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New Sources and New Techniques for the
Study of Secular Trends in Nutritional Status,
Health, Mortality, and the Process of Aping

The aim of this paper is to describe the full dimensions of a new and
rapidly growing research program focused on the exploitation of new data sources
and of long-known data sources that have been underutilized until quite recently.
The new program is feasible because of the sharp drop in the cost of data
retrieval and processing. An important aspect of the reduced cost is the
creation of software that is now part of the social capital of those seeking to
explain secular trends in social and economic behaviof.

In this research program data sources on food consumption, anthropometric
measures, genealogies, and life-cycle histories are used separately and in
conjunction with each other to shed light on secular trends in nutritional
status, health, mortality, and the process of aging. The exploitation of these
types of data involves the use and integration of analytical procedures in
medicine and economics with those of demography. Since some of these procedures
are unfamiliar, this paper attempts to integrate the discussion of the sources
with a description of the procedures and with illustrations of the ways that they
can be applied.

The discussion that follows is divided into four parts. Part one deals
with sources on food consumption and with methods of exploiting these sources
that involve the integration of energy cost accounting with techniques for the
analysis of income distributions. The second part is concerned with sources of
anthropometric information and with techniques that may be utilized to relate
such information to the assessment of health and mortality. In parts one and two
measures of nutritional status are related to morbidity and mortality at

aggregate levels, either in time series or in cross section. Part three involves
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the more complex problem of relating socioeconomic and biomedical stress suffered
by individuals early in life to their work levels, health and mortality rates at
middle and late ages. The problems that must be dealt with in creating such
life-cycle data sets are illustrated by considering a life-cycle study based on
a sample of men who were recruited into the Union Army during the American Civil
War. The final section discusses the uses of genealogies by themselves and in
combination with the preceding data sources.

The four parts of the paper deal with projects of increasing difficulty.
Projects of the type described in parts one and two can be carried on with
relatively modest budgets, quite often with the resources available to individual
postgraduate students. The projects described in parts 3 and 4 are collective
enterprises and require large budgets.

l. Food Consumption (Diet) and Energy
Cost Accounting

One of the unfortunate aspects of some past studies of the contribution of
improvements in nutritional status to the secular decline in mortality has been
the implicit assumption that diet by itself determines nutritional status.
However, epidemiologists and nutritionists are careful to distinguish between
these terms. To them nutritional status denotes the balance between the intake
of nutrients and the claims against it. It follows that an adequate level of
nutrition 1is not determined solely by diet, which is the level of nutrient
intake, but wvaries with individual circumstances. Whether the diet of a
particular individual is nutritionally adequate depends on such matters as his
level of physical activity, the climate of the region in which he lives, and the
extent of his exposure to various diseases. As Nevin S. Scrimshaw put it, the
adequacy of a given level of iron consumption depends critically on whether an

1

individual has hookworm.® Thus, it is possible that the nutritional status of

a population may decline even though that population’s consumption of nutrients
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is rising if the extent of exposure to infection or the degree of physical
activity is rising more rapidly. It follows that the assessment of the
contribution of nutrition to the decline in mortality requires measures not only
of food consumption but also of the balance between food consumption and the
claims on that consumption. To avoid confusion, in the remainder of this paper
I will use the terms "diet" and "gross nutrition" to designate nutrient intake
only. All other references to nutrition, such as "nutritional status," "net
nutrition,” "nutrition," "malnutrition," and "undernutrition” will designate the
balance between nutrient intake and the claims on that intake.

1.1 Energy Cost Accounting

In developed countries today, and even more so in the less developed
nations of both the past and the present, the basal metabolic rate (BMR) is the
principal component of the total energy requirement. The BMR, which varies with
age, sex, and body weight is the amount of energy required to maintain the body
while at rest: it is the amount of energy required to maintain body temperature
and to sustain the functioning of the heart, liver, brain, and other organs. For
adult males aged 20-39 living today in moderate climates, BMR normally ranges
between 1,350 and 2,000 depending on height and weight (FAO/WHO/UNU 1985, 71-72;
Davidson et al. 1979, 19-25); Quenouille et al. 1951) and for reasonably well-fed
persons normally represents somewhere in the range of 45 to 65 percent of total
calorie requirements (FAO/WHO/UNU 1985, 71-77). Since the BMR does not allow for
the energy required to eat and digest food, nor for essential hygiene, an
individual cannot survive on the calories needed for basal metabolism. The
energy required for these additional essential activities over a period of 24
hours is estimated at 0.27 of BMR or 0.4 of BMR during waking hours. In other

words, a survival diet is 1.27 BMR.? Such a diet, it should be emphasized,
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contains no allowance for the energy required to earn a living, prepare food, or
any movements beyond those connected with eating and essential hygiene. It is
not sufficient to maintain long-term health but represents the short-term
maintenance level "of totally inactive dependent people" (FAO/WHO/UNU 1985, 73).

Energy requirements beyond maintenance depend primarily on how individuals
spend their time beyond sleeping, eating, and essential hygiene. This residual
time will normally be divided between work and such discretionary activities as
walking, community activities, games, optional household tasks, and athletics or
other forms of exercise. For a typical well-fed adult male engaged in heavy
work, BMR and maintenance require about 60 percent of energy consumption, work
39 percent, and discretionary activity just 1 percent. For a well-fed adult male
engaged in sedentary work (such as an office clerk), a typical distribution would
be: BMR and maintenance 83 percent, work 5 percent, discretionary activity 13
percent. For a 25-year old adult male engaged in subsistence farming in
contemporary Asla, a typical distribution would be: BMR and maintenance 71
percent, work 21 percent, and discretionary activity 8 percent, Similar
distributions of energy requirements have been developed for women as well as for
children and adolescents of both sexes. In addition, the energy requirements of
a large number of specific activities (expressed as a multiple of the BMR
requirement per minute of an activity) have been worked out (see Table 1 for some
examples) .

In order to standardize for the age and sex distribution of a population,
it is convenient to convert the per capita consumption of calories into
consumption per equivalent adult males aged 20-39 (which is referred to as a
consuming unit). This transformation involves weighting persons at each age and

sex relative to adult males aged 20-39. Table 2 gives an example of this



Table 1

Examples of the Energy Requirements of
Common Activities Expressed as a Multiple of
the Basal Metabolic Rate (BMR)
for Males and Females

Activity Males Females

Sleeping

Standing quietly

Strolling

Walking at normal pace

Walking with 10-kg load

Walking uphill at normal pace

Sitting and sewing

Sitting and sharpening machete

Cooking

Tailoring

Carpentry

Common labor in building trade

Milking cows by hand

Hoeing

Collecting and spreading manure

Binding sheaves 5.
Uprooting sweet potatoces

Weeding 2.
Ploughing 4.
Cleaning house

Child care --
Threshing --
Cutting grass with machete --
Laundry work --
Felling trees 7.5

(ie. BMR x 1.0)

| gad W N
to PO PSP UNO

N UDWNFNDREOUWWN e

w

W
[

w

[
w
[(#%)
N W W
£

LA N R E -l LRV, V. Iy - SV, RN, I N, B e
[]

[o AN W, R VORI e o}
'
@ O

[ NS SN
PR ONNONNT OH WL N

NOTE: Sources are FAO/WHO/UNU 1985, 76-78, 186-191; Durnin and Passmore 1967,
31, 66, 67, 72. Rates in Durnin and Passmore given in kcal/min were converted
into multiples of BMR, using kcal per min of a 65 kg man and a 55 kg woman of
average build (31).
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procedure for the French population of 1806. 1In this case it turns out that the
average individual was equal to about 0.77 of an equivalent adult male in 1806.3
Toutain (1971, p. 1,977) has estimated that average caloric consumption in France
c. 1806 was 1,846 calories per capita, which amounts to about 2,400 calories per
consuming unit.

Energy cost accounting is usually worked forward, going from a list of
activities to an estimate of the average daily caloric requirement. But such
accounting can also be worked backward, going from the average caloric intake to
the residual (after deducting the survival level of energy) available for work
and discretionary activities.

1.2 Sources of Information
on Diet

Historical estimates of mean caloric consumption per capita have been
derived from several principal sources: national food balance sheets; household
consumption surveys; food allotments in hospitals, poor houses, prisons, the
armed forces and other lower class institutions; food entitlements to widows in
wills; and food allotments in noble households, abbeys, and similar wealthy
institutions. National food balance sheets estimate the national supply of food
by subtracting from the national annual production of each crop, allowances for
seed and feed, losses in processing, changes in inventories, and net exports
(positive or negative) to obtain a residual of grains and vegetables available
for consumption. In the case of meats the estimates begin with the stock of
livestock, which is turned into an annual flow of meat by using estimates of the
annual slaughter ratio and live weight of each type of livestock. To estimate

the meat available for consumption it is necessary to estimate the ratio of



Table 2

An Example of the Procedure for Computing
the Factor to Convert Caloric Consumption
per Capita to Caloric Consumption per Equivalent
Adult Male: France 1806

1 2 3 4 5 6
Age Proportion of Average Average Both Col. 2
Intervals persons in caloric caloric sexes X
each age consumption consumption combined Col. 5
interval in of males at of females (0.5 Co. 3)
1806 given ages at given +0.5 Co. 4)
as a ages as a
proportion proportion
of that of of that of
males aged males aged
20-39 20-39
0-4 0.1224 0.4413 0.4367 0.4400 0.0539
5-9 0.1067 0.7100 0.6667 0.6883 0.0734
10-14 0.0984 0.9000 0.8000 0.8500 0.0836
15-19 0.0908 1.0167 0.7833 0.9000 0.0817
20-39 0.2875 1.0000 0.7333 0.8667 0.2492
40-49 0.1170 0.9500 0.6967 0.8233 0.0963
50-59 0.0894 0.9000 0.6600 0.7800 0.0697
60-69 0.0553 0.8000 0.5867 0.6933 0.0383
70+ 0.0324 0.7000 0.5133 0.6067 0.0197
Factor for converting to consumption per equivalent 0.7659

adult male (T col. 6).

SOURCES AND NOTES: Column 2; Computed from Bourgeois-Pichat 1965, p. 498.
Columns 3 and 4: Computed from FAO/WHO 1971, pp. 34, 80. Entries in Column 5 may
not always be equal to 0.5 X column 3 + 0.5 x column 4 because of rounding
errors.
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dressed to carcass weight, as well as the distribution of dressed weight among
lean meat, fat, and bones (Fogel and Engerman 1974, II, pp. 91-99).

Household surveys are based upon interviews with families who are asked to
recall their diets for a period as short as one day (the previous day) or their
average diet over a period of a week, a month, a year, or an undefined period
designated by their "normal diet." 1In recent times, such surveys may be based
on a daily record of the food consumed, which is kept either by a member of the
family or by a professional investigator. Institutional food allowances are
based on food allotments for each class of individuals laid down as a guide for
provisions purchased by the institution (as in the case of victualling allowances
for military organizations and daily diet schedules adopted in abbeys, noble
households, schools, workhouses, hospitals, and prisons) as well as descriptions
of meals actually served and actual purchases of food for given numbers of
individuals over particular time periods (0ddy 1970; Appleby 1979; Morell 1983;
Dyer 1983). Food entitlements of widows and aged parents were specified in wills
and contracts for maintenance between parents and children or other heirs (in
anticipation of the surrender of a customary holding to an heir). Such food
entitlements have been analyzed for England, France, the United States, and other
countries at intermittent dates between the thirteenth century and the present
(Bernard [1969] 1975; Dyer 1983; McMahon 1981; for some studies of other
countries see Hemardinquer 1970 and Fogel 1986c).

Although these sources of information on the average consumption of
nutrients contain valuable information, they are also fraught with difficulties.
In the case of the national food balance sheets, for example, the accuracy of the
estimates depends in the first instance on the accuracy of the production figures

and on the various coefficients used to transform outputs of grains and stocks
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of animals into food available for human consumption. However, even if the
outputs and factors used to produce the national food supply are accurate, the
average amount of nutrients produced is not necessarily equal to the average
amount consumed. Not only are there storage and food processing losses before
the supply reaches the household, but within the household as well. There is
also the question of the amount of food put on an individual’s plate that is not
consumed (plate waste and feeding to pets).

Analysis of the estimates of average daily caloric consumption for recent
times in nations for which there exist both national food balance sheets (FBS)
and household consumption studies (HCS) not only indicate the FBS estimates
generally exceed the HCS estimates of caloric consumption, but that the gap is
positively correlated with the level of income. As the food distribution system
becomes more complex, it apparently becomes more difficult to correct FBS
estimates for losses as food passes through the system. On the other hand it is
possible that at low levels of income both FBS and HGCS underestimate food
consumption because they do not adequately reflect such foods as wild nuts, fish,
and game (Dowler and Seo 1985; FAO 1983).

Household consumption surveys, especially those of past times, have their
own set of problems. They are focused largely on lower-class diets and are
generally judgement samples. Hence, it is difficult to know precisely where they
are located in the national distributions of calories and other nutrients. Since
these surveys sometimes include information on the income of households, it is
possible to relate the average consumption of diets to the average income (or
expenditures) of households. Such studies for English budgets generally indicate
an income elasticity of the demand for food between the 1780s and the mid 1850s

that is at the high end of those found for less developed nations today, which
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is not inconsistent with estimates of English per capita income for that period.
However, scholars are in disagreement over whether these households were below
or above the middle of the English income distribution for their period or
whether the reported income understates or overstates the true household income.
Although information on the size distribution of income before World War I is
sparse, that which is available can be used to locate households in nutrient
distributions (Crafts 1981; Woodward 1981; Shammas 1983, 1984, and 1990; Fogel
1987) .

Sources of information about food allotments in institutions and of food
entitlements in wills often suffer from a common problem: lack of information on
the age and sex of the recipients. As Table 2 indicates, caloric requirements
vary so significantly by age and sex, that failure to standardize for these
characteristics may cause misleading interpretations of the adequacy of diets,
and shifts in the age-sex structure over time may bias the estimated trends in
nutrition. Food wasting varied greatly by institutions so that the proportion
of the food supply actually consumed was much lower in noble households than in
poor households. No one, for example, could have consumed regularly the daily
allowance at the royal households in Sweden of foods containing 6,400 calories
(Heckscher 1954, pp. 21-22, 68-70). Even allowing for heavy work and cold
climate, a third to a half of the allowance must have been wasted in storage, in
preparation, and on the plate.

These and other problems make it clear that sources of evidence on nutrient
consumption are strewn with pitfalls, but problematic sources are not special to
energy cost accounting. As with national 1income accounting, energy cost
accounting provides a systematic framework for bringing together the diverse

pieces of evidence bearing on energy intake and output, for examining the
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consistency of the various bits with each other, and for making informed
judgements on how best to interpret the available evidence.

1.2 Size Distributions of Calories

While national food balance sheets, such as those constructed by Toutain
(1971) for France over the period 1781-1952, provide mean values of per capita
caloric consumption, they do not produce estimates of the size distribution of
calories. However, it is necessary to estimate size distributions in order to
assess the implications of a given average level of caloric consumption for
morbidity and mortality rates. Size distributions are also effective tools in
assessing whether particular estimates of mean caloric consumption are tenable.
It is, in principle, possible to construct size distributions of calories from
household consumption surveys. However, most of these surveys during the
nineteenth century were focused on the lower classes. Hence, in order to make
use of these surveys it is necessary to know from what centiles of either the
national caloric or the national income distribution the surveyed households
belong.

Three factors make it possible to estimate the size distributions of
calories from the patchy evidence available to historians. First, studies
covering a wide range of countries indicate that distributions of calories are
well described by the lognormal distribution. Second, the variation in the
distribution of calories (as measured by the coefficient of variation [s/i] or
the Gini [G] ratio) is far more limited than the distribution of income. In
contradistinction to income, the bottom tail of the caloric distribution is
sharply restricted by the requirement for basal metabolism and the prevailing
death rate. At the top end it is restricted by the human capacity to use energy
and the distribution of body builds. Consequently, the extent of the inequality

of caloric distributions is pretty well bounded by 0.4 > (s/X) =2 0.2 (0.22 2 G
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> 0.11) (FAO 1977; U.S. Nat. Cent. Health Stat. 1977; Lipton 1983; Aitchison and
Brown 1966).

Third, when the mean of the distribution is known, the coefficient of
variation (which together with the mean determines the distribution), can be
estimated from information in either of the tails of the distribution.
Fortunately, even in places and periods where little is known about ordinary
people, there is a relative abundance of information about the rich. Although
much remains to be learned about the ultra poor, much has already been learned
about them during the past quarter century and such information is also helpful
in resolving the identification problem. However, at the bottom end, it is
demographic information, particularly the death rate, which rather tightly
constrains the proportion of the population whose average daily consumption of
calories could have been below BMR or the baseline maintenance requirement.

Table 3 presents three possible size distributions of calories in France
circa 1785 (see the appendix for procedures employed in construction of these
distributions). They are all lognormal distributions and they are denominated
in daily caloric consumption per consuming unit. They all have the same mean
(2,290 kcal) but differ in their coefficients of variation. Distributions B and
C are more egalitarian than the distribution of calories that exists in the
United States today, for reasons that will become clear in the discussion that
follows, although the U.S. distribution of calories is far more egalitarian than
that of its income or of the income of any major nation in the world today
(Paukert 1973; Sawyer 1976; Kuznets 1966). The degree of egalitarianism is
measured by the coefficient of variation and the Gini ratio, which are closely

related to each other. Distribution A is the least egalitarian in its
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Table 3

Three Alternative French Distributions of the
Daily Consumption of 2,290 kcal Per Consumer unit c.1785,
on the Assumption of High, Medium, and Low Levels
of Egalitarianism

A B C
Low egalitarianism Medium egalitarianism High egalitarianism
(s/X) = 0.4 (s/X) = 0.3 (s/X) = 0.20

Daily kcal  Cumulative Daily kcal Cumulative Daily kcal Cumulative

Decile Consumption % Consumption % Consumption %

(1) (2) (3) (4) (3 (6) (7)
1. Highest 4,181 100.00 3,672 ' 100.00 3,179 100.00
2. Ninth 3,180 81.67 2,981 83.85 2,762 86.04
3. Eighth 2,760 67.74 2,676 70.93 2,568 73.92
4. Seventh 2,468 55.64 2,457 59.23 2,424 62.65
5. Sixth 2,232 44 .83 2,276 48.49 2,202 52.01
6. Fifth 2,025 35.05 2,114 38.43 2,109 42 .34
7. Fourth 1,832 26.17 1,958 29.19 2,080 32.73
8. Third 1,638 18.14 1,798 20.64 1,965 23.60
9. Second 1,422 10.96 1,614 12.78 1,826 14.98
10. First 1,081 4.37 1,310 5.72 1,586 6.96

SOURCES AND NOTES: The estimate of per capita consumption ¢.1785 is from Toutain (1971,
p. 1,977). His figure of 1,753 calories per capita was converted into 2,290 calories per
consuming unit on the assumption of 0.7659 consuming units per capita (see Table 2,
above) .
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distribution of calories, although with a Gini ratio of 0.22 it is far more
egalitarian than the income distribution of any major nation. Distribution B,
which has about the same coefficient of variation as the Philippines in 1965 (G
= 0.17), is one of the most egalitarian of the known caloric distributions for
less developed nations today. Distribution C, with a coefficient of variation
of 0.20 and a Gini ratio of 0.11, is considerably more egalitarian than any of
the national distributions of calories currently available (FAO 1977; U.S. Nat.
Cent. Health Stat. 1977; Lipton 1983).

Consideration of Table 3 makes it possible to illustrate how the patchy
evidence can be brought to bear in choosing which of the three distributions
comes closest to representing the situation in France c.1785. Table 3 yields an
important implication, even before we consider its consistency with the available
historical evidence, an implication that is robust to any plausible assumption
about the egalitarianism of the French calorie distribution on the eve of the
French Revolution. The bottom tenth of French housholds lacked the energy to
participate regularly in the labor force. Another robust point is that the
average caloric consumption of the middle classes (fourth through the eighth
deciles) is largely independent of the assumption about the egalitarianism of the
caloric distribution. Their mean consumption is virtually the same under
distributions A and C (2,263 and 2,276) and only slightly higher (2,301) under
distribution B. The effect of the assumptions about the degree of egalitarianism

in the diet of the late ancien regime have their cutting edge on the two highest

and the two lowest deciles.
Allowing for efficient adaptation of the lowest classes to their status,
absolutely no waste of any food, and assuming energy balance at exceedingly low

body masses (BMI = 17),* about 1,250 calories would still have been required for
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BMR and about 1,500 calories for long-term survival of inactive equivalent
adults.? Consequently, distribution A not only implies that the poorest 20
percent of French households had no energy available even for minimal sustained
work, but that the majority of these two deciles were starving to death--more
than a third of them quite rapidly because their intake was below basal

metabolism.®

Such high proportions of starvation diets during normal times is
inconsistent with what is known about the condition of the French lower classes
during this period (Goubert 1973; Jones 1988; Dupaquier 1989).

Distribution C, on the other hand, implies levels of consumption in the
highest decile that are inconsistent with what is known about the conditions of
rentiers as well as of the nobility and their retainers who made up the that
decile of consumers of calories. Since they held the bulk of all grain
inventories, even if they were personally thrifty in their consumption of food,
inventory losses alone would have cut their actual intake to about 2,700 calories
per equivalent adult. Thus, distribution C implies that France'’s richest tenth
had only enough energy for about 5 hours of moderate activity per day (McCloskey
and Nash 1974; Goubert 1973; Quenouille et al. 1951; FAO/WHO/UNU, 1985).7 Thus,
high egalitarianism because of its implications about the diet of the rich is as
implausible as low egalitarianism because of its implications for the diet of the
poor.

We are left with moderate egalitarianism (distribution B) as a plausible
assumption. Under that distribution only the bottom decile of households is
entirely unproductive, and those subject to rapid starvation are less than 3
percent of the population, which if concentrated among the old and children under

5 are consistent with what is known about mortality rates during the ancien

regime (Goubert 1973; Bourgeois-Pichat 1965; INED 1977; Flinn 1981; Weir 1984 and
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the third quarter of the eighteenth century revealed that the average ration
provided for parents in complete pensions contained about 1,674 calories. Since
the average age of a male parent at the marriage of his first surviving child was
about 59, the preceding figure implies a diet of about 2,146 calories per
consuming unit (Fogel 1987). That figure falls at the 47th centile of the
estimated French distribution, which is quite consistent with the class of
peasants described by Bernard.

The two estimates are also consistent with the death rates of each nation.
The crude death rate in France c. 1790 was about 36.1 per thousand while the
figure for England c. 1790 was about 26.7 (Blayo 1975; INED 1977; Weir 1984;
Dupaquier 1989; Wrigley and Schofield 1981). It is plausible that much of the
difference was due to the larger proportion of French than English who were
literally starving (Scrimshaw 1987). The French distribution of calories implies
that 2.48 percent of the population had caloric consumption below basal
metabolism (the minimum energy required for the functioning of the body). Table
4 implies that proportion of the English below basal metabolism was 0.66 percent.
If a quarter of these starving individuals died each year (see Fogel 1987), they
would account for about a fifth (6.6 per 1000) of the French crude death rate,
but only about a sixteenth of the English rate (1.7 per 1000) and for about half
of the gap between the crude death rates of the two nations.®

What, then, are the principal provisional findings about caloric
consumption at the end of the eighteenth century in France and England implied
by Table 4? One is the exceedingly low level of food production, especially in
France, at the start of the Industrial Revolution. Another is the exceeding low
level of work capacity permitted by the food supply, even after allowing for the

reduced requirements for maintenance because of small stature and reduced body
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mass (cf. Freudenberger and Cummins 1976). In France the bottom 10 percent of
the labor force lacked the energy for regular work and the next 10 percent had
enough energy for less than 3 hours of light work daily (0.52 hours of heavy
work). Although the English situation was somewhat better, the bottom 3 percent
of its labor force lacked the energy for any work, but the balance of the bottom
20 percent had enough energy for about 6 hours of light work (1.09 hours of heavy
work) each day.®

Table 4 also has a bearing on recent attempts to estimate the changes in
the English and French supplies of food during the eighteenth century. Recent
estimates suggest that the annual rate of growth in the English supply of food
exceeded population growth by about 0.07 percent during 1701-1786 (Wrigley and
Schofield 1981; Crafts 1985; cf. Allen 1991). The comparable figure for France
during 1701-1710 and 1781-1791 was about 0.05 percent per annum (Mitchell 1975;
Le Roy Ladurie 1979). These figures imply that the mean daily consumption in
France c¢.1700 was about 94 calories less than c¢.1785. The comparable reduction
for England is about 165 calories. These amounts seem modest, especially in the
French case. However, a reduction of 94 calories per day would have increased
the share of the French population whose consumption was below basal metabolism
by more than 50 percent.

2. Stature and Body Mass Indexes
as Predictors of Morbidity and

Mortality

Extensive clinical and epidemiological studies over the past two decades
have shown that height at given ages, weight at given ages, and weight-for-height
(a body mass index) are effective predictors of the risk of morbidity and
mortality. Until recently most of the studies have focused on children under 5,

using one or more of the anthropometric indicators at these ages to assess risks
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of morbidity and mortality in early childhood and it was at these ages that the
relevance of anthropometric measures were established most firmly (Sommer and
Lowenstein 1975; Chen, Chowdhury, and Huffman 1980; Billewicz and MacGregor 1982;
Kielmann et al. 1983; Martorell 1985). During the last few years, however, a
considerable body of evidence has accumulated suggesting that height at maturity
is also an important predictor of the probability of dying and of developing
chronic diseases at middle and late ages (Marmot, Shipley, and Rose 1984; Waaler
1984; John 1989; Fogel et al. 1991). Body mass indexes have similar predictive
properties (Heywood 1983; Waaler 1984; Martorell 1985; Payne 1991; Osmani 1991).

Height and body mass indexes measure different aspects of malnutrition and
health. Height is a net rather than a gross measure of nutrition. Moreover,
although changes in height during the growing years are sensitive to current
levels of nutrition, mean final height reflects the accumulated past nutritional
experience of individuals over all of their growing years including the fetal
period. Thus, it follows that when final heights are used to explain differences
in adult mortality rates, they reveal the effect, not of adult levels of
nutrition on adult mortality rates, but of nutritional levels during infancy,
childhood, and adolescence on adult mortality rates. A weight-for-height index,
on the other hand, reflects primarily the current nutritional status. It is also
a net measure in the sense that a body mass index (BMI) reflects the baiance
between intakes and the claims on those intakes. Although height is determined
by the cumulative nutritional status during an entire developmental age span, the
BMI fluctuates with the current balance between nutrient intakes and energy
demands. A person whose height is short relative to the modern U.S. or West
European standard is referred to as "stunted." Those with low BMIs are referred

to as "wasted."
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The relative importance of environmental and genetic factors in explaining
individual variations in height is still a matter of some debate. For most well-
fed contemporary populations, however, systematic genetic influences appear to
have little impact on mean heights. Thus, the mean heights of well-fed West
Europeans, North American whites, and North American blacks are quite similar.
There are some ethnic groups in which mean adult heights of well-fed persons
today do differ significantly from the West European or North American averages,
presumably due to genetic factors. However, since such ethnic groups have
represented a miniscule proportion of European populations, they are irrelevant
to an explanation of the secular trends in mean adult heights in the various
European nations since 1700 (Eveleth and Tanner 1976 and 1990; Fogel et al.
1983).

The secular trend in heights over the past 200 years provides further
evidence of the central importance of environmenﬁal factors in explaining
deviations from modern height standards, not only of population means but also
of individual heights. Consider the issue of shortness. If shortness is defined
as a given number of S.D.s below a changing mean (i.e. short is 2 S.D.s below the
mean, whether the mean is 164 cm or 183 cm), then genetic and environmental
factors may be difficult to disentangle. If, however, shortness is defined in
absolute terms, say as applying to all males with heights below 168 cm, then it
is quite clear that most shortness in Europe and America during the eighteenth
and much of the nineteenth centuries was determined by environmental rather than
genetic factors.

The point at issue can be clarified by considering the experience of the
Netherlands. Shortness has virtually disappeared from that country during the

past century and a half. Today, less than 2 percent of young adult males are
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below 168 cm, but in c. 1855 about two-thirds were below that height.!® Since
there has been little change in the gene pool of the Dutch during the period, it
must have been changes in environmental circumstances, nutrition, and health that
eliminated about 95 percent of all short males from the Dutch population (Van
Wieringen 1986). Given current growth rates in the mean final height of the
Netherlands, the remaining men shorter than 168 cm may yet be virtually
eliminated from the Dutch population.

The Dutch case illustrates the general secular pattern of physical growth
in the nations of Western Europe. The secular increase in mean final heights,
which ranged between 10 and 20 centimeters (between 4 and 8 inches) over the past
200 years, cannot be attributed to natural selection or genetic drift, since
these processes require much longer time spans. Nor can it be attributed to
heterosis (hybrid vigor), because the populations in question have remained
relatively homogeneous and because the effects of heterosis in human populations
have been shown both empirically and theoretically to be quite small (Cavalli-
Storza and Bodmer 1971; Damon 1965; Van Wieringen 1978; Fogel et al. 1983;
Martorell 1985; Mueller 1986). Only the top 6 percent of the Dutch height
distribution of c¢. 1855 overlaps with the bottom 6 percent of the current
distribution of final heights. Since the Dutch mean is still increasing, and we
do not yet know the maximum mean genetically obtainable (often referred to as the
genetic potential), it may well be that even the 6 percent overlap between the
distribution of final heights in the c. 1855 generation and that of the latest
generation will be cut in the next few decades, perhaps by as much as half.

2.1 Waaler Curves and Surfaces

A number of recent studies have established the predictive power of height

and BMI with respect to morbidity and mortality. The results of two of these
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studies are summarized in Figures 1 and 2. Part A of Figure 1 reproduces a
diagram by Waaler (1984) and the Appendix discusses the methods of constructing
such curves. It shows that short Norwegian men aged 40-59 at risk between 1963
and 1979 were much more likely to die than tall men. Indeed, the risk of
mortality for men with heights of 165 cm (65.0 inches) was on average 71 percent
greater than that of men who measure 182.5 cm (71.9 inches). Part B shows that
height is also an important predictor of the relative likelihood that men aged
23-49 would be rejected from the Union Army during 1861-1865 because of chronic
diseases. Despite significant differences in mean heights, ethnicities,
environmental circumstances, the array and severity of diseases, and time, the
functional relationship between height and relative risk are strikingly similar.
Both the Norwegian curve and the U.S. all-causes curve have relative risks that
reach a minimum of between 0.6 and 0.7 at a height of about 187.5 cm. Both reach
a relative risk of about 2 at about 152.5 cm. The similarity of the two risk
curves in Figure 1, despite the differences in conditions and attendant
circumstances, suggests that the relative risk of morbidity and mortality depends
not on the deviation of height from the current mean, but from an ideal mean: the
mean associated with full genetic potential.l!l

Waaler (1984) has also studied the relationship in Norway between a BMI
and the risk of death in a sample of 1.7 million individuals. Curves summarizing
his findings are shown in Figure 2 for both men and women. Although the observed
values of the BMI (kg/m?) ranged between 17 and 39, over 80 percent of the males
over age 40 had BMI's within the range 21-29. Within the range 22-28, the curve
is relatively flat, with the relative risk of mortality hovering close to 1.0.
However, at BMI's of less than 22 and over 28, the risk of death rises quite

sharply as the BMI moves away from its mean value. It will be noticed that the
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BMI curves are much more symmetrical than the height curves in Figure 1, which
indicates that high BMI's are as risky as low ones.

Although Figures 1 and 2 are revealing, neither one singly, nor both
together, are sufficient to shed light on the debate over whether moderate
stunting impairs health when weight-for-height is adequate, since Figure 1 is
only partially controlled for weight and Figure 2 is only partially controlled
for height (Fogel 1987).!2 To get at the "small-but-healthy" issue one needs
an iso-mortality surface that relates the risk of death to both height and weight

simultaneously.?!3

Such a surface, presented in Figure 3, was fitted to Waaler’s
data by a procedure described in the Appendix. Transecting the iso-mortality map
are lines which give the locus of BMI between 19 and 31, and a curve giving the
weights that minimize risk at each height.

Figure 3 shows that even when body weight is maintained at what Figure 2
indicates is an "ideal" level (BMI = 25), short men are at substantially greater
risk of death than tall men. Thus, an adult male with a BMI of 25 who is 164 cm
tall is at about 55 percent greater risk of death than a male at 183 cm who also
has a BMI of 25. Figure 3 also shows that the "ideal" BMI (the BMI that
minimizes the risk of death) varies with height. A BMI of 25 is "ideal" for men
in the neighborhood of 175 cm, but for tall men (greater than 183 cm) the ideal
BMI is between 22 and 24, while for short men (under 168 cm) the "ideal™ BMI is

about 26.

2.2 Sources of Information on Height
and Weight

Data on height begin to become plentiful early in the eighteenth century.
Most of the early height data are derived from military records, since military
authorities found such data useful in connection with the procurement of

uniforms, the identification of runaways, and as a control over the quality of



Helght (meters)

1.95

1.90

1.85

1.80

1.78

1.70

1.65

1.60

Figure 3

i 27
Iso-Mortality Curves of Relative Risk
for Height and Weight Among Norwegian Males Aged 50-~64
Iso-Menality-Risk Curves 1 -=--=-- Iso-BMI Curves —— Minimum-Risk Curve
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Note: @ = the possible location of adult Englishmales aged 25-34 c. 1785 on the
iso-mortality map.
® = the possible location of comparable French males c. 1790.
All risks are measured relative to the average risk of mortality
égg%gulat:ed over all heights and weights) among Norwegian males aged






