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Data used for this analysis are pertinent to the issue of energy
balance and body-weight control. They were obtained, in a com-
prehensive study of human diet, lifestyle, and disease mortality,
from 65 counties (130 villages, 6500 adults) of rural China (Chen
et al., 1990). After adjusting the food intake data to represent a
reference male adult involved in the least physical activity and
representing the same body weight, total calorie intake (40.6
kcal/kg body weight) was about 30% higher in China when com-
pared with an average adult American male (30.6 kcal/kg bw).
However, the body mass index for the Chinese male was about
25% lower (20.5 vs. 25.8 kg bw/m2). Diets in rural China were low
in fat (14.5% of energy), relatively low in protein (65.8 g/day), and
high in fiber (33 g/day), representing a diet unusually rich in
plant-based foods (e.g., including about 90% of the total protein).
It is believed that the excess energy intake among the Chinese is
mostly attributed to their greater physical activity. However, some
unknown but significant, and probably difficult to measure,
amount could be due to increased energy expenditure associated
with non-post-prandial basal metabolism. This hypothesis is
based, in part, on evidence from experimental animal data from
this and other laboratories showing that laboratory rats fed diets
comprised of substantially reduced intakes of protein consume
more energy, but gain less weight. They also exhibit increased
thermogenesis, due both to enhanced metabolic body heat and to
diet-driven physical activity, while sharply reducing blood choles-
terol concentrations and tumor development.
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Although the prevalence of obesity has been increasing at
alarming rates in Western countries in recent years, to levels as
high as 25 to 34% of adult Americans (Kuczmarski, 1992), it
is now also an emerging health problem in many other coun-
tries as well (reviewed elsewhere in this conference by Pop-
kin). Perhaps as much as $30–40 billion (Atkinson, 1992) is
now being expended in the United States for products and
programs thought to hold promise of a possible solution. Yet,
in spite of this widespread interest, control of obesity has
mostly remained intractable; probably no more than 5% of
those who attempt weight reduction actually succeed (Wadden

et al., 1989). It is commonly believed that those few individ-
uals who successfully lose and maintain lowered body weights
are those who succeed in making substantial changes in their
dietary and lifestyle practices. In contrast, gimmickry involv-
ing highly focused and quick-fix interventions are almost al-
ways unsuccessful.

Human Study in Rural China

Thus, more thought and research are needed to better un-
derstand the chief correlates of obesity within the broader
dietary and lifestyle context. One such opportunity to examine
this larger context issue was our comprehensive study of diet,
lifestyle, and disease mortality characteristics in rural China
(Chenet al., 1990). This study was not originally designed to
investigate the etiology of obesity. Instead, it was directed
toward a comprehensive investigation of the chief correlates
and possible causes of chronic degenerative diseases (e.g.,
cancers, cardiovascular diseases, and diabetes), some of which
are associated with obesity.

At the start of the study, it was known that most of these
diseases are much less common in China, as is obesity. More-
over, dietary practices are known to be very different from
those of the U.S. The original motivation for this study, which
included 65 counties, two villages per county, with populations
of at least fifty 35–64-year-old adults and their families in each
village, centered on findings published by the Chinese Acad-
emy of Medical Sciences (Liet al., 1981). These showed that,
for about a dozen different cancer sites, age-standardized mor-
tality rates were highly localized geographically. Mortality
rates ranged from as much as a few dozen- to even a few
hundred-fold (Table 1), being far greater than the mere 1.5–
2.0-fold geographic extremes observed for the U.S. (American
Cancer Society, 1989).

An ideal epidemiological setting was available for investi-
gation, with sensitivity, of a multitude of diet and disease
associations. The setting included (1) wide-ranging disease
mortality rates, (2) very stable residency patterns of the cohort
subjects over their entire lifetimes (90–94% were born in the
counties where they were surveyed), (3) consumption of lo-
cally produced foods, and (4) remarkable consistency of di-
etary patterns for each survey site over time (Piazza, 1986).

When the China Study was being planned, there was con-
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siderable evidence showing that the incidence of chronic de-
generative diseases common in Western countries was corre-
lated with the consumption of diets high in fat (Carroll, 1975)
and low in fiber (Burkitt and Trowell, 1975; Watanabeet al.,
1979); that is, diets typically high in foods of animal origin.
There also was a reasonable amount of experimental animal
evidence on specific nutrient effects on various stages of dis-
ease development. For example, antioxidant micronutrients
and various so-called “low quality” proteins were sometimes
reported to retard the experimental development of cancer
(National Research Council and Committee on Diet Nutrition
and Cancer, 1982) Again, this evidence favored the routine
consumption of plant-based diets for prevention of these
chronic degenerative diseases. It was also thought by many
researchers that, although individual nutrients might act under
isolated experimental conditions to produce favorable effects,
it was the combination of nutrients, as found in food and in
dietary practices, that produced the most substantial and sus-
tained effects. Thus, an investigation was desired which in-
cluded a cohort of people experiencing a broad range of disease
risks and consuming diets comprised of a range of dietary
composition, especially that provided by plant-derived foods.
This was the opportunity available in rural China.

Across China, dietary composition varied from those rich in
foods of plant origin to those very rich in these foods. For
example, the proportion of total protein provided by animal-
based foods ranged from virtually nil to 20%. People tended to
consume the same diets from year to year and to reside in the
same region most of their lives. Diet, disease, and residency
characteristics were reasonably consistent and constant, that is,
over space and over time, within each survey unit. Across the
whole of China, however, dietary and lifestyle characteristics
(Chenet al., 1990) varied considerably, as illustrated in the
widely varying social and economic conditions (Table 2).

The survey was organized and carried out under the direc-
tion of the Chinese Academy of Preventive Medicine in the

Fall of 1983, and five kinds of samples and other questionnaire
information were collected (Table 3). Blood, urine, and food
samples collected in the survey were analyzed for a variety of
nutritional, viral, hormonal, and toxic chemical factors be-
tween 1984–1988, while personal questionnaire information
and dietary survey data were assembled and entered into com-
puter storage. After “cleaning” this massive amount of infor-
mation during 1989–90, 367 items of dietary, lifestyle, and
disease characteristics (130 villages, 6500 families) were
judged reliable. This information was published in an 896-page
monograph in 1991 in both English and Chinese. Analysis and
publication of selected portions of the data were begun in 1991.
It is mostly the findings of these published and peer-reviewed
papers that provides the information for this paper on possible
factors concerned with energy balance and body-weight se-
quelae. Further details on the procedure and methodology used
in this survey have been published elsewhere (Chenet al.,
1990).

The underlying hypothesis for the following findings states
that comprehensive prevention of chronic degenerative dis-

TABLE 1
Ranges of Mortality Rates in 65 Survey Counties of Rural

China (Cases/105/Year)

Cancer site Males Females

All cancers 35–721 35–491
Nasopharynxa 0–75 0–26
Esophagusa 1–435 0–286
Stomacha 6–386 2–141
Livera 7–248 3–67
Colorectala 2–67 2–61
Lunga 3–59 0–26
Breast — 0–20
Cervix — 4–97
Leukemiaa 0–9 0–7

a Cancers used to select survey counties; rates of Liet al. (1981).

TABLE 2
1982 Characteristics of 65 Survey Counties

Characteristic Minimum Maximum

Agricultural employment (%) 42 94
Industrial employment (%) 1 41
Population density (persons/km2) 3 1300
Gross 1982 income (C/person/yr)a 134 4706
Junior/middle school graduate (%) 7 28
Literacy (%) 32 87

a These incomes, in 1982 U.S. $, are $25 and $790, respectively. Previously
published in Chenet al., 1990.

TABLE 3
Study Design Characteristics (1983–1984)

Parameter Unit size/identity

Counties 65
Villages/county 2
Adults (35–64 yrs)/village 50
Dietary intake (direct measurement)a 3-day
Blood sample (pooled/sex/village)b 10 mL/person
Urine sample (1 village/county) Overnightc

Food sample composited Marketplace

Note.Previously published in Chenet al., 1990.
a Actual measurement in home.
b Samples centrifuged into plasma and erythrocytes, frozen for later analy-

ses.
c Four-hour collection after first morning void.
d Foods collected and composited according to mean local intakes recorded

for each village; composites analyzed.
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eases and generation of optimum health is best achieved by the
consumption of a variety of good quality, plant-based foods.
The intentional comprehensiveness of this hypothesis meant
that more comprehensive methods of data analyses were re-
quired. The following therefore summarizes selected findings
from this study, which mostly address associations of variables
representing a variety of dietary and lifestyle exposures.

A comparison of selected dietary and other relevant charac-
teristics for rural China and the U.S. are shown in Table 4
(Chenet al., 1990). Average intakes of dietary fat and fiber
were markedly different. The consumption of foods of animal
origin, indicated by animal protein consumption, was espe-
cially low in rural China. On average, Americans consume
diets containing about 10 times the concentration of animal
protein as do rural Chinese. Such a difference indicates major
differences in many other dietary and metabolic characteristics
as well. For example, blood cholesterol levels and total fat
intake (with mean county intakes ranging from 6% to 24% of
energy) were substantially lower in rural China than in the U.S.

Energy (calorie) intake, per kilogram of body weight, stan-
dardized for the physical activity equivalent to that observed
for an office worker, was about 30% higher in rural China than
in the U.S. Nevertheless, excess body weight appeared to be
much lower in China, as indicated by the lower body-mass
index. Therefore, “office worker”-equivalent people were con-
suming considerably more energy but appeared to be far leaner
than average Americans engaged in all manner of work. Un-
doubtedly, much of the increased energy intake but lower body
weight in rural China, as measured in this survey, was attrib-
utable to their greater physical activity (i.e., it is common to see
most office workers riding bicycles to work), although some of
this difference may also be due to the type of diet being
consumed, to be discussed later.

The more comprehensive analyses and interpretation of
these data were pursued in two ways. First, disease mortality
rates were compared with each other to see if there were any
particular tendencies for diseases with common causes to be
found within similar areas of the country. Then, indices of
these disease groups were examined for their associations with
a large number and variety of dietary and lifestyle factors
recorded in the study.

Second, we hypothesized and tested for associations among
specific disease outcomes, specific diet and lifestyle causes,
and specific tissue biomarkers indicative of explanatory mech-
anisms and biological plausibility. These associations were
then assembled to determine whether they were internally
consistent and supportive of this broadly based hypothesis.

The first method sought statistically significant associations
of dietary and lifestyle characteristics with diseases in the
aggregate. The second examined the associations of specific
characteristics with specific diseases before summarizing these
observations, to determine whether there were interesting pat-
terns of disease with patterns of diet and lifestyle characteris-
tics.

In relation to the first method, two geographically localized
groups of disease were found (Table 5), showing that each
disease in either of these two lists is positively associated with
diseases in its own list but inversely associated with diseases in
the opposite list (Campbellet al., 1992). The first group (A)
included diseases characteristic of developing countries, while
the second group (B) included diseases characteristic of the

TABLE 5
Consistently Correlated and Geographically Localized

Disease Groups

Group A Group B

Pneumonia Colon cancer
Intestinal obstruction Lung cancer
Peptic ulcer Breast cancer
Digestive diseases Leukemia
Nephritis Diabetes
Pulmonary tuberculosis Coronary heart disease
Non-TB infectious diseases Brain cancer, 0–14 yr
Parasitic diseases Stomach cancer
Eclampsia Liver cancer
Rheumatic heart disease
Miscellaneous metabolic diseases
Pregnancy-related diseases

Note.A matrix of disease mortality rates was prepared to show a comparison
of each rate with every other rate. Disease rates that were positively related
with each other were put in one list, and disease rates that were inversely
related in the opposite list. Thus, each disease rate is positively correlated with
diseases in its own list, but inversely correlated with diseases in the opposite
list. The Chinese disease classification is their own; the U.S. classification
represents comparable ICD coding. Previously published in Campbellet al.,
1992.

TABLE 4
Comparison of Means for United States and Rural

Chinese Diets

Characteristic U.S. China

Energy (kcal/kg body wt) 40.6 30.6a

Fat (% of energy) 36 14
Carbohydrate (% of energy) 42 71
Alcohol (% of energy) 7 5
Dietary fiber(g/day) 11 33
Protein (g/day) 15b 10c

Plasma cholesterol (mg/dL)d 90–170 170–290
Body mass index (wgt/hgt2)e 20.5 25.8

Note.Previously published in Chenet al., 1990.
a Standardized for person undertaking office type work.
b 70% from animal sources.
c 11% from animal sources.
d Range of cholesterol concentrations.
e Weight in kilograms, height in meters.
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more industrialized Western countries. Such geographic aggre-
gations of disease suggest that each disease group tends to have
a common set of dietary and lifestyle causes that contribute to
the etiology of each individual disease within the group. Sev-
eral characteristics possibly indicative of such common causes
were examined.

Characteristics chiefly associated with the Group B or
“Western” diseases were total blood cholesterol and plasma
urea nitrogen. Plasma urea nitrogen was chiefly associated with
intakes of meat (p , 0.01), milk (p , 0.001) and eggs (p ,
0.01), while blood cholesterol was directly associated with the
consumption of dietary fat, meat and animal protein and in-
versely associated with the intakes of dietary fiber and legumes
(p , 0.01 for fiber, all others werep , 0.05).

Total (r 5 0.39,p , 0.01) and LDL cholesterol (r 5 0.40,
p , 0.001) were positively associated with animal-protein-
containing diets but inversely with plant-protein-containing
diets (Table 6). Moreover, the higher the intake of plant-matter
foods (as indicated by the fiber and legume associations), the
lower was the concentration of plasma cholesterol. These find-
ings appear to be quite remarkable because only small intakes
of animal-based foods were associated with significant in-
creases in plasma cholesterol concentration and chronic degen-
erative diseases. The significance of this observation is drawn
from the facts that (1) animal-based foods comprised only
0–20% of total protein intake and (2) plasma cholesterol con-
centrations were already low by Western standards.

Disease rates, in the aggregate, were significantly associated
within a range of dietary plant food composition that suggested
an absence of a disease prevention threshold; that is, there
appears to be a linear relationship between increasing plant
food composition and decreasing rates of these diseases. In
short, these findings suggest that the closer a diet is to an
all-plant-foods diet, the greater will be the reduction in the
rates of these diseases. It should be noted, however, that this
apparent linear relationship applies only to these diseases in the
aggregate. These data do not tell whether a non-linear or
threshold phenomenon exists for any particular disease.

The social and economic conditions associated with the
development of these two groups of disease are reasonably
well known. Degenerative diseases of Western countries,
which are commonly known as “diseases of affluence,” but
which are, in our view, more appropriately characterized as
“diseases of nutritional extravagance,” tend to occur in areas
where urbanization, industrialization, and wealth converge. As
a society begins to acquire additional capital and resources,
people appear to quickly begin to consume nutritionally richer
diets, particularly diets richer in added fat and sugar and foods
of animal origin. This phenomenon has characterized the in-
dustrialization of countries around the world throughout his-
tory. Wealth seems to catalyze the emergence of Western-type
diseases, perhaps because instant gratification with dietary and
lifestyle experiences becomes affordable and desirable.

The second method of data interpretation provided further
insight into these more generalized diet and disease associa-
tions by investigating the more specific associations, then to be
followed by an aggregation of these findings in reference to the
general hypothesis under investigation (i.e., describing the
forest by investigating individual trees). Broad varieties of
associations have thus far been investigated, as shown in the
following selection of findings.

Breast cancer was directly associated with increasing intakes
of dietary fat and higher concentrations of blood cholesterol
(Key et al., 1990; Marshallet al., 1991; Wanget al., 1991). It
was best predicted by plasma testosterone concentrations as-
sociated, in turn with diets higher in fat and foods of animal
origin. Plasma estradiol concentrations, although too variable
to be associated with breast cancer in this study, nonetheless
were 50–60% lower than those of comparable British women,
an observation consistent with the lower levels of breast cancer
in China. Probably the most interesting observation was the
substantial difference in age at menarche, averaging 17 years in
rural China and 12 years in the U.S. (the mean age at menarche
for Chinese counties ranged as high as 19 years). It is possible
that nutritionally rich diets, which are well known to increase
childhood growth rates, may cause sexual maturation (men-
arche) to occur earlier (Tretli and Gaard, 1996; van Wieringen,
1986). Many studies have also shown that the earlier the age of
menarche, the greater the risk for breast cancer later in life, as
reviewed by Kelsey (Kelseyet al., 1993). In this context, the
fastest rate of childhood growth may not be the healthiest.

Body height attained during adulthood was positively asso-
ciated with increasing intakes of plant protein (Chenet al.,
1990), suggesting that the genetic potential for body height can
be accomplished by consuming diets with adequate intakes of
plant-based foods. That is, this finding suggests that it is not
necessary to consume animal-based, protein-containing foods
to reach our genetically determined body height, as most
professional and lay people around the world have assumed.
Consuming adequate quantities of plant-based foods to reach
our ultimate body size also has the added advantage of mini-

TABLE 6
Plasma Cholesterol Concentrations with Dietary Protein

Fractions (Males)

Cholesterol Animal protein Plant protein

Total 10.39x -0.34x

LDL 10.40y -0.35y

Apolipoprotein B 60.20 -0.29z

Note.Female correlations exhibited same correlation sign, but generally less
statistical significance.

Statistical significance:
x p, 0.05.
y p , 0.01
z p , 0.001.
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mizing risk for the degenerative diseases. This finding is con-
sistent with the observations on childhood growth rates of
vegetarian children regularly consuming a varied diet of good
quality food (Sabateet al., 1990, 1992). Although growth rates
may be slightly but insignificantly lower for some vegan and
vegetarian children, this may represent a considerable health
advantage. For example, a rapid rate of childhood growth
means earlier age at menarche, which has been shown in many
studies (Expert Panel, 1997) to be associated with higher rates
of breast cancer.

The higher the plasma levels of vitamin C and beta-carotene,
the lower were the rates of several cancers (Chenet al., 1992;
Guo et al., 1990). These antioxidant vitamins are provided
almost entirely by plant-based foods.

Dietary fiber is infinitely complex and its intake can be
assessed in many different ways. Associations of multiple fiber
constituents with cancers of the large bowel (Campbellet al.,
1990b; Chenet al., 1990) consistently showed lower cancer
rates with increased intakes of these fibrous foods. However,
these associations were only marginally significant, perhaps
because these fiber intakes were unusually high when com-
pared with Western practices.

Although certain cancers commonly found in the developing
countries, such as liver and stomach cancers, may be crudely
associated with the consumption of plant-based foods, this
does not infer causality. One likely reason that these cancers
are more common in these relatively poor countries is because
there is increased environmental exposure to non-nutrient fac-
tors often associated with impoverishment and generally re-
quired for disease onset. Thus, much larger sub-sets of the
population are more susceptible to these diseases. With liver
cancer, a sub-set comprises people infected with chronic hep-
atitis B (Campbellet al., 1990a) and C (Okuda, 1991) viruses.
With stomach cancer, it is the people extensively using non-
refrigerated, highly salted and fermented foods, as reviewed by
a recent report of diet and cancer worldwide (Expert Panel,
1997). Such foods enhance the development of chronic stom-
ach ulcers associated with a bacterial organism,Helicobacter
pylori (Formanet al., 1990). Among people who are predis-
posed, evidence from this study shows that increasing intake of
foods of plant origin actually reduces the likelihood of disease,
both for liver cancer (Campbellet al., 1990a) and for stomach
cancer (Knelleret al., 1992).

Dietary associations with various kinds of cardiovascular
disease have also been examined from multiple perspectives
(Campbellet al., 1998). Apolipoprotein B, an index of “bad”
cholesterol, was increased with increasing rates of disease. In
turn, this cholesterol level was associated with increasing in-
takes of meat and animal protein but was inversely associated
with increasing intakes of legumes, “light” vegetables, cellu-
lose and plant protein. Again, such findings emphasize the
health value of plant-based foods.

The dietary and nutritional inferences of these many asso-

ciations, both general and specific, are many. A variety of
specific diet-disease relationships in this study indicates con-
siderable health advantage provided by plant-based diets. The
likelihood of there being so many associations within this
particular range of diet composition pointing toward a plant-
based diet also appears to be highly statistically significant; that
is, virtually little or no associations have thus far been found to
indicate otherwise. Moreover, the fact that there are a plethora
of explanatory mechanisms and a virtually unlimited number
of possible causes makes this suggestion even more plausible.

Consequences of Shift in Energy Balance

The principal data from this study related to energy balance
and its sequelae relate to the higher energy intake and the lower
body mass, even after adjustment of the Chinese intakes to
represent individuals having the least physical activity. The
inability of the excess energy consumed by these individuals to
create excess body weight, as might be expected, is likely due
to their greater physical activity. However, it is also possible
that some of this effect could result from increased energy
expenditure as body heat (i.e., thermogenesis) attributed to the
consumption of this low-protein, low-fat diet. We suggest, for
example, that a small but relatively unmeasurable increase in
energy expenditure can spare an otherwise significant increase
in energy retention associated with a relatively large gain in
body weight.

Elsewhere in this conference, Pi-Sunyer offered the idea that
a small but unmeasurable increase in energy intake, say, of
only 2% of a 2000 kcal/day diet (i.e., 40 kcal/day) could
readily give rise to a body weight gain of 5 pounds per year
(this assumes that 1 g of body-weight gain would require 6.4
kcal of unmeasurable excess energy intake). Many years ago,
Hegsted (1976) also made essentially the same point, when he
concluded that “An excess of intake over expenditure of 50
kcal per day has the potential for producing 6 to 7 g ofadipose
tissue per day or 2 kg per year. Yet, in an individual consuming
2500 kcals per day, 50 kcals represent only 2 percent of the
total intake.” These estimates of Pi-Sunyer and Hegsted are
similar. Pi-Sunyer assumes that 6.4 kcal is required for 1 g of
accumulation of whole tissue, while Hegsted assumes that 9
kcal is required for accumulation of adipose tissue only. The
point made by both investigators is essentially the same;
namely, that the amount of excess energy intake required for a
significant accumulation of body weight is too small to be
reliably measured.

It is also possible that, instead of biologically meaningful
energy intakes being measured with difficulty, as suggested by
Pi-Sunyer, “there are equally severe problems in estimating-
. . .caloric expenditure,” as suggested by Hegsted (1976). This
is related to the well-established idea (Miller and Payne, 1962;
Samonds and Fleagle, 1973) that excess body weight is also
related to the relative proportions of energy intake “retained”
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as body weight or, conversely, expended as body heat. It may
be expended as increased physical activity and/or increased
resting metabolic rate (i.e., thermogenesis, an alteration in the
basal metabolic rate operative throughout the day, not the
post-prandial energy increase associated with digestion). A
relatively small but virtually unmeasurable shift of only 40–50
kcal/day of metabolic energy away from body-heat expenditure
to the formation of body weight would produce the same body
weight gain as that suggested by Pi-Sunyer.

Here, we turn our attention to the experimental animal
literature. There is a well-established literature on animal pro-
duction efficiency showing that feeding diets sufficiently low
in protein will lead to less efficient energy utilization and
slower body weight gain (Miller and Payne, 1962). Although a
diversion of energy away from weight gain to body heat may
be attributed to multiple biochemical mechanisms (Freake and
Oppenheimer, 1995), that due to brown adipose tissue metab-
olism may by especially significant, at least in experimental
animals (Miller and Payne, 1962; Rothwell and Stock, 1981).
Although it is uncertain how significant is brown adipose tissue
metabolism for humans, it has not, in our opinion, been ruled
out, especially that very small amount which would otherwise
be required for producing biologically meaningful but difficult
to measure gain in body weight.

We make this point in part because of findings from our own
experimental animal studies. We have for many years fed rats
diets containing varying amounts of protein (mostly as casein)
for the purpose of exploring its effect on the development of
chemically induced tumors (Appleton and Campbell, 1983a,b;
Dunaif and Campbell, 1987; Youngman, 1990), that is, as
aflatoxin-induced hepatocellular carcinoma. Routinely, diets
containing 5% casein prevent virtually all tumor development
and substantially reduce circulating cholesterol levels when
compared with diets containing 15–20% casein. In addition,
the 5% casein-fed animals, while surviving longer than all of
the 20% casein-fed animals, also routinely consume slightly
but significantly more energy yet gain body weightmore
slowly, thus reflecting lower efficiency of energy utilization but
higher expenditure of energy as body heat. Increased consump-
tion of oxygen and increased quantities of brown adipose tissue
have also been observed in these low protein-fed animals
(Horio et al., 1991), thus being consistent with other studies
(Rothwell et al., 1983). Most remarkably, the low protein-fed
rats increase rather substantially their voluntary physical ac-
tivity, as measured in exercise wheels (Krieger, 1988). Thus,
thermogenesis is increased in the low protein-fed animals both
by greater brown adipose tissue metabolism and by greater
voluntary physical activity.

Hawrylewicz and co-workers (Hawrylewicz, 1986;
Hawrylewiczet al., 1986; Huanget al., 1982) have reported
similar observations for rats fed modestly low protein diets
and induced with a mammary carcinogen. Increased energy
consumption, decreased body-weight gain, inhibition of tu-

mor development, and decreased circulating estrogen levels
each have been reported.

In short, decreased intake of dietary casein in both of
these well-studied experimental animal models is analogous
to decreased intake of animal-based foods by rural Chinese.
Moreover, the interpretation of these findings is essentially
the same for both species. A low-protein diet, especially one
low in the more efficiently utilized, animal-based protein, is
associated with lower efficiency of energy retention for
forming excess body weight. That is, more energy is dis-
pensed either through an increase in thermogenesis or
through enhanced physical activity. And most importantly,
the shift of energy expenditure away from deposition as
body fat and toward body heat is much too small to be
reliably measured, yet this amount is more than enough to
spare significant gains in body weight. Moreover, the pos-
sibility that adaptation to new steady states of thermogenesis
(Waterlow, 1986) can be prolonged makes its detection even
more difficult.

Another diet-induced shift in energy balance should also be
noted, one that could readily account for the less efficient
retention of energy by the rural Chinese. This is associated
with the low-fat intake there, a situation somewhat equivalent
to the so-called very-low-calorie diets studied in the Western
literature. Forbes and co-workers long ago (Forbeset al.,
1946a,b) showed, with young, growing rats, that low-fat diets
produced lower energy efficiency than did high-fat diets. In-
deed, they concluded that the caloric value of fat, upon me-
tabolism, was likely closer to 10 kcal/g than the Atwater
figures of 9 kcal/g. This observation was similarly advocated
by Donato and Hegsted (1985), who suggested a value of 11
kcal/g.

In conclusion, in rural China where the prevalence of
obesity is uncommon, diets low in fat and total protein and
high in fiber were found to be associated with greater energy
intakes but lower body weights. Using experimental rat data
from this and other laboratories for developing biologically
plausible hypotheses, we suggest that healthful, non-obese
body weights can be controlled through the regular con-
sumption of low-fat, low-protein diets, which shunt a rela-
tively small amount of energy expenditure away from body
fat deposition to body heat. The diet-induced shift in energy
disposition, attributed to relatively small and difficult-to-
detect increases in basal metabolism and physical activity,
would still be sufficient to account for otherwise substantial
increases in body weight.
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