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Research on the impact of changes in air pollutant concentrations during peak traffic hours on hospital 
admissions for respiratory diseases (RD) is limited. This study utilized a distributed lag nonlinear 
model (DLNM) to investigate this effect. Between 2014 and 2019, a total of 109,419 RD patients 
were hospitalized across seven hospitals in Lanzhou, China. Except for ozone (O3), fine particulate 
matter (PM2.5), inhalable particulate matter (PM10), sulfur dioxide (SO2), nitrogen dioxide (NO2) and 
carbon monoxide (CO), which increased by 10 µg/m3 (1 mg/m3 for CO), the relative risk (RR) values 
of hospitalization for RD were 1.0211 [95% confidence interval (CI) 1.0090, 1.0333] (lag0-7), 1.0026 ( 
95% CI 1.0010, 1.0043) (lag0), 1.0615 (95% CI 1.0355, 1.0882) (lag0-7), 1.0650 (95% CI 1.0478, 1.0824) 
(lag0-7) and 1.1229 (95% CI 1.0686, 1.1800) ( lag0-7), respectively. The stratified analyses revealed that 
air pollutants, except for O3, affected both males and females. PM2.5, PM10, NO2, and CO had a greater 
impact on individuals aged < 15 years, while SO2 had a more pronounced effect on those aged ≥ 65 
years. The impact of air pollutants on RD hospitalizations was more significant during the cold season. 
It was recommended that people reduce short-term outdoor exposure during peak traffic hours.
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Air pollution refers to the release of harmful substances into the atmosphere, caused by human activities or 
natural processes1. When these pollutants are emitted in higher concentrations and for longer durations than the 
ability of air to purify itself, they cause changes in the composition and concentration of the atmosphere, leading 
to the formation of pollution. The effects of pollution resulting from human activities, especially industrial and 
vehicle emissions, are typically more widespread and severe than those caused by natural processes2. With the 
acceleration of industrialization and insufficient attention to environmental protection measures, incidents of air 
pollution have become more frequent, posing a serious threat to human health3.

Nearly 99% of the global population lives in areas where air quality does not meet the World Health 
Organization’s guidelines4. Air pollution has become a major public health issue and leads to significant 
economic losses worldwide. It contributes to a wide range of adverse health outcomes, including respiratory, 
cardiovascular, immune system, and metabolic diseases5,6.

Previous studies have primarily focused on the health effects of daily 24-hour average concentrations of air 
pollutants. However, in reality, air pollutant concentrations fluctuate and change throughout the day. Using 
daily average concentrations as indicators overlooks this variation and may result in biased interpretations of 
the actual health effects7. A significant association between air pollutants and adverse health outcomes exists, 
even at low average daily concentrations8. This could be due to hourly periods of exposure to high levels of 
contaminants9. Currently, several studies have examined the health effects of higher concentrations of air 
pollutants10,11. However, changes in peak hourly concentrations of air pollutants do not have detrimental 
effects on all diseases. A study found that while fluctuations in peak hourly PM2.5 concentrations were linked to 
increased mortality from ischemic heart disease and cerebrovascular disease, no harmful effects were observed 
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on mortality from acute myocardial infarction in Guangzhou, China12. Additionally, outdoor activities like 
commuting and exercising lead to increased exposure to air pollutants13. It could lead to adverse health effects.

Numerous studies have examined the effects of changes in daily average concentrations of air pollutants on 
RD. However, research focusing on the impact of air pollution during peak traffic hours on RD remains scarce. 
The aim of this study was to explore the effects of changes in air pollutant concentrations during peak traffic 
hours on RD hospitalizations.

Results
Table 1 presents the general characteristics of RD hospitalizations, air pollution during peak traffic hours, and 
meteorological factors from 2014 to 2019. A total of 109,419 RD-related hospitalizations were recorded, with 
an average of 49.94 hospitalizations per day. Among these, 64,403 were male and 45,016 were female. The 
number of individuals in the age groups < 15, 15–64, and ≥ 65 years were 34,034, 40,843, and 34,542, respectively. 
The average concentrations of PM2.5, PM10, SO2, NO2, and O3 during peak traffic hours were 45.05, 110.44, 
19.39, 41.50, and 48.86 µg/m2, respectively. The average CO concentration was 1.19 mg/m2. The average daily 
temperature was 11.34 °C, and the average relative humidity was 51.03%.

Figure 1 illustrate the changes in RD admissions and concentrations of the six air pollutants during peak 
traffic hours from 2014 to 2019 in Lanzhou, China. The hospital admission volume of RD shows an overall 
increasing trend during the research period. The concentrations of PM2.5 and PM10 show minimal changes, with 
only a brief peak during the summer. SO2 and CO concentrations are higher in winter and spring, and lower in 
summer and autumn. NO2 concentrations remained relatively stable from 2014 to 2017, with a pattern of higher 
levels in winter and spring and lower levels in summer and autumn from 2017 to 2019. O3 concentrations were 
relatively stable from 2014 to 2017, but exhibited higher levels in summer and autumn and lower levels in winter 
and spring from 2017 to 2019.

Table S1 presents the Spearman correlations between air pollution during peak traffic hours and the 
major meteorological factors. PM2.5 and PM10, as well as SO2 and CO, show strong positive correlations with 
each other. O3 is negatively correlated with all other air pollutants. The remaining air pollutants exhibit low 
positive correlations with each other. Temperature shows a low positive correlation with O3 and a low negative 
correlation with all other air pollutants. Relative humidity has a low negative correlation with all air pollutants, 
and temperature and relative humidity are also weakly negatively correlated.

Table 2 illustrates the impact of each 10 µg/m2 (1 mg/m2 for CO) increase in air pollutant concentration 
during peak traffic hours on RD hospitalization. PM2.5 showed harmful effects at lag0, lag0-2 ~ lag0-7, with the 
maximum effect occurring at lag0-7 (RR = 1.0211, 95% CI 1.0090, 1.0333). PM10 had a harmful effect at lag0 
(RR = 1.0026, 95% CI 1.0010, 1.0034). SO2 exhibited harmful effects at lag6 ~ lag7 and lag0-4 ~ lag0-7, with the 
largest effect observed at lag0-7 (RR = 1.0615, 95% CI 1.0355, 1.0882). NO2 had harmful effects at lag0, lag3, lag6, 
and lag0-1 ~ lag0-7, with the most significant effect occurring at lag0-7 (RR = 1.0650, 95% CI 1.0478, 1.0824). CO 
showed harmful effects at lag6 ~ lag7 and lag0-1 ~ lag0-7, with the largest effect appearing at lag0-7 (RR = 1.1229, 
95% CI 1.0686, 1.1800). No harmful effects of O3 on RD hospitalization were observed in this study.

Figure 2 illustrates the exposure-response (E-R) curves for the concentrations of six air pollutants during 
peak traffic hours in relation to RD hospitalizations. Except for PM10 and O3, the effects of PM2.5, SO2, NO2, and 
CO on RD hospitalizations were generally linear. As the concentration of air pollutants increased, the risk of RD 
hospitalization rose steadily, with no evident threshold.

Table S2 presents the effects of each 10  µg/m2 (1  mg/m2 for CO) increase in air pollutant concentration 
during peak traffic hours on RD hospitalization by gender. PM2.5 had adverse effects on both males and females 
at lag0, lag0-3 ~ lag0-7, and lag0-2 ~ lag0-7, with the maximum effect observed at lag0-7. The RR values were 
1.0213 (95% CI 1.0087, 1.0340) for males and 1.0207 (95% CI 1.0071, 1.0345) for females. PM10 showed harmful 

Variables Mean SD Min 25th 50th 75th Max

Total 49.94 26.70 5 28 47 65 173

Male 29.39 15.81 3 17 28 38 112

Female 20.55 11.78 0 11 19 27 83

< 15 years 5.28 3.74 0 3 4 7 24

15 ~ 64 years 18.64 12.11 0 8 17 26 69

≥ 65 years 17.63 10.48 0 9 16 23 73

PM2.5(µg/m3) 45.05 25.53 6.53 28.53 38.80 54.54 296.36

PM10(µg/m3) 110.44 86.01 13.69 68.60 95.00 129.35 1362.99

SO2(µg/m3) 19.38 12.90 3.65 9.64 15.50 25.95 88.33

NO2(µg/m3) 41.50 15.52 10.00 31.83 39.63 47.53 121.06

CO (mg/m3) 1.19 0.63 0.31 0.75 0.99 1.45 4.32

O3(µg/m3) 48.86 23.37 2.00 31.13 43.22 63.68 151.95

Temperature 11.34 9.83 -12.30 2.40 12.70 19.90 30.40

Relative humidity 51.03 15.08 11.71 39.50 51.17 62.00 96.09

Table 1.  The situation regarding RD hospitalization, meteorological factors and air pollutant during peak 
traffic hours from 2014 to 2019 in lanzhou, china.
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effects at lag0 for both genders, with RR values of 1.0029 (95% CI 1.0012, 1.0047) for males and 1.0023 (95% 
CI 1.0003, 1.0042) for females. SO2 negatively impacted both genders at lag6, lag0-5 ~ lag0-7, and lag6 ~ lag7, 
lag0-2 ~ lag0-7, with maximum effects at lag0-7. The RR values were 1.0535 (95% CI 1.0265, 1.0813) for males 
and 1.0728 (95% CI 1.0432, 1.1032) for females. NO2 had harmful effects at lag0, lag6, lag0-1 ~ lag0-7, and lag0, 
lag2, lag6 ~ lag7, lag0-1 ~ lag0-7, with the largest effects at lag0-7. The RR values were 1.0608 (95% CI 1.0429, 
1.0790) for males and 1.0707 (95% CI 1.0513, 1.0905) for females. CO also showed detrimental effects at lag6, 
lag0-1 ~ lag0-7, and lag6 ~ lag7, lag0-2 ~ lag0-7, with maximum effects at lag0-7. The RR values were 1.1181 (95% 
CI 1.0617, 1.1776) for males and 1.1297 (95% CI 1.0682, 1.1947) for females. No harmful effects of O3 were 
observed in either gender.

Table S3 presents the effects of each 10  µg/m2 (1  mg/m2 for CO) increase in air pollutant concentration 
during peak traffic hours on RD hospitalization across age groups. PM2.5 had harmful effects on individuals 
aged < 15 and ≥ 65 years at lag0, lag3 –lag6, lag0-1–lag0-7, and lag7, lag0-3–lag0-7, respectively, with maximum 
effects at lag0-7. The RR values were 1.0490 (95% CI 1.0317, 1.0665) for individuals aged < 15 years and 1.0243 
(95% CI 1.0096, 1.0394) for individuals aged ≥ 65 years. PM10 negatively affected individuals aged < 15, 15–64, 
and ≥ 65 years at lag0, lag0-1 ~ lag0-7, and lag0, respectively, with RR values of 1.0065 (95% CI 1.0026, 1.0104) 
for < 15 years, 1.0025 (95% CI 1.0002, 1.0048) for 15–64 years, and 1.0029 (95% CI 1.0008, 1.0050) for ≥ 65 
years. SO2 showed harmful effects on individuals aged < 15 and ≥ 65 years at lag1, lag6, lag0-5 –lag0-7, and 
lag6, lag7, lag0-4–lag0-7, with maximum effects at lag0-7. The RR values were 1.0613 (95% CI 1.0251, 1.0987) 

Fig. 1.  The changes in RD hospital admission volume and air pollutant concentrations during traffic peak 
hours from 2014 to 2019 in Lanzhou, China.

 

Scientific Reports |        (2025) 15:25466 3| https://doi.org/10.1038/s41598-025-10532-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


for < 15 years and 1.0816 (95% CI 1.0495, 1.1146) for individuals aged ≥ 65 years. NO2 had harmful effects on 
individuals aged < 15, 15–64, and ≥ 65 years at lag0, lag3, lag6, lag0-1 ~ lag0-7, and lag0-1 ~ lag0-7 and lag6, lag0-
1 –lag0-7, respectively, with maximum effects at lag0-7. The RR values were 1.0723 (95% CI 1.0489, 1.0961) for 
individuals aged < 15 years, 1.0445 (95% CI 1.0216, 1.0679) for 15–64 years, and 1.0570 (95% CI 1.0361, 1.0784) 
for individuals aged ≥ 65 years. CO had negative effects on individuals aged < 15 and ≥ 65 years at lag4 –lag6, 
lag0-2–lag0-7, and lag6 –lag7, lag0-3–lag0-7, with maximum effects at lag0-7. The RR values were 1.2051 (95% 

Fig. 2.  The exposure-response curves for air pollutants during peak traffic hours in relation to total RD 
hospital admissions.

 

Lag days

PM2.5 PM10 SO2 NO2 CO O3

RR

95%CI

RR

95%CI

RR

95%CI

RR

95%CI

RR

95%CI

RR

95%CI

Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower

Lag0 1.0082 1.0009 1.0157 1.0026 1.0010 1.0043 1.0009 0.9826 1.0195 1.0177 1.0057 1.0299 1.0237 0.9892 1.0593 0.9940 0.9831 1.0050 

Lag1 0.9991 0.9915 1.0067 0.9987 0.9968 1.0006 1.0112 0.9918 1.0311 1.0089 0.9961 1.0218 1.0158 0.9800 1.0530 0.9849 0.9739 0.9960 

Lag2 1.0034 0.9980 1.0089 1.0004 0.9990 1.0018 1.0072 0.9934 1.0212 1.0081 0.9991 1.0173 1.0137 0.9883 1.0398 0.9979 0.9890 1.0068 

Lag3 1.0021 0.9985 1.0057 1.0002 0.9993 1.0011 1.0032 0.9942 1.0124 1.0059 1.0000 1.0117 1.0078 0.9911 1.0247 1.0002 0.9943 1.0062 

Lag4 1.0003 0.9967 1.0039 0.9997 0.9988 1.0007 1.0027 0.9933 1.0122 1.0043 0.9983 1.0104 1.0053 0.9881 1.0227 0.9986 0.9922 1.0050 

Lag5 1.0006 0.9971 1.0040 0.9997 0.9989 1.0006 1.0057 0.9969 1.0145 1.0045 0.9988 1.0102 1.0087 0.9926 1.0251 0.9973 0.9914 1.0032 

Lag6 1.0023 0.9996 1.0051 1.0001 0.9994 1.0008 1.0112 1.0046 1.0178 1.0059 1.0018 1.0101 1.0162 1.0041 1.0285 0.9962 0.9916 1.0008 

Lag7 1.0048 0.9994 1.0103 1.0006 0.9992 1.0020 1.0179 1.0042 1.0318 1.0079 0.9990 1.0169 1.0258 1.0004 1.0517 0.9952 0.9860 1.0044 

Lag0-1 1.0074 0.9992 1.0156 1.0013 0.9993 1.0034 1.0121 0.9914 1.0333 1.0268 1.0135 1.0402 1.0399 1.0015 1.0797 0.9789 0.9657 0.9923 

Lag0-2 1.0108 1.0023 1.0194 1.0017 0.9996 1.0038 1.0194 0.9982 1.0411 1.0351 1.0219 1.0485 1.0542 1.0145 1.0955 0.9769 0.9632 0.9908 

Lag0-3 1.0129 1.0034 1.0226 1.0019 0.9995 1.0044 1.0227 0.9996 1.0464 1.0412 1.0265 1.0560 1.0624 1.0183 1.1084 0.9771 0.9627 0.9917 

Lag0-4 1.0132 1.0032 1.0233 1.0017 0.9991 1.0042 1.0255 1.0020 1.0494 1.0457 1.0306 1.0609 1.0680 1.0226 1.1154 0.9758 0.9617 0.9900 

Lag0-5 1.0138 1.0030 1.0248 1.0014 0.9986 1.0042 1.0313 1.0063 1.0570 1.0504 1.0340 1.0670 1.0773 1.0280 1.1290 0.9731 0.9590 0.9874 

Lag0-6 1.0162 1.0049 1.0276 1.0015 0.9986 1.0044 1.0429 1.0175 1.0688 1.0566 1.0399 1.0736 1.0947 1.0436 1.1484 0.9694 0.9568 0.9821 

Lag0-7 1.0211 1.0090 1.0333 1.0021 0.9990 1.0052 1.0615 1.0355 1.0882 1.0650 1.0478 1.0824 1.1229 1.0686 1.1800 0.9647 0.9541 0.9753 

Table 2.  The effect of changes in air pollutant concentrations during peak traffic hours on RD hospitalization. 
Bolded text indicates that changes in air pollutant concentrations during peak traffic hours have a harmful 
effect on RD hospitalization.
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CI 1.1260, 1.2897) for < 15 years and 1.1430 (95% CI 1.0761, 1.2141) for individuals aged ≥ 65 years. No harmful 
effects of O3 on RD hospitalization across age groups were observed in this study.

Table S4 illustrates the impact of each 10 µg/m2 (1 mg/m2 for CO) increase in air pollutant concentration 
during peak traffic hours on RD hospitalization across different seasons. PM2.5, SO2, NO2, and CO showed 
harmful effects only during the cold season. The RR values were 1.0125 (95% CI 1.0000, 1.0252) for lag0-2, 
1.0902 (95% CI 1.0553, 1.1262) for lag0-7, 1.0478 (95% CI 1.0277, 1.0683) for lag0-4, and 1.1997 (95% CI 1.1259, 
1.2784) for lag0-7. PM10 had harmful effects in both warm and cold seasons at lag0, with RR values of 1.0030 
(95% CI 1.0007, 1.0054) and 1.0024 (95% CI 1.0000, 1.0049), respectively. No detrimental effects of O3 were 
observed in either warm or cold seasons.

Table S5 presents the results of the two-pollutant model. Since PM2.5 and PM10 (r = 0.83), as well as CO and 
SO2 (r = 0.78), were highly correlated, both pairs were excluded from the two-pollutant model. For PM2.5, SO2, 
and CO, the introduction of additional pollutants reduced the harmful effects on RD hospitalization. In contrast, 
for PM10, NO2, and O3, the harmful effects remained largely unchanged. Table S6 presents the results of varying 
the degrees of freedom for the time variable. No significant changes were observed in the effect of air pollutant 
concentration changes during peak traffic hours on RD admissions, indicating that the model and results are 
reliable.

Discussion
The study employed DLNM to examine the short-term effects of changes in air pollutant concentrations during 
peak traffic hours on RD hospitalization in Lanzhou, China. After adjusting for meteorological factors, PM2.5, 
PM10, SO2, NO2, and CO during peak traffic hours all had a detrimental effect on RD hospitalization, with the 
exception of O3. The sensitivity to air pollutants during peak traffic hours varied by gender and age.

Currently, the mechanisms related to the effects of air pollutants on RD are not well defined. The dominant 
potential mechanisms are oxidative stress, inflammatory responses, and phagocyte dysfunction14. PM2.5 
increases lung oxidants, like malondialdehyde, while decreasing antioxidants, such as superoxide dismutase, 
resulting in cellular damage in the lungs15. Additionally, PM2.5 exposure elevates inflammation biomarkers 
like Th1 and Th17 cytokines, further exacerbating systemic inflammation16,17. NO2 can enter the bronchioles 
and alveoli, leading to myxedema and impairing small airway function18. Air pollutants reduce the ability to 
recognize pathogens by regulating phagocyte receptor expression, impair phagocyte motility and phagocytosis, 
and increase cytokine and chemokine production19.

Numerous studies have highlighted the impact of air pollutant concentration changes on RD hospitalization. 
However, most have focused on daily average pollutant concentrations and found a positive association 
between higher concentrations and increased RD hospitalization risk20–22. This study focuses on the correlation 
between changes in air pollutant concentrations during peak traffic hours and RD hospitalization. Previous 
studies have also explored the impact of peak hourly pollutant concentration changes on health. Peak hourly 
concentration refers to the highest hourly concentration in a 24-hour period, serving as an indicator of daily 
population exposure. For instance, peak hourly concentrations of PM2.5 affect hypertension clinics, children’s 
lower respiratory tract infection clinics, and hospitalization rates23–25. These studies have shown that hourly 
peak concentrations of air pollutants can serve as a proxy for daily average concentrations. One study using 
peak traffic hour concentrations as a measure of population exposure found a significant risk of hospitalization 
for stroke in hypertensive patients in Beijing, China11. The study also considered the effects of air pollution 
during peak traffic hours and outdoor activities during that time. Our results showed that PM2.5, PM10, SO2, 
NO2, and CO during peak traffic hours have harmful effects on RD hospitalization, except for O3. This aligns 
with previous studies on daily mean concentrations26. Whereas, our previous study results showed that the daily 
mean concentrations of PM2.5, PM10, SO2, NO2 and CO were 48.97 µg/m3, 114.85 µg/m3, 21.14 µg/m3, 47.33 µg/
m3 and 1.24 mg/m3, respectively, and the maximum eight-hourly O3 concentration was 88.24 µg/m3 over the 
same study time range for the same area27. This may indicate that peak traffic concentrations of air pollutants 
play a driving role in health effects. This also suggests that air pollutant concentrations during peak traffic hours 
can serve as a proxy for daily average concentrations, enabling a more comprehensive exploration of the health 
effects of air pollution from multiple perspectives.

However, a previous study on the effect of changes in average daily air pollution concentrations on RD 
hospitalization found that SO2 was not associated with the risk of RD hospitalization, whereas PM10 was linked 
to an increased risk of RD hospitalization in Lanzhou, China28. One source of airborne SO2 is vehicle exhaust 
emissions. Our study focused on the health effects of air pollutants during peak traffic hours, considering the 
increased exposure to the population during these times and their contribution to air pollutant concentrations. 
The present study further observed the adverse effects of SO2. This may suggest that changes in average daily 
concentrations may mask the potential adverse effects of some air pollutants. In contrast, changes in peak traffic 
air pollutant concentrations provide a more nuanced picture of exposure risk. Additionally, the health effects of 
PM10 on populations have been shown to be intermittent throughout the day29. Since our study focused only on 
the health hazards of air pollutants during peak traffic hours, this may explain why the harmful effects of PM10 
on RD hospitalization were not observed as significant.

This study found a negative association between changes in O3 concentrations during peak traffic hours and 
the relative risk of RD hospitalization. The results regarding the impact of O3 on RD hospitalization are currently 
inconsistent30–32. Variations in the composition and concentration of air pollution, as well as local living 
conditions across different regions, may contribute to differences in the health effects of O3 33,34. Additionally, 
demographic factors (e.g., age and health status) may lead to varying responses to the health effects of O3, 
thereby influencing hospitalization risks35. However, the precise mechanisms underlying these effects require 
further investigation.
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In this study, E-R curves for air pollutants during peak traffic hours and RD hospitalizations were plotted. 
These curves have important public health implications, as changes in effect estimates can help detect the 
harmful effects of air pollution on RD hospitalization. The curves for PM2.5, SO2, NO2, and CO were nonlinear 
and showed no thresholds. Therefore, local governments should implement strict measures to control pollutant 
emissions and protect residents’ health.

This study also found that different air pollutants have varying effects on RD hospitalization by gender, 
a finding consistent with previous studies36,37. This may be attributed to differences in physiological 
characteristics and lifestyle habits between men and women. Additionally, significant regional variations in air 
pollutant characteristics could explain the inconsistent findings. Age stratification in this study revealed that 
individuals < 15 years and ≥ 65 years are more susceptible. This is likely because children are still developing and 
have incomplete immune functions, while the elderly have more fragile health, making both groups vulnerable 
to harmful environmental factors. NO2 also has harmful effects on people aged 15–64 years. As one of the main 
sources of NO2 is vehicle emissions, the pollutant concentrations during peak traffic hours were used as a proxy 
for population exposure, with NO2 being particularly relevant to young people, such as commuters.

Overall, air pollutants during peak traffic hours have a stronger harmful effect in the cold season, which 
is consistent with previous findings on the seasonal impact of daily mean air pollutant concentrations on RD 
hospitalization28,37. During the cold season, reduced physical activity and limited ventilation may weaken 
immunity and increase susceptibility to respiratory diseases, thereby raising hospitalization risks. Additionally, the 
dry climate facilitates the spread of respiratory viruses, further elevating the likelihood of hospital admissions38. 
Additionally, the cold season coincides with the heating period in Lanzhou, China. The combustion of fossil 
fuels results in excessive air pollutant emissions, while the local climate and geographical conditions hinder 
pollutant dispersion. These factors collectively increase population exposure to pollutants.

The study explored the impact of air pollutant concentration changes during peak traffic hours on RD 
hospitalizations, considering factors such as commuting and outdoor exercise. This offers a novel perspective 
on assessing the health effects of air pollution. However, the study has several limitations. Firstly, like previous 
related research, it is an ecological study that uses pollutant concentrations from environmental monitoring 
stations as proxies for human exposure. This approach may underestimate actual exposure levels, potentially 
deviating from real-world conditions. Secondly, the study relied solely on inpatient records from seven large 
general hospitals in the region. Despite the substantial sample size, it did not encompass all patient data, 
limiting its representativeness. Additionally, the study was conducted in a single city, which may restrict the 
generalizability of the findings. Lastly, the analysis focused on respiratory diseases as a broad category without 
further subdivision into specific conditions, such as upper respiratory tract infections, pneumonia, or chronic 
obstructive pulmonary disease.

Conclusion
This study examined the impact of peak traffic hours on population exposure and air pollution levels. The results 
revealed that PM2.5, PM10, SO2, NO2, and CO negatively affect RD hospitalizations. Authorities should consider 
implementing traffic restrictions during peak hours to mitigate air pollution. Future research should further 
investigate the effects of traffic management on air quality and public health. Additionally, regional studies 
incorporating meteorological and geographic factors are recommended to provide a more comprehensive 
understanding of pollutant exposure.

Methods
Study area
Lanzhou (E 102° 36′–104° 35′, N 35° 34′–37° 00′), the capital of Gansu Province, China, is a significant industrial 
base, transportation hub, and a key city along the overland Silk Road Economic Belt. With a long history of 
industrial development, it specializes in petrochemicals, metallurgy, and machinery manufacturing. The city is 
nestled among mountains, with its urban area spread along both sides of the Yellow River, making it a typical 
river valley city. It features a temperate continental monsoon climate characterized by scarce precipitation, 
abundant sunshine, high evaporation, dry conditions, low wind speeds, and frequent static wind phenomena.

Inpatient data
Based on the healthcare infrastructure and geographic characteristics of Lanzhou, China, we selected seven 
large general hospitals to gather daily inpatient data for RD from January 1, 2014, to December 31, 2019. 
These hospitals were chosen for their advanced medical equipment, high-quality services, and well-established 
electronic medical record systems. Additionally, Lanzhou’s unique topography—spanning approximately 40 km 
east to west but only 3–8 km north to south—further justified the selection, as these hospitals are strategically 
distributed to cover the population effectively39. Residential areas are concentrated along both sides of the 
Yellow River, with a west-to-east distribution. This ensures that the city’s densely populated areas are within 
a 15-kilometre radius of the seven hospitals40. These hospitals offer convenient medical services to local 
residents, making the hospitalization data collected in this study a reliable representation of respiratory disease 
hospitalizations in Lanzhou, China. The data includes gender, age, home address, admission time, hospital 
diagnosis, and International Classification of Diseases 10th Revision (ICD-10) codes for the cases, focusing on 
respiratory diseases (ICD-10: J00-J99). The study was conducted in accordance with the Declaration of Helsinki, 
and the hospitalization data were collected without identifiable personal information. Due to the retrospective 
nature of the study and the absence of identifiable participant information, the Institutional Review Board (IRB) 
of Lanzhou University School of Public Health waived ethical approval and informed consent. All research 
methods adhered to the guidelines and regulations outlined in the Declaration of Helsinki. First, patients with 
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missing information on age, gender, or home address were excluded. Second, data from patients whose residence 
was outside the four districts of central Lanzhou were removed. Finally, to avoid double-counting, only the first 
visit for patients with multiple visits during the study period was considered, as multiple visits could be due to 
follow-ups, transfers, or referrals.

Air pollutant data
Hourly air pollutant data from 1 January 2014 to 31 December 2019 were collected from four air quality 
monitoring stations (Fig. 3) in the main urban area of Lanzhou, China. The pollutants include fine particulate 
matter (PM2.5), inhalable particulate matter (PM10), sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon 
monoxide (CO), and ozone (O3). The monitoring methods for air pollutant concentrations followed national 
ambient air quality sampling standards, with professional personnel verifying and inspecting the data to ensure 
its accuracy and reliability. Peak traffic hours typically occur from 7:00 to 10:00 in the morning and from 16:00 
to 19:00 in the evening. Considering residents’ morning and evening exercise routines and commuters’ walking 
patterns, we adjusted the peak traffic hours to 6:00 to 10:00 in the morning and 16:00 to 20:00 in the evening. We 
calculated the average air pollutant concentration during peak traffic hours for each day from 1 January 2014 to 
31 December 2019, using the concentration value as the population’s exposure for that day.

Meteorological data
The data of daily meteorological information was obtained from China Meteorological Data Service Centre 
(http://data.cma.cn/) from 1 January 2014 to 31 December 2019 in Lanzhou, China, which mainly includes 
the daily average temperature (MT) (°C) and Mean Relative Humidity (RH) (%). These meteorological data 
were collected and processed in accordance with the specification requirements for surface meteorological 
observations of the China Meteorological Administration (CMA), and the data were complete, valid and of 
good quality, with no missing values in the observations during the study period.

Fig. 3.  The location of four air quality monitoring stations in Lanzhou49.
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Statistical analysis
We conducted descriptive analyses of daily hospital admissions for RD, peak concentrations of air pollutants, 
and meteorological factors. Statistical indicators included mean, standard deviation (SD), minimum (Min), 
percentiles (25th, 50th, 75th), and maximum (Max). We also plotted time series of RD admissions and peak 
pollutant concentrations to illustrate their trends. The Spearman’s rank correlation method was used to analyze 
the relationship between air pollutants and meteorological factors during peak traffic hours, with the correlation 
coefficient calculated at a significance level of α = 0.05.

The detrimental effects of air pollutants on RD hospitalizations are persistent and delayed. The DLNM was 
used to explore the relationship between air pollution and RD hospitalizations41. Previous studies have shown 
that the daily distribution follows a quasi-Poisson distribution, as RD hospitalizations are rare events38. To avoid 
over-discretization, a quasi-Poisson connection function was used. Each pollutant was modeled separately, 
with the effects of day of the week (DOW) and holidays controlled using categorical variables. A DLNM was 
then constructed to estimate the relationship between changes in air pollution concentrations during peak 
traffic hours and RD hospitalizations, combining a generalized additive model (GAM) with a quasi-Poisson 
distribution. The model used in this study is as follows:

	

Log[E(Yt)] =α + βXt,l + ns (T imet, df) + ns (MTt, df) + ns (RHt, df)
+ as.factor (Dow) + as.factor (holiday)

� (1)

where, t is the observation day. Yt is the dependent variable, indicating the number of RD admissions on day t. 
E(Yt) is the anticipated value of RD admission on that date. α is the intercept. β Xt,lis a cross-base function of 
the air pollution. Time is the time variable. MT  is the temperature. RH  is relative humidity. lag is the number 
of lag days. df  is the degrees of freedom. ns is the natural cubic spline function. as.factor ( ) is the function 
used to control the categorical variables. Dow is a multicategorical variable representing the day of the week 
effect. Holiday is a binary categorical variable to represent the holiday effect.

Based on previous related studies and the Akaike Information Criterion (AIC), we determined the model 
parameters and degrees of freedom42–45. In the model, the cross-basis function for air pollutants was chosen to 
be linear with 3 df, while the cross-basis function for lag time was chosen to be polynomial with 4 df. The natural 
cubic spline function was used to control for long term trends and seasonality of the time variables with 7 df. 
Based on previous studies, the natural cubic spline function was also used to control for temperature and relative 
humidity with 3 df for each term34,46.

Previous studies have shown that air pollution has a lag effect on RD, which lasts no longer than seven 
days47,48. Therefore, the maximum lag for air pollutants was set at seven days in this study. The short-term 
impact of air pollutants during peak traffic hours on RD hospitalization was estimated using two models: single-
day lag (lag0–lag7) and multi-day cumulative lag (lag0-1–lag0-7). Lag0 represents the effect of exposure on 
the same day, while lag1 reflects the effect of exposure on the previous day, and so on. Lag0-1 indicates the 
cumulative effect from the same day to the previous day, and so on. To examine the effect of air pollution on RD 
hospitalization across different populations and seasons, we stratified the study into subgroups based on gender 
(male and female), age (< 15 years, 15–64 years, ≥ 65 years), and seasons (May to October for the warm season, 
and November to April for the cold season). Subgroup analyses helped identify sensitive populations.

We then further assessed the significant differences between the effect estimates of the stratified analyses by 
calculating 95% CIs using the following equation:

	 Z =
(
Q̂1 − Q̂2

)
± 1.96

√
SÊ2

1 + SÊ2
2 � (2)

where Q̂1 and Q̂2 indicate the estimates for two subgroups (e.g., male and female), SÊ1 and SÊ2 are their 
appropriate standard errors.

Additionally, based on the original single-pollutant model, we developed a two-pollutant model by including 
another air pollutant and controlling for it using a cubic spline function. According to the Spearman correlation 
results, two highly correlated air pollutants (r > 0.7) were not included in the same two-pollutant model to avoid 
the influence of strong covariance between variables on the results. To test the stability of the model, a sensitivity 
analysis was conducted by varying the degrees of freedom of the time variable (df = 6, 7, 8, 9).

In this study, the effect estimates of changes in air pollutant concentrations during peak hours on RD 
hospitalizations were expressed as the RR and CI for every 10  µg/m2 (1  mg/m2 for CO) increase in RD 
concentration. All statistical analyses were performed using R 4.2 software.

Data availability
The datasets generated and analyzed during the current study are not publicly available due the authors did not 
have permissions to share data but are available from the corresponding author on reasonable request.
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