Int Urol Nephrol (2016) 48:239-248
DOI 10.1007/s11255-015-1180-0

CrossMark

@

NEPHROLOGY - ORIGINAL PAPER

Hyperhomocysteinaemia as a potential marker of early renal
function decline in middle-aged Asian people without chronic

kidney disease

Young Jin Tak'? - Dong Wook Jeong>** - Yun Jin Kim'? - Sang Yeoup Lee® -
Jeong Gyu Lee'? - Sang Heon Song’ - Kwang Soo Cha® - Yang Ho Kang™’

Received: 4 August 2015 / Accepted: 30 November 2015 / Published online: 2 January 2016

© Springer Science+Business Media Dordrecht 2015

Abstract

Purpose High levels of serum total homocysteine (tHcy),
often observed in chronic kidney disease (CKD) patients,
are a risk factor for cardiovascular disease. However, lit-
tle is known about the relationship between tHcy and renal
function in healthy individuals. We examined whether tHcy
levels are related to renal function in Asian individuals
without CKD.

Methods This cross-sectional study examined 2032 sub-
jects, aged 40—64 years. Individuals with kidney diseases
or other conditions that could affect tHcy were excluded.
Renal function was determined by estimated glomerular fil-
tration rate (eGFR) from levels of serum creatinine (sCr)
and cystatin C.

Results Age, tHcy, sCr, and cystatin C of the sub-
jects were 54.1 + 6.0 years, 9.5 (8.0-11.4) pmol/L,
0.81 £ 0.1 mg/dL, and 0.82 + 0.1 mg/L, respectively.
In a multiple linear regression analysis, tHcy was a sig-
nificant independent determinant of sCr and cystatin C in
men (B = 0.206 and B = 0.282, respectively) and women
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(B =0.247 and B = 0.229, respectively). Highest tHcy lev-
els were independently associated with increased cystatin
C (>s1.10 mg/L) with an odds ratio (OR) of 5.00 [95 %
confidence interval (CI) 2.81-8.09] and decreased eGFR
(<90 mL/min/1.73 m?) with an OR of 1.69 (95 % CI 1.36—
2.11) compared to tHcy levels in the 1st-3rd quartiles.
Conclusions Higher levels of tHcy are independently
associated with sCr and cystatin C elevation. Our study
suggests that tHcy levels may be influenced by renal func-
tion in Asian populations without CKD. Future studies are
needed to define the role of tHcy in renal function.

Keywords Cystatin C - Glomerular filtration rate -
Homocysteine - Kidney function test - Serum creatinine

Introduction

There is an increasing prevalence of chronic kidney dis-
ease (CKD), a worldwide health problem with poor
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consequences and high cost [1]. Therefore, identification of
factors responsible for the development of renal impairment
at an early stage is important in preventing the progression
towards CKD. It has been well documented that old age,
diabetes mellitus (DM), hypertension (HTN), dyslipidae-
mia, and smoking are associated with subsequent reduction
in glomerular filtration rate (GFR) [2, 3]. Despite preven-
tion and treatment of these factors, the number of CKD
patients is increasing [4]. This suggests that other factors
are involved in renal function and they must be evaluated.

Homocysteine (Hcy) is a major metabolite produced by
the transmethylation of methionine to cysteine [5]. The kid-
ney is the major organ for the metabolism and removal of
total homocysteine (tHcy) [6]. Therefore, the prevalence
of hyperhomocysteinaemia is high in about 80 % of CKD
patients [7]. However, the effects of hyperhomocysteinae-
mia in patients with normal renal function or in the earlier
stages of CKD have not been studied in detail.

It is well known that high serum tHcy levels are associ-
ated with vascular damage, including cardiovascular, cer-
ebral, and peripheral vessels, in the general population at
a rate similar to that observed in CKD patients [8, 9]. This
suggests that hyperhomocysteinaemia may lead to intrare-
nal arteriosclerotic change and a decline in renal function.
In fact, several studies have showed that hyperhomocyst-
einaemia may be a predictor of CKD [10, 11]. However, the
serum tHcy cut-off points, CKD prevalence, and selection
of markers of renal function differed among the studies.

Meanwhile, even within the normal range, reduced GFR
is known to be a major risk factor for mortality and car-
diovascular disease (CVD) [12, 13]. This underlines the
clinical importance of hyperhomocysteinaemia in the gen-
eral population, and studies into the association between
homocysteinaemia and renal function are required in indi-
viduals without CKD. Nevertheless, there are few reports
exploring the influence of hyperhomocysteinaemia on renal
function in the general population without CKD. There-
fore, the objective of our study is to evaluate the association
between serum Hcy levels and parameters for renal func-
tion in middle-aged individuals without CKD.

Methods
Study population

We conducted a cross-sectional study based on data
obtained from medical records. We included participants
aged 40—64 years who underwent a comprehensive health
examination, including examination of serum tHcy levels
(n = 2032) and kidney function, from July 2012 through
June 2014. Exclusion criteria were as follows: individu-
als with CKD (diagnosed by a doctor or GFR < 60 mL/
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min/1.73 m? for 3 months before the examination), gout,
haematuria, pyuria, or other health conditions that may
influence the tHcy level, such as cancer, liver diseases, gas-
trointestinal absorption disease, vegetarian lifestyle, or reg-
ular consumption of vitamin supplements, including vita-
min By, vitamin B,,, or folate, in the 3 months prior to the
examination. In addition, alcohol consumption may cause
a decrease in vitamin B and an increase in plasma tHcy.
Therefore, we excluded men with drinking intake >28 g/
day and women with drinking intake >14 g/day [14]. The
study protocol was approved by the Institutional Review
Board of Pusan National University Hospital (IRB No.
E-2014153).

Data collection

Subjects were asked about medication history and health-
related habits by a doctor. Smoking status was divided
into “non-smoker” or “current smoker”. The type of alco-
hol, including the type of beverage, and frequency of
drinking, as days per week, was recorded. Regular exer-
cise was defined as moderate intensity exercise more
than three times per week [15]. Patients with hyperten-
sion (HTN) were defined as those with a blood pressure
(BP) > 140/90 mmHg or receiving antihypertensive medi-
cation. Patients with diabetes mellitus (DM) were those
with haemoglobin Alc > 6.5 or fasting plasma glucose
(FPG) > 126 mg/dL or those who were taking oral hypo-
glycaemic agents or insulin. Patients with dyslipidaemia
were those with fasting total cholesterol (TC) > 240 mg/
dL; those receiving statins or fenofibrates; or those with
triglycerides greater than 200 mg/dL or high-density lipo-
protein cholesterol less than 40 mg/dL in men or 50 mg/
dL in women. While participants were seated after a 5-min
rest, BP was checked twice using an automated measure-
ment device (BP-203RV II, Colin Corp., Aichi, Japan) and
the two results were averaged. Waist circumference (WC)
was measured at the narrowest circumference between the
lower margin of the rib cage and the crest of ilium. Body
mass index (BMI) (kg/m?) was reported by dividing weight
(kg) by height in squared metres (kg/m?). The percentage
of body fat and total muscle mass (TMM) was assessed by
bioelectric impedance analysis (Inbody 3.0, Biospace Co.,
Ltd, Seoul, Korea) in a standing position. All blood sam-
ples were obtained from the antecubital vein between 8 and
9 A.M. after overnight fasting for 12 h. We collected ran-
dom midstream urine samples from all subjects. Lipid pro-
files and uric acid (UA) levels were analysed with the enzy-
matic colorimetric method using the Toshiba TBA200FR
(Toshiba Co. Ltd., Tokyo, Japan). FPG was analysed
using the glucose oxidase method using a Synchron LX
20 (Beckman Coulter, Fullerton, CA, USA). Blood urea
nitrogen was analysed using a kinetic test by urease and
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glutamate dehydrogenase in a commercial enzymatic kit
(Modular-DP, Roche, Basel, Switzerland).

Measurement of serum total homocysteine

To measure tHcy levels, venous blood samples were drawn
from participants during the examination. Serum tHcy was
measured by enzyme cycling using a Hitachi 7180 Auto-
matic Analyzer (Hitachi, Japan). The Eone Reference
Laboratory reported that the inter-assay and intra-assay
coefficients of variation were less than 10 %. According
to current clinical literature, hyperhomocysteinaemia was
defined as a serum tHcy > 12 wmol/mL [16, 17].

Renal function measurement

Serum creatinine (sCr) was analysed by kinetic colorimet-
ric assay based on a modified Jaffe method with a com-
mercial enzymatic kit (Modular-DP, Roche, Basel, Swit-
zerland). GFR estimated from sCr (eGFR), serum cystatin
C, and urine protein were used for determination of renal
function. We calculated the eGFR using the following
equation from the Modification of Diet in Kidney Dysfunc-
tion Study (MDRD) [18].

eGFR (mL/min/1.73m?) = 186.3 x sCr~ 1154

X age_o'203 (x0.742 for women)

Serum cystatin C was analysed by turbidimetric immunoas-
say (HBI Co., Ltd., Seongnam, Korea) using the Modular
Analytics E170 (Roche Diagnostics, Basel, Switzerland).

Data analysis

Statistical analyses were conducted using SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). Since tHcy
and FPG levels were not normally distributed, the values
were log-transformed. Each subject was divided into quar-
tiles based on tHcy levels. For comparison of variables
between four groups, we performed one-way analysis of
variance (ANOVA) followed by Scheffe’s post hoc test.
The Chi-squared test was used for analysis of the categori-
cal variables. We also used Pearson’s correlation analysis
to examine the association between sCr or cystatin C and
tHcy. Simple linear regression analysis was conducted to
determine the individual effects of sex, age, body compo-
sition on sCr or cystatin C. Subsequently, we performed
a multiple linear regression analysis to identify whether
tHcy levels are an independent determinant of sCr or cys-
tatin C levels. Variables shown as P < 0.05 in the simple
linear regression model were included as covariate factors
in a multiple linear regression model. In addition, a cystatin
C cut-off value of 1.10 mg/L was used to separate worse

and better outcomes [19]. The odds ratio (OR) of cysta-
tin C > 1.10 mg/L. was computed using a multiple logis-
tic regression analysis among the tHcy status groups after
adjusting for confounders. If P values were <0.05, results
were considered statistically significant.

Results
Clinical characteristics of the study subjects

A total of 2032 adults (1170 men and 862 women) aged
40-64 years were included in our study. The characteris-
tics of the study subjects according to sex are presented
in Table 1. On average, renal function of most study sub-
jects was near normal. In comparison with women, men
had higher prevalence of HTN, DM, and higher UA levels.
Likewise, serum tHcy levels were higher in men than in
women.

Differences among groups according to the quartile
of serum total homocysteine

The clinical characteristics of the participants according
to the quartile level of tHcy are presented in Tables 2, 3.
Men with the highest tHcy levels had higher WC, body fat,
SBP, DBP, and UA and were more likely to have HTN and
be current smokers and alcohol drinkers (Table 2). Women
with the highest tHcy levels tended to be older and more
likely to have HTN, be alcohol drinkers, and have higher
BMLI, body fat, SBP, DBP, UA compared to women in the
lowest group (Table 3).

Associations of renal function with serum total
homocysteine

In evaluation of the association between tHcy status and
renal function in both men and women, individuals with
the highest tHcy levels had higher levels of sCr, cystatin
C, and lower eGFR. However, these variables were within
the normal range of values (Tables 2 and 3). tHcy showed
a positive linear correlation with sCr (Fig. 1a) and cystatin
C (Fig. 1b). In a multivariate linear regression analysis, sCr
showed a significantly positive association with age, UA,
and tHcy in both men and women (Table 4). Cystatin C
also showed a significant positive correlation with age, UA,
and tHcy in both men and women (Table 5).

Association of hyperhomocysteinaemia with reduced
renal function

After having for sex, age, body composition, prevalence of
chronic diseases, hyperuricaemia, TC, and FPG adjusted,
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Table 1 Characteristics of Variables Total Women Men PT
subjects by sex N = 2032 N =862 N=1170
Age (year) 54.1+£6.0 54.0+£5.9 54.1+6.0 0.744
Body mass index (kg/m?) 23.7+29 22.8+29 243+2.6 <0.001
Waist circumference (cm) 82.3+83 77.6 +7.7 85.8 £ 6.9 <0.001
Total muscle mass (kg) 444+79 36.8 £3.3 50.1 £5.2 <0.001
Body fat (%) 259 +5.6 294 +4.4 232 +4.38 <0.001
Systolic BP (mmHg) 121.1 £ 16.1 117.4 £ 16.0 124.0 +15.7 <0.001
Diastolic BP (mmHg) 754 +£9.7 724 +9.6 77.5+£9.7 <0.001
Uric acid (mg/dL) 540+ 1.4 449+09 6.08 £ 1.3 <0.001
Total cholesterol (mg/dL) 202.0 £37.4 205.2 4+ 36.6 199.6 4+ 37.8 0.001
FPG (Ln mg/dL) 4.524+0.2 448 +0.2 4554+0.2 <0.001
Hypertension (%) 438 (21.6) 128 (14.8) 310 (26.5) <0.001
Diabetes mellitus (%) 192 (9.4) 40 (4.6) 152 (13.0) <0.001
Dyslipidaemia (%) 500 (24.6) 216 (25.1) 284 (24.3) 0.685
Current smoker (%) 450 (22.1) 27 (3.1) 423 (36.2) <0.001
Alcohol drinker (%) 395 (19.4) 77 (8.9) 318 (27.2) <0.001
Regular exercise (%) 499 (24.6) 226 (26.2) 273 (23.3) 0.135
Homocysteine (j.mol/L) 9.5 (8.0-11.4) 8.0 (6.8-9.2) 10.8 (9.3-12.6) <0.001
Hyperhomocysteinaemia (%)? 416 (20.5) 38 (4.4) 378 (32.3) <0.001
BUN (mg/dL) 13.9 £ 3.7 13.2+3.3 144+39 <0.001
Creatinine (mg/dL) 0.81 £ 0.1 0.67 £0.1 092 +0.1 <0.001
eGFR (mL/min/1.73 m?) 89.8(79.8-100.4)  93.6(82.4-103.8)  87.5(77.9-97.9) <0.001
Reduced eGFR < 90 (%) 1019 (50.1) 355 (41.2) 664 (56.8) <0.001
Cystatin C (mg/L) 0.81 (0.73-0.89) 0.76 (0.70-0.83) 0.84 (0.76-0.93)  <0.001
Increased cystatin C > 1.10 (%) 64 (3.15) 5(0.58) 59 (5.04) <0.001

Values are expressed as frequency (%) or mean =+ standard deviation, unless otherwise indicated

BP blood pressure, BUN blood urea nitrogen, FPG fasting plasma glucose

T Calculated by independent ¢ test or Chi-square test

# Hyperhomocysteinaemia was defined as >12 pwmol/L

ORs for risk of decreased eGFR (<90 mL/min/1.73 m?)
and increased cystatin C (>1.10 mg/L) were 1.69 and
5.00 times greater in adults with the highest tHcy levels
(tHcy > 12.6 pmol/L in men and tHcy > 9.2 pmol/L in
women) compared to those with tHcy levels in the 1st-3rd
quartiles (Table 6).

Discussion

The present study investigated the association between
serum tHcy and renal function in middle-aged individu-
als without CKD. We found that tHcy had a positive linear
association with sCr and cystatin C and a negative linear
association with eGFR after adjustment for confounders.
However, increases in cystatin C or sCr and decreases in
eGFR with increasing tHcy levels were within the normal
range of values.

In studies on the association between hyperhomo-
cysteinaemia and renal function, most of the recent
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observational results were obtained from patients with
advanced renal dysfunction [20-22]. These studies found
an independent association of hyperhomocysteinaemia
with decreasing GFR in CKD patients. Proposed mecha-
nisms for hyperhomocysteinaemia in end-stage renal dis-
ease (ESRD) include reduced clearance of tHcy second-
ary to defective kidney or extra kidney metabolism of
tHcy, and deficiencies of vitamin B ,, folate, and pyridoxal
5-phosphate [6, 20-22]. Attention has focused on tHcy as
a risk factor for CVD in CKD patients. Hyperhomocyst-
einaemia is of particular importance for CKD patients, in
which CVD is the most common cause of death [9, 12].
The risk of CVD-related mortality in CKD patients is up to
30 times higher than for the general population [9]. Inter-
estingly, traditional risk factors for CVD may not be able
to explain this high mortality rate [23]. Instead, hyperho-
mocysteinaemia may contribute to increased CVD risk in
CKD patients. Serum tHcy has atherogenic and prothrom-
botic properties [7, 8]. Moreover, tHcy triggers the biosyn-
thesis of reactive oxygen species and damage endothelial
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Table 2 Characteristics of study participants according to homocysteine quartiles in men

Variables Homocysteine quartiles P*

IstQ 2nd Q 3rd Q 4th Q
N =287 N =298 N=293 N=292

Age (year) 543+ 6.0 54.0+6.2 53.6 £ 6.0 545459 0.255
BMI (kg/m?) 24.1 £2.6 242 +£2.6 245425 244 +27 0.188
WC (cm) 84.8 + 6.6 85.6+7.2 86.1 £ 6.5 86.4+17.3 0.037
TMM (kg) 49.8 £4.9 50.1+£54 505+54 50.0+5.2 0.465
Body fat (%) 22.4 4 4.5° 22.9 4 4.240 239+ 509° 23.6 4 4.4° 0.001
SBP (mmHg) 121.2 £ 14.2% 123.1 + 15.6*° 125.2 + 16.3° 126.3 £ 16.1° <0.001
DBP (mmHg) 75.4 £ 8.9* 77.0 £ 9.6*° 78.3 £ 10.2°¢ 79.3 £9.8° <0.001
TC (mg/dL) 198.1 +35.0 195.5+359 202.2 +41.5 202.4 +38.0 0.071
FPG (Ln mg/dL) 4.55+0.21 4.55+0.20 4.54 +£0.20 4.56 +0.22 0.885
Uric acid (mg/dL) 578 £ 1.3% 591 +1.3* 6.10 £ 1.3% 6.54 £ 1.4° <0.001
Hypertension (%) 48 (16.7) 80 (26.8) 77 (26.3) 105 (36.0) <0.001
Diabetes mellitus (%) 35(12.2) 36 (12.1) 41 (14.0) 40 (13.7) 0.857
Dyslipidaemia (%) 71 (24.7) 57 (19.1) 78 (26.6) 78 (26.7) 0.105
Current smoker (%) 89 (31.0) 107 (35.9) 97 (33.1) 130 (44.5) 0.004
Alcohol drinker (%) 63 (22.0) 77 (25.8) 80 (27.3) 98 (33.6) 0.017
Regular exercise (%) 76 (26.5) 70 (23.5) 62 (21.2) 65 (22.3) 0.465
BUN (mg/dL) 14.1 £3.3* 14.1 £ 3.4% 14.1 £3.2¢ 153 £5.2° <0.001
Creatinine (mg/dL) 0.88 + 0.14% 0.90 £ 0.14%% 0.93 £0.14° 0.99 +0.19° <0.001
eGFR (mL/min/1.73 m?) 91.8 (81-101)* 88.3 (79-100)° 86.4 (78-97)° 83.4 (74-92)° <0.001
Cystatin C (mg/L) 0.79 (0.74-0.87)* 0.83 (0.75-0.92)*° 0.84 (0.77-0.93)° 0.90 (0.83-1.00)¢ <0.001

Different superscript letters a, b, c mean that there is significant difference between the quartile groups by scheffe post-hoc test

Values are expressed as frequency (%) or mean =+ standard deviation, unless otherwise indicated
Homocysteine quartiles; 1st Q <9.3,9.3 <2nd Q< 10.8, 10.8 <3rd Q < 12.6, 12.6 < 4th Q
BMI body mass index, BUN blood urea nitrogen, DBP diastolic blood pressure, FPG fasting plasma glucose, SBP systolic blood pressure, 7C

total cholesterol, TMM total muscle mass, WC waist circumference
* Calculated by ANOVA with Scheffe’s post hoc test or Chi-square test

function [16]. Hey-induced vascular injuries cause smooth
muscle hypertrophy, intimal thickening, elastic lamina
disruption, marked platelet dysfunction, and formation of
occlusive thrombi, all of which are associated with higher
risk of CVD [24].

There have been few studies in the effect of increased
tHcy values on renal function in populations with normal
or mildly reduced renal function [25]. Because tHcy causes
vascular damage, hyperhomocysteinaemia may have an
adverse effect on kidney function. Supporting this hypoth-
esis, our study found an inverse association between tHcy
levels and renal function. Patients with mild degrees of renal
dysfunction are also at increased CVD risk of a similar fate
compared to those with ESRD [26]. Known CVD risk fac-
tors, such as HTN, DM, dyslipidaemia, cannot explain this
higher risk [27]. Therefore, hyperhomocysteinaemia in indi-
viduals with mild renal dysfunction is of clinical importance.

Several studies attempted to find an inverse associa-
tion between renal function and tHcy levels throughout the
whole range of GFR values [28, 29]. However, most studies

included patients with DM [28] or advanced age in their
study subjects [29].

The mechanism underlying hyperhomocysteinaemia-
related reduced renal function is unknown. It is possible
that tHcy is easily oxidized into hydroxyl radicals and toxic
superoxide anions [9]. Excessive formation of these oxidants
would compromise the removal of free radicals by vascular
endothelial cells and cause cell membrane lipid peroxidation.
This membrane integrity damage would lead to microvascu-
lar endothelial dysfunction and degeneration [6]. Hyperho-
mocysteinaemia may also result in microvascular thrombo-
sis by stimulating oxidative stress, the nitric oxide pathway,
direct cytotoxicity, and coagulation factors [30]. The genera-
tion of microvascular thrombi causes damage to endothelial
cells and reduces glomerular filtration. Meanwhile, although
within normal range, decreased renal function may cause the
retention of metabolites, influencing metabolism of sulphur
amino acids, leading to high tHcy levels [25]. In the devel-
opment of renal impairment, hyperhomocysteinaemia may
therefore be an early marker for inflammatory processes.
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Table 3 Characteristics of study participants according to homocysteine quartiles in women

Variables Homocysteine quartiles p*
IstQ 2nd Q 3rd Q 4th Q
N=216 N=216 N=212 N=218

Age (year) 52.7 +£6.1* 53.3 £ 6.0* 54.6 +5.5° 55.5+5.9° <0.001
BMI (kg/m?) 225 +£2.9% 22.6 & 3.0*° 22.6 +2.7%0 2334+2.9° 0.008
WC (cm) 773+74 769 + 8.4 77.5+7.8 78.6 7.4 0.135
TMM (kg) 36.6 £3.3 369 +34 36.7 £ 3.6 37.0+£3.3 0.604
Body fat (%) 28.9 +£4.4% 29.0 £+ 4.6* 29.3 £ 4280 304 +4.4° 0.002
SBP (mmHg) 116.6 + 15.3 115.0 £ 15.1 118.7 £ 16.3 119.2 £ 16.7 0.020
DBP (mmHg) 71.6 £9.2¢ 712 £9.4% 73.1 +10.0° 73.8 +9.8° 0.013
TC (mg/dL) 203.2 +35.4 204.5 +38.5 207.2 + 36.1 205.9 &+ 36.2 0.688
FPG (Ln mg/dL) 4.47 +0.15 448 +£0.14 449 £0.16 448 £0.17 0.338
Uric acid (mg/dL) 422 +£0.9* 442 +0.9%° 459 +1.0°¢ 472 +£1.1¢ <0.001
Hypertension (%) 19 (8.8) 24 (11.1) 36 (17.0) 49 (22.5) <0.001
Diabetes mellitus (%) 10 (4.6) 94.2) 12 (5.7) 94.1) 0.864
Dyslipidaemia (%) 50 (23.1) 48 (22.2) 58 (27.4) 60 (27.5) 0.449
Current smoker (%) 5(2.3) 3(1.4) 8(3.8) 11 (5.0) 0.135
Alcohol drinker (%) 12 (5.6) 18 (8.3) 15(7.1) 32 (14.7) 0.005
Regular exercise (%) 48 (22.2) 58 (26.9) 57 (26.9) 63 (28.9) 0.442
BUN (mg/dL) 12.8 +£3.2¢ 12.8 +3.2%0 134 £32° 13.6 & 3.5¢ 0.016
Creatinine (mg/dL) 0.64 +0.10* 0.66 & 0.09* 0.68 + 0.10° 0.71 £0.11¢ <0.001
eGFR (mL/min/1.73 m?) 98.7 (88-112)* 96.4 (87-105)° 91.3 (81-101)>* 87.7 (78-110)¢ <0.001
Cystatin C (mg/L) 0.72 (0.67-0.78)* 0.75 (0.69-0.81)*" 0.77 (0.71-0.84)° 0.81 (0.75-0.90)° <0.001

Different superscript letters a, b, c mean that there is significant difference between the quartile groups by scheffe post-hoc test

Values are expressed as frequency (%) or mean =+ standard deviation, unless otherwise indicated
Homocysteine quartiles; 1st Q < 6.8, 6.8 <2nd Q <8.0,8.0 <3rd Q<9.2,9.2 <4thQ

BMI body mass index, BUN blood urea nitrogen, DBP diastolic blood pressure, FPG fasting plasma glucose, SBP systolic blood pressure, 7C
total cholesterol, TMM total muscle mass, WC waist circumference

* Calculated by ANOVA with Scheffe’s post hoc test or Chi-square test
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Fig. 1 Distribution of serum total homocysteine and serum creatinine (a) and cystatin C (b)
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Table 4 Independent predictors Men Women

of serum creatinine by multiple

linear regression analysis B £ SE B P B £ SE B P
Simple linear regression
Age (year) 0.001 +£0.001  0.057 0.053
TMM (kg) 0.003 £ 0.001  0.099 0.001
Body fat (%) —0.002 £0.001 —0.087 0.011
TC (mg/dL) 0.001 £0.001 0.116 <0.001  0.001 £ 0.001 0.076 0.025
Uric acid (mg/dL) 0.041 £0.003 0342 <0.001  0.029 £ 0.004 0.265  <0.001
Homocysteine (Ln pmol/L)  0.014 £0.001 0.262 <0.001  0.014 £ 0.002 0.273 <0.001
Multiple linear regression®
Age (year) 0.003 £0.001  0.100 0.001  0.001 £ 0.001 0.050 0.147
TMM (kg) 0.003 £0.001 0.107 <0.001
Body fat (%) —0.005 £0.001 —0.192 <0.001
Uric acid (mg/dL) 0.033 £0.003 0.279 <0.001  0.026 £ 0.004 0.245  <0.001
Homocysteine (Ln pmol/L)  0.011 £0.001 0.206 <0.001  0.013 &£ 0.002 0.247 <0.001
R* model 0.195 0.171

B unstandardized coefficients, B standardized coefficients, BMI body mass index, SE standard error, 7C
total cholestero, TMM total muscle mass

? In this model age, TMM, TC, uric acid, and homocysteine were included as covariates in men. In
women, age, body fat, TC, uric acid, and homocysteine were included as covariates

Table S Independent predictors

of cystatin C by multiple linear Men Women

regression analysis B + SE B P B + SE B P
Simple linear regression
Age (year) 0.051 £0.001 0.210 <0.001  0.006 % 0.001 0.300  <0.001
WC (cm) 0.003 £ 0.001 0.139  <0.001  0.002£0.000 0.155 <0.001
FPG (Ln mg/dL) 0.065 £ 0.024  0.091 0.008
Uric acid (mg/dL) 0.034 £0.003 0313 <0.001  0.033+0.004 0.301 <0.001
Homocysteine (Ln pmol/L) ~ 0.017 £0.001 0355 <0.001  0.017+0.002 0.324  <0.001
Multiple linear regression®
Age (year) 0.006 £ 0.001  0.256  <0.001  0.005+0.001 0.247  <0.001
WC (cm) 0.003 £ 0.001  0.121 0.011
Uric acid (mg/dL) 0.028 £0.003 0.256 <0.001  0.023 £0.004 0.211  <0.001
Homocysteine (Ln pmol/L)  0.013 &£ 0.001 0.282  <0.001 0.012 £0.002 0229  <0.001
R? model 0.275 0.239

B unstandardized coefficients, 8 standardized coefficients, FPG fasting plasma glucose, SE standard error,

WC waist circumference

# In this model age, WC, uric acid, and homocysteine were included as covariates in men. In women, age,

WC, FPG, uric acid, and homocysteine were also included as covariates

Two longitudinal studies have addressed the association
between hyperhomocysteinaemia and the development of
CKD in populations with normal baseline renal function
[10, 11]. Ninomiya et al. [10] examined 1477 Japanese
individuals aged 40 years or older with 5 years of follow-
up examinations and found that elevated tHcy levels were
significantly associated with the incidence of CKD in
women but not in men after adjustment for baseline sCr
levels. However, serum tHcy levels were determined in

this study using samples frozen for 12 years. Conversely,
a second study on 3602 people (mean age, 44 & 8.8 years)
at a screening centre in Israel showed that both women
and men with elevated tHcy level experienced accelerated
renal function deterioration with a risk of about 4.85 over
a median follow-up time of 7.75 years [11]. However, this
result may not apply to the Asian population, since relevant
factors of serum Hcy levels, such as dietary intake, vitamin
consumption, and body composition, may differ between
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Table 6 Odds ratio for
impaired renal function in the
group with homocysteine level

Homocysteine status

eGFR (<90 mL/min/1.73 m?)
OR (95 % CI)

Cystatin C (>1.10 mg/L)
OR (95 % CI)

in the highest quartile Model 1

Group with tHey in the 4th Q*
Group with tHcey in the 1st-3rd Q
Model 2

Group with tHcy in the 4th Q
Group with tHcy in the 1st-3rd Q
Model 3

Group with tHey in the 4th Q
Group with tHcy in the 1st-3rd Q

5.51 (3.36-9.06) 1.96 (1.59-2.42)
1 1

5.09 (3.08-8.42) 1.81 (1.46-2.28)
1 1

5.00 (2.81-8.09) 1.69 (1.36-2.11)
1 1

Model 1 adjusted for sex, age; Model 2 adjusted for sex, age, and uric acid; Model 3 adjusted for age, sex,
uric acid, prevalence of chronic diseases, health-related habit, body compositions, total cholesterol, fasting

plasma glucose

CI confidence interval, OR odds ratio

* Homocysteine >12.6 wmol/L in men and homocysteine >9.2 pmol/L in women

races [31]. Moreover, these two previous studies had a
common limitation in the selection of eGFR as marker of
renal function.

In our study particularly, tHcy was the strongest deter-
minant of cystatin C. Our findings showed that the risk of
impaired renal function (cystatin C > 1.10 mg/L) in a mid-
dle-aged population with tHcy level in the highest quartile
was 5.0 times higher than in people with tHcy levels in the
Ist-3rd quartiles. Results from the literature indicate that
the effect of GFR based on cystatin C on tHcy differs with
the population studied [29, 32]. To the best of our knowl-
edge, we firstly found positive association between tHcy
and cystatin C in large-scale population without CKD.

Cystatin C, also known as y-microprotein, is an Hcy
protease inhibitor produced by nucleated cells. This micro-
protein is a light molecular weight, non-glycosylated pro-
tein present in various nucleated cells and throughout the
humoral fluids [19]. The synthesis of cystatin C is nor-
mally constant and not strongly affected by sex, age, diet,
or inflammatory responses. Circulating cystatin C only is
filtered by the kidneys and is almost completely reabsorbed
and metabolized by the glomerular proximal tubule with-
out returning to the blood circulation. Tubular epithelial
cells cannot secrete cystatin C. Even minimal glomerular
damage may cause a significant increase in serum cystatin
C level [29]. Consistent studies suggest that cystatin C is
better indicator of GFR than sCr, particularly for the early
detection of GFR decreases [33]. Therefore, cystatin C is
considered to be a more accurate marker for GFR. As a spe-
cific Hey protease inhibitor, cystatin C can inhibit Hcy deg-
radation and raise serum tHcy levels [34]. Cystatin C will
synergize with Hcy and have an adverse impact on micro-
vascular endothelia. Our finding suggests that elevated
tHcy may contribute to early changes in renal dysfunction,
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leading to higher cystatin C in middle-aged populations
without CKD.

Several factors such as vitamin deficiency and exces-
sive alcohol drinking are known to cause the increase in the
plasma level of tHcy [14, 31]. As hyperhomocysteinaemia
is known as the marker for vascular disease, elevated level
of tHcy may cause adverse effects in renal microvascular
circulation and could possibly lead to the development of
renal impairment. Early detection and interventions for
reversible risk factors in mild stage of renal dysfunction
are clinically important in order to prevent the progression
to irreversible CKD. If hyperhomocysteinaemia may be
served as the marker for decreased renal function as to our
suggestion, tHcy lowering treatment can be recommended
as the preventive strategy to reduce the risk of progression
to CKD. In addition, our results propose that elevated tHcy
may be a treatable risk factor in explanation of the heavy
burden of CVD associated with kidney disease.

Our study has several limitations. First, we included only
individuals who visited a local university hospital as study
subjects, which may not represent the general population.
Because it is a cross-sectional study, determination of a
causal relationship among variables was difficult. Although
we conducted careful chart review and 1:1 interview by
doctor for exclusion individuals with CKD, it might be not
sufficient enough to find the people with unknown CKD
due to once laboratory examination. Moreover, we did not
examine levels of vitamin B and folate directly. Vitamin
deficiency contributes to a higher risk of hyperhomocyst-
einaemia [31]. However, there are contradictory findings
from other investigators on the effects of renal function and
vitamins on tHcy. This may be explained by a multitude of
factors, including various dietary habit, different prevalence
of vitamin deficiency in the investigated study groups, and
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the severity of renal dysfunction in the participants [14, 31,
35, 36].

Conclusions

In conclusion, higher levels of tHcy were associated with
increased sCr and cystatin C in middle-aged individuals
without CKD. These associations persisted after adjust-
ment for age, body composition, chronic diseases, and
health-related habits. Our results add credence to the evi-
dence from previous studies that tHcy could be a possible
biomarker for renal diseases. We suggest that, in popula-
tions without CKD, tHcy levels may be influenced by renal
function and hyperhomocysteinaemia may be a significant
early marker for the detection of renal dysfunction in the
general population. To date, detection of CKD in the gen-
eral population has been limited to measurement of micro-
albuminuria or sequential monitoring of GFR [2, 3]. If the
mechanisms underlying the relationship between tHcy and
renal function are clarified in prospective randomized clini-
cal trials, timely intervention for hyperhomocysteinaemia
at an early stage of renal dysfunction may be helpful in pre-
venting and delaying the progression of CKD.
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