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The Association Between Particulate Matter Air Pollution and
Respiratory Health in Elderly With Type 2 Diabetes Mellitus
Yanhui Hao, PhD, Jing Zhao, PhD, Kan Wang, MS, Nannan Feng, PhD, MD, Pin Sun, PhD, MD,

Renjie Chen, PhD, MD, Bin Han, PhD, Zhipeng Bai, PhD, Yiliang Zhu, PhD,

Ying Gao, PhD, and Zhao-lin Xia, PhD, MD
Objective: We investigated the association between respiratory health and

particulate matter (PM) air pollution in elderly type 2 diabetes mellitus

(T2DM) pre-, during, and post-the Chinese Lunar New Year (CLNY) holiday

in Shanghai, China. Methods: We conducted repeated measurements of

lung function and inflammation biomarker in a cohort consisted of 60

participants with T2DM. Results: Decreased PM2.5 exposure had an effect

on respiratory health by increasing in forced expiratory flow in 1 second

(FEV1) and forced vital capacity (FVC). Positive associations between PM

exposure and exhaled nitric oxide (eNO) were observed. Conclusions: Our

observations indicated that PM air pollution exposure would exert adverse

effect on respiratory health in elderly T2DM population.

A s non-invasive parameters of respiratory health, lung function
was associated with ambient particulate matter (PM) air

pollution in numerous epidemiology studies, however, not all aspect
of the association have been consistent.1–7 One reason for the
inconsistence might be the large gap of ambient PM level in these
study fields.8–10 Also, the dynamic exposure–response association
may relate to the different PM characteristics and varied subpopu-
lation susceptibilities.11–13 A large number of animal and cell exper-
iments also suggested that PM exposure may be related to increased
neutrophil recruitment into the airways and exert adverse effect on
respiratory system.14–16 One of the key hypothesized mechanism for
progression of type 2 diabetes mellitus (T2DM) is systemic inflam-
mation response to environmental factors.17 However, there are only
limited studies evaluate the respiratory health status in elderly T2DM
populations that suffer from very high level of PM air pollution.

With rapid urbanization, China have experienced intense PM
air pollution caused by anthropogenic emissions, such as manu-
facturing, transportation, and a dependence on fossil fuels like gas
and coal.18–20 Moreover, increased ageing population and longer
life spans have led to a rapid change in the health profile of the
nation.21 The Chinese Lunar New Year (CLNY) holiday is one of
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the most important traditional festival in China; like many other
traditional festival worldwide, people celebrate the holiday by
family reunite and setting off firecrackers.22 During this holiday,
there is less air pollution from traffic because high proportion of
immigrant population leaving Shanghai for family reunite alleviated
traffic pressure, whereas for the other side, poor air quality may be
caused by setting off holiday firecrackers at particular occasion,
such as the Eve of CLNY.23,24

In the context, we focus on the role of PM air pollution as a
risk factor for elderly outpatients with T2DM, to evaluate the
association of PM level and respiratory health across the entire
holiday period. We hypothesized that changes in PM air pollution
would be associated with changes in lung function and exhaled
nitric oxide (eNO).

METHODS

Study Design
We conducted this study at a community hospital between

December 2013 and March 2014 in Shanghai, China. The elderly
outpatients with T2DM were randomly selected from the Chronic
Disease Management System in the community hospital. Then, the
selected outpatients were invited to participants in our study by
telephone call. The participants expressing an interest were
recruited and confirmed by physician. The selection criteria were
as follow: local community residents who live within 2 miles around
the community hospital; no history of established lung disease, such
as asthma or chronic respiratory diseases; no history of coronary
artery disease, congestive heart failure, or ischemic heart disease.
Finally, 60 elder participants with T2DM were recruited.

The present panel study was designed in which each partici-
pant had three repeated lung function and eNO measurements,
separated by 1 month, in correspond to period-specific PM
exposure. The baseline health outcome examination was performed
on January 9, 2014 immediately after the pre-CLNY period
(December 8, 2013 to January 9, 2014), the first follow-up exam-
ination performed on February 7, 2014 after the during-CLNY
period (January 10 to February 7, 2014), and the second follow-
up after the after-CLNY period (February 8 to March 6, 2014). The
baseline health outcome examination was carried on 3 weeks before
the CLNY holiday. The first follow-up was carried on February 7,
2014, which was immediately after the CLNY holiday. Then, we
arranged the second follow-up, which was 4 weeks after the CLNY
holiday. During the study, the participants took their usual medi-
cation in glycemic control. This study was reviewed and approved
by the Fudan University Institutional Review Board (Protocol
#2012030329). All participants provided consents for interviews
and health outcome examination.

PM Exposure Measurements
Daily air pollution data, including daily average PM2.5, PM10,

NO2, SO2, O3, temperature and relative humidity, were obtained
from the Shanghai Environmental Monitoring Center. The Shanghai
Environmental Monitoring Center is the official environmental
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 1. Characteristic of Study Participants (n¼55)

Characteristic Mean�SD or n (%)

Male, No. (%) 22 (40)
Age (yrs) 66.9� 7.3
BMI (kg/m2) 25.9� 3.9
Low physical activity (<1 time/week) 7 (12.7)
Smoking status

Former 21 (38.1)
Never 34 (61.9)

Alcohol use
Former 6 (10.9)
Never 49 (89.1)

Concomitant hypertension 26 (47.3)

BMI, body mass index; SD, standard deviation.
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monitoring agency of Ministry of Environmental Protection of
China. Daily concentrations for each pollutant were collected from
a fixed-site station which is 2 miles from the community hospital in
Xuhui District.

As the time window of PM exposure that could have effect on
lung function is unknown, we evaluated the average PM concen-
trations during different time windows (same day, 7-day, 14-day, and
21-day previous, before the time of health outcome examination).
Daily average on the health outcome examination day were surrogate
for acute exposure (lag 0), with previous 1 week average (lag 7), prior
2 weeks average (lag 14), and previous 3 weeks average (lag 21) as the
surrogate for short-term exposure. We use the exposure matrix to
analyze per interquartile range (IQR) decrease in PM exposure with
lung function changes according to different lag structures.

Respiratory Health Measurement
Health checkup and respiratory health measurement for both

baseline and follow-ups were conducted in the morning at the
community hospital on appointed examination days. The baseline
assessment included self-administrated questionnaire about partici-
pants’ current medication and lifestyle habits, such as physical
exercise (defined as regular outdoor activity daily for a minimum of
30 min), smoking history (former and never-smoker). At each visit,
lung function included forced expiratory flow in 1 second (FEV1),
forced vital capacity (FVC), maximum mid-expiratory flow
(MMEF25–75), and peak expiratory flow (PEF) were measured.
The spirometric parameters were obtained using the German Master
Screen PFT (Hoechberg, Germany) pulmonary monitory instru-
ment; the participants wore a nose clip, seated, and performed at
least three maneuvers. In accordance with the American Thoracic
Society/European Respiratory Society guidelines,25 hospital tech-
nicians certified for operating Master Screen-PFT (Hoechberg,
Germany) performed all tests. FVC and FEV1 results were accepted
as valid when the difference between the best two valid maneuvers
was less than 200 mL. The eNO measurements were performed
using nitric oxide analyzer (Sunvou, China).

All of the participants were requested to fast overnight for
10 hour, and then 2 mL blood sample was collected into vacuum tubes
containing sodium fluoride for fasting plasma glucose (FPG) measure-
ment. All of the blood samples were transported to the certified
laboratory in the community hospital for blood glucose analyses.

Statistical Analysis
The final dataset for analysis included participants who

completed all three times of health measurement. Description
summaries of PM air pollution exposure were exhibit including
means and median with ranges over three exposure sessions, and
description summaries of respiratory health (lung function and
eNO) were presented from baseline to two follow-ups.

Repeated measurements were performed to estimate associ-
ations between air pollutant exposures and changes in lung function
measures using linear mixed effects models, the random participant
intercept were included to account for the correlation of repeat lung
function measures in linear mixed effects models.26–28 The models
were used to interpret lung function change in relation to per IQR
decrease in PM2.5 or PM10 concentration within the exposure
matrix. First order autoregressive covariance structure was used
to fit correlations between repeated measurements. As age, sex,
body mass index (BMI), disease group (T2DM concomitant with
hypertension or T2DM only), smoking history are associated with
lung function, these covariates were included as the basic models
and controlled for in all models, then temperature and relative
humidity were added to control the potential confounding from
meteorology; finally, we only controlled ambient NO2 level which
served as a proxy for other copollutions, because PM2.5 were
strongly correlated with NO2, SO2, and CO.
ght © 2017 American College of Occupational and Environmental
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To assess effect modification, we stratified our models by
disease group (type 2 DM concomitant with hypertension, type 2
DM only), sex (male, female), and age (more than 65 years, less than
or equal to 65 years), the association in each stratum was estimated.
In addition, to evaluate the robustness of our main analysis model,
sensitivity analysis was conducted by including additional cova-
riates, such as alcohol intake, controlling for other pollutant, such as
O3. All analyses were conducted using Statistical Analysis Software
Version 9.4 (SAS Inc, Cary, NC).

RESULTS

Study Population
Table 1 summarized the descriptive statistics of study partici-

pants. Of the 60 enrolled participants in the study population, we
included 55 participants (40% men; 66.2� 7.3 years of age) with no
missing information on PM exposure, outcome, and covariates. The
five excluded participants did not have a noticeable difference from
those included. Therefore, a total of 165 observations were obtained
with data from three sessions of repeated lung function measure-
ments. There was 38.1% participants had prior smoking history,
10.9% for alcohol history, none of them were currently smoking or
alcohol users. There were 26 T2DM patients concomitant with
hypertension, which comprised 47.3% of the available study popu-
lation.

PM Exposure Measurements
Table 2 described period-specific means of PM2.5 and PM10

exposure level among three successive exposure periods. The daily
mean concentrations of PM2.5 and PM10 were 89.4 and 116.2 mg/m3,
respectively, in pre-CLNY period, the baseline health outcome
examination was carried out on January 9, 2014. The during-CLNY
period included the 7-day CLNY legal holiday, with the first follow-
up of health outcome examination conducted on February 7, 2014.
The PM level in during-CLNY period had somewhat decreased to
66.1 mg/m3 for PM2.5 and 82.1 mg/m3 for PM10. The post-CLNY
period comprised 1 month after the CLNY holiday. The daily mean
concentrations of PM were at relatively lower levels with 42.5 mg/
m3 for PM2.5 and 51.4 mg/m3 for PM10, with the second follow-up of
health outcome examination conducted on March 6, 2014.

As expected, there was an air-pollution peak on January 30,
2014 (the Eve of CLNY), with 192.0 mg/m3 for daily mean con-
centration PM2.5, 195.0 mg/m3 for PM10. The result was consistent
with our hypothesis that widespread usage of firecrackers would
cause extremely high PM concentration. After the Eve and Day of
the CLNY, there was a sharp decrease ensued from January 31, 2014
to February 6, 2014. The minimum daily level for PM2.5 had
dropped to 8.0 mg/m3 on February 6, 2014. There was a less demand
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 2. Description of Particulate Matter Air Pollution
Across Study Period from December 2013 to March 2014
(mg/m3)

Mean�SD IQR Minimum/Maximum

Before the CNLY
PM2.5 89.4� 50.5 61.0 13.0–224.0
PM10 116.2� 62.9 93.0 14.0–269.0
NO2 74.6� 24.2 35.0 35.0–119.0

During the CNLY
PM2.5 66.1� 55.2 72.0 8.0–195.0
PM10 82.1� 59.2 76.0 6.0–261.0
NO2 47.2� 19.6 20.0 14.0–101.0

After the CNLY
PM2.5 42.5� 29.2 32.0 8.0–128.0
PM10 51.4� 30.3 46.0 11.0–134.0
NO2 40.2� 16.2 20.0 14.0–85.0

CNLY, Chinese Lunar New Year; NO2, nitrogen dioxide; PM10, particulate matter
with aerodynamic diameter less than 10 mm; PM2.5, particulate matter with
aerodynamic diameter less than 2.5 mm; SD, standard deviation.
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for energy as the numbers of people using public transportation
decreased while a lot of people returned their hometown during the
Festival. Factories and constructions sites were also stop operating
during the 7-day CLNY legal holiday. The trend was in line with our
hypothesis that urban PM air pollution would be influenced by less
traffic and commute during the holiday. Spearman correlation
analysis showed that daily mean of PM2.5 was highly related with
NO2, SO2, CO (r¼ 0.78, P< 0.001; r¼ 0.79, P< 0.001; r¼ 0.95,
P< 0.001), whereas inversely related with O3 (r¼�0.27,
P< 0.001).

Table 3 described the lung function parameters and eNO in
three repeated measurements across the study period. The average
FEV1 had increased from 2.4 L (baseline) to 2.6 L (the second
follow-up) in man group. The average FEV1 had increased from
1.8 L (baseline) to 1.9 L (the first follow-up) and then 2.0 L (the
second follow-up) in women group. The average FVC had increased
from 3.2 L (baseline) to 3.9 L (the second follow-up) in man group.
The average FVC had increased from 2.4 L (baseline) to 2.7 L (the
first follow-up) and then 2.8 L (the second follow-up) in woman
group. There was a slightly decrease in eNO level in both man and
woman groups. Generally, the PEF or MMEF25–75 had shown no
consistent change over three repeated measurements.

Regression Analysis
After adjusting for temperature, relative humidity, and indi-

vidual risk factors, we observed statistically significant increase in
FEV1 from 136.8 mL (95%CI, 24.3 to 249.3 mL) to 22.7 mL
(95%CI, 5.2 to 40.2 mL) associated with per IQR decrease in
ght © 2017 American College of Occupational and Environmental

TABLE 3. The Lung Function Parameters and eNO in Three Repe

Health Outcome Baseline

Male Female

FEV1 (L) 2.4� 0.5 1.8� 0.4 2
FVC (L) 3.2� 0.6 2.4� 0.5 3
PEF (L/sec) 6.7� 1.2 4.9� 1.1 6
MMEF25–75 (L/sec) 2.1� 0.7 1.6� 0.6 2
eNO (ppb) 17.6� 7.2 17.5� 10.7 15

eNO, exhaled nitric oxide; FEV1, forced expiratory flow in 1 second; FVC, forced vit

� 2017 American College of Occupational and Environmental Medicin
PM2.5 exposure at lag 0 and lag 14, respectively (Table 4). The
estimate effect on FEV1 shows substantial decrease with longer time
window of PM exposure from lag 0 to previous 3 weeks (lag 21),
with the strongest association on the same day of the visit (lag 0).
Similar patterns for FVC (110.6 mL 95% CI: 47.8 to 173.3 mL in lag
0; 17 mL 95% CI: 7.2 to 26.8 mL in lag 14). In our analysis model,
we estimated positive associations between eNO and per IQR
decrease in same day PM exposure (�4.7 ppb lower eNO; 95%
CI: �11.86, �1.32) and the association had become nonsignificant
with longer window time. However, there were no significant
estimated associations between PM air pollution and PEF or
MMEF25–75 throughout all time windows in our study. Overall,
the associations of health outcomes with PM10 were similar but
relatively small, which were about 60% smaller than the effects of
PM2.5. We did not find indication of effect modification by disease
group (T2DM concomitant with hypertension or T2DM only), age,
or sex. In sensitivity analysis, we adjusted for the additional
dichotomous variable (alcohol intake) and O3 level to rule out
the potential confounding. These adjustments did not affect the
final results.

DISCUSSION
This study indicated that decreased PM2.5 and PM10 levels

were associated with increased FEV1 and FVC in elderly with
T2MD resided in the Shanghai metropolitan area. There were
significantly associations between PM exposure and lung function
in acute (Lag 0) and short-term (Lag 7 and Lag 14), but not for
longer lag time, indicated that health effects of PM exposure on lung
function may occur within 2 weeks.

Numerous studies have examined the association between
increased PM air pollution and impaired lung function.5,6,17,29 The
multi-cohort European meta-analysis (ESCAPE study) found that
long-term exposure to PM10 was associated with small decrease in
FEV1 and FVC.30 This is consistent with the results concluded from
the Framingham Offspring or Third Generation studies, which
found each 2 mg/m3 increase in average of PM2.5 was associated
with a 13.5 (95% CI, 0.3 to 26.6) mL lower FEV1.2 In comparison
with increase PM exposure, Gauderman et al31 reported that long-
term improvements in air quality had significant positive effects on
FEV1 and FVC in children. Evidence for short-term PM air pollu-
tion and lung function changes were also found.4 Between June 15
and July 27 in 2008, Baccarelli et al5 found reduced lung function
associated with personal PM2.5 of 126.8 mg/m3 (IQR: 73.9–160.5)
in truck drivers. These findings may suggested that the lung function
might have discernible changes, such as declined FEV1 and FVC,
but only observed under very high level of PM2.5 exposure. We have
also estimated the associations between particulate matter air
pollution and PEF or MMEF25–75 over three repeated measure-
ments, no significant were apparent in our research, which is
consistent with the PM air pollution were less likely to associate
with airflow obstruction.32 The biologic mechanisms of PM
 Medicine. Unauthorized reproduction of this article is prohibited 
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First Follow-up Second Follow-up

Male Female Male Female

.4� 0.6 1.9� 0.4 2.6� 0.5 2.0� 0.4

.2� 0.8 2.7� 1.0 3.9� 1.4 2.8� 0.8

.1� 2.1 4.9� 1.3 6.4� 1.4 4.9� 1.1

.0� 0.8 1.7� 0.8 1.7� 0.8 1.8� 0.7

.3� 11.1 15.5� 7.8 14.5� 7.8 15.7� 7.3

al capacity; MMEF25–75, maximum mid-expiratory flow; PEF, peak expiratory flow.
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TABLE 4. Estimates Change in Lung Function and eNO
(With 95%CI) per Corresponding Interquartile Range
Reduce of Exposure to PM2.5 and PM10

Time Window Estimate 95%CI P

FEV1 (mL)
PM2.5 Same day 136.8 24.3–249.3 <0.0001

7-day 32.0 7.0–57.1 <0.0001
14-day 22.7 5.2–40.2 0.03
21-day �9.0 �21.7–3.6 0.07

PM10 Same day 39.7 7.1–72.5 <0.0001
7-day 25.2 5.5–45.1 0.03
14-day 11.3 2.6–20.1 <0.0001
21-day 7.8 �3.0–18.9 0.12

FVC (mL)
PM2.5 Same day 110.6 47.8–173.3 0.01

7-day 24.6 10.6–38.6 <0.0001
14-day 17.0 7.2–26.8 0.01
21-day 9.2 2.3–16.2 0.07

PM10 Same day 32.1 13.9–50.4 <0.0001
7-day 19.4 8.4–30.5 0.02
14-day 8.5 3.6–13.4 0.04
21-day 8.0 1.9–14.2 0.01

PEF (mL/sec)
PM2.5 Same day 58.3 �118.3–126.0 0.12

7-day 108.9 �24.3–242.1 0.08
14-day 65.7 �27.4–158.9 0.35
21-day 86.3 �19.1–153.5 0.34

PM10 Same day 170.1 �3.7–344.0 0.12
7-day 85.9 �19.2–192.0 0.08
14-day 32.8 �13.7–79.4 0.41
21-day 75.4 �16.7–134.2 0.39

MMEF25to75 (mL/sec)
PM2.5 Same day 51.6 �20.6–103.1 0.61

7-day �18.1 �36.3–7.3 0.44
14-day 4.5 �9.1–18.2 0.67
21-day �17.2 �68.6–34.3 0.77

PM10 Same day 27.7 �7.1–35.3 0.61
7-day �22.5 �45.0–90.2 0.12
14-day 4.1 �8.2–16.5 0.64
21-day �16.7 �66.7–33.3 0.36

eNO (ppb)
PM2.5 Same day �4.7 �11.86 to �1.32 <0.0001

7-day 0.9 �5.87–6.59 0.14
14-day 0.1 �3.11–2.96 0.17
21-day 2.4 �1.24–6.40 0.14

PM10 Same day �1.1 �6.32 to �0.44 <0.0001
7-day 0.20 �0.72–1.14 0.12
14-day 1.4 �0.08–0.13 0.15
21-day 0.7 �0.21–0.30 0.12

Results were adjusted for: age, sex, BMI, disease group (T2DM and hypertension
or TADM only), smoking history, temperature, relative humidity, and NO2 as the
surrogate for other airborne pollutants.

eNO, exhaled nitric oxide; FEV1, forced expiratory flow in 1 second; FVC, forced
vital capacity; MMEF25–75, maximum mid-expiratory flow; PEF, peak expiratory flow;
PM10, particulate matter with aerodynamic diameter less than 10 mm; PM2.5, particulate
matter with aerodynamic diameter less than 2.5 mm.
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exposure on the lung function are not very clear, the accumulated
studies suggest that PM exposures result in pulmonary oxidative
stress and inflammation.33 Our finding should be interpreted with
caution. Considering the associations of PM air pollution exposure,
these results suggested that the effect of PM10 was largely reflects its
PM2.5 component.

The CLNY is the most solemn and traditional celebration run
from the CLNY Eve to the Lantern Festival on the 15th day of the
Chinese calendar’s first month.24 We observed that daily concen-
trations of PM2.5 varied dramatically, from 195.0 mg/m3 on the eve
ght © 2017 American College of Occupational and Environmental
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of CLNY (January 30, 2014) to 8.0 mg/m3 on February 6, 2014
during the 7-day CLNY legal holiday period. This phenomenon was
consistent with studies about the CLNY in China. Feng et al23 found
greatly decrease in anthropogenic emissions during the CLNY
period in China. The whole city almost shuts down as people travel
to be with their families for the 7-day legal holiday, this ‘‘annual
human migration’’ would have great impact on the air condition in
Shanghai, with decreased traffic-specific exposure and declining
emission from industries.34

We had considered many factors to address potential con-
founding. Dietary intake would be a confounder in the estimation
of the association between PM air pollution and lung function
change in T2DM participants,35 all the participants were required
to 3-day food recall questionnaire before each visit, and we had
performed fasting plasma glucose (FPG) measurements at each
visit, we found there were no statistically significant differences
among the average FPG, which was 7.05 mmol/L at the baseline,
and 6.61 mmol/L at the first follow-up, and then 6.66 mmol/L 1
month afterwards. The blood glucose information convinced that
our participants had high level of awareness in healthy dietary
intake through the study period,36 herein potential nutrition con-
founding could be excluded. Furthermore, while hypertension and
T2DM are concurrent at a great high frequency,37 we only found
the level of eNO was slightly higher in T2DM participants who
concomitant with hypertension. As eNO is an established surro-
gate biomarker of airway inflammation,38,39 our results suggested
that participants with complex cardiometabolic disease would be
more vulnerable. Consistent with previous studies in adults, short-
term PM exposures were linked with eNO in both healthy and
asthmatic subject.4,40 We found 4.7 ppb reduce in eNO associated
with per IQR decrease in PM2.5 exposure on the same day of the
visit with statistical significance. This supports our hypothesis
that eNO would be served as biomarker of acute response to
air pollution.

Our study is subjected to a number of limitations. For
example, we cannot exclude bias in PM exposure level due to
the exposure data were collected from fixed monitoring sites, rather
than personal exposure data. In addition, our findings are limited to
elderly T2DM outpatients who were residing in Shanghai, as we
known, community hospitals in Shanghai are the most efficient in
providing the primary healthcare service, which limits generaliz-
ation to the T2DM patients who have difficulty to access sufficient
health service. This study has several strengths, including its
repeated measure design among local residents in community
hospital, which provided more reliable and more precise infor-
mation about the individual risks factors. Furthermore, each partici-
pant acted as his/her own control is more efficient for studying
health effects of short-term PM air pollutant, especially in relatively
small sample.

CONCLUSION
In conclusion, our study supports the hypothesis that

improvement of air quality was associated with increased lung
function in elderly with T2DM. With growing diabetes popu-
lation and severe PM air pollution in China, there is increasing
needs for risk assessments on vulnerable subpopulation. More-
over, additional studies are also needed to investigate the
specific component which reflected the toxicity of PM. Our
study advocates rigorous restrictions on bursting firecrackers on
the grounds that they aggravate air pollution and pose a threat on
human health.

ACKNOWLEDGMENTS
The authors would like to thank the Xietu Road Community

Hospital, Shanghai for collaborating with participant’s recruitment
and health outcome examination.
 Medicine. Unauthorized reproduction of this article is prohibited 

7 American College of Occupational and Environmental Medicine



Copyri

CE: S.S.; JOEM-17-6333; Total nos of Pages: 5;

JOEM-17-6333

JOEM � Volume XX, Number X, Month 2017 Air Pollution and Elderly with Type 2 Diabetes Mellitus
REFERENCES
1. Rice MB, Ljungman PL, Wilker EH, et al. Short-term exposure to air

pollution and lung function in the Framingham Heart Study. Am J Resp
Crit Care. 2013;188:1351–1357.

2. Rice MB, Ljungman PL, Wilker EH, et al. Long-term exposure to traffic
emissions and fine particulate matter and lung function decline in the
Framingham heart study. Am J Respir Crit Care Med. 2015;191:
656–664.

3. Lepeule J, Litonjua AA, Coull B, et al. Long-term effects of traffic particles
on lung function decline in the elderly. Am J Respir Crit Care Med.
2014;190:542–548.

4. McCreanor J, Cullinan P, Nieuwenhuijsen MJ, et al. Respiratory effects of
exposure to diesel traffic in persons with asthma. N Engl J Med.
2007;357:2348–2358.

5. Baccarelli AA, Zheng Y, Zhang X, et al. Air pollution exposure and lung
function in highly exposed subjects in Beijing, China: A repeated-measure
study. Part Fibre Toxicol. 2014;11:51.

6. Dockery DW, Ware JH. Cleaner air, bigger lungs. N Engl J Med.
2015;372:970–972.

7. Spencer-Hwang R, Soret S, Knutsen S, et al. Respiratory health risks
for children living near a major railyard. J Community Health. 2015;40:
1015–1023.

8. Pongpiachan S. Incremental lifetime cancer risk of PM2.5 bound polycyclic
aromatic hydrocarbons (PAHs) before and after the wildland fire episode.
Aerosol Air Qual Res. 2016;16:2907–2919.

9. Chen Y, Ebenstein A, Greenstone M, et al. Evidence on the impact of
sustained exposure to air pollution on life expectancy from China’s Huai
River policy. Proc Natl Acad Sci USA. 2013;110:12936–12941.

10. Laden F, Schwartz J, Speizer FE, et al. Reduction in fine particulate air
pollution and mortality: Extended follow-up of the Harvard six cities study.
Am J Respir Crit Care Med. 2006;173:667–672.

11. Pongpiachan S, Tipmanee D, Khumsup C, et al. Assessing risks to adults and
preschool children posed by PM2.5-bound polycyclic aromatic hydrocarbons
(PAHs) during a biomass burning episode in Northern Thailand. Sci Total
Environ. 2015;508:435–444.

12. Pongpiachan S, Hattayanone M, Choochuay C, et al. Enhanced PM10
bounded PAHs from shipping emissions. Atmos Environ. 2015;108:13–19.

13. Pongpiachan S, Paowa T. Hospital out-and-in-patients as functions of trace
gaseous species and other meteorological parameters in Chiang-Mai, Thai-
land. Aerosol Air Qual Res. 2015;15:479–493.

14. Brunekreef B, Holgate ST. Air pollution and health. Lancet. 2002;360:
1233–1242.

15. Huang N, Wang Q, Xu D. Immunological effect of PM2.5 on cytokine
production in female Wistar rats. Biomed Environ Sci. 2008;21:63–68.

16. Pongpiachan S, Liu S, Huang R, et al. Variation in day-of-week and seasonal
concentrations of atmospheric PM2.5-bound metals and associated
health risks in Bangkok, Thailand. Arch Environ Contam Toxicol. 2017;72:
364–379.

17. Ahmadi-Abhari S, Kaptoge S, Luben RN, et al. Longitudinal association of
C-reactive protein and lung function over 13 years: The EPIC-Norfolk study.
Am J Epidemiol. 2014;179:48–56.

18. Gong P, Liang S, Carlton EJ, et al. Urbanisation and health in China. Lancet.
2012;379:843–852.

19. Liu X, Zhang Y, Han W, et al. Enhanced nitrogen deposition over China.
Nature. 2013;494:459–462.

20. Pui DYH, Chen S, Zuo Z. PM2.5 in China: Measurements, sources, visibility
and health effects, and mitigation. Particuology. 2014;13:1–26.
ght © 2017 American College of Occupational and Environmental

� 2017 American College of Occupational and Environmental Medicin
21. Yang G, Wang Y, Zeng Y, et al. Rapid health transition in China, 1990-2010:
findings from the global burden of disease study 2010. Lancet. 2013;381:
1987–2015.

22. Pongpiachan S, Hattayanone M, Suttinun O, et al. Assessing human exposure
to PM10-bound polycyclic aromatic hydrocarbons during fireworks displays.
Atmos Pollut Res, in press.

23. Feng J, Sun P, Hu X, et al. The chemical composition and sources of PM2.5
during the 2009 Chinese New Year’s holiday in Shanghai. Atmos Res.
2012;118:435–444.

24. Huang K, Zhuang G, Lin Y, et al. Impact of anthropogenic emission on air
quality over a megacity—revealed from an intensive atmospheric campaign
during the Chinese Spring Festival. Atmos Chem Phys. 2012;12:
11631–11645.

25. Miller A, Enright PL. PFT interpretive strategies: American Thoracic
Society/European Respiratory Society 2005 guideline gaps. Respir Care.
2012;57:127–133. 133–135.

26. Dominici F, Sheppard L, Clyde M. Health effects of air pollution: A statistical
review. Int Stat Rev. 2003;71:243–276.

27. Luttmann-Gibson H, Suh HH, Coull BA, et al. Short-term effects of air
pollution on heart rate variability in senior adults in Steubenville, Ohio. J
Occup Environ Med. 2006;48:780–788.

28. Zhen S, Qian Q, Jia G, et al. A panel study for cardiopulmonary effects
produced by occupational exposure to inhalable titanium dioxide. J Occup
Environ Med. 2012;54:1389–1394.

29. Wu S, Deng F, Wang X, et al. Association of lung function in a panel of young
healthy adults with various chemical components of ambient fine particulate
air pollution in Beijing, China. Atmos Environ. 2013;77:873–884.

30. Gehring U, Gruzieva O, Agius RM, et al. Air pollution exposure and lung
function in children: The ESCAPE project. Environ Health Persp.
2013;121:1357–1364.

31. Gauderman WJ, Urman R, Avol E, et al. Association of improved air quality
with lung development in children. N Engl J Med. 2015;372:905–913.

32. Sharma G, Goodwin J. Effect of aging on respiratory system physiology and
immunology. Clin Interv Aging. 2006;1:253–260.

33. Valavanidis A, Fiotakis K, Vlachogianni T. Airborne particulate matter and
human health: Toxicological assessment and importance of size and com-
position of particles for oxidative damage and carcinogenic mechanisms.
J Environ Sci Heal C. 2008;26:339–362.

34. Zhang J, Wu L, Yuan F, et al. Mass human migration and Beijing’s urban heat
island during the Chinese New Year holiday. Sci Bull. 2015;60:1038–1041.

35. Xiao S, Liu R, Wei Y, et al. Air pollution and blood lipid markers levels:
Estimating short and long-term effects on elderly hypertension inpatients
complicated with or without type 2 diabetes. Environ Pollut. 2016;215:
135–140.

36. Wong KC, Wang Z. Prevalence of type 2 diabetes mellitus of Chinese
populations in Mainland China, Hong Kong, and Taiwan. Diabetes Res Clin
Pract. 2006;73:126–134.

37. Oktay AA, Akturk HK, Jahangir E. Diabetes mellitus and hypertension: a
dual threat. Curr Opin Cardiol. 2016;31:402–409.

38. Stewart L, Katial RK. Exhaled nitric oxide. Immunol Allergy Clin.
2012;32:347.

39. Lopez R, Farber MO, Wong V, et al. Biomarkers of human cardiopulmonary
response after short-term exposures to medical laser-generated particulate
matter from simulated procedures: A Pilot Study. J Occup Environ Med.
2016;58:940–945.

40. De Prins S, Dons E, Van Poppel M, et al. Airway oxidative stress and
inflammation markers in exhaled breath from children are linked with
exposure to black carbon. Environ Int. 2014;73:440–446.
 Medicine. Unauthorized reproduction of this article is prohibited 

e 5


	Outline placeholder
	REFERENCES


