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RELATIONSHIP AMONG SERUM HOMOCYSTEINE, SERUM FOLATE
AND LEFT VENTRICULAR EJECTION FRACTION IN

CHRONIC KIDNEY DISEASE
Prasun Barua!® Mahmudul Haque?> Md. Jahangir Khan?

Abstract

Background: Homocysteine (Hcy) a sulfur-
containing, non-protein a-amino is Nnow con-
sidered an independent non-traditional risk
factor for vascular disease. In Chronic Kidney
Disease (CKD) highly prevalent hyperhomo-
cysteinemia which is often associated with
decreased folate concentrations is thought to
contribute to increased cardiovascular mor-
bidity. So, the aim of this cross-sectional study
was to investigate the relations among serum
homocysteine, serum folate and Left Ventric-
ular Ejection Fraction (LVEF) in the context of
native CKD patients. Materials and methods:
A total of one-thirty (130) participants were
recruited between June and July 2016.
Among them ninety (90) were CKD patients
of stage lll, IV & V and forty (40) were healthy
controls.eGFR was calculated by MDRD for-
mula. Different groups were created based
on serum homocysteine level and eGFR. Re-
sults: In this study, hyperhomocysteinemia
was seen in 97% CKD patients compared to
52.50% in controls. The CKD patients with
elevated homocysteine levels had higher
serum creatinine, LDL and systolic BP but
they had lower eGFR, serum folateand LVEF
than those with normal homocysteine con-
centrations. As the severity of homocysteine-
mia increased, eGFR and serum folate de-
creased. LVEFalso reduced significantly with in-
creasing severity of hyperhomocysteinemia i.e.
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from 68% in those withouthyperhomocystei-
nemia to 41.33% in those with severe hyper-
homocysteinemia. Chi-squared tests and odds
ratios proved significant associations of hyper-
homocysteinemia and folate deficiency with
CKD. Higher homocysteine concentrations
were also associated with low folate and low
LVEF. Here, serum homocysteine correlated
negatively with eGFR, serum folate and LVEF
and positively with LDL and systolic BP. Con-
clusion: Inconclusion, this study revealed sig-
nificant associationsamong hyperhomocystei-
nemia, low serum folate and low LVEF in the
native CKD patients. The consistency of ho-
mocysteine-eGFR and homocysteine-LVEF
correlations suggests that serum homocys-
teine may provide useful additional informa-
tion about CKD and associated high cardio-
vascular morbidity.
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Introduction

Homocysteine (Hcy) a sulfur-containing non-pro-
tein -amino acid is recently getting increasing at-
tention because of its role in vascular pathology,
especially cardiovascular disease. In the body Hcy
is synthesized from methionine by methylation re-
action. Hcy is converted back to methionine
through folate and vitamin B, dependent reme-
thylation pathway or converted to cysteine through
vitamin B requiring transsulfuration pathway. So,
deficiency of any of these vitamins, a common
finding in CKD, can raise plasma Hcy concentra-
tion. Excess homocysteine in circulation is cleared
by the kidney and liver. Renal pathways of homo-
cysteine handling largely depend on filtration, re-
absorption and metabolism (remethylation and
transsulfuration) abilities of kidney'. But in CKD
reduced glomerular filtration along with impaired
homocysteine metabolism lead toplasma homo-
cysteine accumulation?.
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Hyperhomocysteinemia (HHcy) generally defined
as aserum homocysteine level = 15 umol/L, is in-
creasingly being viewed as anindependent risk
factor for cardiovascular disease®*°. Study has
found that each increment of plasma homocys-
teine level by 5 umol/L increases the risk of Coro-
nary Heart Disease (CHD) events by approxi-
mately 20%’. A 25% lower homocysteine level
was associated with an 11% lower risk of coro-
nary artery disease and a 19% lower risk of
stroke®. Approximately 40% patients with cardio-
vascular disease are reported to have hyperhomo-
cysteinemia’. Numerousretrospective and pro-
spective studies revealed that elevated homocys-
teine levels are associated with atherosclerosis,
Cardiovascular Disease (CVD) cerebrovascular
complications, venous thromboembolism and hy-
pertension'®-!3, This phenomenon may be even
more important in CKD patients because cardio-
vascular disease is the leading cause of death
amongst these patients!4. The conventional cardi-
ovascular risk factors such as smoking, hyperten-
sion, glucose intolerance / diabetes, and dyslipide-
mia despite their widespread prevalence, are rela-
tively limited predictors of CVD-specific morbidi-
ty and mortality in the CKD patients'>. So, there
has been increasing emphasis on the role of ho-
mocysteine and other nontraditional risk factors.
Prospective study of dialysis patients has shown
that the risk of vascular disease rises 1% for each
1 umol/L increase in total homocysteine concen-
tration'®. The cerebral and cardio-vascular com-
plications of the vascular disease, and, in some
studies, thrombosis of the vascular access, a com-
mon and costly complication in ESRD, correlated
with high homocysteine levels'®!8. Several stud-
ies have also found an inverse association between
plasma homocysteine level and Left Ventricular
Ejection Fraction (LVEF) an established marker
of cardiovascular morbidity!®- 2°. For these rea-
sons, serumhomocysteine has been suggested asa
prognostic marker as well as an important risk
factor for cardiovascular morbidity and mortality
in patients with CKD. Yet, local studies in this
area are scanty to date. So,this study was under-
taken to evaluate the relations among serum ho-
mocysteine, serum folate and left ventricular ejec-
tion fraction in the context of native CKD pa-
tients.
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Materials and methods

This cross-sectional comparative study was car-
ried out inDepartment of Biochemistry andDepart-
ment of Nephrology of Chittagong Medical Col-
lege Hospital (CMCH) between June and July
2016.Permission for the study was taken from
concerned departments as well as from ethical re-
view committee. Adults aged between 18 to 60
yearsfulfilling the undermentioned enrollment cri-
teria were included by nonprobability consecutive
sampling. Considering the cost, duration and na-
ture of study, the sample size was limited to 130.
Inclusion criteria for CKD patients: CKD patients
(Stages III, IV & V) aged from 18 to 60 years at-
tending the Department of Nephrology, CMCH.
CKD was defined as either kidney damage or
GFR < 60 mL/min/1.73 m? for three or more
months.

Exclusion criteria for CKD patients: Patients with
acute kidney injury, obstructive uropathy, end-
stage liver disease, clinical cardiovascular disease,
cancer, pituitary, thyroid or adrenal function ab-
normalities, fever and any acute pathology, pa-
tients on dialysis, patients with malabsorption dis-
orders, those on particular diet (eg. vegetarian) on
vitamin B, B, B,, or folic acid supplementation,
on drugs that may affect serum folate level, preg-
nant patients,malnourished patients.

Inclusion criteria for controls: Healthy individuals
from community aged from 18 to 60 years with an
eGFR 60 > mL/min/1.73 m? and without proteinu-
ria (Dip-stick test negative).

Exclusion criteria for controls: Those on particu-
lar diet (eg. vegetarian), on vitamin B, B, B,, or
folic acid supplementation, pregnant women.
eGFR was calculated by MDRD formula?!. Fast-
ing serum total homocysteine and fasting serum
folate were estimated on The ADVIA Centaur sys-
tem which employsa competitive immunoassay-
with direct, chemiluminescent technology. Serum
creatinine was measured using CRE2 method
which uses a modified kinetic Jeffe technique on a
Siemens Dimension clinical chemistry system.
Fasting serum LDL was determined by ALDL
method on same machine. Proteinuria was deter-
mined by simple dipstick test.

All the data were processed and analyzed using
computer-based statistical software. p value < 0.05
was considered to be statistically significant.
Quantitative data were expressed as mean + SD,
and to measure the significance of their difference
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t-test or ANOVA were used. Qualitative data were
expressed in frequency and percentage, and to es-
timate the significance of association chi-squared
tests or odds ratios were used.To test the correla-
tion amongst different parameters, Pearson corre-
lation coefficient was used.

Results

Table I : Characteristics of controls and stage II1,
IV, V CKD patients (n = 130)

Characteristics Controls CKD patients
Stagelll  StagelV  StageV

Age, years 225+ 88+ H18+ 471+

1307 164l 1471 119
Male sex, % 515 58.82 5455 50.98
Hypertensive, % N 41.18 59.09 94.12
Diabetic, % N 2941 409 41.18
LDL 100 mg/dL, % 62.50 70.59 9.9 96.08
Hyperhomocysteinemic, % 52.50 §2.35 100 100
Low folate, % 10 17.65 3636 7647
Proteinuric, % NA 2941 7121 95.74
Low LVEF, % Not done 0 9.09 48
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Fig 1 : 100% stacked column showing patterns of
homocysteinemia in controls and stage III, IV, V
CKD patients, n = 130.

Table II : Comparison of parameters among con-
trols and stage III, IV, V CKD patients (n = 130)

‘Parameter Control  Stage [1CKD Stage IV CKD Stage V.CKD ~ p value ‘

Creatinine 087 163 291 1075 00001
(mgdl) 013 £031 £053 £507
eGFR 8760 4441 2150 590 <0.0001

(lmin) +156 +875  +38 336
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Hey 1780 3351 4946 7206 <0.0001
(umoll) 95 #1519 +13.04 +23.93
Folaste 1645 1101 147 47 <0.0001

(moll) 717 +453 £206 209
DL 10818 11188 148 1437 <0.0001
(mgdl) +2L11 464 226 28
SystolicBP 11755 12888 13895 14822 <0.0001
(mmHg) 1087 +1134  £1165  £1833

LVEF  Notdone 63.89 57.18 50.28 <0.001
(%) +5.18 1648 19,05

Table III : Characteristics of hyperhomocysteinemic
CKD patients; n =90

Grades of hyperhomocysteinemia
No Mild Moderate  Severe
<15 15-30  30-100  >100
pmol/L  pmol/L pmol/L  pmolL

Hypertensive,% 3333 50 7763 100
Diabetic, % 3333 50 36.84 60
LDL 2100 mg/dL, % 100 50 9211 100
Low folate, % 0 0 5921 100
Proteinuric, % 00.67 50 7945 100
Low LVEE, % 0 0 2703 100
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Fig 2 : Clustered column showing mean values of different
parameters in four homocysteine groups (n = 90)

Table IV : Associations found in this study

‘ Association Test of n p value ‘
between significance
CKD & %2 value = 38.42 130 <0.0001
hyperhomocy 0dds ratio =26.24 <0.0001
steinemia
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CKD & low ¥2 value =23.67 130 <0.0001
folate levels Odds ratio = 11.25 <0.0001
Hyperhomocy %2 value=3.88 90 <0.05
steinemia &
low folate
levels
Elevated Odds ratio =9.75 45 <0.01
homocysteine (Homocysteine
levels & low concentration in
LVEF upper tertile vs.

lower two tertiles)

Table V : Correlations observed in this study

Correlation between 1 value p value
eGFR &

serum homocysteine ~ r=-0.81,n=130 <0.00001
eGFR & serum folate  r=+0.84, n=130 <0.00001
Serum homocysteine &

serum folate r=-0.80,n=130 <0.00001
Serum homocysteine

& LVEF r=-0.70,n=45 <0.00001
Serum homocysteine &

LDL r=+0.62,n=130 <0.00001
Serum homocysteine &

systolic BP r=+0.59,n=130 <0.00001

Age and sex among groups were evenly matched.
Percentages of hyperhomocysteinemia, low folate
and low LVEF increased with increasing CKD
stages (Table I).

Table II shows significant differences in parame-
ters amongst four eGFR groups. Serum homocys-
teine increased whereas serum folate and LVEF
decreased with increase in severity of CKD.

Hypertension was more common in homocystei-
nemic CKD patients. Low folate concentration
and low LVEF were found only in moderate and
severely homocysteinemic patients (Table III).

CKD was associated with hyperhomocysteinemia
and low folate concentrations. Again, hyperhomo-
cystein-emia was associated with low folate and
low LVEF (Table IV).

Serum homocysteine correlated negatively with
eGFR, serum folate & LVEF but positively LDL
and systolic BP (Table V).
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Discussion

Of the 130 subjects included in this study, forty
(40)were controls and ninety (90) were CKD pa-
tients.Among the cases, stage III, IV & V CKD
patients were 19% (n = 17) 24% (n =22) & 57%
(n=51) respectively. Ages and sex ratios of differ-
ent groups and subgroups were evenly matched
and the differences were not statistically signifi-
cant (Table I).

Homocysteinemia and its severity increased with
increasing CKD stages. In stage III, homocystei-
nemia was seen in 82.35%, whereas all of the
stage IV & V CKD patients were hyperhomocys-
teinemic. These were significantly higher com-
pared to that of controls (52.5%) (Table I, Figure
1). Most of the CKD patients were moderately ho-
mocysteinemic (30 to 100 umol/L). Severe homo-
cysteinemia (>100 pmol/L) was seen only in 9.8%
of stage V CKD patients (Figure 1). A recent sys-
temic review and meta-analysis reported similar
prevalence (36—-89%) of hyperhomocysteinemia in
CKD patients depending on severity??. Percentage
of low folate concentration also increased in an as-
cending pattern from 10% in controls to 76.47%
in stage V of CKD patients (Table I).

ANOVA showed highly significant differences of
serum homocysteine and serum folate amongst the
controls and stage III, IV & V CKD patients (Ta-
ble II)Comparison of LVEF amongst stage 111, IV,
V CKD patients (n=45) also yielded significant
differences(Table II). However, mean serum LDL
concentration did not vary much amongst con-
trols, stage III and stage IV CKD patients except
in stage V (Table II). This phenomenon was also
observed in other studies?® 24,

There were significant differences in mean values
of different parameters amongst four homocys-
teine groups. As evident in Figure 2, average
eGFR, serum folate & LVEF were much lowerin
hyperhomocysteinemic groups.With increase in
severity of hyperhomocysteinemia, mean values of
eGFR and serum folate decreased. LVEF also re-
duced significantly with increasing severity of hy-
perhomocysteinemiai.e. from 68% in those with-
out hyperhomocysteinemia to 41.33% in those
with severe hyperhomocysteinemia.

The study has found strong associationsof CKD
with both hyperhomocysteinemia and low folate
concentrations (Table IV). In addition, hyperho-
mocysteinemia was also associated with low fo-
late (2 value = 3.88, p < 0.05) and low LVEF
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(Odds ratio = 9.75, p < 0.01) (Table 1V). In this
study serum homocysteine correlated positively
with LDL and systolic BP, and negatively with
eGFR, serum folate and LVEF (Table V). As pre-
dicted, serum folate was found to correlate posi-
tively with eGFR.

To test the relationsamong serum homocysteine,
serum folate and LVEF in CKD, independent of
hypertension and diabetes mellitus, subjects with-
out these disorders were analyzed separately. Al-
though that reduced the sample size significantly,
the above-mentioned relationships remained sub-
stantially unchanged.

Previous studies also reported similar associations
of both hyperhomocysteinemia and folate concen-
trations with CKD!%2> 26, However, the occur-
rence of hyperhomocysteinemia in these healthy
subjects and mean homocysteine concentrations
both in cases and controls were much higher than
the values generally reported. These variations
may be due to small sample size, deficiency of vi-
tamin B,, (Not assessed in the present study), lack
of food-fortifications with folate or traditional
methods of prolonged cooking.It may also be due
to higher rates of MTHFR polymorphism as seen
in Indian populations?’. Compared to other stud-
ies, much higher homocysteine concentrations
among the CKD patients of this study can be ex-
plained by the fact that most of these patients be-
longed to stage V and none were on dialysis or vi-
tamin supplementation.

Several lines of recent evidence confirm a two-
way relationship between hyperhomocysteinemia
and CKD. That is, rather than only being a conse-
quence of CKD, hyperhomocysteinemia can also
be involved as a cause of renal atherosclerosis and
renal damage leading to a vicious cycle with ac-
celerated deterioration of renal function?”> 28,

The adverse effect of hyperhomocysteinemia on
cardiovascular function especially in CKD pa-
tients has also drawn significant attention. Apart
from its established role in endothelial dysfunc-
tion, hypertension and atherosclerotic vascular
disorders, elevated homocysteine is known to di-
rectly affect cardiac function®® ?°. Homocysteine
induced increased matrix accumulation in the my-
ocardium leads to deposition of extracellular ma-
trix between endothelium and myocyte causing
endothelium-myocyte uncoupling. This causes
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prevention of nitric oxide to pass through the ma-
trix barrier and impairs left ventricular diastolic
dysfunction. This might explain the inverse asso-
ciation between plasma homocysteine level and
Left Ventricular Ejection Fraction (LVEF) ob-
served in the present study and similar others!'®> 20,
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Conclusion

In conclusion, this study revealed significant asso-
ciations of hyperhomocysteinemia and low folate
concentrations with CKD. Moderate and severe
homocysteinemia in the CKD patients were also
found to be associated with low LVEF. Similar to
the findings of previous studies, these associations
appeared to be independent of hypertension and
diabetes mellitus. These observations support the
growing consensus that serum homocysteine is an
additional prognostic marker of CKD that may al-
so be used to predict cardiovascular morbidity and
folate status in these patients. The much higher
rate and severity of homocysteinemia and folate
deficiency reported by this study may be indica-
tive of greater risk of vascular disease in Bangla-
deshi CKD patients. Hence, further studies are
needed in this area to better validate these findings
and to determine whether reduction in serum ho-
mocysteine results in improved prognosis.
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