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Urine Zinc-alpha-2-glycoprotein as a Potential Biomarker for
Incipient Diabetic Nephropathy: A Pilot Study at a Tertiary Care
Hospital
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Introduction: Urine albumin-creatinine ratio (UACR) continues to be used as an indicator for detecting diabetic nephropathy (DN); however,
damage starts much before that. Currently, no biomarkers are there to indicate incipient damage. As a result, researchers are looking for new
biomarkers that could be used to detect DN threats sooner and perhaps hinder the development of end-stage renal disease. The present study
intended to know if urine Zinc-alpha-2-glycoprotein (ZAG) levels correlate with glomerular filtration rate (GFR) in the study participants of
type 2 diabetes mellitus (T2DM). Materials and Methods: The study included 68 participants with a known history of T2DM. Serum urea
and creatinine levels, fasting plasma glucose, serum cholesterol, triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, total protein, glycated hemoglobin (HbA1c) and urine ZAG were estimated and UACR along with estimated GFR (eGFR) were
calculated for all individuals. The characteristics of the study participants in the microalbuminuric and normoalbuminuric groups were compared.
Results: The levels of urine ZAG in the microalbuminuric and normoalbuminuric groups were not observed to be substantially different. The
relationship between urine ZAG and diabetes mellitus duration was found to be highly significant in normoalbuminuric patients. Urinary ZAG
and correlation with categories of HbAlc % (good <7, 7-9 moderate, >9 poor) among normoalbuminuric individuals were not found to be
significant. Conclusion: Despite previous research, we were unable to find a positive relationship between urinary ZAG concentrations and
¢GFR in this study. Prospective studies with greater sample sizes and follow-up are required to fully comprehend the possible use of ZAG as
a biomarker in diabetic nephropathy.
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INTRODUCTION estimated glomerular filtration rate (¢GFR).’! Large studies
like the DEMAND study have already established that DN
was present in a whopping 17% of patients with normal urine
albumin. Since a considerable number of diabetic patients
with normal urine albumin excretion also have significant renal
damage, more research into novel markers that can predict DN
progression in normoalbuminuria is needed. The presence of
zinc-alpha-2-glycoprotein (ZAG), an adipocytokine® in urine
is a new biomarker for incipient damage in DN with normal
urinary albumin concentration.[*” The higher prevalence of

An irreversible microvascular complication of diabetic
nephropathy (DN) affects 25%—40% of diabetic patients.[!
This progression to DN can be slowed down with appropriate
medication and intervention. The progression occurs in stages,
Stage 1 is the hyperfiltration-hypertrophy phase, followed by
the silent or normoalbuminuric stage, which is not detected
clinically. Microalbuminuria or incipient DN is stage 3, which
can be detected clinically whereas Stage 4 is overt DN.
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diabetes in Uttarakhand® makes it imperative to quantify
ZAG levels in the urine and see if they may be used as a risk
marker for GFR decrease.

MareriaLs AND METHODS
Study design

The present study was a cross-sectional study conducted
in collaboration with the Department of Internal Medicine
and the Department of Biochemistry at AIIMS Rishikesh
from December 2017 to August 2018. Ethical approval was
granted by the Ethical Committee of AIIMS Rishikesh. After
getting written informed consent, 68 individuals who met
the inclusion criteria were included in the study. The study
was conducted as an Intramural project funded by AIIMS
Rishikesh (27/IM/2016) and had Institutional ethics clearance
(IEC number: ATIMS/IEC/|6/70).

Study settings and sample collection

A thorough medical history, along with a clinical examination,
was conducted for all study participants. Fasting samples
were collected. A serum sample was used in the analysis of
fasting plasma glucose levels, serum creatinine, urea, serum
cholesterol, triglycerides, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, total
protein, and glycated hemoglobin (HbAlc). The eGFR was
calculated using the Cockcroft—Gault formula. A urine sample
was also simultaneously collected. Urinary ZAG measurement
was performed using a human ELISA kit (Spanbiotec,
Guandong, China). Based on the UACR ratio, patients were
split into two subgroups: normoalbuminuric (<30 mg/g, n = 54)
and microalbuminuric (30-300 mg/g, n = 14).

Sample size

This was conducted as a pilot study, so the sample size was
kept at 70; two patients had high values of ZAG and were
excluded from the analysis.

Inclusion criteria

Patients of AIIMS Rishikesh OPD with diabetes type 2 having
normal blood pressure (BP) of <20/80 mm Hg were included
in the study.

Exclusion criteria

1. Patients who are prescribed antihypertensive agents at
baseline

2. Patients having smoking habit

3. Patients having diabetes mellitus complications such
as peripheral vascular disease, coronary artery disease,
retinopathy, and neuropathy suspected on clinical grounds
were excluded.

Statistical analysis

The SPSS program (version 25.0) was used to statistically
analyze the collected data. For the presentation of qualitative
data, frequencies, and relative percentages were used, whereas
for quantitative data, mean + standard deviation was used.
To compare variations between two quantitative groups, an

unpaired #-test was used. ANOVA was used for comparison
between quantitative variables and correlation was seen with
the help of the Pearson correlation coefficient. Statistical
significance cutoff was kept at P < 0.05.

ResuLts

A total of 68 participants (48 males and 20 females; mean
55.85 + 10.4 years) enrolled and consented to the study. The
clinical characteristics and demographic features of the two
groups (microalbuminuric and normoalbuminuric group)
after estimating UACR levels are presented in Table 1.
Between the microalbuminuric and normoalbuminuric groups,
urine ZAG values were not having a statistically significant
difference [Table 1]. The average eGFR was found to be
110.08 + 41 ml/min per 1.73 m?.

Our findings concerning age, weight, gender, BP, and duration
of diabetes mellitus are statistically very similar in both
groups. We have observed significant differences in serum
urea and creatinine levels; however, fasting plasma glucose,
total serum cholesterol, serum triglycerides, LDL, HDL, total
protein, HbAlc, and urine ZAG were all found to be having
no significant difference.

We attempted a correlation between urine ZAG among
normoalbuminuric individuals (n = 54) with eGFR, HbAlc,
duration of diabetes, and urinary albumin concentration.
Correlation with eGFR was found to be statistically
insignificant. However, urine ZAG significantly correlated only
with the duration of diabetes mellitus and not with HbAlc and
urine albumin levels [Table 2].

Urinary ZAG and its correlation with HbAlc categories
(HBA1c <7% as good control, HBAlc 7%-9% as moderate
control, and more than 9% as poor control) were not found to be
significant in normoalbuminuric individuals. The comparison
was attempted between eGFR categories (low, normal, and
high) with Urine ZAG-2 protein, Hbalc, and duration of DM
using one-way ANOVA. This did not yield any significant
results [Table 3].

Discussion

The first clinical manifestation of DN is thought to be
microalbuminuria.l Both the cellular elements in the renal
tubular interstitium and glomeruli are impacted by DN.P! This
is because proteinuria is typically brought on by glomerular
damage, which brings a lot of focus on glomerular damage
in type 2 diabetes mellitus (T2DM) patients.!'” Despite
the absence of significant albuminuria, some diabetic
patients with decreased GFR progress to end-stage renal
disease.l'!) Treatment effectiveness is lower in patients with
microalbuminuria having advanced renal pathology.l'®!!!
Albuminuria has a low sensitivity and specificity for detecting
the early stages of DN, and there is only little correlation
between albuminuria and eGFR.!' Many new markers
of tubular damage such as kidney injury molecule-1 a
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Table 1: Baseline characteristics among microalbuminuric and normoalbuminuric groups of study participants and using

unpaired f-test

Characteristics of participants Microalbuminuric group (n=14) Normoalbuminuric group (n=54) P

Age (year) 56.84+11.02 55.58+10.35 0.40
Sex (male/female), % (n) 71 (10)/29 (4) 70 (38)/30 (16) 0.95
Weight (kg) 68.69+10.89 67.24+11.31 0.85
Height (m) 159.56+7.97 162.33+6.63 0.22
Systolic blood pressure (mmHg) 143.50+14.66 140.40+25.61 0.34
Diastolic blood pressure (mmHg) 87.50+6.69 87.06+15.27 0.91
Duration of DM (year) 12.45+5.22 6.49+2.97 0.67
Fasting plasma glucose (mg/dL) 196.33+74.37 163.28+61.65 0.50
Total cholesterol (mg/dL) 203.46+72.84 183.50+50.85 0.45
Serum triglycerides (mg/dL) 185.15+129.01 173.72+131.49 0.81
LDL-C (mg/dL) 135.92+58.53 115.51£35.84 0.25
HDL-C (mg/dL) 41.30+10.37 43.18+10.11 0.62
Urea (mg/dL) 59.30+56.62 27.70+10.87 <0.05
Serum creatinine (mg/dL) 1.68+0.69 0.81+0.33 <0.05
Total protein (g/dL) 7.56+0.63 7.63+0.58 0.87
HbAlc (%) 8.63+2.22 8.39+1.95 0.60
Urine ZAG 0.21+0.02 0.22+0.40 0.90

*P<0.05 statistically significant. LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol, DM: Diabetes mellitus,

HbA lc: Glycated hemoglobin, ZAG: Zincalpha-2-glycoprotein

Table 2: Urine zinc-alpha-2-glycoprotein correlation
with various variables among normoalbuminuric
individuals (n=54)

Analytes/variables Pearson correlation P
coefficient (r)

e-GFR -0.12 0.35

Urine albumin concentration -0.07 0.84

HbAlc -0.03 0.85

Duration of diabetes mellitus -0.56 0.0001*

*P<0.05 statistically significant. HbAlc: Glycated hemoglobin,
e-GFR: Estimated glomerular filtration rate

transmembrane protein, interleukin-18 a cytokine, or proteins
such as lipocalin-2, liver fatty acid binding protein, and many
metabolomics studies have identified urine metabolites such
as lactic acid, allantoin and hippuric acid which have been
investigated to forecast renal damage in DN patients.[!>!3
As a potential biomarker to help with the early detection of
DN, the current study seeks to determine whether urine ZAG
levels correlate with GFR in people with diabetes.

Inthe present study, the normoalbuminuric and microalbuminuric
groups of study participants had significantly different serum
urea and creatinine values. However, no statistically significant
differences were found in values of fasting plasma glucose,
cholesterol, triglycerides, LDL, HDL, total protein, HbAlc,
and urine ZAG. Our findings are in contrast to a study
published by Elsheikh et al., which states there is a significant
difference among groups with respect to fasting or random
blood glucose, HbA1C, and serum creatinine was recorded.
In Elsheikh et al. study results, no significant correlation with
urea was found.['”

Urine ZAG in normoalbuminuric diabetics has shown a
significant correlation with the duration of diabetic mellitus,
which is supported by other studies.["¥ There was no significant
correlation between HBA ¢ and urine albumin levels. This is
in contrast with results by Elsheikh et al., which state that the
urine ZAG levels positively correlated with urine albumin—
globulin ratio. They also found urine ZAG levels and eGFR
had a negative correlation which in our study was not found
significant.

A study by Wang Y et al. with 80 T2DM patients and 20
controls, found that the urine ZAG levels correlated with
the presence of albuminuria. However, they reported no
correlation between urine ZAG levels and eGFR, BMI, age,
serum creatinine, and hsCRP.I'Y The present study also found
similar results.

A study by Rao PV et al. also has shown that ZAG is the
second-most abundant protein excreted in the urine of patients
with DN with a progressive elevation from normoalbuminuria
to macroalbuminuria.l'> This indicates that the increase will
have some correlation with falling eGFR. The difference in
concentration of urine ZAG was not found to be statistically
significant in our present study. However, the study by Rao
PV et al. looked at fold increase and not actual quantification.

However, urine ZAG significantly correlated with the duration
of diabetes mellitus, HbAlc, and urine albumin levels.
However, urine ZAG concentration was not found to be
correlated with HbAlc categories (good <7, 7-9 moderate,
>9 poor) in the present study. Most studies have seen serum
ZAG correlation with HBA1c and Sonkar SK et al.'! found
serum ZAG levels to be negatively correlated with HbAlc.!'”!
A-recent meta-analysis links serum ZAG with dysglycemia but
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Table 3: Evaluation of estimated glomerular filtration rate categories (low, normal, and high) with urine zinc-alpha
2-glycoprotein, glycated hemoglobin, and duration of diabetes mellitus using one-way ANOVA

Variable Mean=SD P
eGFR cat1 (low: <90) (7=17) eGFR cat2 (normal: 90-120) (n=24) eGFR cat3 High: >120) (n=13)

Urine ZAG protein 0.23£0.04 0.22+0.04 0.22+0.04 0.55

Duration of DM 11.24+3.91 11.03+10.29 8.76+3.54 0.61

Urine albumin concentration 8.17+£9.05 6.22+5.80 5.78+8.47 0.64

HbAlc 8.85+2.25 7.91+1.58 8.58+2.05 0.29

ZAG: Zinc-alpha-2-glycoprotein, DM: Diabetes mellitus, HbAlc: Glycated hemoglobin, e-GFR: Estimated glomerular filtration rate, SD: Standard

deviation

also points to significant heterogeneity in included studies and
that influence of adiposity cannot be excluded.["® In our study,
the weight of groups (microalbuminuric vs. normoalbuminuric)
was not statistically different.

Jeon YK et al."! showed that declining eGFR and increased
urinary albumin excretion resulted in DN progression. During
the early stage of the disease increased renin-angiotensin
system RAS activity results in increased angiotensin 2 levels
leading to constriction of efferent arterioles resulting in
proinflammatory and profibrotic molecules production which
explains the pathogenesis.['*”! The increase in urinary ZAG is
due to the proximal tubules being particularly more vulnerable
to diabetes-related injury, as they are exposed to a variety of
metabolic and hemodynamic disturbances for long periods.?!
Since ZAG is primarily produced in the proximal convoluted
tubules PCT and straight tubules,? this study’s observations
of variations in ZAG urine concentrations could indicate that
tubular damage already exists in the early stages of DN, even
before microalbuminuria appears.

A study by Wang et al. stated that ZAG concentrations were
higher in urine than in serum, particularly in T2DM patients,
suggesting that tubular epithelial cell secretion was the primary
cause of the increased ZAG concentrations in urine.l'] Other
studies revealed that in normoalbuminuric and microalbuminuric
diabetics, urine ZAG levels rose over time, suggesting that it is
connected to the development of nephropathy. The limitation
of this study includes a small sample size and not performing a
simultaneous serum ZAG concentration study.

CoNcLUSION

In the present study, urine ZAG levels significantly correlated
with the duration of DM, indicating a potential role in early
diagnosis. Prospective studies with larger sample sizes and
follow-ups are required to fully comprehend the use of ZAG
as an early biomarker in DN.

Abbreviations
Urine albumin-creatinine ratio (UACR), Diabetic nephropathy
(DN)

Financial support and sponsorship
This work was funded as an Intramural Fund by AIIMS
Rishikesh.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.

Ghimire P, Upadhyay HP. Albuminuria in patients with type 2 diabetes
mellitus: A single center cross-sectional study. J Coll Med Sci Nepal
2022;18:144-52.

Lovre D, Thethi TK. Natural Course (Stages/Evidence-Based
Discussion). In: Lerma, E.V., Batuman, V. (eds). Diabetes and Kidney
Disease Second edition [e-book]. Switzerland: Springer, Cham; 2022.
Available from: https://doi.org/10.1007/978-3-030-86020-2 4. [Last
accessed 2023 Jun 12].

Jayakumari S, Gomez R, Dipin S, Jayakumar RV, Vijayakumar K,
Sreenath R, et al. Prevalence of normoalbuminuric chronic kidney
disease among individuals with type 2 diabetes mellitus from India.
Indian J Med Res 2022;156:632-9.

Rossi MC, Nicolucci A, Pellegrini F, Comaschi M, Ceriello A,
Cucinotta D, et al. Identifying patients with type 2 diabetes at high risk
of microalbuminuria: Results of the DEMAND (developing education
on microalbuminuria for awareness of reNal and cardiovascular risk in
diabetes) study. Nephrol Dial Transplant 2008;23:1278-84.

Severo JS, Morais JB, Beserra JB, Dos Santos LR, de Sousa Melo SR,
de Sousa GS, et al. Role of zinc in zinc-a2-glycoprotein metabolism in
obesity: A review of literature. Biol Trace Elem Res 2020;193:81-8.
Lim SC, Liying DQ, Toy WC, Wong M, Yeoh LY, Tan C, et al
Adipocytokine zinc 0.2 glycoprotein (ZAG) as a novel urinary biomarker
for normo-albuminuric diabetic nephropathy. Diabet Med 2012;29:945-9.
International Diabetes Federation. IDF Diabetes Atlas. 9" ed. Brussels,
Belgium: International Diabetes Federation; 2019.

Kumar R, Sharma SK. Trends of communicable and non-communicable
morbidities in Uttarakhand state: A systemic review. Indian ] Community
Health 2013;25:178-87. Available from: https://iapsmupuk.org/journal/
index.php/IJCH/article/view/310. [Last accessed on 2023 May 28].
Chen Y, Lee K, Ni Z, He JC. Diabetic kidney disease: Challenges,
advances, and opportunities. Kidney Dis (Basel) 2020;6:215-25.

. Vallon V, Thomson SC. The tubular hypothesis of nephron filtration and

diabetic kidney disease. Nat Rev Nephrol 2020;16:317-36.

. LiuD, Lv LL. New understanding on the role of proteinuria in progression

of chronic kidney disease. Adv Exp Med Biol 2019;1165:487-500.

. Roointan A, Gheisari Y, Hudkins KL, Gholaminejad A. Non-invasive

metabolic biomarkers for early diagnosis of diabetic nephropathy:
Meta-analysis of profiling metabolomics studies. Nutr Metab Cardiovasc
Dis 2021;31:2253-72.

. Elsheikh M, Elhefnawy KA, Emad G, Ismail M, Borai M. Zinc alpha 2

glycoprotein as an early biomarker of diabetic nephropathy in patients
with type 2 diabetes mellitus. J Bras Nefrol 2019;41:509-17.

. Wang Y, Li YM, Zhang S, Zhao JY, Liu CY. Adipokine

zinc-alpha-2-glycoprotein as a novel urinary biomarker presents
earlier than microalbuminuria in diabetic nephropathy. J Int Med Res
2016;44:278-86.

. Rao PV, Lu X, Standley M, Pattee P, Neelima G, Girisesh G, et al.

Proteomic identification of urinary biomarkers of diabetic nephropathy.
Diabetes Care 2007;30:629-37.

Acta Medica International | Volume 10 | Issue 2 | July-December 2023 -



https://iapsmupuk.org/journal/index.php/IJCH/article/view/310
https://iapsmupuk.org/journal/index.php/IJCH/article/view/310

.Acta Medica International | Volume 10 | Issue 2 | July-December 2023

Tamizhan, et al.: Urine zinc-alpha-2-glycoprotein incipient diabetic nephropathy biomarker

. Sonkar SK, Gupta A, Sonkar GK, Usman K, Bhosale V, Kumar S, et al.

Zinc alpha 2 glycoprotein as an early biomarker of diabetic nephropathy
in type 2 diabetes mellitus patients. Cureus 2023;15:e36011.

. Pearsey HM, Henson J, Sargeant JA, Davies MJ, Khunti K, Suzuki T,

et al. Zinc-alpha2-glycoprotein, dysglycaemia and insulin resistance:
A systematic review and meta-analysis. Rev Endocr Metab Disord
2020;21:569-75.

. Darmayanti S, Lesmana R, Meiliana A, Abdulah R. Genomics,

proteomics and metabolomics approaches for predicting diabetic
nephropathy in type 2 diabetes mellitus patients. Curr Diabetes Rev
2021;17:¢123120189796.

. Abouleka Y, Mohammedi K, Carpentier C, Dubois S, Gourdy P,

Gautier JF, et al. ACE I/D polymorphism, plasma ACE levels, and
long-term kidney outcomes or all-cause death in patients with type 1
diabetes. Diabetes Care 2021;44:1377-84.

20.

21.

22.

Hadi OH, Riji FF. Comparison the role of some novel biomarkers in
predicting diabetic nephropathy between diabetic type 2 and chronic
kidney diseases patients in Kirkuk City. Pak J Med Health Sci
2022;16:372-6.

Kamel MF, Nassar M, Elbendary A, Mohamed AG, Abdullah MG,
Gomaa HR, et al. The potential use of urinary transferrin, urinary
adiponectin, urinary retinol binding protein, and serum zinc alpha
2 glycoprotein levels as novel biomarkers for early diagnosis of
diabetic nephropathy: A case-control study. Diabetes Metab Syndr
2022;16:102473.

Gao YM, Feng ST, Yang Y, Li ZL, Wen Y, Wang B, et al.
Development and external validation of a nomogram and a risk table
for prediction of type 2 diabetic kidney disease progression based
on a retrospective cohort study in China. Diabetes Metab Syndr
Obes 2022;15:799-811.




