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ABSTRACT

Introduction: Nutritional assessment of cirrhotic patients is a neglected issue. This study compared cirrhotic and non-cirrhotic
subjects in terms of nutritional assessment tools and investigated the relationship between nutritional risk screening (NRS)-2002 and
subjective global assessment (SGA) with other nutritional assessment parameters.

Materials and methods: Fifty-seven cirrhotic patients (age 59+13 years, 63% male) and 58 control subjects (age 63+11,
52% male) were recruited. Anthropometry, bioelectrical impedance analysis and hand grip strength measurements were recorded.
Nutritional status was evaluated by NRS-2002 and SGA.

Results: While none of the controls had malnutrition, prevalences of malnutrition were 37% by NRS-2002 and 74% by SGA among
cirrhotic patients. Dry body mass index (BMI) (28.046.2 kg/m2 vs. 30.1£5.1 kg/m2, p=0.04), mid-arm circumference (MAC) (29.1+5.1
cm vs. 30.843.0 cm, p=0.03) and triceps skinfold thickness (TST) (19.949.6 mm vs. 25.3+8.1 mm, p=0.003) were lower and total body
water (TBW) was higher (51.1+8.9% vs. 47.5+6.9%, p= 0.018) in cirrhotic group compared to controls. Malnutrition by NRS-2002
was negatively correlated with dry BMI (r=-0416 ,p=0.001), MAC (r=-0.515 ,p<0.001) and TST (r=-0.528 ,p<0.001) and positively
correlated with TBW (r=0.273, p=0.04). Malnutrition by SGA was correlated only with TST (r=-0.286, p=0.031). The AUROC curves of

dry BMI, MAC and TST were 0.75, 0.81 and 0.82 to discriminate the presence or absence of malnutrition by NRS-2002.
Conclusion: Since it is correlated with other nutritional assessment tools, NRS-2002 may be used in the assessment of cirrhotic

subjects.
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Introduction

Malnutrition is a common condition in liver
cirrhosis that ranges from one-third among com-
pensated patients to 60-90% in decompensated
cirrhosis®”. Several mechanisms have been defined
to explain the development of malnutrition in end
stage liver disease (ESLD), such as anorexia, im-
paired dietary intake, malabsorption, intestinal
protein loss, defect in the hepatic synthesis of car-
bohydrates, protein and fat, alterations in the utili-
zation of nutrients, systemic inflammation, hyper-
metabolism and increased P-adrenergic activity®®.

Malnutrition in cirrhosis is related to higher prev-
alence of complications, longer hospital stays and
more postoperative complications among patients
who undergo liver transplantation®”. Furthermore,
earlier studies have demonstrated that malnutrition
is an independent predictor of mortality in cirrhotic
subjects®,

Nutritional assessment tools can be divided
into four categories:

e laboratory parameters (albumin, prealbumin,
retinol binding protein, total lymphocyte count and
measurements of micronutrients and vitamins, and
SO on);
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* body composition (BC) measurements [an-
thropometric measurements including body mass
index (BMI), waist circumference, hip circumfer-
ence, waist to hip ratio, mid-arm circumference
(MAC), skinfold thickness, mid-arm muscle cir-
cumference (MAMC), dry BMI, and so on];

* measurements of muscle mass and function-
ality (hand grip strength, gait speed) strength;

e nutritional assessment tests, including nutri-
tional risk screening 2002 (NRS-2002) and subjec-
tive global assessment (SGA)?3,

The primary aim of this study is to compare
several different nutritional assessment parameters
in patients with cirrhosis and controls.

The secondary aim of the study was to ana-
lyze the potential relationship of the NRS-2002 and
SGA with anthropometry and BC measurements
and to determine the values for use as a clinical tool
in the assessment of patients with cirrhosis.

Materials and methods

Study population

A total of 57 patients who were admitted to Is-
tanbul Umraniye Education and Research Hospital
between with a diagnosis of cirrhosis were enrolled
in the study. Diagnosis of cirrhosis was based on
clinical and laboratory findings, radiologic findings
and pathological diagnosis, if available. Cirrhotic
patients who had hepatocellular carcinoma (HCC)
or any other malignancy were excluded. Being
less than 18 years old and being pregnant were the
other exclusion criteria. Laboratory examinations,
including a complete blood count, liver function
tests, albumin, blood urea nitrogen, creatinine, pro-
thrombin time and INR, were recorded. Patients
with cirrhosis were evaluated for disease severity
with Child-Turcotte-Pugh (CTP) and model for
end-stage liver disease (MELD). The control group
was composed of 58 age- and sex-matched people
without chronic liver disease but with other chronic
disorders.

This study was approved by Instituional Re-
view Board of Umraniye Education and Research
Hospital (Reference number: 20148) and informed
consent was obtained from all participants.

Anthropometric measurements

Height was measured to the nearest 0.1 cm
without shoes using a stadiometer (G-tech, Gyeo-
nggi-do, South Korea). Body weight was measured
to the nearest 0.1 kg using an electronic scale (Tan-

ita Ultimate Scale; Model 2000, Tanita Corp., To-
kyo, Japan), with subjects wearing only underwear,
no shoes and having removed all metal and jewelry.
The body mass index (BMI) was computed as body
weight (kg)/height (m?). The participants were as-
sessed for the presence and severity of ascites us-
ing ultrasound in addition to the clinical assessment
of pedal edema. Dry body weight was calculated
by subtracting 5% of the body weight for mild as-
cites, 10% for moderate ascites, and 15% for severe
ascites, with an additional 5% of the body weight
subtracted in the presence of bilateral pedal edema,
as reported by Tandon et al.!”, These were used
to calculate the dry BMI according to the formu-
la (Dry) weight (kg) / height (m?). The waist cir-
cumference was measured with a non-stretchable
measuring tape at the midpoint between the lower
edge of the rib cage and the iliac crests. The waist
circumference was defined as the smallest circum-
ference measured at the navel, and the hip circum-
ference was defined as the largest circumference
measured at the hips and buttocks. The waist-to-hip
ratio (WHR) was determined as the waist circum-
ference divided by the hip circumference.

The mid-arm circumference (MAC) (cm) was
measured at the midpoint between the tip of the ac-
romion and the olecranon process with a non-flex-
ible tape. A skinfold measurement was determined
at triceps area (mm) (TST) using a Saehan Skinfold
Fat Calipper (Saehan Corp., Masan, South Korea)
with a pressure of 10 g/mm? applied to the surface
area. The average of three consecutive readings
was recorded. All the readings were carried out
by the same operator (YP). All the measurements
were performed at the non-dominant arm, with the
patients standing in a relaxed position, Mid-arm
muscle circumference (MAMC) was calculated by
the formula: MAMC = MAC - (&t x TST). Mid-
arm muscle area (MAMA) was calculated using the
MAC and TSF according to the following equa-
tions: MAMA (cm?) = [MAC — (t XTST)]2/4 .

Anthropometric measurements

Height was measured to the nearest 0.1 cm
without shoes using a stadiometer (G-tech, Gyeo-
nggi-do, South Korea). Body weight was measured
to the nearest 0.1 kg using an electronic scale (Tan-
ita Ultimate Scale; Model 2000, Tanita Corp., To-
kyo, Japan), with subjects wearing only underwear,
no shoes and having removed all metal and jewelry.
The body mass index (BMI) was computed as body
weight (kg)/height (m?).
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The participants were assessed for the pres-
ence and severity of ascites using ultrasound in ad-
dition to the clinical assessment of pedal edema.
Dry body weight was calculated by subtracting
5% of the body weight for mild ascites, 10% for
moderate ascites, and 15% for severe ascites, with
an additional 5% of the body weight subtracted in
the presence of bilateral pedal edema, as reported
by Tandon et al..10. These were used to calculate
the dry BMI according to the formula (Dry) weight
(kg) / height (m?). The waist circumference was
measured with a non-stretchable measuring tape at
the midpoint between the lower edge of the rib cage
and the iliac crests. The waist circumference was
defined as the smallest circumference measured at
the navel, and the hip circumference was defined as
the largest circumference measured at the hips and
buttocks. The waist-to-hip ratio (WHR) was deter-
mined as the waist circumference divided by the
hip circumference.

The mid-arm circumference (MAC) (cm) was
measured at the midpoint between the tip of the ac-
romion and the olecranon process with a non-flex-
ible tape. A skinfold measurement was determined
at triceps area (mm) (TST) using a Saehan Skinfold
Fat Calipper (Saehan Corp., Masan, South Korea)
with a pressure of 10 g/mm?* applied to the surface
area. The average of three consecutive readings
was recorded. All the readings were carried out
by the same operator (YP). All the measurements
were performed at the non-dominant arm, with the
patients standing in a relaxed position, Mid-arm
muscle circumference (MAMC) was calculated by
the formula: MAMC = MAC - (t x TST). Mid-
arm muscle area (MAMA) was calculated using the
MAC and TSF according to the following equa-
tions: MAMA (cm?) = [MAC — (t xTST)]2/4 m.

Bioelectrical Impedans Analysis (BIA)

The body composition (BC) was assessed
using a single frequency impedance BC analyzer
(Tanita brand, model BC-420MA, Tanita Corp.,
Tokyo, Japan). After entering the height, age and
sex into the Bioelectrical Impedans Analysis (BIA)
equipment, the subject stood in an upright position
with bare feet on the analyzer footpads. The im-
pedance between the two feet was measured while
an alternating current (50/60 kHz and 90 mA) was
passed through the lower body. As mentioned ear-
lier, the weight was measured. This equipment also
provides estimated values for the fat mass (FM),
fat-free mass (FFM), muscle mass (MM) and total

body weight (TBW). The measurements were taken
after an overnight fast.

Hand grip strength measurement

Hand grip strength (HGS) was measured
by a mechanical handgrip dynamometer (Takei
Strength Dynamometer, Takei Scientific Instru-
ments Co. Ltd., Niigita, Japan). A hand was placed
on an armrest at a 30-degree angle, and the HGS
was tested. The maximum value of 3 consecutive
measurements with a one-minute recovery be-
tween attempts from both the dominant hand and
non-dominant hand was noted. Accounting for the
sex differences at the HGS measurements, sex-spe-
cific analysis was performed.

Subjective global assessment (SGA)

The SGA was conducted according to the nu-
tritional status (weight loss, dietary intake and gas-
trointestinal symptoms) and clinical examination
(physical signs of malnutrition, such as depletion
of subcutaneous fat and muscle mass) of the pa-
tients!V. The patients were classified as those with
well-nourished or anabolic (SGA-A), those with
moderate undernutrition (SGA-B) and those with
severe undernutrition (SGA-C).

Nutritional risk screening 2002 (NRS-2002)

The NRS-2002 has been using for screening
and evaluation of nutrition status in hospitalized
patients.12. It is based on BMI, percentage of re-
cent weight loss, recent change in food intake, dis-
ease severity and over 70 years old. When the final
score is =3 points, the patient is considered at nu-
trition risk.

Statistical Analysis

Statistical analyses were carried out using
SPSS (version 21; SPSS Inc., Chicago, Illinois,
USA). The variables were analyzed using the Kol-
mogorov-Smirnov test and Shapiro—Wilk’s test to
check the normality. Nominal data were expressed
as number (percent). Continuous variables with
a normal distribution were represented as mean
+SD, those with a non-normal distribution and
ordinal variables were described as median + SE
or interquartile range. A chi-square test was used
for categorical variables. The Student t-test was
used for normally distributed parameters, where-
as for non-normally distributed factors, the Mann
Whitney U test was used for comparison between
two groups. Spearman’s correlation coefficients (r)
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were calculated to evaluate the correlation between
nutritional assessment tools including NRS-2002
and SGA with anthropometric measurements and
body composition analysis measurements. The
ability of each nutrition assessment parameter to
predict nutritional risk by NRS-2002 was investi-
gated by receiver operating characteristics (ROCs)
analysis. The significant value with the best level
of sensitivity and also specificity in the area under
the curve analysis was selected as the ideal cut-off.
Whenever a significant cut-off value was found,
the sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) were
determined. A p value of <0.05 was considered sta-
tistical significant.

Results

A total of 57 patients with cirrhosis and 58
age- and sex-matched control subjects were com-
pared. Demographic clinical and laboratory fea-
tures were given in Table 1. The mean ages were
59+13 years in the cirrhotic group and 63+11 years
in the control group (p=0.07). The male-to-female
ratio also did not differ between the patients with
cirrhosis and the control subjects (36/21 vs 30/28,
p=0.21).

Although Type 2 diabetes mellitus (DM) and
hypertension (HT) were found to be similar be-
tween the two groups (both p>0.05), ischemic heart
disease was more prevalent among patients with
cirrhosis (21%) compared to control subjects (7%)
(p=0.03). In the cirrhotic group, according to CTP,
35% of the participants were in group A, 42% in
group B and 23% in group C. The median MELD
score was 13+6.5. Chronic hepatitis B (28%),
non-alcoholic steatohepatitis (NASH) (16%) and
chronic hepatitis C (14%) were common identi-
fiable etiologic factors for cirrhosis. On the other
hand, 33% of the cirrhotic patients were assessed
as cryptogenic.

The comparison of the groups according to
the nutritional assessment tools is given in Table 2.
While the mean BMI of the patients with cirrhosis
and BMI of the control subjects were not different
(30.1£6.7 vs. 30.2+5.1, p=0.59), the dry BMI of the
cirrhotic subjects was lower than that of the control
subjects (28.0+£6.2 vs. 30.1+5.1, p=0.04). Other dif-
ferent anthropometric measurements between the
two groups were MAC and TST, which were high-
er in the control subjects compared to the cirrhot-
ic group (for MAC 30.8+3.0 vs. 29.1+£5.1, p=0.03,

and for TST 25.348.1 vs. 19.9+9.6, p=0.003).

The body fat ratio, fat free mass and muscle
mass did not differ between the patients with cir-
rhosis and the control subjects (for all, p>0.05).
The only different BIA parameter between the
groups was TBW. As expected, the mean TBW was
higher in the patients with cirrhosis than in the con-
trol subjects (51.1£8.9% vs. 47.5£6.9%, p=0.018).

Patients with Control P
cirrhosis(n=57) subjects (n=58)

Age, mean+SD 59+13 6311 0.07
Sex (Male/Female) 36/21 30/28 021
Chronic disorders, n (%)

Diabetes Mellitus 21(37) 19 (33) 0.64

Hypertension 18 (31) 27 (47) 0.10

Ischemic heart disease 12 (21) 4(7) 0.03

COPD 3(5) 2(3) 0.68

Chronic renal failure 1(2) 0(0) 0.49

Hypothyroidism 50 509 1.00
Do o s 7105

Etiology, n (%)

HBV 16 (28)

HCV 8(14)

Cryptogenic 19 (33)
Non-alcoholic steatohepatitis 9 (16)
Alcoholic steatohepatitis 309
Other 4N

Child-Turcotte-Pugh, n (%)

Class A 20 (35)
Class B 24 (42)
Class C 13 (23)
MELD , median (IQR) 12(7)

Table 1: Demographic and clinical features of patients
with cirrhosis and control subjects.

The right hand grip strength measurements
were lower in patients with cirrhosis for wom-
en (14.8+1.1 vs. 20.1x1.1, p=0.006) and men
(28.3£1.8 vs. 34.9+1.5, p=0.003). Similar results
were found in the left-hand grip strength measure-
ments for women (15.5+1.0 vs. 18.7+1.1, p=0.019)
and men (26.8+1.8 vs. 34.7+1.3, p<0.001).

The groups were compared according to the
nutritional screening tools by NRS-2002 and SGA.
While none of the control subjects had nutritional
risk according to NRS-2002, 37% of the patients
with cirrhosis had nutritional risk (p < 0.001).
According to the SGA questionnaire, while all of
the control subjects were well-nourished, 53% of
the cirrhotic subjects were moderately malnour-
ished, and 21% of them were severe malnourished
(p<0.001). Only 26% of the cirrhotic patients were
well-nourished.
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Patients with cirrhosis(n=57) |  Control subjects (n=58) P
Anthropometric measurements
Height (cm) 16429 164210 095
Body weight (kg) 81+18 8113 10
BMI (kg/m?) 30.1£6.7 30.2¢5.1 059
Dry BMI (kg/m?) 280462 301251 0.04
Waist circumference (cm) 10814 105£10 017
Hip circumference (cm) 106213 10810 061
Waist / hip ratio 0992016 0.9520.02 044
MAC (cm) 29.155.1 308430 0.03
TST (mm) 19213 265211 0.003
MAMC (cm) 22843.1 229420 092
MAMA (cm?) 42411 4247 084
Bioimpedance Analysis
Body fat ratio (%) 25.0£1.6 319213 007
Fat-free mass (kg) 574x114 551102 026
Muscle mass (kg) 5452109 523198 023
Total body water (%) 511289 475269 0.018
Right hand grip strength (kg)
Female 148511 201211 0.006
Male 283:18 349+15 0.003
Left hand grip strength (kg)
Female 15510 187211 0019
Male 268218 34713 <0.001
NRS-2002
Without nutritional risk, n (%) 36 (63) 58 (100)
With nutritional risk, n (%) 2137) 0
SGA <0.001
Well-nourished or anabolic, n (%) 15 (26) 58 (100)
Moderate undernutrition, n (%) 30(53) 0
Severe undernutrition, n (%) 1221 0

according to NRS-2002 (r=0.273, p=0.04). In ad-
dition, there were significant negative correlations
of malnutrition according to NRS-2002 with BMI
(r=-0.331,p=0.012); dry BMI (r=-0.416,p=0.001);
hip circumference (r=-0.317, p=0.016); MAMC
(r=-0.334, p=0.011); MAMA (r=-0.334, p=0.011);
and a highly significant correlation with MAC (r=-
0.515,p<0.001) and TST (r=-0.528, p<0.001). The
correlation with undernutrition according to SGA
was found only with TST (r=-0.286, p=0.031). Oth-
er anthropometric and BC measurements were not
significantly correlated. In the comparison of nu-
tritional assessment tools among cirrhotic patients
according to the malnutrition risk in terms of NRS-
2002, weight, BMI, dry BMI, hip circumference,
MAC, MAMC, MAMA, TST and body fat ratio
values were higher in non-nutritional risk group
(for all, p<0.05). On the other hand, total body wa-
ter was higher in nutritional risk group according to
NRS-2002 (53.9+2.1 vs. 49.0+1.3, p=0.041). Val-
ues were given in Table 4.

Table 2: Comparison of patients with cirrhosis and con- FeR—— —
jon-nutritional risk group Nutritional risk group »
. . .. (n=36) (n=21)
trol subjects according to the nutritional assessment pa- - -
. . . Anthropometric measurements
rameters including; anthoropometric measurements, THeight @m) o502 o502 o7
bioelectrical impedance analysis, hand grip strength test, Body weight (ke) 813 6o oor2
BMI (kg/m?) 29.9+1.0 26.1x1.6 0.013
NRS_2002 and SGA Dry BMI (kg/m?) 287408 226415 0.002
NRS-2002 SGA ‘Waist circumference (cm) 10724 107£2.8 034
Hip circumference (cm) 108+1.8 101£3.0 0.018
r P r P
‘Waist / hip ratio 0.96+0.01 1.02+0.24 0.06
BMI (kg/m?) -0331 0.012 -0.039 0.775
MAC (cm) 31.5+0.7 26.0+1.1 <0.001
Dry BMI (kg/m?) -0.416 0.001 -0.216 0.107
TST (mm) 24£13 10£1.9 <0.001
Waist circumference (cm) -0.126 0.350 0.110 0414 MAMC (cm) 240205 222507 0012
Hip circumference (cm) -0.317 0.016 -0.113 0404 MAMA (em?) 160+18 412421 0.012
Waist / hip ratio 0.250 0.061 0.166 0216 Bioimpedance Analysis
MAC (cm) -0.515 <0.001 -0.185 0.169 Body fat ratio (%) 30.5£1.8 23.0£2.6 0.036
TST (mm) -0.528 <0.001 -0.286 0.031 Fat-free mass (kg) 57.7£2.1 54.6£2.1 029
MAMC (cm) 0334 0011 0038 0782 Muscle mass (kg) 548420 51820 029
MAMA (em?) L0334 0.011 L0038 0782 Total body water (%) 49013 53.9+2.1 0.041
Right HGS, female (kg) 0204 0375 0299 0.189 Right hand grip strength (ke)
Female 14.5+1.2 17.1£2.1 042
Right HGS, male (kg) -0.180 0292 0.025 0.886
Male 299425 257x23 028
Left HGS, female (kg) 0.151 0525 0.063 0.792
Left hand grip strength (kg)
Left HGS, male (kg) -0.195 0.255 0.074 0.668 Female 149510 181217 042
Body fat ratio (%) -0.280 0035 0.117 0384 Male 280024 raens 021
Fat-free mass (kg) 0.141 0.294 0.147 0277 T bl 4 C . f . 1
Musele mass (kg) o o201 o o able 4: Comparison of nutritional assessment parame-
Total body water (%) 0273 0040 0136 0314 ters among cirrhotic patients according to the NRS-2002.
cTp 0.344 0.009 -0.129 0.340
CTP score 0.433 0.001 0.008 0956 . . oy
. - We assessed the diagnostic ability of the an-
MELD score 0.261 0.050 0.078 0.564

Table 3: Association of malnutrition by NRS-2002 and
by SGA with anthropometric measurements, bioelectrical
impedance parameters, and hand grip strength test.

The correlations between the malnutrition ac-
cording to the nutritional assessment tools (NRS-
2002 =3 or SGA B and SGA C) and anthropometric
measurements, BC analysis and hand grip strength
measurements in the cirrhotic group are given in
Table 3. There was a significant positive correlation
between the total body water and nutritional risk

thropometric measurements and BC parameters
in predicting to have or not nutritional risk ac-
cording to NRS-2002 by area under receiver op-
erating characteristic (AUROC). The AUROC
analysis suggested that dry BMI (AUROC: 0.75;
95%CI: 0.60-0.90, p=0.002), MAC (AUROC:
0.81; 95%CI: 0.68-0.93, p<0.001) and TST (AU-
ROC: 0.82; 95%CI: 0.69-0.95, p<0.001) had supe-
rior diagnostic accuracy compared to other statis-
tically significant parameters, including the BMI
(AUROC: 0.70; 95%CI: 0.54-0.85, p=0.013), hip
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circumference (AUROC: 0.69; 95%CI: 0.54-0.84,
p=0.018), body fat ratio (AUROC: 0.67; 95%CI:
0.51-0.82, p=0.036), MAMC (AUROC: 0.70;
95%CI: 0.56-0.84, p=0.012) and MAMA (AU-
ROC: 0.70; 95%CI: 0.56-0.84, p=0.012). Inversely,
the AUROC of the total body water was statistically
significant to differentiate those with malnutrition
according to NRS-2002 (AUROC: 0.66; 95%CI:
0.51-0.81, p=0.041).

The AUROCs, sensitivity, specificity, PPV
and NPV values for MAC, TST and dry BMI at op-
timal cut-off points are given in Table 5. A cut-off
point of 28.5 cm for MAC has the highest sensitiv-
ity (77.8%) and specificity (77.2%). Similarly, at
a cut-off point of TST (18.5 mm), the sensitivity
and specificity were 72.2% and 77.2%, respective-
ly. For dry BMI, the optimal cut-off point was 26.8
kg/m? with a sensitivity of 75.0% and a specificity
of 71.4%.

AUROC (95% CI) Sensitivity (%) Specificity (%) PPV NPV

MAC 0.81(0.68-0.93) 778 772 848 66.7

TST 0.82 (0.69-0.95) 722 772 839 615

Dry BMI 0.75 (0.60-0.90) 750 714 818 625

Table 5: Diagnostic performances of MAC, TST and
dry BMI for discrimination of malnutrition according to
NRS-2002.

Discussion

Previous studies have focused on the role of
malnutrition as an independent risk factor on sur-
vival and the development of the cirrhosis-related
complications such as variceal bleeding, ascites
and hepatic encephalopathy in patient groups with
cirrhosis" #1319 There are scarce data about the
comparison of BC measurements and nutritional
assessment tools between patients with cirrhosis
and non-cirrhotic subjects. In the current study,
several nutritional assessment tools were compared
in cirrhotic and non-cirrhotic groups, and the re-
lationship between these different parameters was
investigated.

The present study showed that while malnu-
trition was not evident according to NRS-2002 and
SGA among the control subjects, malnutrition in
patients with cirrhosis was 37% according to NRS-
2002 and 74% according to SGA. SGA has been
the most widely studied nutritional assessment tool
in cirrhotic groups. Previous studies showed the
prevalence of malnutrition by SGA to be between
52% and 78%"%'®. These results were consistent
with the results of the current study.

On the other hand, there are a few conflict-
ing results about NRS-2002 assessments in pa-
tients with ESLD. Lim et al assessed the nutritional
risk prevalence to be 81.8% among patients who
were undergoing liver transplantation according
to NRS-2002"?. Another study from Romania
showed a 49.8% nutritional risk by NRS-2002 in
patients with advanced cirrhosis (CTP group B and
C®_ The current study showed a lower prevalence
of nutritional risk according to NRS-2002. When
compared to the results of earlier studies, the lower
rate of malnutrition according to NRS-2002 could
be related to the higher BMI measurements of our
patients.

An interesting result of this study is the dis-
crepancy between the malnutrition rates of patients
with cirrhosis by NRS-2002 and by SGA. One ex-
planation is that dietary restrictions in patients with
cirrhosis (including the protein restriction that was
routinely advised in earlier times and now recom-
mended only at the time of hepatic encephalopathy)
or salt restriction in subjects who have ascites and
edema (which cause impaired oral intake) influence
the SGA because the dietary history and gastrointes-
tinal symptoms (e.g., nausea, vomiting, anorexia and
diarrhea) are parts of the SGA questionnaire®!- 2,

Although SGA includes objective assessment
parameters such as physical examination parame-
ters and weight loss as a percentage or kilogram
over the last six months, most of the components of
the SGA questionnaire are patient oriented. If the
patient has some difficulty in understanding ques-
tions or in mild hepatic encephalopathy, SGA as-
sessment might not be reliable, and thus, it would
overestimate the malnutrition®. Second, our pa-
tients with cirrhosis consisted of obese subjects
with a mean BMI of 30.1+6.7. Moreover, while the
volume overload, including ascites, sacral edema
and pedal edema, negatively affects SGA, fluid re-
tention appears to have a positive impact on NRS-
2002 in terms of weight gain. As mentioned earlier,
dry BMI might be used instead BMI for avoiding
from volume overload bias in the assessment of cir-
rhotic subjects by NRS-2002.

Another interesting result of the current study
is the significant correlation of anthropometric
measurements, including BMI, dry BMI, hip cir-
cumference, MAC, MAMC, MAMA, TST and BC
analysis measurements, such as body fat ratio and
TBW with NRS-2002 but not SGA. The correla-
tion of parameters that reflect body fat stores (TST,
body fat ratio and hip circumference in women) and
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muscle mass (MAC, MAMC, MAMA and muscle
mass) with NRS-2002 has suggested that it is a use-
ful tool to predict the depletion of fat stores and
muscle mass. Triceps skinfold thickness is an in-
direct measurement of the subcutaneous fat stores
and is one of the most widely used parameters in
the evaluation of the nutritional status in cirrhosis":
14.17.29 "We showed that TST was lower in patients
with cirrhosis than in non-cirrhotic subjects who
had similar weight and BMI. This finding suggests
that patients with cirrhosis, even if they are obese
or normal weight, have reduced lipid deposits. The
correlation of the hip circumference with NRS-
2002 indicates that the hip circumference might be
another indicator of subcutaneous fat stores besides
the triceps skinfold. Females have significantly
thicker subcutaneous fat than males at the gluteal
area®), This gender difference should be accounted
for if the hip circumference were to be used as a
tool for nutritional assessment. Despite conflicting
results, several muscle mass parameters, including
MAC, MAMC, MAMA and muscle mass, have
also been studied in the assessment of patients with
cirrhosis for the estimation of the muscle depletion
ratio and protein catabolism, indirectly*!7-29, One
of the notable results of the present study is that
there were lower values of MAC and hand grip
strength in patients with cirrhosis compared to con-
trol subjects. The other notable result is the higher
correlation rate of MAC with malnutrition accord-
ing to NRS-2002 compared with the correlations of
MAMC and MAMA, while there was no correla-
tion between the hand grip strength measurements
and malnutrition among the patients with cirrhosis.
This finding could occur because of that MAC is
the sum of the muscle mass and subcutaneous fat
mass; however, it is an indirect indicator of both
muscle mass and subcutaneous fat.

In contrast, MAMC and MAMA are meas-
urements of the muscle mass only. Functional as-
sessment of muscle with hand grip strength meas-
urements could not reflect the nutrition status of
cirrhotic subjects in both sexes. However, MAC is
a more accurate tool for the assessment of body en-
ergy stores in the upper limb.

Our study has several limitations. First, there
is a small number of patients, especially women.
This prospective study is a single center study, and
most of the patients with cirrhosis attended our
clinic, and except for those who were excluded,
were recruited. Larger studies are needed with a
large number of patients with cirrhosis, to inves-

tigate the impact of NRS-2002 as a useful tool for
the assessment of malnutrition in patients with cir-
rhosis. Additionally, the gender specific differences
could not be assessed due to the small number of
patients. The cut-off values of the measurements
should be determined separately for men and wom-
en in a large series of cirrhotic subjects. Finally, the
cross-sectional design of the study could not allow
future directions such as the impact of NRS-2002
and SGA on the development of cirrhosis-related
complications and survival. However, this issue
can be addressed in future studies.

Consequently, the results of the present study
indicate that besides nutritional assessment tools,
only a few anthropometric measurements and BC
analysis parameters differentiate cirrhotic subjects
from non-cirrhotic ones. NRS-2002 but not SGA
demonstrates correlation with the mentioned an-
thropometric and BIA measurements in cirrhotic
subjects. However, although there is a risk of un-
derestimating the malnutrition due to the volume
overload related weight gain, NRS-2002, which is a
nonspecific test developed for the nutritional status
of inpatients, should be considered to be a useful
tool in the nutritional assessment of patients with
cirrhosis.
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