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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 corresponding survey-based prevalence rates 
reported in the literature, and even after adjusting for difference in methodology, 44% (72%) of the 
prevalence rates reported in the literature. We also document PhD students’ mental health 
significantly worsens relative to their peers after they have entered the program. This deterioration 
is consistent with doctoral studies having a negative causal effect on mental health. 

Introduction 

Many PhD students are overworked and overstressed, and their mental health is often thought to suffer from 
work stress1-4. A recent meta-analysis finds 24% (17%) of PhD students have clinically significant symptoms 
of depression (anxiety), and even suicidal ideation is not uncommon5. Reports on the commonness of mental 
health problems and the idea these problems are caused by the educational program and its environment have 
led to calls for stronger policy responses1-4, 6-7 to what has been labeled as “mental health crisis in graduate 
education”7. 
 
Existing research on PhD student mental health relies on cross-sectional surveys conducted on samples that 
are often small, heterogenous, and lack appropriate benchmarks. These screening methods likely overestimate 
the prevalence of mental health problems8, and the lack of longitudinal data on PhD students and appropriate 
benchmarks makes it impossible to test whether PhD studies have a causal effect on graduate students’ mental 
health.  
 
We address these concerns by systematically analyzing indicators of the mental health of PhD students in 
Sweden. We use administrative data on every prescription, specialist care visit, hospitalization, and cause of 
death in the entire country over the 2006–15 period. We assess the prevalence of depression, anxiety, and 
suicide among PhD students, among Master’s graduates not pursuing a PhD degree (in Sweden, PhD programs 
generally require admitted students to have a completed Master’s degree), and in the general population. In a 
longitudinal analysis, we follow the mental health of four cohorts of PhD students and their peers from three 
calendar years before to four years after entering the PhD program. 
 
Results 
 
Prevalence of mental health problems 
 
Fig. 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, 
6.8% of the PhD students receive medication or diagnosis for depression, while the corresponding prevalence 
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for other Master’s graduates is 5.3%. Sample splits among the PhD student population suggest depression is 
more prevalent among women, older students, students of soft sciences, and students who have a parent with 
a prior depression or anxiety diagnosis; high school GPA appears to have little predictive power for depression 
prevalence. The highest prevalence of depression among the above sample splits, recorded for PhD students 
with parents struggling with mental health, is about the same as that for the general population of 18–70-year-
olds (9.4% vs. 9.0%). Table 1 reports full details. 
 
The prevalence of depression reported in prior work is much larger than that for the PhD students in our sample. 
A meta-analysis estimates the prevalence of clinically significant symptoms of depression at 24%, i.e. at 3.5 
times as high as in our sample5. Because prior estimates are based on screening instruments and thus are not 
necessarily directly comparable with estimates obtained from medical data, we report a derived estimate that 
aims to make our results more comparable with existing evidence. The derived estimate, 10.6%, corresponds 
to 44% of the meta-analysis estimate and it is well below the lower bound of the meta-analysis estimate’s 95% 
confidence interval, 18%. 
 
The derived estimate multiplies our base estimate of 6.8% 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 
population6 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 treatment10-11, the type of treatment received12, 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. 
 
Fig. 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 4.0% 
(6.1%). The sample split results are qualitatively similar for anxiety and depression except that students with 
lower-than-median GPA have larger prevalence of anxiety than those with higher-than average GPAs.  
 
A meta-analysis estimates the prevalence of clinically significant symptoms of anxiety at 17%, i.e. at 3.4 times 
the incidence 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 figure 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%5. Our results suggest 
these suicide ideations are highly unlikely to lead to completed suicides: there are 48,186 individual-PhD year 
observations in our sample but only one suicide. The propensity of suicides for PhD students is about the same 
as that for Master’s graduates, and 19% of the corresponding propensity in the population of 20–39-year-olds.  
 
How does mental health change after starting PhD studies?  
 
Next, we turn to an analysis designed to study the association between mental health and entering a PhD 
program. Fig. 2 Panel A plots the prevalence of depression for PhD students and the control group. There are 
three noteworthy patterns in the figure. First, depression prevalence on average doubles during the seven years 
the subjects are being followed, likely reflecting the effect of age on treatment behavior10-12 and being ill13-14. 
Second, PhD students have consistently higher prevalence rates, indicating average differences in vulnerability 
to mental health problems among the two groups. Third, the prevalence rates increase more for PhD students 
upon entering the doctoral program than for the control group upon graduating with a Master’s degree. Before 
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entering or graduation, the two groups show a similar pre-trend. Panel B shows anxiety follows a similar 
pattern. 
 
Panel C reports the coefficients from a difference-in-differences linear probability model explaining annual 
prevalence of depression with a constant, the treatment indicator (being a PhD student), the event time 
indicators (for treated t=1 equals first year in the PhD program; for control t=1 equals year of graduation with 
a Master’s degree), and their interactions. Controls include year, gender, age, parental mental health indicators, 
and high-school GPA.  
 
The interaction term is positive for all years in the PhD program, and it is significantly different from zero at 
the 5% level from the third year onwards. The point estimate for the interaction term in the fifth year suggests 
a 1.57 percentage point (t=3.78) increase in depression for graduate students compared to their peers. Table 2 
shows these results are not sensitive to whether we include GPA and parental mental health controls in the 
regression. Given that there are no discernible differences in trends in depression prior to year 0 and its 
prevalence among the PhD students in their fifth year of studies is 8.21%, the estimate suggests 19% of the 
prevalence of their depression can be attributed to PhD studies.  
 
Panel D repeats the difference-in-differences analysis for anxiety. The results are broadly consistent with those 
for depression, although weaker. The interaction term is the largest in the fourth year of PhD studies, when it 
constitutes a 0.94 percentage point (t=2.41) increase in anxiety compared to the control group and accounts 
for 16% of PhD student anxiety diagnoses. The interaction term is clearly positive (0.58%) also in the fifth 
year, but not statistically significant at conventional levels (t=1.43). 
 
Discussion  
 
This research offers hope graduate studies may be less harmful to the mental health of students than previously 
feared. For example, our estimate for the prevalence of depression among PhD students, adjusted for 
differences in methodology, is 44% of the corresponding meta-estimate in the literature. On the fifth year in 
the program, 19% of PhD students’ prevalence of medically validated depression can be attributed to their 
studies. Suicides among PhD students are exceedingly rare. 
 
We do not mean to downplay the mental struggles of PhD students, but rather to inform policy on the strength 
of the appropriate response. We think we are able to make a more credible case than the literature that doctoral 
studies have a negative causal effect on students’ mental health. This credibility gives further weight to calls 
for an additional policy response to students’ mental health worries1-4,6-7.  
 
Methods 

Data 
 
The main sample consists of all individuals who started PhD studies or received a Master’s degree at the age 
of 35 or less in Sweden between 2006 and 2015. We exclude individuals who have unknown parents or 
unknown high school GPA, are not born in Sweden, or are from establishments of medical science. Fig 2. 
further limits the sample into individuals who started PhD studies or received a Master’s degree between 2008 
and 2011. We merge these data with data on every prescription, specialist care visit, hospitalization, and cause 
of death in Sweden over the 2006–15 period. Detailed materials and methods are provided in the supplement.  
 
Data availability 
 
Our empirical analysis combines administrative register data linked together using social security numbers. 
The project was approved by the Regional Ethical Review Board of Stockholm, Statistics Sweden, and the 
National Board of Health and Welfare. Due to the sensitive nature of the data, Statistics Sweden and the 
National Board of Health and Welfare do not allow us to share the data directly. Any researcher interested in 
obtaining access to the data can, however, apply for access to all the data used in this paper from Statistics 
Sweden and the National Board of Health and Welfare (after a separate application to the Ethical Review 
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Board). Applications can be submitted by researchers who are affiliated with Swedish institutions or by 
researchers outside of Sweden who collaborate with researchers affiliated with these institutions. The code 
needed to replicate all analyses is available from the authors.  
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Figure 1. Annual prevalence of (a) depression and (b) anxiety among PhD students, their subgroups, and 
benchmarks. Young and old student ages refer to cohort ages in the year of starting PhD studies. “Meta-
analysis” refers to estimates from a meta-analysis on PhD students’ mental health5, 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-olds9, 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. Annual prevalence of (a) depression and (b) anxiety for 
PhD students and a control group around the start of PhD studies or graduation with a Master’s degree (= event 
year 1). Coefficients and 95% confidence intervals for a regression of the annual prevalence of (c) depression 
and (d) anxiety on the interaction of PhD student status and event time.  
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  Depression 
(%) 

Anxiety  
(%) 

Suicide 
(‱)  

Age Female  
(%) 

N 

Panel A: PhD students and benchmarks             
PhD students 6.84 5.06 0.21 29.90 46.86 48,186 
  0.12 0.10 0.21 0.02 0.23   
Other Master’s graduates 5.34 4.01 0.27 29.64 55.47 448,500 
  0.03 0.03 0.08 0.005 0.07   
Population, 20–39 years 6.96 6.09 1.11 29.53 48.92 26,689,985 
  0.00 0.00 0.02 0.001 0.01   
Population, 18–70 years 8.99 10.02 1.36 43.49 49.35 69,822,141 
  0.00 0.00 0.01 0.002 0.01   
Panel B: PhD student subgroups             
Men 5.22 3.87 Not rep. 29.73 0.00 25,606 
  0.14 0.12 Not rep. 0.02 0.00   
Women 8.68 6.42 Not rep. 30.11 1.00 22,580 
  0.19 0.16 Not rep. 0.02 0.00   
Mentally healthy parents 6.65 4.97 Not rep. 29.85 46.95 45,085 
  0.12 0.10 Not rep. 0.02 0.24   
Mentally unhealthy parents 9.45 5.86 Not rep. 29.99 42.70 836 
  1.01 0.81 Not rep. 0.11 1.71   
GPA ≤ median 6.89 5.52 Not rep. 30.61 41.51 17,010 
  0.19 0.18 Not rep. 0.03 0.38   
GPA > median 6.82 4.81 Not rep. 29.52 49.78 31,176 
  0.14 0.12 Not rep. 0.02 0.28   
Age ≤ 26 5.13 3.84 Not rep. 27.43 44.49 24,648 
  0.14 0.12 Not rep. 0.01 0.32   
Age > 26 8.64 6.34 Not rep. 32.50 49.35 23,538 
  0.18 0.16 Not rep. 0.02 0.33   
Hard sciences 5.51 3.92 Not rep. 28.63 39.57 21,628 
  0.16 0.13 Not rep. 0.02 0.33   
Soft sciences 7.87 6.06 Not rep. 29.98 55.17 13,704 
  0.23 0.20 Not rep. 0.03 0.42   
Panel C: Clinically significant             
Meta-analysis 24 17         
  3 3         
Derived estimate 10.59 12.20         
 
Table 1. Annual prevalence of depression (%), anxiety (%), and suicides (‱) 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” refers to estimates from a meta-analysis on PhD 
students’ mental health5, 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-olds9, and the ratio of medically validated 
depression among 18–70-year-olds and 20–39-year-olds in the Swedish population. Standard errors are 
reported below the means. N refers to the number of individual-year observations.  
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Dependent variable   Depression   Anxiety 
Specification   Baseline   Additional 

controls 
  Baseline   Additional 

controls 

Reported coefficient   Main 
effect 

Inte-
raction 
with 
PhD 

student 

  Main 
effect 

Inte-
raction 
with 
PhD 

student 

  Main 
effect 

Inte-
raction 
with 
PhD 

student 

  Main 
effect 

Inte-
raction 
with 
PhD 

student 

PhD student   0.58     0.50     0.54     0.55   
    (1.87)     (1.59)     (1.96)     (1.99)   
Event year = –2   -0.61 -0.20   -0.61 -0.20   -0.65 -0.43   -0.65 -0.43 
    (-6.87) (-0.69)   (-6.87) (-0.69)   (-6.98) (-1.42)   (-6.98) (-1.42) 
Event year = –1   -0.23 -0.10   -0.23 -0.10   -0.28 0.03   -0.28 0.03 
    (-3.10) (-0.46)   (-3.10) (-0.46)   (-3.12) (0.10)   (-3.12) (0.10) 
Event year = +1   0.24 0.45   0.24 0.45   0.38 0.11   0.38 0.11 
    (3.06) (1.74)   (3.06) (1.74)   (4.11) (0.37)   (4.11) (0.37) 
Event year = +2   0.80 0.41   0.80 0.40   0.63 0.16   0.63 0.16 
    (8.30) (1.26)   (8.31) (1.26)   (6.16) (0.48)   (6.16) (0.48) 
Event year = +3   1.39 0.74   1.39 0.74   1.20 0.21   1.20 0.21 
    (12.99) (2.06)   (13.00) (2.05)   (10.82) (0.58)   (10.82) (0.58) 
Event year = +4   1.89 1.09   1.89 1.09   1.50 0.94   1.50 0.94 
    (16.52) (2.87)   (16.52) (2.87)   (13.00) (2.41)   (13.00) (2.41) 
Event year = +5   2.61 1.57   2.61 1.57   1.74 0.58   1.74 0.58 
    (21.30) (3.78)   (21.31) (3.78)   (14.75) (1.43)   (14.75) (1.43) 
High-school GPA         0.28           -0.01   
          (2.90)           (-0.19)   
Parental anxiety         2.16           1.22   
          (1.94)           (1.79)   
Parental depression         2.93           1.18   
          (3.59)           (2.30)   
                          
Mean dependent variable   4.89   4.89   3.61   3.61 
Adjusted R2   0.01   0.02   0.01   0.01 
Number of observations   374,097   374,097   374,097   374,097 

 
Table 2. A linear probability model is estimated on depression and anxiety. The independent variables are the 
treatment indicator (being a PhD student), the event time indicators (for treated t=1 equals first year in PhD 
program; for control t=1 equals year of graduation with Master’s degree), and their interactions. The baseline 
models also control for year, gender, and age, and additional controls include high school GPA and indicators 
for parental anxiety and depression. The t-values reported in parentheses below coefficients assume clustering 
at the individual level.  
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Methods 
 
Data  
 
The data combine information on individuals from two sources, which are linked together using 
masked social security numbers.  
 
The health data come from 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.  
 
Data from all other variables come from the LISA database that covers the whole Swedish 
population who are at least 16 years old and reside in Sweden at the end of each year. This database 
integrates information from registers held by various government authorities and covers for most 
variables the years 1990–2015. We extract information on the field and level of education, career, 
family relationships, age, mortality, and country of origin from this register.  
 
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. Depression 
(anxiety) diagnoses are indicated with ICD-10 codes F32–F33 (F40–F41) and with ATC codes 
N06A (N05B, N05C)1.  
 
Suicide. An individual is defined to have committed suicide in year t if she has died in that year 
and the cause-of-death database considers her cause of death to be suicide.  
 
Parental 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) during years 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. 
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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. The highest education is measured at the end of spring 
semester each year2. 
 
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 sciences3-4. Hard sciences include natural sciences, mathematics and 
computing; engineering and manufacturing; and agriculture, forestry, and veterinary medicine. Soft 
sciences 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 literature5, 
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; 
since 2005, all PhD students have a designated employer. To assign a field to an establishment, we 
consider all PhD students who worked in the establishment and graduated with a Master’s degree 
during 2006–15. If the majority of the individuals in an establishment studied hard sciences in the 
year they graduated with a Master’s degree, the field of the establishment is categorized as 
belonging to hard sciences; other categories are soft sciences and medical sciences. For graduated 
individuals not pursuing a PhD degree, the field of study is defined by the recorded field of study 
in their graduation year. 
 
Medical sciences. PhD students are assumed to study medical sciences if they study at medical 
establishments or establishments of medical science. Other Master’s graduates are categorized as 
having studied medical sciences if they studied medical sciences in their graduation year. 
 
Sample selection  
 
PhD students. The sample of PhD students contains all individual-year observations fulfilling the 
following criteria: started PhD studies between 2006 and 2015 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 between 2006 and 2015 from 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 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 between 2008 and 2011. Each individual is followed for eight years in 
total: from three years before to four years after their start year of PhD studies. The restriction on 
the start year ensures the panel data is balanced. 
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Control group. The control group contains all individuals in the sample of peers who graduated 
between 2008 and 2011. Each individual is followed for eight years in total: from three 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.  
 
Definitions of terms used in the statistical analysis 
 
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 not specific to our paper. 
 
Screening. Screening refers to the usage of questionnaires, such as PHQ-9 and GAD-7, for 
detecting potential cases of depression or anxiety. Points are given based on the answers to the 
multiple-choice questions in the questionnaire, and an individual is classified as a positive case for 
screened depression (anxiety) if her points exceed some predetermined threshold. Screening is 
often used to estimate the prevalence of mental health problems even though it is known to be prone 
to overestimation6.  
 
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). True depression (anxiety) is defined based on the Fifth edition of 
Diagnostic and Statistical Manual of Mental Disorders (DSM-5)7. 
 
Sensitivity. Refers to the probability that a measure (such as screening questionnaire with some 
threshold) classifies a true negative case as a negative case. 
 
Specificity. Refers to the probability that a measure (such as screening questionnaire with some 
threshold) classifies a true positive case as a positive case. 
 
Yearly prevalence of depression (anxiety). The proportion of population that has suffered from 
depression (anxiety) at least at some point during the measurement year. 
 
Point prevalence of depression (anxiety). The proportion of population that is suffering from 
depression (anxiety) at any given point of time. 
 
Statistical analysis 
 
General statistics. 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 students”) 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. 
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Derived estimate. We construct an estimator that aims to transform our estimate of yearly 
prevalence of medically validated depression (anxiety) to be comparable with the estimate of point 
prevalence of screened depression (anxiety) in the previous meta-analysis5. To do this, we utilize 
results from Johansson et al.’s (2013) study conducted on a representative sample of the 18–70-
year-old population in Sweden8. The Johansson et al. study and the studies covered by the meta-
analysis are comparable in the sense that they tend to assess the point prevalence of depression 
(anxiety), often using the same screening questionnaires (PHQ-9 and GAD-7, respectively). The 
thresholds are the same for PHQ-9 (10 points), but the threshold used for GAD-7 is lower in 
Johansson et al. 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., whose screening was conducted in fall 2009.  
 
The derived estimate Screen!"#&  is defined as  
 

𝑆𝑐𝑟𝑒𝑒𝑛$%&& =Me𝑑$%& ∗
𝑆𝑐𝑟𝑒𝑒𝑛$'$&
𝑀𝑒𝑑()*$**+,

, (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-) ∗ @1 − Spec.,-A + 𝐼- ∗ Sens.,- (𝐸2) 
 

Screen- = (1 − 𝐼-) ∗ @1 − Spec0,-A + 𝐼- ∗ Sens0,- , (𝐸3) 
 
where 𝐼- is the true prevalence of depression for population P, Spe𝑐1,2 and Sen𝑠1,2 refer to the 
specificity and sensitivity of method X applied on population Y, and 𝑀 and 𝑆 refer to medical 
validation and screening, respectively9.  
 
As our data is comprehensive, we observe 𝑀𝑒𝑑$%& and 𝑀𝑒𝑑()*$**+,. The only random variable 
in formula (E1),  𝑆𝑐𝑟𝑒𝑒𝑛$'$& , is obtained from Johansson et al.8 and it is assumed to be unbiased. 
The expected value of the derived estimate (E1) is 
 

𝐸H𝑆𝑐𝑟𝑒𝑒𝑛$%&& I= Me𝑑$%& ∗
𝑆𝑐𝑟𝑒𝑒𝑛$'$
𝑀𝑒𝑑()*$**+,

. (𝐸4) 

 
The bias of the estimator is the expected difference between (E1) and (E3): 
 

𝐸H𝑆𝑐𝑟𝑒𝑒𝑛$%&& −Screen!"#I =

Me𝑑$%& ∗
𝑆𝑐𝑟𝑒𝑒𝑛$'$
𝑀𝑒𝑑()*$**+,

− H1 − I!"#I ∗ H1 − Spec3,!"#I − I!"# ∗ Sens3,!"#. (𝐸5)
 

 
We examine the bias of the derived estimate for depression given three assumptions. First, we 
assume that the specificity and sensitivity of medical validation are the same for PhD students and 
their age peers. We found no studies about this exact issue, but research on college students and 
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their age peers finds no difference in treatment seeking for anxiety or depression10 or in the 
reception of minimally adequate treatment for mental disorders11. Second, the specificity and 
sensitivity of screening are assumed to be constant for all groups. This assumption is implicit also 
in previous studies which directly compare the screened prevalence of depression among students 
and the general population5,12. Third, the prevalence of depression is assumed not to be higher 
among 20–39-year-olds than among 18–70-year-olds13-14.  
 
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 reduce to zero. But, as long as such 
assumptions are not made, 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-olds13-15, 1–35% for the prevalence of depression 
among PhD students7, 9.1–12.5% for the screened prevalence of depression among 18–70-year-
olds8, 50–99% for both the specificity and sensitivity of screening16-17, 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 prescriptions18-19. The Swedish (Finnish) study on prescriptions measures 
depression with SCID (CIDI), that is, a standardized semi-structured (fully structured) interview, 
both considered as a gold standard for measuring depression20. The studies also account for 
antidepressant users with signs of alleviated depression possibly due to the medication18-19. The 
same proportion (52%) of the individuals with either current or alleviated depression use 
antidepressant in both studies18-19. In addition, these studies yield a similar estimate for the 
proportion of depressed among antidepressant users as a study utilizing more comprehensive 
Swedish diagnostic data21. 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)18-19, 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 bounds22-23, but we cannot confirm the same for medical validation; based on the 
research on depression, however, our bounds are highly conservative. In addition, we slightly 
modify two of our assumptions because the prevalence of anxiety is likely to increase in age13 and 
because the Johansson et al. study 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 
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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 points13; 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) of screening with the lower threshold 
is assumed to be 9 (6) percentage points higher (lower) than that with the higher threshold23. 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. 
 
Difference-in-differences. A linear probability model is estimated on depression and anxiety. The 
independent variables are the treatment indicator (being a PhD student), the event time indicators 
(for treated t=1 equals first year in PhD program; for control t=1 equals year of graduation with 
Master’s degree), and their interactions. The baseline models also control for year, gender, and age, 
and additional controls include high school GPA and indicators for parental anxiety and depression. 
Standard errors assume clustering at the individual level. All analysis was conducted with Stata, 
version 17.0. The baseline prevalence of depression (anxiety) needed to calculate the relative effect 
of PhD studies on depression (anxiety) is based on the observed prevalence among the treatment 
group. 
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