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Abstract. Background. State of carbohydrate metabolism and severity of insulin resistance in the comorbid
course of non-alcoholic steatohepatitis (NASH) and diabetic kidney disease (DKD) in patients with type 2 diabetes
mellitus (DM2) is due to the cascade of possible transformation of NASH into liver cirrhosis. The purpose is to
study the interaction of changes in glucose and insulin homeostasis, the degree of insulin resistance and insulin
sensitivity, the degree of hemoglobin glycosylation on the clinical course of NASH associated with DM depending
on the presence of DKD and its stage. Materials and methods. One hundred and eight patients with NASH and
comorbid DM2 were examined. The average age of patients was 58.2 + 6.1 years. There were 63 women (58.3 %)
and 45 men (41.7 %). Depending on the presence of DKD, 4 groups of patients were formed, who were randomized
by age, sex, activity of cytolytic syndrome. The comparison group consisted of 30 healthy individuals of the appro-
priate age and sex. The degree of hepatic steatosis and its nature were determined using SteatoTest, ASH and
NASH-Test kits (BioPredictive, France). The stage of liver fibrosis was determined using FibroTest (BioPredictive,
France), a set of markers for quantitative biochemical evaluation of fibrosis. Results. In patients with NASH, DM2
and DKD stage I-Il, we found a significant decrease in serum albumin by 9.0 % (p < 0.05); glomerular filtration rate
(GFR) and urine albumin, on the contrary, increased significantly, by 1.5 times (p < 0.05) compared to those in the
control group, which indicates the phenomenon of hyperfiltration and is specific to the initial stage of DKD. When
NASH is combined with DM2 and DKD stage lll, a significant decrease in serum albumin by 1.2 times (p < 0.05) is
reported; GFR and albuminuria were significantly increased, by 1.4 and 11.7 times (p < 0.05), respectively, com-
pared to the control group. In patients with NASH, DM2 and DKD stage IV, we found a significant decrease in serum
albumin by 1.4 times (p < 0.05), it was significantly increased by 30.2 times (p < 0.05) compared to the indicator in
the control group, and the GFR, on the contrary, was significantly reduced by 1.7 times (p < 0.05), which indicates
the progression of DKD. Conclusions. Disorders of glucose homeostasis due to insulin resistance are one of the
probable risk factors for the progression of non-alcoholic steatohepatitis and type 2 diabetes mellitus in the presence
of stage I-1V diabetic kidney disease.
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Introduction

The worldwide prevalence of non-alcoholic steatohepa-
titis (NASH) is estimated to have reached 25 % or more in
adults [1]. NASH is prevalent in obese individuals, but may
also affect non-obese insulin-resistant individuals. NASH
is associated with a 2- to 3-fold increased risk of developing
type 2 diabetes (DM?2), which may be higher in patients with

more severe liver disease — fibrosis increases this risk [2, 3].
In NASH, not only the close association with obesity, but
also the impairment of many metabolic pathways, including
decreased hepatic insulin sensitivity and insulin secretion,
increase the risk of developing DM?2 and related comorbidi-
ties [4, 5]. Conversely, patients with diabetes have a higher
prevalence of steatohepatitis, liver fibrosis and end-stage liver
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disease. Genetics and mechanisms involving dysfunctional
adipose tissue, lipotoxicity and glucotoxicity appear to play
arole [6, 7].

State of carbohydrate metabolism and the intensity of
insulin resistance (IR) in the comorbid course of NASH and
diabetic kidney disease (DKD) in patients with DM2 is due
to possible transformation of NASH into liver cirrhosis [8].
Non-alcoholic steatosis of the liver and NASH are consi-
dered the most common liver pathology, which in developed
countries is observed in 20—30 % of the adult population
[9]. It is proved that the most common cause of NASH is
obesity and DM2 [10]. The combination of NASH and DM2
increases the risk of liver cirrhosis and hepatocellular carci-
noma by 2—2.5 times [11].

Diabetic nephropathy is one of the leading causes of end-
stage renal disease in industrialized countries [12]. Since
2007, the National Foundation for Kidney Disease Initia-
tive to Improve the Quality of Kidney Disease Treatment
has proposed the use of the term “diabetic kidney disease”
instead of “diabetic nephropathy” [13]. In addition, patients
with diabetes often develop non-specific renal lesions such
as asymptomatic bacteriuria, pyelonephritis, renal carbuncle,
apostematous nephritis, renal abscess, renal tuberculosis,
necrotic papillitis or papillary necrosis, which significantly
aggravate the disease.

The purpose of the study was to examine the interaction
of changes in glucose and insulin homeostasis, the degree
of IR and insulin sensitivity, the degree of glycosylation of
hemoglobin on the clinical course of NASH on the back-
ground of diabetes mellitus depending on the presence of
DKD and its stage.

Materials and methods

One hundred and eight patients with NASH with comor-
bid DM2 were examined. The average age of patients was
58.2 = 6.1 years. There were 63 women (58.3 %) and 45 men
(41.7 %). Depending on the presence of DKD, 4 groups of
patients were formed, which were randomized by age, sex,
activity of cytolytic syndrome. The division into groups of
examined patients is given in Table 1. The comparison group
consisted of 30 practically healthy people (PHP) of the ap-
propriate age and sex.

The diagnosis of NASH was established in accordance
with the unified clinical protocol approved by the Order of
the Ministry of Health of Ukraine No. 826 0f 06.11.2014, in
the presence of criteria for exclusion of chronic diffuse liver
disease of viral, hereditary, autoimmune or drug origin as the
cause of cytolytic, cholestatic and mesenchymal also the re-
sults of ultrasonographic examination of the liver. The degree
of hepatic steatosis and its nature were determined using a

ratified kit SteatoTest, ASH and NASH-Test (BioPredictive,
France). The stage of liver fibrosis was determined by using
a set of markers for quantitative biochemical evaluation of
fibrosis FibroTest (BioPredictive, France).

Diagnosis of DM2 was performed in accordance with
the unified clinical protocol approved by the Order of the
Ministry of Health of Ukraine No. 1118 of 21.12.2012.
Diagnosis and treatment of CKD was carried out according
to the recommendations of clinical guidelines SI “Institute
of Nephrology of the NAMS of Ukraine” (2012). Calcula-
tion of the glomerular filtration rate (GFR) was performed
using a GFR calculator of the Institute of Nephrology of the
National Academy of Medical Sciences of Ukraine on the
average of three calculated indicators: creatinine clearance
according to the Cockcroft-Gault formula, MDRD and
CKD-EPI [14].

The state of carbohydrate metabolism was determined
by the level of fasting blood glucose and blood glucose
2 hours after a meal (postprandial glucose) by glucose oxi-
dase method; fasting insulin content (DRG System) by
enzyme-linked immunosorbent assay; content of glycated
hemoglobin (HbAIc) in the blood using standard reagent
kits Simko Ltd (Lviv). The degree of IR was determined by
the value of the body mass index (BMI), HOMA-IR index
and tissue sensitivity index to insulin was calculated using
the HOMA?2 Calculator Version 2.2 Diabetes Trials Unit
University of Oxford (United Kingdom).

Statistical analysis was performed according to the
type of study and the types of numerical data that were ob-
tained. The normality of the distribution was checked using
Lilliefors, Shapiro-Wilk tests and the method of direct visual
evaluation of histograms of the distribution of eigenvalues.
Quantitative values that had a normal distribution are pre-
sented as mean (M) =* standard deviation (S). Discrete values
are presented in the form of absolute and relative frequencies
(percentage of observations to the total number of subjects).
For comparisons of data that had a normal distribution, we
used parametric tests with the assessment of Student’s t-test,
Fisher’s F-test. In the case of an abnormal distribution, the
calculation of the Mann-Whitney rank U-test was used, and
for multiple comparison, the Wilcoxon T-test was used (in
the case of the study of dependent groups). Pearson correla-
tion analysis in the parametric distribution and Spearman’s
rank correlation coefficient in case of the distribution of
indicators that were significantly different from the normal
one were used to assess the degree of dependence between
the variables. For statistical and graphical analysis of the
obtained results we used software packages Statistica for Win-
dows version 8.0 (StatSoft inc., USA), Microsoft Excel 2007
(Microsoft, USA).

Table 1. Distribution of examined patients with non-alcoholic steatohepatitis and type 2 diabetes mellitus
depending on the presence of DKD and its stage

Comorbidity, DKD stages
Number of examined
patients NASH with DM2 NASH with DM2 NASH with DM2 NASH with DM2
without DKD and DKD stage I-II and DKD stage Il and DKD stage IV
n % n %o n % n Y% n %
108 100 28 25.9 27 25.0 28 25.9 25 23.1
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Results

Analysis of renal function in patients with NASH with
diabetes without DKD (group 1) indicates a normal level
of albumin in the blood, normal GFR and albuminuria
(Table 2). At the same time, in patients with NASH, DM
and DKD I-II (group 2) found a significant decrease in the
serum albumin by 9.0 % (p < 0.05), GFR and the content of
albumin in the urine, on the contrary, significantly increased
by 1.5 times (p < 0.05) compared with PHP (Table 2), which
indicates the phenomenon of hyperfiltration and inherent in
the initial stage of DKD.

In patients with NASH, DM and DKD 1II (group 3)
found a significant decrease in blood albumin by 1.2 times
(p < 0.05), GFR and albuminuria were significantly in-
creased by 1.4 and 11.7 times (p < 0.05), respectively, com-
pared with the indicator in PHP (Table 2).

In patients with NASH, DM and DKD IV (group 4),
we found a significant decrease in the serum albumin by
1.4 times (p < 0.05), the serum albumin was significantly
increased by 30.2 times (p < 0.05) compared with the PHP
(Table 2), and the GFR, on the contrary, was significantly
reduced — by 1.7 times (p < 0.05), which indicates the pro-
gression of CKD and DKD.

Glycemia, insulinemia and IR indices in patients with
NASH with DM2 are shown in Table 3. Patients of all groups
found a significant probable increase in fasting glycemia: in
group 1 — by 1.6 times, in 2 — by 1.8 times, in group 3 —
by 2.5 and in group 4 — by 2.7 times (p < 0.05) compared

to the indicator in PHP. Examination of the serum insulin
revealed a significant hyperinsulinemia, which in patients of
the group 1 exceeded the indicator in the group of PHP by
1.9 times, in patients of the second group — by 2.4 times, in
the third group — by 2.9 and in the fourth group — by 3.3
times (p < 0.05) (Table 3).

The above processes resulted in significant changes in IR
and peripheral tissue sensitivity to insulin.

In particular, the violation of peripheral tissue sensiti-
vity to insulin in patients with NASH and DM indicates
a significant increase in the HOMA-IR index (in groups
1,2,3and 4 — by 2.2, 2.7, 3.5 and 4.0 times, respectively;
p < 0.05), as well as an adequate decrease in S (p < 0.05)
with a significant difference between groups 1, 2 and 3, 4
(p < 0.05) (Table 3). At the same time, there was no diffe-
rence between the indicator of another marker of IR — BMI
in patients of different groups (p > 0.05), but the indicator in
all groups of patients exceeded the data in PHP by 1.3 times
(p <0.05) (Table 3).

The consequence of chronic fasting and postprandial
hyperglycemia was an increase in HbAlc in these observation
groups (in groups 1, 2, 3 and 4 — by 1.6, 1.9, 2.4 and 2.5
times, respectively; p < 0.05) with a significant difference
between groups 1, 2 and 3, 4 (p < 0.05).

Analysis of glucose and insulin homeostasis in relation
to markers of liver damage, indicators of functional status
of the liver and kidneys in patients with NASH with DM2
and DKD IV indicates that postprandial hyperglycemia and

Table 2. Indicators of the functional state of the kidneys in patients with NASH, type 2 diabetes depending
on the presence of DKD and its stage (M £ m)

Groups of examined patients
Indicators AL NASH with DM2 | NASH with DM2 | NASH with DM2 | NASH with DM2
(n =30) without DKD and DKD I-lI and DKD Ill and DKD IV
(n = 28) stages (n = 27) stage (n = 28) stage (n = 25)
Blood albumins, g/l 40.9+13 30.1+0.8 37.2+0.9° 32.3+0.8%0¢ | 282+ 0.9ubcd
GFR, m/min/1.73 m? 953+ 1.6 91.5+2.1 145.0 £ 2.0°° | 134.6+2.3%>c | 57.0%1.2ubc¢
Urine albumin, mg/day | 18.4+0.7 20.3+0.5 28.4 +1.6% 210.5 +8.7%%¢ | 5431 + 24,945 0¢

Notes (here and in Table 3): the difference is significant: * — in comparison with the indicator in the control group
(p < 0.05); ® — compared to the indicator in patients with NASH with DM2 (p < 0.05); ° — in comparison with the
rate in patients with NASH with DM, DKD I-Il (p < 0.05); * — compared to the indicator in patients with NASH with

DM2, DKD Il (p < 0.05).

Table 3. Indicators of blood glucose and blood insulin, glycated hemoglobin, IR indices in patients with NASH,
type 2 diabetes mellitus depending on the presence of DKD and its stage (M = m)

Groups of examined patients
Indicators PHP (n = 30) | NASH with DM2 | NASH with DM2 | NASH with DM2 | NASH with DM2
without DKD and DKD Il and DKD Il and DKD IV
(n =28) stages (n = 27) stage (n = 28) stage (n = 25)
Fasting glucose, mmol/l | 4.23 +0.27 6.82 + 0.31° 7.78 £ 0.24>° 10.52 £ 0.27>>° | 11.58 + 0.442"> ¢
Fasting insulin, mIU/I 9.92 +2.17 19.35 +2.152 23.50 + 1.212 28.97 + 1.53*>¢ | 32.39 + 1.15*P°
HbA1c, % 4.07 +0.23 6.70 + 0.31° 7.63 +0.43 9.95 + 0.52a0° 10.37 £ 0.472">°
HOMA-IR2 1.23 +0.26 2.65 +0.35° 3.28 £ 0.242 4.26 + 0.212°° 4.98 + 0.20>°°
S, % 81.61+7.24 37.82 £ 3.27° 30.55 + 3.122 23.50 + 2.87+° 20.11 £ 2.18*"°
BMI, kg/m? 23.08 + 1.65 29.21 £1.19° 30.42 + 1.33* 30.79 + 1.492 29.88 + 1.452
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Table 4. Correlations of markers of damage and functional parameters of the liver, kidneys with indicators
of glucose homeostasis and insulin content in the blood, indices of insulin resistance in patients with NASH

Indicator gliitg;ge P°gs|t3£g's‘gia' Insulin HOMA-IR BMI HbA1C
Alanine aminotransferase 0.50* 0.55* 0.29 0.57* 0.22 0.53*
Alkaline phosphatase 0.39* 0.41* 0.15 0.42* 0.17 0.36"
Thymol test 0.42* 0.47* 0.26 0.53* 0.28 0.55*
Steatotest 0.64* 0.71* 0.34* 0.74* 0.59* 0.69*
Albumins -0.37* -0.42* -0.33* -0.49* -0.32* —-0.46"
Blood creatinine 0.56* 0.63* 0.44* 0.63* 0.43* 0.57*
GFR -0.51* -0.57* -0.41~ -0.61* -0.47* -0.51
Albuminuria 0.48* 0.52* 0.35* 0.58* 0.38* 0.48*

Note: * — the level of correlations is statistically significant (p < 0.05).

insulinemia, as well as the degree of IR in a weak relationship
increase with increasing intensity of cytolysis, cholestasis,
mesenchymal inflammation, and are factors of mutual bur-
den of NASH and DM2 with DKD (Table 4).

Thus, the most significant metabolic prerequisites for
the development of NASH on the background of DM are
probable fasting and postprandial hyperglycemia, hyper-
insulinemia, increased HbAlc, tissue IR. One of the risk
factors for the progression of NASH and the background
of DM is the presence of DKD, as impaired carbohydrate
metabolism and the degree of IR in these conditions are
more significant compared to the course of NASH in the
absence of DKD (p < 0.05). The progression of DKD from
stage I to IV on the background of DM2 in comorbidity
with NASH depends on the degree of supracardiac, post-
prandial hyperglycemia and the degree of IR (HOMA-IR)
(p <0.05).

Discussion

The article presents a theoretical generalization of the
results of the study of IR in patients with NASH in comor-
bidity with DM2 in the presence of DKD and depending on
its stage. It was found that disorders of glucose homeostasis
due to IR is one of the significant risk factors for the progres-
sion of NASH and DM in the presence of DKD -1V serum
insulin level — 2.9 vs. 1.9 times, HbAlc — 2.3 vs. 1.6 times
and the degree of IR (increase in HOMA by 3.4 vs. 2.2 times)
under these conditions are more significant in comparable
with the course of NASH with DM in the absence of DKD
(p <0.05).

Indicators of postprandial glycemia and insulinemia,
as well as the degree of IR in patients with NASH and the
background of DM2 with DKD IV affect an increase in the
intensity of cytolysis, cholestasis, mesenchymal inflam-
mation, contribute to the development of hepatic steato-
sis, as well as renal dysfunction. The progression of DKD
from stage I—II to stage IV on the background of DM?2
and NASH depends on the level of hyperglycemia and the
degree of IR (p < 0.05).

The main pathogenetic basis of NASH on the back-
ground of DM is a violation of the sensitivity of insulin
receptors to membranes of insulin-sensitive organs (liver

and skeletal muscle) to the hormone, disorders of trans-
port and utilization of glucose from the circulatory system
[15, 16].

It has been proved that in DM2 the organism is rebuilt
into an alternative energy supply — by catabolism of fat in
visceral fat depots, as a result of which a significant amount
of free fatty acids enters the systemic circulation and is sent
to the liver [17, 18]. Due to significant inhibition of B-oxi-
dation of free fatty acids in hepatocytes in DM2, neutral
fat in the form of triacylglycerols accumulates in hepato-
cytes and forms the pathomorphological basis of micro- or
macrovesicular steatosis of the liver and, at the same time,
deepens [19].

At the same time, the effect of DKD depending on its
stage on the glycemic and insulin profile, the state of IR in
NASH on the background of DM is still poorly understood,
although disorders of glucose homeostasis may accelerate
apoptosis of hepatocytes and podocytes, hyper- and dys-
lipidemia, early development and endothelial dysfunction,
activation of inflammatory processes, fibrosing reactions in
the liver and kidneys [20].

Conclusions

Metabolic prerequisites for the development of NASH
on the background of diabetes mellitus are probable fas-
ting and postprandial hyperglycemia (1.6 times, p < 0.05),
hyperinsulinemia (1.9 times, p < 0.05), an increase in the
degree of HbAlc (1.6 times, p < 0.05), IR (increase in
HOMA by 2.2 times, p < 0.05) compared with healthy
individuals.

Disorders of glucose homeostasis due to IR is one of risk
factors for the progression of NASH and diabetes mellitus in
the presence of DKD.

Indicators of postprandial glycemia and insulinemia, as
well as the degree of IR in patients with NASH and DM2
with DKD IV affect an increase in the intensity of cytolysis,
cholestasis, mesenchymal inflammation, and are factors of
mutual burden of NASH and DM2 with DKD.

The progression of DKD from stage I—1I to IV on the
background of DM in combination with NASH depends on
the degree of postprandial hyperglycemia and the degree of
IR (HOMA-IR) (p < 0.05).
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OpwuriHaAbHi AoocAipXeHHs / Original Researches

Kourobinyyk 3.51., AHTOHIB A.A., XyxaiHa O.C.

BYKOBUHCHKA AEPIKABHUM MEANYHUN YHIBEPCUTET, M. YepHiBLyj, YKpaiHO

TAikeMiyHU NPodiAb Y NALIEHTIB i3 HEAAKOrOAbHUM CTEATOrenaTMTom
i LYKpOBUM Aia6eToM 2-ro Tuny
30AEXKHO BiA CTOAIT Aid6eTUYHOT XBOpO6GU HUPOK

Pesiome. Axmyaavnicms. Cran ByrieBogHOro oOMiHy ii CTYIiHb
iHCYJIIHOPE3UCTEHTHOCTI MpU KOMOpOiZHOMY Tepebiry Heall-
korosibHOro crearorenatuty (HACT) ta niabeTuyHOi XBopoOu
Hupok (JAXH) y nauieHTiB i3 1lykpoBUM liabeToM 2-TO TUITY
(LL12) 3ymoBneHi MmoxiauBoto TpaHchopmaiiero HACI B uiu-
po3 TnediHku. Mema: BUBYUTU B3a€EMOBILIMB 3MiH TOMEOCTa3y
TJIIOKO3M M iHCYJIiHY, CTyNeHs iHCYJIiIHOPE3UCTEHTHOCTI Ta YyT-
JIMBOCTI 10 iHCYJIiHY, CTYIIEHS IJIiIKO3WJIIOBAaHHSI FeMOTJIO0iHY Ha
xiiHiuani nepedir HACI wa Ti LI/12 3ameXHo Bim HassBHOCTI
JXH Ta ii cranii. Mamepiaau ma memoodu. O6ctexeHo 108 xBo-
pux Ha HACT i3 komop6inaum LI/12. CepenHiit Bik marieHTiB
craHoBuB 58,2 £ 6,1 poky. KiHok 6yso 63 (58,3 %), 4os0OBiKiB —
45 (41,7 %). 3anexno Bin HasiBHOCTi JIXH chopmoBaHno 4 rpymnu
MAali€HTIiB, SIKi OyJIM paHIOMi30BaHi 3a BiKOM, CTAaTTIO, aKTUBHIiC-
TIO HUTOJITUYHOTO CUHAPOMY. [pyny nopiBHsHHS cTaHOBWIM 30
MPaKTUYHO 3I0POBUX OCi0 BiAMOBiAHOrO Biky Ta cTaTi. CTyIniHb
cTeaTo3y MEeYiHKM Ta WOro MPUPOAY BU3HAUYAIHU 3a JOTOMOTOI0
HabopiB SteatoTest, ASH ta NASH-Test (BioPredictive, ®pan-
uis). Crazgito (ibpo3y nmediHKKM BU3HAYAIU 3 BUKOPUCTAHHIM
Habopy MapkepiB Uil KiJibKicHOI OioxiMiuHOI o1liHkU (Hidpo3y
FibroTest (BioPredictive, ®paHnitist). Pe3ytvmamu. Y naiieHTiB i3
HACT, 12 Ta IXH I—II cT. BcTaHOBIEHO N1OCTOBipHE 3HUKEH -

HsI BMicTy aibOyMiHiB y KpoBi Ha 9,0 % (p < 0,05), mBUAKICTH
K1y604ukoBoi ¢inprpaiii (ILIK®) ta BMicT anbOyMiHiB y ceui,
HaBIaKM, JOCTOBipHO 3pocan — B 1,5 paza (p < 0,05) nmopiB-
HSTHO 3 TMTOKAa3HUKOM y KOHTPOJIBHIN T'PYITi, 110 CBiIYUTH PO
rinmepdinprpaliio, mpuTaMaHHy ImoyatkoBuM ctamiasm JIXH. 3a
koMop6ingHocTi HACT, LI/12 Ta JIXH III cT. BcTaHOBIEHO AOCTO-
BipHEe 3HMKEHHSI BMICTY anbOyMiHiB y KpoBi B 1,2 pa3za (p < 0,05),
LIK® Ta piBeHb aqb0yMiHypii OyJM TOCTOBIPHO MiABUIIECHI —
BinmosigHo B 1,4 Ta 11,7 paza (p < 0,05) mOpiBHSHO 3 TTOKa3HU-
KOM Y KOHTPOJbHil rpymi. Y namienTi i3 HACIT, LIJ12 Ta IXH
IV cT. BCcTaHOBJIEHO iCTOTHE 3HUXKEHHST BMIiCTY aJIbOYMiHiB Y KpO-
Bi B 1,4 pa3za (p < 0,05), BiH OyB nocToBipHO migsuieHui y 30,2
paza (p < 0,05) mopiBHSIHO 3 MOKa3HUKOM Y KOHTPOJIbHI TPyTIi,
a LLIK®, nHaBnaku, icroTHo 3uu3wmwiacs B 1,7 pasa (p < 0,05), 110
BKa3ye Ha nporpecyBaHHs1 JIXH. Bucnoexu. Poznaau romeocTasy
[JIIOKO3U BHACIIIOK iHCYJIIHOPE3UCTEHTHOCTI € OIHUM i3 10CTO-
BipHMX (haKTOPiB pU3UKY MPOrPeCcyBaHHSI HEAIKOTOJIBHOTO CTE-
aTorernaTUTy Ha TJIi I[yKPOBOToO AiabeTy 2-ro TUIy 3a HasiBHOCTI
niabeTUuYHOoi XBopoou HUpok I—IV cramiii.

Kim040Bi cj10Ba: HeaKoronbHMIA cTeaTorenaTur; IyKpoByii ia-
0eT 2-ro TUuIly; giabeTMYHA XBOpoOa HUPOK; iIHCYTIHOPE3UCTEHT-
HiCThb
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