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ABSTRACT: Background: The postdoctoral workforce has been expanding worldwide, playing a vital role in scientific
progress, innovation, and knowledge dissemination. Nevertheless, their mental health is also increasingly a global
concern, exacerbated by challenges such as intense competition, growing responsibilities, and pressure to publish.
Purpose: Research on work characteristics is essential for guiding policy and interventions, offering valuable insights
into the factors that affect postdoctoral researchers’ mental health. Hence, this study aims to examine the impact of
work characteristics on postdocs’ mental health and explore the underlying mechanisms drawing on the Job Demands-
Resources (JD-R) model. Methods: Using data from Nature’s 2020 Global Postdoc Survey, this study examines how
work-related factors influence mental health through regression analysis and percentile bootstrap methods, and
eight hypotheses are proposed. Results: Working hours, overtime frequency, and job insecurity negatively predicted
postdocs’ work-life balance satisfaction and directly increased the likelihood of mental health problems. Mentor
support, job autonomy, and rewards enhanced work-life balance satisfaction and directly decreased the possibility
of mental health problems. All six job characteristics indirectly influenced postdocs’ mental health through work-
life balance satisfaction. Working hours had a stronger negative impact on work-life balance satisfaction for female
postdocs, while job insecurity had a stronger negative impact on male postdocs’ work-life balance satisfaction. However,
no significant gender differences were found in the impact of overtime frequency on work-life balance satisfaction.
Conclusion: Job demands (working hours, overtime frequency, and job insecurity) significantly increased postdocs’
mental health problems whereas job resources (mentor support, job autonomy, and rewards) mitigated these problems.
All these impacts were mediated through work-life balance satisfaction. Gender differences were evident regarding the
relationship between job demands (working hours and job insecurity) and work-life balance satisfaction. These findings
provide a basis for future research on the broader causal relationships between work characteristics and postdocs’
mental health, as well as studies examining variations across countries, cultures, and disciplines. This study also offers
actionable recommendations for institutions, funding agencies, and mentors to foster better working conditions to
improve postdocs’ well-being.
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1 Introduction
In recent years, the number of postdocs worldwide has been continuously expanding, and they play a

crucial role in scientific research, technological innovation, and knowledge dissemination [1,2]. In the United
States, the number of postdocs in the field of science increased by 150% between 2000 and 2012 [3]. Similarly,
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in China, the number of postdocs recruited rose from 12,500 in 2012 to 32,000 in 2022, a 156% increase over
ten years [4].

As the number of postdoctoral researchers grows, so do the challenges they face, such as intense
competition for limited academic positions, increased job responsibilities, and the constant pressure to
publish. These factors often result in heightened stress, burnout, and mental health struggles. According
to research by Bakker et al., burnout among postdocs is closely tied to their mental health and overall
well-being [5]. Morin et al. further highlight that postdocs frequently deal with demanding publication
expectations, which can intensify feelings of inadequacy and stress [6]. Additionally, women and minorities
encounter unique challenges, such as balancing work and personal life during pregnancy. These groups often
face limited support and mentorship, which can adversely affect their mental health and career progress [7,8].

Addressing mental health problems in postdocs is essential as it directly impacts research productivity
and the long-term stability of the academic workforce. Studies reveal that elevated job stress among postdocs
is linked to a higher likelihood of leaving academia [9]. Moreover, a significant number of postdocs report
enduring mental health problems, including anxiety and depression, which can undermine their productivity
and engagement in research [10].

From a broader perspective, the mental health challenges faced by postdoctoral researchers are
increasingly becoming a global concern. For instance, a 2016 survey of Canadian postdocs revealed that
approximately 75% reported experiencing mental health problems [9]. Similarly, a 2019 survey of Dutch
postdocs found that around 40% of postdocs reported severe mental health problems [11]. Nature’s 2020
Global Postdoc Survey further highlighted this crisis, with nearly half (49%) of respondents seeking help
for depression or anxiety related to work [12], and 51% considering leaving academia due to mental health
challenges [13]. Alarmingly, many postdocs lack access to adequate mental health counseling services at their
institutions [14]. Only 18% of respondents agreed with the statement, “The mental health and well-being
services at my university are tailored and appropriately adjusted to meet the needs of postdocs” [12]. This
lack of support may be a contributing factor to the worsening mental health crisis among postdocs.

Research has also examined the factors that influence postdocs’ mental health, identifying elements
such as identity development (e.g., balancing roles as a scientist and a parent), lack of control over future
personal and professional opportunities, long working hours, stress, conflicts between work and personal
life, and the level of support from mentors and colleagues [7,11,12,15]. Most of these factors are directly linked
to work environments. From a policy perspective, addressing work-related characteristics holds greater
potential for improving postdocs’ mental health. Unlike relatively fixed traits like personality or gender, work-
related factors are more amenable to change through policy interventions, making them a valuable focus
for stakeholders.

Research findings on work characteristics are crucial for informing policy and practical interventions,
as they provide valuable insights into the factors influencing postdoctoral researchers’ mental health.
While existing studies have explored this topic from the perspective of work characteristics, they exhibit
notable limitations. First, most quantitative empirical research has focused narrowly on one or two work
characteristics, lacking a comprehensive analysis that integrates multiple work-related factors within a
cohesive theoretical framework. Second, many studies fail to delve deeply into the mechanisms by which
work characteristics influence mental health outcomes for postdocs.

To address these gaps, this study employs the Job Demands-Resources (JD-R) model as a robust
analytical framework to systematically examine the impact of a wide range of work characteristics on
postdocs’ mental health and to explore the mechanisms underlying these effects. This approach aims to
provide a more holistic understanding and actionable insights for improving the well-being of postdocs.
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2 Theoretical Framework and Research Hypotheses

2.1 The Job Demands-Resources Model and Its Application in Academic Professions
The Job Demands-Resources (JD-R) model was first proposed in 2001 [16]. It has incorporated two

categories of job characteristics and processes. Job demands refer to sustained physical or psychological
efforts that are associated with physiological and psychological costs, such as excessive workload, conflicts
with others, and job insecurity. Job resources lead to the motivational process that stimulates positive
psychological states such as work engagement [17], and potentially play a buffering role in the stressors related
to high demands [18].

The JD-R model has been widely applied to analyzing disparate work environments [17] for its
flexibility and broad taxonomy of job characteristics and their outcomes—such as employee satisfaction,
work engagement, stress, and mental health problems—across various professions such as rural ambulance
service volunteers [19], nurses [20], cruise ship workers [21], paid NGO employees [22], and airline ground
staff [23]. A growing body of empirical research has employed the JD-R model to examine how the demands
and resources in academia influence employees’ well-being amid globalization, expansion of the postdoctoral
workforce [24], increasing managerializm and precarity of casual researchers [25].

The systematic review by Naidoo-Chetty et al. [26]and the broader literature [27–29] on the application
of the JD-R model in academic professions over the past decade identified the major job characteristics
of academia as follows: (1) Job demands in academia are categorized into quantitative demands (such as
sustained high workload), qualitative demands (such as lack of psychological safety), and organizational
demands (such as conflicts with colleagues). (2) Job resources for academia are categorized by organizational
resources, such as job autonomy, leadership support, colleague support, social support, rewards, teaching
resources, and personal resources. Organizational resources are far more diverse than personal resources.
(3) Job demands exert a significant negative impact on work engagement, job satisfaction, and innovative
work behavior in teaching staff, while also increasing the severity of work-family conflict, emotional
exhaustion, and psychological distress. Job resources have a significant positive impact on job satisfaction,
work engagement, innovative work behavior, and trust in leaders while having a significant negative impact
on work-family-life conflict, work-personal conflict, emotional exhaustion, and mental illness.

However, extant studies are limited to categorizing resources and demands based on small-scale inves-
tigations on university faculties. Postdoctoral researchers, despite representing an increasingly important
segment of academic staff, remain a neglected group in research. Their well-being, increasingly affected
by the performative pressures and career precarity of the casual workforce, remains largely under-studied.
This warrants further research into the particular impacts of shifting academic working environments on
postdocs’ mental health.

2.2 The Impact of Academic Job Characteristics on Postdocs’ Mental Health Problems
Emotional exhaustion, mental illness, psychological distress, and other mental health indicators are sig-

nificant outcome variables of job characteristics in academic professions. Job demands have an exacerbating
effect on mental health problems among academic staff, while job resources can alleviate these problems to
some extent. Compared to other academic staff, postdocs have unique characteristics [30].

Job demands, three factors in particular—working hours, overtime frequency, and job insecurity—are
notably linked to mental health problems such as fatigue, anxiety, increased stress, and work-life conflict.
Prolonged working hours and overtime among postdocs are empirically evidenced by studies conducted in
Australia [31].
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Furthermore, postdocs face significant job insecurity that negatively affects mental health. Due to the
growing number of postdocs and limited academic positions [32], most postdocs are on fixed-term contracts
and find it challenging to address career precarity and attain tenured positions [33]. Postdoctoral salaries are
relatively low, with weekly earnings only marginally exceeding the minimum wage in some U.S. cities [34]. A
December 2022 survey by the US National Postdoctoral Association found that nearly all postdocs reported
that low pay negatively impacted their personal and professional lives [35]. Based on extant literature and
empirical evidence, Hypothesis 1 (H1) is proposed:

H1: Job demands are positively correlated with postdocs’ mental health problems.
H1a: Working hours, H1b: Overtime frequency, H1c: Job insecurity is positively correlated with

postdocs’ mental health problems.
Job resources such as mentor support, job autonomy, and rewards are empirically identified as important

factors for reducing postdocs’ mental health problems. Mentor support alleviates postdocs’ mental health
problems, for instance, by raising awareness for mental issues and supporting the pursuit of professional
assistance [11]. Job autonomy is often highlighted as a distinctive advantage of working in academia compared
to other professions [36] and a key reason doctoral students prefer academia over industry [37]. The
comparatively high job autonomy in academia may reduces mental health problems by enhancing self-
efficacy and work-life balance satisfaction [38]. Rewards, as organizational recognition of achievements, have
persuasive social characteristics and serve as a source of self-efficacy [39], a positive psychological force [40]
that helps individuals persist when facing mental challenges [41]. Accordingly, organizational rewards may
enhance postdocs’ self-efficacy, reducing the likelihood of mental health problems. Therefore, Hypothesis 2
(H2) is proposed:

H2: Job resources are negatively correlated with postdocs’ mental health problems.
H2a: Mentor support, H2b: Job autonomy, H2c: Rewards are negatively correlated with postdocs’

mental health problems.

2.3 The Mediating Role of Work-Life Balance Satisfaction
Work-life balance refers to an individual perception of how work and non-work roles align with

personal values, goals, and desires [42]. While the impact of job characteristics on work-life balance
satisfaction has been empirically tested, research remains limited to case studies in specific contexts. For
example, a study of university faculty in Pakistan found that job demands negatively affected work-family
balance satisfaction directly and indirectly through work-family conflict and work-family facilitation. Job
resources positively impacted work-family balance satisfaction through mediating variables like work-family
conflict, work-family facilitation, and psychological capital [43]. Therefore, Hypotheses 3 (H3) and 4 (H4)
are proposed:

H3: Job demands are negatively correlated with postdocs’ work-life balance satisfaction.
H3a: Working hours, H3b: Overtime frequency, H3c: Job insecurity is negatively correlated with

postdocs’ work-life balance satisfaction.
H4: Job resources are positively correlated with postdocs’ work-life balance satisfaction.
H4a: Mentor support, H4b: Job autonomy, H4c: Rewards are positively correlated with postdocs’ work-

life balance satisfaction.
Notably, empirical evidence suggests that insufficient work-life balance leads to mental health problems

in academia [44]. An analysis of millennial scholars in Turkey found that work-life balance significantly
positively affected mental health during the COVID-19 pandemic when remote work became the norm [45].
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Other studies also evidenced the positive association between work-life balance and mental health in
academia [46], while work-life conflict significantly increased anxiety levels [15]. Based on this, Hypothesis
5 (H5) is proposed:

H5: Postdocs’ work-life balance satisfaction is negatively correlated with their mental health problems.
Despite the identification of work-life balance’s importance for academic well-being, evidence of work-

life balance satisfaction as a mediator in the relationship between job characteristics and postdocs’ mental
health problems remains scarce. Based on research hypotheses H1–H5, Hypotheses 6 (H6) and 7 (H7)
are proposed:

H6: Postdocs’ work-life balance satisfaction mediates the effect of job demands on postdocs’ mental
health problems.

Postdocs’ work-life balance satisfaction mediates the effect of H6a: Working hours, H6b: Overtime
frequency, and H6c: Job insecurity on postdocs’ mental health problems.

H7: Postdocs’ work-life balance satisfaction mediates the effect of job resources on postdocs’ mental
health problems.

Postdocs’ work-life balance satisfaction mediates the effect of H7a: Mentor support, H7b: Job autonomy,
and H7c: Rewards on postdocs’ mental health problems.

2.4 The Moderating Role of Gender
Previous studies have indicated gender differences in work-life balance satisfaction across various

disciplines and contexts with varying levels of gender egalitarianism. Female academics generally report
lower work-life balance satisfaction for reasons such as low job security, heavy workload, as well as
disproportionate care and household responsibilities [47–50]. However, scant attention has been given to
the moderating role of gender in the relationship between job demands and postdocs’ work-life balance
satisfaction, which will be analyzed in this study drawing on Social-role Theory, Role Theories, the Resource
Drain Model, and the Conservation of Resources Theory.

According to Social-role Theory, expectations for men and women differ [51], with men generally
expected to assume the role of breadwinner and women being the homemaker [52]. Societal expectations of
gender roles influence individual behaviors through various biopsychosocial processes [53]. Due to gender
role differences, men and women typically spend more time and energy on work and household, respectively.
Role Theories suggest that the resources (time, energy, or attention) an individual can allocate to various
roles are limited [54]. The Resource Drain Model further posits that using resources in one life domain (e.g.,
work) reduces the availability of the same resources in another domain (e.g., family) [55]. Hence, women
tend to be more resource-constrained in work than men.

According to the Conservation of Resources Theory, individuals and organizations with fewer resources
are more vulnerable to resource loss and less capable of gaining resources [56]. Compared to male postdocs,
the negative impact of time loss due to long working hours and overtime on work-life balance satisfaction
may be more prominent among female postdocs. Similarly, money is another resource [57]. Since men, as the
bread-earners, are generally expected to improve familial economic status, financial loss due to job insecurity
(e.g., pay cuts, unemployment) may exert a stronger negative impact on work-life balance satisfaction among
male postdocs. Based on this, Hypothesis 8 (H8) is proposed:

H8: Gender moderates the relationship between job demands and postdocs’ work-life balance
satisfaction.
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Gender moderates the relationship between H8a: Working hours, H8b: Overtime frequency, and H8c:
Job insecurity and postdocs’ work-life balance satisfaction. Specifically, H8a: Working hours and H8b:
Overtime frequency has a stronger negative impact on work-life balance satisfaction among female postdocs;
H8c: Job insecurity has a stronger negative impact on work-life balance satisfaction among male postdocs.

Based on the above eight research hypotheses, a research framework diagram is drawn (Fig. 1).

Figure 1: Theoretical framework. Source: prepared by the authors

3 Materials and Methods

3.1 Data Source
The data for this study is drawn from Nature’s 2020 Global Postdoc Survey, the first global survey

conducted by Nature specifically targeting postdocs. The survey took place online from mid-June to the
end of July 2020, with questionnaires available in multiple languages, including English, Chinese, Spanish,
French, and Portuguese. It covered a wide range of topics relevant to this study, such as demographic
characteristics, job characteristics, job satisfaction, salary, mental health, and career prospects of postdocs.
A total of 7670 postdocs from over 90 countries participated, spanning six continents: Asia (including
the Middle East), Oceania, Africa, Europe, North or Central America, and South America. The broad
geographical representation of the survey sample means that the findings are largely reflective of the global
postdoc community. It is important to note that the data used in this study is cross-sectional, which restricts
the ability to draw causal inferences. Therefore, the findings in this study represent correlations rather
than causation.

Since there are significant differences in job characteristics between part-time and full-time postdocs,
as well as between postdocs working outside academia (e.g., government departments and non-profit
organizations) and those working in academia, this study focuses only on the 6656 full-time postdocs
working in academia. Among these, approximately 483 samples have missing values for at least one variable,
accounting for 7.26% of the total. If nominal variables are treated as single variables, without considering
their transformation into multiple dummy variables during data analysis, the model employed in this study
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includes a total of 18 variables. The percentage of missing values in each variable, as well as in the entire
dataset, is illustrated in Fig. 2, which arranges the variables according to their missingness ratio. There is a
total of 549 missing data points in the dataset, accounting for 0.5% of the data. The variable with the highest
percentage of missing values is “mental health problems”, at 2%. In contrast, no missing values are observed
in these variables: discipline, current residence, domestic postdoc, Ph.D. and postdoc in different countries,
same institution for Ph.D. and postdoc, working hours, and overtime frequency.

Figure 2: Percentage of missing data across variables (Arranged by missingness ratio)

There are three primary mechanisms of data missingness [58]: The first is missing at random (MAR),
which assumes that the probability of missing data depends on the observed data but is independent of the
unobserved data. The second mechanism is missing completely at random (MCAR), which assumes that the
probability of missing data is independent of both the observed and unobserved data, making it a stricter
assumption compared to MAR. Lastly, when the missing data mechanism is influenced by unobserved data,
it is referred to as missing not at random (MNAR), which represents the third type of mechanism.

Parameter estimates derived from the listwise deletion method are unbiased only when the missing data
mechanism satisfies the MCAR assumption [59]. From the specific definitions of missing data mechanisms,
it is evident that MAR cannot be directly tested, while MCAR can be evaluated [58]. This study employs
the ‘mcartest’ command in STATA 17.0 to perform Little’s chi-squared test for the MCAR assumption. The
test results reject the null hypothesis, indicating that the missing data in this study do not satisfy the MCAR
assumption [58]. Therefore, two methods for handling missing data were employed: the first is the listwise
deletion method, which directly removes samples with missing values in variables. The second approach
applies imputation methods to address missing values. In this study, the primary analyses were conducted
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using the listwise deletion method, and the results were presented in the first few parts of the Section 4. The
imputation methods served as a robustness check, and the results were displayed in the robustness check
part of the Section 4.

The final valid sample size obtained using the listwise deletion method was 6173. Among these samples,
the highest proportion of postdocs resided in Europe (44.7%), followed by North or Central America
(40.7%). The proportions for the other four continents, in descending order, were Asia (7.2%), Oceania
(3.9%), South America (2.5%), and Africa (0.9%). In terms of gender, 52.1% of the postdocs were female, and
47.9% were male. Additionally, 13.1% of the postdocs had children. Regarding the discipline of work content,
53.3% of the postdocs were engaged in work related to biomedical and clinical sciences. Furthermore, 86.6%
of the samples started postdoctoral work immediately after obtaining their Ph.D., and 15.9% were currently
in their first postdoctoral position after completing their Ph.D.

3.2 Variable Description and Descriptive Statistics
The independent variables in this study refer to job characteristics, which include job demands and job

resources. The former is measured by three variables: working hours, overtime frequency, and job insecurity.
The latter includes three variables: mentor support, job autonomy, and rewards. The dependent variable in
this study is the mental health problems of postdocs. If a postdoc has mental health problems, it is coded as
1; otherwise, it is coded as 0.

The mediating variable in this study is the postdoc’s work-life balance satisfaction, derived from the
question, “How satisfied are you with the following aspects of your current postdoctoral work?” One aspect is
“work-life balance,” with responses ranging from very dissatisfied to very satisfied, scored from 1 to 7. Gender
is used as the moderating variable in this study, with females coded as 1 and males as 0.

Based on the findings of existing relevant studies [7,60,61], control variables include demographic
characteristics of postdocs and variables related to their work background. Demographic variables include
gender (which is a moderating variable in the moderating effect analysis) and current parenthood status.
Work background variables include current residence, discipline of work content, whether the postdoc
work is done domestically, whether the institution awarding the Ph.D. and the postdoctoral employer are
in different countries/regions, whether the postdoctoral employer and the institution where the Ph.D. was
completed are the same, duration of postdoctoral work, whether the postdoc started immediately after
Ph.D. completion, and whether currently in the first postdoctoral position after completing the Ph.D. Table 1
provides a detailed introduction to the operational definitions and descriptive statistics of the above variables
based on data obtained using the listwise deletion method.

Table 1: Descriptive statistics of variables

Variable name Description Mean Std. Dev Min Max
Independent variables

Working hours Sum of weekly contracted working
hours and weekly overtime hours,

with values reassigned (e.g., less than
35 h = 32.5, 35–40 h = 37.5)

49.190 8.279 32.500 86

(Continued)
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Table 1 (continued)

Variable name Description Mean Std. Dev Min Max
Overtime frequency Number of overtime occurrences in

the past year: never = 0, once or twice
= 1.5, 2–5 times = 3.5, 5–10 times = 7.5,
10–20 times = 15, more than 20 times =

25

16.310 9.378 0 25

Job insecurity Reverse scoring of job security
satisfaction (1–7), where 1 = very

satisfied with job security, and 7 = very
dissatisfied

4.730 2.000 1 7

Mentor support Overall satisfaction with mentor
guidance and communication (1–7),
where 1 = very dissatisfied, and 7 =

very satisfied

4.597 1.900 1 7

Job autonomy Average score of satisfaction with the
ability to influence self-related
decisions and satisfaction with

independence at work (1–7), where 1 =
very dissatisfied, and 7 = very satisfied

4.569 1.439 1 7

Rewards Satisfaction with recognition of
achievements by the workplace (1–7),

where 1 = very dissatisfied, and 7 =
very satisfied

4.379 1.759 1 7

Dependent variable

Mental health
problems

Whether sought or received
professional help for work-related

depression or anxiety: “Yes” or “No,
but I would like help” = 1; “No, I don’t

need/have never needed help” = 0

0.491 0.500 0 1

Mediating variable

Work-life balance
satisfaction

Satisfaction with work-life balance
(1–7), where 1 = very dissatisfied, and 7

= very satisfied

3.944 1.672 1 7

Control variables

Gender Female = 1, Male = 0 0.521 0.500 0 1
Has children Yes = 1, No = 0 0.131 0.337 0 1

Current residence Asia (including the Middle East) = 1,
Oceania = 2, Africa = 3, Europe = 4,

North or Central America = 5, South
America = 6

4.155 1.140 1 6

(Continued)
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Table 1 (continued)

Variable name Description Mean Std. Dev Min Max
Discipline Includes 12 categories, e.g., Agriculture

and Food = 1, Astronomy and
Planetary Sciences = 2

4.829 2.993 1 12

Domestic postdoc Yes = 1, No = 0 0.376 0.485 0 1
Ph.D. and postdoc in

different countries
Yes = 1, No = 0 0.610 0.488 0 1

Same institution for
Ph.D. and Postdoc

Yes = 1, No = 0 0.172 0.378 0 1

Duration of postdoc Less than 1 year = 0.5, 1–2 years = 1.5,
3–5 years = 4, 6–10 years = 8, 11–20

years = 15.5

3.227 2.866 0.500 15.50

Directly entered
postdoc after Ph.D.

Yes = 1, No = 0 0.866 0.341 0 1

First postdoc after
Ph.D.

Apply Postdoctoral position after
completing Ph.D.: 0 = other options, 1
= apply postdoctoral position

0.159 0.366 0 1

3.3 Analysis Strategies of Listwise Deletion Method
When handling missing data using the listwise deletion method, this study primarily uses STATA 17.0

and SPSS 26.0 for data analysis. STATA 17.0 is used for descriptive statistics, correlation analysis, and
regression analysis, while SPSS 26.0 and its PROCESS 4.0 macro are employed to test mediating and
moderating effects.

First, a multiple linear regression model is used to test Hypotheses H3 and H4, and a logit regression
model is applied to test Hypotheses H1, H2, and H5. Second, the mediating effect (Hypotheses H6 and H7)
is tested mainly using the percentile bootstrap method, which effectively addresses the non-normal sampling
distribution problem in mediating effect estimation [62]. The analysis of the mediating effect is conducted
using Model 4 in the PROCESS 4.0 macro developed by Hayes [63], with 5000 bootstrap samples and a 95%
confidence interval (CI).

Finally, testing for the moderating effect involves two steps: first, testing whether a moderating effect
exists; if the moderating effect is confirmed, the second step involves examining the effect size at different
values of the moderating variable. The moderating effects are primarily tested by including interaction terms
of relevant variables in the logit regression model and by using Model 7 in the PROCESS 4.0 macro developed
by Hayes [63], with the number of bootstrap samples and CI settings consistent with those used in Model 4.

3.4 Selection of Imputation Methods and Corresponding Analysis Strategies
Multiple imputation (MI) and full information maximum likelihood (FIML) are two of the most widely

used approaches for handling missing data [64]. Compared to the listwise deletion method, the use of
FIML or MI to address missing data reduces bias in parameter estimates while retaining the full sample
to maximize statistical power and the generalizability of results [59]. Therefore, this study employs both
imputation methods to conduct a robustness check.
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Since multiple imputations make no assumption about the missing-data mechanism [65], this study
adopts multiple imputations to address the issue of missing data before testing Hypotheses H1 to H5.
Specifically, the misstable command in STATA 17.0 is first used to report the missing-value patterns. The
results indicate that the missing-value patterns of the data in this study are arbitrary rather than monotone.
A multivariate imputation approach capable of handling arbitrary missing-value patterns is multivariate
imputation using chained equations (MICE) [66]. Therefore, this study employs the MICE method to test
Hypotheses H1 to H5.

Multivariate imputation includes three steps [65]: (1) the imputation step, in which M imputations
(completed datasets) are generated; (2) the completed-data analysis step, in which the desired analysis is
performed separately on each imputed dataset, serving as the primary analysis conducted after imputing
missing data; and (3) the pooling step, which combines the results obtained from the M separate completed
data analyses into a single multiple-imputation result. Rubin proposed straightforward formulas to pool
parameter estimates and standard errors [67]. The second and third steps, namely the completed-data
analysis and pooling steps, can also be combined and thought of as the “analysis step” [65]. The above data
processing and analysis were carried out using STATA 17.0, which automatically combines the results from
the second step to produce the output for the third step. Table 6 reports the pooling parameter estimates and
standard errors generated by STATA, rather than manually calculated combined results.

This study specifies the number of imputations as 20, based on the following considerations: (1) Using
20 imputations aligns with the rule of thumb related to the Largest FMI. The Largest FMI reports the
highest FMI across all coefficient estimates caused by nonresponse. This value indicates whether the specified
number of imputations is sufficient for the analysis. A rule of thumb is that the number of imputations should
be at least 100 times the Largest FMI [65]. For the six models in this study, the Largest FMI is 0.0638, and
its 100 times value is 6.38, making 20 imputations greater than the threshold suggested by the rule of thumb.
(2) Using 20 imputations is consistent with practices commonly adopted in existing studies. A review of
the literature that summarizes the recommended number of imputations and the factors to consider when
selecting the number of imputations suggests using at least 20 imputations to reduce the sampling error
introduced by imputations [65]. (3) If significant results are obtained with 20 imputations, it can be inferred
that using more imputations will also yield significant results. Prior research suggests that all else being
equal, increasing the number of imputations leads to more powerful significance tests compared to analyses
conducted with fewer imputations [68].

As the bootstrap procedures currently preferred by methodologists are not well-suited for multiple
imputations, this approach is often considered less flexible for mediation analyses [69]. Accordingly, this
study follows the approach recommended by Cheung SF and Cheung S-H [70], first applying FIML to
impute missing data, and then testing mediating effect (Hypotheses H6 and H7) and moderating effect
(Hypothesis H8) based on the imputed dataset. Data analysis in this part was conducted using R software
(version 4.4.2). Missing data were handled with FIML implemented through sem() in the ‘lavaan’ package.
The process of testing mediating and moderating effects consisted of two stages. The first stage was model
fitting which used sem() in the ‘lavaan’ package to perform parameter estimation and model fitting. In the
second stage, the output created in Stage 1 was used to compute and test the mediating and moderating effect
via the manymome package. Percentile confidence intervals of the mediating and moderating effect were
constructed using nonparametric bootstrapping with 4986 bootstrap samples, with the CI set at 95%. The
‘manymome’ package was also used to construct the bootstrap confidence intervals and to plot moderating
effect graphs.
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4 Results

4.1 Correlation Analysis
Table 2 presents the correlation coefficients for the variables, all aligning with the expected results.

Specifically, the three job demand variables—working hours, overtime frequency, and job insecurity—
show negative correlations with postdocs’ work-life balance satisfaction and positive correlations with their
mental health problems. Conversely, the three job resource variables—mentor support, job autonomy, and
rewards—are positively correlated with work-life balance satisfaction and negatively correlated with mental
health problems among postdocs. Moreover, there is a negative correlation between work-life balance
satisfaction and mental health problems in postdocs.

Table 2: Correlation coefficients of variables

1 2 3 4 5 6 7 8 9
1. Working

hours
1.000

2. Overtime
frequency

0.413** 1.000

3. Job insecurity 0.009 0.052** 1.000
4. Mentor
support

−0.102** −0.106** −0.248** 1.000

5. Job autonomy −0.119** −0.109** −0.324** 0.551** 1.000
6. Rewards −0.124** −0.128** −0.294** 0.582** 0.650** 1.000
7. Work-life

balance
satisfaction

−0.366** −0.349** −0.287** 0.332** 0.431** 0.405** 1.000

8. Gender −0.138** −0.051** 0.041** −0.031* −0.055** −0.035** 0.012 1.000
9. Mental health

problems
0.080** 0.083** 0.113** −0.162** −0.203** −0.193** −0.213** 0.117** 1.000

Note: * p < 0.05, ** p < 0.01.

4.2 Hypothesis Testing
4.2.1 The Impact of Academic Job Characteristics on Postdocs’ Mental Health Problems

Models 1–3 (M1–M3) in Table 3 are mainly used to test Hypotheses H1–H5. In Model M1, the dependent
variable is postdocs’ work-life balance satisfaction, while in Models M2 and M3, the dependent variable is
postdocs’ mental health problems.

Table 3: Regression results of job characteristics, postdocs’ work-life balance satisfaction, and mental health problems

Model M1 Model M2 Model M3 Model M4 Model M5 Model M6
M Y Y M M M

Independent variables

Working hours −0.051** 0.013** 0.004 −0.045** −0.051** −0.051**
(0.003) (0.004) (0.004) (0.003) (0.003) (0.003)

(Continued)
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Table 3 (continued)

Model M1 Model M2 Model M3 Model M4 Model M5 Model M6
M Y Y M M M

Overtime
frequency

−0.033** 0.008* 0.003 −0.033** −0.031** −0.033**

(0.002) (0.003) (0.003) (0.002) (0.003) (0.002)
Job insecurity −0.126** 0.063** 0.043** −0.126** −0.126** −0.145**

(0.010) (0.015) (0.015) (0.010) (0.010) (0.014)
Mentor support 0.046** −0.046** −0.039** 0.046** 0.046** 0.045**

(0.012) (0.018) (0.018) (0.012) (0.012) (0.012)
Job autonomy 0.249** −0.157** −0.117** 0.249** 0.249** 0.248**

(0.018) (0.026) (0.027) (0.018) (0.018) (0.018)
Rewards 0.125** −0.099** −0.080** 0.124** 0.125** 0.126**

(0.015) (0.022) (0.022) (0.015) (0.015) (0.015)
Control variables Yes Yes Yes Yes Yes Yes

Mediating variable

M −0.165**
(0.020)

Moderating variable

Gender 0.740** 0.060 −0.183*
(0.216) (0.067) (0.090)

Interaction terms
Working hours ×

Gender
−0.015**

(0.004)
Overtime

frequency ×
Gender

−0.005

(0.004)
Job Insecurity ×

Gender
0.036*

(0.018)
Constant 5.974** −0.180 0.815* 5.622** 5.933** 6.065**

(0.213) (0.328) (0.352) (0.234) (0.215) (0.217)
Sample size 6173 6173 6173 6173 6173 6173

Note: M represents the mediating variable, which is postdocs’ work-life balance satisfaction; Y represents the dependent
variable, which is postdocs’ mental health problems, with “no mental health problems” as the reference group. In Models
M1 to M3, Gender is a control variable; in Models M4 to M6, Gender is a moderating variable, with males as the
reference group. For easier understanding, regression results with Gender as a control variable are not reported in
the table. Other control variables included in Models M1 to M6 and their descriptions are presented in Table 1. For
nominal variables, excluding binary variables, current residence, and discipline, dummy variables were generated. Asia
(including the Middle East) and Agriculture and Food were set as reference groups and excluded from the model, and
only the other dummy variables generated were included in the model. Values in the cells and parentheses represent
the coefficients and their robust standard errors, respectively. * p < 0.05, ** p < 0.01.
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According to Model M1, the three job demand variables (working hours, overtime frequency, and job
insecurity) significantly negatively predict postdocs’ work-life balance satisfaction, supporting Hypothesis
H3. In contrast, the three job resource variables (mentor support, job autonomy, and rewards) significantly
enhance postdocs’ work-life balance satisfaction, confirming Hypothesis H4.

From the results of Model M2, working hours, overtime frequency, and job insecurity significantly
increase the likelihood of postdocs experiencing mental health problems. In contrast, mentor support, job
autonomy, and rewards significantly reduce the likelihood of postdocs having mental health problems,
indicating that Hypotheses H1 and H2 are supported. Model M3 adds the mediating variable, postdocs’
work-life balance satisfaction, to Model M1, and the regression coefficient of this variable is significantly
negative, indicating that work-life balance satisfaction reduces the likelihood of mental health problems,
thereby supporting Hypothesis H5.

4.2.2 The Mediating Role of Work-Life Balance Satisfaction
As mentioned earlier, this study uses the percentile bootstrap method to test whether postdocs’ work-

life balance satisfaction mediates the effect of job characteristics on postdocs’ mental health problems. If the
CI obtained by the percentile bootstrap method does not include 0, it indicates a significant mediating effect.
According to the mediating effect test results in Table 4, the CIs for all six job characteristic variables do not
include 0, indicating that work-life balance satisfaction mediates the effect of job characteristics on postdocs’
mental health problems. Thus, Hypotheses H6 and H7 are supported.

Table 4: Mediating effect of work-life balance satisfaction

Effect size Boot SE Boot LLCI Boot ULCI Corresponding
hypothesis

Testing
result

Working hour s→
M→ Y

0.008 0.001 0.006 0.011 H6a Supported

Overtime
frequency→M→

Y

0.006 0.001 0.004 0.007 H6b Supported

Job insecurity→
M→ Y

0.021 0.003 0.015 0.027 H6c Supported

Mentor support→
M→ Y

−0.008 0.002 −0.012 −0.004 H7a Supported

Job autonomy→
M→ Y

−0.041 0.006 −0.054 −0.031 H7b Supported

Rewards→M→ Y −0.021 0.004 −0.028 −0.014 H7c Supported

Note: M represents postdocs’ work-life balance satisfaction; Y represents postdocs’ mental health problems. Boot SE
stands for the standard error of the percentile bootstrap method. “Boot LLCI” and “Boot ULCI” indicate the lower and
upper limits of the 95% bootstrap CI, respectively.

4.2.3 The Moderating Role of Gender
This study primarily examines the moderating effect of gender on the relationship between the three

job demand variables and postdocs’ work-life balance satisfaction (Hypothesis H8). The analysis first
tests whether the effects of the three job demand variables on postdocs’ work-life balance satisfaction are
moderated by gender. This can be tested by examining the significance of the coefficients of the interaction
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terms between each job demand variable and gender. The test results are shown in Models M4 to M6
of Table 3. In Model M5, the interaction term between overtime frequency and gender is not significant,
thereby rejecting Hypothesis H8b.

In contrast, the coefficients of the interaction terms in Models M4 and M6 are statistically significant,
indicating that the effects of working hours and job insecurity on postdocs’ work-life balance satisfaction are
moderated by gender, suggesting that Hypotheses H8a and H8c may hold. However, since the coefficients
of the interaction terms between job demands and the moderating variable (gender) only test whether the
effects of job demand on work-life balance satisfaction differ between genders, they do not indicate whether
the effects are stronger for female or male postdocs. Therefore, further testing of Hypotheses H8a and H8c
is needed.

The analysis then examines the effects of working hours and job insecurity on work-life balance satis-
faction under different values of the moderating variable (male or female postdocs). According to Table 5,
regarding working hours, the effect size for male postdocs is −0.045 (SE = 0.003, CI = [−0.051, −0.039]),
and for female postdocs, the effect size is −0.060 (SE = 0.004, CI = [−0.067, −0.053]). Key findings include:
(1) The confidence intervals for both effect sizes do not include 0, indicating that working hours have a
significant negative effect on work-life balance satisfaction for both female and male postdocs. (2) The
absolute value of the effect size is higher for female postdocs than for male postdocs, suggesting that working
hours have a stronger negative impact on work-life balance satisfaction for female postdocs compared to male
postdocs. Combined with the results from the first step, this confirms Hypothesis H8a. Similarly, regarding
job insecurity, the negative impact on work-life balance satisfaction is stronger for male postdocs than female
postdocs, supporting Hypothesis H8c.

Table 5: Moderating effect of gender on the relationship between working hours/job insecurity and postdocs’ work-life
balance satisfaction

Independent
variable

Value of
moderating
variable (Gender)

Effect
size

Boot
SE

Boot
LLCl

Boot
ULCl

Corresponding
hypothesis

Testing
result

Working hours 0 (Male) −0.045 0.003 −0.051 −0.039 H8a Supported
1 (Female) −0.060 0.004 −0.067 −0.053

Job insecurity 0 (Male) −0.145 0.013 −0.170 −0.119 H8c Supported
1 (Female) −0.109 0.013 −0.133 −0.084

To better illustrate the moderating effect of gender on the relationship between working hours, job
insecurity, and postdocs’ work-life balance satisfaction, moderating effect plots were generated (see Figs. 3
and 4). In Fig. 3, the dashed line and solid line represent the impact of working hours on work-life balance
satisfaction for female (gender = 1) and male (gender = 0) postdocs, respectively. The absolute slope of
the dashed line is noticeably steeper than that of the solid line, suggesting that working hours have a
stronger negative effect on work-life balance satisfaction for female postdocs compared to male postdocs.
The interpretation of Fig. 4 follows the same pattern as Fig. 3, so it will not be elaborated further.
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Figure 3: Moderating effect of gender on the relationship between working hours and postdocs’ work-life balance
satisfaction

Figure 4: Moderating effect of gender on the relationship between job insecurity and postdocs’ work-life balance
satisfaction

4.3 Robustness Check
Next, this study re-tested all the aforementioned hypotheses using imputation methods.
Results of the imputation methods were presented in Tables 6–8, as well as in Figs. 5 and 6. The results

obtained through imputation methods were basically consistent with those derived from the listwise deletion
method, indicating a certain level of robustness of this study’s findings. However, it is important to note
that the cross-sectional data may contain omitted variables, and thus the findings reflect correlations rather
than causations.
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Table 6: Regression results of job characteristics, postdocs’ work-life balance satisfaction, and mental health problems
based on imputation methods

Model M1 Model M2 Model M3 Model M4 Model M5 Model M6
M Y Y M M M

Independent variables

Working hours −0.049** 0.013** 0.005 −0.043** −0.049** −0.049**
(0.003) (0.004) (0.004) (0.003) (0.003) (0.003)

Overtime frequency −0.034** 0.008* 0.003 −0.033** −0.032** −0.034**
(0.002) (0.003) (0.003) (0.002) (0.003) (0.002)

Job insecurity −0.131** 0.062** 0.041** −0.132** −0.131** −0.151**
(0.010) (0.015) (0.015) (0.010) (0.010) (0.013)

Mentor support 0.049** −0.044* −0.036* 0.049** 0.049** 0.049**
(0.012) (0.017) (0.018) (0.012) (0.012) (0.012)

Job autonomy 0.236** −0.162** −0.125** 0.236** 0.236** 0.235**
(0.017) (0.025) (0.026) (0.017) (0.017) (0.017)

Rewards 0.128** −0.098** −0.078** 0.127** 0.128** 0.129**
(0.015) (0.021) (0.022) (0.015) (0.015) (0.015)

Control variables Yes Yes Yes Yes Yes Yes

Mediating variable

M −0.164**
(0.020)

Moderating variable

Gender 0.707** 0.049 −0.197*
(0.209) (0.065) (0.087)

Interaction terms

Working hours × Gender −0.015**
(0.004)

Overtime frequency × Gender −0.004
(0.003)

Job insecurity × Gender 0.038*
(0.017)

Constant 5.877** −0.276 0.695* 5.536** 5.840** 5.974**
(0.204) (0.316) (0.339) (0.225) (0.206) (0.208)

Sample size 6656 6656 6656 6656 6656 6656

Note: The pooling parameter estimates and standard errors are generated by STATA 17.0. M represents the mediating
variable, which is postdocs’ work-life balance satisfaction; Y represents the dependent variable, which is postdocs’
mental health problems, with “no mental health problems” as the reference group. In Models M1 to M3, Gender is a
control variable; in Models M4 to M6, Gender is a moderating variable, with males as the reference group. For easier
understanding, regression results with Gender as a control variable are not reported in the table. Other control variables
included in Models M1 to M6 and their descriptions are presented in Table 1. For nominal variables, excluding binary
variables, current residence, and discipline, dummy variables were generated. Asia (including the Middle East) and
Agriculture and Food were set as reference groups and excluded from the model, and only the other dummy variables
generated were included in the model. Values in the cells and parentheses represent the coefficients and their robust
standard errors, respectively. * p < 0.05, ** p < 0.01.



438 Int J Ment Health Promot. 2025;27(4)

Table 7: Mediating effect of work-life balance satisfaction based on imputation methods

Effect size Boot LLCI Boot ULCI Corresponding
hypothesis

Testing
result

Working Hours→M→ Y 0.031 0.024 0.040 H6a Supported
Overtime Frequency→M

→ Y
0.023 0.017 0.030 H6b Supported

Job Insecurity→M→ Y 0.020 0.014 0.025 H6c Supported
Mentor Support→M→ Y −0.007 −0.011 −0.004 H7a Supported
Job Autonomy→M→ Y −0.025 −0.032 −0.019 H7b Supported

Rewards→M→ Y −0.017 −0.023 −0.012 H7c Supported

Note: M represents postdocs’ work-life balance satisfaction; Y represents postdocs’ mental health problems. “Boot LLCI”
and “Boot ULCI” indicate the lower and upper limits of the 95% bootstrap CI, respectively.

Table 8: Moderating effect of gender on the relationship between working hours/job insecurity and postdocs’ work-life
balance satisfaction based on imputation methods

Independent
variable

Value of moderating
variable (Gender)

Effect
size

Boot
LLCI

Boot
ULCI

Corresponding
hypothesis

Testing
result

Working hours 0 (Male) −0.252 −0.277 −0.227 H8a Supported
1 (Female) −0.290 −0.329 −0.253

Job insecurity 0 (Male) −0.157 −0.180 −0.135 H8c Supported
1 (Female) −0.133 −0.162 −0.104

Figure 5: Moderating effect of gender on the relationship between working hours and postdocs’ work-life balance
satisfaction based on imputation methods. Note: Moderator(s) represent Gender, where 1 indicates female and 0
indicates male. WorkLifeBalance refers to work-life balance satisfaction, and WorkingHours refers to working hours
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Figure 6: Moderating effect of gender on the relationship between job insecurity and postdocs’ work-life balance
satisfaction based on imputation methods. Note: Moderator(s) represent Gender, where 1 indicates female and 0
indicates male. WorkLifeBalance refers to work-life balance satisfaction, and JobInsecurity refers to job insecurity

5 Discussion
Based on the JD-R model, this study utilized data from Nature’s 2020 Global Postdoc Survey to

test eight research hypotheses regarding the relationships between postdocs’ mental health problems, job
characteristics, work-life balance satisfaction, and gender.

All hypotheses were supported by empirical results except for Hypothesis H8b. Specifically, the three job
demand variables—working hours, overtime frequency, and job insecurity—negatively predicted postdocs’
work-life balance satisfaction (H3) and directly increased the likelihood of mental health problems (H1).
Conversely, the three job resource variables—mentor support, job autonomy, and rewards—enhanced
postdocs’ work-life balance satisfaction (H4) and directly decreased the likelihood of mental health problems
(H2). Work-life balance satisfaction among postdocs was found to reduce the probability of experiencing
mental health problems (H5). Furthermore, all six job characteristic variables indirectly influenced postdocs’
mental health problems through work-life balance satisfaction (H6 and H7). Working hours had a stronger
negative impact on work-life balance satisfaction for female postdocs (H8a), while job insecurity had a
stronger negative impact on male postdocs’ work-life balance satisfaction (H8c). However, Hypothesis H8b
was not supported, as there was no significant difference in the impact of overtime frequency on work-life
balance satisfaction between genders. Table 9 summarizes the results of hypothesis testing.

Table 9: Summary of hypothesis testing results

Coefficient/
Effect size

Significance Corresponding
hypothesis

Testing
result

Working hours→ Y 0.013 Yes H1a Supported
Overtime frequency→ Y 0.008 Yes H1b Supported

Job insecurity→ Y 0.063 Yes H1c Supported

(Continued)
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Table 9 (continued)

Coefficient/
Effect size

Significance Corresponding
hypothesis

Testing
result

Mentor support→ Y −0.046 Yes H2a Supported
Job autonomy→ Y −0.157 Yes H2b Supported

Rewards→ Y −0.099 Yes H2c Supported
Working hours→M −0.051 Yes H3a Supported

Overtime frequency→M −0.033 Yes H3b Supported
Job insecurity→M −0.126 Yes H3c Supported

Mentor support→M 0.046 Yes H4a Supported
Job autonomy→M 0.249 Yes H4b Supported

Rewards→M 0.125 Yes H4c Supported
M→ Y −0.165 Yes H5 Supported

Working hours→M→ Y 0.008 Yes H6a Supported
Overtime frequency→M→ Y 0.006 Yes H6b Supported

Job insecurity→M→ Y 0.021 Yes H6c Supported
Mentor support→M→ Y −0.008 Yes H7a Supported
Job autonomy→M→ Y −0.041 Yes H7b Supported

Rewards→M→ Y −0.021 Yes H7c Supported
Working hours × gender→M −0.015 Yes H8a Supported

Overtime frequency × gender→M −0.005 No H8b Not
Supported

Job insecurity × gender→M 0.036 Yes H8c Supported

Note: M represents postdocs’ work-life balance satisfaction; Y represents postdocs’ mental health problems: For
hypotheses H6 and H7, the second column represents the effect size of the mediating effect, and if the third column,
Significance, is marked as “Yes”, it indicates that the mediating effect is statistically significant. For other hypotheses,
the second column represents the coefficient, and if the third column, Significance, is marked as “Yes”, it indicates that
p < 0.05.

The timing of data collection in this study was at the peak of lockdowns amid the COVID-19 pandemic.
The findings of this study were consistent with those of other research based on data collected during the
pandemic. The COVID-19 pandemic further exacerbated mental health problems among postdocs, with
work identified as a main stressor [6]. Additionally, our research found that mentor support decreased
the likelihood of mental health problems. Other research found that, during the COVID-19 pandemic,
supportive principal investigators (PIs) were praised for their role in alleviating the stress experienced by
postdocs [6]. In terms of gender differences, the COVID-19 pandemic may further explain the stronger
negative impact of working hours on female postdocs’ work-life balance satisfaction than on their male
counterparts found by this research. During the pandemic, school and daycare closures [71] placed a greater
extra childcare burden on female postdocs compared to their male counterparts. Relevant research supports
this explanation. The survey conducted by the PostdocNet in 2022 revealed that female postdocs spent
significantly more time in childcare than male postdocs [72]. Research on U.S. postdocs indicated similar
findings [6]. These gender differences suggest that working hours might have a stronger negative effect on
the work-life balance satisfaction of female postdocs.
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Regarding job demands, working hours, overtime frequency, and job insecurity directly increased
the likelihood of mental health problems among postdocs, which was consistent with the findings of
extant studies [11,12]. According to the JD-R model, compared to employees, postdocs are cheaper labor
within universities [73], often bearing heavy workloads, facing last-minute appointments, and receiving low
wages [74]. Furthermore, postdocs have poor career prospects and high job insecurity [75]. The Conservation
of Resources theory suggests that stress arises when significant effort is exerted without gaining key
resources [56]. For postdocs, key resources include commensurate income and tenure positions. However, in
the competitive academic labor market, most postdocs, despite long working hours and frequent overtime,
cannot secure these resources, leading to substantial stress that can affect their mental health.

In terms of job resources, mentor support directly reduces the likelihood of mental health problems
among postdocs. Previous studies found that mentor support enhances postdocs’ mental health [11] and that
postdocs with faculty mentors have significantly lower levels of anxiety and work-life conflict compared to
those without mentors [15], which supports the result of our research. This might be because most postdocs
are at stages of starting families and having children, requiring them to assume new roles, such as employees,
spouses, and parents. Without external support, postdocs lacking work-life experience may struggle to
quickly adapt to these diversified roles. Thus, mentors’ sharing of experiences and support in work, life, and
emotions is crucial for postdocs to adapt to new roles, reduce work-life conflict, and improve mental health.
However, not every postdoc has a mentor; a survey found that only 79% of STEM postdocs have a faculty
mentor [15], and 9% of postdocs at the University of Western Australia do not have a supervisor [76]. This
lack of mentors may further exacerbate mental health problems among postdocs.

Job autonomy directly reduces the chances of mental health problems among postdocs. On the one
hand, this can be explained from the perspective of work-life balance, as elaborated in the Section 2. On
the other hand, this can also be understood through the lens of person-job fit. Research has shown that
doctoral students who strongly value the freedom to choose their research projects are more likely to pursue
careers in academia rather than industry [37]. Postdoc positions also belong to academic professions, making
it reasonable to assume that postdocs also value autonomy in their work. According to the person-job fit
theory, postdocs with greater job autonomy experience a better alignment between their preferences and job
characteristics [77]. Studies have demonstrated that a better person-job fit is associated with lower rates of
depression and other mental health problems [78,79]. Thus, job autonomy likely improves person-job fit for
postdocs, reducing the risk of mental health problems.

Rewards also reduce the likelihood of mental health problems among postdocs. This finding aligns
with previous studies showing that rewards positively correlate with work engagement, job satisfaction,
and mental health among university faculty [80]. According to the theory of self-efficacy, recognition from
significant others is a crucial source of self-efficacy [39]. For postdocs, their work institutions act as significant
others, and recognition of their achievements from these institutions can enhance their self-efficacy, further
improving their mental health.

Regarding the mechanisms of influence, the three job demand variables and the three job resource
variables indirectly affect postdocs’ mental health through work-life balance satisfaction. The mediating
effect of work-life balance satisfaction is supported by existing empirical research that also analyzes the
relationship among job characteristics, life balance, and postdocs’ mental health [81]. We can also explain this
finding from a theoretical perspective. The Resource Drain Model posits that excessive resource consumption
in the work domain depletes the resources available in the life domain [55]. Postdoc jobs often involve long
working hours, frequent overtime, and high job insecurity, leading to work-life conflict and reduced work-
life balance satisfaction. If postdocs’ satisfaction remains low, they are more likely to experience mental
health problems. In contrast, other academic job characteristics, such as mentor support, job autonomy,
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and rewards, serve as job resources that help postdocs arrange work time and location flexibly, choose
research topics of interest, and collaborate with mentors on career development plans, thereby reducing
work-life conflict and enhancing work recognition and employability [82], ultimately improving work-life
balance satisfaction.

In terms of group differences, working hours have a stronger negative impact on work-life balance
satisfaction for female postdocs, while job insecurity has a stronger effect on male postdocs. This can be
understood through the perspectives of Social Role Theory, Role Theory, the Resource Drain Model, and
the Conservation of Resources Theory: female postdocs, who are more likely to assume homemaker roles,
experience greater negative effects from long working hours on their work-life balance satisfaction. In
contrast, male postdocs, who often fulfill the breadwinner role, are more adversely impacted by job insecurity.
The COVID-19 pandemic may have further intensified the negative impact of working hours on female
postdocs’ work-life balance satisfaction, as explained in detail in the third paragraph of the Section 5.

Unlike the heterogeneous effects of working hours and job insecurity, there is no significant gender
difference in the impact of overtime frequency on work-life balance satisfaction among postdocs. A possible
reason is that overtime frequency may reflect the frequency of handling urgent tasks rather than an increase
in total working hours. For instance, if postdocs frequently work overtime but for short durations, and they
can offset this by resting during workdays, their total working hours may be similar to those of non-overtime
postdocs. In such cases, the time-based conflict caused by overtime [83] might not be severe, resulting in a
relatively minor impact on female postdocs who need more family time.

5.1 Recommendation
Based on these findings, improving postdocs’ mental health and well-being, and enhancing their

role in promoting technological advancement and socioeconomic development requires joint efforts from
institutions, funding agencies, and mentors. Relevant recommendations include:

5.1.1 Increase the Provision of Job Resources
Institutions should ensure that each postdoc has a mentor and design policies to incentivize mentors

to support postdocs’ development. For example, Indiana University Bloomington’s College of Arts and
Sciences includes postdoc supervision as a criterion in promotion and tenure decisions [84]. To increase job
autonomy, funding agencies and employers can offer more funding opportunities for postdocs to explore
their research ideas [85]. Enhance the role of postdoc consortia in improving postdocs’ career development
prospects and promoting their mental health. Postdoc consortia is one of the collaborative models of
postdoctoral scholarship that can provide “excellent training opportunities, while simultaneously creating
more inclusive, financially stable, and family-friendly opportunities at this critical career stage.” In practice,
the Modelscapes Consortium is a successful example, which was funded by a $6 million Established Program
to Stimulate Competitive Research RII Track 2 grant from the National Science Foundation. Therefore,
funding agencies can establish postdoc consortia grant programs while institutions can further foster
the infrastructures necessary to support postdoc consortia [86]. Additionally, institutions should leverage
rewards to alleviate mental health problems, such as offering sabbaticals and supporting international
academic exchanges based on postdoctoral achievements. Funding agencies can establish a more diversified
evaluation system and incentive mechanism specifically for postdocs. A notable initiative was proposed by
Dutch public knowledge institutions and research funders, which advocates for a recognition and rewards
system for academics and research that prioritizes quality, content, and creativity over the number of publica-
tions [87]. Providing systematic and diverse career support, such as teaching enhancement programs [88,89]
and opportunities to connect with various postdoc-recruiting departments [11], can improve postdocs’



Int J Ment Health Promot. 2025;27(4) 443

employment competitiveness. Moreover, considering gender differences, institutions should offer targeted
mental health services, including workshops on role adaptation, work-life balance, and parenting strategies
for female postdocs.

5.1.2 Reduce Job Demands
Employers should promote a work-life balance culture and avoid pressure-induced extended working

hours. A study found that postdocs are influenced by an organizational culture where the pervasive
workaholic mindset in the U.S. compelled individuals to consistently work overtime, fostering an expectation
of extended hours in the lab [7].

5.2 Limitations and Future Studies
While this study provides insights into the relationship between job characteristics and postdocs’

mental health using data from Nature’s 2020 Global Postdoc Survey, there are several limitations. First, the
cross-sectional data may contain omitted variables, so findings reflect correlations, not causations. Future
research could use longitudinal data to better explore causal relationships. Second, the use of self-reported
measures might have introduced potential biases in the following aspects: (1) Social Desirability Biases.
Social desirability can be considered as the result of two factors: self-deception and other-deception [90].
(2) Common Method Bias. Correlations between variables measured using the same method, such as the
self-report survey in this study, may be inflated due to the effects of common method variance [91]. From
this perspective, if common method bias is severe in this study, the research hypotheses supported by the
results might not actually hold true. However, this issue is unlikely to be substantial, as common method
bias appears to be widespread. Research has shown that in many social sciences, such as applied psychology
and organizational behavior, about 31% to 98% of published research employs designs that are vulnerable
to common method bias [92]. (3) Participants from different cultural backgrounds may interpret subjective
items differently [93]. Compared to individuals from European cultural backgrounds, those from East Asian
cultural backgrounds tend to exhibit a more ambivalent and moderate response style on questionnaires [61].
For instance, when responding to a 7-point Likert scale, students in Japan and China were more likely
to choose the midpoint on the scale compared to students in the U.S. and Canada. By comparison, U.S.
respondents were more inclined to select extreme values than the other three groups. The difference in
response styles between North Americans and East Asians aligns with the distinction often drawn between
individualist and collectivist cultures [94]. Based on these findings, some variables constructed using survey
data in this study, such as the presence of mental health problems, satisfaction level with job insecurity,
mentor support, and work-life balance, may exhibit similar cultural differences. Postdocs from East Asian
cultural backgrounds may be more likely to report an absence of mental health problems (as postdocs
from collectivist cultures may be more influenced by social desirability biases) and to choose midpoints
when reporting satisfaction levels. In contrast, postdocs from North American cultural backgrounds may
be more inclined to honestly report mental health problems and select extreme values of satisfaction level.
These cultural differences could potentially lead to estimation bias. Therefore, when interpreting the findings
of this study, these factors should be taken into account. To address such biases, numerous solutions
have been proposed in prior research [90,92,93]. Future studies could take potential biases introduced
by self-reported measures into consideration during the research design phase. For example, employing
mixed methods, collecting longitudinal data, conducting randomized experiments, and combining bias
prevention and detection methods. Third, this study only examined the mediating role of work-life balance
satisfaction in the impact of job characteristics on mental health problems. Other factors, such as burnout
or psychological empowerment, might also mediate this relationship, as suggested by the JD-R model and
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related research [25,95]. Further research could explore these mechanisms in depth. Finally, this study
only investigated gender differences in the relationship between job characteristics and work-life balance
satisfaction. Future research could explore variations across countries, cultural backgrounds, and disciplines.

6 Conclusions
This study found that job-demand factors, namely working hours, overtime frequency, and job inse-

curity significantly predicted the likelihood of increasing mental health problems, while mentor support,
job autonomy and rewards as job resources mitigated these problems. All these job characteristic variables
indirectly influenced postdocs’ mental health problems through work-life balance satisfaction, with gender
moderating the relationship between job demands and postdocs’ work-life balance satisfaction. Specifically,
working hours revealed a stronger negative impact on work-life balance satisfaction for female postdocs,
while job insecurity had a stronger negative impact on male postdocs’ work-life balance satisfaction.
However, no significant difference was found in the impact of overtime frequency on work-life balance sat-
isfaction between genders, which warrants further research. Future research will benefit from going beyond
snapshot self-reported data and examining the broader causal relationships between work characteristics
and postdocs’ mental health and their mechanisms (e.g., the mediating role of burnout, work engagement,
person-job fit), as well as variations across countries, cultural contexts, and disciplines.
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