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Hyperhomocysteinemia predicts 
renal function decline: a 
prospective study in hypertensive 
adults
Di Xie1, Yan Yuan1, Jiangnan Guo1, Shenglin Yang1, Xin Xu1, Qin Wang1, Youbao Li1, 
Xianhui Qin1, Genfu Tang2, Yong Huo3, Guangpu Deng1, Shengjie Wu1, Binyan Wang1,4, 
Qin Zhang1, Xiaobin Wang5, Pu Fang6, Hong Wang6, Xiping Xu1 & Fanfan Hou1

Hyper-homocysteinemia (HHcy) is associated with microalbuminuria and glomerular injury in general 
and diabetic populations. However, HHcy’s role in hypertensive patients was not studied. We 
investigated whether HHcy is an independent risk factor for renal function decline and development 
of chronic kidney disease (CKD) in hypertensive men and women. This was a community-based 
prospective cohort study of 2,387 hypertensive adults without CKD at baseline, with a mean 
follow-up of 4.4 years. Baseline and follow-up levels of plasma Hcy, folate, vitamin B12, blood 
pressure and other pertinent covariables were obtained. CKD was defined as an estimated glomerular 
filtration rate (eGFR) <60 ml/min/per 1.73 m2 and an eGFR decline rate >1 ml/min/per 1.73 m2/year. 
There was a graded association between Hcy tertiles and eGFR decline. Subjects in the 3rd tertile 
of Hcy levels had an accelerated rate of eGFR decline and an increased risk of incident CKD, as 
compared with those in the 1st tertile, after adjusting for age, gender, baseline diabetes, SBP, BMI, 
smoking, dyslipidemia, eGFR, folate and vitamin B12 levels. In conclusion, in this prospective cohort 
of Chinese hypertensive adults, elevated baseline plasma Hcy can serve as an independent biomarker 
to predict renal function decline and incident CKD.

Chronic kidney disease (CKD) is a serious clinical and public health challenge globally1–3. In China, 147 
million people are affected by CKD3. Hypertension is also one of the leading causes of end stage renal 
disease (ESRD). Several studies have shown that even modestly elevated blood pressure (BP) places 
individuals at increased risk of ESRD relative to those with normal BP4–6. Therefore, early intervention 
to prevent renal injury in hypertensive population is of immense significance to prevent progression 
to CKD and ESRD. In addition to the traditional risk factors, such as age, BP, diabetes, smoking and 
hyperlipidemia, elevated plasma homocysteine (Hcy) levels, termed as hyperhomocysteinemia (HHcy), 
has emerged as an independent risk factor for the progression of CKD7,8. Experimental studies sug-
gest that HHcy induces glomerular injury through redox signaling pathways and DNA hypomethyla-
tion mechanisms9–13. More importantly, recent human studies have shown that HHcy is associated with 
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microalbuminuria in the general population and in patients with diabetes8,14,15. However, the effect of 
HHcy on renal function decline and incident CKD in hypertensive adults has not been studied.

Hcy is a sulfur-containing amino acid and an intermediate metabolite in methionine metabolism. 
Deficiency in Hcy metabolic enzymes and its co-factors, such as folate and other B vitamins, could lead 
to increased Hcy levels in both humans and mice16. It is known that methylenetetrahydrofolate reductase 
(MTHFR) is a key enzyme in folic acid metabolism that provides a methyl group for Hcy remethylation. 
The MTHFR 677TT variant impairs MTHFR function leading to the development of HHcy17. Because 
folate and other B vitamins are cofactors in the remethylation and trans-sulfuration pathways of Hcy 
metabolism, the supplementation of these vitamins has been used as an effective and inexpensive strategy 
for Hcy-lowering therapy18,19.

It is estimated that hypertensive disease affects 266 million adults in China, affecting nearly 27% of 
the adult population20. The Chinese population has a high prevalence of HHcy, particularly in the north-
ern rural areas21,22, mostly due to a combination of low dietary folate intake and a higher prevalence of 
MTHFR 677TT mutation than in western populations (25% vs. < 10%)23. Those with a high prevalence 
of folic acid deficiency (~40%) and hyperhomocysteinemia (~28%)21,22 might be at a high risk of vascular 
and renal disease as posed by HHcy and may benefit more from B vitamins supplementation. Recently, 
we demonstrated the efficacy of folic acid supplementation in primary prevention of stroke among adults 
with hypertension in China24. Therefore, studies to investigate the relationship between HHcy, B vitamins 
levels, renal function decline and incident CKD in hypertensive adults would help to identify potential 
risk factors or protectors in the prevention and treatment of CKD in this high-risk population, and are 
of great clinical and public health interest in both the Chinese population and populations elsewhere 
that share similar characteristics.

In this community-based prospective cohort study, we sought to investigate the independent effect 
of baseline Hcy, folate and vitamin B12 levels on renal function decline and incident CKD in Chinese 
hypertensive adults without baseline CKD.

Results
Cohort description.  Data from 2,387 Chinese hypertensive adults with a mean age of 60 years (range: 
45 to 76 years) and mean estimated glomerular filtration rate (eGFR) of 93.9 ml/min/per 1.73 m2 at base-
line were analyzed. The mean blood pressure at baseline and at the end of the follow-up was 168 ±  98 
and 152 ±  84 mmHg, respectively. Forty-four percent of participants received antihypertensive treatment. 
The percentage of participants achieving the target BP of < 140/90 mmHg at the end of the follow-up 
was 21.2%. At baseline, men tended to be older, more likely to be a current smoker, and had higher DBP 
and lower serum total cholesterol, triglycerides and eGFR levels (Table  1). The median of plasma Hcy 
at baseline was 12.1 μ mol/L, with a significant difference between men and women (P <  0.001). Gender 
differences were also found for folate levels. Meanwhile, no significant differences were found for baseline 
vitamin B12 levels between genders.

Higher Hcy level is associated with increased risk for poor renal outcomes.  During 10,554 
person-years (mean follow-up: 4.4 years), 69 (2.9%) participants developed CKD. As shown in Fig. 1A, 
a higher Hcy level at baseline was associated with higher incident CKD in the spline analysis. However, 
folate and vitamin B12 were not significantly associated with incident CKD in the spline analysis 
(Fig. 1B,C).

When analyzed as a continuous variable, higher log-transformed Hcy was associated with higher 
incident CKD (Table  2), even after adjusting for age, gender, diabetes, SBP, body mass index (BMI), 
smoking, cholesterol, high density lipoprotein cholesterol (HDL-C), triglycerides, eGFR, and previous 
use of angiotensin converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs). The 
association between Hcy levels and incident CKD remained unchanged after further adjustment for SBP 
at the end of the follow-up (Table 2). In analyses that considered tertiles of Hcy, the odds ratio (OR) for 
incident CKD increased across tertiles of plasma Hcy level, reaching 2.46 (95% confidence interval [CI] 
1.05–5.77) for the top tertile compared with the lowest tertile (p for trend 0.011) in fully adjusted models.

Folate and vitamin B12 were not significantly associated with incident CKD in either unadjusted or 
adjusted models, respectively (Table 2). When Hcy, folate and vitamin B12 were all included in the mul-
tivariate model, only Hcy was significantly associated with an increased risk for incident CKD (Table 2).

Higher Hcy level is associated with more rapid decline in renal function.  The mean yearly 
change for eGFR in the cohort was − 0.87 (Q1–Q3: − 2.02 ~ 0.20) ml/min per 1.73 m2/year. As shown 
in Fig. 1D, a higher Hcy level at baseline was associated with faster rate of eGFR decline in the spline 
analysis. However, folate and vitamin B12 were not significantly associated with a faster rate of eGFR 
decline in the spline analysis (Fig. 1E,F).

Higher Hcy level was associated with a faster rate of eGFR decline in fully adjusted models (Table 3). 
The highest tertile of Hcy was also associated with a more rapid eGFR decline rate in multivariate models 
(Table 3). Folate was not significantly associated with a faster rate of eGFR decline in any of the models 
(Table  3). Higher levels of vitamin B12 were associated with a slower rate of eGFR decline (Table  3). 
However, when Hcy, folate and vitamin B12 were all included in the multivariate model, only Hcy was 
significantly associated with a faster rate of eGFR decline (Table 3).
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Stratified analysis.  The association between higher log-transformed Hcy and increased risk of inci-
dent CKD appeared to be consistent across the subgroups, although the magnitude of association varied 
slightly. For example, the association between Hcy and CKD was stronger among those with baseline 
eGFR between 60–90 ml/min/per 1.73 m2 as compared to those with eGFR> 90 ml/min/per 1.73 m2. 
However, tests for interaction were not significant (p for interaction > 0.05) (Table 4). In addition, these 
associations were also found among subgroups stratified according to age, gender, baseline SBP and 
eGFR (p for interaction > 0.05) (Table 4). In addition, a higher level of Hcy was associated with a more 
rapid eGFR decline rate among subgroups stratified according to age, gender, baseline SBP and eGFR (p 
for interaction > 0.05) (Table 4). However, folate and vitamin B12 were not significantly associated with 
higher incident CKD or a faster rate of eGFR decline among any of the subgroups.

Discussion
In this prospective study of 2,387 hypertensive adults, we identified a graded association between plasma 
Hcy levels and an increased risk of accelerated renal function decline and incident CKD. This association 
was independent of plasma folate and vitamin B12 levels and other traditional risk factors. Our findings 
suggest that elevated plasma Hcy levels, but not low folate and/or vitamin B12 levels, may predict pro-
gression of renal function decline and incident CKD in hypertensive adults.

Characteristic Total (n = 2387) Men (n = 578) Women (n = 1809) P value

Age (year) 60 ±  7 61 ±  7 60 ±  7 < 0.001

Body mass index (kg/m2) 25.7 ±  3.4 25.0 ±  3.3 26.0 ±  3.4 < 0.001

Smoking (no.[%])a < 0.001

  Never or occasional 1859 (78.3) 167 (29.3) 1692 (93.8)

  Former 131 (5.5) 97 (17.0) 34 (1.9)

  Current 383 (16.1) 306 (53.7) 77 (4.3)

Diabetes (no.[%])b 335 (14.0) 80 (13.8) 255 (14.1) 0.932

Systolic blood pressure (mmHg) 168 ±  20 167 ±  21 169 ±  20 0.070

Diastolic blood pressure (mmHg) 95 ±  11 97 ±  13 94 ±  11 < 0.001

Laboratory variables

  Cholesterol (mmol/L) 5.84 ±  1.18 5.65 ±  1.16 5.90 ± 1.18 < 0.001

  HDL-C (mmol/L) 1.36 ±  0.37 1.38 ±  0.42 1.36 ±  0.36 0.223

  Triglycerides (mmol/L) 1.73 ±  0.94 1.60 ±  1.05 1.77 ±  0.90 < 0.001

  Hcy (μ mol/L) (median [Q1-Q3]) 12.1 (10.0,15.1) 14.3 (12.0,18.1) 11.5 (9.6, 14.0) < 0.001

  Folate (nmol/L) (median [Q1-Q3]) 7.4 (5.3,9.6) 5.9 (4.7,8.2) 7.9 (5.6,9.9) < 0.001

  B12 (pg/ml) (median [Q1-Q3]) 382.1 (322.1, 470.4) 366.4 (313.1,452.9) 385.5 (325.1, 476.7) 0.270

 � No. of antihypertensive drugs 
(median [Q1-Q3]) 0 (0-1) 0 (0-1) 0 (0-1) 0.018

  Use of ACEIs/ARBs (no.[%]) 137 (5.7) 45 (7.8) 92 (5.1) 0.020

 � Use of Calcium channel blocker 
(no.[%]) 140 (5.9) 39 (6.8) 101 (5.6) 0.331

  Use of diuretic (no.[%]) 69 (2.9) 11 (1.9) 58 (3.2) 0.143

  Use of blocker (no.[%]) 31 (1.3) 3 (0.5) 28 (1.6) 0.093

  Baseline eGFR (ml/min/1.73 m2)c 93.9 ±  11.7 92.5 ±  11.6 94.4 ±  11.7 < 0.001

 � eGFR at follow-up (ml/
min/1.73 m2)c 89.6 ±  13.1 88.4 ±  13.2 90.0 ±  13.1 0.011

  eGFR change (ml/min/1.73 m2/year) − 0.98 ±  2.33 − 0.93 ±  2.3 − 1.00 ±  2.4 0.524

  Incident CKD at follow-up (no.[%])d 69 (2.9) 19 (3.3) 50 (2.8) 0.609

Table 1.   Baseline characteristics of study participants. Data is presented as mean (median) and 
standard deviation (interquartile range) for continuous variables and percentage for dichotomous variables, 
respectively. Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor 
blockers; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Hcy, homocysteine; 
HDL-C, high density lipoprotein cholesterol. aSmoking status was classed as never, occasional (< 10 packs 
total), former (≥ 10 packs total but none in the past year) and current. bDiabetes was defined as physician-
diagnosed diabetes, or currently receiving hypoglycemic therapy, or fasting glucose level higher than 
7.0 mmol/L. ceGFR was estimated using the CKD-Epidemiology Collaboration equation. dIncident CKD was 
defined as follow-up eGFR < 60 ml/min/1.73 m2 and eGFR decline rate > 1 ml/min/1.73 m2/year.
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Increased plasma levels of Hcy, termed hyperhomocysteinemia, is diagnosed when plasma Hcy lev-
els are greater than 15 μ mol/L. HHcy is recognized as a potent risk factor and predictor for cardio-
vascular disease (CVD) in general populations25–28. Previously, a dose-response relationship between 
Hcy and CVD was identified in a population with plasma Hcy levels starting from 10 μ mol/L29–33. In 
meta-analyses, the OR for cardiovascular disease was calculated to be 1.6 for a 5 μ mol/L increase in 
plasma Hcy concentration34,35. The present study found that plasma Hcy levels, in a range from 5 to 
20 μ mol/L, were associated with a rapid decline of renal function and incident CKD in a hypertensive 
population. Increased risk of composite renal outcomes was found across Hcy tertiles, with a significantly 
increased OR at Hcy levels of approximately 13 μ mol/L (in women) and 16 μ mol/L (in men). This data is 
consistent with previous studies showing an increased risk of incident CKD and microalbuminuria in the 

Figure 1.  Adjusted splines of baseline homocysteine, folate and vitamin B12 and renal outcome. The 
solid line represents the spline of baseline homocysteine (A) folate (B) and vitamin B12 (C) and incident 
chronic kidney disease adjusted by age, gender, systolic blood pressure, diabetes, smoking, cholesterol, HDL-
C, triglycerides, body mass index, estimated glomerular filtration rate (eGFR), and previous use of ACEIs/
ARBs. Adjusted splines of baseline homocysteine (D), folate (E) vitamin B12 (F) and eGFR decline rate 
are also shown. Dotted lines represent the 95% confidence interval of the splines. Incident chronic kidney 
disease was defined as follow-up eGFR < 60 ml/min/1.73 m2 and eGFR decline rate > 1 ml/min/1.73 m2/
year. eGFR decline rate was calculated as the difference between the follow-up eGFR and baseline eGFR, 
which was divided by follow-up duration and expressed as ml/min/per 1.73 m2/year. Negative eGFR change 
indicates a fall in eGFR during follow-up. Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; 
ARBs, angiotensin II receptor blockers; eGFR, estimated glomerular filtration rate; HDL-C, high density 
lipoprotein cholesterol.
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general population with circulating Hcy levels of approximately 8 ~ 10 μ mol/L7,8. These results indicate 
that an elevated plasma Hcy level, even in the range below the cutoff for HHcy, is a risk factor for renal 
function and incident CKD in a hypertensive population.

Our study findings suggest that elevated Hcy levels might be a modifiable risk factor for CKD, and 
that preventive interventions should be considered for hypertensive adults with increased plasma Hcy 
levels. A number of strategies, including dietary modification of food intake components and supple-
mentation with folic acid and vitamins B6 and B12, have been reported to be effective at lowering Hcy 
levels and reducing cardiovascular risk36. Folic acid and B vitamin supplementation may be considered as 
a simple and safe intervention to prevent renal function decline in hypertensive adults. Additional study 
including clinical trials is warranted to determine whether Hcy-lowering therapy can reduce the risk of 
renal function decline and incident CKD in hypertensive adults.

Variables
Subjects 

(N)

CKD 
Events 
(n[%])

Crude Model Adjusted Modelb

Hcy, FA, vitamin 
B12 Fully Adjusted 

Modelc

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Homocysteine (μ mol/L)

  Continuous (log transformed) 2387 69 (2.9) 3.32 
(2.12 ~ 5.21) < 0.001 2.17 

(1.15 ~ 4.10) 0.017 2.44 
(1.26 ~ 4.72) 0.008

Tertiles:

 � Tertile 1 (men< 12.8 μ M/L, women 
< 10.2 μ Mmol/L) 796 7 (0.9) 1 (ref) – 1 (ref) – 1 (ref) –

 � Tertile 2 (men12.8–16.5 μ M/L, women 
10.2–13.1 μ Mmol/L) 793 16 (2.0) 2.32 

(0.95 ~ 5.67) 0.065 1.29 
(0.51 ~ 3.29) 0.591 1.50 

(0.55 ~ 4.1) 0.428

 � Tertile 3 (men> 16.5 μ M/L, women 
> 13.1 μ M/L) 798 46 (5.8) 6.89 

(3.09 ~ 15.37) < 0.001 2.46 
(1.05 ~ 5.77) 0.038 3.23 

(1.25 ~ 8.35) 0.016

  P for trend < 0.001 0.011 0.003

Folate (nmol/L)

  Continuous (per 5 nmol/L increase) 2296 68 (3.0) 0.72 
(0.47 ~ 1.10) 0.129 0.83 

(0.54 ~ 1.28) 0.409 0.92 
(0.62 ~ 1.37) 0.685

Tertiles:

 � Tertile 1 (men< 5.1 nM/L, 
women< 6.3 nM/L) 765 26 (3.4) 1 (ref) −  1 (ref) −  1 (ref) –

 � Tertile 2 (men5.1 ~ 7.2 nM/L, 
women:6.3 ~ 9.2 nM/L) 765 23 (3.0) 0.88 

(0.50 ~ 1.56) 0.663 1.06 
(0.57 ~ 1.97) 0.849 1.17 

(0.63 ~ 2.20) 0.618

 � Tertile 3 (men> 7.2 nM/L, women 
> 9.2 nM/L) 766 19 (2.5) 0.72 (0.40~1.32) 0.289 0.99 

(0.52 ~ 1.90) 0.974 1.31 
(0.67 ~ 2.59) 0.431

  P for trend 0.290 0.985 0.422

Vitamin B12 (pg/ml)

  Continuous (per 100 pg/ml increase) 2296 68 (3.0) 1.04 
(0.91 ~ 1.20) 0.542 1.03 

(0.89 ~ 1.19) 0.681 1.08 
(0.94 ~ 1.24) 0.283

Tertiles:

  Tertile 1 (< 341.7 pg/ml) 765 20 (2.6) 1 (ref) – 1 (ref) – 1 (ref) –

  Tertile 2 (341.7 ~ 430.2pg/ml) 765 29 (3.8) 1.47 
(0.82 ~ 2.62) 0.194 1.41 

(0.75 ~ 2.66) 0.283 1.63 
(0.86 ~ 3.09) 0.138

  Tertile 3 (> 430.2 pg/ml) 766 19 (2.5) 0.95 
(0.50 ~ 1.79) 0.868 0.88 

(0.44 ~ 1.77) 0.728 1.17 
(0.56 ~ 2.41) 0.678

  P for trend 0.877 0.708 0.655

Table 2.   Association of baseline homocysteine, folate and vitamin B12 with incident chronic kidney 
diseasea. Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor 
blockers; CI, confidence interval; eGFR, estimated glomerular filtration rate; FA, folate; Hcy, homocysteine; 
HDL-C, high density lipoprotein cholesterol; SBP, systolic blood pressure. aIncident chronic kidney disease 
was defined as follow-up eGFR < 60 ml/min/1.73 m2 and eGFR decline rate > 1 ml/min/1.73 m2/year. 
bHomocysteine, folate and vitamin B12 were individually included in the multivariate model as continuous 
or categorical variables. Model was adjusted for age, gender, SBP, diabetes, smoking, cholesterol, HDL-
C, triglycerides, body mass index, eGFR, previous use of ACEIs/ARBs, and SBP at the endpoint of the 
follow-up. cHomocysteine, folate and vitamin B12 were all included in the multivariate model as continuous 
or categorical variables. Model was adjusted for age, gender, SBP, diabetes, smoking, cholesterol, HDL-
C, triglycerides, body mass index, eGFR, previous use of ACEIs/ARBs, and SBP at the endpoint of the 
follow-up.



www.nature.com/scientificreports/

6Scientific Reports | 5:16268 | DOI: 10.1038/srep16268

It is to our surprise that plasma folate and vitamin B12 levels did not predict or correlate with the 
incident CKD and rapid decline of eGFR (Fig. 1). These findings suggest that HHcy in a hypertensive 
population is not directly caused by a folate and/or vitamin B12 deficiency. It is possible that hyperten-
sion may directly cause renal damage, which then leads to impaired Hcy excretion and elevated plasma 
Hcy, an inverse causality. On the other hand, folate and B12 insufficiency may lead to enzymatic impair-
ment in Hcy metabolic pathways, including remethylation, transsulfuration and adenosylation that may 
be involved in hypertensive HHcy13,16. It is well established that MTHFR and cystathionine beta-synthase 
(CBS) are key enzymes for Hcy remethylation and transsulfuration, and the major variants for human 
HHcy. Folic acid and B vitamin supplementation has been used as an effective strategy to lower plasma 
Hcy levels and reduce CVD risk in MTHFR and CBS variants37–40. Therefore, folic acid and B vitamin 
supplementation might still prove to be a useful therapeutic option to reduce CKD risk in hypertensive 
patients with HHcy.

Our study has some limitations. As it was conducted in Chinese hypertensive adults, caution 
is needed when generalizing our findings to other populations. This study did not have the data on 

Variable
Subjects 

(N)

eGFR decline rate (ml/
min/1.73 m2/year) (median 

[Q1, Q3])

Crude Model Adjusted Modelb
Hcy, FA, vitamin B12 
Fully Adjusted Modelc

β (SE) P β (SE) P β (SE) P

Homocysteine (μ mol/L)

  Continuous (log transformed) 2387 − 0.87 (− 2.04, 0.20) 0.12 (0.13) 0.347 − 0.42 (0.13) 0.001 − 0.46 (0.14) < 0.001

  Tertiles:

 � Tertile 1 (men< 12.8 μ M/L, women 
< 10.2 μ Mmol/L) 796 − 0.87 (− 1.92, 0.06) 0 (ref) −  0 (ref) – 0 (ref) –

 � Tertile 2 (men12.8–16.5 μ M/L, 
women 10.2–13.1 μ Mmol/L) 793 − 0.89 (− 1.93, 0.07) 0.02 (0.12) 0.868 − 0.17 (0.11) 0.117 − 0.16 (0.11) 0.160

 � Tertile 3 (men> 16.5 μ M/L, women 
> 13.1 μ M/L) 798 − 0.84 (− 2.23, 0.48) 0.04 (0.12) 0.729 − 0.45 (0.11) < 0.001 − 0.48 (0.12) < 0.001

  P for trend 0.729 < 0.001 < 0.001

Folate (nmol/L)

  Continuous (per 5 nmol/L increase) 2296 − 0.87 (− 2.01, 0.21) 0.06 (0.07) 0.402 0.07 (0.07) 0.332 0.02 (0.07) 0.785

  Tertiles:

 � Tertile 1 (men< 5.1 nM/L, 
women< 6.3 nM/L) 765 − 0.92 (− 1.98, 0.09) 0 (ref) – 0 (ref) – 0 (ref) –

 � Tertile 2 (men5.1~7.2 nM/L, women: 
6.3 ~ 9.2 nM/L) 765 − 0.85(− 1.96, 0.21) 0.12 (0.12) 0.311 0.08 (0.11) 0.461 0.02 (0.11) 0.869

 � Tertile 3 (men> 7.2 nM/L, women 
> 9.2 nM/L) 766 − 0.84 (− 2.08, 0.29) 0.07 (0.12) 0.556 0.05 (0.11) 0.628 − 0.06 (0.11) 0.609

  P for trend 0.556 0.629 0.640

Vitamin B12 (pg/ml)

  Continuous(per 100 pg/ml increase) 2296 − 0.87 (− 2.01, 0.21) 0.05 (0.03) 0.109 0.01 (0.03) 0.737 − 0.01 (0.03) 0.634

  Tertiles: 

  Tertile 1 (< 341.7 pg/ml) 765 − 1.06 (− 2.09, − 0.12) 0 (ref) – 0 (ref) – 0 (ref) –

  Tertile 2 (341.7~430.2 pg/ml) 765 − 0.80 (− 2.13, 0.31) 0.26 (0.12) 0.030 0.12 (0.11) 0.285 0.05 (0.11) 0.676

  Tertile 3 (> 430.2 pg/ml) 766 − 0.68 (− 1.77, 0.46) 0.41 (0.12) < 0.001 0.21 (0.11) 0.057 0.08 (0.12) 0.475

  P for trend < 0.001 0.057 0.476

Table 3.   Association of baseline homocysteine, folate and vitamin B12 with eGFR decline rate during 
follow-upa. Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor 
blockers; CI, confidence interval; eGFR, estimated glomerular filtration rate; FA, folate; Hcy, homocysteine; 
HDL-C, high density lipoprotein cholesterol; SBP, systolic blood pressure. aeGFR decline rate was calculated 
as the difference between the follow-up eGFR and baseline eGFR, which was divided by follow-up duration 
and expressed as ml/min/per 1.73 m2/year. Negative eGFR change indicates a fall in eGFR during follow-up. 
bHomocysteine, folate and vitamin B12 were individually included in the multivariate model as continuous 
or categorical variables. Model was adjusted for age, gender, SBP, diabetes, smoking, cholesterol, HDL-C, 
triglycerides, body mass index, eGFR, previous use of ACEIs/ARBs, and SBP at the end of the follow-up. 
cHomocysteine, folate and vitamin B12 were all included in the multivariate model as continuous or 
categorical variables. Model was adjusted for age, gender, SBP, diabetes, smoking, cholesterol, HDL-C, 
triglycerides, body mass index, eGFR, previous use of ACEIs/ARBs, and SBP at the end of the follow-up.
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microalbuminuria, an important marker for the development and progression of CKD, which limits our 
ability to estimate the true incidence of CKD in this study.

In conclusion, our study demonstrated that elevated plasma Hcy level is an independent predictor of 
rapid decline in renal function and incident CKD in a Chinese hypertensive population. Our findings, if 
further confirmed, may have important clinical and public health implications.

Methods
Study population.  This community-based cohort study was approved by the Ethics Committees of 
the Institute of Biomedicine, Anhui Medical University. Investigation was performed in accordance with 
relevant guidelines and regulations. All participants were provided with written consent. The study was 
conducted in rural communities in Lianyungang, China. Eligible participants were those: (1) aged 45 
to 75 years and (2) with hypertension (BP ≥  140/90 mmHg or currently on antihypertensive therapy). 
Participants were excluded from the study if they had (1) confirmed CKD (i.e., glomerular filtration 
rate [GFR] < 60 ml/min/per 1.73 m2) at time of screening; (2) diagnosed secondary hypertension; (3) a 
history of stroke, myocardial infarction, heart failure, coronary revascularization, and/or congenital or 
acquired heart diseases; (4) cancer; and/or (5) liver disease and/or severe mental disorders.

A total of 3,522 hypertensive adults were screened in 2008, and 2,518 (71.5%) were assessed at 
follow-up and participated in a subsequent scheduled visit after five years. Among the 2,518 participants, 
131 were excluded from the analysis because of missing follow-up data. The final analysis included 2,387 
participants.

Data collection.  Data collection at baseline and at the follow-up visit were conducted by trained 
research staff according to a standard operating procedure.

Variable

Homocysteine (per 
log1 μmol/L) Folate (per 5 nmol/L) B12 (per 100 pg/ml)

OR (95% CI) or β 
(SE)c P

OR (95% CI) or β 
(SE)c P

OR (95% CI) or 
β (SE)c P

Incident CKDa

  Men 2.02 (0.56 ~ 7.34) 0.285 0.69 (0.20 ~ 2.39) 0.555 1.12 (0.80 ~ 1.58) 0.504

  Women 2.95 (1.30,6.73) 0.010 0.99 (0.65 ~ 1.52) 0.976 1.12 (0.95 ~ 1.32) 0.179

  Age< 60 years 3.26 (0.74 ~ 14.34) 0.118 0.69 (0.20 ~ 2.43) 0.567 1.34 (1.03 ~ 1.74) 0.030

  Age≥ 60 years 2.21 (1.04 ~ 4.68) 0.039 1.00 (0.65 ~ 1.55) 0.998 1.02 (0.85 ~ 1.23) 0.830

  Baseline SBP< 160 mmHg 3.49 (0.81 ~ 15.09) 0.094 0.55 (0.23 ~ 1.32) 0.181 1.33 (1.07 ~ 1.65) 0.011

  Baseline SBP≥ 160 mmHg 1.73 (0.77 ~ 3.88) 0.184 0.89 (0.54 ~ 1.48) 0.664 0.82 (0.61 ~ 1.12) 0.211

  eGFR> 90 ml/min/1.73 m2 0.66 (0.07 ~ 6.63) 0.726 1.21 (0.72 ~ 2.05) 0.466 1.11 (0.83 ~ 1.48) 0.482

  eGFR 60 ~ 90 ml/min/1.73 m2 2.77 (1.33 ~ 5.77) 0.006 0.81 (0.50 ~ 1.31) 0.392 1.07 (0.89 ~ 1.28) 0.477

eGFR declineb

  Men − 0.35 (0.22) 0.116 − 0.15 (0.17) 0.358 0.04 (0.06) 0.440

  Women − 0.57 (0.18) 0.001 0.05 (0.08) 0.499 − 0.04 (0.04) 0.304

  Age< 60 years − 0.52 (0.19) 0.005 0.07 (0.11) 0.494 − 0.08 (0.05) 0.101

  Age≥ 60 years − 0.39 (0.20) 0.056 − 0.05 (0.09) 0.631 0.03 (0.04) 0.438

  Baseline SBP< 160 mmHg − 0.40 (0.25) 0.103 0.03 (0.12) 0.835 − 0.06 (0.05) 0.184

  Baseline SBP≥ 160 mmHg − 0.47 (0.17) 0.005 0.02 (0.09) 0.782 0.02 (0.04) 0.555

  eGFR> 90 ml/min/1.73 m2 − 0.29 (0.15) 0.048 − 0.05 (0.07) 0.529 0.01 (0.03) 0.864

  eGFR 60 ~ 90 ml/min/1.73 m2 − 0.81 (0.29) 0.005 0.17 (0.15) 0.277 − 0.05 (0.06) 0.358

Table 4.   Stratified analysis for association of homocysteine, folate and vitamin B12 with renal outcome. 
Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CI, 
confidence interval; eGFR, estimated glomerular filtration rate; FA, folate; Hcy, homocysteine; HDL-C, high 
density lipoprotein cholesterol; SBP, systolic blood pressure. aIncident chronic kidney disease was defined as 
follow-up eGFR < 60 ml/min/1.73 m2 and eGFR decline rate > 1 ml/min/1.73 m2/year. beGFR decline rate was 
calculated as the difference between the follow-up eGFR and baseline eGFR, which was divided by follow-up 
duration and expressed as ml/min/per 1.73 m2/year. Negative eGFR change indicates a fall in eGFR during 
follow-up. cHomocysteine, folate and vitamin B12 were all included in the multivariate model as continuous 
variables. Model was adjusted for age, gender, SBP, diabetes, smoking, cholesterol, HDL-C, triglycerides, 
body mass index, eGFR, previous use of ACEIs/ARBs, and SBP at the end of the follow-up.
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Blood pressure measurement.  Resting blood pressures were measured using a mercury sphygmoma-
nometer in a seated position after ≥ 10 minutes of rest. The mean of the three readings on the first base-
line screening day was recorded and confirmed by three measurements on the second baseline screening 
day with an interval of at least one day. The mean of the three BP measurements on the second baseline 
screening day was used as the baseline BP for analyses.

Questionnaires and medical history.  Questionnaires were administered to collect information on 
socio-demographic status, medical history and medications. Diabetes was defined as physician-diagnosed 
diabetes, or currently receiving hypoglycemic therapy, or fasting glucose level higher than 7.0 mmol/L.

Anthropometry.  Anthropometric measurements, including height and weight, were taken using a stand-
ard operating procedure.

Blood Sample.  Venous blood was drawn after overnight fasting during the baseline visit and the 
follow-up visit. Both plasma and serum samples were collected and stored at − 80 °C. The samples were 
shipped by commercial cold chain transportation and measured in a central laboratory.

Laboratory measurements.  Measurement of plasma Hcy, folate and vitamin B12.  Plasma Hcy, 
folate and vitamin B12 were measured by enzyme-cycling method using a commercial kit.

Measurement of estimated glomerular filtration.  Serum creatinine was measured by enzymatic method 
(sarcosine oxidase-PAP) using a commercial kit (Beckman Coulter, Brea, CA, USA) according to the 
manufacturer’s protocol. The Beckman assay was calibrated to the Roche/Hitachi P module Creatinase 
Plus enzymatic assay (Roche Diagnostics, Basel, Switzerland), traceable to an isotope-dilution mass spec-
trometry assay at the National Institute of Standards and Technology41,42. eGFR was calculated using the 
two-level CKD-Epidemiology Collaboration (CKD-EPI) formula43.

Measurement of other parameters.  Fasting glucose, total cholesterol, triglycerides and HDL-C were 
measured using a Hitachi 7020 Automatic Analyzer (Beckman Coulter, Brea, CA, USA).

Renal outcome definitions.  Incident CKD.  was defined as follow-up eGFR < 60 ml/min/per 
1.73 m2. To avoid excluding participants with minor fluctuations in eGFR that may be due to “noise”, the 
definition also included a > 1 ml/min/per 1.73 m2/year decrease in eGFR44.

Rate of eGFR decline.  was calculated as the difference between the follow-up eGFR and baseline eGFR, 
which was divided by follow-up duration and expressed as ml/min/per 1.73 m2/year. A negative eGFR 
change indicates a fall in eGFR.

Statistical analysis.  All of the analyses were conducted using the statistical package R software, 
version 3.0.145. Mean and standard deviation or median (25th, 75th percentile) and percentages were 
calculated for the description of population characteristics by gender. The differences in population char-
acteristics between men and women were compared using the Student’s t tests, signed rank tests, or 
chi-square test as appropriate. Multivariable logistic regression was used to assess the relations of Hcy, 
folate and vitamin B12 with incident CKD. Multivariate linear regression models were used to evaluate 
the associations between Hcy, folate and vitamin B12 with change in kidney function. In these analyses, 
Hcy, folate and vitamin B12 were modeled both as continuous variables and as categorical variables (cat-
egorized into tertiles). Hcy was natural log-transformed to normalize its skewed distributions. Because 
of gender differences in Hcy and folate distribution, gender-specific tertiles of Hcy and folate were used. 
The multivariate models were adjusted for age, gender, diabetes, SBP, BMI, smoking, cholesterol, HDL-C, 
triglycerides, eGFR, and previous use of ACEIs/ARBs. Effect modification was tested using a multivariate 
regression by stratifying the potential risk factors for renal outcomes. Adjusted splines of generalized 
additive models were created to evaluate the associations between baseline Hcy, folate and vitamin B12 
and the outcomes. All tests were two-tailed and P <  0.05 was considered significant.
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