ABSTRACT

Objectives. We evaluated the pos-
sible role of niacin fortification of the
US food supply and other concurrent
influences in eliminating the nutritional
deficiency disease pellagra.

Methods. We traced chronological
changes in pellagra mortality and mor-
bidity and compared them with the devel-
opment of federal regulations, state laws,
and other national activities pertaining to
the fortification of cereal-grain products
with niacin and other B vitamins. We also
compared these changes with other con-
current changes that would have affected
pellagra mortality or morbidity.

Results. The results show the diffi-
culty of evaluating the effectiveness of a
single public health initiative such as
food fortification without controlled ex-
perimental trials. Nonetheless, the re-
sults provide support for the belief that
food fortification played a significant
role in the elimination of pellagra in the
United States.

Conclusions. Food fortification
that is designed to restore amounts of
nutrients lost through grain milling was
an effective tool in preventing pellagra,
a classical nutritional deficiency dis-
ease, during the 1930s and 1940s, when
food availability and variety were con-
siderably less than are currently found in
the United States. (4m J Public Health.
2000;90:727-738)
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Mortality statistics for the United
States' indicate that pellagra was perhaps the
most severe nutritional deficiency disease
ever recorded in US history. Pellagra is a
classical nutrient deficiency disease charac-
terized by dermatitis, diarrhea, inflammation
of mucous membranes, and, in severe cases,
dementia. Death can occur if treatment is
not received. Pellagra is associated with
diets low in the B vitamin niacin, flares up
when skin is subjected to strong sunlight.
Niacin intakes and requirements are gener-
ally expressed as niacin equivalents. Dietary
sources of niacin equivalents include pre-
formed dietary niacin and the metabolic con-
version of the amino acid tryptophan to
niacin (approximately 60 mg of tryptophan
are equivalent to 1 mg of niacin).?

In the early 1900s, when it was prevalent,
pellagra occurred to some extent in every state
in the United States.' It was, however, most se-
rious in the southern states, where income was
low, most of the available land was used for
nonfood crops such as cotton and tobacco, and
corn products were a major dietary staple.
With the advent of motorized corn mills, the
corn used as a dietary staple was particularly
low in niacin. Annual deaths from pellagra far
outnumbered deaths from other nutritional de-
ficiency diseases. During the peak incidence
years of 1928 and 1929, it was the eighth or
ninth highest cause of death, exclusive of acci-
dents, in many southern states.” The early his-
tory of pellagra is covered in detail by Harris*
and summarized by Sebrell.’

Pellagra is one of the few deficiency dis-
eases for which there are records of annual
deaths in the United States from the begin-
ning of the 20th century to the present. The
availability of mortality statistics and the rel-
atively high rates of mortality and morbidity
for pellagra in the United States make pella-
gra a useful model for examining the com-
plex interrelationships between the decline of
a nutritional deficiency disease and possible
contributing factors to this decline.

A brief comparison of the total number
of deaths from pellagra and voluntary bread
enrichment has been published previously.*’
In this report, we present a more in-depth
evaluation of the effects of various contribut-
ing factors, including food fortification, on
the eventual elimination of pellagra in the
United States. The effects on this evaluation
of several changes in the recording system
for pellagra deaths are also discussed.

Methods

To examine contributions made by vari-
ous factors, we chronologically compared the
recorded annual cases, deaths, and death rates
from pellagra for selected critical years with
the development of federal regulations,
state laws, and other national activities per-
taining to the fortification of cereal-grain
products (hereafter referred to as grain prod-
ucts) and with changes in other contributing
factors at critical points in the history of pella-
gra. Other possible contributing factors exam-
ined included changes in factors that could af-
fect (1) niacin nutriture (i.e., personal income,
food availability, and use of vitamin supple-
ments), (2) treatment of the disease (i.e., evo-
lution of the understanding of the etiology and
role of foods in the disease), and (3) the nutri-
tional/health status of people that would make
them more susceptible to pellagra or deaths
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from pellagra (i.e., epidemics of infectious dis-
eases such as influenza and pneumonia [IP]).
The number of deaths from pellagra
came from the mortality statistics published
by the National Center for Health Statistics
(NCHS) of the US Department of Health and
Human Services.! Mortality data were gath-
ered by each state department of health and
were compiled by the NCHS. Annual age-

specific numbers of deaths from pellagra
came from the yearly volumes of Vital Statis-
tics of the United States, published by the
NCHS. Age-adjusted death rates for pellagra
were calculated with the direct method of ap-
plying the age-specific rates to the total US
population in 1940.%° Age-adjusted death
rates for influenza and pneumonia were ob-
tained from NCHS publications.”'® Mortality

data before 1933 are for states in the death
registration system; from 1933 on, they are
for the entire United States® (Figures 1-4, Ta-
bles 1 and 2).

Information on federal regulations con-
cerning the fortification of grain products was
obtained from the US Federal Register. Infor-
mation on state fortification activities was ob-
tained through literature and personal com-
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Note. The 13 states are Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South
Carolina, Tennessee, Texas, and Virginia. The broken line between 1932 and 1933 indicates a discontinuity in the data collection
system for pellagra deaths: mortality data before 1933 are for states in the death registration system, and those from 1933 on are for
the entire United States. Other broken lines indicate changes in the coding system for the International Classification of Diseases.
FIGURE 1—Pellagra deaths in the United States from 1929 to 1955 and in the 13 southern states, and age-adjusted death
rates in the United States per 100000 population from 1933 to 1955.
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FIGURE 2—Pellagra deaths and per capita disposable income in the United States from 1929 to 1955.

munications with state governments. Annual
national per capita disposable income in 1987
dollars came from a report by the Bureau of
Economic Analysis of the US Department of
Commerce.'" State-specific annual per capita
disposable income in 1987 dollars was
obtained from the Bureau of Economic
Analysis (unpublished data, 1989). Data on
per capita disappearance of food were ob-
tained from an agricultural economic report
by the US Department of Agriculture.'> The

May 2000, Vol. 90, No. 5

food disappearance data provide per capita es-
timates of food available for potential con-
sumption by the US population. For most
commodities, these data are derived by sub-
tracting exports, nonfood uses, military uses,
and end-of-the-year inventories from the sum
of production, imports, and beginning-of-the-
year inventories and then dividing by the US
civilian population. In the absence of time-
trend data for actual food intakes, we used the
per capita disappearance data as a surrogate

for examining trends in food intake. Foods
that would be expected to affect pellagra rates
by increasing the intake of niacin equivalents
because of their high niacin or tryptophan
content and the magnitude of consumption
were included in the analysis; these are meats,
poultry, fish/shellfish, eggs, and dairy prod-
ucts excluding butter (hereafter referred to as
animal-derived foods).

Using SAS procedures,” we statistically
analyzed the relationship between various
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FIGURE 3—Pellagra deaths and per capita availability of animal-derived food in the United States from 1929 to 1955.

contributing factors and the decline in the pel-
lagra mortality/morbidity rate for the years
1933 to 1950. We limited statistical analysis to
these years because information on pellagra
deaths was not available for all 13 southern
states before 1933 and pellagra was under
control by 1950. Because pellagra rates
changed by orders of magnitude, log rates
were used for pellagra mortality and morbid-
ity rates. Two types of analysis were done:
(1) simple correlation analysis to examine
the relationship of each possible contributing

730 American Journal of Public Health

factor and the decline in the pellagra rate and
(2) multiple regression analysis to examine the
relationship between food fortification and the
pellagra rate after other contributing factors
were adjusted for (i.e., knowledge about the
cause of pellagra, availability of animal-de-
rived food, and IP rate). Income is expected to
affect the pellagra rate, because high income is
associated with an improved diet—that is, in-
creased intake of animal-derived foods—
which results in a decreased rate of pellagra.
It is unknown what percentage of income was

used to improve the diet or if the percentage
was the same over the years. Per capita avail-
ability of animal-derived foods better reflects
the trends in the intake of these foods over the
years. Thus, we chose to adjust for the avail-
ability of animal-derived foods rather than
for income.

Statistical analyses were done for 13
southern states combined (Alabama, Ar-
kansas, Florida, Georgia, Kentucky, Louisi-
ana, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, and Vir-
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FIGURE 4—Age-adjusted death rates for pellagra and for influenza/pneumonia from 1910 to 1955.

ginia) and for Mississippi. We used state-spe-
cific data for pellagra mortality and morbidity
rate, income, and influenza and pneumonia
rate. In the absence of state-specific food
availability data, we used the national esti-

May 2000, Vol. 90, No. 5

mates of per capita food availability as a sur-
rogate. Niacin was identified as an antipella-
gra agent in 1937."*'" A value of 1 was as-
signed to knowledge for years beginning from
1937 (prior years received zero value). To esti-

mate exposure to food fortification, we as-
signed an annual fortification score of 1 to
each year in which a national-level enrich-
ment program was initiated, a federal enrich-
ment regulation became effective, or a state
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TABLE 1—Age-Adjusted Pellagra Death Rates in the United States by Sex and
Race and Female-to-Male Ratio of Death Rates for Selected Years?®

Year
Sex and Race 1928° 1935 1938 1939 1940
Death rate per 100000
Female
White 4.1 2.2 1.8 1.4 1.3
Non-White 60.2 21.9 18.2 13.1 11.2
Ratio of non-White to White ~ 14.7 10.0 10.1 9.4 8.6
Male
White 2.4 1.4 1.2 0.9 0.8
Non-White 25.6 8.7 8.3 6.0 4.9
Ratio of non-White to White ~ 10.7 6.2 6.9 6.7 6.1
Female-to-male ratio of death rate
White 1.7 1.6 15 15 1.6
Non-White 2.4 2.5 2.2 2.2 2.3

@Adjusted to the total US population of 1940.

®Represents death rates from states in the death registration system.

TABLE 2—Age-, Sex-, and Race-Specific Death Rates per 100000 and Age-
and Race-Specific Female-to-Male Ratios for Pellagra in 1928*

Death Rate
Female-to-Male Ratio
Male Female of Death Rate
Age

Group (y) White Non-White White Non-White White Non-White
<1 0.3 7.1 0.7 2.8 2.3 0.4
1-4 0.4 3.1 0.2 3.5 0.5 1.1
5-9 0.2 3.1 0.1 4.0 0.5 1.3
10-19 0.3 3.5 0.5 16.3 1.7 4.7
20-29 0.6 6.6 2.4 66.7 4.0 10.1
30-39 1.2 9.9 4.6 81.6 3.8 8.2
40-49 2.6 25.9 6.9 85.6 2.7 3.3
50-59 4.9 63.1 7.0 73.6 1.4 1.2
60-69 8.8 103.6 11.2 112.8 1.3 1.1
70-79 16.7 140.5 14.4 162.2 0.9 1.2
80+ 14.8 126.7 11.8 256.0 0.8 2.0

*Represents death rates from states in the death registration system.

enrichment law was enacted. A state law af-
fects only the population within the state.
Thus, to estimate the annual fortification
score for the 13 states, we weighted the state
score by the percentage of the population ex-
posed to the enrichment—that is, by the popu-
lation of the state that enacted an enrichment
law as a percentage of the total population of
the 13 states. For example, an annual fortifi-
cation score of 1 was assigned to 1938 for the
voluntary bread enrichment that year. An an-
nual score of 0 was assigned to each year be-
tween 1939 and 1941 because there were no
qualified national, federal, or state enrichment
activities during these years. In 1942, a fed-
eral regulation for enriched flour and farina
became effective, and thus an annual fortifi-
cation score of 1 was assigned to 1942 for this
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federal enrichment regulation. In the same
year, Louisiana and South Carolina enacted a
mandatory enrichment law for bread and
flour. The population of Louisiana accounted
for 7% of the total population of the 13 south-
ern states, and that of South Carolina ac-
counted for 5%. Therefore, the fortification
score for Louisiana was weighted by 0.07 and
that for South Carolina by 0.05. The total an-
nual fortification score for the 13 states for
1942 equals 1.12, which is the sum of 1 for
the federal regulation, 0.07 for the Louisiana
law, and 0.05 for the South Carolina law. Cu-
mulative fortification scores were then calcu-
lated by summing annual fortification scores
for the years studied. For example, the cumu-
lative fortification score is 1 for each year
from 1938 to 1941. The cumulative fortifica-

tion score for 1942 for the 13 states equals
2.12, which is the sum of 1 for the cumulative
score in 1941 and 1.12 for the new federal and
state enrichment activities in 1942. These cu-
mulative fortification scores were used to ex-
amine the relationship between food fortifica-
tion and the pellagra rate.

Results

Pellagra Mortality Rates in the United
States

Between 1900 and 1907, there were 0 to
2 reported cases of deaths from pellagra
each year. By the mid-1910s, the annual
number of deaths surpassed 1000. The num-
ber of deaths from pellagra peaked at about
7000 in 1928 and then began to decline.
There were 2 distinct periods of rapid de-
cline, one between 1928 and 1932 and the
other beginning in 1939 (Figure 1). The pat-
tern of pellagra mortality was the same
whether the deaths were plotted in terms of
total number of deaths per year or in terms of
the age-adjusted yearly rate per 100000. The
pattern of pellagra mortality for the 13
southern states during the years critical for
the evaluation of food fortification over-
lapped that of the United States (Figure 1).
This is not surprising, because pellagra was
primarily a disease of southern states, and
deaths in these states represented about 90%
of the total deaths from pellagra in the
United States.

The relationships of age, sex, and race/
ethnicity with pellagra mortality for selected
years are presented in Tables 1 and 2. Age-
adjusted rates were much higher for non-
Whites than for Whites and for females than
for males (Table 1). Between 1928 and
1940, the rates were about 6 to 15 times
higher for non-Whites than for Whites. The
ratio decreased with time for women, but
after 1928 it was relatively stable for men.
For both races, about twice as many females
died from pellagra as did males. Analysis of
sex- and race-specific death rates for vari-
ous age groups in the peak year of the pella-
gra epidemic (Table 2) also showed that (1)
the death rate increased with age for both
sexes and races, (2) females of childbear-
ing age were at a greater risk than males in
the same age category, and (3) the higher
death rate for females shown in Table 1 was
primarily due to a higher rate of death for
women, especially non-White women, dur-
ing childbearing years. Clearly, pellagra was
a much more serious health problem for
non-Whites than for Whites and for females
than for males. These demographic charac-
teristics probably reflect differences in eco-
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nomic status, dietary habits, availability of
medical treatment, and perhaps the in-
creased nutrient requirements of pregnancy
and lactation.

Economic Growth and Pellagra Deaths

Economic factors as measured by na-
tional per capita disposable personal income
and pellagra deaths between 1929 and 1955
are compared in Figure 2. The sharp decline
in the income curve from 1929 to 1932 indi-
cates the effects of the economic depression.
This decline was followed by an increase in
income in subsequent years, with the excep-
tion of a transient fall in the late 1930s and a
decline during the mid-1940s, with subse-
quent peak levels of income achieved in the
the early 1950s. During the periods of eco-
nomic depression and subsequent economic
growth, the death rate from pellagra showed
a steady decline.

Food Availability and Pellagra Deaths

Figure 3 shows changes in the availabil-
ity of animal-derived foods that would be
expected to have the most impact on niacin
nutrition for the period 1925 to 1955. Avail-
ability of these foods showed a slight de-
crease during the first rapid decline in pella-
gra deaths from 1928 to 1932 and then
increased above the baseline level beginning
in 1939. Although plant-derived foods were
not included in the availability data, there
was no consistent or meaningful change in
the availability of plant-derived foods high in
niacin and/or tryptophan, such as nuts—par-
ticularly peanuts—and legumes, during the
same period.

Fortification of Grain Products
and Other Nutritional Factors

From the mid-1910s to the mid-1920s,
Goldberger and his associates, conducting
several human experimental studies, demon-
strated that pellagra is a noninfectious disease
that can be prevented by adding to the diet
liberal amounts of high-protein foods such as
milk, eggs, meat, and yeast.m’17 Several addi-
tional significant nutritional events occurred
during the period 1932 to 1939. In the early
1930s, both riboflavin and pyridoxine were
mistakenly thought to be antipellagra vita-
mins. In 1936, however, human pellagra was
successfully treated with a liver filtrate factor
free of these vitamins.'® In 1937, nicotinic
acid was finally identified as the antipellagra
vitamin,'*"3

Around this time, a movement that fa-
vored the fortification of grain products
began. In a meeting held on March 12, 1936,

May 2000, Vol. 90, No. 5

the Council on Foods and Nutrition (CFN;
then known as the Committee on Foods) of
the American Medical Association (AMA)
announced its general policy on fortifi-
cation.'” On March 18, 1939, the CFN issued
a statement encouraging the restorative addi-
tion of nutrients to foods on the basis of the
report submitted by a joint committee of the
CFN and the Council on Pharmacy and
Chemistry of the AMA.? In an effort to im-
prove the nutritional quality of bread, bakers
in 1938 voluntarily began to enrich bread
with high-vitamin yeast,”' known at the time
to prevent pellagra and a good source of pro-
tein as well as niacin and other B vitamins.
During the years when synthetic vitamins
were very expensive, most bread was en-
riched by this type of yeast.”' In 1939, some
bakers also began to use synthetic vitamins
and produced 12 million pounds of bread per
month with added vitamin B complex and
nonfat dry milk.”

During the 1940s, the Food and Drug
Administration (FDA) began to formulate
standards-of-identity regulations for enriched
grain products, and various states imple-
mented mandatory enrichment laws (here-
after referred to as laws or enrichment laws).
By the end of the decade, 26 states had en-
acted enrichment laws for flour and/or bread.
In addition, 5 states had enrichment laws for
cornmeal and corn grits. More detailed infor-
mation on the fortification of grain products
has been reported elsewhere.”** With these
intense fortification activities, pellagra deaths
steadily decreased (Figure 1).

Influenza and Pneumonia and Pellagra
Deaths

The relationship between age-adjusted
pellagra death rate per 100000 and age-
adjusted death rate for IP is presented in
Figure 4. An IP epidemic occurred in 1918
through 1920 and the pellagra death rate in-
creased during the same period, although
the upward trend in pellagra mortality pre-
ceded the IP pandemic. The pattern of the
pellagra curve did not resemble that of the
IP curve between 1920 and the late 1930s,
after which both curves showed a similar
downward trend.

Morbidity and Mortality From Pellagra

Figure 5 presents crude morbidity and
mortality rates for pellagra for 5 of the 13
southern states. Since cases of pellagra were
not required to be reported in most states,
morbidity data are not available for the
United States; nonetheless, we were able to
obtain the reported cases of pellagra from Al-
abama, Arkansas, Mississippi, Tennessee,
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and Texas (L. Gedel, P.C. White Jr, D. Blakey,
J. Hard, and N. Robinett-Weiss, written com-
munications, 1977-1983). Morbidity and
mortality rates from pellagra sharply de-
creased starting with the year following the
initiation of voluntary enrichment of bread.
There was another sudden and precipitous
decrease in the morbidity rate between 1946
and 1947 (Figures 5 and 6) following the en-
actment of the mandatory enrichment law for
bread, flour, cornmeal, and corn grits in Mis-
sissippi in 1944; the law became effective in
1945. The sudden decrease in morbidity in
the 5 states (Figure 5) was a reflection of the
precipitous decrease in Mississippi; there was
no sudden decline in pellagra morbidity in
the other 4 states.

Statistical Analysis

Because the pattern of the pellagra mor-
tality and morbidity rates differed for the
years before and after the voluntary enrich-
ment of bread, a separate simple correlation
analysis was done for the 2 periods 1933 to
1938 and 1938 to 1950. Between 1933 and
1938, knowledge about the cause of pellagra
was significantly associated with the decline
in the pellagra mortality rate for the 13 south-
ern states combined (r=—0.86, P=.03), but
not for Mississippi. Income, availability of
animal-derived food, and IP rate were not as-
sociated with the decline. The morbidity rate
in Mississippi was not associated with any of
the contributing factors. Following the initia-
tion of voluntary bread enrichment, the de-
cline in the mortality rate for both the 13
southern states and Mississippi showed a
highly significant association with food forti-
fication (r=—0.90 for the 13 states and r=
—0.91 for Mississippi, P<.001 for both), IP
rate (r=0.95, P<.001 for both the 13 states
and Mississippi), and income (r=-0.85, P<
.001 for the 13 states; r=—0.86, P<.001 for
Mississippi). The availability of animal-de-
rived food was also significantly associated
with the mortality rate in the 13 states (r=
—0.60, P=.03) and in Mississippi (r=—0.66,
P=.02). The decline in the morbidity rate in
Mississippi showed a strong association with
food fortification (r=-0.74, P=.004) and IP
rate (r=0.78, P=.002) and a weaker associa-
tion with income (r=-0.63, P=.02), but it
had no significant association with the avail-
ability of animal-derived food.

Multiple regression analysis showed
that after knowledge, availability of animal-
derived food, and IP rate were adjusted for,
the decline in both the mortality and the
morbidity rates in Mississippi and the de-
cline in the mortality rate for the 13 states
were strongly associated with food fortifica-
tion (3=-0.49 to —1.64, P<.0001).
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FIGURE 5—Morbidity and mortality rates for pellagra in 5 southern states.

Discussion
Pellagra is still a public health problem

in areas of the world such as Africa, India,
and China.”® In the United States, it was vir-
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tually eradicated by 1960. Pellagra is now
seen only occasionally in this country,
mostly in association with alcoholism and
much less frequently in association with
other disorders in which the intake of a bal-

anced diet is compromised over prolonged
periods.?*

There were 2 periods of large, consistent
decline in pellagra mortality, one between
1928 and 1932 and the other beginning in

May 2000, Vol. 90, No. 5
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FIGURE 6—Morbidity and mortality rates for pellagra in Mississippi.

1939. The first large decline does not appear to
have been related to improvements in per
capita income or per capita dietary availability
of niacin- and/or tryptophan-rich foods, since
these factors were declining as the country en-
tered the Great Depression. The most likely

May 2000, Vol. 90, No. 5

explanation for the dramatic decline in pella-
gra mortality between 1928 and 1932 is prob-
ably related to the fact that by the mid-1920s,
several antipellagra foods, such as milk, eggs,
meat, and yeast, had been identified, although
the cause of pellagra (i.e., deficiency of niacin)

was still unknown.'*'> The most successful
preventive or treatment measure at that time
would have been supplementation of the diet
with these high-protein foods. Indeed, the
American Red Cross extensively distributed
yeast, which is rich in protein, niacin, and

American Journal of Public Health 735



Park et al.

other B vitamins.’ The program began in
4 states in 1927 following flooding of the Mis-
sissippi River, and it gradually spread to ad-
joining states and throughout the South. How-
ever, since there was not enough yeast for all, it
was given only to those who needed it most.’
Thus, the decline in pellagra mortality from
1928 through 1932 was likely due to use of the
identified curative agents by informed physi-
cians and to distribution of yeast and possibly
other high-protein foods to people in the areas
with pellagra. As the economic depression
continued and less money was available for
the purchase of yeast, distribution was cur-
tailed.” The plateau in pellagra mortality dur-
ing the mid-1930s may have been due to the
curtailment of antipellagra food distribution. It
may also represent the segment of the popula-
tion with pellagra that was not reached by in-
formed physicians and/or public health offi-
cials and possibly also those who were re
luctant to change their dietary habits.

The second large decline in pellagra
mortality started in 1939 (Figure 1). Several
factors that would be expected to reduce pel-
lagra deaths occurred around this time. These
factors included fortification of grain prod-
ucts, increased availability of animal-derived
foods, improved treatment, availability of vit-
amin supplements, and a recovering economy.
In 1938, bakers voluntarily began to enrich
bread with high-vitamin yeast; a large decline
in pellagra deaths occurred in the following
year. (Note that voluntary enrichment of grain
products actually began several years before
the promulgation of federal fortification regu-
lations or state enrichment laws.) The avail-
ability of animal-derived foods also increased
beginning in 1939; that year, the per capita
availability of these foods increased by
16.5 g/d over the 1938 value, representing an
increase of 0.3 mg of niacin per day and
22 mg of tryptophan per day, or a total of
0.7 mg of niacin equivalents per day.

This increase in niacin equivalents from
the increased availability of animal-derived
food most likely had a relatively smaller ef-
fect on pellagra mortality than did fortifica-
tion. For example, on the basis of the per
capita intake of white bread of 260 g/d in
the mid-1930s*’ and the first enrichment
standard for niacin of 2.2 to 3.3 mg/100 g
(equivalent to 10.0-15.0 mg/1b [enrichment
standards are defined in milligrams per
pound]),” we estimate that the enrichment
of bread would have increased per capita
niacin intake by 2.9 to 5.7 mg/d. This is
about 4 to 8 times more than would be attrib-
utable to the increase in the availability of
animal-derived foods.

Since information is not available on a
state or regional basis, the food availability
data here represent national averages, not the
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food availability to the population most se-
verely affected by pellagra. In light of the
below-average economic growth in the
southern states,”' the increase in consumption
of the high-priced animal-derived foods in
these states would likely have been smaller
than the national average. Consequently, the
increase in intake of niacin equivalents from
these foods would be expected to be smaller
than the national average of 0.7 mg/d. On the
other hand, because the diet of southerners
was higher in grain products than was the diet
of people in other parts of the country,”** it
is likely that the impact of enrichment on the
niacin intake of these people was more sig-
nificant than suggested by the above per
capita estimates.

Many studies have reported the effec-
tiveness of fortification in alleviating the inci-
dence of nutritional deficiency diseases
and/or improving the general nutritional status
of people here and abroad. Notable examples
include a paucity of B vitamin deficiency dis-
eases among 16000 alcoholic inmates of the
Chicago House of Correction surveyed in
1948 and 1949, compared with an occurrence
of these diseases during the preenrichment
years;> a large decrease in the incidence of B
vitamin deficiencies in New York following
bread enrichment in the early 1940s;*' an ab-
sence of pellagra among 10000 patients ad-
mitted to the Hillman General Hospital in
Birmingham, Ala, in the early 1950s;** con-
siderable improvement in the general nutri-
tional status of the people in Norris Point,
Newfoundland, following the enrichment of
flour;*>* and a remarkable remission in signs
of riboflavin and niacin deficiencies among
troops of the Chinese National Army follow-
ing the introduction of enriched rice.””**

The improved treatment of pellagra
could have accounted for the decrease in pel-
lagra mortality after 1938. Synthetic niacin
became available to physicians in the latter
half of 1938.° Therefore, its use in the treat-
ment of pellagra likely contributed to the de-
crease in pellagra deaths observed in 1939
and later. However, it is not possible to quan-
tify the respective contributory effects of en-
richment and treatment on prevention. Sta-
tistics on the incidence of pellagra, rather
than the number of deaths, would eliminate
the effects of treatment, because treatment af-
fects the number of deaths but not the inci-
dence. It is not known whether the pellagra
morbidity data received from the 5 southern
states (Figure 5) represent incidence data
(new cases) or prevalence data (all existing
cases, new and old). Mississippi had the most
extensive data on cases, and the cases-to-
deaths ratios agree with the ratios reported in
the literature for a limited number of years.*’
However, it is also not clear whether the cases

reported in the literature are incidence or
prevalence data. To be on the conservative
side—that is, to avoid overinterpreting our
findings—we assumed the Mississippi data
to be prevalence data. In any event, the pella-
gra morbidity rate began to show a steep de-
cline beginning in 1939, the year following
the voluntary enrichment of bread (Figures 5
and 6; note that the vertical axis is a log
scale). Age-specific morbidity data are not
available; thus, the morbidity rate data pre-
sented here are crude rates, not age-adjusted
rates. However, we do not believe that age ad-
justment of the crude rate would change the
pattern of the morbidity rate, since the pattern
of the age-adjusted pellagra death rates for
the United States was parallel to the pattern
of the total number of deaths from pellagra,
which was not adjusted for population size or
age (Figure 1).

The effectiveness of the mandatory en-
richment program is clearly seen in Missis-
sippi (Figure 6). Following the initiation of
mandatory enrichment of bread, flour, corn-
meal, and corn grits in that state, the pellagra
morbidity rate dropped precipitously, from
101 per 100000 in 1946 to fewer than 1 per
100000 in 1947; it remained low thereafter,
although the consumption of animal-derived
foods decreased considerably during this pe-
riod (Figure 3).

There was a lag of 3 years between the
enactment of Mississippi’s mandatory law
and the large decrease in pellagra cases; how-
ever, this is not unusual. Mississippi enacted
the law in 1944, but the law did not become
effective until February 1945. It often takes a
few years from the time such a law is enacted
for unfortified products to be cleared from
the marketplace and for compliance by all the
mills to be enforced, especially mills serving
small communities.

There was no large decrease in pellagra
mortality corresponding to the precipitous de-
cline in pellagra morbidity following manda-
tory enrichment. This sudden decline in mor-
bidity is probably not attributable to a possible
change in treatment because (1) there is no ev-
idence of a sudden improvement in the treat-
ment of pellagra in 1947 and (2) if there were a
sudden improvement in treatment, there
would have been a corresponding decline in
pellagra mortality, because such an improve-
ment in treatment would have resulted in a
large reduction in pellagra deaths. The absence
of a sudden decrease in pellagra deaths in
1947 suggests that the precipitous decline in
pellagra morbidity that year was primarily due
to prevention of pellagra by mandatory enrich-
ment of grain products.

Still another factor that could have influ-
enced pellagra morbidity and mortality is vol-
untary use of vitamin supplements. According
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to the representatives of vitamin/mineral sup-
plement manufacturers, over-the-counter vita-
min pills became available in the early 1940s
(R.L. Raycroft and D. Webb, personal commu-
nications, 1983); however, self-administration
of vitamin pills was not prevalent at that time.
During the early years, promotional efforts for
over-the-counter vitamin pills were directed
toward physicians, not the public. The sale of
over-the-counter vitamin pills increased signif-
icantly for the first time in 1957 (D. Webb, per-
sonal communication, 1983). In the early
1940s, the production of synthetic vitamins
was too low to meet even the demands of forti-
fication, and the cost was so high that many
bakers preferred to enrich their bread with
high-vitamin yeast.”' Even in the late 1940s,
vitamin supplements were used primarily by
people who had enough money to afford the
supplements or by those who were ordered to
take such supplements by their physicians.*®
Screening of patients admitted to large med-
ical facilities (e.g., general hospitals) revealed
that use of vitamin pills was very rare in the
late 1940s.2 Tt is highly doubtful whether a
segment of the population too poor to afford
nutritious meals would have had the desire
or the money to buy vitamin pills. The de-
creases observed in pellagra deaths and cases
in the 1930s and 1940s are thus probably not
attributable to self-administration of vitamin
supplements.

The International Classification of Dis-
eases, used for the classification of morbidity
and mortality, was revised 3 times between
1925 and 1955: in 1930, 1939, and 1949. The
fifth revision, adopted in 1939, had a separate
code for alcoholic pellagra; thus, beginning in
1939, death data for pellagra excluded pella-
gra deaths due to alcoholism.* Data on deaths
from alcoholic pellagra are available for 1939
to 1945, after which no deaths from alcoholic
pellagra were recorded in the mortality statis-
tics. From 1939 to 1945, there were fewer
than 15 alcoholic pellagra deaths in any given
year, which is insignificant compared with the
total number of annual pellagra deaths during
those years. Thus, exclusion or inclusion of al-
coholic pellagra deaths in the total number of
pellagra deaths would not have any signifi-
cant impact on the trend in pellagra deaths
shown in Figures 1 through 6.

Comparability ratios are used to deter-
mine whether differences in mortality data
based on 2 revisions of the International Clas-
sification of Diseases are attributable to differ-
ences in coding procedures. Such ratios are
calculated by dividing the number of deaths
assigned to a given disease under the new revi-
sion by the number of deaths assigned to that
disease under the old revision. Comparabil-
ity ratios are available only for comparisons
between the fourth and fifth revisions and be-
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tween the fifth and sixth revisions.*** The
comparability ratio for pellagra for the fourth
revision (years before 1939) and the fifth revi-
sion (years beginning with 1939) was 0.996.
Thus, the second large drop in pellagra deaths
observed in 1939 was not affected by the
changes in the coding procedures adopted that
year. The comparability ratio for the fifth revi-
sion (years before 1949) and the sixth revision
(years beginning with 1949) was only 0.6.
Therefore, the break in the death curve be-
tween 1948 and 1949 partially reflects the lack
of comparability in the coding procedures of
the 2 revisions. However, this discontinuity is
not of concern, since pellagra was already
under control by 1948 and the extent of the de-
crease in deaths is no longer critical to the dis-
cussion in relation to food fortification.

Mortality data before 1933 are for states
in the death registration system. With the ex-
ception of Texas, which entered the registra-
tion system in 1933, all southern states had
entered the death registration system by 1929.
Thus, participation in the system would not
have influenced the 2 major periods of decline
in pellagra death rates, although the first peak
would have been higher had Texas entered the
death registration system earlier. The increase
in the number of deaths from pellagra be-
tween 1925 and 1928 (Figures 1-4) may have
been influenced by the entry of Arkansas
(1927) and Oklahoma (1928) into the system
during that period. However, the late entry of
these 3 states into the system did not influence
the interpretation of the effect of fortification,
since all 13 southern states had entered the
system by 1933 and fortification of grain
products did not begin until the late 1930s.

Examination of mortality from IP sug-
gests that the smaller peak in pellagra deaths
in 1918 to 1919 (Figure 4) reflects the likeli-
hood of increased deaths of individuals with
pellagra from complications due to IP infec-
tion. The IP curve also suggests that the afore-
mentioned distribution of yeast and, possibly,
of other high-protein foods and enrichment of
grain products improved people’s general nu-
tritional status, which in turn may have pro-
tected them from infections. During the pe-
riod of active food distribution in the early
1930s, IP death rates were consistently lower
than in previous years, and the curtailment of
food distribution in the mid-1930s was fol-
lowed by a slight transitory increase in IP
death rates in 1936 and 1937. After 1938,
when voluntary bread enrichment was begun,
IP death rates showed a consistent downward
trend (Figure 4).

The relative importance of improved eco-
nomic status vs food fortification in the even-
tual elimination of pellagra in the United
States has been debated for years. Proponents
of the economic theory have suggested that

Food Fortification

economic growth would bring about changes
in dietary patterns, leading to better nutrition,
and that pellagra was already decreasing be-
fore the federal and state fortification move-
ment began in the early 1940s. However, the
data presented here are not consistent with this
hypothesis. As mentioned previously, the first
major decline in pellagra mortality occurred
concomitantly with the economic depression
of the late 1920s and early 1930s, contrary to
what the economic theory would predict. Pel-
lagra mortality showed another steep fall be-
ginning in 1939; however, there was no sud-
den change in the economy that year to
account for this decrease. Rapid growth in the
economy occurred 2 years later. Thus, eco-
nomic growth per se did not account either for
the first large decline in pellagra mortality be-
tween 1928 and 1932 or for the early stages of
the second large decline that started in 1939,
although its role in the disease’s eventual elim-
ination cannot be discounted.

After the influences of other contributing
factors—such as improved knowledge about
the cause of pellagra, the availability of
animal-derived food, and IP rate—were ad-
justed for, statistical analysis of the relation-
ship between food fortification and the de-
cline in the pellagra mortality rate showed a
highly significant association between the
2 factors. The data were not adjusted for a
possible continuing improvement of treatment
because of lack of data. However, the morbid-
ity rate, which is not as sensitive to treatment
as the mortality rate, also showed a highly sig-
nificant association with food fortification. In
the absence of state-specific data on the avail-
ability of animal-derived foods, we used na-
tional per capita availability as a surrogate. In
light of the below-average economic growth
in the southern states,' the availability of
high-priced animal-derived foods has been
lower than the national average. Using na-
tional averages in place of state-specific data
would have given the appearance that the
changing availability of animal-derived foods
had a greater effect than it actually did. This,
in turn, would have weakened the estimated
relationship between food fortification and
the pellagra rate after other influencing fac-
tors were adjusted for. Thus, we have probably
underestimated the relationship between forti-
fication and the pellagra rate.

Because of the absence of data on an-
nual estimates of the percentage of enriched
grain products, we used a fortification scor-
ing system to estimate the exposure to en-
richment. This system assumes that a na-
tional- or federal-level fortification activity
affected the whole US population and that a
state-level activity affected only the popula-
tion in the state that enacted the enrichment
law. Available information shows that by the
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spring of 1941, about 30% of the white bread
and flour produced in the United States was
voluntarily enriched.”' By the end of 1942,
following promulgation of the federal enrich-
ment regulation and enactment of mandatory
enrichment laws by 2 southern states, 75% to
80% of all family flour and baker’s white
bread produced in the United States was en-
riched.”"** The results of the statistical analy-
sis, which showed a strong correlation of
food fortification with the decline in the pel-
lagra mortality and morbidity rates after
other influencing factors were adjusted for,
strengthen our belief that food fortification
played a significant role in the elimination of
pellagra in the United States.

Conclusion

A chronological examination of trends
in pellagra morbidity and mortality and of
the development of state, federal, and other
nationwide fortification laws, policies, and
trends supports the conclusion that food forti-
fication played a significant role in eliminat-
ing this nutritional deficiency disease, which
was prevalent in the southern part of the
United States in the first half of the 20th cen-
tury. The findings presented in this report
demonstrate that food fortification designed
to restore amounts of nutrients lost through
grain milling can be an effective tool in pre-
venting or treating nutritional deficiency dis-
eases in the United States when the relation-
ship between a disease and a nutrient
deficiency is clearly demonstrated, the risk
group is identified, and the vehicle for the
fortification is appropriate for targeting the
risk group without undue harm to nonrisk
groups. [
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