Serum homocysteine level is positively associated with chronic kidney disease in Chinese
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ABSTRACT

Background Both hyperhomocysteineremia and chronic kidney disease (CKD) increased the risks of cardiovascular disease. In this study, we investigated the association between serum homocysteine level and CKD.
Materials and methods A total of 1581 participants were recruited from a health check-up center in a tertiary hospital in Taiwan during 2006 to 2008. Serum homocysteine levels were divided into two groups with cut off value of 12.24 µmol/L. Estimated Glomerular filtration rate (eGFR) was calculated by Modification of Diet in Renal Disease equation and we defined eGFR below 60 mL/min/1.73 m2 as CKD. Multivariate logistic and linear regression analyses were used to estimate the associations between serum homocysteine levels and kidney function.
Results Subjects with elevated homocysteine level were older, and had higher body mass index, blood pressures, fasting plasma glucose, total cholesterol, triglycerides, and eGFR than those with normal serum homocysteine level. Using multiple logistic regression analyses, after adjustment for age, sex, lifestyle habits (smoking, alcohol consumption, and betel nut chewing), chronic diseases (hypertension, diabetes, dyslipidemia), the odds ratio (95% confidence interval) of having CKD was 5.76 (2.99-11.1) among subjects with elevated serum homocysteine level compared to subjects with normal serum homocysteine level. The significant increase in odds ratios for CKD in progressive homocysteine levels reveals a dose-response effect. After adjustment for confounders, using multiple linear regression analyses, serum homocysteine level was significantly and negatively correlated to eGFR.

Conclusions Elevated serum homocysteine level was closely associated with CKD. Serum homocysteine level was negatively association with eGFR. 
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Introduction
Ischemic heart disease and stroke are top 2 cause of death in the world, especially in the high-income countries1. According to the estimation from World Health Organization, there were 23.6% of deaths in the world due to above two major diseases in 20081. Thus, identifying potential risk factors for cardiovascular disease (CVD) and associated mechanism linking these risk factors have become an urgent research topic in the world. Hyperhomocysteinemia was recognized as an independent factor for CVD and deep vein thrombosis.2-5 Besides, chronic kidney disease (CKD) was demonstrated as a risk factor for CVD disease mortality.6 Shankar et al. found that subjects with chronic renal disease have higher serum homocysteine level than those normal renal function.7 Another prospective study done by Ninomiya et al., they found that subjects with higher tertiles of plasma homocysteine levels would have increasing incidence of CKD, compared to subjects with lower tertiles.8 Other studies also reported that elevated serum homocysteine levels was an important factor for predicting cardiovascular events among subjects with advanced kidney disease, ESRD, chronic stable renal transplant recipients.9-11 Although these studies addressed the association between serum homocysteine level and CKD, most of them were done for Caucasians. Our aim was to investigate the association between serum homocysteine level and renal function and CKD among Chinese.

Subjects and Methods

Study Subjects

Study subjects were recruited from health screening center in a tertiary hospital in Taiwan from January 1st, 2006 to December 31st, 2008 as previous report12. Subjects received a completed healthy check-up, completed a structured questionnaire and signed the informed consent for participating in the study. A total of 1581 subjects who completed the laboratory measurement including serum homocysteine level and questionnaire were collected. Ethics approval for patient recruitment and analyzing the data was obtained from the Institutional Review Board of China Medical University Hospital in Taiwan.

Measurements

Homocysteine levels were measured using reagent of IMMULITE 2000 immunoassay system (Siemens AG, Erlangen, Germany). We defined serum homocysteine level below 12.42 μmol/L as normal homocysteine group, and those more than or equal to 12.42 μmol/L as elevated homocysteine group. Information about medical history, current medication, and personal lifestyle of participants was collected via self-report questionnaire, with assist from trained nurses. Alcohol consumption, smoking status, and betel nut chewing habit were classified into never, former, and current. Systolic blood pressure (SBP), diastolic blood pressure (DBP), height, and weight were recorded. Body mass index (BMI) was calculated. Mean arterial pressure (MAP) = (SBP + 2x DBP)/3. Blood samples were collected from an antecubital vein after at least a 12-hour overnight fast. Biochemical markers such as total cholesterol (TCHOL), high-density lipoprotein cholesterol (HDL-C), triglyceride, fasting glucose, were analyzed by a biochemical autoanalyzer (Beckman Coulter, Lx-20, USA). Renal function was evaluated by estimated glomerular filtration rate (eGFR), which was estimated using the Modification of Diet in Renal Disease formula as follows: eGFR (mL/min/1.73 m2) = 186 x (serum creatinine (mg/dL))-1.154 x (age)-0.203 x (0.742 if female)13. CKD was defined as eGFR < 60 mL/min / 1.73 m2 13. Diabetes was defined as a fasting glucose ≥ 126 mg/dL and/or taking oral hypoglycemic agents or insulin. Hypertension was defined as a SBP ≥ 140 mmHg, and/or a DBP ≥ 90 mmHg, and/or and taking anti-hypertensive drugs. Dyslipidemia was defined as a TCHOL ≥ 200 mg/dL and/or triglycerides ≥ 150 mg/dL and/or HDL-C < 40 mg/dL in men and <50 mg/dL in women and/or taking anti-dyslipidemia drugs. 

Statistical Analyses

Statistical analysis was performed using SPSS statistical software package for Microsoft Windows (version 17.0, SPSS Inc. Chicago, IL, USA). The data are presented as means and standard deviation or percentage unless indicated otherwise. Student’s t-test and analysis of variance (ANOVA) were used to compare mean values. Variables with significant deviation from normal distribution were log transformed and assessed by a Kolmogorov–Smirnov test before further analyses. The Pearson’s χ2 test was used to compare the differences in the categorical variables (such as smoking, alcohol drinking, betel nut chewing) across normal homocystiene/elevated homocysteine groups or normal kidney/CKD groups. Multiple logistic regression analyses were used to evaluate the relationship between homocysteine groups and prevalence of CKD. Multiple linear regression analyses were used to report the association between serum homocysteine level and eGFR. Multiple models were used for adjusting potential confounders such as age, gender, body mass index, chronic illness, lifestyle et al. All statistical tests were 2-sided at the 0.05 significance level.

RESULTS
  64 subjects met the definition of CKD. Subjects with elevated serum homocysteine level were older and had higher height, weight, BMI, SBP, DBP, MAP, serum albumin, fasting plasma glucose, creatine, triglycerides, prevalence of current smoking, alcohol consumption and betel nut chewing, but lower eGFR and HDL-C level than subjects with normal serum homocysteine levels (Table 1). As shown in Table 2, subjects with CKD were older and had higher SBP, fasting plasma glucose, serum homocysteine levels, but lower HDL-C level and prevalence of current smoking than subjects with normal renal function. In Table 3, after adjustment for age, gender, social habit (smoking, alcohol consumption, betel nut chewing), BMI, MAP, fasting plasma glucose, triglycerides, HDL-C, multiple linear regression analyses revealed that serum homocysteine level was significantly and negatively associated with eGFR.
Using multiple logistic regression analyses with adjustment for potential confounders, the adjusted odds ratio (OR) for CKD were higher among subjects with elevated homocysteine level than among those with normal homocysteine level (models 1-3, Table 4). The adjusted OR (95% confidence interval) was 5.43(2.80-10.52) (model 3, Table 4). To further clarify the dose response effect, we further divide elevated serum homocysteine level into mild elevated homocysteine and severe elevated homocysteine level equally. Compared to subjects with normal serum homocysteine level, the adjusted ORs for mild and severe elevated homocystein level were 4.07(1.72-9.60) and 6.73(3.15-14.41), respectively (model 3, Table 4). The increasing ORs for CKD with higher serum homocysteine level demonstrated a dose-response effect (p < 0.05). 

DISCUSSION
  In this cross sectional study, we demonstrate that serum homocystein level was negatively correlated to eGFR and subjects with elevated homocysteine level were positively associated with subjects with CKD. The significant increase in odds ratios for CKD in progressive homocysteine levels reveals a dose-response effect. Previous studies reported that elevated homocystein level was an independent factor for CVD, stroke, and CVD mortality among general population, subjects with CKD, ESRD, and chronic stable renal transplant state. For example, Ninomiya et al. reported that elevated homocysteine level was significantly associated with the development of CKD among general population.8 Shankar et al. also found that higher plasma homocysteine levels are associated with CKD in a community-based sample of older Australian.7 Our study results were similar to these previous studies.
Normally, homocysteine was synthesized from methionine via transmethylation with middle products of S-adenosyl methionine(SAM) and S-adenosylhomocysteine(SAH) to adenocine and homocysteine. Then it was metabolized by two pathway. One was remethylation to end product of methionine with folate cycle involved and cobalamin-dependent, the other was transulfuration by cystathionine β-synthase(CBS) and Vitamin B6 to form cystathionine, then to cysteine by γ-cystathionase and Vitamin B6, finally to Taurine with sulfate or glutathione.14 In renal failure, increasing plasma homocysteine levels could be hypothesized as increasing production via transmethylation, decreasing removal via transsulfuration or remethylation, or a decreasing excretion of homocysteine. Among people with ESRD, elevated serum homocysteine levels were attributed to a decrease in the renal metabolic clearance or extrarenal metabolic impairement.15 Previous study demonstrated higher serum homocysteine levels were caused by a decreased in GFR.16But the latter study showed different views because homocysteine was mostly bound to protein and less was filtered into kidney. High prevalence of elevated homocysteine levels was found among people with ESRD post renal transplantation.11 Elevated serum homocysteine levels did not diminish obviously after improvement of GFR among and post hemodialysis and peritoneal dialysis17. Moreover, diuretic use caused hyperhomocysteminemia among population with hypertension.18 Another study investigated that fractional extraction of homocysteine across the kidney was influenced by renal blood flow. 19 These studies all found that intrinsic derangement was related to the accumulation of homocysteine, not only GFR declining can explain it.
Some evidences found that hyperhomocysteinemia caused renal impairment. Firstly, adenosine was cleavaged from SAH to form homocysteine via SAH hydroxylase .Among condition with hyperhomocysteinemia, homocysteine burden led to less production of adenosine which was believed to associate with vasodilation, vessel remodeling, cell proliferation as well as antiplatelet and inflammatory responses,20 and a decreased in adenosine was believed to induce significantly adverse cardiovascular outcome.21 Among the relationship between adenosine and renal disease, adenosine was found to reduce GFR by constricting afferent arterioles and as a mediator involving tubuloglomerular feedback with coordinating GFR and tubular transport.22 In rat study, after methionine rich diet supplement, plasma homocysteine was increased with aorta and glomeurular sclerotic change accompanied with decreased adenosine levels.23 Oxidative stress was one of the pathogenicity of hyperhomocysteinemia. Elevated homocysteine levels may reduce NO production by direct effect or impaired glutathione peroxidas-1 function24,25, and reinforced the production of reactive oxygen species(ROS) to cause endothelial dysfunction by auto-oxidation of itself or reduction of anti-oxidant enzymes.24-28 NADPH oxidase also played an important role for ROS formation. Hyperhomocysteinemia inducing NADPH oxidase enhancement caused an increase in O2•- production and expression of the tissue inhibitor of metalloproteinase 1, then resulted in accumulation of collagen I among extracellular matrix(ECM).29 ROS synthesis from mitochondia showed positive correlation to hypertension among subjects with hyperhomocysteinemia,30 and caused endothelial dysfunction indirectly. 

   
Another reason was endoplasmic reticulum (ER) stress. ER was reproducible for protein synthesis, folding and calcium release. ER stress was recognized as condition of unfolded and misfolded protein accumulation which induced unfolded protein response (UPR). Hyperhomocysteinemia induced expression of ER stress gene, such as GRP78/BiP, GADD153, RTP etc to cause UPR.31,32 Among transgenic megsin rats, tunicamycin, A23187, and SNAP stimulated to express ER stress inducible proteins(ORP150, GRP78, or GRP94) to cause cellular injury in cultured podocyte.33 Besides, GADD153 encoded C/EBP-homologous protein (CHOP) which caused DNA damage and growth arrest. Cells defective in initiating the ER stress response in addition to overexpression of an exogenous ER chaperone BiP/GRP78 showed attenuated inducibility of CHOP. 34.The third reason was protein homocysteinylation. Protein N-homocysteinylation was formed from Hcys thiolactone and N-Hcy-fibrinogen which was demonstrated to increase atherothrombosis.35 Low density lipoprotein-N-homocysteinylation would induce protein aggregation and spontaneous precipitation, higher accumulation of intracellular cholesterol.36Therefore, more specific damage to endothelial cell was caused by lipid peroxidation and oxidative damage.37 Protein S-homocysteinylation was synthesized due to replacement of cysteine from plasma protein to Hcy. Annexin II S-homocysteinylation inhibited the tissue plasminogen activator binding and caused prothrombotic effect.38,39 The fourth reason reason was hypomethylation. HHcys resulted in AN increase of intracellular SAH, as a methyl recipient from SAM to cause DNA hypomethylation.40 During condition of chronic renal failure and uremia, intracellular SAH concentration was found.41,42 Carboxyl methylation of p21ras was related to progression of the cell cycle at the G1–S junction. P21ras hypomethylation would inhibit vascular endothelial cell growth and cause endothelial dysfunction by failing to attach to the G1 regulator to the cell membrane.43 

 There were some limitations among our study. Firstly, it was a cross sectional study and possible causality was not well clarified. Secondly, we did not define subjects with proteinuria and eGFR over 60 ml/min due to unavailable data for proteinuria. This would result in underestimating the prevalence of CKD. Thirdly, it was not national survey and it could not extend to whole country.

 In conclusion, we demonstrated that elevated serum homocysteine levels were significantly associated with subjects with CKD among Chinese. This association was independent of age, BMI, hypertension, diabetes, dyslipidemia, smoking, alcohol drinking, and betel nut chewing. Further study was necessary.
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Table 1 Baseline demographic characteristics according to homocysteine level＃.

	
	Normal homocysteine group

(n=1320)
	Elevated homocysteine group

(n=261)
	P§

	Male (n,%) 
	664 (50.3%)
	230 (88.1%)
	< 0.001

	Age (years)
	48.6±11.6
	50.8±14.9
	0.022

	Height (cm)
	163.3±8.4
	167.1±7.8
	< 0.001

	Body weight (kg)*
	65.5±12.3
	69.3±12.0
	< 0.001

	BMI (kg/m2)
	23.7±3.6
	24.8±3.5
	< 0.001

	SBP (mmHg)*
	117.9±14.4
	124.6±17.1
	< 0.001

	DBP (mmHg)*
	75.7±10.4
	79.7±11.5
	< 0.001

	MAP (mmHg)*
	89.7±11.0
	94.7±12.4
	< 0.001

	FPG (mg/dL)*
	92.6±22.2
	98.5±37.0
	0.040

	TCHOL (mg/dL)*
	199.3±38.2
	196.2±40.6
	0.154

	Triglycerides (mg/dL)*
	121.4±81.1
	155.8±110.8
	< 0.001

	HDL(mg/dL)*
	44.3±13.6
	37.3±9.3
	< 0.001

	Creatinine (mg/dL)*
	0.84±0.21
	1.08±0.29
	< 0.001

	eGFR(ml/min)*
	95.2±20.4
	80.4±19.9
	< 0.001

	Homocysteine (μmol/L)*
	8.4±2.0
	15.7±4.3
	< 0.001

	Smoking (n,%)
	
	
	< 0.001

	Current
	264(20.8%)
	80(31.4%)
	

	Former
	104(8.2%)
	43(16.9%)
	

	Never
	903(71%)
	132(51.8%)
	

	Alcohol consumption (n, %)
	
	
	0.004

	Current
	361(28.4%)
	96(37.6%)
	

	Former
	46(3.6%)
	15(5.9%)
	

	Never
	864(68.0%)
	144(56.5%)
	

	Betel nut chewing (n, %)
	
	
	< 0.001

	Current
	71(5.6%)
	34(13.4%)
	

	Former
	61(4.8%)
	15(5.9%)
	

	Never
	1130(89.5%)
	205(80.7%)
	


Data are presented as mean ± SD or n (%)
Abbreviation: WC, waist circumference; BMI, body mass index ; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose, TCHOL, total cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; 

＃Homocysteine level was divided into two groups: (1) normal homocysteine level: <12.42 mg/dL; (2) elevated homocysteine level: ≥ 12.42 mg/dL.

§Student’s test was used for comparing mean values of continuous variables between groups and Pearson χ† test was used for categorical data.

*Log transformation was used for SBP, DBP, MAP, body weight, FPG, TCHOL, TG, HDL-C, serum creatinine level, eGFR, and serum homocysteine level with significant deviation from normal distribution.

Table 2 Baseline demographic characteristics according to chronic kidney disease＃
	
	Normal (n=1516)
	CKD (n=64)
	P§

	Male (n,%) 
	849(56.0%)
	44(68.8%)
	0.044

	Age (years)
	48.2±11.8
	66.2±9.0
	0.019

	Height (cm)
	164.0±8.4
	161.1±8.4
	0.495

	Body weight (kg)*
	64.5±12.5
	64.3±11.8
	0.928

	BMI (kg/m2)
	23.9±3.6
	24.6±3.10
	0.107

	SBP (mmHg)*
	118.4±14.8
	131.3±17.4
	<0.001

	DBP (mmHg)*
	76.3±10.7
	77.2±10.8
	0.500

	MAP (mmHg)*
	90.3±11.4
	95.2±11.0
	0.001

	FPG (mg/dL)*
	93.0±24.2
	108.5±41.3
	0.001

	TCHOL (mg/dL)*
	199.0±38.5
	192.4±39.1
	0.138

	Triglycerides (mg/dL)*
	126.4±87.1
	143.4±97.2
	0.116

	HDL(mg/dL)*
	43.4±13.2
	38.5±13.3
	0.001

	Creatinine (mg/dL)*
	0.85±0.19
	1.47±0.39
	<0.001

	eGFR (ml/min)* 
	94.6±19.3
	49.1±9.7
	<0.001

	Homocysteine(μmol/L)*
	9.5±3.5
	14.1±5.9
	<0.001

	Smoking (n,%)
	
	
	0.004

	Current
	333(22.7%)
	11(18.6%)
	

	Former
	134(9.1%)
	13(22%)
	

	Never
	999(68.1%)
	35(59.3%)
	

	Alcohol consumption (n,%)
	
	
	0.509

	Current
	438(29.9%)
	19(31.7%)
	

	Former
	57(3.9%)
	4(6.7%)
	

	Never
	970(66.2%)
	37(61.7%)
	

	Betel nut chewing (n,%)
	
	
	0.711

	Current
	102(7%)
	3(5.1%)
	

	Former
	72(4.9%)
	4(6.8%)
	

	Never
	1282(88%)
	52(88.1%)
	


Data are presented as mean ± SD or n (%)
Abbreviation: WC, waist circumference; BMI, body mass index ; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose, TCHOL, total cholesterol; HDL-C, High-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease

＃CKD was defined as eGFR below 60 mL/min. eGFR was calculated from Modification of Diet in Renal Disease equation.
§Student’s test was used for comparing mean values of continuous variables between groups and Pearson χ test was used for categorical data

*Log transformation was used for SBP, DBP, MAP, body weight, FPG, TCHOL,  triglycerides, HDL-C, serum creatinine level, eGFR, and serum homocysteine level with significant deviation from normal distribution 

Table 3 Multiple linear regression models showing regression coefficient (β±S.E.) with Ln (eGFR) as dependent variable, and the other listed variables as independent variables.

	Variables
	Model 1 (R2=0.156)
	Model 2 (R2=0.301)
	Model 3＃ (R2=0.305)
	Model 4＃ (R2=0.307)

	Ln homocysteine
	-0.275±0.116‡ 
	-0.196±0.017‡
	-0.193±0.018‡
	-0.193±0.018‡

	Age
	-
	-0.007±0.000‡
	-0.007±0.000‡
	-0.007±0.000‡

	Gender
	-
	0.064±0.012‡
	0.068±0.014‡
	0.066±0.014‡

	BMI
	-
	-
	-0.003±0.002*
	-0.003±0.002*

	Ln MAP
	-
	-
	0.076±0.048
	0.067±0.048

	Ln FPG
	-
	-
	-
	0.014±0.028

	Ln triglycerides
	-
	-
	-
	0.014±0.011

	Ln HDL-C
	-
	-
	-
	0.023±0.022


*: p <0.05; †: p <0.01; ‡: p <0.001

Abbreviation: BMI, body mass index ; MAP, mean arterial pressure; FPG, Fasting plasma glucose; TCHOL, total cholesterol; HDL-C, High-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate

＃Model 3 & 4: additionally adjusted for social habit (smoking, alcohol consumption, betel nut chewing)

Table 4. Odds ratio (95% confidence interval) for chronic kidney disease in different models derived from a stepwise multiple logistic regression analysis using serum homocysteine group as independent variables, adjusted for potential confounders.
	Homocysteine group
	Model 1
	Model 2
	Model 3

	Normal
	1.00(Reference)
	1.00(Reference)
	1.00(Reference)

	Elevated
	5.52(3.00-10.17)‡
	5.21(2.73-9.93)‡
	5.43(2.80-10.52)‡

	Normal
	1.00(Reference)
	1.00(Reference)
	1.00(Reference)

	Mild elevated*
	4.13(1.85-9.24)‡
	3.90(1.65-9.21)‡
	4.07(1.72-9.60)‡

	Severe elevated*
	6.76(3.38-13.51)‡
	6.31(3.04-13.08)‡
	6.73(3.15-14.41)‡


‡: p <0.001; 
Model 1: adjusted for age and gender
Model 2: model 1 + adjusted for social history (smoking, alcohol consumption, and betel nut chewing) and body mass index

Model 3: model 2 + adjusted for chronic disease (hypertension, diabetes, dyslipidemia) 

*Elevated homocysteine group was further divided into two equal groups: mild elevated (homocystein: 12.42 to 14.35 mg/dL) and severe elevated homocysteine group (homocysteine > 14.35 mg/dL).
