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Abstract 

There was no statistically significant difference between controls and patients for dietary 
folate. Also the plasma folate level did not slightly differ between the controls and patients. 
Patients had higher average homocysteine concentrations than control subjects (p<0.05). A 
significant relationship was observed in controls between plasma folate concentrations and the 
homocysteine levels (p=0.01), and the folate questionnaire (p=0.001). We found in controls 
significant positive correlation between vitamin B12 and vitamin B6 (p=0.05). In patients, 
vitamin B12 is inversely associated with homocysteine (p=0.05).  

Keywords: Folic acid, vitamin B12, vitamin B6, homocysteine, folate status, food 
questionnaire of folate. 
 

Résumé 

La comparaison de la moyenne des valeurs de l’apport moyen journalier en folates dans le 
groupe témoin et le groupe des patients ne montre aucune différence significative. Egalement, 
la comparaison des valeurs en folates plasmatiques dans le groupe témoin et le groupe des 
patients, ne montre aucune différence significative. Les patients présentaient une 
homocystéinémie moyenne plus élevée que les sujets témoins  (p<0,05). Il a été retrouvé chez 
les témoins une corrélation significative des folates plasmatiques avec, d’une part 
l’homocystéine et qui est inversement corrélée (p=0,001) et, d’autre part le questionnaire folate 
(p=0,001). Nous avons trouvé chez les témoins une corrélation positive entre la vitamine B12 et 
la vitamine B6 (p=0.05).Chez les patients, la vitamine B12 est inversement corrélé avec 
l’homocystéine (p=0.05). 

Mots clés: acide folique, vitamine B12, vitamine B6, homocystéine, statut folate, 
questionnaire alimentaire folate. 

 
 
 
 

alnutrition of folate and vitamin B12 (cobalamin) occurs on a 
world-wide scale. In Western societies about 10% have an 

inadequate intake. Higher incidences exist among females, the elderly 
and institutionalized [1]. Boiled extracts of certain food stuffs including 
vegetables, tomatoes and orange juice inhibit conjugase activity in vitro. 
Perhaps only half of the total folate in some diets is absorbable. Moreover 
cooking in large volumes of fluid destroys the folate in both green 
vegetables and meat. Heating also destroys vitamin B12, though it helps 
liberation from protein binders. 

The average adult male needs about 200 µg folate and the female 
about 170 µg daily [1,2], however, Poitier de Courcy [3] recommended 
for men and women 330 and 276 µg/d, respectively. A daily intake of 1 
µg vitamin B12 is considered sufficient for adult [1], but the vitamin B12 
RDA for adults is set at 2.0 µg [2]. Very large doses of folic acid (100 or 
more times the RDA) may precipitate convulsions in persons whose 
epilepsy is in continuous control by phenytoin [4]. In laboratory animals, 
very large doses of folic acid given parenterally may precipitate in the 
kidneys, producing kidney damage and hypertrophy [4]. However, no 
clear toxicity has been reported from daily oral ingestion of up to 100 µg 
of vitamin B12 [2]. Similarly, no benefit has been reported in non 
deficient people from such large quantities [2].  

The factors responsible for deficiencies of folic acid and vitamin B12 
are thought to include insufficient consumption of green vegetables and 
breakfast cereals, malabsorption due to atrophic gastritis, use of 
therapeutic  agents  and  alcohol  consumption [1]. Dietary  deficiency  of  
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  ملخص

إن مقارنة معدل قیم الحاجة الیومیة من الفیتامین 
B9  في مجموعة الشواھد ومجموعة المرضى لا تبین

 B9أي فرق معنوي. كما إن مقارنة معدل قیم  فیتامین 
ي في مجموعة الشواھد ومجموعة المرضى لا البلازم

تبین أي فرق معنوي. تبین أن معدل الھموسیستیین عند 
مجموعة المرضى أكبر مما ھو علیھ عند مجموعة 

 ارتباط. كما وجد عند الشواھد )p<0.05(الشواھد 
البلازمي من جھة مع  B9معنوي بین فیتامین 

مع عكسي ومن جھة أخرى  ارتباطالھموسیستیین وھو 
. تم إثبات )B9 )p=0.001الغذائي للفیتامین  الاستفسار

 B12العلاقة عند مجموعة الشواھد بین الفیتامین 
. بینما )p=0.05(موجب   الارتباطوكان  B6والفیتامین 

 B12تم الحصول على علاقة عكسیة بین نسبة الفیتامین 
  .)p=0.05(والھموسیستیین 

، B12 یتامینحمض الفولیك، ف : الكلمات المفتاحیة
، ھموسیستیین، القیمة الغذائیة للفولات،  B6فیتامین

  الغذائي للفولات. الاستفسار
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vitamin B12 is rare; more than 95% of the vitamin B12 
deficiency is due to inadequate absorption [5]. 

A number of dietary and status index correlates or 
determinants of homocysteine have been identified, the 
most powerful and robust of which include the B-vitamins: 
folate, vitamin B12 and vitamin B6, whose metabolic 
functions are intimately connected with the metabolic 
pathways of homocysteine disposition [6].  

In the healthy population with “normal” homocysteine 
levels and vitamin status currently regarded as adequate, 
folate seems to play the most important role in determining 
the blood homocysteine level [6]. Plasma homocysteine, a 
marker of cobalamin/folate status, is frequently increase in 
psychiogeriatric patients [7]. However, others have show 
that vitamin B6 deficiency does not necessary result in 
elevated homocysteine levels and thus is not a good 
indicator of vitamin B6 status [7].  

The measurement of nutrient intake in large survey 
samples is a methodological challenge [8]. One challenge 
facing nutritional epidemiology is to measure long-term 
intake of nutrients accurately, including vitamins and 
minerals. Biologic measurements are valuable and are one 
of the methods used to validate diet information obtained 
using food frequency questionnaires (FFQ) [9]. 

The present study focuses on the evaluation of vitamin 
B12, folate, vitamin B6 and homocysteine biological status, 
and their changes with folate in healthy and hospitalised  
subjects. Also, we studied associations between plasma 
homocysteine and the vitamins. 

 
SUBJECTS AND METHODS 

Subjects 

Sixty three (22 control; 41 hospitalised) subjects, aged 
50 ± 9 participated in this study. The 41 patients, 4 women 
and 37 men, from department of Cardiology had suffered 
coronary heart disease, with clinical evidence of angian or 
myocardial infraction, plus 2-fold or more rise in cardiac 
enzymes and angiographic evidence of  70% stenosis of a 
major coronary artery. The 22 healthy controls, 15 women 
and 7 men, were recruited among technicians in the 
laboratory. Short subjective questionnaires were answered 
by subjects, concerning their health, use of vitamin 
supplementation and medication. 

Dietary intake 

Dietary intakes of nutrients including folate were 
estimated using food records for each subject. On these 
dietary questionnaires, subjects reported their average 
intake of a specific portion size for these foods. These foods 
items were selected from a validated questionnaire used by 
"G. Poitier de Courcy". For each food item on the 
questionnaire, one response regarding frequency of intake 
is possible. The response individual food items were 
converted to average daily intake of folate for each 
participant. The average daily intakes of individual folate 
items were summed to compute the total folate intake. 

Biochemical analysis 

Fasting blood samples were collected from the 
anticubital vein of subjects using EDTA-treated vials. 

Separated red blood cells (r.b.c.) were washed three or four 
times with saline solution. Separated plasma is stored at - 
20°C, until analysis. Plasma vitamin B12 and plasma folate 
concentrations were estimated by microbiological assay 
using Lactobacillus leichmannii ATCC 7830 and 
Lactobacillus casei ATCC 7469, respectively. Plasma 
homocysteine concentration, was determined by 
fluorescence polarization immunoassay (FPIA) on an Imx 
apparatus (Abbott, Rungis, France). Pyridoxal phosphate 
(PLP), the active form of vitamin B6 was measured by 
HPLC-fluorescence (Recipe Kit, Precision Instrument, 
Marseille France). 

Statistical analysis  

Statistical analyses of vitamins and homocysteine were 
characterized by means and standard errors. Comparisons 
of mean differences were calculated by student’s t-test and 
correlations between dietary and biochemical data were 
determined using Spearman rank correlation coefficients 
(statistica Software for Windows Version 5.1). 

 
RESULTS 

The mean age of control subjects was 48 ± 9 years 
(range, 26 to 59), and patients subjects was 52 ± 9 years 
(range, 30 to 66). The estimated mean daily intakes of 
folate, calculated from the dietary record data are presented 
in Table 1. The mean calculated daily intake of folate is 
above the questionnaire of  “G. Poitier de Courcy ”. The 
percentage of nutrient intake for folate (µg/d) of the DRVs  
for folate in U.K. [10] is indicated in Table 1. 
 
Table 1:   Mean ± s.d. estimated daily intakes for folate, and 
percentage of subjects at risk of vitamin deficiencies.  

Dietary intake 

 
Folate 
(µg/d) 

< RNI <EAR (67% RNI) < LRNI 

Controls               186  77 59 32 9 

Patients                178  67 66 34 5 

DRVs for folate in U..K: Reference Nutrient Intake (RNI) = 200 
µg, Estimated Average Requirement (EAR) = 140 µg, Lower 
Reference Nutrient Intake (LRNI) = 85 µg (10). 

 

Dietary levels of folate were slightly lower in patients 
than in controls (not significant), also the percentage of 
subjects at risk of vitamin deficiencies did not differ 
between groups (Tab. 1). 

Mean plasma folate concentration in patients was lower 
than in controls (6.68  2.52  vs. 5.62  4.16 ng/ml), 
however the difference was not significant. Even though 3 
of 22 (13.6%) control subjects had low plasma folate 
concentrations (< 4 ng/ml), their folate status seemed to be 
normal as indicated by their corresponding tHcy 
concentrations and Q.folate. 

Vitamin B6 concentrations in patients (79  116 nmol/l) 
were higher than in controls (49   31 nmol/l, p < 0.05), 
vitamin B12 values did not differ between groups (355  
162 pg/ml vs. 412  218 pg/ml). Three patient subjects had 
plasma concentrations indicative of a suboptimal vitamin 
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B12 status (< 150 pg/ml).  
Average homocysteine concentrations of controls and 

patients subjects did not differ between the groups (Table 2); 
eight patients (19.5%) and two controls (9.5%), respectively, 
had high plasma  homocysteine  concentrations (> 14 
µmol/l). 
 
Table 2: Mean ± s.d. of serum folates, vitamin B12, vitamin B6, 
and plasma homcysteine for controls (n=22) and patients (n=41). 

Homocysteine 
(µmol/L) 

B6 
(nmol/L) 

B12 
(pg/ml) 

folate 
(ng/ml) 

 

9.07  3.08* 49    31* 355  162 6.68 2.52 Controls               

12.93  8.79 79  116 412  218 5.62  4.16 Patients                

* P < 0.05  (for patients vs. controls). 
 

A strong positive association was observed between 
plasma folate and Q.folate (rs= 0.697, p < 0.001) (Fig. 1). 
Homocysteine concentrations in plasma correlated inversely 
with concentrations of folate in plasma (rs = -0.538, p < 0.01) 
(Fig. 2), but not with vitamin B6, and vitamin B12 (rs = 
0.038, and rs = - 0.075, both not significant) (Tab. 3). Plasma 
vitamin B12 levels correlated with plasma vitamin B6 levels  
(rs = 0.475, p < 0.05).  

 

 
 
Figure 1: Correlation between questionnaire folate (Q.folate) and 
serum folate concentrations in controls (Spearman’s rank 
correlation coefficient rs = 0.697, p < 0.001). 
 
 

 
 
Figure 2: Correlation between serum homocysteine  and serum 
folate concentrations  in controls (Spearman’s rank correlation 
coefficient rs = - 0.538, p < 0.01). 
 

In the patient group, homocysteine is most strongly 
correlated with vitamin B12 as it was the case also in our 

patients (rs = - 0.333, p < 0.05). Q.folate was not related to 
both plasma homocysteine and folate concentrations.  
 
Table 3:  Spearman’s rank correlation coefficients (p value), 
between plasma homocysteine, folate, vitamin B12, vitamin B6 
and folate questionnaire (Q.folate) in 22 controls.  

Q.folate Homocysteine B6                   B12                     

0.697* - 0.538** - 0.097 - 0.038 Folate                            

0.137 - 0.075 0.475***  Vitamin B12                                            

0.069 0.038   Vitamin B6                               

- 0.268    Homocysteine                                                                                                             

*p < 0.001,  ** p < 0.01,  *** p < 0.05. 
 

DISCUSSION 

The folate status appears to be a greater concern than 
the vitamin B12 status for the elderly population. It seems 
that although mean values of dietary intake and plasma 
concentrations of folate may indicate nutritional adequacy, 
a proportion of older population may still bear nutritional 
risk [11]. 

Few studies have been done to assess folate intake in 
populations. The total folate intake in our population, is low 
(186 and 178 micrograms in control and patient subjects, 
respectively) compared to national averages for persons 
over 40 years (287 micrograms/day in NHANES I) [12]. 
Breakfast cereal fortification with folic acid at a level of 
127 µg/d had a small effect (decrease of 3.7%) on plasma 
homocysteine levels, but levels of 499 µg/d and 665 µg/d 
reduced homocysteine levels significantly, by 11% and 
14% respectively [13]. 

The intake of folates as assessed by the Q.folate was 
correlated to serum folate levels (rs = 0.697, p < 0.001), 
which is similar to data reported by Jacques et al. [14]. 
However, others did not find any association between 
dietary intakes of the vitamins and their plasma or r.b.c. 
levels [11]. There is a clear relationship between 
homocysteine level and both folate intake and plasma folate 
concentration [15]. In our study, eight patients (19.5%) had 
high plasma  homocysteine concentrations (>14 µmol/L). 
However, in the patients that developed cardiovascular 
accidents, 83 % had a homocysteine concentration of > 14 
µmol/l [16]. 

In control subjects, only for folate (plasma and dietary 
levels of folate) did the association with homocysteine 
remain, whereas for vitamin B6 and B12, associations 
disappeared. Our results, have shown in control subjects an 
inverse correlation between plasma folate levels and 
homocysteine levels (rs = - 0.538), but not showed, a 
significant association between homocysteine and the level 
of serum vitamin B12 (as in other studies, [17]). Then, 
deficiency of folate, but not vitamin B12, can cause 
increased homocysteine concentration. Other studies have 
found that homocysteine is most strongly correlated with 
vitamin B12 as our results in the patient subjects (rs = - 
0.333). Nutritional studies have shown an inverse 
correlation between homocysteine and plasma 
concentrations both of vitamin B12 and folate [18,19], and 
it has demonstrated a progressive increase in plasma 
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homocysteine with age, and strong inverse relationships 
with blood indices of folate, vitamin B12 and vitamin B6 
status [20]. It is interesting to note that there was no 
difference between blood and questionnaire folate in 
patients and in controls. Moreover, blood and questionnaire 
folate correlated strongly within controls, but not such 
correlation existed in patients. The data seem to support the 
concept that in patients an increased degradation of folate 
may take place, probably due to oxidation [21]. It may 
result in an increased demand for folate in this group. 

Pyridoxine does not appear to lower homocysteine 
levels significantly in most individuals [22], although in 
combination with folate there is some additional effect [23], 
and suggestive evidence, are protective factors [24]. 

The poor correlation between serum vitamin B12 level  
and homocysteine suggests that red cell folate (RCF) is a 
better measure of cellular cobalamin deficiency than serum 
vitamin B12 [25,26]. Our population with a low serum 
vitamin B12 or serum folate concentration are apparently 
not deficient in these vitamin. Serum folate is influenced by 
recent folate intake, whereas RBC folate more accurately 
reflects hepatic stores [27].  

The amount of supplement in the dietary folate of ~ 100 
µg per person per day, the mean serum folate concentration 
increased from 4.6 to 10.0 ng/ml, whereas the mean 
homocysteine concentration decreased from 10.1 to 9.4 
µmol/L [28].  

In addition, folate and vitamin B12 deficiency and the 
compensatory increase in homocysteine are a significant 
risk factor for cardiovascular disease [29]. Although no 
direct relationship could be demonstrated between any 
single vitamin and the degree of hyperhomocysteinemia, 
Ubbink et al. [30] suggest that all three vitamins may be 
interdependent determinants of circulating homocysteine 
concentrations. 

Due to the important role of folate status as a 
determinant of homocysteine concentration, it may be 
necessary to redefine an adequate blood folate level and 
probably reformulate dietary allowances for this B-vitamin 
[6]. Thus, hyperhomocyteinemia it would still have to be 
determined, as the indicator, of the correction of the low 
functional vitamin status [31].    

 
CONCLUSION 

Homocysteine is a valuable functional index of 
micronutrient status and intakes for people, which can assist 
the development of the public health of the adult 
population. In our population, folate was the most 
important determinant of plasma homocysteine, even in 
subjects with apparently adequate nutritional status of this 
vitamin.   
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