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ABSTRACT

Using data on applicants to Dutch medical schools and their older relatives (i.e., parents, aunts, and
uncles ages 60+), we estimate the effect of personal access to medical expertise on vaccine
hesitancy. Leveraging variation in lottery outcomes that determine admission to medical schools,
we find that having a physician in the family increases the likelihood of complying with
government recommendations that anyone over the age of 59 receive a second booster dose of a
COVID-19 vaccine. Our estimated effects are strongest for having a female physician in the family,
suggesting important gender-based differences in how medical expertise is communicated.
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1. INTRODUCTION

COVID-19 vaccines have proven to be safe and effective (Anand and Stahel 2021; Rikin et
al. 2022), but there remains substantial hesitancy surrounding their use (Sallam et al. 2022; Lazarus et
al. 2024; Catlton et al. 2026). Underlying causes of COVID-19 vaccine hesitancy include concerns
about side effects, lack of confidence in medical expertise, and mistrust in government authorities
(Silver et al. 2022; Steinert et al. 2022; Trent et al. 2022; Limbu and Huhmann 2023). The World
Health Organization (WHO) describes vaccine hesitancy as a key impediment to combatting the
COVID-19 pandemic (WHO 2023), which continues to pose a “global public health risk” as new
variants emerge (WHO 2025, para. 17).

In this study, we use administrative data on applicants to Dutch medical schools and their
older relatives (i.e., parents, aunts, and uncles ages 60+) to explore whether personal access to
medical expertise can overcome vaccine hesitancy. Specifically, using an instrumental variables
strategy that leverages the outcomes of Dutch medical school admission lotteries, we estimate the
causal effect of being related to a physician on the likelithood of receiving a second booster dose of a
COVID-19 vaccine. We hypothesize that having a physician in the family should reduce vaccine
hesitancy by increasing access to accurate information from a trusted source about the costs and
benefits of receiving a COVID-19 booster.

Before the Dutch COVID-19 vaccination campaign began, approximately one quarter of
adults in the Netherlands described themselves as hesitant to be vaccinated (Sabat et al. 2024, p. 31).
Distrust of the government, pharmaceutical companies, and science was widespread (Yousuf et al.
2021; Wang et al. 2022; Sabat et al. 2024). Despite this distrust, more than 80 percent of adults had
received at least one dose of a COVID-19 vaccine by November 2021, when the first booster shots
became available (Huiberts et al. 2023; Pijpers et al. 2023). In February 2022, the Health Council of

the Netherlands recommended that a second booster dose of a COVID-19 vaccine be administered



to anyone over the age of 69. This recommendation was explicitly based on medical studies
showing that second booster vaccinations offered members of vulnerable groups additional
protection against hospitalization and death (Health Council of the Netherlands 2022a). One month
later, the Council recommended that a second booster dose be administered to anyone over the age
of 59, and reminder letters were sent out in July (National Institute for Public Health and the
Environment 2022a, 2022b). Our interest is in whether having a physician in the family improved
adherence to these well-publicized recommendations. '

Following Artmann et al. (2022) and Chen et al. (2022), who also examine the effects of
personal access to medical expertise, we compare the older relatives of medical school lottery
winners who became physicians with those of lottery losers who did not. Our two-stage least
squares (2SLS) estimates provide evidence that personal access to medical expertise can indeed
overcome vaccine hesitancy: having a physician in the family leads to a 2-3 percent increase in the
likelihood of adhering to government recommendations and receiving a second booster dose of a
COVID-19 vaccine. This result contrasts with those of Finkelstein et al. (2022), who, using
administrative data on Swedish prescription drug purchases, find evidence that personal access to
medical expertise reduces adherence to official government guidelines.

When we restrict our attention to the older relatives of male medical school applicants, 2SS
estimates are generally small and, without exception, statistically insignificant. There is, however,
strong evidence that having a female physician in the family helps older relatives overcome vaccine
hesitancy. Among the parents, aunts, and uncles of female applicants, having a female physician in

the family leads to a 4.1 percent increase in the likelihood of receiving a second booster dose of a

1 See, for instance, Churchill and Lawler (2025) for evidence that government recommendations can affect decision-
making by doctors and patients. Churchill and Lawler (2025) examine the United States Preventive Services Task
Force’s decision to stop recommending mammogram screenings for women ages 40—-49. They find that this change in
government recommendations led to a 6—10 percent reduction in the likelihood of receiving a mammogram among
women ages 40—49. See also Abaluck et al. (2021), who show that promoting stricter adherence to anticoagulation
clinical guidelines would lead to a substantial reduction in strokes among atrial fibrillation patients.
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COVID-19 vaccine. Among mothers of female applicants, having a female physician in the family
leads to a 5.4 percent increase in the likelihood of receiving a second booster. Globally, female
physicians tend to engage more with their patients as compared with their male counterparts; they
are more emotionally responsive, show greater empathy, and seek patient input at higher rates (Roter
et al. 2002; van den Brink-Muinen et al. 2003; Sandhu et al. 2009; Jefferson et al. 2013; Noro et al.
2018; Plichta et al. 2020). In the Netherlands, there is evidence that female physicians spend more
time with their patients, express more concern for their patients, and provide more counseling,
encouragement, and information (Bensing et al. 1993; van den Brink-Muinen et al. 1998; Liu et al.
2023). Our results suggest that recognizing gender-based differences in how medical expertise is
communicated would make outreach efforts aimed at reducing vaccine hesitancy more effective.
The remainder of our paper is organized as follows. We begin by describing previous
studies on personal access to medical expertise. Next, we provide background information on the
Dutch COVID-19 vaccination campaign. In Section 3, we describe our outcomes, the process of
becoming a physician in the Netherlands, and our sample selection criteria. In Section 4, we

describe our empirical framework, and in Section 5 we discuss our estimates. Section 6 concludes.

2. BACKGROUND
2.1. Personal access to medical expertise

Three recently published studies take a quasi-experimental approach to examining the effect
of having a physician in the family on health and health-related behaviors. Artmann et al. (2022)
focus on the parents of applicants to Dutch medical schools. Comparing the parents of applicants
who won the admissions lottery and became a physician to the parents of those who lost and did
not, their estimates suggest that personal access to medical expertise is essentially unrelated to

longevity and healthcare utilization of (e.g., being admitted to a hospital, visiting a general



practitioner, or visiting a specialist), suggesting that the Dutch health care system “provides high-
quality health care and information to all parents” (Artmann et al. 2022, pp. 20-21).

Chen et al. (2022) focus on the older relatives of medical school applicants in Sweden.
Comparing the relatives of applicants who won an admissions lottery and became a physician to the
relatives of those who lost and did not, they find that personal access to medical expertise reduces
the likelihood of being diagnosed with heart failure and increases the use of cardiovascular drugs
such as beta blockers, blood thinners, and statins. Their results suggest that increasing personal
access to medical expertise could substantially attenuate the mortality-income gradient.”

Finally, and most closely related to our study, Finkelstein et al. (2022) use Swedish
administrative data to examine the effect of having personal access to medical expertise on
adherence to government-issued prescription drug guidelines. An individual is defined as having
personal access to medical expertise if they, their partner, or any of their parents or children were
physicians. Their results suggest that personal access to medical expertise is, on average, associated
with looser adherence to government guidelines regarding prescription drug use: controlling for age,
education, gender and income, having access to medical expertise is associated with an almost 7

percent reduction in adherence (Finkelstein et al. 2022, p. 516).”

2 Chen et al. (2022) define family membership broadly. They examine the effect of attending medical school on the
health of grandparents, parents, parents-in-law, spouses, children, aunts and uncles, siblings, siblings’ children, and
cousins. Their outcomes include heart failure, lung cancer, type 2 diabetes, and the use of medication for the
amelioration and prevention of chronic diseases such as asthma, diabetes, and hypertension.

3 Descriptive studies in the medical literature show that physicians are more likely to vaccinate against COVID-19 as
compared to their non-physician counterparts (Holzmann-Littig et al. 2021; Leigh et al. 2022; Peterson et al. 2022).
Chou et al. (2000), Johnson and Rehavi (2016), and Frakes et al. (2021) provide evidence that physicians are less likely to
receive a C-section as compared to non-physicians. Carrera and Skipper (2025) find that Danish physicians are more
likely to use newer and more potent cholesterol-lowering statins for themselves than for their patients. Kakani et al.
(2025) show that physicians and nurses have fewer avoidable emergency department visits than non-experts and Chen et
al. (2025) show that physician-patients suffering from advanced cancer are less likely to undergo surgery, are more likely
to receive targeted therapy, and have higher survival rates than their non-physician counterparts.



Finkelstein et al. (2022) argue that having access to medical expertise could provide
physicians and their family members the ability and confidence to disregard those government-
issued guidelines with the weakest clinical support.* There is, however, little clinical ambiguity
regarding the effectiveness and safety of COVID-19 vaccines. By the start of Dutch COVID-19
vaccine campaign, high-profile clinical trials had produced unequivocal evidence that the messenger
RNA (mRNA) vaccines, including those produced by Moderna and Pfizer-BioNTech, offered
strong protection against contracting COVID-19 (Rikin et al. 2022); side effects such as fatigue and
headache were reported, but not considered serious (Anand et al. 2021).° Within the next few yeats,
multiple studies were published in prominent medical journals showing that a second mRNA
booster dose significantly reduced COVID-related hospitalizations and deaths among individuals 60
years of age and older (Arbel et al. 2022; Magen et al. 2022), reduced the severity of COVID-19
symptoms (Bar-On et al. 2022; Canetti et al. 2022; Gazit et al. 2022), and enhanced immune
responses among nursing home residents, healthcare workers, and the elderly (Cohen et al. 2022;
Nugent et al. 2023; Rouvinski et al. 2023). Our 2SLS estimates, described below, provide evidence
that having personal access to medical expertise can enhance compliance with government-issued

recommendations when these recommendations have strong scientific support.

2.2. The Dutch COVID-19 vaccination campaign
The Dutch COVID-19 vaccination campaign began on January 6, 2021 with the rollout of

the Pfizer-BioNTech vaccine (van Amerongen et al. 2024). Soon after, the AstraZeneca, Johnson &

* Finkelstein et al. (2022, p. 509) argue their results provide evidence that “access to expertise gives patients information
or confidence that prompts them to disregard guidelines that they do not perceive to be in their clinical interest.”

5> The Pfizer-BioNTech and Moderna mRNA vaccines introduce genetic instructions (mRINA) that cells use to produce a
viral protein, stimulating an immune response (Chaudhary et al. 2021). See Bernal et al. (2021) and Rikin et al. (2022) for
more information on the effectiveness and safety of the AstraZeneca, Johnson & Johnson, Moderna, and Pfizer-
BioNTech COVID-19 vaccines.



Johnson, and Moderna vaccines were approved for use (Health Council of the Netherlands 2021a,
2021b; van Amerongen et al. 2024). Although vaccination was voluntary, a COVID-19 certificate
(i.e., a “corona pass”) was required to enter bars, restaurants, museums, and other cultural events
from September 25, 2021 through February 25, 2022 (van Amerongen et al. 2024).° COVID-19
vaccinations were available, free of charge, in hospitals, doctor’s offices, nursing homes, and centers
run by the Municipal Health Service (Geubbels et al. 2023; Pijpers et al. 2023).

More than 80 percent of adults in the Netherlands had received at least one dose of a
COVID-19 vaccine before the first booster shots became available in November 2021 (Huiberts et
al. 2023; Pijpers et al. 2023). Receipt of at least one dose was positively associated with age,
educational attainment, income, and having an underlying medical condition that could increase the
risk of severe COVID-19 (Pijpers et al. 2023). Among individuals ages 50+, living in a
neighborhood with a high proportion of right-wing Christian or conservative voters was associated
with a lower likelihood of receiving at least one vaccine dose (Labuschagne et al. 2023).

On February 18, 2022, the Health Council of the Netherlands recommended that a second
booster dose of an mRINA vaccine be administered to anyone over the age of 69, residents of
nursing homes, adults with Down syndrome, and adults with immune disorders (Health Council of
the Netherlands 2022a).” This recommendation was explicitly based on medical studies showing
“that a second booster vaccination would offer these vulnerable groups additional protection against

the risk of hospitalisation or death” (Health Council of the Netherlands 2022a, p.2). One month

6 A COVID-19 certificate provided proof that an individual was vaccinated, received a negative test result, or recovered
from COVID-19 (Pijpers et al. 2023).

7 For most Dutch adults, the second booster dose would have been the fourth in a series of vaccinations. Less than 4
percent of total COVID-19 vaccine doses administered through 2021 were the single-dose Johnson & Johnson vaccine
(Andeweg et al. 2023). See de Vries et al. (2022) for evidence that Dutch adults were more receptive to the Moderna and
Pfizer-BioNTech mRNA vaccines than the AstraZeneca and Johnson & Johnson vaccines. Beginning in March 2021,
there were reports of women, most of whom were under the age of 60, developing blood clots after receiving the
AstraZeneca vaccine (Mueller and Grady 2021). After November 1, 2021, the AstraZeneca vaccine was no longer
available in the Netherlands (National Institute for Public Health and the Environment 2022a).
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later, the Council expanded this recommendation to include anyone over the age of 59 (National
Institute for Public Health and the Environment 2022a). Beginning July 8, the National Institute for
Public Health and the Environment (Rijksinstituut voor Volksgezondheid en Milieu) sent letters to
adults ages 60+ reminding them to receive a second booster dose of a COVD-19 vaccine (National
Institute for Public Health and the Environment 2022b). Even with these reminder letters and
extensive media coverage of the government recommendations (Health Council of the Netherlands
2022a, 2022b; RTL News 2022), approximately one third of Dutch adults ages 60+ had not yet

received a second booster dose as of July 1, 2024.*

3. THE DATA

Until 1999, the Dutch Minister of Education set strict limits on the number of high school
graduates allowed to study medicine. A centralized lottery was conducted to determine which
applicants to medical school were accepted on an annual basis. We obtained data on Dutch medical
school admissions lottery outcomes for the period 1987-1999 from the Dienst Uitvoering Onderwijs
(DUO), a governmental organization under the Ministry of Education.” During this period, more

than 5,000 high school students competed annually for a place at one of the 8 medical schools in the

8 Using data from the COVID-vaccination Information and Monitoring System, described in the next section, we
calculate that 31 percent of Dutch adults ages 60+ had not yet received a second booster dose of an mRNA COVID-19
vaccine as of July 1, 2024. Fifty-three COVID-19 vaccine boosters per 100 population had been administered in the
Netherlands as of September 29, 2023 (WHO 2024). In comparison, an estimated 35.6 COVID-19 vaccine boosters per
100 population were administered worldwide over the same period (WHO 2024).

9 After 1999, the centralized admissions lottery was replaced with a system that gave medical schools more control over
the admissions process (Ketel et al. 2016). In addition to Artmann et al. (2022), four other studies leverage the Dutch
medical school admissions lotteries to estimate effects of attending medical school and becoming a physician: Leuven et
al. (2013) find that receiving medical training reduces self-reported alcohol consumption and the frequency of physical
exercise; Ketel et al. (2016) find that Dutch physicians earn at least 20-50 percent more than applicants who lost the
lottery and chose a different occupation; Artmann et al. (2021) find that becoming a physician increases the likelihood of
marrying another physician; and Anderson et al. (2023) find that becoming a physician increases the use of prescription
medications, including antidepressants, opioids, and sedatives.



Netherlands."” Medical school applicants were divided into 6 categoties (A, B, C, D, E, and F)
based on their high school (“voortgezet wetenschappenlijk onderwijs”) GPA. The probability of
winning the lottery and being admitted to medical school ranged from 86 percent for applicants in
Category A to 36 percent for applicants in Category I (Appendix Table 1). Seventy-two percent of
applicants, on average, were eventually accepted (either on their first attempt or in a later round). Of
those applicants who lost their first lottery, 72 percent reapplied at least once. "'

We analyze data on 26,208 first-time applicants to medical school during the period 1987-1999
and 129,211 of their older relatives. Medical school applicants were linked to their 60-plus-year-old
relatives (L.e., fathers, mothers, aunts, and uncles) using full-count registry data for the Dutch
population made available by Statistics Netherlands.”” We excluded Category A applicants (N =
704) from the analysis because these applicants were all but guaranteed eventual admittance to

medical school.” Of the 26,208 first-time applicants in our sample, 47 percent won the lottery (i.e.,

10 Until 1993, the number of students admitted to Dutch medical schools was capped at 1,458 students; during the
period 1994-1999, this cap was increased to 2,010.

1 According to Ten Cate (2007) and Ketel et al. (2016), there are only minor differences in instruction quality and course
content across the 8 medical schools in the Netherlands. See Ketel et al. (2016) and Anderson et al. (2023) for more
details about the admissions process and the structure of medical training in the Netherlands.

12 Linkages were made through a database that registers the “legal parents” of individuals. Legal parents were then
matched to their siblings to identify the aunts and uncles of medical school applicants. Individual characteristics also
come from the Statistics Netherlands registry data.

13 Likewise, we excluded 2,967 applicants (and their older relatives) from the analysis because these applicants were
admitted without taking the Dutch high school exam. We also excluded 953 applicants (and their older relatives) who
completed their high school exams in 1986 or eatlier to ensure that we have complete lottery histories. Two hundred
seventy-one applicants (and their older relatives) were excluded from the analysis because we could not determine the
year in which they took their high school exam; 938 were excluded because they were older than 21 at the time of their
first recorded lottery; and 98 were excluded because they were from the former colony of the Dutch Antilles and were
admitted to medical school through a separate process. Three hundred five applicants had no older relatives registered
in the Netherlands in 2021. Conditional on lottery category and year, the excluded applicants were evenly distributed
between lottery winners and lottery losers (p-value = 0.463). First-time applicants who lost the lottery were less likely to
be registered in the Netherlands as of 2021 than their counterparts who won the lottery (90.7 versus 92.9 percent). We
excluded the 1,913 applicants who were not registered in the Netherlands as of 2021 but included their 9,191 older
(registered) relatives. The estimates presented below are virtually unchanged if we instead drop these 9,191 older
relatives from the sample. Based on data from the Dutch national registry, Anderson et al. (2023) calculate that 26
percent of first-time lottery losers who did not become physicians chose a profession related to healthcare; 14 percent
worked in business services (e.g., legal firms and pharmaceutical companies); 12 percent worked in education; 10 percent
worked in public administration; 9 petcent worked in wholesale/retail; and 7 petcent in worked in financial services.
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they were admitted to medical school). Eighty-one percent of these winners went on to become
registered physicians in the Netherlands, but first-time applicants who lost the lottery were allowed
to reapply to medical school the following year.'* Forty-three percent of first-time lottery losers

eventually became physicians.

3.1. Outcome

When someone is vaccinated against COVID-19 in the Netherlands, their name, date of
birth, address, date of vaccine administration, and vaccine type are recorded in the national registry
for COVID-19 vaccinations, the Information and Monitoring System (CIMS). Vaccine recipients
could, however, refuse to share this information with the CIMS, making it impossible to link them
to medical school applicants. After the second booster campaign began, an estimated 1-3 percent of
all vaccine recipients refused to share their vacation status with the CIMS."

Based on the information contained in the CIMS registry as of June 3, 2024, we construct

the following second-stage outcome:

2 Boosteria = 1 if applicant i’s older relative ; received a COVID-19 vaccination after the
start of the second booster campaign; and

=0 if applicant i’s older relative j did not receive a COVID-19 vaccination after
the start of second booster campaign began or refused to share their
vaccination status with CIMS. '

14 During the period 1987-1998, there was no limit on how many times applicants could reapply to medical school.
After 1998, they were limited to two reapplications.

15 Information on refusal rates in the eatly rounds is provided here: https://www.rivm.nl/nieuws /wekelijkse-
vaccinatiecijfers-per-wijk-beschikbaar-via-open-data and here: https://data.rivm.nl/covid-19/. For later rounds,
information on refusal rates can be found here: https://www.rivm.nl/corona/actueel /vaccinatiecijfers /update-

deelname-covid-19-vaccinatie-in-nederland.

16 For individuals ages 70+, the second round of booster vaccinations began on March 2, 2022. For individuals ages 60-
69, the second round of booster vaccinations began on March 26, 2022. Although they received their second booster
between March 27 and March 26, we coded 2" Booster = 1 fot less than 10 older relatives ages 60-69. Statistics
Netherlands does not allow researchers to provide exact numbers for groups smaller than 10. It is possible that these
older relatives were eligible to receive their second booster before March 26™ because they lived in a nursing home, had
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A disadvantage of this outcome is that we are miscoding 2™ Booster = 1 for any older relatives who

delayed their first booster until after the second round of booster vaccinations began. Ina

robustness check below, we consider an alternative outcome that avoids this issue. The results of

this robustness check are very similar to those produced using the 2" Booster outcome.

In Table 1, we report the means of 2" Booster for our sample of older relatives of Dutch

medical school applicants. Among all older relatives without a physician in the family, 81 percent
had received a second booster dose of an mRNA COVID-19 vaccine by June 2024. In comparison,
83 percent of all older relatives with a physician in the family had received a second booster. The
adherence gap is largest among the mothers of applicants: 84 percent of mothers without personal
access to medical expertise received a second booster dose, while 88 percent of mothers with access
received a second dose. This 4-point adherence gap could reflect the causal effect of having access
to personal medical expertise or could be due to the influence of unobservables correlated with the

applicant becoming a physician and his or her mother’s booster status.'’

4. EMPIRICAL STRATEGY

We model the booster status of applicant i’s older relative j as function of whether the
applicant became a physician (Physiciani), a set of observables pertaining to the applicant (Xi), a set

of observables pertaining to the older relative (Zj)), and an error term:

Down syndrome, or had severely impaired immunity. The results reported below are essentially unchanged if we instead
code 2" Booster = 0 for these individuals.

17 Sixty-three percent of applicants who went on to become a registered physician in the Netherlands received a second

booster dose of a COVID-19 vaccine. In comparison, only 38 percent of applicants who did not become a physician
received a second booster dose.
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1) 2nd Boosterii)= Po + prPhysiciani + Xif2 + Zjofs + €j,

where Physiciani is equal to 1 if i went to medical school in the Nethetlands and became a

registered physician (and is equal to 0 otherwise)." Lottery losers were free to reapply to medical
school after waiting for a year, and 18.5 percent of first-time applicants who won the admissions

lottery did not end up practicing medicine in the Netherlands.” To address the potential
endogeneity caused by selective reapplication and completion of medical school, we estimate f1

using two-stage least squares (2SLS). The first-stage equation takes the following form:

2) Physiciani = ao + anLottery Wini + Xia2 + Zjiyas + vj,

where the instrument, Lottery Wini, is equal to 1 if applicant 7 was accepted to medical school the
first time he or she applied (and is equal to 0 otherwise). The vector Xiincludes i’s age at first
lottety, age squared, i’s non-Western immigrant status, and gender. It also includes i’s lottery
categoty, the year in which 1 first participated in the lottery, and lottery category interacted with year

of first lottery, ensuring that lottery outcomes are random.” The vector Zji is composed of

18 The physician indicator is equal to 1 for the older relatives of licensed physicians in the Nethetrlands who were
educated abroad. However, our results are qualitatively unchanged if we instead set Physician equal to 0 for these
individuals or exclude them from the analysis entirely.

19 Every year, 4-8 percent of lottery winners opted not to pursue a medical degree. Fifteen percent of medical school
entollees during the period 1987-1999 were not registered doctors in 2024.

20 In Appendix Table 2, we report descriptive statistics for the controls and provide definitions.
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indicators to capture birth-year fixed effects of older relatives.”’ The 2SLS estimate of pu1 is

interpreted as the local average treatment effect (LATE) for “compliers” — that is, the older relatives
of applicants who became registered physicians because they won the admissions lottery.*

In Appendix Table 3, we report balancing tests by lottery category for first-lottery winners
and losers. Consistent with Ketel et al. (2016), Artmann et al. (2022) and Anderson et al. (2023),
these tests support the independence assumption required for valid instrumental variable estimates.
Without exception, the characteristics of lottery winners versus losers are statistically

indistinguishable at the 5 percent level. 2

5. RESULTS

2SLS estimates of the effect of having a physician in the family on the likelihood of receiving
a second booster dose of a COVID-19 vaccine are reported in Table 2.** In the sample composed
of parents, aunts, and uncles of applicants, having a physician in the family is associated with an

increase of 2.1 percentage points in the likelihood of receiving a second booster, which is 2.6

2l When we pool relatives (e.g., all older relatives, patents, or aunts and uncles), we also include relative-type fixed effects
on the right-hand-side of the estimating equation.

22 With two exceptions, standard errors are corrected for clustering at the applicant level. For models where fathers or
mothers of applicants are considered separately, robust standard errors are reported.

23 We report the results of additional balancing tests in Appendix Table 4. All characteristics of the older relatives of
lottery winners versus losers are statistically indistinguishable at conventional levels.

24 The first-stage F-statistics reported in Table 2 range from 1,660 to 3,340, cleatly meeting the Staiger and Stock (1997)
criterion. Estimates from equation (2) are reported in panel A of Appendix Table 5. Standard errors are clustered at the
applicant level when we estimate the effect of personal access to medical expertise for all older relatives, parents, aunts
and uncles (combined), aunts, and uncles. Robust standard errors are reported when we estimate the effect of access to
medical expertise for fathers and mothers separately. Our basic inferences are unchanged when based on permutation
tests and Monte Carlo simulation. Among all older relatives, 25,643 were related to more than one medical school
applicant. The results reported below are qualitatively unchanged if we exclude these individuals from the analysis. The
results reported below are also qualitatively unchanged if we exclude the 5,139 older relatives who were themselves
registered physicians.
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percent of the sample mean. This estimate is large enough to explain neatly the entire unadjusted
adherence gap between the older relatives of physicians and those of non-physicians.”

Restricting our attention to the parents of applicants, having a physician in the family is
associated with an increase of 2.1 percentage points in the likelihood of receiving a second booster
dose, which is 2.4 percent of the mean. Among the aunts and uncles of applicants, it is associated
with 2.1 percentage-point increase in the likelihood of receiving a second booster dose, or 2.6
percent of the mean. Among fathers, the 2SLS estimate is positive, but small and statistically
insignificant. By contrast, the estimated effect of having personal access to medical expertise
appears to be largest for the mothers of applicants. Among mothers, having personal access to
medical expertise is associated with an increase of 3.2 percentage points in the likelihood of

receiving a second booster, or a 3.7 percent increase relative to the mean.

This estimate is large
enough to explain over 70 percent of the unadjusted gap between mothers whose child became a
physician and those whose child did not.

The 2SLS estimates reported in Table 2 provide evidence that personal access to medical
expertise can overcome vaccine hesitancy. However, we cannot rule out the possibility that they are
being driven by physicians encouraging older relatives to delay their first booster dose until after the

start of the second booster campaign. In an effort to assess whether this is an issue, we estimate the

effect of having a physician in the family on the likelihood of receiving the first booster dose of a

% In Appendix Table 6, we report 2SLS estimates of the effect of becoming a physician on the likelihood of receiving a
second booster dose. Note that the sample size is reduced from 26,208 to 24,295 because we excluded 1,913 applicants
who were not registered in the Netherlands in 2021. Becoming a physician is associated with an increase of 23.7
percentage points in the likelihood of receiving a second booster, which is 44 percent of the mean. This estimate,
however, cannot be interpreted as the effect of personal access to medical expertise or training on the likelihood of
complying with government recommendations or guidelines. As noted above, medical school applicants under the age
of 60 who did not eventually become healthcare workers were not specifically advised to take a booster shot, although
they were eligible to request one.

26 The estimate for mothers reported in Table 2 is statistically different from the estimate for fathers at the 10 percent
level. It is, however, statistically indistinguishable from the estimates for aunts and uncles.
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COVID-19 vaccine within one month of boosters being made available. These estimates, which we
report in Appendix Table 7, are consistently small and statistically insignificant, providing no
evidence that having access to medical expertise somehow encouraged the older relatives of
applicants to delay their vaccinations.” We also consider an alternative second-stage outcome that
clearly distinguishes between older relatives who delayed their first booster and those who received a

second booster:

Shots > 4ji) = 1 if applicant i’s older relative 7 had received at least four COVID-19
vaccinations; and

=0 otherwise.?

Descriptive statistics for Shots > 4 are reported in Appendix Table 8 and 2SLS estimates based on

this outcome are reported in Appendix Table 9. These 2SLS estimates are very similar to those

reported in Table 2.

27 Similatly, when we examine the effect of having a physician in the family on the likelihood of having received the first
booster dose of an mRNA COVID-19 vaccine within two months of booster doses being made available, the 2SLS
estimates are consistently small (in absolute magnitude) and statistically insignificant. We also estimated the effects of
having a physician in the family on the likelihood delaying the first or second dose of a COVID-19 vaccine. The results
of these exercises, which are omitted for the sake of brevity, provide no evidence that having access to medical expertise
encourages older relatives to delay their primary COVID-19 vaccinations.

28 Before mRNA booster shots became available, the single-dose Johnson & Johnson vaccine composed approximately
2 percent of the CIMS observations. If an older relative received the Johnson & Johnson vaccine and two booster
doses, we coded Shots = 4 as equal to 1.

? The disadvantage to using Shots = 4 as an outcome is that, during the first two vaccination rounds, 5-7 percent of
vaccine recipients refused to share their information with the CIMS. Because we cannot distinguish between older
relatives who refused to share their information with the CIMS and those who were not vaccinated, the 2SLS estimates
reported in Appendix Table 9 could, in theory, be driven by physicians encouraging older relatives to share their
information. To explore this possibility, we estimated the effect of having a physician in the family on the likelihood of
receiving at least one COVID-19 vaccination in 2021, when 5-7 percent of recipients refused to share their information.
The 2SLS estimates were, without exception, much smaller in magnitude than those reported in Appendix Table 9 and,
without exception, statistically insignificant at conventional levels, providing no evidence that physicians encouraged
their older relatives to share their information with the CIMS.
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5.1. Estimated effects by applicant gender

Estimating the effect of personal access to medical expertise by applicant gender produces a
striking pattern of results (Table 3).” The older relatives of male lottery winners who became
physicians are, in general, no more (or less) likely to receive a second booster than the older relatives
of male lottery losers who did not. By contrast, having a female physician in the family is often
associated with statistically significant and large increases in the likelihood of receiving a second
booster. For instance, having a female physician in the family is associated with an increase of 3.9
percentage points in the likelihood that parents receive a second booster (or a 4.5 percent relative to
the mean), an increase of 4.7 percentage points in the likelihood that mothers receive a second
booster (or a 5.4 percent relative to the mean), and an increase of 3.8 percentage points in the
likelihood that aunts receive a second booster (or a 4.7 percent relative to the mean).”

The estimates reported in Table 3 are consistent with the notion that female physicians are
particulatly adept at convincing their older relatives that being vaccinated against COVID-19 is safe
and effective. As described in the introduction, there is descriptive evidence from the medical
literature that female physicians engage more with their patients, are more emotionally responsive
and empathetic, and more likely to solicit patient input when compared to their male physician
counterparts (Roter et al. 2002; van den Brink-Muinen et al. 2003; Sandhu et al. 2009; Jefferson et al.
2013; Noro et al. 2018; Plichta et al. 2020). In addition, there is evidence that patients speak more
freely and are more likely to disclose personal medical information to female, as opposed to male,

physicians (Hall and Roter 2002).%

30 First-stage estimates by applicant gender are reported in panels B and C of Appendix Table 5.

31 In Appendix Table 10, we report estimated effects of personal access to medical expertise by applicant gender using
the outcome Shots = 4. These estimates are similar to those reported in Table 3.

32 Van den Brink-Muinen et al. (2003) examine doctor—patient communication in the Netherlands and five other
European countries. They find that female physicians expressed more empathy and concern for their patients than did
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6. CONCLUSION

Amid rising mistrust of government health advice (Inskeep 2025), the U.S. Food and Drug
Administration (FDA) recently approved updated mRNA COVID-19 vaccines for use among
individuals ages 65+. Controversially, approval for individuals under the age of 65 was limited to
those with an underlying risk factor for contracting severe COVID-19 (U.S. Food and Drug
Administration 2025; Whyte and Siddiqui 2025). The Health Council of the Netherlands currently
recommends that the COVID-19 vaccine be offered to anyone over the age of 59 (Health Council
of the Netherlands 2025), a recommendation that is based on evidence from multiple studies
showing that a second booster dose of an mRNA COVID-19 vaccine is associated with substantial
reductions in COVID-related deaths and hospitalizations among vulnerable groups (Arbel et al.
2022; Magen et al. 2022; Neto et al. 2024). Despite this evidence, almost a third of Dutch adults
ages 60+ have not yet received a second booster dose.

In this study, we explore whether having personal access to medical expertise affects the
likelihood of adhering to government recommendations and receiving a second booster dose of an
mRNA COVID-19 vaccine. Comparing the older relatives (i.e., the parents, aunts, and uncles ages
60+) of applicants who won the medical school admissions lottery and became a physician to the
older relatives of those who lost and did not, we find that having a physician in the family leads to a
2-4 percent increase in the likelihood of receiving a second booster dose. This result contrasts with
those of Finkelstein et al. (2022), who find evidence that personal access to medical expertise
reduces adherence to government guidelines.

When we restrict our attention to the relatives of male applicants, we find little evidence that

having a physician in the family affects the likelihood of receiving a second booster. By contrast,

male physicians. Tates et al. (2017) find that patients at a Dutch university medical center experienced more shared
decision making when assigned to female rather than male medical students.
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there is evidence that female physicians are particularly adept at convincing their older relatives to be
vaccinated against COVID-19. Having a female physician in the family is, for instance, associated
with a 4.5 percent increase in the likelihood that parents receive a second booster, and a 5.4 percent
increase in the likelihood that mothers receive a second booster. Medical studies provide evidence
that, relative to their male counterparts, female physicians are more emotionally responsive, show
greater empathy to their patients, and are more likely to share in the decision-making process (Roter
et al. 2002; van den Brink-Muinen et al. 2003; Sandhu et al. 2009; Jefferson et al. 2013; Noro et al.
2018; Plichta et al. 2020). Our results suggest that outreach strategies emphasizing trust building,
empathy, and empowerment may be more effective at reducing vaccine hesitancy than those
providing information and facts alone.

Vaccine hesitancy has been labeled as one of the greatest threats to global health (Williams
2023). Even prior to the COVID-19 pandemic, the WHO listed vaccine hesitancy as a top-ten
global health threat, alongside climate change, air pollution, and antimicrobial resistance (WHO
2019). Whether access to accurate information can affect vaccination intentions has been a subject
of recent and intense debate (Dubé et al. 2020; Fulawka et al 2024). Our findings indicate that
having personal access to accurate medical information can indeed help to overcome vaccine

hesitancy, especially when the source of this information is a female relative.

17



REFERENCES

Abaluck, Jason, Leila Agha, David C. Chan Jr., Daniel Singer, and Diana Zhu. 2021. “Fixing
Misallocation with Guidelines: Awareness vs. Adherence.” NBER Working Paper No. 27467.

Anand, Pratibha, and Vincent P. Stahel. 2021. “The Safety of Covid-19 mRNA Vaccines: A
Review.” Patient Safety in Surgery, 15(1): 20.

Anderson, D. Mark, Ron Diris, Raymond Montizaan, and Daniel I. Rees. 2023. “The Effects of
becoming a Physician on Prescription Drug Use and Mental Health Treatment.” Journal of Health
Economics, 91: 102774,

Andeweg, Stijn P., Harry Vennema, Irene Veldhuijzen, Naomi Smorenburg, Dennis Schmitz,
Florian Zwagemaker, Arianne B. van Gageldonk-Lafeber, Susan J. M. Hahné, Chantal Reusken,
Mirjam J. Knol, and Dirk Eggink. 2023. “Elevated Risk of Infection with SARS-CoV-2 Beta,
Gamma, and Delta Variants Compared with Alpha Variant in Vaccinated Individuals.” Sezence
Transtational Medicine, 15: eabn4338.

Arbel, Ronen, Ruslan Sergienko, Michael Friger, Alon Peretz, Tanya Beckenstein, Shlomit Yaron,
Doron Netzer, and Ariel Hammerman. 2022, “Effectiveness of a Second BNT162b2 Booster
Vaccine Against Hospitalization and Death from COVID-19 in Adults Aged over 60 Years.”” Nature
Medicine, 28(7): 1486-1490.

Artmann, Elisabeth, Nadine Ketel, Hessel Oosterbeek, and Bas van der Klaauw. 2021. “Field of
Study and Partner Choice.” Economics of Edncation Review, 84: 102149.

Artmann, Elisabeth, Hessel Oosterbeek, and Bas van der Klaauw. 2022. “Do Doctors Improve the
Health Care of Their Parents? Evidence from Admission Lotteries.” Awmerican Economic Journal:
Applied Economics, 14(3): 164-184.

Bar-On, Yinon M., Yair Goldberg, Micha Mandel, Omri Bodenheimer, Ofra Amir, Laurence
Freedman, Sharon Alroy-Preis, Nachman Ash, Amit Huppert, and Ron Milo. 2022. “Protection by a
Fourth Dose of BNT162b2 Against Omicron in Israel.” New England Journal of Medicine, 386: 1712-
1720.

Bensing, Jozien M., Atie van den Brink-Muinen and Dinny H. de Bakker. 1993 “Gender Differences
in Practice Style: A Dutch Study of General Practitioners.” Medical Care, 31(3): 219-229.

Bernal, Jamie Lopez, Nick Andrews, Charlotte Gower, Chris Robertson, Julia Stowe, Elise Tessier,
Ruth Simmons, Simon Cottrell, Richard Roberts, Mark O’Doherty, Kevin Brown, Claire Cameron,
Diane Stockton, Jim McMenamin, and Mary Ramsay. 2021. “Effectiveness of the Pfizer-BioNTech
and Oxford-AstraZeneca Vaccines on Covid-19 Related Symptoms, Hospital Admissions, and
Mortality in Older Adults in England: Test Negative Case-Control Study.” British Medical Jonrnal, 373:
1088.

Canetti, Michal, Noam Barda, Mayan Gilboa,Victoria Indenbaum, Michal Mandelboim,Tal Gonen,
Keren Asraf, Yael Weiss-Ottolenghi, Sharon Amit, Ram Doolman, Ella Mendelson, Dror Harats,
Laurence S. Freedman, YitshakKreiss, Yaniv Lustig, and Gili Regev-Yochay. 2022. “Immunogenicity

18



and Efficacy of Fourth BNT162b2 and mRNA1273 COVID-19 Vaccine Doses; Three Months
Follow-Up.” Nature Commmunications,13(1): 7711.

Carlton, Julie Garon, Eva Bazant, Chelsey Griffin, Katharine M. Cooley, Hongjiang Gao, Margaret
McCarron, Ahamed Khairul Basher, Ummi Rukaiya Munni, Daouda Coulibaly, Collins Ahortlu,
Chansay Pathammavong, Phonethipsavanh Nouanthong, Zeina Farah, Mohammed Ismaili Alaoui,
Mouad Merabet, Jeriel Reyes De Silos, Clyde E. Silverio, Prabda Praphasiri, Darunee Ditsungnoen,
Aicha Hechaichi, Fatma Ben Youssef, Joseph S. Bresee, Ann Moen, and Jaymin C. Patel. 2020.
“COVID-19 Vaccine Acceptance and Recommendation Among Health Workers in Nine Countries:
A Pooled Analysis of Survey Data from 2023 to 2024.” BM] Global Health, 11: €020513.

Carrera, Mariana and Niels Skipper. 2025. “Do Physicians Follow the Golden Rule? Evidence of
Imperfect Agency and Moral Hazard from Physicians’ Self-Prescriptions.” NBER Working Paper
No. 33954.

Chaudhary, Namit, Drew Weissman, and Kathryn A. Whitehead. 2021. “mRNA Vaccines for
Infectious Diseases: Principles, Delivery and Clinical Translation.” Nature Reviews, 20(11): 817-838.

Chen, Yiqun, Petra Persson, and Maria Polyakova. 2022. “The Roots of Health Inequality and the
Value of Intrafamily Expertise.” American Economic Journal: Applied Economics, 14(3): 185-223.

Chen, Stacey H., Jennjou Chen, Hongwei Chuang, and Tzu-Hsin Lin. 2025. “Physicians Treating
Physicians: Relational and Informational Advantages in Treatment and Survival.” Journal of Labor
Economices, 43(1): 15-46.

Chou, Yiing-Jenq, Nicole Huang, I-Feng Lin, Chung-Yeh Deng, Yi-Wen Tsai, Long-Shen Chen, and
Cheng-Hua Lee. 2006. “Do Physicians and Their Relatives Have a Decreased Rate of Cesarean
Section? A 4-Year Population-Based Study in Taiwan.” BIRTH, 33(3): 195-202.

Churchill, Brandyn and Emily Lawler. 2025. “Government Recommendations and Health
Behaviors: Evidence from Breast Cancer Screening Guidelines.” NBER Working Paper No. 34368.

Cohen, Matan J., Yonatan Oster, Allon E.Moses, Avishay Spitzer, Shmuel Benenson. 2022.
“Association of Receiving a Fourth Dose of the BNT162bVaccine with SARS-CoV-2 Infection
among Health Care Workers in Israel.” LAMA Network Open: e2224657.

de Vries, Hein, Wouter Verputten, Christian Preissner, and Gerjo Kok. 2022. “COVID-19 Vaccine
Hesitancy: The Role of Information Sources and Beliefs in Dutch Adults.”
International Jonrnal of Environmental Research and Public Health, 19(6): 3205.

Dubé, Eve, Dominque Gagnon, and Maryline Vivion. 2020. “Optimizing Communication Material
to Address Vaccine Hesitancy.” 2020. Canada Communicable Disease Report, 46(2-3): 48-52.

Finkelstein, Amy, Petra Persson, Maria Polyakova, and Jesse M. Shapiro. 2022. “A Taste of Their

Own Medicine: Guideline Adherence and Access to Expertise.” Awmerican Economic Review: Insights,
4(4): 507-206.

19



Frakes, Michael D., Jonathan Gruber, and Anupam Jena. 2021. “Is Great Information Good
Enough? Evidence from Physicians as Patients.” Journal of Health Economics 75: 1024006.

Fulawka, Kamil, Ralph Hertwig, and Thorsten Pachur. 2024. “COVID-19 Vaccine Refusal is Driven
by Deliberate Ignorance and Cognitive Distortions.” npy IV accines, 9: 167.

Gazit, Sivan, Yaki Saciuk, Galit Perez, Asaf Peretz, Virginia E Pitzer, and Tal Patalon. 2022. “Short
Term, Relative Effectiveness of Four Doses Versus Three Doses of BNT162b2 Vaccine in People
Aged 60 Years and Older in Israel: Retrospective, Test Negative, Case-Control Study.” British Medical
Journal, 24(377): ¢071113.

Geubbels, E. L. P. E. , J. A. Backer, F. Bakhshi-Raiez, R. F. H. J. van der Beek, B. H. B. van
Benthem, J. van den Boogaard, E. H. Broekman, D. A. Dongelmans, D. Eggink, R. D. van Gaalen,
A. van Gageldonk, S. Hahné, K. Hajji, A. Hofhuis, A. J. van Hoek, M. N. Kooijman, A. Kroneman,
W. Lodder, M. van Rooijen, W. Roorda, N. Smorenburg, F. Zwagemaker, N. F. de Keizer, I. van
Walle, A. M. de Roda Husman, C. Ruijs, and S. van den Hof. 2023. “The Daily Updated Dutch
National Database on COVID-19 Epidemiology, Vaccination and Sewage Surveillance.” Scentific
Data, 10: 469.

Hall, Judith A. and Debra L. Roter. 2002. “Do Patients Talk Differently to Male and Female
Physicians? A Meta-analytic Review.” Patient Education and Connseling, 48(3): 217-224.

Health Council of the Netherlands. 2021a. “COVID-19 Vaccination: The Moderna Vaccine
and the Vaccination Strategy.” Executive Summary. Health Council of the Netherlands. Publication
no. 2021/01.

Health Council of the Nethetlands. 2021b. “COVID-19-Vaccination: AstraZeneca Vaccine.”
Executive Summary. Health Council of the Nethetlands. Publication no. 2021/04.

Health Council of the Netherlands. 2022a. “Second Booster Vaccination Against COVID-19.”
Executive Summary. Health Council of the Nethetlands. Publication no. 2022/06.

Health Council of the Netherlands 2022b. “Make a Second Booster Available for 60- to 69-Year-
Olds.” February 18. Available at:

https://www.gezondheidsraad.nl/actueel/nieuws /2022 /03 /25 /stel-tweede-booster-beschikbaar-
voor-60--tot-en-met-69-jarigen.

Health Council of the Netherlands. 2025. COVID-19 Vaccination in 2025. Advisory Report, March
27. Available at: https://www.healthcouncil.nl/documents/2025/03 /27 /covid-19-vaccination-in-
2025.

Holzmann-Littig, Christopher, Matthias Christoph Braunisch, Peter Kranke, Maria Popp, Christian
Seeber, Falk Fichtner, Bianca Littig, Javier Carbajo-Lozoya, Christine Allwang, Tamara Frank, Joerg
Johannes Meerpohl, Bernhard Haller, and Christoph Schmaderer. 2021. “COVID-19 Vaccination

Acceptance and Hesitancy among Healthcare Workers in Germany.” Vaccines, 9(7): 777.

Huiberts, Anne J., Brechje de Gier, Christina E. Hoeve, Hester E. de Melker, Susan J.M. Hahné,
Gerco den Hartog, Diederick E. Grobbee, Janneke H.H.M. van de Wijgert, Susan van den Hof, and

20


https://www.nature.com/articles/s41597-023-02232-w#auth-E__L__P__E_-Geubbels-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-J__A_-Backer-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-F_-Bakhshi_Raiez-Aff2
https://www.nature.com/articles/s41597-023-02232-w#auth-R__F__H__J_-Beek-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-B__H__B_-Benthem-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-B__H__B_-Benthem-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-J_-Boogaard-Aff1-Aff3
https://www.nature.com/articles/s41597-023-02232-w#auth-E__H_-Broekman-Aff4
https://www.nature.com/articles/s41597-023-02232-w#auth-D__A_-Dongelmans-Aff2-Aff5
https://www.nature.com/articles/s41597-023-02232-w#auth-D_-Eggink-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-R__D_-Gaalen-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-A_-Gageldonk-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-S_-Hahn_-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-K_-Hajji-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-A_-Hofhuis-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-A__J_-Hoek-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-M__N_-Kooijman-Aff6
https://www.nature.com/articles/s41597-023-02232-w#auth-A_-Kroneman-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-W_-Lodder-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-M_-Rooijen-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-W_-Roorda-Aff4
https://www.nature.com/articles/s41597-023-02232-w#auth-N_-Smorenburg-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-F_-Zwagemaker-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-N__F_-Keizer-Aff2-Aff7
https://www.nature.com/articles/s41597-023-02232-w#auth-I_-Walle-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-I_-Walle-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-A__M_-Roda_Husman-Aff1
https://www.nature.com/articles/s41597-023-02232-w#auth-C_-Ruijs-Aff4
https://www.nature.com/articles/s41597-023-02232-w#auth-S_-Hof-Aff1
https://www.nature.com/sdata
https://www.nature.com/sdata
https://www.gezondheidsraad.nl/actueel/nieuws/2022/03/25/stel-tweede-booster-beschikbaar-voor-60--tot-en-met-69-jarigen
https://www.gezondheidsraad.nl/actueel/nieuws/2022/03/25/stel-tweede-booster-beschikbaar-voor-60--tot-en-met-69-jarigen
https://www.healthcouncil.nl/documents/2025/03/27/covid-19-vaccination-in-2025
https://www.healthcouncil.nl/documents/2025/03/27/covid-19-vaccination-in-2025

Mirjam J. Knol. 2023 “Vaccine Effectiveness of Primary and Booster COVID-19 Vaccinations
against SARS-CoV-2 Infection in the Netherlands from July 12, 2021 to June 6, 2022: A Prospective
Cohort Study.” International Journal of Infections Disease, 133: 36-42.

Inskeep, Steve. 2025. “FDA Commissioner on Growing Public Mistrust of Government Health
Advice.” National Public Radio, December 15. Available at: https://www.npr.org/2025/12/15/nx-s1-
5642516/ fda-commissioner-martin-makary-public-trust-vaccines.

Jetferson, Laura, Karen Bloor, and Martin Bland. 2013. “Effect of Physicians’ Gender on
Communication and Consultation Length: A Systematic Review and Meta-Analysis.” Journal of Health
Services Research and Policy, 18(4): 242-248.

Johnson, Erin M., and M. Marit Rehavi. 2016. “Physicians Treating Physicians: Information and
Incentives in Childbirth.” Awerican Economic Journal: Economic Policy, 8(1): 115—141.

Kakani, Pragya, Simone Matecna, and Amitabh Chandra. 2025. “Expert Patients’ Use of Avoidable
Health Care.” NBER Working Paper No. 33573.

Ketel, Nadine, Edwin Leuven, Hessel Oosterbeek, Bas van der Klaauw. 2016. “The Returns to
Medical School: Evidence from Admission Lotteties.” American Economic Journal: Applied Economics,
8(2): 225-254.

Labuschagne, Lisanne J. E., Naomi Smorenburg, Jan van de Kassteele, Ben Bom, Anne C. de
Weerdt, Hester E. de Melker, and Susan J. M. Hahné. 2023. “Neighbourhood Sociodemographic
Factors and COVID-19 Vaccine Uptake in the Netherlands: An Ecological Analysis.” BMC Public
Health, 22(2): 160.

Lazarus, Jeffrey V., Trenton M. White, Katarzyna Wyka, Scott C. Ratzan, Kenneth Rabin, Heidi J.
Larson, Federico Martinon-Torres, Ernest Kuchar, Salim S. Abdool Karim, Tamara Giles-Vernick,
Selina Miiller, Carolina Batista, Nellie Myburgh, Beate Kampmann, and Ayman El-Mohandes. 2024.
“Influence of COVID-19 on Trust in Routine Immunization, Health Information Sources and
Pandemic Preparedness in 23 Countries in 2023.” Nature Medicine, 30(June): 1559-1563.

Leigh, Jeanna Parsons, Stephana J. Moss, Trenton M. White, Camila A. Picchio, Kenneth H. Rabin,
Scott C. Ratzan, Katarzyna Wyka, Ayman El-Mohandes, and Jeffrey V. Lazarus. 2022. “Factors
Affecting COVID-19 Vaccine Hesitancy among Healthcare Providers in 23 Countries.” [Vaccine,
40(31): 4081-4089.

Leuven, Edwin, Hessel Oosterbeck, and Inge de Wolf. 2013. “The Effects of Medical School on
Health Outcomes: Evidence from Admission Lotteties.” Journal of Health Economics, 32(4): 698-707.

Limbu, Yam B. and Bruce A. Huhmann. 2023. “Why Some People Are Hesitant to Receive
COVID-19 Boosters: A Systematic Review.” Tropical Medicine and Infections Disease, 8(3): 159.

Liu, Yosheng, Petra Verdonk, Maartje de Wit, Giesje Nefs, and Christine Dedding. 2023.

“Observing,‘Doing’ and ‘Making’ Gender in Dutch Paediatric Type 1 Diabetes Care, at Home and in
the Clinic: Multiple-Stakeholder Perspectives.” Journal of Advanced Nursing, 79(12): 4697-4706.

21


https://www.npr.org/2025/12/15/nx-s1-5642516/fda-commissioner-martin-makary-public-trust-vaccines
https://www.npr.org/2025/12/15/nx-s1-5642516/fda-commissioner-martin-makary-public-trust-vaccines

Magen, M. Ori, Jacob G. Waxman, Maya Makov-Assif, Roni Vered, Dror Dicker, Miguel A Hernan,
Marc Lipsitch, Ben Y. Reis, Ran D. Balicer, and Noa Dagan. “Fourth Dose of BNT162b2 mRNA
COVID-19 Vaccine in a Nationwide Setting.” New England Journal of Medicine, 386 (17): 1603-1614.

Mueller, Benjamin and Denise Grady. 2021. “AstraZeneca Vaccine and Blood Clots: What Is
Known So Far.” New York Times, April 10. Available at:
https://www.nytimes.com/2021/04/10/health/astrazeneca-vaccine-blood-clots.html.

National Institute for Public Health and the Environment. 2022a. “The National Immunisation
Programme in the Netherlands: Surveillance and Developments in 2021-2022.” Bilthoven, the
Netherlands: RIVM Report No. 2022-0042.

National Institute for Public Health and the Environment. 2022b. “Reminders for Booster Jab and
Repeat Vaccination Against COVID-19.” RITV'M.n/, July 6. Available at:

https://www.rivm.nl/en/news/reminders-for-booster-jab-and-repeat-vaccination-against-covid-19.

Neto, Felippe Lazar, Matt D.T. Hitchings, Avnika B. Amin, Giovanny V.A. de Franca, Margaret L.
Lind, Mario Sergio Scaramuzzini Torres, Daniel Henrique Tsuha, Roberto D. de Oliveirai, Derek
A.T. Cummings, Natalie E. Dean, Jason R. Andrews, Albert I. Kof, Julio Croda, and Otavio T.
Ranzani. 2024. “Effectiveness of the Fourth Dose of COVID-19 Vaccines Against Severe COVID-
19 Among Adults 40 Years or Older in Brazil: A Population-Based Cohort Study.” Lancet Regional
Health, 34: 100755.

Noro, Ikuko, Debra L.; Roter, Satoko Kurosawa, Miura, Yasuhiko, and Masato Ishizaki. 2018. “The
Impact of Gender on Medical Visit Communication and Patient Satisfaction within the Japanese
Primary Care Context.” Patient Education and Counseling, 101(2): 227-232.

Nugent, Clare, Yasin Abul, Elizabeth M. White, Fadi Shehadeh, Matthew Kaczynski, Lewis Oscar
Felix, Narchonai Ganesan, Oladayo A. Oyebaniji, Igor Vishnepolskiy, Elise M. Didion, Alexandra
Paxitzis, Maegan L. Sheehan, Philip A. Chan, Walther M. Pfeifer, Evan Dickerson, Shreya
Kamojjala, Brigid M. Wilson, Eleftherios Mylonakis, Christopher L. King, Alejandro B. Balazs, and
Stefan Gravenstein. 2023. “Second Monovalent SARS-CoV-2 mRNA Booster Restores Omicron-
Specific Neutralizing Activity in Both Nursing Home Residents and Health Care Workers.” Vaccine,
41(22): 3403-34009.

Peterson, Christopher J., Benjamin Lee, and Kenneth Nugent. 2022. “COVID-19 Vaccination
Hesitancy among Healthcare Workers—A Review. [Vaccines, 10(6): 948.

Pijpers, Joyce, Annika van Roon, Caren van Roekel, Lisanne Labuschagne, Bente Smagge, José A.
Ferreira, Hester de Melker, and Susan Hahné. 2023. “Determinants of COVID-19 Vaccine Uptake
in The Netherlands: A Nationwide Registry-Based Study.” 1Vaccines, 11(9): 1409.

Plichta, Jennifer K., Hannah Williamson, Amanda R Sergesketter, Lars J. Grimm, Samantha M.
Thomas; Gayle Dil alla, Brittany A. Zwischenberger, Shelly E. Hwang, and Ryan P. Plichta. 2020.
“It’s Not You, It’s Me: The Influence of Patient and Surgeon Gender on Patient Satisfaction Scores
American Journal of Surgery, 220(5): 1179-1188.

22


https://www.nytimes.com/2021/04/10/health/astrazeneca-vaccine-blood-clots.html
https://www.rivm.nl/en/news/reminders-for-booster-jab-and-repeat-vaccination-against-covid-19

Rikin Patel, Mohamad Kaki, Venkat S. Potluri, Payal Kahar, and Deepesh Khanna. 2022. “A
Comprehensive Review of SARS-CoV-2 Vaccines: Pfizer, Moderna & Johnson & Johnson.” Human
Vaccines and Immunotherapentics, 18(1): 2002083.

Roter, Debra L., Judith A. Hall, and Yutaka Aoki. 2002. “Physician Gender Effects in Medical
Communication: A Meta-Analytic Review.” [AM.A, 288(6): 756—764.

Rouvinski, Alexander, Ahuva Friedman, Saveliy Kirillov, Jordan Hannink Attal, Sujata Kumari,
Jamal Fahoum, Reuven Wiener, Sophie Magen, Yevgeni Plotkin, Daniel Chemtob, and Herve
Bercovier. 2023. “Antibody Response in FElderly Vaccinated Four Times with an mRNA Anti-
COVID-19 Vaccine.” Scientific Reports, 13(1): 14165.

RTL News. 2022. “Health Council Recommends Second Booster for People Over 70 and
Vulnerable.” RTL News, February 18. Available at:

https://www.rtl.nl/nieuws /artikel /5289144 /gezondheidsraad-booster-prik-vaccin-corona-virus-
coronavaccin.

Sabat, Iryna, Sebastian Neumann-Bohme, Tom Stargardt, and Jonas Schrey6gg. 2024. “The
European COvid Survey (ECOS): Technical Report.”” Hamburg Center for Health Economics
Research Paper No. 30. Available at: https://www.hche.uni-hamburg.de/dokumente/research-
papers/rp30-ecos-technical-paper.pdf.

Sallam, Malik, Mariam Al-Sanafi, and Mohammed Sallam. 2022. “A Global Map of COVID-19
Vaccine Acceptance Rates per Country: An Updated Concise Narrative Review.” Journal of
Multidisciplinary Healthcare, 15: 21-45.

Sandhu, Harbinder, Ann Adams, Laura Singleton, David Clark-Carter, and Jane Kidd. 2009. “The
Impact of Gender Dyads on Doctor—Patient Communication: A Systematic Review.”
Patient Education and Counseling, 76(3): 348-355.

Silver, Diana, Yeerae Kim, Elizabeth McNeill, Rachael Piltch-Loeb, Vivian Wang, David Abramson.
2022. “Association between COVID-19 Vaccine Hesitancy and Trust in the Medical Profession and
Public Health Officials.” Preventive Medicine, 164: 107311.

Staiger, Douglas and James Stock. 1997. “Instrumental Variables Regression with Weak
Instruments.” Econometrica, 65(3): 557-580.

Steinert, Janina I., Henrike Sternberg, Hannah Prince, Barbara Fasolo, Matteo M. Galizzi, Tim
Biithe, and Giuseppe A. Veltri. 2022. “COVID-19 Vaccine Hesitancy in Eight European Countries:
Prevalence, Determinants, and Heterogeneity.” Science Advances, 8(17): eabm9825.

Tates, Kiek, Marjolijn L.Antheunis, Saskia Kanters, Theodoor E. Nieboer, and Maria B.E. Gerritse.
2017. “The Effect of Screen-to-Screen Versus Face-to-Face Consultation on Doctor-Patient
Communication: An Experimental Study with Simulated Patients.” Journal of Medical Internet Research,
19(12): e421.

Ten Cate, Olle. 2007. “Medical Education in the Netherlands.” Medical Teacher, 29(8): 752-757.

23


https://www.rtl.nl/nieuws/artikel/5289144/gezondheidsraad-booster-prik-vaccin-corona-virus-coronavaccin
https://www.rtl.nl/nieuws/artikel/5289144/gezondheidsraad-booster-prik-vaccin-corona-virus-coronavaccin
https://www.hche.uni-hamburg.de/dokumente/research-papers/rp30-ecos-technical-paper.pdf
https://www.hche.uni-hamburg.de/dokumente/research-papers/rp30-ecos-technical-paper.pdf

Trent Mallory, Holly Seale, Abrar Ahmad Chughtai, Daniel Salmon, and C. Raina Maclntyre. 2022.
“Trust in Government, Intention to Vaccinate and COVID-19 Vaccine Hesitancy: A Comparative
Survey of Five large Cities in the United States, United Kingdom, and Australia.” 17 accine, 40(17):
2498-505.

U.S. Food and Drug Administration. 2025. “COMIRNATY ” FDA, November 6. Available at:

van Amerongen, Anouk, Claudia Zoller, and Ayman Fouda. 2024. “COVID-19 in the Netherlands:
A Three-Phase Analysis.” Health Policy and Technology, 13: 100783.

van den Brink-Muinen, Atie, Jozien M. Bensing, and Jan J. Kerssens. 1998. “Gender and
Communication Style in General Practice: Differences between Women's Health Care and Regular
Health Care.” Medical Care, 36(1): 100-106.

van den Brink-Muinen, A., P.F.M. Verhaak, J.M. Bensing, O. Bahrsa, M. Deveugeleb, L. Gaskc, N.
Meadc, F. Leiva-Fernandezd, A. Perezd, V. Messerlie, L. Oppizzie, and M. Peltenburge. 2003

“Communication in General Practice: Differences between European Countries.” Family Practice,
20(4): 478-485.

Wang, Chia-Wen, Erik Pieter de Jong, Josemyrne Ashley Faure, Jaylynn Leigh Ellington, Chi-Hsin
Sally Chen, and Chang-Chuan Chan. 2022. “A Matter of Trust: A Qualitative Comparison of the
Determinants of COVID-19 Vaccine Hesitancy in Taiwan, the United States, the Netherlands, and
Haiti.” Human V accines & Immunotherapentics, 18(5): 2050121.

Whyte, Liz Essley and Sabrina Siddiqui. 2025. “RFK Jr.’s CDC Panel Drops Covid Shot
Recommendations.” Wall Street Journal, September 19. Available at:

https:/ /www.wsj.com/politics /policy/rfk-jr-cdc-vaccine-shots-
ac33ac96°reflink=desktopwebshare permalink.

Williams, Simon Nicholas. 2023. “Vaccine Hesitancy is One of the Greatest Threats to Global
Health — and the Pandemic Has Made It Worse.” Gauz, July 5. Available at:
https://www.gavi.org/vaccineswork /vaccine-hesitancy-one-greatest-threats-global-health-and-
pandemic-has-made-it-worse.

World Health Organization (WHO). 2019. “Ten Threats to Global Health in 2019.” Available at:
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019.

World Health Organization (WHO). 2023. “Statement on the Fourteenth Meeting of the
International Health Regulations (2005) Emergency Committee Regarding the Coronavirus Disease
(COVID-19) Pandemic.” Available at: https://www.who.int/news/item/30-01-2023-statement-on-
the-fourteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-
regarding-the-coronavirus-disease-(covid-19)-pandemic.

World Health Organization (WHO). 2024. “Data Page: COVID-19 Vaccine Boosters Administered
per 100 People.” Data adapted from Official data collated by Our World in Data, World Health
Organisation, Various sources. Available at: https://ourworldindata.org/grapher/covid-vaccine-
booster-doses-per-capita.

24


https://www.fda.gov/vaccines-blood-biologics/comirnaty
https://www.wsj.com/politics/policy/rfk-jr-cdc-vaccine-shots-ac33ac96?reflink=desktopwebshare_permalink
https://www.wsj.com/politics/policy/rfk-jr-cdc-vaccine-shots-ac33ac96?reflink=desktopwebshare_permalink
https://www.gavi.org/vaccineswork/vaccine-hesitancy-one-greatest-threats-global-health-and-pandemic-has-made-it-worse
https://www.gavi.org/vaccineswork/vaccine-hesitancy-one-greatest-threats-global-health-and-pandemic-has-made-it-worse
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news/item/30-01-2023-statement-on-the-fourteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/30-01-2023-statement-on-the-fourteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/30-01-2023-statement-on-the-fourteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://ourworldindata.org/grapher/covid-vaccine-booster-doses-per-capita
https://ourworldindata.org/grapher/covid-vaccine-booster-doses-per-capita

World Health Organization (WHO). 2025. “COVID-19 — Global Situation.” Disease Outbreak News,
May 28. Available at: https://www.who.int/emergencies/disease-outbreak-news/item/2025-
DONS572.

Yousuf, Hamza, Sander van der Linden, Ted van Essen, Diederik Gommers, Erik Scherder, Jagat
Narula, and Leonard Hofstra. 2021. “Dutch Perspectives Toward Governmental Trust, Vaccination,
Myths, and Knowledge About Vaccines and COVID-19.” L ANMA Network Open, 4(12): €2140529.

25


https://www.who.int/emergencies/disease-outbreak-news/item/2025-DON572
https://www.who.int/emergencies/disease-outbreak-news/item/2025-DON572

Table 1. Means of 2" Booster for Older Relatives of Medical School Applicants

Physician in the No physician in the  Statistically different at
Full sample family family 5% level?
All older relatives 0.822 0.831 0.810
(0.382) (0.375) (0.393) Yes (p-value < 0.001)
[129,211] [79,6406] [49,565]
Parents 0.868 0.880 0.849
(0.339) (0.325) (0.358) Yes (p-value < 0.001)
[41,622] [25,605] [16,017]
Aunts and uncles 0.801 0.807 0.791
(0.399) (0.394) (0.407) Yes (p-value < 0.001)
[87,587] [54,040] [33,547]
Fathers 0.873 0.880 0.862
(0.333) (0.325) (0.345) Yes (p-value < 0.001)
[19,299] [11,874] [7,425]
Mothers 0.863 0.879 0.838
(0.343) (0.326) (0.368) Yes (p-value < 0.001)
[22,320] [13,729] [8,591]
Aunts 0.798 0.805 0.787
(0.401) (0.396) (0.409) Yes (p-value < 0.001)
[44,830] [27,628] [17,202]
Uncles 0.804 0.810 0.794
(0.397) (0.393) (0.404) Yes (p-value < 0.001)
[42,757] [26,412] [16,345]

Notes: Based on data from the COVID-vaccination Information and Monitoring System and the Dienst Uitvoering Onderwijs, a Dutch
organization under the Ministry of Education. The outcome, 2" Booster, is equal to 1 if applicant i’s older relative j received a COVID-19

vaccination after the start of the second booster campaign (and is equal to 0 otherwise). Means are shown with standard deviations in
parentheses and sample sizes in brackets.
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Table 2. 2SLS Estimates of the Effect of Having a Physician in the Family on the Likelihood of Receiving a Second
Booster Dose of a COVID-19 Vaccine

©) @) ) ) ®) ©) )

All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Physician 0.021™ 0.021° 0.021™ 0.006 0.032" 0.015 0.026"
(0.008) (0.012) (0.010) (0.014) (0.013) (0.013) (0.013)
Mean of dependent variable 0.822 0.868 0.801 0.873 0.863 0.798 0.804
F-test of instrument 2,586 3,340 1,968 2,811 3243 1,717 1,660
N 129,211 41,622 87,587 19,299 22,320 44,830 42,757

“Statistically significant at 10% level; ™ at 5% level.

Notes: Each column represents the results from a separate 2SLS regression based on data from the COVID-vaccination Information and Monitoring System
and the Dienst Uitvoering Onderwijs, a Dutch organization under the Ministry of Education. The outcome, 2@ Booster, is equal to 1 if applicant i’s older
relative j received a COVID-19 vaccination after the start of the second booster campaign (and is equal to 0 otherwise). All models control for gender, age at
first lottery, age at first lottery squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery fixed
effects, and birth-year fixed effects for the relative. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are

corrected for clustering at the applicant level for the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are
reported.
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Table 3. 2SLS Estimates of the Effect of Having a Physician in the Family on the Likelihood of Receiving a Second Booster

Dose of a COVID-19 Vaccine by Gender of Medical School Applicant

1 2 3) 4) o) (©) ()
All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Panel A. Male applicants
Physician 0.001 -0.003 0.004 -0.022 0.011 -0.016 0.026
(0.012) (0.018) (0.015) (0.021) (0.021) (0.020) (0.019)
Mean of dependent variable 0.819 0.863 0.797 0.872 0.855 0.791 0.803
F-test of instrument 1,158 1,486 873 1,251 1,427 769 728
N 51,858 17,201 34,656 7,941 9,257 17,749 16,907
Panel B. Female applicants
Physician 0.034™ 0.039™ 0.031™ 0.027 0.047 0.038™ 0.024
(0.010) (0.015) (0.013) (0.019) (0.018) (0.017) (0.017)
Mean of dependent variable 0.825 0.871 0.804 0.874 0.870 0.803 0.804
F-test of instrument 1,441 1,857 1,110 1,558 1,808 963 950
N 77,351 24417 52,930 11,353 13,062 27,079 25,849

“Statistically significant at 5% level; ™ at 1% level.

Notes: Each column within each panel represents the results from a separate 2SLS regression based on data from the COVID-vaccination Information and

Monitoring System and the Dienst Uitvoering Onderwijs, a Dutch otganization under the Ministry of Education. The outcome, 2™ Booster, is equal to 1 if

applicant i’s older relative j received a COVID-19 vaccination after the start of the second booster campaign (and is equal to 0 otherwise). All models control for
age at first lottery, age at first lottery squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery
fixed effects, and birth-year fixed effects for the relative. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are
corrected for clustering at the applicant level for the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are reported.
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Appendix Table 1. Share of Medical School Applications and Probabilities of
Admittance by Lottery Category

GPA on final Average

Lottery exams in high Share of Number of  probability of

category school applications  applications admittance Weight
A GPA =85 0.02 815 0.86 2.00
B 8.0 = GPA <85 0.06 2,568 0.75 1.50
C 7.5 <= GPA <8.0 0.10 4,117 0.60 1.25
D 7.0 = GPA <75 0.24 10,030 0.50 1.00
E 6.5=GPA <70 0.25 10,660 0.42 0.80
F GPA < 6.5 0.34 14,248 0.36 0.67

30



Appendix Table 2. Descriptive Statistics for Medical School Applicants

Statistically
Full Lottery Lottery different at 5%
sample winners losers level? Description
Female 0.584 0.580 0.589 No = 1 if applicant is female, = 0
(0.493) (0.494) 0.492) (p-value = 0.214)  otherwise
Age at first lottery 18.3 18.3 18.3 No Age at which applicant participated
(0.850) (0.851) (0.850) (p-value = 0.431)  in first medical school lottery
Non-Western migrant 0.070 0.072 0.067 No =1if applicant or one of the
(0.255) (0.259) (0.250) (p-value = 0.123)  applicant’s parents was born in a
non-Western country, = 0 otherwise
N 26,208 12,329 13,879

Notes: Weighted means, based on inverse admittance probabilities, are shown with standard deviations in parentheses. Tests of equality were

performed by separately regressing Lottery Win on each characteristic and controlling for lottery category by year-of-first-lottery fixed effects.
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Appendix Table 3. Balancing Tests by First-Lottery Outcome for Medical School Applicants

Statistically different at

First-lottery winners First-lottery losers 5% level?

Lottery category B

Female 0.600 0.607 No (p-value = 0.644)
(0.490) (0.489)

Age at first lottery 17.9 18.0 No (p-value = 0.560)
(0.6406) (0.686)

Non-Western migr(;mt 0.044 0.035 No (p-value = 0.603)
(0.205) (0.184)

N 1,411 462

Lottery category C

Female 0.624 0.639 No (p-value = 0.740)
(0.485) (0.481)

Age at first lottery 18.0 18.1 No (p-value = 0.363)
(0.681) (0.729)

Non-Western migrant 0.042 0.032 No (p-value = 0.406)
(0.202) (0.176)

N 1,737 1,068

Lottery category D

Female 0.590 0.599 No (p-value = 0.532)
(0.492) (0.490)

Age at first lottery 18.2 18.2 No (p-value = 0.620)
(0.752) (0.770)

Non-Western migr(;mt 0.053 0.050 No (p-value = 0.582)
(0.225) (0.218)

N 3,277 3,044

Lottery category E

Female 0.575 0.587 No (p-value = 0.370)
(0.494) (0.493)

Age at first lottery 18.4 18.4 No (p-value = 0.805)
(0.850) (0.848)

Non-Western migr(;mt 0.074 0.068 No (p-value = 0.332)
(0.262) (0.252)

N 2,762 3,880

Lottery category F

Female 0.557 0.563 No (p-value = 0.650)
(0.497) (0.496)

Age atﬁrst lottery 18.6 18.5 No (p-value = 0.051)
(0.910) (0.902)

Non-Western migr(;mt 0.100 0.095 No (p-value = 0.450)
(0.301) (0.294)

N 3,142 5,425

Notes: Weighted means, based on inverse admittance probabilities, are shown with standard deviations in parentheses.

Tests of equality were performed by separately regressing Lottery Win on each characteristic and controlling for lottery
category by year-of-first-lottery fixed effects.
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Appendix Table 4. Balancing Tests by First-Lottery Outcome for Older Relatives of Medical School Applicants

Statistically different at

First-lottery winners First-lottery losers 5% level?

Number of older relatives registered in Netherlands in 2021 4.89 4.95 No (p-value = 0.250)
(3.32) (3.28)

Number of parents registered in Netherlands in 2021 1.58 1.59 No (p-value = 0.113)
(0.619) (0.610)

Number of aunts/uncles registered in Nethetlands in 2021 3.31 3.35 No (p-value = 0.369)
(3.14) (3.11)

Father registered in Netherlands in 2021 0.733 0.741 No (p-value = 0.227)
(0.442) (0.438)

Mother registered in Netherlands in 2021 0.849 0.854 No (p-value = 0.225)
(0.358) (0.353)

Number of aunts registered in Netherlands in 2021 1.70 1.71 No (p-value = 0.836)
(1.87) (1.83)

Number of uncles registered in Netherlands in 2021 1.01 1.04 No (p-value = 0.175)
(1.77) (1.79)

Average age of older relatives (in year of first lottery) 46.2 46.3 No (p-value = 0.555)
(4.11) (3.98)

Average age of parents (in year of first lottery) 47.7 47.8 No (p-value = 0.712)
(3.79) (3.79)

Average age of aunts/uncles (in year of first lottety) 45.4 45.5 No (p-value = 0.655)
(4.65) (4.51)

Age of father (in year of first lottery) 48.7 48.6 No (p-value = 0.610)
(4.08) (4.05)

Age of mother (in year of first lottery) 46.9 47.0 No (p-value = 0.284)
(4.02) (4.05)

Average age of aunts (in year of first lottery) 45.6 45.8 No (p-value = 0.282)
(5.18) (5.11)

Average age of uncles (in year of first lotter) 45.3 45.3 No (p-value = 0.743)
(5.03) (4.89)

N 12,329 13,879

Notes: Weighted means, based on inverse admittance probabilities, are shown with standard deviations in parentheses. Tests of equality were
performed by separately regressing Lottery Win on each characteristic and controlling for lottery category by year-of-first-lottery fixed effects.
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Appendix Table 5. First-Stage Estimates: The Effect of Winning Medical School Lottery on Becoming a Physician

©) @ C) ) ®) © )
All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Panel A. All applicants
Lottery Win 0.350" 0.356™ 0.347 0.355™ 0.356™ 0.350" 0.345
(0.007) (0.006) (0.008) (0.007) (0.006) (0.008) (0.008)
Mean of dependent variable 0.616 0.615 0.617 0.615 0.615 0.616 0.618
F-test of instrument 2,586 3,340 1,968 2,811 3,243 1,717 1,660
N 129,211 41,622 87,587 19,299 22,320 44,830 42,757
Panel B. Male applicants
Lottery Win 0.368™ 0.373" 0.365" 0.374™ 0.372" 0.368™ 0.363"
(0.011) (0.010) (0.012) (0.011) (0.010) (0.013) (0.013)
Mean of dependent variable 0.589 0.588 0.590 0.588 0.587 0.589 0.591
F-test of instrument 1,158 1,486 873 1,251 1,427 769 728
N 51,858 17,201 34,656 7,941 9,257 17,749 16,907
Panel C. Female applicants
Lottery Win 0.338™ 0.343 0.336™ 0.343™ 0.344 0.338™ 0.334
(0.009) (0.008) (0.010) (0.009) (0.008) (0.011) (0.011)
Mean of dependent variable 0.635 0.634 0.635 0.634 0.635 0.634 0.635
F-test of instrument 1,441 1,857 1,110 1,558 1,808 963 950
N 77,351 24,417 52,930 11,353 13,062 27,079 25,849

“Statistically significant at 1% level.

Notes: Each column within each panel represents the results from a separate first-stage regression based on data from the COVID-vaccination Information and Monitoring
System and the Dienst Uitvoering Onderwijs, a Dutch organization under the Ministry of Education. The outcome, Physician, is equal to 1 if applicant i went to medical school
in the Netherlands and became a registered physician (and is equal to 0 otherwise). All models control for age at first lottery, age at first lottery squared, migrant status, lottery
category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery fixed effects, and birth-year fixed effects for the relative. The models in Panel A
also control for gender. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are corrected for clustering at the applicant level for
the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are reported.
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Appendix Table 6. 2SLS Estimates of the Effect of Becoming a Physician on the
Likelihood of Receiving a Second Booster Dose of a COVID-19 Vaccine

©) @) )

Male Female
All applicants applicants applicants
Physician 0.237" 0.232™ 0.241™
(0.019) (0.029) (0.025)
Mean of dependent variable 0.534 0.507 0.554
F-test of instrument 3,445 1,457 1,982
N 24,295 9,994 14,301

“Statistically significant at 1% level.

Notes: Each column represents the results from a separate 2SLS regression based on data from the COVID-
vaccination Information and Monitoring System and the Dienst Uitvoering Onderwijs, a Dutch organization
undet the Ministry of Education. The outcome is equal to 1 if applicant i received at least one COVID-19
vaccination after the start second booster campaign (and is equal to 0 otherwise). All models control for age at
first lottery, age at first lottery squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed
effects, and lottery category by year-of-first-lottery fixed effects. The model in column (1) also controls for
gender. Robust standard etrors are in parentheses.
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Appendix Table 7. 2SLS Estimates of the Effect of Having a Physician in the Family on the Likelihood of Receiving the
First Booster Dose of a COVID-19 Vaccine Within a Month of Availability

©) @) ) ) ®) ©) )

All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Physician -0.002 0.001 -0.003 -0.006 0.006 0.006 -0.012
(0.010) (0.018) (0.011) (0.021) (0.020) (0.015) (0.015)
Mean of dependent variable 0.443 0.523 0.405 0.525 0.520 0.430 0.378
F-test of instrument 2,586 3,340 1,968 2,811 3243 1,717 1,660
N 129,211 41,622 87,587 19,299 22,320 44,830 42,757

Notes: Each column represents the results from a separate 2SLS regression based on data from the COVID-vaccination Information and Monitoring System
and the Dienst Uitvoering Onderwijs, a Dutch organization under the Ministry of Education. For relatives ages 70+, the outcome is equal to 1 if applicant i’s
older relative j received a third COVID-19 vaccination within a month of November 19% when booster shots first became available to the elderly (and is equal
to 0 otherwise). For relatives ages 60-69, the outcome is equal to 1 if applicant i’s older relative ; received a third COVID-19 vaccination within a month of
November 231, when booster shots first became available to anyone over the age of 59 (and is equal to 0 otherwise). All models control for gender, age at first
lottery, age at first lottery squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery fixed
effects, and birth-year fixed effects for the relative. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are
corrected for clustering at the applicant level for the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are
reported.
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Appendix Table 8. Means of Shots 2 4 for Older Relatives of Medical School Applicants

Physician in the No physician in the  Statistically different at
Full sample family family 5% level?
All older relatives 0.801 0.810 0.787
(0.399) (0.392) (0.409) Yes (p-value < 0.001)
[129,211] [79,640] [49,565]
Parents 0.850 0.862 0.830
(0.357) (0.345) (0.376) Yes (p-value < 0.001)
[41,622] [25,605] [16,017]
Aunts and uncles 0.778 0.785 0.766
(0.415) (0.411) (0.423) Yes (p-value < 0.001)
[87,587] [54,040] [33,547]
Fathers 0.855 0.863 0.842
(0.352) (0.344) (0.365) Yes (p-value < 0.001)
[19,299] [11,874] [7,425]
Mothers 0.846 0.862 0.819
(0.361) (0.345) (0.385) Yes (p-value < 0.001)
[22,320] [13,729] [8,591]
Aunts 0.776 0.784 0.764
(0.417) 0.412) (0.425) Yes (p-value < 0.001)
[44,830] [27,628] [17,202]
Uncles 0.780 0.787 0.769
0.414) (0.409) 0.421) Yes (p-value < 0.001)
[42,757] [26,412] [16,345]

Notes: Based on data from the COVID-vaccination Information and Monitoring System and the Dienst Uitvoering Onderwijs, a Dutch

organization under the Ministry of Education. The outcome, Shots > 4, is equal to 1 if applicant i’s older telative / received at least four
COVID-19 vaccinations (and is equal to 0 otherwise). Means are shown with standard deviations in parentheses and sample sizes in

brackets.
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Appendix Table 9. 2SLS Estimates of the Effect of Having a Physician in the Family on the Likelihood of Receiving at
Least Four COVID-19 Vaccinations

©) ) 3) ) ®) ©) )

All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Physician 0.022™ 0.018 0.024" 0.005 0.028" 0.018 0.030™
(0.008) (0.012) (0.010) (0.015) (0.014) (0.014) (0.013)
Mean of dependent variable 0.801 0.850 0.778 0.855 0.846 0.776 0.780
F-test of instrument 2,586 3,340 1,968 2,811 3,243 1,717 1,660
N 129,211 41,622 87,587 19,299 22,320 44,830 42,757

“Statistically significant at 5% level; ™ at 1% level.

Notes: Each column represents the results from a separate 2SLS regression based on data from the COVID-vaccination Information and Monitoring System
and the Dienst Uitvoering Onderwijs, a Dutch organization under the Ministry of Education. The outcome, Shots 2 4, is equal to 1 if applicant i’s older
relative j received at least four COVID-19 vaccinations (and is equal to 0 otherwise). All models control for gender, age at first lottery, age at first lottery
squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery fixed effects, and birth-year fixed
effects for the relative. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are corrected for clustering at the
applicant level for the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are reported.
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Appendix Table 10. 2SLS Estimates of the Effect of Having a Physician in the Family on the Likelihood of Receiving at
Least Four COVID-19 Vaccinations by Gender of Medical School Applicant

©) ) ) ) ®) ©) )
All older Aunts and
relatives Parents uncles Fathers Mothers Aunts Uncles
Panel A. Male applicants
Physician 0.002 -0.004 0.006 -0.014 0.003 -0.017 0.031
(0.013) (0.018) (0.010) (0.022) (0.022) (0.021) (0.020)
Mean of dependent variable 0.798 0.844 0.774 0.853 0.837 0.770 0.779
F-test of instrument 1,158 1,486 873 1,251 1,427 769 728
N 51,858 17,201 34,656 7,941 9,257 17,749 16,907
Panel B. Female applicants
Physician 0.036™ 0.035" 0.036™ 0.020 0.046™ 0.045" 0.025
(0.011) (0.0106) (0.013) (0.020) (0.019) (0.018) (0.017)
Mean of dependent variable 0.804 0.854 0.781 0.856 0.852 0.780 0.781
F-test of instrument 1,441 1,857 1,110 1,558 1,808 963 950
N 77,351 24,417 52,930 11,353 13,062 27,079 25,849

“Statistically significant at 5% level; ™ at 1% level.

Notes: Each column within each panel represents the results from a separate 2SLS regression based on data from the COVID-vaccination Information and
Monitoring System and the Dienst Uitvoering Onderwijs, a Dutch otrganization under the Ministry of Education. The outcome, Shots > 4, is equal to 1 if
applicant i’s older relative j received at least four COVID-19 vaccinations (and is equal to 0 otherwise). All models control for age at first lottery, age at first
lottery squared, migrant status, lottery category fixed effects, year-of-first-lottery fixed effects, lottery category by year-of-first-lottery fixed effects, and birth-
year fixed effects for the relative. In columns (1), (2), and (3), the models also control for relative-type fixed effects. Standard errors are corrected for
clustering at the applicant level for the models shown in columns (1), (2), (3), (6), and (7). In columns (4) and (5), robust standard errors are reported.
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