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Abstract 

 
We study the mental health of PhD students in Sweden using comprehensive administrative data 
on prescriptions, specialist care visits, hospitalizations, and causes of death. We find about 7% 
(5%) of PhD students receive medication or diagnosis for depression (anxiety) in a given year. 
These prevalence rates are less than one-third of the earlier reported survey-based estimates, and 
even after adjusting for difference in methodology, 43% (72%) of the rates in the literature. 
Nevertheless, PhD students still fare worse than their peers not pursuing graduate studies. Our 
difference-in-differences research design can attribute at least 80% of this health disadvantage 
to the time in the PhD program. This deterioration suggests doctoral studies causally affect 
mental health.  
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1. Introduction 

Many PhD students are overworked and overstressed, and their mental health is often 

thought to suffer from work stress (e.g., Forrester, 2021; Woolston, 2017). Satinsky et al.’s 

(2021) recent meta-analysis finds 24% (17%) of PhD students have clinically significant 

symptoms of depression (anxiety), and even suicidal ideation is not uncommon. Reports 

highlighting the prevalence of mental health issues, believed to be caused by the educational 

program and its environment, have led to calls for stronger policy responses (Council of 

Graduate Schools, 2021; Evans et al., 2018; Forrester, 2021; Nature 2019a; Nature 2019b; 

Woolston, 2017) to what Evans et al. (2018) label as “mental health crisis in graduate education.” 

Existing research on the prevalence of mental health issues of PhD students relies on cross-

sectional surveys conducted on samples that are often small, heterogenous, and lack appropriate 

benchmarks. Previous work indicates that such survey methods tend to overstate the prevalence 

of mental health issues (Levis et al., 2020). This overestimation, coupled with a lack of 

longitudinal data and appropriate benchmarks, undermines accurate evaluation of both mental 

health status among PhD students and the causal impact of doctoral studies. These limitations in 

data quality not only hamper researchers’ understanding of the mental health challenges among 

PhD students but also make it harder for policy makers to manage them. 

We address these concerns by systematically analyzing medically validated indicators of 

the mental health of PhD students in Sweden. We use administrative data on prescriptions, 

specialist care visits, hospitalizations, and causes of death in the entire country over the 2005–

15 period. We compare the prevalence of depression, anxiety, and suicide among three groups: 

PhD students, Master’s graduates not pursuing a PhD (in Sweden, PhD programs generally 

require admitted students to have a completed Master’s degree), and the general population. In 

a longitudinal analysis, we follow the mental health of four cohorts of PhD students and their 

peers in the nine years surrounding the entry into the PhD program (or graduation from the 

Master’s program). 

We find that 6.7% of PhD students receive treatment or a diagnosis for depression in a given 

year. After adjusting for methodological differences, we estimate that PhD students’ depression 

rate is no more than 43% of the corresponding meta-estimate of 24% by Satinsky et al. (2021). 

We also find lower prevalence of anxiety and completed suicides than previous research 

suggests. For example, prior studies find that the prevalence of suicidal ideation in PhD students 

can exceed 10%, whereas our findings suggest these ideations almost never culminate in 
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completed suicides. In sum, these results offer hope graduate studies may be less harmful to 

mental health than previously feared. 

Our benchmark groups allow us to gauge how PhD students differ from their peers and the 

population. We find the prevalence rate of depression among Master’s graduates not pursuing a 

PhD education is 5.5%, or 1.2% less than that for PhD students. With this gap, the depression 

rate for PhD students aligns closely with the 7.0% rate seen in individuals aged 20–39 but 

remains lower than the 9.0% in the 18–70 age group. Anxiety follows a similar pattern, with 

PhD students showing a 0.8% higher prevalence compared to Master's graduates.  

Two possible explanations may account for the elevated mental health problems in PhD 

students. One is self-selection: those with existing mental health conditions are more likely to 

enroll in PhD programs. The other is that PhD students develop mental health problems during 

their studies. Our data, which spans years before and after entering the program, enables us to 

discern between these explanations. 

We employ difference-in-differences regressions to examine mental health outcomes. The 

model includes a treatment indicator for PhD student status, event time indicators surrounding 

PhD program entry, and their interactions. We estimate this regression using the Callaway and 

Sant’Anna (2021) method and condition on covariates using doubly robust inverse probability 

weighting by Sant’Anna and Zhao (2020). These covariates include gender, age at entry to PhD 

program or Master’s graduation, parental mental health, and high-school GPA.   

We find most of the disparity in mental health appears to emerge during the program, 

particularly in the later years. For example, the treatment effect of 1.0% for depression equals 

81% of the total depression difference between PhD students and their peers. This inference 

relies on the assumption that the mental health trajectory of PhD students’ peers, appropriately 

weighted by covariates, serves as a reasonable counterfactual for the PhD students. Our data 

show similar mental health trends for both groups before starting graduate studies, allowing us 

to attribute the effects to the program. Given the limitations of past research relying on cross-

sectional surveys, these findings present a more credible case on the adverse causal effects of 

doctoral studies on mental health. 

Our study relates to a large body of literature on the mental health effects of the work 

environment and the underlying stressors (see, e.g., Stansfeld and Candy, 2006; Harvey et al., 

2017). Our work contributes to this literature by focusing on the prevalence and development of 

mental health issues among PhD students who face a unique set of challenges and pressures 

related to aspects such as resources, work methodologies, mentor relationships, and dynamics 

within the academic community (see e.g., Hyun et al., 2006; Pyhältö et al., 2012). Levecque et 
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al. (2017) suggest that the mental health issues of PhD students are linked to work and 

organizational contexts. More recent studies delve into these nuances of academic life, 

particularly mentoring and peer interactions (e.g., Broström 2019; Corsini et al., 2022; 

Wuestman et al., 2023).  

This paper is organized as follows. Section 2 describes our data sources, defines the 

variables, and explains how we selected our sample. Section 3 compares our evidence on the 

prevalence of mental health issues among PhD students with prior evidence and shows how 

entering the doctoral program alters their mental health status compared with their peers. Section 

4 concludes with policy recommendations. 

2.  Data  

2.1. Data sources 

The data combine information on individuals from two sources, which are linked together 

using masked social security numbers.  

National Board of Health and Welfare. The health data come from the National Board of 

Health and Welfare, which maintains comprehensive records of hospital visits, open care offered 

by specialized doctors, prescriptions, and causes of death in Sweden. The hospital and 

specialized open care data include primary and secondary diagnoses along with the associated 

four-digit ICD-10 (International Statistical Classification of Diseases and Related Health 

Problems, 10th revision) codes for each diagnosis. The prescription data include all prescriptions 

along with the associated ATC-code (Anatomical Therapeutic Chemical Classification System) 

with at least four digits. These ATC codes are further translated into diagnoses using established 

medical literature.  

Statistics Sweden. Data for all variables are sourced from Statistics Sweden’s registers. 

Specifically, we use the LISA database for employer information, immigration status, level and 

field of educational, registration for master’s and PhD studies, and examination year. Other 

registers consulted include the Population Register for age and gender, the Multigenerational 

Register for biological parent data, and the Education Register for high school GPA. The LISA 

database encompasses the entire Swedish population aged 16 and above who are residents as of 

year-end. Compiled from multiple government authorities, this database spans 2001–15, serving 

as our base register. Additional variables are integrated from other registers. Our analysis focuses 
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on individuals aged 18 to 70 and excludes the few individuals with reused social security 

numbers. 

2.2. Sample selection 

Our sample consists of all individuals who started PhD studies or received a Master’s degree 

at the age of 35 or less in Sweden in 2009–11. We exclude individuals who have unknown 

parents or unknown high school GPA, or that have immigrated to Sweden. We merge these data 

with records of prescriptions, specialist care visits, hospitalizations, and causes of death in 

Sweden in 2005–15 (the prescribed drug register begins in July 2005). Below we specify how 

we selected the sample components used in our analysis. 

PhD students. The sample of PhD students contains all individual-year observations 

fulfilling the following criteria: started PhD studies in 2009–11 in a non-medical field at the age 

of 35 or lower, born in Sweden, and has a known high school GPA and known parents. In 

addition, the observation must be from 0–4 years after the start year of the PhD studies. 

Peers. The sample of peers contains all individual-year observations fulfilling the following 

criteria: graduated with a Master’s degree in 2009–11 from a non-medical field at the age of 35 

or lower, did not start a PhD, born in Sweden, and has a known high school GPA and known 

parents. In addition, the observation must be 0–4 years after the graduation year. 

Treatment group. The treatment group contains all individuals in the sample of PhD 

students who started their PhD studies in 2009–11. Each individual is followed for nine years in 

total: from four years before to four years after their start year of PhD studies. The restriction on 

the start year ensures the panel is balanced. 

Control group. The control group contains all individuals in the sample of peers who 

graduated in 2009–11 and did not start a PhD degree. Each individual is followed for nine years 

in total: from four years before to four years after their graduation year. The restriction on the 

graduation year ensures the panel data is balanced. 

Population. The sample of population includes all individual-year observations from 2005–

15 when the age of the individual is between 18 and 70. 

Age peers. Subsample of population as defined above, constrained to 20–39-year-olds. 

2.3. Variables 

Depression and anxiety. An individual is defined to have depression (anxiety) each year if 

she has a record of diagnosis or prescription assigned to depression (anxiety) during that year. 
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Depression (anxiety) diagnoses are indicated with ICD-10 codes F32–F33 (F40–F41) and with 

ATC codes N06A (N05B, N05C) (Schäfer et al., 2010; Fishman et al, 2003).  

Suicide. An individual is defined to have committed suicide in year t if she has died in that 

year or the next and the cause-of-death database considers her cause of death to be suicide.  

Parental mental health. Parents are defined to have prior depression (anxiety) if at least one 

parent has at least one record of diagnosis assigned to depression (anxiety) in 2001–04. Parents’ 

diagnoses can either originate from the hospital or specialized open care data. If parents have no 

prior depression or anxiety, they are classified as healthy; otherwise, they are classified as non-

healthy. 

PhD status. PhD status is assigned to an individual-year observation conditional on the 

individual being registered as PhD student for the spring or fall semester during the year. 

Start year of PhD studies. The start year of PhD studies is the first year an individual is 

recorded as having PhD status. 

Graduation year. The graduation year is the first year an individual is recorded as having a 

Master’s degree as the highest education attained. Following Statistics Sweden methodology, 

the highest education is measured at the end of spring semester each year. 

Hard sciences and soft sciences. The field of study is coded based on the Swedish 

Educational Terminology (SUN). Based on previous literature, we use its first digit to divide it 

into two categories, hard and soft sciences (Biglan, 1973; Stoecker, 1993). Hard sciences include 

natural sciences, mathematics and computing; engineering and manufacturing; and agriculture, 

forestry, and veterinary medicine. Soft sciences represent all other fields and include teaching 

methods and teacher education; humanities and arts; social sciences, law, commerce, and 

administration; health care and nursing; social care (excluding medicine); services; and 

unknown. Medicine is considered as a separate field and, following existing literature (Satinsky 

et al., 2021), excluded from the analysis.  

Field of study. The data contain information on the field of study during Master’s studies 

but not during PhD studies. We derive the field of a PhD student based on the establishment she 

works at. To assign a field to an establishment, we consider all PhD students who worked in the 

establishment and graduated with a Master’s degree in 2006–15. If the majority of the 

individuals in an establishment studied hard sciences in the year they graduated with a Master’s 

degree, we assign the field of the establishment as hard sciences. Other establishments belong 

to soft sciences. We also separately categorize individuals as studying in the medical field. For 

graduated individuals not pursuing a PhD degree, the field of study is defined by the recorded 

field of study in their graduation year. 



6 

 

 

3. Results 

3.1. Prevalence of mental health problems  

When reporting the prevalence of anxiety and depression in Figure 1, we use the samples 

of population, age peers, treatment group (referred to as PhD students) and control group 

(referred to as “Other Master’s graduates”) defined above. The treatment (control) group 

observations preceding the start year of PhD studies (graduation year) are excluded. In the 

statistics of PhD students’ subgroups, the students missing a classifying variable are dropped. 

Figure 1 Panel A reports the prevalence of depression among PhD students, other Master’s 

graduates, two population samples representing different age groups, and various PhD student 

subsamples. In a given year, 6.7% of the PhD students receive medication or diagnosis for 

depression, while the corresponding prevalence for other Master’s graduates is 5.5%. Sample 

splits among the PhD student population suggest depression is more prevalent among women, 

students who were older at the time of enrolling in a PhD program and had lower GPA in high 

school, students of soft sciences, and students who have a parent with a prior depression or 

anxiety diagnosis. The highest prevalence of depression among the above sample splits, recorded 

for PhD students with parents struggling with mental health, is the same as that for the general 

population of 18–70-year-olds (9.0%). Table 1 reports full details. 

Previous studies report a higher prevalence of depression than what we find in our sample 

of PhD students. Specifically, a meta-analysis suggests that 24% exhibit clinically significant 

symptoms of depression, which is 2.6 times higher than our findings (Satinsky et al., 2021). 

Given that these prior estimates are based on screening tools, they are not necessarily directly 

comparable with estimates obtained from medical data. To make our results more comparable, 

we present a derived estimate. The derived estimate of 10.4% corresponds to 43% of the meta-

analysis estimate and falls notably below the meta-analysis estimate’s 95% confidence interval's 

lower bound of 18%.  

The derived estimate multiplies our base estimate of 6.7% with two factors. The first factor, 

1.2, captures differences between the measures used in this study and the meta-analysis. It is 

obtained by dividing screened prevalence of clinically significant depression in a representative 

sample of 18–70-year-olds in the Swedish population (Johansson et al., 2013) with prevalence 

of medically validated depression in the population of the same age range in our data. The second 

factor, 1.29, eliminates the possible effects of age on treatment behavior, including the likelihood 

to seek treatment (Alonso et al., 2004; Moitra et al., 2022), the type of treatment received 
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(Forslund et al, 2020), and the healthcare setting utilized. The factor is computed as the ratio of 

medically validated depression among 18–70-year-olds and 20–39-year-olds in the Swedish 

population. The latter group has the same average age, 30, as PhD students and other Master’s 

graduates in our sample, and its age range also reflects that of these populations. 

Given realistic assumptions and bounds for unobserved parameters, the derived estimate 

cannot have any significant negative bias (see supplement for details). Rather, if anything, our 

derived estimate is inflated, making comparisons between it and the meta-analysis estimate 

conservative. 

Figure 1 Panel B reports on the prevalence of anxiety. In a given year, 5.1% of the PhD 

students have anxiety, while the corresponding prevalence for Master’s graduates (general 

population of 20–39-year-olds) is 4.2% (6.1%). The sample splits produce qualitatively similar 

results for anxiety and depression except for parental mental health that does not appear to 

generate differences in anxiety. 

A meta-analysis estimates the prevalence of clinically significant symptoms of anxiety at 

17%, i.e. at 3.4 times the prevalence in our sample. By using the same method as for depression 

to compute the derived estimate for PhD students’ prevalence of anxiety, we arrive at 5.1% × 

1.47 × 1.64 = 12.2%. This number is 72% of the corresponding meta-analysis estimate and 

narrowly within its 95% confidence interval. As for depression, our estimate for the difference 

between the derived estimate and the meta-analysis estimate for anxiety is conservative (see 

supplement for details). 

Past research finds prevalence of suicidal ideation among PhD students can exceed 10% 

(Satinsky et al., 2021). However, our results suggest these ideations are highly unlikely to lead 

to completed suicides: there are 18,796 individual-PhD year observations in our sample but only 

one suicide. This small propensity makes it challenging to compare the smaller PhD student 

group to the larger benchmark groups. Nevertheless, the propensity is only 48% of the 

corresponding propensity in the population of 20–39-year-olds.  

3.2. Why do PhD students have worse mental health than their peers?  

While our data show lower rates of depression and anxiety among PhD students compared 

to prior research, these students still fare worse than their peers. This disparity may stem from 

two factors. First, Master’s graduates with mental health issues or a higher likelihood of 
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developing them might opt for PhD studies. Second, PhD students may enter the program in a 

similar state of mental health as their peers but deteriorate over time.1  

Panels A and C of Table 1 detail the attributes of PhD students compared to their peers. 

Panel A shows these students are slightly older and more often male. Panel C reports the parents 

of PhD students exhibit lower rates of depression and anxiety, and as expected, PhD students 

have substantially higher high-school GPAs. These patterns offer no systematic evidence that 

would lead us to expect PhD students are more prone to mental health problems than their peers. 

To understand the factors affecting the poorer mental health of PhD students, we employ 

longitudinal data that cover periods both before and after entering the program. Three notable 

patterns emerge in Figure 2, Panel A, which compares the prevalence of depression between 

PhD students around the start of their doctoral studies and other Master’s graduates around their 

graduation. First, depression prevalence more than doubles during the seven years the subjects 

are followed, likely reflecting the effect of age on health (Baxter et al., 2014; Ferrari et al., 2013) 

and treatment behavior (Alonso et al., 2004; Forslund et al., 2020; Moitra et al., 2022). Second, 

PhD students have higher prevalence rates, suggesting potential differences in vulnerability to 

mental health problems among the two groups. Third, the prevalence rates increase more for 

PhD students upon entering the program than for their peers whereas the two groups show a 

similar pre-trend. Panel B shows anxiety follows similar patterns.  

The decline in mental health following entry into the PhD program, along with the pre-

existing differences, suggests that both factors may contribute to the inferior mental health of 

PhD students. We further investigate these contributing forces by using a difference-in-

differences linear probability model. This model estimates annual prevalence of depression 

using a treatment indicator for PhD students, event time indicators that mark the first year in the 

PhD program or the year of Master’s graduation, and their interactions. We estimate this 

regression using the recently introduced Callaway and Sant’Anna (2021) method and condition 

on covariates using doubly robust inverse probability weighting by Sant’Anna and Zhao (2020). 

The covariates include gender, age at entry to PhD program or Master’s graduation, parental 

mental health, and high-school GPA. The benefit of using this estimator is that it circumvents 

recently highlighted inference problems arising from treatment effect heterogeneity in 

                                                 
1 PhD students might also improve their mental health during the program compared to their peers. This health 

advantage could arise from higher intellectual rewards, greater independence, and other beneficial aspects of PhD 
studies. This explanation is not able to deliver the observed health disadvantage of PhD students unless accompanied 
by strong negative selection on mental health into the PhD program. As we detail below, the data only shows weak 
selection and no evidence of improvement in PhD students’ mental health during the program.  
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difference-in-differences designs and can flexibly account for covariates (Baker et al. 2022; Roth 

et al., 2023). 

Panel A in Table 2 presents the difference-in-differences estimates. In the pre-treatment 

years before starting their PhD, doctoral students have a 0.09% higher prevalence of depression 

whereas the pre-treatment estimate is –0.005% for anxiety. The z-values of 0.74 and –0.04 below 

the estimates show the differences are well below conventional thresholds for statistical 

significance. These small and insignificant estimates suggest that there are no meaningful 

differences in how mental health develops prior to treatment when we account for compositional 

differences between the treatment and control groups. 

The coefficients for the post-treatment interactions help us understand the contribution of 

post-admission years to PhD students’ poorer mental health. For added clarity, Panels C and D 

in Figure 2 illustrate these coefficients along with their 95% confidence intervals. A visual 

review confirms that PhD students and other Master’s graduates move in parallel before the 

treatment year. For depression, all interactions are positive after entering the PhD program and 

become statistically significant in year three. In the fifth year, the point estimate for the 

interaction term suggests depression rates are 2.1% higher for PhD students (z=4.4). Anxiety 

shows a similar, although weaker pattern. The largest difference occurs in the fourth year, with 

an estimate of 1.4% (z=3.2).  

These findings help to understand how much of the unconditional differences between PhD 

students and their peers are attributable to the PhD program. The average unconditional 

differences in Table 1, Panel A equal 1.2% and 0.8% for depression and anxiety. Table 2, Panel 

A, reports that the average post-treatment coefficients are 1.0% and 0.7% (z-values 3.0 and 2.3). 

Accordingly, the treatment effects amount to 81% of the depression difference and 88% of the 

anxiety difference. This calculation points to the PhD program as the main contributor to PhD 

students’ poor mental health.  

Another way for evaluating our estimates’ magnitudes compares them to the 8.9% 

prevalence rate of depression among fifth-year PhD students. Using the fifth-year coefficient in 

Table 2, Panel A shows the years in the PhD program account for 24% (2.1%/8.9%) of the 

overall rate of depression whereas it is 15% (0.9%/5.8%) for anxiety.  These findings suggest a 

significant portion of doctoral students’ mental health issues stem from their experiences in the 

program. 

Since most of the decline in PhD mental health occurs during the doctoral program, it is 

natural to ask which students are most affected. Table 2, Panel B reports separate treatment 

effects by the characteristics reported in Table 1, Panel B, emanating from regressions run 
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separately in each subsample. The panel reports the treatment effects and their differences in the 

subsamples along with z-values that assess statistical significance. 

Across all the ten subsample comparisons, three differences are statistically significant. 

Both women and candidates in hard sciences display 1.3% higher treatment effect in anxiety 

than men and students in soft sciences.2 Students with parents in poor mental health display 2.8% 

higher anxiety than students with healthy parents. Because the standard errors of the differences 

are about 0.6% in all subsample comparisons (except for the breakdown by parental mental 

health that creates unbalanced subsample sizes), all the other mean differences between 

subgroups fall below the 1.2% threshold for statistical significance. The largest insignificant 

differences obtain for depression: men and students with parents in poor health, in older ages, 

and in hard sciences have higher effects than others (0.5%, 0.9%, 0.7%, and 0.2%, respectively). 

All in all, these subsample comparisons point to gender, field of study, and parental mental health 

exposing students differentially to mental health problems while other characteristics appear to 

play a smaller role.  

4. Summary and implications for research policy 

This study finds a lower prevalence of depression, anxiety, and completed suicides among 

PhD students than previous research suggests. For example, our conservative estimate for the 

prevalence of depression among PhD students, adjusted for differences in methodology, is 43% 

of the corresponding meta-estimate in the literature. Suicides among PhD students are 

exceedingly rare. Nevertheless, compared to the benchmark group of Master’s graduates not 

pursuing a PhD, the prevalence of medically validated depression and anxiety among PhD 

students are both about 20% higher. Our rich longitudinal data and a powerful difference-in-

differences design allow us to estimate the causal effects of the PhD program. These treatment 

effects amount to at least 81% of the difference in mental health between PhD students and their 

peers.  

These results inform research policy on the strength and types of appropriate responses. Our 

findings suggest graduate studies may be less harmful to the mental health of students than 

previously feared. At the same time, our data and research design allow us to present a more 

credible case than the earlier literature about the adverse causal effects of doctoral studies on 

                                                 
2 While not detailed in the table, female PhD candidates in hard sciences exhibit a treatment effect for anxiety 

that is 1.8% greater compared to their male counterparts (t-value of 2.1). All the other gender differences by field 
of study are statistically insignificant. 
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mental health. This credibility gives further weight to calls for an appropriately designed policy 

response to students’ mental health worries (Council of Graduate Schools, 2021; Evans et al., 

2018; Forrester, 2021; Nature 2019a; Nature 2019b; Woolston, 2017). 

Our research offers three policy recommendations. First, since most mental health 

deterioration in PhD students occurs during their study period, resources should be directed 

towards improving the actual program experience, rather than focusing on the selection of 

students resilient to academic pressures. Second, our findings indicate that women and 

candidates in hard sciences are more adversely affected by PhD studies, indicating a higher need 

for specialized support interventions for these groups. Third, the final years of the program, laden 

by significant stressors such as thesis completion and job searching are often when mental health 

problems surface. This observation indicates that these stages warrant particular attention and 

targeted interventions. 
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Figure 1. Annual prevalence of depression and anxiety among PhD students, their subgroups, and 
benchmarks. Age refers to cohort ages in the year of starting PhD studies. “Meta-analysis” refers to 
estimates from a meta-analysis on PhD students’ mental health (Satinsky et al., 2021), whereas “Derived 
estimate” adjusts our base estimate for PhD students by multiplying it with two factors: the ratio of 
clinically significant screened depression and medically validated depression in a representative sample 
of the Swedish population of 18–70-year-olds (Johansson et al., 2013), and the ratio of medically 
validated depression among 18–70-year-olds and 20–39-year-olds in the Swedish population. Error bars 
represent 95% confidence intervals. 
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Figure 2. Development of mental health over time for PhD students and control group. Panels (a) 
and (b) report the annual prevalence of depression and anxiety for PhD students and a control group 
around the start of PhD studies or graduation with a Master’s degree. Panels (c) and (d) report difference-
in-differences regression estimates of depression and anxiety on PhD student status. The independent 
variables are the treatment indicator (being a PhD student), the event time indicators (for treated, t=0 
equals first year in PhD program; for control, t=0 equals year of graduation with Master’s degree), and 
their interactions. Event time t=–4 serves as the omitted category. The estimates are based on Callaway 
and Sant’Anna (2021) and condition on covariates using the doubly robust inverse probability weighting 
method by Sant’Anna and Zhao (2020). The covariates are gender, age, high school GPA, and indicators 
for parental anxiety and depression. 
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Table 1. Annual prevalence of depression, anxiety, and suicides (‱), and average characteristics, among 
PhD students, their subgroups, and benchmarks. Panel B reports on student age in the year of starting 
PhD studies and excludes statistics on suicide to preserve privacy. “Meta-analysis” in Panel C refers to 
estimates from a meta-analysis on PhD students’ mental health (Satinsky et al., 2021), whereas “Derived 
estimate” adjusts our base estimate for PhD students by multiplying it with two factors: the ratio of 
clinically significant screened depression and medically validated depression in a representative sample 
of the Swedish population of 18–70-year-olds (Johansson et al., 2013), and the ratio of medically 
validated depression among 18–70-year-olds and 20–39-year-olds in the Swedish population. Panel D 
reports high-school GPA and parental mental health indicators (originating from the hospital or 
specialized open care data) available for subsamples. Standard errors are reported below the means. N 
refers to the number of individual-year observations.  
 

Panel A: PhD students and benchmarks 

  Depression 
(%) 

Anxiety  
(%) 

Suicide 
(‱)  

Age Female  
(%) 

N 

PhD students 6.69 5.06 0.53 30.04 46.29 18,796 

  0.18 0.16 0.53 0.02 0.36   

Other Master’s graduates 5.52 4.24 0.25 29.91 55.85 158,293 

  0.06 0.05 0.13 0.01 0.12   

Population, 20–39 years 6.96 6.09 1.11 29.53 48.92 26,689,985 

  0.005 0.005 0.02 0.001 0.01   

Population, 18–70 years 8.99 10.02 1.36 43.49 49.35 69,822,141 

  0.003 0.004 0.01 0.002 0.01   

       

Panel B: PhD student subgroups 

  Depression 
(%) 

Anxiety  
(%) 

Suicide 
(‱)  

Age Female  
(%) 

N 

Men 4.88 3.64 Not rep. 29.79 0.00 10,095 

  0.215 0.186 Not rep. 0.033 0.00   

Women 8.79 6.71 Not rep. 30.32 100.00 8,701 

  0.304 0.268 Not rep. 0.037 0.00   

Mentally healthy parents 6.52 4.97 Not rep. 29.97 46.14 17,537 

  0.186 0.164 Not rep. 0.025 0.38   

Mentally unhealthy parents 8.97 4.87 Not rep. 29.95 52.56 390 

  1.449 1.092 Not rep. 0.170 2.53   

GPA ≤ median 6.97 5.31 Not rep. 30.37 42.04 9,164 

  0.266 0.234 Not rep. 0.035 0.52   

GPA > median 6.43 4.82 Not rep. 29.72 50.33 9,632 

  0.250 0.218 Not rep. 0.035 0.51   

Age ≤ 26 4.78 3.62 Not rep. 27.10 41.35 7,158 

  0.252 0.221 Not rep. 0.020 0.58   

Age > 26 7.87 5.95 Not rep. 31.85 49.33 11,638 

  0.250 0.219 Not rep. 0.027 0.46   

Hard sciences 5.67 4.22 Not rep. 28.91 40.42 9,625 

  0.236 0.205 Not rep. 0.028 0.50   

Soft sciences 7.76 5.94 Not rep. 31.22 52.46 9,171 

  0.279 0.247 Not rep. 0.037 0.52   
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Panel C: Clinically significant 

  Depression (%) Anxiety (%) 

Meta-analysis 24 17 

  3 3 

Derived estimate 10.38 12.20 

 
Panel D: Additional characteristics available for subsamples 

  Parental mental health   High-school GPA 
  Depression 

(%) 
Anxiety 

(%) 
N   Normalized 

GPA 
N 

PhD students 1.73 0.73 17,927   1.00 18,796 

  0.10 0.06     0.01   

Other Master’s graduates 1.94 1.02 151,141   0.70 158,293 

  0.04 0.03     0.002   

Population, 20–39 years 2.65 1.70 20,383,325   –0.02 18,791,794 

  0.004 0.003     0.0002   

Population, 18–70 years 2.50 1.57 31,483,769   –0.01 34,608,011 

  0.003 0.002     0.0002   
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Table 2. This table reports difference-in-differences regression estimates of depression and anxiety on 
PhD student status. The independent variables are the treatment indicator (being a PhD student), the event 
time indicators (for treated, t=0 equals first year in PhD program; for control, t=0 equals year of 
graduation with Master’s degree), and their interactions. Event time t=–4 serves as the omitted category. 
The estimates are based on Callaway and Sant’Anna (2021) and condition on covariates using the doubly 
robust inverse probability weighting method by Sant’Anna and Zhao (2020). The covariates are gender, 
age, high school GPA, and indicators for parental anxiety and depression. Panel A reports the results in 
the full sample whereas Panel B splits the sample by the characteristics reported in Table 1, Panel B 
except for parental mental health that generates a subsample too small for reliable inference. 
 

Panel A: Difference-in-differences estimates in full sample 

Dependent variable Depression   Anxiety 

  Coefficient z-value   Coefficient z-value 

Average coefficients           

Pre-treatment 0.09 (0.74)   –0.005 (–0.04) 

Post-treatment 0.95 (2.95)   0.72 (2.31) 

Coefficients by event year           

–3 0.35 (1.38)   –0.18 (–0.60) 

–2 –0.28 (–1.18)   0.52 (1.74) 

–1 0.19 (0.78)   –0.36 (–1.09) 

0 0.20 (0.74)   0.29 (0.88) 

+1 0.46 (1.30)   0.43 (1.13) 

+2 0.75 (1.82)   0.59 (1.44) 

+3 1.20 (2.76)   1.40 (3.17) 

+4 2.14 (4.39)   0.89 (1.88) 

            

Panel B: Difference-in-differences estimates in subsamples 

Dependent variable Depression   Anxiety 

  Coefficient z-value   Coefficient z-value 

Men 1.20 (3.17)   0.13 (0.34) 

Women 0.67 (1.23)   1.44 (2.80) 

Difference 0.53 (0.81)   –1.31 (–2.06) 

Mentally healthy parents 0.93 (2.87)   0.66 (2.08) 

Mentally unhealthy parents 1.84 (0.67)   3.50 (2.47) 

Difference –0.91 (–0.33)   –2.84 (–1.96) 

GPA ≤ median 0.96 (2.08)   0.73 (1.60) 

GPA > median 0.94 (2.05)   0.72 (1.65) 

Difference 0.01 (0.02)   0.01 (0.02) 

Age ≤ 26 0.50 (1.05)   0.68 (1.62) 

Age > 26 1.22 (2.80)   0.74 (1.70) 

Difference –0.72 (–1.12)   –0.06 (–0.09) 

Hard sciences 1.07 (2.44)   1.39 (3.48) 

Soft sciences 0.85 (1.77)   0.12 (0.24) 

Difference 0.22 (0.33)   1.27 (2.02) 
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This supplementary note defines the terms and provides the analysis needed to understand 

the statistical properties of an estimator that aims to make our results comparable with existing 

literature. 

1. Definitions of terms 

Medical validation. When needed, the term medical validation is used to emphasize the 

distinction between our definition of depression (anxiety) and screened or true depression 

(anxiety). 

The other definitions listed below are in accordance with literature and are not specific to 

our paper. 

Screening. Refers to the usage of questionnaires, such as PHQ-9 and GAD-7, for detecting 

potential cases of depression or anxiety. Individuals are given points based on their answers to 

the multiple-choice questions, and if these points exceed a set threshold, they are classified as 

having screened positive for depression (anxiety). While screening is commonly used to estimate 

the prevalence of mental health problems, it is known to be prone to overestimation (Levis et 

al., 2020).  

Clinically significant symptoms of depression (anxiety). Used to emphasize the distinctions 

between screened positive case of depression (anxiety) and medically validated or true 

depression (anxiety). 

True depression (anxiety). Defined based on the Fifth edition of Diagnostic and Statistical 

Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013). 

Sensitivity. Refers to the probability that a measure (such as screening questionnaire with 

some threshold) correctly identifies a true positive case. 

Specificity.  Refers to the probability that a measure (such as screening questionnaire with 

some threshold) correctly identifies a true negative case. 

Yearly prevalence of depression (anxiety). Represents the proportion of population that has 

suffered from depression (anxiety) at any point within the measurement year. 

Point prevalence of depression (anxiety). Represents the proportion of population that is 

suffering from depression (anxiety) at any given point of time. 

 

2. Statistical analysis 

We aim to transform our yearly prevalence estimate of medically validated depression 

(anxiety) to align with the point prevalence estimate of screened depression (anxiety) presented 
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in Satinsky et al.’s (2021) meta-analysis. To achieve this, we reference the findings from 

Johansson et al.’s (2013) study on a representative sample of the Swedish population aged 18–

70. Johansson et al. (2013) and the studies covered by the meta-analysis are comparable in the 

sense that they tend to assess the point prevalence of depression (anxiety) using the same 

screening questionnaires (PHQ-9 and GAD-7, respectively). While the thresholds are the same 

for PHQ-9 (10 points), the threshold used for GAD-7 is lower in Johansson et al. (2013) than in 

the substudies covered by the meta-analysis (8 versus 10 points). We constrain our population 

sample to the same age range (18–70 years) and comparable years (2005–15) as Johansson et al. 

(2013), whose screening was conducted in fall 2009.  

The derived estimate 𝑆𝑐𝑟𝑒𝑒𝑛௣௛ௗ෣  is defined as  

 

𝑆𝑐𝑟𝑒𝑒𝑛௣௛ௗ෣ =𝑀𝑒𝑑௣௛ௗ ∗
𝑆𝑐𝑟𝑒𝑒𝑛௣௢௣෣

𝑀𝑒𝑑௔௚௘௣௘௘௥௦
, (𝐸1) 

 

where 𝑀𝑒𝑑 refers to the prevalence of medically validated cases, 𝑆𝑐𝑟𝑒𝑒𝑛෣  to the estimate of the 

prevalence of screened cases, 𝑝ℎ𝑑 to PhD students, 𝑝𝑜𝑝 to 18–70-year-olds, and 𝑎𝑔𝑒𝑝𝑒𝑒𝑟𝑠 to 

20–39-year-olds. 

 

For any population 𝑃 we have: 

 

𝑀𝑒𝑑௉ = (1 − 𝐼௉) ∗ ቀ1 − 𝑆pec
ெ,௉

ቁ + 𝐼௉ ∗ 𝑆ensெ,௉ (𝐸2) 

 

𝑆𝑐𝑟𝑒𝑒𝑛௉ = (1 − 𝐼௉) ∗ ቀ1 − 𝑆pec
ௌ,௉
ቁ + 𝐼௉ ∗ 𝑆ensௌ,௉, (𝐸3) 

 

where 𝐼௉ is the true prevalence of depression for population 𝑃, 𝑆𝑝𝑒𝑐௑,௒ and 𝑆𝑒𝑛𝑠௑,௒ refer to the 

specificity and sensitivity of method 𝑋 applied on population 𝑌, and 𝑀 and 𝑆 refer to medical 

validation and screening, respectively (Thombs et al., 2018).  

As our data is comprehensive, we observe 𝑀𝑒𝑑௣௛ௗ and 𝑀𝑒𝑑௔௚௘௣௘௘௥௦. The only random 

variable in formula (E1),  𝑆𝑐𝑟𝑒𝑒𝑛௣௢௣෣ , is obtained from Johansson et al. (2013) and it is assumed 

to be unbiased. The expected value of the derived estimate (E1) is 

 

𝐸൫𝑆𝑐𝑟𝑒𝑒𝑛௣௛ௗ෣ ൯ = 𝑀𝑒𝑑௣௛ௗ ∗
𝑆𝑐𝑟𝑒𝑒𝑛௣௢௣

𝑀𝑒𝑑௔௚௘௣௘௘௥௦
. (𝐸4) 
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The bias of the estimator is the expected difference between (E1) and (E3): 

𝐸൫𝑆𝑐𝑟𝑒𝑒𝑛௣௛ௗ෣ −𝑆𝑐𝑟𝑒𝑒𝑛௣௛ௗ൯ =

𝑀𝑒𝑑௣௛ௗ ∗
𝑆𝑐𝑟𝑒𝑒𝑛௣௢௣

𝑀𝑒𝑑௔௚௘௣௘௘௥௦
− ൫1 − 𝐼௣௛ௗ൯ ∗ ൫1 − 𝑆𝑝𝑒𝑐ௌ,௣௛ௗ൯ − 𝐼௣௛ௗ ∗ 𝑆𝑒𝑛𝑠ௌ,௣௛ௗ. (𝐸5)

 

We analyze the bias in our derived estimate for depression based on three assumptions. 

Firstly, we assume that both specificity and sensitivity of medical validation are the same for 

PhD students and their age peers. While we found no studies that directly address this, existing 

research on college students and their age peers finds no difference in treatment seeking for 

anxiety or depression (Blanco et al., 2008), or in the reception of minimally adequate treatment 

for mental disorders (Auerbach et al., 2016). Secondly, we assume constant specificity and 

sensitivity of screening across all groups, an assumption also implicit in prior research 

comparing screened depression prevalence between students and the general population 

(Ibrahim et al., 2013; Satinsky et al. 2021). Thirdly, we assume the prevalence of depression in 

the 20–39-year age group is not higher than in the 18–70-year age range (Baxter et al., 2014; 

Ferrari et al., 2013).  

If there were no false positive cases (i.e., the specificities equaled one), the formula for the 

bias would simplify significantly. Moreover, if the true prevalence of depression in the 

population additionally equaled that among age peers, the bias would be zero. However, without 

such assumptions, the ratio between screened and medically validated depression depends not 

only on the properties of the measures but also on the underlying true prevalence of depression. 

We analyze the effects of these additional complications on the bias by applying broad bounds 

for the unobserved parameters based on existing literature: 1–15% for the prevalence of 

depression among both 18–70-year-olds and 20–39-year-olds (Baxter et al., 2014; Ferrari et al., 

2013; GBD 2019 Mental Disorders Collaborators, 2022), 1–35% for the prevalence of 

depression among PhD students (American Psychiatric Association, 2013), 9.1–12.5% for the 

screened prevalence of depression among 18–70-year-olds (Johansson et al., 2013). In terms of 

test accuracy, we apply 50–99% for both the specificity and sensitivity of screening (Moriarty 

et al., 2015; Negeri et al., 2021) and 89–99.9% and 10–90% for the specificity and sensitivity of 

medical validation for all groups, respectively.  

The bounds for medical validation are based on two studies, which utilize Swedish and 

Finnish register data on prescriptions (Henriksson et al., 2006; Sihvo et al., 2008). The Swedish 

(Finnish) study on prescriptions measures depression with SCID (CIDI), that is, a standardized 
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semi-structured (fully structured) interview, both considered gold standards for measuring 

depression (Manea et al., 2012). The studies also account for antidepressant users with signs of 

alleviated depression possibly due to the medication (Henriksson et al., 2006; Sihvo et al., 2008). 

The same proportion (52%) of the individuals with either current or alleviated depression use 

antidepressants in both studies (Henriksson et al., 2006; Sihvo et al., 2008). In addition, these 

studies yield a similar estimate for the proportion of depressed among antidepressant users as a 

study utilizing more comprehensive Swedish diagnostic data (Forslund et al., 2020). We set the 

limits for sensitivity conservatively (10–90%). The two studies also allow us to calculate the 

proportion of population who are non-depressed and do not use medication (99% and 97%, 

respectively) (Henriksson et al., 2006; Sihvo et al., 2008), which represents the specificity of 

medical validation. The proportion of negative cases in our data (about one tenth in the general 

population) is an obvious lower bound for specificity. We set the bounds for specificity 

conservatively (89–99.9%). 

We minimize the bias (i.e., maximize the negative bias) over the unobserved parameters 

given our observations of medically validated cases, assumptions, and bounds for the 

parameters. The minimization is performed using Python’s (version 3.9.13) Scipy library 

(version 1.7.3), which employs a sequential least squares programming algorithm. The global 

minimum of the bias for the derived estimate is –0.15% for depression, suggesting it does not 

have any significant negative bias. Rather, if anything, our derived estimate is inflated, making 

comparisons between it and the meta-analysis estimate conservative.  

We use the above bounds also for anxiety disorders. The sensitivity and specificity of 

screening are well within these bounds (Kroenke et al., 2007; Plummer et al., 2016), but we 

cannot confirm the same for medical validation. However, based on the research on depression, 

our bounds are highly conservative. In addition, we slightly modify two of our assumptions 

because the prevalence of anxiety is likely to increase in age (Baxter et al., 2014) and because 

Johansson et al. (2013) uses a lower GAD-7 threshold for screening than the comparable studies 

in the meta-analysis (8 versus 10 points). These two deviations from our original assumptions 

have opposite effects: allowing the prevalence of depression among age peers to exceed that 

among the population decreases the global minimum of bias, while the higher sensitivity and 

lower specificity of screening among the population (due to the lower threshold used) increases 

it.  

Existing literature suggests the prevalence of anxiety decreases between ages 20 and 74 

roughly by 2.5 percentage points (Baxter et al., 2014); we allow the difference between 20–39-

year-olds and 18–70-year-olds to be as high as 5 percentage points. The sensitivity (specificity) 
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of screening with the lower threshold is assumed to be 9 (6) percentage points higher (lower) 

than that with the higher threshold (Kroenke et al., 2007). Given these assumptions, the global 

minimum of the bias for the derived estimate is 0.1%. This means our derived estimate is likely 

too high, making comparisons between it and the meta-analysis estimate conservative. 


