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Abstract  

BACKGROUND: Several speculations have linked the size of the fist to be equal to the size of the heart. 
However, the substantial scientific report still lacks to support this theory.  

AIM: This study aims to provide the validity of the fist-heart assumption by correlating the palm and heart 
diameters while benchmarking it as a reference tool for determining the normal heart size. 

MATERIALS AND METHOD: Volunteers from the public were recruited during a health fair organised by the 
school. A self-administered questionnaire for necessary information was distributed after the volunteers signed 
the consent forms. The palm of both hands was measured in duplicates using a flexible ruler.  Ultrasound 
examination was used in measuring the diameter of the heart with the landmark being from the anterior fibrous 
pericardium to the lowest part of the posterior fibrous pericardium. The level of significance was kept at P < 0.05.  

RESULTS: A total of 275 people, consisting of 123 males and 152 females participated in the study. The age 
range was from 15 to 80 years with a mean age of 28.16 ± 16.18. The measurement showed that the size of both 
palms correlated with the heart diameter, p < 0.05. Other factors such as age and height showed a substantial 
level of correlation. However, this correlation ceased with older participants.  Palm size did not correlate among 
participants with previously diagnosed prehypertension. However, participants with previously diagnosed 
hypertension with good medication compliance maintained the correlation.  

CONCLUSION: This study establishes the correlation between the palm and heart diameters. Since the heart 
tissue and the upper limb share a similar embryonic origin, being the mesoderm, this study prospects the fact that 
heart enlargement could be preliminarily identified by measuring the size of the hand. 

 

 
 

 

Introduction 

 

The universal perception that the size of the 
fist and heart are equal has been well known among 
the general population. Various individuals have 
presented their views on how the size of the heart and 
the hand correlate. However, there has been no 
proper scientific report on the validity of this theory 
until now. The fact that the heart muscles and 
musculoskeletal system are both derivatives of the 
mesodermal layer [1, 2] gives a logical reason why the 
hand and the heart could be characteristically related, 
as some properties may be residual in these tissues. 

The limbs and the cardiac muscles share a 
similar mesodermal origin which is the lateral plate of 
the mesoderm. Similarly, these mesodermal cells 
share some transcription factors such as Nkx2.5, 
GATA, Mef2, Tbx and Hand [3]. Other factors like 

fibroblast growth factor (FGF) [4], WNT [2, 3], and 
transforming growth factor beta (TGFβ) superfamily to 
include bone morphogenic proteins  (BMP) [4, 5] have 
been demonstrated to influence both heart and limb 
development. Detailed and well laid out reviews on 
the development of the heart and upper limb have 
already been properly documented [3-8]. To further 
support this association, it has been recorded that the 
defect in some of these factors has resulted in both 
cardiac and limb abnormalities. For instance, defect in 
the TGFβ-1 has not only been associated with heart 
abnormalities such as congenital aortic stenosis, 
regurgitation [9], and arrhythmogenicity [10] but the 
differential expression of BMP (a member of the 
TGFβ-1 superfamily) as a result of Tfap2b loss has 
been shown to result in both heart and limb 
abnormalities [11]. 

It is, however, astonishing that an organ as 
important and critical as the heart still lacks reliable 
referencing data for the dimensions of the heart 
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cavities. Though it is a known fact that the body 
surface area (BSA) determines the dimensions of the 
heart chambers, this is however not resulted in any 
concrete and reliable referencing data. However, 
predictors such as age, sex, height, and weight have 
been linked to the heart dimensions [12].  

Hence, this study was to find a customised 
value for easy and fast identification of a possible 
heart enlargement from any underlying cause by 
relating the heart to the palm, which is another 
structure of similar embryological origin. The findings 
from this study are expected to help redirect and solve 
the heart referencing issues for better diagnosis and 
prognostication.  

 

 

Materials and Method 

 

Participants  

Volunteers from the public were recruited 
during a health fair organised by the school. A 
consent form detailing the procedure to be performed 
given to the volunteers, and the procedure was duly 
explained to them. The participants were asked about 
any history of palmar injuries, and the palms were 
equally observed for any form of injury. A total of 275 
people, 123 males and 152 females with an age range 
of 15 to 80 years, agreed to participate by signing the 
consent after which a self-administered questionnaire 
was given. 

 

Selection Criteria 

The participants used for this study were only 
right-handed people. Left-handed individuals were left 
out of the study for the sake of consistency, and 
moreover, we could not gather a significant number of 
left-handed people. Also, we excluded subjects with 
known cardiac problems like valvular stenosis’ or 
insufficiencies and other conditions and activities that 
can predispose to remodelling of the heart tissue like 
athletics, subjects with known hemodynamic states 
like Sickle cell disease, hyperthyroidism, and 
pregnancy. Also, participants with known and 
established abnormal blood pressure were used for a 
further study.  

 

Measurements 

A double-blinded technique was used for 
measurements of the heart and palm dimensions. 
Here, the ultrasound measurements were taken by an 
investigator in the ultrasound room and records kept 
away from the other investigator, taking the palm 
dimensions to avoid an observer bias. 

Palm measurement 

The right and the left palms were measured 
with a soft ruler from medial to lateral, specifically from 
the edge of the first palmar crease (heart line), where 
the fist is made, to the edge of a secondary palm line 
(headline) if visible or by extension [13] (Fig. 1). The 
measurement for each palm was done twice with the 
mean measurements calculated.  

 

Figure 1: Schematics for palm measurement 

 

Ultrasound measurement 

The measurement of the heart diameter was 
carried out by a single experienced investigator using 
a DUS 5000 ultrasound machine (Miami, Florida, 
USA) using a low-frequency micro-convex transducer 
preset to "adult cardiac" with a default frequency of 
4MHz. 

The participants were requested to expose 
their chest to around the 5th intercostal and were 
given a clean drape to cover themselves to make 
them comfortable and were required to lie supine on 
the examination bed. During the scan, only the 
required area was exposed (the left thoracic region up 
to about the 5th intercostal space). The transducer 
was applied to the subject’s chest wall to find a 
window on the 2nd to the 5th intercostal space left the 
parasternal area looking at the heart at its longitudinal 
axis (left parasternal view), PLAX [14, 15]. Using this 
view, we can visualise and measure the largest 
diameter of the heart in two-dimensions from the 
anterior fibrous pericardium to the lowest part of the 
posterior fibrous pericardium. The measurement is 
taken in late diastole when the mitral valve is almost 
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closing, and also this is when the left ventricular wall 
is expected to be thinnest. Although the 4-chambered 
view is the mainstay 2D echocardiographic technique 
for the imaging of the left ventricle [12] but requires 
more time, skill and exposure of the subject.  
Whereas, the PLAX is opposite regarding time, skill 
and exposure, especially if a quick view is desired. In 
this view, we can capture from superficial to deep the 
right ventricle, the interventricular septum, the left 
ventricle, the left atrium and two valves, aortic and 
mitral. Other studies have concentrated on the size of 
the left ventricular chamber [16-22]. However, 
reference ranges are still very limited for the other 
cavities despite the known prognostic significance of 
the left atrium and its volume [12]. Using this simple 
approach (PLAX), we can capture the essential cavity 
and volumetric changes from any underlying defects 
that might alter the normal size (diameter) of the 
heart. 

 

Statistical analysis 

Statistical analysis was performed by 
STATA/IC 13.0 (for windows). The Chi-square test 
was used for comparing categorised variables. 
Multiple regression analysis was also performed to 
predict the diameter of the heart from both the right 
and left hands measurements. Statistical hypothesis 
tests with p < 0.05 were considered as significant. 
ANCOVA was used so that measurements of the right 
palm, left palm, and heart diameter could be taken 
into account when comparing the groups regarding 
varying blood pressures. Values are presented as 
mean ± standard deviation or number (%). 

 

 

 

Results 

 

A total of 275 individuals volunteered in the 
study. Participants included 123 (44.73%) males and 
152 (55.27%) females. Mean age was 28.16 ± 16.18 
years. Age distribution of the participants (Table 1) 
showed that the most predominant age bracket was 
between 15-20 year. 

Table 1: Age distribution of participants with their palmer and 
heart measurements 

Age group Frequency 
n (%) 

Right palm 
Mean (cm) ±. 

S.D 

Left palm 
Mean (cm) ±. 

S.D 

Heart Diameter 
Mean (cm) ±. 

S.D 

15-20 131 (47.64) 8.54 ± 0.67 8.40 ± 0.70 8.38 ± 0.84 
21-26 68 (24.73) 8.78 ± 0.72 8.55 ± 0.76 8.78 ± 0.92 
27-32 14 (5.09) 8.69 ± 0.77 8.55 ± 0.76 8.76 ± 0.74 
33-38 9 (3.27) 8.57 ± 0.50 8.39 ± 0.57 9.12 ± 0.84 
39-44 10 (3.64) 8.87 ± 0.51 8.76 ± 0.54 9.29 ± 0.62 
45-50 9  (3.27) 8.51 ± 0.56 8.44 ± 0.55 9.50 ± 0.53 
51-56 8 (2.91) 8.88 ± 0.72 8.36 ± 0.60 8.93 ± 1.27 
57-62 5 (1.82) 8.50 ± 0.19 8.70 ± 0.74 9.58 ± 0.79 
63-68 5 (1.82) 8.50 ± 0.19 8.24 ± 0.18 9.94 ± 0.83 
69-74 10 (3.64) 8.82 ± 0.40 8.67 ± 0.43 9.7 ± 1.07 
75-80 6 (2.18) 8.73 ± 0.77 8.61 ± 0.62 9.73 ± 0.89 

In this study, relating the palm size of both 
hands using linear regression showed a good fit (P = 
0.000), with 91.2% coefficient of determination (95% 
confidence interval from 0.89 to 0.96). Multiple 
regression to predict the diameter of the heart from 
the palm size of both the right and left palm 
statistically significantly predicted the diameter of the 
heart, F (2, 273) = 96.18, p < 0.0005, R2 = 0.4133, p 
= 0.008 (95% confidence interval from 0.15 to 1.0) 

Also, among the participants, 56 individuals 
were identified with previously diagnosed cases of 
abnormal blood pressures, with an equal number of 
28 persons in each category of prehypertensive and 
hypertensive blood pressure, respectively. The 
hypertensive volunteers also acknowledged being on 
medication with good compliance. A control group of 
28 individuals with normal blood pressure and belongs 
to the same age group of those with abnormal blood 
pressure was also selected for further comparisons 
(Table 2). Efforts were also made to ensure no gender 
was predominating in any of the study groups. 

Table 2: Role of high blood pressure on the relationship 
between the fist size and heart diameter 

Group Right palm 
Mean (cm) 

±S.D 

Left palm 
Mean (cm) 

±S.D 

Heart 
diameter 

Mean 
(cm) ± S.D 

Chi-Squared 
evaluation in 

comparing right 
and left palm to 
the diameter of 

the heart, 
respectively 

Normal blood 
pressure 

8.42 ± 0.55 8.27 ± 0.59 8.83 ± 0.96 0.00 and 0.02 

Prehypertensive 
blood pressure 

8.79 ± 0.49 8.62 ± 0.5 9.74 ± 0.83 0.355 and 0.682 

Hypertension 8.39 ± 0.79 8.25 ± 0.76 8.91 ± 1.0 0.001 and 0.042 

 

There was no relationship when the right 
palm, left palm, and heart diameter of prehypertensive 
and hypertensive blood pressure groups was 
collectively analysed using ANCOVA, with P values of 
0.39, 0.54, and 0.07, for right palm, left palm, and 
heart diameter, respectively.  

The sonographic images demonstrate how 
the measurements were taken during the scan (Fig. 
2). 

    

Figure 2: Ultrasound scan of a heart from the anterior fibrous 
pericardium to the lowest part of the posterior fibrous pericardium 
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Age distribution showed a link between age 
and heart diameter (chi-square with 210 degrees of 
freedom = 356.65, p = 0.000). However, there was no 
correlation when compared with the palm sizes of 
both hands (P > 0.05). A simple regression was run to 
predict the diameter of the heart from the age group of 
teenagers to middle-aged adults (15-55 years).  

  

Figure 3: Predictive graph, showing the relationship of age (A), 
height (B), and the fist size (C) of both palms on the diameter of the 
heart. (Confidence interval of 95% of means, P<0.05 in each plot) 

 

These variables statistically significantly 
predicted the diameter of the heart, F (1, 246) = 21.79, 
p < 0.0005, R2 = 0.0814. The variable added 
statistically significantly to the prediction, p < 0.05. 
The coefficient indicated that for each increase in age 
there is a 2% increase in heart diameter (95% 
confidence interval from 0.04 to 0.02). However, for 
participants above 55 years, the variable was not 
statistically significant. History retrieved from each 
participant revealed 26 (9.42%) with previous palmar 

injuries. However, the injuries had no impact on the 
correlation between the fist size and the diameter of 
the heart when analysed (chi-square with 10 degrees 
of freedom = 8.30, p = 0.60). Comparing the diameter 
of the heart based on gender showed that within a 
particular age group, males had a bigger heart 
diameter and palm size of both hands than females, P 
= 0.000, in all comparisons. Multiple regression 
analysis in comparing males to females further 
indicated that in any age group, males had their heart 
diameter, palm size of both the right and left hands 
bigger than females by 11.4%, 29.3%, and 18.5%, 
respectively, with 59.52% coefficient of determination. 
The linear regression of participants’ heights below 40 
years of age related to the diameter of the heart (P = 
0.000, 95% confidence interval from 0.07 to 0.02). No 
correlation was observed among patients above the 
age of 40. The Linear prediction graph was also used 
in interpreting the link between age (15-55 years), 
height, and fist size on the diameter of the heart (Fig. 
3). 

 

 

Discussion 

 

Heart disease remains one of the major 
illnesses leading to increased mortality rate [23]. An 
estimate of 17.5 million people dies each year from 
cardiovascular-related diseases, thus giving an 
estimate of 31% of deaths worldwide [24]. 
Cardiovascular problems can be diagnosed by 
electrocardiogram, echocardiogram, chest x-rays, 
cardiac computed tomography, cardiac magnetic 
resonance, positron emission tomography, coronary 
angiography, single-photon emission tomography and 
radionuclide ventriculography. Other additional 
diagnostic tests include haematological and 
biochemical analysis of Brain-type Natriuretic peptide 
(BNP), exercise testing, endomyocardial biopsies, and 
genetic testing.  Amongst all, echocardiography has 
been proven to be the most useful and widely 
available test in diagnosing cardiac problems. It has 
also been shown to be accurate, safe and cost-
effective [25]. Cardiovascular diseases are usually as 
a result of various illnesses. However, not all of these 
illnesses lead to heart muscle hypertrophy or 
enlargement [26]. The idea of linking the size of one's 
heart to their palm dimensions may appear irrational. 
However, few speculations have proposed the theory 
with several debates, but without any substantial 
evidence until now. The objective of this study was not 
just to confirm the speculations but also prospect how 
the information could prove beneficial in clinical 
medicine. As previously stated, the cardiac muscles 
and the appendages share the lateral plate mesoderm 
layer as a common derivative [1, 2]. This could also 
illustrate that all cells from the mesoderm, irrespective 
of differentiation may share a few linking properties 
[27]. 
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Correlation with Previous studies 

This study showed a considerable association 
between heart size and factors such as age, sex, and 
height (Table 1 and Figure 2), which was similar to 
previous reports [12, 28]. Previous studies have 
demonstrated that age has a direct proportionality with 
the heart diameter until the age of 50 years, where the 
heart begins to achieve a constant size, although the 
rate of growth was not elucidated upon [29, 30, 31]. 
However, this study demonstrates a 2% increase in 
heart diameter for each increase in age till 55 years.  
Further longitudinal studies might be required to 
validate this finding. 

Studies correlating height with the heart size 
have been investigated in previous reports with 
emphasis on the role of body weight as major 
determinant [12, 30]. Similarly, the current study 
showed a relationship between height and heart 
diameter amongst participants only below 40 years, 
although, the influence of body weight was not 
captured. The observed relationship could be due to 
the pubertal growth spurt defined by age, which is 
approximately linear until maturity, where a further 
increase in age indicates no further growth [31].   

Similar to other studies, sex was shown to be 
a predictor of heart diameter [27, 29, 30, 32]. The 
female frame regardless of race is known to be 
smaller than the male, hence, its reflection on the 
dimensions of the heart. Bainton et al., 1932, reduced 
the transverse diameter of the male heart by 0.8cm to 
derive the female diameter, while Oberman et al., 
1967, came up with a 0.5-1.0cm consistent difference 
between men and women within the same group and 
matched for height and weight. However, our study, 
though not matched for height and weight revealed an 
11.4% increase in the diameter of males relative to 
females matched for the same age group. 

 

Deductions from this study 

In this study, it was shown that the right palm 
was bigger than the left palm, although, the difference 
did not distort the analysis that both palms correlated 
with the diameter of the heart. The right hand being 
bigger is attributed to the increased neuronal firing 
and hypertrophy in right-handed people, due to high 
usage [33]. Studies involving left-handed individuals in 
the current study was not feasible due to small sample 
size. From this study, it could be speculated that the 
heart diameter ranges from the measurement of the 
left palm to that of the right palm with the right palmar 
diameter being the upper limit of normal heart size for 
the measured individual.  

While further considering the general clinical 
applicability of this method, a pilot study involving the 
impact of deranged blood pressure on the palm-heart 
diameter was carried out. The finding drew our 
attention to an important clinical phenomenon 

previously observed in the MONICA/KORA Augsburg 
study, which concluded that persistent 
prehypertension results in heart tissue remodelling 
which facilitates the occurrence of ventricular 
hypertrophy resulting in diastolic dysfunction [34]. This 
study’s observation supports the direct applicability of 
the palm-heart diameter for the normotensive and the 
hypertensive population on treatment, but not for the 
prehypertensive group. The reason though not fully 
understood but might be attributed to the onset of a 
possible cardiac tissue remodelling [35] which might 
have resulted in the “subtle” non-symptomatic 
enlargement which is similarly seen in the endurance-
trained athletes’ heart [36]. It is assumed that the 
prehypertensive period is faced with continuous 
hemodynamic load causing the ventricular 
myocardium to stretch (Frank-Starling), triggering the 
heart to subsequently initiate the process of 
hypertrophy in response to the stress (Laplace law). 
The correlation with the hypertensive group suggests 
that medicating hypertensive patients might be 
experiencing some therapeutic palliation on pressure 
load and vascular resistance thus ameliorating the net 
tissue remodelling effect as opposed to the 
prehypertensives or simply that the process of 
hypertrophy might have already been established in 
this group, hence no noticeable net myocardial 
stretch.  The pathophysiological impact of 
prehypertension is difficult to define, as it represents 
over 30% of the adult healthy population [37]. 
Prehypertension has been linked to an increased 
long-term cardiovascular risk [38] and may be the 
starting point in the cardiovascular disease spectrum 
[39]. The observation from this research further 
corroborates the Strong heart study of 2006, which 
has advocated for an increasingly aggressive follow-
up on patients with persistent prehypertension [40].  

 

Prospects of current study in diagnosing 
heart enlargement 

The study predicts that the relationship 
between the palm and heart size may give more 
direction in anticipating cardiac dimension referencing 
tool. Thus, a one-time diametric measurement of the 
palm-size might just be sufficient to determine an 
individual’s normal heart diameter which can then be 
used as a benchmark for comparison of the heart 
cavities. This benchmark is essential as it will aid the 
customisation of the heart cavity dimensions as 
opposed to using a single range of values for 
everyone. This is soon necessary since BSA which is 
currently the main tool has been shown to be deficient 
in certain cases such as when relating the heart 
dimensions of a short obese person to a tall, slim 
person who might have the same BSA [12]. 
Furthermore, the present reference ranges might also 
result in delayed diagnosis and treatment of heart 
enlargement in patients possessing small BSA, due to 
the underestimation of the heart size [12].  
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Although not fully substantiated, observations 
from our study revealed that the applicability of this 
study to the prehypertensive population must be done 
with caution as a 1cm increase in heart diameter over 
the expected upper limit (the right palm diameter) 
might be seen on sonography. Hence, this tool might 
also prove effective for the screening and 
identification of early cardiac remodelling in patients 
with persistent prehypertension. 

The PLAX approach used in this study is easy 
and captures the essential cavities and valves. 
Therefore, heart enlargement from any underlying 
defect would likely reflect on the measurement. It 
suffices to say that this simple procedure could be an 
alternative to unnecessary exposure to radiation from 
plain chest X-rays done to screen for cardiomegaly 
especially in developing countries. Also, this simple 
technique can be done by medical students at the 
patient’s bedside to screen for a possible 
cardiomegaly. Hence, this further supports the on-
going advocacy for the introduction of ultrasound 
education into the medical curriculum across the 
globe.  

 

Limitations of the study 

Though we were limited by the numbers of 
participants in the age ranges over 26, however, we 
do not think that would have affected the outcome of 
our study. However, further studies still need to be 
carried out to closely investigate the adult population. 
The study did not account for the impact of other 
predictors of heart enlargement on the palm-heart 
relationship, such as participation in sports and 
hemodynamic conditions like Sickle cell disease 
amongst others.  

In conclusion, the statement linking the sizes 
of the heart with the size of either hand has been said 
among few but without scientific backing until now. 
This study tends to confirm the relationship between 
details and also offer the prospect on its clinical 
relevance. This relationship could be employed in the 
early investigation of heart enlargement, thus reducing 
the incidence of poor prognosis among patients. 
However, there is the need for further study to 
properly understand the relationship between the 
heart and palm measurements. The study also 
elucidated on the unclear relationship between the 
increase in age and the growth of cardiac tissue. With 
the current trend of attributing more attention to 
hypertensive blood pressure than prehypertension, 
the study suggests that both abnormal pressures 
should receive an equal level of response to avoid 
cardiac tissue remodelling. It also supports the on-
going advocacy for the inclusion of basic ultrasound 
education in the curriculum for medical students at 
large. 

 

References 

1. Nishimoto S, Logan MP. Subdivision of the lateral plate 
mesoderm and specification of the forelimb and hindlimb forming 
domains. In Seminars in cell & developmental biology. Academic 
Press, 2016; 49:102-108. 
https://doi.org/10.1016/j.semcdb.2015.11.011 

  

2. Itoh N, Ohta H, Nakayama Y, Konishi M. Roles of FGF signals in 
heart development, health, and disease. Frontiers in cell and 
developmental biology. 2016;4. 
https://doi.org/10.3389/fcell.2016.00110 

 

  

3. Satou Y, Satoh N. Gene regulatory networks for the 
development and evolution of the chordate heart. Genes & 
development. 2006;20(19):2634-8. 
https://doi.org/10.1101/gad.1485706 PMid:17015427  

 

4. Al-Qattan MM, Yang Y, Kozin SH. Educational Objectives. 
Journal of Hand Surgery. 2009;7(34):1340-50.  
https://doi.org/10.1016/j.jhsa.2009.06.013 PMid:19700076  

 

5. Azhar M, Schultz JEJ, Grupp I, Dorn GW, Meneton P, Molin 
DGM, et al. Transforming growth factor beta in cardiovascular 
development and function. Cytokine & Growth Factor Reviews 
[Internet]. Elsevier BV; 2003;14(5):391–407. 

 

6. Schleich J-M, Abdulla T, Summers R, Houyel L. An overview of 
cardiac morphogenesis. Archives of Cardiovascular Diseases 
[Internet]. Elsevier BV; 2013;106(11):612–23. 

 

7. Massagué J, Chen YG. Controlling TGF-β signalling. Genes & 
development. 2000;14(6):627-44. PMid:10733523 PMid:10733523   

8. Schneider MD, Gaussin V, Lyons KM. Tempting fate: BMP 
signals for cardiac morphogenesis. Cytokine & Growth Factor 
Reviews [Internet]. Elsevier BV; 2003;14(1):1–4. 

 

9. Fielitz J, Hein S, Mitrovic V, Pregla R, Zurbrügg HR, Warnecke 
C, et al. Activation of the cardiac renin-angiotensin system and 
increased myocardial collagen expression in human aortic valve 
disease. Journal of the American College of Cardiology [Internet]. 
Elsevier BV; 2001;37(5):1443–9. 

 

10. Khan R, Sheppard R. Fibrosis in heart disease: understanding 
the role of transforming growth factor-beta1 in cardiomyopathy, 
valvular disease and arrhythmia. Immunology [Internet]. Wiley-
Blackwell; 2006;118(1):10–24. 

 

11. Zhao F, Bosserhoff A-K, Buettner R, Moser M. A Heart-Hand 
Syndrome Gene: Tfap2b Plays a Critical Role in the Development 
and Remodeling of Mouse Ductus Arteriosus and Limb Patterning. 
Gaetano C, editor. PLoS ONE [Internet]. Public Library of Science 
(PLoS); 2011;6(7):e22908. 

 

12. Pfaffenberger S, Bartko P, Graf A, Pernicka E, Babayev J, Lolic 
E, et al. Size Matters! Impact of Age, Sex, Height, and Weight on 
the Normal Heart Size. Circulation: Cardiovascular Imaging 
[Internet]. Ovid Technologies (Wolters Kluwer Health); 
2013;6(6):1073–9. 

 

13. Oda M, Womack BF, Tsubouchi K.1971. 
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=4308270  

14. Roman MJ, Devereux RB, Kramer-Fox R, O'Loughlin J. Two-
dimensional echocardiographic aortic root dimensions in normal 
children and adults. The American Journal of Cardiology [Internet]. 
Elsevier BV; 1989;64(8):507–12. 

 

15. D'Andrea A, Cocchia R, Riegler L, Scarafile R, Salerno G, 
Gravino R, et al. Aortic Root Dimensions in Elite Athletes. The 
American Journal of Cardiology [Internet]. Elsevier BV; 
2010;105(11):1629–34. 

 

16. Gardin JM, Henry WL, Savage DD, Ware JH, Burn C, Borer JS. 
Echocardiographic measurements in normal subjects: Evaluation 
of an adult population without clinically apparent heart disease. 
Journal of Clinical Ultrasound [Internet]. Wiley-Blackwell; 
1979;7(6):439–47. 

 

17. Henry WL, Gardin JM, Ware JH. Echocardiographic 
measurements in normal subjects from infancy to old age. 
Circulation [Internet]. Ovid Technologies (Wolters Kluwer Health); 

 

https://doi.org/10.1016/j.semcdb.2015.11.011
https://doi.org/10.3389/fcell.2016.00110
https://doi.org/10.1101/gad.1485706
https://doi.org/10.1016/j.jhsa.2009.06.013


Basic Science 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  824                                                                                                                                                                                                                     http://www.mjms.mk/ 
http://www.id-press.eu/mjms/ 

 

1980;62(5):1054–61. 

18. Devereux RB, Lutas EM, Casale PN, Kligfield P, Eisenberg RR, 
Hammond IW, et al. Standardization of M-mode echocardiographic 
left ventricular anatomic measurements. Journal of the American 
College of Cardiology [Internet]. Elsevier BV; 1984;4(6):1222–30. 

 

19. Hammond IW, Devereux RB, Alderman MH, Laragh JH. 
Relation of blood pressure and body build to left ventricular mass in 
normotensive and hypertensive employed adults. Journal of the 
American College of Cardiology [Internet]. Elsevier BV; 
1988;12(4):996–1004. 

 

20. Lauer MS. The Impact of Obesity on Left Ventricular Mass and 
Geometry. JAMA [Internet]. American Medical Association (AMA); 
1991;266(2):231. 

 

21. Lauer MS, Larson MG, Levy D. Gender-specific reference M-
mode values in adults: Population-derived values with 
consideration of the impact of height. Journal of the American 
College of Cardiology [Internet]. Elsevier BV; 1995;26(4):1039–46. 

 

22. George KP, Batterham AM, Jones B.1998. 
https://insights.ovid.com/pubmed?pmid=9624638  

23. Lowry AW, Olabiyi OO, Adachi I, Moodie DS, Knudson JD. 
Coronary Artery Anatomy in Congenital Heart Disease. Congenital 
Heart Disease [Internet]. Wiley-Blackwell; 2013;8(3):187–202. 

 

24. WHO. 2016. http://www.who.int/cardiovascular_diseases/en/ 
 

25. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, 
Coats AJS, et al. 2016 ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure. European Heart 
Journal [Internet]. Oxford University Press (OUP); 
2016;37(27):2129–200. 

 

26. Rajangam S, Dhawan S, Tilak P. Congenital Heart Defects and 
its Types. Indian Journal of Anatomy [Internet]. Red Flower 
Publication Private, Ltd.; 2015;4(2):85–91. 

 

27. Oberman A, Myers AR, Karunas TM, Epstein FH. Heart Size of 
Adults in a Natural Population-Tecumseh, Michigan: Variation by 
Sex, Age, Height, and Weight. Circulation [Internet]. Ovid 
Technologies (Wolters Kluwer Health); 1967;35(4):724–33. 
https://doi.org/10.1161/01.CIR.35.4.724 

 

28. Margolies A. Clinical roentgenology of the heart. American 
Heart Journal [Internet]. Elsevier BV; 1947;33(3):410.  

29. Amundsen, P.1959. 
https://archive.org/details/in.ernet.dli.2015.118812  

30. Neuhauser EBD. Roentgen Diagnosis of the Heart and Great 
Vessels. JAMA: The Journal of the American Medical Association  

[Internet]. American Medical Association (AMA); 1965;193(11):982. 

31. Björk A, Helm S. Prediction of the age of maximum puberal 
growth in body height. The Angle orthodontist. 1967;37(2):134-43. 
PMid:4290545 PMid:4290545  

 

32. Bainton JH. The transverse diameter of the heart. American 
Heart Journal [Internet]. Elsevier BV; 1932;7(3):331–41.  

33. Adam A, Luca C, Erim Z.1998. 
http://jn.physiology.org/content/80/3/1373.long  

34. Markus MRP, Stritzke J, Lieb W, Mayer B, Luchner A, Döring 
A, et al. Implications of persistent prehypertension for ageing-
related changes in left ventricular geometry and function: The 
MONICA/KORA Augsburg study. Journal of Hypertension 
[Internet]. Ovid Technologies (Wolters Kluwer Health); 
2008;26(10):2040–9. 
https://doi.org/10.1097/HJH.0b013e328308da55 

 

35. Ganau A, Devereux RB, Roman MJ, de Simone G, Pickering 
TG, Saba PS, et al. Patterns of left ventricular hypertrophy and 
geometric remodeling in essential hypertension. Journal of the 
American College of Cardiology [Internet]. Elsevier BV; 
1992;19(7):1550–8. 

 

36. Mihl C, Dassen WRM, Kuipers H. 2008. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2300466/pdf/nhj161
2900.pdf 

 

37. Qureshi AI, Suri MF, Kirmani JF, Divani AA.2005. 
http://www.medscimonit.com/download/index/idArt/428446  

38. Vasan RS, Larson MG, Leip EP, Evans JC, O'Donnell CJ, 
Kannel WB, et al. Impact of High-Normal Blood Pressure on the 
Risk of Cardiovascular Disease. New England Journal of Medicine 
[Internet]. New England Journal of Medicine (NEJM/MMS); 
2001;345(18):1291–7. https://doi.org/10.1056/NEJMoa003417 
PMid:11794147 

 

39. Schunkert H. Pharmacotherapy for Prehypertension — Mission 
Accomplished? New England Journal of Medicine [Internet]. New 
England Journal of Medicine (NEJM/MMS); 2006;354(16):1742–4. 
https://doi.org/10.1056/NEJMe068057 PMid:16537661 

 

40. Zhang Y, Lee ET, Devereux RB, Yeh J, Best LG, Fabsitz RR, 
et al. Prehypertension, Diabetes, and Cardiovascular Disease Risk 
in a Population-Based Sample: The Strong Heart Study. 
Hypertension [Internet]. Ovid Technologies (Wolters Kluwer 
Health); 2006;47(3):410–4. 
https://doi.org/10.1161/01.HYP.0000205119.19804.087 

 

 

https://doi.org/10.1161/01.CIR.35.4.724
http://jn.physiology.org/content/80/3/1373.long
https://doi.org/10.1097/HJH.0b013e328308da55
https://doi.org/10.1056/NEJMoa003417
https://doi.org/10.1056/NEJMe068057
https://doi.org/10.1161/01.HYP.0000205119.19804.087

