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Association between extreme heat and hospital admissions
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Abstract
Cataract is the first cause of blindness and the major cause of visual impairment worldwide. Under conditions of global warming,
researchers have begun to give attention to the influence of increasing temperature on cataract patients. Our paper aimed to
investigate the association between extreme heat and hospital admissions for cataract in Hefei, China. Based on data from the
New Rural CooperativeMedical System and National Meteorological Information Center, we used a generalized additive model
and a distributed lag nonlinear model to examine the relationship between extreme heat and hospitalizations for cataract, with
consideration of cumulative and lagged effects. When current mean temperature was above 28 °C, each 1 °C rise was associated
with a 4% decrease in the number of cataract admissions (RR = 0.96, 95% CI = 0.94–0.98). The cumulative relative risk over
11 days of lag was the lowest, which indicated that every 1 °C increase in mean temperature above 28 °C was associated with a
19% decrease in the number of hospital admissions for cataract (RR = 0.81, 95% CI = 0.75–0.88). In subgroup analyses, the
negative association between extreme heat and hospital admissions for cataract was stronger among patients who were not
admitted to provincial-level hospitals. In conclusion, this paper found that extreme heat was negatively associated with cataract
hospitalizations in Hefei, providing useful information for hospitals and policymakers.
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Introduction

Cataract, the opacity of lens in eyes, is a common disease in
the elderly, and patients could notice it at an early stage

(Anderson et al. 2018; Prokofyeva et al. 2013). Currently,
cataract is the first cause of blindness and the major cause of
visual impairment worldwide (Pascolini and Mariotti 2012).
In China, the highest prevalence of cataract occurs in the
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south-central part of this country, possibly caused by the long-
term exposure to higher ultraviolet radiation (Delavar et al.
2018; Modenese and Gobba 2018; Prokofyeva et al. 2013;
Song et al. 2018). It is predicted that the number of people
affected by cataract in China will be 240.83 million by 2050
(Song et al. 2018). Therefore, the management of cataract
patients has become a significant public health problem.

Since 1906, the average temperature has increased by
0.74 °C, and this trend is projected to intensify during the next
hundred years (Gao et al. 2015). As global warming con-
tinues, extreme heat events are increasing globally, which is
closely associated with human health and activity
(Obradovich and Fowler 2017; Varghese et al. 2019;
Woodward et al. 2014; Yang et al. 2019). Under these circum-
stances, studies have begun to give attention to the influence
of extreme temperature on emergency room visits and hospital
admissions for various kinds of patients, including cardiovas-
cular and respiratory diseases (Guo et al. 2018; Ma et al. 2019;
Mohammadi et al. 2019; Watson et al. 2019). However, cata-
ract patient has a lack of consideration.

Recently, researchers have noticed the possible relationship
between high temperature and the incidence of cataract
(Johnson 2004; Prokofyeva et al. 2013). Both epidemiological
and laboratory evidence have shown that living in regions
with high ambient temperature is related to the high preva-
lence of nuclear cataract (Heys et al. 2007; Prokofyeva et al.
2013; Sasaki et al. 2002; Tenkate et al. 2019). Furthermore,
the dehydration crisis as a major risk factor for blinding cata-
ract often occurs during hot weather (Johnson 2004;
Minassian et al. 1989). Additionally, a previous study noticed
a rise in cataract after a very hot dry summer 1 year in Iowa
(Gurung et al. 2016). However, to the best of our knowledge,
few studies have investigated the relationship between ex-
treme heat and hospital admissions for cataract patients.
Thus, we conducted this time-series study to investigate the
association between extreme heat and hospital admissions for
cataract in Hefei, China, with consideration of cumulative and
lagged effects.

Materials and methods

Study area

Hefei (31° 52′N, 117° 17′ E), the capital of Anhui province, is
located in the south-central part of China (Fig. 1). It has a
resident population of over 8.1 million and an area of
11,445.1 km2 by 2018. Most importantly, Hefei features a
subtropical humid monsoon climate and is known as one of
the “Oven cities” in China. Extreme heat is a common extreme
event in this city during the summer season. Taking these
characteristics into account, Hefei can be regarded as an ap-
propriate city for our research.

Data collection

We obtained daily hospital admissions data between January
2013 and December 2015 from the New Rural Cooperative
Medical System (NRCMS) provided by Anhui Health and
Family Planning Commission. The NRCMS is a medical in-
surance scheme designed to decrease the financial burden on
health spending in rural China, which covers more than 98%
of rural residents (Shen et al. 2019; Xie et al. 2019a). All
admission records from hospitals located in Hefei city were
collected. The admission record included patient’s gender,
age, date of admission, principal diagnosis, and hospital level.
Diagnoses were encoded according to the International
Statistical Classification of Diseases (ICD-10) and
Diagnosis-related Groups (DRGs) in Hefei, Anhui. So, we
identified cataract hospitalizations based on DRG codes
ZDZ002 and ZDZ441, and ICD-10 codes H25–H26.
Finally, our target population included those patients who
had cataract hospitalizations records in Hefei between
January 2013 and December 2015 in NRCMS.

Besides, daily meteorological data were collected from the
National Meteorological Information Center (http://data.cma.
cn). The variables included daily mean temperature and
sunshine duration. Specifically, sunshine duration is the total
hours in a given period during which direct solar irradiance
exceeds 120 W/m2 (World Meteorological Organization.
2008). It accounts for the cloudiness, and thus differs from
the total energy delivered by sunlight (Gu et al. 2019; Zhang
et al. 2020). We combined these two datasets to conduct our
main regression analyses.

Statistical analyses

In our initial exploratory analyses, we employed a generalized
additive model (GAM) to examine the exposure-response re-
lationship between ambient temperature and the number of
daily hospital admissions, with a quasi-Poisson distribution
to account for over-dispersion in daily cataract cases (Lin
et al. 2018; Peng et al. 2017). We chose degrees of freedom
for the splines function based on generalized cross validation
(GCV) value (Peng et al. 2017; Wang et al. 2012). The model
was formulated as follows:

log E Y tð Þ½ � ¼ αþ s temt−l; dfð Þ þ s time; dfð Þ
þ s ssdt; dfð Þ þ β1DOWt þ β2PHt ð1Þ

where t is the day of observation; E(Yt) denotes the expected
daily hospital admissions for cataract on day t; α is the inter-
cept; s is a thin plate penalized spline function and s(temt-l, df)
means the mean temperature lagged l days with 5 degrees of
freedom (df); time is included to control long-term trends and
seasonality with 7 degrees of freedom per year (Lee et al.
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2016; Peng et al. 2006; Peng et al. 2017); besides day of week
(DOWt) and public holiday (PHt), we also included the non-
linear terms of sunshine duration (ssdt) with 3 degrees of free-
dom in this model to control solar irradiation, which is closely
related to the incidence of cataract (Tenkate et al. 2019).
Furthermore, as the results may vary with the specification
of parameters, we also varied the df (6–9 per year) for time
and changed the df (4–6) for sunshine duration in sensitivity
analyses (Cheng et al. 2014; Peng et al. 2017).

According to the results of GAM, a distributed lag
nonlinear model (DLNM) was applied to investigate the
lagged and cumulative effects of extreme heat in the sum-
mer season (Gasparrini 2014). We also set parameters of
cross-basis and splines function based on GCV value. We
created the cross-basis function for temperature by speci-
fying that its effect was null up to a high threshold and
then linear based on exploratory analyses (Liu et al.
2019). Regarding the lag dimension, we set 2 degrees of
freedom for the natural cubic spline. Since the lag struc-
ture in the effects of high temperature on cataract hospi-
talizations is unknown, we used a long period (21 days) to
completely capture the lag pattern (Sun et al. 2016; Xie
et al. 2019a). Summer was defined as June–August in this
study (Allen and Sheridan 2018). The model in our sea-
sonal analyses can be specified as:

log E Y tð Þ½ � ¼ αþ β1TEMt;l þ s dos; dfð Þ þ β2Yeart

þ s ssdt; dfð Þ þ β3DOWt þ β4PHt ð2Þ

where TEMt,l is the cross-basis function for mean temper-
ature obtained by DLNM and l indicates the lag days; dos
(day of the season) with 4 degrees of freedom is used to
control seasonality within each year, and Yeart is an indi-
cator variable for year to describe the long-term trend
(Chen et al. 2019; Yang et al. 2019; Zhang et al. 2017);
other terms are the same as Eq. 1. To examine the robust-
ness of the results of DLNM, we changed the df (3–6) for
dos and altered the df (4–6) for sunshine duration.

Additionally, we stratified our analyses by gender (male
and female), age group (< 65 years and ≥ 65 years), and hos-
pital level (provincial level and other levels) to explore the
sensitive population for the association between extreme heat
and hospitalizations for cataract. Then, we tested the statistical
significance of the differences between subgroup-specific ef-
fects through the following equation:

Z ¼ E1−E2ð Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SE E1ð Þ2 þ SE E2ð Þ2
q

ð3Þ

where Zmeans the Z test; E1 and E2 denote the effect estimates
of two subgroups with corresponding standard errors SE(E1)
and SE(E2) (Altman and Bland 2003; Chen et al. 2019; Yang
et al. 2019).

We summarized the results by computing the relative risks
and their 95% confidence intervals. The details about the cal-
culation were mentioned in previous studies (Gasparrini 2011;
Gasparrini et al. 2010). RR > 1 denotes that mean temperature
is a risk factor and RR < 1 indicates that mean temperature is a
protective factor; RR = 1 suggests that mean temperature is
not related to cataract hospitalizations (Gutiérrez-Torres
2020). Our multivariate analyses were conducted in R soft-
ware, version 3.5.2, using the “mgcv” and “dlnm” packages.
The statistical tests were two-sided, and p < 0.05 was consid-
ered statistically significant.

Results

Data description

As shown in Table 1, there were a total of 26,123 hospital
admissions for cataract from 2013 to 2015 in our study, in-
cluding 10,220 (39.12%) male cases and 15,903 (60.88%)
female cases. These patients were predominantly greater than
or equal to 65 years old (75.70%), and a large percentage
(73.58%) of them were not admitted to provincial-level
hospitals.

China

Anhui

Hefei

Fig. 1 The location of Hefei in
China

45383Environ Sci Pollut Res (2020) 27:45381–45389



Summary statistics for the daily number of cataract admis-
sion and weather factors during the study period are summa-
rized in Table 2. And Fig. 2 plots the time-series distribution
of their variations. Average daily mean temperature and sun-
shine duration were 16.78 °C and 4.61 h, respectively.
According to the Spearman correlation analysis, we found that
daily mean temperature had a positive correlation with sun-
shine duration (r = 0.23, p < 0.05), which was not strong.

Regression results

Figure 3 plots the results of our exploratory analysis. The
exposure-response relationship for current mean temperature
and cataract admissions was approximately linear above 28 °C
(the 90th percentile of daily mean temperature). Similar rela-
tionships were obtained from different lag periods of mean
temperature (Fig. S1). Consequently, 28 °C was considered
the threshold to quantify the effect of extreme heat in DLNM.
These results were robust in our sensitivity analyses (Fig. S2).

Figure 4 and Fig. 5 show the results of DLNM. In summer,
mean temperature was significantly associated with hospital
admissions for cataract at lag 0 day. When daily mean tem-
perature was above 28 °C, each 1 °C rise was associatedwith a

4% decrease in the number of cataract admissions (RR = 0.96,
95% CI = 0.94–0.98). After lag 8 days, the separate lag effect
became statistically insignificant. The cumulative relative risk
over 11 days of lag was the lowest, which indicated that every
1 °C increase in mean temperature above 28 °C was associat-
ed with a 19% decrease in the number of hospital admissions
for cataract (RR = 0.81, 95% CI = 0.75–0.88). Similar results
were obtained when changing the df for dos and sunshine
duration (Fig. S3–S4).

Table 3 presents the relative risks at lag 0 day and cumu-
lative relative risks at lag 0–11 days for the associations of
extreme heat with hospitalizations for cataract in each sub-
group. We found that for every 1 °C increase in temperature
above 28 °C, the reduction of hospital admissions for males
(Lag 0: RR = 0.95, 95% CI = 0.93–0.97; Lag 0–10: RR =
0.82, 95% CI = 0.73–0.91) and females (Lag 0: RR = 0.96,
95% CI = 0.94–0.98; Lag 0–10: RR = 0.81, 95% CI = 0.73–
0.89) in summer is similar. For the age-specific effects, we
observed slightly lower relative risks for the elderly (≥
65 years) (Lag 0: RR = 0.95, 95% CI = 0.93–0.97; Lag 0–
10: RR = 0.78, 95% CI = 0.70–0.87). But the difference was
statistically insignificant according to Z test (p > 0.05). For
patients who were admitted to provincial-level hospitals, their
hospitalizations were insignificantly associated with extreme
high temperature at lag 0 (RR = 0.98, 95% CI = 0.96–1.00).
And the differences between the hospital level-specific effects
were statistically significant (Lag 0: p < 0.05; Lag 0–10:
p < 0.1).

Discussion

In this paper, we explored the association between ambient
temperature and cataract hospitalizations by using a general-
ized additive model and a distributed lag nonlinear model. Our
results showed that extreme heat was negatively associated
with hospital admissions for cataract. However, previous stud-
ies found that high temperature was a risk factor for the inci-
dence of cataract, contrary to our finding (Heys et al. 2007;
Prokofyeva et al. 2013; Sasaki et al. 2002).

The underlying mechanisms of our different finding can be
explained in two aspects. Firstly, our results could be caused
by the reduction in personal ultraviolet radiation exposure
during high temperature, which is related to the incidence of
cataract (Tenkate et al. 2019). A recent study in the USA
observed that extreme heat could reduce recreational physical
activity, mainly because it is too hot to go outdoors
(Obradovich and Fowler 2017). From this point of view, ex-
treme high temperature could make people avoid staying in
the sun, consequently getting less ultraviolet rays. Besides, to
minimize heat stress, outdoor workers also choose to reduce
activities when temperature is high, thus leading to less occu-
pational exposure to solar ultraviolet radiation (Yi and Chan

Table 1 Demographic characteristics of daily hospital admissions for
cataract in Hefei, China, 2013–2015

N % Proportion testa

Total 26,123 100

Gender

Male 10,220 39.12 p < 0.01
Female 15,903 60.88

Age

< 65 6349 24.30 p < 0.01
≥ 65 19,774 75.70

Hospital level

Provincial level 6903 26.42 p < 0.01
Other levels 19,220 73.58

a The proportion test (Newcombe 1998; Verzani 2018) was used to ex-
amine the statistical differences between hospital admissions for cataract
in different groups

Table 2 Summary statistics for the daily number of cataract admission
and meteorological factors in Hefei, China, 2013–2015

Variables Mean (SD) Min Percentile Max

25 50 75

Daily hospital
admissions

23.86 (19.52) 0 9 19 33 132

Mean temperature (°C) 16.78 (9.25) − 3.1 8.5 18.1 24.6 34.4

Sunshine duration (h) 4.61 (4.07) 0 0 4.7 8.3 12.3
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2015). A previous investigation also showed that personal
ultraviolet radiation exposure of participants measured with

dosimeters is higher in spring than in hot summer (Sun et al.
2014).

Fig. 2 The time-series distribu-
tion of cataract hospitalization
and meteorological factors in
Hefei, China, 2013–2015

0 10 20 30

−1
.5

−1
.0

−0
.5

0.
0

0.
5

1.
0

Mean temperature

s(
M

ea
n

te
m

pe
ra

tu
re

,5
)

Fig. 3 Relationship between
current mean temperature and
hospital admissions for cataract.
The x axis is the mean
temperature. The y axis indicates
the contribution of the smoother
to the fitted values
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Fig. 5 Separate and cumulative
effects of mean temperature (for
1 °C beyond the threshold) on
cataract hospitalizations
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Fig. 4 Relative risk of current day
temperature on cataract
hospitalizations
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Second, our finding could also be caused by the reduction
of hospital-related activities in extreme heat. Cataract patients
usually worry that the treatment effect on acutely hot days
may be worse than that during comfortable weather since
extreme heat could increase the risk of infection for them after
surgical treatment (Anthony et al. 2017; Rubio 2004). For
example, when average monthly temperature increases
2.8 °C, the odds of the admission caused by primary surgical
site infections increase 2.1%; specifically, compared with
temperatures less than 4.4 °C, temperature larger than
32.2 °C is related to an increase in the odds of this admission
of 28.9% (Anthony et al. 2017). Thus, cataract patients may
not prefer to accept treatment on hot days, causing fewer hos-
pital admissions. Furthermore, a study exactly observed that
the number of cataract admissions and phacoemulsification
surgeries decreased during the summer (Leong et al. 2006).
On the other hand, previous studies found that patients were
less likely to visit hospitals during bad weather (Lee et al.
2016; Ou et al. 2005; Xie et al. 2019b). So, as a kind of severe
weather condition, extreme heat could also prevent cataract
patients from visiting doctors since their condition is usually
not urgent, thus leading to fewer cataract admissions.

In subgroup analyses, the negative association between ex-
treme heat and hospital admissions for cataract was stronger
among patients who were not admitted to provincial-level
hospitals. It may be caused by the competition for limited
medical resources, like bed availability (Kc and Terwiesch
2017; Keegan 2010). In China, getting a chance to be admitted
to provincial-level hospitals is generally difficult for most pa-
tients. For instance, patients may wait several days or weeks
for a bed. Therefore, it is not reasonable for people to forgo the
admission opportunity just because of the hot weather.

Our study has several implications. First, we found a neg-
ative association between extreme heat and cataract hospital-
izations, which is useful for hospitals to adjust medical re-
sources during hot weather. Second, besides morbidity, other
mechanisms (like the treatment quality) could also affect the
association between weather and hospitalizations. Cataract

patients may worry about the treatment effect during hot
weather, which should be noticed and improved. And our
findings could add new evidence that patients are less likely
to visit doctors during bad weather.

However, some limitations should be acknowledged. The
ambient temperature may be different from the true exposure
of patients leading to under-evaluation of solar UVR role, which
could raise exposure measurement errors (Ge et al. 2018; Niu
et al. 2016). Additionally, as we only considered rural patients in
Hefei, more works are needed to check whether our findings can
be replicated for urban people and other cities. Last, there are
unobserved patient and hospital characteristics, healthcare behav-
iors which could be confounding factors.

Conclusion

To the best of our knowledge, this is the first study to explore
the association between ambient temperature and hospital ad-
missions for cataract patients. We found that extreme heat was
negatively associated with cataract hospitalizations, providing
useful implications for hospitals to manage medical resources
during hot weather. Further studies are needed to examine the
relationship in other populations or other cities.
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Lag 0 Lag 0–11
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Male 0.95 (0.93–0.97) p > 0.1 0.82 (0.73–0.91) p > 0.1
Female 0.96 (0.94–0.98) 0.81 (0.73–0.89)

Age

< 65 0.97 (0.95–0.99) p > 0.1 0.87 (0.78–0.96) p > 0.1
≥ 65 0.95 (0.93–0.97) 0.78 (0.70–0.87)

Hospital level

Provincial level 0.98 (0.96–1.00) p < 0.05 0.88 (0.80–0.97) p < 0.1
Other levels 0.94 (0.92–0.97) 0.77 (0.69–0.87)
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