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Abstract

lodine de ciency is the leading cause of preventable mental retardation in
the world today. lodine de ciency was common in the developed world until
the introduction of iodized salt in the 1920’s. The incidence of iodine de ciency
is connected to low iodine levels in the soil and water. e examine the impact
of salt iodization in the US by taking advantage of this natural geographic
variation. Areas with high pre-treatment levels of iodine de ciency provide
a treatment group which we can compare to a control group of low iodine
de ciency areas. In the US, salt was iodized over a very short period of time
around 1924. We use previously unused data collected during WWI and WWI1
to compare outcomes of cohorts born before and after iodization, in localities
that were naturally poor and rich in iodine. We nd evidence of the bene cial
e ects of iodization on the cognitive abilities of the cohorts exposed to it.

1 Introduction

Public health interventions in developing countries have lately been the center of me-
dia attention and scholarly work. This interest is justi ed by the potentially signif-
icant impact of large-scale health interventions on people’s productivity, longevity,
and quality of life. Improvements in productivity and life expectancy could have
strong positive e ects on developing countries’ economic growth, while di erences
in access to health might help explain a big part of income gaps between countriesﬂ
It is interesting to note that many of the health problems faced by developing coun-
tries were only recently solved in the developed world. Many authors have therefore
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turned to the historical experience of currently developed countries in order to es-
timate the potential bene ts of health interventions

Micronutrient de ciencies are widespread in developing countries, and in the
last decades a global e ort has been launched to ameliorate them. However, little
evidence exists about the aggregate, long-run e ects of such interventions on either
population health or economic measures such as labor productivityH In this paper
we address these issues by looking to the history of the United States, which like
many other developed countries, undertook early in the 20th century interventions
similar in scope and intent to those being applied in developing countries today. In
particular, we examine the iodization of salt.

Severe iodine de ciency in utero is known to cause signi cant development dam-
age, including decreases in cognitive ability. lodine de ciency is linked directly to
geography through the food and water supply. In adults, the most noticeable symp-
tom of iodine de ciency is goiter, the enlargement of the thyroid gland. Prior to
salt iodization, endemic goiter and other iodine de ciency disorders were present in
speci c regions of the US and absent from others, depending on the iodine content
of the soil and water. Figure[Qillustrates the geographic distribution of goiter in the
US as measured among World War | recruits (we discuss the data further below).
In 1924 iodized salt was introduced in the United States explicitly to reduce the
goiter rate. This intervention rapidly reduced the incidence of iodine de ciency.

lodization of salt in the US provides a particularly good natural experiment
due to the geographic distribution of the disease combined with a rapid, complete
treatment. Since there are large in utero e ects of iodine de ciency, we should see a
signi cant di erence between those born before and after the introduction of iodized
salt in locations with low levels of environmental iodine. Those living in high iodine
regions provide a control group.

We exploit two unique data sources to look at the e ects. After World War
I, statistics from draft physicals were compiled by geographic location. From this
source we know the incidence of goiter for 151 geographic regions before the intro-
duction of iodized salt. This provides us with a pretreatment measure of iodine
de ciency.

2For example, Bleakley (2007) examines the e ects of hookworm eradication in the American
South in early 20th century and nds signi cant e ects on education and future incomes of those
cohorts that bene ted from the intervention. Also, Watson (2006) nds that improvements in
sanitation of Indian reservations in the 1960’s explain a big part of the convergence in infant
mortality rates between Whites and Native Americans.

3The only study that we know of examining the e ect of iodization is Field, Robles, and Torero
(2007). They nd that in Tanzania, treatment of mothers with iodated oil resulted in a rise in
schooling of 0.33 years among children, with a larger e ect for girls than boys.



Figure 1: Distribution of Goiter during WWI
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Our outcome measure is provided by an extensive dataset of men who enlisted
in the Army during World War I1. The timing of the war generates a large sample
of men born in the years 1920-1927, neatly covering the introduction of iodized salt.
Upon enlistment, each recruit took the Army General Classi cation Test (AGCT),
a forerunner to the AFQT. The Air Corps was assigned draftees with signi cantly
higher average test scores than the ground forces. We exploit this fact to get a
crude estimate of each recruit’'s AGCT score based on their assignment.

The probability of assignment to the Air Corps rises signi cantly in low iodine
(i.e. high goiter) counties in the years after the introduction of iodized salt. In
the lowest iodine regions, our estimates suggest a 10-20 percent increase in the
probability of a man being assigned to the Air Corps after iodization.

Using information about average scores of Air and Ground Force recruits we can
infer a one-quarter to one half standard deviation increase in average test scores in
these regions. The average level of iodine de ciency in the US was signi cantly
lower than in the highest regions, so the overall e ect in the US was much more
modest, though iodization was undoubtedly extremely cost e ective. The increase
in cognitive ability due to salt iodization may have contributed a small amount to
trend rise in measured 1Q that took place over the course of the twentieth century,



the so-called Flynn E ect.

The paper proceeds as follows: section 2 provides some background on iodine
de ciency disorders. Section 3 outlines the history of salt iodization in the US.
Section 4 describes our data and provides some background on their collection.
Section 5 explains our identi cation strategy and section 6 presents our results.
Section 7 interprets our results and puts them in the context of related research on
the e ects of iodization. Section 8 concludes.

2 lodine De ciency Disorders

Recent work has shown that the quality of maternal health and nutrition during
pregnancy has persistent e ects on adult health outcomes. For instance, Almond
(2006) shows that cohorts exposed to the Spanish In uenza of 1918, either in utero
or during the rst months of life, had worse health and socio-economic outcomes in
their lifetime. Behrman and Rosenzweig (2004) nd that di erences in birth weight
among identical twins are re ected in di erences in school attainment and adult
earnings

lodine is one of the \big three™ micronutrients, de ciencies in which are a major
source of ill health in developing countries (the other two are vitamin A and iron).
lodine de ciency, in particular, is the leading cause of preventable mental retarda-
tion in the world. WHO estimates that nearly 50 million people su er some degree
of mental impairment due to iodine de ciencyé. Two billion people -one third of the
world’s population- are at risk, in the sense that their iodine intake is considered
insu cient. According to WHO'’s Global Database on lodine De ciency, more than
285 million children receive inadequate amounts of iodine in their diet (de Benoist,
Andersson, Egli, Takkouche and Allen, eds 2004).

lodine De ciency Disorders (IDD) is a term used to describe a range of anoma-
lies, ranging from goiter to cretinism, due to inadequate provision of iodine. lodine
is a micronutrient essential for the synthesis of the two thyroid hormones, thyroxine
and triiodothyronine. These hormones are necessary for metabolism, the neuromus-
cular system and the reproductive function.

Around 70-80% of the total iodine content in the human body is found in the
thyroid gland (Fleischer, Forbes, Harriss, Krook and Kubota 1974). When the
thyroid gland cannot produce enough hormone to meet the body’s needs (such as
when there is insu cient iodine intake), it enlarges. This enlargement is called a

“More cites to be added, including Case & Paxson.
Ssource: WHO, |http://www.who.int/features/qa/17/en/index.html.
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goiter. Goiters can be permanent or not, depending on the time length of exposure
to the de ciency.

lodine de ciency does have permanent e ects when it occurs in utero. lodine de-

ciency early in pregnancy causes serious brain damage to the foetus. Severe iodine
de ciency can result in cretinism. A cretin is characterized by \profound men-
tal de ciency, dwar sm, spastic dysplasia and limited hearing" (Scrimshaw 1998,
p.364ﬁ However, as Scrimshaw points out, \even in areas where cases of cretinism
due to iodine de ciency in the mother are few, the linear growth of the infant,
its intellectual capacity, and certain other of its neurological functions are perma-
nently compromised to varying degrees™ (Scrimshaw 1998, p.351). In other words,
even if iodine de ciency does not result in cretinism, an iodine-de cient region will
be marked by the lower cognitive performance of its population. Typically, non-
de cient populations di er from iodine-de cient populations by approximately 10
1Q points, whereas the whole normal 1Q distribution of a population shifts to the
left as a result of iodine de ciencyﬁ. In endemic areas, cretinism can a ect up to
15% of the population (de Benoist et al., eds 2004). Bleichrodt and Born (1994)
estimate that the average 1Q of iodine-de cient groups is 13.5 points lower than
the non-de cient groups. If this is true, then iodine de ciency should have sizable
economic e ects for any a ected population.

In economies where the diet is composed primarily of locally produced food,
the main determinant of whether a population will be iodine-de cient or not is a
region’s geography. Ocean water is rich in iodine, which is why endemic goiter is
not observed in coastal areas. From the ocean, iodine is transferred to the soil by
rain. This process, however, only reaches the upper layers of soil, and it can take
thousands of years to complete (Koutras, Matovinovic and Vought 1980). Heavy
rainfall can cause soil erosion, in which case the iodine-rich upper layers of soil
are washed away. The last glacial period had the same e ect; iodine-rich soil was
substituted by iodine-poor soil from crystalline rocks (Koutras et al. 1980). This
explains the prevalence of endemic goiter in regions that were marked by intense
glaciation, such as Switzerland and the Great Lakes region. lodine is taken up by
plants when it is present in the soil, and can reach humans either through plants or
animals which have eaten them. lodine is also present in subsurface water in some
locations. Finally, deposits of mineral salt (the remains of evaporated seawater)

8 According to one interpretation, the word cretin comes from the French term for Christian.
Endemic cretinism was prevalent in the French Alps, where the term was apparently invented for
those who were too dumb to commit a sin and who, therefore, were good Christians.

“Scrimshaw (1998) provides a list of studies and experiments that have been conducted, and
which have shown the hindering e ects on mental development of iodine de ciency in utero.



contain iodine, but this is lost when the salt is re ned. The human body does
not naturally store a great deal of iodine, so that seasonal variations in iodine
consumption may result in seasonal manifestations of 1DD.

Even before the discovery of iodine, ancient civilizations treated goiter with
burnt sponge or seaweed (Curtis and Fertman 1951, Langer 1960). After iodine was
discovered in 1811 by Courtois, continuous clinical research for over a century proved
its essential role as a measure of prophylaxis against IDD. Doctors and public health
o cials have used di erent ways to ensure that adequate quantities of iodine are
provided for a given population. Salt iodization has proved to be the cheapest and
most wide-reaching way to protect a population from iodine de ciency. Alternatives
have included the iodization of water supplies and bread, as well as the provision
of iodine-enriched chocolates or milk to babies and schoolchildren and injections of
slow-releasing iodated oi@.

3 lodine De ciency and Salt lodization in the United
States

It was only in the last century that micronutrient de ciency diseases were eliminated
in the United States and other developed countries. Pellagra, a de ciency in niacin
that results from diets dependent on maize, was endemic in the US South at the
beginning of the twentieth century. Rickets, a bone-deforming disease caused by
de ciency of vitamin D, was common in industrial cities of the North. Both diseases
were controlled by a combination of dietary improvements and forti cation. Vitamin
D was added to milk in the 1930s, and B vitamins (including niacin) were added to
forti ed baked goods starting in the 1940s (Bishai and Nalubola 2002).

Salt iodization was the rst experiment in the systematic forti cation of food to
combat micronutrient de ciency. This public health intervention was made possible
by the nearly simultaneous discovery of a widespread health problem and of its
underlying cause.

In the First World War draft, a little more than 2.5 million draftees were
examined for various physical and mental shortcomings. From these examina-
tions, a lengthy collection of countrywide data was compiled, showing the geo-
graphic distribution of many diseases and defects across the United States (Love
and Davenport 1920). Goiter was among the defects that were measured, because

8lodization of water supplies proved wasteful since only a small proportion of water is used
for drinking and cooking purposes. Bread iodization was used in the Netherlands as a wartime
measure (Matovinovic and Ramalingaswami 1960).



an unexpectedly high number of soldiers had trouble wearing a uniform because of
their enlarged thyroids.

According to the draft examinations, almost 12,000 men had goiter and a third
of these were judged un t for service, because the size of their neck was too big for
the military tunic to be buttoned (Kelly and Snedden 1960, p.34). Most of them
came from states in the Northwest (Washington, Oregon, Idaho, Montana) and the
area around the Great Lakes. In Northern Michigan, for instance, more draftees
were judged un t for service \for large and toxic goiters than for any other medical
disorder™ (Markel 1987, p.221). On the other hand, goiter was rare in people coming
from coastal areas.

The realization of the problem led to multiple surveys of goiter, which con rmed
the geographical variation in the prevalence of goiter. By that time, there was med-
ical and veterinary evidence showing that goiters could be reduced by adding iodine
to the diet. Experiments with school children con rmed that the size of goiters
decreased after receiving iodine@. These observations prompted a public debate on
the possible ways to provide iodine prophylaxis to the American population. Some
objections were raised as to the potential side-e ects of such a global measure. It
had been documented that large amounts of iodine could cause hyperthyroidism to
develop in some adults and thyrotoxicosis in others@. Despite these concerns, the
medical consensus was that small amounts of iodine in the diet were bene cial for
the vast majority of an iodine-deprived population, and this was con rmed by the
experimental results in schoolchildren.

Public health authorities in Michigan, one of the worst-a icted states, held a
symposium on thyroid disease in 1922. The idea of salt iodization (which had been
proposed by researchers in Switzerland, and was rst implemented in that country
in 1922) was introduced by David Murray Cowie, M.D. as a cheap and e ective
means of providing iodine to all population groups, regardless of social status. As
a result, the lodized Salt Committee was set up, with the mission of investigating
the matter further. The Committee, chaired by Cowie, produced reports on the
low iodine content of drinking water in Michigan and the possibility of e ective
prevention of goiter though iodized salt. Its members agreed upon the launch of
a statewide educational campaign on goiter and its prevention though iodized salt,
sponsored by the Michigan State Medical Society. The campaign, launched in 1922,

9The rst such experiment took place in Akron, Ohio in 1917, under the direction of David
Marine and O.P. Kimball. For details see Marine and Kimball (1921), and Carpenter (2005).

10Thyrotoxicosis might occur as a result of iodization in those individuals that have su ered
from long-term iodine de ciency and whose goiters have become nodular. In such cases, iodine
supplementation causes the output of hormone to jump to toxic levels.



included lectures to physicians and the general public delivered across the state.

The Committee also contacted the state’s salt manufacturers. The salt pro-
ducers, although convinced about the public-service character of the project, had
initial qualms about its economic feasibility and pro tability; it would be nancially
impossible to separate the salt intended for the Michigan market and then add io-
dine to it. Instead, the Salt Producers Association decided to launch iodized salt
nationwide; they saw the new product as an improved commodity for which there
would be a much larger market -and corresponding pro ts- than that of Michigan.
As a result, in May 1924, Michigan was the rst state to introduce iodized sal.
The actions of the Michigan salt producers were important, because Michigan was
the largest producer of salt for human consumption in the countr .

The salt companies contributed to the educational campaign through aggressive
advertising of the \new salt" throughout the country, in order to create a market
for the new product (Markel 1987, p. 224). Figures [2 and [3 shows two ads from
this period. Figure @ is a copy of a newspaper clipping from the era.

After Michigan introduced iodized salt, the penetration of the new product
statewide was quite rapid. As mentioned above, salt producers made the new prod-
uct available nationwide, since this was the only way that the project would be

nancially feasible. The Morton Salt Company, the largest producer in the country
at the time, began selling iodized salt on a nationwide basis in the fall of 1924 . At
the same time, public awareness of the problem, especially in those areas that were
a icted the worst, was gaining momentum. Articles in newspapers and magazines
around the country advocated the use of the new salt for all cooking and eating

1 Before that, in April 1923, public authorities in Rochester, New York, introduced iodine in
the water supplies of one reservoir, in what is known as \the Rochester experiment" (Kohn 1975).
Subsequent goiter surveys show an important decrease in incidence. However, it seems unlikely
that this decrease was due to the iodization of the water supply, for the following reasons: rst,
only one of the reservoirs was iodized. Second, by that time, iodized salt was available and widely
used in Rochester. Third, because of bigger awareness and improved medical monitoring, doctors
were more likely to prescribe iodine supplements to anybody with a palpable goiter.

12galt production takes three forms: evaporated, rock salt, and the production of liquid brine.
In 1924 the quantities produced by these three methods were 2.22, 2.06, and 2.51 million short
tons, respectively. Brine was used exclusively as a feedstock by the chemical industry. According
to the Salt Institute (http://www.saltinstitute.org), as of today, virtually all food grade salt sold
or used in the United States is produced by evaporation. This was the case in 1924 as well
(personal communication from Richard Hanneman, president Salt Institute, March 6, 2008). In
1924, Michigan was the largest producer of evaporated salt in the country, accounting for 36% of
the total. The next largest producers were New York (18%) and Ohio (14%) (Katz 1927).

13(Markel 1987). Collusion in the evaporated salt industry was widespread, and Morton acted as
the price setter. Many companies literally made copies of Morton’s price schedule, simply replacing
their company letterheads for that of Morton (Fost 1970). Morton’s decision to iodize salt in 1924
would thus likely have a ected a large percentage of households, both directly and through Morton’s
in uence on smaller companies.
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Figure 2: Ads for lodized Salt
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