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Association of Serum Folic Acid with Ischemic Stroke
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Abstract:
Background: Stroke is the third commonest cause of death in developed countries
and is responsible for the physical disability of a large population. The study was
designed to see the association of serum folic acid with ischemic stroke. It was
concluded that the low levels of folic acid are associated with ischemic stroke.
Aim and objectives: To evaluate the association of serum folic acid level with ischemic
stroke and to measure and compare the serum folic acid level among the cases and
control subjects. Material and method: This study was a case-control study which
was conducted in the Department of Neurology and Department of Biochemistry of
BSMMU, Dhaka, between the period of 1st January 2010 and 31st December 2011 for
duration of two years. A total number of 60 patients presented with ischemic stroke
and 60 control person were enrolled in this study. All patients of both sexes, aged
between 20 years and above presented with ischemic stroke, from 0 day to 1 month
that was confirmed by CT scan of head/MRI of brain. Blood sample was collected
from the cases and the controls and analyzed at the Dept. of Biochemistry, BSMMU
for estimation of serum folic acid, serum homocysteine fasting blood sugar. Fasting
lipid profile for cases only. Result: The mean ± SD of age of the cases was 58.42 ±
11.47 and among the cases 45 (75.0%) were male and 15 (25.0%) were female. Among
the control male and female were 43 (71.7%) and 17 (28.3%) respectively. The mean
(±SD) serum folate level of case and control group was 6.26(± 4.06) and 8.07(± 4.70)
respectively. Statistically significant differences was observed between case and control
group in term of Serum folate (p<0.05). This study showed serum folate level was
deficient at the early period of ischemic stroke. Conclusion: Low serum folate
concentration is significantly and independently associated with increased risk for
ischemic stroke.

Introduction:
Stroke is defined by World Health Organization
(WHO) as rapidly developing clinical signs of focal
(or global) disturbance of cerebral function, with
symptoms lasting 24 h or longer, or leading to death,
with no apparent cause other than of non-traumatic
vascular origin1.Stroke is the third most common
cause of death in the developed world after heart
disease and cancer, after the age of 40 and is the
most common cause of adult physical disability2.
Prevalence of stroke in Bangladesh is 0.30%, and
1.
2.
3.
4.

the ratio of male: female patient’s was 3.44:2.413.
It poses a major socio-economic challenge in the
occupational and neuro-rehabilitational
programmes for survivors4.
Among numerous risk factors for stroke, only twothirds of all strokes can be attributed to known
causal risk factors. One of them is elevated plasma
homocysteine concentration resulting from its
metabolic enzyme deficiencies or deficiencies of
vitamin B6, B12 and folic acid1. Approximately twothirds of the cases of elevated homocysteine have
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been estimated to be due to low or moderate
concentrations of these vitamins of which folic acid
is considered the most important5. A number of
epidemiological studies have linked folate deficiency
and resultant elevated plasma total homocysteine
levels with an increased risk of cardiovascular
disease and ischemic stroke6-10.
The best-known beneficial action of FA is its
homocysteine lowering effect. Being a cofactor in
1-carbon metabolism, folate promotes the
remethylation of homocysteine which is reconverted
to methionine by methionine synthase and to
cystathionine and subsequently to cysteine, which
is excreted in the urine or incorporated into
glutathionine7.Our study were designed to evaluate
the association of serum folic acid level with
ischemic stroke and to measure and compare the
serum folic acid level among the cases and control
subjects.
Materials and Methods:
This was a case-control study carried out in
Department of Neurology of BSMMU, Dhaka, from
1st January 2010 and 31st December 2011.
Cases were selected following the inclusion and
exclusion criteriaA. Inclusion Criteria
1. All patients of ischemic stroke, confirmed
by CT scan of head/MRI of brain from 0
day to 1 month.
2. Patients with ischemic stroke of both sexes.
3. Patients with ischemic stroke of 20 years
of age & above.
B. Exclusion Criteria

5. Patients presented with AF, IHD (within 6
weeks of acute stroke), prosthetic heart
valve and endocarditis.
Controls were selected following the inclusion and
exclusion criteriaInclusion criteria
1. Age and sex group matched with the cases.
2. Other than ischemic stroke patient, persons
willing to take part in the study.
Exclusion criteria
1. Those unwilling to take part in the study.
2. Having overt cardiovascular disease
3. Confounders of low serum folic acid level
already described earlier.
Data were collected in a structured questionnaire
at stroke clinic and neurology ward in BSMMU.
Collection of blood sample & estimation of serum
folic acid, homocysteine, fasting blood sugar, lipid
profile from the cases and the controls were done
at the department of Biochemistry, BSMMU.
Result:
A total number of 60 patients of ischemic stroke as
case and 60 persons as control were enrolled in
this study. The results of the present study as follows:
Table-I
Distribution of the respondents by age (n=120)
Age

Group

p value

Case

Control

20 - 29

1 (1.7)

3 (5.0)

30 - 39

3 (5.0)

4 (6.7)

40 - 49

6 (10.0)

10 (16.7)

1. Patients of stroke from haemorrhage,
venous thrombosis.

50 - 59

22 (36.7)

20 (33.3)

60 - 69

14 (23.3)

11 (18.3)

2. Severely ill patients.

70 and above

14 (23.3)

12 (20.0)

3. Patients or attendants unwilling to take part
in the study.

Total

60 (100.0)

60 (100.0)

58.42 ± 11.47

54.17 ± 13.97

4. Those who are taking the following drugsAnti epileptic, Anti metabolitesmethotrexate, Cholestyramine, Penicillamine,
OCP, Multivitamins containing Folic Acid.

Mean ± SD

0.071*

*t test was done to measure the level of significance.
#Figure within parentheses indicates in percentage

Table 1, shows the distribution of the respondents
by age. Mean ± SD of age of the cases was 58.42
75

± 11.47 years. Among the cases most common
age group was 50 to 59 years (36.7%) followed by
60 to 69 and 70 and above (23.3%). Mean ± SD of
age of the control was 54.17 ± 13.97 years. Among
the control most common age group was 50 to 59
years (33.3%) followed by in the age group of 70
years and above (20.0%). There is statistically no
significant difference in age between the case and
control (p>0.05).
Table-II
Distribution of the respondents by sex (n=120)
Sex

Group

p value

Case

Control

45 (75.0) #

43 (71.7)

Female

15 (25.0)

17 (28.3)

Total

60 (100.0)

60 (100.0)

Male

0.680*

Table II, shows the distribution of the respondents
by sex. Among the cases 45 (75.0%) were male
and 15 (25.0%) were female. Among the control
male and female were 43 (71.7%) and 17 (28.3%)
respectively. There is no statistically significant
(p>0.05) difference in sex between the case and
control.
Table-III
Distribution of the respondents by history of
smoking (n=120)
Group

p value

Case

Control

Present

40 (66.7) #

19 (31.7)

Absent

20 (33.3)

41(68.3)

Total

60 (100.0)

Hypertension

Group

p value

Case

Control

Present

48(80.0) #

07(11.7)

Absent

12(20.0)

53(88.3)

60 (100.0)

60 (100.0)

Total

0.001*

Table IV shows the distribution of the respondents
by hypertension. Among the cases 48(80.0%) were
hypertensive and 12(20.0%) had normal blood
pressure. Among the control 7(11.7%) were
hypertensive and 53(88.3%) were normotensive.
There is statistically significant difference in
hypertension prevalence between the case and
control (p<0.05).
Table-V
Distribution of the respondents by Diabetes
Mellitus (n=120)
Diabetes Mellitus

Group

p value

Case

Control

Present

02 (03.3) #

02 (03.3)

Absent

58 (96.7)

58 (96.7)

60 (100.0)

Total

60 (100.0)

60 (100.0)

*Chi-square test was done to measure the level of significance.
#Figure within parentheses indicates in percentage.
Odd ratio (95%CI) = 1.00 (0.14 - 7.34)

0.001*

If yes, pack year
Mean ± SD

4.90 ± 2.28

3.88 ± 1.32

(Min -Max)

(2-10)

(2-6)

*Chi-square test was done to measure the level of significance.
#Figure within parentheses indicates in percentage.
Odd ratio (95%CI) = 4.32 (2.01- 9.27)

Table III, shows the distribution of the respondents
by history of smoking. Among the cases 40 (66.7%)
were smoker and 20 (33.3%) were non smoker.
Among the control 19 (31.7%) were smoker and
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Table-IV
Distribution of the respondents by
hypertension (n=120)

*Chi-square test was done to measure the level of significance.
#Figure within parentheses indicates in percentage.
Odd ratio (95%CI) = 30.28 (11.02-83.207)

*Chi-square test was done to measure the level of significance.
#Figure within parentheses indicates in percentage.

History of smoking

41(68.3%) were non smoker. Mean ± SD of pack
year among case and control was 4.90 ± 2.28 and
3.88 ± 1.32 respectively. There is statistically
significant difference in history of smoking between
the case and control (p<0.05).

1.000*

Table V, shows the distribution of the respondents
by diabetes mellitus. Among the cases 2 (3.3%)
were diabetic and 58 (96.7%) were non diabetic.
Among the control 2 (3.3%) were diabetic and 58
(96.7%) were non diabetic. There is statistically
no significant difference in diabetes prevalence
between the case and control (p>0.05).

Table-VI
Serum folate and homocystein level among cases (n=60) and controls (n=60)
Laboratory findings

Group

p value*

Case

Control

Serum folate (ng/ml)

6.26 ± 4.06
(1.83 - 18.98)

8.07 ± 4.70
(1.20- 20.98)

0.025

Serum homocysteine (µmol/L)

19.05 ± 11.60
(5.71 - 59.00)

17.46 ± 9.94
(5.71- 50.00)

0.422

*t test was done to calculate the level of significance.

Table VI, shows mean (±SD) serum folate level of
case and control group was 6.26 (± 4.06) and 8.07
(± 4.70) respectively. Statistically significant
differences of serum folate level was observed
between case and control group (p<0.05). Mean
(±SD) Serum homocysteine level of case and
control group was 19.05(± 11.60) and 17.46(± 9.94)
respectively. Serum homocysteine level did not show
statistically significant differences (p>0.05)
between case and control group.
Discussion:
Age is the single most important risk factor for
stroke. In this study the mean ± SD of age of the
cases was 58.42 ± 11.47 years, minimum 28 and
maximum 80 years. Most common age group of
cases was 50 to 59 years (36.7%) followed by 60
to 69 and 70 and above (23.3%). Maximum patients
of this study were above 46 years. In 1990 Biller J
et al11 studied 51 stroke patients majority of them
being in the 50-69 age groups. Other age group of
cases was 40 – 49 years (10.0%), 30 to 39 years
(5.0%) and 20 – 29 years (1.7%). Mean ± SD of
age of the control was 54.17 ± 13.97 years with
median (52.50) and maximum 86 and minimum 21
years. Among the control most common age group
was 50 to 59 years (33.3%) followed by in the age
group of 70 years and above (20.0%). Other age
group in control were 20 to 29 years (5.0%). 30 to
39 years (6.7%), 40 to 49 years (16.7%), 60 to 69
(18.3%) years. There was statistically no significant
difference in age between the case and control
(p>0.05) (Table 1). The older the person is, the
greater the risk for stroke12. For each successive
10 years after age 55, the stroke rate rises more
than doubles in both men and women13 . Present

study revealed that middle and old age people are
prone to stroke than the younger group. American
Heart Association (AHA) revealed the same fact
on 2006 that the older are at the greater risk for
stroke12. In 2000 Basharat et al. showed that the
mean age was 53.0 years for all cases of stroke
while mean age in males and females was 56.2
and 48.9 years respectively14. This study also
shows that the incidence of stroke rises with the
increase of age. Similar observation were obtained
by Hayee et al.12, Banford et al.15 and Arif et al.16.
Among the cases 45 (75.0%) were male and 15
(25.0%) were female. Among the control male and
female were 43 (71.7%) and 17 (28.3%)
respectively. There is no statistically significant
difference in sex between the case and control
(p>0.05) (Table 2). In 1998 Feigin et al. and
Basharat et al. in 2000 found that male was attacked
by stroke more than female14,17. In Bangladesh,
few hospital based studies revealed the male
dominant picture 12,18,19. But Cull et al (1995)
concluded that in underdeveloped countries females
are given less priority in all respect including
hospital admission and treatment for illness20.
Among the cases 40 (66.7%) were smoker and 20
(33.3%) were non smoker. Among the control 19
(31.7%) were smoker and 41(68.3%) were non
smoker. Mean ± SD of pack year among case and
control was 4.90 ± 2.28 and 3.88 ± 1.32
respectively. There is statistically significant
difference in history of smoking between the case
and control (p<0.05). In one study Jalal Uddin in
2007 found smokers having a risk of ischaemic
stroke 1.084 times higher than those of nonsmokers21. Somay et al. obtained similar result in
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their study22. In a case-control study Khan, found
that 55% of ischaemic stroke patients were smoker
where only 33% were smoker in control group19.
Among the cases 48(80.0%) were hypertensive
and 12(20.0%) were not. Among the control
7(11.7%) were hypertensive and 53(88.3%) were
not. There is statistically significant difference in
hypertension between the case and control
(p<0.05). Higher prevalence of hypertension in
ischaemic stroke patients was also observed by
Somay et al22. Similar results were obtained by
Jalal Uddin, Hannan and Khan 18,19,21. In analysis
of risk factors of stroke Carrieri noted hypertension
was present in 52.11% of stroke patients23. All these
findings are consistent with the result of the present
study.
Among the cases 2 (3.3%) were diabetic and 58
(96.7%) were non diabetic. Among the control 2
(3.3%) were diabetic and 58 (96.7%) were non
diabetic which showed no significant difference
between the case and control (p>0.05). Earlier
case-control study found 33% of the ischemic
stroke patient had diabetes while 13% of the controls
were diabetic and diabetes was established as a
risk factor for ischemic stroke. The findings of
present study are inconsistent with previous studies
as this is a hospital base study.
In 1995 Giles et al.noted that folate concentration
<9.2 nmol/L may be a risk factor for ischemic stroke
especially in blacks24. Increased folate intake is
associated with decreased risk of ischemic stroke
in men25. But in other studies inconsistency was
noted with serum folate or folate intake in relation
to incidence of stroke26-28.
Mean (±SD) serum folate level of case and control
group were 6.26 ( ± 4.06) and 8.07( ± 4.70)
respectively which showed significant differences
between case and control group (p<0.05). Mean
(±SD) serum homocysteine level of case and control
group were 19.05(± 11.60) and 17.46(± 9.94)
respectively and did not show statistically significant
differences between case and control group (p>0.05).
Homocysteine levels depend in part on folate status,
lower folate levels lead to higher homocysteine levels29.
As a result of the observed inverse association between
homocysteine levels and stroke, folate has been
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hypothesized to be protective against stroke
incidence30 . Folate is required for the remethylation
of homocysteine to methionine, which in turn reduces
the concentration of homocysteine available to support
oxidative stress. Giles et al (1995) investigated whether
a folate concentration <9.2 nmol/L was associated
with ischemic stroke in a national cohort. They noticed
that after adjusting for age, race, sex, education,
diabetes, history of heart disease, systolic blood
pressure, body mass index, hemoglobin level, cigarette
smoking, and alcohol intake, participants with a folate
concentration <9.2 nmol/L were at slightly increased
risk for ischemic stroke (relative risk [RR], 1.37; 95%
confidence interval [CI], 0.82 to 2.29)24. There was a
folate-race interaction (P=.11 for interaction term).
Whites with a folate concentration <9.2 nmol/L had a
relative risk of 1.18 (95% CI, 0.67 to 2.08), whereas
blacks had a relative risk of 3.60 (95% CI, 1.02 to
12.71). In 2010 Kirtania et al in a case control study
showed that the mean folic acid levels in case group
and control group were 2.29±0.54 ng/ml and
7.24±2.19 ng/ml respectively. They suggested that
low levels of serum vitamin B12 and folic acid are
associated with ischaemic stroke31.
Conclusion:
Low serum folate concentration is significantly and
independently associated with increased risk for
ischemic stroke. Serum homocysteine concentration
appears insignificant as risk for ischemic stroke.
Further studies are required to establish these
associations in our ethnic population. As the present
study conducted in a single center in Dhaka city
with small sample size, to find out such potential
risk factors, more study is needed to establish that
the low serum folate as a risk for ischemic stroke
in Bangladeshi population.
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