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Background: Hyperhomocysteinemia is an important factor for endothelial

cell damage and a risk factor for cardiovascular diseases. Chronic kidney

disease (CKD) is recognized as a leading burden in Taiwan’s healthcare system.

This study aimed to investigate the association between homocysteine levels

and CKD in middle-aged and elderly adults from a community in northern

Taiwan.

Methods: A total of 396 middle-aged and elderly Taiwanese adults

were enrolled and completed the health survey. We divided participants

according to tertiles of homocysteine levels as first group (homocysteine

level ≤ 11.1 µmol/L), second group (homocysteine level 11.2∼14.3 µmol/L),

and third group (homocysteine level > 14.3 µmol/L). CKD was defined as

estimated glomerular filtration rate (eGFR) < 60 (mL/min/1.73 m2) or urine

albumin to creatinine ratio > 30 (mg/g). Pearson correlation was calculated

between eGFR and other related risk factors after adjustment for age. The risk

of CKD in the second and third groups compared to that in the first group

was assessed by multivariate logistic regression after adjustment for age,

sex, smoking, hypertension (HTN), diabetes mellitus (DM), body mass index

(BMI), dyslipidemia, and uric acid. The Youden index and receiver operating

characteristic (ROC) curve were calculated for the optimized cutoff value.

Results: Elevated plasma homocysteine levels were more likely to lower the

eGFR and increase the prevalence of CKD. Pearson correlation showed a

positive correlation between eGFR and high-density lipoprotein cholesterol,

while a negative correlation was observed between homocysteine levels, waist

circumference, systolic blood pressure, uric acid levels and BMI (all p < 0.05).

In the logistic regression analysis, the prevalence of CKD increased, as well

as the homocysteine level. The odds ratio of CKD under 95% confidence
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interval was 2.655 (1.284–5.490) for the third group compared with the first

group after adjusting for age, sex, smoking, DM, HTN, dyslipidemia, uric acid,

and BMI (p = 0.008). The area under the ROC curve was 0.662, and a cutoff

value of 15.15 µmol/L for the homocysteine level was obtained for detecting

subjects with CKD.

Conclusion: Our study findings revealed that elevated homocysteine levels

were significantly associated with CKD and could be used as an indicator of

CKD among the middle-aged and elderly populations in Taiwan.

KEYWORDS

homocysteine, middle-age and elderly, chronic kidney disease, kidney function,
biomarker

Introduction

Elevated serum homocysteine levels have been considered
an important risk factor for atherosclerosis (1). Many studies
have also indicated that hyperhomocysteinemia could be a
predictor of peripheral arterial disease (2) and coronary artery
disease (3). There are many possible mechanisms underlying the
relationship between homocysteine levels and atherosclerosis.
These mechanisms include reduction in endothelial cell
relaxation (4), decreased synthesis of high-density lipoprotein
(HDL; 5), and reduction in endothelial cell growth (6). The
study has shown that the elevated serum homocysteine level can
compromise the peripheral microvascular endothelial function
(7) and homocysteine also plays a crucial role in coronary
microvascular endothelial dysfunction (8). Further research
also revealed that high homocysteine levels indicated the
poor prognosis for patients with stable coronary disease (9).
Moreover, elevated homocysteine not only has adverse effects on
cardiovascular system but also causes cerebrovascular accidents,
retinopathy, nephropathy, and other chronic diseases (10). That
evidence implied that the microvascular structure is vulnerable
under high homocysteine levels. Due to the microvascular
structure of the glomerulus, we suspect that homocysteine
level also has relationship with chronic kidney disease
(CKD). Recent studies have shed light on the relationship
between homocysteine levels and CKD (11). According to
recent research, homocysteine also impacts endothelial cells
in the glomerulus (12). The accumulation of homocysteine
eventually damages the glomerular cells and causes glomerular
sclerosis (13).

Kidney also plays an important role in plasma amino acid
clearance and metabolism (14). The renal function impairment
may compromise the clearance and metabolism of plasma
homocysteine, although the detailed mechanism is not entirely
understood (15). On the other hand, there are many risk
factors like BMI that can also impact the serum homocysteine

level and those risk factors should be considered during the
investigation of homocysteine (16). Our study discloses the
relationship between homocysteine and renal function under
meticulous study which involved the related risk factors of high
homocysteine level.

This cross-sectional study aimed to further explore the
association between serum homocysteine levels and CKD in
Taiwan. Adequate participants were included and many related
risk factors were collected for adjustment. We also propose the
optional cutoff point of homocysteine for predicting CKD in the
middle-aged and elderly populations in Taiwan. The result of
our study provided substantial evidence for medical practices in
screening CKD. By treating CKD in advance, patients can have
better life quality and the burden of healthcare can be alleviated.

Materials and methods

Study design and participants

The participants in this cross-sectional and community-
based study were recruited from a health survey project
conducted in 2019 in northern Taiwan. The inclusion criteria
were as follows: (1) age between 50 and 85 years, (2) ability
to complete a questionnaire, (3) living in the community and
ability to walk to the clinic, and (4) completed all examinations.
The exclusion criteria were as follows: (1) cardiovascular disease
in recent 3 months and (2) missing or incomplete data. Finally,
396 subjects were enrolled in this study and were eligible for the
analysis. The sample size was determined by the G∗power 3.1
software. The sample of this study included 396 subjects, which
implied sufficient statistical power. All participants completed a
questionnaire that included their medical history and personal
data during the health survey. Blood and urine tests were
performed for each participant to obtain biochemical data.
A total of 396 participants were divided into three groups based
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on the homocysteine levels. This study was approved by the
Institutional Review Board of Linkou Chang Gung Memorial
Hospital, and all participants were informed and provided their
consent before enrollment.

Data collection and laboratory
measurements

The content of the questionnaire included sex, alcohol
drinking status, and current smoking status. Data on
hypertension (HTN), diabetes mellitus (DM), CKD, and
dyslipidemia. Resting systolic blood pressure (SBP, mm Hg)
and diastolic blood pressure (DBP, mm Hg) were measured at
least twice. Waist circumference (WC, cm) was measured at the
midpoint between the inferior margin of the last rib and the

iliac crest in a horizontal plane while the participant was in a
standing position. Body mass index (BMI) was calculated as the
person’s weight in kilograms divided by the square of height
in meters. The following biomedical laboratory parameters
were analyzed at the Roche R© model lab at Taiwan E&Q Clinical
Laboratory: fasting blood sugar (AC sugar) and homocysteine,
low-density lipoprotein (LDL-C, mg/dL), HDL-cholesterol
(HDL-C; mg/dL), creatinine (mg/dL), triglyceride (TG, mg/dL),
alanine transaminase (ALT, U/L), and uric acid (mg/dL) levels.
A standardized kit (cobasTM Homocysteine Enzymatic Assay
100 tests) manufactured by Roche Diagnostics GmbH was used
for the determination of homocysteine level in our research.
Urine albumin to creatinine ratio (urine ACR, mg/g) was
calculated as microalbumin (mg/dL) divided by creatinine
(mg/dL). Estimated glomerular filtration rate (eGFR) was
calculated using the following equation: 186 × (creatinine/88.4)

TABLE 1 General characteristics of the study population according to tertiles of homocysteine levels.

Tertiles of homocysteine levels

Total First Second Third
≤11.1 11.2–14.3 >14.3

n = 396 n = 132 n = 130 n = 134 p-value

Age (year) 63.72 ± 8.76 63.10 ± 8.49 64.28 ± 9.34 63.78 ± 8.45 0.551

Gender, male (%) 164 (41.4) 24 (18.2) 52 (40.0) 88 (65.7) <0.001

ACsugar (mg/dL) 99.00 [89.00, 118.75] 97.00 [88.25, 111.00] 99.00 [89.00, 118.00] 103.50 [91.00, 126.25] 0.115

TG level (mg/dL) 118.00 [86.00, 165.00] 111.00 [79.25, 167.75] 111.00 [88.00, 153.25] 126.00 [91.50, 170.25] 0.201

LDL-C level (mg/dl) 109.69 ± 33.99 113.27 ± 32.46 108.09 ± 35.97 107.71 ± 33.46 0.332

HDL-C level (mg/dl) 52.00 [43.00, 61.00] 55.50 [47.00, 65.00] 53.00 [44.00, 64.00] 45.00 [40.75, 56.00] <0.001

ALT level (U/L) 21.00 [16.00, 30.00] 19.00 [15.00, 26.75] 21.00 [16.00, 34.00] 22.00 [16.75, 32.00] 0.081

Uric acid level (mg/dL) 5.63 ± 1.52 5.13 ± 1.27 5.53 ± 1.35 6.23 ± 1.70 <0.001

Creatinine level (mg/dL) 0.80 [0.68, 0.97] 0.72 [0.61, 0.84] 0.77 [0.69, 0.89] 0.98 [0.83, 1.18] <0.001

eGFR (mL/min/1.73 m2) 87.13 ± 22.40 94.35 ± 20.62 91.33 ± 20.85 75.94 ± 21.31 <0.001

Urine ACR (mg/g) 9.35 [3.80, 24.88] 8.40 [3.90, 15.90] 8.25 [3.30, 22.78] 12.20 [4.78, 48.98] 0.019

CKD, n (%) 100 (25.3) 19 (14.4) 27 (20.8) 54 (40.3) <0.001

Homocysteine level (µmol/L) 13.60 ± 4.90 9.37 ± 1.26 12.66 ± 0.90 18.69 ± 4.92 <0.001

Waist circumference (cm) 85.36 ± 10.83 81.01 ± 10.06 86.01 ± 10.55 89.00 ± 10.40 <0.001

SBP (mm Hg) 137.30 ± 17.49 134.28 ± 16.60 137.29 ± 18.17 140.29 ± 17.29 0.019

DBP (mm Hg) 85.19 ± 10.98 83.61 ± 10.62 84.04 ± 10.35 87.86 ± 11.49 0.002

BMI (kg/m2) 25.59 ± 3.84 24.53 ± 3.38 25.49 ± 3.54 26.74 ± 4.23 <0.001

Dyslipidemia, n (%) 153 (38.6) 49 (37.1) 43 (33.1) 61 (45.5) 0.105

Current smoker, n (%) 50 (12.6) 7 (5.3) 14 (10.8) 29 (21.6) <0.001

Alcohol drinking, n (%) 28 (7.1) 8 (6.1) 9 (6.9) 11 (8.2) 0.789

HTN, n (%) 201 (50.8) 55 (41.7) 63 (48.5) 83 (61.9) 0.003

DM, n (%) 133 (33.6) 29 (22.0) 49 (37.7) 55 (41.0) 0.002

Continuous variables are expressed as mean ± [SD] if data is consistent with a normal distribution variables, and median [Q1, Q3] if the variables (AC sugar, TG level, HDL-C level, ALT
level, Creatinine level, and Urine ACR) significantly deviated from a normal distribution. P-value of continuous variables were derived from one-way ANOVA for data consistent with a
normal distribution and Kruskal–Wallis ANOVA for data consistent with non-normal distribution.
Categorical variables are expressed as n (%) and p-values of categorical variables were derived from the chi-square test.
Abbreviation: TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine
aminotransferase; eGFR, estimated glomerular filtration rate; ACR, albumin to creatinine ratio; CKD, chronic kidney disease; SBP, systolic blood pressure; DBP, diastolic blood pressure;
BMI, body mass index; HTN, hypertension; and DM, diabetes mellitus.

Frontiers in Medicine 03 frontiersin.org

https://doi.org/10.3389/fmed.2022.964101
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-964101 August 2, 2022 Time: 23:32 # 4

Shih et al. 10.3389/fmed.2022.964101

–1.154 × (age) –0.203 × (0.742 if female) using the modification
of diet in renal disease equation.

Assessment of chronic kidney disease
and other variables

Chronic kidney disease was defined as the presence of
kidney damage (urine ACR ≥ 30 mg/g) or decreased renal
function with an eGFR < 60 mL/min/1.73 m2 (31). DM was
defined as a fasting plasma glucose level ≥ 126 mg/dL or the
use of oral antidiabetic drugs or insulin therapy. HTN was
defined as SBP ≥ 140 mm Hg, DBP ≥ 90 mm Hg, or the use
of medication treatment for HTN. Dyslipidemia was defined
as LDL-C level ≥ 130 mg/dL, HDL-C level < 40 mg/dL in
men or <50 mg/dL in women, TG level ≥150 mg/dL, TC level
≥200 mg/dL, or the use of lipid-lowering medication. Drinking
status was defined as alcohol drinking frequency ≥ 3 days/week.

Statistical analysis

Participants were divided into three groups according
to the homocysteine level: first group (homocysteine
level ≤ 11.1 µmol/L), second group (homocysteine
level 11.2∼14.3 µmol/L), and third group (homocysteine
level > 14.3 µmol/L). Then, the laboratory and clinical data

TABLE 2 The correlation between eGFR and metabolic risk factors.

eGFR (mL/min/1.73 m2)

Unadjusted Adjusted for age

Variable Correlation
coefficient, r

p-value Correlation
coefficient, r

p-value

Age (year) –0.387 <0.001 NA NA

AC sugar level
(mg/dL)

–0.064 0.201 –0.078 0.120

Homocysteine level
(µmol/L)

–0.369 <0.001 –0.363 <0.001

TGlevel (mg/dL) 0.066 0.190 0.034 0.502

HDL-C level
(mg/dL)

0.107 0.033 0.131 0.009

LDL-C level (mg/dL) 0.098 0.051 0.020 0.698

Waist circumference
(cm)

–0.136 0.007 –0.125 0.013

SBP (mm Hg) –0.165 <0.001 –0.090 0.074

BMI (kg/m2) –0.115 0.023 –0.149 0.003

Uric acid level
(mg/dL)

–0.346 <0.001 –0.367 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; ALT, alanine
aminotransferase; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; BMI, body
mass index; and NA, not applicable.

were analyzed within each group. We checked the normality
of the continuous variables by using Shapiro–Wilk Normality
Test. We presented data as mean ± [SD] if our data is consistent
with a normal distribution variables, and median [Q1, Q3]
if the variables (AC sugar, TG level, HDL-C level, ALT level,
Creatinine level, and Urine ACR) significantly deviated from
a normal distribution in Table 1. P-value were derived from
one-way ANOVA for data consistent with a normal distribution
and Kruskal–Wallis ANOVA for data consistent with non-
normal distribution. The categorical variables were analyzed
by the chi-square test and expressed as n (%). The correlation
between eGFR and age, AC sugar, homocysteine, TG, HDL-C,
and LDL-C level, WC, SBP, BMI, and uric acid level were
analyzed using Pearson’s correlation coefficient, which was also
adjusted for age. A scatterplot is also displayed. The prevalence
of CKD in each group is expressed as a bar chart. Furthermore,
multiple logistic regression was performed to evaluate the
association between groups and CKD after adjusting for age,
sex, BMI, smoking, HTN, DM, dyslipidemia, and uric acid level
in each group. Throughout our study, p < 0.05 was considered
statistically significant. Finally, the Youden index and receiver
operating characteristic (ROC) curves were used to determine
the optimized homocysteine cutoff value to determine CKD
risk. All statistical analyses were performed using SPSS for
Windows (version 25.0, released 2011, IBM SPSS Statistics, IBM
Corp., Armonk, NY, United States).

Results

A total of 396 middle-aged and elderly individuals from
communities in northern Taiwan were enrolled in this study.
The participants included 164 men (41.4%) and 232 women
(58.6%), with a mean age of 63.72 ± 8.76 years. Table 1
summarizes the demographic and clinical characteristics of the
study participants. The enrolled participants were categorized
into three subgroups according to their homocysteine levels:
first group (homocysteine level ≤ 11.1 µmol/L), second
group (homocysteine level 11.2∼14.3 µmol/L), and third
group (homocysteine level > 14.3 µmol/L). There were no
statistically significant differences in age (p = 0.551), AC sugar
(p = 0.115), TG level (p = 0.201), LDL-C level (p = 0.332),
ALT levels (p = 0.081), dyslipidemia (p = 0.105), and alcohol
consumption (p = 0.789) between the first, second, and third
groups. The participants in the high homocysteine level group
tended to be male (p < 0.001) and had higher uric acid
level (p < 0.001), creatinine level (p < 0.001), urine ACR
(p = 0.007), CKD prevalence (p < 0.001), WC (p < 0.001),
SBP (p = 0.019), DBP (p = 0.002), BMI (p < 0.001),
smoking rate (p < 0.001), HTN prevalence (p = 0.003),
and DM prevalence (p = 0.002) than those in the low
homocysteine level group. Conversely, the participants in
the high homocysteine level group had lower HDL-C level
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(p < 0.001) and eGFR (p < 0.001) than those in the low
homocysteine level group.

Table 2 shows the correlation between eGFR levels
and various cardiovascular risk factors. eGFR was positively
correlated with HDL-C level (r = 0.107, p = 0.033) and
was negatively correlated with age (r = –0.387, p < 0.001),
homocysteine level (r = –0.369, p < 0.001), WC (r = –0.136,
p = 0.007), SBP (r = –0.165, p < 0.001), BMI (r = –0.115,
p = 0.023), and uric acid level (r = –0.346, p < 0.001).
Even after adjusting for age, homocysteine level (r = –0.363,
p < 0.001), WC (r = –0.125, p = 0.013), SBP (r = –
0.090, p = 0.074), BMI (r = –0.149, p = 0.003), and uric
acid level (r = –0.347, p < 0.001) still remained statistically
significant, except for SBP. Meanwhile, eGFR still remained
positive in correlation with HDL-C (r = 0.131, p = 0.009) after
adjusting for age. Figure 1 shows a scatterplot of the eGFR
with homocysteine level. Pearson’s correlation was –0.369 with
p < 0.001.

The association between CKD and homocysteine levels is
discussed further. The bar chart in Figure 2 reveals that the third

group had 40.3% CKD prevalence, second group had 20.8%
CKD prevalence, and first group had 14.4% CKD prevalence.
This result showed that high homocysteine level group had a
higher CKD prevalence than the low homocysteine level group
with statistical significance (p < 0.001). In Table 3, a multiple
logistic regression model was used to calculate the odds ratio
(OR) of homocysteine levels with CKD after adjusting for other
risk factors. The third and second groups were compared with
the first group in all three models. Model 1 was unadjusted.
Model 2 was adjusted for age and sex. Model 3 was adjusted
for age, sex, BMI, smoking, HTN, DM, dyslipidemia, and uric
acid levels. All ORs decreased and p-values increased after
adjusting for more factors in the logistic regression model.
The variables of third group remained statistically significant
after adjustment in model 1 (OR 4.014, 95% CI 2.212–7.286,
p < 0.001), model 2 (adjusted OR 4.476, 95% CI 2.307–8.687,
p < 0.001), and even model 3 (adjusted OR 2.655, 95% CI
1.284–5.490, p = 0.008). Figure 3 shows the ROC curve for
homocysteine levels as a biomarker of CKD. The area under the
ROC curve (AUC) was 0.67; the homocysteine level cutoff value

FIGURE 1

The correlation between the homocysteine level and eGFR. Abbreviations: eGFR, estimated glomerular filtration rate.
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FIGURE 2

Prevalence of CKD based on the homocysteine level. A linear increasing trend across homocysteine tertiles. Abbreviations: CKD, chronic kidney
disease.

TABLE 3 Multivariate logistic regression analysis of the association between the homocysteine level and CKD according the tertiles of the
homocysteine level.

Model 1 Model 2 Model 3

Variable OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

First 1.000 Reference – 1.000 Reference – 1.000 Reference –

Second 1.559 0.818 to 2.971 0.177 1.517 0.777 to 2.962 0.222 1.084 0.524 to 2.240 0.828

Third 4.014 2.212 to 7.286 <0.001 4.476 2.307 to 8.687 <0.001 2.655 1.284 to 5.490 0.008

Model 1: unadjusted.
Model 2: adjusted for age and sex.
Model 3: adjusted for model 2 plus BMI, smoking, HTN, DM, dyslipidemia, uric acid level.
Abbreviation: BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; OR, odds ratio; and CI, confidence interval.

was 15.15 µmol/L with a sensitivity of 0.470 and specificity of
0.801 (Table 4).

Discussion

Chronic kidney disease is a heavy burden on the elderly and
the society worldwide, and more than 750 million people suffer
from kidney disease (17). In our community-based research,
we investigated the association between homocysteine levels
and CKD prevalence in middle-aged and elderly individuals
in northern Taiwan. In Table 1, the participants in the high
homocysteine level group tended to be male and have a
higher uric acid level, creatinine level, urine ACR level, CKD
prevalence, WC, SBP, DBP, BMI, smoking rate, DM prevalence,
and HTN prevalence than those in the low homocysteine level

group, but participants in the high homocysteine level group
tended to have lower HDL-C level and eGFR. People with
higher homocysteine level were considered to have a higher
CVD risk (18), which was predicted by the Framingham Risk
Score. According to the Framingham Risk Score, male sex,
HTN, smoking status, and SBP were risk factors for CVD,
but HDL level was a protective factor against CVD (19). Our
results not only corresponded to the relationship between CVD
risk factors and the Framingham Risk Score, but were also
supported by many previous studies, which indicated a positive
relationship between homocysteine level and male sex, HTN,
smoking status, and SBP (20–23). The HDL-C level had an
inverse relationship with the homocysteine level, which was
also noted in a previous study (24). Meanwhile, our research
revealed a negative relationship between homocysteine levels
and kidney function. In the high homocysteine level group, the
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FIGURE 3

ROC curve for homocysteine level as a biomarker to detect
subjects with CKD. Abbreviation: CKD, chronic kidney disease;
ROC, receiver operating characteristic.

uric acid level, creatinine level, urine ACR, and CKD prevalence
were all increased, but eGFR was decreased. These findings led
us to speculate the relationship between kidney function and
homocysteine levels.

In Table 2, we found a negative relationship between
eGFR and homocysteine levels, along with other traditional
CVD risk factors such as SBP and BMI. After adjusting for
age, the negative correlation between homocysteine levels and
eGFR still reached statistical significance. Pearson’s correlation
between the homocysteine level and eGFR was –0.363 with
p < 0.001 after adjusting for age, which corresponded to the
results of previous studies showing that the homocysteine level
was negatively correlated to eGFR and positively correlated to
CKD (25, 26). Previous studies and results raise the question of
whether the homocysteine level can be an important risk factor
for CVD; therefore, we wanted to determine whether a high
homocysteine level can be an independent risk factor for CKD.

As shown in Figure 2, the bar chart showed that the
high homocysteine level groups tended to have a high
CKD prevalence (p < 0.001). Furthermore, we analyzed the
association between CKD and homocysteine levels using logistic

regression with adjustment for other important parameters. In
Table 3, the CKD in the second and third groups was compared
with the CKD in the first group. The OR for CKD increased
in the third group, which always had a greater OR for CKD
with statistical significance compared to that in the first group.
Even after adjusting for age, sex, BMI, smoking, HTN, DM,
dyslipidemia, and uric acid level, the OR for CKD and 95%
confidence interval for the third group in comparison with the
first group were 2.655 and 1.284 to 5.490, respectively, with
p = 0.008. This result confirmed that a high homocysteine
level (>14.3 µmol/L) was an independent risk factor for CKD.
Finally, we used the ROC curve to measure the diagnostic
accuracy of the homocysteine level and determine the optimal
cutoff value of the homocysteine level for CKD. Figure 3 shows
the ROC curve for homocysteine levels as a biomarker to predict
CKD. The AUC was 0.662; the homocysteine cutoff value was
15.15 µmol/L with a sensitivity of 0.470 and specificity of
0.801 (Table 4).

Hyperhomocysteinemia is an important biomedical culprit
in CKD and is a serious risk factor that ultimately leads to
renal failure. Homocysteine is synthesized from methionine
as an intermediate product in the methionine cycle, and
homocysteine can revert to methionine or cysteine, which plays
an important role in cellular redox by modulating the level
of glutathione. Homocysteine, cysteine, and glutathione form
an interchain or intrachain with hydrogen sulfide between
those residues in protein. Hence, homocysteine affects cellular
oxidative stress, protein regulation, and cell signaling (27).
There are many hypotheses regarding hyperhomocysteinemia-
related renal injury.

Homocysteine-induced oxidation causes the primary
pathogenesis of hyperhomocysteinemia (28–30). Homocysteine,
cysteine, and glutathione are major thiol-containing amino
acids in the human body. Thiols are easily catabolized into
thiol-thial radicals (RS.), which interact with other thiols
to produce disulfide anions (RSSR-), and other oxygen
species (ROS), including superoxide anion radicals (O2.-) and
hydrogen peroxide (H2O2; 31). Homocysteine can also produce
ROS by activating the NADPH oxidase (32, 33). These ROS
interrupt normal cellular function and lead to cardiovascular
(34) and kidney disease (35). Indeed, studies have shown
that hyperhomocysteinemia compromises the microvascular
function (7) in many organs with the microvascular system
including the kidney (10).

S-adenosyl-L-methionine-dependent methyltransferase
(SAM) derived from methionine is catalyzed by

TABLE 4 The areas under ROC curve, sensitivity, and specificity of the optimized cutoff points for homocysteine level as a biomarker of CKD.

Variable Area p-value Cutoff point Sensitivity Specificity

Homocysteine level 0.662 (0.599–0.725) <0.001 15.15 µmol/L 0.470 0.801

Abbreviation: ROC, receiver operating characteristic; CKD, chronic kidney disease.
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SAM-dependent methyltransferases before donating its methyl
group. SAM accounts for >90% methylation of nucleic acids,
proteins, and lipids. S-adenosylhomocysteine (SAH), which
inhibits the methyltransferase reaction, is also a product of
SAM-dependent methyl transfer (36). Hyperhomocysteinemia
increases intracellular SAH (37) and inhibits SAM-dependent
methyl transfer. DNA methyltransferases are vulnerable to high
SAH levels. The demethylation of certain genes, including the
hTERT gene, affects kidney function (38, 39).

The kidney is the major site of homocysteine metabolism.
Most (80%) of the homocysteine binds to plasma proteins, and
only the unbound form is subject to glomerular filtration and
tubular reabsorption (40, 41). Hyperhomocysteinemia damages
renal function as previously mentioned; in return, decreasing
renal function leads to further accumulation of homocysteine in
CKD (42, 43). In previous studies, they pointed out the positive
relationship between homocysteine levels and CKD, but most
of them did not consider the influence of other factors and
cutoff points for CKD survey. In our study, we considered other
traditional CKD factors for adjustment, and the results indicated
that a high homocysteine level could be an independent
predictor of CKD. In addition to other traditional CKD
parameters, homocysteine should be considered an important
biomedical marker in healthy screens.

There are several strengths in our study. First, our study
has a clear design, sufficient sample size, comprehensive and
relevant confounders, and appropriate data analysis. Second, the
novelty of our study was discovering the strong relationship
between homocysteine and CKD from a community-dwelling
population. Third, there was no similar research that investigates
this topic in the middle-aged and older populations from the
community in Taiwan.

However, there are several limitations to our study. First, the
participants in our study were mainly recruited from northern
Taiwan. The characteristics of our study subjects may differ
from the general population, so the result cannot be generalized
to other populations, Second, the number of participants in
this study was relatively small, so future studies using a bigger
population and random sampling of the community would
make the study more convincing. Third, although our study
indicated a strong relationship between homocysteine and CKD,
this study was a cross-sectional the study, thus, the causal
relationship between homocysteine and CKD could not be
evaluated and determined. The mechanism of this relationship
needs more exploration in the future.

Conclusion

Our study indicated that a high homocysteine level can
be an independent risk factor for CKD in the middle-aged
and elderly populations in Taiwan. Further prospective studies

should examine and determine if lower homocysteine levels
reduce the likelihood of CKD.
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