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Abstract Hyperhomocysteinemia has been shown to be
an independent risk factor for cardiovascular disease as
well as retinal vascular occlusion. Because of the epide-
miological, dietary, genetic and environmental diversity
among the different countries, each country should estab-
lish the reference interval of homocysteine of their own
population for recommending appropriate medical decision
limits. Hence a total of 1,288 apparently healthy subjects
including 636 male and 652 female were enrolled in the
present study to determine the reference intervals of
homocysteine in an Indian population. Results of the study
were presented as mean, standard deviation, median and
2.5th and 97.5th percentile with the 0.90 confidence
interval of each percentile values of homocysteine along
with decade-wise changes.

Keywords Homocysteine (Hcys) -
Hyperhomocysteinemia (HHcys) - Reference interval -
Confidence interval (CI) - Percentile

K. D. Lahiri (I)

R. G. Kar Medical College & Hospital, 4/2 Shibchandra
Sarbabhowma Lane, Baranagar, Kolkata 700036,

West Bengal, India

e-mail: kapildeb.lahiri@gmail.com

H. Datta

Department of Ophthalmology, Regional Institute
of Ophthalmology, Kolkata, India

e-mail: himadri.datta@gmail.com

H. N. Das

Department of Biochemistry, R.G. Kar Medical
College & Hospital, Kolkata, India

e-mail: haren_doc@yahoo.co.in

@ Springer

Introduction

Atherosclerosis induced cardiovascular disease is the
leading cause of mortality and morbidity throughout the
world [1-6]. The traditional risk factors for atherosclerosis
are elevated total cholesterol, LDL-cholesterol [7, 8],
triglyceride [9], apolipoprotein B [10], lipoprotein (a) [11],
reduced HDL-cholesterol [12] and apolipoprotein A [13].
Since 1969, McCully suggested that moderate levels of
hyperhomocysteinemia (HHcys) might be associated with
atherosclerosis [14, 15].

All circulating homocysteine (Hcys) is primarily derived
from dietary methionine, which acts as a methyl group
donor in the form of S-adenosyl methionine. On donating
the methyl group it forms S-adenosyl Hcys which is then
converted to Heys. Heys is a sulfur-containing nonprotein
amino acid that is either metabolized to cystathionine by
the transsulfuration pathway, requiring vitamin B6, or it is
converted back to methionine by transmethylation,
requiring vitamin B12 and folate [16].

HHcys is associated with a greater risk of cardiovascular
disease [17]. Approximately 10 % of the population’s risk
of coronary artery disease is attributable to Hcy [18].
HHcys is also a risk factor for atherosclerosis in the retinal
vasculature [19-21].

There are various mechanisms reported regarding
endothelial dysfunction by Hcys. These include decreased
bioavailability of nitric oxide [22], altered expression of
various thrombotic factors, mitogenic effect on arterial
smooth muscle cells [23], and expression of acute stress-
related genes [24]. Moreover, the high pKa of the sulthy-
dryl group (pKa = 10.0) of Hcys is responsible for the
formation of stable disulfide bonds with protein cysteine
residues and, in the process, alters or impairs the function
of many proteins. Albumin, fibronectin, transthyretin,
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annexin II, and factor V have now been identified as
molecular targets for Hcys [25]. Metabolic conversion of
Hcys to a chemically reactive metabolite, Hcys-thiolactone
is suggested to contribute to Hcys toxicity in humans
(Hcys-thiolactone hypothesis) [26] leading to endothelial
dysfunction.

According to the centre disease control of prevention,
and described in the Laboratory Procedure Manual of
Abbott Axsym System [27] the normal concentration of
total homocysteine varies between 4.6 and 8.1 pmol/L, for
subjects aged under 30 years without regard to gender,
however moderate hyperhomocysteinemia is considered
for values greater than 16 umol/L. These values are con-
firmed in studies reviewed by Kilmer McCully and also in
his book The Heart Revolution [14, 15] where hyperhom-
ocysteinemia is classified as: moderate—between 15 and
30 umol/L; intermediate—between 30 and 100 pmol/L;
and severe—over 100 pmol/L [27]. Most laboratories use
15 pmol/L as the cutoff point, between normal and
abnormal values, without considering the age of the
patient. However, a study conducted from 1991 to 1994
found that the reference range for serum total homo-
cysteine concentration increased with age even among
adults [28].

Current reference data on circulating Hcy concentrations
are based on studies conducted on foreign population [28—
30]. Reference data on Hcy concentrations based on a
representative Indian sample are lacking. Therefore the
objective of the present study was to quantitate the plasma
hcys in healthy Indian male and female in order to establish
reference interval.

Materials and Methods

A total of 1,288 apparently healthy subjects including 636
male and 652 female from West Bengal were enrolled in
the study. The age of reference individuals ranged from 20
to 81 years. Reference individuals were selected from
those persons who accompanied the patients attending the
out patient department of R. G. Kar Medical College and
Hospital. The institutional ethics committee approved the
study and informed consent was obtained from all the study
populations, in accordance with the Declaration of Hel-
sinki. A detailed questionnaire on family history, social
status, and dietary habits, including other habits such as
smoking, alcohol intake, history of systemic diseases, and
drug history was completed by all the study subjects.
Hypertension, diabetes mellitus, cardiovascular disease,
dyslipidemia, renal disease, liver disease were ruled out in
the present study based on the biochemical tests apart from
the questionnaire.

Measurement of Plasma Hcys

Venous blood samples were drawn into EDTA-containing
tubes after the participants fasted overnight. Plasma was
separated immediately from blood cells by centrifugation
at 2,000x g for 10 min. Total plasma Hcys was estimated
enzymatically with a Reagent kit, supplied by Lilac
Clinical chemistry division [31].

Other biochemical tests—fasting plasma glucose, lipid
profile (total cholesterol, triglyceride, HDL cholesterol,
LDL cholesterol), liver function test (ALT, AST, Total
Bilirubin, Direct Bilirubin, Total protein, Albumin), kidney
function test (Urea, Creatinine) were performed.

Mean, standard deviation, median and 2.5 and 97.5th
percentile with the 0.90 confidence interval of each per-
centile values of hcys are presented along with decade-wise
changes. Statistical analysis was performed using SPSS
software.

Results

The mean total plasma Hcys levels for all ages were
11.46 &+ 2.56 umol/L in healthy male and 11.41 + 2.48 in
healthy female. The median values of 11.67 pmol/L in
male and 11.4 umol/L in female were quite similar to mean
values in male and female respectively (Table 1).

The 2.5th and 97.5th percentile values of total plasma
Hcys level in reference Indian population were 6.5 (0.90 CI =
6.3-6.7) and 1638 (090 CI = 16.2-16.6) respectively
(Table 2).

Decade-wise analysis of over all total plasma Hcys
levels showed steady increase of mean values from
20-29 years to advancing decades until S5th decade in ref-
erence population although it was not same for male and
female (Table 3).

The frequency distribution of total plasma Hcys levels
showed normal Gaussian distribution. (Figure 1).

Discussions

Atherosclerosis induced cardiovascular disease is steadily
increasing in South East Asian countries and also in India
[32]. Retinal vein occlusion due to atherosclerosis has also
become the 2nd most common retinal vascular disorder
after diabetic retinopathy [33]. Apart from the traditional
risk factors, Hcys was also found to be a predisposing
factor for atherosclerosis [14, 15]. HHcys is not only
associated with a greater risk of cardiovascular disease [17,
18] but also a risk factor for atherosclerosis in the retinal
vasculature [19-21]. Folic acid, pyridoxine (vitamin B6),
and cobalamin (vitamin B12) reduce homocysteine levels
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Table 1 Total plasma Hcys levels (umol/L) in reference Indian male and female

n Mean SD Median Min-Max 2.5th percentile 97.5th percentile
Total plasma Hcys
Male 638 11.46 2.56 11.67 4.1-20.8 6.42 16.5
Female 652 11.41 2.48 114 5.1-22 6.55 16.27
Total 1288 11.44 2.53 11.5 4.1-22 6.5 16.38
Table 2 Percentile values of Percentile ~ Percentile value =~ Lower confidence limit ~ Upper confidence limit

total plasma Hcys level (umol/L)

with 0.90 confidence interval in

. Total plasma Hcys
reference Indian male and

female Male 2.5th
97.5th

Female 2.5th

97.5th

Total 2.5th

97.5th

6.42 6.1 6.7
16.5 16.2 16.8
6.55 6.3 6.8
16.27 16 16.5
6.5 6.3 6.7
16.38 16.2 16.6

Table 3 Decade-wise total plasma Hcys levels (umol/L) in reference Indian male and female

Age group in years 20-29 30-39 40-49 50-59 >60 Over all
n
Male 120 122 126 140 128 636
Female 122 138 142 126 124 652
Total 242 260 268 266 252 1288
Total plasma Hcys
Male 10.8 £ 1.9 112 £ 24 1243 11.6 £ 2.5 11.6 £ 2.6 11.46 &+ 2.56
Female 109 + 1.8 119+ 1.9 11.3 £32 12 +24 11.6 £ 2.5 11.41 £ 2.48
Total 10.8 £ 1.9 112+ 22 11.6 £ 3.2 11.8 £ 2.5 11.6 £ 2.5 11.44 £ 2.53
Fig. 1 Frequency distribution Frequency distribution of total plasma homocysteine level in an
of tOti.il plasmg homocyste.me ® Indian population
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3 B 4.1-6pmol/l
S 350
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and may help to reverse endothelial injury associated with
elevated total homocysteine [34]. So that Hcys level should
be monitored routinely in all diagnostic laboratories for
both the risk assessment and as follow-up investigations
subsequent to the vitamin supplementations in atheroscle-
rosis induced disease. The concentrations of Hcys is very

@ Springer

much dependent upon ethnicity, specific dietary habits, and
genetic make up, advancing age, gender, life style, and
environmental factors. Current reference data on circulat-
ing Hey concentrations are based on studies conducted on
foreign population [28-30]. Reference data on Hcy con-
centrations based on a representative Indian sample are
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lacking. Therefore the study aimed to determine reference
interval for total plasma homocysteine level in an Indian
population.

Selhub j et al. [28] observed that reference ranges for
serum total homocysteine concentration increased with
age; these ranges were 4.3-9.9 umol/L. for male partici-
pants and 3.3-7.2 umol/L for female participants of
12-19 years of age and from 5.9 to 15.3 pmol/L for men
and 4.9 to 11.6 pmol/L for women of 60 years of age or
older. A high homocysteine concentration was defined as at
least 11.4 pymol/L for male participants and at least
10.4 pmol/L for female participants in their study.

Reference intervals were also showed to be similar for
both genders in a Portuguese study. The reference range for
homocysteine in young Portuguese adults was 6.2-11.6
pmol/L, regardless of gender [29].

Another study based on Greek children of 6-15 years of
age showed no statistically significant difference in total
Hcy level in between gender [30].

Similar results were also found in our study (Table 1).
Total plasma Hcys levels showed steady increase of mean
values from 20 to 29 years to advancing decades until 5th
decade (Table 3) with the over all mean value in male,
female, and total population were 11.46 £ 2.56, 11.41 + 2.48
and 11.44 + 2.53 umol/L respectively. Although the decade-
wise changes in total plasma Hcys levels did not show the
steady increase in females. Differences in the body size and
estrogen status may contribute to the differences in plasma
total Hey between male and female [35, 36] in our study.

Reference intervals for total plasma homocysteine in
Indian population may benefit in future in formulating
medical decision limits and the guidelines in predicting
future risk for Coronary heart disease and retinal vascular
disease and also open up the scope for further research on
effect of varying physiological states (body size, estrogen
concentration etc.) on Hcys.
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