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Abstract

Background: Both genetic and environmental factors play a role in the pathogenesis of type 2 diabetes and
cardiovascular diseases. The magnitude of genetic and environmental influences may vary in different populations
and can be investigated by twin studies.

Methods: In this cross-sectional study, 101 (63 monozygotic and 38 dizygotic) adult twin pairs (n = 202; mean age:
44.3 ± 15.8 years) were investigated. Past medical history was recorded and physical examination was performed.
Fasting venous blood samples were taken for measuring laboratory parameters. For assessing heritability of 14
cardiovascular risk factors, the structural equation (A-C-E) model was used.

Results: The following risk factors were highly (> 70.0%) or moderately (50.0 - 69.0%) heritable: weight (88.1%),
waist circumference (71.0%), systolic blood pressure (57.1%), diastolic blood pressure (57.7%), serum creatinine
(64.1%), fibrinogen (59.9%), and serum C-reactive protein (51.9%). On the other hand, shared and unique
environmental influences had the highest proportion of total phenotypic variance in serum total cholesterol (46.8%
and 53.2%), serum HDL-cholesterol (58.1% and 14.9%), triglycerides (0.0% and 55.9%), fasting blood glucose (57.1%
and 42.9%), fasting insulin (45.4% and 54.5%), serum uric acid (46.0% and 31.3%), and serum homocysteine (71.8%
and 28.2%, respectively).

Conclusion: Some cardiometabolic risk factors have strong heritability while others are substantially influenced by
environmental factors. Understanding the special heritability characteristics of a particular risk factor can
substantiate further investigations, especially in molecular genetics. Moreover, identifying genetic and
environmental contribution to certain cardiometabolic risk factors can help in designing prevention and treatment
strategies in the population investigated.
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prevention

Background
The term of cardiometabolic risk designates the global
risk for diabetes mellitus and cardiovascular diseases.
Beyond age, race, sex and family history, other classic
and newly recognized risk factors such as abnormal lipid
parameters, obesity, insulin resistance syndrome, smok-
ing, hypertension, hypercoagulation and inflammation
are globally covered by the term of cardiometabolic risk
[1]. Recently, the clinical usefulness of the metabolic

syndrome became questionable and instead of its use the
evaluation of global cardiometabolic risk has been widely
recommended [2,3].
Cardiometabolic risks in adulthood differ due to several

factors such as familial background, ethnicity, geographi-
cal areas, people’s life style and socioeconomic situation
[4]. Shortly, they are influenced by genetic and environ-
mental factors. As a result, the prevalence rate of cardio-
vascular diseases and type 2 diabetes mellitus may vary in
different populations. Unfortunately, people living in
Central European region are at increased risk for cardio-
vascular morbidity and mortality compared to other
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European nations [5] while the prevalence rate of type 2
diabetes is in line with other European countries [6].
Genetic and environmental influences on cardiometa-

bolic risk factors can be investigated by twin studies.
Obviously, understanding the influences of genetic and
environmental factors would provide insights into the
pathomechanism of type 2 diabetes and cardiovascular
diseases. Moreover, the effectiveness of different treat-
ments might be anticipated more correctly knowing the
influence of genetic and environmental factors on cardi-
ometabolic risk factors.
In our classical twin study, 14 different risk factors

were simultaneously assessed in monozygotic (MZ) and
dizygotic (DZ) adult twin pairs without diabetes and
known cardiovascular diseases in order to determine the
genetic and environmental influences on cardiometabolic
risk factors.

Methods
Patient cohort
In this cross-sectional twin study, 101 adult twin pairs (n =
202; women 72.3%; mean age 44.3 years, range 18-81
years) were investigated. As no population based twin reg-
istry is available in Hungary at present, participants were
recruited from national twin meetings and through adver-
tisements published in local newspapers. Exclusion criteria
included pregnancy, diabetes mellitus, myocardial infarc-
tion or regular alcohol consumption (more than 2 units
daily) in the past medical history and acute infection
within three weeks of measurement.
Anthropometric parameters (weight, height, waist cir-

cumference) were recorded and a complete physical
examination including blood pressure measurement in
sitting position was performed. Body mass index (BMI)
was calculated from the values of weight and height.
Waist circumference was measured conventionally [7].
Physical activity level was assessed by the standardized
method: subjects reported the amount of time spent on
five different intensity levels of physical activity on an
average weekday as a total 24 h, then values of daily
metabolic equivalent score (MET) were derived and used
for statistical analysis [8]. Smoking habit was assessed as
smoking years while alcohol consumption was evaluated
as unit per week. Fasting venous blood samples were
taken from twin pairs and routine laboratory methods
were used for measuring laboratory parameters. The
value of homeostasis model assessment - insulin resis-
tance (HOMA-IR) was calculated using the widely
accepted formula [9]: HOMA-IR = fasting blood glucose
(mmol/l) × fasting insulin (μU/ml)/22.5.
Due to the lack of genotyping data of subjects, we used

a multiple self-reported question approach to assess zyg-
osity in order to maximize the accuracy of classification.
The most likely zygosity was assigned based on the seven

self-reported responses [10]. In this way, 63 MZ and 38
DZ twin pairs were investigated.
All participants provided informed consent. The investi-

gation was approved by the National Research Ethics
Committee (ETT TUKEB, Budapest) and was conducted
according to the principles expressed in the Declaration of
Helsinki. Participants were informed about the results of
the investigation and medical advice was provided when
needed.

Statistics
Descriptive statistical analysis was used for characterizing
MZ and DZ twin pairs. The differences in clinical and
laboratory findings between MZ and DZ twin pairs were
evaluated by using Mann-Whitney test. The level of sig-
nificance was set at p < 0.05.
Bivariate correlation between the same age- and gen-

der-corrected parameters was separately analyzed in MZ
and DZ pairs. If coefficients of correlations (r values)
were high in MZ and not in DZ pairs, a genetic effect
could be assumed. On the other hand, if r values were
lower or close to each other when MZ and DZ pairs
were compared, an environmental effect could be
supposed.
For assessing heritability, a structural equation model,

often called the A-C-E model, was used. In this model,
three latent variables, additive genetic effects (“A”), com-
mon (or shared) environment (“C”) and unshared (or
unique) environment (“E”) drive the variance in the phe-
notype for each twin [11]. “A” is perfectly (1.0) correlated
across MZ twins and 0.5 correlated across DZ twins. “C”
is perfectly correlated independently of zygosity. “E” is
uncorrelated across co-twins. Since measurement error in
the phenotype is also uncorrelated across measurements,
it appears as part of the unique environmental component.
Considering the well established, reliable measures used in
this study this property of the model is of little concern.
Empirically derived bootstrapped confidence intervals are
presented for the heritability and environmental propor-
tion estimates [12]. All inferential statistics were estimated
using full information maximum likelihood with the soft-
ware Mplus Version 6 [13].
For each phenotype two A-C-E models were esti-

mated. Model-1 corrects for the twins’ age and gender.
The correction for age and gender is justified by gender
being 100% genetic and age being 100% environmental.
All other predictors could carry both a genetic and an
environmental component. Results from Model-1 tell us
the total genetic and environmental impact on the
dependent variable. Model-2, in addition to age and
gender, also corrects for BMI and waist circumference.
Making a comparison of results in Model-1 and Model-
2 analysis, effect of BMI and waist circumference on the
phenotypic variance could be evaluated.
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Based on the results of A-C-E model, genetic influ-
ence was considered high if > 70% of the total variance
was related to additive genetic factors (“A”). Genetic
influence was designated as moderate if additive genetic
factors (“A”) contributed between 50.0% and 69.0% to
the total variance of phenotype measured. If genetic
influence was < 50.0% environmental factors have sub-
stantial impact on the phenotypic variance.
Heritability of calculated parameters (BMI, HOMA-IR,

estimated glomerular filtration rate [eGFR]) was not
investigated. Instead, heritability of their components
(weight, height, fasting blood glucose, fasting insulin,
serum creatinine) was analyzed only.

Results
Although a significant difference between ages of MZ ver-
sus DZ twin pairs occurred, there were no significant dif-
ferences between gender, anthropometric parameters,
smoking and drinking habits as well as physical activity.
As for other cardiovascular risk factors, systolic blood
pressure, serum total cholesterol and triglycerides values
were significantly higher in MZ versus DZ twin pairs. No
significant differences were found between diastolic blood
pressure and other laboratory parameters when MZ and
DZ twins were compared (Table 1.)

Assessing bivariate correlation between age- and gen-
der-corrected parameters measured separately in MZ
and DZ twin pairs, the coefficients of correlation
(r values) were high for anthropometric parameters,
blood pressure, serum creatinine, fibrinogen and high
sensitivity C-reactive protein (hsCRP) values in MZ
twins whereas those for the same measurements were
much lower in DZ twins. As for serum total cholesterol,
triglycerides, HDL-cholesterol, fasting blood glucose,
fasting insulin, serum uric acid and homocysteine values,
the co-twin correlation was not so strong or r values
were very close to each other for both zygosity groups
(Table 2).
Using the structural equation model, the following risk

factors were highly or moderately heritable: weight (88.1%;
95% CI: 66.0-94.0), waist circumference (71.0%; 95% CI:
17.7-91.8), systolic blood pressure (57.1%; 95% CI: 27.4-
73.5), diastolic blood pressure (57.7%; 95% CI: 23.7-74.4),
serum creatinine (64.1%; 95% CI: 34.6-78.5), fibrinogen
(59.9%; 95% CI: 20.5-78.5), and serum hsCRP (51.9%; 95%
CI: 0.0-79.4). On the other hand, shared and unique envir-
onmental influences had the highest proportion of total
phenotypic variance in serum total cholesterol (46.8 and
53.2%), serum HDL-cholesterol (58.1 and 14.9%), triglycer-
ides (0.0% and 55.9%), fasting blood glucose (57.1 and

Table 1 Clinical and laboratory findings of 63 monozygotic (MZ) and 38 dizygotic (DZ) twin pairs (x ± SD or %)

MZ twins
(n = 126)

DZ twins
(n = 76)

p value

Women (%) 73.0 71.1 0.832

Age (years) 47.4 ± 15.5 38.3 ± 13.5 < 0.001

Duration of smoking (years) 4.8 ± 9.5 4.8 ± 9.6 0.829

Alcohol consumption (unit/week) 1.1 ± 2.2 1.9 ± 3.4 0.553

Physical activity (MET/24 hours) 65.8 ± 22.2 60.3 ± 21.1 0.094

Weight (kg) 71.1 ± 14.5 72.4 ± 17.6 0.827

Height (cm) 165 ± 9 167 ± 9 0.211

Body mass index (kg/m2) 25.9 ± 4.9 25.8 ± 5.9 0.576

Waist circumference (cm) 88 ± 14 88 ± 16 0.757

Systolic blood pressure (mmHg) 130.2 ± 14.8 125.3 ± 14.1 0.026

Diastolic blood pressure (mmHg) 74.7 ± 10.3 72.6 ± 9.8 0.152

Serum total cholesterol (mmol/l) 5.35 ± 1.23 5.00 ± 1.07 0.031

Serum HDL-cholesterol (mmol/l) 1.60 ± 0.39 1.60 ± 0.36 0.755

Serum triglycerides (mmol/l) 1.33 ± 0.86 1.07 ± 0.80 0.004

Fasting blood glucose (mmol/l) 5.01 ± 0.75 4.81 ± 0.63 0.064

Fasting insulin (μU/ml) 7.35 ± 5.15 6.83 ± 4.64 0.665

HOMA-IR 1.70 ± 1.39 1.53 ± 1.29 0.404

Serum creatinine (μmol/l) 70.0 ± 9.8 72.3 ± 11.4 0.219

Serum uric acid (μmol/l) 286.3 ± 75.3 282.2 ± 74.8 0.584

Fibrinogen (g/l) 3.27 ± 0.69 3.18 ± 0.72 0.219

Serum homocysteine (μmol/l) 12.1 ± 5.64 10.9 ± 2.9 0.408

Serum C-reactive protein (mg/l) 3.82 ± 6.53 4.27 ± 5.01 0.871

MET: metabolic equivalent score

HOMA-IR: homeostatis model assessment insulin resistance
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42.9%), fasting insulin (45.4 and 54.5%), serum uric acid
(46.0 and 31.3%), and serum homocysteine (71.8 and
28.2%, respectively) (Figure 1). Comparing the results of
the initial and final analysis (Model-1 and Model-2), the
difference in A-C-E model varied from 0.0% to 17.1%,
indicating that only a minor proportion of the influences

can be explained by the effects of anthropometric para-
meters (Table 3).

Discussion
Several cardiometabolic risk factors (weight, waist cir-
cumference, blood pressure, serum creatinine, fibrinogen

Table 2 Bivariate correlation (r values and 95% CI) between age- and gender-corrected parameters measured in
monozygotic (MZ) and dizygotic (DZ) twin pairs

MZ twins
(n = 126; 63 twin pairs)

DZ twins
(n = 76; 38 twin pairs)

r value 95% CI r value 95% CI

Weight 0.881 0.800-0.931 0.437 0.077-0.737

Waist circumference 0.865 0.763-0.935 0.510 0.052-0.781

Systolic blood pressure 0.598 0.426-0.731 0.055 -0.524-0.576

Diastolic blood pressure 0.608 0.444-0.728 0.147 -0.321-0.648

Serum total cholesterol 0.445 0.259-0.633 0.640 0.363-0.845

Serum HDL-cholesterol 0.840 0.626-0.895 0.658 -0.293-0.798

Serum triglycerides 0.527 0.281-0.707 0.349 -0.023-0.625

Fasting blood glucose 0.523 0.453-0.804 0.545 0.068-0.744

Fasting insulin 0.513 0.292-0.725 0.492 0.209-0.716

Serum creatinine 0.639 0.479-0.784 0.159 -0.065-0.434

Serum uric acid 0.691 0.542-0.799 0.629 0.453-0.772

Fibrinogen 0.663 0.499-0.791 0.322 0.024-0.639

Serum homocysteine 0.681 0.505-0.781 0.838 0.582-0.948

Serum C-reactive protein 0.683 0.460-0.851 0.138 -0.199-0.555

Figure 1 Mean values of additive genetic (A), common (C) and unique environmental (E) influences on cardiometabolic risk factors
(univariate structural equation model [A-C-E] analysis in 101 twin pairs). Weight and waist circumference are corrected for age and
gender. All other values are corrected for age, gender, waist circumference and BMI.
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and serum hsCRP) were highly or moderately heritable
in our Hungarian twin cohort while others (serum total
cholesterol, HDL-cholesterol, triglycerides, fasting blood
glucose, fasting insulin, serum uric acid and homocys-
teine) were substantially influenced by shared and
unique environmental factors.
The pathomechanism of atherosclerosis is a complex

process involving several traditional and novel cardiovas-
cular risk factors. In this respect, both genetic and envir-
onmental factors can be identified. Recently, the term of
cardiometabolic risk is widely used for risk factors contri-
buting to both cardiovascular and metabolic diseases [1].
Clearly, cardiovascular diseases and type 2 diabetes are
believed to be multifactorial in origin indicating that
many genes alone or in combination with environmental
factors contribute to the development of the phenotypic
variance. Classical twin studies, such as ours, can help to
estimate the genetic and environmental components of
variance of the traits.

It is well documented that beyond weight (BMI), waist
circumference, blood pressure, serum lipids and blood glu-
cose [14,15], serum creatinine (eGFR) [16], serum uric
acid [17], fibrinogen [18], homocysteine [19] and hsCRP
[20] could also be considered as cardiovascular or cardio-
metabolic risk factors. Fasting insulin could be a sign of
hyperinsulinaemia or insulin resistance and may contri-
bute to cardiometabolic risk [21]. In contrast to others
[15], heritability of BMI, HOMA-IR, eGFR and that of the
metabolic syndrome was not assessed in our study because
heritability of calculated values has no or limited biological
relevance. As for the metabolic syndrome, its clinical use-
fulness is widely debated and the term is considered rather
an educational concept than a practical tool in the diagno-
sis and treatment [2,3]. Therefore, heritability of the meta-
bolic syndrome components was analyzed only in our
study.
The strong heritability of anthropometric parameters

(weight, waist circumference) in our cohort is in line

Table 3 Parameter estimates for additive genetics (A), common environmental (C) and unique environmental (E)
influences on cardiometabolic risk factors (A-C-E univariate model analysis)

Parameter estimates

„A” Additive genetics
(95% CI)

„C” Common environmental
(95% CI)

„E” Unique environmental
(95% CI)

Weight Model-1 88.1% (66.0 - 94.0) 0.0% (0.0 - 56.8) 11.9% (6.9 - 20.1)

Waist circumference Model-1 71.0% (17.7 - 91.8) 15.5% (0.0 - 68.0) 13.5% (6.5 - 23.9)

Systolic blood pressure Model-l 59.0% (35.6 - 74.1) 0.0% (0.0 - 0.0) 41.0% (26.5 - 58.2)

Model-2 57.1% (27.4 - 73.5) 0.0% (0.0 - 65.9) 42.9% (28.9 - 61.1)

Diastolic blood pressure Model-1 60.4% (25.0 - 75.0) 0.0% (0.0 - 36.2) 39.6% (26.5 - 55.8)

Model-2 57.7% (23.7 - 74.4) 0.0% (0.0 - 65.6) 42.3% (27.8 - 60.2)

Serum total cholesterol Model-1 0.0% (0.0 - 65.5) 50.1% (35.6 - 65.5) 49.9% (33.7 - 64.8)

Model-2 0.0% (0.0 - 70.2) 46.8% (30.4 - 64.2) 53.2% (35.8 - 69.3)

Serum HDL-cholesterol Model-1 36.4% (3.9 - 69.5) 47.6% (14.9 - 71.9) 16.0% (9.4 - 23.1)

Model-2 27.1% (0.0 - 62.1) 58.1% (25.1 - 81.8) 14.9% (8.3 - 23.0)

Serum triglycerides Model-1 35.6% (0.0 - 68.6) 17.1% (0.0 - 56.7) 47.3% (28.9 - 66.9)

Model-2 44.1% (22.2 - 65.1) 0.0% (0.0 - 0.0) 55.9% (34.8 - 77.6)

Fasting blood glucose Model-1 0.0% (0.0 - 57.8) 53.1% (34.8 - 69.3) 46.9% (33.6 - 61.2)

Model-2 0.0% (0.0 - 34.4) 57.1% (36.4 - 74.8) 42.9% (28.4 - 59.8)

Fasting insulin Model-1 4.2% (0.0 - 60.4) 47.1% (18.1 - 69.0) 48.7% (30.1 - 67.8)

Model-2 0.1% (0.0 - 62.8) 45.4% (13.6 - 68.1) 54.5% (34.2 - 77.6)

Serum creatinine Model-1 62.3% (44.9 - 78.4) 0.0% (0.0 - 0.0) 37.7% (21.6 - 53.9)

Model-2 64.1% (34.6 - 78.5) 0.0% (0.0 - 56.2) 35.9% (22.2 - 51.8)

Serum uric acid Model-1 12.4% (0.0 - 48.1) 56.7% (25.7 - 74.2) 30.9% (20.5 - 45.8)

Model-2 22.7% (0.0 - 74.5) 46.0% (0.0 - 71.8) 31.3% (18.6 - 46.1)

Fibrinogen Model-1 66.2% (41.1 - 83.5) 0.0% (0.0 - 25.1) 33.8% (20.8 - 50.3)

Model-2 59.9% (20.5 - 78.5) 3.4% (0.0 - 57.7) 36.7% (23.0 - 57.3)

Serum homocysteine Model-1 0.0% (0.0 - 69.9) 72.4% (53.7 - 80.6) 27.6% (19.4 - 45.1)

Model-2 0.0% (0.0 - 46.9) 71.8% (50.5 - 79.7) 28.2% (20.3 - 47.9)

Serum C-reactive protein Model-1 66.0% (26.0 - 87.0) 0.0% (0.0 - 43.4) 34.0% (15.0 - 59.1)

Model-2 51.9% (0.0 - 79.4) 0.0% (0.0 - 52.4) 48.1% (20.7 - 81.6)

Model-1: values corrected for age and gender

Model-2: values corrected for age, gender, waist circumference and body mass index
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with former investigations [22]. Moreover, the high
genetic determination of systolic and diastolic blood
pressure values in our study corresponds to other clini-
cal observation [23]. As for lipid parameters, heritability
varied between 8-72% for total cholesterol, 21-79% for
HDL-cholesterol and 19-72% for serum triglycerides in
different studies [15]. Our results (heritability < 50%)
corroborate the importance of environmental influences.
The environmental determination of fasting blood glu-
cose and fasting insulin in our study is in accordance
with observation of others [15].
Several clinical studies documented that cardiovascular

morbidity and mortality are associated with chronic kidney
diseases characterized by elevated serum creatinine and
decreasing eGFR values [16]. In our study, genetic factors
had moderate influence (64.1%) on serum creatinine value.
This is in line with results of other twin or family studies
[24-26].
Serum uric acid should be considered as an independent

cardiovascular risk factor [17]. No dominant genetic influ-
ence (22.7%) on serum uric acid values was found in our
cohort. In a recent study [27], genetic determination of
serum uric acid values was found to be 42% while this
number varied from 40% to 73% in other studies reviewed.
The level of fibrinogen can reflect to hypercoagulation

and is considered among cardiovascular risk factors [18].
The moderate genetic influence (59.9%) on phenotypic
variance of fibrinogen in our study is in line with earlier
observations [28].
Homocysteine is listed among the relatively newer cardi-

ovascular risk factors [19], although the results of inter-
ventional studies proved to be disappointing [29]. In our
study, the value of serum homocysteine was influenced by
both shared and unique environmental factors (71.8% and
28.2%, respectively). This observation corroborates the
findings from Cesari et al [30]. It is of note, however, that
strong heritability was reported by others [31,32].
The value of hsCRP is a marker of low grade inflamma-

tion and is recently considered as a cardiovascular risk fac-
tor both in epidemiological and interventional studies [18].
A moderate heritability (51.9%) in hsCRP value was found
in our twin cohort, similarly to others [33].
Taken our results together, it is obvious that some

minor discrepancies in numerical genetic and environ-
mental influences on cardiometabolic risk factors exist
when our results are compared to those of formerly per-
formed twin studies. However, it is not a surprise because
different populations were investigated. It is of note, there-
fore, that our results should be considered valid only in
Hungarian adult people without diabetes and cardiovascu-
lar diseases.
Beyond classical twin studies [34], the pathomechan-

ism, especially the genetic susceptibility to cardiovascular
diseases, could also be investigated by methods of

molecular genetics [35]. Recently, some aspects of cardio-
metabolic disease heritability were highlighted by gene
association studies. This was the case for type 2 diabetes
and the metabolic syndrome [36-38] but functional gene
variants were observed also in hypertension [39] and in
lipid abnormalities [40]. More importantly, developments
in molecular genetics and pharmacogenetics have already
resulted in better understanding of the underlying patho-
mechanism of certain cardiometabolic diseases providing
the possibility of disease prevention or individualized
therapies for affected patients in the future [41].
If a cardiometabolic risk factor proved to be highly or

moderately heritable it does not mean that the phenotype
cannot be influenced. Rather, early and sustained interven-
tion is needed. Clearly, if a risk factor has strong heritabil-
ity, beneficial effect of any intervention can only be
successful if it is implemented in early adulthood or, even
better, in early childhood. In addition, recent progress in
molecular genetics and pharmacogenetics holds the pro-
mise of individualized therapies for patients carrying dis-
ease predisposing genotypes [42]. On the contrary, it can
be assumed that a risk factor with substantial environmen-
tal determination can much easily be affected by changes
in environments. Nevertheless, the individual variation in
the result of intervention may be high.
Our study has some limitations. The sample size was

modest but comparable to other clinical studies with twins
[28]. The zygosity in our twin cohort was classified accord-
ing to validated questionnaires. Nevertheless, this method
is widely accepted in clinically oriented twin studies [10].
Our results were derived from a healthy adult twin popu-
lation, therefore, the extrapolation of our findings to
patients with clinically manifest cardiovascular diseases or
diabetes has some limitations. Although diabetes mellitus
and myocardial infarction in the past medical history were
considered as exclusion criteria, oral glucose tolerance test
and detailed cardiological investigations were not carried
out in our cohort.
The strengths of our study are worth mentioning. All

subjects were investigated by the same investigators (JO,
RS, ÁLJ, ÁDT, DLT) in one department (Bajcsy-Zsilinszky
Hospital). All laboratory parameters were centrally mea-
sured in the same hospital immediately after taking venous
blood sample. In our study, 14 cardiometabolic risk factors
were simultaneously evaluated. The number of twin stu-
dies evaluating heritability of different cardiometabolic risk
factors in such a large scale is limited [15,43]. To the best
of our knowledge this is the first twin study from Hungary
evaluating heritability of different cardiometabolic risk
factors.

Conclusions
Our study indicated that the influence of genetic and
environmental factors on cardiometabolic risk factors’
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phenotype can be varied within a broad range. Some of
them have strong heritability while others are substan-
tially influenced by environmental factors. The better
understanding of genetic and environmental contribu-
tion to certain cardiometabolic risk factors can help in
designing prevention and treatment strategies in the
population investigated.

List of abbreviations
A-C-E model: A: additive genetics, C: common (shared) environmental, E:
unique (unshared) environmental estimates; BMI: body mass index; DZ:
dizygotic; eGFR: estimated glomerular filtration rate; HOMA-IR: homeostasis
model assessment - insulin resistance; hsCRP: high sensitivity C-reactive
protein; MET: metabolic equivalent score; MZ: monozygotic.

Acknowledgements
The study was supported by an unrestricted grant from sanofi-aventis.
Grants from Hungarian Diabetes Association and Hungarian Society of
Hypertension are also acknowledged.

Author details
1Medical Department, Bajcsy-Zsilinszky Hospital, Maglódi út 89-91, Budapest,
1106 Hungary. 2Institute of Human Physiology and Clinical Experimental
Research, Semmelweis University, Tűzoltó út 37-47, Budapest, 1094 Hungary.
3Central European University, Nádor út 9, Budapest, 1051 Hungary.
4Semmelweis University, Faculty of Medicine, Üllői út 26, Budapest, 1085
Hungary. 5Department of Radiology and Oncotherapy, Semmelweis
University, Üllői út 78/a, Budapest, 1082 Hungary. 6National Centre for
Healthcare Audit and Inspection, Gyáli út 2-6, Budapest, 1097 Hungary.

Authors’ contributions
GJ conceived of the study, participated in its designs and coordination and
wrote the final manuscript. TH, RS, ÁLJ, ÁDT, TLD and JM participated in
clinical investigations and data collection, have been involved in drafting the
manuscript. LL participated in the design of the study, performed the
statistical analysis and has been involved in drafting the manuscript. JO
participated in study design and coordination, performed clinical
investigation and data collection, and helped to draft the manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 2 September 2011 Accepted: 3 November 2011
Published: 3 November 2011

References
1. Després JP, Cartier A, Côté M, Arsenault BJ: The concept of

cardiometabolic risk: Bridging the fields of diabetology and cardiology.
Ann Med 2008, 40:514-523.

2. Simmons RK, Alberti KG, Gale EA, Colagiuri S, Tuomilehto J, Qiao Q,
Ramachandran A, Tajima N, Brajkovich Mirchov I, Ben-Nakhi A, Reaven G,
Hama Sambo B, Mendis S, Roglic G: The metabolic syndrome: useful
concept or clinical tool? Report of a WHO Expert Consultation.
Diabetologia 2010, 53:600-605.

3. Borch-Johnsen K, Wareham N: The rise and fall of the metabolic
syndrome. Diabetologia 2010, 53:597-599.

4. Després JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E, Rodés-
Cabau J, Bertrand OF, Poirier P: Abdominal obesity and the metabolic
syndrome: contribution to global cardiometabolic risk. Arterioscler Thromb
Vasc Biol 2008, 28:1039-1049.

5. Müller-Nordhorn J, Binting S, Roll S, Willich SN: An update on regional
variation in cardiovascular mortality within Europe. Eur Heart J 2008,
29:1316-1326.

6. Jermendy G, Nádas J, Szigethy E, Széles G, Nagy A, Hidvégi T, Ádány R:
Prevalence rate of diabetes mellitus and impaired fasting glycemia in
Hungary - cross-sectional study on nationally representative sample of
people aged 20-69 years. Croat Med J 2010, 51:151-156.

7. Nádas J, Putz Zs, Kolev G, Nagy S, Jermendy Gy: Intraobserver and
interobserver variability of measuring waist circumference. Med Sci Monit
2008, 14:CR15-18.

8. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ,
O’Brien WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, Jacobs DR Jr,
Leon AS: Compendium of physical activities: an update of activity codes
and MET intensities. Med Sci Sports Exerc 2000, 32(Suppl 9):S498-504.

9. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC:
Homeostasis model assessment: insulin resistance and β-cell function
from fasting plasma glucose and insulin concentration in man.
Diabetologia 1985, 28:412-419.

10. Heath AC, Nyholt DR, Neuman R, Madden PA, Bucholz KK, Todd RD,
Nelson EC, Montgomery GW, Martin NG: Zygosity diagnosis in the
absence of genotypic data: an approach using latent class analysis. Twin
Res 2003, 6:22-26.

11. Neale MC, Cardon LR: Methodology for genetic studies of twins and families
Dordrecht-Boston-London: Kluwer Academic Publishers; 1992.

12. Bollen KA, Stein RA: Bootstrapping goodness-of-fit measures in structural
equation models. Sociol Methods Res 1992, 21:205-229.

13. Muthén LK, Muthén BO: Mplus. Statistical analysis with latent variables. User’s
guide Los Angeles: Muthén & Muthén; 2010, (1998-2010).

14. Poulsen P, Vaag A, Kyvik K, Beck-Nielsen H: Genetic versus environmental
aetiology of the metabolic syndrome among male and female twins.
Diabetologia 2001, 44:537-543.

15. Elder SJ, Lichtenstein AH, Pittas AG, Roberts SB, Fuss PJ, Greenberg AS,
McCrory MA, Bouchard TJ Jr, Saltzman E, Neale MC: Genetic and
environmental influences on factors associated with cardiovascular
disease and the metabolic syndrome. J Lipid Res 2009, 50:1917-1926.

16. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, McAlister F,
Garg AX: Chronic kidney disease and mortality risk: a systematic review.
J Am Soc Nephrol 2006, 17:2034-2047.

17. Fang J, Alderman MH: Serum uric acid and cardiovascular mortality the
NHANES I epidemiologic follow-up study, 1971-1992. National Health
and Nutrition Examination Survey. JAMA 2000, 283:2404-2410.

18. Danesh J, Collins R, Appleby P, Peto R: Association of fibrinogen, C-
reactive protein, albumin, or leukocyte count with coronary heart
disease: meta-analyses of prospective studies. JAMA 1998, 279:1477-1482.

19. Graham IM, Daly LE, Refsum HM, Robinson K, Brattström LE, Ueland PM,
Palma-Reis RJ, Boers GH, Sheahan RG, Israelsson B, Uiterwaal CS, Meleady R,
McMaster D, Verhoef P, Witteman J, Rubba P, Bellet H, Wautrecht JC, de
Valk HW, Sales Lúis AC, Parrot-Rouland FM, Tan KS, Higgins I, Garcon D,
Andria G: Plasma homocysteine as a risk factor for vascular disease. The
European concerted action project. JAMA 1997, 277:1775-1781.

20. Hansson GK: Inflammation, atherosclerosis, and coronary artery disease.
N Engl J Med 2005, 352:1685-1695.

21. Stout RW: The impact of insulin upon atherosclerosis. Horm Metab Res
1994, 26:125-128.

22. Maes HHM, Neale MC, Eaves LJ: Genetic and environmental factors in
relative body weight and human adiposity. Behav Genetics 1997,
27:325-351.

23. Ruppert V, Maisch B: Genetics of human hypertension. Herz 2003,
28:655-662.

24. Raggi P, Su S, Karohl C, Veledar E, Rojas-Campos E, Vaccarino V: Heritability
of renal function and inflammatory markers in adult male twins. Am J
Nephrol 2010, 32:317-323.

25. Hunter DJ, Lange M, Snieder H, MacGregor AJ, Swaminathan R, Thakker RV,
Spector TD: Genetic contribution to renal function and electrolyte
balance: a twin study. Clin Sci (Lond) 2002, 103:259-265.

26. Fava C, Montagnana M, Burri P, Almgren P, Minuz P, Hulthén UL,
Melander O: Determinants of kidney function in Swedish families: role of
heritable factors. J Hypertens 2008, 26:1773-1779.

27. Nath SD, Voruganti VS, Arar NH, Thameem F, Lopez-Alvarenga JC, Bauer R,
Blangero J, MacCluer JW, Comuzzie AG, Abboud HE: Genome scan for
determinants of serum uric acid variability. J Am Soc Nephrol 2007,
18:3156-3163.

28. Su S, Snieder H, Miller AH, Ritchie J, Bremner JD, Goldberg J, Dai J, Jones L,
Murrah NV, Zhao J, Vaccarino V: Genetic and environmental influences on
systemic markers of inflammation in middle-aged male twins.
Atherosclerosis 2008, 200:213-220.

29. Smulders YM, Blom HJ: The homocysteine controversy. J Inherit Metab Dis
2011, 34:93-99.

Jermendy et al. Cardiovascular Diabetology 2011, 10:96
http://www.cardiab.com/content/10/1/96

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/18608131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18608131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20012011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20012011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20084362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20084362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18356555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18356555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18256043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18256043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20401958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20401958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20401958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18160939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18160939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10993420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10993420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3899825?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3899825?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12626225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12626225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11380071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11380071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16738019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10815083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10815083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10815083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9600484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9600484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9600484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9178790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9178790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15843671?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8005558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14689098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18698211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18698211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17978310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17978310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18243214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18243214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20567905?dopt=Abstract


30. Cesari M, Burlina AB, Narkiewicz K, Sartori MT, Sacchetto A, Rossi GP: Are
fasting plasma homocyst(e)ine levels heritable? A study of normotensive
twins. J Investig Med 2000, 48:351-358.

31. Bathum L, Petersen I, Christiansen L, Konieczna A, Sørensen TI, Kyvik KO:
Genetic and environmental influences on plasma homocysteine: results
from a Danish twin study. Clin Chem 2007, 53:971-979.

32. Siva A, De Lange M, Clayton D, Monteith S, Spector T, Brown MJ: The
heritability of plasma homocysteine, and the influence of genetic
variation in the homocysteine methylation pathway. QJM 2007,
100:495-499.

33. Retterstol L, Eikvar L, Berg K: A twin study of C-Reactive Protein compared
to other risk factors for coronary heart disease. Atherosclerosis 2003,
169:279-282.

34. Oberg S, Cnattingius S, Sandin S, Lichtenstein P, Iliadou AN: Birth weight
predicts risk of cardiovascular disease within dizygotic but not
monozygotic twin pairs: a large population-based co-twin-control study.
Circulation 2011, 123:2792-2798.

35. Arnett DK, Baird AE, Barkley RA, Basson CT, Boerwinkle E, Ganesh SK,
Herrington DM, Hong Y, Jaquish C, McDermott DA, O’Donnell CJ, American
Heart Association Council on Epidemiology and Prevention, American Heart
Association Stroke Council, Functional Genomics and Translational Biology
Interdisciplinary Working Group: Relevance of genetics and genomics for
prevention and treatment of cardiovascular disease: a scientific
statement from the American Heart Association Council on
Epidemiology and Prevention, the Stroke Council, and the Functional
Genomics and Translational Biology Interdisciplinary Working Group.
Circulation 2007, 115:2878-2901.

36. Grant SF, Thorleifsson G, Reynisdottir I, Benediktsson R, Manolescu A,
Sainz J, Helgason A, Stefansson H, Emilsson V, Helgadottir A,
Styrkarsdottir U, Magnusson KP, Walters GB, Palsdottir E, Jonsdottir T,
Gudmundsdottir T, Gylfason A, Saemundsdottir J, Wilensky RL, Reilly MP,
Rader DJ, Bagger Y, Christiansen C, Gudnason V, Sigurdsson G,
Thorsteinsdottir U, Gulcher JR, Kong A, Stefansson K: Variant of
transcription factor 7-like 2 (TCF7L2) gene confers risk of type 2
diabetes. Nat Genet 2006, 38:320-323.

37. Imamura M, Maeda S: Genetics of type 2 diabetes: the GWAS era and
future perspectives. Endocr J 2011, 58:723-739.

38. Mohás M, Kisfali P, Járomi L, Maász A, Fehér E, Csöngei V, Polgár N,
Sáfrány E, Cseh J, Sümegi K, Hetyésy K, Wittmann I, Melegh B: GCKR gene
functional variants in type 2 diabetes and metabolic syndrome: do the
rare variants associate with increased carotid intima-media thickness?
Cardiovasc Diabetol 2010, 9:79.

39. Delles C, McBride MW, Graham D, Padmanabhan S, Dominiczak AF:
Genetics of hypertension: from experimental animals to humans.
Biochim Biophys Acta 2010, 1802:1299-1308.

40. Hegele RA: Plasma lipoproteins: genetic influences and clinical
implications. Nat Rev Genet 2009, 10:109-121.

41. Park SK, Choi JY: Risk assessment and pharmacogenetics in molecular
and genomic epidemiology. J Prev Med Public Health 2009, 42:371-376.

42. Vafiadaki E, Arvanitis DA, Kranias EG, Sanoudou D: Pharmacogenetically
tailored treatments for heart disease. Curr Pharm Des 2010, 16:2194-2213.

43. Nilsson SE, Read S, Berg S, Johansson B: Heritabilities for fifteen routine
biochemical values: findings in 215 Swedish twin pairs 82 years of age
or older. Scand J Clin Lab Invest 2009, 69:562-569.

doi:10.1186/1475-2840-10-96
Cite this article as: Jermendy et al.: Effect of genetic and environmental
influences on cardiometabolic risk factors: a twin study. Cardiovascular
Diabetology 2011 10:96. Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Jermendy et al. Cardiovascular Diabetology 2011, 10:96
http://www.cardiab.com/content/10/1/96

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/10979240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10979240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10979240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17636160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12921979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12921979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21632494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21632494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21632494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16415884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16415884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16415884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21778616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21778616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21114848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21114848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21114848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20035862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19139765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19139765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20009483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20009483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20459385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20459385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19343610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19343610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19343610?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient cohort
	Statistics

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

