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Abstract
Background  Early life in-utero can have long-term influence on the mental health status of individuals in adulthood, 
such as depression. Age, gender, socio-economic status, education, and geography are demographic factors 
shown to be particularly vulnerable towards the development of depressive symptoms. In addition, climate risks on 
depression include sunlight, rain, and temperature. However, whether climate factors in early life have a long-term 
influence on depression related to demographic vulnerability remains unknown. Here, the present study explored the 
association between birth seasonality and adulthood depressive symptoms.

Methods  We employed data from the project of Chinese Labour-forces Dynamic Survey (CLDS) 2016, containing 
the epidemiological data of depressive symptoms with a probability proportional to size cluster and random cluster 
sampling method in 29 provinces of China. A final sample size of 16,185 participants was included. Birth seasonality 
included spring (March, April, and May), summer (June, July, and August), autumn (September, October, and 
November), and winter (December, January, and February).

Results  We found that born in Autumn peaked lowest rate of having depressive symptoms (16.8%) and born in 
Summer (vs. Autumn) had a significant higher ratio (OR = 1.14, 95%CI = 1.02, 1.29) when controlling for demographic 
variables. In addition, demographic odds ratio of having depressive symptoms differed between people born in 
different seasons, particular for age and geography.

Conclusion  Our findings suggest that birth seasonality influences the sensitive link of depressive symptoms with 
age and geography. It implicates early life climate environment may play a role in the development of adulthood 
depressive symptoms.
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Background
Depression refers to a group of mental disorders charac-
terized by significant mood depression. Approximately 
264 million people worldwide are affected by depression 
[1, 2] and have experienced a significant decrease in qual-
ity of daily life [3, 4]. Besides, robust evidence has shown 
that depression is statistically associated with various 
kinds of diseases [5–7]. Since the Reform and Open-
ing in China, the living standards of residents have been 
greatly improved. However, a series of problems have fol-
lowed during the urbanization process (e.g., narrow liv-
ing space, fast-paced life, high-intensity work and heavy 
life pressure). Consequently, a growing number of people 
face the disturbance of anxiety and depression disorders 
[1, 8], which in turn has caused economic loss and social 
burden in China [9, 10].

A large body of research has linked depressive symp-
toms to socio-demographic factors. For example, being 
female (vs. male) and older (vs. younger) as well as having 
a lower (vs. higher) income level and education degree 
is followed by a higher risk of experiencing depression 
[11–14]. Likewise, geographic factors are also connected 
to depression, with individuals in Northern China being 
more susceptible [15]. Even, early environment in-utero 
can potentially form a long-term impact on human 
development [16–18]. In particular, numerous studies 
have reported the effects of birth seasonality on depres-
sive symptoms. An early report demonstrated that major 
depression had an excess in spring births in the US [19]. 
In an Italian population, individuals born during spring 
or summer months were reported with higher sensitiv-
ity to seasonal changes [20]. In addition, a Polish study 
found that birth month might be significantly associated 
with the course of recurrent depressive disorders [21]. 
However, some other scholars found birth seasonality has 
no direct relation with depressive symptoms. For exam-
ple, Lorenzo Tonetti et al. reported that the results were 
not statistically significant between birth seasonality and 
the personality traits of healthy adults [22].

Interestingly, although the association between demo-
graphic factors and depressive symptoms is stable, the 
sensitivity seems vulnerable in different populations. One 
study found that there were excess births from winter to 
early spring with mood disorders, particularly in females 
[23]. In the same vein, the interaction of birth month 
with lifestyle was found to be significant in committing 
suicide in a Greenlandic population [24]. Another study 
found that Australian individuals born in the Southern 
hemisphere from September to November had a higher 
prevalence of depressive symptoms compared to indi-
viduals born in the Northern [25]. Collectively, these 
studies indicate that birth seasonality can change the 
demographic sensitivity to mental health symptoms.

Most studies were confined to data from developed 
countries and with varying results from different popu-
lations. Recent evidence, however, highlighted the asso-
ciation between birth seasonality and schizophrenia in a 
large-scale Chinese study [26], yet evidence on the asso-
ciation between adulthood depressive symptoms and 
birth seasonality is still lacking. To testify such the effect, 
we explored the influence of birth seasonality on depres-
sive symptoms in Chinese adults.

Further, to test whether the sensitivity of demographic 
characteristics to depressive symptoms is changed 
depending on birth seasonality, the individuals were cat-
egorized into four groups (i.e., spring, summer, autumn, 
and winter). Here, we hypothesized that the relationship 
between depressive symptoms and demographic charac-
teristics, including gender, age, socio-economic status, 
education, and geography, is not stable in populations 
with different birth seasonality. We will study the inter-
action of demographic factors with birth seasonality on 
depressive symptoms in whole population.

Methods
CLDS sample
The cross-sectional data used in this paper were obtained 
from the China Labour-force Dynamics Survey (CLDS) 
held by the Centre for Social Science at Sun Yat-sen 
University in Guangzhou, China (please refer to http://
css.sysu.edu.cn for more information about the CLDS 
data) in 2016. The sampling method and details were 
introduced in our former report [12]. For the primary 
sampling, the municipalities and counties were selected 
according to a series of criteria, such as per capita gross 
domestic product (GDP), demographic structure, and 
geographic region. The second stage randomly sampled 
the villages or community as secondary sampling units 
using the probability proportionate to size (PPS) sam-
pling method. With participants’ spoken consent, survey-
ors visited their home and requested them to complete 
the questionnaires individually and confidentially.

21,091 individuals participated in the survey. There 
were no records of birth month for 3,949 individuals or 
no age information for 19 individuals. We also excluded 
472 individuals with age below 18 years old. Besides, 
there were no records of the CES-D scale for 449 indi-
viduals or missing education information for 17 persons. 
After the screening procedure, the final valid sample size 
consisted of 16,185 individuals.

Measurements
Demographic characteristics.

The demographic categorical variables in our analyses 
included gender, age, education degree, socio-economics, 
and geography.

http://css.sysu.edu.cn
http://css.sysu.edu.cn
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 	• Gender was categorized into male and female. As 
listed in Tables 1, 7 and 552 (46.7%) males completed 
the survey.

 	• Age of individuals ranged from 18 to 83 
(mean = 46.3, SD = 13.3) years. It was categorized into 
four groups, i.e., young group (from 18 to 30 years, 
N = 2,620, 16.2%), young-middle group (from 31 to 
45 years, N = 4,347, 26.9%), middle group (from 46 to 
60 years, N = 6,629, 41.0%), and elderly group (more 
than 60 years, N = 2,589, 16.0%).

 	• Education as “the highest level of education 
obtained” was differentiated into three levels, 
including elementary education (N = 11,389, 70.4%), 
secondary education (N = 2,746, 17.0%), and higher 
education (N = 2,050, 12.7%).

 	• Socio-economics (SES) was replaced by satisfaction 
of family income level, including low (N = 986, 
6.1%), middle-low (N = 3,026, 18.7%), middle 
(N = 5,552, 34.3%), middle-high (N = 4,878, 30.1%), 
high (N = 1,742, 10.8%) Since this investigation was 
conducted according to the unit of community and 
family. In terms of individual’s report, the satisfaction 
of family income was more representative especially 
regarding mental health. Hoebel and colleagues [27] 
found that lower objective socio-economic status 
and lower subjective socio-economic status were 
independently associated with current depressive 
symptoms and that there was a significant indirect 
relationship between objective socioeconomic 
status and depressive symptoms through subjective 
socioeconomic status.

 	• Geography was clustered into seven regions in 
China according to the administrative division 
including North (N = 1,557, 9.6%), Northeast 
(N = 1,095, 6.8%), East (N = 3,981, 24.6%), Central 
(N = 2,083, 12.9%), Southwest (N = 1,635, 10.1%), 
Northwest (N = 2,551, 15.8%), and South (N = 3,283, 
20.3%) China.

Depressive symptoms
The depressive symptoms were self-reported by using 
the Chinese edition [28] of the Centre for Epidemiologic 
Studies Depression (CES-D) Scale [29]. The CES-D is a 
well-validated screening tool for depression and has been 
used in many population-based epidemiologic stud-
ies worldwide [29, 30]. CES-D contains 20 items about 
symptoms describing the frequency in a past week on a 
4-point Likert scale (ranging from 0 to 3) and the higher 
marks indicate the severer symptoms. The Chinese ver-
sion of the CES-D scale has shown acceptable reliability 
and validity among all age groups both in urban and rural 
populations. Greater than 15 scores were the recognized 
value of having depressive symptoms [15, 31, 32]. 17.7% 

(N = 2858) of individuals were categorized as having 
depressive symptoms.

Birth seasonality
Birth seasonality was categorized based on the com-
mon perception of Chinese. Spring is from March to 
May (N = 3,983, 24.6%), Summer from June to August 
(N = 4,114, 25.4%), autumn from September to November 
(N = 4,248, 26.3%), and winter from December to Febru-
ary (N = 3,840, 23.7%). To make the results more compa-
rable, we also selected the representative month for the 
corresponding birth seasonality, i.e., the middle month of 
each season. In the secondary analyses, April represented 
spring, July represented summer, October represented 
autumn, and January represented winter.

Statistics
First, univariate chi-square tests were applied to exam-
ine the distribution of demographic sub-groups in people 
having depressive symptoms and people without depres-
sive symptoms. The association between demographic 
characteristics and depressive symptoms was tested 
using multiple binary logistic regression. The dummy 
variable with the lowest proportion of having depressive 
symptoms in the univariate tests was set as the reference. 
The estimates used in the model were the odds ratio (OR) 
and 95% confidence interval (CI). To further investigate 
distinct associations, four multiple binary logistic regres-
sion analyses were carried out in each birth seasonality 
group. Finally, the interactions between demographic 
variables and birth seasonality on depressive symptoms 
were performed.

All statistical tests were performed on IBM Statistic 
Product and Service Solutions (SPSS) software 24.0 and 
the significance level was set at 0.05 with two-tailed tes-
ton. Prior to the computation of the multiple regression 
models, we tested the collinearity index, i.e., variance 
inflation factor (VIF). The test indicated a very low col-
linearity, as VIF for each variable in each model was less 
than 2.

Results
Primary outcomes
Univariate chi-square tests found that female (χ2 = 51.43, 
p < 0.001) and higher age (χ2 = 44.80, p < 0.001) were sig-
nificantly associated with having depressive symptoms. 
The lower SES (χ2 = 597.23, p < 0.001) and education 
(χ2 = 71.96, p < 0.001) were associated with having depres-
sive symptoms. In addition, geography was significantly 
related to depressive symptoms (χ2 = 48.07, p < 0.001), of 
which the rate of having depressive symptoms peaked in 
Northeast China and bottomed in South China. Regard-
ing seasonality, we observed no significant association 
with depressive symptoms (χ2 = 4.70, p > 0.05).
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Furthermore, all variables entered the multiple binary 
logistic regression by setting the minimal proportion 
of sub-category as the reference (Table  1). The − 2 log 
likelihood (LL) and receiver operating characteris-
tic (ROC) value of this model were 14,353.67 and 0.65 
(95%CI = 0.64, 0.66). We found that the risk factors were 
female (OR adjusted = 1.38, 95%CI = 1.27, 1.50), old age 
(> 60 years: OR adjusted = 1.37, 95%CI = 1.17, 1.60), lower 
SES (low: OR adjusted = 6.13, 95%CI = 5.00, 7.51; middle-
low: OR adjusted = 2.91, 95%CI = 2.44, 3.48; middle: OR 
adjusted = 1.72, 95%CI = 1.45, 2.04; middle-high: OR adjusted 
= 1.23, 95%CI = 1.03, 1.46), living in other regions than 
South China (North: OR adjusted = 1.25, 95%CI = 1.06, 
1.48; Northeast: OR adjusted = 1.54, 95%CI = 1.28, 1.84; 
East: OR adjusted = 1.27, 95%CI = 1.12, 1.46; Central: OR 
adjusted = 1.36, 95%CI = 1.17, 1.58; Southwest: OR adjusted 
= 1.34, 95%CI = 1.14, 1.57; Northwest: OR adjusted = 1.75, 

95%CI = 1.52, 2.01), and born in Summer (OR adjusted = 
1.14, 95%CI = 1.02, 1.29).

Figure  1 illustrates the proportion of having depres-
sive symptoms in individuals with different demographic 
characteristics across the four birth seasonality groups. 
The trends for having depressive symptoms in gender 
and satisfaction of family income were stable across the 
four seasons of birth (Fig. 1 A and D). However, age and 
education were not stable in birth seasonality in summer 
(Fig. 1B and C), and geography had a different trend for 
having depressive symptoms among the four seasons of 
birth (Fig. 1E).

Multiple binary logistic regression by birth seasonality
Table  2 shows the association between demographic 
characteristics and depressive symptoms in different 
birth seasonality groups. The − 2 LL and ROC value of the 
four models were Spring: 3,546.70 and 0.66 (95%CI = 0.64, 

Table 1  Demographic characteristics
Variables Non-depressive symptoms Depressive symptoms Chi-square OR adjusted (95%CI)

N (proportion) N (proportion)
Gender 51.43***

Male 6,392 (84.6%) 1,160 (15.4%) Ref

Female 6,935 (80.3%) 1,698 (19.7%) 1.38 (1.27,1.50)***

Age (years) 44.80***

18–30 2,239 (85.5%) 381 (14.5%) Ref

31–45 3,649 (83.9%) 698 (16.1%) 0.91 (0.79, 1.05)

46–60 5,376 (81.1%) 1,253 (18.9%) 1.13 (0.99, 1.30)

> 60 2,063 (79.7%) 526 (20.3%) 1.37 (1.17, 1.60)***

Education 71.96***

Elementary 9,190 (80.7%) 2,199 (19.3%) 1.14 (0.98, 1.32)

Secondary 2,367 (86.2%) 379 (13.8%) 0.87 (0.73, 1.03)

Higher 1,770 (86.3%) 280 (13.7%) Ref

SES 597.23***

Low 592 (60.0%) 395 (40.0%) 6.13 (5.00, 7.51)***

Middle-low 2,272 (75.0%) 754 (25.0%) 2.91 (2.44, 3.48)***

Middle 4,652 (83.8%) 900 (16.2%) 1.72 (1.45, 2.04)***

Middle-high 4,256 (87.2%) 622 (12.8%) 1.23 (1.03, 1.46)*

High 1,556 (89.3%) 186 (10.7%) Ref

Geography 48.07***

South 2,791 (85.0%) 492 (15.0%) Ref

North 1,282 (82.3%) 275 (17.7%) 1.25 (1.06, 1.48)**

Northeast 871 (79.5%) 224 (20.5%) 1.54 (1.28, 1.84)***

East 3,346 (84.0%) 635 (16.0%) 1.27 (1.12, 1.46)***

Central 1,687 (81.0%) 396 (19.0%) 1.36 (1.17, 1.58)***

Southwest 1,311 (80.2%) 324 (19.8%) 1.34 (1.14, 1.57)***

Northwest 2,039 (79.9%) 512 (20.1%) 1.75 (1.52, 2.01)***

Birth seasonality 4.70

Spring 3,265 (82.0%) 718 (18.0%) 1.11 (0.99, 1.25)

Summer 3,354 (81.5%) 760 (18.5%) 1.14 (1.02, 1.29)*

Autumn 3,536 (83.2%) 713 (16.8%) Ref

Winter 3,172 (82.6%) 667 (17.4%) 1.06 (0.94, 1.20)
Univariate chi-square tests and multiple logistic regression were shown in the table.

CI: confidence interval; OR: odds ratio; Ref: reference; SES: socio-economics; ***p < 0.001; **p < 0.01; *p < 0.05.
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0.68), Summer: 3,764.70 and 0.64 (95%CI = 0.62, 0.66), 
Autumn: 3,663.35 and 0.65 (95%CI = 0.63, 0.67), and Win-
ter: 3,324.72 and 0.67 (95%CI = 0.65, 0.70).

Compared with males, females were more likely to have 
depressive symptoms across all birth seasonality groups 
with OR adjusted ranging from 1.35 to 1.47). Compared to 
high SES, other sub-groups showed higher likelihood of 
having depressive symptoms excluding middle-high SES 
sub-group in all four birth seasonality models.

When compared with 18–31 years group, greater than 
60-year-old individuals had a higher likelihood of having 
depressive symptoms in people born in Spring (OR adjusted 
= 1.71, 95%CI = 1.23, 2.36) and Winter (OR adjusted = 1.77, 
95%CI = 1.27, 2.45). Likewise, for people born in Spring, 
46–60 years (vs. 18–31 years) group showed a higher 
likelihood (OR adjusted = 1.48, 95%CI = 1.11, 1.98) of having 
depressive symptoms.

For individuals born in Spring, people with elementary 
education had a higher likelihood of having depressive 
symptoms compared to people with higher education 
(OR adjusted = 1.47, 95%CI = 1.05, 2.05). Yet, individuals 

born in Summer with secondary (vs. higher) education 
had a lower likelihood of having depressive symptoms 
(OR adjusted = 0.69, 95%CI = 0.50, 0.96).

Regarding geography, South China was set as the refer-
ence. People born in Spring and living in other regions 
excluding North China, showed a higher likelihood of 
having depressive symptoms with OR adjusted ranging 
from 1.35 to 1.95. In people born in Summer, Central (OR 
adjusted = 1.45, 95%CI = 1.10, 1.94) and Northwest China 
(OR adjusted = 1.54, 95%CI = 1.17, 2.02) showed higher like-
lihood. In people born in Autumn, Northeast (OR adjusted 
= 1.63, 95%CI = 1.14, 2.35) and Northwest China (OR 
adjusted = 1.69, 95%CI = 1.28, 2.24) showed higher likeli-
hood. In people born in Winter, Central (OR adjusted = 
1.41, 95%CI = 1.04, 1.92) and Northwest China (OR adjusted 
= 1.88, 95%CI = 1.39, 2.54) showed higher likelihood.

Interaction of demographic characteristics with birth 
seasonality
To clarify how the birth seasonality interacts with 
demographics with respect to depressive symptoms, 

Fig. 1  The proportion of having depressive symptoms in individuals with different demographic characteristics across four seasons of birth. (A) Gender 
and proportion of depressive symptoms; (B) Age and proportion of depressive symptoms; (C) Education and proportion of depressive symptoms; (D) 
Socio-economics and proportion of depressive symptoms; (E) Geography and proportion of depressive symptoms
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we performed an interaction analysis (i.e., depressive 
symptoms “yes/no” = intercept + gender * birth season-
ality + age * birth seasonality + education * birth sea-
sonality + SES * birth seasonality + geography * birth 
seasonality). We set Autumn as the reference, indicat-
ing whether same risk factors can be different between 
Autumn and other three seasons (Table  3). The − 2 LL 
and ROC value of this model were 14,566.52 and 0.62 
(95%CI = 0.61, 0.63).

For gender, we observed the likelihood of females 
(vs. males) of having depressive symptoms decreased 
by 20-31% for Autumn-born compared to the other 
three seasons. Significant results of age were found 
in the Summer 31–45 years group (OR adjusted = 0.74, 
95%CI = 0.57, 0.96) and Winter > 60 years group (OR 
adjusted = 1.44, 95%CI = 1.07, 1.96). After adding Autumn 
as the reference, secondary education level significantly 
reduced the likelihood of having depressive symptoms 
(Spring: OR adjusted = 0.67, 95%CI = 0.49, 0.91; Summer: 
OR adjusted = 0.60, 95%CI = 0.44, 0.81; Winter: OR adjusted 
= 0.55, 95%CI = 0.40, 0.76). Similarly, the association 
between higher SES and having depressive symptoms 
was weaker after counting Autumn as the reference. In 
particular, compared with high SES, low SES (Spring: 
OR adjusted = 3.86, 95%CI = 2.76, 5.40; Summer: OR adjusted 
= 4.00, 95%CI = 2.88, 5.57; Winter: OR adjusted = 3.98, 
95%CI = 2.79, 5.67) and middle-low SES (Spring: OR 
adjusted = 1.47, 95%CI = 1.11, 1.95; Summer: OR adjusted 

= 1.94, 95%CI = 1.49, 2.53; Winter: OR adjusted = 2.13, 
95%CI = 1.61, 2.81)induced a higher likelihood of having 
depressive symptoms. The association between geogra-
phy and depressive symptoms remained in Northwest 
(Spring: OR adjusted = 1.37, 95%CI = 1.06, 1.76; Summer: 
OR adjusted = 1.36, 95%CI = 1.06, 1.74; Winter: OR adjusted = 
1.39, 95%CI = 1.07, 1.81) and Central China (Summer: OR 
adjusted = 1.32, 95%CI = 1.00, 1.73).

Discussion
China spans over an enormous geographical area, mak-
ing the country extremely diverse in terms of both pop-
ulation and climate [26]. For example, there is a great 
seasonal and regional difference with the former affect-
ing early life by interfering with the mood and hormonal 
level of pregnant women [33–35]. In the same vein, the 
food supply and dietary pattern also change with the 
seasons [36–38]. As a result, seasons may influence the 
development of individuals in early life. Particularly, 
some papers have highlighted the effects of birth sea-
sonality on depressive symptoms. In addition, the devel-
opment of depressive symptoms has shown to be more 
prevalent in certain vulnerable demographic groups. 
Hence, the present study explored the influence of birth 
seasonality on depressive symptoms in adults through 
demographic factors. Consistent with previous literature 
[39, 40], we found that females, elders, low education, low 
socio-economics, and living in the North China were the 

Table 2  Multiple binary logistic regression by four seasons of birth
Variables Spring Summer Autumn Winter

OR adjusted (95%CI) OR adjusted (95%CI) OR adjusted (95%CI) OR adjusted (95%CI)
Gender (ref: Male)

Female 1.35 (1.14, 1.60)*** 1.35 (1.14, 1.59)*** 1.39 (1.17, 1.64)*** 1.47 (1.23, 1.75)***

Age (ref: 18–30 y)

31–45 y 1.08 (0.80, 1.47) 0.81 (0.61, 1.07) 0.80 (0.61, 1.05) 1.00 (0.75, 1.34)

46–60 y 1.48 (1.11, 1.97)** 1.08 (0.83, 1.40) 0.93 (0.71, 1.22) 1.12 (0.84, 1.48)

> 60 y 1.70 (1.23, 2.36)** 1.10 (0.81, 1.51) 1.10 (0.81, 1.50) 1.77 (1.27, 2.45)**

Education (ref:Higher)

Elementary 1.47 (1.05, 2.05)* 0.96 (0.73, 1.26) 1.17 (0.88, 1.56) 1.12 (0.82, 1.51)

Secondary 1.13 (0.77, 1.65) 0.69 (0.50, 0.96)* 1.05 (0.75, 1.47) 0.76 (0.53, 1.09)

SES (ref: High)

Low 7.46 (4.90, 11.36)*** 4.98 (3.39, 7.28)*** 6.65 (4.37, 10.11)*** 6.25 (4.10, 9.52)***

Middle-low 2.74 (1.89, 3.98)*** 2.38 (1.72, 3.28)*** 3.51 (2.42, 5.08)*** 3.31 (2.31, 4.75)***

Middle 2.00 (1.40, 2.84)*** 1.25 (0.92, 1.71) 1.94 (1.35, 2.79)*** 1.90 (1.35, 2.69)***

Middle-high 1.38 (0.96, 1.98) 1.08 (0.79, 1.49) 1.43 (0.98, 2.07) 1.10 (0.77, 1.58)

Geography (ref: South)

North 1.33 (0.95, 1.87) 1.21 (0.88 1.67) 1.35 (0.98, 1.87) 1.18 (0.82, 1.70)

Northeast 1.84 (1.29, 2.62)*** 1.44 (0.98, 2.11) 1.63 (1.14, 2.35)** 1.32 (0.91, 1. 90)

East 1.35 (1.02, 1.78)* 1.27 (0.99, 1.64) 1.28 (0.99, 1.65) 1.22 (0.92, 1.62)

Central 1.51 (1.11, 2.07)** 1.45 (1.09, 1.94)* 1.12 (0.83, 1.51) 1.41 (1.04, 1.92)*

Southwest 1.78 (1.30, 2.45)*** 1.25 (0.93, 1.69) 1.06 (0.76, 1.47) 1.38 (0.98, 1.95)

Northwest 1.95 (1.46, 2.60)*** 1.54 (1.17, 2.02)** 1.69 (1.28, 2.24)*** 1.88 (1.39, 2.54)***
CI: confidence interval; OR: odds ratio; Ref: reference; SES: socio-economics.

***p < 0.001; **p < 0.01; *p < 0.05.
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significant risk factors of having depressive symptoms. 
Moreover, people born in Autumn had the lowest rate 
(16.8%) of having depressive symptoms. Compared with 
people born in Autumn, people born in Summer exhib-
ited a higher likelihood (OR = 1.14, 95%CI = 1.02, 1.29) of 
having depressive symptoms when controlling for demo-
graphic variables. In particular, gender, SES, and educa-
tion were consistent in having depressive symptoms but 
age or geography were not.

First, gender and SES, both of which are associated 
with depressive symptoms across birth seasonality, 
might be less influenced by the environment. In line with 
previous studies [41, 42], females showed a higher like-
lihood of having depressive symptoms than male indi-
viduals. Female individuals often experience a so-called 
“sandwiched life” between household and work [43, 44]. 
Besides, women tend to be more emotionally sensitive 
when facing such problems [45]. Hence, females endure 
much more pressure in daily life. Besides, SES was also 
strongly associated with adulthood depressive symptoms 
across birth seasonality. A large number of surveys has 
similarly reported that lower-income level is an impor-
tant risk factor in adulthood depressive symptoms, par-
ticularly in the Asian countries [46]. Due to economic 
pressure from childcare and daily expenses among other 
things, many adults become anxious about their financial 

status. As a subject financial factor, SES cannot only 
reflect one’s financial status but also self-evaluated soci-
ety status [47, 48]. Our results suggested that satisfaction 
of family income status plays a key role in having depres-
sive symptoms. As for education, we found that higher 
educated individuals showed lower likelihood of having 
depressive symptoms. The results were consistent with 
the previous study from China [39].

However, age-depressive symptoms association can 
change across different birth seasonality groups. Only for 
people born in Spring and Winter, age was significantly 
related to depressive symptoms. Mainly in 46–60 or > 60 
years old sub-groups, the difference of age on depressive 
symptoms across four seasons of birth groups was signifi-
cant. Those people were mainly born in an era of mate-
rial deprivation, and their standard of living was relatively 
low. Besides, the refrigerator has not yet entered the ordi-
nary family household, which implied that food could not 
be well preserved. The seasons might therefore affect the 
food supply in people’s daily life. The shortage of food in 
winter and early spring might greatly influence maternal 
nutrition. The weather is relatively cold and in winter and 
early spring in China. Cold weather may influence the 
health status of pregnant women in the 1960s. Besides, 
seasonal infectious diseases in spring may also affect the 
health status of individuals. The birth season effects in 

Table 3  Multiple binary logistic regression of interaction of demographics and birth seasonality (ref: Autumn)
Variables Spring Summer Winter

OR adjusted (95%CI) OR adjusted (95%CI) OR adjusted (95%CI)
Gender (ref: Male)

Female 1.20 (1.02, 1.41)* 1.29 (1.10, 1.51)** 1.31 (1.11, 1.54)**

Age (ref: 18–30 y)

31–45 y 0.80 (0.61, 1.05) 0.74 (0.57, 0.96) * 0.80 (0.62, 1.05)

46–60 y 1.14 (0.89, 1.47) 1.00 (0.78, 1.28) 0.94 (0.72, 1.21)

> 60 y 1.28 (0.96, 1.72) 1.01 (0.75, 1.37) 1.44 (1.07, 1.96)*

Education (ref: Higher)

Elementary 0.93 (0.71, 1.20) 0.85 (0.66, 1.09) 0.85 (0.66, 1.10)

Secondary 0.67 (0.49, 0.91)* 0.60 (0.44, 0.81)** 0.55 (0.40, 0.76)***

SES (ref: high)

Low 3.86 (2.76, 5.40)*** 4.00 (2.88, 5.57)*** 3.98 (2.79, 5.67)***

Middle-low 1.47 (1.11, 1.95)** 1.94 (1.49, 2.53)*** 2.13 (1.61, 2.81)***

Middle 1.04 (0.81, 1.33) 1.01 (0.79, 1.29) 1.18 (0.91, 1.52)

Middle-high 0.74 (0.57, 0.96)* 0.88 (0.68, 1.13) 0.69 (0.53, 0.92)*

Geography (ref: South)

North 0.97 (0.71, 1.33) 1.09 (0.80 1.47) 0.88 (0.63, 1.23)

Northeast 1.31 (0.94, 1.82) 1.28 (0.89, 1.84) 1.00 (0.71, 1.41)

East 0.98 (0.77, 1.26) 1.13 (0.90, 1.43) 0.92 (0.72, 1.18)

Central 1.12 (0.84, 1.49) 1.32 (1.00, 1.73)* 1.09 (0.83, 1.45)

Southwest 1.34 (1.00, 1.80)* 1.15 (0.87, 1.53) 1.10 (0.80, 1.52)

Northwest 1.37 (1.06, 1.76)* 1.36 (1.06, 1.74)* 1.39 (1.07, 1.81)*
CI: confidence interval; OR: odds ratio; Ref: reference; SES: socio-economics.

***p < 0.001: **p < 0.01; *p < 0.05.
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adulthood depression at younger individuals are not sig-
nificant. It might be attributed to the booming of econ-
omy and development of technology. These factors might 
explain the increased likelihood of having depressive 
symptoms among people born in Spring and Winter.

As a categorical variable, geography had different asso-
ciations with depressive symptoms across birth season-
ality. Compared with Southwest China, people in the 
Northeast and Northwest China were more likely to be 
depressed. The regional climate is commonly dryer and 
colder than South China. Low humidity and cold weather 
have been demonstrated as the possible risk factors 
of depression [49, 50]. The sensitivity of geography on 
adulthood depression was changed by birth seasonality. 
Compared with people born in autumn, individuals born 
in spring and summer generally showed higher likelihood 
of having depression. This phenomenon further sup-
ported our hypothesis.

Univariate analysis found that birth seasonality was 
not significantly related to adulthood depressive symp-
toms, yet significant after controlling for demographic 
variables. Previous reports mainly focused on the rela-
tionship between birth seasonality on physical diseases 
or severe mental disorders like schizophrenia [26, 51, 
52]. In addition, most studies investigating the effects of 
birth seasonality on depression were from a patient pop-
ulation with a relatively modest number of samples [23, 
53]. More importantly, the trends of adulthood depres-
sive symptoms in different seasons of birth have seldom 
been reported from China. Compared with the previous 
studies, the sampling method was more scientific and 
systemic in our work. In particular, we investigated indi-
viduals from 29 provinces in China with a valid number 
of 16,185. The population in the present research was 
therefore large and representative.

However, there are several drawbacks in our work. First, 
the present study mainly investigated individuals from 
the labor-forces in China and the associations we aimed 
to study were somehow weak. Secondly, the respondent 
rate reaches 76.7% and most non-respondents are due to 
missing date of birth. Such non-respondents may cause 
subtle bias but comparing the depression rate, gender 
ratio, and age ratio between respondents and full sample 
[12] suggests that the current sample still remains rep-
resentative. Although laborers are the majority in the 
population, it still limits the extrapolation of our con-
clusions to the general population. Hence, further study 
may focus on comparing the birth seasonality effects 
across different populations. Many scholars have put for-
warded possible explanations about the effects of birth 
season on depression, such as maternal nutrition, sea-
sonal infectious diseases, genetics, and hormone levels 
[23, 54–56]. Nevertheless, the real mechanisms of how 
the birth seasonality affects depressive symptoms remain 

unclear. Stronger shreds of evidence may need animal 
experiments or genetic research about the effects of birth 
seasonality on depression. Lastly, the investigation of 
the present work was cross-sectional and conducted in 
Summer, meaning that causal explanations are question-
able and limited to investigation in Summer. To testify 
the influence of birth seasonality on demographic factors 
of depression, future studies should optimally include a 
more representative sample of the general population in a 
longitudinal design measured across four seasons.

Conclusion
To summarize, we found that birth seasonality had a 
significant influence on depressive symptoms when 
controlling for demographic variables. Compared with 
people born in Autumn, people born in Summer showed 
a higher likelihood of having depressive symptoms 
(OR = 1.14, 95%CI = 1.02, 1.29). In different birth season-
ality groups, the association between demographic vari-
ables and depressive symptoms was different especially 
for age and geography. Since a large body of evidence 
has highlighted the current climate effects on depres-
sive symptoms, our findings further explored how rough 
early life climate environment contributes to adult-
hood depression. Conclusively, this work provides new 
insights about the climate effects on depressive symp-
toms and may help guide environment-targeted preven-
tive policies.
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