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Nonalcoholic fatty liver disease (NAFLD) is highly associated to obesity and comprises several liver diseases,
from simple steatosis to steatohepatitis (NASH) with increased risk of developing progressive liver fibrosis,
cirrhosis and hepatocellular carcinoma. Liver biopsy is the gold standard in diagnosing the disease, but it
cannot be used in a large scale. The aim of the study was the assessment of some non-invasive clinical and
biological markers in relation to the progressive forms of NAFLD. We performed a prospective study on 64
obese patients successively hospitalised for bariatric surgery in our Surgical Unit. Patients with history of
alcohol consumption, chronic hepatitis B or C, other chronic liver disease or patients undergoing hepatotoxic
drug use were excluded. All patients underwent liver biopsy during sleeve gastrectomy. NAFLD was present
in 100% of the patients: hepatic steatosis (38%), NASH with the two forms: with fibrosis (31%) and without
fibrosis (20%), cumulating 51%; 7 patients had NASH with vanished steatosis. NASH with fibrosis statistically
correlated with metabolic syndrome (p = 0.036), DM II (p = 0.01) and obstructive sleep apnea (p = 0.02).
Waist circumference was significantly higher in the steatohepatitis groups (both with and without fibrosis),
each 10 cm increase increasing the risk of steatohepatitis (p = 0.007). The mean values of serum fibrinogen
and CRP were significantly higher in patients having the progressive forms of NAFLD. Simple clinical and
biological data available to the practitioner in medicine can be used to identify obese patients at high risk of
NASH, aiming to direct them to specialized medical centers.
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Nonalcoholic fatty liver disease (NAFLD) is highly
associated with obesity, metabolic syndrome (MS) and type
II diabetes (DM II) and defines a spectrum of liver disease
ranging from simple steatosis to steatohepatitis (NASH) the progressive form of the disease; the latter may exhibit
varying degrees of hepatic fibrosis and may progress to
cirrhosis and end stage liver disease; it also associates an
increased risk of developing hepatocellular carcinoma [1].
NAFLD affects 15% of the non-obese population and 65%
of grade I and II obese people; a higher percentage of the
disease (more than 85%) is found in morbidly obese people,
making it one of the most important modern public health
issues in the world. The prevalence of the progressive form
of NAFLD (NASH) ranges between 20 and 40% in obese
patients [2], which should be worrying for public health
systems [3].
Hepatic biopsy is the gold diagnostic method in NAFLD
as it remains nowadays the only way to differentiate
between the simple and the progressive forms of the
disease, which involves lobular inflammation, hepatocyte
balooning, accompanied or not by hepatic fibrosis. Though,
it can not be used for the screening of NAFLD not only
because it is an invasive, expensive, requiring qualified staff
and risk-taking method [4] but also because it should be
applied to a very large number of patients, given that NAFLD
is a pandemic condition. Therefore, continuous and intense
efforts are being made to identify noninvasive markers that
could participate in NAFLD diagnosis. Among the directions
with increasing interest in their use as non-invasive markers
are the elastometry tests which seem to be more and more
reproducible and reliable nevertheless highly accepted by
patients [5, 6].
The aim of the study was to evaluate to what extent
simple and available clinical and biological data can be

used as noninvasive markers of the progressive form of
NAFLD in obese patients.
Experimental part
Materials and methods
We performed a prospective study on 64 obese patients
successively hospitalised for bariatric surgery in our
Surgical Unit between November 2014 and November
2016. We included only patients aged over 18 years with
medical indication of bariatric surgery. Exclusion criteria:
patients with history of alcohol consumption (over 20g/
day in women and over 30g/day in men), chronic hepatitis
B or C, other chronic liver disease or patients undergoing
hepatotoxic drug use. We also excluded patients with renal,
endocrine or other chronic diseases that could affect
metabolic or cardiovascular functions. All patients signed
the Informed Consent approved by the Ethics Committee
of the University of Medicine and Pharmacy Gr. T. Popa
Iasi, according to the requirements of the Declaration of
Helsinki and in accordance to some published models [79]. All patients underwent full clinical evaluation including
personal and medical history and complete clinical
examination. Anthropometric measurements were noted:
BMI (body mass index) was calculated by the formula G
(kg)/T2 (cm) and waist circumference was measured in
centimeters, halfpoint between the last rib and iliac spines.
Routine and special biological tests were measured from
the venous blood samples colected after a fasting night.
CRP (C reactive protein) with normal values ranging
between 0 and 0.50 mg/dL and serum fibrinogen with
normal values ranging between 200 and 400 mg/dL were
considered to evaluate the inflammatory status of the
patients. The lipid metabolism was assessed by serum
values of cholesterol, tryglicerides, HDL Chol and LDL Chol.
The presence of MS, OSA (obstructive sleep apnea),
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hypertension and DM II was noted. All patients included in
our study underwent liver biopsy during bariatric surgery
consisting of laparoscopic sleeve gastrectomy. The biopsy
specimens measured at least 1.4/0.4 cm and were
evaluated by an experienced anatomopathologist who had
no access to the clinical or biological data of the patients;
hepatic tissue was fixed in buffered formalin and stained
with hematoxylin-eosin and van Gieson. NAFLD in its
various forms was diagnosed using Kleiner score [10]. The
necroinflammatory activity score of NAFLD was also
evaluated using the score system developed by Brunt [11].
The database was completed using Microsoft Excel
2013 version and the statistically analysis was performed
in SPSS V.19.0. Continuous variables were expressed using
mean, median and standard deviation (SD) values.
Significance level (p-value) was considered to be 0.05 (5%)
with 95% probability (confidence interval). The t-Student
test, the ANOVA test or chi-square test were used to verify
the statistical significance. We also calculated the odd ratio
(OR-the chances of those exposed to present a certain
feature are OR higher than the chances of the unexposed
ones).
Results and discussions
The age of the patients in our study ranged between 18
and 60 years, with an average of 41.33 years ± 11.9 SD.
The mean BMI was 45.06 kg/m 2± 6.67 DS, ranging
between 35 and 67 kg/m 2. The male patients were
significantly fewer (23.4%) than the females. We noted
the presence of MS in 46.9% of our patients. DM II was
present in 18.8% of cases, arterial hypertension in 32.8%,
dyslipidemia in 92 % and OSA in 65.6 % of cases.
Histopathological evaluation of liver biopsies revealed
the presence of NAFLD in 100% of the patients, at it follows:
hepatic steatosis (38%), steatohepatitis in which we noted
two forms: with fibrosis (31%) and without fibrosis (20%),
cumulating 51%; 11% of cases (7 patients) had NASH with
vanished steatosis as the histopathological examination
revealed specific NASH changes (lobular inflammation,
hepatocyte balooning with or without fibrosis) in the
absence of macrovesicular steatosis, the condition for
defining steatohepatitis. No necroinflammatory activity
was noted in 50% of patients (NAS = 0), 43.75% of patients
had mild necroinflammatory activity (NAS = 1) and 6.25%
had moderate activity (NAS = 2). Liver fibrosis was present
in 25 patients (39%), 18 patients had mild fibrosis, 4 medium
fibrosis and 3 severe fibrosis; none of the patients had liver
cirrhosis.
BMI was higher in the steatohepatitis group compared
to the simple steatosis group (which we considered the
basis of comparison because it is the benign form of the
disease) but the results did not show statistical
significance. In contrast, waist circumference was
significantly higher in the steatohepatitis groups (both with
and without fibrosis) compared to the hepatic steatosis
group (table 1).

In patients diagnosed with MS, the proportion of
histopathological form of NASH with fibrosis was nearly
double (65%) compared to the proportion of simple
steatosis (33.3%), statistically confirmed by the chi-square
test (λ2 = 4.385, p = 0.036). Data analysis also confirmed
(p = 0.023) that the proportion of patients with NASH was
about 3 times higher compared to patients with simple
steatosis (45.5% versus 16.7%) in hypertensive patients.
Regarding dyslipidemia, frequency analysis did not reveal
statistically significant differences except for the
comparison between the NASH with fibrosis group and
simple steatosis group, the elevated levels of LDL Col
correlating positively with the presence of NASH with
fibrosis (λ2 = 4.227, p = 0.04). We noted the statistically
significant positive association between DM II and NASH
with fibrosis when comparing this group with the group of
patients dignosed with hepatic steatosis alone (λ2 = 6.229,
p = 0.01). Regarding OSA, our data proved that its presence
was statistically associated with NASH, either with fibrosis
(p = 0.01) and without fibrosis (p = 0.02).
Assessing the risk of waist circumference increase (in
10 cm thresholds) and BMI increase on the occurrence of
specific liver disease within NAFLD, the results showed
that each 10 cm increase in WC increased the risk of
steatohepatitis 2.64 times (p = 0.007). The risk of NASH
with fibrosis was increased by 3.7 times (p = 0.04) by the
presence of MS and 6.8 times (p = 0.02) by the DM II;
hypertension was associated with an increased risk of
NASH (OR = 4.1, p = 0.02) and NASH with fibrosis (OR =
4.0, p = 0.04). Also, the presence of OSA was statistically
associated with a significant increase in risk of NASH with
fibrosis (OR = 9.4, p = 0.03) and simple NASH (OR = 5.5,
p = 0.02), as showed in table 2.
Regarding the serum inflammatory markers, we firstly
observed that the mean value of serum Fb was normal in
patients with steatosis (379.83 mg/dL ± 43.89 SD) and
pathologically increased in patients with NASH (421 mg/
dL ± 44.84 SD), either in case of histopathological form
with fibrosis (423.55 mg/dL ± 47.00 SD) or without fibrosis
(417.08 mg/dL ± 42.86 SD) and in the NASH with vanished
steatosis group (403.43 mg/dL ± 52 SD). Also, the mean
value of serum CRP was normal (0.47 mg/dL ± 0.45 SD) in
patients diagnosed with the benign form of NAFLD
(steatosis) and pathologically increased in patients with
NASH (1.07 mg/dL ± 0.94 SD), either with fibrosis (1.10
mg/dL ± 0.96SD) or without fibrosis (1.03 mg/dL ± 0.95
SD) and in the NASH with vanished steatosis group (1.48
mg/dL ± 1.08 SD). As presented in table 3, we found that
the mean values of serum Fb and CRP were significantly
higher in patients diagnosed with the progressive forms of
NAFLD, namely NASH (both with and without fibrosis),
but also in patients with NASH with fibrosis, when
considered separately.
The risk analysis statistically confirmed that the
increased serum value of Fibrinogen and CRP increases
the risk of NASH and the specific subgroup of NASH with
fibrosis (table 4).

Table 1
DIFFERENCES IN
ANTHROPOMETRIC
INDEX MEAN VALUES
ACCORDING TO THE
CONSTITUTED LIVER
DISEASES IN NAFLD
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Table 2
ANALYSIS OF CLINICAL
FACTOR RISKS ON
NAFLD

Table 3
INFLAMMATORY
SERUM
MARKERS IN
NAFLD

Table 4
RISK ANALYSES OF
INCREASED OF SERUM
INFLAMMATORY MARKERS
FOR NAFLD

Referring to the natural history of NAFLD we must take
into account all pathological forms comprised in the
spectrum of this disease, from liver steatosis to
steatohepatitis the progressive and aggressive form of the
disease, accompanied or not by liver fibrosis. The
occurrence of hepatic fibrosis reaches 40-50% in patients
with NASH and the results in our study support this data.
This has a great importance, as a recent study of 619
patients followed for an average of 12.6 years shows that
liver fibrosis, independent of the severity of any other liver
histological modification and independent of the nonREV.CHIM.(Bucharest)♦69 ♦ No. 6 ♦ 2018

alcoholic fatty liver disease activity score, is the most
important histopathological finding associated with an
increased rate of general and hepatic mortality, with an
increased likelihood of developing a liver complication
[12]. Our results concerning the prevalence of NASH are
concordant with literature data showing that up to 59.1%
of NAFLD patients have the progressive form of liver disease
[13]. Cases when the histopathological examination
revealed important changes such as lobular inflammation,
hepatocyte ballooning, accompanied or not by hepatic
fibrosis but lacking macrovesicular liver steatosis, should
be considered, especially when it comes to patients with
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an increased risk of NAFLD due to obesity, MS or type II
DM. These patients were considered as NASH with
vanished steatosis in agreement with other researchers in
NAFLD, finding patients with the same histopathological
condition [14]. It is important to underline that patients
with this special liver histopathology type associated
abnormal mean values of inflammatory serum markers
(CRP and fibrinogen).
Anthropometric indices are valuable in medical practice
primarily because of their ease of use. As our data also
show, waist circumference, the index that reflects
excessive visceral fat, may be a good predictor of NASH in
obese patients. In our study, the mean waist
circumfference was significantly higher in NASH patients
(with and without fibrosis) comparing with simple steatosis
patients. The link between inflammatory hepatic changes
(lobular inflammation and hepatocyte ballooning) and the
excess of visceral adipose tissue can be explained by at
least two pathological mechanisms: the ability of excess
visceral fatty tissue to secrete proinflammatory factors (IL6, IL-8, TNFα, leptin) and the hepatic lipotoxicity caused
by the increased free fatty acids flux directly into the liver
following increased lipolysis in excess of visceral fat tissue
affected by insulin resistance [15]. Nevertheless, both
visceral and non-visceral fatty tissue accumulation are a
common pattern in patients with NAFLD [16].
The results of our study also showed significant
association between the progressive form of NAFLD
(NASH) and the obesity associated comorbidities. OSA and
hypertension were significantly associated with an
increased risk of NASH with fibrosis but also with an
increased risk for overall NASH, while type II DM and MS
significantly increased the risk of NASH with fibrosis. These
results can be found in the previously published literature
[17-21] and underline once again the importance of not
only evaluating the obese patient from all points of view
but of evaluating NAFLD as a disease pathologically
connected with all obesity comorbidities. The importance
of comorbidity assessment is very important as in obese
patients there are two categories described, the
metabolically healthy and metabolically unhealthy [22-27].
The inflammatory status in obese patient has some
special features, as there are no autoimmune diseases or
infectious pathologies involved. Our data confirmed first
of all that in our patients, diagnosed with obesity and
NAFLD, there were important imbalances in inflammatory
status, quantified by serum values of CRP and fibrinogen.
When compared to the benign form of NAFLD (steatosis),
the high values of mean serum inflammatory markers
correlated with its progressive forms (NASH with and
without fibrosis). More, the increased values of serum CRP
associated a significantly increased risk of NASH (OR =
8.84, p = 0.01) and NASH with fibrosis (OR = 3.69, p =
0.05) and it seems that the CRP value is a more important
marker for the NASH prediction than the serum fibrinogen
value. A study of 100 patients with histopathologically
certified NAFLD underlines the importance of PCR
assessment as a marker of steatohepatitis and, moreover,
advanced liver fibrosis in patients with NASH [23]. Not the
least, NAFLD and the metabolic driven comorbidities pose
serious problems related to the adherence and compliance
of patients therefore would continue being a serious public
health issue [28]. The results of our study support the fact
that the obese patients are in a state of chronic
inflammation; more importantly, they show that the
pathological changes of inflammatory serum markers
mirror to some extent the status of hepatic impairment
within NAFLD.
1504

Conclusions
Diagnosing the degree of hepatic impairment in NAFLD
prior to the severe hepatic fibrosis development has a major
importance, but liver biopsy can not be used in NAFLD
screening. Anthropometric indices as well as clinical data
such as the presence of MS, DM II and OSA can be used to
select a target group to be screened for NAFLD. Waist
circumference, more than BMI, reflects the possible
presence of NASH. Inflammatory markers such as serum
CRP and fibrinogen values can serve as simple, reliable,
noninvasive diagnostic markers for NASH, the progressive
form of NAFLD. Simple clinical and biological data available
to the practitioner in medicine can be used to identify obese
patients at high risk of NASH, aiming to direct them to
specialized medical centers.
Acknowledgment: Research carried out with the financial support of
the University of Medicine and Pharmacy Gr. T. Popa Iasi and the
European Social Fund through the project POSDRU / 159 / 1.5 / S /
133377.

References
1.CALZADILLA BERTOT, L., ADAMS, L.A., Int. J. Mol. Sci.,17, no. 5,
2016, p. 774.
2.FABBRINI, E., SULLIVAN, S., KLEIN, S., Hepatology, 51, no. 2, 2010,
p. 679.
3.TRANDAFIR, L.M., ANTON-PADURARU, D.T., MIRON, I., INDREI, L.L.,
Revista de Cercetare si Interventie Sociala, 49, 2015, p. 205.
4.GRANT, A., NEUBERGER, J., Gut, 45, 1999, p. IV1.
5.OLTEANU, A.V., BALAN, G.G., STEFANESCU, G., BALAN, G., TRIFAN,
A., International Journal of Medical Dentistry, 6, No. 1, 2016, p. 12.
6.OLTEANU, A.V., BALAN, G.G., GOLOGAN, E., BALAN, G., TRIFAN,
A., International Journal of Medical Dentistry, 6, No. 2, 2016, p. 112.
7.BALAN, G.G., TRIFAN, A., SAVIN, C., BALAN, A., GOLOGAN, E., Revista
de Cercetare si Interventie Sociala, 55, 2016, p. 244.
8.ROGOZEA, L., REPANOVICI, A., CRISTEA, L., BARITZ, M., MICLAUS,
R., PASCU, A., Proceedings of the 4th WSEAS/IASME International
Conference on Educational Technologies (Edute’08), Book Series:
Recent Advances in Computer Engineering, Corfu, Greece, 2008,
Oct. 26-28, pp. 87-90.
9.AGHEORGHIESEI CORODEANU, D.T., POROCH, V., 6th LUMEN
International Conference on Rethinking Social Action Core Values,
16-19 April 2015, Iasi, Romania, Rethinking Social Action. Core Values,
p. 33
10.KLEINER, D.E., BRUNT, E.M., VAN NATTA, M., BEHLING, C., CONTOS,
M.J., CUMMINGS, O.W., FERRELL, L.D., LIU, Y.C., TORBENSON, M.S.,
UNALP-ARIDA, A., YEH, M., MCCULLOUGH, A.J., SANYAL, A.J.,
Hepatology, 41, no. 6, 2005, p. 1313.
11.BRUNT, E.M., JANNEY, C.G., DI BISCEGLIE, A.M., NEUSCHWANDERTETRI, B.A., BACON, B.R., Am. J. Gastroenterol., 94, no. 9, 1999,
p.2467.
12.ANGULO, P., KLEINER, D.E., SANNE, D.L., ADAMS, L.A .,
BJORNSSON, E.S., CHARATCHAROENWITTHAYA, P., MILLS, P.R.,
KEACH, J.C., LAFFERTY, H.D., STAHLER, A., HAFLIDADOTTIR, S.,
BENDTSEN, F., Gastroenterology, 149, no. 6, 2015, p. 389.
13.YOUNOSSI, Z.M., KOENIG, A.B., ABDELATIF, D., FAZEL, Y., HENRY,
L., WYMER, M., Hepatology, 64, no. 1, 2016, p. 73.
14.BEDOSSA, P., POITOU, C., VEYRIE, N., BOUILLOT, J.L., BASDEVANT,
A., PARADIS, V., TORDJMAN, J., CLEMENT, K., Hepatology, 56, no 5,
2012, p. 1751.
15.SHARMA, M., MITNALA, S., VISHNUBHOTLA, R.K., MUKHERJEE,
R., REDDY, D.N., RAO, P.N., J. Clin. Exp. Hepatol., 5, no. 2, 2015, p.
147.
16. POPA, B., ILIE, M., SANDRU, V., HORTOPAN, M., BEURAN, M.,
CONSTANTINESCU, G., J Gastrointestin Liver Dis, 24, No. 2, 2015, p.
142.

http://www.revistadechimie.ro

REV.CHIM.(Bucharest)♦69♦ No. 6 ♦ 2018

17.DING, X., XU, Y., WANG, Y., LI, X., LU, C., SU, J., MA, Y., CHEN, Y.,
YIN, Y., ZHANG, L., WU, Y., JIN, Y., ZHENG, L., XU, S., ZHU, X., MA, J.,
YU, L., JIANG, J., ZHAO, N., YAN, Q., GREENBERG, A.S., HUANG, Q.,
REN, Q., SUN, H., GU, M., ZHAO, L., HUANG, Y., WU, Y., QIAN, C.,
PENG, Y., Int. J. Endocrinol., 2017, DOI: 10.1155/2017/5262560.
18.MARCHESINI, G., BUGIANESI, E., FORLANI, G., CERRELLI, F., LENZI,
M., MANINI, R., NATALE, S., VANNI, E., VILLANOVA, N., MELCHIONDA,
N., RIZZETTO, M., Hepatology, 37, no. 4, 2003, p. 917.
19.CAZZO, E., JIMENEZ, L.S., GESTIC., M.A., UTRINI, M.P., CHAIM,
F.H.M., CHAIM, F.D.M., PAREJA, J.C., CHAIM, E.A., Obes. Surg., 28, no.
1, 2018, p. 187.
20.TRANDAFIR, L.M., FRASINARIU, O.E., CHIRIAC, M.I., MIRON, I.,
Medical-Surgical Journal, 121, no. 2, 2017, p. 313.
21.BENOTTI, P., WOOD, G.C., ARGYROPOULOS, G., PACK, A., KEENAN,
B.T., GAO, X., GERHARD, G., STILL, C., Obesity, 24, no. 4, 2016, p.
871.
22.GUTIERREZ-GROBE, Y., JUAREZ-HERNANDEZ, E., SANCHEZJIMÉNEZ, B., A., URIBE-RAMOS, M.H., RAMOS-OSTOS, M.H., URIBE,
M., CHAVEZ-TAPIA, N.C., Diabetes & Metabolism, 43, no. 4, 2017, p.
332.

REV.CHIM.(Bucharest)♦69 ♦ No. 6 ♦ 2018

23.OLTEANU, A.V., GILCA BLANARIU, G.E., BALAN, G.G., MITRICA,
D.E., GOLOGAN, E., TIMOFTE, O., TOADER, E., STATESCU, C.,
DIACONESCU, S., STEFANESCU, G. Rev.Chim.(Bucharest), 69, no. 4,
2018, p. 965.
24.GILCA, G.E., STEFANESCU, G., BADULESCU, O., TANASE, D.M.,
BARARU, I., CIOCOIU, M, .J. Diabet Res., 2017, 2017.
25.CHECHERITA, L.E., REZUS, E., LEON, M.M., STAMATIN, O.,
CARAUSU, E.M., Rev. Chim. (Bucharest), 68, no. 5, 2017, p. 977.
26.YONEDA, M., MAWATARI, H., FUJITA, K., IIDA, H., YONEMITSU, K.,
KATO, S., TAKAHASHI, H., KIRIKOSHI, H., INAMORI, M., NOZAKI, Y.,
ABE, Y., KUBOTA, K., SAITO, S., IWASAKI, T., TERAUCHI, Y., TOGO, S.,
MAEYAMA, S., NAKAJIMA, A., Journal of Gastroenterology, 42, no. 7,
2007, p.573.
27.REZUS, E., CONSTANTIN, M.M.L., REZUS, C., Rev. Chim.
(Bucharest), 66, no. 7, 2015, p. 1015.
TRANDAFIR, L.M., CHIRIAC, M.L., DIACONESCU, S., IONIUC, I., MIRON,
I., RUSU, D., Medicine, 95, no.
Manuscript received: 21.01.2018

http://www.revistadechimie.ro

1505

