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H I G H L I G H T S

• Temperature and cardio-respiratory
clinical visits was studied in rural China.

• An U-/reverse J-shaped association was
found for the two illness, respectively.

• Extreme coldwas stronger and immedi-
ate on respiratory disease.

• Moderate cold resulted in most of the
temperature-related clinical visits.
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Background: The association between temperature and cardio-respiratory disease in urban areas has beenwidely
reported but there is limited information from populations living in rural areas that may be disproportionately
affected by climate change.
Objectives: Toquantify the associations between daily temperature and clinical visits due to cardiovascular and/or
respiratory disease in rural villages in the Ningxia Hui Autonomous Region, China over 2012–2015.
Methods:Daily data on clinical visits and weather conditionswere collated from 203 villages. A quasi-Poisson re-
gressionwith distributed lag non-linear model was used to examine the associations between daily temperature
and clinical visits up to 28 days, after controlling for potential confounders.
Results: Over three years, 158,733 and 1,272,212 clinical visits were recorded for cardiovascular and respiratory
diseases, respectively. Both low and high temperatureswere associatedwith an increased risk of clinical visits for
cardiovascular-related conditions, whereas only low temperatures were associated with increased clinical visits
related to respiratory illness. The cold effect on cardiovascular visits appeared at the lag 6th day and persisted
until the 22nd day, resulting in a cumulative relative risk (RR) 1.55 (95% CI: 1.26–1.92), compared with the
minimum-clinical visit temperature. The cold effect on respiratory visits appeared immediately and lasted over
the lag 0–28 days, with a cumulative RR 2.96 (2.74–3.21). Suboptimal temperature accounted for approximately
13% and 26% of clinic visits due to cardiovascular and respiratory disorders, respectively, with the majority of
cases attributable to moderate – rather than extreme – cold temperature.
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Conclusions: In rural settings, sub-optimal temperatures explained nearly one quarter of all clinical visits due to
cardiovascular and respiratory diseases. Although extreme cold temperature had a stronger, more immediate,
prolonged effect on respiratory disease than for cardiovascular disease,moderately cold temperatures accounted
for most of the overall burden of clinical visits.

© 2017 Published by Elsevier B.V.

1. Introduction

Worldwide, the last 30 years has been the warmest period since
1880, accompanied by more extreme hot temperature events while
cold extremes remain (Guha-Sapir et al., 2017; Morak et al., 2013;
NOAA National Centers for Environmental information, 2017). There is
sound evidence indicating that both extreme cold and hot temperatures
induce substantial physiological stress on the human body and both
temperature extremes are associated with a range of health outcomes
resulting in increased morbidity and mortality (Gasparrini et al., 2015;
Zhang et al., 2017). Globally, cardiovascular and respiratory diseases,
which have been demonstrated to be strongly associated with both
cold and hot temperatures (Basu, 2009; Mäkinen et al., 2009;
Michelozzi et al., 2009), are among the leading causes of mortality
resulting in N26 million deaths each year, with N75% of cases occurring
in low- or middle-income countries (World health Organization, 2017).

Previous studies in China have mainly focused on the associations
between temperature and all-cause or cause-specific mortality with lit-
tle consideration of the potential effect onmorbidity (Guo et al., 2012b).
For example, although cardio-respiratory diseases account for approxi-
mately 30% of annual hospital admissions and health-care costs
(National Health and Family Planning Commission of the PRC, 2016),
there is limited information regarding thepossible impact of suboptimal
temperature on these outcomes (Guo et al., 2012a; Wang et al., 2013).
Importantly, few studies in China have directly compared the
association between temperature with cardiovascular and respiratory
diseases within the same study population, which is necessary to fully
understand how temperature variation impacts on these health
outcomes at the population level (Liu et al., 2011).

In China, evidence regarding the health burden associated with sub-
optimal temperatures has been derived chiefly from large cities (Li et al.,
2014; Tian et al., 2012), with limited information from rural areaswhere
the incidence of cardiovascular and respiratory disease is the highest
(National Health and Family Planning Commission of the PRC, 2016).
The Ningxia Hui Autonomous Region, one of the most undeveloped re-
gions in China, comprises the Loess Plateau, Mongolian Plateau and
Tibet Plateau, and is an areawithwide variation ranges ofmonthly tem-
perature (25.2–31.2 °C) and diurnal temperature (12–15 °C) (Bureau of
Statistics of NingxiaHui Autonomous Region, 2016; ChinaWeather Net-
work, 2010). The average temperature in this region has increased by
1.5 °C since the 1960s, accompanied by abnormal temperature events,
such as dry-hot winds and cold spells, occurring frequently all year
round (China Weather Network, 2010). Such events may increase the
incidence of cardiovascular and respiratory disease in the population.
Moreover, any effects could be exacerbated by the regions' poor infra-
structure and limited health resources, especially for residents in the
poorest counties of Haiyuan and Yanchi (National Bureau of statistics
of the People's Republic of China, 2015b).

The aim of this study was to quantify the associations between
daily temperature and clinical visits for cardiovascular and
respiratory diseases in rural villages in the Ningxia Hui Autonomous
Region of China during 2012–2015. Evidence generated by this study
could be used to guide policy makers with respect to the allocation of
health resources and the development and implementation of
adaptive strategies in regions at greatest risk of extreme tempera-
ture perturbations.

2. Material and methods

2.1. Data collection

Between 1 January 2012 and 31 December 2015 daily data on clini-
cal visits associated with cardiovascular and respiratory illness were
collected from medical centres located in villages of the Haiyuan and
Yanchi counties, Ningxia Hui Autonomous Region. Local patients were
diagnosed and recorded by village physicians. Considering the possible
misclassification in the primary medical centres in China, especially in
the rural areas, we did not analyse the association between temperature
and subtypes of cardiovascular and respiratory diseases. By 2015, there
were 165 villages under 17 towns or townships in Haiyuan county, and
102 villages under 8 towns or townships in Yanchi county (National
Bureau of statistics of the People's Republic of China, 2015a). Our data
collection indicated that in some villages therewere substantial missing
records in certain dates. In this study villages with b180 days records in
a specific yearwere treated as of poor quality and excluded from further
analysis. Considering core living areas of towns or townships usually far
from other villages, data from these areas were included in this study
which were defined as separate villages. In total, data were available
from 134 and 69 villages from the two counties, respectively (Fig. 1).
Village-specific population data were collected from the 2010 Census
published by the National Bureau of statistics of the People's Republic
of China (http://www.stats.gov.cn).

Daily data on meteorological conditions during the study period
were collected from 839 city- or county-based meteorological stations
across China, including daily mean temperature, relative humidity,
wind speed, and sunshine hours, through China Meteorological Data
Sharing Service. Village-specificmeteorological variables were obtained
using different approaches. Specifically, daily mean ambient tempera-
ture and relative humidity in the centroid of each village were interpo-
lated from the data of the 839 stations using ordinary kriging model as
described by Guo et al. (2013). Daily data on wind speed and sunshine
hours in each village were replaced by the records from nearest meteo-
rological stations.

2.2. Data analysis

A quasi-Poisson regression with distributed lag non-linear model
(DLNM) was applied, using time series designed data from each village,
to examine the associations between mean daily temperature and clin-
ical visits for cardiovascular and respiratory diseases, respectively. The
generalised additive mix model was used to perform quasi-Poisson re-
gression to control for the random effect of each village. In addition,
the models controlled for the following parameters: long-term trend,
seasonality, day of the week, public holidays, and village-specific popu-
lation sizes. The full model is described as follows:

Yit~Poisson (μit)
Log (μit)=α+βTemit+γStratait+δDOWit,+εHolidayit+offset

(LOGPOPi)+πZiwhere Yit represents the daily counts of cardiovascular
or respiratory visits at village i on day t; α is the intercept; Temit is the
cross-basis matrix for modeling the temperature effect over lag 0–
28 days (Bhaskaran et al., 2010; Guo et al., 2011); Stratait is a categorical
variable of year and calendar month to control for the long-term trend
and seasonality; DOWit is a categorical variable to control for the effect
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