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[ Abstract] Objective To evaluate the association between short-term exposure to air pollutants of end-stage
renal disease (ESRD) patients on maintenance hemodialysis and the number of daily hospital admissions. Methods The
data on hospitalizations were obtained from the database of the municipal Urban Employees' Basic Medical Insurance and
Urban Residents' Basic Medical Insurance of a city in Southwest China. Single and multiple pollutant generalized additive
models were utilized to estimate the effect of air pollutants (CO, NO,, O,, PM,,, PM,;, and SO,) on patient admissions after
the lag time of different numbers of days. In addition, subgroup analyses stratified by sex, age, PM,; and PM,,
concentration thresholds, seasonality, and comorbidity status for cardiovascular diseases and hypertension were
conducted. Results In the single pollutant models, the pollutants significantly associated with patient admissions and
the corresponding lag time of the strongest association were as follows, every time CO increased by 0.1 mg/m’, there was a
2.39% increase (95% confidence interval [CI]: 0.96%-3.83%) in patient admissions after 7 days of lag time; every time
NO,, O;, PM,;, PM,,, and SO, increased by 10 pg/m3, patient admissions increased by 4.02% (95% CI: 1.21%-6.91%) after
7 days of lag time, 3.57% (95% CI: 0.78%-6.44%) after 0-4 days of lag time, 2.00% (95% CI: 1.07%-2.93%) after 6 days of
lag time, 1.19% (95% CI: 0.51%-1.88%) after 7 days of lag time, and 8.37% (95% CI: 3.08%-13.93%) after 7 days of lag
time, respectively. In the multiple pollutant model, every time O, and PM, increased by 10 pg/ m’, there was an increase of
3.18% (95% CI: 0.34%-6.09%) in daily patient admissions after 0-4 days of lag time and an increase of 1.85% (95% CI:
0.44%-3.28%) after 7 days of lag time. Furthermore, subgroup analyses showed that seasonality, the severity of air
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pollution, and patients' comorbidities might be the effect modifiers for the association between ambient air pollution and

hospital admissions in ESRD patients receiving maintenance hemodialysis. Conclusion Air pollution is closely

associated with hospital admissions in ESRD patients undergoing maintenance hemodialysis and the strength of this

association varies according to seasonality, the severity of air pollution, and patients’ status of comorbidities.

[ Key words] Air pollution Admission
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Table 1 Descriptive statistics of the number of hospital admissions, air

pollutants, and meteorological variables

Variable Median (P,5, P;s) or X+ 5

Air pollutant concentration (24-hour mean)
CO/(mg/m®) 1.0 (0.75, 1.25)
NO,/(ug/m’) 51.9 (41.05, 62.75)
O; (8-hour mean)/(pg/m®) 47.3(27.9, 66.7)
PM, 5/(ug/m’) 64.1 (345, 93.7)
PM, ¢/ (pg/m’) 107.0 (60.7, 153.3)
SO,/(pg/m’) 18.7 (10.85, 26.55)

Meteorological measures (24-hour mean)

Temperature/ C 17.8 (11.6, 24)
Relative humidity/% 76.1149.11
Daily maintenance HD hospitalization 9(0,18)

Sex

Men 5(0, 10)

Women 5(1,9)
Age

<65yr. 7(1,13)

>65 yr. 4(0.5,7.5)
PM, ; and PM, levels

PM,;<75 pg/m3 10 (0, 20)

PM,5>75 pg/m3 8 (0, 16)

PM,, <150 pg/m’ 9(0,18)

PM,>150 pg/m’ 8(0.5,15.5)
Season’

Cold season 9 (0, 18)

‘Warm season 8 (0, 16)
Comorbidities

With CVD 1(0.5,1.5)

Without CVD 9 (0, 18)

With hypertension 1 (0.5, 1.5)

Without hypertension 9 (0, 18)

HD: hemodialysis; CVD: cardiovascular disease; CO: carbon monoxide;
NO,: nitrogen dioxide; O;: ozone; PM, 5: particular matter with an
aerodynamic diameter<2.5 pm; PM,,: particular matter with an
aerodynamic diameter<<10 um; SO,: sulfur dioxide. " Cold season: From
October to March; Warm season: from April to September.
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%2 ZRBEEFEMSpearmantBR R H A BEAKH 12.39%, 95%CI: 0.96% ~ 3.83% ), NO, 15
Table 2 Spearman correlation coefficients between the exposure factors TR PR $ H {% J57 d( %ib[l 10 pg/ m® H AR
Factor CO NO, O, PM,. PM,, SO, Temp RH ﬁibu&oz%’ 95%CI: 1.21% ~ 6.91%), Oﬁ’\]'ﬁ'ﬂ%&iﬁjtﬂ
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Temp: temperature; RH: relative humidity. The other abbreviations are

explained in the note to Table 1. * P<0.05, which indicates that the PR 53 47
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Fig 1 Relative risk for the association between air pollutants and increased admissions in the single-pollutant models
RR: relative risk; the other abbreviations are explained in the note to Table 1. The red points indicate RR and error bars indicate the 95% confidence interval. The
orange dash line represents the horizontal line with 1 value for RR. P <0.05. % represents the lag day of the most significant association for each air pollutant on the single-

pollutant model.
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Table 3 Relative risk for the associations between air pollutants and increased admissions in the multi-pollutant models

Air pollutant
Parameter
CO NO, PM,, PM,, SO,
Best lag day/d 7 7 6 7 7
RR (95% CI) 1.02 (0.99-1.04) 0.98 (0.93-1.02) 1.03 (1.00-1.06) 1.02 (1.00-1.03) 0.99 (0.98-1.00) 1.06 (0.99-1.13)

RR: relative risk; CI: confidence interval; the other abbreviations are explained in the note to Table 1.
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Fig 2 Relative risk for the associations between air pollutants and increased admissions in subgroup analyses

RR: relative risk; the other abbreviations are explained in the note to Table 1. The red points indicate RR and the error bars indicate the 95% confidence interval, with

the two different colors of the error bars representing the two subgroups compared . The orange dash line indicates the RR value of 1. The numbers below each subfigure

are the the lag day of the most significant association for the specific air pollutant in the single-pollutant model. Black *, P<0.05, indicates that the effect of air pollutants on

maintenance hemodialysis admissions is statistically significant in the single-pollutant model with the best lag day. Red * , P<0.05, indicates that there is significant

difference in the RR of the maintenance hemodialysis admissions for corresponding air pollutant effect between the compared subgroups. Cold season: From October to

March; Warm season: from April to September.
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Fig 3 Relative risk for the association between air pollutants and increased admissions in the bi-pollutant models

The abbreviations are explained in the note to Fig 2. The red points indicate RR and the error bars indicate the 95% confidence interval. The orange dash line

indicates the RR value of 1. " P<0.05, indicates that the effect of air pollutants on maintenance hemodialysis admissions is statistically significant in the single-pollutant

model (as represented by ‘None’ on the x-axis) or the two-pollutant model.
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