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Abstract

Objective

Previous studies found inconsistent results on the relationship between post-traumatic
stress disorder (PTSD) and concentrations of 24-hour (24-h) urinary cortisol. This study per-
formed a systematic review and meta-analysis to summarize previous findings on this
relationship.

Methods

We searched in the databases of Web of Science, PubMed, Embase, and Psyc-ARTICLES
for articles published before September 2018. We used the random-effects model with
restricted maximum-likelihood estimator to synthesize the effect sizes by calculating the
standardized mean difference (SMD) and assessing its significance.

Results

Six hundred and nineteen articles were identified from the preceding databases and 20 of
them were included in the meta-analysis. Lower concentrations of 24-h urinary cortisol were
observed in patients with PTSD when compared with the controls (SMD =-0.49, 95%CI
[-0.91; -0.07], p =0.02). Subgroup analysis revealed that the concentrations of 24-h urinary
cortisol were lower in PTSD patients than in the controls for studies that included female par-
ticipants or studies that included participants from the United States of America.

Conclusions

Overall, decreased levels of 24-h urinary cortisol were linked with the pathophysiology of
PTSD. Nonetheless, more studies should be conducted to validate the molecular underpin-
nings of urine cortisol degeneration in PTSD.
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Introduction

As a complex multifactor psychiatric disorder, post-traumatic stress disorder (PTSD) is trig-
gered by unusual shocks or catastrophic events [1], and its syndromes are characterized by
arousal, avoidance, and intrusion [2], which would cause a greater risk for debilitating physical
and mental health outcomes [3]. Therefore, PTSD can negatively affect an individual’s Quality
of Life and work performance [4,5]. In addition, some studies indicated that PTSD was directly
responsible for suicidality [6]. Thus, PTSD is an important global public health issue that
needs effective prevention and control measures [7,8].

Along with genetic predisposition, and environmental factors [9], PTSD could cause an
effect on people’s psychological state, and neurobiological state such as affecting the hypotha-
lamic-pituitary—-adrenal (HPA) axis regulation [10,11]. For example, during acute stress, the
HPA axis is activated, and the hypothalamus secretes corticotropin-releasing hormone under
the influence of serotonin from the amygdala [12]. Then, corticotropin-releasing hormone
stimulates the pituitary gland to release adrenocorticotropic hormone, which causes the adre-
nal cortex to produce cortisol, whose influence can block many immune reactions, neuronal
defensive and metabolic mechanisms [13]. These physiological processes allow an individual
to retain more energy that can be mobilised to cope adequately with the stressor. However, in
chronic stress, HPA-axis becomes inactive, leading to a decrease in cortisol secretion [14].
Among several techniques now used to assess HPA-axis functioning, the function of cortisol
measurement has come into notice. [15,16]. It has been suggested that cortisol could be used
as a biomarker in PTSD screening [17]. However, up to now, little is known about the biologi-
cal mechanisms behind this differential risk [18].

There are various biological specimens such as plasma, serum, saliva, hair, cerebrospinal
fluid and urine that could be used to measure cortisol [19-21]. Nevertheless, because of their
noninvasive nature, saliva and urine have always been chosen as the preferred sources of sam-
ples for cortisol measurement [22-24]. It is generally believed that 24-h urinary cortisol levels
provide an integrated measure that is more trustworthy than that obtained from random sali-
vary samples [25].

In future, it is expected that 24-h urinary cortisol could be a quick biomarker assay to assist
in screening patients for PTSD. Studies on 24-h urinary cortisol alterations in screening PTSD
have so far yielded inconsistent results both in direction and magnitude of hormonal changes.
Although most studies found that PTSD was associated with lower 24-h urinary cortisol out-
put, some earlier studies showed contrary results [26,27].

There had been no meta-analysis primarily examining 24-h urinary cortisol as a biomarker
for PTSD screening [28]. However, 24-h urinary cortisol had been used in subgroup analysis
of some previous meta-analyses but sample sizes were small and results were not significant
[29]. Therefore, the aim of this study was to conduct the first comprehensive systematic review
and meta-analysis on 24-h urinary cortisol alterations in PTSD. Also, regression and subgroup
analysis were used to investigate sources of heterogeneity among studies.

Methods
Data sources and search strategy

The comprehensive literature search for relevant studies followed the guidance by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria (last
search updated in September 2018) [30]. This systematic review and meta-analysis is regis-
tered, and the full protocol was uploaded to the International Prospective Register of System-
atic Reviews website (CRD42018109958).
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The search for relevant articles was restricted to articles published in the English language.
This was performed in the following four electronic databases: Web of Science, PubMed,
Embase, and Psyc-ARTICLES. The search strategy was designed in consultation with experi-
enced librarians. For example, a search strategy in the database of Embase was structured as
follows using keywords (search terms): (Curinary free cortisol:ab,ti OR ’urinary cortisol’:ab,ti
OR ’cortisol in urine’:ab,ti OR "urine cortisol’:ab,ti OR ’glucocorticoids in urine’:ab,ti OR
“urine glucocorticoid’:ab,ti OR ’steroid hormones in urine’:ab,ti OR “urine steroid’:ab,ti OR
‘urine corticosteroid’:ab,ti OR ’urinary cortisol’:ab,ti) and ("ptsd’:ab,ti OR ’posttraumatic stress
disorder’:ab,ti). In addition, hand searching was conducted in the lists of references of the
retrieved articles by XP and AC. Any inconsistencies between them were resolved by group
discussion and consensus with a third party AL.

Eligibility criteria

A study eligible for this meta-analysis had to meet the following inclusion criteria: (1) the
study had to be a case control study, which included a control group and PTSD cases, (2) the
study reported the mean and standard deviation (SD) of the 24-h urinary cortisol levels, or
these could be provided by the authors upon request, (3) the study assessed PTSD cases simul-
taneously with the assessment of the 24-h urinary cortisol levels, (4) the study was published in
English, and (5) the study reported the diagnostic criteria for PTSD. In addition, studies were
excluded if they (1) were review articles or case reports; (2) studied PTSD in combination with
HPA axis disorder disease, or studied PTSD in patients with other mental illnesses, who used
psychotropic medication or other medications which could influence the HPA axis and corti-
sol concentrations, and (3) studied non-humans or were vitro experiments or animal research.

Data extraction

Two researchers [XW and ZW] independently screened and selected eligible articles [31]. A
third party was involved in consultations to make the final decision in the event of disagree-
ments [AL]. Moreover, the grey literatures (non-published literatures) were excluded from our
study [32].

In relation to the purpose of this study, the following information were extracted from the
eligible studies by two independent investigators [AC and XW]: (1) name of first author, and
publication year; (2) geographical area of the study; (3) characteristics of PTSD participants
such as trauma type, age (mean, SD), gender distribution, and body-mass index (BMI) (mean,
SD); (4) sample characteristics such as sample size, and concentrations of 24-h urinary cortisol
(mean, SD); (5) PTSD assessment method; and (6) 24-h urinary cortisol collection and assay
methods, intra-assay variation, inter-assay variation, storage temperatures and sensitivity. All
the extracted data were organized in EpiData 3.0 and saved in Excel.

Quality evaluation

The Newcastle-Ottawa Quality Assessment Scale (NOS) was used to assess the quality of the
eligible studies [33]. Therefore, each eligible study was evaluated based on the three broad per-
spectives: (1) Selection; (2) Comparability; and (3) Outcome. Two investigators [XP and AC]
independently assessed and graded the eligible studies. Any inconsistencies between them
were resolved by group discussion with a third party [AL]. According to the pre-specified cri-
teria of this scale, studies scoring 7-9, 4-6, and 0-3 points were graded, respectively, as high,
moderate, and low quality.
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Statistical analysis

All analyses were conducted in R software (version R 1386 3.4.2). Accordingly, meta-analysis
was carried out in the package, meta, and meta-regression analysis was performed in the pack-
age, metafor. The standardized mean difference (SMD) of the 24-h urinary cortisol levels
between the PTSD and the control groups was calculated using Cohen’s d [34]. Moreover, by
using restricted maximum-likelihood estimator to synthesize the effect sizes reported in the
eligible studies, random-effects models were fitted. The Q-test was carried out to examine
whether there was heterogeneity in the results from the eligible studies. This heterogeneity was
quantified using the I” statistic (I* = 0% indicates no heterogeneity and I* = 100% indicates
maximal heterogeneity) [34]. In order to explore sources of heterogeneity between the eligible
studies, subgroup analysis was performed with respect to controls type. Specifically, the follow-
ing subgroups were used for subgroup analyses in this study: study country (USA or not USA);
controls type (trauma-exposed controls (TC) or non-trauma-exposed controls (NTC)); and
assayed methods (radioimmunoassay (RIA) or other). Besides, the fact that gender-specific
24-h urinary cortisol concentration data were not provided by the eligible studies, an eligible
study with over 50% proportion of women in the total sample was defined as examining female
subjects. In this way, subgroup analysis in relation to gender was performed. In addition, sensi-
tivity analysis was performed to prove the stability of the results. Also, potential publication
bias was assessed using the symmetry of a funnel plot, whose interpretation was verified by the
Egger’s linear regression test [35].

Finally, in all the statistical tests, the level of significance was set at the 5%, and all tests were
two-sided. Furthermore, other sources of heterogeneity were explored using meta-regression
analysis. Therefore, the following categorical variables were considered for the meta-regression
model: country (USA = 1, other = 0), trauma type (combat = 1, other = 0), controls type
(TC=1,NTC =0), gender (male = 1, female = 0), PTSD assessment (Diagnostic and Statistical
Manual of Mental Disorders 4th edition (DSM-IV) = 1, other = 0), assayed method (RIA =1,
other = 0), frozen samples (report = 1, unreported = 0). In addition, the following continuous
variables were considered for the meta-regression model: age, study quality and BMI

Resulits
Literature search and eligible studies

The search of literature yielded 619 relevant articles from Web of Science (373), PubMed (56),
Embase (72), and PsycARTICLES (118). After that, 58 duplicates were deleted, leaving a total
of 561 relevant articles. The abstracts of these articles were then reviewed to assess their eligi-
bility. Following this assessment, 473 articles did not meet the inclusion criteria, hence they
were excluded. Furthermore, full texts of the 88 articles were reviewed and this resulted in the
exclusion of 68 articles. In the end, 20 eligible articles met the inclusion criteria and were
included in the final meta-analysis (Fig 1).

Characteristics of the articles

Table 1 presents study characteristics of the 20 eligible studies. Most articles reported controls
type, 24-h urinary cortisol collection time, 24-h urinary cortisol collection and assay methods,
characteristics of PTSD participants (trauma type, age (mean, SD), BMI, and gender distribu-
tion), inter-assay variation, 24-h urinary cortisol intra-assay variation, sensitivity and storage
temperature. Three studies were judged to be of high-quality (total score >7), 15 of moderate
quality, and 2 of low quality (Table 1).
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Fig 1. Flow chart of study selection. Showing the process by which relevant studies were retrieved from the databases, assessed, and selected, or excluded.
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) diagram for study search.

https://doi.org/10.1371/journal.pone.0227560.g001

24-h urinary cortisol overall comparison

Fig 2 presents a forest plot for the SMD constructed from a random-effects model of the con-
centrations of the 24-h urinary cortisol between PTSD patients and controls in the 20 eligible
studies. Lower concentrations of 24-h urinary cortisol were found in patients with PTSD than
in the controls (SMD =-0.49, 95%CI [-0.91; -0.07], p = 0.021), but with considerable heteroge-
neity (I = 89%, and p< 0.0001 for the Q-test).
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PTSD Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Pitman1990 20 107.30 37.00 15 80.50 25.90 S l—— 0.80 [0.10; 1.50] 5.2%
Lemieux1995 11 111.80 55.80 9 83.10 28.90 T 0.60 [-0.31; 1.50] 4.7%
Baker, D G1999 11 84.40 5530 12 76.20 19.70 —i— 0.19 [-0.63; 1.01] 4.9%
De Bellis, M D1999 18 57.35 15.88 24 43.62 20.58 —— 0.72 [0.09; 1.35] 5.3%
Delahanty2000 9 1832 838 46 33.66 15.73 —.— -1.02 [-1.76;-0.28] 5.1%
Yehuda2000 12 48.30 27.00 15 65.10 25.70 —B— -0.62 [-1.40; 0.16] 5.0%
Rasmusson2001 12 42.80 4.20 8 34.60 4.80 —i 177 [0.68; 2.85] 4.3%
Yehuda2001 10 42.06 21.87 32 58.44 20.90 —il— -0.76 [-1.49;-0.03] 5.1%
Otte2005 20 52.00 15.00 16 43.00 23.00 —— 0.46 [-0.20; 1.13] 52%
Bierer2006 32 46.30 20.00 10 72.20 22.40 —.—- -1.24 [-2.00; -047] 5.0%
Wheler2006 10 50.56 15.54 10 73.93 30.85 ——— -0.92 [-1.85; 0.02] 4.6%
Videlock2007 21 36.83 31.22 102 39.70 47.37 —— -0.06 [-0.53; 0.41] 5.6%
Yehuda2007 6 4290 8.60 10 61.20 730 <—W— -2.22 [-3.57;-0.88] 3.7%
Lemieux2008 11 2220 9.80 12 82.20 3440 —l—— -2.24 [-3.33;-1.16] 4.3%
Yehuda2008 23 4946 27.15 19 71.31 34.71 —.— -0.70 [-1.32;-0.07] 5.3%
Yehuda2009 51 3760 240 22 51.20 3.80 < : -4.66 [-5.59;-3.74] 4.7%
Mcfarlane2011 10 66.22 1294 26 69.63 38.31 : -0.10 [-0.83; 0.63] 5.1%
Masoudzadeh2013 20 72.74 37.84 20 74.56 22.61 -0.06 [-0.68; 0.56] 5.3%
Bader, H N2014 42 46.70 23.70 26 59.30 32.10 -0.46 [-0.95; 0.04] 5.6%
Wingenfeld2015 193 27.20 20.20 304 30.90 21.10 -0.18 [-0.36; 0.00] 6.0%
Random effects model 542 738 -0.49 [-0.91; -0.07] 100.0%

Heterogeneity: 12 = 89%, 1° = 0.7444, p < 0.01 ' ' ' '

=3 =2 =1 0 1 2

Decreased in PTSD Decreased in controls
Fig 2. Forest plot of 24-h urinary cortisol between PTSD participants and controls. Study effect sizes of urinary cortisol concentrations differences between
PTSD and controls. Each data marker represents a study, and the size of the data marker is proportional to the total number of individuals in that study. The

summary effect size for each urinary cortisol concentration is denoted by a diamond. PTSD, post traumatic stress disorder; SMD, standardised mean
difference.

https://doi.org/10.1371/journal.pone.0227560.9002

Table 2. Subgroup analysis.

N SMD (95% CI) Zvalue |pvalue | Heterogeneity
Q statistic (DF; p value) 'S I’

All 20 -0.49 [-0.91; -0.07] -2.30 0.021 168.10 19 < 0.0001 0.74 88.70%
Study country
USA 17 -0.55 [-1.05; -0.05] -2.16 0.031 166.87 16 < 0.0001 0.94 90.40%
Not USA 3 -0.26 [-0.60; 0.08] -1.48 0.140 1.21 2 0.5458 0.00 0.00%
Gender
Female 10 -0.58 [-1.09; -0.07] -2.23 0.026 8.69 9 0.5071 0.03 11.30%
Male 10 -0.43 [-1.08; 0.23] -1.28 0.200 119.259 < 0.0001 0.97 92.50%
Controls type
TC 9 -1.10 [-1.77; -0.43] -3.21 0.001 105.39 8 < 0.0001 0.91 92.40%
NTC 11 0.016 [-0.51; 0.54] 0.06 0.952 51.07 10 < 0.0001 0.62 80.40%
Assayed methods
RIA 18 -0.51 [-0.97; -0.04] -2.14 0.032 165.89 17 < 0.0001 0.84 89.80%
Other 2 -0.37 [-1.00; 0.25] -1.17 0.241 2.0210.1555 0.10 50.40%

PTSD, post traumatic stress disorder; SMD, standardised mean difference; DF, degrees of freedom; TC, trauma-

exposed controls; NTC, non-trauma-exposed controls; RIA, radioimmunoassay; USA, United States of America.

https://doi.org/10.1371/journal.pone.0227560.t002
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Subgroup analyses

Table 2 presents the subgroup analyses for 24-h urinary cortisol levels between PTSD patients
and controls. For studies conducted in the USA, patients with PTSD had highly significant
lower concentrations of 24-h urinary cortisol than the controls (SMD = -0.55, 95%CI: [-1.05;
-0.05], p = 0.031), while for studies conducted elsewhere there was no significant difference.
Additionally, subgroup analysis with respect to gender indicated that females with PTSD had
lower concentrations of 24-h urinary cortisol than female controls (SMD = -0.58 95%CI:
[-1.09; -0.07], p = 0.026), but no such difference was observed between males with PTSD and
male controls. Besides, gender significantly explained a large amount of the overall heterogene-
ity, but still with residual heterogeneity (I = 11.3%). Furthermore, subgroup analysis by con-
trols type showed significant lower concentrations of 24-h urinary cortisol in patients with
PTSD than in the trauma exposed controls (SMD = -1.10, 95% CI: [-1.77; -0.43], p = 0.001),
while there was no significant difference between PTSD patients and the non-trauma-exposed
controls. In the subgroup analysis according to assay methods, the concentrations of 24-h uri-
nary cortisol were significantly lower in patients with PTSD than in the controls when radio-
immunoassay (RIA) was used (SMD = -0.51, 95%CI [-0.97; -0.04], p = 0.032), while no
difference was found when other assay methods were used.

Meta-regression analyses

Table 3 presents the results of meta-regression analysis. The results were not significant in rela-
tion to country, controls type, gender, assayed method, frozen samples, study quality and BMI.
However, after introducing trauma type (b = 2.7401, 95%CI 1.1920; 4.2881, p = 0.0005), PTSD
assessment (b = 1.2768, 95%CI 0.1214; 2.4321, p = 0.0303) and age (b =-0.0831, 95%CI
-0.1380;-0.0282, p = 0.0030) in the meta-regression analysis model, the heterogeneous sources
could be explained, and the difference was significant.

Sensitivity and bias analysis

There was little change in the SMD and corresponding 95% CI when studies were excluded
one at a time, indicating low sensitivity of this meta-analysis. Also, no asymmetry was observed
in the shape of the Egger’s funnel plot, and the p value (0.31) of the Egger’s test was not signifi-
cant (Fig 3), implying small chance of publication bias [35].

Table 3. Separate univariate meta-regression model of 24-h urinary cortisol in PTSD.

Estimate Standard error Z value p value 95% CI
intrcpt -0.0053 1.6385 -0.0033 0.9974 -3.2168 3.2061
Country 0.2804 0.6661 0.4209 0.6738 -1.0251 1.5859
Trauma type 2.7401 0.7898 3.4692 0.0005 1.1920 4.2881
Controls type -0.1990 0.6375 -0.3121 0.7550 -1.4485 1.0505
Gender -0.6820 0.7575 -0.9003 0.3679 -2.1665 0.8026
PTSD Assessment 1.2768 0.5895 2.1660 0.0303 0.1214 2.4321
Assayed method 0.5837 0.6771 0.8621 0.3886 -0.7433 1.9107
Frozen samples -1.1668 0.8209 -1.4214 0.1552 -2.7757 0.4421
BMI -0.2769 0.5085 -0.5446 0.5860 -1.2735 0.7197
Age -0.0831 0.0280 -2.9686 0.0030 -0.1380 -0.0282
Study quality 0.3754 0.2794 1.3434 0.1791 -0.1723 0.9230

PTSD, post-traumatic stress disorder; BMI, Body Mass Index.

https://doi.org/10.1371/journal.pone.0227560.t003
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Fig 3. Egger funnel plots of 24-h urinary cortisol. Egger funnel plots to assess publication bias. Plots show study size as a function of effect size for studies
included in the meta-analysis. The dots represent each study.

https://doi.org/10.1371/journal.pone.0227560.9003

Discussion

According to the best of our knowledge, this is the first meta-analysis comparing the 24-h uri-
nary cortisol levels data between PTSD patients and the controls. In order to obtain relatively
larger sample size, we expanded the scope of article searching in the online electronic data-
bases, which brings 20 eligible studies with a total of 543 participants with PTSD and 738 con-
trols. In the overall study sample, concentrations of 24-h urinary cortisol were lower in
patients with PTSD than in controls. Therefore, the conclusions from this study are more
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comparative and persuasive compared with the previous studies. Besides, different from the
preceding studies, this study only concerns with 24-h urinary cortisol concentration levels
when studying its connection with PTSD.

In addition to data on the differences in the 24-h urinary cortisol levels between PTSD
patients and the controls, this study also analyzed almost all factors that may affect 24-hour
urinary cortisol levels, including subgroup analyses. In particular, a lower 24-h urinary cortisol
levels was found in PTSD patients as compared to the controls. However, the heterogeneity
was quite large; suggesting that there may be differences based on some certain subgroups. It is
worth noting that our study had significant heterogeneity among the studies, which is not sur-
prising considering the differences between research variations, such as participant character-
istics. The previous meta-analyses only included the 24-h urinary cortisol levels data in
subgroup analysis, but no significant differences were found between PTSD patients and the
controls because of the limited sample size of the studies used [29].

Although previous studies had obtained consistent findings that plasma cortisol levels in
PTSD patients was lower than that of the controls [36], they did not find significant difference
in the 24-h urinary cortisol levels between PTSD patients and the controls [37]. In addition,
these studies did not take into account the sample source when measuring cortisol concentra-
tion levels, such as plasma/serum, saliva or urine samples. Yet, it is generally known that the
level of cortisol concentration between sufficient samples varies with different sample sources.
Therefore, without taking the preceding factors into account, results of a meta-analysis on the
critical relationship between cortisol concentration levels and PTSD could be compromised.
Furthermore, subgroup analysis indicated that the 24-h urinary cortisol levels were lower in
the PTSD patients than in the controls for studies conducted in the United States of America,
whereas no difference was found in the studies conducted elsewhere. In general, females are
twice as likely as males to develop PTSD; perhaps because females appear to have a more sensi-
tized HPA axis with lower overall plasma cortisol as males, which are especially of interest with
respect to cortisol, which interacts with sex hormones [38].

Accordingly, the findings of this study suggested that females with PTSD had lower levels
of 24-h urinary cortisol than female controls, whereas there was no significant difference of the
same between males with PTSD and male controls. However, up to now, little is known about
the biological mechanisms behind the preceding association between the 24-h urinary cortisol
levels and PTSD in females. In spite of that, this association could explain why women are
more vulnerable than men to the development of post-trauma symptoms, and take longer
than men to recover from them [39]. Also, this study found that the 24-h urinary cortisol levels
were lower in the PTSD patients than in the controls in studies that used trauma-exposed con-
trols, while no significant group difference of the same was found for studies that used non-
trauma-exposed controls.

When 24-h urinary cortisol collection method [40], and storage methods of 24-h urinary
cortisol has be unified [41]. The 24-h urinary cortisol could be a quick biomarker assay to assist
in screening a possibility for screening a lot of people with PTSD [10,42]. Furthermore, meta-
regression analysis results suggested that trauma type may be a source of heterogeneity, imply-
ing that levels of the 24-h urinary cortisol in PTSD caused by combat, for example, are differ-
ent from levels of the same in PTSD caused by other trauma types. Nevertheless, the eligible
studies did not provide information regarding severity of PTSD; hence this was not taken into
account in this study. Therefore, the preceding result should be interpreted with caution. As
regards studies using DSM-IV method to diagnose PTSD, the 24-h urinary cortisol levels were
significantly different between PTSD patients and controls, while no group difference of the
same was found when other diagnostic methods were used. This observation supports the
importance of using valid diagnostic tools for PTSD assessment [43].
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Also, age in this study explained some of the heterogeneity. This is consistent with results of
a previous study, suggesting that the increased risk for developing PTSD is associated with
lower concentrations of cortisol in both adults and children [44]. That is, during childhood,
trauma exposure may have greater potential of devastating HPA, disrupting brain maturation
and affecting the development of the frontal cortex, leading to long-term changes in the HPA
response [45]. This may be related to prefrontal cortex development, corpus callosum myelina-
tion, and synaptic elimination in the developmental traumatology models. In addition, the low
activity of the HPA in adults indicates a greater cumulative lifetime of trauma exposure, adap-
tation of the HPA axis, and the risk of developing PTSD [44].

Limitations and strengths

However, this study has several limitations. First, due to the limited sample size, the effects of
race, age and stressor patterns were not examined. Second, we were unable to use all studies in
the subgroup analyses because not all eligible studies reported the subgroups of interest. Third,
some studies did not report the use of urine standardization to control variability associated
with urine dilution. Lastly, we included only articles published in English and excluded grey
literatures. Therefore, this meta-analysis is prone to selection bias.

Conclusions

Despite the preceding limitations, the results of this meta-analysis provide convincing evi-
dence that lower concentrations of 24-h urinary cortisol may be associated with PTSD. How-
ever, it is worth noting that numerous often-overlooked factors may have a confounding
influence on the concentrations of 24-h urinary cortisol. Therefore, future studies should eluci-
date whether low 24-h urinary cortisol is related to trauma type, age, or PTSD assessment
methods.
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