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Metabolic risk factors of coronary heart disease in relation
to anthropometric measures in nonalcoholic fatty liver disease
patients following dietary intervention
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ABSTRACT

Introduction: Nonalcoholic fatty liver disease (NAFLD) is con-
nected with high risk of metabolic disorders, such as: metabolic
syndrome, type 2 diabetes, dyslipidemia and independently,
coronary heart disease (CHD).

Materials and methods: A group of 108 Caucasian individuals
(39 women and 69 men) aged 20-77 years with NAFLD were pro-
spectively enrolled in the study. The diagnosis of NAFLD was con-
firmed during the first appointment using ultrasonography. The
liver serum tests such as alanine aminotransferase and aspar-
tate aminotransferase levels were taken into account, as well.
All of the tests and measurements were taken at the begining
and after 6 month of dieting. Anthropometric tools (body mass
index - BMI, waist circumference - WC, waist to hip ratio - WHR,
waist to height ratio - WHtR, coinicity index - C-Index) were
examined in relation to metabolic risk factors of CHD (increased:

ABSTRAKT

Wstep: Niealkoholowa sttuszczeniowa choroba watroby (NAFLD)

jest zwigzana z wysokim ryzykiem zaburzen metabolicznych

(zespdt metaboliczny, cukrzyca typu 2) oraz choroby wieicowe;j.
Materialy i metody: Grupe badang stanowito 108 oséb doro-
stych rasy kaukaskiej (39 kobiet i 69 mezczyzn) w wieku 20-77
lat z rozpoznang NAFLD. Podstawg diagnozy byto doktadne

badanie USG watroby oraz analiza parametréw watrobowych:

aminotransferazy alaninowej i aminotransferazy asparaginia-
nowej w surowicy. Wszystkie badania przeprowadzono podczas

pierwszej i ostatniej wizyty pacjentéw w placéwce badawczej

(po 6 miesiagcach od interwencji dietetycznej). Dokonywano

takze pomiaréw antropometrycznych (wskaznik masy ciata -
BMI, obwdd pasa - WC, wskaznik talia-biodra - WHR, wskaz-
nik talia-wzrost - WHtR, wskaznik stozkowato$ci - C-Index)

w odniesieniu do metabolicznych czynnikéw ryzyka choroby
niedokrwiennej serca (podwyzszone stezenie w surowicy:

triacylglycerols, low density lipoprotein, total cholesterol, gly-
cemia and low high density lipoprotein).

Results: Statistical significant reduction of body weight, BMI, WC,
WHR, WHtR and C-Index (p < 0.05) contributed to the improve-
ment of serum triacylglycerols in both sexes (p < 0.05). Indica-
tors of abdominal obesity (WC, WHR, WHtR, C-Index) corre-
lated significantly with serum glucose (p < 0.05) both before
and after the diet and with serum lipids, either before or after
the diet (p < 0.05), in both sexes.

Conclusions: It seems beneficial to spread the use of anthropo-
metric tools, especially C-Index and WHtR, in primary health
care practice for either early prevention or prediction of meta-
bolic CHD risk occurrence, and its potential fatal consequences
among patients with NAFLD or with other metabolic disorders.
Keywords: fatty liver disease; cardiovascular disease; risk fac-
tors; anthropometry; nutrition; metabolic syndrome.

triacylogliceroli, cholesterolu lipoprotein niskiej gestosci, cho-
lesterolu catkowitego, glukozy oraz obnizone stezenie chole-
sterolu lipoprotein wysokiej gestosci).

Wyniki: Zaréwno w grupie kobiet, jak i mezczyzn wykazano
istotna statystycznie redukcje wartos$ci parametréw takich jak:
masa ciata, BMI, WC, WHR, WHtR i C-Index (p < 0,05), co miato
wptyw na poprawe stezenia triacylogliceroli w surowicy u obu
ptci (p < 0,05). Wskazniki identyfikujace otyto$¢ brzuszna (WC,
WHR, WHtR, C-Index) korelowaty istotnie z warto$cia glikemii
(p < 0,05) zaréwno przed interwencja dietetyczng, jak i po niej
oraz ze stezeniem lipidéw w surowicy przed interwencja lub
po (p < 0,05) u obu ptci.

Whioski: Rozpowszechnienie uzycia prostych narzedzi antro-
pometrycznych (przede wszystkim C-Index i WHtR) wydaje
sie by¢ korzystne, zwtaszcza na szczeblu podstawowej opieki
zdrowotnej. Narzedzia te moga stuzy¢ zaréwno do prewencji,
jakiwczesnego wykrywania metabolicznych czynnikéw ryzyka
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choroby niedokrwiennej serca, a co za tym idzie potencjalnie
$miertelnych konsekwencji incydentéw wiencowych u pacjen-
toéw z NAFLD lub z innymi zaburzeniami metabolizmu.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is one of the most
recognized chronic diseases of the liver, and is diagnosed even
at an early age [1]. In the latest reports, researchers classify
NAFLD as one of the components of the metabolic syndrome [2].
Nonalcoholic fatty liver disease is a health problem affecting an
increasing number of populations in developed countries. It is
estimated to occur in 20-44% of Europeans [3] and in atleast
30% of the citizens in the USA [1, 4]. Moreover, NAFLD is particu-
larly prevalent in type 2 diabetic patients (42.6-69.5%) [5] and
among obese and morbidly obese individuals (about 80%) [6].
The basic concept to explain the primary hepatic steatosis
mechanism in the development of nonalcoholic steatohepatitis
is based on the ‘two-hit’ theory [7]. In 2013, a new mechanism
for the development of NAFLD was proposed, which involved
oxidized low density lipoprotein in NAFLD pathogenesis [8].
The efficacy and safety profile of pharmacotherapy in the treat-
ment of NAFLD are questionable [7]. According to the results
of epidemiologic studies, saturated fat, trans-fatty acid, and
carbohydrate (simple sugar) correlate strongly with intrahe-
patic fat accumulation [9]. Thus, lifestyle modification including
changes in dietary pattern as well as increasing physical activ-
ity level are considered first-line therapy for NAFLD, due to the
fact that obesity is strongly related to hepatic steatosis [6].
However, rapid reduction of body mass can lead to increased
inflammation in the liver and exacerbate steatosis [10]. Preven-
tive programs concerning dietary and lifestyle recommenda-
tions from early childhood should be followed [7, 11], aiming
to reduce the risk of obesity at an early age [12]. Cardiovas-
cular disease (CVD) became the dominant health problem in
the late XIX and early XX century [13], and remains the leading
cause of death in developed countries [14]. Fundamental cohort
studies with an invaluable impact on the current knowledge
of CVD [15, 16, 17] have confirmed the importance of underly-
ing risk factors such as diabetes, hypertension, dyslipidemia,
and smoking in the development of coronary heart disease
(CHD) [18]. It is estimated that in the European population,
CVD causes 4.3 million deaths per year, of which nearly 45% is
due to CHD [19]. In the European population, CHD remains the
leading single cause of death in both sexes [20]. Obesity, espe-
cially visceral, predisposes individuals to multiple coexisting
risk factors for CVD. It is very often associated with metabolic
abnormalities (dyslipidemia, hypertension, insulin resistance,
hyperinsulinemia, diabetes) [21], which increase the likelihood
of cardiovascular events, including coronary events [22, 23].
Imaging methods allow very precise evaluation of fat accu-
mulation in the body. Nevertheless, the high costs and complex-
ity of these techniques limit their use in epidemiological stud-
ies and clinical diagnosis. Therefore, anthropometric methods,
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which are simple to use, easy to interpret, non-invasive and
inexpensive, have become popular for the assessment of body
fat [24]. Body mass index (BMI) is the most common indicator
used to assess body fat [25]. Waist circumference (WC) and
waist to hip ratio (WHR) are the most popular indices used in
the assessment of abdominal adipose tissue distribution in indi-
vidual patients and in cohort studies [21, 26]. Other indicators
which have been demonstrated to correlate with CVD risk are
the conicity index (C-Index) and waist to height ratio (WHtR).
For WHtR, the border value of 0.5 has been established as uni-
versal for both sexes, all ages and races [25]. Below a particular
cut-off point it is possible to exclude the risk of CVD [27, 28].

The rapid, inexpensive and accurate diagnosis of possible
risk factors for cardiovascular events, as well as NAFLD, using
simple anthropometric measurements as screening tools in
early diagnosis, seems to be a practical application of these
tools in primary healthcare facilities. Therefore we aim to ana-
lyze the correlation between basic anthropometric tools and
certain CHD risk factors in NAFLD patients following indi-
vidual nutrition plan.

MATERIALS AND METHODS

Patients

A 6-month study was conducted in the Department of Biochem-
istry and Human Nutrition in the Pomeranian Medical Univer-
sity in Szczecin (Poland). A group of 108 Caucasian individuals
(39 women and 69 men) aged 20-77 years and diagnosed with
NAFLD were prospectively enrolled in the study. The diagnosis
of NAFLD was confirmed during the first appointment using
ultrasonography. The liver serum tests such as alanine ami-
notransferase and aspartate aminotransferase levels were
taken into account, as well. Written informed consent was
obtained from each study participant. All subjects included in
the study were negative for both hepatitis B virus and HCV hep-
atitis C virus, excessive consumption of alcohol (=20 g in women
and =30 g in men, per day), mortal obesity (BMI >40 kg/m?)
and high levels of physical activity (>3000 kcal/week in leisure-
-time) were excluded. The reception of medication and the
presence of previous diagnosed other chronic diseases (apart
from already diagnosed NAFLD) were excluded. Blood collec-
tion and all anthropometric measurements were undertaken
at baseline and after 6-month dietary intervention.

Standard blood biochemical analyses

After an overnight fast, venous blood was collected and placed
in tubes with anticoagulant for lipid analyses. Whole blood
was collected and placed in ethylenediaminetetraacetic acid
tubes. Blood was immediately placed on ice or in a refrigerator,
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and the samples were centrifuged at 3500 rpm for 10 min at
4°C within 2 hours of collection. Plasma was then immediately
stored under conditions to minimize artificial oxidation (i.e.,
with an antioxidant cocktail in an inert atmosphere). Standard
blood biochemical analyses were carried out at the University
Hospital Laboratory.

Anthropometric measurements

Waist to hip ratio was calculated by dividing WC (cm) by hip
circumference (cm). Waist to height ratio was determined by
dividing WC (cm) by height (cm). The C-Index calculation is
based on weight, height and WC measurements [28]. The cor-
rect values of C-Index are below 1.18 and 1.25 for women and
men, respectively. The C-Index allows a comparison of 2 indi-
viduals with different weight and height. Nevertheless, there
is still little scientific information available regarding this tool.
Therefore, its application in research and in cohort studies
throughout the world is limited [25].

The C-Index was calculated using the following mathemati-
cal equation [24]:

waist circumference (m)

body weight (k
0,109 x M
height (m)

Body mass index is the most common indicator used
to assess body fat. Appropriate BMI values and deviations
from the norm are known by both professionals and individ-
uals not associated with healthcare. Although BMI is a good
indicator in the assessment of nutritional status, it has limita-
tions in assessing the distribution of body fat [25]. Body mass
index was calculated by dividing body weight (kg) by height
squared (m?).

The cut-off points for WC in relation to disease risk are as
follows: for women and men, respectively:

— <799 and <£93.9 - low risk,

— 80.0-87.9 and 94.0-101.9 - increased risk,

— 288.0 and 2102 - high risk of comorbidities [21, 26].

The cut-off points for WHR in relation to disease risk are
as follows: for women and men, respectively:

— <0.85 and <0.9 - low risk,

— 0.85 and 0.9 - increased risk,

— >0.85 and >0.9 - high risk of comorbidities [21, 26].

C-Index =

Diet intervention and control

Total energy intake was calculated for each patient individu-
ally, taking into account age, sex and level of physical activity.
Each patient received the diet adjusted to individual nutritional
status. For overweight or obese subjects energy intake was
reduced by 500 kcal/day.

The content of essential nutrients in the diet (per day) was
estimated as follows [7]: proteins - 1 g/kg body weight; fats -
25-30% of energy requirement; carbohydrates - 50-60% of
energy requirement; fiber - minimum of 30 g; vitamins and
minerals - according to Recommended Dietary Allowance.

Patients were asked to complete the 72-hour food diary
at home each day before the control appointment. The diet
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diary booklet contained menus, pages to record foods, and
photographs of food that depicted portion choices for a com-
mon food item. The dietitian indicated that the patient should
record the food brand and portion size. The amounts con-
sumed were recorded in household units, by volume or by
measuring with a ruler. Each subject was interviewed about
their dietary pattern in the previous month. Nutrient analy-
ses were carried out using the corresponding Polish food
table [29] and the nutrient database developed in Poland
(Dietetyk, Jumar, Poland).

Statistic

The collected data, obtained anthropometric measurements
as well as input and output values of blood parameters were
subjected to statistical analysis. All analyses were performed
using the statistical package R (version 3.0.1 dated 16 May 2013).
The Anderson-Darling test was used to examine distribution
normality, and the Grubsson test was used to remove outli-
ers. Data on non-parametric distributions were normalized.
Regression analysis based on the Pearson correlation was used.
The results were next subjected to the Wilcoxon matched-pairs
test. Probability values below 0.05 were considered statisti-
cally significant (p < 0.05).

RESULTS

Following 6 months of dietary intervention, numerous dif-
ferences in the investigated variables were observed in the
patients enrolled in this study (n = 108). Anthropometric param-
eters shifted significantly toward lower values compared to the
data collected before dietary intervention (Table 1).

Similar to the results for the entire group of participants,
for women (n = 39) and men (n = 69) the analysis demonstrated
statistically significant differences between the mean values
of anthropometric variables, such as weight, WC, BMI, WHR,
WHtR and C-Index recorded before and after the diet inter-
vention (Table 2).

In the entire group of patients, a number of statistically
significant correlations between anthropometric indices and
biochemical parameters after the dietary intervention were
observed (Table 3).

The analysis of measurements in the entire group of women
and men after the dietary intervention showed numerous sta-
tistically significant correlations, undetected before the diet
(Table 4).

DISCUSSION

Incorrect body weight and excessive visceral adipose tissue
accumulation contribute to the progression of fat accumu-
lation in the liver. Increased visceral fat synthesis results in
impaired systemic metabolism of carbohydrates and lipids,
which is linked with the intensification of atherosclerosis [1].
Therefore, NAFLD patients may be at risk of CVD.
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TABLE 1. Characteristics of the study participants before and after dietary intervention

Characteristic B.efore - /-\fter - p
mean (+SD) median min. max. mean (+SD) median min. max.

Age (years) 49.59 (£12.47) 50.61 19.53 76.53  50.09 (£12.47) 51.11 20.03 77.03 -
Weight (kg) 92.25 (:16.73) 90.40 5500 14600  86.75(+15.32) 86.48 53.26 12760  <0.001
WC (cm) 103.67 (+11.87)  103.00 7800 14600  97.89 (:12.10) 98.00 7200 13600  <0.001
BMI (kg/m?) 31.78 (£4.95) 3147 22.60 4812  29.92 (:4.79) 29.75 21.47 4803  <0.001
WHR 0.96 (+0.07) 095 0.80 1.14 0.93 (:0.07) 093 0.76 112 <0.001
WHtR 0.61 (+0.07) 0.60 0.48 090  0.58(+0.08) 0.57 043 083  <0.001
C-Index 1.30 (:0.07) 1.28 115 151  1.26(0.08) 1.26 1.08 142 <0.001
TG (mg/dL) 14462 (£179.69)  118.00 2700 190800 140.43(:139.25  106.50 2900 130600  0.0017
(Tg;l dCSOles"erOl 202.69 (+46.84) 19600  100.00 42000 19976 (:4942) 19750 5200 34000  0.5555
LDL (mg/dL) 12313 (:3809)  121.50 4100 23500 126.41(:5823)  113.50 3000 46400  0.2631
Glucose (mg/dL) 10827 (:29.73)  102.00 4800 28200 109.77(:32.83)  102.00 7100 33700 09703
HDL (mg/dL) 50.99 (+15.82) 48.00 2100 13100  53.20(:16.38) 50.50 2600 11100 02611

WC - waist circumference; BMI - body mass index; WHR — waist to hip ratio; WHtR — waist to height ratio; C-Index - coinicity index; TG - triacylglycerols; LDL - low
density lipoprotein; HDL - high density lipoprotein

TABLE 2. Characteristics of the enrolled women and men before and after dietary intervention

Characteristic B.efore - /.\fter - p
mean (+SD) median min. max. mean (+SD) median min. max.
Group of women
Age (years) 55.37 (+11.27) 56.20 19.53 7493  55.87 (+11.27) 56.70 20.03 75.43 -
Weight (kg) 84.15 (+15.56) 81.20 55.00 12785  79.55(+15.53) 77.80 53.26 12760  <0.001
WC (cm) 101.96 (+12.65)  102.00 7800 14600  95.78(+13.18) 98.00 7200 13600  <0.001
BMI (kg/m?) 33.14 (+5.37) 3228 22.60 4812  31.31(:5.37) 30.86 21.47 4803  <0.001
WHR 0.93 (:0.06) 092 0.80 104 0.90(20.07) 0.90 0.76 1.09 0.0244
WHtR 0.64 (:0.08) 0.65 0.50 0.90 0.60 (:0.08) 0.59 0.46 083  <0.001
C-Index 1.29 (+0.08) 1.30 115 151  1.25(0.09) 1.24 1.08 141 0.0013
TG (mg/dL) 179.41(+287.23)  125.00 2700 190800 166.44(+198.35)  115.00 2900  1306.00 0.0367
(Tr%;l dCLr;OleSteml 21400 (52.49) 20400 11600 42000 212.85(:49.82)  203.00 8100  340.00 0.8561
LDL (mg/dL) 125.41(:39.83)  122.00 4700 23500 124.51(:37.87)  123.00 3500  233.00 0.8221
Glucose (mg/dl) 11772 (:40.82)  104.00 8500 28200 119.28 (:46.52)  105.00 83.00 337.00 0.3296
HDL (mg/dL) 53.77 (+17.76) 50.00 2900 13100  55.87 (x17.29) 54.00 3000  111.00 0.4607
Group of men

Age (years) 46.32 (+11.98) 4512 27.47 7653 46.82(+11.98) 45.62 2797 77.03 -
Weight (kg) 96.83 (+15.70) 93.80 6910 14600  90.83(+13.71) 8900  66.70 12230  <0.001
WC (cm) 10464 (+11.38)  103.50 8800 13600  99.08(:11.37) 9850 8100 12900  <0.001
BMI (kg/m?) 31.02 (£4.55) 30.10 23.02 4408 2913 (:4.28) 28.51 21.53 3990 <0.001
WHR 0.97 (£0.06) 097 0.86 1.14 0.95 (:0.06) 095 0.79 112 <0.001
WHtR 0.59 (£0.07) 0.59 0.48 0.76 0.56 (£0.07) 0.55 043 074  <0.001
C-Index 1.30 (:0.07) 1.28 1.15 1.46 1.27 (:0.07) 1.27 112 142 <0.001
TG (mg/dL) 12496 (:60.13)  109.00 4500 37300 12572(:8899)  101.00  32.00 42600 00195
(T;t;/l dCSOleSte“’l 196.30 (+42.41) 18900  100.00 30200 192.36(:47.98) 19300  52.00 31900 06163
LDL (mg/dL) 121.84(+3731)  120.00 4100 20800 12748(67.32)  111.00  30.00 46400  0.2412
Glucose (mg/dL)  102.93(+1948)  100.00 4800 20100 104.39(:20.13) 10200  71.00 23000  0.4546
HDL (mg/dL) 49.42 (£14.50) 47.00 21.00 10700 5170 (+15.77) 4700  26.00 10700 04595

WC - waist circumference; BMI - body mass index; WHR - waist to hip ratio; WHtR - waist to height ratio; C-Index - coinicity index; TG - triacylglycerols; LDL - low
density lipoprotein; HDL - high density lipoprotein
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TABLE 3. Correlations in the entire group of participants before and after dietary intervention

Before After
Correlations correlation Correlations correlation
p estimates value p estimates value

BMI-TG >0.05 - BMI-TG 0.0140 0.24
BMI-Glucose >0.05 - BMI-Glucose 0.0023 0.29
WHR-Glucose 0.0047 0.27 WHR-Glucose 0.0117 0.24
WHR-HDL 0.0134 -0.24 WHR-HDL 0.0406 -0.20
WHtR-TG 0.0362 0.20 WHtR-TG 0.0058 0.26
WHtR-Glucose 0.0002 0.35 WHtR-Glucose 0.0001 0.38
WC-Glucose 0.0320 0.21 WC-Glucose 0.0026 0.29
C-Index-TG 0.0291 0.21 C-Index-TG 0.060 0.18
C-Index-Total cholesterol 0.0088 0.25 C-Index-Total cholesterol >0.05 -

C-Index-LDL 0.0037 0.28 C-Index-LDL >0.05 -

C-Index-Glucose 0.0019 0.30 C-Index-Glucose 0.0001 0.37

BMI - body mass index; TG - triacylglycerols; WHR - waist to hip ratio; HDL - high density lipoprotein; WHtR — waist to height ratio; WC - waist circumference;

C-Index - coinicity index; LDL - low density lipoprotein;

TABLE 4. Correlations detected in the entire group of women and men before and after dietary intervention

Before After
Correlations correlation Correlations correlation
P estimates value p estimates value
Group of women
WHR-TG 0.0302 0.35 WHR-TG >0.05 -
WHR-LDL 0.0036 0.45 WHR-LDL >0.05 -
WHR-Glucose >0.05 - WHR-Glucose 0.0024 0.47
WHtR-Glucose 0.0182 0.38 WHtR-Glucose 0.0118 0.40
WC-LDL 0.0061 0.43 WC-LDL >0.05 -
WC-Glucose >0.05 - WC-Glucose 0.0219 0.37
C-Index-LDL 0.0074 0.42 C-Index-LDL >0.05 -
C-Index-Glucose >0.05 - C-Index-Glucose 0.0042 0.45
Group of men
BMI-TG 0.0403 0.25 BMI-TG 0.0025 0.36
BMI-Glucose >0.05 - BMI-Glucose 0.0013 0.38
WHR-TG >0.05 - WHR-TG 0.0248 0.27
WHR-Glucose 0.0229 0.27 WHR-Glucose 0.0240 0.27
WHtR-TG >0.05 - WHtR-TG 0.0069 0.32
WHtR-Glucose >0.05 - WHtR-Glucose 0.0011 0.38
WC-TG >0.05 - WC-TG 0.0085 0.31
WC-Glucose >0.05 - WC-Glucose 0.0006 0.41
C-Index-Glucose >0.05 - C-Index-Glucose 0.0058 0.33

WHR - waist to hip ratio; TG - triacylglycerols; LDL - low density lipoprotein; WHtR — waist to height ratio; WC - waist circumference; C-Index - coinicity index;

BMI - body mass index

The rapid, inexpensive and accurate diagnosis of possible
metabolic risk factors for cardiovascular events, as well as
NAFLD, using simple anthropometric measurements as screen-
ing tools in early diagnosis, seems to be a practical application
of these tools in primary healthcare facilities [24].

In the scientific literature, the analysis of the usefulness
of anthropometric indices such as BMI, WC, WHR, WHtR,
and (although less frequently) C-Index have repeatedly been
undertaken in the context of metabolic disorders and CHD
risk assessment [30].

Itis very important to take into consideration the fact that
body structure and composition change with the ongoing
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processes of growth, maturation and aging of the body, which
can have a direct impact on the modification of the normal
range of anthropometric indicators [25]. This pattern does
not apply to WHtR, because its value stems from the close
relationship between changes in WC and height with age. This
relationship is the biggest advantage of WHtR. In addition, this
explains why the critical value of 0.5 is constant regardless of
age. Another important characteristic of WHtR is the ease of
taking measurements and estimating the result [25].

Body mass index although widely known and used in the
assessment of nutritional status, is an ineffective tool in terms
of assessing visceral obesity and metabolic disorders. Research
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conducted by Shields et al. [26] showed that despite the BMI
values being within the normal or overweight range, at least
two risk factors of CVD were identified in a group of men and
women, and these correlated with an increase in the value
of WC, WHR and WHtR. Patients with higher values of these
indicators demonstrated also abnormalities in the form of
increased plasma triacylglycerols (TG )and glucose, and a lower
blood concentration of high density lipoprotein (HDL). These
results clearly indicate the failure of the exclusive use of BMI
in the early identification of patients at risk of CHD [26].

The main drawback of WC and WHR is that they do not
relate to the height and changes in body weight. Epidemio-
logical studies have shown that WC and WHR are independent
predictors of many metabolic diseases, although their use is
recommended in conjunction with BMI in order to increase
the ability of these tools to predict cardiovascular risk [24].

The C-Index, although still poorly used, seems to be a very
good determinant of body fat distribution, as it allows the com-
parison of 2 individuals differing in body weight and height.
Increasingly, researchers have verified the validity of its use
as a tool to assess the risk of metabolic disorders. A study con-
ducted in both men and women by Haun et al. [25] indicated
that the C-Index showed superior accuracy (compared to WHtR
and WC) in the identification of visceral obesity in both sexes,
however, WHtR was also accurate. Contrary to the recommen-
dations of the WHO, WC is considered an unreliable parameter
in the estimation of cardiovascular risk, although still better
than BMI. The same authors pointed out that the only limita-
tion in using the C-Index in population studies is the difficulty
in calculating the denominator in the C-Index equation [25]. In
order to determine the usefulness of anthropometric indicators
in identifying CHD risk, a meta-analysis was performed which
included a total population of 300 000 diverse individuals in
terms of ethnicity. Statistical analyses showed that, regard-
less of sex, WHtR was a significantly more reliable parameter
associated with diabetes, hypertension, dyslipidemia and CHD,
compared with WC and BMI [27].

In the available scientific literature, no studies have inves-
tigated the correlation between anthropometric tools and
metabolic CHD risk factors in NAFLD patients, following an
individualized nutrition plan.

According to the results presented in this study, after
6 months of dietary intervention all analyzed anthropometric
indices significantly shifted toward lower values, in both sexes.
Among the investigated biochemical parameters, only changes
in TG levels attained statistical significance in the entire group
(p = 0.0017), in women (p = 0.036) and in men (p = 0.019). Each
of the anthropometric tools, with the exception of BMI, was
significantly correlated with glucose level, both before and
after the dietary intervention. In this group of patients with
NAFLD, WC, WHR, WHtR, and the C-Index were reliable tools
in predicting glucose tolerance. Importantly, although mean
glucose concentration did not change significantly after the
dietary intervention (p > 0.05), we detected significant posi-
tive correlations between glucose and indices such as WHtR
and the C-Index, which altered significantly after the dietary
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intervention (p < 0.0001). Correlations between WHtR and the
C-Index and glucose (independently) were noticeably strong
(p < 0.002) before and after the dietary intervention in the
entire group. Decreasing visceral fat accumulation (due to low-
ered WC, WHR and WHtR values) resulted in decreased insulin
resistance and increased lipolysis of abdominal adipose tissue.
Waist to height ratio was the only parameter, before and after
the dietary intervention, to be significantly correlated with
serum TG concentration, which is directly associated with
lipid metabolism: dietary fat intake and lipids released from
adipose tissue lipolysis. The C-Index was strongly associated
with lipids in the blood, but these correlations were only sig-
nificant before the dietary intervention. In women, only the
correlation between WHtR and glucose attained statistical
significance before and after the diet. Other indices, such as
WC, WHR and the C-Index, also correlated with glucose, but
only after the dietary intervention (p < 0.05). Simultaneously,
WC, WHR and the C-Index correlated significantly with LDL-
-cholesterol, but only before the dietary intervention.

In men, the data analysis demonstrated that after the die-
tary intervention all of the analyzed anthropometric param-
eters (excluding C-Index) were positively correlated with both
serum TG and glucose.

It should be emphasized that in the entire group of patients
with NAFLD, each of the anthropometric parameters analyzed
was reduced following the dietary intervention. This contrib-
uted to the reduced risk of CVD in this group by reducing major
metabolic risk factors (TG, total cholesterol, low density lipo-
protein and glucose, as well as an increase in HDL). It is worth
noting that the improvement in these parameters was also
associated with favorable changes within the fatty liver (as
demonstrated in unpublished results).

Taking into consideration the results of this study, we can
confirm the thesis presented by Haun et al. [25], that the C-Index
and WHtR, despite being poorly used, are very useful in the
assessment of body fat distribution (and visceral adipose tis-
sue redistribution) and glucose metabolism. Waist to height
ratio was strongly positively related to visceral fat accumula-
tion and can be used as a sensitive tool for monitoring serum
TG and glucose concentration, both before and after dietary
intervention in men and women. Results of our study allow
us to conclude that the reduction in body weight, and thus
reduced WC, WHR, WHtR and the C-Index, contribute to the
improvement in carbohydrate and lipid metabolism, hence
stopping the progression of atherosclerosis. These results con-
firm that weight loss in patients with NAFLD is beneficial for
improving glucose tolerance [7]. Waist to height ratio and the
C-Index deserve particular attention due to their strong asso-
ciation with visceral fat distribution which indirectly results
in impaired glucose and lipid metabolism and leads to intensi-
fied atherosclerosis [25]. This study demonstrated strong posi-
tive correlations between WHtR and the C-Index with serum
TG and glucose concentrations. This confirmed the reports
of other researchers on the usefulness of these indicators in
the prediction of metabolic disorders which correlate with
increased cardiovascular risk [25]. According to our data, the
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usefulness of these indicators in identifying those at metabolic
risk of CHD among patients with NAFLD was demonstrated.
Previous studies have shown that the main metabolic disor-
ders caused by changes within the fatty liver (overproduc-
tion of glucose and TG), are independent risk factors for CHD,
as well as other components of the metabolic syndrome (i.e.
type 2 diabetes, dyslipidemia) [2]. Modifications in metabo-
lism, occurring in NAFLD (lipolysis of adipose tissue, severe
oxidative stress and insulin resistance) give rise to pathologi-
cal changes within the cardiovascular system, thus combining
fatty liver with the manifestation of CHD. Studies have shown
that patients with NAFLD are at an increased risk of develop-
ing atherosclerosis and acute cardiovascular events, with an
increase in overall mortality [31].

CONCLUSIONS

There is a strong correlation between the occurrence of NAFLD
and CHD. This fact should encourage physicians (hepatologists)
and other healthcare providers to modify procedures and
schemes used in the diagnosis of NAFLD and other metabolic
disorders. The widespread use of WHtR and the C-Index, due
to their ease of use and cost-effectiveness, in screening and diag-
nosis in primary healthcare facilities, will allow confirmation of
metabolic CHD risk in patients with NAFLD (or in others with
risk factors) and provide them with appropriate medical care,
either preventive or therapeutic. Other anthropometric tools,
such as: BMI, WHR and WC also confirmed their usefulness in
assessing the metabolic risk of CVD in NAFLD patients. All of
these anthropometric tools analyzed in this study seem to be
perfect for long-term observation of changes in body composition.
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