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Abstract
Objective: Month of birth (MOB) is associated with specified mental disorders 
(MDs). However, whether these relationships extend to all MDs remains unclear. We 
investigate the association using a population- based cohort study and a meta- analysis.
Methods: First, we examined patients with 34 DSM- 5- classified MDs in the Taiwan 
national database. We estimated the relative risk ratios (RR) of each illness in each 
MOB relative to that in the general population and assessed the periodicity, with six 
further sensitivity analyses. Second, we searched PubMed, Embase, and Cochrane for 
related articles through 31 December 2020. We used a random- effects model, pooled 
RRs with 95% confidence intervals of each MOB from the identified studies, and 
transformed them from MOB to relative age in a year or season.
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1 |  INTRODUCTION

Previous studies have provided evidence that month of birth 
(MOB) is associated with an increased risk of specific mental 
disorders (MDs), such as autism spectrum disorder (ASD),1 
attention- deficit/hyperactivity disorder (ADHD),2 schizo-
phrenia,3 bipolar disorder,4 and depressive disorder.5 The 
influence of MOB on childhood- related disorders may result 
from the cutoff dates for school enrollment.2 There is gener-
ally a 12- month age span among students within a grade, and 
individuals who are relatively younger have poorer school 
performance and a higher risk of ADHD than their peers.6 
In addition, seasons could be another factor affecting the 
onset of MDs, such as schizophrenia. Two meta- analyses 
have shown a 3% to 7% higher rate among people born in 
the winter compared to those born in other seasons in both 
the Northern and Southern Hemispheres.7,8 It has been sug-
gested that meteorological factors (such as ambient tempera-
ture and bright sunshine) and various infectious agents,9- 11 
which are more prevalent in some months or seasons, result 
in differences in individual vulnerability during the perinatal 
period.12

The season or age effects due to MOB offer interesting 
clues regarding the impact of prenatal exposures13 and early 
life experiences at school6 on the risk of some MDs and may 
have an important influence on future health policy (eg, im-
mature children may delay starting school to decrease the risk 
of ADHD14). However, whether the effect exists in other MDs 
remains uncertain. For example, evidence regarding this rela-
tionship in many illnesses classified in the newest Diagnostic 
and Statistical Manual of Mental Disorders, fifth edition 
(DSM- 5), such as posttraumatic stress disorder, is limited.15 
A comprehensive assessment of all main categories of MDs 
in the DSM- 5 is needed. Moreover, a recent study indicated 
that an association between MOB and depression was largely 

nonexistent.16 Therefore, it is useful to adopt a systematic ap-
proach to assess the current evidence regarding such associ-
ations in major MDs.

1.1 | Aims of the Study

First, we aimed to use the Taiwan nationwide health insur-
ance database from 1995 to 2013 to investigate the relation-
ships between month of birth and the risks of the main mental 
disorders classified in the Diagnostic and Statistical Manual 
of Mental Disorders, fifth edition. Second, we incorporated 
our findings with those of previous studies in recent decades 

Summations
• Children who were relatively young when they 

start school had an increased risk of a diagnosis 
of intellectual disability, autism, and attention- 
deficit/hyperactivity disorder.

• Winter births had a high risk of schizophrenia, 
bipolar I disorder, and major depressive disorder, 
and autumn births had a high risk of alcohol use 
disorder

• No specified season had a predominant risk of 
Alzheimer's disease, anorexia nervosa, and bu-
limia nervosa.

Limitations
• The population- based study and meta- analyses fo-

cused on reports in which patients were assessed 
within the last 30 years, so they lacked epidemio-
logical findings before 1990.

Results: The cohort included 1,951,777 patients. Except for posttraumatic stress disor-
der, dissociative disorders, feeding/eating disorders, gender dysphoria, and paraphilic 
disorders, the other MDs had significant MOB periodicity. The meta- analysis included 51 
studies investigating 10 MDs. The youngest age at the start of school owing to MOB was 
associated with the highest RRs of intellectual disability (1.13), autism (1.05), attention- 
deficit/hyperactivity disorder (1.13). Winter births had significant risks of schizophrenia 
(1.04), bipolar I disorder (1.02), and major depressive disorder (1.01), and autumn births 
had a significant risk of alcohol use disorder (1.02). No significant associations between 
season of birth and Alzheimer's disease, or eating disorders were found.
Conclusions: MOB is related to the risks of certain MDs. This finding provides a 
reference for future research on the etiology of MDs.
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investigating major mental disorders by performing a sys-
tematic review and meta- analysis.

2 |  MATERIAL AND METHODS

2.1 | Taiwan population- based cohort study

Chang Gung Medical Foundation Institutional Review Board 
approved this project (201801250B0). This cohort study 
followed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines (Table S1).17 
To comprehensively investigate the associations between 
MOB and MDs, we performed a population- based cohort 
study using data from the Taiwan National Health Insurance 
(NHI) program. The NHI program was implemented in 1995 
as the sole payer for healthcare services and covered 99% 
of Taiwan's population. In this study, the data of a cohort of 
individuals born between 1 January 1900 and 31 December 
2013 were extracted from the National Health Insurance 
Research Database (NHIRD), which was derived from the 
reimbursement medical claims records of the NHI program. 
The NHIRD includes personal information, such gender, 
date of birth, place of residence, income status, and clinical 
diagnostic codes (International Classification of Diseases, 
Ninth Revision, Clinical Modification; ICD- 9- CM).18

2.2 | Assessment of individual birth months

We selected and matched patients with MDs and general 
population in the NHIRD by their MOBs. Data were analyzed 
according to each MOB (January to December); the months 
were also divided into four groups by birth quarter to de-
note the relative age within the grade cohort of children with 
childhood- onset disorders6 (in Taiwan, level 1: September to 
November, level 2: December to February, level 3: March to 
May, and level 4: June to August; children in level 1 were the 
oldest, and those in level 4 were the youngest. Table S11 lists 
the school enrollment month in other countries, which varies 
across different areas) or by season for all other MDs (spring: 
March to May, summer: June to August, autumn: September 
to November, and winter: December to February).

2.3 | Assessment of MDs

This cohort included all patients with a diagnosis of MD 
in the NHIRD. For each patient, the date of onset was de-
fined as the first day of each DSM- 5 diagnosis of interest 
by a board- certified psychiatrist based on clinical judgment 
and diagnostic interviews in outpatient or inpatient settings. 
Then, we calculated the age of onset of the patient. Besides, 

the items considered for the main classification in the DSM- 5 
are more detailed than those in the ICD. For example, bipo-
lar and depressive disorders, which are separate entities in 
the DSM- 5, are classified as mood disorders in the ICD.15 
Hence, we examined a broad range of MDs according to 
their classifications in the DSM- 5. However, substance-  or 
medication- induced MDs and MDs due to another medi-
cal condition were classified as other independent disorders 
without further analysis. The major MDs (12 primary and 15 
secondary diseases) are shown as follows, and all MDs (19 
primary and 15 secondary diseases) with diagnostic codes are 
listed in Table S2:

 1. Neurodevelopmental disorders (neurodevelopmental-
 Ds), with separate analyses for intellectual disability, 
ASD, ADHD, and tic disorder;

 2. Disruptive, impulse control, and conduct disorders 
(disruptive- ICCDs);

 3. Schizophrenia spectrum and other psychotic disorders 
(schizophrenia- SOPDs), with a separate analysis for 
schizophrenia;

 4. Bipolar and related disorders (bipolar- RDs), with a sepa-
rate analysis for bipolar I disorder (BID);

 5. Depressive disorders (depressive- Ds), with a separate 
analysis for major depressive disorder (MDD);

 6. Anxiety disorders (anxiety- Ds), with separate analyses 
for panic disorder and generalized anxiety disorder;

 7. Obsessive- compulsive and related disorders (obsessive- 
CRDs), with a separate analysis for obsessive- compulsive 
disorder (OCD);

 8. Sleep- wake disorders (sleep- WDs);
 9. Substance- related and addictive disorders (substance- 

RADs), with a separate analysis for alcohol use disorder 
(AUD);

 10. Neurocognitive disorders (neurocognitive- Ds), with a 
separate analysis for Alzheimer's disease;

 11. Trauma-  and stressor- related disorders (trauma- SRDs), 
with a separate analysis for posttraumatic stress disorder 
(PTSD);

 12. Feeding and eating disorders (feeding- EDs), with sepa-
rate analyses for anorexia nervosa and bulimia nervosa.

2.4 | Statistical methods and 
sensitivity analyses

For each MD, individuals were observed from 1 January 
1995 to the onset of the outcome or 31 December 2013. 
To assess the presence of an MOB effect on each MD, we 
performed Walter & Elwood's (W&E) tests to estimate the 
within- year fluctuations with 12- month periodicity.19 The 
W&E tests examine seasonality by assessing the amplitude 
of the seasonal variation and the time at which the maximum 
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occurs in an expected simple harmonic fluctuation accord-
ing to the general population and whether the distribution of 
patients follows a simple seasonal curve. Moreover, we cal-
culated the ratio of the relative risk (RR, the distribution of 
MOBs in the patients relative to those in the general popula-
tion). An RR greater than 1 suggests an increased risk of the 
target disorder in those born within a particular month. All 
analyses were conducted with SAS version 9.4 and R ver-
sion 3.6.1 (package season20). Due to the use of multiple tests 
for the various MDs, we considered the estimates statistically 
significant if the P- value was less than 0.0025, thus approxi-
mating a Bonferroni correction.

We performed 6 sensitivity analyses (SAs) to assess the 
robustness of our results and examine the influence of poten-
tial bias in our study. First, to improve the diagnostic stabil-
ity and validity, we increased the thresholds for the inclusion 
criteria of diagnosis by psychiatrists to at least three times 
(SA1).21 Second, as different disorders may be comorbid, 
the same individual may have multiple MDs.22 We restricted 
the inclusion criteria to patients who had no more than one 
psychiatric comorbidity to reduce the effects of comorbidi-
ties (SA2). Third, to explore potential bias due to gender, we 
repeated the primary analysis in only the male group (SA3). 
Fourth, to investigate the effect of MOB on the onset age, we 
analyzed only the early- onset group6; the early onset group 
comprised those for whom the age at onset of a specified psy-
chiatric illness was below the average age of onset (SA4). 
Fifth, to avoid the potential influence of urbanization on our 
outcomes,12 we performed subgroup analyses of those living 
in highly urbanized areas (SA5). The urbanization levels in 
Taiwan were divided into 4 strata, with level 1 referring to the 
most urbanized. In this study, we selected level 1 and level 2 
for the analysis. Sixth, the income status may have an effect 
similar to urbanization12; therefore, we selected patients with 
an income lower than the average for further analysis (SA6).

2.5 | Systematic review and meta- analysis

To compare the results of the Taiwan cohort to studies in 
other countries, we conducted a systematic review and meta- 
analysis following the Meta- analyses Of Observational 
Studies in Epidemiology (MOOSE) guidelines23 (Table S6), 
and the detailed information is provided in the eMethods. 
In brief, we identified potential studies by searching the 
PubMed, Embase, and Cochrane Central databases from 
their inception to 31 December 2020. We used the following 
inclusion criteria: 1) Cohort and case– control studies were 
included, but case series or reports, conference papers, proto-
cols, and nonpeer- reviewed articles were excluded; 2) stud-
ies conducted after 1990 were included to match our cohort 
period; 3) studies that enrolled patients with select disorders 
and excluded individuals with limited symptoms of disorders 

were included; 4) the outcome of the studies showed a com-
plete 12- month distribution, except for those investigating 
neurodevelopmental- Ds, which reported 12- month or 4- level 
distributions; one level comprised three months, and level 
1 was the first birth quarter of a school year in the country 
(eg, the patients in level 1 had birth dates from September 
to November in Taiwan and were the oldest in the grade co-
hort); 5) different studies with potentially duplicate partici-
pants were screened, and we included only the study with the 
largest sample size; and 6) if only one study investigated a 
specified MD, we did not perform a further meta- analysis.

The risk of bias was evaluated by Hoy's risk of bias tool, 
which measures internal and external validity to assess the 
prevalence of studies concerning various health conditions 
with different designs.24 We adopted the random- effects model 
for the meta- analysis comparing the RRs of the same MOBs 
across different studies, which were expressed as RRs- meta 
with 95% confidence intervals (CIs). For months in opposing 
seasons between the Northern and Southern Hemispheres, we 
matched the month in the country in the Southern Hemisphere 
to that in the Northern Hemisphere (eg, January in the Southern 
Hemisphere was matched to July in the Northern Hemisphere). 
In addition, we converted the MOBs into corresponding lev-
els or seasons for further analysis. A Chi- square (X2) test was 
used to evaluate the differences in the birth month, season, or 
level. We also assessed the heterogeneity among studies using 
Cochran's Q test and the I- square test,25 and publication bias 
was assessed in more than 10 included studies through fun-
nel plots and Egger's test.26 All analyses were performed with 
Comprehensive Meta- Analysis software version 3.

3 |  RESULTS

3.1 | Characteristics of population- based 
cohort and meta- analysis

This Taiwanese cohort included a total of 29 074 024 per-
sons, including 1 951 777 patients with any MD who were 
followed from 1995 through 2013. The selection process 
(Figure  S1) and demographic data of the included patients 
(Table  S3) are shown in the Supplement. Table  1 lists the 
RRs of major psychiatric disorders by month (whole spec-
trum of MDs is shown in Table S4). In general, these MDs 
can be classified into three categories by the pattern of birth 
distribution, including childhood- onset disorders (Figure 1), 
MDs with significant periodicity (Figure 2, eFigure 2), and 
MDs without significant periodicity (Figure 3, Figure S3).

In a further systematic review, we identified 10 disorders 
(intellectual disability, ASD, ADHD, schizophrenia, BID, 
MDD, AUD, Alzheimer's disease, anorexia nervosa, and bu-
limia nervosa) in 51 articles conducted in 25 countries involv-
ing 1 539 811 patients.1,3,5,6,27- 73 The meta- analytic results of 
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our findings and included studies are summarized in Table 2. 
Similar to the previous 3 categories in the cohort, relatively 
young children have a higher risk of childhood- onset disorders 
(intellectual disability, ASD, and ADHD); people born in the 
winter or autumn have a significantly higher risk of schizo-
phrenia, BID, MDD, AUD, and Alzheimer's disease than 
those born in other seasons; and the risk of anorexia nervosa 
and bulimia nervosa does not apparently differ by any birth 
month or season. Heterogeneity varied across different MDs, 
and Egger's tests of ADHD and schizophrenia (≥ 10 included 
studies) did not identify any risk of publication bias. Further 
detailed information concerning the meta- analysis is provided 
in the eResults, including the selection flowchart, exclusion 
reasons, characteristics and bias of the included studies, school 
enrollment month in all countries, heterogeneity results, forest 
plots, and funnel plots (Tables S7- S12, Figures S7- S19).

3.2 | Childhood- onset disorders

Figure  1 reveals the RRs of childhood- onset disorders in 
this study (neurodevelopmental- Ds, including intellectual 

disability, ASD, ADHD, and tic disorders, and disruptive- 
ICCDs). The pattern of risk distribution was A- shaped, with 
a highly pronounced drop between August and September. 
Moreover, six SAs of the diseases further showed similar dis-
tributions (Figure S4). When the MOB was converted to the 
relative age level in the school year, Taiwanese individuals 
born in level 1 (September to November, RR range: 0.81– 
0.98) were the oldest and had lower risks of childhood- onset 
disorders than those born in level 4 (June to August, RR 
range: 1.07 to 1.29) as shown in Table 1. A similar finding 
was found in the current meta- analysis of intellectual disabil-
ity, ASD, and ADHD (Table 2), with a notably increased risk 
from level 1 to level 4 (intellectual disability, RR 0.92 [95% 
CI, 0.89 to 0.95] to 1.13 [1.08 to 1.18]; ASD, 0.96 [0.94 to 
0.97] to 1.05 [1.01 to 1.09]; ADHD, 0.87 [0.85 to 0.89] to 
1.13 [1.09 to 1.16]).

3.3 | MDs with significant periodicity

Most major MDs in the DSM- 5 had apparent periodicity in 
risk by MOB (Table  1) as follows: schizophrenia- SOPDs, 

F I G U R E  1  Relative risk ratio for childhood- onset disorders by month. A, Neurodevelopmental- Ds = neurodevelopmental disorders; 
ID = intellectual disability; ASD = autism spectrum disorder; ADHD = attention- deficit/hyperactivity disorder; TD = tic disorder. B, Disruptive- 
ICCDs = disruptive, impulse control, and conduct disorders [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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bipolar- RDs, depressive- Ds, anxiety- Ds, obsessive- CRDs, 
sleep- WDs, substance- RADs, and neurocognitive- Ds. The 
risk distributions of these disorders slightly differed, but their 

overall RRs showed an approximate U- shaped pattern, with 
the lowest risk between March and July (mainly in the spring 
to summer) and the highest risk between August and February 
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(mostly in the autumn or winter) as shown in Figure 2. In the 6 
SAs of these disorders, the seasonality of some illnesses was 
attenuated (Table S5). Notable attenuations were observed in 
SA2 (fewer psychiatric comorbidities) and SA4 (early- onset). 
In SA2, some diseases did not have obvious periodicity after 
limiting the patients to only those with one comorbidity, such 
as bipolar- RDs, obsessive- CRDs, and substance- RADs. In 
SA4, a pattern similar to the A- shaped distribution of the 
childhood- onset disorders existed for many early- onset MDs, 
such as schizophrenia- SOPDs, bipolar- RDs, depressive- Ds, 
and anxiety- Ds (Figure S5).

Regarding the meta- analysis of these diseases (Table 2), 
significantly high RRs were observed in December and 
January for schizophrenia (1.05 [1.01 to 1.08] and 1.06 
[1.03 to 1.08]), January for MDD (1.01 [1.004 to 1.03]), 
November for AUD (1.02 [1.00002 to 1.05]), and September 
for Alzheimer's disease (1.04 [1.001 to 1.08]). When MOB 
was converted to season, the RRs of schizophrenia, MDD, 
and AUD remained consistently high in their relative season 
(schizophrenia in the winter, 1.04 [1.02 to 1.06]; MDD in 
the winter, 1.01 [1.004 to 1.02]; AUD in the autumn, 1.02 
[1.003 to 1.03]). Although the RR of Alzheimer's disease in 
the autumn did not reach significance, the RR in autumn- 
winter was greater than 1 compared to that in spring- summer. 

Moreover, BID had a relatively high RR between October 
and March (1.01 to 1.04) and a significantly high RR in the 
winter (1.02, [1.00 to 1.04]).

3.4 | MDs without significant periodicity

The birth distributions of patients with PTSD (a component 
of trauma- SRDs), feeding- EDs, dissociative disorders, gen-
der dysphoria, and paraphilic disorders lacked remarkable 
periodicity (W&E) (Table 1, Table S4). Regarding the sen-
sitivity tests, the seasonality in all aforementioned groups, 
except for trauma- SRDs, almost did not reach statistical 
significance (Table S5). Moreover, the findings of the meta- 
analysis of anorexia nervosa and bulimia nervosa (compo-
nents of feeding- EDs) did not show significantly higher or 
lower RRs in any month or season (Table 2).

4 |  DISCUSSION

We used the Taiwanese national health insurance database 
and meta- analyses to perform the first comprehensive assess-
ment of the associations between MOBs and risks of MDs. 

F I G U R E  2  Relative risk ratio for mental disorders with significant periodicity by month. A, Schizophrenia- SOPDs = schizophrenia 
spectrum and other psychotic disorders. B, Bipolar- RDs = bipolar and related disorders; BID = bipolar I disorder. C, Depressive- Ds = depressive 
disorders; MDD = major depressive disorder. D, Anxiety- Ds = anxiety disorders; PD = panic disorder; GAD = generalized anxiety disorder. E, 
Obsessive- CRDs = obsessive- compulsive and related disorders; OCD = obsessive- compulsive disorder. F, Sleep- WDs = sleep- wake disorders. 
G, Substance- RADs = substance- related and addictive disorders; AUD = alcohol use disorder. H, Neurocognitive- Ds = neurocognitive disorders; 
AD = Alzheimer's disease [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3  Relative risk ratio for mental disorders without significant periodicity by month. A, Trauma- SRDs = trauma-  and stressor- related 
disorders; PTSD = posttraumatic stress disorder. B, Feeding- EDs = feeding and eating disorders; AN = anorexia nervosa; BN = bulimia nervosa 
[Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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We observed that starting school at a relatively younger age 
than peers was associated with increases in the prevalence of 
neurodevelopmental- Ds, disruptive- ICCDs, and many early- 
onset MDs (findings from SA4). Especially for intellectual 
disability, ASD, and ADHD, our meta- analyses suggested 
that the risk increased with younger age. Second, we found 
that the RRs in different MOBs exhibited 12- month periodic-
ity for schizophrenia- SOPDs, bipolar- RDs, depressive- Ds, 
anxiety- Ds, obsessive- CRDs, sleep- WDs, substance- RADs, 
and neurocognitive- Ds. The current meta- analyses revealed 
significantly high RRs for schizophrenia, BID, and MDD in 
the winter and AUD in the autumn. Third, the MOB and RR of 

PTSD and feeding- EDs had no notable periodicity in the co-
hort study, and the meta- analysis of anorexia nervosa and bu-
limia nervosa showed no significant difference in any MOB.

Recent evidence demonstrated that the youngest children 
in their respective classes had the highest risks of being di-
agnosed with intellectual disability and ADHD.2,6 Our study 
supports this phenomenon and extends the principle to other 
disorders (ASD, tic disorder, and disruptive- ICCDs). We 
also conducted a meta- analysis of those with intellectual 
disability, ASD, and ADHD, which strengthened the graded 
associations considering the oldest and youngest individu-
als. Compared with the RRs of peers in the same grade, the 

T A B L E  2  Meta- analysis of relative risk ratio for mental disorders categorized by level of relative age, month of birth, or season of birth

Mental disordersa Classification

RR- M (95% CI) by relative age levelc 

p (X2)b Level 1 Level 2 Level 3 Level 4

Intellectual disability Age 0.922 (0.892– 0.952) 0.941 (0.924– 0.959) 1.016 (0.982– 1.051) 1.129 (1.080– 1.180) < 0.001

Autism spectrum disorder Age 0.955 (0.937– 0.973) 0.980 (0.952– 1.008) 1.020 (0.996– 1.045) 1.046 (1.008– 1.085) < 0.001

Attention- deficit/hyperactivity disorder Age 0.869 (0.848– 0.891) 0.933 (0.909– 0.956) 1.067 (1.045– 1.090) 1.127 (1.092– 1.162) < 0.001

RR- M (95% CI) by birth month and birth season

March April Spring May June July Summer August September
October 
Autumn November December January Winter February

Schizophrenia Month 1.019 (0.979– 
1.060)

0.992 (0.965– 
1.020)

0.994 (0.973– 
1.016)

0.973 (0.945– 
1.002)

0.987 (0.965– 
1.010)

0.965 (0.941– 0.991) 0.967 
(0.942– 0.993)

0.981 
(0.969– 0.994)

0.987 
(0.965– 1.010)

1.046 
(1.014– 1.078)

1.055 
(1.033– 1.077)

1.007 
(0.963– 1.052)

< 0.001

Season 1.002 (0.984– 1.021) 0.974 (0.960– 0.989) 0.978 (0.966– 0.990) 1.038 (1.019– 1.057) < 0.001

Bipolar I disorder Month 1.031 (0.976– 
1.089)

0.972 (0.946– 
1.000)

0.983 (0.940– 
1.027)

0.990(0.961– 
1.019)

0.983(0.957– 
1.010)

0.968 (0.919– 1.019) 0.977 
(0.937– 1.019)

1.007 
(0.981– 1.033)

1.022 
(0.982– 1.063)

1.026 
(0.977– 1.077)

1.039 
(0.990– 1.090)

1.013 
(0.986– 1.041)

0.149

Season 0.993 (0.970– 1.016) 0.986 (0.968– 1.004) 1.000 (0.978– 1.023) 1.020 (1.001– 1.041) 0.083

Major depressive 
disorder

Month 1.015(0.984– 
1.047)

0.980(0.959– 
1.001)

0.996(0.965– 
1.027)

0.984(0.952– 
1.017)

1.000(0.972– 
1.030)

1.004 (0.987– 1.021) 1.008 
(0.993– 1.024)

1.005 
(0.986– 1.025)

0.996 
(0.966– 1.027)

1.010 
(1.000– 1.021)

1.014 
(1.004– 1.025)

1.006 
(0.995– 1.017)

0.355

Season 0.994 (0.980– 1.009) 0.993 (0.978– 1.009) 1.005 (0.993– 1.016) 1.010 (1.004– 1.017) 0.075

Alcohol use 
disorder

Month 0.993(0.969– 
1.017)

0.973(0.914– 
1.034)

0.989(0.924– 
1.057)

0.984(0.959– 
1.009)

1.001(0.977– 
1.026)

1.027 (0.977– 1.080) 1.012 
(0.989– 1.036)

1.013 
(0.991– 1.036)

1.023 (1.00002– 
1.047)

0.998 
(0.974– 1.021)

0.995 
(0.973– 1.018)

0.996 
(0.972– 1.021)

0.518

Season 0.980 (0.961– 0.999) 1.009 (0.985– 1.032) 1.016 (1.003– 1.030) 0.996 (0.983– 1.010) 0.014

Alzheimer's 
disease

Month 0.987(0.961– 
1.013)

0.994(0.922– 
1.072)

0.973(0.909– 
1.042)

0.969(0.917– 
1.023)

0.994(0.954– 
1.037)

0.965 (0.920– 1.014) 1.038 
(1.001– 1.075)

0.998 
(0.972– 1.025)

0.999 
(0.972– 1.026)

0.988 
(0.962– 1.015)

1.039 
(0.975– 1.107)

1.042 
(0.991– 1.095)

0.251

Season 0.985 (0.961– 1.010) 0.978 (0.954– 1.002) 1.012 (0.993– 1.031) 1.023 (0.995– 1.051) 0.032

Anorexia nervosa Month 0.943(0.845– 
1.053)

0.988(0.883– 
1.106)

1.031(0.924– 
1.150)

1.002(0.896– 
1.120)

0.939(0.839– 
1.051)

1.003 (0.899– 1.118) 0.995 
(0.892– 1.109)

1.027 
(0.909– 1.161)

1.042 
(0.934– 1.163)

1.002 
(0.897– 1.118)

1.011 
(0.885– 1.156)

1.016 
(0.909– 1.135)

0.983

Season 0.987 (0.926– 1.052) 0.981 (0.920– 1.046) 1.022 (0.960– 1.088) 1.012 (0.950– 1.078) 0.774

Bulimia nervosa Month 0.957(0.874– 
1.047)

0.937(0.853– 
1.030)

0.967(0.882– 
1.061)

1.046(0.954– 
1.148)

1.009(0.921– 
1.106)

1.052 (0.964– 1.148) 1.040 
(0.953– 1.135)

1.045 
(0.960– 1.137)

0.982 
(0.899– 1.073)

0.990 
(0.906– 1.082)

1.002 
(0.919– 1.092)

0.969 
(0.884– 1.063)

0.720

Season 0.954 (0.904– 1.006) 1.036 (0.983– 1.091) 1.023 (0.973– 1.075) 0.988 (0.938– 1.040) 0.124
aIncludes our data and 51 articles involving 10 disorders. Data were expressed as the ratio of the relative risk of patients to that of the general population after 
meta- analysis (RR- M) with a 95% confidence interval (CI). March replaces January as the first- month column. The gray background color indicates that the 
RR- M was significantly higher than 1.
bChi- square (X2) test for heterogeneity among different levels, months, and seasons in patients with specified mental disorders. Bold type indicates statistical 
significance (p < 0.05) in the X2 test.
cRelative age within the school year was determined by birth month and categorized into four 3- month levels. Children in level 1 were the oldest, and those in 
level 4 were the youngest.
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elevated RRs in younger individuals may result from relative 
physiological immaturity,6 potentially resulting in overdiag-
nosis in relatively younger children and underdiagnosis in 
relatively older children with intellectual disability, ASD, 
and ADHD. Furthermore, the study revealed an A- shaped 
pattern, with a highly pronounced decrease between August 
(youngest) and September (oldest) in these childhood- onset 
disorders. This pattern was also observed in some early- onset 
MDs (SA4) in our study, which revealed increased RRs of 
psychotic disorders, mood disorders, and anxiety disorders 
among those born between June and August (relatively young 
at the start of school) as shown in Figure S5. Regarding the 

above findings of these disorders in childhood, attention 
should be paid to the impact of education policies on chil-
dren's early life experience at school.

Most other MDs in the DSM- 5 also had significant 
12- month periodicity in Taiwan. These diseases subtly re-
vealed a similar pattern, with the highest risk in individu-
als born in autumn- winter. In the meta- analyses, we found 
obvious risks of schizophrenia, BID, and MDD associated 
with winter births and AUD associated with autumn births. 
Many potential factors can explain seasonality.74 For ex-
ample, in schizophrenia, one factor is low prenatal vitamin 
D due to low sunlight exposure in the winter,10 which is 

T A B L E  2  Meta- analysis of relative risk ratio for mental disorders categorized by level of relative age, month of birth, or season of birth

Mental disordersa Classification

RR- M (95% CI) by relative age levelc 

p (X2)b Level 1 Level 2 Level 3 Level 4

Intellectual disability Age 0.922 (0.892– 0.952) 0.941 (0.924– 0.959) 1.016 (0.982– 1.051) 1.129 (1.080– 1.180) < 0.001

Autism spectrum disorder Age 0.955 (0.937– 0.973) 0.980 (0.952– 1.008) 1.020 (0.996– 1.045) 1.046 (1.008– 1.085) < 0.001

Attention- deficit/hyperactivity disorder Age 0.869 (0.848– 0.891) 0.933 (0.909– 0.956) 1.067 (1.045– 1.090) 1.127 (1.092– 1.162) < 0.001

RR- M (95% CI) by birth month and birth season

March April Spring May June July Summer August September
October 
Autumn November December January Winter February

Schizophrenia Month 1.019 (0.979– 
1.060)

0.992 (0.965– 
1.020)

0.994 (0.973– 
1.016)

0.973 (0.945– 
1.002)

0.987 (0.965– 
1.010)

0.965 (0.941– 0.991) 0.967 
(0.942– 0.993)

0.981 
(0.969– 0.994)

0.987 
(0.965– 1.010)

1.046 
(1.014– 1.078)

1.055 
(1.033– 1.077)

1.007 
(0.963– 1.052)

< 0.001

Season 1.002 (0.984– 1.021) 0.974 (0.960– 0.989) 0.978 (0.966– 0.990) 1.038 (1.019– 1.057) < 0.001

Bipolar I disorder Month 1.031 (0.976– 
1.089)

0.972 (0.946– 
1.000)

0.983 (0.940– 
1.027)

0.990(0.961– 
1.019)

0.983(0.957– 
1.010)

0.968 (0.919– 1.019) 0.977 
(0.937– 1.019)

1.007 
(0.981– 1.033)

1.022 
(0.982– 1.063)

1.026 
(0.977– 1.077)

1.039 
(0.990– 1.090)

1.013 
(0.986– 1.041)

0.149

Season 0.993 (0.970– 1.016) 0.986 (0.968– 1.004) 1.000 (0.978– 1.023) 1.020 (1.001– 1.041) 0.083

Major depressive 
disorder

Month 1.015(0.984– 
1.047)

0.980(0.959– 
1.001)

0.996(0.965– 
1.027)

0.984(0.952– 
1.017)

1.000(0.972– 
1.030)

1.004 (0.987– 1.021) 1.008 
(0.993– 1.024)

1.005 
(0.986– 1.025)

0.996 
(0.966– 1.027)

1.010 
(1.000– 1.021)

1.014 
(1.004– 1.025)

1.006 
(0.995– 1.017)

0.355

Season 0.994 (0.980– 1.009) 0.993 (0.978– 1.009) 1.005 (0.993– 1.016) 1.010 (1.004– 1.017) 0.075

Alcohol use 
disorder

Month 0.993(0.969– 
1.017)

0.973(0.914– 
1.034)

0.989(0.924– 
1.057)

0.984(0.959– 
1.009)

1.001(0.977– 
1.026)

1.027 (0.977– 1.080) 1.012 
(0.989– 1.036)

1.013 
(0.991– 1.036)

1.023 (1.00002– 
1.047)

0.998 
(0.974– 1.021)

0.995 
(0.973– 1.018)

0.996 
(0.972– 1.021)

0.518

Season 0.980 (0.961– 0.999) 1.009 (0.985– 1.032) 1.016 (1.003– 1.030) 0.996 (0.983– 1.010) 0.014

Alzheimer's 
disease

Month 0.987(0.961– 
1.013)

0.994(0.922– 
1.072)

0.973(0.909– 
1.042)

0.969(0.917– 
1.023)

0.994(0.954– 
1.037)

0.965 (0.920– 1.014) 1.038 
(1.001– 1.075)

0.998 
(0.972– 1.025)

0.999 
(0.972– 1.026)

0.988 
(0.962– 1.015)

1.039 
(0.975– 1.107)

1.042 
(0.991– 1.095)

0.251

Season 0.985 (0.961– 1.010) 0.978 (0.954– 1.002) 1.012 (0.993– 1.031) 1.023 (0.995– 1.051) 0.032

Anorexia nervosa Month 0.943(0.845– 
1.053)

0.988(0.883– 
1.106)

1.031(0.924– 
1.150)

1.002(0.896– 
1.120)

0.939(0.839– 
1.051)

1.003 (0.899– 1.118) 0.995 
(0.892– 1.109)

1.027 
(0.909– 1.161)

1.042 
(0.934– 1.163)

1.002 
(0.897– 1.118)

1.011 
(0.885– 1.156)

1.016 
(0.909– 1.135)

0.983

Season 0.987 (0.926– 1.052) 0.981 (0.920– 1.046) 1.022 (0.960– 1.088) 1.012 (0.950– 1.078) 0.774

Bulimia nervosa Month 0.957(0.874– 
1.047)

0.937(0.853– 
1.030)

0.967(0.882– 
1.061)

1.046(0.954– 
1.148)

1.009(0.921– 
1.106)

1.052 (0.964– 1.148) 1.040 
(0.953– 1.135)

1.045 
(0.960– 1.137)

0.982 
(0.899– 1.073)

0.990 
(0.906– 1.082)

1.002 
(0.919– 1.092)

0.969 
(0.884– 1.063)

0.720

Season 0.954 (0.904– 1.006) 1.036 (0.983– 1.091) 1.023 (0.973– 1.075) 0.988 (0.938– 1.040) 0.124
aIncludes our data and 51 articles involving 10 disorders. Data were expressed as the ratio of the relative risk of patients to that of the general population after 
meta- analysis (RR- M) with a 95% confidence interval (CI). March replaces January as the first- month column. The gray background color indicates that the 
RR- M was significantly higher than 1.
bChi- square (X2) test for heterogeneity among different levels, months, and seasons in patients with specified mental disorders. Bold type indicates statistical 
significance (p < 0.05) in the X2 test.
cRelative age within the school year was determined by birth month and categorized into four 3- month levels. Children in level 1 were the oldest, and those in 
level 4 were the youngest.
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associated with prenatal changes in brain structures and 
functions, including altered dopaminergic functioning.75 
Another factor is seasonal infection during the prenatal pe-
riod, such as specified Viruses, Chlamydia, or Toxoplasma, 
which produce neurological damage before birth.12,76 These 
mechanisms can influence a fetus's brain development and 
identify seasons in which mothers are highly susceptible 
during pregnancy. Moreover, our findings reveal a similar 
seasonal association in many MDs, which may result from 
a high proportion of comorbidity in MDs. First, a Danish 
population- based study has shown that comorbidity in 
MDs was pervasive.22 This finding may indicate that some 
common factors affect clusters of MDs or that overlapping 
symptoms exist. Second, the SA2 (psychiatric comorbidi-
ties ≤1) in our study was a negative example (Table S5). 
The periodicity of some MDs, such as OCD and AUD, was 
attenuated when we restricted the analysis to patients who 
had no more than one psychiatric comorbidity. Taken to-
gether, current evidence suggests that people born in the 
same month have a similar biological vulnerability to a 
specific cluster of MDs or psychiatric symptoms. Future 
research concerning the pathogenesis of psychiatric illness 
by MOB should investigate clusters of disorders rather than 
single diseases to identify the common factors.

The relationships between MOBs and the RRs of the 
remaining illnesses were inconsistent (trauma- SRDs and 
PTSD) or not significant (feeding- EDs, including anorexia 
nervosa and bulimia nervosa). This study showed significant 
seasonality in trauma- SRDs but not PTSD, which may be a 
consequence of the PTSD definition in the DSM- 5. A pre-
requisite for PTSD is that the individual must be exposed to 
or threatened with death, serious injury, or sexual violence.15 
Hence, the occurrence of a major traumatic event may be in-
dependent of the effect of the MOB. Regarding the spectrum 
of feeding- EDs, no 12- month periodicity was observed in our 
cohort, and the meta- analysis further indicated that anorexia 
nervosa and bulimia nervosa had no MOB or season differ-
ence. Additionally, dissociative disorders, gender disorders, 
and paraphilic disorders (Table S3- S5) were not significantly 
associated with MOB. A previous report indicated that at 
least 4500 subjects are needed to obtain statistical signifi-
cance in assessments of monthly distributions,77 which may 
be a reason.

Although our results show that MOB plays a role in the risk 
of some MDs, the magnitude of these effects does not seem 
to be large enough to influence parents’ decisions regarding 
the timing of pregnancy. For example, MOBs associated with 
most MDs show a high risk between September and January, 
but the birth number in the general population is still higher 
than the theoretical average birth rate (8.4%, normal proportion 
per month) as shown in Table 1. Furthermore, there are sev-
eral limitations to our study. First, this study was subject to the 
usual limitations of a retrospective analysis of reimbursement 

data. Although we attempted to examine potential bias from 
observable baseline characteristics, unobserved confounders, 
such as the severity of the symptoms,67 family history,3 and 
prenatal exposures (vitamin or infection),75,76 were lacking in 
the current study. Moreover, although we conducted a sensitiv-
ity analysis (SA1, the inclusion criteria of diagnosis to at least 
three times),21 the diagnosis of databases mainly relies on clin-
ical judgment, which may include the variability of different 
doctors. Second, given prior work, this study only investigated 
the association between MDs and MOBs, including relative age 
or season.2,7,8 Our study did not determine the causes of the 
patterns of the associations.78 Further, this study matched the 
month in the country in the Southern Hemisphere to that in the 
Northern Hemisphere. Therefore, our research does not assess 
the impact of certain global environmental events that are not 
related to the Hemisphere- dependent seasons. Third, to gain 
updated information and match our study period from 1995 to 
2013, the meta- analyses focused on reports in which patients 
were assessed within the last 30 years. Hence, we lacked epide-
miological findings before 1990 and the most recent data. The 
experience with major national disaster or epidemic during the 
study period was not considered in the analyses.

According to nationwide data, MOB was significantly as-
sociated with the risk of most MDs classified in the DSM- 5. 
In the current meta- analyses, children who were relatively 
young when they started school had an increased risk of a 
diagnosis of intellectual disability, ASD, and ADHD. Those 
born in the winter had a high risk of schizophrenia, BID, and 
MDD, and those born in the autumn had a high risk of AUD. 
Our study provides references for future research interests in 
the etiology of MDs, such as early life experience in school 
or prenatal exposure.
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