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Abstract
The global population of depression patients has exceeded 300 million, and its
high disability rate has attracted widespread international attention. Currently,
research on the relationship between the temperature-humidity index (Humidex)
and depression remains limited.

To explore the relationship between Humidex across the 24 solar terms and
depression.

Data on depression patients visiting the psychiatric department of Shanghai
Jiading District Mental Health Center from 2016-10-08 to 2019-10-07 were col-
lected, including gender, age, visit time, and numbers of general and special-
ist outpatient visits. Daily mean temperature, relative humidity, rainfall, air
pressure, and mean wind speed data for Jiading District from 2016-10-08 to
2019-10-07 were collected from publicly available data from the Shanghai Me-
teorological Bureau to calculate Humidex. Patients were divided into different
age groups: $�$18 years (n=157), 19-44 years (n=3,099), 45-59 years (n=4,848),
60-74 years (n=6,270), and $�$75 years (n=3,915). The relationship between
Humidex across the 24 solar terms and depression was estimated using a com-
bination of quasi-Poisson distribution and distributed lag non-linear models.
Pearson correlation analysis was used to calculate the correlation between Hu-
midex and meteorological variables. Using median Humidex as the reference,
the relative risk (RR) of depression associated with Humidex across the 24 solar
terms was calculated.

A total of 18,289 depression patient visits were included from 2016-10-08 to
2019-10-07, comprising 6,900 male patients and 11,389 female patients. From
2016-10-08 to 2017-10-07, the Minor Cold solar term had the lowest mean Hu-
midex and the highest number of depression patients; the Major Heat solar term
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had the highest mean Humidex and the lowest number of depression patients.
From 2017-10-08 to 2018-10-07, the Major Cold solar term had the lowest mean
Humidex and the highest number of depression patients; the Major Heat so-
lar term had the highest mean Humidex and the lowest number of depression
patients. From 2018-10-08 to 2019-10-07, the Major Cold solar term had the
lowest mean Humidex and the highest number of depression patients; the Ma-
jor Heat solar term had the highest mean Humidex and the lowest number of
depression patients. Humidex across the 24 solar terms showed a non-linear
relationship with depression risk in the total population. From 2016-10-08 to
2019-10-07, for the total population, males, females, and the age groups $�$18
years, 19-44 years, 45-59 years, 60-74 years, and $�$75 years, the solar terms
corresponding to the top two Humidex values for depression risk distribution
were Major Cold and Beginning of Spring, while the solar term corresponding
to the lowest Humidex value for depression risk distribution was Major Heat.
In the total depression population, the maximum lag effect occurred on day 10
after the Major Cold and Beginning of Spring solar terms [RR=1.020, 95%CI
(1.001, 1.040)], while a lag effect appeared on day 8 after the Major Heat solar
term and persisted until day 9. The 60-74 years age group showed a lag effect
on day 7 after the Major Cold and Beginning of Spring solar terms, with the
maximum lag effect on day 9 [RR=1.054, 95%CI (1.007, 1.104)], persisting until
day 11. The male depression population showed lag effects on day 1 and day 8
after the Major Heat solar term, persisting until day 2 and day 10 respectively,
with the maximum lag effect occurring on day 10 [RR=0.952, 95%CI (0.911,
0.994)]; the 60-74 years age group showed a lag effect on day 8 after the Major
Heat solar term, persisting until day 9.

Humidex during the Major Cold and Beginning of Spring solar terms is a risk
factor for depression, while high Humidex during the Major Heat solar term is a
protective factor against depression. Clinically, precise diagnosis and treatment
should be implemented for different depression patient populations based on the
varying Humidex across different solar terms, and individualized intervention
plans should be formulated.
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Abstract

Background: The global number of patients with depression has exceeded
300 million, and its high disability burden has attracted worldwide attention.
However, the relationship between temperature-humidity index (Humidex) and
depression remains to be explored. Objective: To explore the relationship
between Humidex of the twenty-four solar terms and depression. Methods:
Outpatient data for patients with depression admitted to the psychology de-
partment of Mental Health Center of Jiading District from October 8, 2016
to October 7, 2019 were collected, including gender, age, treatment time, and
numbers of outpatient and specialist visits. Daily mean temperature, relative
humidity, rainfall, air pressure and mean wind speed data for Jiading District
from October 8, 2016 to October 7, 2019 were collected from the Shanghai
Meteorological Bureau to calculate Humidex. Patients were stratified by age
group: $�$18 years (n=157), 19–44 years (n=3,099), 45–59 years (n=4,848), 60–
74 years (n=6,270) and $�$75 years (n=3,915). The relationship between Hu-
midex across the twenty-four solar terms and depression was estimated using a
combination of quasi-Poisson distribution and distributed-lag nonlinear model.
Correlation between Humidex and meteorological variables was calculated us-
ing Pearson correlation analysis. Using median Humidex as reference, relative
risks (RR) of Humidex and depression were calculated for the twenty-four solar
terms. Results: A total of 18,289 patients with depression were included from
October 8, 2016 to October 7, 2019, including 6,900 males and 11,389 females.
Humidex showed a nonlinear relationship with depression risk in the overall
population. The top two solar terms corresponding to highest depression risk
distribution for total population, males, females, and all age groups were Great
Cold and Beginning of Spring, while Great Heat corresponded to the lowest risk.
The maximum lag effect in the total population occurred on day 10 after Great
Cold and Beginning of Spring [RR=1.020, 95%CI (1.001, 1.040)], and on day 8
after Great Heat, lasting until day 9. In the 60–74 years group, the lag effect
appeared on day 7 after Great Cold and Beginning of Spring, with maximum
effect on day 9 [RR=1.054, 95%CI (1.007, 1.104)], lasting until day 11. In male
patients, lag effects occurred on days 1 and 8 after Great Heat, lasting until
days 2 and 10 respectively, with maximum effect on day 10 [RR=0.952, 95%CI
(0.911, 0.994)]. Conclusion: Low Humidex during Great Cold and Beginning
of Spring are risk factors for depression, while high Humidex during Great Heat
is a protective factor. Clinically, accurate diagnosis and treatment should be
provided for different depression patient populations according to Humidex vari-
ations across solar terms, and individualized intervention programs should be
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formulated.

Keywords: Depressive disorder; Humidity; Temperature; Humidex; Solar
terms and medicine; 24 solar terms; Correlation study

Introduction

Depression prevalence has increased significantly in recent years. Reports esti-
mate that approximately 322 million people worldwide suffer from depression,
accounting for 4.4% of the global population, with disability-adjusted life years
far exceeding those of cardiovascular diseases, attracting widespread attention.
The 2021 China Mental Health Survey showed that the prevalence of depression
in China is 3.4%, with 95 million patients, and about 280,000 suicides occur an-
nually, of which 40% involve individuals with depression. Multiple studies have
demonstrated that neuropsychiatric diseases are associated with meteorological
elements such as temperature, humidity, air pressure, and sunshine duration.
China’s twenty-four solar terms—“Spring rain awakens spring, clear valley sky;
Summer fullness connects summer heat; Autumn dew brings cold frost; Winter
snow connects winter cold”—represent the wisdom of our ancestors in summariz-
ing annual natural rhythm changes. These terms play important roles in guiding
agricultural production and constitute an important part of China’s excellent
traditional culture, having been included in the Representative List of the Intan-
gible Cultural Heritage of Humanity. Currently, research on the relationship
between Humidex of the twenty-four solar terms and depression is relatively
scarce. Previous studies have focused on single indicators such as mean temper-
ature, humidity, and sunshine duration, ignoring the interactive effects of mul-
tiple factors on depression patients. This study analyzes data from depression
patients at Shanghai Jiading District Mental Health Center and meteorological
data from Jiading District to comprehensively investigate the relationship be-
tween Humidex of the twenty-four solar terms and depression, revealing trends
in depression patient numbers across solar terms to provide theoretical basis for
reducing depression prevalence and implementing preventive measures.

Methods

1.1 Data Collection Outpatient data for patients with depression from the
psychology department of Shanghai Jiading District Mental Health Center were
collected from October 8, 2016 to October 7, 2019, including gender, age, treat-
ment time, and numbers of outpatient and specialist visits. Inclusion criteria:
Patients met the diagnostic criteria for depression (ICD-10 code F32) in the
International Classification of Diseases (10th Revision). Exclusion criteria: (1)
patients previously diagnosed with other psychiatric disorders besides depres-
sion; (2) depression caused by organic lesions; (3) history of severe head trauma.

chinarxiv.org/items/chinaxiv-202307.00064 Machine Translation

https://chinarxiv.org/items/chinaxiv-202307.00064


This study was approved by the Medical Ethics Committee of Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of Medicine.

Daily mean temperature, relative humidity, rainfall, air pressure and mean wind
speed data for Jiading District from October 8, 2016 to October 7, 2019 were col-
lected from data published by the Shanghai Meteorological Bureau. Humidex
was calculated using the formula: Humidex=tem+ 7.5 tem 237.7+tem -10］,
where tem is daily mean temperature and hum is relative humidity. Sample
size estimation for the descriptive study used the formula N = Z2×P×(1-P)/�2,
where N is sample size, Z is the statistic (Z=1.96 for 95% confidence interval),
� is the error value, and P is the probability value. A Chinese cross-sectional
epidemiological study on mental disorders showed a lifetime prevalence of de-
pression of 3.4%, yielding N=11,364.7, rounded to N=11,365. The study actu-
ally included 18,289 cases. The twenty-four solar terms were plotted from Cold
Dew to Autumnal Equinox to illustrate the relationship between solar terms,
Humidex, and depression patient numbers.

1.2 Grouping Based on references, patients were stratified by age group:
$�$18 years (n=157), 19–44 years (n=3,099), 45–59 years (n=4,848), 60–74 years
(n=6,270) and $�$75 years (n=3,915).

1.3 Statistical Analysis Data analysis was performed using SPSS 16.0 and R
4.2.0 software. Normally distributed measurement data were expressed as (x̄±s).
Since daily depression incidence is a low-probability event following a Poisson
distribution, the relationship between Humidex of the twenty-four solar terms
and depression was estimated using a combination of quasi-Poisson distribution
and distributed-lag nonlinear model. Pearson correlation analysis was used to
calculate correlations between Humidex and meteorological variables. When the
correlation coefficient (r) between Humidex and a single meteorological variable
was >0.7, it was considered strong correlation and the variable was excluded
from the model.

The model was: Log[E(Y�)]=𝛼+𝛽X�,�+ns(Wind speed�, df=3)+ns(Time,
df=5/year)+DOW�+Holiday�+Experts�, where E(Y�) represents the expected
count of depression patients on day t, 𝛼 is the intercept, X represents Humidex,
l is the maximum lag days, 𝛽 is the coefficient of Humidex, Wind speed� is wind
speed on day t, Time reflects the time variable, and ns is the natural cubic
spline function. ns(Time, df) controlled for seasonal and long-term trends using
natural spline functions, including categorical variables such as day of week
(DOW), holidays (Holiday), and specialist clinics (Experts). Based on relevant
literature, natural cubic splines with 3 df were used for wind speed, and natural
cubic splines with 5 df per year were used to control long-term trends and
seasonal distribution. Each solar term averages 15 days, and the maximum lag
days was set at 15 based on Akaike Information Criterion (AIC). Using median
Humidex as reference, relative risk rates (RR) of Humidex and depression were
calculated for the twenty-four solar terms. Effect modification by gender and
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age grouping was examined by calculating 95%CI for differences in effect values
across populations. P<0.05 was considered statistically significant.

Results

2.1 Statistical Description From October 8, 2016 to October 7, 2019, a
total of 18,289 patients with depression were included, including 6,900 males
and 11,389 females. The distribution of meteorological factors in Jiading District
during the study period is shown in Table 1 .

From October 8, 2016 to October 7, 2017, the Lesser Cold solar term had the
lowest average Humidex and highest number of depression patients, while the
Great Heat solar term had the highest average Humidex and lowest number of
patients. From October 8, 2017 to October 7, 2018, the Great Cold solar term
had the lowest average Humidex and highest number of depression patients,
while the Great Heat solar term had the highest average Humidex and lowest
number of patients. From October 8, 2018 to October 7, 2019, the Great Cold
solar term had the lowest average Humidex and highest number of depression
patients, while the Great Heat solar term had the highest average Humidex and
lowest number of patients. The distribution of average Humidex and depression
patient numbers across the twenty-four solar terms from 2016–2019 is shown in
Figure 1 [Figure 1: see original paper].

2.2 Variable Inclusion in Distributed-Lag Nonlinear Model Correla-
tion analysis showed that Humidex was strongly correlated with daily mean
temperature (r=0.899) and air pressure (r=-0.832) (P<0.05), so these variables
were excluded from the model. Humidex showed weak correlation with relative
humidity (r=0.028), wind speed (r=-0.023), and rainfall (r=0.044) (P>0.05).
Since Humidex is calculated from daily mean temperature and relative humid-
ity, relative humidity was excluded from the model. Due to high dispersion of
rainfall data, it was also excluded. The final model included Humidex and wind
speed.

2.3 Effects of Humidex on Depression Across Solar Terms Using me-
dian Humidex (0) as reference, Humidex showed a nonlinear relationship with
depression risk in the overall population. As Humidex increased, depression risk
in the total population showed a trend of first decreasing, then increasing, then
decreasing again. From October 8, 2016 to October 7, 2019, the top two solar
terms corresponding to highest depression risk distribution were Great Cold and
Beginning of Spring, while Great Heat corresponded to the lowest risk. Dose-
response plots for Humidex and depression in different gender and age groups
showed similar trends: as Humidex increased, depression risk distribution gen-
erally showed a pattern of first decreasing, then increasing, then decreasing. For
males, females, and all age groups ($�$18, 19–44, 45–59, 60–74, and $�$75 years),
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the top two solar terms with highest risk distribution were Great Cold and Be-
ginning of Spring, while Great Heat had the lowest risk distribution (Figure 2
[Figure 2: see original paper]).

2.4 Lag Effects of Humidex on Depression The maximum lag effect in the
total depression population occurred on day 10 after Great Cold and Beginning
of Spring [RR=1.020, 95%CI (1.001, 1.040)], with lag effects appearing on day
8 after Great Heat and lasting until day 9. Subgroup analysis revealed that
only the 60–74 years group showed lag effects after Great Cold and Beginning
of Spring, appearing on day 7, peaking on day 9 [RR=1.054, 95%CI (1.007,
1.104)], and lasting until day 11. Only males and the 60–74 years group showed
lag effects after Great Heat. In male patients, lag effects appeared on days 1
and 8 after Great Heat, lasting until days 2 and 10 respectively, with maximum
effect on day 10 [RR=0.952, 95%CI (0.911, 0.994)]. In the 60–74 years group,
lag effects appeared on day 8 after Great Heat and lasted until day 9 (Figure 3
[Figure 3: see original paper]).

Discussion

This study analyzed the correlation between Humidex of the twenty-four so-
lar terms and depression from October 8, 2016 to October 7, 2019 using a
distributed-lag nonlinear model. The results showed a nonlinear relationship
between Humidex and depression, with Great Cold and Beginning of Spring
having the highest risk distribution and Great Heat having the lowest. These
findings align with previous research showing depression worsens in winter and
improves in summer.

Traditional Chinese medicine holds that liver yang represents the spring-born
lesser yang qi, which is initially weak and vulnerable to damage. When cold
pathogens are strong, liver yang is damaged, and the liver loses its ascending and
smoothing properties, leading to stagnation. In winter, depressed patients have
reduced liver dredging function, making them more susceptible to depression.

Research suggests that high incidence of depression in winter may be related to
changes in daylight hours and melatonin levels. Clinical trials have found sig-
nificant efficacy of light therapy for seasonal depression. Neuroimaging studies
indicate that light therapy has antidepressant effects through a retinal disy-
naptic circuit affecting depressive-like behavior, with neural circuits influenced
by light dose and wavelength. Melatonin, derived from the pineal gland, reg-
ulates circadian rhythms and has antidepressant functions, possibly through
monoamine neurotransmitters and the hypothalamic-pituitary-adrenal axis.

Stratified analysis by gender and age groups revealed similar risk distribution
trends across the twenty-four solar terms for both male and female patients,
with Great Cold and Beginning of Spring showing highest risk and Great Heat
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showing lowest risk. Different age groups showed similar patterns, though maxi-
mum lag risks and timing differed. This study found more female patients than
male, consistent with research on depression rehospitalization and depression
status among middle-aged and elderly Chinese. This may be partly due to fe-
male hormones and women’s greater tendency to express depressive emotions.
Depression patients were concentrated in the 60–74 years age group. Depression
in elderly people is influenced by multiple factors including economic pressure,
family atmosphere, spousal death, declining physical function, and poor ability
to cope with cold weather changes. Depression is also associated with various
diseases, with research linking depression and hypertension in elderly popula-
tions. Depression often coexists with chronic diseases, increasing family burden,
severely reducing quality of life, and potentially causing death, posing significant
challenges to families and society.

This study has several limitations: (1) It focused on outpatient data from Shang-
hai Jiading District Mental Health Center. Shanghai has a subtropical mon-
soon climate, which may differ from other regions in China, limiting general-
izability. Future research should collect depression data nationwide. (2) This
study examined short-term rather than long-term effects of Humidex across so-
lar terms; longer time periods should be explored. (3) The study may have
included patients who regularly visited the clinic for reasons unrelated to solar
term Humidex, but data limitations prevented exclusion. (4) The study did not
collect comprehensive individual characteristics such as education level, family
economic status, family atmosphere, employment status, or chronic disease sta-
tus. Future research should incorporate these factors for more comprehensive
analysis and collect longer-term samples for validation.

Conclusion

Low Humidex during Great Cold and Beginning of Spring are risk factors for
depression, while high Humidex during Great Heat is a protective factor. Clini-
cally, accurate diagnosis and treatment should be provided for different depres-
sion patient populations according to Humidex variations across solar terms,
and individualized intervention programs should be formulated.
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