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Effect of long-term exposure to ambient particulate matter
on prevalence of type 2 diabetes and hypertension in Iranian
adults: an ecologic study
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Abstract Air pollution is considered as an environmental risk
to health worldwide. Current evidence is mostly fromWestern
populations exposed to lower levels of pollutants. This study
was to explore the association of type 2 diabetes (T2D) and
hypertension prevalence with exposure to high levels of air
pollution in Iranian adults. The air pollution data were obtain-
ed from the air quality monitoring stations of five large cities
in Iran from 2006 to 2011. The air quality monitoring stations
could only detect ambient particulate matter_10 (PM10) dur-
ing the study period; therefore, the average PM10 concentra-
tion was considered for comparison. We grouped the cities as
group 1 (Tehran, Shiraz) with PM10 concentration < 100 μg/
m3, and group 2 (Kermanshah, Ahwaz, Esfahan) with PM10

concentration > 100 μg/m3. Data from the Surveillance of
Risk Factors of Non-Communicable Disease (SuRFNCD)
study were used to calculate the prevalence of T2D and hy-
pertension. We assessed the association between air pollution

and the prevalence of T2D using logistic regression models.
Odds ratios (ORs) with 95% CI for each outcome were calcu-
lated after adjusting for age, sex, BMI, physical activity, and
other covariates. The 5-year average of PM10 concentration was
higher in group 2 (120.15 ± 6.81 μg/m3) compared to group 1
(83.95 ± 7.81 μg/m3). The prevalence of T2D in group 2 was
13.8%, while it was 10.7% in group 1 (p = 0.01), OR = 1.32
(95% CI 1.03–1.69). Similarly, hypertension was more preva-
lent in group 2 (15.7 vs. 11.9%, p = 0.005, OR = 1.55, 95% CI
1.20–1.99). PM10 is associated with higher prevalence of T2D
and hypertension in Iranian adults.
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Introduction

As a global challenge, air pollution and its related conse-
quences are now viewed as a major threat for health world-
wide. This has pushed the governments to adopt strategies to
diminish pollution or prevent its progression. With the in-
creasing prevalence of non-communicable diseases (NCDs)
worldwide and increasing air pollution, their huge economic
burden are alarming (Hunter and Reddy 2013; Kankeu et al.
2013).

Diabetesmellitus is associatedwithmultiple systemic com-
plications and leads to significant cardiovascular mortality and
morbidity (Kannel and McGee 1979). Type 2 diabetes is in-
creasing globally and is already one of the major causes of
death (Lim et al. 2013). The global prevalence of diabetes is
8.3% which means that 382 million adults have diabetes, and
the number is expected to rise to 592 million by 2035. It is
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estimated that as many as 183 million people are unaware of
having diabetes (IDF-Diabetes Atlas 2016). In addition to the
well-established risk factors for diabetes, the role of environ-
mental factors such as air pollution has come to attention in
view of the rising prevalence of the disease worldwide (Lim
et al. 2013). Air pollution is associated with cardiovascular
diseases (Auchincloss et al. 2008; Hoffmann et al. 2007) and
chronic respiratory diseases (Künzli et al. 2009; Schikowski
et al. 2010) and has been shown to contribute to hospitaliza-
tions and deaths among cardiac disease and diabetes patients
(Goldberg et al. 2013). Recently, the International Agency for
Research on Cancer (IARC) has classified particulate matter
(PM) as carcinogenic to humans (IARC Group 1) (Loomis
et al. 2013).

Particulate matters are the main air pollutant with the big-
gest health effects in all of the country. Numerous studies
indicated that combustion-related anthropogenic sources, such
as gasoline and diesel-fueled vehicles as well as natural gas
combustion, are the major sources of air pollutants in the large
cities of Iran (Givehchi et al. 2013).

Data from Western countries support an association be-
tween air pollution and type 2 diabetes (Eze et al. 2014;
Wang et al. 2014). Studies investigating this association in
non-Western populations exposed to high levels of air pollut-
ants are few (Brook et al. 2016). Similarly, there are few data
suggesting a relation between air pollution and hypertension
(Ezejimofor et al. 2016). Therefore, we conducted this study
to assess the association of the prevalence of diabetes and
hypertension with ambient air particulate matter in Iranian
adults.

Methods

We used two sources of data for this analysis: the first was
the Iranian Surveillance of Risk Factors of Non-
Communicable Diseases (SuRFNCD) (Esteghamati et al.
2014). The prevalence of diabetes and hypertension in
Iranian adults were calculated in 2011. SuRFNCD was a
randomized multistage study that used a cluster sampling
scheme to select a representative sample of non-
hospitalized and non-institutionalized Iranian individuals,
6–70 years of age. From a total of 11,867 people surveyed,
2916 adult participants aged 25–70 years with available
and relevant laboratory measurements and information
were included in our analysis. Corresponding data from
Tehran, Shiraz, Esfahan, Ahvaz, and Kermanshah were
collected and analyzed along with data related to the indi-
ces of air pollution in these cities for the period between
2006 and 2011. We selected these particular cities because
the air monitoring stations provided the records on air
quality continuously.

Exposure to the particulate matter (PM10) as well as the
prevalence of type 2 DM and hypertension calculated for each
of the five cities over the 5-year period. We grouped the five
cities into group 1, those with 5-year average PM10 concen-
tration < 100 μg/m3 (Tehran, Shiraz), and group 2, which
comprised cities with 5-year average PM10 concentration
higher than 100μg/m3.We also considered the impact of other
measured covariates such as body mass index (BMI), total
physical activity, intake of vegetables and fruits, age, gender,
and smoking.

Definition of diabetes mellitus and hypertension

In the SuRFNCD study, prevalence of diabetes mellitus was
defined as a positive response to either of the following two
questions: (a) BHave you ever been told by a doctor or other
health worker that you have diabetes?^ and (b) BAre you
currently taking oral medication or insulin for diabetes pre-
scribed by a doctor or other healthcare professional?^

Hypertension was defined as self-reported, physician-
diagnosed hypertension, or being on antihypertensive
medications.

Exposure assessment

The data from air quality monitoring stations were used to
assess the levels of ambient particulate matter (PM10). The
monitoring stations have been established to measure and
store air quality data continuously on an hourly basis through-
out the year. The monitoring equipments in all the stations in
Iranian cities are produced by BEnvironment SA,^ BHoriba,^
and BEcotech.^ In Tehran, assessments were performed by
permanent monitoring stations of Tehran Air Quality
Control Corporation (TAQCC), and in the other cities, i.e.,
Ahvaz, Esfahan, Shiraz, and Kermanshah, air pollutants were
measured by the monitoring stations of the Department of
Environment (DoE). The air pollutant data from January
2006 to January 2011were used. There are 25, 4, 4, 3, and 2
stations for monitoring air pollution in Tehran, Ahvaz,
Esfahan, Shiraz, and Kermanshah, respectively, but some of
them had invalid or missing data for assessment. Eventually,
13, 3, 3, 2, and 2 stations from the abovementioned cities were
consistently active during the study period, and thus, their data
were used for the analysis. Taking into account the exposure
data from the five cities over the 5-year period, the Bmean^
exposure was calculated to represent the quantification of the
Bexposure.^

Covariate assessment

We considered the impact of covariates such as BMI, total
physical activity, intake of vegetables and fruits, age, gender,
and smoking in final analysis. Iranian SuRFNCD included
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these variables. Consuming vegetables and fruits report as two
groups: lower than five servings per day and higher than five
servings per day. Total physical activity was assessed by IPAC
questionnaire and reported in METs. Moreover, smoking was
defined by two groups: smoker and non-smoker.

Statistical analysis

We included 2916 participants with information on the var-
iables of interest in this analysis. First, we estimated the
prevalence of diabetes mellitus among the study sample.
We then evaluated the distribution of various characteris-
tics among participants, stratified by diabetes as well as
hypertension status. Chi-square and independent sample t
test were used for baseline univariate analysis. We assessed
the association between air pollution and the prevalence of
type 2 diabetes mellitus using logistic regression models.
Odds ratios (ORs) with 95% CI for each outcome were
calculated after adjusting for age, sex, BMI, physical activ-
ity, and other covariates. Analyses were performed using

the SPSS 19 software. Confidence intervals were consid-
ered for the final results, and statistical significance was
assigned as a p value < 0.05.

Results

The PM10 concentration was 130.112 μg/m3 in Kermanshah,
124.74 μg/m3 in Esfahan, 112.84 μg/m3 in Ahvaz, 88.46 μg/
m3 in Tehran, and 70.41 μg/m3 in Shiraz. Tehran and Shiraz
had the lowest concentration of PM10 and were comparable to
each other having a PM10 concentration below 100 μg/m3. The
three other cities had PM10 concentrations above 100 μg/m3

(Fig. 1 and Table 1). As a result, Kermanshah, Esfahan, and
Ahvaz were grouped together as cities with BPM10 ≥ 100 μg/
m3^ (group 2), while Tehran and Shiraz were categorized as the
cities with BPM10 < 100 μg/m3^ (group 1). The mean concen-
tration of PM10 was higher in group 2 (120.15 ± 6.81 μg/m3)
compared to group 1 (83.95 ± 7.81 μg/m3).

Fig. 1 Cities PM10

Concentrations and the
Prevalence of Diabetes

Table 1 PM10 concentrations per
year Ahwaz Shiraz Tehran Esfahan Kermanshah

2006 125.5 ± 71.2 73.1 ± 30.1 89.3 ± 28.9 90.2 ± 54.1 118.2 ± 90.1

2007 119.7 ± 70.1 75.0 ± 38.0 87.0 ± 27.4 93.7 ± 58.9 110.5 ± 97.4

2008 104.4 ± 61.9 78.2 ± 21.0 88.3 ± 30.5 119.27 ± 68.09 121.97 ± 177.02

2009 98.6 ± 53.3 71.06 ± 84.40 90.3 ± 41.7 151.51 ± 107.77 167.82 ± 292.61

2010 116.0 ± 62.7 54.67 ± 41.65 87.4 ± 29.1 169.01 ± 83.68 132.03 ± 172.59

Data was presented as mean ± SD of PM10 concentrations
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The background characteristics of participants are shown in
Tables 2 and 3.

The prevalence of diabetes mellitus was 14% in Esfahan,
13.7% in Ahvaz, 13.10% in Kermanshah, 10.9% in Tehran,
and 10.5% in Shiraz. The mean prevalence of diabetes was
13.8% in group 2, compared to 10.7% in group 1, p = 0.015.

The prevalence of hypertension was 18.4% in Esfahan,
17% in Kermanshah, 12.4% in Ahvaz, 12% in Shiraz, and
11.9% in Tehran. The mean prevalence of hypertension was
higher in group 2 (15.7%) compared to group 1 (11.9%),
p = 0.005, Table 4.

Logistic regression analysis was used to determine the
association of other possible covariates such as BMI, total
physical activity, intake of vegetables and fruits, age, gen-
der, and smoking. The association remained significant
after adjustment for these covariates for both diabetes
and hypertension (Tables 5 and 6), which suggests that
living in areas with higher levels of air pollution can
1.32-fold increase odds of diabetes and 1.55-fold increase
odds of HTN.

Discussion

In this study, we found that prevalence of diabetes and hy-
pertension was associated PM10 concentration, considering
all covariates. SuRFNCD-2011 survey reported a striking

prevalence of DM was recorded among Iranian adults aged
25–70 years (11.4%, 95% CI 9.9, 12.9%). Furthermore,
14.6% (95% CI 12.4, 16.8%) of the population was diag-
nosed to have impaired fasting glucose (IFG). Previous re-
ports on the nationwide prevalence of DM in the adult pop-
ulation have indicated a crude prevalence rate of 7.7% (95%
CI 7.5, 7.9%) and 8.7% (95% CI 7.4, 10.2%) for 2005 and
2007, respectively (Esteghamati et al. 2008, 2009). Age-
adjusted estimates indicate that the prevalence of diabetes
has risen by 35% during 2005–2011; this corresponds to a
5% annual increase. Although population growth and aging
are important contributors to the increase in diabetes prev-
alence, evidence indicates that diabetes prevalence is rapid-
ly increasing within affixed age stratum, as well (Danaei
et al. 2011). Growing urbanization, diet rich in simple car-
bohydrates and saturated fats, along with sedentary life
style, all contribute to this growth among the Iranian adult
population (Esteghamati et al. 2011; Ghassemi et al. 2002).
Furthermore, data from SuRFNCD indicated that 26.6%
(95%CI = 24.4–28.9) of Iranian adults were estimated to
be hypertensive which was more prevalent among older
age groups, females, and urban residents.

The increasing trend of type 2 diabetes is alarming.
Although data confirmed that obesity is increasing in parallel
(Esteghamati et al. 2014) other plausible factors, such as high
ambient particulate matter (PM10) should be considered as
well.

Table 2 Background
characteristics of participants
by diabetes status

Diabetes mellitus (yes)
(N = 345)

Diabetes mellitus (no)
(N = 2558)

p value

Age 55.31 ± 10.13 45.45 ± 13.60 < 0.001

Gender (female) 229 (66.4%) 1469 (57.4%) 0.002

Smoking (yes) 27 (7.8%) 321 (12.6%) 0.011

Physical activity in METs 1832.30 ± 3760.95 3340.00 ± 6383.73 < 0.001

Raw vegetable and fruits consumption ≥ 5
servings per day

42 (12.8%) 389 (15.9%) 0.147

Hypertension (yes) 114 (33.6%) 265 (10.6%) < 0.001

BMI 29.18 ± 5.27 26.81 ± 5.21 < 0.001

Waist circumference 97.41 ± 12.05 90.34 ± 12.89 < 0.001

Table 3 Background
characteristics of participants
by hypertension

Hypertension (yes)
(N = 379)

Hypertension (no)
(N = 2468)

p value

Age 58.62 ± 8.35 44.89 ± 13.38 < 0.001

Gender (female) 263 (69.4%) 1403 (56.8%) < 0.001

Smoking (yes) 27 (7.1%) 313 (12.7%) 0.002

Physical activity in METs 1720.47 ± 4154.24 3416.12 ± 6427.46 < 0.001

Raw vegetable and fruits consumption ≥ 5
servings per day

57 (15.7%) 361 (15.3%) 0.837

BMI 29.28 ± 4.90 26.76 ± 5.28 < 0.001

Waist circumference 98.12 ± 11.23 90.13 ± 12.96 < 0.001
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The results of our study show that the PM10 concentrations
in the five big cities were much higher than the air quality
standards for PM10 concentrations assigned by the EU and
the World Health Organization (WHO) to protect health.
The PM10 concentration in Shiraz (which had the lowest
levels of this pollutant) was 70.41 μg/m3 while the EU rec-
ommended annual standard value for PM10 is 40 μg/m3 and
the WHO guideline level is 20 μg/m3. In Tehran, the capital,
the daily average of PM10 in 2011 exceeded the standard
levels in more than 321 days (Hassanvand et al. 2014;
Naddafi et al. 2012).

Studies have shown that the main air pollutants in the
Iranian cities were the particulate material pollutants
(Gharehchahi et al. 2013; Hassanvand et al. 2014; Naddafi
et al. 2012; Shahsavani et al. 2012; Zallaghi et al. 2015).
Although there are more data on PM2.5 than for PM10 in the
studies investigating the consequences of air pollution, we had
to use PM10 as an index of pollution because the air quality
monitoring stations in Iran did not measure PM2.5 concentra-
tions at that time. In our study, higher ambient particulate mat-
ter was associated with higher prevalence of diabetes and hy-
pertension in Iranian adults. The PM10 yearly average concen-
trations were 58 μg/m3 in Ankara (Turkey) and 48 μg/m3 in
Istanbul (WHO Global Urban Ambient Air pollution Database
2016). In a large Turkish population-based study, the presence
of hypertension was 13.66%, while for diabetes and metabolic
syndrome were 4.16 and 17.91%, respectively (Sanisoglu et al.
2006). Current data from the IDF indicate a diabetes preva-
lence of 12.5% in Turkey. Data from the WHO on air pollution
by country indicate that in 2014, the average yearly PM10 was
16 μg/m3 in the USA, 19.6 μg/m3 in the UK, 24.2 μg/m3 in
France, and 21.7 μg/m3 in Germany. The diabetes prevalence
in these countries in the same year was 11.39% in the USA,
5.38% in the UK, 7.17% in France, and 11.52% in Germany

(IDF-Diabetes Atlas 2016). Moreover, in some of these coun-
tries like the USA or Germany, the prevalence of diabetes is
comparable to our population despite the fact that the PM10

levels in these countries are much lower than what we have.
This could be explained by the different lifestyle or other un-
measured factors. In addition, methods measuring exposure to
ambient particulate matter might be different.

The national epidemiologic study conducted by the US
Environmental Protection Agency in 2004 and 2005 showed
that the increased concentration of PM2.5 in the air is associ-
ated with an increased prevalence of diabetes. Analyses
showed that there is a direct link between the prevalence of
diabetes and the PM2.5 concentrations in the air, so that for
each 10 μg/m3 increase in PM2.5, there is a 1% increase in the
prevalence of diabetes. Moreover, PM10 is known to have
different compositions across areas. Depending this heteroge-
neity might affect its diabetogenic effect (Eze et al. 2014).
Therefore, source identification is an important issue need to
be considered.

Postulated mechanisms for the role of air pollution in the
etiology of diabetes mellitus include oxidative stress and low-
grade inflammation, endothelial dysfunction, visceral adipose
tissue inflammation, endoplasmic reticulum stress, and mito-
chondrial dysfunction (Liu et al. 2012) with resulting impair-
ment in insulin signaling (Xu et al. 2013). Experimental stud-
ies have shown that PM2.5 has the ability to activate a patho-
physiologic response that is responsible for insulin resistance
in type 2 diabetes (Beelen et al. 2014). However, unlike the
association between air pollution and cardiac/respiratory dis-
easewhich is proven and validated, there is no strong evidence
to link air pollution with diabetes and hypertension, consider-
ing important factors such as sedentary lifestyle, race, and
obesity.

The maximum average PM10 values in the majority of pre-
vious studies were less than 30 μg/m3 (Eze et al. 2014; Wang
et al. 2014). In present study, we investigated the prevalence
of diabetes in cities that hadmuch higher levels of air pollution
in terms of PM10 in the ambient air.

In this study, we used data from the SuRFNCD and ambi-
ent particulate matter data from the air quality monitoring
stations in five large cities in Iran. However, there were some
limitations. Considering the ambient air pollutants, PM10 was

Table 5 Summary of logistic regression analysis for the effect of
covariates on prevalence of diabetes mellitus

Effect of city PM10 p value OR CI for OR

Crude model 0.02 1.33 (1.06,1.66)

City PM10 in model 1 0.01 1.37 (1.08,1.74)

City PM10 in model 2 0.027 1.32 (1.03,1.69)

Model 1: adjusted by age, gender, and BMI. Model 2: adjusted by model
1 + physical activity in METs, vegetable and fruit intake, and smoking

Table 6 Summary of logistic regressions analysis for the effect of
covariates on prevalence of hypertension

Effect of city PM10 p value OR CI for OR

Crude model 0.003 1.36 (1.11,1.65)

City PM10 in model 1 0.001 1.46 (1.17,1.83)

City PM10 in model 2 0.001 1.55 (1.21,1.99)

Model 1:adjusted by age, gender, and BMI.Model 2: adjusted bymodel 1
+ physical activity in METs, vegetable and fruit intake, and smoking

Table 4 Comparison of the prevalence of diabetes and hypertension in
cities with 5-year average of PM10 concentration below and above the
cutoff value of 100 μg/m3

PM10 ≥ 100 μg/m3 PM10 < 100 μg/m3 p value

Diabetes 151 (13.8%) 194 (10.7%) 0.015

Hypertension 165 (15.7%) 214 (11.9%) 0.005
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the only pollutant that was measured. Another limitation
was the inclusion of all cases of self-reported, physician-
diagnosed diabetes in the analysis irrespective of time of
diagnosis. Moreover, the prevalence of diabetes and hyper-
tension were calculated based on a cross-sectional study
design (SuRFNCD). Therefore, we could not provide any
dose-response relationship between PM10 concentration
and prevalence of diabetes or hypertension.

Conclusion

The results of this study show that very high ambient partic-
ulate matter (PM10) is associated with prevalence of diabetes
and hypertension in Iranian adults. These findings highlight
the burden of air pollution on global health in developing
countries.
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