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Abstract
Background : To investigate the effects of air pollutants on the incidence of diabetes, and to provide
reliable evidence for the prevention and control of diabetes.  Method : Electronic databases of PubMed,
Embase, Web of Science, Wanfang Digital Periodicals (WANFANG), WeiPu, China National Knowledge
Infrastructure (CNKI), Springer, and Ovid were searched. RevMan5.3 software was used for meta analysis
of the literature included in this study, I 2  was used to measure the heterogeneity of the research contents
of the included literature, and �xed effect model or random effect model was used for combined analysis
of the overall incidence of diabetes and the incidence of diabetes under different air pollutants.  Result : A
total of 22 articles with high overall quality were included in this study, including 2703882 subjects and
535190 patients with diabetes.Pooled effect of the studies was determined using relative risk(RR). PM 10
  ( RR =1.00; 95% CI :0.99-1.02, P =0.61), PM 2.5  ( RR =1.02 ; 95% C I:1.01-1.04, P =0.01), NO X  ( RR =1.00;
95% CI :1.00-1.01, P =0.006), NO 2  ( RR =1.00; 95% CI :1.00-1.01, P =0.01), O 3  ( RR =1.00; 95% CI :0.99-
1.01, P =0.99). No correlation was found between PM 10 , NO 2 , O 3  and the risk of type 2 diabetes. The
risk of diabetes increased by 1% in people exposed to total air pollutants, increased by 2% in people
exposed to PM 2.5 , and increased by 1% in people exposed to NO X .  Conclusion : Results of this paper
showed that air pollutants are weakly positively correlated with the risk of diabetes. As to the other
in�uencing factors should be further studied.

Background
Diabetes has become one of the serious public health issues in worldwide. In 2017, 451 million people
(age 18–99 years) were estimated to be suffering from diabetes, majority of the burden being in low and
middle income countries. However, these �gures were estimated to upped to 693 million by 2045[1]. The
prevalence and incidence rate of diabetes in China is increasing by years[2]. The etiology of diabetes is
complex and it is recognized as a chronic non-communicable disease caused by congenital genetic
factors and external environmental factors, involving many risk factors. Congenital genetic factors
determine the innate susceptibility of each person, environmental factors lead to the incidence of
diabetes under the stimulation of environmental factors. In the prevention and control of diabetes,
intervention of environmental factors are easier to achieve than genetic factors. Therefore, identifying
environmental risk factors and intervening them may reduce the incidence and mortality of diabetes.

Recent studies have shown that exposure to ambient air pollution is an undesirable stimulus and a risk
factor for diabetes[3-5]. Air pollution is a ubiquitous exposure that affects a large percentage of the
world's population. There are many sources of air pollution, including industrial facilities, cars, ships, and
aircraft, as well as home burning devices or forest �res and volcanic eruptions[6]. According to the source
of the pollutants, environmental factors (including climatic conditions, time, industrial activity, and tra�c
density), the size, composition, and concentration of particulate matter vary from one region to another.
Gas-state pollutants include nitrogen oxides (NOx), carbon oxides (COx), sulfur oxides (SOx), and ozone
(O3). Aerosol-state pollutants mainly include dust, particulates (PM), etc[7]. Exposure to air pollutants is
an important adjustable and reversible environmental risk factor for diabetes. Understanding the
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relationship between exposure to air pollution and the development of diabetes is critical to our ability to
control air pollution and its impact on diabetes. To our knowledge, several prior studies have performed
meta analysis or systematic reviews related to the association between diabetes and air pollutants, but
very few of them were based on cohort studies or only reported type 2 diabetes. Therefore we aim to
explore the relationship between air pollutants and the risk of diabetes based on cohort studies.

Methods
Literature search strategy

Literature research was conducted with restriction of published year(from January of 2000 to May of
2019 ) but without restriction of region and publication status. Electronic databases of PubMed, Embase,
Web of Science, Wanfang Digital Periodicals (WANFANG), WeiPu, China National Knowledge
Infrastructure (CNKI), Springer, and Ovid were searched. Detailed PubMed strategy was listed as follows:
((((diabetes mellitus) OR DM) AND air pollution) AND contaminants). Related articles of the included
studies were screened according to the inclusion and exclusion criteria. The title and abstracts of all
studies identi�ed by the literature search were evaluated. The full text of any abstract meeting the
inclusion criteria was then reviewed. At the same time, more relevant literature is collected by the literature
trace method and manual search method.

Inclusion and exclusion criteria

Articles meeting the following criteria were included:subjects included non-diabetic population at
baseline;exposure factors included relevant air pollutants;studies outcomes were diabetes (type 1
diabetes, type 2 diabetes, gestational diabetes); cohort studies; the studies provide data information
associated with the risk of developing diabetes. The exclusion criteria were as follows: non-cohort
studies;the outcome was not suitable for meta analysis; not reporting full information; it was not possible
to obtain full text; studies with low reliability and small sample size(less than 1000); repeated articles;
reviews.

Data extraction and outcome of interest

The collection of literature data uses a uni�ed data extraction form, the main information extracted from
each document: including the �rst author, publication year, country, study design type, study race, sample
size of each group, follow-up time, adjusted confounding factors indicators which are risk ratio(RR) and
95% con�dence intervals (CI), NOS score. Heterogeneity was assessed using the I2 statistics.

Quality assessment and statistical analysis

Quality assessment was carried out for all retrieved studies. Quality in the systematic review referred to
the potential of biases during data analysis. The methodological integrity of the study was carried out
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according to the “Newcastle-Ottawa scale”(NOS) for assessing the quality of non-randomized studies in
meta-analysis[8].

The RR and Hazard Ratio (HR) values in the literature are directly regarded as RR values. Meta-analysis
was performed with Review Manager(version 5.3). Heterogeneity was assessed using the Cochrane
handbook and I2 statistics, P= 0.05 using the χ2 test for the Q statistic and I2, 50% for the I2 statistic were
interpreted as low-level heterogeneity. If I2 <50%, a �xed effect model is used; if I2 ≥ 50%, a random
effects model is used for pooled data[9].

The sensitivity of the results was analyzed by comparing the differences between the �xed effect model
and the random effect model effect. Through analysis, we explore the effects of research features on
outcome variables in the literature and analyze the reasons for their heterogeneity. The funnel plot was
used to test the publication bias. If P>0.05, the inverted funnel plot was uniformly symmetrically
distributed, indicating no publication bias.

Results
452 articles were retrieved (42 Chinese papers and 410 English papers) in all.The literature screening �ow
chart is shown in Fig.1. Overall a total of 2703882 individuals were included in these studies.Table 1.
indicates the summary of 22 cohort studies contributing data to systematic review. Included basic
information: �rst author, published year, study design, follow-up years, age distribution, number of
participants,total number of diabetic patients in the outcome,type of diabetes and quality score. The
confounding factors of the included studies were diverse, therefore gender, age, smoking, drinking and
comorbidities were adjusted. The NOS scores of included studies were 6-9, indicating high quality
literature.

Air pollutants and the risk of diabetes

The air pollutants in the included in studies were SO2, PM10, PM2.5, NOX, NO2, O3. Heterogeneity analysis

showed that there was no statistical difference between each included studies (P=0.52, I2=0%), so �xed
effect model was used. The results showed that RR=1.01 (95% CI: 1.00-1.01), the difference was
statistically signi�cant (P<0.05), indicating that air pollutants were associated with the risk of
diabetes,the risk of onset increased by 1% in those who exposed to air pollutants. Subgroup analysis was
performed according to different regions: (1) North America: the results showed that RR=1.01 (95% CI:
1.00-1.02), the difference was statistically signi�cant (P<0.05) which indicates that there is a correlation
between air pollutants and the risk of diabetes, and the risk of diabetes is increased by 1% in people
exposed to air pollutants. (2)Asia:the results showed that RR=1.06 (95% CI: 1.00-1.13), the difference was
statistically signi�cant (P<0.05), this indicates that there is a correlation between air pollutants and the
risk of diabetes, and the risk of diabetes is increased by 6% in people exposed to air pollutants. (3)Europe:
the results showed RR=1.00 (95% CI: 1.00-1.01), the difference was statistically signi�cant (P<0.05),
details showed in Fig.2.
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PM10 and risk of diabetes

A total of 6 articles [11,21-24,27,31] studied PM10 as a risk factor,�ve of them had type2 diabetes as the
outcome,another one was gestational diabetes.The    cumulative follow-up number was 1,662,778, and
the number of people with diabetes was 83,584. Heterogeneity analysis showed that there was no
statistical difference between the included studies (P=0.68, I2=0%), so the data were combined using the
�xed effect model, and the meta-analysis of PM10 and diabetes risk showed that RR=1.00 (95% CI: 0.99-
1.02), the difference was not statistically signi�cant (P>0.05), indicating that PM10 has no correlation
with the risk of diabetes, as shown in Fig.3. Removed the literature of gestational diabetes, the meta-
analysis of the risk of PM10 and type 2 diabetes showed RR=1.01 (95% CI: 0.99-1.02), the difference was
still not statistically signi�cant (P>0.05), indicating there was no correlation between the risk of
developing type 2 diabetes and PM10,shown in Fig.4.

PM2.5 and risk of diabetes

A total of 16 articles [10-20, 23-28, 31] studied PM2.5 as a risk factor. Two of these articles had both type
2 and type 1 diabetes as outcomes,eleven were type 2 diabetes and 3 were gestational diabetes. The
cumulative follow-up number was 1198374, and the number of people with diabetes was 459834.
Heterogeneity analysis showed that there was no statistical difference between the included studies
(P=0.39, I2=5%), so the data were combined using the �xed effect model.The meta-analysis of PM2.5 and
diabetes risk showed RR=1.02 (95% CI: 1.01-1.04), the difference was statistically signi�cant (P<0.05),
indicating that PM2.5 was associated with the risk of diabetes, the risk of onset increased by 2%.
Subgroup analysis conducted according to the type of diabetes, RR = 1.05 (95% CI: 1.03-1.08), the
difference was statistically signi�cant (P < 0.001), indicating PM2.5 and the risk of developing type 2
diabetes is increased by 5% in those who exposed to air pollutants PM2.5,shown in Fig.5.

NOx and risk of diabetes

Five articles studied NOx as a risk factor[10-11,13,23,27]. The cumulative follw-up number was
2029159,the number of people with diabetes were 91590. Heterogeneity analysis showed that there was
no statistical difference between the included studies (P=0.59, I2=0%), so the data were combined using
the �xed effect model. The meta-analysis of NOX and diabetes risk showed RR=1.01 (95% CI: 1.01-1.04),
the difference was statistically signi�cant (P < 0.001), indicating that NOX has a correlation with the risk
of diabetes, and the risk of diabetes is increased by 1% in people exposed to air pollutants NOX,shown in
Fig.6.

NO2 and risk of diabetes

A total of 9 literature [11,13-14,17,19,21-23, 29] including NO2 as an exposure factor. Two articles had
both type 1 and 2 diabetes as outcomes,7 articles had type 2 diabetes as outcomes. The cumulative
number of follow-ups was 1876661, and the number of people with diabetes was 89,417. Heterogeneity
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analysis showed that there was no statistical difference between the included studies (P=0.69, I2=0%), so
the data were combined using the �xed effect model. The meta-analysis of NO2 and diabetes risk showed
RR=1.00 (95% CI: 1.00-1.01), the difference was not statistically signi�cant (P>0.05), indicating that NO2

has no correlation with the risk of diabetes. See Fig.7 for details.

O3 and risk of diabetes

A total of 3 literature [11,19,27] studied O3 as a risk factor. The cumulative number of follow-ups were
1,582,148, and the number of people with diabetes were 77,565. Heterogeneity analysis showed that there
was no statistical difference between the included studies (P=0.54, I2=0%), so the data were combined
using the �xed effect model. The meta-analysis of the risk of O3 and diabetes showed that RR =1.00 (95%
CI: 0.99-1.01), the difference was not statistically signi�cant (P>0.05), indicating that there is no
correlation between O3 and the risk of diabetes, shown in Fig.8.

Sensitivity analysis

In the including studies, the most weighted study was removed, and the remaining studies were meta-
analyzed. The RR value and 95% CI of the combined before and after exclusion were not changed much,
suggesting that the meta-analysis results are stable and reliable. Shown on Table.2.

Publication bias analysis

As shown in Fig.9-Fig.13, most of the research effect points were concentrated in a narrow area, and the
funnel plots were symmetrically distributed, indicating that the included articles had no publication bias.

Discussion
Diabetes is currently one of the most serious public health issues in the world and one of the leading
causes of premature death in the global population. In both developed and developing countries, the
incidence and prevalence of diabetes is increasing. This phenomenon is related to modern lifestyle
characteristics, including obesity and lack of exercise[32]. However, exposure to air pollutants was also
considered to be a risk factor in the prevalence of diabetes[33]. The results of this meta-analysis showed
that the gaseous pollutants and PM were weakly positively correlated with the risk of diabetes. The
results of this study are same with a systematic review published in 2014[34]. This study found that there
was no correlation between the risk of diabetes and PM10, NO2, O3 respectively. The risk of diabetes
increased by 5% in people exposed to air pollutants PM2.5, and 1% in those who exposed to NOx. There
were su�cient evidences provide that ambient air pollutants play a role in glucose metabolism and type 2
diabetes etiology[35]. Studies have reported that airborne particulate matter PM2.5 is rich in persistent
semi-steroidal free radicals[36]. A multicountry time-series analysis provides evidence on positive
associations between short-term exposure to PM 10 and PM 2.5 and mortality of cardiovascular disease
and respiratory disease[37]. Besides,the relaxation of blood vessels and endothelial function decreases
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with increasing PM2.5[38]. After exposure to PM2.5, the levels of tumor necrosis factor (TNF-α), interleukin-
6, resistin and leptin were elevated, and the expression of interleukin-10 was decreased, resulting in an
increase in adipose tissue macrophages and dysfunction of intravascular cell barriers. The expression of
pro-in�ammatory and insulin resistance changes[39]. Increased tumor necrosis factor TNF-α and
macrophage in�ammatory proteins lead to hyperglycemia and deteriorating beta cell function[40]. 

Air pollution is an in�uential factor in the pathogenesis of diabetes. However, the mechanism by which air
pollutants increase the risk of diabetes is not fully understood. The possible mechanism by which air
pollutants increase the risk of diabetes is through:(1)Inducing and/or triggering the body's insulin
resistance[41]; (2)They may act directly on the pancreatic tissue of the body, causing impaired beta-cell
function in the pancreas to produce insulin, causing the body to not produce enough insulin. They may
also act directly on the body's cellular insulin receptor, thereby affecting the receptor's binding to insulin,
causing insulin to function normally[42]; (3)Inhaled air pollutants enter the systemic circulation through
the alveoli to activate the sympathetic nervous system or through the hypothalamus, or both, thereby
activating certain signaling pathways that cause in�ammation, oxidative stress, endoplasmic reticulum
stress, and mitochondrial function in insulin target tissues,and then the accumulation of body fat tissue,
heat production, liver fat deposition, skeletal muscle glucose uptake disorders and other multi-organ
sugar metabolism, lipid metabolism abnormalities, thereby promoting the occurrence of diabetes[15];
Environmental factors indirectly increase the risk of diabetes by affecting people's daily behavior. High
concentrations of air pollution can affect the air quality of the community, which in turn can reduce the
risk of diabetes by reducing opportunities for outdoor recreation, socializing, leisure time and physical
activity. At the same time, cognitive stress caused by air pollution may trigger a series of neuroendocrine
reactions, leading to hyperglycemia, systemic in�ammation, insulin resistance, and ultimately
diabetes[42].

There are some limitations in this study: (1) The articles included in this study are all cohort studies,
namely observational studies, so there were inevitably mixed biases. In this study, we included articles of
different types of diabetes which were type 1, type 2, and gestational diabetes. Diversi�ed research
content: research levels, follow-up time, exposure assessment methods, and control of confounding
factors were all different. The included subjects in the study were of different ages,gender proportion and
ethnicity, which inevitably had a certain bias on the results. (2)The way to obtain the information about
the diagnosis of diabetes in the follow-up population was self-reported or doctor's report, and some of
them lack of objective evaluation. (3)Since this study only analyzed the relevant in�uencing factors
which analyzed with high frequency in included articles, it is necessary to conduct more comprehensive
and detailed research and analysis on the risk of other air pollutants and diabetes in the future.

The published literature on the relationship between air pollution exposure and diabetes is limited and
based on the interpretation of different perspectives and backgrounds, while air pollution is a mixture of
multiple pollutants, it is impossible to distinguish the effects of each pollutants. Different pollutant
mechanisms are different. In summary, air pollutants increase the risk of diabetes. At present, controlling
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air pollution should be used as a strategy to prevent and control diabetes. Therefore, people should be
aware of the dangers of air pollution and reduce the risk of air pollution by formulating strategies.

Conclusion
Air pollutants are weakly positively correlated with the risk of diabetes. The risk of diabetes increased by
2% in people exposed to air pollutants PM2.5, and the risk of diabetes increased by 1% in people exposed
to air pollutants NOX. The results of this meta-analysis did not �nd a correlation between PM10, NO2, O3

and the risk of diabetes.
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First
author

Published
year

Follow-up
years

Age Number of
participants

Number of diabetic
outcomes

Type of
diabetes

NOS
score

Coogan, P.
F[10]

2012 10 21-
69

4204 183 T2DM 7

Renzi M[11] 2018 6 35+ 1319193 65,995 T2DM 8

Fleisch A
F[12]

2016 5 20+ 159373 5381 GDM 8

Charlotte
C[13]

2017 4 45-
84

380738 12941 DM 8

Honda T[14] 2017 --- 57+ 4121 916 DM 6

Liang F[15]
2019 4 35-

74
88397 6439 T2DM 7

Qiu H[16] 2018 9.8 65+ 61447 806 T2DM 8

Park S K[17]
2015 9 45-

84
5839 622 T2DM 7

Chen H[18] 2013 8 54.9 62012 6310 T2DM 9

Jerrett
M[19]

2017 10 21-
69

43003 227 T2DM 8

To T[20]
2015 30 40-

59
29549 6447 T2DM 9

Coogan
PF[21]

2016 17 21-
69

43003 4387 T2DM 7

Eze IC[22]
2014 10 29-

73
6392 315 T2DM 8

Hansen
AB[23]

2016 15 44+ 24174 1137 T2DM 8

Weinmayr
G[24]

2015 5 45-
75

3607 331 T2DM 6

Coogan
PF[25]

2016 17 21-
69

33771 4387 T2DM 8

Benjamin
B[26]

2018 8.5 --- 1729108 397966 T2DM 7

Robledo
CA[27]

2015 7 24-
28

219952 11334 GDM 8

Fleisch
AF[28]

2014 12 31.8 2093 118 GDM 7

Andersen
ZJ[29]

2012 9.7 50-
65

51818 2877 T2DM 8

Malmqvist
E[30]

2013 6 25+ 81110 1599 GDM 8

 Puett
RC[31]

2011 23 40-
75

15048 688 T2DM 8

30-
55

74412 3784 T2DM
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Table 2.Sensitivity analysis.
  Before sensitivity analysis Removed article After sensitivity analysis

PM10 and diabetes 1.00 [0.99, 1.02] Renzi M 2018[2] 1.01 [0.98, 1.03]

PM2.5 and diabetes 1.02 [1.01, 1.04] Charlotte C 2017[4] 1.03 [1.01, 1.05]

NOX and diabetes 1.01 [1.00, 1.01] Renzi M 2018[2] 1.02 [1.00, 1.03]

NO2 and diabetes 1.01 [1.00, 1.01] Renzi M 2018[2] 1.01 [0.99, 1.02]

Figures

Figure 1

Flow diagram of studies identi�ed, included, and excluded.
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Figure 2

Forest plots of air pollutants and diabetes risk.
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Figure 3

Forest plots of PM10 and risk of diabetes.

Figure 4

Forest plots of the relationship between PM10 and risk of type 2 diabetes.
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Figure 5

Forest plot of PM2.5 and risk of diabetes.
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Figure 6

Forest plot of NOx and risk of diabetes.

Figure 7

Forest plot of NO2 and risk of diabetes.
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Figure 8

Forest plots of O3 and risk of diabetes.

Figure 9
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Funnel plots of air pollutants.

Figure 10

Funnel plots of PM10
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Figure 11

Funnel plots of PM2.5



Page 22/23

Figure 12

Funnel plots of NOx
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Figure 13

Funnel plots of NO2.


