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Abstract

In 1998 a Tolerable Upper Intake Level (UL) for folic acid was established based on case reports 

from the 1940s suggesting that high-dosage folic acid intake, used to treat patients with pernicious 

anemia, had the potential to precipitate or speed-up the development of neurological problems. 

This UL has been employed in the decision-making process used by more than 80 countries to 

establish programs to fortify staple foods with folic acid to prevent neural tube birth defects. Some 

have claimed that this UL is flawed and has become an obstacle to the wider adoption of neural 

tube defect prevention programs and have called for re-evaluation of the scientific validity of this 

UL. Case reports cannot establish causality, but they can reveal patterns in the timing of the onset 

and treatment of patients with pernicious anemia. These patterns can be compared with secular 

trends of usual medical practice for the treatment of pernicious anemia and with the changes in 

usage of folic acid preparations, including recommended therapeutic dosage and precautions for 

its usage surrounding the synthesis of folic acid in 1945 and vitamin B12 in 1948. Folic acid 

package inserts, early editions of hematology textbooks, and international expert reports provide 

valuable historical information. The recommended therapeutic daily dosage for folic acid of 5–20 

mg was unchanged from 1946 through to 1971. The likely cause of the neurological problems 

encountered is the development of vitamin B12 neuropathy when pernicious anemia was treated 

with high-dosage folic acid before vitamin B12 was widely available in the early 1950s. Thus, the 

historical record does not provide compelling evidence that folic acid can potentially cause 

neurologic complications among those with low vitamin B12 status and lends support for 

reconsidering the basis for the UL of folic acid.
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Introduction

Since the 1990s we have irrefutable evidence that the maternal intake of folic acid before 

and during early pregnancy prevents spina bifida and other neural tube birth defects (1–3). In 

1992, the US Public Health Service recommended that women take 0.4 mg folic acid daily 

to reduce the risk of having a neural tube defect-affected pregnancy (4). In 1996, the Food 

and Drug Administration (FDA) approved mandatory folic acid fortification of enriched 

cereal grain products to prevent neural tube defect-affected pregnancies (5). In 1998, the 

Institute of Medicine (IOM) revised the Dietary Reference Intakes for folate and other B-

vitamins (6). The IOM evaluated the efficacy of folic acid in preventing neural tube defect-

affected pregnancies as well as evidence for the safety of folic acid fortification in the 

general population. Among case reports of patients with pernicious anemia, the IOM found 

more than 100 cases reporting neurological problems when taking ≥5 mg of folic acid daily 

compared with only 8 cases that reported neurological problems when taking ≥5 mg of folic 

acid daily (6). The IOM concluded from their review that there was “no clear evidence of 

folate-induced neurotoxicity in humans,” but established a Lowest Observed Adverse Effect 

Level of 5 mg of folic acid daily, because, “the weight of the limited but suggestive evidence 

that excessive folate intake may precipitate or exacerbate neuropathy in vitamin B12-

deficient individuals justifies the selection of this end point as the critical end point for the 

development of a Tolerable Upper Intake Level (UL) for folate (6).” A UL for adults, which 

was set as 1 mg of folic acid daily from fortified foods or supplements, has been adopted by 

countries and organizations and is being used to set concentrations of folic acid added to 

staple food products in mandatory folic acid fortification programs to prevent neural tube 

defect-affected pregnancies (7, 8).

Concerns that high folic acid intake could precipitate or speedup the occurrence of the 

neurological manifestations of vitamin B12 deficiency have informed decisions regarding 

whether to recommend mandatory folic acid fortification of staple foods to prevent neural 

tube defects (8, 9). In 1995 Dickinson reviewed the neurological evidence from early case 

reports of the treatment of patients with pernicious anemia and found that the speed of 

progression of neurological problems was similar between those treated with and without 

folic acid. Dickinson also correctly pointed out that problems associated with the incorrect 

treatment of vitamin B12 deficiency anemia with folic acid should not be considered 

evidence that folic acid is toxic (10). A 2018 review in Public Health Reviews by Wald et al. 

re-evaluated the dosage evidence used by the IOM to create the UL in 1998 and found that 

“the rate of disease progression was no greater in patients taking higher doses of folic acid 

(11).” Wald et al. concluded that the IOM analysis was a flawed analysis of uncontrolled 

observational studies without evidential value and suggested that the scientific basis for the 

UL be reconsidered and called for the abandonment of the UL for folic acid. The situation 

was labeled a public health failure because the UL has been an obstacle to the wider 

adoption of mandatory fortification programs to prevent neural tube defects throughout the 

world (11). In countries that have adopted folic acid fortification, the UL has constrained the 

concentration of folic acid added to food, which results in a lower usual intake of folic acid. 

In other countries that have considered folic acid fortification, the presence of the UL creates 
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concerns regarding potential adverse effects from folic acid fortification and delays or 

inhibits the adoption of mandatory fortification programs (8, 11).

This review adds historical information from the 1940s and 1950s that allows a more 

detailed assessment of the evidence that was derived from the case reports used by the IOM 

in 1998 to create the UL for folic acid. The historical information includes folic acid 

package inserts, which contain the recommended folic acid therapeutic dosage (including 

precautions), and descriptions of contemporaneous medical practice from early hematology 

textbooks and international reports (12, 13). Although other historical reviews have told the 

story of the people and events involved in the discoveries of folic acid and vitamin B12 (14, 

15), this review uses newly obtained documents from the 1940s and subsequent decades to 

describe recommended medical practice on the use of folic acid. These documents enable a 

new examination of the timing of the diagnosis and treatment of the IOM case reports and 

finds little evidence to support the current concern that folic acid might precipitate or 

aggravate the neurological manifestations of vitamin B12 deficiency.

Background

Before folic acid and vitamin B12 were discovered in the 1940s, patients diagnosed as 

having “pernicious anemia” could have had macrocytic (megaloblastic) anemia caused by 

vitamin B12 deficiency, folate deficiency, or another nutritional deficiency. Prior to 1940, 

these macrocytic anemias were indistinguishable, but were effectively treated with liver and 

liver extracts, which contained vitamin B12 and folate (16). We now know that both vitamin 

B12 and folate are required for DNA synthesis necessary for the production of red blood 

cells. Among patients with vitamin B12 deficiency, high-dosage folic acid intake is able to 

bypass the vitamin B12 deficiency block and support DNA synthesis to return blood values 

to normal. In addition, we also know that pernicious anemia develops because of a 

malabsorption of vitamin B12, which is only effectively treated with vitamin B12 (13, 14). 

In present-day usage, pernicious anemia refers only to vitamin B12 deficiency anemia.

Discovery of folic acid and vitamin B12

In 1941 Mitchell and Snell purified a growth factor, that they named folic acid, from 4 tons 

of spinach (17). In 1943, folic acid was isolated from liver (18, 19), and in 1945 was 

synthetized by Lederle Laboratories (20). The optimal oral and parenteral folic acid dosage 

was unknown, so initially a wide range of daily dosages up to 600 mg was used (6, 21, 22). 

In 1946, an editorial in Blood called folic acid a “wonder drug” because a few milligrams 

daily produced a dramatic improvement in different types of macrocytic anemia (23). 

Lederle began the commercial production of a 5 mg folic acid tablet in 1946 and added a 20 

mg folic acid tablet in 1947. Physicians quickly began to use folic acid instead of liver 

extracts for the treatment of “pernicious anemia” because it was cheaper, easier to use, and 

had fewer complications than injections of liver extracts (14).

However, in 1947, case reports of failure of folic acid to adequately treat “pernicious 

anemias” began to appear; some patients failed to maintain hematological remission when 

they were switched from liver therapy to folic acid (24–29). Some authors postulated folic 

acid was precipitating or exacerbating the neurological complications of “pernicious 
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anemia” (24, 25, 30, 31). Scientists quickly recognized that folic acid was not treating the 

known neurological complications of “pernicious anemia,” and later in 1947, an editorial in 

the New England Journal of Medicine stated that folic acid provided “no new benefit but 

only risk to the patient” (32). The editorial added the strong recommendation that folic acid 

should not be used as the only treatment of “pernicious anemia,” which was confirmed by 

others (33). In 1948, vitamin B12 was isolated and purified and quickly became accepted as 

the appropriate treatment of vitamin B12 deficiency anemia (34, 35). In the early 1950s, 

pure vitamin B12, which was produced using bacterial culture production methods, became 

available in large enough quantities to” allow routine use for treating patients with this 

deficiency (36, 37).

Changes in recommended folic acid therapeutic dosages, tablet dose, and precautions

When Lederle Laboratories began production of folic acid tablets in 1946, the recommended 

daily therapeutic dosage to treat macrocytic anemias in adults was 5–20 mg of folic acid. 

Comparing the Folvite (folic acid) package insert from 1946 (Figure 1) with the insert from 

1969 (Figure 2) confirms there were no changes in the wording describing the dose of 

available folic acid tablets, the recommended therapeutic dosage, or precautions regarding 

the potential adverse effects of folic acid. Production of these tablets was high; for example, 

Lederle reported that from January 1969 until 1971, when production of high-dosage tablets 

was stopped, over 31 million 5 mg and 846,000 20 mg tablets were produced (38). In 1971, 

the FDA changed the recommended daily therapeutic dosage to 0.25–1.0 mg of folic acid 

and lowered the dose of folic acid tablets allowed to 0.25 mg and 1.0 mg (39). The FDA 

made these changes to implement recommendations from an expert panel from the FDA’s 

Drug Efficacy Study, which was conducted during the 1960s (40). The FDA had concluded 

that “there is no evidence that doses of folic acid greater than 1 mg daily have greater 

efficacy than do those of 1 mg (39).” In 1974, a prominent hematology textbook confirmed 

the rationale for these changes: “Prior to 1971, the standard oral folic acid tablet contained 5 

mg, an amount that is not only excessive, but also wasteful since much of it is excreted 

(13).”

Discussion

The IOM’s evaluation of high-dosage folic acid causing neurological manifestations

Concerns regarding high folic acid intake began in the 1940s during the period when the 

treatment of “pernicious anemia” changed from liver extracts to folic acid and later to 

vitamin B12. The 1998 IOM report identified 284 individual case reports, which were 

contained in 23 publications between 1947 and 1990. In 155 of these case reports, the IOM 

identified neurological manifestations (6). Table 1 shows the 23 publications sorted by 

approximate year of treatment with folic acid, which was determined by the year of 

publication (16 case reports from the 1940s, which were included in a 1959 review, were 

assigned to 1949) (41). Figure 3 shows that the number of case reports with neurological 

manifestations increased sharply in 1947 and decreased rapidly in 1951. Almost all of the 

155 case reports, which were identified by the IOM as having neurological manifestations, 

were diagnosed and treated during the period of 1947–1951.
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Strength of evidence regarding folic acid dosage

Does the strength of evidence from the IOM case reports justify the concern that a relatively 

small daily intake of folic acid from fortification might aggravate neurological problems 

among seniors with low vitamin B12 status? Importantly, the IOM case reports were 

associated with folic acid dosages that are more than 10 times higher than the daily 0.4 mg 

that is currently recommended in the US (6), and even higher than the amount typically 

provided by the mandatory fortification of food staples (0.140 mg daily) (58). The IOM 

identified only 6 patients with neurological manifestations who reported taking a daily folic 

acid dosage of < 1 mg (54–57).

Masking the anemia of vitamin B12 deficiency

When the FDA reduced the recommended therapeutic dosage and the dose of folic acid 

tablets allowed in 1971, they also added a precaution to the package insert (Figure 2) that 

“folic acid may obscure pernicious anemia in that the peripheral blood picture may revert to 

normal whereas neurological manifestations remain progressive,” this precaution describes 

what has become known as masking (39). In the 1940s, the only routine diagnostic 

hematological tests available to clinicians were hemoglobin, hematocrit, and microscopic 

examination of stained blood smears (16). Mean corpuscular volume and red blood cell 

count were laborious research methods performed manually; blood folate and vitamin B12 

assays were not yet developed. If masking of the anemia of vitamin B12 deficiency were to 

occur today, one would expect to find less anemia among adults with newly diagnosed 

vitamin B12 deficiency. Both Mills and Qi have searched for and found no such evidence to 

support the occurrence of masking (59, 60). Although it is possible that masking of the 

anemia of vitamin B12 deficiency could occur today from inappropriate treatment of vitamin 

B12 deficiency with high-dosage folic acid, dramatic improvements in clinical laboratory 

testing and the practice of medicine over the past 70 y makes the occurrence of such 

masking highly unlikely. In addition, others have concluded that masking does not exist (61–

63). Consequently, masking of the anemia of vitamin B12 deficiency should not be 

considered a potential adverse effect resulting from mandatory fortification with folic acid.

Could high-dosage folic acid have caused neurological manifestations?

We now know that severe vitamin B12 deficiency disease is associated with signs and 

symptoms that eventually might include severe macrocytic (megaloblastic) anemia, diarrhea, 

loss of appetite, glossitis, and severe neurological complications including confusion, 

depression, and sensory changes (14, 64, 65). This disease has a varied clinical presentation 

and might present with neurological signs and symptoms even in the absence of anemia (65–

67). In addition, rapid progression of the neuropathy of “pernicious anemia” was described 

well before folic acid became available (68). From 1946 to 1971, the recommended daily 

therapeutic dosage for folic acid was 5–20 mg for adults; therefore, exposure to high-dosage 

folic acid continued for 20 y until 1971, with only 11 sporadic case reports detailing 

neurological manifestations being reported after 1951 (52–57). If high-dosage folic acid had 

directly caused neurological manifestations among patients with “pernicious anemia,” then 

additional case reports would have been expected to occur throughout the 1950s and 1960s 

until the FDA lowered the folic acid therapeutic recommendations in 1971. The fact that 
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case reports of neurological manifestations virtually disappeared after vitamin B12 became 

commercially available in the early 1950s suggests that the case reports with neurological 

manifestations identified by the IOM were due to the unavoidable error of treating vitamin 

B12 deficiency with folic acid alone for months or years.

The historical evidence regarding the timing of case reports of neurological manifestations 

and the lack of changes in recommendations and usage of folic acid does not support the 

idea that folic acid directly causes neurological problems among adults with low vitamin 

B12 status. Despite the weakness of this evidence, in a recent British Medical Journal Head 

to Head on the safety of folic acid fortification, Reynolds used this evidence to argue that 

folic acid fortification had the potential to cause neurological damage (69).

Strength of evidence

Modern evidence-based scientific practice has dictated that, where possible, randomized 

trials, as well as systematic reviews and meta-analyses, which utilize high-quality studies, 

are required to establish scientifically valid assertions of causality and that only these 

sources of evidence be used in formulating recommendations and public health policy (70). 

As highlighted by Wald et al. (11), case reports provide very poor evidence for establishing 

causality because of serious methodological limitations such as lack of control/comparison 

groups. However, case reports were the primary scientific methodology used in clinical 

publications during the 1940s. A recent evidence-based review conducted by the UK’s 

Scientific Advisory Committee on Nutrition identified no studies with high-quality evidence 

that could be used to evaluate the risk of folic acid masking or exacerbating vitamin B12 

deficiency in adults (9). It is unlikely that a systematic review of the evidence could ever 

resolve these concerns because the only available data for such a review are historical case 

reports, and generating new evidence by conducting a randomized trial of treating patients 

with vitamin B12 deficiency with high-dosage folic acid alone would be unethical.

Conclusions

This review of historical information suggests that the most likely explanation for the 

neurological manifestations associated with the use of high-dosage folic acid to treat 

“pernicious anemia” is that folic acid restored normal hematological blood values, but did 

not prevent the neuropathy of vitamin B12 deficiency. This therapeutic error occurred 

because of the gap between folic acid becoming available to treat macrocytic anemia in the 

early 1940s and vitamin B12 becoming widely available for clinical use in the early 1950s. 

The most likely explanation for the sharp decline in case reports with neurological 

manifestations in the early 1950s is that clinicians stopped using folic acid alone to treat 

“pernicious anemia.” During the 1950s, textbooks confirmed that there were no changes in 

recommended folic acid therapeutic dosage, the dose of folic acid tablets, or precautions that 

could account for the rapid decline in case reports of high-dosage folic acid associated with 

neurological manifestations.

Even as late as 1988, an FAO/WHO expert consultation found no evidence of folate toxicity 

stating, “no toxicity has been reported at the concentration of the doses of folate discussed in 

the preceding sections of this report” and “in the past, concern has been expressed that folate 
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supplementation (as in pregnancy) given to a person with early vitamin B12 deficiency, 

could precipitate neuropathy. However, no such cases have been reported (12).” Thus, the 

historical record does not provide compelling evidence that current folic acid food 

fortification has the potential to cause neurologic complications among those with low 

vitamin B12 status and lends support for reconsidering the basis for the UL as proposed by 

Wald et al. In summary, findings from the historical record support the value of promoting 

folic acid fortification as a safe and effective intervention that could, if more fully 

implemented, annually prevent thousands of additional neural tube defect-affected 

pregnancies worldwide.
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FIGURE 1. 
Package insert for Folvite revised August 1946.
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FIGURE 2. 
Package insert for Folvite revised October 1969.
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FIGURE 3. 
Case reports identified by the Institute of Medicine that describe patients having 

neurological manifestations associated with high-dosage folic acid by the approximate year 

of treatment with folic acid, which was determined by the year of publication or treatment 

(16 case reports from the 1940s, which were included in a 1959 review, were assigned to 

1949), N = 155.
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