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Abstract: Background: Hyperhomocysteinemia is a risk factor for vascular diseases. This study aimed to investigate
the serum total homocysteine (tHcy) level and nutritional status in elderly inpatients and determine the relationship
between tHcy level and nutritional status. Methods: This cross sectional study was carried out in the Tongji hospital,
and 142 subjects were consecutively recruited. Fasting blood was collected, and the liver and kidney function, blood
glucose, glycosylated hemoglobin (HbA1c), plasma protein, lipid profile, folic acid, vitamin B12 and serum total tHcy
were measured. Anthropometric measurements, grip strength and the shortened MNA form (MNA-SF) were used
to assess the nutritional status. Results: Undernutrition was common in this population. Based on MNA-SF scores,
34.2% of subjects were at risk of malnutrition, and malnourished subjects accounted for 4.9%. The mean tHcy was
14.10+5.46 pymol/l, and the prevalence of hyperhomocysteinemia was 32.4% (46/142). Hyperhomocysteinemia
was a risk factor of cerebral infarction (RR=1.636, 95% CI: 1.169-2.288); Serum tHcy was negatively correlated with
serum folic acid, vitamin B12 and MNA-SF score (r=-0.348, P=0.000; r=-0.236, P=0.005; r=-0.208, P=0.014), and
positively with BMI within normal range (18.5-23.9; r=0.232, P=0.044). Serum tHcy was negatively correlated with
HbAlc, (r=-0.196, P=0.021) and positively with serum creatinine (r=0.327, P=0.000), but unrelated to fasting blood
glucose (r=-0.098, P=0.250). Multivariate stepwise regression analysis showed serum folic acid, serum creatinine,
MNA-SF score and HbA1c were independent determinants of serum tHcy. Conclusion: Elderly subjects have higher
serum tHcy level. Compromised renal function, poor nutritional status and lower blood glucose are likely to influence
the serum tHcy level.
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Introduction Elevated serum total homocysteine (tHcy) is a
concern in a rare hereditary disease due to the
deficiency of CBS and B vitamins in nutrition,

diet with high methionine, aging, smoking, cli-

Homocysteine (Hcy) is a sulphur-containing
amino acid, an intermediary product in methio-

nine metabolism. Serum Hcy occurs in three
major forms: protein-integrated Hcy, di-sulfurat-
ed Hcy and Cys- di-sulfurated Hcy and free type
Hcy, which are collectively known as total Hcy.
In mammalian cells, catabolism of Hcy is done
in two ways: under the condition of negative
balance, Hcy is methylated into methionine in
the presence of methionine synthesis enzyme
(MS) or catalysis methyl transferase enzyme
(BMHT) in the liver and kidney; under the condi-
tion of positive balance, cysteine is obtained in
the presence of cystathionine-B-synthesis
enzyme (CBS), Hcy and serine, and further
transformed into sulphate which is then secret-
ed into urine [1-4].

macteric and sedentary lifestyle [5-7]. In 1969,
Mcully reported that Hcy was related to athero-
sclerosis, and high tHcy level predicts a high
risk for vascular diseases [7]. A series of study
have shown that excessive tHcy may cause inju-
ry to the vascular endothelium, promote prolif-
eration of smooth muscle cells, facilitate ath-
erosclerosis, enrich in blood cells and enhance
the risk for venous thrombosis [8]. According to
epidemiological evidence, high tHcy level is an
independent risk factor for cardiovascular dis-
eases [9].

The elder population is at a high risk for malnu-
trition, which is worse in elderly inpatients
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dard methods [12].

Nutritional status was de-
termined using the Mini-
Nutritional Assessment sh-
ort form (MNA-SF) which
includes six domains: food
intake, weight change, acti-
vity, psychological stress,
cognitive situation and BM-
I. The MNA-SF was com-
pleted using CC instead of
BMI in cases of absence of
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fied as malnourished (score
<7), at risk of malnutrition
(score 8-11) or well-nour-

pmol/I1, the minimum was 5.9 ymol/I and maximum was 33.4 ymol/I. ished (score >12) ones

(nearly 50% are malnourished in elderly inpa-
tients). In addition, these patients have higher
morbidity, poorer quality of life, prolonged hos-
pital stay and higher hospital mortality [10, 11].
Elder patients usually coexisting chronic dis-
easesincludingcardiovasculardiseases.Neverthe-
less, little is known about the influence of nutri-
tional status on the Hcy level in this population.
This study was to investigate the effect of
metabolism of proteins, lipids and glucose on
the serum total Hcy level.

Subjects and methods
Subjects

Consecutive patients aged 65 years or older
were recruited from the Department of Internal
Medicine and Geriatrics of Tongji Hospital
(Shanghai, China). Exclusion criteria were: 1)
Liver and kidney dysfunction; 2) malignant
tumor; 3) Gastrointestinal absorption disorder;
4) Severe infection; 5) Unconsciousness or cog-
nitive impairment; 6) medication with vitamin B
or vegetarian. This study was approved by the
Ethics Committee of Tongji Hospital. All sub-
jects signed informed consent.
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[13].

Grip strength test was performed with a hand-
held dynamometer (Camry, Electronic hand
dynamometer, Model: EH101). Handgrip streng-
th was measured in kilograms (kg) holding at
least 3 seconds. Two tests were performed and
the greater handgrip strength was scored.
Scores were divided into approximate quartiles,
separately, for men and women as described
elsewhere [14].

Biochemical detection

Fasting blood was collected. Serum total Hcy
was measured with cycling enzymatic method.
Serum total Hcy concentration of <15 mol/L
was considered normal. Serum folic acid and
vitamin B12 were detected with electrochemi-
luminescence immunoassay. Glucose was de-
termined enzymatically. Glycosylated hemoglo-
bin (HbA1c) was measured using high perfor-
mance liquid chromatography. Serum total cho-
lesterol (TC), high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) were measured by
enzymatic clearance assay. Triglyceride (TG)
was measured by TG LiquiColor Test. Serum
creatinine was measured using standard tech-
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Table 1. Clinical characteristics of patients

Parameters Total (n=142) Male (n=65) Female (n=77)
Age (y) 77.1+7.6 76.0+7.6 77.8+7.3
Education level (primary and blow, n, %) 53.5 41.5 63.6"
Current and former smoker (%) 19.7 40.0 2.6
Current and ever drink alcohol (%) 12.0 21.5 3.9"
Body mass index (kg/m?) 23.9+5.7 23.9+7.8 23.9+4.0
Mid-arm circumference (cm) 26.8+3.1 26.4+2.5 27.2+3.4
Calf circumference (cm) 32.4+3.7 33.243.5 31.8+3.7
Systolic pressure (mmHg) 136.2+19.5 134.2+15.5 138.0+22.3
Diastolic pressure (mmHg) 79.7£8.4 80.7+6.7 78.849.5
Handgrip strength (kg) 18.2+9.3 23.6+9.7 13.7+5.3""
MNA-SF score 11.7+1.9 11.7+1.9 11.7+2.0
Homocysteine (umol/I) 14.104+5.46 15.56+5.70 12.86+4.97"
Serum folic acid (ng/ml) 9.91+4.93 9.69+4.89 10.09+4.99
Serum vitamin B12 (pmol/I) 322.4+266.2 299.5+287.9 341.7+246.6
Hypertension (n, %) 69.0 61.5 75.3
CAD (n, %) 45.8 40.0 50.6
Cerebral infarction (n, %) 46.5 52.3 41.6

MNA-SF score, Mini-Nutritional Assessment short form; CAD, coronary atherosclerotic heart disease; Continuous data are ex-
pressed as mean + SD and categorical data as percentages. Comparisons were conducted using Student’s t-test or chi-square

test. “P<0.05; **P<0.01.

nique. Estimate glomerular filtration rate (eGFR)
was calculated with MDRD method.

Statistical analysis

Continuous data were expressed as mean and
standard deviation (SD), and categorical data
as percentages. tHcy distribution was tested
for normality. Categorical data were compared
using chi-square test. Among different age
groups, comparisons were done with one way
analysis of variance (ANOVA).

Hcy was used as dependent variable and other
indicators as independent variables. The corre-
lation analysis was performed after adjusting
for age, gender and smoking. Age, folic acid,
creatinine and other parameters related to Hcy
were analyzed with stepwise regression equa-
tion and the independent factors affecting Hcy
concentration were determined.

A value of 2-tailed P<0.05 was considered for
statistical significance. Statistical analysis was
performed using SPSS version 17 for windows
(SPSS Inc., Chicago, lllinois).

Results

A total of 142 consecutive patients were
recruited including 65 males and 77 females.
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The frequency distribution of Hey in this popula-
tion is shown in Figure 1. The Hcy distribution
was skewed. The mean Hcy was 14.10+5.46
pmol/l. The prevalence of hyperhomocystein-
emia was 32.4% (46/142). Hyperhomocysteine-
mia was a relative risk factor of cerebral infarc-
tion (relative risk =1.636, 95% confidence
interval [Cl]: 1.169-2.288, X?=7.505, P=0.006).

The characteristics of these patients are shown
in Table 1 according to the gender. The mean
age was 77.1+7.6 years (range: 65-95 years).
The Mean systolic and diastolic blood pressure
was 136.2+19.5 mmHg and 79.7+8.4 mmHg,
respectively. Men had higher education level,
were more likely to smoke and drink and had
higher handgrip strength.

The biochemical parameters are shown in dif-
ferent age groups (65-74 years, 75-84 years
and =85 years) in Table 2. The mean Hb, ALB,
PA, TC and TG decreased, but the BUN, Cr, UA
and Hcy increased with age, showing significant
differences among different age groups.

Univariate analysis showed the Hcy level was
negatively correlated with MNA-SF score
(P<0.014), HbAlc (P<0.021) and eGFR
(P=0.011), but positively correlated with Cr
(P=0.000) in Table 3. The correlation was sta-
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Table 2. Serum biochemical parameters in different age groups

Variables Total (n=142) Age (65-74 y) (n=51) Age (75-84y) (n=69) Age (>85y) (n=22) P value
HB (g/1) 128.0+16.2 132.5+14.3 126.3+17.0 123.1+16.1 0.034
ALB (g/1) 34.743.8 35.7+4.7 34.4+3.0 33.3+3.2 0.032
PA (g/1) 0.285+0.062  0.302+0.060 0.281+0.062 0.257+0.053  0.011
BUN (mmol/I) 4.79+1.89 4.23+1.40 5.05+2.02 5.2412.24 0.031
Cr (umol/I) 73.8+17.1 67.5+15.5 75.9+16.6 80.7+16.7 0.002
UA (umol/1) 324.3+86.1 318.2+82.5 322.1+86.6 345.1+93.2 0.455
BG (mmol/I) 6.53+2.49 6.88+2.78 6.55+2.54 5.65+1.09 0.153
HbA1c (%) 6.70+1.60 6.82+1.73 6.71+1.62 6.37+1.22 0.552
TC (mmol/1) 4.60+1.01 4.86+1.04 4.51+0.97 4.29+0.91 0.047
TG (mmol/I) 1.47+0.86 1.68+0.71 1.47+1.00 1.00£0.49 0.008
HDL (mmol/l) 1.06+0.32 1.02+0.28 1.05+0.35 1.14+0.31 0.323
LDL (mmol/I) 2.82+0.84 3.02+0.76 2.73+0.89 2.62+0.80 0.091
Hey (umol/1) 14.10+5.46 12.21+4.05 14.82+6.11 16.18+5.06 0.005
Folic acid (ng/ml) 9.91+4.93 10.33+5.02 10.13+4.66 8.36+5.47 0.253
Vitamin B12 (pmol/l) 322.4+266.2  313.5+161.9 313.84276.7 367.6£386.7  0.676

HB, hemoglobin; ALB, albumin; PA, prealbumin; BUN, urea nitrogen; Cr, creatinine; UA, uric acid; FBG, fasting blood glucose;

HbA1c, Glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; Hey, Homocysteine. Variables were expressed as mean + SD, and comparisons were conducted using ANOVA.

tistically significant after adjusting for age, gen-
der and smoking. Multivariate stepwise regres-
sion analysis showed the serum Cr (3=0.436,
P=0.000), folic acid (B=-0.385, P=0.000),
MNA-SF score (f=-0.283, P=0.000) and HbA1c
(B=-0.151, P=0.040) were independent deter-
minants of tHcy.

Discussion

Our results showed elderly patients mainly
developed hypertension, cerebral infarction,
coronary heart disease and type 2 diabetes.
The prevalence of hyperhomocysteinemia was
32.4%. Our findings revealed that the risk for
cerebral infarction in elderly patients with ele-
vated serum Hcy was 1.636 times higher than
that in patients with normal Hcy. High tHcy level
is an independent risk factor for cardiovascular
diseases including ischemic heart disease,
stroke and vascular lesions. A prospective
meta-analysis showed that the risk for venous
embolism was up to 27% while the plasma tHcy
increased by 5 ymol/L. The risk for cardiovas-
cular diseases was reduced by 11% and that
for stroke by 19% when the plasma tHcy was
decreased by 3 pmol/L [15]. The increased
tHcy may cause stress, oxidation-reduction
imbalance and inflammation, resulting in ath-
erosclerosis [16]. The present study showed
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that tHcy was not related to blood lipids, which
means tHcy has no relation with lipid metabo-
lism on the affection for cardiovascular dis-
ease. In the elderly, body fat mass shows a
increasing trend, while the body fat tends to be
distributed in the abdomen. Our study showed
the serum tHcy was positively related to BMI
within normal range.

The prevalence of inadequate nutritional status
was high as assessed by MNA-SF score (34.2%
at risk for malnutrition and 4.9% malnourished
status). Our results showed the tHcy level
increased with age and had a negative relation
with nutrition status, which means that good
nutrition status may exert protective effects on
cardiovascular system. According to the
Ducloux’s study, the tHcy level had a negative
relation with all-cause mortality in inflamma-
tion and malnutrition patients [17]. Our results
indicated that tHcy was related to serum creati-
nine and GFR deducted by MDRD formula. This
was also present after adjusting for age and
gender. Decreased renal function may leads to
the retention of metabolites, affecting metabo-
lism of sulfur amino acid and causing high tHcy
level. Multiple prospective cohort study showed
that the tHcy level is associated with mortality
due to end-stage renal disease and concurrent
atherosclerosis but not with heart failure and
severe inflammation [18]. Cardiovascular dis-

Int J Clin Exp Med 2013;6(9):779-784



Homocysteine level and nutritional status in elderly inpatients

Table 3. Relationship between Hcy level and nutrition status

Hcy MNA-score  Hb Alb PA Bun Cr UA BG HbAlc TC TG HDL LDL
1.000 -.208 -037 .052 -091 .077 .327 127 -.098 -196 -.013 .054 -.047 .047
.014 .660 .542 285 .363 .000 .136 .250 .021 .883 .528 583 .584
1.000 .333 .309 114 .086 151 .057 -033 -094 .064 142 .006 .022
.000 .000 .180 .315 .076 501 703 271 454 .093 946 .793

1.000 .440 227 130 .074 147 054 -024 194 093 .084 152

.000 .007 127 .383 .083 530 .783 .022 .272 326 .073

1.000 511 .081 457 143 .012  -050 .199 076 151 150

.000 .342 065 .092 .884 554 .018 371 .075 .077

1.000 .132 .071 126 -.028 -012 242 292 075 .168

119 405 A37 744 892 .004 .000 .380 .048

1.000 421 336 .089 .084 -040 .019 .115 -.088

.000 .000 295 322 641 .828 176 .303

1.000 .354 -013 -146 -078 136 -084 -063

.000 .879 .086 .360 .109 .321  .457

1.000 .020 -145 114 242 -052 .076

.815 .088 181 .004 545 .373

1.000 .700 .059 257 -197 -.049

.000 486 .002 .020 .565

1.000 .037 109 -128 -.010

661 .201 .131 .904

1.000 .226 .431 .920

.007  .000 .000

1.000 -344 .042

.000 .626

1.000 .290

.001

1.000

eases are a major cause of morbidity and mor-
tality in patients with chronic kidney disease
(CKD). A moderate increase in plasma total Hcy
occurs in the early stage of CKD and Hcy may
increase as renal function decreases, indicat-
ing the important role of the kidney in Hcy
metabolism [19, 20].

ATP produced in the aerobic metabolism of glu-
cose is major source of energy in the brain. The
interrupted oxygen and nutrition supply may
cause damage to the metabolism in the brain.
The depletion of cell energy, release of excit-
atory amino acid, mitochondrial dysfunction
and production of free radicals have been
found to attributed to the pathogenesis of cere-
bral ischemia [21]. Study on hippocampal slic-
es exposed to oxygen and glucose deprivation
and subsequent re-oxygenation showed lactate
dehydrogenase increased accompanied by cell
death [22]. In the study of Sanchez et al on 20
patients, fasting plasma tHcy was positively
related to fasting insulin. Another survey
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showed that higher plasma tHcy level was
associated with higher blood glucose level in
type 2 diabetes mellitus patients [23]. Our find-
ings revealed that there was no significant rela-
tionship between serum tHcy and fasting blood
glucose, but serum tHcy was negatively related
to HbAZlc. HbAlc reflects the average blood glu-
cose level within past 3 months, which may
affect cell metabolism, resulting in increased
serum Hcy level in elderly patients with lower
baseline blood glucose level. Our findings were
different from those in the study of Passaro et
al on diabetic patients [24], and further studies
are required.

In conclusion, our study shows a high preva-
lence of hyperhomocysteinemia in elderly
patients. Higher serum tHcy level is associated
with age, serum folic acid, vitamin B12, renal
function, nutritional status and baseline glu-
cose level. There is no association between
lipid profile and total Hcy.
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