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Abstract: Background: Given that more frequent and intensive extreme heat events have been
projected based on climate change modeling, it is of significance to have a better understanding of
the association between heat waves and mental illnesses. This study aimed to explore the effects of
heat waves on daily hospital visits for mental illness in the summer of 2010 in Jinan, China. Methods:
A symmetric bidirectional case-crossover study was firstly conducted to determine the relationship
between daily hospital visits for mental illness and heat waves in Jinan in 2010. Multifactor logistic
regression analysis was then used to analyze the influencing factors for daily hospital visits for mental
illness during the heat wave periods. Results: Multivariable analysis showed that the heat wave
events were associated with an increased risk of mental illness. The largest odds ratios (ORs) of
the heat waves for daily hospital visits for mental illness were 2.231 (95% confidence interval (CI):
1.436–3.466) at a 3-day lag, 2.836 (95% CI: 1.776–4.525) at a 2-day lag, 3.178 (95% CI: 1.995–5.064) at a
3-day lag, and 2.988 (95% CI: 2.158–4.140) at a 2-day lag for the first, second, third, and fourth heat
waves, respectively. The elderly, urban residents, outdoor workers, and singles may be high-risk
populations for developing heat wave-related mental illness. Conclusions: Our study has supported
that there is a positive association between heat waves and hospital visits for mental illness in the
study site. Age, home address, occupation, and marital status were associated with daily hospital
visits for mental illness during the heat wave periods.
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1. Introduction

Climate change is likely the biggest global health threat of the 21st century [1–4]. As reported
by Intergovernmental Panel on Climate Change (IPCC), the surface temperature of the earth has
significantly warmed in the past few decades and it has been accelerating at a rate far greater than
projected [5]. Heat waves, as a global environmental problem, are usually characterized by extremely
high temperatures for long duration, and humans are unable to adjust to such extreme conditions. At
the same time, the frequency and intensity of heat waves have been continuously increasing as global
temperature increases [1,6–13]. It is worth mentioning that increasing temperature has direct and
indirect impacts on human well-being, including mental health. In 2007, the Fourth IPCC assessment
clearly reported multiple adverse health effects caused by climate change, alluding to the fact that
many critical effects are psychological [13]. It has been documented that heat waves may not only
directly affect mental health under extreme weather events, but also disrupt social, economic, and
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environmental determinants that promote mental health at the community level [2,14]. In addition,
there are a variety of reasons to believe that the people with a preexisting mental illness are particularly
vulnerable to the ambient temperature. That is to say, extremely high temperatures could exacerbate
psychiatric conditions [1,11–13]. For example, some psychotropic medications increase vulnerability
to heat-related morbidity by affecting normal thermoregulation [2,12]. Adaptation strategies, for some
behavioral and psychiatric reasons, may be less achievable for those with mental illness and thus the
affected individuals may be unable to effectively protect themselves from the effects of heat [9,13].

Mental illness has already caused a significant burden to the public health system. A survey in
Europe showed that 25.9% of the respondents said they had suffered from mental illness at some point,
with 11.5% of suffering from mental illness within the last year [15]. Statistics in Australia also indicate
an increase in reported mental illness, with 11% of persons reporting long-term mental or behavioral
problems in 2004–2005, up from 5.9% in 1995 [12]. With the increasing competitive social atmosphere
in China, the number of people suffering from mental diseases is also skyrocketing [16].

An epidemiological survey indicated that one fifth of Chinese adults suffer from mental illness [17].
Mental illness is likely to constitute the second greatest burden of non-fatal disease of the world by 2030,
and a better understanding of the patterns of mental illness associated with heat waves is important for
public health to identify the health consequences resulting from global climate changes [1]. However,
the association of heat waves with mental illness has not yet been investigated extensively. Research
on the association between heat waves and mental illness is insufficient to support decision making.

Relevant data show that Eastern China (including Jinan) is one of the areas hit by heat waves
most frequently. High temperatures are disastrous in the summers of this region. Since the beginning
of the 21st century, both the frequency and intensity of high-temperature weather in this region have
noticeably increased [18]. The Shandong province was stricken by nine rare extreme weather events in
2010, among which heat wave events were also listed. In the summer of 2010, several deaths occurred
in Jinan because of heatstroke. Even in late September the temperature in Jinan remained above 35 ◦C,
noticeably postponing the coming of autumn in that year. Therefore, Jinan was selected as our study
area. Jinan has a longitude of 117◦00′ E and latitude of 36◦40′ N, covering an area of 8177.21 km2 and
hosting a population of 6,814,000 in 2010. Jinan has a temperate continental monsoon climate, with an
annual average temperature 14.7 ◦C and annual average rainfall of 671.1 mm. Extreme heat in Jinan
usually occurs between June and August. Mental illness is common in Jinan; therefore, patients already
with mental illness might be more sensitive to heat waves and consequently have higher risks for
hospital visits. It is worthwhile evaluating the effects of heat waves on hospital visits for mental illness.
Thus, this study aims to provide a better understanding of the impacts of heat waves on mental health
in the summer (1 June–31 August) of Jinan in 2010 and to provide suggestions for better adaptation to
future extreme heat events. It will assist in identifying populations at risk and in providing evidence
for decision makers in reducing risks for mental health clinics, public health, and social service sectors.

2. Materials and Methods

A case-crossover design was first conducted to investigate the association between heat waves
and the daily hospital visits of mental illness in Jinan of 2010. In the case-crossover design, cases serve
as their own control or referent at a different time period before or after the disease event [19]. The
case-crossover design is useful when studying transient exposures and acute effects because fixed
individual characteristics that do not vary with time are controlled by design [18]. Multifactor logistic
regression analysis was then used to analyze the influence factors with daily hospital visits for mental
illness during the heat wave periods.

2.1. Heat Wave Events

Up to now, no consistency has been found between the most sensitive heat indicators for different
locations due to various characteristics of events in different geographic and climatic conditions [20].
China has a vast land with climates in different regions varying greatly. According to the China
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Meteorological Administration, each province and city could set the threshold temperature value of
heat waves based on the local climate features. This study defined heat wave events according to the
climate features of Jinan and the relevant information: daily maximum temperatures ≥35 ◦C lasting
for no less than three days. Therefore, there were four episodes of heat waves observed during the
study period (in a total of 14 days), from 14 to 17 June, 28 to 30 June, 4 to 7 July, and 29 to 31 July in
2010, respectively. By convention, in this study, the first day of the heat wave (the day when the heat
wave first occurred) was recorded as Day 0, followed by Day 1, and so forth.

2.2. Case and Control Periods

The heat wave periods in the study area, i.e., the periods of 14 to 17 June, 28 to 30 June, 4 to 7
July, and 29 to 31 July in 2010, were selected as the exposure periods, respectively. The 1:3 symmetric
bidirectional design was applied for selecting control days, matching the day of the week with a
3-week lead or lag time from when the case occurred (the control periods 24 May to 8 July, 7 June
to 21 July, 13 June to 28 July, and 8 July to 21 August were used for control selection, respectively).
This approach has been shown to control for time-invariant confounders, time trends, and seasonal
variation in exposure as well as to produce unbiased results using conditional logistic regression
models [21]. If one exposure day was included in a control period, then it was excluded from the
control days. One exposure day was matched with four to six control days in this way. There were 20
days, 12 days, 18 days, and 18 days selected as control days for the first, second, third, and last heat
wave events, respectively.

2.3. Data Collection

2.3.1. Disease Surveillance Data

The daily disease data of mental illness in Jinan of 2010 were collected from the mental health
center of Shandong province. The detailed information of the cases was recorded in the case registration
report system of the center. The electronic records we extracted included: case number, gender, age,
type of diagnosis, home address, occupation, marital status, contact information, and so on. The
inclusion criteria of the cases were as follows:

(1) The cases had to be of permanent residents of Jinan or individuals who had been living in Jinan
for at least three months before the illness.

(2) Mental illness included a range of conditions, both short-term or chronic, such as depression,
anxiety, and schizophrenia [12]. These conditions differ in their etiologies, symptoms, effects, and
treatment. However, these conditions are all characterized by alterations in thinking, mood, or
behavior, and the associated distress or impaired functioning [1]. The mental illnesses included
in our study were selected by the International Classification of Diseases codes for 10th Revision
(ICD-10: F00–F99), as shown in Table 1.

(3) The admission cases included in our study were the new hospitalized cases during the
study period.

(4) The new cases together with the recurrent cases during the study period were researched together.

2.3.2. Meteorological Data

Daily meteorological data from 1 June to 31 August in 2010 in Jinan were obtained from the
China Meteorological Data Sharing Service System [22]. The meteorological variables included daily
maximum temperature (Tmax), daily average temperature (AT), daily minimum temperature (Tmin),
daily average relative humidity (ARH), daily average wind velocity (AWV), and daily average air
pressure (AAP).
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Table 1. Disease types of the International Classification of Diseases (ICD 10: F00–F99).

Codes Disease Type

F00–F99 Mental and behavioral disorders
F00–F09 Organic (including symptomatic) mental disorders
F10–F19 Mental and behavioral disorders caused by the use of psychoactive substances
F20–F29 Schizophrenia, classification disorders, and delusional disorders
F30–F39 Mood disorders
F40–F49 Neurological, stress-related and physical disorders
F50–F59 Complex behavioral disorders associated with physiological disorders and somatic factors
F60–F69 Adult personality and behavioral disorders
F70–F79 Developmental disorders
F80–F89 Mental development disorders
F90–F98 Behavior and mood disorders are usually associated with childhood and youth

F99 Mental disorders

2.4. Statistical Analysis

Firstly, a descriptive analysis was performed to report the characteristics of the cases and
distribution of meteorological factors. Then the disease distribution for hospitalized cases according to
ICD-10 during the study period was analyzed. The Wilcoxon two-sample test was adopted to compare
the differences in the cases between the heat wave and non-heat wave period.

Secondly, ORs and 95%CIs were derived by using conditional logistic regression models with
every day and several control days as one stratum. There were 4, 3, 4, and 3 stratums for the first,
second, third, and last heat wave events that we analyzed, respectively. In every stratum, the daily
hospital visits for mental illness in exposure day were selected as frequency. A dummy variable “y”
was used to represent exposure and control periods using 0 and 1. In the multivariable analysis, we
adjusted meteorological variables which may influence the daily hospital visits for mental illness. With
the consideration of potential lagged effects on mental illness of the heat waves, lagged effects up to 5
days were calculated by conditional logistic regression analysis.

Thirdly, a multifactor logistic regression analysis was conducted to explore the influence factors
with daily hospital visits for mental illness during the heat wave periods. Many factors were difficult
to obtain for outpatient cases, so all the hospitalized cases during the exposure periods were served
in the case group and all the hospital admissions in the remaining days were allocated to the control
group. The factors we analyzed and their assignment cases are shown in Table 2. The significance level
to eliminate variables was 0.15, and the significance level to select variables was 0.10.

Table 2. The factors we analyzed and their assignment cases.

Factors Variable Name Assignment Cases

Gender X1 male = 1, female = 0
Age X2 ≥65 = 1, ≤64 = 0

Home address X3 Urban = 1, rural or suburban = 0
Occupation X4 outdoor workers = 1, indoor workers = 0

Marital status X5 others(singles) = 1, married = 0

3. Results

3.1. Descriptive Analysis for the Disease and Meteorological Data

Figure 1 shows the daily maximum temperature and daily hospital visits in the study period
of 2010 in Jinan. A daily distribution of mental illness and meteorological factors during the heat
wave periods and non-heat wave periods in Jinan is shown in Table 3. During the study period
from 1 June to 31 August of 2010, a total of 19,569 notified mental illness cases were identified,
of which 3573 cases were notified during the heat wave periods, accounting for 18.3% of the total
reported cases in the study period. The number of male patients was slightly larger than female ones
(11,423 vs. 8146). The highest risk group was the people over 65 years (the morbidity was 2.35%).
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As can be seen from Table 4, the most common type of mental illness during the study period was
F20–F29 (schizophrenia, classification disorders, and delusional disorders), followed by F30–F39 (mood
disorders). The Wilcoxon two-sample test showed that the number of daily cases of F00–F99, F20–F29,
F30–F39, and F40–F49 were significantly different between the heat wave and non-heat wave periods
(p < 0.05).

3.2. Correlation Analysis

Table 5 demonstrates the results of Spearman’s correlation analysis of meteorological factors. The
results suggested that statistical correlation was existed between any two meteorological factors. Thus,
all the meteorological variables including AT, ARH, AWV, and AAP were incorporated in the next
analysis models to estimate the risk of heat waves on daily hospital visits for mental illness.

3.3. The Symmetric Bidirectional Case-Crossover Study

Figure 2 shows the estimated ORs of the four heat wave events on the effect of the daily hospital
visits of mental illness from a 1-day to 5-day lag in the conditional logistic regression models. The
results indicated that the heat waves significantly increased the daily hospital visits of mental illness in
Jinan of 2010. The strongest effect was shown with a 3-day lag for the first heat wave event (OR = 2.231,
95% CI: 1.436–3.466), a 2-day lag for the second heat wave event (OR = 2.836, 95% CI: 1.776–4.525), a
3-day lag for the third heat wave event (OR = 3.178, 95% CI: 1.995–5.064), and a 2-day lag for the last
heat wave event (OR = 2.988, 95% CI: 2.158–4.140), respectively.
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Figure 1. Daily maximum temperature and daily hospital visits in the study period of 2010 in Jinan.

Table 3. Description of daily mental illness cases and meteorological factors during the study period.

Variables x ± s Min P25 P50 P75 Max

Heat wave period
AT (◦C) 31.3 ± 1.3 28.6 30.3 31.9 32.2 33.1

AAP (hpa) 981.2 ± 1.4 979.3 980.5 981.5 983.0 983.9
ARH (%) 50.1 ± 10.2 31.0 42.8 49.5 59.5 65.0

AWV (m/s) 3.0 ± 0.8 1.9 2.4 2.9 3.6 5.0
Daily hospital visits 248 ± 51 162 210 226 292 360

Non-heat wave
period
AT (◦C) 25.8 ± 3.1 17.7 23.7 26.2 27.9 32.3

AAP (hpa) 988.0 ± 4.1 979.2 985.1 987.5 991.1 996.6
ARH (%) 70.6 ± 14.7 30.0 60.0 73.0 82.5 96.0

AWV (m/s) 2.1 ± 0.7 0.8 1.6 2.0 2.6 3.9
Daily hospital visits 215 ± 68 85 179 234 261 301

x± s: mean ± standard deviation; Min: minimum; P25: the 25th percentile; P50: the 50th percentile; P75: the 75th
percentile; Max: maximum; AT: daily average temperature; ARH: daily average relative humidity; AWV: daily
average wind velocity; AAP: daily average air pressure.
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Table 4. Description of daily hospitalized cases during the study period according to ICD-10.

Codes
Heat Wave Period Non-Heat Wave Period

p-Value
n x ± s n x ± s

F00–F99 * 238 17.03 ± 0.61 701 8.84 ± 0.53 0.016
F00–F09 7 0.50 ± 0.52 21 0.27 ± 0.59 0.072
F10–F19 19 1.29 ± 0.81 61 0.88 ± 1.03 0.349

F20–F29 * 108 8.06 ± 0.64 394 4.72 ± 0.90 0.028
F30–F39 * 57 4.12 ± 0.58 122 1.50 ± 0.67 0.041
F40–F49 * 47 3.49 ± 1.14 69 0.74 ± 0.86 0.035
F50–F59 0 0.00 ± 0.00 16 0.21 ± 0.34 -
F60–F69 0 0.00 ± 0.00 18 0.23 ± 0.53 -
F70–F79 0 0.00 ± 0.00 0 0.00 ± 0.00 -
F80–F89 0 0.00 ± 0.00 0 0.00 ± 0.00 -

F99 0 0.00 ± 0.00 0 0.00 ± 0.00 -

n: the number of cases during the study period; x± s: mean ± standard deviation; * p < 0.05.

Table 5. Results of correlation analysis of the meteorological factors.

Meteorological Factors AT (◦C) ARH (%) AWV (m/s) AAP (hpa)

ARH (%) −0.553 * 1.000
AWV (m/s) 0.298 * −0.400 * 1.000
AAP (hpa) −0.675 * 0.237 * −0.280 * 1.000

AT: daily average temperature; ARH: daily average relative humidity; AWV: daily average wind velocity; AAP:
daily average air pressure; * p < 0.05.
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Figure 2. Odds ratio (OR) estimates of the heat waves on the hospital visits of mental illness in different
lag days in Jinan. (A) the first heat wave; (B) the second heat wave; (C) the third heat wave; (D) the
fourth heat wave.

3.4. The Multifactor Logistic Regression Analysis

The results of the previous analysis showed that the optimal lag periods for the effects of the four
heat waves on mental illness were 3 days, 2 days, 3 days, and 2 days, respectively. Accordingly, the
dangerous periods for the four heat waves were 7 days, 5 days, 7 days, and 5 days, respectively. The
remaining days (68 days) during the study period were severed as the control period (Table 6).



Int. J. Environ. Res. Public Health 2019, 16, 87 7 of 11

Table 6. The exposure periods of heat wave and their corresponding dangerous periods and duration.

Heat Wave
Events Exposure Period

Duration of
Exposure
Period (d)

Lag Days (d) Dangerous Period
Duration of
Dangerous
Period (d)

First 14 June to 17 June 4 3 14 June to 20 June 7
Second 28 June to 30 June 3 2 28 June to 2 July 5
Third 4 July to 7 July 4 3 4 July to 10 July 7

Fourth 29 July to 31 July 3 2 29 July to 2 August 5

The result of the multifactor logistic regression analysis is showed in Table 7. It indicated that old
people had a larger risk to develop heat wave-related mental illness than young people (OR = 3.034,
95% CI: 1.802–5.139). The risk of heat waves on mental illness in urban areas was more serious than
that in the rural or suburban areas (OR = 1.523, 95% CI: 1.120–2.074). Outdoor workers (OR = 1.714,
95% CI: 1.198–2.398) and singles (OR = 1.709, 95% CI: 1.233–2.349) were more likely to suffer from
mental illness during the heat wave periods.

Table 7. Results of the influence factors of mental illness during heat waves of the multivariate
logistic regression.

Influence Factors B S.E. Wald p-Value OR 95% CI

Gender 0.051 0.040 1.783 0.201 1.057 0.972,1.145
Age 1.203 0.271 16.966 0.000 3.034 1.802,5.139

Home address 0.420 0.157 7.199 0.007 1.523 1.120,2.074
Occupation 0.529 0.168 9.016 0.003 1.714 1.198,2.398

Marital status 0.536 0.172 10.366 0.001 1.709 1.233,2.349

B: regression coefficient; S.E.: standard error; Wald: Wald χ2; Gender: male or female, reference: female; Age: ≥65
or ≤64, reference: ≤64; Family address: urban or (rural or suburban), reference: rural or suburban; Occupation:
outdoor workers or indoor workers, reference: indoor workers; Marital status: married or others, reference: married.
CI: confidence interval.

4. Discussion

This study has quantified the association between heat waves and daily hospital visits of mental
illness in 2010 in Jinan City, China. Our results indicate that heat waves play an important role in
the hospital visits of mental illness during the summer. The study supports that the occurrence of
heat wave events is associated with increased mental health problems, which has been reported in
some countries. For example, one study in Australia pointed out that the number of people with
mental illness is estimated to increase by 6–11% during a heat wave [1]. A study carried out in five
regions of New South Wales demonstrated that the emergency hospital admission due to mental health
with extreme heat events increased significantly during the prolonged heat events (OR = 1.07; 95%
CI: 1.00–1.15) [20]; another Australian study reported that the total mental disease (ICD-9, 290–294-9,
580–5999; ICD-10, N00–N39) admissions increased by 7% (95% CI: 1–13%) during heat waves [23]. A
study in France found that various diseases were associated with extreme heat, and for people aged
below 60, 41% of mental disease was essentially related to extreme heat, while for those aged above 60,
30% of mental disease is associated with extreme heat [24]. Our study found that the number of cases
of F00–F99, F20–F29, F30–F39, and F40–F49 during the heat wave periods is significantly higher than
that during non-heat wave periods. Analysis from this shows that extreme heat not only has an impact
on the daily hospital visits of mental illness, but also has an impact on the types of mental illness.

This study has identified a lagged effect of heat waves on hospital visits of mental illness. Studies
have found that heat waves do not only affect the daily hospital visits of mental illness for the day, but
also influences the daily hospital visits of mental illness for the next few days, i.e., a “lagged effect” is
observed and the delayed effect usually takes place in the following 1–5 days [25–27]. This is exactly
the reason why this study chooses to analyze the lagged effect of 0–5 days. That is to say, heat waves
were significantly associated with an increased risk of mental illness in the 1–3 days delay, of which
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the optimal lag period was 3 days, 2 days, 3 days, and 2 days for the first, second, third and fourth
heat wave event, respectively. The results imply that appropriate precautions should be taken not only
on the day of the heat wave, but also on the next two to three days. Indeed, this is crucial to minimize
the effect of heat waves on mental health.

As suggested by several studies, the heat-related effects are more remarkable in urban areas than
that in the suburbs and the countryside [26–30]. For instance, extensive analysis of the Chicago heat
wave of 1995 revealed that most of the victims were urban dwellers. As argued by Conti et al., the
effects of heat waves on health can be serious for elderly persons, especially those in urban areas [25].
Similar findings have been reported in our study. One possible reason is that cities tend to be warmer
than the surrounding suburbs. There are multiple reasons for this, but one of the significant reasons is
the “urban heat island” effect (UHI). This effect occurs because the built structures such as concrete,
asphalt, and metal preferentially absorb heat and it is then reradiated, thereby causing urban areas to
be 5–11 ◦C warmer than surrounding rural regions [10]. Another study mentioned that, relative to the
surrounding rural areas, the UHI effect can add 12–16 ◦C to ambient air temperature, which has been
epidemiologically linked to excess mortality [27]. Another possible reason is that air pollution which
may be associated with the occurrence and effects of heat waves is more severe in cities [31]. One
study found that excess mortality during the 1995 heat wave in Greater London was markedly higher
than for England and Wales as a whole, and it may be because of higher temperatures (particularly
the higher temperatures associated with the UHI effect) as well as higher levels of air pollutants [32].
As suggested by the study result, the risk of heat waves on mental illness in urban areas was more
serious than the rural or suburban areas (OR = 1.523, 95% CI: 1.120–2.074), which was consistent with
previous studies.

Many studies have documented that the increasing risk of heat waves poses a threat to the
elderly [3,20,24,33,34], particularly those in the 65-year-old [24,35] and 75-year-old age groups [20,34].
This is likely a result of the imbalance and damage in their body’s thermoregulation, as well as
their weakened ability to adopt protective behavior. This study indicated that old people (≥65) had
a high risk to develop heat wave-related mental illness than young people (OR = 3.034, 95% CI:
1.802–5.139). Hence, the management and protection of the elderly should be strengthened during the
heat wave periods.

So far, few studies have identified whether occupational differences remain as a factor impacting
the effect during the heat wave. A study pointed out that the groups exposed to burning sunlight
are more easily affected by temperature and heats wave than other people [36]. In the hot summer,
especially for workers of enterprises where workplaces are in the open air, individuals are confronted
with serious exposure and high temperatures in the daytime. On the one hand, heatstroke is more likely
to occur as they are physically suffering from the high temperature; on the other hand, the physical
discomfort can easily affect their emotions and feelings, causing anxiety, enervation, low efficiency, etc.,
which are symptoms described as forming part of “emotional heatstroke” by psychologists [37]. The
reasons above might increase the incident rate of mental unhealthiness among the open-air workers
during heat waves. The multi-factor logistic regression analysis in this study reveals that outdoor
workers, compared to other occupations, are more easily influenced by high temperatures and heat
waves during these periods (OR = 1.714, 95% CI: 1.198–2.398); this highlights the importance of
strengthening the precaution and protection for outdoor workers. For example, except for preparing
food and medicine to cope with the heat and temperature, it also important to prepare them mentally
with a sense of cooling to improve their capability for withstanding high temperatures A rational and
scientific working system is important for outdoor workers so that they do not have to work during
the high-temperature periods to maximally avoid or reduce the threat and harm of heat waves upon
this group of people.

The role of marital status in the heat wave’s influence has not been widely studied yet.
Canoui-Poitrine et al. found that single men are faced with a higher death rate during heat waves [38].
The result of the study found that single people (OR = 1.709, 95% CI: 1.233–2.349) were more likely
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to suffer from mental illness during the heat wave periods. The possible explanation is that the
single people has already carried a huge psychological burden, bringing the potential risks of mental
illness. High temperatures and heat waves could work as “catalyst” or “accelerant”, contributing to
or accelerating the rise of psychological problems. Therefore, we need to pay more attention to the
mental healthiness of the single, offering more care, understanding, and support, especially during
heat wave days.

Three limitations of this study must be acknowledged.

(1) One of the limitations of the study was to include all diagnoses (ICD 10: F00–F99) as a whole.
As the health problems belonging to F00–F99 have totally different biological and causal
backgrounds, more studies are still needed to assess the risk of heat waves on morbidity of
mental illness in future.

(2) This study selected the daily hospital visits for mental illness as an acute effect index to measure
the temperature’s influence on the mental illness. The study objects were mostly collected
from outpatient cases. Compared with hospitalized cases, outpatient cases are hard to indicate
exhaustive demographic information of the study objects, not allowing a further stratified analysis
of the objects based on different demographic features.

(3) The study only explored the influence of heat waves on hospital visits of mental illness in Jinan.
Since the intensity and features of heat waves may vary between different regions and people
from different areas may develop varied adaptive capacities to the extreme high-temperature
weather, the conclusions drawn in this study are still limited geographically.

5. Conclusions

In conclusion, our study has confirmed that heat waves are positively associated with the risk of
hospital visits for mental illness in the selected study area, with various lagged effects. The elderly,
urban residents, outdoor workers, and singles may be more vulnerable to developing heat wave-related
mental illness. Further research is necessary to assist evidence-based decision-making with regards to
reducing the mental health burden associated with extreme heat.

Author Contributions: X.L. and G.D. designed the study; H.F. and Y.L. collected and organized the data; X.L.
performed the analyses and wrote the paper; H.L. and G.D. reviewed the manuscript.

Funding: This study was supported by the PhD Scientific Research Staring Foundation of Taishan Medical
University (Xuena Liu), Medicine and Health Science Technology Development Program of Shandong Province
(Grant No. 2016WS0605), and the Science and Technology Development Plan of Taian City (Grant No.
2016NS1206).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Berry, H.L.; Bowen, K.; Kjellstrom, T. Climate change and mental health: A causal pathways framework. Int.
J. Public Health 2010, 55, 123–132. [CrossRef] [PubMed]

2. Nurse, J.; Basher, D.; Bone, A.; Bird, W. An ecological approach to promoting population mental health
and well-being—A response to the challenge of climate change. Perspect. Public Health 2010, 130, 27–33.
[CrossRef] [PubMed]

3. Páldy, A.; Bobvos, J.; Vámos, A.; Kovats, R.S.; Hajat, S. The Effect of Temperature and Heat Waves on Daily
Mortality in Budapest, Hungary, 1970–2000; Springer-Verlag: Berlin/Heidelberg, Germany, 2005; pp. 99–107.

4. Watts, N.; Adger, W.N.; Agnolucci, P.; Blackstock, J.; Byass, P.; Cai, W.; Chaytor, S.; Colbourn, T.; Collins, M.;
Cooper, A.; et al. Health and climate change: Policy responses to protect public health. Lancet 2015, 386,
1861–1914. [CrossRef]

5. Intergovernmental Panel on Climate Change Fifth Assessment Report. Intergovernmental Panel on Climate
Change: 2013. Available online: https://doi.org/10.7927/H4FT8J0X (accessed on 28 December 2018).

http://dx.doi.org/10.1007/s00038-009-0112-0
http://www.ncbi.nlm.nih.gov/pubmed/20033251
http://dx.doi.org/10.1177/1757913909355221
http://www.ncbi.nlm.nih.gov/pubmed/20333947
http://dx.doi.org/10.1016/S0140-6736(15)60854-6
https://doi.org/10.7927/H4FT8J0X


Int. J. Environ. Res. Public Health 2019, 16, 87 10 of 11

6. Russo, S.; Dosio, A.; Graversen, R.G.; Sillmann, J.; Carrao, H.; Dunbar, M.B.; Singleton, A.; Montagna, P.;
Barbola, P.; Vogt, J.V. Magnitude of extreme heat waves in present climate and their projection in a warming
world. J. Geophys. Res. Atmos. 2014, 19, 12500–12512. [CrossRef]

7. Coumou, D.; Robinson, A. Historic and future increase in the global land area affected by monthly heat
extremes. Environ. Res. Lett. 2013, 8, 34018. [CrossRef]

8. Annerstedt, M. Health promotion, environmental psychology and sustainable development-a successful
“ménage-à-trois”. Glob. Health Promot. 2009, 16, 49–52. [CrossRef] [PubMed]

9. Bouchama, A.; Dehbi, M.; Mohamed, G.; Matthies, F.; Shoukri, M.; Menne, B. Prognostic Factors in Heat
Wave–Related Deaths. Arch. Intern. Med. 2007, 167, 2170–2176. [CrossRef]

10. Brodie, R.; Tomislav, S. Health of the Homeless and Climate Change. J. Urban. Health Bull. N. Y. Acad. Med.
2009, 86, 654–664.

11. Cusack, L.; de Crespigny, C.; Athanasos, P. Heatwaves and their impact on people with alcohol, drug and
mental health conditions: A discussion paper on clinical practice considerations. J. Adv. Nurs. 2011, 67,
915–922. [CrossRef]

12. Hansen, A.; Bi, P.; Nitschke, M.; Ryan, P.; Pisaniello, D.; Tucker, G. The Effect of Heat Waves on Mental
Health in a Temperate Australian City. Environ. Health Perspect. 2008, 116, 1369–1375. [CrossRef]

13. Page, L.A.; Howard, L.M. The impact of climate change on mental health (but will mental health be discussed
at Copenhagen)? Psychol. Med. 2010, 40, 177–180. [CrossRef] [PubMed]

14. Zhang, J.; Liu, S.; Han, J.; Zhou, L.; Liu, Y.; Yang, L.; Zhang, J.; Zhang, J. Impact of heat waves on nonaccidental
deaths in Jinan, China, and associated risk factors. Int. J. Biometeorol. 2016, 60, 1367–1375. [CrossRef]
[PubMed]

15. Tu, D.H.; Zhang, L.Y. Risk factors for mental illness and early predictive study. Int. J. Psychiatry Med. 2008,
35, 231–234.

16. Angela, W.W.; Li, Z.L. The Stigmatization of People with Mental illness as a Stressor Towards People
Suffering from Mental illness in China. J. Northeast. Norm. Univ. (Philos. Soc. Sci.) 2017, 6, 201–206.

17. Philips, M.R.; Zhang, J.; Shi, Q.; Song, Z.; Ding, Z.; Pang, S.; Li, X.; Zhang, Y.; Wang, Z. Prevalence,
Treatment, and Associated Disability of Mental Disorders in Four Provinces in China During 2001–05: An
Epidemiological Survey. Lancet 2009, 373, 2041–2053. [CrossRef]

18. Zhang, S.; Yin, Z.; Liu, Y.; Wen, J.; Zhang, H.; An, Y. Hazard analysis of high temperature hazard in east
China based on GIS. J. Catastr. 2011, 26, 59–64.

19. Maclure, M. The case-crossover design: A method for studying transient effects on the risk of acute events.
Am. J. Epidemiol. 1991, 133, 144–153. [CrossRef] [PubMed]

20. Khalaj, B.; Lloyd, G.; Sheppeard, V.; Dear, K. The health impacts of heat waves in five regions of New South
Wales, Australia: A case-only analysis. Int. Arch. Occup. Environ. Health 2010, 83, 833–842. [CrossRef]

21. Navidi, W. Bidirectional case-crossover designs for exposures with time trends. Biometrics 1998, 54, 596–605.
[CrossRef]

22. The China Meteorological Data Sharing Service System. Available online: http://data.cma.cn/ (accessed on
28 December 2018).

23. Nitschke, M.; Tucher, G.R.; Bi, P. Morbidity and mortality during heatwaves in metropolitan Adelaide. Med.
J. Aust. 2007, 187, 662–665.

24. Vandentorren, P.; Empereur-Bissonnet, P. Health Impact of the 2003 Heat-Wave in France; Springer-Verlag:
Berlin/Heidelberg, Germany, 2005; pp. 81–87.

25. Conti, S.; Masocco, M.; Meli, P.; Minelli, G.; Palummeri, E.S.; Solimin, R.; Toccaceli, V.; Vichi, M. General and
specific mortality among the elderly during the 2003 heat wave in Genoa (Italy). Environ. Res. 2007, 103,
267–274. [CrossRef] [PubMed]

26. Li, F.R.; Li, L.P. Epidemiological Research Progress in Health Impact of Heat Wave on Urban Residents.
J. Environ. Health 2008, 25, 1119–1121.

27. Liu, L.; Zhang, J.L. Relationship between Heat Waves and Daily Death from Non-accidental Death and
Respiratory Disease: A Case-crossover. J. Environ. Health 2010, 27, 95–99.

28. Epstein, S.; Kukar, A. Heatwave/Hyperthermia. Handb. Bioterror. Disaster Med. 2006, 18, 73–77.
29. Luber, G.; Prudent, N. Climate Change and Human Health. Trans. Am. Clin. Climatol. Assoc. 2009, 120,

113–117.

http://dx.doi.org/10.1002/2014JD022098
http://dx.doi.org/10.1088/1748-9326/8/3/034018
http://dx.doi.org/10.1177/1757975908100750
http://www.ncbi.nlm.nih.gov/pubmed/19276333
http://dx.doi.org/10.1001/archinte.167.20.ira70009
http://dx.doi.org/10.1111/j.1365-2648.2010.05551.x
http://dx.doi.org/10.1289/ehp.11339
http://dx.doi.org/10.1017/S0033291709992169
http://www.ncbi.nlm.nih.gov/pubmed/20077587
http://dx.doi.org/10.1007/s00484-015-1130-7
http://www.ncbi.nlm.nih.gov/pubmed/26749223
http://dx.doi.org/10.1016/S0140-6736(09)60660-7
http://dx.doi.org/10.1093/oxfordjournals.aje.a115853
http://www.ncbi.nlm.nih.gov/pubmed/1985444
http://dx.doi.org/10.1007/s00420-010-0534-2
http://dx.doi.org/10.2307/3109766
http://data.cma.cn/
http://dx.doi.org/10.1016/j.envres.2006.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16890219


Int. J. Environ. Res. Public Health 2019, 16, 87 11 of 11

30. Metzger, K.B.; Ito, K.; Matte, T.D. Summer Heat and Mortality in New York City: How Hot Is Too Hot?
Environ. Health Perspect. 2010, 118, 80–86. [CrossRef] [PubMed]

31. Piver, W.T.; Ando, M.; Ye, F.; Portier, C.J. Temperature and air pollution as risk factors for heat stroke in
Tokyo, July and August 1980–1995. Environ. Health Perspect. 1999, 107, 911–916. [CrossRef] [PubMed]

32. Rooney, C.; McMichael, A.J.; Kovats, R.S.; Coleman, M.P. Excess mortality in England and Wales, and in
Greater London, during the 1995 heat wave. J. Epidemiol. Commun. 1998, 52, 482–486. [CrossRef]

33. Abrahamson, A.; Raine, R. Health and social care responses to the Department of Health Heatwave Plan. J.
Public Health 2009, 31, 478–489. [CrossRef] [PubMed]

34. Pascal, M. Commentary: Our next challenge in heatwave prevention. Int. J. Epidemiol. 2008, 37, 1365–1366.
[CrossRef] [PubMed]

35. Gao, J.X.; Xie, X.Q. Heatwave and mortality. Foreign Med. Sci. Sect. Geogr. 1998, 19, 71–72.
36. Chen, H.; Li, L. Advance of Research for Effects of Heat Wave on Health of Urban Residents and Warning. J.

Environ. Health 2009, 26, 734–736.
37. Guo, Y.X. High temperature coming, beware of emotional sunstroke. Life Disaster 2015, 8, 10–11.
38. Canoui-Poitrine, F.; Cadot, E.; Spira, A. Excess deaths during the August 2003 heat wave in Paris, France.

Rev. Epidemiol. Sante 2006, 54, 127–135. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1289/ehp.0900906
http://www.ncbi.nlm.nih.gov/pubmed/20056571
http://dx.doi.org/10.1289/ehp.99107911
http://www.ncbi.nlm.nih.gov/pubmed/10544159
http://dx.doi.org/10.1136/jech.52.8.482
http://dx.doi.org/10.1093/pubmed/fdp059
http://www.ncbi.nlm.nih.gov/pubmed/19542549
http://dx.doi.org/10.1093/ije/dyn223
http://www.ncbi.nlm.nih.gov/pubmed/19047080
http://dx.doi.org/10.1016/S0398-7620(06)76706-2
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Heat Wave Events 
	Case and Control Periods 
	Data Collection 
	Disease Surveillance Data 
	Meteorological Data 

	Statistical Analysis 

	Results 
	Descriptive Analysis for the Disease and Meteorological Data 
	Correlation Analysis 
	The Symmetric Bidirectional Case-Crossover Study 
	The Multifactor Logistic Regression Analysis 

	Discussion 
	Conclusions 
	References

