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ABSTRACT
INTRODUCTION:It has been identified over the years of research 
that folates have definitive importance regarding  prevention of 
Ischemic heart disease. Previously, several studies have shown 
increased risk of cardiovascular diseases specially endothelial 
dysfunction in folic acid deficiency. In Pakistani population folic 
acid deficiency is highly prevalent, which appears to be a major 
cause of hyperhomocysteinemia.
OBJECTIVE:To determine the mean folic acid levels in patients of 
ischemic heart disease as compared to normal controls.
METHODS:This case-control study conducted at department of 
Pathology and Department of Cardiology, Holy Family Hospital, 
Rawalpindi Medical College, Rawalpindi. Total 120 individuals were 
included in the study, 60 patients of ischemic heart disease and 60 
controls. Data, demographic information and all findings of patients 
was recorded. Serum samples of 3-5ml for the estimation of folic 
acid levels were obtained in gel bottle. All samples were processed 
in pathology laboratory. Data was collected and analyzed using 
SPSS version 20. 
RESULTS:Mean age in both groups cases and controls was 
53.85±8.99 and 50.43±9.92 years respectively. Among cases 
there were 53(88.3%) male and 7(11.7%) females while among 
controls there were 54(90%) male and 6(10%) females. Folic acid 
level was measured both in cases and controls. In cases, mean folic 
acid level was 4.19±2.11 ng/ml and among controls mean folic 
acid level was 5.05±1.67 ng/ml. Mean folic acid level was high in 
controls as compared to cases i.e. (P-Value=0.015). In terms of 
p-value mean folic acid level was statistically different in cases and 
controls. Among cases low folic acid was noticed in 25(41.7%) 
cases and among controls low folic acid was noticed in 14 (23.3%). 
According to the results of this study folic acid level was low in 
patients of ischemic heart disease. (Cases: 4.19 ± 2.11 ng/ml  vs. 
Controls: 5.05 ± 1.67 ng/ml) (P-value = 0.015)
CONCLUSION:Reduced Folic acid level is linked with 
cardiovascular diseases and  folic acid deficiency was high in 
patients with IHD.  
KEY WORDS:Folic Acid deficiency, Ischemic Heart Disease, 
Homocysteine. 
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INTRODUCTION:

Folic acid (pteroylglutamic acid) is a yellow, 
crystalline, water soluble substance. Majority 
of folate compounds are derived from folic 

acid.1 Human body is unable to produce folate 
de novo so dietary intake of the vitamin is neces-
sary to prevent repletion of folic acid. Common 
sources include dark green leafy vegetables such 
as spinach, citrus fruits and juices,  wheat and other 
whole grains, and liver.2

Different studies have inferred that folic acid 
reduces homocysteine levels within the blood 
through biochemical reactions in the human body.2 
Clinical and epidemiological studies results have 
shown association between total serum homo-
cysteine levels and ischemic heart disease.3 Folic 
acid decreases rate of atherosclerosis and helps 
decreasing the endothelial dysfunction. Both of 
these are major factors for development of ischemic 
heart disease.2

IHD is the major cause of death for both gen-
ders through out the world. It is also a common rea-
son of physical disability, particularly in the rapidly 
increasing population of older patients.4 Ischemic 
heart disease occur secondary to occlusion of 
coronary arteries which occurs due to progressive 
atherosclerosis. Recently in Indian study results 
showed strong association of folic acid deficiency 
with development of coronary artery disease.5In 
this study folic acid levels were significantly lower 
(8.40±0.71) in patients of ischemic heart disease 
as compare to healthy controls (13.04±0.71).

In Pakistani population, folic acid deficiency 
is highly prevalent, which is secondary to hyper-
homocysteinemia.6 Decreased fresh fruits intake 
by population and overcooking of food results in 
deficiency of such micronutrients. Recent local study 
results showed that folic acid level below 5.5ng/
ml results in increased levels of homocysteine. It is 
considered that folic acid deficiency is one of the 
major causes for hyperhomocysteinemia in our 
population.6

Prolonged folic acid supplementation improves 
arterial endothelial functions not only in patients of 
unstable coronary artery disease with hyperhomo-
cysteinemia but also in healthy cigarette smokers.7 
Therefore, there is a great need to look into the 
fact that if there exists any association between 
the patients of ischemic heart disease and folic 
acid deficiency. If this is really the fact, then clini-
cians should be advised that simple non toxic, 
relatively inexpensive folic acid supplementation 
may potentially decrease the chance of ischemic 

heart disease.
MATERIALS AND METHODS:

This case-control study was carried out in De-
partment of Pathology and Department of Cardiol-
ogy, Holy Family Hospital, Rawalpindi from January 
2015 till December 2015. Patients were enrolled 
through non-probability consecutive sampling. 
Total of 120 patients were included in the study 
which fulfilled the inclusion criteria. Both groups 
had 60 patients each. Patients of 25-65 years of 
ages newly diagnosed as having ischemic heart 
disease (Cases) were included in group A, while 
all healthy individuals of same age range and sex 
attending Medical OPD (Controls) were included 
in group B. All patients on folic acid or vitamin B12 
therapy, pregnant females, patients with known 
malignancy and those with H/O of megaloblastic 
anemia were excluded from the study.

Approval was taken from the hospital eth-
ics committee. Informed consent was obtained 
from every patient. Patients were enrolled in study 
through non-probability consecutive sampling and 
patients were divided in two groups i.e. cases and 
controls. Data, demographic information and all 
findings of patients were recorded in study pro-
forma. 3-5ml serum samples for estimation of folic 
acid levels were obtained in gel bottle. All samples 
were processed in pathology laboratory of RMC 
and Allied Hospitals within 24 hours of collection. 
Tests were performed using chemiluminescent Mi-
croparticle Immunoassay (CMIA) on “IMMULITE 
2000” an automated special chemistry analyzer 
by SIEMENS. Reports were verified by consultant 
pathologist. 

Data was entered and analyzed using SPSS 
version 20. Descriptive statistics were calculated 
for both qualitative and quantitative variables. 
For qualitative variables, like gender and folic 
acid deficiency, frequency and percentage were 
calculated. For quantitative variables, like age and 
folic acid levels; mean and standard deviation was 
calculated. Independent sample t- test was used 
to compare folic acid deficiency in two groups. A 
p-value of <0.05 was considered to be statistically 
significant.
RESULTS:

Overall mean age of all 120 cases and con-
trols was 52.14±9.58 years. Age range was 28-
70 years. Mean age of cases and controls was 
53.85±8.99 and 50.43±9.92 years respectively. 
Minimum and maximum age among cases was 
28 and 70 years while in controls minimum and 
maximum age was 28 and 65 years respectively. 
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Among cases there were 53(88.3%) male and 
7(11.7%) females while among controls there were 
54(90%) male and 6(10%) females. Overall male 
were dominating in cases and controls. Among 
cases mean CKMB level was 211.63 ± 128.96. 
Minimum and maximum CKMB level was 20 and 
570. Among cases 87% patients Trop-T test was 
positive while among the remaining 13% Trop-T 
was negative. ECG findings showed that 77% 
cases had ST elevation myocardial infarction 
(STEMI) and the remaining 23% cases had Non 
ST elevated myocardial infarction (NSTEMI) or 
unstable angina.

Folic acid level was assessed both in cases 
and controls. In cases, mean folic acid level was 
4.19±2.11 and among controls mean folic acid 
level was 5.05±1.67.In terms of p-value, mean 
folic acid level was statistically different in cases and 
controls. Mean folic acid level was low in cases as 
compared to controls.i.e. (p-value=0.015) Among 
cases low folic acid was detected in 25(41.7%) 
cases while the remaining 35(58.3%) cases had 
normal folic acid. While among controls low folic 
acid was detected in 14(23.3%) controls while 
the remaining 46(76.7%) controls had normal 
folic acid level. Among cases, folic acid deficiency 
was high as compared to that of controls. i.e. (p-
value=0.032).
DISCUSSION:

Low folic acid levels leads to increased ho-
mocysteine levels which leads to atherosclerosis, 
thromboembolism and Ischemic heart disease. The 
study performed in UK showed that reduced level 
of folic acid might be contributing to twice as many 
Ischemic Heart Disease (IHD) deaths. 

Lower concentrations of folate and vitamin B12 
in Great Britain’s Asians revealed that deficiencies 

of B-complex vitamins  in daily nutrition might be 
leading to increasing rates of IHD. It is indicating 
that there is an epidemic of cardiovascular diseases 
in urban South Asians and it has also been believed 
that prevention for ischemic heart disease and folic 
acid deficiency may be started at in early age. 8, 9

Pakistan is included in South Asian region and 
have extremely rising trends of Ischemic heart dis-
ease. According to official estimates, Cardiovas-
cular Disease (CVD) leads to more than 100,000 
deaths annually.4 Present study was done to deter-
mine the plasma/serum levels of folate in healthy 
Pakistani adults similar to other studies conducted 
before.10-12 Several studies have pointed out a link 
between decreased folic acid and vascular disease 
independent of the conventional factors.13-17 In 
many Western and European populations, it has 
been concluded by many researchers that homo-
cysteine decreases as folate levels increase. 18-26

Hangyuan Guo in his study determined the effect 
of therapy of folic acid on homocysteine level and 
arterial endothelial function and he observed the 
concentrations of folic acid and Vitamin B12were 
significantly lower in patients with cardiovascular 
morbidity(p-value<0.05) (7.0±2.5 vs. 5.1±2.0). 
Many risk factors for coronary artery disease includ-
ing male sex, elder population, smoking, diabetes 
mellitus, hypertension and hypercholesterolemia 
were linked to the high homocysteine levels and 
reduced folic acid concentration.27

Previous studies showed that folic acid re-
placement is beneficial in decreasing plasma 
homocysteine level and thereby improving arte-
rial endothelial function in IHD patients with high 
risk.28-30 The first prospective randomized placebo-
controlled intervention study proposed that coro-
nary arterial endothelial function gets better after 
treatment with folic acid and cobalamin. Folic 
acid considerably improves endothelial function 
in otherwise healthy cigarette smokers and during 
pregnancy. 

Folic acid supplementation may down-regulate 
these inflammatory responses secondary to in-
creased homocysteine levels. Moreover, there 
may be a tendency to turn around the coagulation 
process and coronary oxidative stress.31-34

High total homocysteine levels on admission 
robustly forecast the cardiac events in acute coro-
nary syndromes. It is also possible that folic acid 
itself may have direct antioxidant effects on the 
endothelium and thereby leads to an  improvement 
in endothelial function. 

According to the results of a large meta-analysis 

Table-1: Descriptive statistics for folic acid 
level in cases & controls 

Cases Controls Total

Folic Acid Level N 60 60 120

Mean 4.19 5.05 4.62

SD 2.11 1.67 1.94

Minimum 1.59 1.72 1.72

Maximum 11.40 7.90 11.40

*Folic Acid Low 25(41.7%) 14(23.3%) 39(32.5%)

Normal 35(58.3%) 46(76.7%) 81(67.5%)

Total 60 60 120

t-Test =--2.464
p-value = 0.015 (Significant: p-value<0.05)
*Chi-Square test= 4.569
*P-value= 0.032 (Significant: p-value<0.05)
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of more than 90 genetic and prospective studies 
recommended that increase intake of folic acid 
would diminish the risk of ischemic heart disease 
by 16%, deep vein thrombosis by 25%, and stroke 
by 24%. 34

The data that is available world wide strongly 
recommend an advantage of folate supplemen-
tation in decreasing cardiovascular risk. Many 
observational studies established an association 

between folate levels and morbidity due to car-
diovascular disease.
CONCLUSION:

High frequency of folic acid deficiency was ob-
served in patients with ischemic heart disease so it 
is important to take serious consideration regarding 
micronutrient supplementation in cardiac patients 
to minimize the risk of ischemic heart disease and 
its related events in our community.

REFERENCES

1.Hoffbrand V, Moss P. Essential haematology: Wiley. com; 
2011.
2.Moens AL, Vrints CJ, Claeys MJ, Timmermans J-P, Cham-
pion HC, Kass DA. Mechanisms and potential therapeutic 
targets for folic acid in cardiovascular disease. American 
Journal of Physiology-Heart and Circulatory Physiology. 
2008;294(5):H1971-H7.
3.Carrero JJ, Fonolla J, Marti JL, Jimenez J, Boza JJ, Lopez-
Huertas E. Intake of fish oil, oleic acid, folic acid, and 
vitamins B-6 and E for 1 year decreases plasma C-reactive 
protein and reduces coronary heart disease risk factors in 
male patients in a cardiac rehabilitation program. J Nutr. 
2007;137(2):384-90.
4.Sultan N, Khan MA, Malik S. Effect of folic acid supplementa-
tion on homocysteine level in postmenopausal women. J Ayub 
Med Coll Abbottabad. 2007;19(4):78-81.
5.Bhargava S, Ali A, Bhargava EK, Manocha A, Kankra M, 
Das S, et al. Lowering homocysteine and modifying nutritional 
status with folic acid and vitamin B12 in Indian patients of 
vascular disease. Journal of clinical biochemistry and nutri-
tion. 2012;50(3):222.
6.Iqbal MP, Lindblad BS, Mehboobali N, Yusuf FA, Khan AH, 
Iqbal SP. Folic acid and vitamin B6 deficiencies related hy-
perhomocysteinemia in apparently healthy Pakistani adults; is 
mass micronutrient supplementation indicated in this popula-
tion? J Coll Physicians Surg Pak. 2009;19(5):308-12.
7.Guo H, Chi J, Xing Y, Wang P. Influence of folic acid on 
plasma homocysteine levels & arterial endothelial func-
tion in patients with unstable angina. Indian J Med Res. 
2009;129(3):279-84.
8.Ahmad K. karachi Facing up to Pakistan’s cardiovascular 
challenge. The Lancet. 2002;359(9309):859.
9.Barker DJ. In utero programming of chronic disease. Clinical 
science. 1998;95(2):115-28.
10.Kim YJ. In utero programming of chronic disease. Journal 
of Women’s Medicine. 2009;2(2).
11.Yusuf S, Reddy S, Ounpuu S, Anand S. Global bur-
den of cardiovascular diseases: Part II: variations in 
cardiovascular disease by specific ethnic groups and geo-
graphic regions and prevention strategies. Circulation. 
2001;104(11733407):2855-64.
12.Chambers JC, Obeid OA, Refsum H, Ueland P, Hackett D, 
Hooper J, et al. Plasma homocysteine concentrations and risk 
of coronary heart disease in UK Indian Asian and European 
men. Lancet. 2000;355(10683001):523-7.
13.Ueland PM, Refsum H, Stabler SP, Malinow MR, An-
dersson A, Allen RH. Total homocysteine in plasma or 

serum: methods and clinical applications. Clin Chem. 
1993;39(8375046):1764-79.
14.Nygard O, Vollset SE, Refsum H, Stensvold I, Tverdal A, 
Nordrehaug JE, et al. Total plasma homocysteine and car-
diovascular risk profile. The Hordaland Homocysteine Study. 
JAMA. 1995;274(7474221):1526-33.
15.Stampfer MJ, Malinow MR. Can lowering homo-
cysteine levels reduce cardiovascular risk? N Engl J Med. 
1995;332(7654269):328-9.
16.Brattstrom L, Israelsson B, Lindgarde F, Hultberg B. Higher 
total plasma homocysteine in vitamin B12 deficiency than in 
heterozygosity for homocystinuria due to cystathionine beta-syn-
thase deficiency. Metabolism. 1988;37(3340005):175-8.
17.Brattstrom L, Lindgren A, Israelsson B, Malinow MR, Nor-
rving B, Upson B, et al. Hyperhomocysteinaemia in stroke: 
prevalence, cause, and relationships to type of stroke and 
stroke risk factors. Eur J Clin Invest. 1992;22(1582447):214-
21.
18.Brattstrom L, Lindgren A, Israelsson B, Andersson A, Hult-
berg B. Homocysteine and cysteine: determinants of plasma 
levels in middle-aged and elderly subjects. J Intern Med. 
1994;236(7989898):633-41.
19.Lindenbaum J, Rosenberg IH, Wilson PW, Stabler SP, Allen 
RH. Prevalence of cobalamin deficiency in the Framingham el-
derly population. Am J Clin Nutr. 1994;60(8017332):2-11.
20.Jacobsen DW, Gatautis VJ, Green R, Robinson K, Savon 
SR, Secic M, et al. Rapid HPLC determination of total homo-
cysteine and other thiols in serum and plasma: sex differences 
and correlation with cobalamin and folate concentrations in 
healthy subjects. Clin Chem. 1994;40(8087981):873-81.
21.Kang SS, Wong PW, Norusis M. Homocysteinemia due to 
folate deficiency. Metabolism. 1987;36(3574134):458-62.
22.Clarke R, Daly L, Robinson K, Naughten E, Cahalane 
S, Fowler B, et al. Hyperhomocysteinemia: an inde-
pendent risk factor for vascular disease. N Engl J Med. 
1991;324(2011158):1149-55.
23.Stabler SP, Marcell PD, Podell ER, Allen RH, Savage DG, 
Lindenbaum J. Elevation of total homocysteine in the serum 
of patients with cobalamin or folate deficiency detected by 
capillary gas chromatography-mass spectrometry. J Clin Invest. 
1988;81(3339129):466-74.
24.Wilcken DE, Reddy SG, Gupta VJ. Homocysteinemia, isch-
emic heart disease, and the carrier state for homocystinuria. 
Metabolism. 1983;32(6684724):363-70.
25.Guo H, Chi J, Xing Y, Wang P. Influence of folic acid on 
plasma homocysteine levels & arterial endothelial function in 
patients with unstable angina. 2009.

FREQUENCY OF FOLIC ACID DEFICIENCY IN PATIENTS WITH ISCHEMIC HEART DISEASE...



The Journal of Cardiovascular Diseases 2019, Vol.15 Issue 2 The Journal of Cardiovascular Diseases 2019, Vol.15 Issue 2

(J Cardiovasc Dis 2010;8(4):119-122)

The Journal of Cardiovascular Diseases 2019, Vol.15 Issue 2 The Journal of Cardiovascular Diseases 2019, Vol.15 Issue 2

(J Cardiovasc Dis 2010;8(4):119-122)

38

26.Guo H, Lee J-D, Ueda T, Cheng J, Shan J, Wang Ja. Hy-
perhomocysteinaemia & folic acid supplementation in patients 
with high risk of coronary artery disease. INDIAN JOURNAL 
OF MEDICAL RESEARCH. 2004;119:33-7.
27.Guo H, Lee J-D, Ueda T, Shan J, Wang Ja. Plasma 
homocysteine levels in patients with early coronary artery 
stenosis and high risk factors. Japanese heart journal. 
2003;44(6):865-71.
28.Chacko K. Plasma homocysteine levels in patients with cor-
onary heart disease. Indian heart journal. 1998;50(3):295.
29.Gottsäter A, Forsblad J, Mattiasson I, Lindgärde F. Decreas-
ing plasma endothelin-1 and unchanged plasma neopterin 
during folate supplementation in hyperhomocysteinemia. 
International angiology. 2002;21(2):158-64.
30.Van Wersch J, Janssens Y, Zandvoort J. Folic acid, Vitamin 
B< sub> 12</sub>, and homocysteine in smoking and non-
smoking pregnant women. European Journal of Obstetrics 
& Gynecology and Reproductive Biology. 2002;103(1):18-
21.

31.O’Grady HL LA, McCormick PH, Fitzgerald P, Kelly 
CK, Bouchier-Hayes DJ. . Oral folic acid improves en-
dothelial dysfunction in cigarette smokers. . J Surg Res. 
2002;106:342-5.
32.Mayer O, Filipovský J, Hromádka M, Svobodová V, Racek 
J, Mayer Jr O, et al. Treatment of hyperhomocysteinemia with 
folic acid: effects on homocysteine levels, coagulation status, 
and oxidative stress markers. Journal of cardiovascular phar-
macology. 2002;39(6):851-7.
33.Evans RW, Shaten BJ, Hempel JD, Cutler JA, Kuller LH. Ho-
mocyst (e) ine and risk of cardiovascular disease in the Multiple 
Risk Factor Intervention Trial. Arteriosclerosis, thrombosis, and 
vascular biology. 1997;17(10):1947-53.
34.Folsom AR, Nieto FJ, McGovern PG, Tsai MY, Malinow 
MR, Eckfeldt JH, et al. Prospective Study of Coronary Heart 
Disease Incidence in Relation to Fasting Total Homocysteine, 
Related Genetic Polymorphisms, and B Vitamins The Ath-
erosclerosis Risk in Communities (ARIC) Study. Circulation. 
1998;98(3):204-10.

Original Article

FREQUENCY OF FOLIC ACID DEFICIENCY IN PATIENTS WITH ISCHEMIC HEART DISEASE...


