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Abstract Original Research Article

Introduction: The heart has the role of pumping the oxygenated blood to other parts of the body and the de-
oxygenated blood to the lungs. This study assessed the cardiothoracic ratio among apparently healthy patients in
selected diagnostic centres and hospitals and determined its relationship with selected anthropometric
parameters, specifically age and gender.

Methodology: The study adopted a retrospective cross-sectional study design which involved 4,342 participants
who underwent chest radiography in four diagnostic centres: University of Benin Teaching Hospital, Lily
Hospital Limited, University of Benin Health Centre, and Edo Specialist Hospital. Data collected included
cardiothoracic ratio which was measured from postero-anterior chest radiographs alongside age, gender. Data
was summarized using descriptive statistics, and inferential statistics including Spearman’s correlation, point-
biserial correlation and independent samples t-test, were used to determine relationships and variations between
variables at a significance level of p < 0.05.

Results: The results showed that females constituted majority (56.1%) of the study population, with a total
average age of 33.37 = 14.51 years. The overall average cardiothoracic ratio was 46.17 £ 4.03%, ranging from
36.1% to 58.8%. Most participants (86.7%) had normal CTR values (<50%), while 13.3% had enlarged CTR
(>50%). Comparison by gender showed that females had a fairly higher mean CTR (46.51 + 4.27) than males
(45.74 £ 3.67), and this difference was statistically significant (t = —6.385, p <0.05), although the effect size was
small (d = —0.19). Spearman’s correlation test analysis revealed a weak but statistically significant positive
relationship between cardiothoracic ratio and age (p=0.298, p <0.05). There was also a very weak but significant
relationship between CTR and gender as shown by the Point-biserial correlation test (p = 0.094, p < 0.05).

Conclusion: The study concluded that age and gender contribute to variations in CTR among apparently healthy
individuals and provides baseline values useful for clinical interpretation of chest radiographs.
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INTRODUCTION

The heart is a muscular organ, which is located
in the middle part of the thoracic cavity called the
mediastinum. It has the role of pumping the
oxygenated blood to other parts of the body and
the de-oxygenated blood to the lungs (1). The
cardiac size has a positive indicator to the
anatomists as well as clinicians in evaluating sex
differences and identifying cardiac deformities
like cardiothoracic health with research confirms
that on an average, the adult female heart is
approximately 25-26% smallerin mass and
volume than the male (adults) heart (2). It could
signify  hypertensive, rheumatic, coronary,
inflammatory, and ischemic heart diseases, and
predispose individuals to stroke (Longbak,
Mangset and Sirisena, 2017). Heart disease is
among the major causes of death in Nigeria and
other West Africa countries (3). Thus,
cardiomegaly can be diagnosed and treated at a
pre-hypertensive stage with the help of early
detection (4).

The most common method of identifying
cardiomegaly is through the chest radiography
(5). The reason why chest radiography is
commonly used due to the ease of procedure, its
ready availability, and low cost (6). Other
imaging  modalities such as  cardiac
echocardiography, MRI and CT scan are better
methods than the ultrasound method in
quantifying cardiac size and cardiac function.
However, they are not commonly used due to
their high costs, lack of availability and they
require well-developed technical expertise (7).
Echocardiography is dependent on the operator
while CT puts an individual at a higher risk of
radiation than conventional xray , and therefore,
CT cannot be used as screening (8).

Cardiothoracic ratio (CTR) is the ratio of the
maximal transverse cardiac diameter to the
maximal transverse thoracic diameter that is
assessed on the basis of postero-anterior (PA)
chest radiographs (8,9). CTR is an established
method of measuring the size of the heart and
determining prognosis in heart diseases (9,10). It
is an effective screening method of

cardiomegaly. The normal value of CTR lies
between 0.42 and 0.50; a value is above 0.50 or
below 0.42 is a sign of pathology like in
cardiomegaly (3).

Age, gender, race, body posture and physique are
some of the factors that affect CTR (11). Existing
studies have determined the racial difference in
CTR with the upper normal limit of 50% at
Caucasians and 55% at individuals of African
descent (3,8,12). Difference of gender and age in
CTR also has been reported (8, 12, 13), higher
normal CTR values rising up to 0.60 have been
documented in the neonates and elderly (8). In a
number of studies a weak positive relationship
between CTR and anthropometric variables
including Body Surface Area (BSA) and Body
Mass Index (BMI) has been established (14,15).

Normal heart can have CTR exceeding 0.50
because of extracardiac factors that leads to
apparent cardiac enlargement especially when
one is not able to take a deep breath during the
imaging procedure. This situation can be found
in pregnancy, ascites or chest deformities
including a pectus excavatum and straight back
syndrome (16). Similarly, CTR of less than 0.50
may not necessarily imply healthy heart; in fact,
in a situation where there is a limitation of
ventricles blood flow, the wventricles may
experience a wall hypertrophy  without
necessarily leading to cardiomegaly (16).

Assessment of the normal CTR range in
apparently healthy adults subjects is vital in the
screening of heart diseases among a population.
The faulty measurements of CTR may cause
delay in the detection and correction of
underlying heart conditions and early detection
of cardiomegaly (17). The population specific
CTR ranges are more significant to prevent the
misdiagnosis that can translate to unnecessary
tests and treatments (16). Nevertheless, there is
limited research in this region of Nigeria on the
calculation of cardiothoracic ratio among
apparently healthy local patients with relation to
their anthropometric parameters. The objective
of this study is therefore to assess CTR among
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apparently healthy patients with relation to their
anthropometric parameters.

METHODS

Ethical approval (ADMIE.
22/A/VOL.VI11/1483130133) was obtained from
The University of Benin Teaching Hospital
Health Research Ethical Committee before the
research was conducted. The research also
adhered to all the relevant data protection laws.

This research was carried out at Edo Specialist
Hospital, University of Benin Health Centre,
Lily Hospital Limited and University of Benin
Teaching Hospital all located in Benin City, Edo
state, Nigeria.

The study adopted a cross-sectional and
retrospective research design. The research is
cross-sectional since cardiothoracic ratio (CTR)
and anthropometric parameters was measured at
one point in time among apparently healthy
patients.

The target population included seemingly
healthy patients who come to Edo Specialist
Hospital, University of Benin Health Centre,
Lily Hospital Limited and University of Benin
Teaching Hospital all located in Benin City, Edo
state with a request to have a routine
posteroanterior (PA) chest examination during
the time of the study.

Participants were recruited using a systematic
random sampling technique. The selection of the
eligible patients was done at a regular time until
the necessary sample size is reached and the
patients ought to fit the inclusion criteria.

All  routine chest radiographs between
September 2025 to February 2026 were used.

Total number of 4,342
assessed

Edo Specialist Hospital =1,008

University of Benin Health Centre =1,160
Lily Hospital Limited = 1,082

University of Benin Teaching Hospital =1,092

radiographs were

Data for this study was collected using the
following:

1.

Measurement of the cardiothoracic ratio by
use of normal posteroanterior (PA) chest
radiographs and measuring tapes or digital
measuring tools.

A data collection proforma was used to note
down demographic data, CTR values and
the anthropometric parameters from the
archives of the centres/ hospitals

Procedure: Chest radiographs were obtained
following standard radiographic protocols using
a PA projection.

The cardiothoracic ratio was determined by
dividing the largest transverse cardiac width by
the largest internal thoracic width.

largest transverse cardiac width
CTR=

largest internal thoracic width

Validity was ensured through the strict
adherence to the standard radiographic
positioning rules and measurement procedures of
the CTR determination. Calibrated instruments
were used to take anthropometric measurements
to be shown as accurate and consistent.

All the chest radiographs were taken in the same
radiographic ~ system  and  standardized
posteroanterior (PA) chest radiography protocol
to reduce measurement variation. The
measurements of cardiothoracic ratio (CTR) was
conducted using a standardized method of
measurement. To ensure even greater reliability,
the researcher carried out measurements twice on
the measurements at various times and then
record the average value. Inter-observer
reliability was evaluated where necessary by
ensuring that a second qualified radiographer
measures the cardiothoracic ratio independently
and the degree of agreement was determined by
appropriate reliability measures such as the
interclass  correlation  coefficient  (ICC).
Calibrated instruments were used to take
anthropometric measurements so as to have
consistent and repeatable results.

Data was collected between March 2025 and
February 2026. The anthropometric
measurements and chest radiographs were
performed after the close of work and at
weekends so that they do not disrupt the clinical
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The analysis was done by using Statistical
Package of the Social Sciences (SPSS), version
27. Mean, standard deviation, frequency and
percentage were used to summarize CTR values
and anthropometric parameters. The correlation
between the cardiothoracic ratio and
anthropometric parameters were evaluated by
inferential statistics involving Spearman’s rank
correlation. The level of statistical significance
used was 0.05.

RESULTS
Demographic characteristics of Respondents

Table 1 demonstrates the proportion of the
participants involved in this study in the selected
centres/Hospitals by Gender. In UBTH, there
was a higher number of females (58.6%) than
males (41.4%). Males (56.9%) were only a little

more than females (43.1%) at LILY. Likewise,
UBHS and ESH had reported greater rates of
females (62.1% and 60.7% respectively) than
males.

Figure 1 shows the overall gender distribution
among the respondents and illustrates that the
female gender were the bulk of the study
population with a total of 56.1% and the male
gender with a total of 43.9% being the minority.

Table 2 shows the age distribution of the
participants in the different centres. The mean
age in LILY (40.16 years) and UBHS (19.24
years) were the highest and lowest respectively.
The overall average age of the participants was
33.37 years with a range of between 18 and 91
years. This implies that the population under the
study was representative in terms of a large age
group of seemingly healthy persons.

Table 1 Descriptive statistics of Age

Centre Gender Frequency Percentage (%)
Male 480 41.4
UBTH Female 680 58.6
Total 1160 100.0
Male 616 56.9
LILY Female 466 43.1
Total 1082 100.0
Male 414 37.9
UBHS Female 678 62.1
Total 1092 100.0
Male 396 39.3
ESH Female 612 60.7
Total 1008 100.0
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Assessment of Cardiothoracic Ratio (CTR)

Table 3 illustrates the average cardiothoracic
ratio in the chosen centres for the study. The
highest mean CTR was noted to be in ESH
(47.82%), and the lowest was in UBHS
(44.35%). The overall mean CTR was 46.17%
with a range of 36.1% to 58.8%. These results
show that mean CTR among each of centres and
overall were within the clinically normal range.

Figure 2 shows the categories of the
cardiothoracic ratio among the participants
involved in this study. Most of the participants
(86.7%) had normal CTR (<50%), but 13.3% of
the participants had enlarged CTR (>50%),
respectively. This implies that the majority of the
presumed healthy population of the study had
normal cardiac size according to CTR
calculations from the radiographic chest
examination carried out of these patients.

Cardiothoracic Ratio (CTR) variations
between Male and Female

Table 4 presents the average cardiothoracic ratio
as per gender. The mean CTR of females
(46.51%) was a little higher than in males
(45.74%). This implies that there is a slight
difference in cardiothoracic ratio among the two
genders.

The outcome of the independent samples t-test of
the CTR between male and female is shown in
Table 5. The test showed a statistically
significant (t = -6.385, p < 0.05) difference
between the cardiothoracic ratio in both genders.
Consequently, the difference between male and
female participants in CTR was significantly
high.

Relationship between Cardiothoracic Ratio
(CTR) and Age

The Spearman’s correlation analysis of CTR and
age is presented in Table 6. The relationship
between cardiothoracic ratio and age of the
participants invloved in this study was weakly
positive (r = 0.298, p < 0.05) meaning that
cardiothoracic ratio is likely to increase slightly
with age. This relationship between CTR and age
was a statistically significant relationship.

Table 7 also supports the findings of an
independent samples t-test, indicating that there
is statistically significant difference (t =-6.385,
p < 0.05, d= -0.19) in the cardiothoracic ratio
between males (Mean = 45.74) and females
(Mean= 46.51). This is an indication that
although the females have a higher mean CTR
than the males but the magnitude of the effect
size is quite small. This basically suggests that
there is minimal practical difference in the CTR
between both genders.

Relationship between Cardiothoracic Ratio
(CTR) and Gender

Table 9 displays the results of the Point-biserial
correlation test and the findings are as follows:
p= 0.094, p = 0.000; Since p = 0.000 is lesser
than 0.05. The Point-biserial correlation test
shows that there was a very weak, positive and
statistically significant relationship (p= 0.094,
p<0.05) between the Gender of participants
involved in this study and their cardiothoracic
ratio. This suggests that females tend to have a
slightly higher cardiothoracic ratio than males.
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Figure 1: Distribution of Gender among correspondents.

43.90%

Male

56.10%

Female
Table 2 Descriptive statistics of Age
Centre Mean Age Minimum age Maximum Age
UBTH 34.76 18 78
LILY 40.16 18 91
UBHS 19.24 18 62
ESH 39.81 18 68
Overall 33.37 18 91
Table 3 Descriptive statistics of CTR
Centre Mean CTR (%) Minimum CTR (%) | Maximum CTR (%)
UBTH 45.42 36.1 58.7
LILY 47.29 36.4 56.0
UBHS 44.35 37.0 56.1
ESH 47.82 40.3 58.8
Overall 46.17 36.1 58.8
SSR Journal of Medical Sciences (SSRIMS) | Published by SSR Publisher
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Figure 2: Classification of CTR

87%

CTR Categories

m Enlarged

Normal

Table 4 Cardiothoracic Ratio (CTR) between genders

Gender N Mean CTR (%)
Male 1906 45.74
Female 2436 46.51

Table 5: Independent sample t-Test of CTR between male and female

Test t-value p-value Decision
Cardiothoracic Sianificant
Ratio (CTR) vs|-6.385 0.000 19

difference
Gender

Table 6 Correlation between CTR and Age (Spearman’s Correlation Test)

Test rho

p-value Interpretation
Cardiothoracic 0.298 0.000 Weak relationshi
Ratio (CTR) vs Age | ' P

Table 7 Relationship between CTR and Gender (Independent sample t-Test)

Test t-value p-value Cohen’s d Decision

Cardiothoracic Ratio Significant

(CTR) vs Gender -6.385 0.000 019 difference
SSR Journal of Medical Sciences (SSRIMS) | Published by SSR Publisher
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Table 8 Spearman’s Correlation between Cardiothoracic Ratio (CTR) and Age

Variable rho (Spearman) p-value Interpretation
Cardiothoracic i .
Ratio (CTR) vs Age 0.298 0.000 Weak relationship

Table 9 Point-biserial correlation between Cardiothoracic Ratio (CTR) and Gender

Variable rho (Point Biserial) | p-value Interpretation
Cardiothoracic Ratio Very weak
(CTR) vs Gender 0.094 0.000 relationship

DISCUSSION The high prevalence of normal CTR in our study

Cardiothoracic Ratio among Apparently
Healthy Patients

The mean cardiothoracic ratio (CTR) of
apparently healthy patients of the selected
diagnostic centres and hospitals ranged from
36.1% to 58.8% and the overall mean CTR was
46.17%. Majority of the participants (86.7%)
showed normal CTR value (<50%) and 13.3%
showed enlarged CTR value (>50%). It would
appear from these findings that the most
common finding was a normal cardiac size and
that most participants did not have clinically
evident cardiac enlargement.

The mean CTR in this study is similar to that
reported by ESE Et Al. (18) with their mean CTR
of 46.05% among adult ljaw people. Likewise,
for the young undergraduates of Nigeria,
Longbak et al (13) found a mean CTR of 46.0%.
The close similarity of these findings with our
current study may be explained by the fact that
all the studies were apparently healthy Nigerian
populations with use of conventional chest
radiographic techniques in measuring CTR. The
results are also in line with that reported by
Musisi et al., (19) which was 0.46 for the median
CTR of the participants who were subjected to
chest radiography. The correlation between both
studies supports the observation that CTR values
in the range of 0.46 are typical for apparently
healthy adults and could be used as a reference
value for clinical judgement.

was anticipated as the study placed emphasis on
apparently healthy subjects without
cardiovascular disease. Our study confirmed that
CTR is a useful clinical parameter to screen
patients that may need further cardiac
assessment. The results should be treated with
some caution as Simkus et al. (20) found that
CTR had poor diagnostic performance when
used alone especially in intermediate ranges.
Thus most of the participants in this study would
have a normal cardiac size due to the normal
CTR; however, CTR should be used in
conjunction with other clinical and imaging
parameters.

Variations in CTR between Male and Female
Participants

The findings of our study corroborates the study
of Ahama et al. (21) conducted at University of
Benin Teaching Hospital which revealed that
females had higher mean CTR value although
males had a larger cardiac and thoracic diameter.
Like this, Ominde, Enakpoya and Ikubor (22)
observed that females had significantly higher
CTR values than males in Delta State, Nigeria.
Additional noteworthy findings from the study
by Ese et al (18) included the significantly higher
CTR values for females than for males.

This greater CTR for females is perhaps due to
the differences in anatomy and physiology
between males and females. As thoracic
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dimensions are smaller in females, within normal
range of the cardiac dimensions, it may be
possible to have relatively higher CTR in
females than males. These differences may also
be due to hormonal influences and/or differences
in body composition.

The results, however, differ from the observation
by Okoseimiema and Agi (23) which observed
higher CTR among males of a population in Port
Harcourt. This difference could be attributed to
the differences in the characteristics of the
samples, geographic location, ethnic population,
age distribution, and the different techniques in
the measurement of radiography used in various
studies. Although statistical significance was
observed in the current study, the effect size was
very small indicating there was very little
difference between males and females when it
comes to the actual levels of CTR. Gender does
seem to have an impact on CTR measurements,
but this difference may not be clinically
significant in everyday clinical use.

Evaluation of the selected Anthropometric
Parameters of the Study

The results in our study indicated that mean age
of the subjects was 33.37 years ranging from 18
to 91 years. The age range of the subjects was
large and would reflect all age groups, thus
giving a representative sample of age-related
changes in cardiothoracic ratio. The older age
group distribution was a notable feature of this
study since age has been noted to have an impact
on cardiovascular anatomy and physiology.
Structural and functional changes can develop in
the cardiovascular system as people get older,
which could result in a change in cardiac
dimensions and thus the cardiothoracic ratio.

This discovery is consistent with the study
conducted by Ahama et al. (21) which showed
that age is a crucial demographic variable in
determining the CTR values of adults in Nigeria.
Likewise, Ominde et al. (22) reported that there
was a significant variation in CTR among
different age groups, indicating the variability in
cardiac sizes with age-related physiological
changes.

The age distribution seen in our present study is
also a reason for the high level of age-related
results reported later on the correlation analysis.
In contrast to studies that only sampled children
and young people with a narrow age window,
like Angmorterh et al. (24) who sampled a mean
age group of about 19.6 years, our present study
sampled a broad age range that increased the
chances of age-related trends being identified in
CTR.

Relationship between CTR and Selected
Anthropometric Parameters

The results of our study also corroborates the
result obtained by Ahama et al. (21) that there
were age related differences in CTR of adults. It
also corroborates with the findings made by
Ominde et al., (22) which indicated that
considerable age related differences were
observed in CTR values and positive correlation
between age and thoracic measurements. The
change in CTR with age may be due to
cardiovascular changes that occur with age;
which include gradual cardiac remodeling,
thoracic elasticity decrease, and changes in the
chest wall anatomy which may affect cardiac and
thoracic dimensions.The results, however,
contradict those of Angmorterh et al. (24) who
did not find any significant relationship between
age and CTR for university students. The
difference could be attributed to the difference in
population of the studies. The age range of the
participants (18-91 years) in our present study
was wider than that of Angmorterh et al. (24)
who involved a relatively young and
homogenous population with limited age
variability. Diverse age groups give a larger
window to see physiological changes with age
that impact on CTR.

Likewise, the results are inconsistent with the
study of Chia et al. (25) which found that age had
a negative correlation with CTR among Nigerian
children. This disagreement is to be anticipated
because children grow and bring about a thoracic
expansion that may decrease CTR values as a
function of age, while adults have other
physiological changes related to ageing.

The point-biserial correlation analysis also
showed a statistically significant, but very small
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positive correlation between gender and CTR (p
= 0.094 with p < 0.05), meaning that females
resulted in slightly higher CTR values than
males. This finding is in agreement with the
outcome of the independent samples t-test and
also corroborates the findings of previous studies
by Ahama et al. (21), Ominde et al. (22) and Ese
et al. (18) which reported higher CTR values
among females.

The statistical significance of these relationships
was noted, but the correlation values were low.
This indicates that age and gender is only a minor
factor in affecting CTRs and that other factors
also play a part in this. Other parameters like
body habitus, thoracic dimensions, genetic
factors, and cardiovascular status can also be
important factors in determining the values of
cardiothoracic ratio.

In general, the results of this study indicate that
the demographic and anthropometric factors,
especially age and gender had an effect on
cardiothoracic ratio as suggested by the available
literature. Therefore, these should be taken into
account for the analysis of chest radiographs and
to define reference values for clinical use.

CONCLUSION

CTR is significantly different between males and
females and females have higher mean values.
There was also statistically significant
correlation between CTR and age, which means
that radiographic cardiac proportions are
affected by demographic features. Although
CTR is a handy, easy, and economical screening
parameter to cardiomegaly, it cannot be
employed alone since it has been known to be
limited to diagnosis. Instead, it is to be
understood in conjunction with clinical
discoveries and where possible, sophisticated
imaging techniques.
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