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Although some time has passed since the fetal origins
othesis was first put forth (Barker, 1992), only recently

 the field of economics contributed to the assessment of
 relationship between uterine environment and later

 outcomes (Almond, 2006). Adult health, disability,
rtality, cognitive ability, or socio-economic status have
n linked to in utero or early infancy exposure to famine,
uenza, malaria, recessions, pollutants, dietary deficien-
, and Ramadan observance.1 However, the pathways

 factors affecting early life environment to outcomes
dult life are far from clear. The fetal origins hypothesis
vides a potential link through biological reactions to
ly life deprivation that are posited to predispose
ividuals to diabetes, hypertension, high cholesterol,

 cardiovascular disease, conditions that are leading

causes of morbidity and mortality in the developed world
(WHO, 2002).

Work on the biological mechanisms underpinning the
predictions of the hypothesis is owed to Barker (1992).
Nutrition deficiencies were posited to result in increased
blood pressure required for maintaining transfer capacity
across the placenta (Barker et al., 1989). High cholesterol
could develop from changes in lipid metabolism in
response to the same circumstances, with both conditions
persisting after birth (Barker et al., 1993). Changes in fetal
programming giving priority to certain organs at the
expense of others like the liver were suspected to have
permanent consequences on glucose and insulin metabo-
lism (Hales et al., 1991). Research was of particular interest
as it could provide an explanation for syndrome X – the
association between non-insulin dependent diabetes,
hypertension, and high blood cholesterol – in the form
of a common origin of all three conditions. Empirical
support for the proposal would also have important public
health implications. Prevention of development of diabetes
and cardiovascular disease would not necessarily center on
moderating risk behaviors in adult life.
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A B S T R A C T

A natural experiment is employed to analyze the relationship between living standards,

diabetes, and cardiovascular disease. Results show that shocks generated by two powerful

tropical storms striking Puerto Rico during the late 1920s and early 1930s had long-term

consequences consistent with the fetal origins hypothesis. Individuals in the womb or

early infancy in the aftermath of the storms are more likely to report a diagnosis of

hypertension, high cholesterol, diabetes, and are considerably more likely to have no

formal schooling.
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Initial empirical findings pointed to an association
between markers of early life nutrition, impaired glucose
tolerance, increased serum cholesterol, and hypertension
in adult life (Barker et al., 1989, 1993; Hales et al., 1991),
but causal inference was questioned since results could
have been generated by third factors (Rasmussen, 2001). In
search of less problematic data settings, research turned to
natural experiments for additional supportive evidence,
with mixed results. While individuals exposed in utero to
the 1944–1945 Dutch famine develop diabetes and
coronary heart disease with greater frequency (Ravelli
et al., 1998; Roseboom et al., 2000), survivors of the
nineteenth century Finnish famine did not suffer from
additional mortality risk (Kannisto et al., 1997). Moreover,
a large medical study evaluating an extensive set of health
outcomes did not establish long-term consequences
related to the 1941–1944 Leningrad siege (Stanner et al.,
1997), and systematic literature reviews were unable to
establish material effects of fetal conditions on adult blood
pressure or cholesterol levels (Huxley et al., 2002, 2004).

On September 13, 1928, hurricane San Felipe struck
Puerto Rico bringing 10 inches of rain in the lowlands and
up to 30 inches in the mountains over a period of two days.
The San Juan weather station recorded an extreme wind
velocity of 160 miles per hour and speeds over the island’s
higher elevations could have reached 200 miles per hour
(Fassig, 1929). Damage to the Island’s dominant agricul-
tural sector was widespread, but the fact that it was
concentrated in the 1928–1929 agricultural season pro-
vides the opportunity for defining exposed versus control
groups in a natural experiment setting. Moreover, surveys
providing information on a variety of health outcomes
allow for direct tests of relationships between living
standards, diabetes, hypertension, high cholesterol, and
cardiovascular disease.

2. Survey of current research

In economics, research has produced more consistently
supportive evidence of a relationship between early life
conditions and a range of long-term outcomes. The 1918
Influenza Pandemic has been linked to reduced schooling,
income, and increased rates of disease and disability
(Almond and Mazumder, 2005; Almond, 2006). Exposure
to the 1957 Asian influenza pandemic led to reduced
cognitive ability and impaired growth among mothers who
smoked (Kelly, 2011). The 1959–1961 Chinese famine has
been tied to worsened literacy, labor market and marriage
outcomes, and the nineteenth century Dutch potato
famine to reduced life expectancy (Almond et al., 2007;
Chen and Zhou, 2007; Lindeboom et al., 2010). Exposure to
low levels of radiation from the Chernobyl reactor disaster
translated to impaired neural development in Swedish
children, iodine deficiency in Tanzania has led to reduced
schooling, and exposure to malaria to lower income and
higher poverty in the US (Almond et al., 2009; Field et al.,
2009; Barreca, 2010). Even fasting during Ramadan has
been related to poorer general health, disability, and
symptoms indicative of diabetes and cardiovascular
disease (Almond and Mazumder, 2011; van Ewijk,
2011). The latter study is a rare example of economic

research addressing the direct implications of the Barker
proposal.

Consequences of economic crises or income shocks
have also been evaluated. Long-term health effects have
not been associated with the severe drought and soil
erosion striking the American Midwest during the 1930s,
or with the phylloxera plague that decimated French
vineyard production late in the nineteenth century
(Cutler et al., 2007; Banerjee et al., 2010). However,
weather shocks and recessions occurring during a
person’s infancy have been tied to height, health, and
mortality (Block et al., 2004; del Ninno and Lundberg,
2005; van den Berg et al., 2006; Maccini and Yang, 2009;
Skoufias and Vinha, 2011).

Exposure periods can be extended as in the case of
studies examining later life effects of childhood asthma or
the long-term consequences of the Head Start program
(Currie and Thomas, 1995; Garces et al., 2002; Ludwig and
Miller, 2007; Fletcher et al., 2010). Outcomes can also
range from cognitive abilities, labor market outcomes, to
welfare use (Currie and Hyson, 1999; Black et al., 2007;
Case and Paxson, 2008a,b; Smith, 2009; Currie et al.,
2010).

Even adult behaviors can be conditioned by childhood
experiences such as disruptive family life (Belsky et al.,
1991). In an evolutionary sense, early onset of menarche,
an increased reproductive rate, and low offspring invest-
ment can obtain as adaptations to unstable or hazardous
environments. Life history theory posits that when
reproductive potential appears threatened, individuals
may respond by adopting a fast life course emphasizing
offspring quantity versus a slow one that would have
emphasized quality. Empirical evidence establishes that
across countries fertility is associated with indicators of
mortality risk (Guégan et al., 2001), and that within
societies parental investment in children is lower in more
deprived neighborhoods (Nettle, 2010). Interpretation and
processing of environmental cues is influenced by circum-
stances experienced during critical periods in childhood
(Belsky, 2007). Reactions to stress and attitudes towards
risk, for example, have been shown to depend on childhood
rather than current socioeconomic status (Miller et al.,
2009; Griskevicius et al., 2011).

3. The Puerto Rican economy and hurricane San Felipe

In the 1920s Puerto Rico was an agrarian economy
based largely on sugar production. Per capita income was
about a fifth of that of the US but higher than that of the
neighboring island of Cuba, and several times that of Haiti
or the Dominican Republic (Perloff, 1950:3). According to
the US Census, agriculture accounted for 60% of employ-
ment in 1920, sugar cane alone accounting for 20% of all
employment and 50% of crop value. Coffee was a secondary
and declining economic activity relegated to the mountai-
nous interior, unsuitable to large scale cane cultivation. Its
contribution to crop value in 1920 was equivalent to that of
fruits and starchy vegetables (18%).

The San Felipe hurricane caused damages equivalent to
about a third of national income (Pérez, 1971). Loss of life
was low but damages to agriculture were vast. The coffee
Please cite this article in press as: Sotomayor, O., Fetal and infant origins of diabetes and ill health: Evidence from Puerto
Rico’s 1928 and 1932 hurricanes. Econ. Hum. Biol. (2012), doi:10.1016/j.ehb.2012.02.009
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 citrus crops were almost entirely wiped out although
st of the citrus trees survived (Fassig, 1929). Cane
orts declined by 36% in 1929, but in being less
ceptible to long-term damage, rebounded in 1930 to
ost pre-hurricane levels (Dietz, 1986: Table 2.4). More

n three quarters of agricultural sector employment
sisted of farm laborers in seasonal employment and
e of the displacement in coffee employment could

e been absorbed by other agricultural activities with
rter recovery periods and by migration to urban areas.2

aid of $4 million in hurricane relief and $6 million in
icultural loans (Perloff, 1950:31) provided some coun-

eight to the income shock and helped avoid coin-
ental repercussions such as major outbreaks of disease.

 American Red Cross supplied food, shelter, vaccines,
dical personnel, emergency hospitals, job search help,

 seeds for small farmers.3

In 1932 a second storm struck the island in late
tember with winds of 120 mph and causing damages of

 million (Pérez, 1971). Although economic losses
ivalent to 20% of national income were not as great
those caused by San Felipe, hurricane San Ciprián
cided with the trough of the Great Depression. During

t time net income declined gradually from 1930 to 1933
 recovered during the remainder of the decade,

aining 1930 levels by 1936 and per capita national
ome by 1940 (Perloff, 1950:159). Compared to a peak to

gh decline of 46% in the US, national income fell by 24%
Puerto Rico (Dietz, 1986:137). Since then, severe
ricanes have included Santa Clara in 1956 and Hugo
989.

ata

Data are derived from 1996 to 2008 Center for Disease
trol’s Behavioral Risk Factor Surveillance System sur-
s. Since collection began in 1996, they constitute the
nd’s main source of information on health conditions and

 behaviors of the adult non-institutionalized population.
lysis is based on individuals born between 1920 and
0 in order to allow for a range of potential control groups

be used in estimating effects related to the 1928 San
pe and the 1932 San Ciprián storms. As the hurricanes
imated the 1929 and 1933 crops, exposure is defined as
ng born in either year. The original fetal origins literature
ced particular emphasis on shocks in late gestation and
ly infancy (Hales et al., 1991; Barker, 1992; Barker et al.,
3), but more recent research suggests mechanisms
cipitating changes in the early embryo (Gluckman and
son, 2005). Month or quarter of birth variables would
e allowed this study to evaluate timing effects, but such
rmation is unavailable.

The sample totals 11,990 observations out of which
7 consist of affected individuals. Cell sizes range from

237 records for individuals born in 1920 to 789 for those
born in 1940 (Appendix A). Almost all observations contain
demographic and outcome variables such as schooling,
height, and diabetes diagnosis. Information regarding
outcomes such as hypertension and high cholesterol is
associated with questions surveyed every other year and
cardiovascular disease diagnoses with questions included
in the 1997, 2003, 2005, 2006, and 2008 surveys.
Specifically, 99.7% of observations contain information
on diabetes, 45% on blood pressure, 42% on cholesterol
levels, and 41% on cardiovascular disease. Summary
statistics presented in Table 1 provide preliminary support
for the predictions of the fetal origins hypothesis. Birth in
1929 or 1933 is associated with increased prevalence of
diabetes, high blood cholesterol, and hypertension. Mean
differences are precisely estimated and substantial,
especially in the case of diabetes, whose incidence is
22% higher among the affected population.4 Gender-
specific effects point in the same direction, although in
some cases they cannot be estimated with great precision.
Among the outcomes with the largest number of
observations, exposure effects on diabetes, schooling,
and height appear more pronounced among women.

5. Method

The study employs a natural experiment setting and
follows the regression discontinuity framework in order to
estimate causal effects. Exposure is related to exogenous
events generating shocks in living conditions and causal
inference depends on the crucial assumption of continuity.
Other factors affecting health should not change abruptly
around the shock, taken in this study as being in the womb
or early infancy in the aftermath of a severe hurricane. If
that is the case, the only average difference between
individuals born in that that year and those born in a
sufficiently close range around the year will be exposure to
the conditions brought about by the hurricane.

The exposure effect is then the difference in outcome
values between affected and unaffected individuals con-
structed through extrapolation of a conditional expecta-
tion function. For example, Fig. 1 displays a profile of
observed incidence of diabetes as a function of year of birth
as well as a conditional expectation function estimated
through use of a fifth order polynomial in year of birth with
indicator variables for 1929 and 1933. Diabetes prevalence
among individuals unexposed to hurricanes in early life is
unobserved for cohorts born in these two years, but
counterfactual values can be generated by extrapolating
from the conditional expectation function.5

y ¼ a þ Xd þ Db þ Zg þ e (1)

Between 1920 and 1930 population growth in the three largest cane

ucing areas was on pace with that of the Island at 19%, while that on

three largest coffee producing areas amounted to 6%.

Aid was also forthcoming from neighboring countries, US businesses,

4 Individuals are much shorter relative to their US counterparts.

Although average height on the Island increased by 1.2 centimeters

between cohorts born in 1886–1890 and 1926–1930, height increased to

a greater extent in the US. During the same time span the height gap rose

from 6 to 10 cm (Godoy et al., 2007).
5

 local sources such as churches. See El Mundo newspaper, September

29, 1928.

The need for extrapolation is the reason behind the importance of the

continuity assumption.

ease cite this article in press as: Sotomayor, O., Fetal and infant origins of diabetes and ill health: Evidence from Puerto
ico’s 1928 and 1932 hurricanes. Econ. Hum. Biol. (2012), doi:10.1016/j.ehb.2012.02.009
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Expectation functions can be modeled in many ways
and in order to evaluate robustness of results, parametric
and non-parametric approaches are employed in this
analysis.6 In the case of the former, the empirical model is
specified in Eq. (1), where y represents outcomes such as
diabetic status, X is a vector of polynomial terms in year of
birth, D indicator variables for birth in 1929 and 1933, b is
the parameter of interest, and Z is a set of controls that

Table 1

Summary statistics.

Variable Born in 1929 or 1933 Not born in 1929 or 1933

Mean/share Std. error Mean/share Std. error

Age 70.5 0.121 69.7 0.064

Height (in.) 64.3 0.106 64.3 0.037

Short stature 0.183 0.012 0.144 0.004

Female 0.553 0.014 0.561 0.005

Schooling

None 0.055 0.007 0.033 0.002

1–11 years 0.490 0.014 0.518 0.005

12+ years 0.454 0.014 0.448 0.005

Diagnosis of

Diabetes 0.320 0.013 0.263 0.004

Hypertension 0.600 0.021 0.539 0.007

High cholesterol 0.504 0.022 0.443 0.007

AMI 0.147 0.016 0.118 0.005

Coronary/angina 0.173 0.017 0.161 0.006

Stroke 0.041 0.009 0.039 0.003

Women

Age 70.4 0.160 69.9 0.081

Height (in.) 62.2 0.104 62.3 0.035

Short stature 0.325 0.018 0.256 0.006

Schooling

None 0.071 0.009 0.041 0.002

1–11 years 0.543 0.018 0.555 0.006

12+ years 0.385 0.018 0.402 0.006

Diagnosis of

Diabetes 0.333 0.017 0.264 0.005

Hypertension 0.557 0.027 0.567 0.009

High cholesterol 0.526 0.028 0.498 0.009

AMI 0.115 0.018 0.094 0.005

Coronary/angina 0.169 0.021 0.157 0.007

Stroke 0.051 0.012 0.041 0.004

Men

Age 70.6 0.188 69.5 0.107

Height (in.) 66.5 0.139 66.7 0.051

Short stature 0.026 0.008 0.014 0.002

Schooling

None 0.035 0.009 0.022 0.002

1–11 years 0.426 0.023 0.471 0.008

12+ years 0.537 0.024 0.504 0.008

Diagnosis of

Diabetes 0.305 0.022 0.262 0.007

Hypertension 0.653 0.033 0.503 0.012

High cholesterol 0.476 0.037 0.369 0.012

AMI 0.190 0.030 0.150 0.009

Coronary/angina 0.180 0.029 0.166 0.010

Stroke 0.028 0.012 0.037 0.005

Note: The sample is composed of individuals born between 1920 and 1940.

6 Parametric approaches can involve use of global or piecewise

polynomials, but unbiased estimation hinges on the use of the correct

functional form. Nonparametric approaches such as kernel regressions or

mean comparisons in small neighborhoods around the cutoff reduce the

importance of the correct form requirement but introduce another type of

bias related to the fact that they do not take into account the slope in the
Fig. 1. Observed incidence of diabetes by year of birth and estimated

conditional expectation function.

forcing variable. As a solution to the problem Hahn et al. (2001) suggest

the use of local linear regressions.

Please cite this article in press as: Sotomayor, O., Fetal and infant origins of diabetes and ill health: Evidence from Puerto
Rico’s 1928 and 1932 hurricanes. Econ. Hum. Biol. (2012), doi:10.1016/j.ehb.2012.02.009
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lude gender, marital status, survey year, and survey
r and birth year interactions.7 Non-parametric estima-

 require choices of kernel and bandwidth and following
ens and Lemieux (2008), a rectangular kernel is
cted and a variety of windows are used to see how

ults change with width around the cutoff points.8 The
roach is both transparent and intuitive since widening
th around the cutoff is equivalent to evaluating how

results change as individuals farther from the cutoff year
are deemed as comparable in all ways but treatment and
year of birth. In all cases, statistical inference is based on
errors clustered by year of birth (Lee and Card, 2008).
Analysis relies on inferences about population character-
istics, particularly on differential rates of disease across
birth cohorts, and sampling weights are therefore
employed (Deaton, 1997).

6. Results

A profile of adult height as a function of year of birth is
presented in the top panel of Fig. 2. Mean height increases
over time with a small discontinuity in 1929 when the
cohort value appears off trend. Table 2 establishes that the

6
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6
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4
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4
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6
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0
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2. Average height in inches by year of birth (top) and share of individuals with heights under one standard deviation from cohort mean (bottom). Note:

ds display 95% confidence intervals of cohort means.

le 2

metric estimates of hurricane effects.

tcome San Felipe San Ciprián

Parameter � 100 Std. error � 100 Parameter � 100 Std. error � 100

ight (in.) �2.73 9.65 �2.53 9.65

ort stature 5.07 1.88 0.14 1.88

abetes 6.77 0.98 4.22 0.98

pertension 6.08 1.07 5.63 1.07

gh cholesterol 10.06 1.21 4.67 1.21

D �1.84 2.02 2.23 2.02

I 1.08 1.25 2.95 1.25

ronary/angina 0.13 2.45 0.60 2.45

roke 0 0.83 0.96 0.83

 schooling 3.38 0.20 2.45 0.20

w schooling 1.40 1.15 �1.85 1.15

gh schooling �2.91 1.47 2.56 1.47

: Effects are estimated through a fifth-order polynomial in year of birth with binary variables for birth in 1929, 1933, and controls for gender, marital

us, survey year, and survey year interactions with birth year. Standard errors are clustered by year of birth. Of the 11,990 observations in the sample

53 contain information on education, 10,873 on height, 11,950 on diabetes, 5438 on hypertension, 5041 on high cholesterol, and close to 4900 on

iovascular disease diagnoses.

Schooling is not included as a control variable since it is a potential

ome with strong empirical support, but its use generates almost

tical results.

The forcing variable year of birth is discrete, non-integer width

ces make little sense, and therefore widths are chosen in discrete

s.
ease cite this article in press as: Sotomayor, O., Fetal and infant origins of diabetes and ill health: Evidence from Puerto
ico’s 1928 and 1932 hurricanes. Econ. Hum. Biol. (2012), doi:10.1016/j.ehb.2012.02.009
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discontinuity is not statistically significant but an alter-
native outcome definition focused on the incidence of low
statures is significant in both parametric and non-
parametric specifications. Prevalence of heights under
one standard deviation from the cohort mean increases by
5.1% points among those born in 1929 (bottom panel of
Fig. 2).9 In order to gain a better understanding of exposure
effects, Fig. 3 displays a comparison of height frequencies
standardized by gender of individuals born in 1929, and
those born two years prior and two years after that date, a
frame corresponding to the narrowest year of birth
window. A distinct pattern is discerned with greatest
differences occurring at the bottom of the distribution
where the lowest category aggregates individuals up to
50100 tall, the bottom quartile in the 1929 distribution.
Twenty-six percent of individuals born in 1929 report a
height in that range versus 21% for the control group.
Changes in other height frequencies do not reflect a
generalized fall in height across the remaining groups, but
a reduction in the next two or three categories – those
between 50200 and 50400 tall. That is, probability mass shifts
from the bottom to the very bottom of the distribution, a
change consistent with a pattern of effects concentrated on
a population already at risk.

Profiles of hypertension and high cholesterol diagnoses
rates by year of birth are shown in the top panels of Fig. 4.
Visual evidence suggests clear and pronounced disconti-
nuities both in 1929 and in 1933 that are established as
statistically significant in Table 2. High blood pressure
diagnoses increase by 6.1% points in 1929 and by 5.6%
points in 1933. In a similar manner, being born in 1929 is
associated with a 10.1% point increase in the incidence of
high cholesterol and being born in the aftermath of the San
Ciprián hurricane with a 4.7% point increase. Non-
parametric exposure effect estimations are all in line with
parametric ones and are robust to control group selection.

Parametric results are similarly robust to choice of
polynomial term order in year of birth (Table 4).

Visual evidence also points to causal effects on diabetes,
with prevalence of the condition falling somewhat with
year of birth in a fairly smooth pattern but jumping
abruptly and markedly in the aftermath of the two
hurricanes (bottom left panel of Fig. 4). Table 2 establishes
that the sharp discontinuities in 1929 and 1933 are
statistically significant and equivalent to a 6.8% point
increase in diabetes incidence among individuals born in
1929 and a 4.2% point jump among those born in 1933.
Non-parametric estimations are within a percentage point
of parametric ones (Table 3). To date, natural experiment-
based evidence linking early life conditions to diabetes had
been restricted to the 1944–1945 Dutch famine. Material
effects on hypertension and high cholesterol based on a
natural experiment are also established for the first time,
as well as support for all three predictions of the Barker
proposal in a single setting.

Ultimately, concern for all three syndrome X conditions
has to do with the fact that they are known risk factors of
cardiovascular disease. However, evidence in Tables 2 and 3
does not suggest a link. The coefficients of diagnosis of
cardiovascular disease are not statistically significant in any
of the two hurricane years or model specifications. In the
case of disaggregated conditions there is some evidence of
effects on acute myocardial infarction but only in the second
hurricane. Furthermore, visual evidence (Fig. 5) is not
supportive of a relationship. The finding could have a
number of explanations, the first being that individuals have
not yet developed cardiovascular disease due perhaps to a
late onset of risk factors. A second is that they do but have
died from it, and unfortunately, lack of data on mortality
precludes a test of that possibility. Thirdly, absence of a
relationship may be an issue of statistical power associated
with the relatively low number of observations with
cardiovascular disease diagnoses.

Did the hurricanes also result in cognition shocks?
Evidence in the lower right panel of Fig. 4 and in Tables 2
and 3 supports an affirmative answer. The share of
individuals without any formal schooling jumps abruptly
to a considerable extent in both 1929 and 1933, when the
rate increases by 3.4% points with respect to the first date
and by 2.5% points with respect to the second one. Relative
to education levels in the two years preceding and
following the hurricanes, changes are substantial and
equivalent to close to 100% increases in the incidence of no
formal schooling for those born in 1929 and 1933.
However, results in Tables 2 and 3 establish that the
abrupt change in educational achievement only occurs at
the lowest level. There are no statistically significant
changes in the share of individuals with higher levels of
schooling. As in the case of height, effects on cognitive
ability appear to be concentrated at the very bottom of the
distribution.10

0
.0

5
.1

.1
5

.2
.2

5

<=5'1" 5'2" 5'3" 5'4" 5'5" 5'6" =>5'7"

1929  Control

Fig. 3. Height distribution (%) of individuals born in 1929 versus born in

1927–1928 and 1930–1931.

9 Relative to pre-hurricane levels, the effect is substantial and could

have affected reproductive success of impacted individuals, as estab-

10 As robustness checks, treatment was defined as birth in each of the

three years preceding and following 1929 and 1933. Joint tests of
lished in some studies (Almond et al., 2007; Chen and Zhou, 2007), but the

data do not support a relationship, at least as measured by marriage rates.

significance do not reject the null of no increased incidence of diabetes,

hypertension, high cholesterol, and zero schooling.

Please cite this article in press as: Sotomayor, O., Fetal and infant origins of diabetes and ill health: Evidence from Puerto
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Table 3

Non-parametric estimates of exposure effects by year of birth interval.

Outcome San Felipe

1920–1932 1925–1932 1926–1932 1927–1931

Height �11.20 �8.84 �10.11 �6.01

Short stature 4.21** 5.12** 4.77* 2.85*

Diabetes 5.94** 5.95** 5.70** 5.64**

Hypertension 4.73** 4.86** 4.89** 6.52**

High cholesterol 8.85** 8.97** 8.91** 10.41**

CVD �1.48 �1.54 �3.21* �3.56

AMI 0.81 0.92 0.25 �0.75

Coronary/angina 0.40 0.28 �0.80 �0.10

Stroke �0.25 �0.06 0.10 �0.22

No schooling 3.22** 3.28** 3.09** 3.36**

Low schooling 0.64 0.54 1.06 2.41**

High schooling �2.43 �2.12 �2.15 �3.76**

Outcome San Ciprián

1930–1940 1930–1937 1930–1936 1931–1935

Height 1.49 1.27 2.03 �4.43

Short stature 1.89* 1.82* 1.70* 1.66*

Diabetes 5.43** 5.16** 4.86** 5.23**

Hypertension 6.39** 6.53** 6.37** 6.85**

High cholesterol 5.28** 5.14** 5.28** 5.17**

CVD 1.33 1.55 1.84 3.16*

AMI 3.26** 3.33** 3.49** 3.91**

Coronary/angina �0.60 �0.42 �0.17 1.33*

Stroke 0.58 0.62 0.66 1.25**

No schooling 2.10** 2.01** 2.15** 2.24**

Low schooling �2.35 �2.22 �2.73 �2.40

High schooling 1.86 1.97 2.60* 3.17

Note: Effects are estimated through local linear regressions employing a rectangular kernel and a variety of kernel window widths around the exogenous

shocks of 1929 and 1933. Controls are included for gender, marital status, survey year, and survey year interactions with birth year. Coefficients are

multiplied by 100 and standard errors are clustered by year of birth.

* Coefficients statistically distinguishable from zero with probabilities of rejecting true nulls of 5%.

** Coefficients statistically distinguishable from zero with probabilities of rejecting true nulls of 1%.
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7. Discussion of continuity assumption and possible
biases

Whereas causal inference in regression, matching
models, or similar approaches relies on appropriate control

of factors relevant to the outcome generating process, in a
regression discontinuity setting control is achieved by data
design. If other variables affecting health outcomes evolve
smoothly across cohorts, the only average difference
between individuals born in (say) 1929 and those born

Table 4

Sensitivity of parametric estimates of exposure effects to choice of polynomial order in year of birth.

Outcome San Felipe San Ciprián

Parameter � 100 Std error � 100 Parameter � 100 Std error � 100

First order

Diabetes 5.93 0.65 5.70 0.65

Hypertension 4.84 0.86 7.67 0.86

High cholesterol 8.61 0.67 4.86 0.67

No schooling 2.76 0.29 1.50 0.29

Second order

Diabetes 4.93 0.68 4.63 0.68

Hypertension 4.27 1.07 6.70 1.07

High cholesterol 8.99 0.96 5.53 0.96

No schooling 2.96 0.34 1.69 0.34

Third order

Diabetes 4.76 0.81 4.69 0.81

Hypertension 4.69 1.03 6.61 1.03

High cholesterol 8.98 0.99 5.86 0.99

No schooling 2.82 0.36 1.91 0.36

Fourth order

Diabetes 5.93 0.66 5.31 0.66

Hypertension 5.16 1.03 6.75 1.03

High cholesterol 9.33 1.15 5.94 1.15

No schooling 3.46 0.22 2.29 0.22

Fifth order

Diabetes 6.77 0.97 4.18 0.97

Hypertension 6.08 1.07 5.63 1.07

High cholesterol 10.06 1.21 4.67 1.21

No schooling 3.38 0.20 2.45 0.20
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Fig. 5. Incidence of CVD, AMI, coronary heart disease, and stroke by year of birth. Note: Bands display 95% confidence intervals of cohort means.
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a sufficiently close range (say) 1928 or 1930 will be
osure to the hurricane. The assumption is crucial and is
uired for continuity to hold (Hahn et al., 2001; Imbens

 Lemieux, 2008; Lee, 2008).
Insettings wheredataonother factorsaffectingoutcomes
 available, statistical tests could be carried out to examine

 assumption (McCrary, 2008). Unfortunately, information
variables like technology, public health, or education
icies is sparse although available information does not
gest discontinuities across cohorts born in the neighbor-
d of the occurrence of the natural phenomena. Public
lth initiatives regarding anemia, smallpox, and malaria

 a substantial impact on health but were concentrated
und the turn of the twentieth century (Dietz, 1986), too
ly to have had a differential impact across the cohorts
mined in this study. Advances in schooling were gradual,
h levels rising over the first half of the past century as a
ult of US government policies generating gains concen-
ed at the bottom of the distribution. Periodic changes in
ruction language policies affected some cohorts, the
est impacting individuals born after 1933, but they had
e effect on English language proficiency (Angrist et al.,
8). The equivalent of 3% of the population served in the
ed forces during the Second World War (compared to

 in the US) and potential draftees included individuals
n no later than 1927. A veteran status variable is available
ess than half the observations, but inclusion as a control
ults in almost identical estimates. Finally, obvious
nges in technology pertain to advances in treatment of
tor borne diseases in the early part of the century and to
motherapy in the 1940s (Palloni et al., 2005).11

Still, other sourcesof change couldhaveaccompanied and
refore coincided with the storms. These include changes
pathogen environment, diet, housing conditions, and
ss. Qualitative evidence is not supportive of substantial
nges in incidence of disease. A review of the newspaper of
ord finds only two reports of isolated outbreaks of disease
ween September and December of1928, and an extensive
dy being carried out at the time (Clark et al., 1930) only
arks on uncommon health conditions related to a severe
ricane striking in 1899. The low toll on lives (312) for a
rm of its magnitudeis perhaps reflective of the substantial
ventive measures undertaken before and after the storm.

ever, housing conditions were undoubtedly changed.
struction was precarious and especially in rural areas

lding materials frequently consisted of discarded materi-
 thatch, bark, and structures often lacked cooking or
itary facilities (Mountin et al., 1937:7; Perloff, 1950:3).12

ough diet was poor and monotonous, consisting mainly
offee, beans, rice, and tubers (Mountin et al., 1937:6;

loff, 1950:3), shortages could have exacerbated specific
tary deficiencies independent of income. Lastly, stress
ted to the economic and housing circumstances could
haverisenabruptly.Therefore, inabsenceofquantitative

evidence allowing for separate tests of income, housing,
nutrition, disease, and stress effects, conclusions obtained in
the last section cannot strictly be tied to any one particular
factor, but rather to shocks in income, diet, disease, housing
conditions, and stress brought forth by the aftermath of
storms. All these factors often go together and could be
referred to as shocks to living standards.

Once estimated, relationships could be subject to a
number of biases and it is important to at least establish
their direction. First, the hurricanes could have resulted in
negative selection into child mortality causing dispropor-
tionate deaths of unhealthier babies in 1929 and 1933
relative to other years. The phenomenon would have
generated downward bias on estimates. Second, the
hurricanes could have resulted in increased cohort
migration probabilities to the extent that shocks resulted
in compromised cognitive abilities and flows in following
decades consisted of migrants with below-average school-
ing. In light of the higher levels of inequality of the Island’s
wage distribution, the Borjas (1987) migration model
would predict outflows of negatively selected migrants. If
so, individuals most affected by the storms would be less
likely to be in the sample due to migration to the US. Third,
the storm could have affected fertility decisions. If
individuals who chose to conceive after the hurricane
were a negatively (positively) selected group, estimates in
Section 6 would be biased upward (downward). Fourth,
selection to mortality as adults could also be playing a role.

Evidence on the existence of the first two potential
sources of bias is not compelling. Historical trends on child
mortality are unavailable but overall mortality rates show
uninterrupted progress during the first half of the twentieth
century (Perloff, 1950:200). Evidence of selective migration
is only available for the decades of the 1970s, 1980s, and
1990s, but these support the case of flows composed of
individuals with average rather than below-average school-
ing (Sotomayor, 2009). To the extent that education is
correlated with health, migration did not result in dis-
proportionate outflows of unhealthy individuals.

Ruling out selective fertility as an explanation could be
achieved by exploiting month or quarter of birth informa-
tion, since individuals born early in 1929 and 1933 would
have been conceived before the storms struck. Such
information is unavailable, but 1930 Census tables can
help assess whether the hurricane caused a change in the
racial profile of individuals conceived before and after the
first storm. Population tabulations by age and race show that
on April 1, 1930, black children accounted for a constant 27%
of the population across each of the five age categories
ranging from less than a year old to four years of age. The
share of white children held at 73% across the same age
groups (US Census Bureau, 1932:138).13 As a measure of
racial impact on relative social standing, Census tables show
that 45% of black women in gainful employment worked in
domestic services versus 23% of white ones. White men
were 60% more likely to work in the trade sector, twice as
likely to be found in clerical or public sector occupations, and

The authors find correlations between markers early life conditions,

ity, and diabetes in a cross-section sample of elderly Puerto Ricans.

The literature emphasizes that disasters are processes combining
13
ral forces and social vulnerabilities (Sen, 1981; Oliver-Smith and

man, 1999).

Population numbers of white and black children also remain constant

across birth cohorts.
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five times as likely to be doctors, lawyers, or engineers (US
Census Bureau, 1932:193–95). If race can be taken as an
important indicator of socioeconomic status, evidence does
not suggest that the hurricane shifted the composition of
births from relatively advantaged groups to less advantaged
ones, or the reverse. However, selection could still have
occurred along other dimensions.14

The fourth source of potential bias could be playing a
more important role since the sample median age is 70 and
cardiovascular disease is a major cause of death and
institutionalization among the elderly. In order to gain a
measure of the magnitude of the bias, treatment effects are
re-calculated using only data from the 1996 to 2000
surveys and outcomes available in all of them: height,
diabetes diagnosis, and schooling. Coefficient estimates
along with variable averages employed for estimating
relative effects are presented in Table 5. The sample
median age is 66 and results show that whereas in the full
sample diabetes diagnoses increase by 26% and 16% among
those born after the San Felipe and San Ciprián hurricanes,
respectively, the numbers rise to 53% and 20% when using
the sample composed of relatively younger individuals.
Schooling effect differences are also substantial and in the
order of increases of 105% and 110% using the full sample
as compared to increases of 230% and 235% in the younger
sample. Therefore, evidence points to the fact that results

presented in Tables 2 and 3 and Figs. 3 and 4 represent a
conservative assessment of the relationship between living
standards and late-life health, especially those based on
the San Felipe hurricane. Relative to the sample of younger
individuals, full sample exposure effect estimates are in
absolute terms about 45% lower in the case of the first
storm and 15% lower in case of the second one (Fig. 6).
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Fig. 6. Incidence of diabetes and no formal schooling by gender and year of birth. Note: Bands display 95% confidence intervals of cohort means.

Table 5

Parametric estimates of exposure effects and average outcome values

using the full sample and a sample restricted to 1996–2000 BRFSS

surveys.

Outcome Parameter � 100 SE � 100 Mean � 100 N

San Felipe – sample using 1996–2008 surveys

Short stature 5.07 1.88 15.83 10,873

Diabetes 6.77 0.98 26.49 11,950

No education 3.38 0.20 3.22 11,953

San Felipe – sample using 1996–2000 surveys

Short stature 7.96 1.80 15.34 3319

Diabetes 11.84 1.94 22.36 3560

No education 6.44 0.61 2.79 3563

San Ciprián – sample using 1996–2008 surveys

Short stature 0.14 1.88 16.67 10,873

Diabetes 4.22 0.98 26.46 11,950

No education 2.45 0.20 2.23 11,953

San Ciprián – sample using 1996–2000 surveys

Short stature 1.8 0.77 15.31 3319

Diabetes 4.71 1.29 24.06 3560

No education 3.01 0.32 1.28 3563

Note: Effects are estimated through use of a fifth-order polynomial in year

of birth with binary variables for birth in 1929, 1933, and controls for

gender, marital status, survey year, and survey year interactions with

birth year. ‘Mean’ represents outcome values averaged over the two years

preceding and following the hurricanes. Standard errors are clustered by

14 The San Ciprián hurricane also does not appear to have had an effect

on racial birth profile. 1940 Census tables establish that the racial profile
year of birth. The number of observations per regression is included in the

last column.

of cohorts born in the decade of the 1930s remained unchanged at the

same ratios (US Census Bureau, 1942:21).
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Sample attrition due to death or institutionalization is
 lower among women, who make up 56% of the sample

 58% of individuals born in the decade of the 1920s. In
er to estimate gender-specific effects, models are fully
racted with a female indicator variable and estimated
g the complete sample and one constructed using only

 first five surveys. Results show that exposure effects are
re pronounced among women (Table 6). The San Felipe
ricane is associated with an increase in short-statured
ividuals that is 9.1% points larger among women. Relative

en, exposure to the hurricane resulted in an additional
% point increase in diabetes, and an additional 3.6% point
rease in the incidence of no formal schooling. Even greater
sequences are estimated when the sample is restricted to
ervations from the earlier surveys. However, with the
eption of no formal schooling, San Ciprián effects do not
ear to vary by gender or increase using earlier surveys. At
t in the case of San Felipe, evidence therefore supports

 premise that attrition is introducing downward bias on
mates, although an alternative possibility of gender-
cific hurricane effects could also be generating results.

onclusion

A number of important contributions in economics have
ved to advance our understanding of the possible long-

 consequences of poor early life environments. These
e included the role of maternal exposure to famine, viral
ction, vector-borne disease, pollutants, dietary deficien-
, recession, weather shocks, and Ramadan observance.
ile evidence suggests that prenatal and early infancy
lts can have deleterious effects on health and other

comes in later life, the pathways from circumstances to
rbidity and mortality remain important areas of research.
This study finds that shocks caused by the tropical

effects that are consistent with the predictions of the fetal
origins hypothesis. Diabetes and other cardiovascular
disease risk factors such as hypertension and high
cholesterol are markedly higher among those in the womb
or early infancy in the aftermath of both storms. Moreover,
the hurricanes led to pronounced increases in the share of
individuals without formal schooling, a phenomenon that
could have fed back to health in view of its long-
established relationship with socioeconomic status. The
degree of impact was substantial, with hurricane San
Felipe resulting in a 26% increase in the incidence of
diabetes, hurricane San Ciprián in a rise of 16%, and both
hurricanes close to doubling the share of individuals in the
stated schooling category. The single inconsistency with
the predictions of the hypothesis is the absence of a link
between the hurricane shocks and the development of
cardiovascular disease, possibly resulting from late onset
of risk factors, selective attrition from the sample due to
death from the condition, or a true absence of relationship.

Results are noteworthy as they establish a causal link
between living conditions, diabetes, and other health risk
factors, and a possible pathway from poor early life
environments to health and mortality later in life. Effects
estimated in this paper are not only large, but also result
from events of less extreme proportions than, say the
Dutch famine of 1944–1945. Evidence therefore suggests
that in absence of preventive measures, effects of events
like Bay of Bengal cyclones, Caribbean Sea storms like
hurricane Mitch, or the great Haitian earthquake may not
be over for a long time.

le 6

metric estimates of marginal exposure effects on women using the

sample and a sample restricted to 1996–2000 BRFSS surveys.

tcome Parameter � 100 SE � 100 Mean � 100 N

n Felipe – sample using 1996–2008 surveys

Short stature 9.09 3.27 28.28 6735

Diabetes 5.77 1.97 26.34 7712

No education 3.64 0.94 3.73 7713

n Felipe – sample using 1996–2000 surveys

Short stature 8.93 3.34 28.31 2022

Diabetes 10.22 2.77 23.61 2239

No education 4.89 0.86 4.09 2240

n Ciprián – sample using 1996–2008 surveys

Short stature �1.83 3.27 29.69 6735

Diabetes �0.03 1.97 26.73 7712

No education 1.92 0.94 2.87 7713

n Ciprián – sample using 1996–2000 surveys

Short stature �6.14 3.34 28.15 2022

Diabetes 3.26 2.77 24.83 2239

No education 1.12 0.86 2.03 2240

: Marginal exposure effects refer to the additional impact of the

icanes on women relative to men. Effects are estimated through a

el fully interacted with a female indicator variable and ‘Mean’

esents outcomes values for women averaged over the two years

eding and following the hurricanes. Standard errors are clustered by

 of birth. The number of observations per regression is included in the

column.

Appendix A. Number of observations by outcome and
year of birth

Birth

year

Observations with information on Retention

Diabetes Hyper

tension

High

cholesterol

CVD

1920 237 112 100 74 0.19

1921 262 120 110 108 0.20

1922 315 134 125 106 0.24

1923 347 162 137 140 0.28

1924 396 173 156 162 0.29

1925 382 178 166 160 0.31

1926 446 184 166 174 0.34

1927 481 233 212 175 0.41

1928 530 246 233 205 0.41

1929 508 235 218 199 0.41

1930 564 257 238 260 0.44

1931 659 314 292 272 0.40

1932 666 305 286 255 0.39

1933 687 307 280 288 0.42

1934 751 337 317 271 0.46

1935 828 344 325 362 0.45

1936 761 374 351 320 0.42

1937 758 342 331 323 0.42

1938 774 353 326 331 0.43

1939 824 385 356 367 0.42

1940 789 349 321 320 0.43

Note: Total observations and observations containing information on

schooling are within 5 observations of the values in the diabetes column.

Retention is defined as the ratio of weighted number of observations and
stered births. Attrition can result both from death as well as migration

e US.
rms that struck Puerto Rico in 1928 and 1932 had
regi

to th
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