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Height as marker of cardiometabolic risk;
a combined analysis of two cohorts.
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Abstract

Aim: To investigate the association of height with cardiometabolic risk.

Methods: Standing adult height of the ATTICA study participants (n=1,128) and the Greek Cau-
casian MEDIS study participants (n=2,221), were investigated in relation to combined cardiomet-
abolic risk (i.e., history of hypercholesterolemia, diabetes, hypertension and obesity)

Results: Increase in height was inversely associated with cardiometabolic risk, history of hyper-
cholesterolemia (p<0.001) and diabetes (p<0.05), after adjusting for various confounders.

Conclusion: Among older people, increased standing height seems to be a determinant of cardi-
ometabolic risk.
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1. Introduction

Cardiovascular disease (CVD) has received great at-
tention in the literature the past decades. There are a
plethora of articles trying to describe this complex phe-
nomenon and propose possible mechanisms and, in-
dependent and interacting biological, anthropometric,
clinical, behavioural, and lifestyle factors that contrib-
ute to its development across aging [1-4]. Regarding
CVD, many anthropometric indices, indirect indicators
of metabolic profile, have already been used [5]. How-
ever, one factor that has not, yet, received much atten-
tion, whereas there were several research findings in
the past underlying it’s triggering role in cardiovascu-
lar system patho-physiology, is standing height. In one
of the first papers published in early 1990s using data
from the participants in the Physicians' Health Study,
the investigators concluded that height was inversely
associated with subsequent risk of myocardial infarc-
tion. At that time the mechanisms were limited and less
convincing. Till then, there are few studies that have
also revealed an association of increased height with
lower risk of CVD [6-8]. Moreover, results from a re-
cently published meta-analysis showed that 6.5 cm in-
crease of height was associated with 10% lower risk
for coronary heart disease [9]. Investigators tried to go
further and study the potential mechanisms. Some ex-
planations of these findings include larger vessels’ di-
ameters that are affected in lesser degree from ather-
omatosis [10] and higher level of insulin sensitivity in
taller individuals, as a result of early life over nutrition,
which has as a consequence lower fat content in liver
and lower risk for diabetes and CVD [11].

It is clear from all the aforementioned that the evi-
dence regarding the associations between height and
cardiometabolic disease are well founded. In that con-
text, the aim of the present work was to investigate the
association of height with several cardiometabolic risk
markers simultaneously (i.e., history of hypercholes-
terolemia, diabetes, hypertension and obesity) among
apparently healthy men and women who participated
in two large-scale, population-based studies in Greece.

2. Methodology

Study sample

The working sample consisted of n = 3,349 individu-
als aged 50 years old and older, from the ATTICA (n=
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1,128) and the MEDIS (n =2,221) epidemiologic studies.
In brief, the ATTICA is an observational study, carried
out in the greater metropolitan Athens area in Attica
region, Greece, during 2001-2002. The principal goal of
the study was to investigate the prevalence of cardiovas-
cular disease (CVD) risk factors and their associations
with various socioeconomic, lifestyle and psychological
characteristics. The total sample consisted of 3042 partic-
ipants (>18 years old), randomly selected from all Attica
region areas and were free of CVD and other chronic
diseases, as assessed through a detailed clinical evalu-
ation by the study's physicians (in the present analysis
a sub-sample of study’s sample, of n = 1,128 individu-
als over 50 years old were studied). More information
about ATTICA study may be found elsewhere [12]. The
MEDIS (Mediterranean Islands) study, was carried out
ina variety of Mediterranean islands; during 2005-2017
atotal of 3,128 older people (>50 years) from 26 Mediter-
ranean islands, of 5 countries, were enrolled. Individu-
als who resided in assisted-living centers, had a clinical
history of CVD or cancer, or had left the island for a con-
siderable period of time during their life (i.e., >5 years)
were excluded. In the present work, a sub-sample of n
= 2,221 individuals who were living in Greek islands
only, were studied. More information about MEDIS
study may be found elsewhere [13].

In both studies, a group of health scientists (cardi-
ologists, general practitioners, physicians, dietitians,
public health nutritionists and nurses) with field expe-
rience collected all required information using stand-
ard, validated questionnaires and clinical procedures.

Bioethics

The ATTICA study was approved by the Institutional
Ethics Board of First Cardiology Clinic (Athens Univer-
sity Medical School) and was carried out in accordance
to the Declaration of Helsinki (1989) of the World Med-
ical Association. Similarly, the Bioethics Committee
of Harokopio University approved the MEDIS study
(16/19-12-2006). Participants of both studies were in-
formed about the aims and procedures and gave their
informed consent prior to their enrollment.

Measurements

Socio-demographic and lifestyle data
Age (years), gender (men/women), smoking, finan-
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cial and education status were assessed. Regarding fi-
nancial status, participants were asked to self-charac-
terize their income during the previous three years as
low, i.e., inadequate to cover daily expenses, medium,
i.e., trying hard to cover daily expenses, good, i.e., ad-
equate to cover daily expenses, or very good, i.e., very
adequate to cover daily expenses), while education
level was described with school years. Current smok-
ers were defined as those who smoked at least one cig-
arette or any type of tobacco per day at the time of the
interview. Former smokers were defined as those who
previously smoked but had quit within the previous
year. Current and former smokers were combined as
ever smokers. The remaining participants were defined
as non-smokers.

Physical activity was assessed through a translated
version of the validated “International Physical Activ-
ity Questionnaire” (IPAQ) [14], suitable for assessing
population levels of self-reported physical activities,
taking into consideration frequency (times per week)
and duration (at least 10 minutes) of walking, moder-
ate and vigorous activities, as well as sedentary activi-
ty. Participants who did not report any physical activi-
ties were defined as physically inactive. The evaluation
of dietary habits in the ATTICA study was based on a
semi-quantitative food-frequency questionnaire (FFQ)
that was provided by the Unit of Nutrition of Athens
University Medical School [15]. All participants were
asked to report the average intake (per week or day)
of several food items that they consumed (during the
last 12 months). Similarly, dietary habits in the MEDIS
study were assessed through a similar semi-quantita-
tive, validated, and reproducible FFQ [16]. The frequen-
cy of consumption of various food types (i.e., meatand
meat products, fish and seafood, milk and other dairy
products, fruits, vegetables, greens and salads, leg-
umes, cereals, pasta, olive oil and alcohol) on a daily,
weekly or monthly basis, was assessed. To evaluate the
level of adherence to the Mediterranean diet, the Med-
DietScore (theoretical range 0-55) was used [17], with
higher values indicating greater adherence.

Anthropometric characteristics

In both studies, standing height, weight, waist and hip
circumferences, were measured using standard proce-
dures, with people in light clothing and without shoes;
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Waist circumference was measured in the middle be-
tween the lowest rib and the iliac crest using an inelastic
measuring tape to the nearest 0.5 cm, hip circumference
was measured at the level of the largest extension of the
hips in a horizontal plane. Waist-to-hip ratio, waist-to-
height ratio and Body Mass Index (BMI, as weight /
height squared (kg/m?), were also calculated.

Clinical characteristics

Type 2 diabetes mellitus was determined using Amer-
ican Diabetes Association diagnostic criteria (at least
two measurements of fasting blood glucose 2126 mg/
dL or the use of anti-diabetic medication). Participants
who were diagnosed as having blood pressure levels
>140/90 mmHg or used antihypertensive medications
were classified as hypertensive. Hypercholesterolemia
was defined as total serum cholesterol levels of at least
two measurements >200 mg/ dL or the use of lipid-low-
ering agents according to the National Cholesterol Ed-
ucation Program Adult Treatment Panel III guidelines
[18].

Then, a cumulative score (range 0-4) indicating the
overall burden of participants” history of 4 major car-
diometabolic risk factors (i.e., hypercholesterolemia,
diabetes, hypertension and obesity) was also calculat-
ed, and used as a proxy of overall cardiometabolic risk
(participants having none of the aforementioned risk
factors received a score of 0, having one factor received
score of 1, etc.).

Statistical analysis

Continuous variables are presented as means +
standard deviation (SD) and categorical variables as
frequencies. For better interpretation, height was di-
vided into the following categories: <165 cm, 166-170
cm, 171-175 cm and > 170 cm, for men, and <150 c¢m,
151-155 cm, 156-160 cm, 161-165 cm and > 165 cm, for
women. Multi-way analysis of variance MANOVA)
was applied to evaluate individual’s characteristics
in relation to height categories, accounting for age
and sex of the participants. Ordinal logistic analy-
sis was also used in order to evaluate the associa-
tion of standing height, as a continuous variable (per
centimeter), with overall cardiometabolic risk factors
score and each risk factor individually, after adjust-
ing for various clinical and socio-demographic char-
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acteristics. Results are presented as b-coefficients and
95% confidence interval. The STATA software, ver-
sion 14 (MP & Associates, Sparta, Greece) was used
for all statistical analyses.

3. Results
In Table 1, baseline socio-demographic, lifestyle and
clinical characteristics of the ATTICA and MEDIS stud-

of two cohorts. Height and CVD risk factors

ies’ participants, categorized by standing height, are
presented. Shortest individuals (i.e., €165 cm for men
and <150 cm for women) had higher burden of cardi-
ometabolic risk factors than those with higher stature
(p’s<0.001).

Moreover, in Figure 1 a clear decreasing trend of car-
diometabolic cumulative risk factors score and partic-
ipants” height is illustrated, in both men and women.
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Figure 1. Mean CVD risk score by category of standing height, in (A) Men (n=1751) and (B) Women (n=1598) from the
ATTICA and the MEDIS studies. CVD risk score is a cumulative score ranging from 0 to 4, depending on how many
cardiometabolic risk factors (i.e., hypercholesterolemia, diabetes, hypertension and obesity) are present. Participants
having none of the aforementioned risk factors received a score of 0, having one factor received score of 1, efc.

CVD: Cardiovascular disease
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Table 2: Results from ordinal logistic models that evaluated standing height, as a continuous variable (per
centimeter), in relation to the cumulative cardiometabolic risk factors score and each risk factor separately of the
n = 3,349 older men and women (>50 years).

Independent variable b-coefficient, 95%CI p-value

CVD risk score -0.04, -0.05 to -0.029 p<0.001
Hypercholesterolemia -0.022, -0.033 to -0.01 p<0.001

Diabetes Mellitus -0.015, -0.028 to -0.001 p<0.05
Hypertension -0.016, -0.043 to 0.011 p=0.243

Obesity -0.048, -0.061 to 0.035 p<0.001

All models were adjusted for age, sex, smoking habits, physical activity status, MedDietScore and socioeconomic status of the participants.

CVD risk score is a cumulative score ranging from 0 to 4, depending on how many cardiometabolic risk factors (i.e., hypercholesterolemia,

diabetes, hypertension and obesity) are present. Participants having none of the aforementioned risk factors received a score of 0, having one

factor received score of 1, etc. CVD: Cardiovascular disease.

Height, anthropometric indices and cardiometabolic
risk factors profile

However, residual confounding may exist, and the
aforementioned relationships may be prone to selection
bias. Thus, multi-adjusted analyses were performed.
After controlling for age, sex, various lifestyle factors
i.e., smoking habits, physical activity status, financial
status, as well as adherence to the Mediterranean diet
as evaluated through the MedDietScore, individuals’
height showed a strong inverse association with car-
diometabolic risk factors score (Table 2; p<0.001). To
further explore the association of height with certain
cardiometabolic disorders further analyses were also
applied. Height seemed to have an inverse association
with participants history of hypercholesterolemia, obe-
sity (Table 2; p<0.001) and diabetes mellitus (Table 2;
p<0.05), but there was no association of height with his-
tory of hypertension (Table 2; p=0.243). No height by
sex or height by study (i.e.,, ATTICA or MEDIS) inter-
actions on the aforementioned cardiometabolic risk fac-
tors were observed (all p’s>0.50).

4. Discussion
The aim of the present work was to evaluate the asso-

76 © 2018 Hellenic Atherosclerosis Society

ciation of standing height with cardiometabolic risk
profile of over 50 years old men and women, offering
more data to an overlooked subject and better under-
standing of the ever-going underlining processes of
atheromatosis. It was revealed that higher height was
associated with lower cardiometabolic risk factors
profile, irrespective of sex or age. This association
remained strong even after the adjustment for vari-
ous factors such as financial status, dietary habits and
physical exercise which early on were consider to be
the key mediators of height’s effect on CVD risk [8,
10]. Despite the limitations this observational study
may carry, the presented findings are of significant
importance since they give light to an underestimat-
ed area of research regarding the role of less used
anthropometric indices on cardiovascular diseases’
markers. Understanding the role of these markers
may assist clinicians, as well as health care profes-
sionals, in better identifying the potential candidate
for CVD or other related disorders, and, thus, reduc-
ing the burden of the disease at population level.
The association of height with CVD has not been
well studied and understood. Although some re-
searchers support that short stature offers many
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prophylactic advantages against CVD [19], a number
of prospective studies and meta-analysis have sug-
gested that higher statures are more protected
against atherosclerosis [7-11]. Given that taller indi-
viduals have lower risk of cardiovascular diseases
[7-11] because they have lower BMI, lower non-HDL
cholesterol [9], lower incidence of diabetes [11] and
a tendency for a lower systolic blood pressure [9],
we shouted to evaluate at the same time the impact
of height with every component of our risk score,
namely incidence of hypercholesterolemia, diabetes
mellitus, hypertension and obesity. It is known that
taller individuals enjoy better blood lipid profile and
lower incidence of diabetes as compared to shorter
individuals, probably due to the fact that they have
better sensitivity to insulin and insulin like growth
factors. This sensitivity is probably the product of
early life over nutrition, which causes higher activa-
tion levels of their signaling pathways and have as a
result both a greater stature and a lower liver fat con-
tent in adult life [11]. Our analysis has shown that
height had indeed an inverse association both with
the incidences of hypercholesterolemia and diabe-
tes mellitus. It is also known that taller individuals
display a tendency for lower systolic blood pressure
than shorter ones [9] probably due to larger vessels’
diameter and their lower level of stenosis due to ath-
eromatus plaques [10] however non association was
revealed between height and the incidence of hyper-
tension or systolic blood pressure (data not shown)
among the elderly of Attica region and Greek islands.

of two cohorts. Height and CVD risk factors

Strengths and Limitations

To our knowledge this is one of the few studies that
evaluates the association of height with cardiomet-
abolic risk factors profile and one of the first to do
so on a Greek population of older adults. Howev-
er, some limitations also exist; ATTICA and MEDIS
studies measurements suffer from the typical flaws
of epidemiologic studies genre, like the reverse cau-
sality bias and the non-response bias [20]. Since this
is also a self-report survey it may suffer from recall
bias as well. On a technical matter, since the current
standing height of the volunteers was measured,
which for some might have been slightly decreased
as an inevitable consequence of aging, the results of
the analyses might not depict accurately the effect of
adult height in cardiometabolic risk.

Conclusion

This work suggests that standing height may serve
as a useful predictor of cardiovascular disease risk.
These findings also provide useful insights into the
potential mechanisms connecting height and good
health and therefore, better course of life. Height is
undoubtedly a biological characteristic which can
define individuals in many aspects of their life and
may have a potential role as a diagnostic tool in the
future; however modifiable risk factors can always
play the same important role on the course of life.

Conflict of interest
There is no conflict of interest.

© 2018 Hellenic Atherosclerosis Society 77



Hei
of two cohorts. Height and CVD risk factors

ght as marker of cardiometabolic risk; a combined analysis
K. C. Gkouvas et al.

MepiAnwn

To Oog wg OelkTNg KAPOOPETAPOAIKOD KIVOOVOU;
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MNavemotnuio LA TROBE, AvoTtpalia

210yo¢: H pehétn g oxéong tov Lipoug pe tov KapdropeTtafoAiko kivoovo.
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