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ABSTRACT

Background: Hepatic diseases are common among chronic kidney disease patients and liver function tests particularly
serum liver enzymes play an important role in diagnosing and monitoring these patients. Serum aminotransferase levels :
commonly fall near the lower end of the range of the normal values in patients of chronic kidney disease (CKD). High-levels :
of serum alkaline phosphatase (ALP) can occur in these patients due to renal osteodystrophy. Thus, the recognition of liver
damage in these patients is challenging. Aim: To compare the levels of serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and ALP among three groups - CKD patients without end stage renal disease (ESRD), patients with :
ESRD and healthy controls. Materials and Methods: A retrospective, hospital-based study was carried out from 100 patients’
records from each group and serum AST,ALT and ALP values were noted. Results: Our study showed that serum AST and
ALT levels were significantly lower in CKD patients both without and with ESRD compared to controls. Further, these two
enzyme levels were also significantly lower in CKD patients with ESRD compared to CKD patients without the condition. :
Serum ALP levels were significantly higher in patients with and without ESRD as compared to the controls. However, the :
values did not differ significantly between patients with and without ESRD. Conclusion: Levels of serum aminotransferases
were low in CKD with and without ESRD and the levels become lower as the severity of CKD increases. Thus, the study :
established the need for separate reference ranges of serum aminotransferase in different stages of CKD.
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INTRODUCTION kidney functions and abnormal glomerular filtration
rate (GFR).I'l According to the recent guidelines of the :
National Kidney Foundation (Kidney Dialysis Outcomes :
Quality Initiatives), CKD is classified into 5 stages based
on estimated GFR (eGFR)./? Stage | refers to eGFR 2 90 :

mL/min/1.73 m2 along with demonstrable kidney damage :
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Department of Biochemistry, Pondicherry Institute of Medical such as persistent proteinuria, abnormal blood and urine :
Sciences, Pondicherry - 605 014, India. chemistry etc. Next, stage 2, 3 and 4 corresponds to :
E-mail: dr.Iray@gmail.com eGFR of 60-89 mL/min/1.73 m? 30-59 mL/min/1.73 m? :
and 15-29 mL/min/1.73 m? respectively.”) The main aim of :
treatment in these 4 stages of CKD is to slow down the

Chronic kidney disease (CKD) consists of a wide spectrum
of conditions associated with a progressive decline in

Access this article online . . . . . :
progression of CKD along with cardiovascular disease risk :
Quick Response Code: . . . . | :
Website: estimation and management of complications.l'! CKD stage :
www.ijabmr.org 5 corresponds to eGFR of <I5 mL/min/1.73 m? and is also
known as end stage renal disease (ESRD). In this stage, due :
DOI: to the accumulation of electrolytes, toxins and fluids, death :
10.4103/2229-516X.149232 can occur unless treated by renal replacement therapy, either
by dialysis or by renal transplantation.["
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In patients with CKD, the most common associated chronic
liver diseases are hepatitis B and C.P! In an Indian study with
[ 34 patients on hemodialysis, 5.9% turned out to be hepatitis
C virus (HCV) positive whereas 1.4% of the patients had
hepatitis B virus (HBV) infection. A dual infection was seen
in 3.7% of the patients.! Another study showed that the
prevalence of HCV infection among dialysis patients ranged
between 0.7% and 18.1% in different Asia-Pacific countries,
whereas the prevalence of HBV infection ranged between 1.3%
and 14.6%.°1 Added to these, is the burden of alcoholic liver
diseases.Therefore, CKD patients often need to be regularly
monitored with liver function tests particularly serum level of
liver enzymes for their concomitant liver diseases.

Serum levels of enzymes such as alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) are commonly used to assess and monitor
hepatic diseases. The reference values for these laboratory
tests are as follows: Serum ALT: 7-41 U/L, serum AST:
[2-38 U/L and serum ALP:33-96 U/L.[¥ It has been reported
that the level of serum aminotransferases commonly fall near
the lower end of the range of the normal values in patients
of CKD.I"! Studies among hemodialysis patients also show
a similar decrease in serum aminotransferases.®! In studies
among patients infected with HCV, it was shown that HCV
infected patients who also have CKD and are undergoing
hemodialysis have lower serum levels of ALT than those
with normal renal function.”! Thus, recognition of liver
damage in CKD patients poses a challenge to laboratory
medicine specialists and is hampered by the reduction
in aminotransferases leading to underestimation of the
disease load.I' In this regard, it has been suggested that
serum aminotransferase cut-off values should be modified
for screening for viral hepatitis in patients undergoing
peritoneal dialysis. Although the exact cause of low serum
aminotransferase levels in CKD remains controversial,
possible reasons include pyridoxine deficiency and/or the
presence of an inhibitory substance in the uremic milieu.l'>'4
A recent study also speculated that hemodilution could be
involved in reducing serum ALT levels in CKD.I'*!

On the other hand, plasma ALP levels can originate from liver,
bone, intestine and placenta. In general, the isoenzymes from
liver and bone contribute to the majority of the circulating
enzyme levels. Therefore, in a patient of liver disease serum
ALP level is an important marker for screening and monitoring.
However, in a CKD patient, renal osteodystrophy could
result in a significant increase in the bone isoenzyme of ALP
contributing to high serum ALP level. In fact, higher ALP has
been associated with increased mortality in predialysis CKD
as well as patients on maintenance hemodialysis.['®]

Thus, the interpretation of serum aminotransferase levels in
different stages of CKD patients with possible concomitant
liver disease presents a diagnostic dilemma. Though some
studies have recorded the serum liver enzyme levels in CKD
patients with a background of hepatitis, studies on serum liver
enzyme levels in different stages of CKD without hepatitis
are few and far in between. The paucity of information in
this particular clinical scenario, more so among the Asian
population, underlines the importance of a controlled study.
Thus, this study was carried out to study the serum levels of
liver enzymes in an attempt to emphasize on the need for
new reference ranges in CKD patients, particularly in ESRD
patients. In this regard the study aimed to compare serumAST,
ALT,and ALP levels among CKD patients without ESRD, CKD
patients with ESRD and healthy controls in a South-Indian
coastal population.

MATERIALS AND METHODS

The study was a retrospective study carried out by analyzing
patient records in the department of Biochemistry at a
medical college in Southern India.The study was approved by
the institutional research committee and ethics committee,
which follow the guidelines set by the Helsinki declaration.

File numbers of CKD patients attending nephrology OPD
were collected between April |,2013 and June 30,201 3. File
numbers of patients attending the hospital for routine health
check during the same period were also collected as healthy
controls. The case files of the patients were retrieved from
the records department of the hospital. Records of both CKD
patients and control subjects with documented history of liver
disease and drugs which affect liver enzymes were excluded
from the study. The following data were collected from each
of the files:Age, sex, serum urea, serum creatinine, serum ALT,
serum AST,and serum ALP values.The serum parameters in all
cases had been measured using automated routine chemistry
analyser (Roche Cobas Integra 400 plus, Roche Diagnostics
Limited, Switzerland) with commercial kits (Roche cobas ¢
packs, Roche Diagnostics Limited, Switzerland) according to
manufacturer’s protocol.Values from the same machine were
chosen to minimize inter-machine variation.

Estimated GFR was calculated in each case by the
formula - Equation from the Modification of Diet in Renal
Disease study: eGFR (mL/min/1.73 m2) =1.86x (PCr)"!1>
X (age)®%3 multiplied by 0.742 for women and multiplied
by .21 for African Americans.l'”! Based on eGFR, all the
collected CKD patient files were divided into two groups:
Group A had eGFR >15 mL/min and were called CKD
without ESRD and Group B had eGFR <I5 mL/min and were
called CKD with ESRD. Group C consisted of the control
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Group (apparently healthy individuals) who had eGFR above
90 mL/min. Therefore, Group A patients included CKD
patients belonging to stagel—4 and Group B had patients
belonging to stage 5 of CKD according to National Kidney
Foundation (Kidney Dialysis Outcomes Quality Initiatives)
criteria. The major contrasting feature between these two
groups was the treatment modality whereby Group B
patients needed dialysis, but Group A patients did not.

Using this methodology, 171 patient files were allotted in
Group A, |19 patient files were allotted in Group B and
205 patients were in Group C.The first 100 consecutive
patient files according to their hospital number in each group
were included in the study and statistical analysis.

Statistical study

The categorical data were analyzed using SPSS statistical
software (v 16; IBM Corporation, Armonk, NY, USA). Mean
and standard deviations of age, serum AST, ALT and ALP,
were calculated in all the three groups. The means of the
different parameters in three groups was compared by means
of one-way analysis of variance. These comparisons were
followed by post-hoc comparisons between groups by means
of the Duncan’s test and a P < 0.05 was considered statistically
significant.The gender distribution was also compared among
the three groups using Chi-square test.

REsuLTS

The demographic profiles of all the subjects under study
are shown in Table |. There was no statistically significant
difference (P > 0.05) among the mean ages of the three groups.
When the three groups were analyzed according to sex, no
significant difference (P > 0.05) was observed between the
percentages of females in the three groups.
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The statistical analysis of serum AST, ALT and ALP levels
among the three study groups is shown in Figure |.AST levels
were significantly lower in both Group A (18.48 + 4.14) and
Group B (10.08 £ 3.49) as compared to controls in Group C
(30.5 + 10.75), (P < 0.001). There was also a statistically
significant lowering of serum AST levels in patients belonging
Group B as compared to patients in Group A (P < 0.001).
Similarly serum ALT levels [Figure I] were also significantly
lower in both Group A (16.82 *+ 4.38) and Group B (8.3
3.58) as compared to Group C (26.94 * 13.07) (P < 0.001).

On the other hand serum ALP levels [Figure 1] were significantly
higher in Group A (121.24 £ 59.77) (P < 0.001) and Group B
(112.5 = 77.98) (P = 0.02) as compared to Group C (72.72
% 0.71). No statistically significant difference was observed
between the ALP values of Groups A and B (P = 1.00).

DiscussioN

Chronic kidney disease patients are an important group of
patients with chronic co-morbidities, who require regular
laboratory investigations.Within this group, there are significant
differences in the biochemical milieu of patients depending
upon the different stages of CKD. Hepatic co-morbidities,

Table I: Demographic characteristics of the three study
Groups-A,B,C

Parameters Group A GroupB Group C P
CKD without CKD with Controls
ESRD ESRD
n 100 100 100
Age in years (mean+SD) 50.06+11.74 48.02+£12.43 49.54+11.07 0.667*
Range in years 25-70 23-66 30-72
Female (%) 44 (44) 42 (42) 36 (36) 0.698*

*P value not statistically significant (P>0.05). SD: Standard deviation; CKD: Chronic
kidney disease; ESRD: End stage renal disease
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Figure 1: The values are expressed as the means + standard deviation for the number of cases (n) in each group of subjects. Statistical comparisons were made
by one way ANOVA followed by post-hoc analysis as described in the methods. *: P < 0.001 versus Group C (controls), @: P < 0.001 versus Group B (chronic kidney
disease [CKD] with end stage renal disease [ESRD]), w: P = 0.02, no statistically significant difference in alkaline phosphatase levels between Group A (CKD without

ESRD) and Group B, P =1.00
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particularly hepatitis B and hepatitis C are frequent among
patients with CKD.B! In this scenario, liver function tests
particularly serum liver enzymes play an important role in
diagnosis and monitoring of liver damage in these patients.
Therefore, we carried out the study, to know if there is any
significant difference between serum AST,ALT, and ALP levels
among three groups namely CKD patients without ESRD, CKD
patients with ESRD and healthy controls, thereby emphasizing
on the urgent need for new reference ranges of these enzymes
in CKD patients.

Our study showed that serum AST and ALT levels were
significantly lower in CKD patients without ESRD and CKD
patients with ESRD compared to controls. Further, these
two enzyme levels were also significantly lower in CKD
patients with ESRD compared to CKD patients without
ESRD. Several recent studies have also revealed that serum
ALT levels are lower in patients with CKD compared with
individuals with normal renal function.®!%!820 Although
fewer authors have discussed AST levels in patients with
CKD, the results of those studies also showed a lower AST
level in CKD patients compared to controls.['"?"! Further, a
study done in Italy demonstrated lower AST and ALT levels
among dialysis patients compared to predialysis patients with
CKD in addition to the lower level of aminotransferases
in CKD compared to healthy individuals.”? Our results
are broadly similar to the results of the above mentioned
studies. However, only a few studies have analyzed both
AST and ALT levels together. Among those studies, only the
study from Italy to the best of our knowledge, has compared
the enzyme levels between CKD patients with and without
ESRD and healthy controls as we have done in our study.]
Therefore, the present study is the first of its kind done in
the Indian population and depicts a similar lowering of serum
aminotransferases as the severity of the CKD increases.
Further, our study is a rare study which has studied the serum
aminotransferase levels in CKD patients without ESRD. In
this scenario, setting up of new reference ranges for serum
aminotransferases in CKD patients both with and without
ESRD, assumes great significance to prevent missing out on
diagnosing hepatic dysfunction in CKD.

The pathophysiological mechanism for this reduction in
the serum aminotransferase levels in patients with CKD
remains controversial. The possible mechanisms include
reduction in pyridoxal-5-phosphate which is a coenzyme of
aminotransferase, presence of ultraviolet absorbing materials
and high levels of uremic toxins. Other possibilities include
decreased synthesis and inhibition of release of AST and ALT
from hepatocytes or accelerated clearance from serum. 1214221
One of the studies showed an increase in serum AST after
hemodialysis probably due to the removal of an inhibitory

substance during the dialysis.l'” This increase in serum AST
may not be due to the removal of urea alone because the
addition of urea to normal serum is not associated with
decreased AST activity. In contrast, another study reported
that the mean serumVitamin B6 and pyridoxal phosphate levels
in dialysis patients were not significantly reduced as compared
to controls. So, the authors concluded that decreased serum
AST and ALT levels in dialysis patients are not a result of
Vitamin B6 deficiency.?1 A low serum aminotransferase level
could also be due to water retention and hemodilution in
patients of CKD.['®!

Serum ALP is an important parameter in the liver function test
panel and aids in diagnosing the type of jaundice in patients
without CKD. However, this diagnostic importance of ALP is
masked in CKD patients, as it is a well-established fact that
serum ALP level increases in patients with CKD.I'! In fact,
in CKD patients without liver disease serum ALP can be
elevated in high-turnover bone disease.[*?! In addition, higher
levels of serum ALP are associated with increased mortality
in CKD patients.l'®*! |n spite of this knowledge, we included
the parameter in our study to reiterate the nonspecificity
of serum ALP in CKD, further underlining the importance
of correct interpretation of serum AST and ALT levels in
CKD patients, more so in patients with CKD with ESRD.
This in turn, reflects the urgent need for correct reference
ranges for serum aminotransferases in CKD patients with
and without ESRD. In our study, the serum ALP levels were
significantly higher in CKD patients with and without ESRD
as compared to the controls. However, the values did not
differ significantly between CKD patients with and without
ESRD. In most normal individuals, approximately 95% of the
total ALP activity is derived from bone and liver sources in
I:1 ratio.””! Polyacrylamide gel electrophoresis is the most
reliable method of determination of the tissue origin of
ALP. Bone derived ALP is heat-labile whereas liver-derived
ALP is not. Therefore, exposure of the serum to elevated
temperatures can determine the tissue source of elevated
levels of ALP.Since neither polyacrylamide gel electrophoresis
nor heat-testing of serum ALP are routinely done in a clinical
laboratory setting, determination of the tissue source of
high ALP in CKD patients with suspected hepatobiliary
dysfunction is difficult.

This study was a retrospective analysis of patient files,
performed in a hospital-based setting, a limiting factor for
the generalization of the findings. Further, the causes of renal
failure in the CKD patients were not analyzed which precludes
any discussion on the relation between the mechanism of renal
failure and the lowering of serum aminotransferases.Therefore,
further studies are needed to explore the causal links between
CKD severity and lowering of serum aminotransferases.

. International Journal of Applied and Basic Medical Research, Jan-Apr 2015, Vol 5, Issue 1



CONCLUSION

Thus, our study reinforces the fact that the serum
aminotransferase levels tend to remain lower in CKD
patients compared to the normal population, and the levels
are further reduced in CKD patients with ESRD.As a result,
a serum aminotransferase value falling within the current
normal reference range does not rule out hepatobiliary
pathology in CKD patients. Therefore, the diagnosis and
monitoring of hepatitis and cirrhosis in different stages of
CKD patients presents a significant challenge in laboratory
medicine. Our study, though a retrospective study with a
small sample size emphasizes the urgent need for large-scale,
well-planned, controlled studies to determine a separate
normal reference range of serum aminotransferases in
different stages of CKD.

REFERENCES

1. Bargman JM, Skorecki K. Chronic kidney disease. In: Fauci AS,
Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, et al.
editors. Harrison’s Principles of Internal Medicine. 17% ed. New York,
NY: McGraw Hill Medical; 2008. p. 1761-71.

2. National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: Evaluation, classification, and stratification.
Am ] Kidney Dis 2002;39:51-266.

3. Hrsticl, Ostojic R. Chronic liver diseases in patients with chronic kidney
disease. Acta Med Croatica 2011;65:349-53.

4.  Reddy GA, Dakshinamurthy KV, Neelaprasad P, Gangadhar T, Lakshmi V.
Prevalence of HBV and HCV dual infection in patients on haemodialysis.
Indian ] Med Microbiol 2005;23:41-3.

5. Johnson DW, Dent H, Yao Q, Tranaeus A, Huang CC, Han DS, et al.
Frequencies of hepatitis B and C infections among haemodialysis and
peritoneal dialysis patients in Asia-Pacific countries: Analysis of registry
data. Nephrol Dial Transplant 2009;24:1598-603.

6. Kratz A, Pesce MA, Fink DJ. Appendix: Laboratory values of clinical
importance. In: Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL,
Jameson JL, et al. editors. Harrison’s Principles of Internal Medicine.
17" ed. New York, NY: McGraw Hill Medical; 2008. p. A1-16.

7.  Fabrizi F, Lunghi G, Finazzi S, Colucci P, Pagano A, Ponticelli C, et al.
Decreased serum aminotransferase activity in patients with chronic
renal failure: Impact on the detection of viral hepatitis. Am J Kidney
Dis 2001;38:1009-15.

8.  Hung KY, Lee KC, Yen CJ, Wu KD, Tsai TJ, Chen WY. Revised cutoff
values of serum aminotransferase in detecting viral hepatitis among
CAPD patients: Experience from Taiwan, an endemic area for hepatitis
B. Nephrol Dial Transplant 1997;12:180-3.

9.  Al-Wakeel J, Malik GH, al-Mohaya S, Mitwalli A, Baroudi F, el Gamal H,
et al. Liver disease in dialysis patients with antibodies to hepatitis C
virus. Nephrol Dial Transplant 1996;11:2265-8.

10. Yuki N, Ishida H, Inoue T, Tabata T, Matsushita Y, Kishimoto H, et al.
Reappraisal of biochemical hepatitis C activity in hemodialysis patients.
J Clin Gastroenterol 2000;30:187-94.

11. Mustafa LA, Al-Abachi SB, Khalaf DS. Some biochemical changes in
serum of hemodialysis patients. Natl ] Chem 2008;32:695-700.

12. Cohen GA, Goffinet JA, Donabedian RK, Conn HO. Observations on

International Journal of Applied and Basic Medical Research, Jan-Apr 2015, Vol 5, Issue 1

Ray, et al.: Serum aminotransferase levels in chronic kidney disease

decreased serum glutamic oxalacetic transaminase (SGOT) activity in
azotemic patients. Ann Intern Med 1976;84:275-80.

13. WolfPL, Williams D, Coplon N, Coulson AS. Low aspartate transaminase
activity in serum of patients undergoing chronic hemodialysis. Clin
Chem 1972;18:567-8.

14. RejR, Fasce CFJr, Vanderlinde RE. Increased aspartate aminotransferase
activity of serum after in vitro supplementation with pyridoxal
phosphate. Clin Chem 1973;19:92-8.

15. Liberato IR, Lopes EP, Cavalcante MA, Pinto TC, Moura IE Loureiro
Juanior L. Liver enzymes in patients with chronic kidney disease undergoing
peritoneal dialysis and hemodialysis. Clinics (Sao Paulo) 2012;67:131-4.

16. Kovesdy CP, Ureche V, Lu JL, Kalantar-Zadeh K. Outcome predictability
of serum alkaline phosphatase in men with pre-dialysis CKD. Nephrol
Dial Transplant 2010;25:3003-11.

17. LeveyAS, Coresh ], Greene T, Stevens LA, Zhang YL, Hendriksen S, et al.
Using standardized serum creatinine values in the modification of diet
in renal disease study equation for estimating glomerular filtration
rate. Ann Intern Med 2006;145:247-54.

18. Lopes EP, Sette LH, Sette JB, Luna CF, Andrade AM, Moraes M, et al.
Serum alanine aminotransferase levels, hematocrit rate and body
weight correlations before and after hemodialysis session. Clinics (Sao
Paulo) 2009;64:941-5.

19. Trevizoli JE, de Paula Menezes R, Ribeiro Velasco LF, Amorim R,
de Carvalho MB, Mendes LS, et al. Hepatitis C is less aggressive in
hemodialysis patients than in nonuremic patients. Clin J] Am Soc
Nephrol 2008;3:1385-90.

20. Cotler S, Diaz G, Gundlapalli S, Jakate S, Chawla A, Mital D, et al.
Characteristics of hepatitis C in renal transplant candidates. ] Clin
Gastroenterol 2002;35:191-5.

21. Yasuda K, Okuda K, Endo N, Ishiwatari Y, lkeda R, Hayashi H,
et al. Hypoaminotransferasemia in patients undergoing long-term
hemodialysis: Clinical and biochemical appraisal. Gastroenterology
1995;109:1295-300.

22. Ono K, Ono T, Matsumata T. The pathogenesis of decreased aspartate
aminotransferase and alanine aminotransferase activity in the plasma
of hemodialysis patients:The role of vitamin B6 deficiency. Clin Nephrol
1995;43:405-8.

23. Magnusson P, Sharp CA, Magnusson M, Risteli ], Davie MW, Larsson L.
Effect of chronic renal failure on bone turnover and bone alkaline
phosphatase isoforms. Kidney Int 2001;60:257-65.

24. Torres PU. Bone alkaline phosphatase isoforms in chronic renal failure.
Kidney Int 2002;61:1178-9.

25. Regidor DL, Kovesdy CP, Mehrotra R, Rambod M, Jing J, McAllister CJ,
et al. Serum alkaline phosphatase predicts mortality among maintenance
hemodialysis patients. ] Am Soc Nephrol 2008;19:2193-203.

26. Beddhu S, Ma X, Baird B, Cheung AK, Greene T. Serum alkaline
phosphatase and mortality in African Americans with chronic kidney
disease. Clin ] Am Soc Nephrol 2009;4:1805-10.

27. Magnusson P, Degerblad M, Sdif M, Larsson L, Thorén M. Different
responses of bone alkaline phosphatase isoforms during recombinant
insulin-like growth factor-1 (IGF-I) and during growth hormone
therapy in adults with growth hormone deficiency. ] Bone Miner Res
1997;12:210-20.

How to cite this article: Ray L, Nanda SK, Chatterjee A, Sarangi R, Ganguly S.
A comparative study of serum aminotransferases in chronic kidney disease
with and without end-stage renal disease: Need for new reference ranges.
Int J App Basic Med Res 2015;5:31-5.

Source of Support: Nil. Conflict of Interest: None declared.




