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Abstract

Aiming to further explore possible underlying causes for the recent stagnation in American
heights, this paper describes the result of analysis of the commercial U.S. Sizing Survey. Using
Zip codes, we consider geographic correlates of height such aslocal poverty rate, median
income, and population density. We find that after adjusting for variables known to influence
height such asincome and education, population density is negatively correlated with height
among white men. A relationship also exists among white women . Similar analysis of the Body
Mass Index (BM1) also shows a negative correlation with population density after adjustment for
income, education, and age for both sexes. Local economic conditions as measured by median
income, unemployment and poverty rate do not have a strong correlation with height or weight
after adjusting for individual income and education.
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I ntroduction

Why have the heights of Americans, the tallest in the world until the mid-20th century,
stagnated recently while those of Western- and Northern Europe have increased substantially?
European heights generally surpassed American heightsin the 1970s and 80s and the mean
height difference is currently circa 2-6¢cm (Fredriks 2000; Sunder 2003). Not merely a question
for anthropometricians, thisis an issue of broad interest as the mean height of populations often
reflect differencesin health and longevity. It iswell documented that early life nutrition and
disease are the mgjor environmental influences on terminal height (Costa, 1993; Komlos and
Cuff 1998; Komlos and Baten 1999; Waaler, 1984). However, the disparity in height between
Europe and North America has been challenging to explain in those terms, given the increasing
economic prosperity experienced on both sides of the Atlantic.

While the income gradient in self-reported health islarger in the U.S. than in Canada
(which has universal health insurance), the gap is smaller for the elderly, who are covered by
universal health insurance in both countries (Decker and Remler, 2004). Similarly, Germans
evaluate their own health status more positively than Americans do (Komlos and Baur 2004).
Moreover, Swedish life expectancy exceeds that of the US by 1.9 years (Human Devel opment
Report 2000, p. 157). Such findings, as well as the divergence in height, and increasing obesity
inthe U.S. al indicate that different political choices regarding health care distribution and/or
individual choices regarding consumption (health production) might be the cause of stagnation in
American height (Komlos, Smith and Bogin 2004). In developed societies where caloric and
protein intake is rarely limited by family income, height reflects less the economic output of a
community and more its political and socia choices that influence overall health during

childhood development. This observed discrepancy between material welfare and biological



well-being has helped to motivate the development of a distinct concept of a biological standard
of living (Komlos 1989).

This paper examines spatial patternsin height and bmi in the U.S. in the hope of shedding
light on this conundrum. Because there are broad demographic differences between the U.S. and
Europe, it may be possible to explain the height discrepancy by linking height to demographic
factors within the US. Thus, in addition to using the usual control variables own income and
education, we examine the effect of such variables at the community level as population density,
median income, unemployment rate, and poverty rate on height and BMI. These local
environmental factors offer the opportunity for better describing gradientsin American height as
well as an avenue for analyzing differences between the U.S. and Europe in the future.

The Sizing Survey Data

The U.S. Sizing Survey (Size2USA CD-ROM) was organized by a company called “[TC]*
in 2002 with funding from the U.S. Department of Commerce, a number of U.S. clothing
manufacturers, and the U.S. military to provide data on the distribution of body size and body
proportionsin the U.S. population for the purposes of creating better fitting off-the-shelf
clothing.® As such, it contains a large number of variables on various body measurements
relevant for the apparel industry.? The sample of 10,000 individuals (3,689 male, 6,311 female;
18 and older) was drawn mainly at a series of shopping centers around the country, in 13
geographic clusters.® Heights were measured to the nearest half-inch and weights to the nearest
pound. The socio-economic datais reported categorically for income, education, age, and
race/ethnicity. The number of individualsin each location varies widely, from 1,748 individuals
in Dallas (73% of whom were female) to just 97 in Miami. This sampling procedure precludes

making strong claims about the general U.S. population as in the NHANES 1999-2002 survey



(Table 1), which claims to be representative of the U.S. population.* BMIs are much lower
among the survey population than in the NHANES sample, which may indicate that collecting
survey data unsystematically introduces systematic bias, insofar as it samples from the more
active part of the population with lower BMI vslues.”

Insert Table 1 about here

The question of whether to adjust for measurement site is a difficult one since the very
different conditions around each site make this a choice between under-adjusting and over-
adjusting: each cluster may capture a different segment of the US population. Consequently, the
results with and without this adjustment are discussed below on a case-by-case basis, though it
should be noted immediately that there are only two differences in height or BMI between the
different sites that are statistically significant at the 95% level.

To explore the relationship between local environment and individual height and weight,
the zip codes in the data were linked to summary data from the U.S. 2000 census compiled by
Zip Code Tabulation Area (ZCTA).® As height is correlated with socio-economic statusiin the
United States as everywhere else (Komlos and Kriwy, 2003) we adjust for those variables as well
as the age groupingsin all reported analysis. Ethnicity is categorized as White, Black, Hispanic,
and Other, but we only use the records of "Whites'. insofar as too few Blacks were in the sample
(627 Men and 989 Women) to achieve statistical significance on any examined variables when
analyzed separately from whites. We decided not to combine the white and black populations
because of the high levels of persistent residential segregation in the U.S. make the assumption
that blacks and whites respond similarly to the influences of local environment unjustified. The
other two groups, “Hispanic” and “Other”, were excluded from the analysis because of their

greatly increased chance of being foreign born. We also excluded everyone in the 66+ group.’



These limitations left 1,524 men and 2,903 women in the sample. Thereisno explicit variable
for being U.S. born. However, given that only 14% of current U.S. foreign-born individuals
originated in Europe while 53% originated in Latin America and 25% in Asia and that foreign
born individuals comprise 12% of the U.S. population (U.S. Census Current Population Survey,
2003), most immigrants should be identified as “Hispanic” or “Other”.

Individual Predictorsof Height and Weight

Both men and women exhibit an increase in height with higher income and educational
attainment (Table 2).® Recent increases in height have been slight since the birth cohorts of 1957-
66: about 0.5 inches for both males and females.? While the age and education effects on the
height of men and women are similar, the income coefficient is larger for men than for women, a
result not previously observed (Komlos and Baur, 2004). This disparity may reflect the fact that
household incomes are reported in this sample. Since the incomes of men are more influential in
determining household incomes—due to their higher individual incomes and higher rates of
work—the weaker correlation between height and income for women is expected. Alternatively,
greater individual height may lead to greater income (Heineck, 2004), which may be a stronger
effect for men than for women given their greater mean income.

Tables 2 and 3 about here

In contrast to the height data, for which there is dightly greater variance among men, for
weight the variance is much greater for women,; thisis reflected in differences between
education, income and age groups (Table 3). We find the increase in BMI for both men and
women with age is large and monotonic up to the 46-55 age group: men’s BMI increases by 3.9
from the 18-25 group to the 46-55 group while women’s BMI increases by 4.6 over that range.

Men’s BMIs show no significant correlation with income, however women’'s BMI’ s appear to



have two levels, with the three income groups earning below $75,000/year having 1.4 greater
BMI than the two above that threshold. With respect to education, men again show no significant
correlations with BMI. Among women, generally greater education is correlated with lower
BMI, asin other samples (Komlos and Baur 2004).

Local Environmental Predictors. Population Density

When considering quantitative measures of local conditions, population density is an
appealing metric because density differences can indicate differences in how peoplelivein
different communities. Higher density communities are likely to have more immediately
available health services and people may spend lesstimein cars, but may also have lower rates
of voluntary exercise, higher stress and greater environmental pollution. Since the population
densities in the sample popul ation range from less than 100 per square mile to 100,000 per
square mile, we use alog transform on population density (Figure 1).'° The population density
distribution of our datais similar to that of the U.S. population as awhole, although the meanis
amost twice as high'! because the rural areas (<150 people per square mile) are under-sampled
and moderate density areas (150-3000 people per square mile) are over-sampled (U.S. Census
Bureau, Current Population Survey, Annua Social and Economic Supplement, 2003; U.S. 2000
Census Summary File 1). The data are sufficiently plentiful to analyze over the range of densities
from €* to ™. The overall population density of the United Statesis 80 (€**) persons per square
mile versus 320 (€>®) in the European Union, however these figuresinclude all land area
(including uninhabitable land area) and are not directly comparable to the figures obtained for
Zip codes.*?

Insert Figure 1 and Table 4 about here



Height is more strongly correlated with population density for men than it is for women.
For men, after adjustment for individual income and education, an increase in population density
by afactor of e corresponds to a change in height of -0.25 (+/- 0.10, p=0.00001) (Table 4). The
relationship between height and density is linear over the range where there are sufficient data to
estimate a mean height as afunction of density (Figure 2). The difference in height over the
range from densitiesin the data (€* to ') is 1.75 inches (4.5 cm), avery large difference for
population mean height.*®

Insert Figures 2 and 3 about here

Using asimilar linear model for white women, an increase in population density by a
factor of eiscorrelated to areduction in height by 0.064 inches with a 95% confidence interval
of [0.004, 0.124] (p=0.03) (Table 4). However, the relationship between height and population
density for women appears to be two-level (above and below a density of €® = 8,100 per square
mile) rather than linear (Figure 3). The heightsin the low and medium density regime exceed
those in at high densities by a 0.59 inches (p<0.001).**

Similar results are found for the correlation of BMI with local population density for both
men and women. We find that a factor of e increase in population density is correlated to a
decrease in BMI of 0.13 for men (p=0.13) and 0.14 women (p=0.04) (Table 5). However, the
plots of adjusted mean BMI with respect to density indicate a non-linear relationship for men
(Figure 6) while they plausibly support an approximately linear model for women® (Figure 5).

Table 5 and Figures 4 and 5 about here

The sample does not permit us to directly identify the foreign born, however, since it

does have “Hispanic” and “Other” categories, we believe that the foreign born are largely

eliminated through our exclusion criterion.'® Most importantly, the individuals likely to be



foreign born are eliminated through the “Hispanic” and “ Other” categories at rates we would
expect if such categories were eliminating most of the foreign born (Figure 6). We find that the
number of individuals eliminated by this method as a function of fraction foreign-born to both be
uniformly greater than and to scale with the fraction of individuals who are foreign born in those
districts. However, while thisindicates that we are likely aready eliminating most of the foreign-
born from the sample—consistent with the fact that most of the foreign-born population in the
U.S. is non-white—we cannot be certain that the entirety of that part of the sampleis being
eliminated.
Figure 6 about here

Hence we explore further whether our inability to identify foreign-born individuals
directly in the sample could have led to the observed negative relationship between height and
population density among white men. For each decade in a particular density range we found the
fraction foreign born in the zip code area (U.S. Census Bureau, Current Population Survey,
Annual Socia and Economic Supplement, 2003). Among these (0.14) were of European origins
(U.S. 2000 Census Summary File 1). Multiplying these two fractions yields an estimate of the
foreign-born white men in a zip code areain a particular density range. We then eliminated that
number of individuals from our sample. (Total number of observations eliminated were 24 out of
1,525 - about 1.6 % of the data). In order to bias the results against our hypothesis we removed
the shortest individual s within each density range in proportion to the estimated number of
foreign-born individualsin a zip-code area. We found that the regression slope was dightly
reduced in this exercise (absolute) magnitude to -0.20 but remained strongly significant. The red
influence of the foreign born would be smaller than this, as we estimate the maximum effect. We

did asimilar exercise for white women, eliminating 60 individuals (38 below the cut-off density



of 8100 and 22 above that level). The height difference is reduced to from 0.59 to 0.46 inches
(p=0.001). Thus, even under these adverse assumptions, the negative association between
physical stature and population density of residence is still strongly significant. The phenomenon
of association between height and density appears to be quite robust in this sample.

Local Environmental Predictors: Economic Conditions

We examined marginal positive correlations between male height and local economic
conditions as measured by poverty rate, unemployment rate and median income. Insofar as these
results were not significant after adjustment for population density, we find no evidence that
local economic conditions considered separately from personal income have any predictive
power regarding height or BMI.

Conclusion

The Sizing Survey is not arandom sample of the US population and the patterns found in
these data should be considered preliminary. For the first time we find a strong negative
correlation between white male height and population density of residence. For white women,
thisrelationship is significant only between those living at densities greater and |ess than about
8100 persons per square mile. It is not probable that these results are influenced by our limited
ability to screen out foreign-born individuals, who are more heavily concentrated in urban areas.
Thisisthe case insofar as the negative association held up even after we made reasonable
adjustments for the share of foreign born in a particular zip-code area. Thisis unusual becausein
many European contexts the relationship between height and population density tends to be
positive insofar as urban communities generally have superior access to medical care (Komlos
and Kriwy 2003). Our results have to be interpreted with caution as rural densities are under-

sampled in this survey.



The negative correlations we observe are robust between suburban or small town
densities and those found in cities rather than between rural and urban densities. Nonetheless, our
findings might indicate the influence of urban disamenities on height. We find some evidence
that population density is more strongly correlated with BMI within a community than across
communities, with larger individuals living in lower densities within their area regardless of that
ared s absolute density. The fact that there is a simultaneous negative correlation with BMI
complicates the process of linking these results to claims about biological welfare.

Because terminal height can only be influenced by environmental conditions prior to
reaching adulthood, we expect that geographic movement of individual s between adol escence
and adulthood would diminish differences caused by disparate childhood conditions (if the
movement is to locations that are substantially different from the location of childhood).
However, the same movement of individuals could lead to the creation of geographic height
gradients if a mechanism exists by which individuals sort into certain types of areas. While the
U.S. census does not find any difference between absolute movement rates for men and women
that might explain the strong observed population density correlation for men,*” it may be that
the choice of movement destination rather than the number of movementsis at issue. Thereis
greater socioeconomic mobility among women in the United States; daughter’ sincomes are less
strongly correlated with their fathers' incomes than sons’ incomes are (Peters, 1992).
Consequently, two hypotheses emerge for the disparity between men and women. First, it may
be that men carry forward more of their childhood differences due to less mobility-induced
mixing, which presumes that living at such densitiesis, in fact, beneficial. Second, it may be that
men are choosing the destination of their movement based on factors that are correlated with

their own height, a sorting hypothesis.
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The hypothesis that higher densities lead to lower height would indicate that American
suburbs and moderately sized towns, the low end of our sampled density range, are providing the
best mix of benefits for biological welfare: easy access to medical care and few of the negative
environmental conditions found in urban areas. To confirm such aconclusion, it would be
necessary to show alink between these densities and health, perhaps by using a sample of
children. Supporting the sorting hypothesisis the fact that height has been shown to predict
personal economic success (Persico, Postlewaite, and Silverman 2004) and more strongly for
men than for women (Heineck, 2004). If those who are successful are preferentially moving to
suburbs with low density, this might create the height gradient we observe, though adjusting for
individual income would compensate for such a difference if the income datain the sample were
accurate. Given the small number of income categories and the fact that income is self-reported,
perhaps our income adjustment is incomplete. Finally, a psychological explanation might be
applicable as well, that among those with equal income, individuals who are physically larger
make choices about financial allocation regarding the size of their residence that push them
towards lower density areas.

In sum, the US Size Survey is not quite representative of the US population. It under
sampled people living at low population densities (under 150 people per square mile) and over
sampled those living in moderate densities (between 150 and 3000 people per square mile). This
bias was linked to its strategy to collect samples mainly at shopping malls, but as it turns out, this
had the consequence of obtaining an anthropometrically biased sample, especially among
women. While young men (18-25) in the sample are 0.8 inches taller than the national average,
young women in the sample are 11 pounds lighter and 0.6 inches taller than the national average.

Evidently, the individuals doing their shopping in malls are more active and hence less likely to
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be obese than the general population. Nonethel ess, we have found that height decreases
substantially among US men with the popul ation density of their residence. The differencein
men's height between low- and high-density residencesis 1.75 inches (4.5 cm), after controlling
for own income and education. The inference is that men either select themselvesin such away
that taller men choose to live in low-density environments or that there are spillover effects that
have a negative impact on height of men in high density cities to the extent that current residence
type correlates positively with residence type during childhood. This effect is not so marked
among women: about 0.5 inches (1.25 cm). BMI also varies somewhat by residence type, with
people living in low densities weighing more than those who live in high density environment, a
disparity that seems to be stronger within individual communities than it is across the country as
awhole. While we are unable to provide a satisfactory explanation for these patterns, the results
reported here nonetheless do point to further research taking advantage of the relationship
between living environment and lifestyle as a means to explain why Americans have fallen
behind Western Europeans in height since the 1960s but surged well ahead in weight since the

1980s.
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Table 1: Tables of height as a function of age for men and women in the Size USA and in the
NHANES 1999-2002 survey, by race. While there is agreement on BMI and weight (W) for

white men, the Size USA data appears to overestimate male height. For white women, the Size
USA survey data overestimates height, underestimates weight and consequently strongly

underestimates BMI.

White:
HEIGHT (in) | Men Women
Age Group NHANES Size USA NHANES Size USA

H BMI | W H BMI | W H BMI | W H BMI | W
18-25 695|259 | 1781 | 70.3 | 25.2 | 176.7 | 64.1 | 26.2 | 152.8 | 64.7 | 23.8 | 1415
26-35 69.6 | 27.2 | 187.4 | 70.4 | 27.2 | 192.0 | 64.2 | 27.9 | 163.7 | 64.8 | 25.9 | 154.2
36-45 69.7 | 28.0 | 193.7 | 70.1 | 28.2 | 196.6 | 64.3 | 28.3 | 166.5 | 64.7 | 26.8 | 159.3
46-55 69.5 | 28.7 | 196.7 | 69.6 | 28.8 | 197.9 | 64.1 | 28.8 | 168.0 | 64.2 | 27.6 | 162.0
56-65 68.8 | 28.7 | 192.7 | 69.4 | 28.7 | 196.4 | 63.6 | 29.8 | 170.7 | 63.9 | 27.6 | 159.9
Black:
HEIGHT (in) | Men Women
Age Group NHANES Size USA NHANES Size USA

H BMI | W H BMI | W H BMI | W H BMI | W
18-25 69.9| 253 | 1755 | 69.7 | 26.3 | 181.5 | 64.1 | 28.8 | 1685 | 64.5 | 26.7 | 157.8
26-35 69.9 | 27.7 | 1929 | 69.2 | 29.4 | 1989 | 64.7 | 30.8 | 183.8 | 64.6 | 29.7 | 176.1
36-45 70.1|28.1 | 196.0 | 69.5| 28.3 | 193.8 | 64.4 | 31.6 | 186.9 | 64.7 | 30.9 | 183.9
46-55 69.5| 27.3 | 187.5|69.7 | 27.5 | 189.9 | 64.5| 31.8 | 187.4 | 64.7 | 30.5 | 181.0
56-65 69.2 | 285 | 1944 | 704|283 |198.1|63.9|319 | 1852 | 64.0 | 31.0 | 179.7
Hispanic:
HEIGHT (in) | Men Women
Age Group NHANES Size USA NHANES Size USA

H BMI | W H BMI | W H BMI | W H BMI | W
18-25 68.0 | 25.8 | 169.7 | 67.6 | 26.1 | 170.1 | 62.6 | 27.0 | 150.1 | 62.8 | 25.1 | 140.1
26-35 66.9 | 27.4 | 174.7 | 66.8 | 26.7 | 181.9 | 62.7 | 28.4 | 158.2 | 625 | 27.6 | 152.8
36-45 67.7 | 28.0 | 1821 | 67.0| 29.2 | 186.4 | 62.4 | 29.2 | 161.3 | 62.2 | 29.0 | 159.0
46-55 66.8 | 28,5 | 181.0 | 66.7 | 284 | 179.1 | 62.0 | 30.1 | 164.3 | 62.1 | 29.7 | 162.9
56-65 66.3 | 27.7 | 175.6 | 65.3 | 30.0 | 181.3 | 61.5| 30.7 | 164.8 | 61.3 | 29.1 | 155.2

13



Table 2: Table of height coefficients for age, income, and education factors in the sample of
white men and women under age 65. All factors are reported with respect to the baseline
individual: an 18-25 year old, college-educated individual with income over $100,000.

HEIGHT (inches) Men Women
Factor n Coef. | t n Coef. |t
I ntercept 1524 | 71.67 | 243.7 | 2903 | 65.54 | 223.3
Age
18-25 (Birth Cohort: 1976-1983) | 469 | Ref. | - 670 | Ref. |-
26-35 (1967-1976) | 280 | -0.13 |-05 |611 |-0.31 | -20
36-45 (1957-1966) | 335 | -050 |-21 | 636 |-0.48 | -3.0
46-55 (1947-1956) | 270 | -1.09 | -43 | 620 |-0.95 | -6.0
56-65 (1937-1946) | 173 | -1.25 |-42 |366 |-1.15 |-64
Income
< 25K 458 |-1.01 |-37 |614 |-0.76 |-43
25K — 50K 321 |-0.95 [-34 | 764 |-041 |-26
50K — 75K 289 |-063 [-23 [645 |-0.16 |-1.0
75K — 100K 201 |-057 [-1.9 |431 |-0.06 |-0.3
100K + 254 | Ref. | - 449 | Ref. |-
Education
L ess than High School 53 -207 | -44 |56 -1.83 | -5.0
High School 2908 |-083 |-32 |442 |-058 | -38
Some College 485 |-040 |-1.7 | 986 |-0.24 |-20
College 412 | Ref. |- 968 | Ref. | -
Post-Graduate 275 |-033 |-1.3 [451 [014 |09
Adjusted R* 0.038 0.040

Note: Bold indicates that the coefficient is significant at the 5 percent level.



Table 3: Table of BMI coefficients for age, income, and education factors in the sample of white
men and women under age 65. All factors are reported with respect to the baseline individual: an
18-25 year old, college-educated individual with income over $100,000.

BMI Men Women
Factor n Coef. |t n Coef. |t
Intercept 1524 | 24.7 | 529 | 2903 | 21.8 | 52.3
Age
18-25 (Birth Cohort: 1976-1983) | 469 | Ref. | - 670 | Ref. |-
26-35 (1967-1976) | 280 | 2.1 53 |611 |27 7.6
36-45 (1957-1966) | 335 | 3.2 84 636 |37 10.6
46-55 (1947-1956) | 270 | 3.9 96 |620 | 4.6 12.9
56-65 (1937-1946) | 173 | 3.8 81 |366 |44 10.8
Income
< 25K 458 |-00 |00 |614 |13 3.3
25K — 50K 321 | 0.7 17 |764 |14 4.0
50K — 75K 289 |05 12 |645 |14 3.8
75K — 100K 200 |-02 |-05 (431 |-01 |-03
100K + 254 | Ref. | - 449 | Ref. |-
Education
L ess than High School 53 0.5 0.7 | 56 3.0 3.7
High School 298 | 0.2 04 |442 |06 1.8
Some College 485 |05 14 986 | 1.3 4.7
College 412 | Ref. | - 968 | Ref. |-
Post-Graduate 275 |-03 |-08 [451 |-02 |-0.6
Adjusted R* 0.082 0.081

Note: Bold indicates that the coefficient is significant at the 5 percent level.
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Table 4: Regression results for height as a function of log(population density). The intercept is
given at the sample mean log(population density) of 7.31 (1500 per square mile). Note the
change in R? for male height with respect to the initial factor analysisin Table 2. Including the
population density term in the regression explains 31% more of the variation in men’s heights
versus only 3% more for women. For women, population density has little explanatory power
above that provided by the individual education, income and age factors, however for men it
appears to be a powerful predictor of height.

HEIGHT (inches) Men Women
Variable n Coef. | t n Coef. |t
Intercept 1524 | 7153 | 243.7 | 2903 | 65.55 | 353.7
L og(Population Density) 1524 | -0.25 | -47 |2903 | -0.06 |-21
Age
18-25 (Birth Cohort: 1976-1983) | 469 | Ref. | - 670 | Ref. -
26-35 (1967-1976) | 280 0.05 | 0.2 611 |[-031 |-20
36-45 (1957-1966) | 335 |-0.34 | -14 |636 |-048 |-30
46-55 (1947-1956) | 270 | -092 | -36 |620 |-0.95 |-6.0
56-65 (1937-1946) | 173 | -1.13 |-38 |366 |-1.15 |-64
Income
< 25K 458 |-092 |-34 |614 |-0.76 |-43
25K — 50K 321 |-091 |-33 |764 |-041 |-26
50K — 75K 289 |-065 |-24 |645 |-017 |-1.0
75K — 100K 201 |-062 |-21 |431 |-006 |-0.3
100K + 254 | Ref. | - 449 | Ref. -
Education
L ess than High School 53 -183 | -39 |56 -1.83 | -5.0
High School 298 |-0.77 |-30 |442 |-058 |-38
Some College 485 |-043 |-19 |986 |-0.25 |-20
College 412 | Ref. |- 968 | Ref. -
Post-Graduate 275 |-040 |-16 |451 |0.14 0.9
Adjusted R 0.051 0.041

Note: Bold indicates that the coefficient is significant at the 5 percent level.



Table5: Regression results for BMI as afunction of log(population density). The intercept is
given at the sample mean log(population density) of 7.31. Note that the changesin R? versus
Table 3 are very small, even though the coefficients are near-significant and significant for men
and women, respectively. Thisindicates that covariance between the population density term and
the other variablesis the cause of the significant terms and that population density provides little
additional explanatory value over the income, education and age factors for BMI.

BMI Men | Women
Factor n Coef. |t n Coef. | t
Intercept 1524 | 24.61 | 52.5 | 2903 | 21.81 | 52.4
L og(Population Density) 1524 | -0.14 | -1.7 | 2903 | -0.14 | -2.1
Age
18-25 (Birth Cohort: 1976-1983) | 469 | Ref. | - 670 | Ref. |-
26-35 (1967-1976) | 280 | 225 |55 |611 |272 |77
36-45 (1957-1966) | 335 | 329 |86 |636 |371 |10.6
46-55 (1947-1956) | 270 | 398 |9.7 |620 |456 | 129
56-65 (1937-1946) | 173 | 3.9 83 366 |437 |10.8
Income
< 25K 458 004 |01 |614 138 |34
25K — 50K 321 | 075 |17 |764 |143 |40
50K — 75K 280 |050 |11 |[645 |136 |37
75K — 100K 201 |-025 |-05 [431 |-0.13 |-0.3
100K + 254 | Ref. | - 449 | Ref. |-
Education
L ess than High School 53 064 |09 |56 312 |38
High School 298 | 019 (05 [442 |061 |18
Some College 485 | 046 |13 |98 |122 |45
College 412 | Ref. |- 968 | Ref. | -
Post-Graduate 275 |-035 |-09 [ 451 |-0.26 |-0.8
Adjusted R 0.083 0.082

Note: Bold indicates that the coefficient is significant at the 5 percent level.
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Figure 1: Distribution of log(population density) in the Sizing Survey sub-sample under
analysis. Superimposed on this histogram is the distribution for the entire U.S. population,
according to the U.S. Census (normalized to the Sizing Survey sample size). The Sizing Survey
over counts moderate densities (150 to 3000 per square mile) at the expense of low densities,
which are poorly represented in the sample. We can only consider our results between
log(population density) 4 and 11 as robust. The mean log(population density) for the sampleis
7.31 (1500 per square mile) versus 6.77 (875 per square mile) for the U.S. population.

Population Distribution by Density

1000

Survey Population

BOO

600
O

ac

Frequency

400

LS. Population .

200

| T T | T T |
0 2 4 B B 10 12

Log(Population Density)

Sour ce:

18



Figure 2: Mae height, adjusted for age, education, and income categories, as a function of
log(population density). Each point is the mean adjusted height for densities between adjacent
integer values of log(population density). The regression lineis plotted as a solid line over the
range from €* to e'* where the data are dense. The 95% confidence interval for each point is
depicted with dashed lines.
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Figure 3: Female height, adjusted for age, education, and income categories, as a function of
log(population density). Each point is the mean adjusted height for densities between adjacent
integer values of log(population density). The 95% confidence interval for each point is depicted
with dashed lines. The regression line described in Table 4 is plotted as a dashed line because
there is evidence from the plot that the dominant effect is not linear, but bi-level. Plotted as two
solid lines at 65.63 inches and 65.07 inches are the mean values for the women above and below
apopulation density of €® (8100 per square mile).
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Figure 4: Mae BMI, adjusted for age, education, and income categories, as a function of
log(population density). Each point is the mean adjusted height for densities between adjacent
integer values of log(population density). The linear model (dashed line) described in Table 5
seems not to fit the data. The 95% confidence interval for each point is depicted with dashed
lines.
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Figure 5: Female BMI, adjusted for age, education, and income categories, as a function of
log(population density). Each point is the mean adjusted height for densities between adjacent
integer values of log(population density). The linear model (dashed line) described in Table5is
mostly followed by the data, however the higher density groups seem not to follow this model.
The 95% confidence interval for each point is depicted with dashed lines.
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Figure 6: Rate of exclusion from the non-black sample as a function of fraction foreign bornin

Zip code tabulation area. A straight lineis plotted at the rate of rejection expected if all

individualsin the “Hispanic” and “Other” categories were foreign born. The rate of rejection is

higher than this baseline (the final point correspondsto just four individuals, of which two are

eliminated) and scales properly as a function of fraction foreign born in zip code. This suggests
that most of the foreign born individuals are successfully rejected. The dashed line indicates the

distribution of individualsin the final sample as a function of fraction foreign born.
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Endnotes

! See www.tc2.com or www.sizeUSA .com

2 All body measurements with the exception of height and weight, were measured with a three-

dimensional structured white light technology full body scanner.
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% Datawas aso collected at universities, business corporate offices, trade show and convention
centers, apparel manufacturing locations. The cluster locations were: Cary, NC (825 individuals);
Columbia, MO (772); Dallas, TX (969); Miami, FL (57); New York, NY (250); Chattanooga,
TN (268); Los Angeles, CA (62); San Francisco, CA (203); Portland, OR (156); Winston Salem,
NC (416); Buford, GA (106); Lawrence, MA (658); Glendale, CA (334).

* The company claims that the observations have to be weighted in order to conform to
NHANES values, but these weights have not been released.

> Sedentary populations may be less likely to travel to shopping centers.

® Zip codes are postal codes that are generally well correlated to geographic areas, especialy in
highly populated areas. However, since they are assigned for addresses, they do not actually have
land area associated with them directly. Consequently, the Census Bureau created geographic
areas, ZCTAs, which correspond to these addresses. Because there is some freedom in
demarcating the borders of such regionsin unpopulated areas, the ZCTA codes include
additional codes so that water and unpopulated areas are not included in the ZCTAs that
correspond to Zip Codes. For further discussion of how ZCTAs were developed and how they
correspond to census blocks and other regions, http://www.census.gov/geo/ZCTA/zcta.html

" We considered eliminating 18-25 year-old men from the sample due to the possibility that they
may not be fully grown, however they were included as we found their presence did not change
any results significantly.

8 For these results, we have not adjusted for site since this regression is for the purpose of
illustrating categorical trends in the data (only two of these site factors are significant: women

from Glendale, CA are shorter than average and women from Dallas, TX have greater BMI.)
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® Some of thisincrease might be due to old-age shrinking. The more recent birth cohort 1967-
1976 shows a mere 0.3 inch increase for women and none for men. In contrast, heights for
European men and women have continued to increase since the 1950s and have now overtaken
and exceeded American heights.

19 A few examples are useful in assessing this distribution. The densest zip code in the sample,
"10009" on the Lower East Side of Manhattan, had a density of just over 100,000 per square
mile. "02138" in Cambridge, MA, the urban residential and commercial areaincluding Harvard
University, has adensity of 12,500 per square mile. A very wealthy suburban area outside of Los
Angeles, "90210", has adensity of 2300 per square mile. 66049, in Lawrence, KS, has a density
of 410 per square mile. These four locations correspond to Log(Population Densities) of 11.5,
9.4, 7.7, and 6.0.

1 The mean log(population density) for the sampleis 7.31 (1500 per square mile) versus 6.77
(875 per square mile) for the U.S. population.

12 The aforementioned problem of whether to adjust for cluster is especialy difficult in the case
of population density given that each cluster has a much narrower distribution of densities than
the entire sample. Such adjustment tests something different from the range of heights over the
full range of densities: it testsif there are differences in heights between different density areas
within a single community. Consequently, we present the results without adjustment for cluster,
but discuss the consequences of such adjustment to test the robustness of significant results.

13 With adjustment for cluster site the magnitude of the correlation is reduced from —0.25 to —
0.17 (+/- 0.15) with p=0.02 and remains linear over the full range of data after adjustment,

indicating that within individual clustersthereis till a strong height gradient.

27



4 Adjusting for cluster site eliminates all dependence of height on population density for women
(p=0.95).

1> The magnitude of the correlation increases (and reaches the 95% confidence threshold for
men) after adjustment for cluster, -0.24 +/- 0.23 (p=0.04) for men and -0.26 +/- 0.19 (p=0.008)
for women. The magnitude of thisincreaseis not itself significant, but such an increase would
indicate that weights are correlated with population density more strongly within each cluster
than they are across all clusters. This perhaps indicates that sorting, rather than inherent effects
of particular densities, isthe cause for such differences. people who have higher BMIs are
choosing to live in lower density areas within the region near their employment. Since our
adjustment for education and income may not be perfect, we may be observing that within a
region, the higher density areas are on average wealthier. Since weight is negatively correlated
with income for women, an imperfect adjustment would create just this type of in-cluster
gradient.

1 However, if the fraction of foreign-born individualsin azip codeisincluded in the
regressions, the sizes of all population density correlations are reduced to insignificance. We
believe that such an adjustment is inappropriate, for three reasons. First, as our model uses
individual factors such as personal income and persona environment expressed through
population density to predict height, including the number of foreign-born individualsin a
person’s zip code is conceptually problematic. Second, the fraction foreign-bornin azip codeis
very highly correlated with population density (r=0.63), so the regression becomes unstable
when both variables are included.

7 U.S. Census Bureau, Current Population Survey, 2003 Annual Social and Economic

Supplement. Tabulated by at http://www.infoplease.com/ipa/A0922200.html
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