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ABSTRACT

Background: Heart failure (HF) is a leading cause of morbidity and mortality; in medical wards of hospital with
more than 100,000 yearly admissions in the United Kingdom, it is expected to account for roughly 5% of
hospitalizations. The prevalence of HF is generally 3-20 per 1000 people. According to broad consensus, HF
causes hepatic dysfunction, which leads to an increase in enzymes suggestive of hepatocellular damage. Aim of
the study: To determine the effect of each type of HF on ALT and AST. Patients, Materials, and Methods: A
case-control study involving 118 person with Heart failure as cases and 30 apparently healthy people as controls.
The research was conducted during the period from the 1% of November 2005 to the 15" of May 2006, in Ibn—
Sena teaching hospital and Al-Salam general hospital; the cases were from the medical ward, emergency unit and
cardiac care unit (CCU). The levels of Aminotransferases were tested for the entire study sample. Results:
Among the 118 cases with HF; 66 were males and 52 were females, their mean age was 59.06 + 10.13. BMI was
25.18 + 3.04, current smoking found in 44.1% of them. While among the 30 controls; 16 were males and 14 were
females, their mean age was 57.53 + 5.19, the mean BMI was 25.70 + 1.82, with 36.7% of the controls were
smokers. The three types of HF showed statistically significant differences with the controls group for both ALT
and AST at p<0.001. Moreover, there was significant association (p<0.05) of biventricular and left-sided HF in
ALT in which ALT is higher in biventricular HF than left-sided HF, but for AST in biventricular HF is
significantly higher than that for left and right-sided HF. Regarding the duration of HF, ALT showed significant
difference between group A and group B while AST levels showed no significant difference. The sensitivity and
specificity of ALT were 91.53% and 96.67% respectively while sensitivity and specificity of AST were 94.92 %
and 93.33 % respectively. Multiple Logistic Regressions showed strongest association of the HF with ALT
activity (p < 0.001) and the odd ratio was (40.65). Conclusions: Patients who developed heart failure frequently
have abnormal hepatic function because heart failure influences the liver and causes lhepatic dysfunction. In this
investigation, the three forms of cardiac failure showed increased transaminase activity. The degree of impaired
liver function did not appear to be influenced by the length of heart failure. Compared to left-sided and right-sided
categories of heart failure, biventricular failure exhibits a greater rise in transaminase activity.
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INTRODUCTION

HF is a significant source of morbidity and death™, and
it is estimated to account for 5% of admissions to
hospital medical wards in the United Kingdom, where
there are more than 100,000 admissions per year. The
prevalence of HF is 3-20 per 1000 people. The yearly
incidence of HF is 1-5/1000, and the relative incidence
after the age of 45 will be doubled for each decade of
life™?, despite the fact that this surpasses 100/1000 in
individuals above the age of 65.

Due to the aging of the people and the higher survival
rates among patients with impaired cardiac function
brought on by therapeutic improvements in the
management of myocardial infarction ﬂMI), the total
incidence is projected to rise in the future.™ In general, it
seems that CHF affects 1-3% of the general population
and about 10% of elderly people.” Unlike other
common cardiovascular diseases, the age-adjusted
mortality attributed to HF also appears to be rising.!®! In
developing nations, as they go through epidemiological
transition and  socioeconomic  development, the
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epidemiology of HF becomes rising similar to that of
Western Europe and North America, with coronary
artery disease being the commonest cause of HF™,
5.17/1000 over a three-year period is the prevalence of
HF in an Arab population. Ischemic heart disease (IHD)
is more prevalent in men, which contributes to the higher
prevalence of HF in this group. In older people, namely
those over 65, IHD and hypertension (HT) are the most
common causes of HF.!

The diagnosis of HF was made based on the patient's
medical history, physical examination, and a number of
laboratory tests as well as numerous invasive and
noninvasive special investigations.®

According to widespread consensus, HF leads to hepatic

dysfunction and a rise in the ALT and AST enzymes,

which are signs of hepatocellular damage.[" In general,

the liver function tests were divided into:

e  Tests for cell damage (amino-transferases activities).

e Tests for synthetic function (serum albumin
concentration and prothrombin time).

e Tests for excretory function (direct serum bilirubin,
alkaline  phosphatase and  Gamma-glutamyl-
transpherase)™®

Amino-transferases or Transaminases include both
Alanine aminotransferase (ALT) or (Glutamate Pyruvate
Tansaminase GPT) and Aspartate amino-transferase
(AST) or (Glutamate Oxaloacetate Tansaminase GOT).

Plasma enzyme activity increase when only a small
percentage of cells have damaged membranes, making
the plasma transferases a sensitive indicator of
cytoplasmic and/or mitochondrial membrane damage.
Although ALT is restricted to the cytoplasm, where its
concentration is higher than that of AST, liver cells
nevertheless contain more ALT than AST.®! AST has
cytosolic in addition to mitochondrial forms, whereas
ALT is a cytosolic enzyme.[!

The transaminases are enzymes that interconvert pairs of
amino and keto acids; for optimum activity, they require
the cofactor pyridoxal phosphate. They are found
throughout the body.®

The activities of amino-transferases are sensitive markers
of liver cell damage and are useful in identifying hepatic
disorders like hepatitis. The reference range for both
ALT and AST is 14 UJ/I, although some researchers
recommend adjusting amino-transferase activities for sex
and body mass index (BMI), which is rarely done.!”
Both amino-transferases are typically present in the
serum at low activities.

AST is present in the liver, in addition to skeletal muscle,
cardiac muscle, kidney, brain, pancreas, lungs, and
leukocytes in decreasing order of activity. Since the liver
contains the largest concentration of ALT, these

enzyme's levels serve as more accurate markers of
damage to liver cells.'"!

Aim of the study: To determine the effect of each type
of HF on ALT and AST.

PATIENTS, MATERIALS, AND METHODS

This study is a case—control study; patients were divided
into two groups:

1. Patients: one hundred — eighteen patients with HF,
age range is (20-75) years with mean + standard
deviation (SD) (59.06+10.13) years. The cases include
52 females and 66 males.

All patients were diagnosed by physician as HF and were
continuing on treatment, the diagnosis was done
depending on; history with physical examination, CXR,
ECG abnormalities, and Echocardiography.

On admission, all of them had HF according to the
Framingham criteria for the diagnosis of HF. According
to the duration of HF, patients were classified into three
categories; group A (1-5 years), group B (6-10 years),
and group C (>10 years).

2. Control group: it includes 30 persons; 16 males and
14 females, and they were matched with the same age
groups of the cases. Controls were selected from the
medical staff, relatives and attendants of the out patients
clinic department. HF, HT, renal, liver problems, DM,
and medications were not affecting the result.

3.

The study conducted during the time from the 1% of
November 2005 to the 15" of May 2006, in Ibn-Sina
general teaching hospital and Al-Salam general hospital;
the cases were from the medical ward, emergency unit
and cardiac care unit (CCU).

Both cases and control group were interviewed and the
general information was taken to fill the questionnaire.

Materials: In this study, materials were arranged into
specimens, instruments, and reagents.

Specimens:

Blood samples were collected from all subjects by an
antecubital venepuncture, and stressful venepuncture was
avoided.

Five milliliter (ml) of venous blood have been collected
from every subject then allowed to clot in plane tube, the
serum was separated by centrifuge at 3000 rpm for 5
minutes, and the resultant serum was used for
biochemical testing including Serum ALT activity and
Serum AST activity. The samples were kept until
analyzed at a weekly batches at (-20)° C.

Instruments
The instruments that were used in this study include
centrifuge 3E-1 (sigma, Germany), Cecil, Ce 303,
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Greating spectrophotometer (Cambridge, England), and
Waterbath Gallen Kamb (England).

Reagents

All laboratory reagents used through this study which
were of analar grade, obtained from the clinical
chemistry laboratory of the department of biochemistry,
Mosul College of Medicine, they were purchased from

Determination of ALT Activity
Principle

international suppliers and companies and all reagents
will be mentioned within the related methodologies.

Methods
Serum ALT and AST activities were determined by
using a kit method supplied by Syrbio Company
(Syria).*!

Colorimetric determination of Alanine Aminotransferase based on the following reaction:

Al T

L — Alanine +a oxoglutarate

[
»

Pyruvate + L-Glutamate

Pyruvate formed reacts with 2.4 dinitrophenyhydrazine to yield a colored hydrazone that can be measured at 546 nm

(530 to 550 nm).

Reagents:
R;. GPT substrate
Phosphate buffer 7.4 100 mmol/I
L — Alanine 200 mmol/I
a Oxoglutarate 2.0 mmol/l
R,. GPT color reagent
DNPH 1.0 mmol/I
HCL 1.0 mmol/I
R;. NaOH 0.4 N
Procedure:

Set following tubes for each serum (one Blank tube is req

uired for each run).

Reagent Blank Sample

Sample

- 0.1 ml

Solution

0.5ml 0.5ml

Distilled water

0.1 -

Mix and let stand exactly 30 minutes at 37C.

| Solution 2 | 0

S5ml | 0.5ml |

Mix and let stand exactly 20 minutes at 20 to 25C.

| NaOH 04N |

5 ml | 5ml |

Mix by gently inversion. Read absorbance against Blank tube after 5 minutes, at wave length of 546 nm.

Obtain the activity of GPT in the serum from the table:

Absorbance u/l Absorbance u/l
0.025 4.0 0.275 48.0
0.050 8.0 0.300 52.0
0.075 12.0 0.325 57.0
0.100 17.0 0.350 62.0
0.125 21.0 0.375 67.0
0.150 25.0 0.400 72.0
0.175 29.0 0.425 77.0
0.200 34.0 0.450 83.0
0.225 39.0 0.475 88.0
0.250 43.0 0.500 94.0
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Determination of AST Activity

Principle
Colorimetric determination of Aspartate Aminotransferase based on the following reaction:
AST
L- Aspartate + o oxoglutarate — "=

Oxaloacetate+ L-Glutamate

Oxaloacetate formed reacts with 2.4 dinitrophenyhydrazine to yield a colored hydrazone that can be measured at 546

nm (530 to 550 nm).

Reagents:
R;. GOT substrate

Phosphate buffer 7.4 100 mmol/I
L — Aspartate 200 mmol/I
o Oxoglutarate 2.0 mmol/l
R,. GPT color reagent
DNPH 1.0 mmol/I
HCL 1.0 mmol/I
Rs;.NaOH 0.4 N
Procedure:
Set following tubes for each serum (one Blank tube is required for each run).
Reagent Blank Sample
Sample - 0.1ml
Solution 0.5 ml 0.5 ml
Distilled water 0.1 -
Mix and let stand exactly 30 minutes at 37C.
| Solution2  [05ml  [05ml |
Mix and let stand exactly 20 minutes at 20 to 25C.
| NaOH 04N [5ml [ 5ml |

Mix by gently inversion. Read absorbance against Blank tube after 5 minutes, at wave length of 546 nm.

Calculation For AST (GOT):
Obtain the activity of GOT in the serum from the table:

Absorbance U/l Absorbance U/l
0.020 7.0 0.100 36.0
0.030 10.0 0.110 41.0
0.040 13.0 0.120 47.0
0.050 16.0 0.130 52.0
0.060 19.0 0.140 59.0
0.070 23.0 0.150 67.0
0.080 27.0 0.160 76.0
0.090 31.0 0.170 89.0

Statistical analysis

The data collected during the study were summarized in
sheets of Microsoft Excel 2007. The statistical analysis
performed by using IBM-SPSS 26. The normality of
these data tested by Shapiro-Wilk test, and the
parametric tests were decided to be chosen. Nominal data
was expressed in frequencies and proportions while
numerical data was expressed in means and standard
deviations. The Pearson chi square test (x?) used for the
nominal data. The numerical data were comparing by the

t-test performed for independent two means between the
controls groups and parameters studied groups. One-Way
ANOVA and Duncan Multiple Range Test. Multiple
Logistic Regression test was used to examine the relation
between HF and predictors that may influence it. P-value
< 0.05 considered as significant.
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RESULTS

The results of the data that were analyzed are arranged
according to the grouping of the subjects enrolled in the
study.

The demographic characteristics of the studied groups
were demonstrated in table (1) which showed that among
the 118 cases with HF; 52 were females and 66 were

males, their age ranged from (20-75) years with a mean £
SD of (59.06 + 10.13). BMI was 25.18 + 3.04, current
smoking found in 44.1% of them. While among the 30
controls; 16 were males and 14 were females, their age
ranged from (28-66) years with a mean = SD of (57.53 £
5.19), the mean BMI was 25.70 + 1.82, with 36.7% of
the controls were smokers.

Table (1): Demographic characteristics of the studied groups.

. . Mean + SD
Demographic Characteristics Control Cases
Age (year) 57.53+5.19 59.06 + 10.13
BMI (kg/m?) 25.70 +1.82 25.18 + 3.04

No. % No. %
Male 16 53.3 66 55.9
Gender Female 14 46.7 52 441
Male: female 1.14 1.27
Ssmoking Smoker 11 36.7 52 44.1
Non-smoker 19 63.3 66 55.9

Comparison of measured Aminotransferases between the
study groups was demonstrated in table (2) and revealed
that there were statistically significant differences
between each subgroup of cases with the controls group
for both ALT and AST at p<0.001. Moreover, there was

significant difference (p<0.05) between biventricular and
left-sided HF in ALT in which ALT is higher in
biventricular HF than left-sided HF, but for AST in
biventricular HF is significantly higher than that for left
and right-sided HF.

Table (2): Comparison of measured Aminotransferases between the study groups.

Mean + SD
Cases (n=118)
Parameters Control (n=30) Biventricular HF Left-sided HF Right-sided HF
(n=55) (n=46) (n=17)
ALT(U/I) 8.76 + 2.6 31.93+12.8° 22.63+11.2° 26.88+8.7
AST(U/I) 8.48 + 2.4 3471+1.7° 2438+ 10" 22.32+7.7°

One-Way ANOVA with post hoc Dunken test had used

Means with different letters horizontally have significant difference at p<0.05

Comparison of measured Aminotransferases in patients
according to duration of heart failure was showed in
table (3) and demonstrated that there was statistically
significant concerning ALT among the duration groups

and the real difference found by post hoc test was found
between group A and group B. AST levels showed no
significant difference among the duration groups.

Table (3): Comparison of measured Aminotransferases in patients according to duration of heart failure.

Mean £+ SD
Parameters Duration (year)
Group A (n=85) Group B (n=25) Group C (n=8)
ALT (U/l) 25.95+11.54° 326+145° 29.13+10.91 %
AST (U/l) 27.89+11.56°2 32.96 +13.392 26.88 + 6.62 °

One-Way ANOVA with post hoc Dunken test had used

Means with different letters horizontally have significant difference at p<0.05

Distribution of the studied groups according to ALT
activity was demonstrated in table (4). This table elicited
that the upper reference range as a cut-off point, 91.5%
of the cases were higher than the cut-off level and 3.3 %
of the control group were higher than the cut-off level
with significant difference (p <0.001). The sensitivity
was 91.53% and specificity is 96.67%.
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Table (4): Distribution of the studied groups according to ALT activity.

>14 <14 . e -
= 0, 0, _
ALT (U/l) No. % No. % Sensitivity % Specificity % p-value
Cases 108 91.5 10 8.5
Controls 1 3.3 29 96.7 91.53 96.67 <0.001

Distribution of the studied groups according to AST
activity was demonstrated in table (5). This elicited that
the upper reference range as a cut-off point, 94.9% of the
cases were higher than the cut-off level and 6.7% of the

control group were higher than the cut-off level with
significant difference (p <0.001). The sensitivity is 94.92
% and the specificity is 93.33 %.

Table (5): Distribution of the studied groups according to AST activity.

>14 <14 e p
= [0) 0, J
AST (U/) No. % No. % Sensitivity % Specificity % p-value
Cases 112 94.9 6 5.1
Control 2 6.7 28 93.3 94.92 93.33 <0.001

Multiple Logistic Regressions was conducted and demonstrated in table (6) and clarified the presence of strongest
association of the HF with ALT activity (p < 0.001) and the odd ratio was (40.65).

Table (6): Multiple logistic regression model for predictors of HF.

Variable Xi Regression
(predictors) Coefficient (B) prElue O &l
ALT 3.705 <0.001 40.65 5.29-312.56

DISCUSSION

For all severe kinds of heart disease, HF is the "final
common pathway" .l HF is a serious health issue that is
becoming more prevalent in the general population™,
and it is mostly the end stage of hypertensive, coronary,
and VHD due to an aging population of greater size and
the extension of cardiac patients' lives through
contemporary medication.!*

Through hepatic congestion and circulatory dysfunction,
HF can have an impact on the liver.*® The literatures
have not gone into great detail regarding the connection
between cardiac and hepatic problems.'® A highly
vascular organ, the liver receives about 20% of the
cardiac output. A linear relationship between blood
pressure and its flow is expressed by the fact that 70% of
the hepatic blood flow originates from the portal system
and 30% is delivered via the hepatic artery. By boosting
oxygen extraction, the liver can maintain normal oxygen
intake, with as much as 95% of the blood's oxygen being
taken in a single pass through the liver."® Cardiogenic
ischemic hepatitis, congestive liver fibroses, and cardiac
cirrhosis are amon% the range of heart illnesses that can
damage the liver.[*®

Amino-transferase tests were performed in this
investigation on all HF patients (biventricular, left- and
right-sided). When compared to the control group, there
is a considerable rise in ALT and AST activity in the
cases, which is consistent with the abnormal results that
were seen.

The sensitivity of ALT was (91.53%) and the specificity
was (96.67%) with (p<0.001), by multiple logistic

ALT was high (40.65) with (p<0.001), the sensitivity of
AST was (94.92%) and the specificity was (93.33%)
with (p<0.001). These findings were consistent with
many studies which have confirmed that HF is associated
with liver dysfunction and the degree of LFTs changes is
not consistent™” !, in this study, the duration of HF did
not have a direct relation to the degree of changes of
LFTs and this is mimic to other studies ®*?* that did not
have found clear association between the duration of HF
and LFTs changes.

In the second half of the past century liver function test
in HF have been the subjects of many researchers. Felder
1950 had studied the effect of chronic congestive HF on
certain LFTs to evaluate hepatic dysfunction in
congestive HF and had found no definite changes of liver
function in HF.?? Richman 1961 study was on the effect
of HF on liver dysfunction particularly enzyme changes,
and had concluded that HF is accompanied by abnormal
LFTs especially alteration in ALT and AST activities in
the serum. Dunn 1973 had studied the liver function in
CHF and had explained the structural and functional
derangement and the pathogenesis of liver dysfunction in
HF patients and had mentioned that all types of HF is
associated with different picture of LFTs.*®! Hesse 1976
had explained the pathological mechanism of albumin
changes in HF before and after treatment.!?!

Although the relationship between the heart and the
hepatic dysfunction is well established™, it is surprising
that the pattern of liver dysfunction in HF has only been
defined recently.!”

Results obtained by Batin et al, (1995) had suggested

regression model for predictors of HF, the odd ratio for that liver function tests are of great prognostic
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importance in HF patients and can be used for follow up
of HF patients to predict the prognosis because these
tests are simple and generally available instead of or with
difficult  and expensive investigations like
echocardiography, measurement of fiIIin? pressure for
left ventricular, and other investigations.!*®

Deranged LFTs may be due to the result of hepatic
congestion secondary to the effects of fluid overload as,
well as, raised filling pressures and could be due to
reduced cardiac output and hepatic blood flow causing
hypoxic injury.**

It is not recognized which of these mechanisms is the
leading but in severe and protracted HF, patients may
end with cardiac cirrhosis.!*®!

Passive congestion and reduced systemic perfusion are
both important in the development of liver function
abnormalities.™

It has been recommended that the extent of abnormalities
of LFTs correlate with the severity of heart failure
assessed by invasive hemodynamic parameters, in
addition to a considerable inter-patient variability (some
patients with mild HF can have abnormal LFTs results
and some patients with marked hemodynamic
abnormalities can have normal LFTs results).!*

It remains possible, nonetheless that the abnormal LFTs
are replacement marker of heart dysfunction and
although not accurate, they may provide a collective
measure of tissue oxygenation as, well as, peripheral
tissue distention and edema, these are two of the chief
patho-physiological changes that arise in HF.[*®!

No clear association between medications including
diuretics usage and the degree of abnormalities of
LFTs.[t728

In this study, transaminases activities were significantly
higher in biventricular HF compared with that of left-
sided and right-sided HF, this was in agreement with the
findings of other researches which stated that
transaminases activities rise in HF (biventricular, left-
sided and right-sided HF) by two mechanisms: hypoxia
due to low blood flow and hepatic congestion, this may
be associated even with centrilobular necrosis may add
to the alteration in liver transaminases activities.[#*’!

CONCLUSIONS

Patients who developed heart failure frequently have
abnormal hepatic function because heart failure
influences the liver and causes lhepatic dysfunction. In
this investigation, the three forms of cardiac failure
showed increased transaminase activity. The degree of
impaired liver function did not appear to be influenced
by the length of heart failure. Compared to left-sided and
right-sided categories of heart failure, biventricular
failure exhibits a greater rise in transaminase activity.
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