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Background: Pulmonary artery (PA) diameter may be altered in association with cardiovascular (CV) 
risk factors as noted in aorta in systemic hypertension. The flow of blood from the right ventricle to the 
PA and all the way to the capillary level depends on the pulmonary vascular resistance and to a lesser extent 
compliance and impedance of the PA, which are the fundamental conduit for maintenance of the right 
heart hemodynamics. Our objective is to determine the association between CV risk factors and the main 
pulmonary artery (MPA) diameter.
Methods: The study population are asymptomatic individuals with no known diagnosis of CV diseases 
in central Appalachia (n=1,282). Adults aged 18 years or older were eligible for the screening if they were 
referred by a physician. For self-referral, only males aged ≥45 years and females aged ≥55 years were eligible. 
Unadjusted and adjusted linear regression analyses were performed.
Results: The mean MPA diameter was significantly higher among males compared to females (27.19±4.20 
vs. 24.99±3.91 mm, P<0.0001). Participants with diabetes also had wider MPA diameter (26.79±4.56 mm) 
compared to those without diabetes (25.93±4.11 mm) (P=0.015). Further, hypertensive (26.42±4.15 vs. 
25.71±4.21 mm, P=0.002) and obese (27.25±4.11 vs. 25.28±4.07 mm, P<0.0001) participants had significantly 
wider MPA diameter compared to non-hypertensive and non-obese participants, respectively. Multivariable 
model showed that age, sex and body mass index (BMI) were significantly associated with MPA diameter. A 
1-year increase in age increased MPA diameter by 0.046 mm (P<0.0001). The diameter of MPA was wider 
among males by 2.16 mm compared to females (P<0.0001). Finally, with one unit increase in BMI, the MPA 
diameter increased by 0.16 mm (P<0.0001).
Conclusions: MPA diameter was significantly associated with age, sex, and BMI. Further prospective 
studies are needed to correlate computed tomography (CT) measurement of MPA diameter with pulmonary 
pressure as assessed by echocardiogram to diagnose pulmonary hypertension (PH).
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Introduction

Pulmonary artery (PA) diameter may be altered in association 
with cardiovascular (CV) risk factors as noted in aorta in 
systemic hypertension. Alterations in elastic properties of the 
PA have been documented in pulmonary hypertension (PH) 
in animal (1-4) and in human studies (2,5-8). The flow of 
blood from the right ventricle to the PA and all the way to the 
capillary level depends on the resistance and compliance of the 
PA, which are the fundamental conduit for maintenance of the 
right heart hemodynamics (9). Increase in PA stiffness leads to 
increased resistance and decreased compliance causing more 
vascular damage to smaller pulmonary vessels (3,4,7,10). 

Several studies showed that large PA diameter as assessed 
by Computed Tomography (CT) (11-18) or magnetic 
resonance imaging (MRI) (19-21) may be used to detect PH 
early, and smaller PA diameter makes the presence of PH 
unlikely. However, smaller PA diameter on imaging studies 
does not exclude the presence of PH (22). Nonetheless, PH 
is just one of the many causes of a dilated PA, and with the 
increasing use of noninvasive imaging, physicians are more 
likely to observe incidental findings of PA enlargement. 

Studies done in this area focused on the imaging criteria for 
diagnosis of PA dilatation and addressed the association with 
PH and/or investigated the ability of a dilated PA to predict 
the presence of PH (23). Rarely, left main coronary artery 
compression in PH or in various congenital heart diseases 
due to enlarged PA has been described (24-31). Non-invasive 
measurement of pulmonary trunk diameter may be helpful in 
determining the likelihood of left coronary artery compression 
and in selecting patients for diagnostic angiography for 
evaluation of chest pain (11). From a clinical aspect, studies 
showed the loss of compliance in the PA to be a predictor 
for increased mortality in patients who have PH (23,32,33). 
However, the effects of CV risk factors on the diameter of 
the main pulmonary artery (MPA) were not fully studied. 
Therefore, the objective of this study is to determine the 
association between CV risk factors and the MPA diameter.

Methods

Study population

The study population comprised of asymptomatic 

individuals with no known CV diseases from the Central 
Appalachian region of Kentucky, North Carolina, 
Tennessee and Virginia. The study population participated 
in a coronary artery calcification (CAC) screening program 
in Wellmont Heart Institute (now Ballad Health) through 
either self-referral or referral from a physician. Adults aged 
18 years or older were eligible for the screening if they were 
referred by a physician. For self-referral, only males aged 
≥45 years and females aged ≥55 years were eligible. 

The eligible individuals who agreed to participate were 
asked to sign an informed consent before the study was 
conducted. All participants were required to complete 
a short questionnaire on demographics (age, sex, and 
race/ethnicity), health behaviors (smoking and sedentary 
lifestyle), medical conditions (diabetes, hypertension, 
hypercholesterolemia, history of coronary artery disease 
(CAD) and family history of CAD). This study was 
approved by the Institutional Review Board of the 
Collaborating Health System and the authors’ institution. 

There were 1,605 individuals who participated in the 
screening program from January 2014 to December 2016. 
Non-whites (n=20) and participants with no information on 
race (n=25) were excluded. Further, individuals with missing 
information in any of the dependent or independent 
variables (n=276) were excluded from the sample. In 
addition, individuals who had extreme recorded values of 
body mass index (BMI) (BMI <14 kg/m2) (n=1) and MPA 
diameter (diameter>50 mm) (n=1) were excluded from the 
study to reduce the effect of outliers in the study results. In 
total, 1,282 participants were included in the final analyses. 

Dependent variable

Following standard procedure and protocol (34) for CT 
assessment of MPA (Figure 1), individuals are required 
to remove all metal objects from the chest area and three 
stick-on electrode leads are placed on the chest. The person 
then lies still on a 64 slices high resolution CT scanner as it 
advanced through the donut-shaped scanner. The scanner 
passes over the person for three times, with the person 
holding his/her breathe for ≤10 seconds for each time. 
Then during interpretation, the MPA and aortic diameter 
was measured.
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Independent variables

Information on demographics (age and sex) and CV 
risk factors were obtained from the self-administered 
questionnaire. Age was recorded as a continuous variable. 
For descriptive analyses, two categories of age (age ≤ 
60 years and >60 years) were created. The self-reported 
height and weight measurements were used to calculate 
the BMI. For descriptive analyses, participants with BMI ≥ 
30 kg/m2 were classified as ‘obese’ and the rest were 
classified as ‘not obese’. However, during regression 
analyses, BMI was used as a continuous variable. The 
information on clinical status of diabetes, hypertension, 
and hypercholesterolemia were collected by asking the 
participants if they had ever been informed by a physician 
about whether they had diabetes, hypertension or 
hypercholesterolemia and/or were using any medication to 
treat these conditions. The responses were recorded as a 
dichotomous variable (yes/no). Participants also reported 
whether they were current smokers, former smokers, or 
never smokers. During analyses, the participants who 
reported themselves as former and current smokers were 
classified as ‘ever smokers’ and those who have never 
smoked were classified as ‘never smokers’. The participants 
reported whether they had history of CAD or any family 
history of CAD. Finally, the participants reported if they 

live a sedentary lifestyle or were generally physically active. 

Statistical analysis

Descriptive analyses were performed for demographics, 
MPA diameter, and CV risk factors. In addition, t-test was 
performed to assess mean MPA diameter by different CV 
risk factors. Unadjusted and adjusted linear regression 
analyses were performed to assess the associations between 
CV risk factors and MPA diameter. For significance, p value 
was set at 0.05 for two-tailed test. The data were analyzed 
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results

Overall, the age range for the total sample was 23 to 90 years  
with mean age of 58±10 years. The majority of the 
participants aged ≤60 years (59.7%). Slightly more than 
half of the participants were females (51.3%). Around 
15.0% of them have been diagnosed with diabetes or were 
using medication to control blood sugar level. In addition, 
49.5% and 55.3% of the participants had hypertension 
and hypercholesterolemia, respectively. Slightly more than 
one-third of the participants (35.8%) had ever smoked 
a cigarette. While 66.4% of the participants had family 
history of CAD, only 28.5% had a personal history of CAD. 
Additionally, around 40% of the participants reported that 
they had a sedentary lifestyle. The mean BMI of the study 
population was found to be 29.37±5.87 kg/m2 and 39.6% 
were obese. While the mean MPA diameter was 26.06± 
4.19 mm that of ascending aorta was 33.78±4.40. The 
correlation coefficient between diameter of MPA and 
ascending aorta was 0.09314.

The mean MPA diameter was significantly higher among 
males compared to females (27.19±4.20 vs. 24.99±3.91 mm,  
P<0.0001). Study established the MPA diameter as 29 mm 
in men and 27 mm in women as sex-specific normative 
reference in Framingham Heart Study (FHS). Participants 
of this study have lower mean MPA diameter in both males 
and females as compared to FHS (29). This reference was 
used because both Framingham Heart Study and our study 
population are predominantly white and asymptomatic 
as well. Participants with diabetes also had wider MPA 
diameter (26.79±4.56 mm) compared to those without 
diabetes (25.93±4.11 mm) (P=0.015). Further, hypertensive 
(26.42±4.15 vs. 25.71±4.21 mm, P=0.002) and obese 

Figure 1 A CT image showing the diameters of the MPA and 
the ascending aorta (Asc Ao). This image was produced by Ballad 
Health, the largest health system in Northeast Tennessee and 
Southwest Virginia. CT, computed tomography; MPA, Main 
Pulmonary Aorta.



3438 Paul et al. Diameter of the main PA in asymptomatic population

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3435-3442 | http://dx.doi.org/10.21037/jtd.2019.08.09

(27.25±4.11 vs. 25.28±4.07 mm, P<0.0001) participants had 
significantly wider MPA compared to non-hypertensive 
and non-obese participants respectively. The mean MPA 
diameter did not significantly differ by age category, 
hypercholesterolemia, smoking status, family history of 
CAD, personal history of CAD or sedentary lifestyle (Table 1).

In unadjusted regression model ,  sex,  diabetes , 
hypertension, and BMI were found to be significantly 
associated with increased MPA diameter. Participants 
with diabetes and hypertension were found to have 
0.86 mm (P=0.008) and 0.71mm (P=0.002) increases in 
MPA diameter, as compared to non-diabetic and non-
hypertensive respectively. However, in adjusted model, only 
age, sex and BMI were found to be significantly associated 
with increased MPA diameter. Thus, an increase in age by 
one year was associated with increased MPA diameter by 
0.046 mm (P<0.0001). The diameter of MPA was wider 
among males by 2.16 mm, compared to females (P<0.0001). 
Finally, a one unit increase in BMI increased the MPA 
diameter by 0.16 mm (P<0.0001; Table 2).

Discussion

There has been an increasing trend to screen for at risk 
patients for PH and patients with other pulmonary diseases 
who present with symptoms such as shortness of breath 
and fatigue with non-invasive modalities to prevent long-
term morbidity and mortality. Introduction of non-invasive 
imaging techniques to measure the diameter of the MPA led 
to advances in the research linking the diameter of the MPA 
to cardiopulmonary risk factors. Studies done in this area 
have found that the diameter of MPA to be significantly 
associated with age, sex and body surface area (11-18). In 
our study, we measured the MPA diameter in asymptomatic 
population with multiple CV risk factors using CT scan to 
determine the association between these risk factors and 
changes in the diameter.

Unadjusted regression analysis results suggest that MPA 
diameter is associated with sex, diabetes, hypertension and 
BMI. It was found that having diabetes or hypertension 
increases the MPA diameter by 0.86 and 0.71 mm, 
as compared to non-diabetic and non-hypertensive 
respectively. However, in the adjusted model, only age, sex 
and BMI were significantly associated with MPA. These 
findings corroborate with the findings in study done by Lee 
et al. showing that male sex and obesity, were associated 
with a larger MPA (12). 

We found a significant association between the 

MPA diameter and sex; the diameter of MPA was wider 
among males by 2.16 mm as compared to females, which 
is consistent with the findings of most of the studies 
that observed significant differences in MPA diameter 
between males and females (13-21,24-30,35,36). Age was 
significantly associated with the MPA diameter, and this 
finding also corroborates with results of a study where the 
diameter of the MPA increased with age (31). However, 
another study found no statistically significant associations 
between age and MPA diameter (17). BMI is significantly 
associated with the MPA, with one-unit increase in BMI 
being associated with a 0.16 mm increase in the MPA 
diameter. In the literature, this association was studied 
using body surface area; which was significantly associated 
with the MPA (29); no study was found linking the BMI 
with the MPA diameter. Although in some studies, the MPA 
diameter measured by CT scan revealed association with the 
presence of PH, whether the strength of correlation has any 
significant implication in clinical practice to assess for PH 
is still unknown. It is also uncertain whether non-invasive 
techniques, including CT or MRI, have any implication on 
diagnosing or excluding the PH better than readily available 
echocardiogram. A cohort study done by Chan et al. (37). 
Of the101 patients with cardio-pulmonary conditions who 
had a CT chest and right heart catheterization performed 
three days apart revealed that the MPA was a poor predictor 
of PH. However, after adjusting for age, sex, thoracic 
diameter, ascending aortic diameter and pulmonary wedge 
pressure, the accuracy of the model improved significantly 
with area under the curve of 0.93. This suggests that there 
are multiple factors affecting the MPA diameter and PH (37). 

This study has potential sources of error, which is 
primarily how the MPA was ascertained. These sources 
of error include differences in age, sex, body surface 
area, image slice thickness, CT window width and 
level, difficulties in identifying vessel interfaces, use of 
intravenous contrast (may transiently affect the PA diameter 
by affecting vascular tone, cardiac output, and/or heart 
rate), inclusion of arterial wall in the measurements (leading 
edge to leading edge or intima to adventitia), and period 
of the cardiac cycle (systole or diastole) when images are 
obtained (11,21). Nevertheless, standard protocol was 
used to ascertain the MPA (34). Moreover, this is likely the 
foremost study of the association between CV risk factors 
and MPA diameter among residents in Central Appalachia. 
Added to that is the large sample size, which makes the 
outcome of the study more reliable compared to previous 
studies. Another strength of the study is that we have almost 



3439Journal of Thoracic Disease, Vol 11, No 8 August 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3435-3442 | http://dx.doi.org/10.21037/jtd.2019.08.09

Table 1 Description of the study population by mean main pulmonary artery diameter (n=1,282)

Variables Frequency Mean MPA diameter P

Age (years), mean (SD) or n (%) 57.90 (9.70) – 0.088

≤60 765 (59.67) 26.20 (4.36)

>60 517 (40.33) 25.97 (4.08)

Sex, n (%) <0.0001

Male 625 (48.75) 27.19 (4.20)

Female 657 (51.25) 24.99 (3.91)

Diabetes, n (%) 0.015

Yes 193 (15.05) 26.79 (4.56)

No 1,089 (84.95) 25.93 (4.11)

Hypertension, n (%) 0.002

Yes 634 (49.45) 26.42 (4.15)

No 648 (50.55) 25.71 (4.21)

Hypercholesterolemia, n (%) 0.250

Yes 709 (55.30) 25.94 (4.31)

No 573 (44.70) 26.21 (4.05)

Smoking, n (%) 0.089

Ever smokers 459 (35.80) 26.33 (4.22)

Never smokers 823 (64.20) 25.91 (4.17)

Family history of CHD, n (%) 0.330

Yes 851 (66.38) 25.98 (4.30)

No 431 (33.62) 26.22 (3.98)

History of CAD, n (%) 0.597

Yes 365 (28.47) 26.16 (4.14)

No 917 (71.53) 26.02 (4.22)

Sedentary lifestyle, n (%) 0.244

Yes 514 (40.09) 26.23 (4.34)

No 768 (59.91) 25.95 (4.09)

BMI (kg/m2), mean (SD) 29.37 (5.87) – –

BMI category, n (%) <0.0001

Obese 508 (39.63) 27.25 (4.11)

Not obese 774 (60.37) 25.28 (4.07)

MPA diameter (in mm), mean (SD) 26.06 (4.19) – –

MPA, main pulmonary artery; CHD, coronary heart disease; CAD, coronary artery disease; BMI, body mass index. 
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equal representation of males and females and we excluded 
any outlier from the analysis.

Conclusions

MPA diameter was significantly associated with age, sex, and 
BMI. Further prospective studies are needed to correlate 
CT measurement of MPA diameter with pulmonary 
pressure as assessed by echocardiogram to diagnose PH as 
more imaging studies are done in patients with several lung 
conditions.
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