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Abstract

Introduction: Ischemic Heart Diseases (IHD) among Asian Indian 
migrants in the western world are documented with high prevalence. 
We aimed to assess population specific variation in artery dimensions 
among normal and Single Vessel Disease (SVD) patients among four 
states of Southern India: Telangana, Karnataka, Kerala and Tamil Nadu 
using Quantitative Coronary Angiography (QCA) in the disease presen-
tations. QCA of four thousand patients of Indian origin were studied 
prospectively after procuring the ethical clearance. Informed consents 
were obtained. Post Percutaneous Coronary Angioplasty (PCI) as well 
as Post Coronary Bypass Operations (CABG) and patient being diabetic 
for ≥5 years were excluded. Principal Component Analysis (PCA) was 
performed with samples to identify region-specific clustering. 

Results: Among total sample population, normal coronary arteries 
were seen in 933 (23.3%) cases and 3,067 (76.7%) had diseased coro-
nary arteries. We had 627 (15.7) SVD cases, 495 (12.4%) Non Critical 
Coronary Artery (NCCA) cases, 1,113 (27.8%) Double Vessel Disease 
(DVD) and 832 (20.8%) Triple Vessel Disease (TVD) cases. We found dis-
cernible variation in arterial dimensions across Southern India for the 
SVD patients. PCA on SVD patients [Gender: Male] revealed a distinct 
‘Kerala cluster’ consisting of patients from Kerala.

Conclusion: The dimensions of the coronary artery segments of In-
dians were smaller compared to studies from other continents which 
can be due to their smaller BSA. Our results advocate for adopting an 
informed effective targeting of cardiovascular disease programs to im-
prove therapeutic strategies in a highly heterogeneous country like In-
dia to mitigate this disease in the country.
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Introduction

Asian Indian migrants in the western world are reported 
with an increased prevalence of ischemic heart diseases with 
persistence of an unfavourable cardiovascular risk profile [1].  
Pre-eminent cause of death among Asians is Coronary Artery 
Disease (CAD) [2]. Diet differences and CAD among exist among 
young, third to seventh generation of migrated Asian Indians 
of different Asian ethnicities [3]. Studies from different ethnic 
groups within Asia like Indians and Indonesians have differenc-
es in the prevalence of cardiovascular risk factors [4,5]. South 
Asians, are the fast growing ethnic group in the United States. 
Unfortunately, they have an increased risk for cardiovascu-
lar disease compared to the general population [6]. Profound 
health disparities in cardiovascular diseases and associated risk 
factors can be due to low socioeconomic status and limited ac-
cess to quality healthcare among Asian Indians/Alaska Native 
populations [7]. Studies from Netherlands reported that public 
health practitioners in Netherlands and elsewhere in the world 
should be cautious during planning cardiovascular interventions 
among ethnic minorities within the broader groups like Asians 
considering their ethnic subgroup differences [8]. Dimensions 
of coronary artery can affect the procedural outcomes of Per-
cutaneous Coronary Angioplasty (PCI) and Coronary Bypass 
Operations (CABG) [9]. The right (RCA) and left (LCA) Coronary 
Arteries arises from anterior and left posterior sinuses of the 
ascending aorta. The level of the coronary ostium is variable 
[10]. Studies indicating the dimensions of coronary arteries and 
several factors affecting the lumen diameters have been carried 
out among different populations in various countries [11-16]. 
Atherosclerotic plaques are commonly seen adjacent to vascu-
lar bifurcations [17-18].

The clinical and therapeutic implications of a narrow or 
wide coronary artery are obvious. Although, coronary artery 
dimensions affects physiological and pathological conditions, 
the number of published studies investigating Coronary Artery 
Measurements (CAM) in individuals without artery diseases 
among Indians are limited. Few studies carried out among In-
dians reported with decreased CAM because of their smaller 
Body Surface Area (BSA) [11]. But, the associated details about 
calibre of coronary artery among the Indian population are 
limited. Left Main Coronary Artery (LMCA) is reported to have 
variability in length, and it is shorter in comparison with other 
coronary arteries [10]. Therefore, atherosclerotic plaques can 
occupy the LMCA in some cases. In such cases, it is difficult to 
determine the degree of narrowing caused by the plaque as 
possible to reference artery diameter determination is difficult. 

In this study, we aimed to assess region specific variation in 
artery dimensions among Single Vessel Disease (SVD) patients 
among four hospitals across Southern India using Quantitative 
Coronary Angiography (QCA). Our study objective highlights 
the pitfalls of comparing patients from different geographical 
regions, which overlooks the underlying population specific 
variation in disease presentations. To the best of our knowl-
edge, this is the first multi-centre study conducted in India, with 
international recognition reporting region specific variation of 
coronary artery diameters.

Methods

Study population

A cross sectional study was conducted in four Southern 
states in India: Telangana, Karnataka, Kerala and Tamil Nadu. 
Hospitals were selected and involved in the design of this study 
according to the number of cardiac patients identified by them. 
The age of the study subjects was given a cut-off at 75 years ow-
ing to marginal benefits marked during the follow-ups [19]. The 
inclusion criteria involved in the recruitment to and conduct of 
the study were all patients who undergo percutaneous coro-
nary angiographic procedure due to abnormalities in the nor-
mal cardiac parameters after obtaining their informed consent. 
The patients were involved in the recruitment and conduct of 
the study by convenience sampling with strict criterion which 
was subjected to the patients having normal coronaries as well 
as SVD either in ostium or proximal segment of RCA-o,p, left an-
terior descending (LAD-o,p) artery or in ostium or proximal seg-
ment of left circumflex artery (Cx-o,p). Exclusion criteria were 
patients with a previous history of CABG and recanalized nor-
mal looking coronary arteries with or without in-stent resteno-
sis coronary arteries as well as patients being diabetic for five or 
more than five years. The sample size was estimated by consult-
ing a statistician using the statistical software G*Power 3.0.10 
and 4000 subjects were studied by convenience sampling.

Clinical end point definitions

We measured dimensions of LMCA, LAD and Cx for left coro-
nary artery segment analysis. The LMCA diameter was taken 
at the midpoint between the ostium and the bifurcation level 
into the LAD and Cx and its main branches by using catheter 
calibrations. The maximum diameter region was taken for as-
sessment. However, in arteries with minimum calibre, measure-
ments were taken at or near the ostium. The diameter calibra-
tions of the LAD-o,p and Cx-o,p were taken at the ostium and 
the proximal segment by using catheter calibrations. The maxi-
mum diameter region was taken for assessment. For RCA-o,p, 
the ostium and proximal segments were measured before the  
origin of first Acute Marginal (AM1). The ostium of the Ramus 
Intermedius (RAM) were also calibrated for its measurement, in 
cases where it was detected. Patients should be of Indian origin 
and from the respective state. All QCA images were re-reviewed 
by two cardiologists for normal coronaries and from the centre 
for the definition of other two normal vessels among SVD cases 
for the subsequent quantitative analysis by the double blinding 
method. Both the observers were blinded regarding the patient 
identity, and inter observer variability was accounted.

Database pooling	

Four thousand angiogram reports were collected and stud-
ied. Calibration assessments from QCA [20,21] systems were 
carried out by the same method in which the coronary catheter 
was employed for angiography procedure. This was used as cali-
brating the object by automated edge detection technique re-
sulting in corresponding calibration factors (mm/pixel) and the 
vessel contour were detected by operator independent edge 
detection algorithms. The dimension of the coronary artery 
was then measured using the catheter diameter; the absolute 
diameter in mm was calculated by the computerized software 
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analysis. Angiographic views were selected for calibration as-
sessment by minimizing the foreshortening of the coronary seg-
ments by separating them from adjacent intervening structures.

Patient’s anthropometric measurements were done using 
the fore mentioned relevant equipments in the methodology. 
BSA was calculated from patient’s height and weight measure-
ments data using Mosteller’s formula [22]. The diameters of the 
ten segments of coronary artery from angiogram study samples 
were indexed (adjusted) to body surface area (mean diameter 
mm/m2 BSA) [23]. 

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
v9 (www.graphpad.com). Descriptive statistics were used to 
present the socio-demographic data. Principal Component 
Analysis (PCA) was performed to identify region-specific clus-
tering, if any, separately for males and females. Various arterial 
segments were compared among four centers separately for 
males and females using One-way ANOVA followed by Tukey’s 
multiple comparison test; p<0.05 was considered as statistically 
significant.

Results

Baseline sample characteristics

Based on QCA analysis, categorisations of 4,000 samples 
were done. Among total samples, normal to non-flow limiting 
coronary dimensions were seen in 933 (23.3%) cases and 3,067 
(76.7%) had CAD. When CAD, has been subclassified, it was not-
ed that 627 (15.7) had SVD, 495 (12.4%) with Non Critical Coro-
nary Artery (NCCA) 1,113 (27.8%) had Double Vessel Disease 
(DVD) and 832 (20.8%) had Triple Vessel Disease (TVD). There 
were 2,696 (67.4%) males and 1,304 (32.6%) females when to-
tal samples were gender categorised. Mean age of the patients 
was 54.50 ± 8.45 years (range 30-75 years). 

Physical and demographic parameters were assessed. The 
average weight was 63.19 ± 5.09 kg (range 90.00– 37.00 kg), 
height was 168.15 ± 4.60 cm (range 190.00–135.00 cm). BMI 
and BSA of the samples of normal to non-flow limiting coronary 
dimensions were calculated. Mean Body Mass Index (BMI) was 
24.59 ± 1.48 kg/m2 (range 31.30–21.26 kg/m2). Mean Body Sur-
face Area (BSA) was 1.75 ± 0.11 m2 (range 1.36–1.99 m2).

Samples with BSA adjusted and non-adjusted for coronary 
dimensions

The dimensions of 10 segments of coronary arteries mea-
sured by QCA analysis programme were adjusted to BSA (mean 
diameter mm/m2 BSA) [23]. Gender wise categorisation in-
dicated highly significant (p<0.001) differences among CAM. 
Dimensions were smaller among females than males for both 
BSA adjusted and non-adjusted samples of all Coronary Artery 
Segments (CAS) [23]. The diameters of the coronaries were not 
measurable in certain segments due to anatomical peculiarities.

Principal component analysis (PCA)

PCA on normal healthy individuals failed to identify any re-
gion-specific clustering pertaining to arterial segments (Figure 
1A). However, PCA on SVD patients revealed discernible region-
specific grouping with patients from Kerala and Karnataka (Man-
galuru) forming a distinct cluster along PC1 (The Kerala cluster, 
Figure 1B). Further, while performing PCA on SVD patients sepa-
rately for the males and females, we identified distinct Kerala 

cluster for the males (Figure 2A), but not for the females (Figure 
2B). The absence of Kerala cluster among females can be attrib-
uted to the lower sample size of females in the study population 
compared to the males. 

Figure 1A and 1B: A). ormal healthy individuals with no region-
specific clustering of arterial segments.
B). Region-specific grouping with patients (The Kerala and Karna-
taka cluster) along PC1.

Figure 2A and 2B: Gender specific grouping of Kerala cluster. 

ANOVA analysis

We statistically assessed the regional variation in right 
and left arterial segments separately for males and females. 
Among males, two distinct groups were found for LAD-o and 
LAD-p segments. The group comprised of Karnataka (Mangal-
uru) and Kerala cluster patients depicted significantly shorter 
LAD-o and LAD-p segments compared to those from Chennai 
and Hyderabad cluster patients (p<0.0001) (Figure 3A). Further, 
Cx-o,p segments were found to be shortest among Chennai 
patients and longest among patients from Hyderabad hospi-
tal (p=0.0003). Interestingly, we found that the patients from 
Kerala depicted the shortest DIAG and patients from Karnataka 
(Mangaluru) depicted the longest (p=0.002), highlighting the 
high diversity of patients samples from Karnataka (Mangaluru), 
as identified by the PCA. However, beside the Karnataka (Man-
galuru) patients having a shorter RCA-p, compared to Chennai 
p<0.05), we did not find any significant variation in right arterial 
segments across the four centres (Figure 3C).

Similar to males, female patients also depicted two distinct 
groups for LAD-o and LAD-p segments. Congruent with the 
males, the female patient group comprised of Karnataka (Man-
galuru) and Kerala cluster patients depicted significantly shorter 
LAD-o and LAD-p segments compared to those from Chennai, 
Hyderabad and Kerala clusters (p<0.0001) (Figure 3B). How-
ever, likely due to smaller sample size, females did not show 
any variation for any other left arterial segment. Further, in line 
with their male counterparts, females did not show any signifi-
cant variation in right arterial segments across the four centres 
(Figure 3D).
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Figure 3A and 3B: Comparison of Chennai, Hyderabad and 
Kerala clusters.
Figure 3C and 3D: Variation in right arterial segments (Total 
and gender specific) across four centres.

Discussion

In this study, putative variation in coronary arterial dimen-
sions across healthy individuals as well as SVD patients across 
four states from Southern India was found. Several studies have 
reported that CAM of Indians were significantly smaller when 
compared to that of the western population [15,24,25].

We found discernible variation in arterial dimensions across 
Southern India for the SVD patients but not for the normal 
healthy individuals. To this end, while PCA on normal healthy 
individuals failed to identify any region-specific clustering per-
taining to arterial segments, PCA on SVD patients revealed a dis-
tinct ‘Kerala cluster’ consisting of patients from Kerala and Kar-
nataka (Mangaluru). Congruent with PCA, ANOVA revealed that 
patient group from Kerala and Karnataka (Mangaluru) depicted 
significantly shorter LAD-o and LAD-p segments compared to 
those from Chennai and Hyderabad for both males and females. 
Our results suggest that SVD patients from Kerala have shorter 
arterial dimensions compared to other Southern states, includ-
ed in this study. 

It is known for some time now that South Asians, including 
Indians, have significantly smaller arteries compared to indi-
viduals of European descent [26] and discernibly smaller than 
individuals from other continents [23]. This difference in arterial 
size has been attributed to the smaller Body Surface Area (BSA) 
of individuals of South Asian descent [23]. The smaller arterial 
dimensions are thought to be a potential anatomic cause for 
the discernibly higher rate of Coronary Arterial Disease (CAD) 
among South Asians [26].

While CAD is one of the leading cause of death among In-
dians, CAD risk varies discernibly across Indian states and has 
been linked to urbanization and other sociodemographic char-
acteristics. Two nationwide surveys conducted between 2012 
and 2014, consisting of 797,540 adults aged 30 to 74 years 
across India, revealed significant variations in CAD across In-
dian states. The survey revealed that the mean CAD risk is the 
highest among the individuals from Kerala (19.5%). The higher 
risk of CAD has been attributed to the urbanization and higher 
household wealth. While it seems plausible for most of the In-
dian states, it does not seem to be true for the people of Kerala. 
In case of Kerala, the difference in the mean CAD risk between 
rural (19.23%) and urban (19.90%) is almost non-existent [27].

We surmise here that the higher risk of CAD among individu-

als from Kerala can potentially be linked to the smaller arterial 
dimensions of Keralites. Our study revealed that SVD patients 
from Kerala have discernibly smaller arterial dimensions com-
pared to other Southern states (Figure 1B). This underlying 
anatomical reason can putatively explain the higher risk of CAD 
among the people of Kerala and the absence of difference in 
the mean CAD risk between urban and rural Keralites. We note 
here that a hospital being a neighbouring state, in Karnataka 
(Mangaluru) receives large number of patients from Kerala. This 
likely explains the clustering of SVD patients from Kerala and 
Karnataka (Mangaluru). 

Further, the nationwide survey [27] revealed significant 
gender differences in the mean CAD risk among Keralites with 
males are at discernibly higher risk of CAD compared to the fe-
males. Congruent with this, we found significant gender specific 
difference in the coronary arterial dimensions. Although may 
be influenced by smaller sample size, unlike males (Figure 2A 
and 3A), females from Kerala did not show any variation for left 
arterial segment from the other three southern states except 
LAD-o and LAD-p (Figure 2B and 3B). This may potentially ex-
plain the gender difference in CAD in Kerala.

Conclusion

We note here that the paucity of female SVD patients in 
this study might pose a limitation to the final outcomes of our 
study. However, despite being conducted on a smaller scale our 
study revealed that males from Kerala are at a higher risk of 
CAD compared to the individuals from other southern states 
because of their discernibly smaller arterial dimensions. Our 
study advocates for adopting an informed effective targeting of 
CAD programs to improve therapeutic strategies to those who 
are at the highest risk and are at dire need for help, e.g. males 
from Kerala, for mitigation of this disease worldwide.

Highlights of the study

•	 Region specific variation in artery dimensions among 
normal as well as SVD patients in four Southern states in India.

•	 Informed effective targeting of cardiovascular disease 
programs to improve therapeutic strategies 

•	 First study to assess population specific variation in ar-
terial dimensions across Southern India. 

•	 This can be also an add-up to the global data pool on 
the matter.
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