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Abstract: There is now growing evidence supporting the association between renal insufficiency and accumulation
of plasma homocysteine (Hcy). However, the role of Hey in the development of diabetic nephropathy (DN) in type
2 diabetic patients is not clearly elucidated. To this end, we performed a prospective observational study in 208
patients and 49 controls. We show that baseline level of Hcy is significantly enhanced in patients with DN and is
associated with the severity of the disease. Focusing on patients at early DN stage (n = 157), after four-year follow-
up, we find that increase in plasma Hcy level correlates with greater renal failure characterized by faster decline in
estimated glomerular filtration rate (eGFR). Using a multivariate linear regression model, we show that plasma Hcy
remains significantly associated with eGFR decline after controlling for other progression promoters. Our results
support that plasma Hcy is an independent risk factor as well as an early predictor for DN progression in type 2

diabetic patients.
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Introduction

DN is a serious and progressive complication of
diabetes mellitus that affects over 30% of all
type 2 diabetic patients [1, 2]. It is a major risk
factor that accounts for the reduced life expec-
tancy of type 2 diabetic patients [2]. The first
manifestation of DN is typically the presence of
microalbuminuria, which is characterized by a
urine albumin-to-creatinine ratio (u-ACR) great-
er than 30 mg/g Cr. Without specific interven-
tions, 20-40% of type 2 diabetic patients with
microalbuminuria will progress to more
advanced stages of DN with severe renal dys-
function, and eventually to renal failure. Indeed,
recent studies have shown that DN has become
the leading single cause of end-stage renal dis-
ease (ESRD) [2, 3].

DN develops due to a complex interaction
between genetic and environmental patho-
physiological factors and is linked to a progres-
sive decline in kidney function. Accordingly,
early diagnosis of DN is critical to initiate inven-

tions and to prevent the long term damaging
effects of kidney dysfunction. Although abnor-
mal albuminuria is typically considered as an
important prognostic marker for the early
detection of DN, however, it has several limita-
tions. It has been suggested that microalbumin-
uria could only be observed after severe renal
dysfunctions, such as impaired glomerular fil-
tration barrier, have already occurred so that it
is not a good early marker [4-7]. Moreover, a
large number of diabetic patients could still
develop DN even if their urinary albumin levels
are normal, which challenges the sensitivity of
albuminuria as a specific marker for DN.
Accordingly, more sensitive and specific bio-
markers are desired to detect DN at early stage
[7-13].

Hcy is a sulfur-containing amino acid generated
by methionine demethylation and is not present
in food. It was reported that serum Hcy level is
high in patients with ESRD [14, 15]. A number
of studies also showed that enhanced plasma
Hcy level is associated with increasing urinary
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albumin excretion in diabetic patients [16-18].
There is also evidence supporting that Hcy
abundance is closely related to renal status in
the elderly. These results all suggest that Hey is
a marker of impaired renal function in diabetic
patients. However, it remains unclear whether
Hcy accumulation is playing a causative role
that precedes early renal injury, or is only a sec-
ondary effect caused by impaired renal func-
tion in diabetic patients.

We propose that this question could be eluci-
dated by examining the significance of baseline
Hcy level in predicting the progression of DN in
Type 2 diabetes at early stage of the disease.
To this end, we have performed a prospective
observational study in which type 2 diabetic
patients with normo- or microalbuminuria were
followed up for ~four years with routine mea-
surement of creatinine and urinal albumin
excretion. This allows us to investigate the
potential link between Hcy level, albuminuria
and glomerular filtration rate as well as the role
of Hey as an independent determinant for DN
progression.

Materials and methods
Subjects

A total of 208 Chinese patients with Type 2 dia-
betes diabetic patients who had been referred
to department of nephrology between 2009
and 2014 in XinXiang Central Hospital were
enrolled in this study. Diabetes status was bio-
chemically confirmed based on the WHO diag-
nostic criteria. Patients were stratified by urine
Albumin/urine Creatinine (u-ACR) into three
groups: normoalbuminuria group (<30 mg/g
Cr), microalbuminuria group (30-299 mg/g Cr),
and macroalbuminuria group (>300 mg/g Cr).
Patients with cardiovascular disease, acute
inflammatory disease or other conditions relat-
ed to nephropathy in addition to retinopathy,
neuropathy and macrovascular diseases were
excluded. Age and gender -matched nondiabet-
ic controls were randomly selected who fulfilled
the following inclusion criteria: normal glucose
tolerance (fasting plasma glucose <6.0 mmol/I
and HbA1c (A1C) <6%), normal blood pressure
(SBP <140 mmHg and DBP <90 mmHg), u-ACR
<30 mg/g Cr, Egfr >60 mL/min/1.73 m?, serum
creatinine <1.2 mg/dL, with no known history
of diabetes, renal disease or cardiovascular
disease. The study was approved by the scien-
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tific and ethic committee of Xinxiang Central
Hospital. Informed consent was obtained from
all patients and experiments were performed in
accordance with relevant guidelines.

Measurements

Fasting plasma and random spot urine were
collected from subjects at their clinic visits
when anthropometric measurements were per-
formed. Medical histories were obtained from
direct interview with the patients. Fasting plas-
ma Hcy concentration was measured using a
automated fluorescence polarization immuno-
assay (FPIA) from Abbott Diagnostics. Labora-
torial variables such as fasting plasma glucose,
glycated hemoglobin (HbA1C), plasma choles-
terol and triacylglycerol and urinary/serum cre-
atinine and were measured using conventional
laboratorial techniques.

The following Modification of Diet in Renal
Disease (MDRD) formula was used to calculate
eGFR in Chinese people [19]: MDRD = 186 x
(serum creatinine [mg/dL]) - 1.154 x (age in
years) - 0.203 x 0.742 (if female). All values
obtained from the follow-up of a same individu-
al were fit into a linear regression to calculate
the annual changes in eGFR.

Statistical analysis

Data analysis was performed using SPSS ver-
sion 15.0 (SPSS, Chicago, IL, USA) for Windows.
The significance of difference between differ-
ent groups were calculated by ANOVA, followed
by Bonferroni’s test for normally distributed val-
ues and by the Kruskal-Wallis test for nonpara-
metric values. Uni- or multivariate linear regres-
sion analyses were used to determine whether
Hcy is an independent predictor of decline in
eGFR in diabetic patients. In multivariate mod-
els the effect of Hcy was adjusted for progres-
sion promoters that were significantly associ-
ated with u-ACR abundance (model 2), or all
clinic parameters (model 3). A P value <0.05
was considered significant.

Results
Clinical characteristics

The baseline clinical characteristics of the 49
control and 208 type 2 diabetic patients are
shown in Table 1. Subjects in the normoalbu-

Int J Clin Exp Med 2015;8(7):11174-11180



Plasma homocysteine and early nephropathy

Table 1. Baseline Clinical Characteristics of control and type 2 diabetic patients stratified by albumin-

uria status

Control Normo Microal Macroal p-value
Number 49 72 85 51
Age (years) 62.16+8.84 60.47+11.44 61.79+11.84 62.07+11.08 0.223
Gender (male/female) 28/21 30/42 41/44 28/23 0.316
BMI (kg/m?) 23.33+3.85 23.68+3.92 23.18+3.97 22.57+3.78§ 0.482
Duration of diabetes (years) - 6.33£3.31 9.61+4.818 10.96+2.938 <0.001
SBP (mmHg) 117.65+9.25 121.69+15.72 124.83+11.141 129.37+12.601 0.073
DBP (mmHg) 74.46+9.34 78.25+10.29 77.59+8.04 80.56+9.37t 0.021
HbA1c (%) 4.94+0.97 7.13+1.51% 8.22+1.76% 7.95+1.76% <0.001
TCHOL 202.01+20.64 188.55+45.76 192.64+33.17 203.58+51.47 0.117
Triglyceride (mg/dL)* 126.6 (91.6-153.9)  141.3(93.4-179.5)  136.7 (110.7-163.4) 142.0 (104.1-176.8)t 0.268
LDL (mg/dL) 116.00426.01 111.67+39.04 110.61+28.98 113.67+35.56 0.591
HDL (mg/dL) 60.66+20.38 48.21+16.511 51.66+15.341 52.20+18.38 0.001
€GFR (ml/min/1.73 m?) 96.05+10.10 91.35+15.1 88.48+16.711,1 74.28+16.211,%, || .9 <0.001
u-ACR (ng/mg)* 13.3(7.2-16.3) 12.9(8.9-17.1)  94.5(55.8132.3)1,|  829.1(596.4-1076.8)t, | .#  <0.001
Homocysteine (umol/L)* 8.98+1.74 8.50+1.81 10.23+1.974, || 14.45£2.37%, || # <0.001
Hypoglycemic agents, (%) - 21 (29.2) 47 (55.3)|| 27 (53.0)| <0.001
Antihypertensive agents, (%) - 16 (22.2) 56 (55.9)|| 32 (62.7)] <0.001

Note: Data are reported as mean + SD for normally distributed values or median (interquartile range) for non-normally distributed values. P-value indicates the signifi-
cance of differences between group means as determined by ANOVA. *Logarithm-transformed values were used; tP<0.05 vs. control; $P<0.001 vs. control; §P<0.05 vs.
normo; || P<0.001 vs. normo; TP<0.05 vs. micro; #P<0.001 vs. micro. Abbreviation: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc; TCHOL, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; u-ACR, Urine

Albumin/urine Creatinine.

minuria, microalbuminuriaand macroalbumin-
uria groups were well matched with those in the
control group in terms of age, gender and body
mass index (BMI), except that BMI of patients
with microalbuminuria is slightly lower. As
expected, patients with worse albuminuria sta-
tus are more likely to have longer duration of
diabetes, higher levels of hemoglobin Alc
(HbA1c), higher systolic blood pressure (SBP)
and diastolic blood pressure (DBP). Little differ-
ence was observed for total cholesterol
(TCHOL), triglyceride or low-density lipoprotein
(LDL). We also observed a small reduction of
High-density lipoprotein (HDL) levels in normo-
albuminuria and microablbuminuria groups
than control. Consistent with reduced eGFR lev-
els in microalbuminuria and macroalbuminuria
groups, enhanced urine albumin levels are in
these patients, indicating impaired kidney func-
tion. As expected, more hypoglycemic agents
and antihypertensive agents were administrat-
ed in patients with normoalbuminuria and
macroablbuminuria.

Plasma total Hcy level is significantly en-
hanced in type 2 diabetic patients with worse
albuminuria status

As shown in Figure 1 and Table 1, there is no
difference in plasma total Hcy levels between
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control (8.98+1.74 umol/L) and diabetic
patients with normoalbuminuria (8.50+1.81
pmol/L). However, Hcy level is significantly
enhanced in patients with microalbuminuria
(10.23£1.97 pmol/L) than those with normoal-
buminuria (P<0.001, Bonferroni’'s test). Even
higher levels of Hcy are observed in patients
with macroalbuminuria (14.45+2.37 pmol/L)
than microalbuminuria (P<0.001, Bonferroni’s
test). These results are in consistent with sev-
eral prior studies, supporting that changes in
Hcy is tightly linked to dysfunction of kidney in
diabetic patients.

Baseline level of Hey is an independent predic-
tor for the progression of DN at early stage

A high number of diabetic patients are found to
have DN shortly after the diagnosis of their dia-
betes, because diabetes is actually present for
many years and damages to the kidney might
occur long before the diagnosis is made.
Accordingly, early diagnosis of DN is critical and
identification of determinants that precede
renal failure early in the course of the disease
is highly required.

We thus ask whether Hcy may function as an
early marker for the development of DN at early
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Figure 1. Plasma homocysteine levels in control and type 2 diabetic patients.
Box plot graph indicates the quartiles of the values measured in each group.
Normo: normoalbuminuria; Micro: microalbuminuria; Macro: macroalbumin-
uria. *P<0.001 vs. Micro. TP<0.001 vs. Normo (Bonferroni’s test).

Annual decline in eGFR (mL/min)

Homocysteine (umol/L)

Figure 2. Correlation between baseline homocysteine abundance and an-
nual decline in eGFR. Data from 157 diabetic patients included in the four
years’ follow-up were graphed in the scatterplot. The linear regression line
and the confidence intervals are also shown.

atinine and urinal albumin
excretion. This allows us to
obtain the annual decline in
eGFR which indicates pro-
gression of DN in these dia-
betic patients. During follow-
up, we observed a median
annual decline in eGFR of
3.52+1.46 ml/min/1.73 m?2).
As shown in Figure 2, baseline
level of Hey is positively corre-
lated with annual decline in
eGFR.

We then performed a multi-
variable linear regression
analysis to test whether base-
line level of Hey is significantly
associated with annual de-
cline in eGFR (Table 2). Using
annual decline in eGFR as a
dependent variable, in a uni-
variate linear regression mo-
del (model 1), we found that
baseline level of Hcy is signifi-
cantly correlated with annual
decline in eGFR (B = 0.393,
P<0.001). We then use a
multi-variate linear regression
model to control for the influ-
ence of potential progression
promoters that are significant-
ly linked to albuminuria status
(model 2), including u-ACR
and eGFR. Hcy remains signifi-
cantly correlated with annual
decline in eGFR (B = 0.262, P
= 0.013). After adjusting for all
clinical variables (model 3),
the correlation between Hcy
and annual decline in eGFR
is still significant (B = 0.254,
P = 0.015). Of the other
variables, u-ACR level is sig-
nificantly linked to annual
decline in eGFR (B = 0.289,
P = 0.011) and the effect
is largely independent of
Hcy. These results indicate
that high Hcy level might
play a role in the pathogene-

stage. To this end, 157 patients with normo- or sis of DN and function as an independent
microalbuminuria were followed up for 46 (40- predictor for the progression of DN at early
52) months with routine measurement of cre- stage.
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Table 2. Multiple linear regression analyses of the association between
homocysteine abundance and annual decline in eGFR. as a dependent
variable in type 2 diabetic patients

DN development in dia-
betic patients. Several in
vitro and in vivo studies
suggested that impaired

Model 1 Model 2 Model 3 , hat ,

Homocysteine (umol/L)*  0.393 (<0.001) 0.262 (0.013) 0.254 (0.015) kidney function is associ-

) ) ated with defects in renal
Duration of diabetes (years) 0.022 (0.816) 0.04 (0.686)

o 0,005 (0.954) 0.003 (0.975) Hcy clearance, probably
HbAlc (%) : : : : by affecting the transsul-
HDL (mg/dL) -0.004 (0.968) -0.016 (0.883)  firation pathway that
eGFR (ml/mln/173 m2) 0.138 (0121) 0.131 (0173) Cata|yzes Hcy into Cyste_
u-ACR (ng/mg)* 0.295 (0.01) 0.289(0.011) ine and o-ketobutyrate
Hypoglycemic agents, (%) 0.146 (0.13) 0.142 (0.168) [21]. It has also been
Antihypertensive agents, (%) -0.125 (0.244) -0.156 (0.172) shown that extrarenal
Age (years) -0.01 (0.921) !—|cy metabolisms: incluq-
Gender (male/female) 0.072 (0.459) ing the §ulfur amino acid
oomooz ek 0

ylation, i ir-

BP H . . .
SBP (mmHg) 0.098 (0.368) ed during DN develop-
DBP (mmHg) -0.168 (0.161) ment, leading to accumu-
Triglyceride (mg/dL)* 0.039 (0.699) lation of plasma Hcy. In
LDL (mg/dL) 0.055 (0.569) line with our observation

Note: Annual decline in eGFR was used as a dependent variable in the regression. Model
1: unadjusted; Model 2: adjusted for variables significantly associated with albuminuria
status in Table 1; Model 3: adjusted for all variables tested. Association between differ-
ent variables and the annual decline in eGFR are shown as Standard (3 (p-value). *Log

transformed value was used in the model.

Discussion

In this prospective observational study, we
investigated the association of total plasma
Hcy with albuminuria and its clinical applicabil-
ity in predicting decline in kidney function in
type 2 diabetic patients. In line with previous
studies [18], we showed that Hcy level was sig-
nificantly elevated in patients with micro- and
macro albuminuria. Elevated level of plasma
Hcy might result from disturbed Hcy clearance
is in the failing kidney. Accordingly, we hypoth-
esize that changes in plasma Hcy level might
be a sensitive marker for alterations observed
in the diabetic kidney and predictive of progres-
sion of DN at early stage [10, 20]. To test this
hypothesis, we performed a four-year follow-up
of diabetic patients with no sign or at early
stage of the disease characterized by normo- or
microalbuminuria. Our data show that plasma
Hcy level is a strong independent predictor for
annual eGFR decline over time. We thus sug-
gest that elevated Hcy is an early event linked
to the development of DN in type 2 diabetic
patients.

There are several possible mechanisms that
may lead to plasma Hcy accumulation during
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that baseline Hcy is an
independent predictor for
the annual decline of
eGFR, there is also evi-
dence suggesting that
enhanced Hcy is causally
linked to kidney damage in type 2 diabetic
patients [21]. Enhanced Hcy level could induce
oxidative stress, which may, result in matrix
accumulation and hypertension, and in part, in
part, be responsible for endothelial dysfunction
and impaired elastic properties of the vascular
wall [22].

Gene expression is regulated at multiple levels
[5, 23-28], genetic and/or molecular regulators
controlling the expression of enzymes critical
for homocysteine production or metabolism
might thus affect the risk of DN in these dia-
betic patients [29, 30]. For example, it is well-
known that a single SNP of methylenetetrahy-
drofolate reductase (MTHFR) gene that change
alanine to valine (p.A222V) significantly affect
baseline homocysteine level. Functional analy-
ses combined with an association study also
revealed that SNPs in the promoter region of
coactivator- associated arginine methyltrans-
ferase 1 (CARM1) gene are associated with
expression level of the gene and homocysteine
production [31]. Recently, the peroxisome pro-
liferator-activated receptor (PPARY) is identified
as a key regulator of Hcy abundance via modu-
lating Hcy turnover. PPARy agonist could pro-
mote Hcy clearance and reduces blood pres-
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sure [32]. These results establish Hcy and its
regulators as potential drug targets for DN pre-
vention and therapy.

While at present, it is premature to conclude
that high Hcy level is a causative risk factor for
DN, there is substantial indirect evidence sup-
porting its damaging effects to the kidney.
Further studies are needed to elucidate the sig-
naling pathways and regulatory networks link-
ing Hcy accumulation to DN progression [13,
33-35]. Nevertheless, in this study, we
observed that at least in a subset of patients,
significant plasma Hcy accumulation occurs
before the onset of microalbuminuria and is
tightly linked to the progression of DN, support-
ing the model that Hcy is causally linked to
renal failure in these patients. We thus suggest
that plasma Hcy is a useful marker for the pro-
gression of DN in type 2 diabetic patients at
early stage.
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