vera Evg. 568 wom.-dr. 86. Zem. Dr. V. Popovka, Aleksin., Tulsk.

Al-dra Gavr. 51 wom.-dr. 82. Zem. Dr. V. Petrovka, Vereisk., Moskov.
Arkhunnelskayn Vera Iv. 81 wom.-dr. 87. Dr. elin. Tikhvin char. Bronnitsa, Mosk.

Notes: In the blue frames, I highlight the observations I identify as Zemstvo female doctors. Notice that we observe all doctors’
full names, birth and graduation years, and exact work locations. Sometimes, the district is not specified, so villages need to
be geolocated.

The main challenge with the Medical Directories data is their textual format. First, I must iden-
tify all Zemstvo physicians while excluding other doctors employed by Zemstvos, such as sanitary
physicians responsible for epidemic management and physicians working in large city-based Zemstvo
hospitals. Precise classification is important given the research design, which focuses on replacement
hires and requires accurate measurement of physician counts. I rely on structured text searches to
identify relevant physicians. Specifically, the string combination “3em.” (Zem.) and “Bp.” (doctor)
captures most Zemstvo physicians. I supplement this approach with additional inclusion and exclu-
sion rules to address spelling variation and OCR errors, and I manually verify the resulting list to
minimize false positives. While I cannot entirely rule out false negatives, I reviewed thousands of

entries that were likely to include false negatives, where I have found none.

A second challenge is geolocating physicians. Most entries list the district of practice, allowing

reliable text-based matching within provinces. Some entries, however (~10%), report only a village
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Figure B.3.1: Average Number of Zemstvo Doctors
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and province.’” In these cases, I geolocate villages using historical geographic records. When
multiple villages bear the same names within a province, I leave those observations unassigned. A
small number of Zemstvo physicians served railroad networks and therefore operated across districts,
making district assignment infeasible. In addition, some physicians, particularly in later years, do
not report precise locations. As a result, between 1889 and 1910, I am unable to geolocate 0.6%
(0.64% of male and 0.60% of female) of the 51,082 physician-years (8,430 unique physicians). Of
course, despite my best efforts, given the vastness and heterogeneous quality of the data, some

assignment errors may remain.

B.3 Continuity Across Physician Data Sources

Because the Medical Directories relied on physician self-reporting and required more extensive dig-
itization and cleaning, I assess the continuity of the physician series around the transition from the
Zemstvo Medical Collection to the Medical Directories. The data source changes in 1889, with the
1890 Medical Directories reflecting the workforce as of 1889. Figure B.3.1 plots the average number
of Zemstvo doctors by year. Although there is a small decline in 1889, the levels recover immediately
in 1890, suggesting a compression in Zemstvo staffing in 1889, rather than a systematic difference
between the data sources, given that a systematic difference would affect the entire 1889-1910 period.
Notice also that a similar dip takes place again in 1905, likely resulting from the Russo-Japanese
War and the First Russian Revolution. Similarly, Figure B.5.1 shows no discontinuity in female

physician entry around 1889.

571 assign districts based on the presence of certain string combinations (e.g. if the location place contains "Vyaz"
and is in Smolensk province, this row is assigned to Vyazemskii district). This improves efficiency vis-a-vis OCR
errors and original typos, but may introduce errors if, in fact, the location cell is a village that also starts with "Vyaz"
and is in a different district. The current implementation of this assignment ensures no such errors are made, after
careful checks of all village-province-only entries.
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B.4 Vital Statistics Data Example

Figure B.4.1: Vital Statistics Data, example table

(a) Deaths by District, Age Group and Gender, 1890,

(b) Deaths by District, Age Group and Gender, 1890,

original translated
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B.5 Timing of Female Physician Entry

).

Figure B.5.1: Share of Districts That Had Hired a Female Physician by Year
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Table B.5.1: Balance on Baseline Levels, 1876

Panel A: Physicians and Vital Statistics
(per 1,000 pop (1896) unless stated otherwise)

Doctors

Births

Infant Deaths (Age 0) per 1,000 Births
Within-Infancy Deaths per 1,000 Births, Months:
0

1-2

3-5

6-12

Number Male Deaths, Ages:
0

1-14

15-54

55

All

Number Female Deaths, Ages:
0

1-14

15-54

55

All

Panel B: Healthcare Provision
(per 1,000 pop (1896) unless stated otherwise)

Midwives

Nurse-Midwives

Male Nurses

Female Nurses

Smallpox Vaccinators

Clinic Beds

Clinic Patient Death Rate, %

In-clinic Patients

Share of Births in Clinics

Annual Medical Budget (Rubles, 1,000s)

1878-1888 Adopters

1889-1910 Adopters

1911-1915 Adopters F-test p-value

(1

Mean

.025
55
331

80
83
78
89

10
4.9
5.7
3.3
24

.02
.0027
.068
.00064
.054
31
.058
750
0
.085

2)

SD

.021
71
109

30
41
28
25

13
7.1
20

t
wt

45

11
6.2
9.1
5.5

31

.021
.012
.041
.003
.058
.25
.033
2368
0
.075

®3)

N

49
44
44

44
44
44
44

44
44
44
44
44

44
44
44
44
44

46
47
49
49
31
46
33
41
15
39

(4)

Mean

.02
45
303

7
69
72
85

7.6

2.7
2.5
17

6.3
3.7
2.8
2.7
16

.013
.0024
.068
.0017
.069
.24
.073
424
0
.086

(5)

SD

.011
7.4
91

26
28
27
24

2.7
1.1
7
.75
4.1

.0096
.0067

.032
.01
.071
A7
.06
322
0
.039

(6)

N

48
48

48
48
48
48

48
48
48
48
48

48
48
48
48
48

50
49
49
50
32
47
30
43
9
34

(M

Mean

.02
39
273

70
61
62
79

6.2
3.8
2.3
2.3
15

5.2

2.5
2.5
14

.015
.069

.059
.24
.057
262
0
.08

(®)

SD

.012

84

26
28
23
19

3.2
1.1
.52
.96

2.6
1.1
.68
1.2
3.5

.013

.029

.038

.16

.031

248

.02

9) (10)

N

0.21
0.57
0.24

S OO

0.70
0.09
0.30
0.48

OO

0.32
0.56
0.54
0.56
0.47

OO D

0.29
0.55
0.63
0.53
0.47

OO

0.07
0.80
1.00
0.72
0.62
0.24
0.44
0.59

U= WO wWwooo o

0.98

This table shows baseline levels of observables by timing of the first female physician hire.
measured in 1876, when no female physicians had yet graduated from the Female Medical School.

Baseline levels are
Units are per 1,000

population, as measured in the January, 1897 Census (representing population in 1896), unless noted otherwise.
Columns 1-9 report, for each group, the mean, standard deviation, and number of districts; column 10 reports the
p-value from the joint F-test of equality of group means. Please refer to the notes to Table 1 for data sources.
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B.6 Trends in Infant Mortality Over Space

Figure B.6.1: Raw Trends in Infant Mortality

(a) Infant Mortality by District, 1876-77 Average (b) Infant Mortality by District, 1909-10 Average

U [] Not Zemstvo Y ["1 Not Zemstvo
- Zemstvo - No Data, No Entry by 1910, or Expansion - f Zemstvo - No Data, No Entry by 1910, or Expansion
0.05 - 0.20 0.05 - 0.20
L 0.20-030 L 020-030
0.30 - 0.40 0.30 - 0.40
0.40-0.78 0.40-0.78

Notes: Source for historical shapefiles: Kessler and Markevich [2020]
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B.7 Raw Data

Figure B.7.1: Infant Mortality in Treated Districts, Relative Time

370
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Infant Mortality per 1,000 Births

Years Since the First Female Doctor Entry

Notes: The sample is limited to 1881-1900 adopters (41 districts) to create a balanced panel. The red dashed line represents
the trend extrapolated from the -5 to -1 period.
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C Results
C.1 Mortality Event Studies

Figure C.1.1: Event Studies by Age Groups

(a) Male, Ages 1-14 (b) Female, Ages 1-14 (c) Male, Ages 15-54
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Notes: Sample construction as described in Figure 5. Estimation follows equation 4.

C.2 Population Growth Rates

To examine how female physician entry affected population dynamics, I construct annual district-
level natural population growth rates by combining comprehensive data on births and deaths with
district population counts from the January 1897 Population Census. Natural population growth

is defined using the standard population accounting identity:

Pdt — Pdt—l BirthSdt — Deathsdt

- b
Pgi—1 Pgi—1

where Py denotes the population of district d in year ¢t. This identity allows natural growth to be

decomposed into birth and death rate components.

I estimate separate event-study specifications for the birth rate, %h_sldi, and the death rate, D]e.%}_lsl‘“.
Appendix Figure C.2.1 presents these results. The estimates show that the initial increase in natural
population growth is driven by reductions in mortality. In later years following the entry of female

physicians, birth rates also increase.

The suggestive increase in births is somewhat surprising in light of evidence from other settings where
reductions in infant mortality have been associated with fertility decline (e.g., Ager, Worm Hansen,
and Sandholt Jensen, 2018) and broader fertility transitions. One possible explanation is that female

physician entry reduced not only infant mortality but also mortality among young adults, thereby
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increasing the number of reproductive years within the population and the length of time spouses
lived together. A second possibility is that fertility control was limited in rural Russia during this
period. Although some knowledge of fertility control existed, evidence suggests that Russian peasant
families rarely attempted to actively limit fertility [Malein, Matiashvili, and Beltran Tapia, 2024].
In such settings, improvements in infant survival may have had only modest effects on fertility
through biological channels such as breastfeeding-related changes in fecundity [Jayachandran and
Kuziemko, 2011|. Third, the increase in births may represent an increase in live births, where
stillbirths previously would not have been reported. Notably, this pattern diverges from the classic
demographic replacement effect, in which reductions in infant mortality tend to reduce fertility as

parents need fewer births to reach a target number of surviving children.
Figure C.2.1: Effects on Birth and Death Rates

(a) Effects on Birth Rate: o Dirthsy (b) Effects on Death Rate: __ Deathsy

Population 1 Populations_ 1

=3
t
I
1
I
L
I
4
|
+
I
-
|
*
|
|
T
T
I
1
I
|
1
4
I
I
1
1
I
I
I
1
|
T
|
T
1
I
1
I
I
I
|

Births per 1,000 Population
N
.
Deaths per 1,000 Population
.
°
——e
.
°
°
3
s
°
.
.
.

o
t
|
]
]
]
— e
I
|
—
N I
———
- |
= L — —
i
o 4
oL
|
‘ Lo
|
-
]
3
)
»
]
T e
|
e
|
T
|
T o
|
e
1
—e
L s
|
L -
]
b
|
}
o
3
°

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Years Since Female Physician Entry Years Since Female Physician Entry

Notes: Sample and estimation same as Figure 6.

C.3 Calculating Period Life Expectancy at Birth

Below, I describe the steps used in reconstructing annual period life expectancies at birth. The
methodology is based on standard period life expectancy calculations in the demography literature
[Preston, Heuveline, and Guillot, 2001|, except for using the indirect standardization approach
[Curtin and Klein, 1995|, which is common in historical settings where annual population counts are
not available, as is the case in this setting. Note that a more direct approach would have backward-
and forward-imputed population counts by age group. However, because the time horizon is long
and age groups between the population census and the deaths records are not exactly aligned, the
measurement error associated with individual age groups aging in and out of the broader age groups
is a large enough problem that some age groups reach negative counts the further back and forward
we go. So I use the more conservative approach described below, which will somewhat underestimate

the true impact of female physician entry on life expectancy.

Deaths data harmonization First, I put all death counts into a single set of age groups that
are consistent every year and between deaths and Census population bins. Based on available bins,
I create new groupings: Ages 0, 1-9, 10-19, 20-29, 30-39, 40-49, 50-59, and 60 plus. In the deaths
data, the published age groupings are coarser than these bins in the 1876-1883 period, and more

7



detailed in the 1884-1910 period. For 1876—1883, I split the broader bins proportionally using sex-
specific shares learned from the detailed years (so the early years inherit the later years’ observed
age pattern by sex).’® For 1884-1910, I collapse the detailed bins to our target bins; this yields, for

each district and sex and year, a consistent vector of deaths across the same age groups.

Exposures (population at risk) We only observe population by age once, in the 1897 Census.
I align those census counts to the same target bins I use for deaths.?® These age-by-sex, district-

specific populations serve as fixed anchors.

1896 standard age pattern. Using deaths and census exposures in 1896,5° I construct a sea-
specific, common (sample-wide) standard mortality schedule that serves as an anchor for all districts.

For sex s € {Male, Female} and age bin z,

S
Ny5td;1896,s Dx,1896
T s )
P x,1896

where D, 1496 is the total number of deaths in 1896 in age bin z (summed over all districts) and
P’ 1896 1s the corresponding 1896 census exposure. This schedule varies by sex but not by district; it
is used solely as an anchor that will be scaled to obtain district—year—sex rates in subsequent steps.
Indirect standardization each year (SMR). For each district d, year ¢, and sex s, I compare
observed deaths with the expected deaths expected, had the district experienced the 1896 standard

age pattern applied to its own 1896 age structure. Let x index age bins.
Oj,t - Z Dit,x
x

xT

s __ S std,1896,s
Ed - E :Pd,1896,a:M

T

S

0
SMR§, = —
d

The standardized mortality ratio SMRj, is a single multiplier that adjusts the overall level of

mortality in year ¢ (for district d, sex s) while preserving the 1896 age pattern.

%8For example, the 1876-1883 years only include a 20-34 age bin. To calculate the number of deaths in the 20-29
age bin for each sex in this period, I first sum the deaths in age groups 20-24, 25-29, and 30-34 from 1884-1910 years
(separately by sex) and then divide the sum of deaths in 20-24 and 25-29 age groups by the total sum. In this case,
this share for women is 0.69. That is, 69% of deaths among women in the group 20-34 occur in ages 20-29. I then
multiply deaths in age groups 20-34 in 1876-1883 by 0.69 to estimate the number of deaths that occurred in the 20-29
age group.

%91 split age 0-9 into age 0 (births, from vital statistics), and population aged 1-9 (observed population minus
births).

59The 1897 Census was taken in January, so those population counts more accurately reflect 1896 end-of-year
population counts.
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Annual age-specific rates and life tables. For each district—year—sex, we obtain annual age-
specific death rates by scaling the 1896 standard schedule with the standardized mortality ratio
(SMR):

My = SMRS, - M1,

where x indexes age bins and ¢ indexes years. From these M, ;, I build abridged period life tables.

For each closed interval of width n;, I convert rates to probabilities using

Ty Ma:,t
1 + (n:c - aw) Mm,t’

n
Qot = with a, = ?x (including ag = 3).

Starting from a radix lo; = 100,000, survivorship proceeds via
Aot = lot Qo g, lovngt = log — dapg.
Person-years lived in closed intervals are
Lyt = nglyyngt + agdeg,

and for the open interval w we use
lw,t

L, = .
’ M, ¢

Total person-years above birth are Ty, = Y L, and life expectancy at birth is

To,t
lot

€0,t

The life expectancy estimates rely on the assumption that the relative age pattern of mortality
remained constant over time, with only the overall level changing across districts and years. If
mortality improvements were concentrated in specific age groups (such as infants or young adults,
as is the case in this paper) rather than uniform across all ages, this method may not fully capture the
true variation in life expectancy changes. In addition, since the expected deaths denominator relies
on a fixed 1896 population structure, unobserved changes in the true population at risk will affect
the SMR. Crucially, because female physician entry increases natural population growth, treated
districts mechanically experience higher absolute death counts over time due to a larger surviving
population. This fixed-exposure method therefore artificially inflates the SMR in treated districts,
further attenuating estimated treatment effects. Because both the fixed age-pattern assumption
and the fixed population exposure bias the estimated gains downward, these results should be
interpreted as conservative approximations that likely underestimate the true magnitude of life

expectancy improvements.
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D Robustness

D.1 Alternative Identification Strategies

Male versus Female Replacements. To approximate the comparison between districts hiring
male versus female replacement physicians in the same year, I construct a stacked difference-in-
differences design using individual physician records. These records allow me to identify replacement
hires in the later part of the sample. I compare changes in mortality around female replacement

hires with changes around male replacement hires occurring in the same calendar year.

Replacement events 1 identify an entering physician as one who is observed in a district in year ¢
but was not observed in that district in year ¢ — 1. Entry cannot be identified in the first year of the
individual physician panel, which I therefore exclude from the set of potential replacement events.
I classify a district-year as a replacement event when at least one physician enters and the total
number of Zemstvo physicians does not increase relative to the immediately preceding calendar

year.

A female replacement event involves at least one female entrant and no male entrants. A male
replacement event involves at least one male entrant and no female entrants. I exclude district-
years in which both male and female physicians enter. Unlike the primary specification, which
focuses on the first female physician hire in each district, this exercise includes all qualifying female

and male replacement events, in order to increase precision.

Stack construction 1 construct a separate stack for each replacement year ¢, comparing districts
that experienced a female replacement with those that experienced a male replacement in the same
year. I retain only stacks with at least one event of each type and include mortality observations
from ¢ — 5 through ¢+ 5, where available. Districts can appear in multiple stacks if they experience
replacement events in different years. Therefore, event windows can overlap, and the same district-

year may appear in more than one stack.

Estimation d indexes districts, ¢ calendar years, and s stacks, with ¢s denoting the replacement year
defining stack s. Fys equals one if district d experiences a female replacement event in year c¢s and

zero if it experiences a male replacement event. In addition, let
Pts = 1{t Z CS}.

For each age and sex group g, I estimate the following conditional mean specification using Poisson

pseudo-maximum likelihood:

E[Ydit | Fds> Oéfls, )\fs] = exp [afls + )\fs + Bg (Fds X Pts)] ) (5)
where ngs , is the number of deaths in group g, ags denotes district-by-stack fixed effects, and A/,
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denotes calendar-year-by-stack fixed effects. District-by-stack fixed effects account for persistent
differences across districts within each stack, while calendar-year-by-stack fixed effects account for
annual shocks common to districts in the same stack. These fixed effects also absorb the main effects
of Fys and Py, respectively. I cluster standard errors at the district level to allow for dependence

across years and across stacks involving the same district.

The coefficient 59 measures the change in mortality following female replacement hires relative to

male replacement hires, expressed in log points. I report the estimates as percentage changes,
100 [exp(ﬁg) - 1] .

A negative estimate indicates a larger mortality decline following female replacement hires than
following male replacement hires. A causal interpretation requires that, absent the difference in the
gender of the replacement hires, the two groups would have experienced parallel mortality trends

within each stack.

Comparison with the primary specification. To assess whether the choice of comparison strategy
materially affects the results, I also re-estimate the primary specification using the female-entry
cohorts over 1889-1910 and observation years 1885-1910. This comparison aligns district coverage,

female-entry cohorts, and the observation period.

Figure D.1.1 reports the stacked replacement estimates alongside the estimates from the restricted
primary specification. The two approaches produce similar negative point estimates for infants and
adults ages 15-54. The estimates differ somewhat more for children ages 1-14 and adults ages
55 and older. The negative estimates for infants and younger adults are also consistent with the
corresponding full-sample results. The estimates for children diverge from the full-sample results,
consistent with the more cautious interpretation with those results, also stemming from the negative
observed pre-trends. The results for older adults are consistent with the main specification, in that

the coefficients are never negative.

Male versus Female Expansions As complementary evidence, I use expansions in physician
employment as an alternative source of variation. Expansions were substantially less frequent than
physician turnover: the median district expanded its physician workforce six times over the sample
period (interquartile range: 4-7). I define a focal expansion as an increase of exactly one physician
between consecutive years. Restricting attention to one-physician expansions provides a direct com-
parison between expansions that add one male physician and expansions that introduce a district’s

first female physician.

For female physicians, I define an expansion when the increase of one physician coincides with the
district’s first female physician entry and the number of physicians rises by exactly one. Thus, the
event corresponds to a district expanding from N to N + 1 physicians, with the marginal physician

being the district’s first female doctor. Male focal events are years in which the district similarly
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Figure D.1.1: Mortality Effects: Stacked Replacement Design and Primary Specification in a Comparable
Sample

Notes: Panel (a) reports estimates from stacked PPML regressions comparing female and male replacement hires
occurring in the same calendar year. Each stack includes available observations within five years before and after the
focal replacement year. Replacements are defined by physician entry accompanied by a non-increasing total number
of Zemstvo physicians; events with both male and female entrants are excluded. Regressions include district-by-
stack and calendar-year-by-stack fixed effects. Panel (b) reports estimates from the primary specification restricted
to the corresponding districts and female-entry cohorts over 1889-1910, and observation years 1885-1910. Outcomes
are death counts by age and sex. Estimates are expressed as 100[exp(8) —1]. Bars indicate 95% confidence intervals,
with standard errors clustered by district. Male and female markers refer to the sex of the deceased.

expands from N to N + 1 physicians while the number of female physicians remains unchanged.
Male expansion events must occur before the district’s first female physician entry, and districts that
never hire a female physician are also eligible. Unlike first female entry, a district’s first observed
male expansion has no particular substantive significance. I therefore use all eligible one-physician

male expansions.

Because a district may experience several expansions during the sample period, fixed event win-
dows around each expansion would cause the same district-year to enter multiple event stacks and
allow the post-period of one expansion to extend through subsequent increases in physician supply.
Therefore, I construct mutually exclusive event windows. All increases in physician employment,
including expansions of more than one physician, define boundaries between neighboring expansion
episodes. For each one-physician expansion, I assign the years between adjacent expansions to the
nearest expansion, splitting the interval at its midpoint, and cap each event window at ten years be-
fore and after the focal event. As an additional restriction, a male-expansion window ends when the
district receives its first female physician, even when that entry occurs through replacement. This
procedure ensures that an underlying district-year contributes to at most one expansion window

and that male post-expansion periods are not subsequently exposed to female physician entry.

I then stack the resulting event windows and estimate

EYast | Xat] = exp (o + BarPostgse + Bp (Females x Postyg) + & + e + ¥ Xat)
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where s indexes expansion-event stacks, Postgs equals one beginning in the year of the focal expan-
sion, and Female; indicates that the focal expansion introduces the district’s first female physician.
& denotes stack fixed effects and p; denotes calendar-year fixed effects. As in the main analy-
sis, I control for the total number of physicians in the district and cluster standard errors at the
district level. The coefficient 83y measures the change in mortality following a male physician ex-
pansion, while Sp measures the differential change following a first-female expansion relative to a

male expansion.

Figure D.1.2 reports these estimates across age and gender groups. Panel A reports the effects of
male physician expansions. Because male expansions are more frequent than the first female expan-
sions, these estimates are more precise. Except for mortality among children, the point estimates

are close to zero across age groups.

Figure D.1.3 examines the corresponding dynamics for infant deaths. Panel (a) shows little evidence
of differential mortality trends around male physician expansions. The pre-expansion coefficients
are close to zero, and there is no clear decline following entry. Panel (b) reports the differential
coefficients for expansions introducing a district’s first female physician relative to male physicians.
The pre-expansion differentials are imprecisely estimated and include zero, while the post-expansion

coefficients turn negative, with the largest declines arising one year after entry.
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Figure D.1.2: Male and Female Physician Expansions: Effects by Age and Gender

Panel A: Male Physician Expansions
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Notes: The figure reports estimates from stacked PPML regressions around one-physician expansions occurring between 1878
and 1900. Female expansion events are years in which the district’s first female physician enters and both total physician
employment and female physician employment increase by exactly one. Male expansion events are one-physician expansions
in which female physician employment remains unchanged and that occur before first female physician entry. Event windows
are non-overlapping. All changes that increase physician employment define boundaries between expansion episodes, with
intervening years assigned to the nearest expansion and each window capped at ten years before and after the entry event.
Male-expansion windows additionally end at the district’s first female physician entry. Panel A reports the estimated post-
expansion effect for male physician expansions. Panel B reports the differential post-expansion effect of first-female relative
to male physician expansions. All specifications include event-stack and calendar-year fixed effects and control for the total
number of physicians. Standard errors are clustered at the district level.
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Figure D.1.3: Event Studies Around Male and Female Physician Expansions: Infant Deaths
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Notes: The figure reports event-study estimates from the stacked expansion design described in Appendix D.1.
The outcome is the number of infant deaths. Female expansion events are years in which a district’s first female
physician enters and total physician employment increases by exactly one; male expansion events add exactly one
male physician and occur before first female physician entry. Panel (a) reports the event-time coefficients around
male physician expansions. Panel (b) reports the differential coefficients for first-female expansions relative to
male expansions. The omitted period is the year immediately preceding the expansion. The first coefficient pools
event times at or before —3, and the final coefficient pools event times at or after +5. All specifications include
event-stack and calendar-year fixed effects and control for the total number of physicians. Standard errors are
clustered at the district level.

Interrupted Time Series As a complementary within-district exercise, I estimate an interrupted
time-series (ITS) specification around the first female physician’s entry. The ITS approach estimates
whether mortality within a district departs from the trajectory predicted by that district’s pre-entry

trend after the first female physician arrives.

For infant mortality, I estimate

log(Yy) = 64 + 04 TimeTrendy; + B1Posty: + B2 (TimeTrendy; x Postg:) + v NumDoctorsg: + €q4t,
(6)

where 4 denotes district fixed effects, TimeTrendy = ¢t — T% is event time centered around the year
of first female physician entry 79, and 6y is a district-specific linear trend coefficient. Postg equals
one beginning in the year of female physician entry. The coefficient 51 captures the discrete change
in mortality at entry, while 8o captures the change in the subsequent mortality trend relative to the
district-specific pre-entry trajectory. I additionally control for the total number of physicians prac-
ticing in the district. The identifying assumption is that, absent female physician entry, mortality
would have continued along the district-specific linear trajectory estimated from the surrounding

time series.

For age-specific mortality counts, I estimate the analogous specification using Poisson pseudo-
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Figure D.1.4: Interrupted Time Series Visual Example
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Notes: The figure is limited to districts in which the first female physician entered as a replacement for a departing male
physician and infant mortality is non-missing in every relative year from —5 through +10. Relative time is in relation to the
district’s first female physician entry. The solid pre-entry line reports the fitted linear trend over relative years —5 through —1.
The dashed line extrapolates this trend into the post-entry period and the post-entry line reports the fitted trend over relative
years 0 through 10.

maximum likelihood (PPML), with the same linear index, district fixed effects, district-specific
linear trends, and physician-count control. Standard errors in all specifications are clustered at the
district level. As in the primary analysis, I restrict the sample to districts in which the first female

physician entered as a replacement for a departing male physician.

Figure D.1.4 illustrates the identifying variation for infant mortality. For transparency, the figure
uses a balanced subset of districts with non-missing infant mortality in every relative year from five
years before through ten years after first female physician entry. Because the mortality data span
1876-1910, this balanced sample is effectively restricted to entries occurring between 1881 and 1900.
The solid pre-entry line shows the fitted linear trend prior to entry, while its dashed continuation
illustrates the counterfactual mortality trajectory implied by that trend. The post-entry line shows

the fitted mortality trajectory following female physician entry.

Table D.1.1 reports the I'TS estimates across age groups. The results provide the clearest corrobo-
rating evidence at younger ages. Infant mortality falls by approximately 2.5 percent at entry, with
a further negative post-entry trend. The level shift is statistically significant at the 5% level, while
the trend change is suggestive but less precisely estimated. Mortality among children ages 1-14
displays a similar pattern for both sexes: deaths fall by approximately 5 percent at entry, and the
post-entry mortality trend becomes significantly more negative. These results indicate that the
mortality improvements at younger ages appear both as an immediate break at female physician

entry and as a subsequent divergence from the district’s pre-entry mortality trajectory.

The evidence for ages 15-54 is weaker. The estimated level shifts are negative for both men and
women, but are imprecisely estimated. For women, I find no statistically significant change in the
subsequent trend. For men, the post-entry trend is positive and statistically significant, offsetting

the initially negative point estimate over time. One possible contributor is that these outcomes
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are measured as death counts rather than mortality rates. Because population increased following
female physician entry, growth in the population at risk may increase the death counts over time
even when mortality risk does not proportionally increase. I therefore interpret the ITS estimates for
this age group cautiously. Finally, I find little evidence of either a level or trend change in mortality
at ages 55 and older. The I'TS results provide within-district evidence of mortality reductions among

infants and children, while providing less support for the young-adult effects found in the primary

analysis.
Table D.1.1: Interrupted Time Series Results
Infant Mortality —Children, Ages 1-14 Ages 15-54 Ages 55+
1) (@) 3) (4) (5) (6) ()
All Male Female Male  Female Male Female
Post-Female Physician Entry -0.025** -0.050**  -0.053**  -0.031  -0.036  0.015 0.011
(0.012) (0.022)  (0.024)  (0.039) (0.029) (0.018) (0.018)
Linear Time Trend x Post-Female Physician Entry -0.004* -0.012%*  -0.014**  0.027**  0.004 0.004  -0.005
(0.002) (0.006)  (0.006)  (0.011) (0.006) (0.004) (0.004)
N 3,471 3,472 3,366 3,471 3,470 3,469 3,367
Districts 101 101 101 101 101 101 101
District FE v v v v v v v
District-Specific Trend v v v v v v v
Controls v v v v v v v
Estimator OLS PPML PPML PPML PPML PPML PPML

Notes: The sample is limited to districts in which the first female physician entered as a replacement for a departing male
physician. Column (1) reports OLS estimates using log infant mortality as the dependent variable. Columns (2)—(7) report
PPML estimates for mortality counts by age and sex. All specifications include district fixed effects, district-specific linear
trends, and a control for the total number of physicians. Standard errors are clustered at the district level.

D.2 Shift-Share Instrument for First Female Physician Entry

To further address the possibility that districts hired female physicians alongside other contem-
poraneous investments in healthcare, I implement an instrumental-variables strategy based on a
shift-share design. The instrument exploits variation in the regional supply of newly trained female

physicians interacted with district-level physician vacancies.

The exposure component of the instrument captures the number of physician positions that became
available in each district. Using the physician rosters described in Section 3, I observe the full set
of doctors practicing in each district at the time of each medical directory. I define district-level
vacancies as the number of physicians present in district j in year ¢ — 1 who are no longer observed

in that district in year ¢. These vacancies only count turnover, but not expansions or contractions.

The shift component captures fluctuations in the supply of newly trained female physicians in the
Zemstvo provinces.%! Let G,{ denote the number of female physicians who have graduated between

years t — 2 and ¢. The instrument interacts the district-level share of vacancies with this aggregate

511 limit the sample of new graduates working in the studied Zemstvo to capture the relevant labor market.
Alternatively, I could use the entire sample of all national graduates, but that pool is likely to be less relevant, as
people from border territories and far east were more likely to represent ethnic minorities who would prefer and be
able to effectively practice there. Using the full national supply yields near-identical results.
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supply measure:

Zjr = Vi1 % G, (7)
where Vj;_1 is the share of physician vacancies per district roster in district j between years ¢ — 1
and t.

Intuitively, when larger cohorts of female physicians enter the profession, districts with more va-
cancies are more likely to fill those positions with women. Districts with few or no vacancies are
less impacted by fluctuations in the regional supply of female physicians. Therefore, the interaction
generates differential variation across districts in the likelihood that a vacancy is filled by a female

physician.

The shift-share instrument is used to predict the timing of first female physician entry, and thereby
generates variation in whether a district is observed in the post-entry period. Let T} denote the

first year in which district j hires a female physician. I define the treatment indicator as

Treatj; = 1{t > T}},

which equals one in all years at and after first female physician entry and zero otherwise.

I estimate the following first-stage specification:

Treatjy = wZj + o + A + Xl + ujy, (8)

where Zj; = Vj;—1 % G,{ is the shift-share instrument defined above, «; are district fixed effects,
and ); are year fixed effects. The vector Xj; includes the number of all doctors. Standard errors

are clustered at the district level.

The corresponding second-stage specification is

Yj: = BTreatj; + a; + A + X;u + 254, (9)

where Yj; denotes the mortality outcome in district j and year ¢, and ﬂ\mjt is the predicted post-
entry treatment status from the first stage. This compares outcomes before and after first female
physician entry, using the component of treatment variation induced by regional fluctuations in the

supply of newly trained female physicians interacted with district-level vacancies.

The shift-share identification strategy relies on the interaction between local district vacancies and

fluctuations in the supply of newly graduated female physicians in Zemstvo provinces. The iden-
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tifying assumption is that, conditional on district and year fixed effects and the total number of
practicing physicians, this interaction affects district-level mortality only through its impact on
the likelihood that district vacancies are filled by a female physician. The shift component reflects
regional supply conditions in the medical profession rather than local healthcare demand or district-
level investments. A major source of variation in the supply of female physicians is the reopening
of the female medical school in 1897, which had been closed since 1887. Because medical training
lasted five years, the first cohort from the reopened school graduated in 1903, leading to a large
increase in the number of newly trained female physicians entering the profession.%? Importantly,
the number of new graduates in a given year reflects the size of the matriculating cohort several
years earlier and, therefore, is unlikely to respond to contemporaneous mortality shocks. To ensure
the local vacancy component does not violate the exclusion restriction, I control for total physician
employment, reducing concern that the instrument operates through contemporaneous changes in

medical capacity.

One potential concern is that the increase in female physician graduates after 1903 coincided with
the Russo—Japanese War and the revolutionary unrest of 1904-05. These events increased mortality
among young adults®®. For this reason, I focus the IV analysis on infant mortality, which is unlikely

to be directly affected by wartime and revolutionary mortality shocks.

The IV estimate identifies the effect of being in the post—female physician entry period for districts
where timing of entry responds to regional fluctuations in the supply of newly trained female physi-
cians interacted with local vacancies. The estimate can be interpreted as a local average treatment

effect for districts that hire female physicians when larger cohorts of women enter medicine.

Figure D.2.1 illustrates the variation underlying the shift-share instrumental-variables strategy and
reports the corresponding 2SLS estimate. Panel (a) plots the supply of newly graduated female
physicians in Zemstvo provinces, defined as graduates within three years of completing training. The
supply of female physicians increases sharply after 1903, when the female medical school resumed
graduating cohorts. Panel (b) shows the first-stage relationship between the shift-share instrument
and the post-entry treatment indicator. Districts with higher exposure to the regional supply shock
- i.e, those with a larger share of physician vacancies - are more likely to enter the post—female
physician period when cohorts of female graduates are larger. Panel (c) presents the reduced-form
relationship between the instrument and infant mortality. The corresponding 2SLS estimate (-0.12
[SE 0.17]) is negative and generally similar in magnitude to the baseline difference-in-differences

estimates, though less precise.

52A small number of female physicians entered the profession during the intervening years, likely graduating from
European universities.
53Deaths among both young men and women increase dramatically in this period.
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Figure D.2.1: Shift-share instrument: regional female graduate supply, first stage, and reduced form
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Notes: Panel (a) plots the supply of newly graduated female physicians in Zemstvo provinces (defined as graduates
within three years of completing training). Panel (b) plots binned averages of the residualized post-entry treatment
indicator against the residualized shift-share instrument, after partialling out district and year fixed effects and
controls. Panel (c) shows the reduced-form relationship between log infant mortality and the shift-share instrument,
both residualized with respect to the controls and fixed effects. The fitted lines come from OLS regressions using
these residualized variables. The corresponding 2SLS estimate is B = —.12 (SE = 0.17), with first-stage F' = 9.8.

D.3 Difference-in-Differences Design

Omitted Period

Figure D.3.1: Pre-Treatment Infant Mortality Around Female Physician Entry
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Notes: The figure plots pre-treatment event-study coefficients for log infant mortality, re-centered so that the average of the
pre-treatment event-time coefficients through ¢t = —2 equals zero. Therefore, the estimate at ¢ = —1 measures mortality in the
year immediately preceding female physician entry relative to the other pre-treatment periods. The ¢ < —10 point pools all
earlier event times. Vertical bars show 95% confidence intervals. Standard errors are clustered at the district level.

Alternative Two-Way Fixed Effects Estimators
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Figure D.3.2: Event-Study: First Female Physicians and Infant Mortality. Alternative Staggered
Difference-in-Differences Estimators
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Notes: Sample construction follows Figure 3. The figure compares event-study estimates using the imputation estimator of
Borusyak, Jaravel, and Spiess [2024], the estimator of Callaway and Sant’Anna [2021], and the interaction-weighted estimator
of Sun and Abraham [2021]. All three estimators allow for heterogeneous treatment effects under staggered adoption. I use
entry dates observed through 1915 to determine treatment timing, so districts where female physicians first entered between
1911 and 1915 serve as future-treated controls.

Figure D.3.3: Event-Study: First Female Physicians and Population Growth. Alternative Staggered
Difference-in-Differences Estimators

Population Growth Rate

;
|
|
|
I
|
|
|
I
|
|
I
|
|
l
01 - ol o= HO -l e - E
i
|

-2
-'37\ T T T T T T T T I‘I T T T T T T T T T T T T T T T
DOBANLHEDININYH XD 0N DIDPYVPN>G

B Borusyak, Jaravel, and Spiess (2023)® Callaway and Sant'Anna (2021) ® Sun and Abraham (2021)

Years Since Female Physician Entry

Notes: Sample and outcome construction follow Figure 6. The figure compares event-study estimates using the imputation
estimator of Borusyak, Jaravel, and Spiess [2024], the estimator of Callaway and Sant’Anna [2021], and the interaction-weighted
estimator of Sun and Abraham [2021]. All three estimators account for heterogeneous treatment effects under staggered
adoption. First female physician entry is treated as an absorbing state. Treatment timing is defined using entry dates observed
through 1915. Districts where first female physician entry occurs between 1911 and 1915 remain untreated throughout the
1876-1910 outcome panel.
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Figure D.3.4: Event Studies: Age Groups, Robustness Checks with Logged Outcomes
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Cohort-Specific Effects

Figure D.3.5: ATET by Treatment Cohort
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Notes: Sample construction and estimation follow Figure 3. Estimates based on Callaway and Sant’Anna [2021]
Restricting Post-Entry Years to Contemporaneous Female Physician Presence As a

robustness check, I depart from the baseline absorbing-treatment definition and exclude post-entry

district-years in which no female physician is present.
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Figure D.3.6: Restricting Post-Entry Years to Contemporaneous Female Physician Presence
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Notes: Sample and estimation construction same as in Figure 3 except I exclude post-entry district-years in which no female
physician is present.

Table D.3.1: Robustness to Weighting and Sample Restriction

Log Infant Deaths/1,000 Births
M 2 ®3) (4) (®) (6) Q) 8)

Female Physician Entry  -0.038*** -0.027** -0.045* -0.031* -0.042%%%  -0.040%** -0.058%*  -0.027***
(0.012) (0.012) (0.023) (0.018) (0.013) (0.015) (0.024) (0.007)
N 3,679 3,414 1,893 1,994 3,670 3,679 2,907 11,485
Districts 107 98 55 58 107 107 107 336
Mean Yis76 -1.220 -1.220 -1.199 -1.253 -1.209 -1.220 -1.220 -1.225
Year FE v v’ x 1876 mortality v v v v v v
District FE v v v v v v v v
Controls v v v v v v v v
Weights 1/Doctors Births Population
Sample Restricted Restricted Restricted; Early Restricted; Late Restricted Restricted Restricted Full
R-squared 0.673 0.708 0.722 0.640 0.670 0.695 0.675 0.698

Notes: Column (1) replicates Column (6) of Table 4. Column (2) interacts 1876 mortality levels with fixed effects. Column (3)
restricts the sample to pre-1889 and 1911-1915 adopters, while Column (4) restricts it to post-1889 and 1911-1915 adopters.
Columns (5) - (7) add weights scaled by: the inverse of the number of doctors; annual births; 1897 Population Census population
counts, respectively. Column (8) does not restrict the sample to replacement hires.

Robustness to Alternative Specifications

Permutation Tests. [ conduct a permutation test to assess whether an effect as large as the
estimated effect could plausibly arise from the allocation of female physician entry timing across
districts. I randomly permute the observed first female physician entry years across the 107 districts
in the analysis sample. This procedure preserves the observed distribution of treatment timing,
including the six districts in which female physicians first entered between 1911 and 1915, that is,
after the end of the 1876-1910 vital statistics panel.

For each of 1,000 permutations, I reconstruct the treatment indicator using the randomly assigned
entry year and re-estimate equation 1. Appendix Figure D.3.7 plots the resulting distribution of
placebo treatment coefficients with the coefficient estimated using the true allocation of treatment
years. The two-sided permutation p-value is calculated as (Bextreme + 1)/(B + 1), where Bextreme

is the number of placebo coefficients at least as large in absolute value as the observed coefficient
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and B = 1,000. The two-sided permutation p-value is 0.016. Therefore, the observed estimate lies

in the far tail of the distribution generated under random reassignment of treatment timing.

Figure D.3.7: Permutation Test
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Notes: The figure plots coefficients from 1,000 permutations of the observed first-female-physician entry years across the 107
districts in the analysis sample. Each permutation preserves the empirical distribution of treatment timing. I then re-estimate
Equation 1 using the baseline specification, treating female physician entry as an absorbing state beginning in the assigned year.
The vertical dashed line indicates the coefficient estimated using the observed allocation of treatment years. The two-sided
permutation p-value is 0.016.

HonestDiD sensitivity analysis I follow Rambachan and Roth [2023] and implement the
relative-magnitudes HonestDiD procedure (delta(rm)) to assess the sensitivity of the infant mor-
tality event-study coefficients to violations of the parallel trends assumption. The parameter M
bounds the size of post-treatment deviations from parallel trends relative to the largest absolute
deviation observed in the pre-period. For example, M = 0.3 allows post-treatment deviations up
to 30% as large as the largest pre-period deviation. I apply this procedure to each post-treatment
event time coefficient (equation 3), using pre-period coefficients for event times —10 to —2 and post-
period coefficients for event times 0 to 15. Appendix Figure D.3.8 plots the original 95% confidence
intervals together with the HonestDiD intervals for M = 0.1, 0.2, and 0.3.

The HonestDiD results show that the estimated short-run declines in infant mortality remain similar
in magnitude for small relaxations of the parallel-trends assumption (M = 0.1), although the
confidence intervals become wider. For moderate relaxations (M > 0.2), the honest confidence
intervals widen and generally include zero in the post-treatment period. The combination of a
limited number of districts, volatility of mortality rates, and the long event-study horizon likely

explains this pattern.
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Figure D.3.8: HonestDiD Sensitivity of Event-Study Estimates
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Notes: Figure shows event-study coefficients for log infant mortality with 95% conventional confidence intervals, alongside
HonestDiD confidence sets computed using the relative-magnitudes framework of Rambachan and Roth [2023]|. The parameter
M bounds the size of post-treatment deviations from parallel trends relative to the largest absolute deviation observed in the
pre-period. Results are shown for M = 0.1, 0.2, and 0.3. Figure produced from the specification in equation 3.

Conley Standard Errors Accounting for Spatial Correlation To assess the robustness of
the main results to spatial and serial correlation in unobservables, this appendix reports standard
errors based on Conley [1999]. Health outcomes and medical practices may be correlated across
neighboring districts and over time, which is not captured by the clustered standard errors used
in the paper. Following Conley [1999], I allow regression residuals to be correlated across districts
within a specified geographic radius and across nearby years, using a Bartlett kernel to down-weight

correlations with distance and time.

Table D.3.2 reports estimates using alternative spatial distance cutoffs and temporal correlation
windows. Columns (2)—(4) allow for spatial correlation within 200, 500, and 1000 km, respectively,
and serial correlation up to one year. Columns (5)—(7) extend the temporal window to two years.

The point estimates remain statistically significant across the various specifications.
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Table D.3.2: Conley Standard Errors

Baseline Lag =1 Lag = 2

(1) (2) (3) (4) (5) (6) (7)
Clustered 200 km 500 km 1000 km 200 km 500 km 1000 km

Female Physician Entry  -0.0393***  -0.0393***  -0.0393*** -0.0393*** -0.0393"** -0.0393"** -0.0393"**
(0.0123)  (0.0114)  (0.0118)  (0.0117)  (0.0119)  (0.0123)  (0.0122)

N 3646 3646 3646 3646 3646 3646 3646

Notes: Each column reports the estimated effect of first female physician entry on log infant deaths per 1,000 births. Column
(1) reports two-way fixed-effects estimates with standard errors clustered at the province-district level. Columns (2)—(4) report
Conley [1999] standard errors allowing for spatial correlation within 200, 500, and 1000 km, respectively, and serial correlation
up to one year. Columns (5)—(7) report Conley standard errors allowing for serial correlation up to two years. All specifications
include province-district and year fixed effects. Spatial standard errors are computed using district centroid latitude and
longitude with a Bartlett kernel. The estimation sample is held fixed across columns. One district included in the main
estimation (e.g., Table 4) did not have centroid data and so is excluded from this sample. The data on district centroids come
from Natkhov and Vasilenok [2023]. The standard errors are calculated using the program from Hsiang [2010].

D.4 Robustness Related to Training and Entry Timing

Training Recency and Characteristics of Entering and Departing Physicians In Ta-
ble D.4.1, I draw on the linked physician panel to identify the male physicians who departed from
each replacement district in the year prior to first female physician entry. I define the replacement
year as the year following the departing physician’s final observed year in the district and merge
these records to replacement events by province, district, and first female physician entry year.
When multiple male physicians depart in the same replacement year, I average their characteristics.
I calculate each departing physician’s age at exit and graduation year and merge the graduation
year of the entering female physician from the Medical Directories. Column (1) uses the differ-
ence between the entering female and departing male physicians’ graduation years, while column
(2) enters their graduation years separately. Column (3) examines the age of the departing male

physician.
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Table D.4.1: Training Recency and Characteristics of Entering and Departing Physicians

Log Infant Mortality

(1) (2) (3)
Female Physician Entry -0.030  -0.021  -0.025
(0.023) (0.022) (0.020)

Female Physician Entry x A Graduation Year (F — M)  0.001

(0.002)
Female Physician Entry x Entering Female MD Year 0.001
(0.002)
Female Physician Entry x Departing Male MD Year 0.000
(0.003)
Female Physician Entry x Age of Departing Physician -0.002
(0.003)
N 1,553 1,553 1,658
Districts 45 45 48
Mean in 1889 -1.152  -1.152  -1.179
Year FE v v v
District FE v v v
Controls v v v
R-squared 0.605 0.605 0.583

Notes: This table examines whether the effect of female physician entry on log infant mortality varies with the training recency
of the entering female and departing male physicians or with characteristics of the departing male physician. The sample is
restricted to replacement districts whose first female physician entry falls within the 1889-1910 period covered by the linked
physician panel. Column (1) interacts female physician entry with the difference in graduation years between the entering female
and departing male physician; positive values indicate that the female physician graduated more recently. Column (2) instead
interacts female physician entry separately with the graduation years of the entering female and departing male physicians.
These graduation years are mean-centered within the replacement-event sample. Column (3) interacts female physician entry
with the departing physician’s age at exit. In districts where multiple male physicians departed in the same replacement year,
their characteristics are averaged.

Contemporaneous Investments Figure D.4.1 plots event-study estimates for observable mar-
gins of healthcare provision to assess whether the timing of the first female physician hire coincided
with other potentially mortality-reducing investments, such as expansions in clinic beds, or medical
budget allocations. I find no evidence of contemporaneous changes in these variables at the time
of female physician entry. The data are drawn from the Zemstvo Medical Collection and cover the
1876-1888 period.

97



Figure D.4.1: Robustness: Contemporaneous Medical Investments

(a) Clinic Beds (b) Zemstvo Medical Budget
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Notes: Source: Zemstvo Medical Collection, 1876-1888. The sample follows the main analysis sample and is restricted to
districts whose first female physician hire through 1915 was classified as a replacement hire. Because healthcare provision
outcomes are observed only through 1888, districts whose first female physician entry occurs after 1888 remain untreated in
this outcome period and contribute only pre-treatment observations. Treatment is defined as an absorbing state beginning with
the first female physician entry. Standard errors are clustered at the district level.

Big Cities Zemstvo medicine was designed to serve rural populations within districts. While
smaller towns were typically included in these programs, large cities maintained separate medical
provision systems. I therefore use mortality in large cities as a placebo outcome for broader lo-
cal changes that may have coincided with female physician entry. Restricting this exercise to the
replacement-hire analysis sample leaves only 12 cities, so I instead include all 41 major cities located
in districts that eventually hired a female physician, regardless of whether the first female physician
entered as a replacement or an expansion. Treatment timing is defined by the first female physician
entry in the surrounding Zemstvo district. Figure D.4.2a presents the corresponding event-study es-
timates using birth and death data from The Movement of Population in Furopean Russia volumes,
originally digitized by Malein and Matiashvili [2024].

Full Sample The first female physicians were hired either when the Zemstvo boards were expand-
ing care by adding catchment areas and doctor vacancies, or when they replaced a departing male
doctor. The timing of the hiring decision was plausibly more exogenous in the latter scenario, so I
limit the sample to these hires in the main analysis. Figure D.4.2b brings back all the first female
entries, including those hired via medical care expansions. I find very similar results, although, as
expected, the pre-period trends suggest that the parallel trends assumption may be violated in this

full sample.

Entry Timing An important assumption underlying the main estimation sample is that the
timing of first female physician entry is measured accurately. For 1889-1910, when I rely on the
Medical Directories, some imprecision is possible. These directories were typically published in the
first quarter of year ¢, and I assign each roster to year t — 1, assuming it reflects the prior year’s
workforce. This could introduce error if, for example, a district hired its first female physician in
January of year ¢, but I assign her entry to ¢ — 1 and classify the hiring as a replacement based on

physician counts between t — 2 and ¢ — 1. To address this concern, Appendix Figure D.4.2¢ restricts
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the sample to districts that experienced no net change in the number of physicians between ¢ — 2
and t. The estimated reductions in infant mortality remain very similar to the main specification,

with slightly larger average treatment effects.

Figure D.4.2: Additional Robustness Checks
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Notes: Panel (a) reports event-study estimates for 41 major cities located in districts that eventually hired a female physician.
Unlike the main analysis, this placebo exercise is not restricted to first entries classified as replacement hires. Treatment timing
is defined by the first female physician entry in the surrounding Zemstvo district. Panel (b) expands the main analysis to all
first female physician entries, including entries associated with expansions in physician employment. Panel (c) restricts the
main sample to districts with no net increase in physician employment between years t — 2 and ¢.
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D.5 Changes in Healthcare Provision

D.5.1 Event Studies

Figure D.5.1: Event Studies to Table 5, Panel A
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Figure D.5.2: Event Studies to Table 5, Panel B
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E Conceptual Framework

Long-Run Talent Selection with Symmetric Gender-Concordance Preferences Consider
a setting in which male and female physicians are drawn from identical talent distributions, and
both male and female patients exhibit the same preference for being treated by a physician of their
own gender. Let pf ¢ = pmm and ps., = pm,,r denote the probabilities of seeking care when treated

by a gender-concordant versus gender-discordant doctor.

Assume a representative catchment area with exactly one physician, and equal numbers of local male
and female patients: Ny = N, = N. In this single-physician local market, expected patient demand

for the assigned physician depends only on concordance probabilities and population composition.

The demand for female physicians is:

Dy = Ny -psf+ Nm - pm,f

and for male physicians:

Dm:Nf'pf,m+Nm'pm,m
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Given the symmetry assumption ps r = ppmm and ps,, = pm,f, it follows that:

Dj =Dy,

In long-run equilibrium, marginal entrants of each gender must receive the same payoff from entering
the physician workforce. If 7¢(0¢) and 7,,(0,,) denote the treatment effectiveness of the threshold

(marginal) female and male physicians, respectively, then:

Tf(ef) : Df = Tm(em) D,

Since Dy = D,y,, we must have 7¢(6¢) = 7y, (0,,), implying:

0 = Oy

However, in the short run, when women face historical entry barriers and only highly talented women
enter, we expect 65 > 6, and thus 7¢(6f) > 7,(0:,), producing an observable short-run performance

advantage for female physicians. Over time, as barriers to entry disappear, this talent gap will close.

The common threshold 6* must exceed the original male-only threshold 9;2). With total patient

demand unchanged, the entry of women expands the pool of potential physicians, allowing patients
to be served by a more selective set of providers. Female entry therefore raises the minimum talent

required of subsequent entrants and increases average physician quality in equilibrium.

Male-Favoring Asymmetric Gender-Concordance Preferences Now consider a setting where

patients exhibit stronger concordance preferences for male physicians. Specifically, assume:

Pmm > Ppr and  Drag = Pmf

This implies that male physicians receive more patient demand than female physicians in equilib-

rium. Formally, the expected demand is:
Dy =Ny pss+ Now- P,y
Dy = Ny -prm + N - P
With pp,m > py ¢ and symmetric discordance terms (pg ., = P, ), we have:

Dm>Df
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To satisfy the zero-profit equilibrium condition:

77(0f) - Dy = 7in(0m) - Dim,

It must be that:
Tf(@f) > Tm(em) = 9f > 6m

Thus, even in the long run, female physicians must be positively selected relative to male physicians
in order to compensate for lower patient demand, resulting in a persistent talent advantage among

women in equilibrium.

Female-Favoring Asymmetric Gender-Concordance Preferences Finally, consider a set-
ting where female patients exhibit stronger concordance preferences for female physicians. Specifi-
cally, assume:

Df.f > Pmm  and  pgm = P f

This implies that female physicians receive more patient demand than male physicians in equilib-

rium. Expected patient demand becomes:

Dy =Ny -pss+ Now- Py

Dy, = Ny -prm + N - Pmym
Given py r > pm,m and symmetric discordant probabilities, we have:

Df>Dm

To satisfy the zero-profit equilibrium condition:

Tf(ef) : Df = Tm(em) Dy,

This implies:
Tf(@f) <Tm(0m) = 9f < O,

Thus, in contrast to the male-favoring case, marginal female physicians can be of lower talent than
marginal male physicians and still enter the workforce, due to greater expected demand. Over
time, this generates a persistent equilibrium where female physicians are, on average, less positively
selected than male physicians. This would predict convergence - and potentially reversal - of the

short-run performance advantage observed when female physicians first enter the market.
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Summary of Equilibrium Predictions These three cases yield distinct equilibrium predictions

for the composition and quality of the physician workforce:

e Symmetric Preferences: Equal demand across genders leads to equal talent thresholds
in equilibrium, which are higher than the historical male-only threshold, improving overall

physician quality.

e Male-Favoring Preferences: Male physicians attract greater demand, so marginal female
physicians must be more skilled to enter, generating a persistent positive selection advantage

among woien.

e Female-Favoring Preferences: Female physicians attract more demand, allowing marginal
female entrants to have lower talent levels than men, leading to eventual convergence or

reversal of any initial female advantage.

E.1 Physician Value-Added Estimation

This appendix describes the construction of physician-level value-added estimates used in Section
6. I estimate value added using the linked physician panel for 1889-1910, restricted to physicians
employed in Zemstvo positions. Because individual physicians cannot be linked to individual pa-
tients, the procedure follows the logic of value-added estimators that use group-level outcomes, as
in Biasi [2021]. The goal is to estimate individual physicians’ contributions to mortality outcomes
using variation in district-level mortality associated with their presence, entry, exit, and movement

across districts.
Define y4 as the mortality outcome in district d and year t. I first residualize the outcome with
respect to district and year fixed effects

Ydt = Qg + At + Edts (10)

where oy captures persistent differences across districts and A; captures common shocks across
years. The residual €5 measures the difference between observed mortality in district d and year ¢

and the level predicted by district and year effects.

I first divide each district-year residual equally among the Ny physicians practicing in that district

and year. The resulting physician-year residual allocation is:

€d
Tpdt = NTZ (11)

I then divide each physician’s career into spells, defined as consecutive years of employment in the

same district. A change in district or a gap in observed employment marks the beginning of a new
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spell. Within each spell, I average the annual residual allocations:

_ 1
Tps = Tips Z T'pdt (12)
tes
where T}, denotes the number of years physician p is observed in spell s. This averaging reduces

year-to-year noise in the residual allocations.

Finally, I construct physician value added using a leave-one-out average across spells:

1
VAp7_5 == 7_ Z fpsl, (13)
Sp—1 oy

where S, is the number of observed spells for physician p. Thus, the value-added estimate assigned
to a physician in a given spell draws exclusively on mortality outcomes from that physician’s other

spells.

For physicians observed in only one spell, I cannot construct the leave-one-out value added. For
these physicians, value added is identified from the variation in district-level mortality residuals
around physician entry into and exit from the district. This variation provides weaker identification
than explicit cross-spell leave-one-out comparisons and may be more affected by the district fixed
effect when a spell spans much of the district’s observation period. The concern is smaller for shorter

spells. In the data, spells last 3.5 years on average, or approximately 16% of the 1889-1910 panel.

I then apply empirical Bayes shrinkage, following Kane and Staiger [2008], to account for differences
in the precision of physician value-added estimates. Estimates with greater sampling uncertainty

are pulled more strongly toward zero, while more precisely estimated effects receive less adjustment.

I construct these measures separately for the different mortality outcomes. The value added es-
timates are multiplied by —1 so that higher value added corresponds to lower mortality. The
resulting physician-level estimates are used to compare the value-added distributions of male and
female physicians and to examine how these differences evolve across graduation cohorts. In total,
I estimate value added for 8,430 unique physicians, including 7,602 male physicians and 828 female
physicians, over the 1889-1910 period. The results are presented in Appendix Figure E.1.1.

Validation I validate the value-added estimator using simulated data in which true physician
quality is known. The data-generating process follows the model implicit in the estimator. Log
infant deaths in district d and year ¢ equal district fixed effects, year fixed effects, the mean value

added of physicians practicing in d at time ¢, and a district-year idiosyncratic shock. Formally,

Yar = ag+ v+ U + €at,

where p; ~ N(0, 02) is physician i’s true value added and g4 ~ N(0, 02) is a district-year idiosyn-

cratic shock.
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Figure E.1.1: Value added of Male and Female Zemstvo Physicians, 1889-1910
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Notes: The figure plots kernel density estimates of physician value added separately for male and female physicians using the
Epanechnikov kernel function. Value added is estimated from residualized district-year mortality measured as the log number
of infant, 15-54-year-old male, and 15-54-year-old female deaths, using the linked physician panel for 1889-1910 [Matiashvili,
2026]. District and year fixed effects are first removed from the outcome. The remaining district-year residual is allocated
equally across all physicians practicing in that district-year, following Biasi [2021]. Physician value added is constructed as
the leave-one-out mean of spell-level residual allocations, where a spell is a contiguous run of years in the same district. For
physicians with a single spell, value added is identified by entry into and exit from the district. Estimates are shrunk toward zero
using cohort-specific empirical Bayes shrinkage following the Kane and Staiger [2008] approach. Higher values indicate lower
mortality. The x-axis is truncated for exposition. The Mann-Whitney z-statistic tests the null hypothesis that a randomly drawn
female physician is equally likely to rank above or below a randomly drawn male physician in the value-added distribution.
The reported probability is the share of all possible female-male pairs in which the female physician has higher estimated
value added. A value of 0.5 indicates no difference. The Kolmogorov—Smirnov statistic tests equality of the male and female
value-added distributions. The reported share indicates the fraction of female physicians whose estimated value added exceeds
the median value added among male physicians.
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Parameters are calibrated to match the actual data. I simulate 8,000 physicians across 200 districts
and over 22 years, matching the observed spell structure (67% of physicians observed in a single
district spell, 33% in two or more, mean spell length 3.5 years) and physician density. The noise
parameter o, = 0.02 is set so that the root mean squared error of the district-year regression matches
the observed value of 0.158 log points. True physician value added is drawn with standard deviation

04 = 0.44, implied by the empirical Bayes signal estimate from the actual data.

I then apply the leave-one-out estimator exactly as in the main analysis, residualizing log infant
deaths on district and year fixed effects. I then allocate the residual equally across co-located physi-
cians, define career spells, and compute leave-one-out averages across spells. Comparing estimated
to true physician value added, I recover a Pearson correlation of 0.23 and a Spearman rank corre-
lation of 0.25 (Appendix Figure E.1.2). The positive Pearson and Spearman correlations indicate
that, under the calibrated data-generating process, the estimator contains meaningful but noisy

information about underlying physician quality.

Figure E.1.2: Simulating Value-Added Estimation
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Notes: The figure plots standardized leave-one-out estimated physician value added against standardized true value added for
8,000 simulated physicians across 200 districts over 22 years. The data-generating process follows yg: = ag + V¢ + far + €at,
where p1; ~ N(0, 02) is physician i’s true value added, fig; is the mean value added of physicians active in district d at time ¢,
and e4; ~ N(0, 02) is a district-year shock. Parameters are calibrated to the data: 0, = 0.44 (implied by the empirical Bayes
signal estimate), o = 0.02 (set to match the observed root mean squared error of 0.158 log points), and the physician career
structure matches the observed spell distribution (67% single-spell, mean spell length 3.5 years). The LOO estimator is applied
as in the main analysis. The red line is a linear fit estimated on the full sample. The scatter is displayed for observations within
+5 standard deviations on both axes. Pearson and Spearman correlations are computed on the full sample.
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Figure E.1.3: Mortality Around Top-Quintile Physician Entry

Notes: The figure plots event-study estimates of log male deaths aged 15-54 around the first observed entry of a
Zemstvo physician in three groups of estimated value added: the top quintile (at or above the 80th percentile),
the third quintile (40th-60th percentiles), and the bottom quintile (at or below the 20th percentile). For each
group, entry is defined as the first observed arrival of a physician in that value-added range. Entries are
restricted to replacements, defined by an unchanged total number of Zemstvo physicians from the preceding
year. Regressions include district and year fixed effects and control for the number of physicians. Year —1 is
the reference period; the endpoints pool years < —5 and > 5. Bars indicate 95% confidence intervals, with
standard errors clustered by district. The annotation reports the post-entry coefficient and standard error for
top-quintile physician entry, estimated on the same sample as the corresponding event study.
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E.1.1 Robustness
Figure E.1.4: Departing Male Physicians versus All Male Physicians
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Two-sample t-test p-value: 0.34

Notes: The departing male physician is identified as the male Zemstvo physician whose last observed year in a replacement
district is the year immediately preceding the first female physician entry. Where multiple male physicians departed in the
same district-year, value added is averaged across departing physicians. The comparison group comprises all male Zemstvo
physicians with an estimated value added, regardless of whether they departed. I use raw value added estimates here, given

the small sample size of the departing male physicians, by construction.
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