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Abstract: Objective: To explore the influence of air pollution on the daily hospitalization 

admissions of diabetic patients in a certain city of Xinjiang and the differences among the 

population, providing a reference basis for formulating prevention and control policies for 

diabetes in response to air pollution in the future. Methods: Daily hospitalization admissions 

of 10 comprehensive hospitals in a certain city of Xinjiang from 2021 to 2022 were collected, 

along with air pollutants and meteorological monitoring data during the same period. The 

relationship between air pollutant concentrations and the daily hospital admission rates of 

diabetes patients was analyzed using a distribution lag nonlinear model. Results: There was 

no statistically significant difference in the impact of PM2.5 and PM10 exposure on daily 

hospital admission rates, with RR values reaching peak values at lag5, lag0, as follows: 1.06 

(95% CI: 1.00, 1.12), 1.08 (95% CI: 1.00, 1.16); NO, SO2, O3, and CO affected the daily 

hospital admission rate of diabetes patients, with RR values reaching peak values at lag6, 

lag1, lag2, and lag5 days, respectively, as follows: 1.21 (95% CI: 1.11, 1.31), 1.69 (95% CI: 

1.43, 1.99), 1.23 (95% CI: 1.14, 1.34), 1.36 (95% CI: 1.21, 1.53). PM2.5 had no statistically 

significant impact on the daily hospital admission rates of each subpopulation; PM10 had an 

immediate effect only on the daily hospital admission rate of males, reaching a peak at lag0 

day at 1.16 (95% CI: 1.05, 1.28); NO2 had the largest RR values for the daily hospital 

admission rates of males and those under 65 years of age, respectively, at 1.22 (95% CI: 1.09, 

1.35) and 1.19 (95% CI: 1.08, 1.32); the largest RR values for females and those over 65 

years of age were 1.26 (95% CI: 1.11, 1.44) and 1.23 (95% CI: 1.07, 1.41), respectively, and 

these were statistically significant. SO3 and O3 showed an increasing trend in the daily 

hospital admission rates of each subpopulation before decreasing, with peaks appearing in 

lag1–lag3, which were statistically significant. Conclusion: Exposure to NO2, SO2, O3, and 

CO increased the risk of hospitalization for diabetes. The diabetic population of women and 

those over 65 years of age were more vulnerable to exposure to NO2 and CO, resulting in an 

increased hospitalization risk. During the entire day and the period from 9 to 21 h, the trend 

of the influence of NO2 on the daily hospitalization admission of diabetic patients varies the 

most, while there is no obvious change trend for the other pollutants. 

Keywords: air pollution; type 2 diabetes; hospital admissions; distributed hysteresis 

nonlinear model 

1. Introduction 

The air pollution problem has gradually become prominent with the increase in 

energy consumption. Air pollutants are easily inhaled, accumulate toxic substances, 

and spread widely. As a result, air pollution has become a serious public health 

problem [1]. In 2019, the Global Burden of Disease Study showed that air pollution 
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was the fourth leading risk factor for increased death and disability-adjusted life 

among many risk factors [2]. The study found that air pollution increases morbidity 

and mortality from respiratory diseases, cardiovascular and cerebrovascular diseases, 

and metabolic syndrome and is a major contributor to diabetes [3,4]. 

Diabetes mellitus is one of the major chronic noncommunicable diseases in the 

world. It has become one of the most important public health problems threatening 

the health of people due to the increasing incidence and number of cases [5,6]. 

According to data from the International Diabetes Federation, about 537 million 

people were living with diabetes worldwide in 2021. This number is expected to rise 

to 643 million by 2030 and 783 million by 2045 [7]. The disease burden of diabetes 

is also increasing worldwide, with the rapid growth of diabetes and the number of 

people with diabetes. According to statistics, the annual medical expenses of 

countries due to diabetes management and treatment have exceeded 760 billion US 

dollars, and the cost is expected to exceed 845 billion US dollars by 2045 [8]. 

Presently, the number of diabetics in China is 140.9 million, ranking first in the 

world, and it is expected to reach 174 million by 2045 [7]. The prevalence rate of 

diabetes in China has increased from 2.6% to 10.4% in the past decade, showing a 

rapid growth trend [9]. Diabetes is one of the five high-ranking causes of death in 

China [10]. Diabetes and its complications not only affect the quality of life of 

patients but also impose a heavy economic burden on society. 

Previous studies on the relationship between air pollution and diabetes have 

been controversial, and most studies have been conducted in North America or 

Europe [11–13]. Xinjiang is located in the hinterland of Eurasia, with a large 

temperature difference between day and night. The annual heating season lasts for 

six months, and the amount of coal fuel increases, controlled by cold high pressure in 

Mongolia. Consequently, urban airflow is difficult to flow horizontally, and the 

diffusion and dilution of pollutants are difficult, making one of the cities in Xinjiang 

severely polluted in the winter. Based on this background, this study evaluated and 

studied the concentration of air pollutants for two consecutive years and built a 

distributed lag nonlinear statistical model to explore the lag effect of air pollutants 

and the daily hospitalization of diabetes patients to analyze the relationship between 

air pollutants and the daily hospitalization of diabetes patients. Specifically, this 

study provides data support and scientific guidance for evaluating the health effects 

of air pollution and improving a comprehensive health management policy for 

diabetes. 

2. Materials and methods  

2.1. Resident health data 

This study is based on A System of Health Accounts 2011 edition [14] to 

calculate the national health expense using the functional method. According to the 

requirements of the state, a multi-stage stratified sampling method was adopted, and 

the sampling was conducted according to the level and classification of health 

institutions. 

In-patient data of type 2 diabetes mellitus (T2DM) patients from 10 general 

hospitals in a city of Xinjiang Province from 1 January 2021, to 31 December 2022, 
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were collected, including gender, age, date of admission, and other data, according to 

the ICD-10 code of the International Classification of Diseases (E10-E14). 

2.2. Atmospheric pollutant data 

The air pollution data comes from the real-time automatic monitoring data of 

urban air quality monitoring stations across the country published by China General 

Environmental Monitoring Station, which collects air pollutant data during 2021–

2022 in a city in Xinjiang, including the average daily and hourly concentrations of 

Particulate Matter 2.5(PM2.5), Particulate Matter10 (PM10), Nitrogen dioxide(NO2), 

Sulfur Dioxide(SO2), and Carbon Dioxide(CO) and the average Ozone Maximum 

Daily 8-Hour Average(O3−8 h) concentrations. 

2.3. Meteorological data 

The meteorological data source originated from the National Climatic Data 

Center, selecting the observation station data in the Xinjiang region of China to 

obtain the daily meteorological data of a city in Xinjiang. The data mainly included 

daily average temperature (°C), daily average wind speed (m/s), and daily average 

air pressure (hPa) data. 

2.4. Research methods 

2.4.1. Processing of missing data 

There are missing data on individual days for air pollutants and meteorological 

data. This study adopted the mean prediction and matching method in the multiple 

interpolation method to fill in the missing data [15,16]. 

2.4.2. The definition range of the analysis time 

According to relevant studies [17,18], there is a significant difference in the 

variation of atmospheric pollutant concentration between day and night, and the 

concentration of pollutants at night is high. A study from Nature Geoscience also 

pointed out [19] a continuous increase in NO3 oxidation at night in China, which 

impacts ozone and fine particulate matter pollution levels. Because of the natural law 

of “work at sunrise and rest at sunset,” humans are more likely to be exposed to air 

pollutants during daytime production activities. In contrast, the intensity of activities 

at night is lower, and the concentration of air pollutants presents the characteristics of 

diurnal differences. This study will be based on the circadian rest time of Xinjiang 

and set the analysis period from 9 AM to 9 PM. Based on this, the average 

concentrations of different air pollutants during this period were calculated and 

compared with the average concentrations throughout the day. This procedure 

revealed the degree of impact of day and night differences on air quality more 

accurately. It comprehensively reflects the correlation between air quality and the 

daily outpatient volume of diabetes mellitus in Xinjiang and the actual degree of 

impact. 

2.4.3. Establishment and analysis of the statistical model 

In this study, the dose-effect relationship between the concentration of air 

pollutants and the number of inpatients with diabetes was evaluated using a 
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distributed hysteresis nonlinear model. The model is as follows: 

Yt ~ Poisson (μt), 

E[𝑔(𝑌𝑡)] = 𝛼 + 𝛽 ∑ (𝑙𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑡 − 𝑙)L
l=l0 𝑙𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑡 − 𝑙 + 𝑛𝑠(𝑚𝑒𝑡𝑒𝑟𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑡，𝑑𝑓 = 3) +

𝑛𝑠(𝑡𝑖𝑚𝑒, 𝑑𝑓 = 7 ∗ 4) + 𝑑𝑜𝑤𝑡, 

where 𝑌𝑡 is the daily outpatient in-patient volume, 𝑡 is the time, 𝑙 is the lag days, and 

the maximum lag days were set to seven days. 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑡−𝑙 represents a certain air 

pollutant; 𝑚𝑒𝑡𝑒𝑟𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 for different meteorological factors; 𝑑𝑜𝑤𝑡 stands 

for the “day of the week effect,” which controls for both weekday and non-weekday 

effects. 

2.4.4. Subgroup population and season division 

The subjects were stratified according to gender and age to explore the effects 

of air pollutants on different populations. The seasons were divided into 15 October 

to 15 April each year for the heating season and 16 April to 14 October for the non-

heating season to explore the harmful effects of air pollutants in the heating and non-

heating seasons, respectively. 

3. Results 

3.1. General characteristics 

3.1.1. Air pollutants and meteorological data 

Tables 1 and 2 show the average daily time series of air pollutants and 

meteorological factors for each subgroup divided into “all-day” and “Period 9–21 h,” 

according to different periods and the difference between the two groups. The results 

showed that the mean values of PM2.5, PM10, NO2, CO, average temperature, average 

pressure, and average wind speed in the whole-day period were higher than those in 

the 9–21 period, while the mean values of SO2 and O3-8 h in the entire day period 

were lower than those in the 9–21 period. The differences were statistically 

significant (P < 0.05). There were obvious seasonal differences and regularities 

between the mean values of air pollutants and meteorological factors. 

Table 1. Descriptive analysis of the mean concentration of air pollutants and meteorological factors. 

Pollutants and meteorology Period Med Min Max P25–P75 
Season (mean) 

Unheated Heating 

PM2.5 

(μg/m3) 

9–21 19.73 5.23 304.15 12.85–55.27 15.41 66.15 

All day 20.21 6.79 320.67 13.49–55.94 16.01 66.81 

PM10 
(μg/m3) 

9–21  51.96 8.69 672.85 34.37–92.87 50.52 95.16 

All day 56.5 10.41 488.08 38.80–91.45 54.99 95.64 

NO2 
(μg/m3) 

9–21  22.08 3.62 80.08 15.15–42.52 16.57 42.70 

All day 30.08 6.83 84.25 21.06–46.31 23.07 46.25 

SO2 
(μg/m3) 

9–21 7.15 3.58 17.55 6.08–8.48 7.48 7.47 

All day 6.79 3.70 14.63 5.88–7.96 7.11 7.01 
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Table 1. (Continued). 

Pollutants and meteorology Period Med Min Max P25–P75 
Season (mean) 

Unheated Heating 

O3-8h 
(μg/m3) 

9–21  75.58 20.23 139.50 45.54–102.37 98.21 50.20 

All day 65.21 17.88 134.13 38.29–84.49 82.11 43.19 

CO 
(μg/m3) 

9–21  0.54 0.23 2.40 0.40–0.99 0.43 1.08 

All day 0.55 0.24 2.50 0.42–1.01 0.44 1.10 

Average temperature (℃) 
9–21  10.65 –23.16 33.50 –3.75–21.97 20.52 –3.06 

All day 10.66 –22.18 32.31 –3.55–21.78 20.45 –2.87 

Average air pressure (Pa) 
9–21  102026 99562 105700 100981–103059 101087 103035 

All day 102048 99655 105686 101002–103040 101112 103047 

Average wind speed (m/s) 
9–21 hours 2.00 0.52 8.00 1.59–2.40 2.37 1.69 

All day 2.00 0.88 8.25 1.63–2.38 2.38 1.79 

Table 2. Comparison of differences between daily mean concentrations of air pollutants and meteorological factors at 

different periods. 

 
Period 9–21 

(n = 730) 

All-day 

(n = 730) 
P 

PM2.5 (μg/m3) 40.57 ± 44.01 41.21 ± 44.29 0.009 * 

PM10 (μg/m3) 72.65 ± 59.31 75.15 ± 58.31 0.000 * 

NO2  (μg/m3) 29.53 ± 18.71 34.57 ± 18.06 0.000 * 

SO2 (μg/m3) 7.48 ± 2.08 7.06 ± 1.70 0.000 * 

O3-8h (μg/m3) 74.41 ± 31.40 62.81 ± 25.84 0.000 * 

CO (mg/m3) 0.75 ± 0.48 0.77 ± 0.49 0.000 * 

Average temperature (℃) 8.83 ± 14.16 8.89 ± 13.97 0.000 * 

Average air pressure (Pa) 102053.37 ± 1311.31 102071.30 ± 1294.23 0.000 * 

Average wind speed (m/s) 2.03 ± 0.76 2.09 ± 0.69 0.000 * 

Note: Values are expressed as mean ± standard deviation. * indicates the difference is statistically 
significant (P < 0.05). 

3.1.2. Daily hospitalization of diabetic patients 

A total of 38,590 T2DM patients were admitted to various general hospitals in 

the city of Xinjiang from 2021 to 2022, with an average of 52 daily T2DM patients. 

The number of male patients hospitalized is higher than that of female patients; the 

number of people hospitalized in the age group of ≤65 years old is higher than that in 

the age group of >65 years old. Hospitalizations during the heating season were 

higher than during the non-heating season. Hospitalized patients declined 

significantly during the COVID-19 lockdown period from August to December 

2022. 
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Table 3. Descriptive analysis of the distribution of daily inpatients with T2DM (730 days). 

Variables Total Mean ± standard deviation Med 
The biggest 

value 
P25–P75 

Season (mean) 

Mid-April - mid-October Mid-October - Mid-April 

Total  38590 52.86 ± 35.23 52 152 24.00–80.00 52.26 53.47 

Sex        

male 22091 30.26 ± 20.13 30 105 14.00–45.00 29.40 31.14 

female 16499 22.60 ± 16.24 21 72 9.00–35.00 22.87 22.33 

Age        

≤ 65  25212 34.54 ± 23.12 34 96 15.00–53.00 33.24 35.86 

> 65 13378 18.33 ± 13.31 17 70 7.00–28.00 19.02 17.62 

 

Figure 1. Distribution time series of daily inpatients with T2DM. 

3.2. Correlation analysis 

Spearman correlation analysis showed that PM2.5 positively correlated with 

PM10, NO2, and CO among air pollutants, and the correlation coefficients were 

0.86, 0.84, and 0.86 (P < 0.05). CO was negatively correlated with O3 and 

temperature, and the correlation coefficients were −0.77 and −0.78 (P < 0.05), as 

shown in Figure 2. 
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Figure 2. Heat map of correlation analysis between air pollutants and meteorological factors. 

3.3. Analysis of the exposure-hystere-effect relationship 

In the exposure-lag-effect analysis of air pollutants and the daily hospitalization 

volume of T2DM conducted in this article, the period of epidemic lockdown was 

excluded. During the whole day, the daily hospitalization of T2DM showed a lag 

effect under the influence of PM2.5. With the increase of the lag days, the RR value 

gradually increased and reached the peak value at lag5 days, but there was no 

statistical difference. PM10 showed an immediate effect, and with the increase of the 

lag days, the RR gradually decreased and reached its peak at lag0 days, but there was 

no statistical difference. NO2 and CO showed an obvious cumulative lag effect, and 

the RR values peaked at 1.21 (95% CI: 1.11, 1.31) and 1.36 (95% CI: 1.21, 1.53) at 

lag6 and lag5 days, respectively, with a statistical difference. SO2 and O3 showed a 

trend of first decreasing, then increasing, and then decreasing, and the RR values 

peaked at 1.69 (95% CI: 1.43, 1.99) and 1.23 (95% CI: 1.14, 1.34) at lag1 and lag2 

days, respectively, with statistical differences (Figure 4). 

In the period 9–21, PM2.5 and PM10 had the same effects on the daily 

hospitalization of T2DM as the results of the whole day, showing both lagged and 

immediate effects. RR values of SO2, O3, and CO showed the same change trend as 

RR values for the entire day, but the lag days all changed, reaching a peak at lag2, 

lag1, and lag4 days, respectively. NO2 first increased, decreased, and then increased, 

reaching the peak value at lag0 day, with a statistical difference (Figure 5). 
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Figure 3. Expose-delay-effect relationship between air pollutants and daily hospitalizations in T2DM patients (all-day 

period). 

 

Figure 4. Expose-delay-effect relationship between air pollutants and daily hospitalizations of T2DM patients (period 

9–21). 

3.4. Subgroup analysis 

3.4.1. Effects of air pollutants on daily hospitalization of T2DM patients of 

different genders and ages 

All-day period 

As shown in Table 4, there was no statistical significance in the one-day lag 

effect of daily hospitalization of PM2.5 in lag0–lag7 for all subgroups during the all-

day period. PM10 only had an immediate impact on the daily hospitalization of 

males, reaching a peak value of 1.16 (95% CI: 1.05, 1.28) at lag0 day, which was 
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statistically significant. The single-day lag effect of NO2 in males and age groups 

less than 65 years old showed a trend of decreasing first and then increasing, and the 

peak RR values at lag6 days were 1.22 (95% CI: 1.09, 1.35) and 1.19 (95% CI: 1.08, 

1.32), respectively, and were statistically significant. There was a trend of first 

increasing, then decreasing, and then increasing in females older than 65 years old, 

and the peak RR values at lag1 and lag6 days were 1.26 (95% CI: 1.11, 1.44) and 

1.23 (95% CI: 1.07, 1.41), respectively, and were statistically significant. 

The daily hospitalizations of SO2 and O3 in all subgroups of T2DM patients 

showed a trend of increasing and then decreasing, and the peaks of SO2 and O3 were 

in the range of lag1–lag3. In contrast, the RR values in the range of lag4–lag7 were 

not statistically significant. The single-day lag effect of CO in males and the age 

group less than 65 years old showed a trend of first decreasing, then increasing, and 

then decreasing. In females and the age group greater than 65 years old, it showed a 

trend of first increasing and then decreasing, and the peak value of CO in the range 

of lag4–lag6 was statistically significant. 

Period of 9–21. 

As shown in Table 5, in the period of 9–21, the changing trend in the influence 

of pollutants PM2.5, PM10, SO2, O3, and CO on the daily hospitalization of T2DM 

patients in each subgroup was the same as that of the whole day. The peak value of 

the single-day lag effect of NO2 appeared earlier in males, age groups with ages 

lower than 65 years old and greater than 65 years old. RR values at lag5, lag0, and 

lag1 days were 1.19 (95% CI: 1.07, 1.32), 1.23 (95% CI: 1.04, 1.47), and 1.18 (95% 

CI: 0.98, 1.41), respectively, and were statistically significant. In the female 

subgroup, the variation trend of the lag effect changed, showing a trend of decreasing 

first and then increasing, and the peak RR value at lag0 day was 1.22 (95% CI: 0.99, 

1.51). 

Table 4. The relative risk of daily hospitalization and 95% CI of diabetes patients in different subgroups (all-day 

period). 

Days of lag PM2.5 (μg/m3) PM10 (μg/m3) NO2 (μg/m3) SO2 (μg/m3) O3 - 8 h (μg/m3) CO (μg/m3) 

Sex       

Male  lag0 1.06 (0.91, 1.24) 1.16 (1.05, 1.28) 1.06 (0.92, 1.22) 0.84 (0.64, 1.11) 0.69 (0.57, 0.84) 0.92 (0.71, 1.20) 

lag1 1.01 (0.91, 1.13) 1.03 (0.96, 1.10) 0.99 (0.89, 1.11) 1.79 (1.44, 2.24) 1.08 (0.94, 1.25) 0.83 (0.67, 1.01) 

lag2 0.98 (0.91, 1.07) 0.99 (0.94, 1.05) 1.00 (0.92, 1.08) 1.70 (1.44, 1.99) 1.25 (1.12, 1.39) 0.87 (0.74, 1.01) 

lag3 1.01 (0.92, 1.08) 1.00 (0.95, 1.05) 1.05 (0.97, 1.14) 1.28 (1.08, 1.51) 1.18 (1.06, 1.31) 1.01 (0.87, 1.18) 

lag4 1.04 (0.96, 1.12) 1.01 (0.96, 1.07) 1.13 (1.04, 1.22) 1.08 (0.92, 1.28) 1.01 (0.90, 1.12) 1.23 (1.05, 1.44) 

lag5 1.08 (1.00, 1.17) 1.02 (0.97, 1.07) 1.20 (1.11, 1.30) 1.15 (0.98, 1.35) 0.86 (0.77, 0.95) 1.42 (1.22, 1.65) 

lag6 1.04 (0.94, 1.16) 1.00 (0.93, 1.07) 1.22 (1.09, 1.35) 1.35 (1.08, 1.68) 0.80 (0.69, 0.92) 1.41 (1.15, 1.72) 

 lag7 0.85 (0.74, 0.98) 0.96 (0.87, 1.06) 1.13 (0.99, 1.30) 1.20 (0.90, 1.60) 0.89 (0.74, 1.07) 1.07 (0.83, 1.39) 

female  lag0 0.99 (0.85, 1.15) 0.97 (0.87, 1.09) 1.19 (1.01, 1.40) 0.72 (0.53, 0.99) 0.88 (0.70, 1.11) 0.85 (0.63, 1.15) 

lag1 0.99 (0.89, 1.12) 1.05 (0.97, 1.14) 1.26 (1.11, 1.44) 1.55 (1.20, 1.99) 1.28 (1.08, 1.52) 1.02 (0.80, 1.28) 

lag2 0.99 (0.91, 1.08) 1.03 (0.97, 1.09) 1.24 (1.13, 1.36) 1.52 (1.26, 1.83) 1.22 (1.07, 1.38) 1.16 (0.97, 1.38) 

lag3 1.01 (0.93, 1.1) 0.99 (0.93, 1.05) 1.19 (1.09, 1.31) 1.19 (0.98, 1.43) 1.04 (0.92, 1.19) 1.25 (1.05, 1.50) 

lag4 1.03 (0.95, 1.13) 0.98 (0.92, 1.04) 1.17 (1.06, 1.28) 1.01 (0.84, 1.22) 0.96 (0.85, 1.10) 1.29 (1.08, 1.55) 
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Table 4. (Continued). 

Days of lag PM2.5 (μg/m3) PM10 (μg/m3) NO2 (μg/m3) SO2 (μg/m3) O3 - 8 h (μg/m3) CO (μg/m3) 

lag5 1.05 (0.96, 1.14) 0.99 (0.93, 1.06) 1.18 (1.07, 1.29) 1.02 (0.85, 1.22) 0.98 (0.87, 1.11) 1.28 (1.08, 1.53) 

lag6 1.01 (0.9, 1.14) 1.01 (0.93, 1.09) 1.19 (1.05, 1.35) 1.02 (0.79, 1.31) 0.98 (0.82, 1.16) 1.25 (1.00, 1.57) 

lag7 0.87 (0.74, 1.02) 0.95 (0.85, 1.06) 1.14 (0.97, 1.34) 0.68 (0.49, 0.94) 0.73 (0.58, 0.90) 1.23 (0.91, 1.66) 

Age       

≤65  lag0 0.94 (0.81, 1.09) 1.08 (0.99, 1.18) 1.17 (1.03, 1.34) 0.87 (0.67, 1.12) 0.79 (0.66, 0.94) 0.94 (0.74, 1.21) 

lag1 0.98 (0.89, 1.09) 1.02 (0.95, 1.09) 1.07 (0.96, 1.18) 1.83 (1.49, 2.25) 1.09 (0.95, 1.24) 0.83 (0.68, 1.01) 

lag2 1.01 (0.93, 1.08) 1.01 (0.96, 1.06) 1.06 (0.98, 1.14) 1.67 (1.44, 1.95) 1.22 (1.10, 1.34) 0.91 (0.79, 1.05) 

lag3 1.02 (0.94, 1.10) 1.02 (0.97, 1.07) 1.11 (1.02, 1.19) 1.23 (1.05, 1.43) 1.17 (1.06, 1.29) 1.09 (0.94, 1.26) 

lag4 1.05 (0.97, 1.13) 1.03 (0.98, 1.08) 1.16 (1.07, 1.25) 1.03 (0.89, 1.20) 1.03 (0.93, 1.14) 1.28 (1.11, 1.49) 

lag5 1.06 (0.99, 1.15) 1.03 (0.98, 1.08) 1.18 (1.11, 1.28) 1.10 (0.95, 1.28) 0.89 (0.81, 0.98) 1.39 (1.20, 1.61) 

lag6 1.02 (0.93, 1.13) 1.02 (0.95, 1.09) 1.19 (1.08, 1.32) 1.27 (1.03, 1.56) 0.81 (0.71, 0.93) 1.35 (1.12, 1.63) 

 lag7 0.86 (0.75, 0.99) 0.99 (0.90, 1.08) 1.15 (1.01, 1.31) 1.02 (0.78, 1.33) 0.84 (0.71, 1.00) 1.19 (0.93, 1.52) 

>65   lag0 1.06 (0.89, 1.26) 1.06 (0.94, 1.20) 1.01 (0.83, 1.20) 0.66 (0.46, 0.94) 0.73 (0.56, 0.94) 0.78 (0.56, 1.10) 

lag1 1.02 (0.90, 1.16) 1.07 (0.98, 1.17) 1.17 (1.02, 1.35) 1.44 (1.08, 1.90) 1.32 (1.09, 1.60) 1.07 (0.83, 1.39) 

lag2 0.96 (0.87, 1.06) 1.01 (0.94, 1.08) 1.16 (1.05, 1.29) 1.51 (1.23, 1.86) 1.27 (1.10, 1.46) 1.14 (0.94, 1.39) 

lag3 0.95 (0.86, 1.04) 0.96 (0.90, 1.03) 1.12 (1.01, 1.24) 1.25 (1.01, 1.55) 1.03 (0.89, 1.19) 1.15 (0.94, 1.40) 

lag4 0.98 (0.89, 1.08) 0.95 (0.88, 1.01) 1.12 (1.01, 1.24) 1.08 (0.88, 1.34) 0.91 (0.78, 1.05) 1.20 (0.99, 1.47) 

lag5 1.04 (0.95, 1.15) 0.97 (0.90, 1.03) 1.18 (1.06, 1.31) 1.07 (0.87, 1.31) 0.94 (0.82, 1.08) 1.30 (1.07, 1.58) 

lag6 1.03 (0.90, 1.17) 0.98 (0.90, 1.07) 1.23 (1.07, 1.41) 1.07 (0.81, 1.41) 0.99 (0.82, 1.20) 1.33 (1.03, 1.71) 

lag7 0.83 (0.69, 0.98) 0.91 (0.81, 1.03) 1.11 (0.93, 1.33) 0.80 (0.56, 1.15) 0.76 (0.60, 0.97) 1.05 (0.75, 1.46) 

Table 5. The relative risk of daily hospitalization and 95% CI of diabetes patients in different subgroups (period 9–21). 

Lag days PM2.5 (μg/m3) PM10 (μg/m3) NO2 (μg/m3) SO2 (μg/m3) O3 – 8 h (μg/m3) CO (μg/m3) 

Sex       

Male  lag0 1.03 (0.89, 1.19) 1.13 (1.02, 1.24) 1.14 (0.95, 1.37) 0.81 (0.64, 1.02) 0.75 (0.62, 0.91) 0.85 (0.66, 1.09) 

lag1 1.02 (0.92, 1.14) 1.01 (0.95, 1.09) 0.96 (0.83, 1.10) 1.53 (1.26, 1.85) 1.16 (1.01, 1.35) 0.92 (0.75, 1.12) 

lag2 1.01 (0.92, 1.08) 0.98 (0.93, 1.04) 0.98 (0.89, 1.09) 1.48 (1.29, 1.70) 1.22 (1.09, 1.37) 0.98 (0.85, 1.14) 

lag3 0.99 (0.92, 1.08) 0.99 (0.94, 1.04) 1.08 (0.97, 1.19) 1.19 (1.03, 1.38) 1.10 (0.98, 1.23) 1.07 (0.92, 1.25) 

lag4 1.02 (0.95, 1.11) 1.01 (0.95, 1.06) 1.16 (1.05, 1.29) 1.06 (0.92, 1.23) 0.97 (0.87, 1.09) 1.20 (1.02, 1.40) 

lag5 1.06 (0.98, 1.14) 1.01 (0.95, 1.06) 1.19 (1.07, 1.32) 1.14 (0.99, 1.31) 0.91 (0.82, 1.01) 1.31 (1.12, 1.52) 

lag6 1.03 (0.93, 1.14) 0.99 (0.92, 1.06) 1.15 (1.01, 1.32) 1.29 (1.06, 1.57) 0.90 (0.78, 1.03) 1.29 (1.06, 1.57) 

 lag7 0.84 (0.73, 0.96) 0.96 (0.87, 1.06) 1.11 (0.92, 1.33) 1.13 (0.88, 1.44) 0.85 (0.71, 1.02) 1.02 (0.80, 1.32) 

female lag0 1.05 (0.91, 1.22) 0.95 (0.85, 1.06) 1.22 (0.99, 1.51) 0.77 (0.59, 1.01) 0.90 (0.72, 1.13) 0.98 (0.73, 1.32) 

lag1 0.97 (0.87, 1.08) 1.03 (0.95, 1.11) 1.21 (1.03, 1.43) 1.10 (0.89, 1.37) 1.33 (1.11, 1.59) 0.96 (0.76, 1.20) 

lag2 0.98 (0.90, 1.07) 1.01 (0.95, 1.07) 1.19 (1.06, 1.34) 1.26 (1.07, 1.47) 1.23 (1.07, 1.40) 1.14 (0.96, 1.35) 

lag3 1.02 (0.94, 1.11) 0.97 (0.91, 1.03) 1.15 (1.02, 1.30) 1.22 (1.03, 1.44) 1.05 (0.92, 1.20) 1.31 (1.10, 1.56) 

lag4 1.05 (0.97, 1.14) 0.96 (0.90, 1.02) 1.11 (0.98, 1.25) 1.08 (0.92, 1.28) 1.02 (0.87, 1.15) 1.31 (1.10, 1.57) 

lag5 1.04 (0.96, 1.13) 0.97 (0.91, 1.03) 1.08 (0.96, 1.22) 0.93 (0.79, 1.09) 1.08 (0.95, 1.23) 1.18 (0.99, 1.39) 

lag6 0.99 (0.88, 1.11) 0.99 (0.91, 1.07) 1.10 (0.94, 1.30) 0.81 (0.65, 1.01) 1.08 (0.92, 1.28) 1.09 (0.87, 1.36) 

lag7 0.92 (0.79, 1.07) 0.95 (0.85, 1.06) 1.21 (0.98, 1.50) 0.75 (0.57, 0.99) 0.70 (0.56, 0.86) 1.38 (1.04, 1.84) 
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Table 5. (Continued). 

Lag days PM2.5 (μg/m3) PM10 (μg/m3) NO2 (μg/m3) SO2 (μg/m3) O3 – 8 h (μg/m3) CO (μg/m3) 

Age       

≤65  lag0 0.97 (0.85, 1.12) 1.07 (0.98, 1.17) 1.23 (1.04, 1.47) 0.83 (0.67, 1.04) 0.84 (0.71, 1.02) 0.96 (0.76, 1.22) 

lag1 0.97 (0.88, 1.08) 1.00 (0.94, 1.07) 1.00 (0.88, 1.14) 1.45 (1.21, 1.73) 1.13 (0.99, 1.30) 0.87 (0.73, 1.05) 

lag2 1.00 (0.92, 1.07) 0.99 (0.94, 1.04) 1.02 (0.93, 1.12) 1.44 (1.26, 1.64) 1.19 (1.07, 1.32) 0.97 (0.85, 1.12) 

lag3 1.02 (0.95, 1.10) 1.00 (0.96, 1.06) 1.11 (1.01, 1.22) 1.21 (1.05, 1.38) 1.12 (1.01, 1.25) 1.13 (0.98, 1.30) 

lag4 1.04 (0.97, 1.12) 1.01 (0.96, 1.07) 1.17 (1.06, 1.28) 1.07 (0.93, 1.22) 1.04 (0.93, 1.16) 1.24 (1.07, 1.43) 

lag5 1.03 (0.96, 1.11) 1.01 (0.96, 1.06) 1.16 (1.05, 1.27) 1.07 (0.94, 1.22) 0.98 (0.88, 1.08) 1.25 (1.09, 1.44) 

lag6 0.97 (0.88, 1.07) 0.99 (0.93, 1.06) 1.13 (0.99, 1.29) 1.12 (0.94, 1.34) 0.91 (0.80, 1.04) 1.21 (1.01, 1.45) 

 lag7 0.86 (0.76, 0.98) 0.98 (0.89, 1.07) 1.20 (1.01, 1.43) 0.95 (0.76, 1.20) 0.79 (0.67, 0.94) 1.25 (0.99, 1.58) 

>65      lag0 1.05 (0.89, 1.24) 1.00 (0.88, 1.13) 1.06 (0.84, 1.35) 0.71 (0.53, 0.97) 0.76 (0.59, 0.97) 0.79 (0.58, 1.1) 

lag1 1.02 (0.90, 1.16) 1.06 (0.97, 1.16) 1.18 (0.98, 1.41) 1.12 (0.88, 1.43) 1.45 (1.19, 1.77) 1.07 (0.83, 1.37) 

lag2 0.97 (0.89, 1.07) 1.01 (0.94, 1.07) 1.16 (1.02, 1.32) 1.27 (1.06, 1.52) 1.30 (1.12, 1.51) 1.20 (0.99, 1.45) 

lag3 0.96 (0.87, 1.05) 0.94 (0.88, 1.01) 1.11 (0.97, 1.27) 1.20 (1.01, 1.45) 0.99 (0.85, 1.15) 1.24 (1.02, 1.51) 

lag4 0.99 (0.91, 1.09) 0.93 (0.87, 0.99) 1.09 (0.95, 1.24) 1.08 (0.90, 1.30) 0.88 (0.76, 1.03) 1.25 (1.03, 1.52) 

lag5 1.05 (0.96, 1.15) 0.96 (0.89, 1.02) 1.11 (0.97, 1.26) 0.98 (0.82, 1.17) 0.98 (0.85, 1.13) 1.25 (1.03, 1.51) 

lag6 1.04 (0.92, 1.18) 0.98 (0.90, 1.08) 1.13 (0.94, 1.35) 0.94 (0.74, 1.19) 1.10 (0.91, 1.32) 1.19 (0.93, 1.52) 

lag7 0.85 (0.72, 1.01) 0.91 (0.81, 1.03) 1.08 (0.86, 1.37) 0.93 (0.68, 1.26) 0.76 (0.60, 0.97) 1.02 (0.74, 1.40) 

 

Figure 5. Effect of pollutants on daily hospitalizations of T2DM patients during the heating season (all-day period). 

3.4.2. Effect of pollutants in the heating season and non-heating season on daily 

hospitalization of T2DM patients 

All-day period 

In the all-day heating season, PM2.5, PM10, and O3 had no statistical significance 

on T2DM daily admissions in lag0–lag7 days of each lag. NO2 and SO2 showed an 

immediate effect and peaked at lag0 and lag1 with statistical significance. In 

contrast, RR values decreased with an increase in time. CO showed a hysteresis 
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effect and peaked at lag4 days with statistical significance (Figure 6). In the non-

heating season, all the pollutants showed a lag effect, and the peaks of PM2.5, PM10, 

and CO were statistically significant between lag5 and lag7. NO2, SO2, and O3 

showed their peaks between lag2 and lag4 and were statistically significant (Figure 

7). 

 

Figure 6. Effect of pollutants on daily hospitalization of T2DM patients in non-heating season (all-day period). 

Period of 9–21 

The effects of six air pollutants, PM2.5, PM10, NO2, SO2, O3, and CO, on the 

lagging impact of daily admissions of T2DM patients during the heating season from 

9 to 21 were the same as those during the whole day (Figure 8). In the non-heating 

season, PM2.5, PM10, SO2, O3, and CO pollutants all showed a lag effect, and the 

influence on the lag effect of the daily admissions of T2DM patients was the same as 

that of the whole day. Only NO2 showed an immediate impact from the entire day, 

reaching a peak value at lag1 day on the same day and then showing a trend of 

decreasing at first and then increasing slowly (Figure 9). 

 

Figure 7. Effect of pollutants in heating season on daily hospitalization of T2DM patient (period 9–21). 
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Figure 8. Effect of pollutants in non-heating season on the daily hospitalization of T2DM patients (period 9–21). 

4. Discussion 

With rapid economic development, a city in Xinjiang has formed a fast-growing 

industrial cluster, and the impact of industrial industries on air pollution is becoming 

increasingly apparent. In recent years, some researchers have gradually found that air 

pollution has an important effect on developing chronic noncommunicable diseases 

[20]. Diabetes is one of the major chronic noncommunicable diseases, and the 

impact of air pollutants on it has been paid attention by scholars at home and abroad. 

Air pollutants and meteorological factors are closely related to damage to vascular 

endothelial function, atherosclerosis development, and the abnormal mechanism of 

blood coagulation. These factors are associated with insulin resistance and 

dysfunction of islet beta cells, thus increasing the risk of cardiovascular and 

cerebrovascular diseases and diabetes [21]. As a city in Xinjiang entered a period of 

isolation due to the novel coronavirus epidemic in August 2022, the number of 

hospitalized patients with diabetes dropped sharply. Therefore, the specific data 

analysis period was from 1 January 2021, to 10 August 2022, to explore the delayed 

impact of air pollutants on the daily hospitalization of diabetes to provide a basis for 

the early warning of air pollution-related diseases. 

4.1. The effects of different air pollutants on the daily hospitalization of 

T2DM patients 

In this study, no significant difference was found between short-term exposure 

to PM2.5 and PM10 on the daily hospitalizations of T2DM patients. Although PM2.5 

and PM10 showed delayed effects and immediate effects on daily hospitalizations of 

T2DM patients and reached the peak RR value at lag5 and lag0, respectively, the 

difference was not statistically significant (P > 0.05). Cross-sectional studies [22] 

from India are consistent with the results of this study, and no significant association 

between PM2.5 and T2DM has been found. Another study that [23] recruited four 

ethnic groups (e.g., black, white, Chinese, and Hispanic) for nine years found no 
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association between PM 2.5 and T2DM, which is consistent with this study. However, 

several studies have reported an association between PM2.5 and T2DM. A Danish 

cohort study showed [24] an 11% increase in the incidence of T2DM for every 

additional quartile of PM2.5. Additionally, a study from Japan found that the extent of 

the association between PM2.5 and T2DM became stronger with prolonged exposure 

[25]. 

NO2, SO2, O3, and CO all showed a significant cumulative lag effect, reaching 

the peak RR values at lag6, lag5, lag1, and lag2 days, respectively, and showed 

significant differences in the daily hospitalization of T2DM patients. Consistent with 

the results of this study, many studies have confirmed a correlation between NO 

exposure and T2DM. A cohort study [26] in the United Kingdom found a 2positive 

association between NO and the incidence of diabetes (HR = 1.13, 95% CI: 1.05%–

1.22%). A study [27] from Lanzhou, Gansu Province, also found a positive 

correlation between NO2 and daily hospitalizations for T2DM, and exposure to NO2 

was associated with an increased risk of hospitalization for T2DM. 

4.2. Subgroup analysis 

In the subgroup stratification analysis, PM2.5 still did not produce a statistically 

significant difference in the daily hospitalization of each subgroup; PM10 only had an 

immediate effect on the daily hospitalization of males, reaching a peak value of 1.16 

(95% CI: 1.05, 1.28) at lag0 day, which was statistically significant but was not 

significant in other subgroups. This result suggests that men are more susceptible to 

PM10 exposure and have an increased risk of hospitalization compared with women. 

Previous studies have shown [28,29] that the association between particulate 

pollutants and T2DM was more significant in patients aged 65 years and older, men 

with lower education, higher BMI, current smokers, use of unclean heating energy, 

or living in rural areas. This result may be explained by the fact that men engage in 

more outdoor occupations and activities in their daily lives and thus have more 

opportunities to be exposed to air pollution. 

Regarding NO2 and CO, males and the younger age group showed the same 

lagging trend, as did females and the older age group. The exposure risk of females 

and the older age group was higher than that of males and young individuals. These 

results suggest that women and people over 65 are more vulnerable to air pollution, 

especially exposure to NO2 and CO, which is consistent with the results of previous 

studies [30,31]. 

After stratification of the heating and non-heating seasons, all pollutants in the 

non-heating season showed a lag effect, and the influence on the daily hospitalization 

of T2DM was statistically significant. In the heating season, only NO2, SO2, and CO 

had statistically significant effects on the daily hospitalization of T2DM patients. 

This study speculated that this might be because the temperature is too low in the 

cold season in Xinjiang, and residents are more likely to reduce outdoor activities 

and close Windows, which is related to reduced air exposure compared with the non-

heating season. Additionally, relevant studies have shown [32] that heat exposure is 

more likely to increase the risk of diabetes-related hospitalization than cold 

exposure. T2DM patients are more likely to experience this phenomenon due to 
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increased heat exposure during non-heating periods. 

4.3. Effects of whole-day and 9–21 periods on daily hospitalizations in 

T2DM patients 

According to previous studies [17,18], there are significant differences in the 

variation of atmospheric pollutant concentrations between day and night, and the 

concentration of pollutants at night is high. This is the same as the result of the 

descriptive analysis of air pollutant characteristics in this study, and the 

concentration of pollutants during the whole day was higher than that from 9 to 21 

(daytime). 

Compared with the all-day period, the effects of PM2.5 and PM10 in the 9–21 

period on the daily hospitalization of T2DM patients were the same as those in the 

all-day period. The effects of SO2, O3, and CO on the daily hospitalization of T2DM 

patients were only slightly different, and the changing trend of the lag effect was the 

same. Only the lag days and RR values changed. NO2 in the female subgroup and the 

non-heating seasonal subgroup showed a completely different change trend in the lag 

effect during the whole day, and the other subgroups also showed changes in the lag 

days and RR values. These results suggest that T2DM patients may be more 

susceptible to NO2 exposure, women and non-heating season are more affected by 

NO2 exposure, and the risk of hospital admission is higher, consistent with the 

subgroup analysis results in this paper. Most sources of NO2 were from industrial 

production and traffic exhaust, and exposure to traffic-related pollutants was 

associated with an increased risk of diabetes [33]. 

In the female and non-heating subgroups, NO2 in the period 9–21 showed a 

different immediate effect than that in the whole day, peaking at lag0 days on the 

same day. Given the high sensitivity of the two subgroups to NO2 exposure, the 

immediate effect of RR decreasing gradually with the increase in lag days is more 

likely to occur in the above two subgroups. Therefore, this study suggests that the 9–

21 period may be a more suitable analysis period. 

4.4. Innovation and limitations 

This study sets a comparison and analysis between the all-day period and the 9–

21 period (daytime) to more reasonably and accurately quantify the impact of 

environmental factors on population health. 

The limitation of this study lies in the fact that the epidemic has a significant 

impact on hospitalization. Even after excluding the epidemic control period, there 

was still a lag effect between air pollutants and the daily hospitalization rate of 

T2DM in other periods. At the same time, diabetes is susceptible to many factors, 

and the extrapolation of the results needs to further expand the sample size. 

5. Conclusion 

1) Both air pollutant concentration and meteorological factors have seasonal 

and regular fluctuations, showing positive U-shaped or inverted U-shaped changes, 

especially in heating and non-heating seasons. 

2) Exposure to NO2, SO2, O3, and CO increases the risk of hospitalization for 
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diabetes mellitus. 

3) Women and people with diabetes over 65 years of age are more susceptible 

to exposure to NO2 and CO, leading to an increased risk of hospitalization. 

4) The trend change of NO2 on the daily hospitalization of diabetic patients was 

the biggest difference between the whole day and the 9–21 period. At the same time, 

the other pollutants showed no significant change trend. 
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