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ABSTRACT

Objective: To compare clinicopathologic features of idiopathic IgA nephropathy in terms of serum gamma-glutamyl trans-
ferase (GGT) levels.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Nephrology and Department of Pathology, Afyonkarahisar Health Sciences
University, Afyonkarahisar, Turkey, from January 2010 to January 2021.

Methodology: All patients diagnosed with IgA nephropathy were retrospectively evaluated. Patients were divided into quar-
tiles of gamma-glutamyl transferase. Clinical and pathological features were compared between the groups.

Results: A total of 69 patients with idiopathic IgA nephropathy were analysed. The GGT quartiles consisted of Q1(GGT <14
U/L) in 18 patients, Q2(GGT = 14.01-20 U/L) in 17 patients, Q3(GGT = 20.1-35 U/L) in 18 patients, and Q4(GGT >35 U/L) in 16
patients. The rates of mesangial cellularity, segmental glomerulosclerosis, and tubular atrophy were found to be significantly
different among GGT groups (p= 0.024, p= 0.048, and p<0.001 respectively). Serum albumin and 24-hours proteinuria were
also significantly different between groups (p<0.001).

Conclusion: Gamma-glutamyl transferase may play a role in some clinical and pathological features of IgA nephropathy.

Key Words: Gamma-glutamyl transferase, IgA nephropathy, Proteinuria, Serum albumin, Mesangial Cellularity, Segmental glomerulos-
clerosis, Tubular atrophy.
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INTRODUCTION

Immunoglobulin A nephropathy (IgAN) is the most common
cause of primary glomerulonephritis worldwide." The decrease
in glomerularfiltration rate varies from patient to patient but is
typically slow. Histopathological findings are of prognostic
importance. The Oxford classification with MEST score: Mesan-
gialcellularity,Endocapillaryproliferation, Segmentalglomeru-
losclerosis, and Tubular atrophy/interstitial fibrosis) is the
essential tool for the prediction of prognosis.’
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In the recent past, the presence of a crescent was added to the
MEST score as ‘C' and the MEST-C score is still a scoring system
used to predict disease progression.’ Some clinical findings are
importantinterms of the progression to chronic kidney disease,
themostimportantofwhichis proteinuria.**

Gamma-glutamyl transferase (GGT) catalyses the transfer of
the gamma-glutamyl group from gamma-glutamyl peptides
such as glutathione to other peptides. GGT is thought to play a
roleinaminoacidtransport.’Itis used asamarker of cholestasis
in clinical practice and it may be elevated by the diseases of the
liver, gallbladder, and pancreas. A recent meta-analysis
showed that there was a dose-response relationship between
GGT within the normal reference range and cardiovascular
mortality.” It has been shown that there may be a relationship
betweenalbuminuriaand GGT levelsinnon-diabetic adults with
normalrenalfunction.®

The aim of this study was to investigate the relationship
between serum GGT levels at the time of diagnosis of idiopathic
IgAN with proteinuria and histopathological findings.
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METHODOLOGY

In this single-centre study, the files of all patients (n= 442) who
underwent kidney biopsy, between January 2010 and January
2021, were evaluated retrospectively. The files of the patients
diagnosed with IgAN were separated from the others and anal-
ysed in detail. Between the specified dates, seventy-six patients
(17.2%) were diagnosed with IgAN. Patients with haematological
or solid organ malignancies, autoimmune disease, chronic viral
infection, acute or chronic liver disease, acute or chronic gall-
bladderdisease, pancreatic disease, and alcohol abuse that could
be associated with secondary IgAN or increase in serum GGT
levels were excluded from the study. Patients with missing clinical
and laboratory information required for the study were also
excluded. The study was conducted with patients older than 18
yearsofagewhowerediagnosed withidiopathiclgAN asaresultof
akidneybiopsy. ThestudydesignwasshowninFigure 1. The study
was approved by thelocal Ethics Committee.

Proteinuria was determined by 24-hour (h) urine analysis in all
patients. The patients were asked to urinate their first urine into
the toilet in the morning on the day they started collecting urine,
and then to urinate in a container for 24 hours. To finish the urine
collection on the second day, the patients were asked to urinate
forthelasttime, 24 hours afterthe last urinationin the toilet. They
werealsotoldtostoretheurineinacoolarea. Written materials on
how to collect 24-hour urine were givento all patients. Proteinuria
>3500 mg/day is considered nephrotic range proteinuria. Urines
were analysed with an automatic analyzer (Cobas 6000, Roche,
Switzerland).

Allbiochemical tests were analysed from venous blood samplesin
the morning after overnight fasting of at least 8 hours. Fasting
plasma glucose, urea, creatinine, cholesterol parameters, aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT),
and GGT levels were measured with an automaticanalyser (Cobas
6000, Roche, Switzerland). The estimated glomerular filtration
rate (e-GFR) was calculated with ChronicKidney Disease-Epidemi-
ology Collaboration (CKD-EPI) formula (eGFR= 141 * min(Scr/
K,1)>*max(Scr/k,1)*?**0.993%°* 1.018[if the patient is female]).
Patients weredividedinto4 groupsaccordingto GGT quartiles. Q1
= GGT =14 U/L, Q2 = GGT between 14.01-20 U/L, Q3 = GGT
between 20.1-35 U/L, Q4 = GGT >35 U/L (Figure 1). Groups were
comparedintermsofproteinuriaand clinicopathologicfeatures.

Allkidney biopsieswereevaluatedbyaspecialised nephropatholo-
gist. MEST-C scores were recorded for analysis. The score was
used asfollows: Formesangial cellularity, MO was mesangial cellu-
larity <50% of glomeruli,andM1=was50. Forendocapillary prolif-
eration, EO was the absence of hypercellularity and E1 was hyper-
cellularity inany glomeruli. For segmental glomerulosclerosis, SO
is the absence of segmental glomerulosclerosis and S1 was the
presence of segmental glomerulosclerosis in any glomeruli. For
tubular atrophy/interstitial fibrosis, TO was tubular atrophy/inter-
stitial fibrosis in 0-25%, T1 in 25-50% and T2 in >50% of the
cortical area. CO was no crescents, C1 was crescents in less than
one-fourth of glomeruli, and C2 was crescents in over one-fourth
ofglomeruli.

All patients diagnosed as IgA nephropathy between
January 2010-January 2021 were retrospectively
evaluated
(n=76)

2 excluded because of chronic viral infection
2 excluded because of hepatobiliary disease
1 excluded because of solid organ malignancy

1 excluded because of alcohol abuse

1 excluded because of lack of data

Patients considered as
idiopathic IgA

nephropathy were
included
(n=69)

l— Patients were divided into 4 groups according to GGT quartiles —l

Q1=GGT<14 UL Q2=GGT 14.1-20 UL Q3=GGT20.1-35UL Q4=GGT>35UL
n=18 n=17 n=18 n=16

Figure1:Studydesign.

ROC Curve
10
AUC= 0.919, p<0.001
95%CI= 0.858-0.981
08
2‘ 086
£
=
[}
c
L
* 04
02
00 - -
00 02 04 06 08 10
1 - Specificity

Figure2:ROCcurveforGGTonpredictingnephroticrangeproteinuria.

All statistical analyses were done with IBM SPSS Statistics
(Statistics for Windows, version 26.0. Armonk, NY: IBM Corp.)
package program. Categorical variables were presented as
frequency and percentages. The chi-square test was used to
compare categorical variables between GGT groups. When
necessary, the z-test was performed as a post-hoc analysis of
the chi-square test. Continuous variables were checked with
the Shapiro-Wilk testand visual histograms for normal distribu-
tion. Normally distributed continuous variables were
presented as meanz=standart deviation, and non-normally
distributed continuous variables were presented as median
(interquartile range 25-75). Normally distributed continuous
variables were compared with one way ANOVA test and non-
normally distributed ones were compared with the Kruskal-
Wallis test. Pairwise comparisons were done for the post-hoc of
the Kruskal-Wallis test and Bonferroni correction was done for
the post-hoc of the ANOVA. The Receiver Operating Charac-
teristics (ROC) curve was conducted for the predictive value of
GGT on nephrotic range proteinuria. The Youden index was
used for determining the best cut-off value of GGT for
predicting nephrotic range proteinuria. All p-values are two-
sidedandvaluesasp<0.05wereaccepted assignificant.
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RESULTS

Sixty-nine patients withidiopathiclgAN were analysed. The median
age of the patients was 40 years with an interquartile range of
33-54.5 years. Of the patients 62.3% (n = 43) were males and
37.7% (n = 26) were females. The GGT quartiles consisted of Q1
(GGT <14 U/L) in 18 patients, Q2 (GGT = 14.01-20 U/L) in 17
patients, Q3 (GGT = 20.1-35 U/L) in 18 patients, and Q4 (GGT >35
U/L) in 16 patients. GGT groups were similar in terms of clinical
features including age, gender, smoking status, weight, height,
body massindex, the prevalence of diabetes mellitusand hyperten-
sion, systolic blood pressure, and diastolic blood pressure
(p>0.05).Theratesofmesangialcellularity, segmentalglomerulos-
clerosis, and tubularatrophy werefound to be differentamong GGT
groups(p=0.024,p=0.048,and p<0.001, respectively). Endocap-
illary proliferation and crescents were similar between groups

Table I: Clinical and histopathological comparisons of GGT quartiles.

(p>0.05). Clinical and histopathological comparisons of GGT
groups were presented in Table I.

Groups were similar in terms of glucose, urea, creatinine, eGFR,
cholesterol parameters, and aminotransferases (p>0.05).
Comparisons of laboratory measurements between GGT groups
were presented in Table Il. Serum albumin and 24h proteinuria
were significantly different between groups (p<0.001). Post-hoc
analysis revealed a significant difference between group Q4 and
others (p<0.001). Proteinuria was only similar between Q2 and Q3
groupsatpairwise comparisons (p>0.05).

IntheROCcurve, itisfoundthata GGTvalueof21.5U/Lhasapredic-
tive value with 96.4% sensitivity and 78% specificity for nephrotic
range proteinuria (AUC = 0.919, p<0.001 95% CIl = 0.858-0.981).
Figure 2 shows the ROC curve of GGT for the prediction of nephrotic
rangeproteinuria.

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
(n=18) (n=17) (n=18) (n=16)
Age (years) 45(31-54) 45(34-55) 36(27-51) 45(32-59) 0.485
Female (%-n) 50-9 35.3-6 33.3-6 31.3-5 0.652
Current smoker (%-n) 16.7-3 23.5-4 33.3-6 31.3-5 0.342
Weight (kg) 75(65-78) 77(74-79) 71(63-76) 73(65-79) 0.089
Height (m) 1.71(1.65-1.75) 1.68(1.65-1.75) 1.68(1.65-1.75) 1.7(1.66-1.75) 0.896
Body mass index (kg/m?) 25.6+3.5 26.6+2.1 24.3+3 25.1+3.4 0.154
Diabetes mellitus (%-n) 33.3-6 11.8-2 11.1-2 6.3-1 0.126
Hypertension (%-n) 11.1-2 23.5-4 27.8-5 37.5-6 0.347
Systolic blood pressure (mmHg) 121.6+17.2 122.5+12.5 126.3+20.1 133.1+17.6 0.141
Diastolic blood pressure (mmHg) 74.4+9.8 78.2+9.5 77.2+8.2 82.2+11.6 0.272
Mesangial hypercellularity
MO (%-n) 50-9 58.8-10 27.8-5 12.5-2 0.024*
M1 (%-n) 50-9 41.2-7 72.2-13 87.5-14
Endocapillary proliferation
EO (%-n) 94.4-17 94.1-16 77.8-14 81.2-13 0.327
E1 (%-n) 5.6-1 5.9-1 22.2-4 18.8-3
Segmental glomerulosclerosis
S0 (%-n) 72.2-13 76.5-13 38.9-7 43.7-7 0.048™
S1 (%-n) 27.8-5 23.5-4 61.1-11 56.3-9
Tubular atrophy/interstitial fibrosis
TO (%-n) 88.9-16 70.6-12 27.8-5 18.8-3
T1 (%-n) 11.1-2 29.4-5 55.6-10 50-8 <0.001™
T2 (%-n) 0-0 0-0 16.7-3 31.3-5
Crescents
CO (%-n) 94.4-17 82.4-14 72.2-13 75-12
C1 (%-n) 5.6-1 17.6-3 22.2-4 18.8-3 0.610
C2 (%-n) 0-0 0-0 5.6-1 6.3-1

Kruskal Wallis test, Chi-square test, and ANOVA was used where appropriate. *z-test revealed only a difference between Q2 and Q4, **z-test revealed no difference

between groups, ***z-test revealed only a difference between Q1 and Q3 in terms of T1.

Table Il: Comparisons of laboratory measurements in terms of GGT quartiles.

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p

(n=18) (n=17) (n=18) (n=16)
Glucose (mg/dl) 98(85-118) 96(89-120) 90(87-101) 90(84-10) 0.415™
Urea (mg/dl) 20.5(15-28) 19(13-31) 28(21-50) 23(13.8-38) 0.141"
Creatinin (mg/dl) 1.2(0.9-1.5) 1.4(0.9-1.7) 1.5(1.2-1.6) 1.2(0.9-1.5) 0.196"
eGFR (ml/dk/1.73m?) 71.6+26.3 67.7£22.9 55.8+19.6 69.6+22.4 0.192°
Total-C (mg/dl) 190.7+57.4 201.8+54.7 243.2+74.1 196.1+£54.3 0.078"
Triglyceride (mg/dl) 150(100-231) 201(133-238) 192(143-286) 207(102-250) 0.591"
HDL-C (mg/dl) 40(33-43.5) 42(29-48) 40(29.5-44) 38(27.7-44.7) 0.930"
LDL-C (mg/dl) 119.5+£43.6 127.4+49.4 151.9+64.1 130.7+40.8 0.342°
AST (U/L) 35(32-36) 34(34-36) 34(27-36) 34.5(32-38) 0.677"
ALT (U/L) 18(12.7-24) 17(13-23.5) 18(11-28.5) 16(14-27.5) 0.997"
Serum albumin (g/dl) 4.17+0.17 4.08+0.15 3.88+0.31 3.37+0.55 <0.001*
Albuminuria (g/24h) 1.1(0.8-1.2) 1.7(1.6-1.9) 2.3(1.5-2.9) 4.7(4.6-6.2) <0.001**
Proteinuria (g/24h) 2.39(2.1-2.51) 2.95(2.7-3.27) 3.62(2.84-4.3) 5.96(3.92-7.5) <0.001**

*ANOVA test, **Kruskal-Wallis test, normally distributed variables were presented as meanzxstandart deviation, non-normally distributed variables were

presented as median (interquartile range 25-75).
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DISCUSSION

In this cross-sectional study, patients with IgAN having
higher GGT levels were found to have higher proteinuria. No
earlier study could be found in the literature comparing GGT
and proteinuria in patients with idiopathic IgAN. This study is
not the first study researching relationship between GGT and
kidney diseases.

Albuminuria and proteinuria are prognostic markers for
mortality and end-stage renal disease in patients with
chronic kidney disease.”* Serum GGT level is also another
indicator of endothelial dysfunction." In this study, the
authors hypothesised that they may find higher albuminuria
in patients with IgAN who have increased GGT levels. It was
found that patients with IgAN having higher GGT levels have
higher albuminuria. Although it is not possible to establish a
cause-effect relationship due to the design of this study,
some theories can be put forward regarding the results of
this study.

Galactose deficient 1gA1(Gd-lgAl) is the major IgA
depositing mesangial matrix in patients with IgAN." It has
been shown that serum Gd-IgAl levels may have diagnostic
and prognostic significance in patients with IgAN.* Studies
show that increased serum Gd-IgAl levels may be associ-
ated with lower hepatic catabolism rather than a basic
increase in production.”®® GGT is an enzyme that is found in
many organs throughout the body with the highest concen-
trations found in the liver. Increased serum GGT levels in
patients with IgAN having higher albuminuria may be an indi-
cator of decreased hepatic catabolism of Gd-IgAl. The most
common secondary causes of IgAN are liver diseases."’*® The
fact that the most common cause of secondary IgAN is a
liver disease also suggests that there may be a relationship
between GGT elevation and IgAN.

Ko et al. found an association between higher GGT within
the normal reference range with albuminuria in non-diabetic
patients with preserved kidney functions.® Li et al. also found
an association between albuminuria and serum GGT levels in
a population-based study.'® In these two studies, it was
emphasised that GGT is associated with obesity and
metabolic syndrome and therefore may be associated with
albuminuria and proteinuria. Although in this study, GGT
groups were similar in terms of the components of metabolic
syndrome such as fasting blood glucose, triglycerides, hyper-
tension, and obesity, it was found that albuminuria and
proteinuria increased as GGT levels increased in patients
with idiopathic IgAN. This supports that different mech-
anisms play a role in the relationship between GGT and
proteinuria in patients with idiopathic IgAN.

In addition, GGT acts as a cell surface enzyme that metabol-
izes glutathione which is the main antioxidant of cells.”®
Therefore, increased GGT levels are generally accepted as
an early and reliable indicator of oxidative stress.” There are

many studies in the literature supporting that increased
oxidative stress may cause progression to albuminuria and
chronic kidney disease.””?* Also, a meta-analysis found that
albuminuria in diabetic kidney disease may be slowed by
any antioxidant supplement.* The increase in albuminuria
and proteinuria as GGT increased in patients suggested that
GGT may also be a marker of oxidative stress.

Gowrishankar et al. showed that the MEST-C score shows an
association with clinical variables in patients with IgAN.” In
this study mesangial cellularity, segmental glomeruloscle-
rosis, and tubular atrophy were relatively higher in Q3 and
Q4 groups, but in post-hoc analysis, only Q4 had a higher
rate of mesangial cellularity than Q2 and Q3 had a higher
rate of tubular atrophy than Q1. These findings suggest that
GGT may also be effective on pathological findings. The
authors think that GGT may have affected the pathological
features as an indicator of oxidative stress.

There are some limitations of this study. Retrospective
design and a limited number of patients are two of them.
Since these patients were diagnosed with hypertension and
Diabetes mellitus before renal biopsy, some used angiotens-
in-converting enzyme inhibitors or angiotensin receptor
blockers that may affect proteinuria. Another limitation was
that no causality could be established due to the cross-sec-
tional nature of this study.

CONCLUSION

The present study showed that increased serum GGT levels
accompany increased proteinuria in patients with idiopathic
IgAN. Larger-scale, prospective, and well-designed studies
investigating the pathophysiological mechanisms between
GGT and IgAN may clarify this issue.
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