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Genetic and environmental
variance of renal parenchymal
thickness: a twin study

Aim To estimate heritability and environmental effects on
renal parenchymal thickness.

Methods In this twin study, renal parenchymal thickness
of 98 Hungarian healthy adult twin pairs (68 monozygotic,
30 dizygotic) without kidney disease was measured bilat-
erally using renal ultrasound with Esaote MylLab 70X ultra-
sound machine with low-frequency curved transducers
(1-8 MH2).

Results In both monozygotic and dizygotic group there
were more women (76.5%). Mean right and left renal pa-
renchymal thickness was 1.32+0.33 cm and 1.62+0.31
cm, respectively. Age- and sex-adjusted heritability of re-
nal parenchymal thickness was 0.0% (95% confidence in-
terval, 0.0 to 50.2%), shared and unshared environmental
factor was 30.2% (4.1 to 55.9%) and 69.8% (45.8 to 89.5%),
respectively.

Conclusion This study shows a negligible role of heritabil-
ity and an important role of environmental effects in devel-
oping renal parenchymal thickness, emphasizing the im-
portance of lifestyle for primary prevention.
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Decrease in renal parenchymal thickness (RPT) is an im-
portant sign of renal disease, which is accompanied by de-
creased renal cortical thickness (RCT). Several renal condi-
tions are associated with a decrease in RPT and RCT, such
as chronic kidney disease, renal transplantation, or neph-
ropathia epidemica (1-3). Parenchymal thickness indicates
chronic nature of renal failure and is regarded as a more ex-
act sonographic parameter in end-stage renal failure than
renal size (4,5). There is increasing evidence that RPT is a sen-
sible marker of acute kidney damage (6). Ultrasound assess-
ment of RPT can reliably differentiate between patients with
acute or chronic renal failure (7). RCT and RPT are regarded
as early and sensitive morphological markers for the early di-
agnosis of atherosclerotic kidney disease and correlate with
the coronal diameter, renal volume, intraparenchymal resis-
tance indices, glomerular filtration rate, and proteinuria (8).

Although the change in RPT has been comprehensively
studied in acute and chronic renal diseases, it has not been
studied extensively in healthy people. There is little knowl-
edge on whether the normal RPT, an index for studying the
health status of the kidney, is only influenced by environ-
mental factors or if it is also influenced by genetic factors. We
hypothesized that the previously described normal age-re-
lated change in RPT can be also genetically influenced (9).

METHODS
Participants and study design

This cross-sectional twin study included 196 healthy adult
twins (68 monozygotic, 30 dizygotic twin pairs) recruited
from the Hungarian Twin Registry in 2009 and 2010 (10). We
considered only the same-sex dizygotic twin pairs to avoid
bias of the heritability estimates in the presence of sex spe-
cific or X chromosome effects. Exclusion criteria included
history of acute or chronic renal disease, pregnancy, and any
foreseeable lack of compliance with test procedures. None of
monozygotic and dizygotic twins met these criteria, there-
fore all considered pairs (n=98) were included in the study.
Instead of genotyping for zygosity classification, we used a
multiple-choice self-reported seven-part questionnaire with
>999% accuracy (11). All participants gave informed consent.
The study was approved by the Ethical Committee of Sem-
melweis University and was conducted in full compliance
with regulations of the Declaration of Helsinki.

Renal ultrasound assessment

Renal ultrasound testing was conducted at the Depart-
ment of Radiology and Oncotherapy, Semmelweis Univer-
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sity in 2009 and 2010. Participants completed a question-
naire in order to identify clinical symptoms and to obtain
complete medical history.

Limited renal sonography was performed using B-mode
ultrasonography (Esaote MyLab 70X Vision, Esaote, Gen-
ova, Italy) equipped with a curved array transducer (1-8
MHz, CA431). The gray-scale amplification gain, the time-
gain compensation curve, and focus number (adjusted at
the level of the kidney) were adjusted to acquire the best
images of the kidneys. The examinations were performed
by the same experienced sonographer. All participants
were well hydrated and had full bladders at the time of the
examination. Renal measurements were performed with
patients in the supine position orin the contralateral decu-
bitus position according to standard guidelines (12). Sagit-
tal plane images were obtained either from the long-axis
view, using a subcostal approach with the patient in the
supine position, or from the contralateral decubitus posi-
tion view, using a posterior approach with the patient in
the contralateral decubitus position. All kidneys were com-
pletely visible and measurable. Parenchymal thickness was
defined as the distance between the cortex-perirenal fat
interface (capsule) and the sinus-pyramidal apex inter-
face, and was measured at the middle third portion of the
kidney. Standardized static original digital images of both
kidneys were recorded and RPT measurements were ob-
tained prospectively using electronic calipers at the time
of scanning. These images were retrospectively examined
by a specialized radiologist blinded to the participants
twinship and clinical characteristics in order to confirm the
accuracy of the RPT measurements.

’

Statistical analysis

Descriptive analysis (mean, standard deviation, and per-
centage for categorical variables) was conducted by SPSS
Statistics 17 (SPSS Inc, Chicago, IL, USA). P values lower than
0.05 were considered significant. A descriptive estimate of
the genetic influence on a single trait and of the genetic
correlation between different traits in monozygotic and
dizygotic pairs was calculated using the within-pair co-
twin correlations. Greater levels of monozygotic than dizy-
gotic within-pair similarity indicated a genetic influence on
a phenotype, while similar co-twin correlation of dizygotic
and monozygotic twins indicated an environmental influ-
ence. Deviations from perfect monozygotic co-twin cor-
relations were attributed to the unshared environment.
Structural equation modeling was performed using
the Mplus Version 6.1 (Muthén & Muthén, Los An-
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geles, CA, USA). Weighted least squares estimation was
used due to the categorical nature of dependent variable
(13). Empirical confidence intervals were calculated with a
Bollen-Stine Bootstrap (14). Univariate quantitative genetic
modeling was performed to calculate the percentage of
phenotypic variance of heritability (A), shared (C), and un-
shared (E) environmental effects (univariate ACE analysis).
The additive genetic component (A) measures the effect
of genes at multiple loci or multiple alleles at one locus.
The shared environmental component (C) estimates the
contribution of the common family environment for both
twins (eg, familiar socialization), whereas the unshared en-
vironmental component (E) estimates the effects that sep-
arately influence each individual twin and also accounts
for measurement errors. The ACE model makes realistic as-
sumptions to estimate these components (15).

RESULTS

Descriptive analysis of the twin cohort

There were more women in both groups of twins (76.5%).
Dizygotic twins were significantly older than monozygotic
twins (P<0.05), therefore all analyses were age corrected.
Mean right and left RPT showed low correlation (r=0.209,
P<0.01). No significant difference was observed between
monozygotic and dizygotic twins in other clinical and ul-
trasonographic characteristics (Table 1).

Heritability analysis of RPT in twins

The possible role of zygosity in the prevalence of RPT was
estimated by age- and sex-adjusted ACE analysis. Age and
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sex-adjusted heritability of right RPT was 38.5% (95% con-
fidence interval [Cl], 1 to 68.4%), shared environmental ef-
fects were 0.0% (95% Cl, 0.0 to 45.3%) and unshared envi-
ronmental effects were 61.5% (95% Cl, 35.5 to 86.6%). Left
RPT showed no additive genetic effects — 0.0% (95% Cl, 0.0
to 10.2%), and shared and unshared environmental effects
were 8.2% (95% Cl, 0.0 to 32.7%) and 91.8% (95% Cl, 6.9 to
100%), respectively. The difference in variations between
left and right RPT was non-significant (P>0.05), and the
heritability of right RPT was marginally significant (lower
value of 95% Cl was almost 0).

In conclusion, genetic factors did not contribute to the vari-
ance of RPT and the largest proportion of total variance was
attributable to unshared environmental factors (Figure 1).

DISCUSSION

Our analysis did not support the hypothesis of heritability
of RPT, since the greatest part of the variance was explained
by unshared environmental components. To the best of
our knowledge, this is the first twin study investigating the
relative contribution of genetic and environmental factors
to RPT. Genetic studies using the twin design are based
upon the assumption that twins are representative of the
general population for the outcomes being studied.

The normal kidney length is around 110+20 mm, with
great interindividual differences (16). Several studies have
used pathologic material to describe the variation of kid-
ney size relative to sex, age, and ethnicity (17,18). We took

TABLE 1. Clinical and ultrasonographic characteristics according to zygosity

Zygosity

Total monozygotic dizygotic
Participants, n 196 136 60
Women:men ratio 150:46 104:32 46:14
Age, years (mean + standard deviation) 442+16.7 423+169t 48.5+15.5t
Hypertension* n (%) 62 (31.6) 44 (32.4) 18 (30.0)
Diabetes*, n (%) 10 (5.1) 9 (6.6) 10.7)
Hyperlipidemia®, n (%) 44 (22.4) 27 (19.9) 17 (28.3)
Body mass index, kg/m? (mean + standard deviation) 257+49 256+50 259+47
Current smokers, n (%) 27 (13.8) 19 (14.0) 8(13.3)
Stroke, n 4(2.0) 4(29) 0(0.0)
Myocardial infarction, n (%) 7 (3.6) 5@3.7) 2(3.3)
Mean right renal parenchymal thickness, cm (mean + standard deviation) 1.32+0.33 1.32+0.32 1.33+0.33
Mean left renal parenchymal thickness, cm (mean + standard deviation) 1.62+0.31 1.60+0.33 1.67+0.30

*Defined according to the clinical history and patients on anti-hypertensive medication.

1tP<0.05 vs dizygotic.

$Defined according to the clinical history and current definition, two fasting glucose measurements above 126 mg/dL (7.0 mmol/L).
§Defined as elevated concentrations of any or all of the lipids in the plasma, according to the clinical history.
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First Twin’s Renal Second Twin’s Renal
Parenchymal Thickness | |Parenchymal Thickness

FIGURE 1. Univariate additive genetic (A), common environ-
mental (C), and unique environmental (E) influences analysis
of renal parenchymal thickness (RPT). Rectangles denote the
observed variables (right and left RPT) and circles denote the
latent variables of A, C and E. Curved arrows denote correla-
tions (fixed at the highlighted values). Straight arrows signify
the estimated impact of the latent factor on the variance of
the observed phenotype.

these factors into account by adjusting the univariate
models by age and sex. The study sample consisted of only
Caucasian participants.

Reduced kidney size is partly related to renovascular dis-
eases, and correlates with the evolving nature of kidney
disease (19). We also observed a slight difference between
right and left RPT. The left RPT was greater (eg, hypertro-
phied column of Bertin, persistence of fetal lobation, and
dromedary hump, which are usually present at the middle
third portion of the left kidney), and the greatest RPT was
measured on that side. This interrenal difference has been
previously shown (8,9,20).

A number of reports have shown that the amount of renal
parenchyma decreases by about 10% per decade of ad-
vancing age for both kidneys, with the highest decrease
rate in the sixth and the seventh decades independent of
sex (8,9). Loss of renal parenchyma in the elderly is com-
pensated for by an increase in peripelvic fat (9,21,22). Our
study provided evidence that genetic factors did not sub-
stantially contribute to this phenomenon, however, di-
verse environmental factors (eg, lifestyle: cigarette smok-
ing, nutrition, lack of physical exercises) had a tremendous
influence (70%). Our study is in accordance with previous
findings that parenchymal thickness was a good marker
of atherosclerotic renal disease, considering that athero-
sclerotic phenotypes were also mainly influenced by envi-
ronmental factors (23-27). On the basis of such results, we
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believe that RPT should be monitored as an important risk
factor in individuals with an unhealthy lifestyle.

Our study has several limitations. RPT was visualized and
measured by ultrasonography, rather than by computed
tomography or magnetic resonance imaging. Ultrasonog-
raphy is a relatively inexpensive imaging method that has
been successfully used to screen large populations for the
presence of kidney disease (28). It is readily available, uses
no ionizing radiation, can be performed bedside, used re-
peatedly, and is accurate in determining kidney measure-
ments (29). It has a weakness of inter-observer variability
but in this study all participants were evaluated by the
same sonographer and the results were later checked by a
professional radiologist. Additional limitations include the
relatively small number of participating dizygotic twins
compared to usual twin studies, which may lead to statisti-
cal errors in the ACE analysis by increasing the E variance.

In conclusion, our study suggests that heritability has a
negligible role for the development of RPT in a healthy
twin population, while shared and mainly unshared envi-
ronmental effects respectively accounted for 30% and 70%
of the studied variations. The findings support the view
that environmental effects may be a primary cause of RPT
changes, underscoring the importance of lifestyle in pri-
mary prevention.
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