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Abstract
Objective: Diabetes mellitus (DM) is known to aggravate the association between air pollution and
cardiovascular diseases, such as hypertension. However, the influence may differ based on the degree of glycemic
control. Therefore, we hypothesized that the adverse effects of air pollutants on Blood Pressure (BP) in patients with
controlled DM would be less than those in patients with uncontrolled DM.
Methods: Data were analyzed from a panel study of 560 elderly participants, conducted between 2008 and 2010
in Seoul, Korea. Mixed effects models were used to assess the association of air pollutants [particulate matter with
aerodynamic diameters<10 μm (PM10), PM2.5, PM10-2.5, nitrogen dioxide, ozone, sulfur dioxide, and carbon monoxide]
with BP. We compared the magnitude of the effects among individuals with controlled and uncontrolled DM and those
without DM.
Results: Increases in the interquartile range levels of PM10 were significantly associated with 2.0 mmHg (95%
CI, 0.7–41.7 mmHg) increases in systolic BP (SBP) and 2.0 mmHg (95% CI, 1.2–41.7 mmHg) increases in diastolic
BP (DBP) when we analyzed all participants. Most of the other air pollutants, except ozone, were also associated
with significant increases in BP. When we compared the BP changes among the three groups (non-DM, controlled
DM, and uncontrolled DM), significant increases in SBP and DBP were observed in participants with uncontrolled DM
and those without DM; significant BP increases were not observed in participants with controlled DM.
Conclusion: Glycemic control provided benefits for alleviating BP changes associated with exposure to air
pollutants.

Keywords: Air pollution; Blood pressure; Diabetes mellitus; Elderly;
Glycemic control; Inflammation; Mixed effects model; Panel study
Introduction
Air pollution is known to affect the markers of cardiovascular
health, such as Blood Pressure (BP), heart rate variability, inflammation,
and coagulation [1-3]. Plausible pathways for the association between
cardiovascular disease and air pollution are speculated to involve
oxidative stress, inflammation, elevated endothelin activity, or altered
autonomic nervous system balance [4,5]. Because cardiovascular
diseases and Diabetes Mellitus (DM) share common pathways, such
as oxidative stress and inflammation, there is a possibility that the
association between cardiovascular health indicators and air pollution
is modified by an individual’s DM status. Studies have found that
markers of systemic inflammation, impaired vascular reactivity,
and cardiovascular events are affected more by air pollution among
individuals with DM than among others [6-9]. However, controlled
and uncontrolled DM may have different effects on cardiovascular
symptoms or diseases because glycemic control reduces not only
glucose levels but may also reduce inflammation and oxidative stress. In
fact, the use of anti-diabetic medications has been suggested to reduce
cardiovascular disease events [10]. Hence, good glycemic control
may result in fewer or less severe adverse cardiovascular effects, upon
exposure to air pollutants, compared to uncontrolled DM.
In this study, we used systolic and diastolic BP (SBP and DBP,
respectively) as markers of cardiovascular health because BP has been
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previously reported to be affected by the exposure to air pollutants [1115]. We hypothesized that the adverse effects of air pollutants on SBP
and DBP would be less in patients with controlled DM than in those
with uncontrolled DM or, possibly, in non-DM individuals.

Materials and Methods
Population
This study evaluated data from a study of 560 elderly participants
who regularly visited a community welfare center, located in the midnorthern part of Seoul, Korea, between 2008 and 2010. During the
3-year study period, 179 participants visited the welfare center only
once, 196 visited twice, and 182 visited three times. We obtained
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written informed consent from all participants and the Institutional
Review Board (IRB) of Seoul National University Hospital reviewed
and approved the study protocol (IRB no. H-0804-045-241).
We performed the first round of this 3-year study between August
and December 2008, the second between April and October 2009,
and the last between March and August 2010. From the baseline
questionnaires administered by interviewers, we recorded each patient’s
demographic and behavioral characteristics, a self-reported history of
doctor-diagnosed chronic diseases, including DM, and data on whether
medications were used within the past year (yes or no). At each visit,
the participants underwent physical examinations, and fasting blood
and urine samples were drawn between 0900 and 1200 h on the same
day. Individuals with missing information regarding their DM status or
measurements of fasting glucose were excluded (n=3).

Blood pressure and diabetes mellitus
BP was measured by trained medical technologists, using an
automatic sphygmomanometer (HEM-780; Omron, Kyoto, Japan) after
the participant had rested for more than 10-min. Participants were
asked to remain in a sedentary for an additional 10 minutes, prior to a
second blood pressure measurement being conducted. The mean SBP
and DBP were calculated from the 2 measurements, and used as the
dependent variable in the analyses.
Responses to the baseline questionnaire regarding doctordiagnosed diabetes and measured serum glucose levels, determined
using the hexokinase method (Pureauto S GLU kit, Daiichi Pure
Chemicals, Tokyo, Japan), were used to define non-DM, controlled
DM, and uncontrolled DM participants. DM was defined at each
visit when the participant was diagnosed with diabetes (regardless of
treatment) or when the participant had a fasting serum glucose level
(FG) ≥ 126 mg/dL at the visit. Among participants with DM, we
stratified the individuals into 2 groups: the uncontrolled (FG ≥ 110 mg/
dL) and the controlled (FG<110 mg/dL) DM groups. The cutoff points
were determined using the World Health Organization guidelines for
diabetes (126 mg/dL) and impaired fasting glucose (110 mg/dL) [16].

Environmental variables
We computed the daily air pollution concentrations (particulate
matter with aerodynamic diameters less than 10 μm (PM10), PM2.5,
PM10-2.5, nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2),
and carbon monoxide (CO)) by averaging the 24-h data obtained
from the Research Institute of Public Health and Environment (Seoul,
Korea). These particles and gaseous pollutants were measured from the
rooftops of municipal buildings in Seongbuk-Gu throughout the study
period (August 2008−August 2010). Detailed information regarding
the measurement methods were described previously [17]. We also
collected data on the temperature (˚C), sea-level pressure (hPa), and
humidity (%) from the Korea Meteorological Administration to adjust
for other environmental confounders.

Statistical analyses
We used mixed effect models with a compound symmetry
covariance structure to assess the association of air pollution with SBP
and DBP in order to account for inter- and intra-subject variability.
The confounding variables considered were age (years), gender (male
or female), exercise (less than once a week or more), regular alcohol
consumption (yes or no), body mass index (BMI, kg/m2), history of
hypertension (yes or no), cotinine level (µg/g creatinine) as a proxy
of exposure to either passive or active smoking, education (more or
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less than or equal to 6 years of schooling), number of visits for study
participation (1-3 times), daily mean temperature (˚C), relative
humidity (%), sea-level pressure (hPa), and season (spring, summer,
fall, or winter).
We analyzed SBP and DBP changes related to the air pollutants
(PM10, PM2.5, PM10-2.5, PM, NO2, O3, SO2, and CO). To examine lagged
effects of air pollutants, we computed the moving average of air
pollutants from the concurrent day to 6 days previously, and analyzed
the association of lagged pollutant changes with BP. We compared the
magnitude of the air pollution effects on BP changes by subgroups
(non-DM, controlled DM, and uncontrolled DM). Effects were shown
as changes in SBP and DBP per Interquartile Range (IQR) increases of
ambient pollutants with 95% Confidence Intervals (CI).
To reduce selection bias of non-random missing data, we
considered follow-up weighting, as described in detail in our previous
study [17,18]. Briefly, we calculated the inverse probability of attaining
a follow-up response from logistic regression using the previous
measurements, including age, sex, BMI, number of years of schooling,
blood pressure, season, and temperature [19]. A weighting of 1 was
given to the first observation for each participant and greater weighting
(the inverse of predicted probability of having a follow-up response)
to the observations that were more likely missing [20]. All statistical
analyses were conducted using SAS software (Version 9.3, SAS Institute,
Cary, NC, USA).

Results
At the first visit, involving 557 participants, 101 individuals were
classified as having DM, based on the self-reported results and the
measured glucose levels. Of the 101 DM participants, more than half
(n=54) had uncontrolled DM (FG ≥ 110 mg/dL). The mean age of the
participants at the first visit was 70.7 years; 74% were female. Glucose
levels were higher among individuals in the DM group (120.3 mg/dL)
than among those in the non-DM group (91.0 mg/dL). Among the DM
participants, the uncontrolled group had a higher mean glucose level
(140.8 mg/dL) than did the controlled group (95.3 mg/dL) (Table 1).
The average temperature during the study period (2008–2010)
was 17.4˚C (standard deviation (SD) 8.1˚C); temperatures on the days
when the participants with controlled DM visited the center (19.4˚C
(7.0˚C)) were higher than when those with uncontrolled DM visited
(17.0˚C (8.2˚C)). The average air pollutant concentrations during the
study period were 41.6 (15.5) µg/m3 for PM10, 22.3 (7.6) µg/m3 for PM2.5,
19.3 (9.6) µg/m3 for PM10-2.5, 35.7 (7.4) ppb for NO2, 30.6 (11.2) ppb for
O3, 3.8 (1.5) ppb for SO2, and 0.57 (0.17) ppm for CO. Air pollution
concentrations, except for O3, were significantly higher on the days
when the uncontrolled DM participants visited the center than when
the controlled DM participants visited (P-value<0.05) (Table 2). Of the
three examination times, the mean outdoor temperature was higher at
the second visit (22.0˚C) than at the first (15.4˚C) or third (14.9˚C)
visits. The ambient pollutant concentrations (PM10, PM2.5, PM10-2.5, NO2,
O3, SO2, and CO) were higher at the first and third visits than at the
second visit (Supplementary Material, Table S1).
When we analyzed all participants, increases in the PM10 IQR levels
were associated with 2.0 mmHg (95% CI, 0.7–41.7 mmHg) increases
in SBP and 2.0 mmHg (95% CI, 1.2-41.7 mmHg) increases in DBP
(Table 3). Increased PM2.5 levels were associated with SBP increases of
1.4 mmHg (95% CI, 0.3-18.9 mmHg) and DBP increases of 1.4 mmHg
(95% CI, 0.8-18.9 mm Hg). Coarse particles, PM10-2.5, showed greater
SBP (2.5 mmHg (95% CI, 0.8-26.9 mmHg)) and DBP (2.3 mmHg (95%
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Mean ± Standard deviation, N (%)
Total (N=557)

Non-DM (N=456)

Age, years

70.7 ± 5.3

Glucose, mg/dL

DM
Total (N=101)

Controlled (N=47)

70.6 ± 5.3

71.1 ± 5.1

70.7 ± 4.2

Uncontrolled (N=54)
71.3 ± 5.7

96.2 ± 20.4

91.0 ± 10.6

120.3 ± 33.5*

95.3 ± 9.5

140.8 ± 32.1*

SBP, mmHg

131.8 ± 16.7

131.8 ± 16.7

131.6 ± 17.0

130.5 ± 16.6

132.5 ± 17.5

DBP, mmHg

74.5 ± 9.9

74.9 ± 9.9

72.7 ± 10.0*

72.5 ± 9.2

73.0 ± 10.7

Sex
Male

144 (25.9 %)

116 (25.4 %)

28 (27.7 %)

16 (34.0 %)

12 (22.2 %)

Female

413 (74.1 %)

340 (74.6 %)

73 (72.3 %)

31 (66.0 %)

42 (77.8 %)

<Q1

139 (25.0 %)

120 (26.3 %)

19 (18.8 %)

10 (21.3 %)

9 (16.7 %)

Q1-Q3

284 (51.0 %)

233 (51.1 %)

51 (50.5 %)

19 (40.4 %)

32 (59.3 %)

≥ Q3

134 (24.1 %)

103 (22.6 %)

31 (30.7 %)

18 (38.3 %)

13 (24.1 %)

Yes

343 (63.2 %)

274 (61.9 %)

69 (69.0 %)

35 (74.5 %)

34 (64.2 %)

No

200 (36.8 %)

169 (38.1 %)

31 (31.0 %)

12 (25.5 %)

19 (35.8 %)

BMIa

Exercise

Alcohol consumption
Yes

121 (22.4 %)

96 (21.8 %)

25 (25.3 %)

12 (25.5 %)

13 (25.0 %)

No

419 (77.6 %)

345 (78.2 %)

74 (74.7 %)

35 (74.5 %)

39 (75.0 %)

Cotinine Level
(μg/g creatinine)
>400

31 (5.6 %)

27 (6.0 %)

4 (4.0 %)

2 (4.3 %)

2 (3.7 %)

≤ 400

518 (94.4 %)

422 (94.0 %)

96 (96.0 %)

44 (95.7 %)

52 (96.3 %)

< 6 years

171 (30.7 %)

136 (29.8 %)

35 (34.7 %)

15 (31.9 %)

20 (37.0 %)

≥ 6 years

386 (69.3 %)

320 (70.2 %)

66 (65.3 %)

32 (68.1 %)

34 (63.0 %)

Yes

279 (50.1 %)

216 (47.4 %)

63 (62.4 %)*

28 (59.6 %)

35 (64.8 %)

No

278 (49.9 %)

240 (52.6 %)

38 (37.6 %)

19 (40.4 %)

19 (35.2 %)

Education years

Hypertension

Abbreviations: DM: participants diagnosed as diabetes (under treatment or no treatment), or having fasting serum glucose level (FG) ≥ 126 mg/dL (7.0 mmol/L) at a visit;
non-DM, otherwise; Uncontrolled DM, FG ≥ 110 mg/dL; controlled DM (FG ≤ 110 mg/dL) among DM participants; SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure
*
Significant difference (P-value<0.05) between non-DM and DM group (marked on total DM) or between uncontrolled and controlled DM group (marked on uncontrolled
DM).
a
Quartile values of Body Mass Index (BMI) levels (kg/m2): Q1=23 and Q3=27.
Table 1: Baseline Characteristics of the Participants by state of Diabetes Mellitus (DM).
Mean (Standard Deviation)
Environmental variables

Total

Non-DM

DM
Total

Controlled

Uncontrolled

Weather
17.4 (8.1)

17.3 (8.1)

18.0 (7.8)

19.4 (7.0)

17.0 (8.2)*

Sea-level Pressure,
hPa

Temperature,˚C

1013.5 (6.2)

1013.5 (6.2)

1013.3 (6.3)

1013.2 (6.3)

1013.4 (6.4)

Relative Humidity, %

62.5 (13.1)

62.7 (13.1)

61.3 (13.0)

63.2 (13.7)

60.1 (12.4)

41.6 (15.5)

41.8 (15.6)

40.7 (15.1)

37.0 (13.5)

43.1 (15.7)*

22.3 (7.6)

22.5 (7.7)

21.8 (7.2)

20.2 (6.6)

22.8 (7.4)*

PM10-2.5, μg/m

19.3 (9.5)

19.4 (9.5)

18.9 (9.6)

16.7 (8.4)

20.4 (10.1)*

NO2, ppb

35.7 (7.4)

35.8 (7.5)

35.0 (7.2)

33.2 (6.6)

36.1 (7.3)*

O3, ppb

30.6 (11.2)

30.5 (11.3)

31.4 (10.9)

31.8 (10.2)

31.1 (11.4)

Air pollution
PM10, μg/m3
PM2.5, μg/m

3
3

SO2, ppb

3.8 (1.5)

3.9 (1.5)

3.7 (1.4)

3.3 (1.2)

3.9 (1.4)*

CO, 10 ppm

5.7 (1.7)

5.8 (1.7)

5.6 (1.6)

5.2 (1.5)

5.8 (1.6)*

Abbreviations: PM10: Particulate Matter of<10 µm in diameter; PM2.5: Particulate Matter of<2.5 µm in diameter; IQR: Interquartile Range; NO2: Nitrogen Dioxide; SO2: Sulfur
Dioxide; O3: Ozone; CO: Carbon Monoxide; DM: Diabetes Mellitus defined as a self-reported history of doctor-diagnosed disease or glucose ≥ 126 mg/dL (7.0 mmol/L).
*
Significant difference (P-value<0.05) between non-DM and DM group (marked on total DM) or between uncontrolled and controlled DM group (marked on uncontrolled
DM).
Table 2: Descriptive statistics of environmental variables by state of diabetes mellitus (DM).
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Exposure
Air pollution
PM10, μg/m3

Change of blood pressure (mmHg)
IQR

SBP

DBP

21.2

2.0 (0.7, 41.7)

2.0 (1.2, 41.7)

PM2.5, μg/m3

9.5

1.4 (0.3, 18.9)

1.4 (0.8, 18.9)

PM10-2.5, μg/m3

13.6

2.5 (0.8, 26.9)

2.3 (1.3, 26.9)

NO2, ppb

9.0

1.6 (0.4, 17.8)

1.7 (0.9, 17.8)
1.0 (-0.4, 32.2)

O3, ppb

16.4

-0.6 (-2.9, 32.1)

SO2, ppb

1.7

2.5 (1.1, 4.8)

1.3 (0.4, 4.1)

CO, 10 ppm

1.6

1.4 (0.1, 4.0)

1.2 (0.5, 3.9)

Abbreviations: PM10: Particulate Matter of<10 µm in diameter; PM2.5: Particulate
Matter of<2.5 µm in diameter; IQR: Interquartile Range; NO2: Nitrogen Dioxide;
SO2: Sulfur Dioxide; O3: Ozone; CO: Carbon Monoxide; SBP: Systolic Blood
Pressure; DBP: Diastolic Blood Pressure
Models were adjusted for age; sex; exercise level; regular alcohol consumption;
body mass index; history of hypertension; smoking status, based on cotinine level;
education; follow-up time; daily mean temperature; relative humidity; sea-level
pressure; and season.
Table 3: Blood pressure changes associated with Interquartile Range (IQR)
increases of air pollution concentrations.

CI, 1.3-26.9 mm Hg)) increases than either PM10 or PM2.5. Increases in
the levels of most of the gaseous pollutants (e.g., NO2, SO2, and CO)
were significantly related to increases in BP; O3 was not associated with
significant BP changes.
Figure 1 shows the BP changes among the three groups (non-DM,
controlled DM, and uncontrolled DM). SBP increases, in uncontrolled
DM participants, were associated with most of major air pollutants; 3.8
mmHg (95% CI, 0.7–6.9 mmHg) per IQR increase in PM10, 5.0 mmHg
(95% CI, 1.9–8.0 mmHg) per IQR increase in PM2.5, 3.9 mmHg (95%
CI, 1.0-6.8 mmHg) per IQR increase of NO2, and 3.8 mmHg (95% CI,
0.5–7.1 mmHg) per IQR increase of SO2. Non-DM participants also
showed significant SBP increases (1.0-2.5 mmHg), corresponding to
increases in the levels of most of the air pollutants. Unlike uncontrolled
DM and non-DM participants, the BPs of controlled DM participants
was not significantly associated with air pollutant levels. Among the air
pollutants, PM2.5 showed significant differences in SBP changes between
controlled and uncontrolled DM participants at an alpha level of 0.1.

Abbreviations: PM10: Particulate Matter <10 μm in diameter; PM2.5: Particulate Matter<2.5 μm in diameter; IQR: Interquartile Range; NO2: Nitrogen Dioxide; SO2:
Sulfur Dioxide; O3: Ozone; CO: Carbon Monoxide; DM: Diabetes Mellitus defined as a self-reported history of doctor-diagnosed disease or glucose ≥ 126 mg/dL (7.0
mmol/L).
Uncontrolled DM was defined based on glucose level (≥ 110 mg/dL) among DM; otherwise, controlled DM. Models were adjusted for age; sex; exercise level; regular
alcohol consumption; body mass index; history of hypertension; smoking status, based on cotinine level; education; follow-up time; daily mean temperature; relative
humidity; sea-level pressure; and season. IQR values for pollutants: PM10 (21.2 μg/m3), PM2.5 (9.5 μg/m3), PM10-2.5 (13.6 μg/m3), NO2 (9.0 ppb), O3 (16.4 ppb),
SO2 (1.7 ppb), and CO (0.16 ppm).
Figure 1: Blood pressure changes associated with IQR increases in air pollution concentrations among non-DM (squares), controlled DM (circles), and uncontrolled
DM (triangles) participants: (a) systolic blood pressure (SBP, mmHg) and (b) diastolic blood pressure (DBP, mmHg) changes.
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Similarly, DBP changes associated with most air pollutants (except NO2)
among the non-DM and uncontrolled DM participants were greater than
among the controlled DM participants. However, the group differences
were not statistically significant at an alpha level of 0.1.

Discussion
Air pollutants are known to contribute to cardiovascular disease and
deaths, and the effects are more pronounced among individuals with
pre-existing conditions, such as DM [7,8,21]. However, few studies have
investigated whether glycemic control reduces the risk of cardiovascular
diseases, such as hypertension, in relation to air pollution exposure. The
results of this panel study showed that significant BP changes occurred
among non-DM and uncontrolled DM participants when air pollutants
increased, whereas BP increases for controlled DM participants were
not observed.
Although several studies have found that cardiovascular-related
symptoms were exacerbated by increased levels of air pollutants
among diabetics compared to non-diabetics, there is a gap in the
understanding the benefit of glycemic control for the reduction of
cardiovascular disease [7,8]. The possible mechanism for the attenuated
effects of air pollution on cardiovascular markers, such as BP, among
individuals with controlled DM may be explained by a reduction in the
oxidative stress and inflammation resulting from the use of diabetes
medications. The administration of oral hypoglycemic agents, such as
metformin [22], thiazolidinediones [23], and acarbose [24], has been
suggested to reduce atherosclerotic vascular disease events by reducing
oxidant stress, vascular inflammation, and formation of glycation end
products [10]. Hence, the present study’s result showing that BP among
controlled DM participants was less affected by air pollutants compared
to uncontrolled DM participants may be partly explained by these DM
treatment effects.
There are a few studies showing the benefits of drug use for protection
from the effects of environmental pollutants. Studies have shown that
statin use provides a co-benefit for those taking the medication; in
addition to its primary effect, patients also demonstrated a lowered
inflammatory or oxidative stress response when they were exposed
to elevated levels of air pollutants [6]. Jacquemin et al. [25] found that
adults with controlled asthma were also less affected by long-term air
pollution exposure than uncontrolled asthmatic patients. Following
the studies reporting the co-benefits of statins and corticosteroids,
this study fills a knowledge gap by describing the benefits of glycemic
control on the BP of diabetic individuals in response to air pollutants.
Air pollution concentrations on days when the three diabetes
groups (Non-DM, controlled DM, and uncontrolled DM) visited the
clinic were distinct. For example, as shown in Table 2, the average
air pollution concentrations were greatest on days when participants
with uncontrolled DM visited the center, followed by non-DM and
controlled DM participants. Since glucose levels, one of the conditions
differentiating the controlled vs. uncontrolled DM groups, may be
affected by air pollution concentrations, making the results we observed
seem reasonable. However, the effects of air pollution on BP were
based on BP changes associated with unit increases in air pollution
concentrations within the controlled and uncontrolled DM groups
[26]. Hence, differences in average air pollution concentrations on the
days that controlled and uncontrolled DM participants were tested may
not have influenced our findings, based on the assumption of a linear
relationship between air pollution exposure and BP.
To the best of our knowledge, this is the first study examining the
J Diabetes Metab
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benefits of DM control on BP affected by exposure to air pollutants
in repeated analyses among the elderly. However, this study has some
limitations. First, we defined uncontrolled or controlled DM based
on each participant’s glucose levels and history of doctor-diagnosed
DM status at each visit, but we were unable to identify the type of
medication they used to control their DM. The benefit of DM control
on BP changes resulting from exposure to air pollutants may differ
depending on the medication used for DM control. Although studies
have shown that some types of medications (e.g., sulfonylureas) do not
provide as much benefit for improving cardiovascular disease as others
(e.g., metformin), we could not evaluate differential effects by the type
of medications used among DM participants. In addition, we only used
fasting glucose measurements as a glycemic level without measuring
HbA1C, which was known to be a better index for distinguishing
control status of DM [10,27]. Second, the magnitude of the glycemic
control benefits may vary by age group or race/ethnicity because each
population may respond differently to air pollution concentrations.
Hence, caution is needed in the generalization of these results to other
populations. Third, a higher percentage of DM participants indicated
having doctor-diagnosed hypertension than did non-DM participants
(62% of DM vs. 47% of non-DM participants, Table 1). However, there
were no significant differences regarding the use of anti-hypertensive
medications between the DM and non-DM groups in this study
population. Therefore, anti-hypertensive medications may not have
been a confounding factor. Fourth, other factors such as life style
and salt intake may cause increasing blood pressure in the elderly. To
remove the confounding effect, we were able to control for exercise,
alcohol, and smoking in the model, but not for salt intake. Because
it is not likely that daily salt intake was associated with air pollution
levels, the salt intake may not have affected the relationship between air
pollution and blood pressure. Lastly, the sample sizes in the controlled
and uncontrolled diabetes groups may not have been large enough to
test for interactions.
In conclusion, this panel-based study found adverse effects of air
pollutants on the BP of participants with uncontrolled DM and those
without DM, but did not find significant effects among participants with
controlled DM. The effect the size differences between the controlled
and uncontrolled DM groups were statistically significant across air
pollutants. The study suggests that glycemic control provides benefits
for blood pressure changes influenced by air pollutants in the elderly.
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