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Abstract
Background: Air pollutants and their pathogenic effects differ among regions and seasons. We aimed to explore the relationship
between fine particulate matter (PM2.5), sulfur dioxide (SO2), and ozone-8 hours (O3-8h) concentrations in heating and non-heating
seasons and the associated death risk due to cardiovascular diseases (CDs), respiratory diseases (RDs), and malignant tumors.
Methods:Data were collected in Shenyang, China, from April 2013 toMarch 2016. We analyzed the correlation or lagged effect of
atmospheric pollutant concentration, meteorological conditions, and death risk due to disorders of the circulatory system,
respiratory system, and malignant tumor in heating and non-heating seasons. We also used multivariate models to analyze the
association of air pollutants during holidays with the death risk due to the evaluated diseases while considering the presence or
absence of meteorological factors.
Results:An increase in the daily average SO2 concentration by 10mg/m3 increased the death risk by CDs, which reached amaximum
of 2.0% (95% confidence interval [CI]: 1.3%–2.7%) on lagging day 4 during the non-heating season and 0.2% (95% CI: 0.1%–

0.4%) on lagging day 3 during the heating season. The risk of death caused by RDs peaked on lagging day 1 by 0.8% (95% CI:
0.4%–1.2%) during the heating season. An increase in O3-8h concentration by 10mg/m3 increased the risk of RD-related death on
lagging day 2 by 1.0% (95% CI: 0.4%–1.7%) during the non-heating season, which was significantly higher than the 0.1% (95%
CI: 0–0.9%) increase during the heating season. Further, an increase in the daily average PM2.5 concentration by 10mg/m3 increased
the risk of death caused by RDs by 0.3% and 0.8% during heating and non-heating seasons, respectively, which peaked on lagging
day 0. However, air pollution was not significantly associated with the risk of death caused by malignant tumors.
Conclusion: Short-term exposure to PM2.5, SO2, and O3 during the non-heating season resulted in higher risks of CD-related death,
followed by RD-related death.
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Introduction

Many epidemiological studies have demonstrated that
short-term exposure[1] or long-term exposure[2] to atmo-
spheric pollutants may negatively affect human health.
Reduction in life expectancy and premature death are the
most direct and serious health consequences. The
remarkable impacts of air pollutants on the cardiovascular

system include increased risk of hypertension, arrhythmia,
heart failure, and ischemic heart disease.[3-6] In addition,
air pollutants have also been reported to increase the risk
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of respiratory diseases, such as asthma and chronic
obstructive pulmonary disease, which considerably influ-
ence human health.[7-11] Recent studies have also found
that the presence of fine particulate matter (PM2.5) is
associated with the development of malignant tumors,
such as lung cancer,[12,13] breast cancer,[14] pancreatic
cancer,[15] and bladder cancer.[16] The concentrations of
pollutants considerably differ among regions and sea-

sons.[17,18] Owing to its geographic location in the south of
northeast China, Shenyang has a temperate and semi-
humid continental climate, with an annual temperature
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ature, average relative humidity, mean pressure, and other
ranging from �35°C to 36°C and an average temperature
of 8.3°C. Shenyang is the largest transport hub in northeast
China, and it harbors both basic and processing industries.
Thus, most air pollutants in this region originate from coal
combustion and vehicle emissions, whereas a small
proportion originates from photochemical reactions. In
the current study, the pollution indices in Shenyang were
evaluated during heating and non-heating seasons. To
determine the relationship between air pollutants and
human health, we analyzed the impact of the concen-
trations of PM2.5, sulfur dioxide (SO2), and ozone-8 hours
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(O3-8h) on cardiovascular and respiratory diseases and

malignant tumors fromApril 1, 2013 toMarch 30, 2016 in
Shenyang.

Methods

Ethical approval

The study was conducted in accordance with the principles

of the Declaration of Helsinki and was approved by the

local ethics committee of Central Hospital affiliated to
Shenyang Medical College (No. 2018[0026]).

Data source

Daily death data of residents from five districts in
Shenyang City (China) were collected from the Center
for Disease Control of the city between April 2013 and
March 2016. The specific information collected included
the following: sex, date of birth, date of death, regional
code of permanent address, and code of the underlying
cause of death. The causes of death were screened
according to the regional code of patient’s permanent
address. The data on deaths caused by cardiovascular
diseases (I00-I97), respiratory diseases (J00-J98), and

tumors (C00-D48) were analyzed according to the code of

and deaths caused by cardiovascular and respiratory
the underlying cause of death (10th revision of the
International Classification of Diseases).

Environmental data

Data on atmospheric PM2.5, SO2, and O3-8h concen-
trations were obtained from eleven state-controlled
environmental air quality automatic monitoring stations
in Shenyang. PM2.5 concentrations were monitored using
the b-ray absorption method (dynamic heating) and light
scattering method (light turbidity); SO2 concentrations,
using pulsed ultraviolet (UV) fluorescence method; and O3
concentrations, using UV photometry (TE 49I O3
Analyzer, American Thermoelectric Corporation, Wal-
tham, MA, USA). During the monitoring process, the SO2
standard gas produced by the National Institute of
Metrology was used for calibration, and the O3 analyzer
was calibrated using the Thermo 49iPS UV photometer O3
calibrator (Thermo Fisher Scientific, Waltham, MA, USA).
Each instrument was calibrated once every 7 days, and the
sampling line was cleaned at least once a month to ensure
the accuracy and validity of the monitored data. Relevant
statistics and evaluations were based on the following:

Environmental Air Quality Standards (GB3095-2012),
AQI Technical Regulations (HJ 633-2012), and Technical
Specifications for Environmental Air Quality Assessment
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(Trial) (HJ 663-2012). The eleven state-controlled envi-
ronmental air quality automatic monitoring stations
covered five districts in Shenyang: Heping District, Shenhe
District, Huanggu District, Dadong District, and Tiexi
District. Contaminant data were also collected from all
environmental monitoring stations. Daily average temper-
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meteorological data were acquired from the Shenyang
Meteorological Bureau.

Statistical analysis

The statistical software Stata 12.0 (StataCorp, TX, USA)
was used for statistical analysis. For the general popula-
tion, daily deaths caused by cardiovascular and respiratory
diseases and tumors (time-series data) were considered as
small-probability events; their distribution was similar to
the Poisson distribution. Thus, the Poisson regression
generalized linear model (GLM)[19] was used for analysis:

Log½EðYiÞ� ¼ aþ
Xn

i¼0

biXi þ
Xm

j¼0

f jZj

where Yi is the observation day; E(Yi), death on the specific
day i;a, predicted value of deaths on the observation day i;X,
intercept; b, indicator variable that has a linear influence on
the corresponding variable; Z, indicator variable coefficient
estimated by the regressionmodel; andS, variable that has a
non-linear influence on the corresponding variable.

The effect of single atmospheric pollutant on the deaths
caused by cardiovascular and respiratory diseases and
malignant tumors was analyzed by fitting the single-factor
GLM and employing the deviation test. Relative risks (RR)
were used to evaluate the magnitude of the hazard,
a= 0.05. P< 0.05 was considered statistically significant.

Considering the possible lagged effects of pollutants on
human body, 1 to 7 days of lagging (lagging days) were
selected to analyze the changes caused by atmospheric
pollutants on the studied death cases.

Spearman rank correlation was used to analyze the
correlation between atmospheric pollutants and the risk
of death. Differences in the atmospheric pollutant index
diseases and tumors between the heating and non-heating
seasons were evaluated using the rank-sum test.

Results

Concentration of atmospheric pollutants, meteorological
conditions, and deaths caused by cardiovascular and
respiratory diseases and malignant tumors

The concentrations of atmospheric pollutants, meteoro-
logical conditions, and evaluated deaths did not follow a
normal distribution from April 2013 to March 2016. The
median daily PM2.5 concentration was 79mg/m3, with a

minimum concentration of 12mg/m3, recorded on Sep-
tember 5, 2015 (non-heating season), and a maximum
concentration of 885 mg/m3, recorded on November 8,
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observed in the daily deaths caused by respiratory diseases

�0.027 to 0.154. The correlation coefficient between
2015 (heating season). The median concentration of SO2
was 75mg/m3 and that of O3-8h was 74mg/m3. The wind
speed was 2.2± 0.9 m/s. The median temperature was
9.0°C. The humidity level was 60.5%± 15.1%, and the
atmospheric pressure was 1016.2± 9.9 Pa. During the
heating season, the wind speed was 2.2± 0.9 m/s; median
temperature, �3.9°C; and atmospheric pressure,
1024.8± 6.5 Pa. During the non-heating season, the wind
speed was 2.2± 0.9 m/s; median temperature, 18.2°C;
humidity level, 62.8% ± 15.3%; and atmospheric pres-
sure, 1010.6± 7.5 Pa.

The number of residents included in the study was
3,751,698. The average number of deaths per day caused
by cardiovascular diseases (eg, chronic rheumatic heart
disease, hypertensive heart disease, acute myocardial
infarction, and cor pulmonale) was 41. The average
number of deaths caused by respiratory diseases (eg,
pneumonia, chronic lower respiratory tract disease, and
pneumoconiosis) was nine per day and that caused by
malignant tumors (eg, nasopharyngeal carcinoma, esoph-
ageal cancer, stomach cancer, colon cancer, rectal cancer,
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anal cancer, liver cancer, breast cancer, lung cancer,

cervical cancer, bladder cancer, and leukemia) was 22 per
day on average.

Differences in concentrations of atmospheric pollutants and
deaths between heating and non-heating seasons

During the heating season, the average concentrations of
PM2.5, SO2, and O3-8h were 93, 147, and 45mg/m3,
respectively; during the non-heating season, their concen-
trations were 55, 34, and 97mg/m3, respectively. The
concentrations of PM2.5 and SO2 during the heating season
were significantly higher than those during the non-heating
season (both P< 0.001). In contrast, the concentration of
O3-8h during the non-heating season was significantly
higher than that during the heating season (P< 0.001).
Ozone, which is a secondary pollutant, is related to light,
and usually reaches its maximum level in the afternoon.

The number of daily deaths caused by cardiovascular and
respiratory diseases and malignant tumors was 44, 9, and
22, respectively, during the heating season (from Novem-
ber 1 toMarch 30 of the following year) and 39, 8, and 23,

respectively, during the non-heating season (from April 1
to October 31). The number of daily deaths caused by
cardiovascular diseases during the heating season was

Table 1: The correlation coefficient between O3-8h and other pollutants

Heating season

Pollutants SO2 NO2 CO PM

O3-8h �0.739 �0.573 �0.542 �0
SO2 – 0.769 0.759 0.
NO2 – – 0.876 0.
CO – – – 0.

The heating season lasted for 5 months (from November 1 to March 30 of th
April 1 to October 30). O3-8h: Ozone-maximum 8-h sliding average; GLM: G
Carbon monoxide; PM2.5: Fine particulate matters �2.5 mm in aerodynami
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significantly higher than that during the non-heating
season (P< 0.001). However, no significant difference was
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and malignant tumors between the two seasons
(P= 0.130).

Relationship between O3-8h and other pollutants during
heating and non-heating seasons

The correlation coefficient betweenO3-8h and SO2,NO2,
CO, and PM2.5 during the heating season ranged from
�0.739 to �0.431. The correlation coefficient between
SO2 and NO2, CO, and PM2.5 ranged from 0.769 to
0.628, while that between O3-8h and SO2, NO2, CO, and
PM2.5 during the non-heating season ranged from
SO2 and NO2, CO, and PM2.5 ranged from 0.769 to
0.628 [Table 1].

Correlation analysis between concentrations of atmospheric
pollutants and risk of death caused by cardiovascular and
respiratory diseases and malignant tumors during the two
seasons and the lagged effect

Single-factor GLManalysis of the concentrations of PM2.5,
SO2, and O3-8h during the heating and non-heating
seasons in relation to the analyzed deaths on different
lagging days showed that when the daily average
concentration of PM2.5 increased by 10 mg/m3 during
both seasons, the risk of cardiovascular diseases peaked on
lagging day 0. The RR increased by 0.3% (95% confidence
interval [CI]: 0.1%–0.5%) and 0.8% (95% CI: 0.5%–
1.1%) in the heating and non-heating seasons, respective-
ly, whereas the lagged effects decreased with time. No
significant influence was found on the risk of death caused
by respiratory diseases and malignant tumors.

The increase in the daily average concentration of SO2 by
10mg/m3 during the heating season increased the risk of
cardiovascular diseases, which peaked on lagging day 3 by
0.2% (95% CI: 0.1%–0.4%). The risk of death caused by
respiratory diseases peaked on lagging day 1 by 0.8%
(95% CI: 0.4%–1.2%). During the non-heating season,
the risk of cardiovascular diseases peaked on lagging day 4

by 2.0% (95% CI: 1.3%–2.7%). No significant influence
was found on the risk of death caused by respiratory
diseases and malignant tumors.

by GLM.

Non-heating season

2.5 SO2 NO2 CO PM2.5

.431 �0.027 �0.194 0.132 0.154
628 – 0.543 0.708 0.656
868 – – 0.422 0.458
843 – – – 0.783

e following year), while the non-heating season lasted for 7 months (from
eneralized linear model; SO2: Sulfur dioxide; NO2: Nitrogen dioxide; CO:
c diameter.
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An increase in the daily average concentration of O3-8h by
10mg/m3 during the heating and non-heating seasons
increased the risk of death caused by respiratory diseases,
which peaked on lagging day 2, with increases of 0.1%
(95% CI: 0%–0.9%) and 1.0% (95% CI: 0.4%–1.7%),
respectively. Minimal influence was found on the risk of
death caused by cardiovascular diseases. No influence was
found on the risk of death caused by malignant tumors
[Tables 2–4].

Analysis of death risk caused by cardiovascular and
respiratory diseases and malignant tumors based on
meteorological factors, holidays, and multivariate models of
air pollutants in different seasons

During the heating season, the holidays and the tempera-
ture on lagging day 5 were significantly correlated with the
risk of death in the circulatory system, indicating that the
temperature during the heating season and the activities of
the holidays increased the death of the circulatory system.
Considering that PM2.5 may be highly correlated with
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temperature, only one of PM2.5 and temperature could be
significantly correlated with the risk of death from the
circulatory system.

Table 2: Relationship between cardiovascular diseases and PM2.5, SO2, an
model in Shenyang from April 2013 to March 2016.

Heating season

Variables Z P RR (95% CI)

PM2.5 concentration (10 mg/m3)
Lag 0 2.80 0.005 1.003 (1.001–1.00
Lag 1 0.98 0.328 1.001 (0.999–1.00
Lag 2 �0.88 0.381 1.000 (1.000–1.00
Lag 3 0.52 0.602 1.001 (1.000–1.00
Lag 4 �0.19 0.853 1.000 (1.000–1.00
Lag 5 �0.29 0.774 1.000 (1.000–1.00
Lag 6 �1.77 0.077 0.998 (0.996–1.00
Lag 7 0.09 0.929 1.000 (0.998–1.00

SO2 concentration (10 mg/m3)
Lag 0 2.43 0.015 1.002 (1.000–1.00
Lag 1 1.06 0.289 1.001 (0.999–1.00
Lag 2 1.08 0.281 1.001 (0.999–1.00
Lag 3 2.52 0.012 1.002 (1.001–1.00
Lag 4 1.89 0.058 1.002 (1.000–1.00
Lag 5 0.62 0.533 1.001 (0.999–1.00
Lag 6 �0.38 0.703 1.000 (0.998–1.00
Lag 7 0.89 0.375 1.001 (0.999–1.00

O3-8h concentration (10 mg/m3)
Lag 0 �1.43 0.154 0.996 (0.991–1.00
Lag 1 �2.01 0.045 0.994 (0.989–1.00
Lag 2 �2.15 0.031 0.935 (0.988–0.99
Lag 3 �3.39 0.001 0.990 (0.984–0.99
Lag 4 �3.01 0.003 0.991 (0.986–0.99
Lag 5 �1.95 0.051 0.993 (0.990–1.00
Lag 6 �2.21 0.027 0.991 (0.988–1.00
Lag 7 �2.79 0.005 0.992 (0.986–0.99

PM2.5: Fine particulate matter �2.5 mm in aerodynamic diameter; SO2: Sulfu
CI: Confidence interval; Lag 0: Day of death caused by cardiovascular disea
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The PM2.5 concentrations on the lagging day 0 of the non-
heating season, temperature on lagging day 6, humidity
level on lagging day 1, and pressure on lagging day 2 were
significant, indicating that the PM2.5 concentrations during
the non-heating season and death caused by cardiovascu-
lar diseases are related to temperature, air pressure, and
humidity level.

The temperature on lagging day 1 during the heating
season was significant, indicating that a low temperature
during the heating season may increase the risk of death
caused by respiratory diseases. The O3-8h concentration
on lagging day 2 during the non-heating season, humidity
level on lagging day 1, and pressure on lagging day 2 were
also significant, indicating that O3-8h pollution, low
humidity level, and high air pressure during the non-
heating season increase the risk of death caused by
respiratory diseases.

There were no significant variables during the heating
season. The temperature on lagging day 0 in the non-
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heating season, humidity level on lagging day 1, and
pressure on lagging day 1were significant, indicating that a
high temperature, low humidity level, and high air pressure

d O3-8h concentrations during the two seasons in the single-pollutant

Non-heating season

Z P RR (95% CI)

5) 5.54 0.000 1.008 (1.005–1.011)
3) 6.71 0.000 1.01 (1.009–1.016)
2) 4.60 0.000 1.009 (1.005–1.012)
3) 4.24 0.000 1.008 (1.004–1.012)
2) 4.17 0.000 1.008 (1.004–1.012)
1) 3.60 0.000 1.007 (1.003–1.011)
1) 3.41 0.001 1.007 (1.003–1.010)
2) 1.93 0.053 1.004 (1.000–1.008)

4) 3.29 0.001 1.012 (1.005–1.019)
3) 5.25 0.000 1.020 (1.013–1.028)
3) 3.37 0.001 1.014 (1.006–1.021)
4) 3.52 0.000 1.015 (1.006–1.023)
4) 4.11 0.000 1.017 (1.009–1.026)
2) 2.77 0.006 1.012 (1.003–1.020)
2) 2.56 0.011 1.011 (1.002–1.019)
3) 2.01 0.044 1.008 (1.000–1.016)

2) 0.89 0.376 1.001 (1.000–1.004)
0) 1.72 0.085 1.003 (1.000–1.006)
9) �1.23 0.218 0.998 (0.995–1.001)
6) �1.42 0.155 0.998 (0.995–1.001)
8) �0.53 0.599 0.998 (0.995–1.001)
2) �1.99 0.047 0.996 (0.993–0.999)
0) �3.44 0.001 0.993 (0.990–0.996)
8) �4.73 0.000 0.991 (0.988–0.994)

r dioxide; O3-8h: Ozone-maximum 8-h sliding average; RR: Relative risk;
ses; Lag 1–7: 1–7 Days after death caused by cardiovascular diseases.
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Table 3: Relationship between respiratory diseases and PM2.5, SO2, and O3-8h concentrations during the two seasons in the single-pollutant
model in Shenyang from April 2013 to March 2016.

Heating season Non-heating season

Variables Z P RR (95% CI) Z P RR (95% CI)

PM2.5 concentration (10 mg/m3)
Lag 0 �0.87 0.383 0.999 (0.995–1.004) 0.20 0.843 1.004 (0.998–1.011)
Lag 1 �0.52 0.602 0.996 (0.991–1.001) 1.32 0.185 0.999 (0.992–1.006)
Lag 2 �2.28 0.023 0.998 (0.993–1.002) 0.42 0.675 0.994 (0.987–1.001)
Lag 3 �1.52 0.130 0.998 (0.994–1.003) �0.88 0.381 0.996 (0.989–1.003)
Lag 4 �1.42 0.155 0.997 (0.992–1.001) �0.84 0.401 0.997 (0.990–1.004)
Lag 5 �0.48 0.633 0.998 (0.993–1.003) �0.89 0.371 0.997 (0.993–1.003)
Lag 6 �0.07 0.946 0.999 (0.995–1.004) �0.75 0.451 0.997 (0.990–1.004)
Lag 7 �1.23 0.220 0.997 (0.993–1.002) �1.02 0.308 0.996 (0.989–1.003)

SO2 concentration (10 mg/m3)
Lag 0 2.69 0.007 1.006 (1.002–1.010) �0.14 0.889 0.998 (0.993–1.015)
Lag 1 3.12 0.002 1.008 (1.004–1.012) 0.93 0.354 1.007 (0.991–1.023)
Lag 2 1.16 0.245 1.003 (0.999–1.007) 0.01 0.990 0.990 (0.979–1.012)
Lag 3 1.71 0.088 1.004 (0.999–1.008) �0.85 0.396 0.990 (0.974–1.006)
Lag 4 1.70 0.089 1.003 (0.999–1.007) �1.83 0.068 0.982 (0.966–0.998)
Lag 5 3.42 0.001 1.006 (1.002–1.010) �1.66 0.097 0.983 (0.967–0.910)
Lag 6 4.00 0.000 1.007 (1.003–1.012) �1.08 0.281 0.990 (0.974–1.006)
Lag 7 4.12 0.000 1.007 (1.002–1.010) �0.92 0.357 0.910 (0.984–1.016)

O3-8h concentration (10 mg/m3)
Lag 0 �2.59 0.009 0.983 (0.972–0.997) 1.57 0.116 1.005 (0.998–1.012)
Lag 1 �3.35 0.001 0.978 (0.965–0.990) 2.36 0.018 1.008 (1.001–1.014)
Lag 2 �2.43 0.015 1.001 (0.000–1.009) 2.87 0.004 1.010 (1.004–1.017)
Lag 3 �3.92 0.000 0.974 (0.960–0.986) �0.29 0.773 0.910 (0.993–1.006)
Lag 4 �3.61 0.000 0.975 (0.963–0.989) �0.01 0.989 1.000 (0.994–1.007)
Lag 5 �3.38 0.001 0.977 (0.969–0.995) �0.22 0.829 0.999 (0.993–1.006)
Lag 6 �2.92 0.004 0.980 (0.972–0.998) �0.91 0.364 0.997 (0.910–1.003)
Lag 7 �3.77 0.000 0.973 (0.964–0.990) �0.45 0.653 0.998 (0.991–1.004)

lfu
ses
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PM2.5: Fine particulate matter �2.5 mm in aerodynamic diameter; SO2: Su
CI: Confidence interval; Lag 0: Day of death caused by respiratory disea
heating season were related to a reduced risk of death
caused by malignant tumors, in consideration of staying
during the non-heating season may increase the risk of
death caused by malignant tumors [Table 5].

Correlation between air pollutant concentrations in
multivariate model analysis during holiday season and other
seasons, and the risk of death caused by cardiovascular
and respiratory diseases and malignant tumors, regardless
of meteorological factors

The PM2.5 on lagging day 5 and holidays are significant,
indicating that higher PM2.5 during heating and holiday
activities can increase the death of the circulatory system.

During non-heating season, PM2.5 on lagging day 0, SO2
concentration on lagging day 4, and O3 concentration on
lagging day 7 were significant, indicating that PM2.5 and
SO2 concentrations and a lower O3 concentration (to be
studied) in a longer non-heating season can increase the
risk of death caused by cardiovascular diseases.

The SO2 concentration, which increased on lagging
day 1 in the heating season, was significant, indicating

that a higher SO2 concentration during the heating
season can increase the risk of death caused by
respiratory diseases.

2273
The O3 concentration, which increased on lagging day 2 in
the non-heating season, remained significant, indicating
that it can increase the risk of death caused by respiratory
diseases.

Considering the risk of malignant tumors, the heating
season showed no significant difference. The concentration
of the air pollutants during the non-heating season was
also not significant. However, holidays during the non-

r dioxide; O3-8h: Ozone-maximum 8-h sliding average; RR: Relative risk;
; Lag 1–7: 1–7 Days after death caused by respiratory diseases.
indoors in the presence of smog [Table 6].

Discussion

Shenyang city is located in the south of northeast China.
Emissions of atmospheric pollutants in this region mainly
originate from coal combustion, construction site dust
emission, urban vehicle exhaust, industrial production
emissions, and dust from other places. During the heating
season, the percentages of air pollutants originating from
different sources were as follows: coal combustion,

approximately 45.5%; dust emission (construction site
and other places), 8.9%; exhaust from urban vehicles,
18.6%; industrial production emission, 11.7%; and other
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Table 4: Relationship between malignant tumors and PM2.5, SO2, and O3-8h concentrations during the two seasons in the single-pollutant model
in Shenyang from April 2013 to March 2016.

Heating season Non-heating season

Variables Z P RR (95% CI) Z P RR (95% CI)

PM2.5 concentration (10 mg/m3)
Lag 0 �0.69 0.490 0.999 (0.910–1.002) 0.73 0.465 1.001 (0.997–1.005)
Lag 1 �1.38 0.168 0.998 (0.995–1.001) 0.61 0.545 1.001 (0.997–1.005)
Lag 2 �0.68 0.499 0.910 (0.997–1.003) �1.09 0.274 0.997 (0.992–1.001)
Lag 3 �1.40 0.162 0.998 (0.995–1.001) �2.38 0.017 0.996 (0.991–1.000)
Lag 4 �1.74 0.082 0.998 (0.995–1.001) �1.01 0.312 0.997 (0.993–1.001)
Lag 5 �2.38 0.017 0.996 (0.993–0.999) �0.47 0.641 0.999 (0.995–1.003)
Lag 6 �1.46 0.144 0.998 (0.995–1.001) �1.62 0.106 0.996 (0.992–1.001)
Lag 7 1.43 0.154 1.002 (0.910–1.005) �1.10 0.270 0.998 (0.993–1.002)

SO2 concentration (10 mg/m3)
Lag 0 �0.58 0.565 0.999 (0.997–1.002) �0.27 0.787 0.999 (0.990–1.009)
Lag 1 0.34 0.736 1.001 (0.998–1.003) �0.49 0.622 0.996 (0.987–1.006)
Lag 2 0.06 0.955 1.000 (0.997–1.003) �1.21 0.225 0.994 (0.985–1.004)
Lag 3 �1.29 0.199 0.998 (0.996–1.001) �2.88 0.004 0.986 (0.976–0.996)
Lag 4 �0.96 0.339 0.999 (0.996–1.001) �2.58 0.010 0.985 (0.975–0.995)
Lag 5 �2.33 0.020 0.996 (0.994–0.999) �1.95 0.051 0.992 (0.982–1.002)
Lag 6 �1.56 0.118 0.997 (0.995–1.000) �2.07 0.038 0.995 (0.985–1.005)
Lag 7 0.11 0.910 1.000 (0.997–1.003) �1.83 0.068 0.992 (0.983–1.002)

O3-8h concentration (10 mg/m3)
Lag 0 0.75 0.453 1.003 (0.995–1.011) 2.57 0.010 1.005 (1.001–1.009)
Lag 1 �0.24 0.812 0.998 (0.990–1.006) 3.12 0.002 1.006 (1.002–1.010)
Lag 2 �0.72 0.472 0.996 (0.988–1.004) 2.39 0.017 1.005 (1.001–1.009)
Lag 3 �1.02 0.306 0.995 (0.987–1.003) 1.26 0.207 1.003 (0.999–1.007)
Lag 4 �0.36 0.719 0.998 (0.990–1.006) 0.86 0.388 1.002 (0.998–1.006)
Lag 5 �0.68 0.479 0.998 (0.910–1.006) 1.12 0.264 1.003 (0.999–1.006)
Lag 6 �0.85 0.394 0.997 (0.989–1.006) 0.32 0.751 1.001 (0.997–1.005)
Lag 7 �1.46 0.145 0.995 (0.986–1.003) 0.28 0.776 1.001 (0.997–1.005)

PM2.5: Fine particulate matter �2.5 mm in aerodynamic diameter; SO2: Sulfur dioxide; O3-8h: Ozone-maximum 8-h sliding average; RR: Relative risk;
CI: Confidence interval; Lag 0: Day of death caused by malignant tumors; Lag 1–7: 1–7 Days after death caused by malignant tumors.

Table 5: Analysis of the correlation of cardiovascular and respiratory diseases and malignant tumors with meteorological factors, holidays, and
multivariable models of air pollutants during the two seasons.

Heating season Non-heating season

Diseases Variables Z P RR (95% CI) Variables Z P RR (95% CI)

Cardiovascular
diseases

Temperature-5 �6.15 0.000 0.993
(0.990–0.995)

PM2.5-0 2.51 0.012 1.004 (1.001–1.007)

Holiday 4.81 0.000 1.1478
(1.085–1.214)

Temperature-6 �6.86 0.000 0.991 (0.989–0.994)

Humidity-1 �2.90 0.004 0.999 (0.998–0.999)
Press-2 5.94 0.000 1.000 (1.000–1.000)

Respiratory
diseases

PM2.5-2 �1.95 0.051 0.995
(0.990–1.000)

O3-2 2.07 0.038 1.007 (1.000–1.014)

Temperature-1 �3.53 0.000 0.991
(0.986–0.996)

Humidity-1 �2.85 0.004 0.998 (0.996–0.999)

Press-2 1.90 0.057 1.000 (1.000–1.000)
Malignant
tumors

Temperature-0 2.75 0.006 1.005 (1.001–1.008)

Humidity-1 �2.98 0.003 0.998 (0.997–0.999)
Press-1 2.02 0.043 1.000 (1.000–1.000)

RR: Relative risk; CI: Confidence interval; Temperature-0, 1, 5, 6: Temperature on lagging day 0, 1, 5, 6; PM2.5-0, 2: PM2.5 concentration on lagging day
0, 2; Humidity-1: Humidity on lagging day 1; O3-2, O3 concentration on lagging day 2; Press-1, 2: Pressure on lagging day 1, 2.
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Table 6: Correlation between the air pollutants in the multivariate model analysis and cardiovascular and respiratory diseases and malignant
tumors during holidays and other seasons, regardless of meteorological factors.

Heating season Non-heating season

Diseases Variables Z P RR (95% CI) Variables Z P RR (95% CI)

Cardiovascular
diseases

PM2.5-0 2.59 0.009 1.003 (1.001–1.005) PM2.5-0 4.20 0.000 1.006 (1.003–1.009)

Holiday-0 5.73 0.000 1.176 (1.113–1.244) SO2-4 2.02 0.043 1.009 (1.000–1.018)
O3-7 �3.01 0.003 0.995 (0.992–0.998)

Respiratory diseases SO2-1 2.08 0.038 1.005 (1.000–1.010) O3-2 2.88 0.004 1.010 (1.003–1.016)
Malignant tumors Holiday-0 �2.87 0.004 0.905 (0.846–0.969)

n la
.
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sources, 17.3%. During the non-heating season, the
percentages were as follows: coal combustion, approxi-
mately 28.0%; dust emission (construction site and other
places), 16.1%; urban vehicle exhaust, 20.0%; industrial
production emission, 22.8%; and other sources, 13.1%.
The percentage of pollutants originating from coal
combustion was higher than that from vehicle exhaust,
regardless of the season. Thus, coal combustion is the
primary source of PM2.5 pollution. PM2.5 in developed
countries mainly originates from vehicle exhaust,[20] and
the relationship between PM2.5 exposure and human
health is stronger than that between PM10 (aerodynamic
diameter: �10mm) exposure and human health; thus,
PM2.5 has greater influence on human death than does
PM10.

[21] The atmospheric pollution in the Pearl River
Delta in China has largely been attributed to vehicle
exhaust emissions and annual photochemical reactions
caused by high insulation, which affect human death rates
because these sources are related to environmental
oxidants (O3).

[22] Therefore, the sources of atmospheric
pollutants vary among regions. Consequently, these
pollutants also yield diverse negative health effects.

The results of our study showed that the concentrations of
PM2.5 and SO2 consistently change. The concentrations of
these two pollutants during the heating season were
significantly higher than those during the non-heating
season. In contrast, the concentration of O3-8h during the
non-heating season was significantly higher than that
during the heating season. The number of daily deaths
caused by cardiovascular and respiratory diseases was
higher during the heating season than during the non-
heating season. However, the number of deaths caused by
malignant tumors was not related to the type of season.
Changes in the concentrations of PM2.5, SO2, and O3-8h
and number of human deaths differed between the heating
and non-heating seasons. The average daily concentration
of PM2.5 during the heating season exceeded the grade II
Ambient Air Quality Standard of China; and that during
the non-heating season did not exceed this standard.
However, the concentrations of SO2 and O3-8h did not
exceed the standard in any of the two seasons. The average
daily concentrations of SO2 during the heating season and
O3-8h during the non-heating season were higher than

RR: Relative risk; CI: Confidence interval; PM2.5-0: PM2.5 concentration o
concentration on lagging day 2, 7; Holiday-0: Holiday on lagging day 0
those in the Pearl River Delta of China[18] and foreign
countries.[23] The concentrations of the atmospheric
pollutants and the number of deaths caused by cardiovas-
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cular and respiratory diseases during the heating season
differed from those during the non-heating season. The
concentration of atmospheric pollutants was directly
related to an increase in pollutant emissions; however,
no safety threshold is available in relation to the risk of
death caused by the evaluated diseases.

Short-term exposure to atmospheric fine particles may
increase the risk of death caused by cardiovascular and
respiratory diseases. However, the effects of particulate
matter on the estimated rates of death and lagged effects
differed among studies.[24,25] Short-termor acute exposure
to atmospheric pollutants during the non-heating season in
northeast China caused a higher risk of death due to
cardiovascular diseases, followed by respiratory diseases.
In contrast, low concentrations of SO2 and O3-8h during
the non-heating season yielded higher risks of deaths due
to cardiovascular and respiratory diseases than did the
high concentrations during the heating season. Moreover,
the risks posed by SO2 and O3-8h exhibited different
degrees of lagged effects on human deaths caused by
cardiovascular and respiratory diseases. These results may
be associated with increased tolerance to contaminants
and decreased susceptibility in populations greatly
exposed to pollutants.

Choi et al[26] showed that the influence of meteorological
factors should be considered when the relationship
between atmospheric pollutants and cardiovascular dis-
eases is examined. Atmospheric pollutants that influence
blood pressure have been reported to vary in different
seasons; PM10 and NO2 yielded effects mainly during
summer, whereas SO2 and O3 showed effects mainly
during winter. Scarborough et al[27] studied deaths caused
by coronary heart disease in England from 1999 to 2004
and found that the number of deaths increased as the
temperature and duration of sunshine decreased. In the
current study, data from the heating and non-heating
seasons were classified, and the analysis showed that SO2
during the heating season played a decisive role in
increasing the number of deaths caused by cardiovascular
and respiratory diseases, which is consistent with the
findings of previous statistics.

gging day 0; SO2-1, 4: SO2 concentration on lagging day 1, 4; O3-2, 7: O3
We also explored the correlation between meteorological
factors, holiday seasons, and air pollutant multivariate
models in different seasons and the risk of death caused by
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cardiovascular and respiratory diseases and malignant
tumors. We found that multivariate model analysis
correlates with the risk of death from circulatory,
respiratory, and malignant disease. There was no signifi-
cant variable in relation to the risk of death during the
heating season. The temperature on lagging day 0 in the
non-heating season, the humidity level after day 1, and the
pressure on day 1 were significant, indicating that a high
temperature, low humidity level, and high pressure during
the non-heating season can increase the risk of death
correlated to tumors. On considering the correlation
between the multivariate model of air pollutants on
holidays and in different seasons and the risk of death
caused by cardiovascular and respiratory diseases and
malignant tumors, regardless of meteorological factors, we
found that holidays during the non-heating season were
related to a reduced risk of death caused by tumors, given
that the residents were in a good mood and did not leave
their houses when high levels of smog were present.

Thus, short-term or acute exposure to PM2.5, SO2, andO3-
8h during the non-heating season in Shenyang yielded a
higher risk of death caused by cardiovascular diseases than
by respiratory diseases. Low concentrations of SO2 and
O3-8h during the non-heating season yielded higher risk of
deaths caused by cardiovascular and respiratory diseases
than did high concentrations during the heating season.
However, the probable influence of the superposition and
modification effects of PM2.5, SO2, and O3-8h on deaths
caused by such diseases needs further study. Further, as the
air pollution data, meteorological data, and patient sample
collection in this study were only from Shenyang, there are
certain limitations. Large prospective cohort studies are
needed to explore the different components of atmospheric
pollutants causing harm to the human body for relevant

Chinese Medical Journal 2019;132(19)
government departments to provide scientific theoretical

bases for the prevention and control of atmospheric
pollution.
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