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The effect of ambient temperature 
on in‑hospital mortality: a study 
in Nanjing, China
Haiping Yu1,2,8*, Wenqi Sheng3,8, Ting Tian4, Xianzhen Peng5, Wang Ma6* & Wen Gao6,7*

To reduce the inpatient mortality and improve the quality of hospital management, we explore 
the relationship between temperatures and in‑hospital mortality in a large sample across 10 years 
in Nanjing, Jiangsu. We collected 10 years’ data on patient deaths from a large research hospital. 
Distributed lag non‑linear model (DLNM) was used to find the association between daily mean 
temperatures and in‑hospital mortality. A total of 6160 in‑hospital deaths were documented. Overall, 
peak RR appeared at 8 °C, with the range of 1 to 20 °C having a significantly high mortality risk. In the 
elderly (age ≥ 65 years), peak RR appeared at 5 °C, with range − 3 to 21 °C having a significantly high 
mortality risk. In males, peak RR appeared at 8 °C, with the range 0 to 24 °C having a significantly high 
mortality risk. Moderate cold (define as 2.5th percentile of daily mean temperatures to the MT), not 
extreme temperatures (≤ 2.5th percentile or ≥ 97.5th percentile of daily mean temperatures), increased 
the risk of death in hospital patients, especially in elderly and male in‑hospital patients.

Climate as an influential factor of fluctuation in mortality has been paid more and more  attention1,2. In recent 
years, many studies suggest that extreme temperatures may cause negatively affect health and increase the mortal-
ity risk of many  diseases3. Rising or lowering temperature is related to the risk of heat-related illness. Gasparrini 
et al. collected data from 384 locations for quantifying the total mortality burden attributable to non-optimum 
ambient temperatures, and the relative contributions from moderate and extreme  temperatures1. In their study, 
the temperature was responsible for advancing a substantial fraction of deaths, which corresponds to 7.71% of 
the mortality in selected countries. Chen et al. reported that cold weather generally increased emergency hospital 
admissions, especially for respiratory diseases and the elderly  population4. A similar result by Luo et al. is that 
cold temperatures would impact stroke admissions in male and youth subjects. Besides, exposure to extreme cold 
was associated with increased hospitalizations for ischemic and hemorrhagic  strokes5. Some similar studies in 
the Korean population showed that both high and low temperatures could increase the risk of  hospitalization6–9.

This temperature-disease correlation has also been reported in  China10–12. Literature reports that injuries, 
nervous, circulatory, and respiratory diseases are sensitive to heat, with the attributable fraction accounting for 
6.5%, 4.2%, 3.9%, and 1.85%, respectively. Respiratory and circulatory diseases are sensitive to cold temperatures, 
with the attributable fraction accounting for 13.3% and 11.8%,  respectively10. In addition, it has been reported 
that both cold and hot temperatures increase mortality risk and the relationship varies geographically, and 
among groups of  people10,11,13. Compared with North China, South China had a higher minimum mortality 
temperature, and there was a more pronounced cold effect in southern parts of China and a more pronounced 
hot effect in northern  parts11. Deng et al. reported that the elderly (≥ 65 years) are more susceptible to daily mean 
temperature and diurnal temperature range, and females are more susceptible to high diurnal temperature range 
(DTR) effect than  males13.

However, as far as we know, most studies have looked only at the relationship between temperatures and 
mortality in the general population but not looked at specific groups, such as hospitalized patients. If there is 
a relationship between temperatures change and inpatient death, finding the regularity can provide a scientific 
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basis for the hospital to reduce in-hospital mortality and improve hospital management quality. In recent years, 
distributed lag non-linear model (DLNM) has been used to study meteorological conditions and health effects, 
which is a modeling framework to flexibly describe associations showing potentially non-linear and delayed 
effects in time series  data1,12,14. Thus, in this study, we investigated the impacts of ambient temperatures on in-
hospital mortality in 10 years by DLNM.

Methods
Data collection. Nanjing, the provincial capital of Jiangsu, is an international metropolis with a population 
of over 9 million  residents15. It is located in the east of China, on the Yangtze River and near the sea (31°14″ to 
32°37″ north latitude, 118°22″ to 119°14″ east longitude) with a humid north subtropical climate. It has four 
distinct seasons, abundant rain, short spring and autumn, long winter and summer, and the difference between 
winter and summer temperatures is  obvious16.

In this study, we collected daily meteorological data of Nanjing of the period ranging from January 1, 2010 to 
June 30, 2020 from the China Meteorological Data Service  Center17, including daily mean temperature (Temp, 
°C), average air pressure (Ap, kPa), and average daily relative humidity (Rh, %). Mortality data included time 
of death, age, and gender of the patients that died from January 1, 2010 through June 30, 2020 were extracted 
from the medical records front page system of Jiangsu Province Hospital in Nanjing, Jiangsu. This hospital has 
a construction area of 410,000  m2, 4600 beds, and more than 6500 employees; it receives 10,000 to 20,000 out-
patients every  day18,19.

Statistical analysis. The relationship between meteorological factors and in-hospital mortality is non-
linear. Thus, a distributed lag non-linear model (DLNM) was used to investigate the potential exposure-lag 
response association between in-hospital mortality and daily average temperatures. To achieve our research pur-
poses, Quasi-likelihood Poisson in generalized linear modeling (GLM) was used to model the natural logarithm 
of everyday in-hospital mortality counts. The statistical model was as follows:

In this model, Ap, average daily Rh, and day of the week (DOW) were also taken in the model as a categorical 
variable. E(Yt) meant the expected daily counts of in-hospital mortality from January 1, 2010 to June 30, 2020. 
The cross-basis matrix of temperature [cb(Tmean)] was used to explore the daily mean temperature cumulative 
and delayed  effects1,20. A cross-basis can be described as a bi-dimensional space of functions describing simul-
taneously the shape of the relationship along temperature and its distributed lag effects. Choosing a cross-basis 
amounts to choose two sets of basis functions, which will be combined to generate the cross-basis  functions14,21. 
We used natural cubic spline defining the position of junctions or cut-off values of spline functions or forma-
tion functions over equally spaced pair values with 3 internal knot and defined the maximum lag range as 21 
through literature  review22. In this model α is the intercept; ns(.) means a natural cubic spline; β is the regression 
coefficient of  DOWt; and t is the day of the week on day. We chose 1 df (degrees of freedom) for each year, 3 df 
for Ap, and 3df for  Rh23. Then we plotted the exposure-lag-response diagram of temperature and in-hospital 
mortality by estimating the relative risk (RR) with 95% confidence interval (CI) of in-hospital dying on a day. 
When fitting the model, the RR of in-hospital death per day was lower at higher temperature. By comparison, 
28 °C was chosen as the moderate temperature (MT) for the model (the higher 90% of daily temperatures). The 
temperature was divided into four grades, extreme cold (defined as ≤ 2.5th percentile of daily mean temperatures), 
moderate cold (define as 2.5th percentile of daily mean temperatures to the MT), moderate heat (define as MT to 
97.5th percentile of daily mean temperatures), and extreme heat (≥ 97.5th percentile of daily mean temperatures).

The stratified analysis used in this study divided the suspected confounding factors into different levels, and 
then the association strength between exposure and disease was analyzed respectively in each level so that the 
influence of confounding factors on research results could be controlled to a certain  extent24,25. We stratified age 
to < 65 years and ≥ 65 years and gender to males and females. Stratified analysis was further used to analyze the 
temperature effect between different age groups and gender. DLNM analyses were performed using the “dlnm” 
package of R (version 4.0.2 for Windows)26.

Ethics approval and consent to participate. The study was conducted according to the Declaration of 
Helsinki. The study was approved by the Institutional Ethics Committee of Jiangsu Province Hospital (2020-QT-
14) and individual consent for this retrospective analysis was waived.

Results
Table 1 shows the summary statistics of the daily in-hospital deaths, average daily temperatures, average air 
pressure, and average daily relative humidity. This study includes 6160 deaths with 70.9% (4368) ≥ 65 years old 
and 67.0% (4127) male. The average daily mean temperature is 16.6 °C.

Figure 1 shows the trends of temperatures, relative humidity, and air pressure over quarter. We find that the 
seasonal trend of temperatures and pressure is the same in every year, but the seasonal trend of relative humid-
ity is not obvious.

Figure 2 shows the relationships (lag 0–21 days) between daily mean temperatures and in-hospital death 
predicted by the DLNM, with 95% confidence interval (95% CI). It indicates the inverted V-shaped temperature-
mortality relationships. Daily in-hospital deaths were first positive and then negative associated with daily mean 
temperatures. The peak of RR appeared at 8 °C with significant association (1.04, 95% CI 1.22–1.68). The RR with 

Log[E(Yt)] = α + cb(Tmean, lag)+ ns(time, df)+ ns(Apt, df)+ ns(Rh′t, df )+ βDOWt
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Table 1.  Summary statistics of in-hospital deaths and climatic variables, 2010–2020.

Mean ± SD Min P2.5 P25 P50 P75 P97.5 Max

Daily in-hospital death (N) 1.6 ± 1.5 0 0 0 1 2 5 12

< 65 year 0.5 ± 0.7 0 0 0 0 1 2 6

≥ 65 year 1.1 ± 1.2 0 0 0 1 2 4 10

Male 1.1 ± 1.2 0 0 0 1 2 4 8

Female 0.5 ± 0.8 0 0 0 0 1 2 8

Average mean temperature (Temp, °C) 16.6 ± 9.2 − 6.7 0.2 8.5 17.40 24.2 31.6 34.7

Average mean air pressure (Rh, %) 71.5 ± 14.5 17 42.0 62.0 72.0 82.5 96.0 100

Average mean relative humidity (Ap, kPa) 1012.4 ± 9.3 986.8 997.3 1004.5 1012.7 1019.7 1029.3 1038.8

Figure 1.  Trends in climatic factors according to quarter over the 10-year study period (2010–2020).

Figure 2.  Estimated temperature effects (mean temperature, lag 0–21) by total in-hospital death, 2010–2020.



4

Vol:.(1234567890)

Scientific Reports |         (2022) 12:6304  | https://doi.org/10.1038/s41598-022-10395-6

www.nature.com/scientificreports/

95% CI between temperature 1–20 °C was higher than 1.0 (seen in Supplementary 1). Moderate cold related to 
higher RR value, we defined it as the moderate cold effect in this study.

Stratified analysis between age (< 65 years and ≥ 65 years groups) and gender (male and female) also showed 
the moderate cold effect (seen in Supplementary 1). The effect ≥ 65 years in Fig. 3a was more pronounced 
to < 65-year-old in Fig. 3b. RR with 95% CI > 1.0 was found between − 3 to 21 °C in group ≥ 65 years but was not 
found in < 65 years. The peak of RR appeared at 5 °C with a significant association in group ≥ 65 years (1.56, 95% 
CI 1.27–1.90), and 11 °C with no association in group < 65 years (1.27, 95% CI 0.94–1.62). The moderate cold 
effect on death was different between genders. RR with 95% CI > 1.0 was found between 0 to 24 °C in males but 
not in females (Fig. 3c,d). The peak of RR appeared at 8 °C with a significant association in males (1.66, 95% CI 
1.37–2.01), and 8 °C with no association in females (1.06, 95% CI 0.81–1.40).

Furthermore, we plot the estimated lag-response curve with a − 1 °C (Fig. 4). The RR of in-hospital mortality 
was lower than 1.0 on first day (lag 0: RR (Total) = 0.76, 95% CI 0.55–1.06, RR (≥ 65) = 0.80, 95% CI 0.54–1.19, 
RR (< 65) = 0.69, 95% CI 0.37–1.28, RR (male) = 0.84, 95% CI 0.56–1.26, RR (female) = 0.62, 95% CI 0.35–1.11). 
Then sharply increased in the next 2 days and finally levelled off. The RR peak of in-hospital mortality was at 
lag 1.6 (1.23, 95% CI 1.05, 1.44) for total mortality, lag 1.7 (1.16, 95% CI 0.96–1.41) for ≥ 65 years, lag 1.5 (1.40, 
95% CI 1.04–1.88) for < 65 years, lag 1.0 (1.72, 95% CI 1.16–2.55) for male and lag 1.1 (1.79, 95% CI 1.02–3.19) 
for female.

Discussion
There have been many similar studies in the general population in the past, but they have been of little use in 
guiding the management of a focus group such as hospitalized  patients1,7,11. As far as we know, there was no study 
on the relationship between mortality risk and ambient temperatures among in-hospital patients. This study is 
more personalized and focuses on key groups, taking inpatients as the research target, which provides an impor-
tant scientific basis for the management of inpatients. We explored the association of ambient temperatures and 
in-hospital mortality in a large research hospital, located in Nanjing, Jiangsu, China, using 10 years mortality 
data during 2010–2020 by DLNM analyses.

Normal physiologic Responses of healthy bodies respond to moderate high and low temperatures by sensing 
changes in skin and core temperatures. For heat, which would cause blood vessel dilation (vasodilation), a signifi-
cant increase in pumping rate (cardiac output), and sweating. Blood pressure drops in warm temperatures due 
to vasodilation and  dehydration27–29. By contrast, in cold temperatures, blood vessels narrow (vasoconstriction), 
slowing the process of transferring heat to the surface of the  body30. Enhancement or impairment of any organ 
system (nervous, endocrine, renal, cardiovascular, or cutaneous) involved in thermoregulation alters sensitivity 
to high and low temperatures. Liu et al. reported that temperature-induced injury is thought to be associated 
with the sympathetic nervous system, enhanced sympathetic response to renin-angiotensin system activation, 
dehydration, and systemic inflammatory  responses31. It has been reported that high temperatures may disrupt 
sleep, with one study in Detroit finding that blood pressure rose in the morning after a hot  night32. Blood viscos-
ity, cholesterol, and platelets had a seasonal pattern with a peak time in winter, which may increase the risk of 
a heart attack or  stroke33. However, Song et al. reported that cold or heat waves that occur early in the cool or 
warm season may be more dangerous because of accumulation of susceptibility pools or lack of preparation for 
extreme temperatures, which is similar to our  results34.

Figure 3.  Stratified analysis temperature effects (mean temperature, lag 0–21 days) by total in-hospital death 
between age groups and gender, 2010–2020.
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In this study, we found that moderate cold had an impact on the increased risk of in-hospital mortality. The 
temperature at the lowest death rate was 28 °C in the study, which was in 90% of all temperatures. The differ-
ence is that previous studies have reported that heat exposure is a health threat. A meta-analysis found that heat 
exposure was associated with increased risk of cardiovascular, cerebrovascular, and respiratory  mortality35. Lu 
et al. indicated that the burden of cardiovascular hospitalizations caused by high temperature could increase 
in the context of global  warming36. Consistent with this study, many studies indicated that while the burden of 
temperature-related mortality may shift to higher temperature in the future, cold temperature may be a big-
ger problem in temperate cities  today27,37,38. A review reported that deaths and hospitalizations due to extreme 
heat increased sharply in the Detroit area, while deaths due to cold temperatures increased  gradually27. A study 
conducted in Hong Kong noted that low temperatures had a greater impact on non-accidental, cardiovascular, 
respiratory, and cancer deaths than high  temperatures38.

Furthermore, we found that moderate cold, not extreme temperatures, had the highest risk for mortality. 
These results were similar to some previous studies. Research in China had reported that cold temperatures was 
responsible for a higher proportion of deaths than  heat39. Gasparrini et al. reported that the effect of days with 
extreme temperatures was less than milder but non-optimum weather not only in China but in other  countries1. 

Figure 4.  The estimated relative risk of dying on a day with − 1 °C compared with that on a day with 28 °C 
(MT) over 21 lagged days for all summers (whole study period).
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It has also been demonstrated that moderate cold (2.5th percentile to the MMT) attribute higher percent (6.66%) 
of mortality than extreme cold (0.63%) and extreme heat (0.23%)40. Another research in China had similar results 
that 1.14%, 10.49%, 2.08%, and 0.63% of the mortality were attributable to extreme cold (− 6.4 to − 1.4 °C), 
moderate cold (− 1.4 to 22.8 °C), moderate heat (22.8 to 29 °C), and extreme heat (29.0 to 31.6 °C),  respectively2.

This finding may be explained by three reasons. First, compared with these places, Jiangsu Province had a 
temperate monsoon climate with fewer extreme  weather16. Hence, the effect of extreme temperatures on mortality 
may be reduced. This was similar to Antonio Gasparrini’s study that the temperatures percentile of minimum 
mortality varied from roughly the 60th percentile in tropical areas to about the 80–90th percentile in temperate 
 regions1. Second, the effects of air conditioning can weaken the effect of extreme heat and cold but can highlight 
the risk of moderate cold. All the wards in the hospital are equipped with air conditioners. Whether the tem-
peratures is high or low in summer and winter, the hospital will turn on the air conditioning. As a result, there is 
almost no extreme weather for hospitalized patients. However, hospital air conditioners are often turned off in 
mild temperatures, and it is more likely to produce negative effects on health for the inadaptation of inpatients. 
Although Alberini et al. reported that air conditioning ownership was not associated with self-reported heat ill-
ness in a study in  Canada41. More reports suggest that air conditioning plays a positive role in the link between 
temperatures and  mortality42–46. Deng et al. provided evidence that daily mean temperatures and DTR were 
significantly associated with non-accidental mortality and had delayed  effects13. Third, Jiangsu province has a 
high level of economic development with the top three highest GDP in China, which is less susceptible to extreme 
 temperatures47,48. The governments in high-GDP regions can build quality infrastructure and have a larger capac-
ity to cope with extreme temperatures. On the contrary, governments in low-GDP areas have fewer resources for 
preventative and adaptive measures and lack the resources to cope with the effects of extreme  temperatures47.

There are many factors leading to whether an individual is susceptible to temperatures, including medications 
and alcohol, homelessness, age, and so  on29. Anticholinergic, antihypertensive, and antipsychotic drugs, used to 
treat disorders of the nervous, endocrine, renal, or cardiovascular systems, may impair thermoregulation which 
caused the decrease of individual’s ability to sense heat or cold, or may inhibit other temperature-regulating 
 responses49. Qualitative studies in Detroit confirmed the findings of qualitative and survey studies in other cit-
ies that cost is a major barrier to the use of air  conditioning50,51. It also has been found that income or poverty is 
associated with heat-related mortality at the community level in the United States, China, and  Japan52–54.With 
age, even in the absence of obvious heart disease and heart failure, the amount of blood pumped per heartbeat 
(medium air volume) decreases, as does the ability of blood vessels to dilate and  contract55,56. At the same time, 
the loss of muscle mass also leads to a reduction in internal heat production, although increased fat storage 
retains  heat57.

In this study we explore the relationship between in-hospital mortality and temperatures in patients of dif-
ferent genders and ages, we performed a stratified analysis for different age and sex subgroups in our study. We 
found that older patients (≥ 65 years) and males were more susceptible to moderate cold in in-hospital mortality, 
and have a longer range of risk temperatures. Current literature on the effect of temperatures on age are mostly 
consistent, that elderly people are more like be influenced by  temperatures58,59. Park et al. found the mortal-
ity rates of elderly outdoor workers increased consistently with  temperatures59. In addition, we found elderly 
patients had a narrower risk temperatures range (− 3 to 21 °C) than total patients (1 to 20 °C). This can verify 
the above results.

The effect of gender on the relationship between mortality and temperatures was conflicting. Some research-
ers reported that males were more vulnerable than females to  temperatures60–62, which was consistent with this 
study. Junkka et al. reported that the OR of mortality at − 20 °C was 1.17 (0.88–1.54) among females, and 1.94 
(1.53–2.45) among  males62. Zhai et al. reported that the cold temperatures effect of males was stronger than that 
of females, and the number of death for males was 118,186 and for females was 111,00263. But there also had 
some studies with no differences between males and females. Basu et al. reported that no significant difference 
in mortality was found between males (2.8%, 95% CI 1.1, 4.6) and females (2.6%, 95% CI 1.2, 3.9)64. In addition, 
other studies confirmed that diurnal temperature range threatening to vulnerable groups, and females and elderly 
 mortality65. Deng et al. also pointed out that females were more susceptible to high diurnal temperature range 
effect than males with 17.01, 11.82 death per day,  respectively13.

In addition, there were also several limitations that should be addressed in this study. The temperature used 
in this study is the ambient temperature, not the actual temperature situation around the patient. The actual 
temperatures of the environment patients live can better reflect the health effects of temperatures. More studies 
should be conducted on the relationship between ambient temperatures around patients and in-hospital mortal-
ity. We did not analyze the kind of mortality in this study for the unavailable of data. In addition, although this 
hospital is the largest general hospital in Jiangsu Province, these results are still limited to some extent. Therefore, 
more relevant data from more hospitals should be collected in the future.

Conclusion
This study found a correlation between average temperature and inpatient deaths and was influenced by gender 
and age. Moderate cold temperatures was an increased risk for in-hospital death, with the elderly (≥ 65 years) 
and male patients being more sensitive to the effects of moderate cold. The results of this study need to be further 
confirmed in other hospitals, but it still has reference significance for the management of other hospitals and 
the reduction of hospital mortality. This result shows the importance of moderate temperatures for health, and 
hospital managers should pay more attention to patients during moderate cold temperatures. During periods 
of moderate cold, patient protection should be increased, such as personalized air conditioning and additional 
clothing and bedding. In addition, attention should be paid to older elderly and female patients in hospitals. In 
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terms of the hospital environment and planning design, attention should be paid to the use and management of 
air conditioning, and strengthen the temperature monitoring of wards.

For the public health department, this evidence also has important implications to the planning of interven-
tions to decrease the health risk of harmful temperatures in the hospital. It also suggests that health authorities 
cannot ignore the risk of moderate cold. In moderate cold weather, health administrative departments should 
strengthen temperature monitoring and guide hospital managers to adopt personalized temperature manage-
ment programs such as air conditioning management in weather changes.

In addition, this study also suggests that we should pay more attention to the relationship between special 
groups and environment in the follow-up research in the future.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 25 June 2021; Accepted: 31 March 2022
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