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Abstract
We aimed to investigate the relationship between total homocysteine (tHcy) levels in the plasma and renal function severity in patients
with type 2 diabetes mellitus (T2DM) aged ≥75 years.
We included 221 patients with T2DM aged ≥60 years (59 aged ≥75 years).
tHcy levels among the 4 groups of patients aged ≥60 years significantly differed, but not in those aged ≥75 years. tHcy levels in

patients aged≥60 years were negatively correlated with the estimated glomerular filtration rate. The area under the receiver operating
characteristic curve of tHcy for predicting diabetic kidney disease (DKD) was 0.636. Fasting c-peptide and creatinine were
independently associated with tHcy levels in patients aged ≥60 years, whereas insulin and creatinine were independently associated
with tHcy levels in those aged ≥75 years.
tHcy concentrations were elevated in T2DM and can potentially serve as a risk factor for DKD, but it is not an ideal biomarker.

Abbreviations: AUC = crude area under the ROC curve, BUN = blood urea nitrogen, CKD = chronic kidney disease, DBP =
diastolic blood pressure, DKD = diabetic kidney disease, DN = diabetic neuropathy, eGFR = estimated glomerular filtration rate, HC
= hip circumference, HOMA = homeostatic model assessment, HOMA-IR = homeostatic model assessment index of insulin
resistance, QUICKI= quantitative insulin check index, ROC= receiver operating characteristic, SBP= systolic blood pressure, sUA=
serum uric acid, T2DM = type 2 diabetes mellitus, tHcy = homocysteine, UAE = urinary albumin excretion, UmALB/Cr =
microalbumin/Cr ratio, WC = waist circumference, WHR = waist-to-hip ratio.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a serious public health issue,
and is now the third-leading cause of disease-related mortality
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worldwide. In 2017, approximately 451 million adults aged
between 18 and 99 years suffer from diabetes, and this number is
predicted to increase to 629 million by 2045.[1] Macrovascular
and microvascular complications are primary causes of T2DM-
related mortality.[2] Diabetic kidney disease (DKD) is a
microvascular complication that is highly destructive and a
commonly observed complication of T2DMand amajor cause of
end-stage renal disease. The overall median prevalence of chronic
kidney disease (CKD) in patients with T2DM is 10.8% (range,
10.2%–11.3%); presently, there are an estimated 119.5 (range,
112.9–125.0) million patients with CKD in China.[3]

Various biomarkers have been identified for the diagnosis and
prognosis of diabetic nephropathy[4] including high-sensitive C-
reactive protein, C-peptide, and total bilirubin. In patients with
T2DM, these biomarkers indicate microvascular damage[5] and
are reported to be associated with increased microangiopathy.[6]

Plasma total homocysteine (tHcy) is elevated in patients with
T2DM[7] especially among those with microalbuminuria.[8]

Hyperhomocysteinemia, occurring in approximately 85%
patients with CKD because of altered renal metabolism and
impaired renal excretion,[9] is a risk factor for diabetic
retinopathy as well as for cardiovascular disease, and it has
become a topic of research.[10]

Several studies have reported an association between increased
plasma tHcy levels and DKD; however, few have focused on the
relationship between tHcy and diabetic nephropathy risk in
patients with T2DMaged≥75 years. Therefore, the present study
aimed to summarize the present data for providing more robust
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evidences of the potential relationship between plasma tHcy
levels and the risk for DKD in older patients with T2DM.
2. Methods

2.1. Study participants and study design

A total of 221 Chinese patients with T2DM aged ≥60 years (101
males and 120 females) were included. Of the total, 59 were aged
≥75 years (30 males and 29 females). All patients received
treatment at the Department of Endocrinology and Metabolism
at our hospital from July 2019 to December 2019. T2DM was
diagnosed according to the following criteria, which was
recommended by the 2014 guidelines of the American Diabetes
Association[11] fasting glucose level of ≥7.0mmol/L, glycated
hemoglobin concentration of ≥6.5% or postload plasma glucose
concentration of ≥11.1mmol/L (2hours, 75g oral glucose
tolerance test). Patients were divided into 4 groups as follows:
group A (microalbumin/Cr ratio [UmALB/Cr]<30mg/g), group
B (30mg/g � UmALB/Cr � 300mg/g), group C (UmALB/Cr>
300mg/g), or group D (Cr>97 or>73mmol/L for males vs
females, respectively). Each participant was asked to answer a
detailed questionnaire regarding drug use, disease history,
smoking history, and alcohol consumption. The exclusion
criteria were as follows: age of<60 years; prior diagnosis of
type 1 diabetes, Cushing syndrome, thyroid disorders, or cancer;
systemic corticosteroid treatment, lipid-lowering drugs, or
hypertension medications; acute or chronic viral hepatitis; liver,
renal, or heart failure; infection or inflammation and pregnancy.
Because the cohort comprised older patients with T2DM, chronic
diseases such as hypertension and coronary heart disease were
not regarded as exclusion criteria. The study protocol was
approved by the local Medical Ethics Committee, and the study
was conducted in accordance with the tenets of the Declaration of
Helsinki. All patients were provided an explanation of the study,
and each patient provided written informed consent.

2.2. Patients’ basic clinical characteristics

Anthropometric data including weight, height, waist circumfer-
ence (WC), and hip circumference (HC) were collected by nurses.
The waist-to-hip ratio (WHR) was calculated by dividing WC by
HC. Before measuring the blood pressure, each patient was
instructed to rest for at least 10minutes while seated. Blood
pressure was measured in triplicates using an electronic
sphygmomanometer (Omron Corporation, Kyoto, Japan),
and the average value of the 3 measurements was used for
analysis.

2.3. Biochemical measurements

After overnight fasting (≥12hours), blood samples were collected
between 07:00 and 08:00h and separated by centrifugation.
Fasting glucose, fasting insulin, fasting c-peptide, blood urea
nitrogen (BUN), Cr, cystatin-c, serum uric acid (sUA), alpha-
fetoprotein, carbohydrate antigen 19-9, carcinoembryonic anti-
gen, neuron-specific enolase, D-dimer, serum lipids (triglycerides,
total cholesterol, and low- and high-density lipoprotein choles-
terol), plasma tHcy, and insulin levels were measured using the
Beckman Coulter AU5800 Clinical Chemistry analyzer (Beck-
man Coulter, Inc, Brea, CA). Using a high-performance liquid
chromatography system (Beckman Coulter, Inc), glycated
hemoglobin concentrations were assessed.
2

2.4. Insulin secretion and insulin sensitivity or resistance
indices

As an index of insulin resistance (homeostatic model assessment
index of insulin resistance [HOMA-IR]), homeostasis model
assessment was done to evaluate insulin resistance status, using
the formula HOMA-IR = (fasting glucose [mmol/L]� fasting
insulin [mIU/L]/22.5).[12] The following formula was used to
calculate homeostatic model assessment (HOMA) of b-cell
function as an index of insulin secretion:[12,13] HOMA-b=
fasting insulin (mIU/L)�20 /(fasting glucose [mmol/L]�3.5).
The quantitative insulin check index (QUICKI) was calculated as
an index of insulin sensitivity using the formula[13] QUICKI=1 /
[log10 fasting glucose (mg/dL)+ log10 fasting insulin (mIU/L)].

2.5. Classification of renal dysfunction

The UmALB/Cr ratio and serum levels of BUN, Cr, and cystatin-c
were determined using the Beckman Coulter AU5800 Clinical
Chemistry analyzer (Beckman Coulter, Inc). The estimated
glomerular filtration rate (eGFR) was used to evaluate renal
function according to the Chronic Kidney Disease Epidemiology
Collaboration equation.[14]

2.6. Measurements of plasma tHcy concentrations

Plasma tHcy concentrations were measured by the enzymatic
cycling method using a commercial kit (Beckman Coulter, Inc) in
accordance with the manufacturer’s instructions. For human
tHcy measurements, the assay has a sensitivity of <10.0mmol/L
with intra- and interassay coefficients of variation of <10% and
<5%, respectively.

2.7. Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics for
Windows version 22.0 (IBM Corporation, Armonk, NY). Normal
distribution of the data was tested using Kolmogorov–Smirnov test.
Normally distributed data and data with skewed distributions are
presented as mean± standard deviation and median and inter-
quartile range, respectively. Categorical data were compared with
the x2 test. The Kruskal–Wallis H test or one-way analysis of
variance was performed to identify differences in continuous
variables among the 4 groups. For multiple testing among groups,
one-way analysis of variance or the Kruskal–Wallis H test was used
followed by Bonferroni correction. Bivariate correlation analysis
was performed to identify correlations between tHcy levels and
other variables. For the identification of independent factors related
with tHcy, multiple stepwise regression analysis was performed
while controlling for covariates. Non-normally distributed data
were log-transformed (e.g., log-tHcy) before correlation analysis as
well as multiple stepwise regression analysis. Plasma tHcy
concentrations for the detection of DKDwere derived from receiver
operating characteristic (ROC) curves. A 2-sided probability (P)
value of <.05 was considered to be significant. For power analysis,
according to the plasma tHcy concentrations and number of study
participants in the 4 groups, the effect size was 0.636.

3. Results

3.1. Characteristics of the study participants

The clinical characteristics of the 221 study participants
(≥60 years) are presented in Table 1, whereas those of the



Table 1

General clinical and laboratory parameters of older Chinese patients with T2DM aged ≥60 y.

Variable A B C D P value

N 95 32 49 45
Sex (M/F) 38/57 20/12 25/24 18/27 .11
Age (y)

∗
68.51±6.08 72.00±7.86 68.49±6.07 72.44±6.82 .001

BMI (kg/m2)† 25 (23.07–27.7) 25.6 (23.62–27.85) 26.1 (22.7–28.17) 25.79 (23.9–29) .763
WC (cm)

∗
93.37±9.89 96.74±8.69 89.20±7.94 93.77±8.32 .008

WHR
∗

0.94±0.07 0.95±0.07 0.93±0.05 0.95±0.07 .549
SBP (mm Hg)

∗
134.44±15.39 143.56±16.31 148.90±17.01 147.49±17.63 .000

DBP (mm Hg)
∗

78.14±9.17 78.38±9.57 79.80±9.90 80.24±12.60 .621
Duration of DM (mo) 144.12±87.46 164.80±110.03 221.02±129.47 225.33±113.06 .000
Fasting glucose (mmol/L)† 8.07(5.47–10.94) 11 (8.39–12.89) 9.49 (6.46–13.47) 8.44 (5.93–10.74) .008
Fasting insulin (mIU/L)† 9.78 (5.32–15.84) 10.29 (5.89–18.01) 9.77 (5.45–18.18) 5.58 (4.72–11.23) .304
Fasting c-peptide (pmol/L)

∗
622.4±418.7 823.54±467.1 643.2±391.5 816.8±578.5 .035

HbA1c (%)
∗

8.77±1.91 9.20±2.83 9.17±1.80 8.66±1.83 .495
Creatinine† 54.7 (47.2–68.6) 64.1 (51.9–83.3) 63.6 (50.3–84.2) 132.4 (101.5–182.7) .000
Blood urea nitrogen† 6.06 (4.77–7.33) 6.85 (5.4–9.26) 6.32 (5.24–7.51) 11.4 (9.03–14.28) .000
Cystatin-c† 0.94 (0.79–1.17) 1.05 (0.81–1.26) 1.14 (0.96–1.28) 2.05 (1.68–2.43) .000
UmALB/Cr 9.47±6.97 98.64±74.64 585.02±322.00 648.97±545.93 .000
TC (mmol/L)

∗
4.42±1.62 4.22±1.72 4.60±1.64 4.84±1.55 .379

TG (mmol/L)† 1.48 (1.03–2.21) 1.92 (1.13–3.06) 1.67 (1.19–2.26) 1.84 (1.36–3.47) .080
LDL-C (mmol/L)

∗
2.61±1.41 2.42±0.98 2.63±0.96 2.80±1.10 .629

HDL-C (mmol/L)
∗

1.08±0.27 0.94±0.27 1.04±0.21 0.99±0.23 .040
THcy 8.40±4.25 10.98±6.64 9.68±4.50 16.23±8.94 .000
Serum uric acid 283.62±72.46 326.04±107.93 327.51±92.35 423.42±92.32 .000
CA199 22.59±37.42 21.22±12.70 21.44±14.18 2 4.79±27.83 .952
D-Dimer† 88.0 (61.5–159.5) 98 (74–150) 131.5 (83.75–373) 198 (129–357) .000
eGFR 95.48±23.50 81.96±36.13 93.72±28.22 54.04±26.19 .000
HOMA-IR† 3.78 (1.71–5.47) 3.95 (3.13–8.4) 5.66 (2.16–10.17) 2.27 (1.32–5.39) .065
HOMA-b† 18.96 (9.21–37.08) 21.94 (5.77–30.61) 18.5 (8.35–58.65) 15.08 (5.68–35.37) .791
QUICKI† 0.52 (0.48–0.63) 0.51 (0.44–0.54) 0.47 (0.42–0.59) 0.58 (0.48–0.67) .065

Group A (the normal albuminuria group, UmALB/Cr<30mg/g).
Group B (microalbuminuria group, 30mg/g � UmALB/Cr � 300mg/g).
Group C (macroalbuminuria group, UmALB/Cr>300mg/g).
Group D (renal insufficiency group, Cr>97mmol/L [males], >73mmol/L [females]).
BMI = body mass index, DBP = diastolic blood pressure, QUICKI = Quantitative Insulin Check Index, SBP = systolic blood pressure, WC = waist circumference, WHR = waist-hip ratio, T2DM = type 2 diabetes
mellitus.
The enumerated data were compared with the x2 test.
∗
Normally distributed data were compared with the independent sample one-way ANOVA and are presented as the mean±SD.

† Data with skewed distribution were compared with the Kruskal–Wallis H test and are presented as the median (IQR).
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59 older patients (≥75 years) are presented in Table 2. We
observed that sex ratio and mean body mass index between the
patients aged ≥60 and ≥75 years were similar. As expected,
according to the UmALB/Cr ratio, tHcy, systolic blood pressure
(SBP), WC, HC, T2DM duration, fasting glucose, sUA, D-dimer,
eGFR, (P< .01), fasting c-peptide and high-density lipoprotein
cholesterol (P< .05) increased in patients aged≥60 years. Among
the older patients (≥75 years), T2DM duration, sUA (P< .01),
and fasting c-peptide (P< .05) relatively increased. Among the
patients aged ≥75 years, no significant differences were noted in
plasma tHcy levels among the groups (P= .334).
3.2. Plasma tHcy concentrations

Plasma tHcy levels significantly increased in patients aged ≥60
years (Fig. 1A). Significant differences were noted in UmALB/Cr
ratios among groups A to D (8.40±4.25, 10.98±6.64, 9.68±
4.50, and 16.23±8.94, respectively, P= .000). However, in older
patients aged ≥75 years, no significant differences were noted in
plasma tHcy levels (P= .334; Fig. 1B).
3

3.3. Correlations between plasma tHcy concentrations and
the clinical parameters

Bivariate correlation analysis indicated that plasma tHcy levels
(log-transformed) in patients aged ≥60 years were positively
correlated with log-transformed diastolic blood pressure (DBP)
(r=0.197, P= .006),WHR (r=0.178, P= .018), fasting c-peptide
(r=0.242, P= .001), Cr (r=0.474, P= .000), BUN (r=0.201,
P= .005), UmALB/Cr (r=0.262, P= .000), and sUA (r=0.341,
P= .000), but it negatively correlated with log-eGFR (r=�0.370,
P= .000; Table 3). Correlation analysis indicated that plasma
tHcy concentrations (log-transformed) positively correlated with
log-Cr (r=0.317, P= .016), BUN (r=0.136, P= .312), cystatin-c
(r=0.309, P= .041), and D-dimer (r=0.389, P= .003; Table 4).
Plasma tHcy levels (log-transformed) negatively correlated with
log-eGFR (r=�0.304, P= .021). The clinical parameters (T2DM
duration, WHR, DBP, fasting c-peptide, UmALB/Cr, Cr, BUN,
sUA, and eGFR) of each category are shown in Table 5. After
adjusting for covariates associated with tHcy, WHR, DBP,
fasting c-peptide, UmALB/Cr, Cr, BUN, sUA, and eGFR were
eventually excluded from the logistic regression model (Table 5).

http://www.md-journal.com


Table 2

General clinical and laboratory parameters of older Chinese patients with T2DM aged ≥75 y.

Variable A B C D P value

N 16 11 9 23 —

Sex (M/F) 6/10 6/5 5/4 13/10 .644
Age (y)

∗
77.50±2.66 80.27±3.69 78.22±2.64 78.22±2.98 .132

BMI (kg/m2)† 24.47 (21.7–27.7) 26.68 (23.17–28.09) 22.84 (21.3–27.1) 25.68 (24.06–29.0) .482
WC (cm)

∗
93.33±10.55 95.67±8.59 85.88±6.77 94.91±6.65 .056

WHR
∗

0.95±0.07 0.94±0.07 0.92±0.06 0.96±0.07 .522
SBP (mm Hg)

∗
136.31±16.23 145.18±15.50 149.78±17.20 145.26±11.27 .118

DBP (mm Hg)
∗

75.00±7.07 76.36±9.30 80.22±8.83 75.43±10.14 .531
Duration of DM (mo) 153.94±28.88 141.18±27.95 299.33±47.80 271.30±24.99 .001
Fasting glucose (mmol/L)† 8.91±3.16 11.26±3.28 14.62±10. 91 9.07±3.66 .054
Fasting insulin (mIU/L)† 10.54 (4.55–13.51) 16.93 (11.17–23.46) 5.8 (4.66–19.29) 5 (4.65–9.4) .134
Fasting c-peptide (pmol/L)

∗
592.17±297.85 1070.29±541.41 576.89±377.62 867.87±481.83 .033

HbA1c (%)
∗

9.13±2.10 9.74±1.88 9.00±2.13 8.82±1.69 .666
Creatinine† 67.4 (57.7–73.4) 74.1 (51.2–85.8) 71.9 (51.15–80.7) 153.1 (104.3–188.35) .000
Blood urea nitrogen† 6.47 (6.06–8.7) 7.41 (5.43–9.66) 6.71 (4.99–9.9) 12.59 (10.3–14.83) .000
Cystatin-c† 1.11± .26 1.27± .28 1.13± .27 2.27± .65 .000
TC (mmol/L)

∗
4.01±1.08 3.92±1.14 3.85±1.35 4.67±1.50 .251

TG (mmol/L)† 1.51 (1.03–3.43) 1.54 (0.97–2.89) 1.84 (1.02–1.98) 1.84 (1.32–3.56) .550
LDL-C (mmol/L)

∗
2.29±0.74 2.29±0.77 2.15±1.00 2.60±0.85 .482

HDL-C (mmol/L)
∗

1.04±0.29 0.88±0.21 1.12±0.31 0.96±0.25 .227
Serum uric acid 319.27±65.78 339.49±100.77 331.06±83.73 426.41±80.71 .001
CA199 22.12±18.05 21.12±10.16 17.88±9.66 18.76±8.90 .812
D-Dimer† 143 (117–181) 180 (117.25–261.25) 138 (80–548) 284.5 (145.75–722.5) .176
eGFR 34.66±19.52 60.25±26.19 80.21±15.09 82.49±25.72 .000
THcy 9.42±4.90 12.53±8.80 9.28±5.27 13.55±8.98 .334
HOMA-IR† 3.32 (1.77–4.73) 7.58 (4.79–9.03) 5.52 (3.96–7.50) 2.13 (1.55–4.12) .521
HOMA-b† 21.61 (8.82–45.3) 23.61 (14.42–51.13) 4.35 (0.56–76.04) 9.6 (5.68–33.36) .315
QUICKI† 0.55±0.11 0.46±0.05 0.48±0.03 0.60±0.15 .062

Group A (the normal albuminuria group, UmALB/Cr<30mg/g).
Group B (microalbuminuria group, 30mg/g � UmALB/Cr � 300mg/g).
Group C (macroalbuminuria group, UmALB/Cr>300mg/g).
Group D (renal insufficiency group, Cr>97mmol/L [males], >73mmol/L [females]).
BMI = body mass index, DBP = diastolic blood pressure, QUICKI = Quantitative Insulin Check Index, SBP = systolic blood pressure, T2DM = type 2 diabetes mellitus, WC = waist circumference, WHR = waist-
hip ratio.
The enumerated data were compared with the x2 test.
∗
Normally distributed data were compared with the independent sample one-way ANOVA and are presented as the mean±SD.

† Data with skewed distribution were compared with the Kruskal–Wallis H test and are presented as the median (IQR).
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WHR, DBP, fasting c-peptide, UmALB/Cr, Cr, BUN, sUA, and
eGFR were identified as independent factors associated with
plasma tHcy concentrations in patients aged ≥60 years
(P= .018,.006,.001,.000,.000,.005,.000, and.000, respectively).
Figure 1. A, Median (IQR) plasma tHcy levels in Chinese T2DM patients aged ≥60
75 years of Chinese older patients with T2DM. T2DM = type 2 diabetes mellitus

4

After adjusting for covariates associated with tHcy, DBP, fasting
insulin, Cr, fasting c-peptide, total cholesterol, low-density
lipoprotein cholesterol, D-dimer, and eGFR were removed from
the logistic regression model (Table 6). DBP, fasting insulin, Cr,
years. B, Plasma total homocysteine levels (median (IQR) marked) in older than
.



Table 3

Bivariate correlation between plasma tHcy levels and other
variables (≥60 y).

THcy r P

Sex (M/F) �0.085 .238
Age (y) 0.112 .117
BMI (kg/m2) �0.026 .720
WC (cm) 0.128 .091
WHR 0.178

∗
.018

SBP (mm Hg) 0.133 .063
DBP (mm Hg) 0.197† .006
Duration of DM (mo) 0.090 .213
Fasting glucose (mmol/L) 0.038 .603
Fasting insulin (mIU/L) �0.008 .928
Fasting c-peptide (pmol/L) 0.242† .001
HbA1c (%) �0.018 .806
Creatinine 0.474† .000
Blood urea nitrogen 0.201† .005
Cystatin-c �0.019 .811
UmALB/Cr 0.262† .000
TG (mmol/L) 0.026 .718
TC (mmol/L) 0.114 .116
LDL-C (mmol/L) 0.101 .164
HDL-C (mmol/L) �0.002 .974
Serum uric acid 0.341† .000
CA199 0.049 .516
D-Dimer 0.128 .085
eGFR �0.370† .000
HOMA-IR �0.044 .607
HOMA-b 0.020 .818
QUICKI 0.024 .783

BMI = body mass index, DBP = diastolic blood pressure, QUICKI = Quantitative Insulin Check Index,
SBP = systolic blood pressure, tHcy = homocysteine, WC = waist circumference, WHR = waist-hip
ratio.
∗
P< .05.

† P< .01.

Table 6

Logistic regression analysis: factors associated with plasma tHcy

Table 5

Logistic regression analysis: factors associated with plasma tHcy
levels in older Chinese T2DM patient aged ≥60 y.

Independent
factors

b (unstandardized
coefficient)

Std.
error t P value

WHR
∗

18.173 7.623 2.384 .018
DBP (mm Hg)

∗
0.128 0.046 2.794 .006

Fasting c-peptide (pmol/L)
∗

0.003 0.001 3.298 .001
UmALB/Cr 0.004 0.001 3.764 .000
Creatinine 0.067 0.009 7.425 .000
Blood urea nitrogen 0.158 0.056 2.821 .005
Serum uric aci 0.022 0.004 5.002 .000
eGFR �0.083 0.015 �5.541 .000

DBP = diastolic blood pressure, T2DM = type 2 diabetes mellitus, tHcy = homocysteine, WHR =
waist-hip ratio.
∗
These variables were log-transformed before analysis.

†P< .05.
‡P< .01.
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fasting c-peptide, total cholesterol, low-density lipoprotein
cholesterol, D-dimer, and eGFR were identified as independent
factors associated with plasma tHcy concentrations in patients
aged ≥75 years (P= .037,.033,.018,.028,.017,.002, and.021,
respectively). After adjusting for covariates associated with tHcy,
fasting c-peptide and Crwere removed from themultiple stepwise
regression model (Table 7). Fasting c-peptide and Cr were
identified as independent factors associated with plasma tHcy
concentrations in patients with T2DM aged ≥60 years (P= .031
and.000, respectively). After adjusting for covariates associated
with tHcy, fasting insulin and Cr were removed from the multiple
stepwise regression model. Fasting insulin and Cr were identified
Table 4

Bivariate correlation between plasma tHcy levels and other
variables (≥75 y).

THcy r P

Fasting c-peptide (pmol/L) 0.017 .905
Creatinine 0.317

∗
.016

Blood urea nitrogen 0.136 .312
Cystatin-c 0.309

∗
.041

eGFR �0.304
∗

.021
D-Dimer 0.389† .003

tHcy = homocysteine.
∗
P< .05.

† P< .01.

5

as independent factors of patients aged ≥75 years (P= .028
and .002, respectively, Table 8).
3.4. Plasma tHcy concentrations and DKD

The crude area under the ROC curve (AUC) of tHcy to predict the
presence of DKD was 0.636 [95% confidence interval=0.545–
0.727], suggesting that plasma tHcy is a potential biomarker of
DKD (Fig. 2).

4. Discussion

Older patients with T2DM are a rapidly emerging population
presenting important clinical challenges. Individuals in this
diverse group can widely differ in physical and pathological
statuses that can increase the risks of complications and
negatively impact glycaemic control, disease severity as well as
the quality of life. Diabetic nephropathy risk is increased in older
patients with T2DM. DKD is a critical complication associated
with T2DM with an increasing prevalence worldwide.[15] The
proportion of older patients with T2DM and DKD is predicted to
increase from 15% to 25%.[16] Diabetic nephropathy is the
primary complication associated with T2DM, leading to kidney
failure.[17] DKD is defined as a progressive increase in urinary
albumin excretion (UAE), which leads to a decrease in glomerular
levels in older Chinese T2DM patient aged ≥75 y.

Independent factors
b (unstandardized

coefficient)
Std.
error t P value

DBP (mm Hg)
∗

0.261 0.116 2.245 .029†

Fasting insulin (mIU/L) �0.152 0.070 �2.165 .037†

Fasting c-peptide (pmol/L)
∗

0.005 0.002 2.198 .033†

Creatinine 0.043 0.017 2.452 .018†

TC (mmol/L)
∗

1.721 0.759 2.267 .028†

LDL-C (mmol/L)
∗

2.989 1.208 2.474 .017†

D-Dimer 0.005 0.002 3.224 .002‡

eGFR �0.075 0.032 �2.367 .021†

DBP = diastolic blood pressure, tHcy = homocysteine, T2DM = type 2 diabetes mellitus.
∗
These variables were log-transformed before analysis.

† P< .05.
‡ P< .01.
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Table 7

Multiple stepwise regression analysis: independent factors asso-
ciated with plasma tHcy levels in Chinese patients with T2DM
(≥60 y).

Independent factors
b (unstandardized

coefficient)
Std.
error t P value

Fasting c-peptide (pmol/L) 0.062 0.001 2.177 .031
∗

Creatinine 0.002 0.009 6.592 .000†

tHcy = homocysteine, T2DM = type 2 diabetes mellitus.
∗
P< .05.

† P< .01.

Table 8

Multiple stepwise regression analysis: independent factors asso-
ciated with plasma tHcy levels in Chinese patients with T2DM
(≥75 y).

Independent factors
b (unstandardized

coefficient)
Std.
error t P value

Fasting insulin (mIU/L)‡ �1.191 0.080 �2.381 .028
Creatinine‡ 0.076 0.022 3.520 .002

T2DM = type 2 diabetes mellitus, tHcy = homocysteine.
∗
P< .05.

†P< .01.
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filtration and eventually renal failure.[18] DKD is also the most
important cause of end-stage renal disease, which is an
independent risk factor for cardiovascular disease as well as
increased mortality. Furthermore, 30% patients with T2DM
develop renal disease.[19,20] UmALB/Cr, Cr, urea, eGFR, UAE,
and cystatin-c are important biomarkers of renal injury. Of these,
UAE is used for the diagnosis and prognosis of DKD because it
helps in the early detection of renal parenchymal injury.[21,22]

Cystatin-c is another important biomarker of renal injury, which
is a low-molecular-weight protein synthesized by nucleated cells,
and functions in the regulation of cysteine proteases. Further-
more, cystatin-c has been reported as a very promising marker for
the early detection of end-stage renal disease in patients with
T2DM.[22,23]

Older patients with T2DMhave high rates of premature death,
functional disability, and coexisting illnesses such as hyperten-
sion, coronary heart disease, and stroke compared with those
without T2DM. Cho et al[24] reported that hyperthermia is
associated with increased microalbuminuria risk in patients with
Figure 2. The crude AUC of the ROC curve of plasma total homocysteine for pre
diabetic kidney disease, ROC = receiver operating characteristic.
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T2DM, which is in accordance with the concept that hyperther-
mia has an etiological role in the pathogenesis of diabetic
neuropathy (DN). Abbasi et al[25] proposed that early identifica-
tion of risks associated with T2DM and microvascular
complications helps in the introduction of preventive interven-
tions to stop or to delay disease onset that is crucial in decreasing
morbidity and mortality in patients with T2DM in addition to
microvascular complications.
Therefore, the present study described the relationship among

plasma tHcy levels, different biochemical measurements, and
biomarkers to assess the association between plasma tHcy and
renal disease in older Chinese patients with T2DM. However,
few studies have investigated these potential associations. Several
biomarkers such as C-reactive protein, adiponectin, and gamma-
glutamyl transpeptidase, are associated with an increased risk of
developing T2DM.[26] Wang et al reported that increased plasma
tHcy levels correlated with a greater risk of renal failure, which is
characterized by a rapid decrease in eGFR. Moreover, plasma
tHcy is significantly associated with decreased eGFR after
dicting the presence of DKD. AUC = crude area under the ROC curve, DKD =
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controlling for other factors that promote disease progression.
Plasma tHcy acts as an independent risk factor as well as an early
predictor of the progression of DN in patients with T2DM.[27]

Deebukkhum et al[28] found that decreased eGFR associated with
increased tHcy levels may present a higher risk for future DN.
The left ventricular mass index, carotid intima media thickness,
and Cr level positively correlated with plasma tHcy levels.
Therefore, plasma tHcy might be a useful predictor of end-organ
damage like cardiac, carotid, and renal diseases in patients newly
diagnosed with T2DM.[29] A previous study found that
hypertension and plasma tHcy and triglyceride levels significantly
associated with an increased DKD risk and have been used as a
risk prediction model with good test performance and discrimi-
natory capacity. Their observations suggest that increased
plasma tHcy levels are associated with an increased DKD risk
in Chinese diabetic patients.[30]

There were 3 crucial findings in the current study. First,
according to the UmALB/Cr in Chinese patients aged ≥60 years,
plasma tHcy levels, and SBP, WC, T2DM duration, fasting
glucose, sUA, D-Dimer, and eGFR were statistically significant in
each group (P< .01), although no significant difference was noted
in plasma tHcy levels among Chinese patients with T2DM aged
≥75 years (P= .334); however, significant differences were noted
among T2DM duration, sUA (P< .01), and fasting c-peptide
(P< .05). Second, in this study, plasma tHcy concentrations in
patients with T2DM aged ≥60 years positively correlated with
log-DBP, fasting c-peptide, Cr, BUN, UmALB/Cr, and sUA, but
negatively correlated with log-eGFR. Meanwhile, the results of
multiple stepwise regression analysis suggested that fasting c-
peptide and Cr independently associated with plasma tHcy in
patients with T2DM aged ≥60 years, whereas fasting insulin and
Cr levels were independently associated in those aged ≥75 years.
Lastly, in this study, the crude AUC of plasma tHcy for prediction
of the presence of DKD was 0.636 (95% confidence interval =
0.545–0.727), suggesting that plasma tHcy is predictive of the
risk for DKD. Unfortunately, the number of older patients with
T2DM aged ≥75 years participating in this study was relatively
less. Hence, a larger population is needed to confirm the cut-off
value of plasma tHcy for predicting DKD, unlike other
predictors, such as Cr and BUN.
This hospital-based observational study is the first to provide

clinical evidence on the role of circulating tHcy in developing
DKD. However, the present study has several limitations that
need be addressed. First, the study is based on a cross-sectional
design and the cohort was relatively small. Therefore, these
findings need be confirmed in other ethnicities and in larger
prospective cohort studies. Second, as an observational study, a
cause-and-effect relationship could not be confirmed between
plasma tHcy and physiopathologic DKD mechanism. Both in
vitro and in vivo studies are necessary to elucidate the underlying
mechanisms. Third, because of the study design and limited
funds, we were only able to determine the plasma tHcy
concentrations in DKD. Other data for the prediction of DKD
were not available. Therefore, further studies are required.
5. Conclusion

Plasma tHcy concentrations are relatively elevated in older
patients with DKD, especially those aged ≥75 years. Our data
suggest that tHcy might serve as a biomarker for the development
of DKD in older patients, but it is not ideal for predicting T2DM.
Nonetheless, this study is the first to report plasma tHcy as a
7

marker of DKD in older Chinese patients with T2DM, especially
those aged≥75 years. These findings provide new clinical insights
into the roles of tHcy in DKD pathogenesis.
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