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Abstract Till date no community based data on plasma
homocysteine is available in North Eastern Region. Hence,
the present study was conducted to analyze and correlate the
plasma homocysteine level with some life style factors like
diet, alcohol intake, smoking habit and body weight, in a
cross-section of population. 12 h fasting samples of 970
apparently healthy, Assamese population of both genders in
the age group of 35-86 years, mostly from the urban area of
Assam were tested for plasma total homocysteine level over
a period of 3 years. Out of 970 volunteers, hyperhomocy-
steinemia was detected in 533 (55%) individuals with a mean
value of 18.41 pmol/l. Of that hyperhomocysteinemia,
89.1% were in the range of moderately high and rest 10.9%
were intermediate high. Another finding was that males had a
tendency towards greater value (mean = 20.36 pmol/l) than
females (mean = 16.37 pmol/l). It was observed that the
relationship of homocysteine levels to gender and some of
the life style factors were also significant.

Keywords Homocysteinemia - Age - Gender - Dietary
habit - Alcohol - Smoking - Obesity - Life style

Introduction

Homocysteine is a sulfhydryl (thiol) containing amino acid
produced by the intracellular demethylation of dietary
methionine. Numerous case—control and prospective stud-
ies have shown a relation between moderate hyperhomo-
cysteinemia and atherothrombotic vascular disease [1, 2].
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Individuals with a nutritional deficiency are at risk of
developing hyperhomocysteinemia [3]. It was suggested
that about two-thirds of hyperhomocysteinemia in an
elderly population in the United States resulted from
inadequate blood concentrations of the vitamins [4, 5].
Various studies have illustrated that besides the traditional
risk factors of stroke like hypertension, hyperlipidemia,
smoking and obesity, hyperhomocysteinemia is also con-
sidered as a major risk factor for coronary heart disease and
stroke [6, 7]. And various life style factors like alcohol,
diet, obesity, smoking etc. have been associated with
increased level of homocysteine [8, 9]. Despite the obsta-
cles to the modification of life style factors, identification
of such factors can improve our ability to prevent stroke.

Materials and Method
Target Population

This study was conducted for a period of 3 years from 2002 to
2005 in the Biochemistry Lab., GNRC Hospitals, Dispur,
Guwahati-6, Assam.

A total of 970 healthy volunteers of both genders in the
age group of 35-86 years, of different socio-economic
status were enrolled in the study, from the population in
and around GNRC Hospitals, after excluding the subjects
as per the Exclusion criteria like Cardiovascular disease,
Diabetes Mellitus, Dyslipidemias, Endocrine Disorders,
Hypertension, Liver obstruction, Medication, Pregnancy,
Renal Disease and Use of Oral Contraceptives. At
recruitment, a face-to-face interview was conducted in the
subject’s home by trained interviewer who used a standard
questionnaire. The questionnaire included a detailed die-
tary, medical and family history along with the information
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on lifetime use of tobacco, alcoholic beverages and current
physical activity.

Sampling

12 h overnight fasting 2 ml EDTA venous blood samples
were collected irrespective of seasonal variations
throughout the year. Immediately after blood collection,
the specimens were separated and then stored at —20°C
until analyzed. The selected population was advised to
avoid high protein diet late in the day prior to sampling.

Method of Estimation

Plasma total homocysteine was determined by HPLC (High
Performance Liquid Chromatography) based on fluori-
metric detection. Total plasma homocysteine represents
the sum of Homocysteine, Homocystine (Homocysteine—
Homocysteine disulfide), and Cysteine—~Homocysteine
disulfide both in free and protein bound forms.

The present method allows rapid, simple and specific
determination of total homocysteine [10, 11].

Results

In the present study, a cross section of the community was
selected and the target population is classified into different
age groups and the results of homocysteine are tabulated
accordingly. To ensure the accuracy and precision of the
test results, quality control (CHROMSYSTEMS Homo-
cysteine Plasma Control, lyophilized) check was done
everyday and Standard Deviation (SD) and Coefficient of
Variation (CV) were calculated accordingly (as shown in
Table 1). It gives an overview of the quality control
material used for the evaluation of the assay along with the
day to day coefficient of variation.

All statistical calculations were performed on the SPSS
version 7.5 software (SPSS Inc, Chicago, IL, USA).
The distributions of plasma homocysteine concentrations
are positively skewed; therefore, they are transformed
logarithmically to approximate normal distribution (Figs. 1
and 2).

Table 1 The overview of the quality control material

Analytes Reference Mean SD % of
mean obtained (6\%
in laboratory
Homocysteine 13.4 13.39 0.51 3.8
(pmol/1)
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Fig. 2 Normal distribution of HM after transformed logarithmically

The distribution of selected subject characteristics and
plasma total homocysteine concentrations are shown for all
subjects by age and gender in Table 2.

In our study, we find a very wide range of plasma total
homocysteine level ranging from 2.7 to 79.1 umol/l with
an overall mean of 18.41 & 8.3. It is observed that the
mean homocysteine is gradually increases up to the age
group 71-80 and then decreases. There is no significant
relation of homocysteine with the age (F = 1.186,
P = 0.314).



Ind J Clin Biochem (July-Sept 2010) 25(3):295-301 297
Table 2 Results of homocysteine obtained in the study
Age in years Gender Frequency Homocysteine (pumol/l) Observation Observation
with % within normal above normal
Mean Total M + F) Range
3140 M 63 (6.49%) 20.75 £ 10 (17.74) 5.8-72 24 (5.5%) 39 (7.3%)
F 78 (8.04%) 1531+ 6 6.7-44.3 51 (11.7%) 27 (5.1%)
41-50 M 88 (9.07%) 19.54 £ 6 (17.63) 2.7-37.8 26 (5.9%) 62 (11.6%)
F 176 (18.14%) 16.67 + 8.7 3.9-79.1 105 (24%) 71 (13.3%)
51-60 M 146 (15.05%) 21.4 £ 10 (18.78) 8.2-71.9 44 (10.1%) 102 (19.1%)
F 145 (14.95%) 16.15 £ 5.6 6.3-42.7 77 (17.6%) 68 (12.8%)
61-70 M 149 (15.36%) 20.08 £+ 8.5 (19.10) 8.1-69.8 51 (11.7%) 98 (18.4%)
F 64 (6.6%) 16.81 + 6.4 7.9-33.6 35 (8%) 29 (5.4%)
71-80 M 47 (4.85%) 19.19 £ 5.9 (19.29) 6.4-33.5 17 (3.9%) 30 (5.6%)
F 9 (0.93%) 19.85 + 12 5.7-46.1 5 (1.1%) 4 (0.8%)
>81 M 5 (0.52%) 18.7 £ 6.5 (18.74) 12.1-28.5 2 (0.5%) 3 (0.6%)
F - - - -
Total M 498 (51.3%) 20.36 £+ 8.7 2.7-72 164 (37.5%) 334 (62.7%)
F 472 (48.7%) 1637 £ 7.3 3.9-79.1 273 (62.5%) 199 (37.3%)
Overall M+ F 970 (100%) 18.41 £ 8.3 2.7-79.1 437 (45%) 533 (55%)

(M:F 498:472 = 1.05:1)

The male and female ratio of the target population is
almost equal M = 51.3%, F = 48.7%; M:F = 1.05:1).
Though the range of homocysteine is wider in case of
females than in case of males, the overall mean value of
homocysteine is higher in males (20.36 & 8.7) than in
females (16.37 & 7.3) which is evident in all the age
groups except in the age group of 71-80 years.
M =19.19 £ 5.9, F = 19.85 £ 12) where the difference
is very minimal and can be ignored.

In the studied group, 55% of the population shows
hyperhomocysteinemia, of which 62.7% are male and
37.3% female. On the other hand, of the 45% population
having normal homocysteine level, 62.5% are female and
rest 37.5% are male. So it is observed in our study that in
all the age groups males are more affected than the females
except in the age group of 41-50 years. M = 11.6%,
F = 13.3%). The Student’s t test result indicates that there
is a statistically significant difference between mean
homocysteine for males and females (t = 7.708, P =
0.001). On the other hand females in the age group below
61 years tend to have normal homocysteine level than the
females of the higher age group i.e. above 61 years.
Overall, hyperhomocysteinemia is more common in the
age group of 41-60 years. Almost 56.8% of homocy-
steinemia is detected in the age group of 41-60 years.

In our study we have found that, of the detected hype-
rhomocysteinemia, 89.1% are in the range of moderately
high and rest 10.9% are intermediate high as shown in
Table 3.

In both the groups males (M.H. = 56.1% and
LM.H. = 6.6%, respectively) are more affected than the

females (M.H. = 33% and I.M.H. = 4.3%, respectively)
and that is observed in all the age groups except in the age
group of 41-50 years. where females are more affected (In
MH; M = 11.1%, F = 11.4% and in LM.H.; M = 0.6%,
F = 1.9%). Not a single person of the community shows
severely high homocysteine level.

We have also examined the relation of plasma total
homocysteine concentrations and some of the life style
factors of the target population and the results are tabulated
in Table 4 and Fig. 3. After comparison we have found that
among alcoholics, smokers and vegetarians, hyperhomo-
cysteinemia is more common than the non-alcoholics, non-
smokers and non-vegetarian, 69.5% of the alcoholics show
hyperhomocysteinemia in comparison to non-alcoholics,
where 52.9% subjects are affected. Similarly among
smokers = 62.9%, non-smokers = 53.9%; vegetarians =
70.6% and non-vegetarians = 54.7% are hyperhomocy-
steinemic. The mean homocysteine level of alcoholics and
non-alcoholics are 20.7 £ 10 and 18.1 & 8, respectively.
There is statistically significant difference between the
means of the two groups (t = 2.960, P = 0.003). On per-
forming Chi-square test we find that there is a significant
relationship between hyperhomocysteinemia and drinking
habit. Here Chi-square with 1 df (degree freedom) =
11.478, P = 0.001. The odds that a person who consumes
alcohol having high homocysteine is 2.025 times more than
the persons who never consumes alcohol.

While comparing the mean homocysteine level between
the smokers (19.9 £ 9) and nonsmokers (18.2 + 8) we have
found a statistically significant relationship (t = 2.027 and
P = 0.043). The odds that a person who smokes having high
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Table 3 Pattern of distribution

of homocysteine level in Age groups in years Gender Moderate]y Ir}termediately Total
different age groups high (M.H.) high (LM.H.)
31-40 M 35 (6.6%) 4 (0.8%) 39 (7.3%)
F 25 (4.7%) 2 (0.4%) 27 (5.1%)
41-50 M 59 (11.1%) 3 (0.6%) 62 (11.6%)
F 61 (11.4%) 10 (1.9%) 71 (13.3%)
51-60 M 85 (15.9%) 17 (3.2%) 102 (19.1%)
F 64 (12%) 4 (0.8%) 68 (12.8%)
61-70 M 89 (16.7%) 9 (1.7%) 98 (18.4%)
F 24 (4.5%) 5 (0.9%) 29 (5.4%)
71-80 M 28 (5.3%) 2 (0.4%) 30 (5.6%)
F 2 (0.4%) 2 (0.4%) 4 (0.8%)
>81 M 3 (0.6%) 0 3 (0.6%)
F 0 0 0
Total M 299 (56.1%) 35 (6.6%) 334 (62.7%)
F 176 (33%) 23 (4.3%) 199 (37.3%)
Overall M+ F 475 (89.1%) 58 (10.9%) 533 (100%)
Table 4 Distribution of subjects with some life style factors in relation to homocysteine level
Factors Homocysteine within normal Homocysteine above normal Total P value
Male Female Total Male Female Total
Alcohol intake  Yes 36 (30.5%) 0 (0%) 36 (30.5%) 80 (67.8%) 2 (1.7%) 82 (69.5%) 118 (122%)  0.003
No 128 (15%) 273 (32.1%) 401 (47.1%) 254 (29.8%) 197 (23.1%) 451 (52.9%) 852 (87.8%) (t=2.96)
Dietary habit  Veg 1 (5.9%) 4(23.5%) 5 (29.4%) 7 (41.2%) 5(294%) 12 (70.6%) 17 (1.8%)  0.075
Non-veg 163 (17.1%) 269 (28.2%) 432 (45.3%) 327 (34.3%) 194 (204%) 521 (547%) 953 (982%) (t=—1784)
Smoking habit  Yes 43 (37.1%) 0 (0%) 43 37.1%) 72 (62.1%) 1 (0.9%) 73 (62.9%) 116 (12%) 0.043
No 121 (142%) 273 31.9%) 394 (46.1%) 262 (30.7%) 198 (23.2%) 460 (53.9%) 854 (88%) (t=2.027)
Body weight >55keg 134 (182%) 175 (237%) 309 (41.9%) 286 (38.8%) 143 (19.4%) 429 (58.1%) 738 (76.1%)  0.004
<55kg 30 (13%) 98 (42.2%) 128 (55.2%) 48 (20.7%) 56 (24.1%) 104 (44.8%) 232 (23.9%) (t=2915)

homocysteine is 1.454 times more than the nonsmokers. In
case of non-vegetarian the mean homocysteine level is
18.3 + 8 and in case of vegetarianitis 23.5 + 15. However,
there is no statistically significant difference between means
of the true groups. Performing Students’s t test we get,
t = —1.784 and P = 0.075. The odds of having hype-
rhomocysteinemia in vegetarians is 1.990 times more than
those of the non-vegetarians. So there is a probability that
diet may have some role in producing hyperhomocystein-
emia. The studied population is also evaluated by body
weight and it is seen that 23.9% of the population have body
weight <55 kg (mean homocysteine = 17.03 £ 7.16) and
76.1% have weight >55 kg (mean homocysteine = 18.84 +
8.6). The mean homocysteine when compared between the
two groups, it is found that there is a statistically significant
difference between the means of the two groups (t = 2.915,
P = 0.004).

On performing Chi-square test we find that there is a
significant relationship between hyperhomocysteinemia
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and weight. Here Chi-square with 1 df Chi-square =
12.618 and P = 0.001. The odds that a person with more
weight having high homocysteine is 1.709 times more than
the persons whose weight is less.

To see the relation of individual risk factors with the
homocysteine levels we perform the multiple linear
regression analysis adjusted for age and gender and results
are shown in Table 5. Weight shows the strongest signifi-
cance. Drinking habit is also found to be one of the sig-
nificant determinants of homocysteine.

We have also analyzed the cumulative effect of various
life style factors on homocysteine level, but we do not
found any statistically significant result (Table 6).

Discussion

The demographic scenario of Assam today presents a
mosaic pattern which is the settling ground for many
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T?ble.s. ShOV&fl}’l g the rftlatlon Variables Corelation 95% confidence interval (CI) Significance (P)
of individual life style factors .
. . coefficient ()
with homocysteine Lower Upper
Smoking habit —0.035 —0.121 0.037 0.300
Drinking habit —0.071 —0.164 —0.005 0.036
Dietary habit 0.059 —0.011 0.364 0.064
Weight 0.090 0.001 0.006 0.006
Table 6 Showing the -
cumulative effect of the risk Variables Mean F F
factors on homocysteine Alcoholic + >55 kg 207 + 10 0.273 0.602
Alcoholic + Vegetarian # # #
Alcoholic + Smoker 204 £ 11.5 1.255 0.263
Vegetarian + >55 kg 237+ 169 0.03 0.863
Vegetarian + Smoker 224 + 38 0.232 0.630
Smoker + >55 kg 203 £9.8 0.271 0.603
Alcoholic + >55 kg + Vegetarian a 4 a
Alcoholic + >55 kg + Smoker 209 + 12 1.163 0.281
Alcoholic + Vegetarian + Smoker # # #
Vegetarian 4+ Smoker 4 >55 kg 19.7 0.496 0.481
Alcoholic + Vegetarian + Smoker + >55 kg # # #

4 There is no such combinations

civilizations. From time immemorial different tribes and
ethnic groups have lived in Assam. Before going into the
intricate details of the study, it needs to be mentioned here
that the conglomeration of the Assamese population which
has been mentioned earlier is maintained even in this study.
Coming back to the technicalities, the present study shows
a very wide range of plasma homocysteine level in the
community ranging from 2.7 to 79.1 pumol/l. Almost 55%
of the population shows hyperhomocysteinemia and males
(mean = 20.36 + 8.7) are more affected than the females
(mean = 16.37 £ 7.3). There is a significant relation of
homocysteine and gender (P = 0.001). Similar findings
were also observed in the Hordaland Homocyseine Studies
conducted between 1995 and 2006 [12-18]. But we have
not observed any direct relation of homocysteine with age.
Hyperhomocysteinemia is more common in the age group

of 41-60 years. Almost 56.8% of hyperhomocysteinemia is
detected in the age group of 41-60 years. Other recent
study also established that blood homocysteine level was
higher in the older group than the younger group [19].
Another finding is that, in case of females the more
affected age group is 41-50 years. That can be due to some
hormonal affect as, sex steroid hormones (mainly oestro-
gen) which can modulate plasma homocysteine levels and
that is why the post menopausal state has been found to be
associated with a higher value [20].

The values of plasma homocysteine are analyzed by dis-
tributing them into four categories like Normal (5-15 pmol/l),
Moderately high (16-30 umol/l), Intermediate high
(31-100 pmol/) and Severely high (>100 pmol/l) as
reported in some previous studies [21, 22]. And we have
noticed that 89.1% of the hyperhomocysteinemia falls in the
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category of moderately high and rest 10.1% in the interme-
diate high. When we compare some of the life style factors like
diet, alcohol intake, smoking habit and body weight with
plasma homocysteine level, we have found that alcoholics,
smokers and persons having more body weight are having
significantly higher mean homocysteine than the nonalco-
holics, nonsmokers and the persons having less body weight.
Data on the determinants of homocysteine concentrations in
Asian population are scarce and till date there is no community
based study on homocysteine in this North Eastern Region
[23-25]. When we compare our data with some recent studies
of other region, we find that our findings do not differ much
with that of those studies. Recently a study conducted on
Korean people, established that upper-body fat distribution,
hyperhomocysteinemia, and depletion of antioxidants were
identified as important cardiovascular disease risk factors in
addition to excessive alcohol consumption and cigarette
smoking. They found that plasma homocysteine levels were
higher in heavy drinker-heavy smoker than in nondrinker—
nonsmoker [26, 27].

In our study when we analyze and compare the dietary
habit with plasma homocysteine level of the community, we
find that 70.6% of the vegetarian community shows hype-
rhomocysteinemia with a mean homocysteine of 23.5 pmol/l,
in comparison to non-vegetarians (54.7% and mean of
18.3 umol/l). Though it is not statistically significant, diet
may have some role in producing hyperhomocysteinemia.
Vegetarians are more likely to be deficient in vitamin B6,
vitamin B,, and folate which are the essential cofactors for
homocysteine metabolism. Recent evidence strongly sug-
gests that too little vitamin Bj, can lead to high level of
homocysteine [28-33]. In our study, we have seen that
weight and alcohol intake are statistically significant pre-
dictors of homocysteine (P = 0.006 and P = 0.036,
respectively). It has been already established that the life-
style factors most strongly associated with plasma total
homocysteine were number of cigarette smoked and alcohol
[34]. There is no significant effect of multiple risk factors on
plasma homocysteine level, though individually most of
them are significant. So the present study identified gender,
tobacco and body weight as the important predictors of
plasma total homocysteine level of the people of Assam.

Conclusion

The findings of this population based, 3 years study, suggest
that the prevalence of hyperhomocysteinemia is high in this
population sample showing a mean of 18.41 pmol/l. Elderly
group (41-60 years) and males are more affected. The find-
ings also suggest that some of the life style factors have role
in developing hyperhomocysteinemia and needs to be further
looked into for its association or propensity to developing
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stroke and coronary disease, as a number of investigations
also support the theory that the elevated plasma homocys-
teine is associated with occlusive vascular disease. From a
public health viewpoint, it is important to identify the mod-
ifiable factors that influence plasma total homocysteine levels
and at the same time to increase the public’s awareness that
feasible changes in life style may favorably alter plasma total
homocysteine levels, which in turn might reduce the risk of
cardiovascular and cerebrovascular diseases.
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