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Abstract

Objective: Body mass index (BMI), uric acid, diabetes mellitus, and hypertension are risk factors

for reduced kidney function and are associated with fetuin-A levels, but their causal pathways

remain unclear. The objective of this study was to investigate this knowledge gap.

Methods: A repeated cross-sectional design was used to assess causal pathway effects of fetuin-

A on the estimated glomerular filtration rate (eGFR), which is mediated through BMI, uric acid,

diabetes mellitus, and hypertension.

Results: Among 2305 participants, the mean eGFR at baseline decreased from 98.7� 23.6mL/

minute/1.73m2 in 2009 to 92.4� 22.9mL/minute/1.73m2 in 2014. Fetuin-A was significantly

associated with eGFR , suggesting that increasing fetuin-A levels predict a decrease in eGFR.

Additionally, the indirect effect of fetuin-A on eGFR, as assessed through BMI, was also significant.

The effects of fetuin-A on eGFR through other mediation pathways showed variable results.

Conclusions: Our study revealed a possible role of fetuin-A in the etiology of declining renal

function through mediating body mass index, uric acid, diabetes mellitus, and hypertension via

complex causal pathways. Further studies to clarify these mediated effects are recommended.
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Introduction

Chronic kidney disease (CKD) is an irre-
versible progressive deterioration in renal
function1 that leads to renal insufficiency.2,3

CKD is a global public health problem
associated with an increasing number of
patients with renal failure.4 The report of
the 2015 Global Burden of Disease Study
indicated that kidney disease was the 12th
most common cause of death, which
accounted for 1.1 million deaths world-
wide.4 Known risk factors for decreased
kidney function have been reported includ-
ing body mass index (BMI),5 uric acid
(UA),6 diabetes mellitus (DM),7 and hyper-
tension (HT).8 CKD can be characterized
by inflammation markers including high-
sensitivity C-reactive protein (hsCRP),9

interleukin-1 (IL-1), endothelin-1 (ET -1),
and tumor necrosis factor-a (TNF-a).10

These markers were found to be associated
with a decline in the estimated glomerular
filtration rate (eGFR). Additionally, recent
evidence from observational studies has
shown that low serum fetuin-A serum
levels are also associated with CKD mor-
bidity11 and mortality.12

Fetuin-A, also known as alpha
2-Heremans–Schmid glycoprotein (AHSG),
is a phosphorylated glycoprotein that has
been identified in both animals and
humans.13 The human homolog of fetuin-A
consists of 349 amino acids, and fetuin-A
comprises a long A chain (282 amino
acids) and a short B chain (27 amino
acids), which are connected by a short
40-amino acid peptide link.14 The serum

fetuin-A concentration ranges between 0.5

and 1.0 g/L, and its molecular weight varies

between 52 and 60kDa.14,15

As a multifunctional protein, fetuin-A

modulates some important processes relat-

ed to energy homeostasis, adipocyte metab-

olism, cell growth, and inflammation.16–18

It plays important roles in CKD risk factors

such as BMI,19 DM,20 HT,21 and coronary

artery disease through different mecha-

nisms.22–25

The causal pathways of these disease

phenotypes in CKD etiology are complex

and not fully understood. Fetuin-A might

be directly associated with decreased

eGFR, or it might affect eGFR through

causal pathways that are mediated by

these risk factors (BMI, UA, DM, and

HT). On the basis of fetuin-A’s association

with the above-mentioned disease pheno-

types, we conducted a study using data

from a prospective cohort from the

Electricity Generating Authority of

Thailand (EGAT)26 to explore the causal

association pathways of these diseases

with fetuin-A and its relationship with

declining kidney function.

Materials and methods

Setting

We used cross-sectional data from the

EGAT prospective cohort26 that included

2564 participants who were recruited in

2009 and had their first 5-year follow-up

assessment in 2014. The cohort was
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designed to assess risk factors for cardio-
vascular diseases (CVD), health status,
functional status, and health-related quality
of life. All the participants aged 18 years or
older provided written informed consent to
voluntarily participate in the cohort study.
The participants completed a self-
administered questionnaire about their life-
style behavior and family history of disease,
and they underwent baseline medical exami-
nations including laboratory tests. The study
was approved by the Institutional Review
Board of Ramathibodi Hospital, Bangkok,
Thailand Ethical Committee (approval
number MURA 2018/932, approved on
28 November 2018).

The main study factor, serum fetuin-A,
was assessed using specimens that were col-
lected during the survey in 2009 and
analyzed using a sandwich enzyme immu-
noassay (R&D Systems, Inc., Minneapolis,
MN, USA). The intra- and inter-assay pre-
cision was 4.9% and 7.3%, respectively.19

Our clinical outcome of interest was
eGFR, which was calculated using the
CKD-EPI Creatinine Equation (2009),27

as well as serum creatinine, age, and sex
parameters. Our intermediate outcomes
BMI, UA, DM, and HT were considered
to be mediators. The outcome and media-
tors were measured during the surveys in
2009 and 2014. BMI was calculated as
weight (kg)/height (m2). UA was assessed
using spectrophotometric absorption after
treating the specimen with the enzyme uri-
case. The normal range for UA was 2.5 to
7.5mg/dL for women and 4.0 to 8.5mg/dL
for men. DM was diagnosed if the fasting
blood glucose level was �7.0mmol/L (or
�126mg/dL) with or without a history of
DM or the use of an antidiabetic medica-
tion. Participants were considered to have
HT if they took any antihypertensive med-
ications or had a systolic blood pressure
(SBP) �140 mmHg or a diastolic blood
pressure (DBP) �90 mmHg. Blood pressure
was measured twice, 5 minutes apart with

a 5-minute rest period after the first mea-

surement. Covariables that were considered

included demographic variables (i.e., age

and sex), smoking history, alcohol con-

sumption, and triglyceride and low-density

lipoprotein (LDL) levels.

Statistical analysis

Baseline and follow-up demographic varia-

bles were analyzed and reported as the

mean � standard deviation (SD) for con-

tinuous data or as the frequency and per-

centage for categorical data. Multiple

mediation analysis was performed on the

basis of the causal association pathways

(Figure 1), in which fetuin-A was consid-

ered as the independent variable, while

BMI, UA, DM, and HT were mediators

and eGFR was the outcome. All possible

serial multiple mediation models were con-

structed (Supplementary Table 1).
Mediation and outcome models were

constructed by fitting fetuin-A on each of

the four mediators (i.e., BMI, UA, DM,

and HT) using generalized linear structural

equation models (GSEMs) with a logit link

for DM and HT and an identity link for

BMI, UA, and eGFR.
A univariate GSEM model was used to

screen the covariables (i.e., age, sex, smok-

ing, alcohol, triglycerides, and LDL) that

might be associated with each mediator

(i.e., BMI, UA, DM, and HT). Forward

selection was applied to identify significant

variables in the mediation and outcome

models that already contained fetuin-A.

Mediated effects were then estimated using

the product coefficients of each pathway

(Supplementary Table 1). Finally, bias was

corrected using bootstrapping with 1000

replications to estimate the average media-

tion effects.28 All analyses were performed

using STATA (version 15; StataCorp,

College Station, TX, USA),29 and a

p-value <0.05 was considered statistically
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significant. The reporting of this study com-

plied with STROBE guidelines.30

Results

Baseline characteristics are described in

Table 1. There were 2564 participants

enrolled in 2009, but only 2305 participants

were available at the follow-up survey in

2014. Among these 2305 participants,

mean age, BMI, UA, and eGFR at baseline

were 46� 7 years, 24.8� 3.8 kg/m2, 5.6�
1.5mg/dL, and 98.7� 23.6mL/minute/

1.73m2, respectively, and the prevalence of

DM and HT was 4.6% and 22.6%.
The mean eGFR at baseline decreased

from 98.7� 23.6mL/minute/1.73m2 in

2009 to 92.4� 22.9mL/minute/1.73m2 in

2014, while the mean BMI increased mar-

ginally from 24.0� 3.7 kg/m2 at baseline to

24.8� 3.6 kg/m2 in the follow-up period

(Table 1).
The univariate GSEM analysis showed

that fetuin-A was significantly associated

with all mediators (BMI, UA, DM, and

HT) and the eGFR outcome

(Supplemental Table 2). Additionally, all

covariables including age, sex, smoking,

alcohol, triglycerides, and LDL were also

significantly associated with each mediator

and eGFR. The multivariate GSEMs con-

structed included all six covariables for the

BMI, UA, DM, HT, and eGFR models

(Table 2). After adjusting for the covari-

ables, fetuin-A was significantly associated

with only BMI and DM but not with UA

and HT. Additionally, fetuin-A was also

significantly associated with eGFR.
Bootstrapping with 1000 replications

was applied to estimate the average causal

mediation effects (ACMEs; Table 3). Most

fetuin-A effects on eGFR through the BMI

pathway were significant. For example,

ACME of the fetuin-A!BMI!eGFR

pathway was 0.000864 (0.00025, 0.00163),

meaning that increasing fetuin-A by one

unit would increase the BMI, which could

be predictive of an increase in eGFR by

0.000864mL/minute/1.73m2. The indirect

effects of fetuin-A through BMI and UA

Figure 1. Causal association pathways between fetuin-A and eGFR.
The letter and number on the lines represent corresponding coefficients for the pathway (Supplementary
Table 1).
BMI, body mass index; DM, diabetes mellitus; HT, hypertension; eGFR, estimated glomerular filtration rate.
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Table 1. Participant baseline characteristics.

Characteristics Survey 2009 Survey 2014

Number of participants 2564 2305

Age, years, mean (SD) 41� 7 46� 7

Sex, number (%)

Male 1882 (73.4) 1656 (71.8)

Female 682 (26.6) 649 (28.2)

Marital Status, number (%)

Single 745 (29.1) 461 (20.0)

Married 1705 (66.5) 1641 (71.2)

Divorced/Widowed 114 (4.4) 203 (8.8)

Income, Baht/month, number (%)

<20,000 130 (5.1) –

20,000–49,999 970 (38.1) –

�50,000 1446 (56.8) –

Education, number (%)

�Secondary school 115 (4.5) 75 (3.3)

Vocational 584 (22.8) 473 (20.5)

�Bachelors 1865 (72.7) 1757 (76.2)

Smoking, number (%)

Never smoker 1683 (65.7) 1499 (65.0)

Ex-smoker 450 (17.6) 475 (20.6)

Current smoker 428 (16.7) 331 (14.4)

Alcohol, number (%)

Never drinkers 981(39.1) 906 (39.3)

Quit drinkers 171 (6.8) –

Current drinkers 1358 (54.1) 1399 (60.7)

Exercise, times/week, number (%)

None 1503 (58.7) 743 (32.2)

1–2 406 (15.8) 446 (19.4)

�3 652 (25.5) 1116 (48.4)

Diabetes

Yes 117 (4.6) 236 (10.2)

No 2440 (95.4) 2069 (89.8)

Hypertension

Yes 500 (22.6) 809 (35.1)

No 1984 (77.4) 1496 (64.9)

BMI, kg/m2, mean (SD) 24.0� 3.7 24.8� 3.8

Fetuin-A, mg/dL, mean (SD) 558.9� 110.5 –

Uric acid, mg/dL, mean (SD) 5.6� 1.5 5.8� 1.5

Cholesterol, mg/dL, mean (SD) 216.8� 39.3 217.4� 40.3

HDL, mg/dL, mean (SD) 51.7� 12.3 58.3� 15.5

LDL, mg/dL, mean (SD) 148.4� 36.9 148.6� 37.7

Triglyceride, mg/dL, mean (SD) 129.1� 90 131.8� 84.1

eGFR, mL/minute/1.73m2, mean (SD) 98.7� 23.6 92.4� 22.9

SD, standard deviation; BMI, body mass index; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate.
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Table 2. Causal associations between fetuin-A and eGFR: multivariate GSEM models.

Equation Factors b SE z p 95% CI

Fetuin-A!BMI Fetuin-A 0.0039 0.0006 7.12 <0.001 0.0029, 0.0051

Age 0.0368 0.0088 4.17 <0.001 0.0195, 0.0541

Male vs. Female 1.4058 0.1549 9.08 <0.001 1.1022, 1.7093

Smoking

Ex-smoker 0.4306 0.1718 2.51 0.012 0.0939, 0.7674

Current smoker –0.3115 0.1890 –1.65 0.099 –0.6820, 0.0589

Alcohol drinking

Ex-drinker 0.5371 0.2417 2.22 0.026 0.0634, 1.0108

Current drinker 0.3329 0.1463 2.28 0.023 0.0463, 0.6196

Triglycerides 0.0109 0.0008 14.19 <0.001 0.0094, 0.0124

LDL 0.0062 0.0017 3.66 <0.001 0.0029, 0.0096

Fetuin-A!Uric acid Fetuin-A 0.0002 0.0002 1.29 0.196 �0.0001, 0.0006

BMI 0.0849 0.0055 15.51 <0.001 0.0742, 0.0957

Male vs. Female 1.5952 0.0493 32.33 <0.001 1.4984, 1.6919

Smoking

Ex-smoker –0.0095 0.0543 –0.17 0.862 –0.1159, 0.0969

Current smoker –0.1707 0.0597 –2.86 0.004 –0.2877, –0.0537

Alcohol drinking

Ex-drinker 0.0859 0.0764 1.13 0.261 –0.0638, 0.2356

Current drinker 0.2249 0.0462 4.87 <0.001 0.1343, 0.3155

Triglycerides 0.0025 0.0002 10.19 <0.001 0.0020, 0.0030

Fetuin-A!DM Fetuin-A 0.0015 0.0005 2.75 0.006 0.0004, 0.0026

BMI 0.1870 0.0159 11.71 <0.001 0.1557, 0.2183

Uric acid –0.2350 0.0527 –4.46 <0.001 –0.3383, –0.1317

Age 0.0639 0.0092 6.96 <0.001 0.0459, 0.0820

Male vs. Female 0.5310 0.1725 3.08 0.002 0.1930, 0.8690

Triglycerides –0.0102 0.0017 –5.86 <0.001 –0.0136, –0.0068

LDL 0.0025 0.0006 4.03 <0.001 0.0013, 0.0037

Fetuin-A!HT Fetuin-A 0.0008 0.0004 1.89 0.059 –0.00003, 0.0016

BMI 0.1389 0.0132 10.54 <0.001 0.1131, 0.1647

Uric acid 0.1759 0.03333 5.28 <0.001 0.1106, 0.2413

DM 0.5955 0.1338 4.45 <0.001 0.3333, 0.8576

Age 0.0919 0.0069 13.39 <0.001 0.0784, 0.1053

Triglycerides –0.0066 0.0013 –5.28 <0.001 –0.0091, –0.0042

LDL 0.0031 0.0005 5.71 <0.001 0.0020, 0.0042

Fetuin-A!BMI!UA!
DM!HT!eGFR

Fetuin-A –0.0077 0.0022 –3.49 <0.001 –0.0119, –0.0034

BMI 0.1889 0.0724 2.61 0.009 0.0471, 0.3308

Uric acid –3.9997 0.1866 –21.43 <0.001 –4.3655, –3.6339

DM –0.3346 0.8087 –0.41 0.679 –1.9196, 1.2503

HT –2.6717 0.5706 –4.68 <0.001 –3.7901, –1.5534

Alcohol drinking

Ex-drinker –5.1275 0.9180 –5.59 <0.001 –6.9268, –3.3283

Current drinker –1.2136 0.5342 –2.27 0.023 –2.2606, –0.1665

Triglycerides 0.0077 0.0031 2.50 0.012 0.0017, 0.0138

SE, standard error; 95% CI, 95% confidence interval; LDL, low-density lipoprotein; BMI, body mass index; DM, diabetes

mellitus; HT, hypertension.
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(fetuin-A!BMI!UA! eGFR) and then
through HT (fetuin-
A!BMI!HT! eGFR) showed signifi-
cantly negative effects, which means that
the eGFR was lowered by �0.00132
(�0.00177, �0.00092) and �0.00139
(�0.00237, �0.00069) for an ACME
associated with BMI and UA or HT,
respectively. Additionally, the fetuin-
A!DM!HT! eGFR pathway was
also statistically significant, with an
ACME of �0.00223 (�0.00535,
�0.00066). The other three single-
mediator pathways fetuin-A!UA, fetuin-
A!DM, and fetuin-A!HT were not
statistically significant.

Discussion and conclusions

We explored the causal pathway for fetuin-
A and kidney function through BMI, UA,
DM, and HT using multiple mediation
analysis. The result of our mediation

analysis indicated that fetuin-A was nega-
tively related to eGFR in the direct fetuin-
A! eGFR pathway, which means that
lower fetuin-A levels are predictive of
declining eGFR or poor kidney function.
This is in agreement with epidemiological
studies,9,11,31 which showed that low
fetuin-A levels are associated with declining
kidney function.

Cottone and colleagues11 noted that the
functions and regulatory mechanisms of
fetuin-A are complex and may seem to
differ on the basis of the pathophysiologic
characteristics of the population being stud-
ied. Some studies have demonstrated that
inflammatory processes are increased in
CKD, even in the early stages of CKD,
and that the inflammatory processes trig-
gered by inflammatory markers such as
CRP and adiponectin are linked to endo-
thelial dysfunction (ED).11,32 Moreover,
the deleterious pro-oxidative effects of UA
can worsen endothelial function.33,34

Table 3. Estimation of average causal mediation effects using bootstrapping.

Paths Effect SE Z P-value 95% CI

Fetuin-A! eGFR (direct effect) �0.00721 0.00260 �2.77 0.006 �0.01190, �0.00247

BMI-mediator

Fetuin-A!BMI! eGFR 0.000864 0.000353 2.45 0.014 0.00025, 0.00163

Fetuin-A!BMI!UA! eGFR �0.00132 0.00022 �5.99 <0.001 �0.00177, �0.00092

Fetuin-A!BMI!DM! eGFR �0.000165 0.000674 �0.24 0.807 �0.00149, 0.00116

Fetuin-A!BMI!HT!eGFR �0.00139 0.000416 �3.35 0.001 �0.00237, �0.00069

Fetuin-A!BMI!UA!DM! eGFR 0.000018 0.000076 0.23 0.817 �0.00005, 0.00028

Fetuin-A!BMI!UA!HT!eGFR �0.00015 0.000054 �2.77 0.006 �0.00028, �0.00007

Fetuin-A!BMI!UA!DM!HT!eGFR 0.000119 0.000055 2.16 0.031 0.00005, 0.00028

UA mediator

Fetuin-A!UA! eGFR �0.00089 0.00067 �1.35 0.177 �0.00216, 0.00039

Fetuin-A!UA!DM! eGFR 0.00001 0.00007 0.17 0.863 �0.00006, 0.00024

Fetuin-A!UA!HT!eGFR �0.00010 0.00009 �1.18 0.237 �0.00031, 0.00003

Fetuin-A!UA!DM!HT!eGFR 0.00008 0.00007 1.11 0.269 �0.00002, 0.00032

DM mediator

Fetuin-A!DM! eGFR �0.00033 0.00139 �0.24 0.812 �0.00332, 0.00230

Fetuin-A!DM!HT!eGFR �0.00223 0.00113 �1.97 0.049 �0.00535, �0.00066

HT mediator

Fetuin-A!HT!eGFR �0.00192 0.00118 �1.64 0.102 �0.00459, 0.00008

SE, standard error; 95% CI, 95% confidence interval; eGFR, estimated glomerular filtration rate; BMI, body mass index;

UA, uric acid; DM, diabetes mellitus; HT, hypertension.
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Human fetuin-A, also known as AHSG,
is encoded by the AHSG gene, which is
located on chromosome 3 (3q27),35 and it
is mainly secreted by hepatocytes and
adipose tissues. As a multi-functional circu-
lating glycoprotein, fetuin-A has both
pro-inflammatory and anti-inflammatory
functions as well as anti-calcifying proper-
ties.36 Thus, its effects may sometimes
appear contradictory in different body
systems.37 As an acute phase anti-
inflammatory protein, fetuin-A acts as an
acute phase reactant in the extra-cellular
space to attenuate inflammatory responses.
Therefore, in patients with early stages of
kidney disease, fetuin-A levels may be
normal or slightly elevated. However,
when the inflammatory process is pro-
longed, pro-inflammatory cytokines such
as CRP, downregulate or inhibit fetuin-A
synthesis, thereby attenuating the protective
effect of fetuin-A.38 This may explain the
low levels of circulating fetuin-A, which is
observed in CKD. Moreover, although not
consistently demonstrated, variations in
fetuin-A levels may also be determined by
genetic polymorphisms independent of
inflammation.39

Previous evidence showed higher fetuin-
A levels in obese compared with non-obese
people regardless of their DM status,40 and
this relationship may be explained through
several mechanisms including generating
insulin resistance through the endogenous
inhibition of the insulin receptor tyrosine
kinase,20,41 reducing hepatic insulin sensi-
tivity,42 and inhibiting glucose transporter
type 4 translocation, glucose uptake, and
glycogen synthesis in skeletal muscle
cells.43,44 Additionally, fetuin-A might
reduce peroxisome proliferator-activated
receptor c and adiponectin release through
a mechanism that causes disruption of the
silent information regulator 1 and AMP-
activated protein kinase sensors, which
play essential roles in adipocyte
metabolism.18

Being overweight or obese is a known
risk factor for CVD45 and declining
kidney function.46 Additionally, overweight
or obesity are highly associated with other
CVD risks such as UA,47 DM,48 and HT.49

For our EGAT cohort, the indirect effect of
fetuin-A on eGFR that was mediated
through BMI, i.e., the fetuin-
A!BMI! eGFR pathway, was signifi-
cant, and it had a coefficient of 0.00086
(0.00025, 0.0016). This suggests that for
every one unit increase in BMI that results
from increasing fetuin-A, eGFR is signifi-
cantly increased by 0.00086mL/minute/
1.73m2.

Moreover, obesity is associated with sev-
eral major CKD risk factors such as DM,
HT, and atherosclerosis,49,50 and evidence
from both epidemiological and pathological
investigations have shown that obesity
invariably contributes to CKD directly or
indirectly.46,51 Subjects with severe obesity
have been found to develop proteinuria
with evidence of renal pathologic changes
such as podocyte hypertrophy, mesangial
expansion, glomerular enlargement, and
focal segmental glomerular sclerosis even
in the absence of DM and HT.51 It is
hypothesized that obesity contributes to
CKD development through different mech-
anistic pathways that include glomerular
hyperfiltration, activation of the renin–
angiotensin system, insulin resistance, and
direct lipotoxicity.52

There has been no general consensus on
the relationship between BMI and fetuin-A,
and in our EGAT study population, we
recorded only a slight increase in the mean
BMI from a baseline value of 24.0� 3.7 kg/
m2 to 24.8� 3.8 kg/m2 at the 5-year follow
up survey. Thus, our findings, which are
specific to our EGAT cohort, are consistent
with findings by Stefan et al.53 and Kaushik
et al.54 This may result from genetic factors
or other socio-demographic variables that
we may not have explored in our study. It
is equally plausible that the marginal
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increase in BMI over the 5-year follow-up
period is not sufficient to cause a significant
decline in kidney function, but rather, it
shows that BMI in our context may play a
protective role instead. This requires further
exploration with a longer follow-up period
for our cohort.

The result of our mediation analysis
involving the BMI, UA, and HT pathways
showed a significant effect of fetuin-A
on eGFR through the fetuin-A!BMI!
UA! eGFR and fetuin-A!BMI!
HT! eGFR pathways, respectively. This
suggests that for the fetuin-A!BMI!
UA! eGFR pathway, every unit of
fetuin-A increase would increase the BMI
and UA risk resulting in a decrease in
the eGFR of 0.00132mL/minute/1.73m2.
Similarly, for the fetuin-A!BMI!
HT! eGFR pathway, increasing fetuin-A
would increase the BMI and HT risk, caus-
ing a decrease in the eGFR of 0.00139mL/
minute/1.73m2. The effects of fetuin-A
could also be mediated through DM and
HT, causing a decrease in the eGFR.

DM and HT are comorbid conditions
that are frequently associated with poor
kidney function.55 The role of DM in the
pathogenesis of kidney disease has been
established by epidemiological studies,
which showed that older subjects with a
longer duration of DM have a higher risk
of developing CKD and that approximately
40% of patients with DM developed
impaired kidney function, albuminuria, or
both.56

Fetuin-A has been implicated in the vas-
cular inflammatory processes related to the
etiology of complex diseases such as
CVDs57 and DM.20 Although some studies
have been conducted to assess the relation-
ship of fetuin-A with CKD morbidity and
progression,11 and mortality,58 its role in
the etiology of kidney disease remains
unclear.

Some observational studies have shown
that increasing fetuin-A levels are

associated with both improvements in the
CKD status59,60 and ED.31 ED is consid-
ered to be a major causal pathological
mechanism of CKD.11,61 ED has also been
implicated in the pathophysiology of differ-
ent forms of complex phenotypes such as
HT/coronary artery disease,62 DM,63 and
CKD,59 which might be associated with
the ED vascular inflammatory processes.
Additionally, fetuin-A levels were
significantly increased after kidney
transplantation compared with the pre-
transplantation levels,64 but this was not
found in the study by Schaible et al.65

Further study is required to explore a
causal association between fetuin-A, ED,
and CKD.

Our study has some strengths. We
assessed both the direct causal effect of
fetuin-A on kidney function and the effects
that were mediated through known risk fac-
tors of kidney function including BMI, UA,
DM, and HT. We applied a multiple-
mediation analysis to determine possible
causal pathways and effects of fetuin-A on
eGFR. We used the EGAT cohort to dem-
onstrate the causal pathways that fetuin-A
could have on kidney function through
multiple mediator pathways, adjusting for
covariables, which were obtained during
the baseline and follow-up visits.

A few limitations of this study should be
noted. We used longitudinal data from the
EGAT cohort, but fetuin-A was measured
only once because of budget limitations. We
considered intermediate mediators and also
used eGFR as a surrogate outcome of
declining kidney function instead of end-
clinical outcomes because the 2009 EGAT
cohort had been followed-up for only
5 years (i.e., the first follow-up visit). We
assessed a causal pathway of fetuin-A and
eGFR on the basis of data from 2305 par-
ticipants in the EGAT cohort. We did not
calculate the sample size before the study,
but we used a rule-of-thumb of 30 partici-
pants for each predictor and for each causal
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pathway. Thus, at least 450 participants
were required for at least 15 predictors
that were included in each causal equation.
However, a causal effect was a product of
coefficients that required a large sample size
to detect a causal effect through each path-
way. For example, over 10 million partici-
pants may be required to detect a causal
effect of 0.000864 via the fetuin-A!
BMI! eGFR pathway to achieve 80%
power of a test, given a type I error of
0.05 and eight predictors in the equation.66

The sample size in our study (2305 partic-
ipants) can be justified because our study
was not intended to detect a causal associ-
ation, but was rather, it aimed to estimate a
causal effect.67 Last, other factors such as
nutritional intake and exercise might influ-
ence the serum fetuin-A level,68 but we did
not consider them because of a lack of data.

In conclusion, fetuin-A might have a
direct effect on declining kidney function,
where increasing the serum fetuin-A might
reduce the kidney function. Additionally,
its effects might be mediated through a
BMI mediator, which might increase the
eGFR, or alternatively, it may decrease
the eGFR through the UA, DM, and HT
mediators. However, these findings need to
be further assessed in a cohort with a longer
follow-up period.

Declaration of conflicting interests

We declare that all authors have no conflict of

interest related to the study.

Funding sources

There was no external source of funding for this

study.

ORCID iD

Pawin Numthavaj https://orcid.org/0000-

0002-1369-2945

Supplemental material

Supplemental material for this article is available

online.

References

1. L�opez-Novoa JM, Mart�ınez-Salgado C,

Rodr�ıguez-Pe~na AB, et al. Common patho-

physiological mechanisms of chronic kidney

disease: therapeutic perspectives. Pharmacol

Ther 2010; 128(1): 61–81. doi: 10.1016/j.

pharmthera.2010.05.006. Epub 2010 Jun

19. PMID: 20600306.
2. Hussein N, Mahmoud O, Zahran M, et al.

Serum fetuin-A in chronic renal disease

patients: contribution to endothelial dys-

function and hemostatic alteration. J Am

Sci 2010; 6: 1098–1105.
3. Stenvinkel P, Wang K, Qureshi A, et al. Low

fetuin-A levels are associated with cardio-

vascular death: Impact of variations in the

gene encoding fetuin. Kidney Int 2005; 67:

22383–22392.
4. GBD 2015 Mortality and Causes of Death

Collaborators. Global, regional, and nation-

al life expectancy, all-cause mortality, and

cause-specific mortality for 249 causes of

death, 1980-2015: a systematic analysis for

the Global Burden of Disease Study 2015.

Lancet 2016; 388: 1459–1544. doi: 10.1016/

S0140-6736(16)31012-1. Erratum in: Lancet

2017; 389: e1. PMID: 27733281; PMCID:

PMC5388903.
5. Garofalo C, Borrelli S, Minutolo R, et al.

A systematic review and meta-analysis sug-

gests obesity predicts onset of chronic

kidney disease in the general population.

Kidney Int 2017; 91: 1224–1235. DOI:

http://dx.doi.org/10.1016/j.kint.2016.12.013.
6. Obermayr R, Temml C, Gutjahr G, et al.

Elevated uric acid increases the risk for

kidney disease. J Am Soc Nephrol 2008; 19:

2407–2413.
7. Kim K, Park S, Cho Y, et al. Higher preva-

lence progression rate chronic kidney disease

in elderly patients with type 2 diabetes melli-

tus. Diabetes Metab J 2018; 42: 224–232.

DOI: https://doi.org/10.4093/dmj.2017.0065.
8. Yu Z, Rebholz C, Wong E, et al.

Association between hypertension and

kidney function decline: the Atherosclerosis

Risk in Communities (ARIC) Study. Am J

Kidney Dis 2019; 74: 310–319.
9. Deepa P and Sasivathanam N. Serum fetuin-

A in chronic kidney disease: a promising

10 Journal of International Medical Research

https://orcid.org/0000-0002-1369-2945
https://orcid.org/0000-0002-1369-2945
https://orcid.org/0000-0002-1369-2945
http://dx.doi.org/10.1016/j.kint.2016.12.013
https://doi.org/10.4093/dmj.2017.0065


biomarker to predict cardiovascular risk. Int

J Sci Study 2016; 4: 138–143.
10. Shankar A, Sun L, Klein BEK, et al.

Markers of inflammation predict the long-

term risk of developing chronic kidney dis-

ease: a population-based cohort study.

Kidney Int 2011; 80: 1231–1238. DOI:

doi:10.1038/ki.2011.283.
11. Cottone S, Palermo A, Arsena R, et al.

Relationship of fetuin-A with glomerular

filtration rate and endothelial dysfunction

in moderate-severe chronic kidney disease.

J Nephrol 2010; 23: 62–69.
12. Blaha V, Mistrik E, Dusilova-Sulkova S,

et al. Circulating fetuin-A predicts early

mortality in chronic hemodialysis patients.

Clin Biochem 2009; 42: 996–1000.

13. Bourebaba L and Marycz K.

Pathophysiological implication of fetuin-A

glycoprotein in the development of metabol-

ic disorders: a concise review. J Clin Med

2019; 8: 2–18. DOI: https://doi.org/10.

3390/jcm8122033.
14. Nawratil P, Lenzen S, Kellermann J, et al.

Limited proteolysis of human a2-HS glyco-

protein/fetuin. Evidence that a chymotryptic

activity can release the connecting peptide. J

Biol Chem 1996; 271: 31735–31741.
15. Schlieper G, Westenfeld R, Brandenburg V,

et al. Vascular calcification in patients with

kidney disease: inhibitors of calcification in

blood and urine. in: Semin Dial 2007; 20:

113–121.
16. Hennige AM, Staiger H, Wicke C, et al.

Fetuin-A induces cytokine expression and

suppresses adiponectin production. PLoS

One 2008; 3: e1765.
17. Kundranda MN, Henderson M, Carter KJ,

et al. The serum glycoprotein fetuin-A pro-

motes Lewis lung carcinoma tumorigenesis

via adhesive-dependent and adhesive-

independent mechanisms. Cancer Res 2005;

65: 499–506.
18. Chattopadhyay M, Mukherjee S, Chatterjee

SK, et al. Impairment of energy sensors,

SIRT1 and AMPK, in lipid induced

inflamed adipocyte is regulated by Fetuin

A. Cell Signal 2018; 42: 67–76.
19. Thakkinstian A, Chailurkit L,

Warodomwichit D, et al. Causal relationship

between body mass index and fetuin-A level

in the Asian population: a bidirectional

mendelian randomization study. Clin

Endocrinol (Oxf) 2014; 81: 197–203.
20. Guo V, Cao B, Cai C, et al. Fetuin‑A levels

and risk of type 2 diabetes mellitus: a sys-

tematic review and meta‑analysis. Acta

Diabetol 2018; 55: 87–98.
21. Guarneri M, Geraci C, Incalcaterra F, et al.

Subclinical atherosclerosis and fetuin-A

plasma levels in essential hypertensive

patients. Hypertens Res 2012: 36: 1–5.
22. Miura Y, Iwazu Y, Shiizaki K, et al.

Identification and quantification of plasma

calciprotein particles with distinct physical

properties in patients with chronic kidney

disease. Sci Rep 2018; 8: 1256.
23. Mori K, Emoto M, Yokoyama H, et al.

Association of serum fetuin-A with insulin

resistance in type 2 diabetic and nondiabetic

subjects. Diabetes Care 2006; 29: 468.

24. Dabrowskaa A, Taracha S, Wojtysiak-

Dumab B, et al. Fetuin-A (AHSG) and its

usefulness in clinical practice. Review of the

literature. Biomed Pap Med Fac Univ

Palacky Olomouc Czech Repub 2015; 159:

352–359.
25. Trepanowski J, Mey J and Varady K.

Fetuin-A: a novel link between obesity and

related complications. Int J Obesity 2015;

39: 734.
26. Vathesatogkit P, Woodward M, Tanomsup

S, et al. Cohort profile: the electricity gener-

ating authority of Thailand study. Int J

Epidemiol 2012; 41: 359–365.
27. Foundation NK. CKD-EPI creatinine equa-

tion, (https://www.kidney.org/content/ckd-

epi-creatinine-equation-2009) (2009, accessed

15 May 2018).
28. Preacher K and Hayes A. Asymptotic and

resampling strategies for assessing and com-

paring indirect effects in multiple mediator

models. Behav Res Methods 2008; 40:

879–891.

29. STATACorp. Stata statistical software for

data science. 15 ed. Texas(TX): College

Station, 2018.
30. von Elm E, Altman D, Egger M, et al. The

Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for

Bassey et al. 11

https://doi.org/10.3390/jcm8122033
https://doi.org/10.3390/jcm8122033
https://www.kidney.org/content/ckd-epi-creatinine-equation-2009
https://www.kidney.org/content/ckd-epi-creatinine-equation-2009


reporting observational studies. Ann Intern

Med 2007; 147: 573–577.
31. Caglar K, Yilmaz M, Saglam M, et al.

Serum fetuin-A concentration and endothe-

lial dysfunction in chronic kidney disease.

Nephron Clin Pract 2008; 108: c233–c240.
32. Caglar K, Yilmaz MI, Saglam M, et al.

Short-term treatment with sevelamer

increases serum fetuin-A concentration and

improves endothelial dysfunction in chronic

kidney disease stage 4 patients. Clin J Am

Soc Nephrol 2008; 3: 61–68. DOI: doi:

10.2215/CJN.02810707.
33. Gersch C, Palii S, Kim K, et al. Inactivation

of nitric oxide by uric acid. Nucleos Nucleot

Nucl 2008; 27: 967–978.
34. Alshahawey M, Shaheen S, Elsaid T, et al.

Effect of febuxostat on oxidative stress in

hemodialysis patients with endothelial dys-

function: a randomized, placebo-controlled,

double-blinded study. Int Urol Nephrol 2019;

51: 1649–1657. DOI: doi: 10.1007/s11255-

019-02243-w.
35. NIH.GOV. AHSG alpha 2-HS glycoprotein

[Homo sapiens (human)], (2018, accessed

July 20).
36. Alshahawey M, El Borolossy R, El Wakeel

L, et al. The impact of cholecalciferol on

markers of vascular calcification in hemodi-

alysis patients: a randomized placebo con-

trolled study. Nutr Metab Cardiovasc Dis

2021; 31: 626–633. DOI: doi: 10.1016/j.

numecd.2020.09.014.
37. Mukhopadhyay S, Mondal S, Kumar M,

et al. Pro-inflammatory and anti-

inflammatory attributes of fetuin-A: a

novel hepatokine modulating cardiovascular

and glycemic outcomes in metabolic syn-

drome. Endocr Pract 2014; 1: 1–18.
38. Lebreton JP, Joisel F, Raoult JP, et al.

Serum concentration of human alpha2-HS

glycoprotein during the inflammatory pro-

cess: evidence that alpha2-HS glycoprotein

is a negative acute-phase reactant. J Clin

Invest 1979; 64: 1118–1129. DOI: https://

doi.org/10.1172/JCI109551.
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