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associated with increased risk of decreased eGFR [with 
a fully adjusted OR of 1.07 (95% CI 1.04–1.10) and 3.05 
(95% CI 1.71–5.46)] and CKD [with a fully adjusted OR 
of 1.04 (95% CI 1.02–1.07) and 1.62 (95% CI 1.11–2.35)], 
respectively. By contrast, neither homocysteine (per 
1 μmol/L increase) nor hyperhomocysteinemia were asso-
ciated with proteinuria in the multivariable logistic regres-
sion analysis.
Conclusions  The study revealed that hyperhomocysteine-
mia increases the risk of decreased eGFR. This suggests 
that homocysteine could be considered as a useful molecu-
lar markers for delaying the development of CKD.

Keywords  Hyperhomocysteinemia · Chronic kidney 
disease · Proteinuria · Estimated glomerular filtration rate · 
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Introduction

Chronic kidney disease (CKD) has become a major pub-
lic health problem worldwide over the past few decades, 
because it leads to end-stage renal disease (ESRD) in many 
people and is associated with an increased occurrence of 
cardiovascular disease (CVD) [1, 2]. In the USA in 2012, 
the prevalence of CKD was estimated at 13.6% and 636,905 
individuals were treated for ESRD, and the total medicare 
expenditure for all stages of kidney disease (including 
ESRD and earlier stages of CKD, but not including pre-
scription medications) was over $87 billion [3]. A recent 
national survey in China indicates that the prevalence of 
CKD in China is 10.8%, and the number of patients with 
CKD is estimated to 119.5 million [4]. Cardiovascular dis-
ease (CVD) is the main cause of mortality and morbidity 
worldwide [5]. A decreased estimated glomerular filtration 
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rate (eGFR) is associated with cardiovascular mortality 
and morbidity in both high-risk patients [6] and the gen-
eral population [7]. Microalbuminuria as well as macroal-
buminuria are important markers for the progression of 
renal dysfunction and are currently recognized as predictive 
factors for CVD [8, 9]. The rapid increase in diabetes and 
hypertension, both of which are predicted to drive epidem-
ics of CKD. But this increased risk for CKD cannot be fully 
explained by traditional factors, including age, hyperten-
sion, diabetes and dyslipidemia [10]. Methods for screening 
the risk of CKD is one fundamental strategy for the primary 
prevention of CKD, but the highest risk patients should be 
identified to maximize the benefit/cost ratio of treatments.

Previous epidemiological studies have reported asso-
ciations between homocysteine and atherosclerotic vascu-
lar disease [11, 12], and hyperhomocysteinemia has been 
recognized as an independent factor for CVD [13, 14]. But 
little is known regarding whether hyperhomocysteinemia 
can increase the risk of CKD in a Chinese middle-aged 
and elderly population. To help clarify this we conducted 
the prospective cohort study to measure the association of 
hyperhomocysteinemia with CKD.

Methods

Study population

The study population has been described in detail else-
where [15]. In brief, 5948 adults aged ≥40  years who 
received homocysteine test at baseline were followed for 
3 years. During the follow-up, 17 participants were lost to 
follow-up. Patients receiving folic acid and/or vitamin B12 
were not included in the study. The ethics committee of 
Qianfoshan Hospital approved the study. All participants 
gave written informed consent prior to data collection.

Blood biochemistry measurements and biometric 
parameters at baseline

Blood was collected by means of venipuncture after an over-
night fast of at least 10 h. Routine serum and urinary chem-
istry determinations were performed by standard automated 
techniques. Total plasma homocysteine was assessed using 
high-performance liquid chromatography (HPLC) with flu-
orescence detection. eGFR was calculated using the chronic 
kidney disease epidemiology collaboration (CKD-EPI) two-
level race equation [16]. Serum creatinine was measured by 
means of using the Roche enzymatic method on an auto-
matic biochemistry analyzer (Roche P Modular with Roche 
Creatininase Plus assy, Hoffman-La Roche, Ltd., http://
www.roche.com). Protein in urine was measured on a morn-
ing urine sample using an immediate semiquantitative urine 

protein dipstick test and graded as negative, trace, 1+, 2+, 
3+ or 4+. Subjects were considered to be proteinuric by 
repeated measures if their urinalysis showed ≥1+ on both 
initial and follow-up studies 1 or 2  weeks apart [17, 18]. 
Participants with pyuria were excluded from the analysis of 
proteinuria due to concern of urinary tract infection. Women 
during menstruation were asked to receive urine routine test 
3  days after menstruation. The pulse of waveforms of the 
right carotid and femoral arteries (cfPWV) was assessed 
using the SphygmoCor device (AtCor Medical LtD., Syd-
ney, Australia) as previously described [15].

Outcomes

The eGFRs were re-evaluated using the same strategy 
after 3-year follow-up. CKD was defined as decreased 
eGFR  <  60  mL/min/1.73  m2 or presence of proteinuria 
(urine protein  ≥  1+) assessed using a repeated dipstick 
method. 14 participants were excluded from analysis due to 
insufficient blood or urine samples, and 5917 participants 
were included in the final analysis.

Statistical analysis

Data were presented as proportions for categorical variables 
and mean  ±  SD or median [interquartile range (IQR)] for 
continuous variables. The significance of differences in con-
tinuous variables between groups was tested using one-way 
analysis of variance. The difference in the distribution of cat-
egorical variables was tested using Chi-square test. Univari-
ate and multivariate logistic regression analysis was used to 
estimate the association of hyperhomocysteinemia with CKD. 
Independent variables included age, sex, hypertension, diabe-
tes, smoking, habitual drinking, BMI, serum uric acid, cfPWV, 
homocysteine, total cholesterol, triglycerides, LDL choles-
terol and HDL cholesterol. The distribution of observed serum 
homocysteine was right skew. The upper quartile of homocyst-
eine was used as a categorical dependent variable for analyses, 
in comparison with the lower three quartiles. The 25, 50 and 
75 percentile of homocysteine was 9.8, 12.2 and 15.0 μmol/L, 
respectively. The highest homocysteine quartile (≥15 μmol/L) 
was defined as hyperhomocysteinemia.

Crude and adjusted odds ratios (ORs) with 95% confi-
dence interval (CI) were reported. All analyses were per-
formed by SPSS statistical package, version 16.0 (SPSS, 
Inc., Chicago, IL). All P-values are two tailed. A P value of 
≤0.05 is considered statistically significant.

Results

Among 5917 participants in the study, the mean age 
was 56.4 ±  9.6  years (range 40–88  years), and 74.5% of 
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them were males. The mean eGFR was 95.7 ±  12.5 mL/
min/1.73  m2. Baseline characteristics of the participants 
stratified according to the quartiles of homocysteine are 
shown in Table  1. Among all participants, the percentage 
of the serum homocysteine levels higher than 15 μmol/L 
was 25.0%. Participants with increased homocysteine 
were older and more likely to have higher serum uric acid, 
higher cfPWV and have higher percentage of hypertension 
(P < 0.001).

During 3 years of follow-up, the mean change of eGFR 
was −5.2 mL/min/1.73 m2. Altogether 143 (2.4%) patients 
developed CKD [85 (1.4%) patients with proteinuria and 

59 (1.0%) patients with decreased eGFR], with median 
change of eGFR of −5.8  mL/min/1.73  m2 (IQR, −18.9–
7.5 mL/min/1.73 m2). Comparisons of incidence of kidney 
damage according to quartiles of homocysteine are shown 
in Table  2. As a categorical outcome, the prevalence of 
decreased eGFR and the overall prevalence of CKD in the 
highest homocysteine quartile group were higher than in 
the lower three quartiles groups (P < 0.001), but the preva-
lence of proteinuria among these groups was not signifi-
cantly different (P = 0.89).

We analyzed the ORs of variables associated with kid-
ney damage. In the univariate logistic regression analysis, 

Table 1   Clinical characteristics of participants stratified according to the quartiles of homocysteine

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, BUN urea nitrogen, UA uric acid, IQR interquartile range, LDL 
low-desity lipoprotein, HDL high-density lipoprotein, eGFR estimated glomerular filtration rate, cfPWV carotid–femoral pulse wave velocity

Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value

Number 5917 1488 1513 11436 1480

Age (years) 56.4 ± 9.6 52.1 ± 8.0 55.1 ± 8.6 58.1 ± 9.4 60.4 ± 10.1 <0.001

Male (n, %) 4410 (74.5) 737 (49.5) 1118 (73.9) 1199 (83.5) 1456 (91.6) <0.001

BMI (kg/m2) 25.5 ± 3.2 24.8 ± 3.2 25.8 ± 3.1 25.6 ± 3.3 25.9 ± 3.3 <0.001

Current smoking (n, %) 4688 (65.6) 1156 (79.0) 984 (65.9) 864 (60.7) 830 (56.7) <0.001

Habitual drinking (n, %) 2971 (50.9) 550 (37.6) 764 (51.2) 808 (56.8) 849 (58.0) <0.001

Hypertension (n, %) 2446 (41.5) 409 (27.5) 579 (38.5) 661 (46.2) 797 (54.0) <0.001

Diabetes (n, %) 740 (12.5) 172 (11.6) 207 (13.7) 191 (13.3) 170 (11.5) 0.15

Blood glucose (mmol/L) 5.96 ± 1.41 5.87 ± 1.47 6.0 ± 1.51 6.0 ± 1.33 5.97 ± 1.29 0.04

SBP (mmHg) 136.9 ± 19.5 129.5 ± 17.7 135.5 ± 18.6 139.8 ± 19.6 142.8 ± 19.7 <0.001

DBP (mmHg) 70.0 ± 11.4 77.0 ± 11.4 79.3 ± 11.4 79.5 ± 11.5 80.4 ± 11.0 <0.001

Hemoglobin (g/L) 145.6 ± 13.5 139.8 ± 15.2 145.6 ± 12.4 147.6 ± 12.2 149.4 ± 12.1 <0.001

BUN (mmol/L) 5.2 ± 1.3 4.9 ± 1.2 5.2 ± 1.2 5.3 ± 1.2 5.3 ± 1.3 <0.001

Serum creatinine (μmol/L) 76.9 ± 12.2 73.4 ± 11.7 76.8 ± 12.0 77.8 ± 11.9 79.7 ± 12.3 <0.001

UA (μmol/L) 313.0 ± 88.4 288.2 ± 86.4 314.8 ± 86.9 320.0 ± 89.1 329.4 ± 85.9 <0.001

Total cholesterol (mmol/L) 5.16 ± 0.91 5.11 ± 0.87 5.16 ± 0.91 5.19 ± 0.91 5.18 ± 0.95 <0.001

Triglycerides (IQR, mmol/L) 1.22 (0.86–1.77) 1.11 (0.78–1.61) 1.25 (0.87–1.86) 1.26 (0.88–1.80) 1.30 (0.91–1.81) <0.001

LDL cholesterol (mmol/L) 3.13 ± 0.61 3.12 ± 0.58 3.14 ± 0.59 3.14 ± 0.60 3.14 ± 0.66 0.54

HDL cholesterol (mmol/L) 1.38 ± 0.26 1.41 ± 0.25 1.37 ± 0.26 1.37 ± 0.25 1.36 ± 0.26 <0.001

eGFR (mL/min/1.73 m2) 95.7 ± 12.5 100.7 ± 10.9 97.5 ± 11.3 94.3 ± 11.7 90.2 ± 13.4 <0.001

cfPWV (m/s) 15.4 ± 3.0 14.3 ± 2.7 15.0 ± 2.7 15.8 ± 3.1 16.4 ± 3.2 <0.001

Table 2   Outcomes of participants after 3-years follow-up stratified according to the quartiles of homocysteine

eGFR estimated glomerular filtration rate, △eGFR change in eGFR, deGFR decreased estimated glomerular filtration rate, CKD chronic kidney 
disease

Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value

eGFR (mL/min/1.73 m2) 90.5 ± 11.7 92.5 ± 11.7 91.3 ± 11.4 90.0 ± 11.3 88.1 ± 11.8 <0.001

ΔeGFR (mL/min/1.73 m2) −5.2 ± 10.4 −8.2 ± 9.9 −6.2 ± 9.8 −4.3 ± 10.1 −2.1 ± 10.8 <0.001

Proteinuria (n, %) 85 (1.4) 19 (1.3) 22 (1.5) 20 (1.4) 24 (1.6) 0.89

deGFR (n, %) 59 (1.0) 4 (0.27) 4 (0.26) 15 (1.0) 36 (2.4) <0.001

CKD (n, %) 143 (2.4) 23 (1.5) 26 (1.7) 34 (2.4) 60 (4.1) <0.001
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homocysteine (per 1 μmol/L increase) was independently 
associated with increased risk of decreased eGFR and 
CKD, with a crude OR of 1.08 (95% CI 1.06–1.11) and 
1.06 (95% CI 1.04–1.08), respectively. Hyperhomocyst-
einemia was also independently associated with increased 
risk of decreased eGFR and CKD, with a crude OR of 4.79 
(95% CI 2.83–8.11) and 2.22 (95% CI 1.58–3.11), respec-
tively. After adjusted for potential confounders, including 
age, sex, hypertension, diabetes, BMI, uric acid, current 
smoking, habitual drinking, total cholesterol, triglycerides, 
LDL cholesterol and HDL cholesterol and cfPWV, both 
homocysteine (per 1  μmol/L increase) and hyperhomo-
cysteinemia were independently associated with increased 
risk of decreased eGFR [with a fully adjusted OR of 1.07 
(95% CI 1.04–1.10) and 3.05 (95% CI 1.71–5.46)] and 
CKD [with a fully adjusted OR of 1.04 (95% CI 1.02–1.07) 

and 1.62 (95% CI 1.11–2.35)], respectively. If homocyst-
eine was analyzed in quartiles, a dose–response pattern was 
observed across quartiles, and the adjusted OR for the top 
quartile was 5.46 (95% CI 1.76–17.0) for decreased eGFR. 
By contrast, neither homocysteine (per 1 μmol/L increase) 
nor hyperhomocysteinemia were associated with proteinu-
ria in the univariate or in the multivariable logistic regres-
sion analysis in Table 3.

Discussion

In the current cohort study, by analyzing the data from indi-
viduals who underwent general health screening after fol-
lowed up for 3 years, it was found that hyperhomocysteine-
mia increases the risk of decreased eGFR. After adjusted 

Table 3   Multivariate logistic regression analysis for association between homocysteine with indicators of kidney damage

CKD chronic kidney disease, OR odds ratio, CI confidence interval, Hcy homocysteine, HHcy hyperhomocysteinemia, deGFR decreased esti-
mated glomerular filtration rate
a  OR1 was adjusted for age, sex, hypertension and diabetes
b  OR2 was adjusted for age, sex, hypertension, diabetes, BMI, uric acid (analyzed in sex-specific quartiles), smoking, drinking, carotid–femoral 
pulse wave velocity, total cholesterol, triglycerides, LDL cholesterol and HDL cholesterol

Participants Crude OR (95% CI) Age- and sex-adjusted OR 
(95% CI)

Multivariable adjusted OR1a 
(95% CI)

Multivariable adjusted OR2b 
(95% CI)

CKD (n = 143)

 Hcy (per 1 μmol/L 
increase)

1.06 (1.04–1.08) 1.05 (1.02–1.07) 1.05 (1.03–1.08) 1.04 (1.02–1.07)

 HHcy 2.22 (1.58–3.11) 1.70 (1.18–2.44) 1.75 (1.21–2.52) 1.62 (1.11–2.35)

Hcy (quartiles)

 Quartile 1 Ref Ref Ref Ref

 Quartile 2 1.11 (0.63–1.96) 0.98 (0.55–1.74) 0.88 (0.49–1.59) 0.87 (0.48–1.57)

 Quartile 3 1.55 (0.91–2.64) 1.16 (0.66–2.04) 1.12 (0.63–1.97) 1.07 (0.60–1.91)

 Quartile 4 2.70 (1.66–4.38) 1.81 (1.05–3.11) 1.76 (1.02–3.05) 1.60 (0.91–2.78)

Proteinuria (n = 85)

 Hcy (per 1 μmol/L 
increase)

1.03 (0.98–1.06) 1.01 (0.96–1.05) 1.01 (0.96–1.06) 1.0 (0.95–1.05)

 HHcy 1.18 (0.74–1.90) 0.97 (0.58–1.59) 1.01 (0.61–1.67) 0.92 (0.55–1.55)

Hcy (quartiles)

 Quartile 1 Ref Ref Ref Ref

 Quartile 2 1.14 (0.62–2.12) 0.99 (0.52–1.86) 0.86 (0.45–1.65) 0.86 (0.44–1.66)

 Quartile 3 1.09 (0.58–2.06) 0.84 (0.43–1.64) 0.79 (0.4–1.56) 0.75 (0.38–1.49)

 Quartile 4 1.27 (0.70–2.34) 0.89 (0.46–1.75) 0.86 (0.44–1.71) 0.77 (0.39–1.54)

deGFR (n = 59)

 Hcy (per 1 μmol/L 
increase)

1.08 (1.06–1.11) 1.07 (1.04–1.11) 1.08 (1.04–1.11) 1.07 (1.04–1.10)

 HHcy 4.79 (2.83–8.11) 3.37 (1.91–5.97) 3.35 (1.89–5.94) 3.05 (1.71–5.46)

Hcy (quartiles)

 Quartile 1 Ref Ref Ref Ref

 Quartile 2 0.98 (0.25–3.94) 0.88 (0.22–3.59) 0.89 (0.22–3.60) 0.89 (0.22–3.63)

 Quartile 3 3.92 (1.30–11.83) 2.88 (0.92–9.07) 2.86 (0.91–9.02) 2.83 (0.89–9.02)

 Quartile 4 9.26 (3.29–26.09) 6.04 (1.99–18.37) 6.0 (1.96–18.32) 5.46 (1.76–17.0)
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for potential confounders, the association of hyperhomo-
cysteinemia with decreased eGFR was still present.

Chronic kidney disease has become an important public 
health problem in China [4]. The rapid increase in diabe-
tes and hypertension, both of which are predicted to drive 
epidemics of CKD. But this increased risk for CKD can-
not be fully explained by traditional factors, including age, 
hypertension, diabetes and dyslipidemia. Homocysteine as 
a thiol-containing amino acid has gained great notoriety, 
since elevation of its plasma concentrations, a condition 
known as hyperhomocysteinemia, is correlated with many 
different diseases, in particular cardiovascular diseases [19, 
20] and ESRD [21, 22]. The serum homocysteine levels 
higher than 15 μmol/L occurs about 25.0% at baseline in 
the study. Disturbance of homocysteine–methionine cycle 
by interacting with vitamin B12 and folic acid may cause 
accumulation of homocysteine, which may play a role in 
clinical consequences such as vascular calcification, athero-
thrombosis and cardiovascular disease [23].

To date, little is known regarding whether hyperhomo-
cysteinemia can increase the risk of CKD in a Chinese 
middle-aged and elderly population. Hyperhomocysteine-
mia have been shown to be caused by a decrease in eGFR 
[24], but some studies showed that elevated serum homo-
cysteine do not decrease markedly after dialysis or renal 
transplantation [25, 26]. These studies suggest that intrin-
sic derangement is related to the accumulation of homo-
cysteine, not simply to the decline in eGFR. Conversely, 
our study subjects were participants in a large screening 
program who had no CKD at baseline. The result showed 
that hyperhomocysteinemia was independently associ-
ated with increased risk of decreased eGFR after adjusted 
for potential confounders, which revealed that hyperho-
mocysteinemia increases the risk of CKD. Specifically, 
it appears in Table  2 that ΔeGFR is lower in quartile 4 
(−2.11 ± 10.8 mL/min/1.73 m2) group than in the overall 
group (−5.2 ± 10.4 mL/min/1.73 m2). This seems to sug-
gest that hyperhomocysteinemia protects against declin-
ing GFR. Indeed, by contrast, hyperhomocysteinemia was 
positively associated with decreased eGFR in the multivari-
ate logistic regression analysis. One possible explanations 
might be that the proportion of CKD patients was higher 
in the quartile 4 group than in other three groups, and the 
CKD-EPI two-level race equation systematic underestima-
tion of measured GFR at higher values (GFR ≥  90  mL/
min/1.73  m2) and overestimation of measured GFR at 
lower values (GFR < 60 mL/min/1.73 m2) [16]. The under-
lying mechanisms deserve further investigation.

Recently, evidence is accumulating that hyperhomo-
cysteinemia may directly act on glomerular cells to induce 
glomerular dysfunction and consequent glomerular sclero-
sis, leading to ESRD [27, 28]. The mechanisms by which 
hyperhomocysteinemia may exert adverse effects on the 

kidney are not well identified. Several important mecha-
nisms mediating the pathogenic action of homocysteine 
in the glomeruli or in the kidney, such as local oxidative 
stress, endoplasmic reticulum stress, homocysteinylation 
and hypomethylation [29]. Homocysteine might lead to 
endothelial injury through generation of hydrogen perox-
ide and decrease in NO production [30] and might elicit 
inflammatory responses and impair endothelial function via 
activation of transcription factor such as nuclear factor-κB 
(NF-κB), including oxidative stress and chemokine expres-
sion causing monocyte accumulation in the vascular 
endothelium [31]. Endothelial dysfunction alters endothe-
lial properties and exerts structure and function effects on 
the target vessel and may therefore enhance inward remod-
eling. In addition, endothelial dysfunction within the glo-
merular basement membrane may modify glomerular bar-
rier permeability, thus leading to the decreased eGFR [32]. 
Han et al. [33] establish a previously unknown function of 
NOD2 for the regulation of TRPC6 channels, suggesting 
that TRPC6-dependent Ca2+ signaling is one of the criti-
cal signal transduction pathways that links innate immunity 
mediator NOD2 to podocyte injury in the hyperhomocyst-
einemia-associated end-stage renal disease. In all, we pro-
pose that hyperhomocysteinemia might be a predicator of 
CKD based on the findings of the studies.

To our knowledge, this is the largest study testing the 
association of hyperhomocysteinemia and CKD in Chi-
nese middle-aged and elderly population. However, our 
study has limitations that deserve mention. First, we had 
only baseline measurement of homocysteine and were 
unable to longitudinally assess the relationship between 
changes in homocysteine and CKD. Second, single meas-
urements of serum creatinine at baseline and serum creati-
nine after 3 years could have resulted in the misclassifica-
tion of exposure, confounders and outcomes. Also, GFR 
was not directly measured using the gold standard method 
of inulin clearance but was instead estimated with a serum 
creatinine-based equation. This could have over- or under-
estimated the actual GFR in the population. However, the 
association observed in the current study could not be 
attributed to this source of variability because random mis-
classification of this type would be likely to cause underes-
timation of study findings and bias results toward the null 
hypothesis. Third, we could not collect detailed data on the 
medications that the participants received. Fourth, in our 
study, 143 subjects developed CKD, including 142 mild-
to-moderate CKD patients and only one ESRD patient. 
We could not evaluate CKD exactly for the lack of formal 
measurement of urine albumin levels in the dipstick posi-
tive patients. These dipsticks usually afford high specific-
ity with few false-positive results. However, they afford 
low sensitivity, i.e., they may fail to detect some forms of 
kidney disease during the early stages, when the level of 
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proteinuria is below the sensitivity of the test strip used, 
which may influence the results of the study on the asso-
ciation between proteinuria and homocysteine levels. Also, 
the definition of CKD status requires a 3-month duration of 
low eGFR or kidney damage; this was presumed, not docu-
mented, in this study. Finally, since our study was obser-
vational, the possibility of residual confounding by some 
unmeasured covariate exists.

Currently, major strategies to prevent CKD are focused 
on conventional cardiovascular risk factors, and in this 
study, we showed that hyperhomocysteinemia increases 
the risk of decreased eGFR. This suggests that homocyst-
eine could be considered as a useful molecular markers for 
delaying the development of CKD. A recent randomised 
clinical trial (RCT) showed that enalapril–folic acid ther-
apy, compared with enalapril alone, can significantly delay 
the progression of CKD among patients with mild-to-mod-
erate CKD [34], which showed the possibility of nutritional 
intervention such as folate supplimentation for the possible 
prevention of CKD. More future RCTs are warranted to 
evaluate the effect of treatment of hyperhomocysteinemia 
on the occurrence and progression of CKD.
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