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RAPPORT IN HET KORT 
 

Vitamine B12-deficiëntie geassocieerde neuropathie 

 

Het Ministerie van VWS overweegt om bepaalde voedselbestanddelen te verrijken met 

foliumzuur. Foliumzuurverrijking houdt echter een gezondheidsrisico in, omdat het vitamine 

B12 -deficiëntie maskeert, waardoor het de incidentie van megaloblastische anemie en perifere 

neuropathie kan verhogen. Dit rapport geeft een overzicht van de literatuur met betrekking tot 

het potentieel maskerende effect door foliumzuur van pernicieuze anemie -het vroege 

symptoom- van vitamine B12-deficiëntie.  

Het vermoeden, dat foliumzuur neurologische complicaties kan geven en verergeren, komt 

mogelijke door publicaties uit de veertiger jaren, toen foliumzuur voor het eerst - en onjuist - 

gebruikt werd om patiënten met pernicieuze anemie te behandelen. 

Foliumzuursuppletie (zonder co-suppletie met vitamine B12) induceert of stimuleert niet de met 

vitamine B12-deficiëntie geassocieerde neuropathie. Een belangrijke aanwijzing hiervoor werd 

recent verkregen in de V.S., waar na de verrijking van granen met foliumzuur, het percentage 

anemie onder personen met een laag serum vitamine B12 niet significant steeg ten opzichte van 

de periode daarvoor. Huisartsen dienen alert te zijn op een juiste diagnose van pernicieuze 

anemie en de hoge prevalentie van vitamine B12-deficiëntie in bepaalde risicogroepen (ouderen 

en vegetariërs). Maskering van pernicieuze anemie is dan geen argument om de verrijking van 

voeding met foliumzuur af te wijzen. 

 

Trefwoorden: vitamine B12, foliumzuur, neuropathie, maskering, voedingssupplement 
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ABSTRACT 
 

Masking of vitamin B12 deficiency associated neuropathy by folic acid 

 

The Dutch authorities consider fortifying certain foods with folic acid. Folic acid 

supplementation may, however, mask vitamin B12 deficiency and increase the incidence of 

peripheral neuropathy. This literature review outlines published studies to the potential 

masking of vitamin B12  -deficiency- related pernicious anaemia by folic acid. 

Probably, the assumption that folic acid may precipitate and aggravate neurological 

manifestations comes from publications in the mid-1940s, when folic acid was first used to 

treat patients with pernicious anaemia. This resulted in an alarming incidence of relapse or 

progression of pre-existing neurological lesions. 

Indeed, treatment of vitamin B12 -deficient subjects with folic acid is a false and dangerous 

therapy, though supplementation with folic acid at daily doses less than 5 mg has rarely been 

linked with a direct adverse effect on vitamin B12  deficiency- associated neurological damage. 

After the fortification of cereals with folic aid in the U.S.A., the proportion of subjects without 

anaemia but with low vitamin B12 did not increase significantly, indicating that increased folic 

acid intake caused no major increase in masking vitamin B12 deficiency.  

There is no conclusive evidence that folic acid supplementation (in the absence of co-

supplementation with vitamin B12) precipitates, or enhances vitamin B12-deficiency-associated 

neuropathy. If practitioners were to properly diagnose vitamin B12 deficiency and beware of its 

high prevalence in certain high risk groups (elderly and vegetarians), there would be no 

argument for renouncing the fortification of food with folic acid by masking vitamin B12 

deficiency.  

 

Key words: vitamin B12, folic acid, neuropathy, masking, food supplement 
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SAMENVATTING 
 

Het Ministerie van VWS overweegt om bepaalde voedselbestanddelen te verrijken met 

foliumzuur. Foliumzuurverrijking kan echter vitamine B12-deficiëntie maskeren en zo de 

incidentie van perifere neuropathie verhogen. Dit rapport geeft een overzicht van de literatuur 

met betrekking tot het potentieel maskerende effect door foliumzuur van pernicieuze anemie -

het vroege symptoom- van vitamine B12-deficiëntie.  

Het vermoeden, dat foliumzuur neurologische complicaties kan geven en verergeren, komt 

mogelijke door publicaties uit de veertiger jaren, toen foliumzuur voor het eerst gebruikt werd 

om pernicieuze anemie patiënten te behandelen. Dit leidde tot een alarmerende incidentie van 

neurologische lesies. 

Inderdaad is de behandeling van vitamine B12-deficiënte personen met foliumzuur een foute en 

gevaarlijke therapie. Anderzijds is de suppletie met foliumzuur met dagelijkse doseringen van 

minder dan 5 mg zelden geassocieerd met directe schadelijke effecten op de vitamine B12 

deficiëntie geassocieerde neurologische schade. 

Na de verrijking van granen met foliumzuur in de V.S. steeg overigens het percentage anemie 

onder personen met een laag serum vitamine B12 niet significant ten opzichte van de periode 

daarvoor. Dit is een aanwijzing dat extra inname van foliumzuur geen toename geeft van 

maskering van vitamine B12-deficiëntie. 

Er is geen duidelijk bewijs dat foliumzuur suppletie (zonder co-suppletie met vitamine B12) 

vitamine B12-deficiëntie geassocieerde neuropathie induceert of stimuleert.  

Huisartsen dienen zich bewust te zijn van de hoge prevalentie van vitamine B12-deficiëntie in 

bepaalde hoog risicogroepen (ouderen en vegetariërs); de maskering door foliumzuur van 

pernicieuze anemie is dan geen argument meer om de verrijking van voeding met foliumzuur 

af te wijzen. 
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SUMMARY 
 

The Dutch authorities consider to fortify certain foods with folic acid. Folic acid 

supplementation may, however, mask vitamin B12 deficiency and increase the incidence of 

peripheral neuropathy. The present paper reviews the literature on the potential masking of 

vitamin B12 deficiency related pernicious anaemia by folic acid. 

Probably, the assumption that folic acid may precipitate and aggravate neurological 

manifestations comes from publications in the mid-1940s, when folic acid was first used to 

treat patients with pernicious anaemia. This resulted in an alarming incidence of relapse or 

progression of pre-existing neurological lesions. 

Indeed, treatment of vitamin B12 deficient subjects with folic acid is a false and dangerous 

therapy, though supplementation with folic acid at daily doses less than 5 mg has been rarely 

associated with a direct adverse effect on vitamin B12 deficiency associated neurological 

damage. 

After the fortification of cereals with folic aid in the U.S., the proportion of subjects with low 

vitamin B12 without anaemia did not increase significantly which indicates that increased folic 

acid intake caused no major increase in masking vitamin B12 deficiency.  

There is no conclusive evidence that folic acid supplementation (in the absence of co-

supplementation with vitamin B12) precipitates, or enhances vitamin B12-deficiency associated 

neuropathy. Practitioners should properly diagnose and be aware of the high prevalence of 

vitamin B12 deficiency in certain high risk groups (elderly and vegetarians). If so, masking by 

folic acid of pernicious anaemia due to vitamin B12 deficiency is no argument to renounce the 

fortification of food with folic acid.  
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1. INTRODUCTION 
 

The Dutch authorities consider the fortication of certain foods with folic acid. In addition to 

megaloblastic anaemia, vitamin B12 deficiency, may elicit peripheral neuropathy, a dangerous 

neuronal lesion. As it precedes or at least coincides with peripheral neuropathy, megaloblastic 

anaemia is an important first clinical symptom. Such anaemia is not seen in vitamin B12 

deficient subjects, when folic acid supplements or folic acid fortified foods are consumed. As 

such, folic acid supplementation may mask vitamin B12 deficiency and increase the incidence 

of peripheral neuropathy. Note that folate is present in natural foods, whereas folic acid is the 

synthetic form used in supplementation and fortification. 

 

1.1 Problem statement 

Deficiency in either vitamin B12 (cobalamin) or folate induces megaloblastic anaemia (“giant 

germ cell”) anaemia. Pernicious anaemia is caused by lack of intrinsic factor needed in the 

absorption of vitamin B12. Therefore pernicious anaemia is a kind of megaloblastic anaemia, 

only caused by vitamin B12 deficiency due to lack of intrinsic factor, a type of megaloblastic 

anaemia. Vitamin B12 deficiency, but not folate deficiency, produces, however, in addition 

peripheral neuropathy. Secondly, folate and vitamin B12 deficiency may be present at the same 

time. As such, the following situations may arise: 

 

1.1.1. Masking 

The megaloblastic anaemia that is caused by a vitamin B12 deficiency does not develop in the 

presence of excess folate (the anaemia is ‘masked’ by folate). The anaemia of vitamin B12 

deficiency is often the first clinical symptom to appear, and this symptom is cured (and 

therefore masked!) by folate. If so, the vitamin B12 deficiency is not timely recognised, and the 

associated neurological deterioration will progress, ultimately resulting in permanent damage 

to the nervous system [1-3]. There are, however, few systematic data regarding the level of 

folic acid intake required to mask vitamin B12 deficiency [4]. Considering that a large part of 

the general population is exposed (or will be exposed) to folic acid-enriched foods, the 

potential masking effect of vitamin B12 deficiency by folic acid is (will be) a serious public 

health issue. 
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1.1.2. Wrong treatment 

If vitamin B12 deficiency is treated with folic acid by mistake, the symptoms of anaemia 

(megaloblastic anaemia) may lessen, but the severe and irreversible nerve damage induced by 

inadequate vitamin B12 may continue as it is not cured by folic acid. No controlled studies are, 

however, available showing that folic acid treatment adversely affects the course of untreated 

vitamin B12 deficiency. Similarly, no data are available, indicating that rapid progression is 

anything other than one of the clinical courses to be expected in untreated vitamin B12 

deficiency, whether or not folic acid is consumed [5]. 

 

1.1.3. False diagnosis 
The precise type of megaloblastic anaemia (vitamin B12 or folate deficiency) should be 

properly diagnosed. This is not that obvious, because folate deficiency induces roughly the 

same haematological symptoms as vitamin B12 deficiency, but patients with folate deficiency 

do not have the serious neurological signs, except for loss of short-term memory (“where did I 

leave my key?”). In making the diagnosis, one should bear in mind that immediately after a 

high dietary folate intake, serum folate levels can be normal in the presence of low red cell 

folate stores. Therefore, red blood cell folate is more sensitive for assessment of chronic folic 

acid deficiency than serum folate i.e. serum folate represents folate intake in the last 24 hours; 

red cell folate reflects folate intake over the last 4 months (the red cell life span). In summary, a 

careful serological (which type of deficiency) and neurological assessment is important.  

 

Note: Hematological and epithelial manifestations occur in all megaloblastic disorders, but 

only vitamin B12 deficiency causes neurological deficits. Visa versa, neurological findings may 

occur in the absence of anaemia and epithelial manifestations of pernicious anaemia. Secondly, 

pernicious anaemia can present with anaemia, neuropathy, or both, and the view that the 

disease progresses from anaemia to neuropathy is incorrect. Dickinson [6] reviewed the 

medical literature in 1995, and reported that in the first half of the 20th century pernicious 

anaemia presented with neurological symptoms alone in about 25% of the cases. 
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2. PERNICIOUS ANAEMIA 
 

Pernicious anaemia is induced by a deficiency of vitamin B12. About two-thirds of patients 

with vitamin B12 deficiency have pernicious anaemia [7-9]. Percinious anaemia presented with 

neurological symptoms alone in about 25% of the cases [6]. 

Vitamin B12 is required for many cells, including blood and nerve cells. As a result, suboptimal 

vitamin B12 availability induces anaemia and causes neurological problems. Giant germ cell 

anaemia is the result of pathologic slowing of the doubling of the nuclear DNA necessary for 

bone marrow nucleated cell growth with only minor slowing of cytoplasmic RNA-synthesis. 

The neurological symptoms (peripheral neuropathy, originally called sub-acute combined 

degeneration of the spinal cord; SACD) develop over time due to the gradual damage of 

sensory and motor nerves in the spinal cord. The mechanism is thought to occur via the 

interruption of the methylation cycle, and reduced ability to methylate myelin basic protein.  

Early symptoms of severe vitamin B12 deficiency (regardless of the cause) may include burning 

of the tongue, fatigue, weakness, loss of appetite, intermittent constipation and diarrhoea, 

abdominal pain, weight loss, menstrual symptoms, psychological symptoms, and nervous 

system problems, such as numbness and tingling in the feet and hands. Most symptoms can 

occur before the deficiency is severe enough to cause giant germ cell anaemia.  

Prognosis for patients with pernicious anaemia is generally good. Many of the symptoms 

improve within just a few days of beginning treatment (vitamin B12 treatment), although some 

of the nervous system symptoms may take up to 18 months to improve. Occasionally, when 

diagnosis and treatment have been delayed for a long time, some of the nervous system 

symptoms may be permanent [10]. 
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3. HISTORY 
 
The disease was named pernicious anaemia because it was fatal before proper treatment 

became available. The term pernicious is no longer appropriate, but it is retained for historical 

reasons. On appropriate treatment, patients presently have a normal life-span. 

At the beginning of the 20th century, Whipple, Minot and Murphy investigated the cause of 

pernicious anaemia and treated pernicious anaemia patients with a liver diet. They saved the 

life of many patients and received the Nobel prize for their work in 1934. Following the 

identification and chemical synthesis of folic acid in 1945, but before the isolation of vitamin 

B12 in 1948, folic acid (at high doses, generally > 5 mg/day), rather than liver extract, was first 

used to treat patients with pernicious anaemia in the mid-1940s. In 1946 it was, however, 

recognised in an Editorial in the scientific journal ‘Blood’ [11] that a considerable period of 

study would be necessary to ascertain whether folic acid would be as effective as liver extract 

in the maintenance of remission of haematological symptoms in pernicious anaemia patients. 

Around 1947 practising clinicians noted that patients with vitamin B12 deficiency treated with 

folic acid were at increased risk of neurological damage, because this therapy corrected the 

anaemia, but did not prevent the development of progression of the signs and symptoms of 

peripheral neuropathy from developing or progressing. This was based on the following 

observations: 

i) within one year of commencing folic acid in untreated vitamin B12 deficiency the incidence 

of vitamin B12 neuropathy was high (up to 80%); 

ii) there appeared to be a particularly high possibility of severe neurological symptoms 

developing at about three months after starting folic acid in these patients; 

iii) there was some evidence of a higher incidence of neuropathy as the daily dose of folic acid 

increased from 1.0 mg to 15 mg or more. 

The alarming incidence of relapse or progression of pre-existing neurological lesions in 

patients with pernicious anaemia treated with folic acid alone (reviewed by Dickinson [12]) 

was given proper emphasis in an another editorial that appeared in 1947 [13]. Because the 

frequency and the severity of the neurological deterioration seemed in some to suddenly have 

an explosive onset, the assumption arose that folic acid may even precipitate and aggravate the 

neurological manifestations [14,15]. 

The first demonstration of dramatic beneficial effects of vitamin B12 in treating pernicious 

anaemia occurred in 1948. 
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Comment by the authors:  

In the mid-1940s, when folic acid was first used to treat patients with pernicious anaemia 

(rather than liver extract), an alarming incidence of relapse or progression of pre-existing 

neurological lesions was observed. This is probably the origin of the still existing assumption 

that folic acid may precipitate and aggravate neurological manifestations. 
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4. PREVALENCE OF PERNICIOUS ANAEMIA  
 

Pernicious anaemia is most prevalent in Northern Europe and among African Americans and 

less so among people from southern Europe and Asia. In the United States, pernicious anaemia 

is most prevalent among immigrants of either Celtic (i.e. English, Irish, Scottish) or 

Scandinavian origin. In these groups, 10-20 cases per 100,000 people occur per year. 

Meanwhile, it has become apparent that pernicious anaemia is more common than was 

previously recognised and occurs in all racial and ethnic groups. Data in the United States 

show that pernicious anaemia occurs in equal numbers in both men and women, whereas a 

female predominance has been reported in England, Scandinavia, and among persons of 

African descent (1.5 vs. 1). Among Caucasian’s, the mean age of onset is 60 years, whereas it 

occurs at somewhat younger age in black people (mean age of 50 y). 
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5. DETAILED STUDIES  
 

Whether folic acid intake i.e. folic acid food fortification precipitates or exacerbates the 

neurological damage of B12 deficiency has been studied in animals and humans. Case studies 

reporting slow onset or progression of neurological complications in vitamin B12 deficient 

subjects treated with folic acid supplements have been summarised in Table 1 (derived from 

the Food and Nutrition Board; reference 21), and are outlined below. 

 

5.1 Mechanistic basis 
 

Folic acid

dihydrofolate

THF

5-methyl-THF

5,10-methylene-THF

methionine

homocysteine

Vit B12

MTHFR

DNA
synthesis

Protein
methylation

NeuropathyAnemia  
 

Figure 1. Metabolic routes involving folic acid. Deficiency in folate gives 

megaloblastic anaemia, whereas vitamin B12 deficiency elicits the same type of 

anaemia and in some 40% of the cases also symptoms or signs of neuropathy. 

 

Folate is essential for the methylation of various vital compounds in the body. Under sub-

optimal level of vitamin B12 this methylation process is, however, disturbed because the 

available folic acid can not be converted beyond 5-methyl-THF (Fig. 1). Acquiring a methyl 

group from 5-methyl-THF, homocysteine is remethylated to methionine, and this latter step 

requires the presence of vitamin B12 as co-factor. Thus 5-methyl-THF is “trapped” or unable to 

be metabolised to THF (referred as the methylfolate trap in Anglo-Saxonian literature) [16].  

  

5.2 Animal studies 
Studies in monkeys [17] and fruit bats [18,19] show that vitamin B12-deficient animals 

receiving supplemental folic acid develop signs of neuropathology earlier than controls do. The 

studies in fruit bats where vitamin B12 deficiency was induced with nitrous oxide [20], showed 

exacerbation of neurological signs after folic acid administration. These fruit bats were given 
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daily large oral doses of folic acid (1.5 mg/kg; equivalent to ca 100 mg/day in humans), or 

daily intramuscular injections of formyl-THF (1.2 mg/kg). The fruit bats given the oral folic 

acid reached the same stage of neurological impairment (“flight reduced to hops”), but this 

occurred slightly, but not significantly, earlier. 

In the rhesus monkey studies dietary methods were used to induce vitamin B12 deficiency. 

Three of the nine monkeys received 5 mg/week of supplemental folic acid intramuscularly, 

followed by 5 mg in the drinking water (5 days/week) [17]. Five animals developed visual 

impairment and optic atrophy, including the 3 monkeys that received supplemental folic acid. 

Apparently, the optical nerve lesions occurred earlier (by 10-11 months) in the folic acid-

treated animals. It should be noted that the visual lesions observed in these monkeys are only 

rarely noted in human disease. Spastic paralysis of hind legs and tail was found in 3 animals, 

including 2 animals receiving folic acid. Other lesions in cranial and peripheral nerves and in 

the white matter of the spinal cord were observed in some animals, but were apparently not 

affected by supplemental folic acid. 

 

Note: This paragraph was adapted from Food and Nutrition Board, Institute of Medicine [21]. 

 

Comment by the authors:  

It has been clearly demonstrated that treatment of vitamin B12 deficient animals with folic acid 

induces severe neurological symptoms. 

 

5.3 Human studies [22] 

In contrast with the anaemia in pernicious anaemia patients that is correctable, at least 

temporarily, by folic acid treatment, neurological damage is not reversed and progresses [23-

31]. The majority of available information relates to early case reports of folic acid therapy for 

the treatment of pernicious anaemia where usually high doses (> 5 mg/day) have been used. 

Early human case reports (cf. Table 1) show onset or progression of neurological complications 

in vitamin B12-deficient individuals, receiving supplemental folic acid. A selection of the 

studies is presented below. 

In a report on 10 cases of pernicious anaemia patients treated with 5-25 mg folic acid, one 

patient experienced neurological symptoms after eight days, and two patients after 4 and  

9 months of treatment, respectively [32]. Vilter et al. [33] found that folic acid did not prevent 

the development of neurological lesions in 4 out of 21 patients receiving 10-50 mg of folic acid 
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daily. Still larger daily dosages of folic acid from 100 to 500 mg did not halt the progress of 

degeneration, but liver extract rapidly did. 

In another study reported in 1948, neurological symptoms remained stable or improved in 4 out 

of 70 patients treated daily with 5-20 mg folic acid for a period of 6-12 months, but 

deteriorated in 3 subjects [34]. One of the six patients without evidence of neuropathy and with 

normal blood values, developed severe paraplegia while receiving 10 mg of folic acid daily 

during one year or longer.  

In a study from Schwartz et al. [30], 98 pernicious anaemia patients treated with 5 mg of folic 

acid were followed for a period up to 3½ years, 4 patients relapsed neurologically within1 year, 

and 19 in the next year. These studies show that neurological symptoms, especially postero-

lateral spinal cord disease and peripheral neuritis, occurred in 56 percent of the patients. 

Although the neurological degeneration was not caused by the folic acid treatment, the data 

clearly demonstrated the masking potential of folic acid. 

Heinle [29] described a case report where the pernicious anaemia patient treated with 10 

mg/day of folic acid for 79 days (later increased to 100 mg/day) developed neurological 

relapse. The relapse was unusually “explosive” and rapidly progressive, and occurred after 

blood had reached normal levels. Twenty-seven days after the first dose of liver extract (i.m.) 

the condition of this patient improved. On the other hand from the total of 47 pernicious 

anaemia patients treated with folic acid only three subjects exhibited neurological relapse 

(responding readily to therapy with liver extract).  

Similar results were reported by Ross et al. [35] who substituted liver extract by folic acid (1-

15 mg daily for 8-17 mo.) in 22 cases of pernicious anaemia. Though ten patients showed a 

significant improvement in blood values, seven patients developed neurological relapse, and 

four showed progression of neurological lesions. The neurological relapse occurred with 

considerable suddenness and progressed with great rapidity in several patients. The rapidity 

was considerably greater than usually observed in untreated pernicious anaemia patients, 

necessating in some cases termination of folic acid and reinstitution of liver extract. 

Spies et al. [36] similarly reported risk of nervous system degeneration in 28 out of 38 

pernicious anaemia patients treated wit 10 mg folic acid per day, and neurological degeneration 

within 2 to 5 months was reported in fourteen patients with vitamin B12 deficiency who were 

treated with oral doses of 5 to 20 mg folic acid [28]. Studying the long-term (3½ years) 

therapeutic effectiveness of 5 mg folic acid in 98 pernicious anaemia patients, Schwartz et al. 

[30] reported that 31 patients relapsed neurologically (9 of them combined with haematological 

relapse). 
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Table 1. Dose and duration of oral folic acid administration and the occurrence of 

neurological manifestations in patients with pernicious anaemia. From: Food and Nutrition 

Board, Institute of Medicine [21]. 

No. subjects Folic acid (mg/d) Duration Occurrence a Reference 
1 0.35 2 yrs 1 of 1 [38] 
1 0.33–1 3 mo 1 of 1 [24] 
1 0.5 16 mo 1 of 1 [23] 
4 1.25 9–23 mo 1 of 4 [35] 
4 1.25b 3.5–26 mo 3 of 4 [39] 
2 1.5–2.55 10–39 mo 2 of 2 [40] 
1 4.5 3 yr 1 of 1 [41] 
98 5 48 mo 32 of 98 [30] 
2 5 20–23 mo 1 of 2 [35] 
2 5–8 2–2.5 yr 2 of 2 [41] 
36 5–10 1–10 yr 16 of 36 [27] 
15 5–20 12 mo 4 of 15 [34] 
11 5–30 3–25 mo 7 of 11 [39] 
20 5–40 35 mo 16 of 20 [42] 
10 5–600 12 mo 8 of 10 [32] 
1 5.4–6.4 2 yr 1 of 1 [24] 
1 6.68 2.5 yr 1 of 1 [40] 
12 10 >17 mo 3 of 12 [43] 
1 10 26 mo 1 of 1 [44] 
1 10 22 d 1 of 1 [45] 
6 10–15 ± 12 mo 4 of 6 [35] 
14 10–15 2–5 mo 3 of 14 [28] 
16 10–40 ± 12 mo 2 of 16 [29] 
1 10–65 5 mo 1 of 1 [46] 
1 10–100 4 mo 1 of 1 [29] 
38 ± 10 24 mo 28 of 38 [36] 
7 15 28–43 moc 3 of 7 [35] 
1 15 10.5 moc 1 of 1 [39] 
2 15–20 4–5 mo 2 of 2 [47] 
21 50–500 10–40c 4 of 4 [33] 

 

a Refers to neurological relapses or progression of pre-existing neurological manifestations 
while on folic acid therapy; b In two patients: minimal or slight neurological progression. 
Neurological progression was also observed when the dose was increased to 15 mg/day; c The 
initial dosage of 1.25 mg/day was increased to 15 mg/day after variable durations of 
treatment. Neurological progression occurred only at 15 mg/day in these patients. 
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In a study [27] on 46 pernicious anaemia patients treated with 30 mg of folic acid three times a 

week, 36 patients were followed for 1 to 10 years and compared with 40 patients treated 

parenterally with vitamin B12. Of these 36 patients only three were maintained for 10 years in 

satisfactory haematological and neurological condition on folic acid therapy alone. The great 

majority of these patients relapsed in the first four years, whereas the patients given vitamin 

B12 showed no deleterious effects and maintained patients in good health for 6-7 years. 

Of 25 patients treated for 7 to 19 days (< 1 mg/day), none developed nervous system disorder, 

whereas 6 out of 12 treated with the same dose for 90 to 930 days did so, none of whom had an 

“explosive” course. Apparently, small doses of folic acid did not induce the striking clinical 

changes observed in vitamin B12 deficient patients receiving higher (> 5mg/day) amounts of 

folic acid [37]. 

In 1951 Conley and Krevans [41] described five patients with pernicious anaemia treated with 

folic acid (5-8 mg per day; 3 years) in whom neurological signs had developed in the absence 

of haematological lesions. Similar case reports were described by Fowler and Hendricks [47], 

Crosby [38], Best [44], Israëls [42], Spiess and Stone [45], Wagley [32], Victor and Lear [40], 

Berk et al. [43]. Some of them described subjects who took multi-vitamin preparations. 

Conversely, some patients with known vitamin B12 deficiency have shown no development of 

neurological complications when treated with very high (10-100 mg) daily doses of folic acid 

for a number of years (cf. [3] and references therein). In general, it has been concluded from 

anecdotal information that supplementation with folic acid at daily doses less than 5 mg is 

rarely associated with a direct adverse effect on vitamin B12 deficiency associated neurological 

damage [3,48]. Despite the beneficial anaemic effect of folic acid, pernicious anaemia should 

be treated with vitamin B12 and not with folic acid. Indeed, Baldwin [23] ends up his paper 

with the statement that folic acid has no place in multivitamin or “shotgun” anti-anaemic 

preparations! Victor and Lear [40] state that “prescribing oral multiple vitamin preparations for 

patients with anaemia, cannot be too strongly condemned.” 

 

Comment by the authors:  

The studies cited above demonstrate that treatment of vitamin B12 deficient subjects with folic 

acid is a false and dangerous therapy as it does not prevent the neurological damage induced by 

vitamin B12 deficiency. Supplementation with folic acid at daily doses less than 5 mg, however, 

has been rarely associated with a direct adverse effect on vitamin B12 deficiency associated 

neurological damage. Anyway, the best treatment for vitamin B12 deficient subjects is 

supplementation of vitamin B12, and not additional folic acid.  
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6. FOLIC ACID INDUCED NEUROPATHY 
 

It has been suggested that folic acid supplementation (in the absence of co-supplementation 

with vitamin B12) may either precipitate, or enhance vitamin B12-deficiency associated 

neuropathy [29,35]. Such a folic acid-induced aggravation or induction of neurological 

symptoms would be difficult to demonstrate, as the progression of such symptoms in untreated 

subjects is already highly variable between patients, e.g. between a few months up to five years 

in development of paraesthesia. A few uncontrolled trials have further suggested that 

supplementation with folic acid can reduce serum vitamin B12 levels, but this is very unlikely. 

Because it would be unethical to withhold vitamin B12 from pernicious anaemia patients in 

double blind controlled trials, definitive trials examining the effect of folic acid in this setting 

are not expected [3], and the question as to whether folic acid is harmful to the nervous system 

will remain unanswered. As such, the claim that folic acid therapy may precipitate or 

exacerbate neurological dysfunction in vitamin B12-deficient patients remains unproven. 

 
Comment by the authors:  

There is no conclusive evidence that folic acid supplementation (in the absence of co-

supplementation with vitamin B12) precipitates, or enhances vitamin B12-deficiency associated 

neuropathy. No data are available or will become available from double blind controlled 

studies that (will) fully exclude this possibility.  
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7. FOLIC ACID FORTIFICATION 
 

Folate deficiency (low red cell folate level <140 µg/L) is frequently observed. The current 

averaged daily folate intake in Germany is for example clearly below 300 µg (197 to 235 for 

men and 168 to 214 µg for women so that a large proportion of the general population do not 

attain the required natural folate intake. Particular risk groups are elderly people, pregnant 

women, alcohol abuse and patients with renal disease, mal-absorbtion or cancer [49]. 

Maintaining a folate intake of 600-650 µg/day, by supplementing 400 µg/day, may help to 

lower elevated homocysteine levels. The safe upper limit of folic acid set by the United States 

Food (FDA) and Nutrition Board (FNB) was 1 mg/day, a round number chosen by the Institute 

of Medicine [50] and unlikely to produce masking. The increment predicted by the FDA was 

70-130 µg/day [51], and this level of fortification was chosen so that only a very small 

proportion of the population would receive more than 1 mg.  

A recent study [52] on the effect of food fortification on folic acid intake in the U.S. showed, 

however, that the general population consumed about twice this originally anticipated intake. 

After the fortification of grain products initiated in 1998 the averaged additional folic acid 

intake (by subjects not taking additional supplements) is 220 µg/day. Similar estimates of folic 

acid intake following food fortification (i.e. 190 µg/day) in the U.S. have been calculated 

before by Choumenkovitch et al. [53]. Prevalence of individuals with folic acid intake above 

the upper tolerable intake level (1 mg/day) increased only among supplement users exposed to 

fortification (from 1.3 to 11.3%). Interestingly, the number of subjects with a combined low 

vitamin B12 status (< 260 pM) and high folic acid intake (> 1 mg/day) was none (out of 931) 

respectively three (out of 549) before and following the start of fortification, respectively (all 

three were supplement users). 

In the “Framingham” cohort, the folic acid fortification in non-supplement users has reduced 

the incidence of abnormal low folate (<3 µg/L; 7 nM) from 21% to less than 2% [54]. In the 

subjects from the same cohort red blood cell folate was measured before folic acid fortification 

(not exposed) and after implementation of fortification (exposed). Those exposed to folic acid 

fortification (N=354) had a mean red blood cell folate of 450 µg/L (1020 nM), a value 38% 

higher than the mean red blood cell folate of 325 µg/L (737 nM) of those who were not 

exposed (N=561) to fortification (P < 0.001). The prevalence of individuals with deficient red 

blood cell folate (<160 µg/L, 363 nM) was 4.9% in the non-exposed group, compared with 

1.9% in the exposed group (P < 0.02). The prevalence of individuals with acceptable red blood 
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cell folate (>200 µg/L, 453 nM) was 87.0% in the non-exposed group compared with 96.1% in 

the exposed group (P < 0.001) [55]. 

Mills et al. [56] clearly showed in a recent paper from 2003 that fortification of food with folic 

acid did not increase the proportion of subjects with low vitamin B12 but without anaemia. Of 

the 1573 subjects with low serum vitamin B12 (< 258 pM), the proportion without anaemia did 

not increase significantly from pre-fortification (39.2%) to the post-fortification period to 

(37.6%). This indicates that increased folic acid intake caused no major increase in masking 

vitamin B12 deficiency.  

  

Comment by the authors: following the fortification of cereals with folic acid in the U.S., the 

general population consumed about twice this originally anticipated intake. More importantly, 

the proportion of subjects with low vitamin B12 without anaemia did not increase significantly 

which indicates that increased folic acid intake caused no major increase in masking vitamin 

B12 deficiency.  
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8. VITAMIN B12 INTAKE 
 

Vitamin B12 is naturally found in foods of animal origin like meat, milk and dairy products, and 

eggs, but not in plants [57]. Most people need only 2 micrograms of vitamin B12 daily but the 

average diet provides about 5 to 30 micrograms a day. Obviously, due to their consumption 

pattern, vegetarians are at increased risk to be vitamin B12-deficient, and strict vegetarians need 

therefore to be informed about this risk. 

Vitamin B12 deficiency (serum level < 260 pM; <400 pg/ml) may affect substantially the older 

part of the population [58], due to a high prevalence of vitamin B12 mal-absorption. About 14% 

of elderly Americans and about 24% of elderly Dutch have mild B12 deficiency; the difference 

probably due to the higher intake of vitamin supplements by the Americans [59,60].  

Certain drugs (e.g. nitrous oxide, cholestyramine, p-aminosalicylic acid, neomycin, metformin, 

colchicine) may also impair vitamin B12 uptake in the ileum. This rarely causes symptomatic 

vitamin B12 deficiency, because they are not taken long enough to deplete body stores of 

vitamin B12 (caveat: older subjects). Adults older than 50 years are therefore advised to consult 

their physician about the advisability of taking folic acid without also taking a vitamin B12 

supplement. Finally, the British National Formulary (BNF) notes that folic acid should be 

prescribed only in the presence of vitamin B12-deficiency.  

 

 

Comment by the authors: Vitamin B12 deficiency (serum level < 260 pM; <400 pg/ml) may 

affect substantially the older part of the population and vegetarians. It therefore advised that 

adults older than 50 years and vegetarians consult with their physician about taking a vitamin 

B12 supplements. 

 



RIVM report 340230002 page 22 of 28 

9. CONCLUSION 

 
The safety issue of masking is still to the argument that folic acid consumption should not be 

increased. However, nowadays the origin of pernicious anaemia can be and should be properly 

diagnosed. In addition, practitioners should be aware of the high prevalence of vitamin B12 

deficiency in certain high risk groups (elderly and vegetarians). If so, masking by folic acid of 

pernicious anaemia due to vitamin B12 deficiency is no argument to renounce the fortification 

of food with folic acid. Data claiming that folic acid may precipitate neurological damage is of 

limited scientific value, and remains unproven. 
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