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Title: Role of Serum adiponectil IL-6, and Hs CRP in nonalcoholic fatty liver in Egyp
patients Abstract : Scientific background: Non aldlcc fatty liver ( NAFLD) is accumulatic
of fat in the liver cells of peoples who drink l&tor no alcohol causing mild steatosis \
mostly ro signs, symptoms or complication but this may peeg to steatohepatitis (NAS
and may liver cirrhosis then failure . NAF|

is recognized as the most common type of chromgr ldisease in Western countries anc
leading cause of cryptogenic cirrbs. Insulin resistance (IR) is a key factor in tla¢hpgenes
of NAFLD, the latter being considered as the hepatmponent of IR or metabolic syndra
(MetS). Although the pathogenesis of NAFLD is noliyf elucidated, a complex interacti
between adipkines and cytokines produced by adipocytes andidlammatory cell:

infiltrating adipose tissue appears to play a @uale in MetS an
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NAFLD and its progress. A number of factors ar&eith with NAFLD such as obesity, typt
diabetis mellitus (T2DM), hyperlipider, gastric bypass, and its progress to NASH coe
with certain cytokines secreted like adiponectmtejilukir-6 (IL-6), and C-reactive protei
CRP. Adiponectin is a novel adipoc-specific protein, which, it has been suggestedyspé
role in the deelopment of insulin resistance and atherosclerddie role of (Il-6) in liver



pathology is very complex, and its participation tire development of NAFLD remai
unclear. IL-6 is a key element in the acute phaspanse, mediating the synthesis ofesaV
acute phase proteins (such as CRP and serum amjoidhus, we cannot exclude 1
possibility that IL6 might also play an indirect deleterious role iIAMLD pathogenesis.
diet-induced obese mice, treatment with IL-6 ardibe improved sensitity to insulir
Objective: This study aim is to evaluate the leskhdiponectin, IL6 and CRP in Egyptic
patients with NAFLD. Methods: This study was cortgdcon 2 groups 104 NAFLD
diagnosed by ultrasound examination and 21 hegtyicipants as cdarol group. All the
subjects were subjected to an abdominal ultrasapbgyy, liver enzymes ALT& AST, lipi
profile  (triglycerides, HDL,LDL cholesterol, CRP ,IL-6 & Adiponectin)
Results: Results: Plasma adiponectin levels wepeifsiantly lower in NAFLD patients tha
control gp (3.05+2.65ug/ml vs 10.52+3.35@g/ml). IL-6 level was higher in NAFLD the
control gp but not significant (114.24+22.32pg/m$ \104.9+19.98 pg/ml). CRP w
significantly higher in NAFLD than control gp (1B811.59mg/L vs 5.4+81 mg/L).
Adiponectin ROC curve showed an AUROC curve in NBRyp (0.918 p= 0.0001). I6-ROC
curve showed an AUROC curve in NAFLD gp (0.703 p3003). CRP ROC curve showed
AUROC curve in NAFLD gp (0.853 p= 0.0001). ConchursiPatients with NAFLD haviewer
adiponectin levels and higher B.-and CRP levels compared with their control grokipy
words: MetS: Metabolic syndrome, NAFLD: Non alcdhoffatty liver disease, I6:
interleukin-6. Introduction Non-alcoholic fatty 8y disease (NAFLD) describes range ¢
conditions caused by a builgp of fat within liver cells. It is very common amdmany cases
linked to being obese or overweight. Truncal olyesgems to be an important risk factor
NAFLD, even in patients with a normal body massein¢BMI).[1] NAFLD occurs in 60%
~95% of people with obesity.[2] NAFLD has the potaihfor major economic impact «
healthcare costs because of livelated morbidity and mortality.[3] NAFLD may lead
NASH, cirrhosis and in some cases, hepatocelldesimoma. [4] Why some patients deve
progressive disease while most do not remains tdelbermined, although genetic factors i
be involved. [5, 6] A number of factors are linketth NAFLD such as obesity, type 2D
hyperlipidemia, gastric bypass, gothyroidism and others. Adipose tissue is consilear
endocrine organ regulating body metabolism.[7,8} Tthbalanced production of pro- and anti-
inflammatory adipokines secreted from fat contrsuto the pathogenesis of NAFLD anc
progress.

Adiponrectin is the most abundant adipokine synthesizeddiyose tissue and has been sf
to be a key component in the relationship betwedipoaity, insulin resistance a
inflammation. It circulates in plasma at physiokmjiconcentrations that represer@3%o of al

plasma
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proteins . [9]
In the liver, adiponectin acts through the actmatof 5-AMP-activated protein kinase a
peroxisome proliferator-activated receptopathways and inhibition of toll-like receptdr-



mediated signalling. There is an evidence thataudkptin decreases hepatic and systemai
and attenuates liver inflammation and fibrosis. gdliectin generall predicts steatosis gra
and severity of NAFLD, but it remains to be addees® what extent this is a direct effec

related to the presence of more severe IR.
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[10] The

role of interleukin-6 (IL6) in liver pathology is very complex, and its pepgation in the
development of NAFLD remains unclear. GLactivates several cells, such as immune
hepatocytes, hematopoietic stem cells, and ost&scl§ll]Furthermore, 16-has a wide rang
of biological functions, including induction of laimmation and oncogenesis, regulatiol
immune response, and support of hematopoiesis [Li§ was initially considered as
hepatoprotector in liver steatosis, capable of ceduy oxidative stress and prevent
mitochondrial dysfunction. [12] Furthermore, thistgntial hepatoprotective effect of B.was
confirmed in other models of liver disease, suchisakemic preconditioning models anc
liver regeneration after partial hepatectomy inani{d 3] Nevertheless, I6-is a key element
the acute phase response, mediating the synthieseveral acute phase proteins (such as C-
reactive protein and serum amyloid A). [14]Thus, eemnot exclude the possibility that @.-
might also play an indirect deleterious role in NAF pathogenesis. In dietduced obes
mice, treatment with IL-6 antibodies improved séwsy to insulin.[15] Furthermore, I6 is
considered as a predictor marker of insulin rest#aand cardiovascular disesisén patient
undergoing bariatric surgery, decreasedlconcentrations were associated with weight

and insulin resistance
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improvement. [16]
Recently, Mas and co-workers showed that diet-indUdASH was reduced in 1&-knockou
mice as compared to controls. [17] In humans withSN, a positive correlation was fou

between IL-6 expression in hepatocytes and therggwé NAFLD was
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observed. [18] C-reactive protein (CRP) is one hd#d major acute phase proteins and
marker of systemic inflammation.CRP is synthesizednly in the liver [19],and is regulat
by circulating levels of IL-6 [20].

CRP has short life around 18 hours and the elavabi serum CRP usually reflects



syrthesis in response to a pathological process . RRP is therefore considered as a us

nonspecific biochemical marker
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in chronic inflammation . [21] In contrast to regulCRP assays, a highsensitivity CRP (hs-
CRP) assay enables the diagnosis of even low gnfldenmation. It has important clinical a
prognostic implications in cardiovascular diseas€RP level is significantly correlated w
liver histology in NAFLD patients, which suggesk&at NAFLD is associated with low gre
inflammation in the liver. However, HSRP could be a promising biomarker for screenir
NAFLD asymptomatic subjects irdendently of other metabolic disturbances assatiaith
metabolic syndrome and cardiovascular risk [21,. ZZjus the aim of this study was
investigate the role and correlation of adipocytesi (IL-6 and adiponectin) and G&RP ir
NAFLD patients andcorrelate them with different anthropometric anéhichl variables
Materials and methods This study was conducted(zh(43 males and 61 females) patis
with NAFLD and 21 healthy subjects as a controll. gdtients were prospectively recrui
from Gastroenterology Outatients Clinic in El Sahel Teaching Hospital. Thage (Mea
+SD) 54.46 £ 10.14years. Inclusion criteria wasedasn ultrasonographic finding of bri
liver. We excluded patients with any infectionslutatng viral hepatitis, autoimune disease
diabetes, hypertension, malignancy, hypothyroid, imoronary artery disease, Pregna
Alcohol consumption, cigarette smoking, use of atarone, corticosteroids, tamoxif
methotrexate, or oral contraceptives. Control grogiuded 21 kalthy volunteers, who we
gender, age and BMI matched with study group, wearelled. Informed consent was obtai
from all participants before enrollment in the stu@he study was carried out in accorde
with the principles of the Declaration ofeldinki, and its appendices, and local and nat
laws. All participants included in the study werdected to detailed history taking, comp
clinical examination, anthropometric evaluation ighe, weight, and BMI were recorde
Overweight and obesity were defined as BMI betw2&nand 30 kg/m2 and30 kg/m2
respectively[7]. NAFLD diagnosis was based accagydmthe standard criteria accepted by
American Gastroenterology Association [23]: Thegdissis was based on ultrasonogra
finding of bright liver (the diagnosis of bright liver was kedson abnormally intense, high le
echoes arising from the hepatic parenchyma, witbliéude similar to that of echoes aris
from the diaphragm); In all patients, liver biopsgis not done because thiage and grade
the NAFLD was not of importance in this study ardading to Saverymuttu et al., ultrasol
examinations can accurately identify steatosis wéhsitivity of 94% and a specificity of 8¢
[24] . Moreover, liver biopsy has several ltations :as it is costly; associated with poteht
complications and associated with sampling errdgr[25aboratory evaluations: Venous blc
(5 ml) was collected after overnight fasting in wgéners without additive, allowed to clot
30 min at rom temperature and centrifuged at 3000 c/m for rinve. The separated serum \
stored into aliquots &0° C until biochemical analyses included liver ynes. Haemolyse
samples were excluded. Serum levels of IL-6 werasueed with ELISA kit. Serum lels of
adiponectin were determined using human adipon&dti®A kit. The levels of serum SRF
were determined by AccBind ELISA Kit (Monobind Inc, USA). Total cholestdr
triglyceride and HDLcholesterol were analyzed enatroally using kit obtainedrém Rando:
Laboratories Limited, Crumlin, UK. Serum LDL chadiesol was determined from the value:



total cholesterol and HDL-cholesterol using frieadae formula [26] . LDL-cholesterol = TC|—
(TG/5) — HDL-cholesterol (mg/dl). Statistical ansiy Datawere collected, checked, revis
and entered the computer. Data analyzed by SPSStistd package version 19. EX
computer program was used to tabulate the resaitd, represent it graphically. For
guantitative variables which are normally distrigmlit independent test used to declare 1
significant difference between groups at p<0.05ar8@n’s correlation coefficient used
declare the significant correlation between thentjtetive parameters within each groug
p<0.05. MedCalc createslist of sensitivity, specificity, likelihood ratigsand positive ar
negative predictive values for all possible thrédhwalues. MedCalc allows to perfo
Receiver operating characteristic curve ROC cunvalyasis easily and accurately, the A
under he curve (AUC) with standard error (SE) and 95%fidemce interval (CI), wit
automatic calculation of corresponding sensitiatd specificity. RESULTS 104 patients
males and 61 females ) with NAFLD were investigatedadiponectin, hs-CRP, IL-6,\#l
Jiver enzymes and lipid profile. Those patientseveompared to 21 healthy controls (12 m
and 9 females).NAFLD patients showed significahityher BMI, serum levels of AST, AL
GGT, total cholesterol, triglycerides, LDL, hs-CR®els and signi€antly lower serum HD
and adiponectin levels in comparison to those efcintrols p< 0.05, But serum AST/ALT e
IL-6 levels showed no significant difference betweatiepts and controls (Table 1). Table
showed significantly higher BMI among fereal 28.33+ 4.44 compared to males 24.17+
in control group. While among NAFLD patients; thevere no significant difference betwe
male and female according to BMI. According to T&ljponectin and CRP there was
significant difference between maknd female in the two groups. Table (3) repres
correlation coefficient (r) between studied parargein NAFLD patients. Significant positi
correlations were found between BMI and each of HGL, LDL and cholesterol. There
significant negative aoelation between adiponectin and each of TG, LDid &holesterc
while positive not significant regarding HDL. CRBrelated positively with TG, LDL ar
cholesterol while negatively significantly with HDLAIso there is a significant positi
correlation between Il6- and each TG, LDL and cholesterol and a positige significan
correlation regarding to HDL. Table (4) showed ¢hevas significant positive correlati
between BMI and each ALT and GGT and highly sigaifitly with AST, while regarding
adiponectin the correlation is high significantiggative with all parameters in this table.al_-
correlates negatively with ALT and positively wigST and GGT. CRP correlates positiv
only with ALT and GGT and significantly positive lgnwith AST. Recéver operatin
characteristic curve for adiponectin showed théovahg results: area under the curve -
0.918 with confidence interval of (0.855 to 0.96P)=0.0001(table-%igure 1) with 96.15¢
sensitivity, 90.48 % specificity, 98.0 % PPV and@B20NP/. Receiver operating characteris
curve for IL- 6 showed the following results: areader was 0.703 with (0.615 @781
confidence interval, P=0.0003 (table=tgure 2) with 55.77 % sensitivity, 85.71 % speifj,
95.1% PPV and 28.1% NPV while Figu(3) of CRP showed the following results: aredeaa
the curve of 0.853 with confidence interval of (8B7to 0.910), p= 0.0001 with 80.77
sensitivity, 90.48% specificity, 97.7% PPV and 48.NPV. Figure (1) Receiver operat
characteristic curve for adiponectin Figure (2) &eer operating characteristic curve for 6L_-
Figure (3) Receiver operating characteristic cforeCRP Table 1: Clinical and biochemi
characteristics in NAFLD patients and controlsvalue Patients (n=104) Controls (n=
Variables 43/61 12/9 Gender M/ F 0.000* 54.46 + 1040490 + 15.52 Age (Years) 0.0C



36.03+5.39 25.95+4.28 BMI (kg/m2) 0.000* 58.76+18.93.86+9.64 AST (U/L) 0.00(
66.41+36.57 31.431£6.95 ALT (U/L) .708 1.04+ 0.408+ 0.22 AST/ALT 0.000* 53.97+21.:
3581+10.15 GGT(U/L) 0.000* 202.51+27.81 168.14+25W%al cholesterol (mg/dl) 0.00!
197.24+34.04 156.67+31.4 Triglycerides (mg/dl) @9@29.62+21.98 108.67+12.5 LDC-
(mg/dl) 0.048* 41.05+£8.92 45.24+7.98 HDL- (mg/dl) 0.000* 3.05%+2.65 10.52+3.
Adiponectin (1g/ml) 0.078 114.24+22.32 104.9+19.98 6L{pg/ml) 0.000* 17.86%11.t
5.443.81 CRP (mg/L) All data expressed as mean £ SDere is a significant differen
between control group and patient group by usirdependent test at p< 0.05 Table

Clinical and biochemical characteristics of the stutNédrLD patients and controls accord
to gender Variables Controls Patients Male ( n9 EBmale (n =9 ) pralue Male (n = 43
Female (n = 61) p- value BMI (Kg/m2) 24.17 + 32833 +4.44 0.023*344 + 6.25 36.44
4.71 0.354 TG (mg/dl) 145.75 + 21.61 171.22 + 3704%64 190.44 + 22.58 202.03 + 39
0.087 Adiponectin(g/ml) 11.60 + 2.19 9.09 + 4.17 0.089 2.89 + 1.2463t 3.303 0.616 CF
(mg/L) 4.06 £ 2.18 7.19+ 4.85 0.06 19.25 + 12.49886+10.91 0.308 All data expressed
mean + SD, *= There is a significant differencevwsgn groups by using independemn¢st a
p<0.05 Table 3: Correlation coefficient (r) of thieidied variables and lipid profile in NAFL
patients Parameter BMI Adiponectin 8.-CRP Triglycerides 0.156 0.095 .200* .059 F
0.487** -0.032 0.104.203* LDL 0.331** 0.119 0.142 0.126 Cholesterol 8.2.003 .271*
0.1 **Correlation is significant at the 0.01 levé&Correlation is significant at the 0.05 le
Table 4: Correlatin coefficient (r) of the studied variables livexzgmes in NAFLD patien
Parameter ALT AST GGT BMI -0.05 -0.027 0.02 Adipotie -0.083 -0.032 0.046 IL-6201*
-0.091 0.07 CRP -0.090:027 0.02 *Correlation is significant at the 0.@vel Table 5
Evduation of NAFLD parameters in NAFLD patients: Varle The best Cut off Sensitivity
Specificity % P value AUC 95% Confidence Intervaliponectin<7.3 96.15 90.48 0.00(
0.918 0.855 0.960 IL-6 >106 55.77 85.71 0.00038.0.615 0.781 CRP >8 80.90.4¢
0.0001 0.853 0.778 0.910 Discussion:

The pathogenesis of NAFLD/NASH and, in particuldwe mechanisms responsible for i
injury and disease progression remain still incatgly understood [27]. Recent studies

focused on the adipokines, bioactive proteins $edrey adipose tissue, including
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adiponectin and 116 [27,28,29]. Adipokines which are central factorgshe development ai
progresion of NAFLD and inflammation have been stigated [30].

Increasing evidence indicates that they might ptagortant roles in the NASH pathogen
[29]. A number 6 studies have demonstrated the association betiwggradiponectinemia a
NAFLDI[29]. In our study we observed significantlywer serum concentration of adipone

in patients with
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NAFLD than in healthy subjects, this mean that Hegrels of adiponectin are associated wi
protective effect against fatty liver[31Pur findings are in accordance with a repori
Tsochatzis et al. [3].,Bugianesi et al. [32] , afabn et al. [33]



reported that serum adiponectin level was signitigalower in patients with NAFLD than
the control group. Moreover, Hui et al. [34]saoved that lower serum adiponectin leve

patients was associated with more extensive ndt@oimation.
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In our study we found that female patients havéndrigadiponectin levels than males. Tt
findings are agree with those of [32,35]

; while others failed to observe a sex differer{@&]They attributed this higheadiponectii
expression in women, as compared to men to theliattvomen tend to have less viscera
tissue than subcutaneous fat tissue. Adiponectieldewere determined predominantly
visceral fat, not by subcutaneous fat. [37] Thamfesexuh dimorphism of the body f

distribution might contribute to the differencepglasma adiponectin levels in women and
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men. [33]

The hallmark feature of the pathogenesis of NAFbBth histologically and metabolically,
the accumulation of triacylglycerol (TAG) in thevdir. The plasma nonesterified fatty ¢
(NEFA) pool contributes the majority of the fattgids that flow to tk liver in the fasted ste
and thus provides the bulk of the fatty acids gedréy the liver [38]. NAFLD patients of t

present study showed a state of dyslipidemia pteddry significantly higher levels of serum
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TG, LDL, total cholesterol anaWwer not significant serum HDL levels. The prevakewof higt
cholesterol (P = 0.026), and high triglyceride (®.€01) was significantly higher in patie
with NAFLD. [39, 40] Also they correlated weakly twiadiponectin. On the other hand, W
et al.[41] and Bugianesi et al. [32] did not find the r@ation between serum adipone:
concentration and the disease severity. Also, Ldpmmejo et al. [42] reported tt
adiponectin levels were significantly correlatedhW/ALT, independently of sex, agBMI and
insulin resistance while we observed in our studyeak negative correlation betwe
adiponectin and liver enzymes. Our study evalu#tedl the levels of IL6 were found to k
higher in NAFLD patients compared to healthy colstfmut not signitant. This agree with tt
study of, Polyzos et al. [43]who reported that

Adipocytokines and other recognized cytokines peedu partially by inflammatory ce
infiltrating adipose tissue, play an important rafethe pathogenesis of IR and NAFL
throuch complex and interactive paracrine and endocrieehanisms. Some adipocytokir
including adiponectin and leptin decrease IR, wintkers, including tumor necrosis fac
(TNF)-alpha, IL-6 and resistin enhance IR. The whitt hypothesis provides a rdel tha
summarizes the complex factors and interactionglinga from adipocytokines, FF/



metabolism and IR to NAFLD.
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Also Chu et al [44] reported that NAFLD patientgtwabnormal ALT had the highest plas
levels of IL6 but it did not reach the statistical differen@sscompared with other groi
Another issue in our research is that we have gbden positive signiéant correlatiol
between the concentration of B.with concentration of TG and cholesterol in NAFpBtien
group. These current results agree with those tegpdry a study of Chu et al. [44] a¢
demonstrated that patients with NAFLD have a dydisgd cytokine metabolism at basel
and a significant decrease in fLievels after lifestyle changes and vitamin E adstiatior
Also IL-6 correlates significantly with ALT. The presenidy also, revealed significant higl
levels of serum CRP in NAFLPpatients than their controls. These findings agritle those o
previous studies of Koruk et al. [45]. reportedttimereased levels of CRP could be helpft
the diagnostic work-up of patients with fatty liveisease . However, these findings disagre
with those of Wieckowska et al. [46] they found significant difference in levels of CF
among NAFLD patients. According to gender there wassignificant difference betwe
males and females in both groups except for BMhacontrol group. Thesanflings disagre
with those of previous studies Lizar@ervera et al[22] ,and Kogios et al [47]. In owrdst we
observed that CRP correlates positively signifigawith HDL and negatively not significant
with ALT and AST. Conclusion Patients with NAP have lower adiponectin levels ¢
higher IL-6 and CRP levels compared with their control grsuparticular, effort is required
improve the consideration of NAFLD as a dangerownddion that should not |
underestimated or by-passed.



