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Beyond Energy Balance: There Is More to
Obesity than Kilocalories
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ABSTRACT
Using an epidemiologic model of the interactions between
environmental agents and human hosts to explain obesity, we explored food, medications, physical inactivity,
toxins, and viruses as environmental agents that interact
with a genetically programmed host to disturb energy
balance and cause obesity. Large portion sizes, high fat
intakes, easy access to calorically sweetened beverages,
and lack of any need to be physically active all play a role
in the toxic environment that leads to obesity. The genetic and physiologic responses of a host determine
whether or not this toxic environment will produce obesity. Reversing the current trends of obesity requires a
new look at the limits of the energy balance concept, and
a better understanding of how environmental factors
acutely and chronically change the responses of susceptible hosts.
J Am Diet Assoc. 2005;105:S17-S23.
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besity is a chronic, relapsing, stigmatized, neurochemical disease that is increasing in prevalence
(1,2). During the early part of the 20th century the
prevalence of obesity rose slowly, but around 1980 it
began to rise more rapidly. Children are affected by obesity, with the prevalence rising from 5% in 1960 to 15% in
2000 (2). Associated with this rise in obesity rates was an
increase in the prevalence of type 2 diabetes mellitus in
children and adolescents (3). This presages a dire future
for these children as complications of blindness, heart
disease, renal failure, and amputation disable them during the next 20 years or so.
Obesity increases health risk and the cost of health
care (4). Diabetes mellitus, gall bladder disease, heart
disease, hypertension, osteoarthritis, and several types of
cancer are all increased in persons with overweight.
These risks can be reversed by modest weight loss. To
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tackle the hazards of obesity for children, adolescents,
and adults, we need to adopt effective strategies for prevention and, where prevention fails, for treatment of obesity. Many children and adults with overweight are traumatized by the stigma of obesity. Children may be teased
at school and labeled “fatty.” Adults experience prejudice
in social and economic situations. Measures of quality of
life show that persons with obesity score lower on many
scales and that weight loss improves their quality of life.
BEYOND ENERGY BALANCE
There is no doubt that obesity results from energy imbalance, and that we can predict the magnitude of weight
change over time if we know the net energy balance.
However, it is what the energy balance concept does not
tell us that is most important in dealing with obesity. The
first law of thermodynamics, which describes the concept
of energy balance, does not tell us anything about the
regulation of food intake or the way in which genes are
involved in this process. It does not help us to understand
why men and women distribute fat in different places on
their bodies, or to understand how fat distribution
changes with age. The first law also doesn’t help us understand why some drugs produce weight gain and others
weight loss, or why weight loss stops after a period of
treatment with diet or medication (5). Understanding
these mechanisms will allow us to tackle the epidemic of
obesity.
Another problem with the concept of energy balance is
that we are never in energy balance. To study energy
balance, we housed healthy men in small rooms (respiration calorimeters) where we manipulated food intake and
exercise to get as close as possible to zero energy balance;
ie, when energy intake equals energy expenditure. In
fact, we rarely got closer than 50 kcal/day, or about 2.5%
out of an intake of 2,000 kcal/day. The values for energy
imbalance in these healthy men ranged from 50 to 150
kcal/day. Had these differences been maintained for 1
year, these men would be expected to gain about 2.5 kg
(5.5 lb) at the smaller error and 7.5 kg (16.5 lb) at the
larger error. To keep from gaining weight we must correct
energy intake or energy expenditure every few days to
counterbalance the error that occurred on previous days.
These corrective responses around a weight of relative
stability make it look like there is weight regulation. For
some persons, the oscillations around this balance point
can keep weight stable for many years. For others, there
is a slow upward drift in this regulatory point and weight
is gained gradually. Persons fortunate enough to have
robust corrective responses can maintain a stable weight
over many years. If their weight is not stable, two other
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strategies are available. One is conscious control, exhibited in some persons by a pattern of restrained eating.
The second and perhaps best way to maintain weight over
a long period is not counting kilocalories, but weighing
oneself regularly at the same time of day on an accurate
scale, and then decreasing food intake or increasing activity if weight has been gained. This can allow one to
correct weight gain before it gets out of hand.
The consequences of energy imbalance are graphically
illustrated in the movie by Morgan Spurlock, Supersize
Me (2004, Hart Sharp Video, Roadside Attractions, and
Samuel Goldwyn Films), in which the documentarian
gained 25 lb in 1 month by eating all of his meals at
McDonald’s restaurants, and supersizing the portions if
the clerk asked. Because we are never in energy balance,
we need to view energy balance as an ideal—not a realistic goal to be obtained by counting kilocalories.
From the perspective of energy balance, the solution to
obesity should be simple: Eat less and exercise more. The
truth of this advice was shown by Kinsell and colleagues
(6) for overweight persons in a metabolic ward who were
provided with all of their food. During the course of several months, patients ate diets providing 1,200 kcal/day.
After an initial rapid weight loss due to rebalancing body
fluids, subsequent weight loss was linear and was not
affected by wide variations in macronutrient content of
the diet. More recent studies using foods that were tagged
with a nonradioactive isotope (carbon-13) showed that
the better the adherence to a diet, the greater the weight
loss (7). Thus, it is adherence to diets, not diets themselves, that makes the difference (8).
Another limitation to the concept of energy balance as
the cause of obesity is the implication that if one is getting
fatter, it is one’s own fault. One need only to control his or
her energy intake and energy expenditure to control the
problem. This implies that we should blame our children
for their obesity. This seems grossly unfair. If obesity
were easily controlled by moderating energy intake, the
US military would not discharge up to 5,000 men and
women yearly for failing to meet its weight standards. If
loss of livelihood is not sufficient motivation to lose
weight, then the problem must be more complex.
The cure of obesity in leptin-deficient human beings
treated with leptin shows a genetic basis for one type of
obesity, and that obesity is more than simply lack of
willpower (9). Although simple in theory, applying the
ideas of energy balance and counting kilocalories to body
weight control has proven unsuccessful. More than 95%
of persons using diet, behavior, and lifestyle approaches
to lose weight regained it in less than 5 years (10).
ENVIRONMENTAL AGENTS
The current epidemic can be viewed from the perspective
of an epidemiologic model, shown in Figure 1. Food,
drugs, viruses, toxins, and low physical activity are the
environmental agents that facilitate the development of
obesity. One or more of these factors acting on a susceptible host can produce obesity. Using this model, we can
approach the problem by manipulating either the environment or the host.
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Figure 1. Epidemiologic model of obesity. In this model, the agent that
produces obesity is food or food-related products. If food is in limited
supply, obesity does not develop. The food that is ingested interacts
with the host. In a susceptible host, the toxic effects of food produce
the disease of obesity.

Food
As the spokesperson for the Grocery Manufacturers of
America said in the movie Supersize Me, “The food industry is part of the problem.” Several components of our
food supply may be important in determining whether or
not obesity develops. The first of these is the portion size
of packages and servings. There is convincing evidence
that when larger portion sizes are provided, more food is
eaten (11). Portion sizes have dramatically increased in
the past 40 years (12) and now need reduction. Calorically sweetened beverages that contain 10% high-fructose
corn syrup (HFCS), available in containers of 12, 20, or 32
oz, provide 150, 250, or 400 kcal if it is all consumed.
Many foods list the kilocalories per serving, but the package often contains more than one serving.
Patterns of food consumption have changed during the
past 30 years (13). The most striking change from 1970 to
2000 was in the rising consumption of HFCS (14). HFCS
is now used as the caloric sweetener in almost all soft
drinks as well as in reconstituted juice drinks and many
solid foods. The rise in HFCS consumption occurred during the same time interval as the rapid rise in the prevalence of obesity (2,14). On one hand, this relationship
may be strictly coincidental. But, on the other hand, it
may not (Figure 2). Fructose is sweeter than glucose, or
sucrose, a molecule that is a combination of fructose and
glucose. In addition, HFCS is a solution of both fructose
and glucose as separate molecules, and thus it differs in
osmotic properties from a solution with the same concentration of sucrose.
The intake of calorically sweetened beverages can be
related to the epidemic of obesity (14-17). Ludwig and
colleagues (15) reported that the intake of soft drinks was
a predictor of initial body mass index (BMI) in children in
the Planet Health Study. They also showed that higher
soft drink consumption predicted an increase in BMI
during nearly 2 years of follow-up, those with the highest
soft drink consumption at baseline having the highest
increase in BMI. A Danish study (16) showed that persons consuming calorically sweetened beverages over 10
weeks gained weight, whereas subjects drinking the

is inversely correlated with the risk of being overweight.
In other epidemiologic studies and in feeding trials,
higher dietary calcium is associated with reduced BMI or
reduced incidence of insulin resistance (25).

Figure 2. The consumption of sweetened carbonated beverages and
the relation of high-fructose corn syrup consumption (HFCS) to the
epidemic of obesity.
same amount of artificially sweetened beverages lost
weight. In children, a study focusing on reducing intake
of carbonated beverages and replacing them with water
showed slower weight gain than those not advised to
reduce the intake of carbonated beverages (18). These
studies strongly suggest that energy-containing soft
drinks could play a role in the epidemic of obesity. If so,
then their consumption should be curtailed, particularly
for very young children in whom neuronal changes may
reflect the response of insulin to these beverages, and for
school children for whom beverages are a ready source of
energy with few other nutrients.
Dietary fat is another component that may be related to
the epidemic of obesity (19). Foods combining fat and
sugar may be a particular problem because they are often
very palatable and usually inexpensive (20). The Leeds
Fat Study (21) showed that persons who were high fat
consumers had an increased prevalence of obesity. Providing palatable low-fat foods is important.
There are now several studies showing that when
breastfeeding is the sole source of nutrition for more than
3 months, risk of obesity is significantly reduced at the
time of entry into school and in adolescents when compared with infants who are not breastfed at all or for less
than 3 months (22). This may be an example of infant
imprinting. The composition of the breast milk may also
be important. During the past 50 years, the proportion of
n-6 fatty acids in human breast milk has increased, reflecting changes in dietary fat composition. The amount
of n-3 fatty acids in breast milk has remained constant. A
higher amount of n-6 fatty acids provides prostaglandin
derivatives that stimulate fat cell proliferation in infants
(23). This is a concept that needs additional evaluation.
The rate of weight gain between ages 2 and 12 years also
predicts future obesity—those children who gain the most
weight have the highest risk of becoming obese (24).
Monitoring weight change early can be predictive of future obesity.
Calcium intake is another dietary factor that may be
related to the development of obesity in children and
adults. The level of calcium intake in population studies

Low Levels of Physical Activity
Epidemiologic data show that low levels of physical activity and watching more television predict higher body
weight (26). Recent studies suggest that persons in US
cities where they had to walk more than persons in other
cities tended to weigh less. Low levels of physical activity
also increase the risk of early mortality. Using normal
weight, physically active women as the comparison
group, Hu and colleagues (27) found that the relative risk
of mortality increased to 1.55 in inactive lean women, to
1.92 in active obese women, and to 2.42 in women who are
obese but physically inactive. It is thus better to be thin
than fat and to be physically active rather than inactive.
Drugs and Chemicals that Produce Weight Gain
Several drugs can cause weight gain, including a variety
of hormones and psychoactive agents (28). The degree of
weight gain is generally not sufficient to cause substantial obesity, except occasionally in patients treated with
high-dose corticosteroids, some psychoactive drugs, or
valproate. These drugs can also increase the risk of future
type 2 diabetes mellitus. Cessation of smoking is another
environmental agent that will affect body fat stores. Partially mediated by nicotine withdrawal, a weight gain of 1
to 2 kg is seen in the first few weeks and is often followed
by an additional 2- to 3-kg weight gain over the next 4 to
6 months, resulting in an average weight gain of 4 to 5 kg
or more (29). The concept that increasing energy expenditure through drugs that act like physical activity is
being tested in several ways, but as yet no effective
agents have been identified.
Viruses
The injection of several viruses into the central nervous
system produces obesity in mice. Recent findings of antibodies to one of the adenoviruses (AM-36) in larger
amounts in obese human beings raises the possibility
that viruses are involved in some cases (30). The adenoviral syndrome can be replicated in nonhuman primates
and is characterized by modest obesity and a low circulating cholesterol concentration. Further studies are
needed to establish that a syndrome of obesity associated
with low concentrations of cholesterol clearly exists in
human beings. If so, this would enhance the value of the
epidemiologic model.
Toxins
In experimental animals, exposure in the neonatal period
to monosodium glutamate, a common flavoring ingredient in food, will produce obesity. A similar effect of reduction in glucose can also produce obesity, suggesting that
the brains of growing animals, and possibly those of human beings, may respond with damage to the metabolic
sensors that regulate food needs. In human beings, body
fat stores many toxic chemicals that are mobilized with
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weight loss. The metabolic rate can be reduced by organochlorine molecules (31), and prolonged exposure to many
chlorinated chemicals in our environment has conceivably affected metabolic pathways and energy metabolism. Food additives are another class of chemicals that
are widely distributed and may be involved in the current
epidemic of obesity.
THE HOST
Genetic Factors
Significant insight into the causes of obesity has come
from the cloning of genes that produce obesity in animals.
Extensive molecular and reverse genetic studies (mouse
knockouts) have also helped establish critical pathways
regulating body fat and food intake. Leptin, identified in
1994, is an important hormone produced in adipose tissue
and secreted into the blood relative to the amount of body
fat (32). Leptin-deficient persons are massively obese and
when leptin is administered, food intake falls and body
fat is mobilized until body weight is nearly normalized,
indicating that important metabolic-genetic pathways exist that can control body fat. Similar deficiencies in food
intake have been found with genetic changes in the
amino acid sequence of a key regulator of food intake
called the melanocortin-4 receptor (33). When this receptor is inactive, food intake is nearly as high as when
leptin is deficient, but when partially preserved, the food
intake is only modestly above control levels (34). These
basic biological insights tell us that body fat has important regulation that is largely, if not completely, independent of will power.
Intrauterine Imprinting
Several intrauterine events may lead to obesity later in
life, probably due to fetal imprinting as a result of early
exposure that affects brain plasticity. The Dutch winter
famine of 1945 showed that starvation of infants in utero
could affect long-term postnatal weight status. Another
example is the infants of mothers who smoked during
pregnancy, who have an increased risk of becoming overweight during their first 3 decades of life when compared
with infants of mothers who did not smoke during pregnancy (35). Similarly, infants of mothers with diabetes
are at higher risk of developing obesity than infants born
to mothers who did not have diabetes during pregnancy
(36). Infants who are small for their gestational age are at
higher risk of developing central adiposity and diabetes
than normal-weight infants (24). Finally, experimental
studies teach us that exposure to high levels of insulin
during the period of brain plasticity can lead to obesity
later in life.
Physiologic Control
To maintain a stable body weight over time, the body
must correct daily errors in energy balance. A number of
physiologic factors are known to disturb this correction. A
high rate of carbohydrate oxidation, as measured by a
high respiratory quotient predicts future weight gain
(37). One explanation is that when carbohydrate oxidation is higher than carbohydrate intake, carbohydrate
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stores are depleted and we must eat to replace them.
Persons with obesity who have lost weight are less effective in increasing fat oxidation in the presence of a highfat meal than normal-weight persons, and this may be
one reason why they are so susceptible to weight regain.
Low metabolic rate may also predict future weight gain
(38).
Physical activity gradually declines with age, accounting for some increase in body fat. Recent studies suggest
moderate exercise is beneficial in reducing risk of cardiovascular disease (39) and type 2 diabetes, and in facilitating the oxidation of fat in the diet (40).
Fat cells in our body serve two major functions. They
store and release fatty acids ingested from food or from
liver or fat cells and they secrete many important hormones and chemicals. The discovery of leptin catapulted
the fat cell into the arena of endocrine cells (41). In
addition to leptin, the fat cell secretes a variety of other
peptides (lipoprotein lipase, adipsin [complement D],
complement C, adiponectin, tumor necrosis factor-␣, interleukin-6, plasminogen activator inhibitor-1, angiotensinogen, bradykinin, and resistin). The fat cell also
releases other metabolites such as lactate, fatty acids,
glycerol, and prostacyclin formed from arachidonic acid.
Our understanding of fat cells as important endocrine
cells continues to expand.

To maintain a stable body weight over
time, the body must correct daily errors
in energy balance.
Production of cortisol from inactive cortisone in fat cells
by the enzyme 11-␤-hydroxysteroid dehydrogenase type 1
may be important in determining the quantity of visceral
adipose tissue (42). Changes in this enzyme may contribute to the risk for menopausal women of developing more
visceral fat. High levels of this enzyme keep the quantity
of cortisol in visceral fat high, providing a fertile environment for developing new fat cells.
Information about hunger and satiety comes from the
gastrointestinal tract where several peptides signal the
body to stop or start eating. Ghrelin (43) has received
recent attention because, in contrast to other gastrointestinal hormones, it stimulates food intake. Levels of ghrelin are low in obesity, except in those with Prader-Willi
syndrome, suggesting that it may play a role in the development of hyperphagia seen in these persons.
The brain is a receiver, transducer, and transmitter of
information about hunger and satiety. Several neurotransmitter systems are involved in regulation of food
intake (44). Receptors for serotonin modulate both the
quantity of food eaten and macronutrient selection and
their loss through genetic targeting produces obesity.
Peptide neurotransmitters also play a very important
role in the regulation of feeding. Sleep deprivation is one
way to enhance the release of peptides that produce hunger (45). In young men allowed to sleep only 4 hours/night
for 2 days, leptin decreased and ghrelin increased relative
to the pattern seen with 10 hours of sleep on each of two

nights. Thus, our epidemic of obesity may reflect one
response to less sleep.
OBESITY IS A CHRONIC, RELAPSING, NEUROCHEMICAL
DISEASE PRODUCED BY THE INTERACTION OF ENVIRONMENT
AND HOST
The epidemic of obesity occurs on a genetic background
that has not changed significantly in the past 100 years
and certainly not since the epidemic began 20 years ago.
Nonetheless, it is clear that genetic factors play a critical
role in the susceptibility of becoming obese in a “toxic
environment” (46). One analogy is that genes load the
gun and a permissive or toxic environment pulls the
trigger. Modification of environmental factors acting on
our ancient genes must be the strategy to prevent the
disease. To believe that this can be done by a person alone
is to miss the argument of how environmental factors,
with major emphasis on the imprinting of the plastic
brain of a growing child or adolescent, have acted on
these genes to produce the current epidemic.
We argue that the first law of thermodynamics has
lulled us into the uncomfortable place of believing that
persons, through willpower, increased food choices, or
more places to exercise, can overcome the current epidemic of obesity. Cognitive approaches relying on individual commitment and resolve have been unsuccessful in
stemming obesity in the past, and nothing suggests that
they will be more successful in the future.

At least three preventive strategies are
available to deal with the epidemic:
education, regulation, and modification
of the food supply.
We also argue that it is what the first law of thermodynamics does not tell us that is important. In this context, it is the unconscious host systems on which environmental factors operate to produce obesity. If the vending
machines that now provide kickbacks to schools contained beverages with no added sugar or HFCS, available
kilocalories would be reduced. We have argued that the
exposure of young children to HFCS may produce detrimental imprinting of the brain, making obesity more
likely and more difficult to control.
At least three preventive strategies are available to
deal with the epidemic: education, regulation, and modification of the food supply. Education in school curricula
about good nutrition and healthful weight would be beneficial in helping all children learn how to select appropriate foods and could be included in schools, with school
breakfast and lunch programs designed to match these
educational messages.
It is unwise to rely on educational strategies alone
because they have not prevented the epidemic of obesity.
Regulation is a second strategy. Regulating an improved
food label is one good idea. Regulations on appropriate
serving sizes might be part of the information provided by
restaurants when requested.
Modification in some components of the food system is

a third and most important strategy. Because the energy
we eat comes from food, we need to modify this system to
provide smaller portions and less energy density if we are
to succeed in combating the epidemic of obesity.
CONCLUSIONS
Where do dietetics professionals fit into this picture?
First, educated dietetic professionals need to be keenly
aware of the complexity of the obesity problem. A dietetics professional obviously cannot alter a person’s genetic
makeup, but he or she is able to address the environmental aspects that serve to exacerbate the situation. Simply
handing out diet sheets is not enough and should be
discouraged. Helping a patient with obesity requires attention to overall diet history, current eating habits, activity patterns, and behavioral obstacles that either cause
problems or prevent change. While quick weight loss may
be a patient’s immediate desire, the need for permanent
lifestyle changes should be the primary objective. Tips for
addressing this have been outlined previously by Bray
and Champagne (47). Finally, dietetics professionals can
be instruments of change by appealing to policymakers to
modify environmental conditions, such as the school
vending machines. We can think of no better professionals to craft this effective message to both lawmakers and
school officials alike.
FUTURE DIRECTIONS
Our lives are constrained by the laws of nature— gravity, momentum, and thermodynamics. The strategies
we employ to deal with the influence of these laws on
our lives include education, regulation, and product
design. Deaths resulting from the effects of the laws of
momentum produced by automobile accidents provide a
glimpse into the strategies we could use to minimize
accidents just as the law of energy balance provides
ideas about how we might minimize obesity. Although
the laws of momentum or the laws of thermodynamics
cannot be changed, their ability to produce automobile
accidents and obesity can be mitigated. This can be
done through better education about driving and about
nutritional needs to prevent obesity. This can be complemented by regulations that, in the case of cars,
include requiring seat belts, airbags, and other safety
devices. In the case of obesity, it includes limiting
access to large portion sizes and high– energy-density
foods and having an environment in which physical
activity is more difficult to avoid. Finally, product design can make cars safer, and modifying the types of
foods that are available can provide strategies to combat the obesity epidemic by redesigning the food environment.
This research was supported in part by the US Department of Agriculture CSREES Special Grant No. 200334323-14010 to the Pennington Biomedical Research
Center.
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COMMENTARY
White hat bias: examples of its presence in obesity
research and a call for renewed commitment to
faithfulness in research reporting
MB Cope1 and DB Allison2
1
Department of Pharmacology and Toxicology, School of Medicine, University of Alabama at Birmingham, Birmingham, AL,
USA and 2Section of Statistical Genetics, Department of Biostatistics, School of Public Health, and Clinical Nutrition
Research Center, University of Alabama at Birmingham, Birmingham, AL, USA

‘White hat bias’ (WHB) (bias leading to distortion of information in the service of what may be perceived to be righteous ends) is
documented through quantitative data and anecdotal evidence from the research record regarding the postulated predisposing
and protective effects of nutritively sweetened beverages and breastfeeding, respectively, on obesity. Evidence of an apparent
WHB is found in a degree sufficient to mislead readers. WHB bias may be conjectured to be fuelled by feelings of righteous zeal,
indignation toward certain aspects of industry or other factors. Readers should beware of WHB, and our field should seek
methods to minimize it.
International Journal of Obesity (2010) 34, 84–88; doi:10.1038/ijo.2009.239; published online 1 December 2009

Introduction
Scientific dialogue is dependent on fair and open presentation of data and evidence, yet concerns have been raised in
recent years about bias in research practice. We present data
and examples pertinent to a particular bias, a ‘white hat bias’
(WHB), which we define to be bias leading to distortion of
research-based information in the service of what may be
perceived as righteous ends. We evaluate WHB in the context
of two illustrative obesity topics, nutritively sweetened
beverage (NSB) consumption as a postulated risk factor1
and breastfeeding as a postulated protective factor.2

Example 1FData on citation bias
If secondary reportings of original research misleadingly cite
papers with statements that inaccurately describe available
evidence, then inaccurate beliefs may inappropriately influence clinical practice, public policy or future research.
Previously,3 we observed that two papers4,5 had both
statistically and non-statistically significant results on body
weight, body mass index (BMI) or overweight/obesity status,
Correspondence: Professor DB Allison, Section of Statistical Genetics,
Department of Biostatistics, School of Public Health, University of Alabama
at Birmingham, Ryals Public Health Building, 1530 3rd Avenue S, RPHB 327,
Birmingham, AL 35294-0022, USA. E-mail: Dallison@uab.edu
Published online 1 December 2009

which allowed future writers to potentially choose which
results to cite, and were also widely cited, permitting a
quantitative analysis of citations.

Cited versus citing papers
A Web of Science search (through to October 2008) yielded
195 and 45 papers citing James et al.4 and Ebbeling et al.,5
respectively. We analyzed those in English (165 and 41,
respectively).
James et al.4 studied an intervention to decrease NSB
consumption and adiposity among children. Dichotomized
(overweight or obese versus neither overweight nor obese)
and continuous (change in BMI) data were analyzed for
statistical significance. The authors wrote:
‘After 12 months there was no significant change in the
difference in body mass index (mean difference 0.13,
0.08–0.34) or z score (0.04, 0.04–0.12). At 12 months
the mean percentage of overweight and obese children
increased in the control clusters by 7.5%, compared with
a decrease in the intervention group of 0.2% (mean
difference 7.7%, 2.2–13.1%).’
Ebbeling et al.5 described a randomized controlled trial of a
25-week NSB reduction program in adolescents and wrote:
‘The net difference (in BMI), 0.14±0.21 kg/m2, was not
significant overall.’
They then report a subgroup finding:
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Table 1

Categorization of 165 papers citing James et al.2

Score
No. of references in each category
Proportion (exact CIs)a

A

B

C

D

E

F

G

H

14
0.127
(0.071–0.199)

74
0.644
(0.548–0.729)

2
0.017
(0.003–0.068)

21
0.183
(0.119–0.268)

2
0.017
(0.003–0.068)

1
0.009
(0.001–0.055)

1
0.009
(0.001–0.055)

50

Abbreviations: BMI, body mass index; CI, confidence interval. aProportions and CIs are calculated with only categories A through to G in the denominator. Scoring
key: (A) AccurateFdescribed the non-significant result on continuous outcome (change in BMI) and described the significant result on the dichotomous outcome
(overweight versus non-overweight). (B) Mildly misleading (positively)FDescribed the result of the intervention study as showing efficacy, benefit or statistical
significance for the dichotomous outcome of overweight status, without mentioning the non-significant result on the continuous outcome. (C) Moderately
misleading (positively)FDescribed the result of the intervention study as showing efficacy, benefit or statistical significance on some weight-related outcome
without explicitly stating that it was on the proportion overweight per se. (D) Explicitly misleading (positively)FDescribed, with a factually incorrect statement, that
the result of the intervention for a continuous weight-related outcome was significant or showed effectiveness. (E) Mildly misleading (negatively)FDescribed the
result of the intervention study as not showing efficacy, benefit or statistical significance on the continuous measure of BMI, without mentioning the significant result
on the dichotomous outcome. (F) Moderately misleading (negatively)FDescribed the result of the intervention study as not showing efficacy, benefit or statistical
significance on some weight-related outcome without explicitly stating that it was on the continuous measure of BMI. (G) Explicitly misleading
(negatively)FDescribed, with a factually incorrect statement, that the result for the dichotomous outcome was not significant or that a lack of effectiveness was
shown for the dichotomous outcome. (H) UnscorableFDid not make explicit statements about the effects of the study, made statements that were too ambiguous
to code or made statements that were self-contradictory.

‘Among the subjects in the upper baseline-BMI tertile,
BMI change differed significantly between the interventionyand controlygroups, a net effect of
0.75±0.34 kg/m2.’
Ebbeling et al. (p. 676) label the analysis in the total sample
as the ‘primary analysis.’

Data coding and analysis
Each paper citing either James et al.4 or Ebbeling et al.5
was categorized (see Tables 1 and 2) on the basis of how
authors cited results related to body weight, BMI or overweight/obesity outcomes from these two papers in their
report. Papers citing James et al. were independently coded
by the authors of this paper (DBA or MBC). Any discrepancies were resolved by discussion. Papers citing Ebbeling et al.
were scored by DBA and cross-checked by MBC. Proportions
(with confidence intervals) were calculated (Tables 1 and 2).
Exact binomial calculation tested the null hypothesis that
the proportion citing papers in a misleading manner that
exaggerated the strength of evidence was equal to the
proportion citing papers in a misleading manner that
diminished the strength of evidence; as such an equal
proportion would suggest a lack of bias in the overall
literature, even if not in any one paper.

Citation analysis results
Results were quite consistent across papers citing either
James et al.4 or Ebbeling et al.5 The majority, 84.3% for James
et al.4 and 66.7% for Ebbeling et al.,5 described results in a
misleadingly positive manner to varying degrees (that is,
exaggerating the strength of the evidence that NSB reduction
showed beneficial effects on obesity outcomes). Some were
blatantly factually incorrect in their misleading statements,
describing the result as showing an effect for a continuous

obesity outcome, when no statistically significant effect for
continuous obesity outcomes was observed. In contrast,
only four papers (3.5%) were negatively misleading (that is,
underplayed the strength of evidence) for James et al.4
and none were negatively misleading for Ebbeling et al.5
Only 12.7 and 33% of papers accurately described complete
overall findings related to obesity outcomes from James
et al.4 and Ebbeling et al.,5 respectively.
To test whether the proportion of misleading reporting in
the positive direction was equal to the proportion in the
negative direction, we calculated the confidence interval on
the proportion of misleading reportings in either direction
that was positively misleading. This yields a proportion of
0.96 (95% CI: 0.903–0.985) for those citing James et al.4 and
1.00 (95% CI: .832–1.000) for those citing Ebbeling et al.5
and is significantly different from 12 for each (Po0.0001),
indicating a clear bias and potential for readers of the
secondary literature to be deceived.

Example 2FData on publication bias
NSB consumption
A meta-analysis on NSB consumption and obesity6 found
that estimated adverse associations were significantly smaller
(that is, less adverse) among industry-funded than among
non-industry-funded studies. One troubling conceivable
explanation for this is that industry does something to bias
results to make NSBs seem less harmful, but this is not the
only conceivable explanation.
To examine this further, we requested, and Dr Vartanian6
graciously provided, his meta-analysis data file. Focusing on
cross-sectional studies, because a large number had adiposity
indicators as outcomes, we conducted publication bias
(PB) detection analyses.7 PB causes the sample of studies
published to not constitute a representative sample of
the relevant studies that hypothetically could have been
International Journal of Obesity
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Table 2

Categorization of 41 papers citing Ebbeling et al.3

Score
No. of references in each category
Proportion (exact CIs)a

A

B

C

D

E

F

G

10
0.333
(0.173–0.528)

9
0.300
(0.147–0.494)

11
0.367
(0.199–0.561)

0
0.000
(0.000–0.116)

0
0.000
(0.000–0.116)

7

4

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
-0.05
1.5

0

0.2
Standard error

Fisher's Z (a normalized
measure of correlation or
association strength)

Abbreviation: CI, confidence interval. aProportions and CIs are calculated with only categories A through to E in the denominator. Scoring key: (A)
AccurateFDescribed both the non-significant result in the total sample and the significant result in the heaviest subgroup. (B) Patently misleading overpositiveFDescribed as positive on weight without mentioning anything about the result only being in heaviest children. (C) Mildly misleading overpositiveFDescribed as positive among the heaviest children without explicitly mentioning that there was no significant result in the total sample. (D) Mildly
misleading over-negativeFDescribed the null result in the total sample without explicitly mentioning the significant result in the heaviest subgroup. (E) Patently
misleading over-negativeFDescribed as negative in a way that explicitly indicated that there were no significant effects even in sub-groups. (F) Not directly
relevantFDid not make clear and explicit statements about the effects of the study. (G) Ambiguous as to whether category A or E applies.

2.0

2.5
3.0
3.5
Precision = LN(1/SE)

4.0

4.5

Figure 1 Plot of sample effect sizes from cross-sectional studies of the
association between sugar-sweetened beverage consumption and obesity
indexes indicating publication bias among non-industry-funded studies
(Blue diamonds ¼ industry funded; Red diamonds ¼ non-industry funded).

published. With PB, the probability of a study being
published depends on its outcome. Typically, PB involves
statistically significant studies having a higher likelihood of
being published than non-statistically significant ones. Our
analysis (Figure 1) shows a clear inverse association between
study precision and association magnitude. This PB hallmark
suggests that studies with statistically significant NSB
findings are more likely to be published than are nonstatistically significant ones. Interestingly, this bias seems to
be present only for non-industry-funded research, suggesting
that non-industry-funded scientists tend not to publish
their non-significant associations in this area. Contrarily,
all industry-funded studies seem to exceed a minimal level of
precision. Thus, much of the reason for the smaller
associations detected by Vartanian et al.6 for industry-funded
research seems to be because of PB in non-industry-funded
research. However, even after accounting for precision, the
mean difference between the association magnitudes of
industry and non-industry-funded studies is reduced by
33%, but not eliminated, suggesting that there may be
competing biases operating in industry-funded research.

Breastfeeding
The World Health Organization (WHO;8) published a metaanalysis on whether breastfeeding protects against obesity
International Journal of Obesity
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Figure 2 Plot of the relationship between association magnitude and study
precision indicating publication bias in studies of breastfeeding and obesity
(from Horta et al.8).

and also found evidence of PB. Figure 2 indicates this
strikingly. We retrieved all papers from which data were
obtained for Figure 2 to evaluate the impact of industry
funding on this PB. None of the papers reported any industry
funding or were obviously authored by authors employed by
the infant formula industry. Thus, as with the NSB literature,
there seems to be a strong PB that is not apparently fueled by
industry interests.

Example 3FAnecdotal examples of
miscommunications in press releases
Evidence suggests that ‘Press releases from academic medical
centers often promote research that has uncertain relevance
to human health and do not provide key facts or acknowledge important limitations’.9 This is also occurring in the
obesity field. For example, the paper by Ebbeling et al.5
states, ‘change in body mass index (BMI) was the primary
end point. The net difference, 0.14±0.21 kg/m2, was not
significant overall,’ and then reports the subgroup finding,
‘Among the subjects in the upper baseline-BMI tertile, BMI
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change differed significantly between the interventionyand
controlygroups.’ Contrast this modest finding in a sample
subset and the circumspect presentation in the original
paper with the presentation in the press release issued by
the authors’ institution (http://www.childrenshospital.
org/newsroom/Site1339/mainpageS1339P1sublevel192.html
(accessed on 31 October 2008)), which states ‘In randomized
trial, a simple beverage-focused intervention led to weight
loss’ and never states that the primary analysis was not
statistically significant.
When the paper by James et al.4 was released, the press
release issued on the BMJ website (http://www.bmj.com/
content/vol328/issue7446/press_release.shtml (accessed on
20 September 2009)) stated ‘Discouraging children from
drinking fizzy drinks can prevent excessive weight gain,
according to new research available on bmj.com,’ despite
the facts that no analysis of weight change per se
was reported and that there was no significant effect on
BMI change. Neither of these facts was mentioned in the
press release.
Finally, in 2009, describing an observational epidemiological study, UCLA issued a press release (http://
www.healthpolicy.ucla.edu/NewsReleaseDetails.aspx?id ¼ 35
(accessed on 20 September 2009)) stating ‘yresearch
released today provides the first scientific evidence of the
potent role soda and other sugar-sweetened beverages play in
fueling California’s expanding girth’ One of the study
authors was quoted in a subsequent news story stating ‘For
the first time, we have strong scientific evidence that
soda is one of theFif not the largestFcontributors to
the obesity epidemic’ (http://www.drcutler.com/poor-diet/
study-soda-making-californians-fat-19373657/ (accessed on
25 September 2009)). These statements are inaccurate and
also unfair to all authors of observational studies who
published such research years before. The press release
further stated ‘The science is clear and conclusive [emphasis
added],’ despite the fact that this was a correlational research,
and offered no statement to the reader to interpret the results
as indicative of correlation and not necessarily causation.

Example 4FInappropriate or questionable
inclusion of information
Research may also be misleadingly presented by inclusion
of incorrect or questionable material in reviews. In our
critical review of the WHO report on breastfeeding, we noted
several examples (see, Cope and Allison2, p 597) in which
an inspection of the original papers reviewed revealed that
the authors of the WHO report selectively included some
values from certain primary papers that led to stronger
associations of breastfeeding with reduced obesity risk and
excluded less impressive values from the same papers
without explanation.
Similarly, Mattes et al.3 noted that several reviews of NSB
consumption and obesity inappropriately included a study10

that was actually neither a test of nutritive sweetenercontaining solid food versus beverage nor of NSB consumption versus non-NSB consumption. Sweeteners were
presented in both solid and beverage food forms. The
original authors10 wrote, ‘ysubjects who were given supplemental drinks and foods [emphasis added] containing sucrose
for 10 wk experienced increases in ybody weight’, and thus
the study should never have been considered as evaluative of
NSB effects. Mattes et al.3 provide other examples of papers
being inappropriately included in past reviews of NSB
consumption and obesity.

Conclusion
Finding effective methods to reduce obesity is an important
goal, and appropriate evaluations of the strength of the
evidence supporting the procedures under consideration are
vital. Sound evaluations critically depend on evidence being
presented in non-misleading ways. Alarms have been
sounded about dramatic rises in obesity levels, not without
justification. And yet, these alarms may also have aroused
passions. Certain postulated causes have come to be
demonized (for example, fast food, NSBs, formula feeding
of infants) and certain postulated palliatives (for example,
consumption of fruits and vegetables, building of sidewalks
and walking trails) seem to have been sanctified. Such
demonization and sanctification may come at a cost. Such
casting may ignite feelings of righteous zeal.
Some authors compare NSBs, fast foods and other food
and restaurant industry offerings to the tobacco industry
(for example, see Brownell and Warner11), suggesting, for
example, comparisons between ‘Joe Camel’ and ‘Ronald
McDonald’
(http://www.time.com/time/magazine/article/
0,9171,1187241,00.html). To the extent that such comparisons inform us about important causes of obesity and how to
reduce them, this is all to the good. But to the extent that
such comparisons and other appeals to passions inflame
rather than inform, they may cloud judgment and decrease
inhibitions against breaching ordinary rules of conduct.
Historians indicate that during times of war, propagandists
demonize (that is, dehumanize) the enemy to inflame spirits
and this facilitates some breaches of codes of conduct such as
massacres.12 Although inflaming the passions of scientists
interested in public health is unlikely to provoke bloodshed,
we scientists have, as a discipline, our own code of conduct.
Central to it is a commitment to faithful reporting, to
acknowledging our study limitations, to evaluating bodies of
evidence without selectively excluding information on the
basis of its desirabilityFin short, a commitment to truthfulness. The demonization of some aspects and sanctification of
others, although perhaps helpful in spurring social action,
may be more harmful to us in the long run by giving
unconscious permission to breach that code, thereby eroding
the foundation of scientific discipline.
International Journal of Obesity
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Evidence presented herein suggests that at least one aspect
has been demonized (NSB consumption) and another
sanctified (breastfeeding), leading to bias in the presentation
of research literature to other scientists and to the public at
large, a bias sufficient to misguide readers. Interestingly,
although many papers point out what seem to be biases
resulting from industry funding, we have identified here,
perhaps for the first time, clear evidence that WHBs can also
exist in opposition to industry interests.
Whether WHB is intentional or unintentional, and
whether it stems from a bias toward anti-industry results,
significant findings, feelings of righteous indignation, results
that may justify public health actions, or yet other factors, is
unclear. Future research should study approaches to minimize such distortions in the research record. We suggest that
authors be more attentive to reporting primary results from
earlier studies rather than selectively including only a part of
the results, to avoiding PB, as well as to ensuring that their
institutional press releases are commensurate with the
studies described. Journal editors and peer reviewers should
also be vigilant and seek to minimize WHB. Clinicians,
media, public health policy makers and the public should
also be cognizant of such biases and view the literature on
NSBs, breastfeeding and other obesity-related topics more
critically.
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Annual Medical Spending
Attributable To Obesity: PayerAnd Service-Specific Estimates
Amid calls for health reform, real cost savings are more likely to be
achieved through reducing obesity and related risk factors.
by Eric A. Finkelstein, Justin G. Trogdon, Joel W. Cohen, and William
Dietz
ABSTRACT: In 1998 the medical costs of obesity were estimated to be as high as $78.5
billion, with roughly half financed by Medicare and Medicaid. This analysis presents updated estimates of the costs of obesity for the United States across payers (Medicare,
Medicaid, and private insurers), in separate categories for inpatient, non-inpatient, and prescription drug spending. We found that the increased prevalence of obesity is responsible
for almost $40 billion of increased medical spending through 2006, including $7 billion in
Medicare prescription drug costs. We estimate that the medical costs of obesity could have
risen to $147 billion per year by 2008. [Health Affairs 28, no. 5 (2009): w822–w831
(published online 27 July 2009; 10.1377/hlthaff.28.5.w822)]

T

h e r e i s a n u n d e n i a b l e l i n k b e t w e e n rising rates of obesity and rising medical spending. In a previous paper, Eric Finkelstein and colleagues1
demonstrated the extent to which excess weight increased annual medical
spending for public and private payers alike. That study showed that the costs of
overweight and obesity could have been as high as $78.5 billion in 1998 and that
roughly half of this total was financed by Medicare and Medicaid. This analysis
updates those previous findings. Our overall estimates show that the annual medical burden of obesity has risen to almost 10 percent of all medical spending and
could amount to $147 billion per year in 2008. Other studies have also quantified
the extent to which obesity influences aggregate health spending. For example,
Kenneth Thorpe and colleagues2 found that obesity was responsible for 27 percent
of the rise in inflation-adjusted health spending between 1987 and 2001.
Eric Finkelstein (finkelse@rti.org) is director of the Public Health Economics Program at RTI International in
Research Triangle Park, North Carolina. Justin Trogdon is a research economist in that program. Joel Cohen is
director of the Division of Social and Economic Research, Center for Financing, Access, and Cost Trends, Agency
for Healthcare Research and Quality, in Rockville, Maryland. William Dietz is director of the Division of
Nutrition and Physical Activity, National Center for Chronic Disease Prevention and Health Promotion, at the
Centers for Disease Control and Prevention in Atlanta, Georgia.
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Although national, state, and local governments and many private employers
and payers have increased their efforts to address obesity since 1998, data from the
Centers for Disease Control and Prevention’s (CDC’s) Behavioral Risk Factor Surveillance System (BRFSS)3 reveal that obesity rates increased by 37 percent between 1998 and 2006 (from 18.3 percent to 25.1 percent of the population), which
suggests that the increased prevalence of obesity is driving increases in total
medical spending.
We present nationally representative estimates of per capita and aggregate
costs of obesity for all payers and separately for Medicare, Medicaid, and private
insurers. We present these costs in total and separately for inpatient, noninpatient, and prescription drug spending—which was not possible at the time
the previous papers were written.4 This additional detail helps specify the drivers
of the costs of obesity. This is especially important for Medicare because of the
prescription drug benefit that was added in 2006. Our research shows that obese
beneficiaries, on average, cost Medicare over $600 per beneficiary per year more
compared to normal-weight beneficiaries.5 Finally, we estimate the extent to
which rising prevalence of obesity is responsible for the increase in obesity costs
that occurred between 1998 and 2006.

Study Data And Methods
n Data. This analysis relies on data from the 1998 and 2006 Medical Expenditure
Panel Surveys (MEPS). MEPS is a nationally representative survey of the civilian
noninstitutionalized population that quantifies a person’s total annual medical
spending by type of service and source of payment (including Medicare, Medicaid,
private, and other sources). The data also include information about each person’s
health insurance status and sociodemographic characteristics, including age; race/
ethnicity; sex; and, most importantly for this analysis, body mass index (BMI) based
on self-reported height and weight.6 As in our prior work,1 the analysis data set includes all adults age eighteen or older with data on BMI, excluding pregnant
women. This includes 10,597 and 21,877 adults in 1998 and 2006, respectively, with
weighting variables that allow for the generation of nationally representative estimates.
n Methods. Although our estimation strategy largely tracks the approach used
in our earlier work,1 we have made several modifications to allow for more detailed
stratifications. First, that study used a four-equation regression approach to predict
total medical spending separately for those who did or did not require an inpatient
visit. However, for the 2006 data, in addition to a two-part model on total spending,
for this study we ran separate two-part models for inpatient, non-inpatient (outpatient, emergency room, office-based, dental, vision, home health, and other), and
prescription drug spending, to quantify the costs of obesity separately for each type
of service.7 The two-part model separately estimated the probability of having a specific type of expenditure (for example, inpatient) in the first part and then esti-
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mated total spending conditional on having positive spending in the second part.
The predictions from each part were then combined to generate total predicted
spending for each type of service.
As is typical with medical spending data, the samples included many people
with zero spending for some points of service, especially inpatient services, and
some with extremely high spending. We used a two-part model that includes a
logit model in the first part and a generalized linear model (GLM) with a log link
and gamma distribution in the second part. Application of the specification tests
outlined by Willard Manning and John Mullahy8 supported our choice of models.
Therefore, we used that approach to generate the spending estimates for both the
1998 and 2006 data for all regressions.9
Separating payers. The specification from our earlier work1 used total annual medical payments as the dependent variable and dummy variables for BMI category,
insurance status, and BMI category/insurance status interaction terms to generate
overweight- and obesity-attributable fractions for each payer. However, this approach assumed that, for example, the total increase in costs for people with
Medicare coverage is paid for by Medicare. In the current analysis, we ran separate
models for each payer and used payer-specific spending as the dependent variable.
By running separate models by payer, we did not restrict the coefficients on the
sociodemographic variables to be the same across payers, as was done in our prior
study. In addition, by running separate models, we could subset the total payment
variable in each regression to include only payments made by that payer.
Body mass index. The inclusion of variables depicting each person’s BMI category
(underweight: BMI <18.5, normal: BMI 18.5–<25 [omitted reference group], overweight: BMI 25–<30, or obese: BMI >30) in the regressions allows for predicting
the impact of these variables on annual medical spending. Although our earlier
work focused on quantifying costs separately for overweight and obesity, because
the overweight expenditure variable was not statistically different from normalweight spending in that work, for this effort we present results only for those with
a BMI greater than 30 kg/m2.
Respondents’ characteristics. All regressions controlled for sex, race/ethnicity (nonHispanic white, non-Hispanic black, Hispanic, Asian, other), age, region (Northeast, Midwest, South, West), household income (less than 100 percent of poverty,
100–199 percent, 200–399 percent, 400 percent or more), education (less than
high school, high school, some college, college degree), marital status (married,
widowed, divorced/separated, single), and smoking status (current smoker, former/never smoker). The total expenditure regression also included dichotomous
variables for each person’s insurance category (uninsured, privately insured,
Medicaid, Medicare, or other payers) and allowed for multiple insurers throughout the year.
Impact on spending by type of service. The regression results allowed for assessing the
impact of obesity on annual medical spending for each type of service. The average
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“Across all payers, obese people had medical spending that was
$1,429 greater than spending for normal-weight people in 2006.”
increase in medical spending attributable to obesity for each type of service, compared to normal weight, was calculated by subtracting average predicted spending for obese people with the dichotomous obesity variable set to 1, from average
predicted spending for these people with the obesity variable set to 0 (that is, predicted spending for obese people had they been of normal weight). The corresponding percentage increase was generated by dividing this figure by the average
predicted spending for obese people had they been of normal weight. The fraction
that medical spending would be reduced by if all obese people were suddenly returned to normal weight (termed “attributable fraction”) was calculated by dividing total predicted spending attributable to obesity by total predicted spending
for the entire sample. The regressions were estimated using Stata. Standard errors
were computed via the bootstrap method. Note that these standard errors accounted only for sampling variability and not for any potential household reporting or model specification errors.
Bringing in data from the NHEA. We present obesity-attributable spending estimates at the national level based on aggregate spending in MEPS and based on the
higher personal health care spending estimates presented in the National Health
Expenditure Accounts (NHEA), generally considered the gold standard for data
on aggregate health spending.10 The NHEA estimates are much higher than the
MEPS estimates primarily because NHEA includes spending for people residing
in institutions and MEPS does not. The largest difference occurs for Medicaid,
which finances the majority of institutionalized costs. The NHEA also includes
expenses for services that are not included in MEPS (for example, over-the-counter medications). In addition, household surveys are subject to potential underreporting by respondents. The latest effort to reconcile NHEA and MEPS suggests
that MEPS may underestimate spending by roughly 14 percent.11
To compute the NHEA estimates, as in our earlier work,1 we multiplied the attributable fractions generated from MEPS by total spending for the corresponding
insurance category reported in the 1998 and 2006 NHEA. Although this requires
the strong assumption that the percentage of costs attributable to obesity is the
same in institutionalized and noninstitutionalized populations, this assumption
was necessary to provide an estimate of the costs of obesity from all types of health
care spending. All results are presented in 2008 dollars using the gross domestic
product (GDP) general price index as recommended by the Agency for Healthcare
Research and Quality (AHRQ), the agency that conducts MEPS.12
Obesity prevalence. Because the regression results reveal that the per capita spending attributable to obesity was not statistically different in 2006 versus 1998, we
estimate the extent to which increased prevalence of obesity is responsible for the
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increase in the medical cost of obesity between 1998 and 2006. To compute this estimate, we predicted spending for 2006 using the 2006 two-part model and 2006
sample but with each person’s BMI dummy variables set to the average levels in
1998 (0.03 for underweight, 0.35 for overweight, and 0.19 for obese). We then predicted spending in the same way but with each person’s BMI dummy variables set
to the average levels in 1998 if all obese people were of normal weight (0.03 for underweight, 0.35 for overweight, and 0 for obese). The difference in these predicted
expenditures represents hypothetical obesity-attributable costs in 2006 if the
prevalence of obesity had remained at 1998 levels.

Results
Exhibit 1 uses the regression results (available upon request) to present estimates of the increase in per capita medical spending attributable to obesity in
1998 and in 2006, using the updated regression specification. For comparison, this
figure also presents 1998 estimates as reported in our earlier work.1
Across all payers, obese people had per capita medical spending that was $1,429
(42 percent) greater than spending for normal-weight people in 2006. In 1998 the
per capita spending increase attributable to obesity was several hundred dollars
less than, although not statistically different from, the 2006 estimate. It is important to note that the specification changes between this and our earlier work had
almost no impact on the 1998 estimates. In both cases, it was estimated that
obesity increased costs by 37 percent.
Exhibit 2 presents estimates separately by payer. With the exception of the percentage increase for private payers, the estimated spending increase attributable
to obesity is larger for 2006 than for 1998, although the differences are not statistically significant. For 2006, the per capita percentage increase in annual costs attributable to obesity was estimated to be 36 percent for Medicare, 47 percent for
Medicaid, and 58 percent for private payers. Both the 2006 dollar and percentage
increases are statistically different from zero for all payers, although none are staEXHIBIT 1
Adult Per Capita Medical Spending Attributable To Obesity (Compared To Normal
Weight), 1998 And 2006 (In 2008 Dollars)

Year

Spending difference compared
to normal weight ($)

Percent difference compared
to normal weight

2006
1998 (updated)
1998 (original)

1,429 (156)
1,145 (270)
930a (438)

41.5 (4.9)
36.5 (8.9)
37.4a (17.4)

SOURCE: Authors’ calculations based on data from the 1998 and 2006 Medical Expenditure Panel Survey.
NOTES: Bootstrapped standard errors are shown in parentheses. Obese is body mass index (BMI) ≥30 kg/m2. Dollar values
were updated to 2008 using the gross domestic product (GDP) price index provided by the Bureau of Economic Analysis, U.S.
Department of Commerce. For all data, the increased spending estimate is significantly greater than zero (p < 0.05).
a
Relative standard error is greater than 0.3, indicating that the estimate is unstable.
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EXHIBIT 2
Increase In Adult Per Capita Medical Spending Attributable To Obesity, By Insurance
Status, 1998 And 2006 (In 2008 Dollars)
Insurance category

Year

Spending increase ($)

Percent increase

Medicare

2006
1998

1,723a (345)
1,006b (540)

36.4a (8.5)
30.2b (18.1)

Medicaid

2006
1998

1,021a (303)
284b (495)

46.7a,b (15.4)
10.3b (15.9)

Private

2006
1998

1,140a (143)
957a (193)

58.1a (8.4)
67.2a (16.0)

SOURCE: Authors’ calculations based on data from the 1998 and 2006 Medical Expenditure Panel Survey.
NOTES: Bootstrapped standard errors are shown in parentheses. Obese is body mass index (BMI) ≥30 kg/m2. Dollar values
were updated to 2008 using the gross domestic product price index provided by the Bureau of Economic Analysis, U.S.
Department of Commerce.
a
Increased spending estimate is significantly greater than zero (p < 0.05).
b
Relative standard error is greater than 0.3, indicating that the estimate is unstable.

tistically different from the 1998 estimates. Using the updated regression approach, neither the 1998 Medicare spending increase nor the Medicaid spending
or percentage increases are statistically different from zero.
Exhibit 3 presents the 2006 payer-specific estimates by type of service—inpatient, non-inpatient, or prescription drug spending—to identify the cost drivers
EXHIBIT 3
Increase In Adult Per Capita Medical Spending Attributable To Obesity, By Insurance
Status And Type Of Service, 2006 (In 2008 Dollars)
Insurance category

Type of service

Spending increase ($)
b

Percent increase

Medicare

Inpatient
Non-inpatient
Rx drug

95 (296)
693a (128)
608a (65)

4.4b (13.0)
40.1a (8.4)
72.7a (10.3)

Medicaid

Inpatient
Non-inpatient
Rx drug

213b (153)
175b (172)
230a,b (80)

39.2b (34.2)
14.8b (12.8)
60.6a,b (24.2)

Private

Inpatient
Non-inpatient
Rx drug

443a (85)
398a (60)
284a (41)

90.3a (23.9)
37.9a (6.6)
81.8a (12.4)

All payers

Inpatient
Non-inpatient
Rx drug

420a (93)
444a (76)
568a (59)

45.5a (12.0)
26.9a (4.7)
80.4a (8.3)

SOURCE: Authors’ calculations based on data from the 2006 Medical Expenditure Panel Survey.
NOTES: Bootstrapped standard errors are shown in parentheses. Obese is body mass index (BMI) ≥30 kg/m2. Dollar values
were updated to 2008 using the gross domestic product price index provided by the Bureau of Economic Analysis, U.S.
Department of Commerce.
a
Increased spending estimate is significantly greater than zero (p < 0.05).
b
Relative standard error is greater than 0.3, indicating that the estimate is unstable.
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attributable to obesity. For Medicare, non-inpatient services and pharmaceuticals
(as a result of the introduction of prescription drug coverage) were major drivers
of spending. Our results suggest that spending within these categories for each
obese beneficiary was more than $600 per year higher than for a normal-weight
beneficiary in 2006. For Medicaid, only prescription drug spending was statistically significant, accounting for a $230 (61 percent) increase in annual spending
from 1998 to 2006. However, in part because of the smaller sample size, all Medicaid type-of-service estimates, in addition to the Medicare estimate for inpatient
services, are associated with large standard errors and therefore should be interpreted with caution. The spending increase from 1998 to 2006 for private payers
was statistically significant for each type of service and ranged from $284 for prescription drugs to $443 for inpatient services. In percentage terms, these increases
represent 82 percent and 90 percent increases in costs, respectively, compared
with people of normal weight. Estimates for all payers combined range between
$420 (inpatient) and $568 (prescription drugs). In percentage terms, the increases for all payers combined range from 27 percent (non-inpatient) to 80 percent (prescription drugs) from 1998 to 2006.
Exhibit 4 combines the per capita cost and obesity prevalence data to present
the attributable fractions and aggregate estimates of the costs of obesity separately by payer and by type of service. Focusing on total payments, the attributable fractions indicate that 8.5 percent of Medicare spending, 11.8 percent of
Medicaid spending, and 12.9 percent of private payer spending is attributable to
obesity. Across all payers, our results indicate that obesity is associated with a 9.1
percent increase in annual medical spending, compared with 6.5 percent in 1998:
$86 billion based on the MEPS estimates or as much as $147 billion per year based
on the NHEA data. For 1998 these estimates were $42 billion and $74 billion, respectively, when we used the updated regression specification. By point of service,
prescription drug spending is the largest cost driver.
Across all payers, we estimate that had obesity prevalence remained at 1998 levels, spending attributable to obesity would have been $47 billion in 2006 rather
than $86 billion (based on MEPS spending data). This implies that the rise in obesity prevalence accounted for 89 percent of the increase in obesity spending that
occurred during this period.13

Discussion
These results reveal that obesity continues to impose an economic burden on
both public and private payers. Across all payers, per capita medical spending for
the obese is $1,429 higher per year, or roughly 42 percent higher, than for someone
of normal weight. In aggregate, the annual medical burden of obesity has increased from 6.5 percent to 9.1 percent of annual medical spending and could be as
high as $147 billion per year (in 2008 dollars) based on the NHEA estimate. Moreover, unlike Thorpe and colleagues,2 who found that the per capita costs of obesity
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EXHIBIT 4
Aggregate Medical Spending Attributable To Obesity, By Insurance Status And Type
Of Service, In Two Different Data Sets, 2008 Dollars
Insurance category

Type of service

Attributable fraction (%)
b

MEPS ($ millions) NHEA ($ millions)

Medicare

Inpatient
Non-inpatient
Rx drug
Total

1.1 (3.5)
9.1a (1.6)
15.2a (1.6)
8.5a (1.7)

1,085
7,920a
6,951a
19,683a

1,888a
13,787a
12,100a
34,263a

Medicaid

Inpatient
Non-inpatient
Rx drug
Total

8.8b (6.1)
3.9b (3.8)
11.9a,b (4.3)
11.8a (3.4)

2,054
1,260
1,479a
8,054a

7,031
4,314
5,061a
27,566a

Private

Inpatient
Non-inpatient
Rx drug
Total

18.1a (3.3)
8.5a (1.3)
17.1a (2.1)
12.9a (1.6)

20,942a
16,594a
11,665a
49,386a

31,544a
24,828a
18,250a
74,615a

All payers

Inpatient
Non-inpatient
Rx drug
2006 total

10.3a (2.3)
5.9a (1.0)
15.2a (1.4)
9.1a (1.0)

27,361a
26,380a
32,726a
85,739a

44,654a
45,157a
59,333a
146,624a

All payers

1998 (updated) total
1998 (original) total

41,840a
34,036a

74,157a
60,325a

6.5a (1.5)
5.3a,b (2.6)

SOURCE: Authors’ calculations based on data from the 2006 Medical Expenditure Panel Survey (MEPS) and the 2006 National
Health Expenditure Accounts (NHEA).
2
NOTES: Bootstrapped standard errors are shown in parentheses. Obese is body mass index (BMI) ≥30 kg/m . Dollar values
were updated to 2008 using the gross domestic product price index provided by the Bureau of Economic Analysis, U.S.
Department of Commerce.
a
Increased spending estimate is significantly greater than zero (p < 0.05).
b
Relative standard error is greater than 0.3, indicating that the estimate is unstable.

increased between 1987 and 2001, our estimates reveal that the 37 percent increase
in obesity prevalence, and not per capita cost increases, was the main driver of the
increase in obesity-attributable costs between 1998 and 2006. These results also
provide new evidence of the important role of prescription drug spending in driving the costs of obesity. For example, as a result of the Part D prescription drug
benefit, the obesity-attributable prescription drug costs to Medicare are $7 billion
for the noninstitutionalized population (see Exhibit 4).
n Effects of obesity treatment. Although pharmaceutical, medical, and surgical interventions to treat obesity are available, these treatments remain rare. As a result, the costs attributable to obesity are almost entirely a result of costs generated
from treating the diseases that obesity promotes. For example, Charles Roehrig and
colleagues14 show that annual medical costs for people with diabetes total $190.5
billion. Although not all of these costs are attributable to obesity, excess weight is
the single greatest predictor of developing diabetes. If not for obesity, these costs
would be much lower, as would costs for other conditions caused by excess weight.
Although our results indicate that private payers bear the majority of the costs
resulting from obesity, public-sector spending remains substantial; Medicare and
Medicaid spending would be 8.5 percent and 11.8 percent lower, respectively, in
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“The connection between rising rates of obesity and rising medical
spending is undeniable.”
the absence of obesity. Given the current budget crisis in most jurisdictions, the
high public-sector spending for obesity is a major cause for concern. However, if
the motivation to prevent or treat obesity were solely based on cost, then only
cost-saving obesity interventions would be implemented once all costs and benefits are taken into account.
From a payer’s perspective, although there is increasing evidence suggesting
that bariatric surgery may be cost saving,15 not all obesity treatments will meet
this threshold (nor do most treatments for other conditions). This is not to say
that these treatments should or should not be offered, but the extent to which
greater use of obesity treatments would reduce spending in either the short or the
long run remains unknown. The same is true for prevention. Many successful obesity prevention efforts are likely to be cost-effective (that is, have a low costeffectiveness ratio) but not cost saving. From a public health perspective that focuses on identifying cost-effective strategies for improving the health of the population, these interventions may still be worth pursuing, even at significant cost.
n Study limitations. This analysis has several limitations. One is the reliance on
self-reported height and weight. Unfortunately, no nationally representative data
set includes both measured height/weight and annual medical spending. In addition, the lack of statistical significance in some regressions may be attributable to
the relatively small sample size. For example, the 1998 data set is only half as large as
the 2006 data set; in 2006 only 329 (unweighted) Medicaid enrollees had an inpatient
visit, compared with 767 (unweighted) individuals in the private-payer regression.
As noted in the methods section, the application of the attributable fractions
generated from the MEPS data (on only the noninstitutionalized) to spending estimates from NHEA (including people in institutions) requires the strong assumption that the prevalence and per capita costs of obesity can be equally applied to both populations. This was necessary to present comprehensive estimates
of the costs of obesity considering all payment sources. However, if obese people
account for a lower percentage of the institutionalized population or the cost profile is smaller relative to those in institutions who are not obese, then the NHEAadjusted estimates are upwardly biased.
Finally, the regression-based approach allows for quantifying the spending attributable to obesity by payer and point of service, but it does not directly allow
for apportioning spending across specific diseases or the underlying behavior that
causes excess weight (that is, poor diet and inactivity). This should be an area of
future research.
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A

lt h o u g h t h e s e l i m i tat i o n s r e p r e s e n t important considerations,
the connection between rising rates of obesity and rising medical spending
is undeniable. The take-home message is that without a strong and sustained reduction in obesity prevalence, obesity will continue to impose major
costs on the health system for the foreseeable future. And although health reform
may be necessary to address health inequities and rein in rising health spending,
real savings are more likely to be achieved through reforms that reduce the prevalence of obesity and related risk factors, including poor diet and inactivity. These
reforms will require policy and environmental changes that extend far beyond
what can be achieved through changes in health care financing and delivery.
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Foundation. The authors thank Charles Feagan for his research assistance.
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T

HE NATIONAL HEALTH AND NU-

trition Examination Survey
(NHANES) provides the opportunity to track trends in the
prevalence of obesity in the United States
by collecting data on height and weight
measurements. Data from 1988-1994
showed that the prevalence of obesity in
adults had increased by approximately
8 percentage points in the United States
since 1976-1980, after being relatively
stable over the period 1960-1980.1,2
Analyses of data from 1999-2000 showed
further increases in obesity for both men
and women and in all age groups.3
The increases in obesity from 19761980 to 1988-1994 were statistically significant in all sex and age groups. The
increases in obesity from 1988-1994 to
1999-2000 were statistically significant in all sex and age groups except
men aged 40 to 59 years. Analyses of
data from 2001-2002 and 2003-2004
suggested increasing trends since 19992000 among men but not among women. 4,5 Comparisons between 20032004 and 2005-2006 showed no
significant changes but had limited statistical power.6
Herein we report the results from the
latest NHANES data from 2007-2008
regarding population trends in obesity and compare the results over the
10-year period from 1999 through
2008.
See also pp 242 and 275.
CME available online at
www.jamaarchivescme.com
and questions on p 283.

Context The prevalence of obesity increased in the United States between 19761980 and 1988-1994 and again between 1988-1994 and 1999-2000.
Objective To examine trends in obesity from 1999 through 2008 and the current
prevalence of obesity and overweight for 2007-2008.
Design, Setting, and Participants Analysis of height and weight measurements
from 5555 adult men and women aged 20 years or older obtained in 2007-2008 as
part of the National Health and Nutrition Examination Survey (NHANES), a nationally
representative sample of the US population. Data from the NHANES obtained in 20072008 were compared with results obtained from 1999 through 2006.
Main Outcome Measure Estimates of the prevalence of overweight and obesity
in adults. Overweight was defined as a body mass index (BMI) of 25.0 to 29.9. Obesity was defined as a BMI of 30.0 or higher.
Results In 2007-2008, the age-adjusted prevalence of obesity was 33.8% (95% confidence interval [CI], 31.6%-36.0%) overall, 32.2% (95% CI, 29.5%-35.0%) among
men, and 35.5% (95% CI, 33.2%-37.7%) among women. The corresponding prevalence estimates for overweight and obesity combined (BMI ⱖ25) were 68.0% (95%
CI, 66.3%-69.8%), 72.3% (95% CI, 70.4%-74.1%), and 64.1% (95% CI, 61.3%66.9%). Obesity prevalence varied by age group and by racial and ethnic group for
both men and women. Over the 10-year period, obesity showed no significant trend
among women (adjusted odds ratio [AOR] for 2007-2008 vs 1999-2000, 1.12 [95%
CI, 0.89-1.32]). For men, there was a significant linear trend (AOR for 2007-2008 vs
1999-2000, 1.32 [95% CI, 1.12-1.58]); however, the 3 most recent data points did
not differ significantly from each other.
Conclusions In 2007-2008, the prevalence of obesity was 32.2% among adult men
and 35.5% among adult women. The increases in the prevalence of obesity previously observed do not appear to be continuing at the same rate over the past 10 years,
particularly for women and possibly for men.
www.jama.com

JAMA. 2010;303(3):235-241

METHODS
The NHANES program of the National
Center for Health Statistics, Centers for
DiseaseControlandPrevention,includes
a series of cross-sectional, nationally representative health examination surveys
beginning in 1960. To obtain a nationally representative sample of the US
civilian noninstitutionalized population,
each survey period used a complex,
stratified, multistage probability cluster
sampling design. Beginning in 1999,
NHANES became a continuous survey
(without a break between cycles) and
data are released in 2-year cycles, including 1999-2000, 2001-2002, 2003-2004,
2005-2006, and 2007-2008.

©2010 American Medical Association. All rights reserved.

In 2007-2008, the sample consisted
of 8082 men and women aged 20 years
or older; of whom 73.4% (n = 5935)
were interviewed and 70.6% (n=5707)
were both interviewed and examined.
Participants missing weight or height
measurements (n = 95) and pregnant
women (n=57) were excluded from the
analyses. This report uses data for 2750
adult men and 2805 nonpregnant adult
women with measured weights and
Author Affiliations: National Center for Health Statistics, Centers for Disease Control and Prevention,
Hyattsville, Maryland.
Corresponding Author: Katherine M. Flegal, PhD, National Center for Health Statistics, Centers for Disease Control and Prevention, 3311 Toledo Rd, Room
4315, Hyattsville, MD 20782 (kmf2@cdc.gov).
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heights from the most recent 2 years
of the continuous NHANES 20072008, in addition to data from NHANES
1999-2006. NHANES 1999-2008
received approval from the National
Center for Health Statistics research

ethics review board. Written informed consent was obtained.
Weight and height were measured in
a mobile examination center using standardized techniques and equipment.
Body mass index (BMI) was calcu-

Table 1. Sample Size for US Adults Aged 20 Years or Older a
Categories
by Age
Men, age, y
ⱖ20
20-39
40-59
ⱖ60
Women, age, y
ⱖ20
20-39
40-59
ⱖ60

All
(N = 5555) b

Non-Hispanic
White
(n = 2618)

Non-Hispanic
Black
(n = 1144)

All
Hispanics
(n = 1566) c

Mexican
American
(n = 945)

2750
896
883
971

1335
383
391
561

554
187
173
194

739
275
276
188

460
195
164
101

2805
877
910
1018

1283
344
402
537

590
191
198
201

827
307
270
250

485
189
158
138

a Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.
b Includes racial and ethnic groups not shown separately.
c Includes Mexican Americans.

lated as weight in kilograms divided by
height in meters squared, rounded to
the nearest tenth. For adults aged 20
years or older, overweight was defined as a BMI of 25.0 to 29.9 and obesity was defined as a BMI of 30.0 or
higher.7 Obesity may be divided into
grade 1 (BMI, 30-⬍35), grade 2 (BMI,
35-⬍40), and grade 3 (BMI ⱖ40).8
Individuals were grouped by age at the
interview: 20-39 years, 40-59 years, and
60 years or older. Race and ethnicity were
self-reported; for the purposes of this report, race and ethnicity are classified as
non-Hispanic white, non-Hispanic black,
Mexican American, other Hispanic, and
other. Data for 2007-2008 are presented overall, including all racial and
ethnic groups, and separately for nonHispanic white, non-Hispanic black, all
Hispanics (including both Mexican
Americans and other Hispanics) and

Table 2. Prevalence of Obesity and Overweight for Adults Aged 20 Years or Older a
% of Adults (95% Confidence Interval)
Categories
by Age
BMI ⱖ30
All, age, y
ⱖ20
ⱖ20 d
Men, age, y
ⱖ20 d
20-39
40-59
ⱖ60
Women, age, y
ⱖ20 d
20-39
40-59
ⱖ60
BMI ⱖ25
All, age, y
ⱖ20
ⱖ20 d
Men, age, y
ⱖ20 d
20-39
40-59
ⱖ60
Women, age, y
ⱖ20 d
20-39
40-59
ⱖ60

All b

Non-Hispanic
White

Non-Hispanic
Black

All
Hispanics c

Mexican
American

33.9 (31.7-36.1)
33.8 (31.6-36.0)

32.8 (29.4-36.1)
32.4 (28.9-35.9)

44.1 (39.9-48.3)
44.1 (40.0-48.2)

37.9 (32.3-43.4)
38.7 (33.5-43.9)

39.3 (32.0-46.6)
40.4 (34.2-46.6)

32.2 (29.5-35.0)
27.5 (23.8-31.2)
34.3 (29.8-38.8)
37.1 (33.1-41.0)

31.9 (28.1-35.7)
26.3 (20.9-31.7)
34.0 (28.1-39.8)
38.4 (34.1-42.6)

37.3 (32.3-42.4)
34.7 (28.5-40.9)
39.7 (30.0-49.5)
38.0 (31.3-44.7)

34.3 (28.2-40.3)
32.3 (23.9-40.7)
37.4 (29.0-45.8)
32.6 (23.5-41.7)

35.9 (26.3-44.4)
33.8 (22.7-44.9)
38.2 (26.3-50.1)
35.8 (21.9-49.8)

35.5 (33.2-37.7)
34.0 (29.0-39.1)
38.2 (33.8-42.6)
33.6 (30.2-36.9)

33.0 (29.3-36.6)
31.3 (23.3-39.3)
35.7 (29.7-41.7)
31.4 (27.3-35.5)

49.6 (45.5-53.7)
47.2 (41.3-53.1)
51.7 (47.2-56.1)
50.5 (40.5-60.5)

43.0 (37.9-48.2)
37.6 (32.3-42.8)
46.6 (37.3-55.9)
46.7 (41.0-52.3)

45.1 (38.9-51.2)
39.6 (33.7-45.5)
48.9 (38.0-59.8)
48.1 (43.0-53.3)

68.3 (66.6-70.0)
68.0 (66.3-69.8)

67.5 (65.0-70.1)
66.7 (64.1-69.3)

73.7 (71.2-76.2)
73.8 (71.3-76.3)

76.9 (72.9-80.8)
77.9 (74.5-81.4)

77.5 (73.4-81.6)
78.8 (75.2-82.4)

72.3 (70.4-74.1)
63.5 (60.8-66.2)
77.8 (74.0-81.7)
78.4 (74.8-81.9)

72.6 (69.9-75.3)
62.6 (58.0-67.2)
77.7 (72.8-82.6)
81.4 (77.9-84.9)

68.5 (65.2-71.8)
61.5 (54.6-68.5)
73.5 (65.9-81.2)
72.5 (65.2-79.8)

79.3 (74.7-83.9)
74.2 (66.8-81.5)
87.2 (81.4-93.0)
75.4 (70.2-80.7)

80.0 (75.5-84.5)
75.0 (67.4-82.7)
88.0 (80.8-95.1)
75.8 (68.4-83.1)

64.1 (61.3-66.9)
59.5 (54.5-64.5)
66.3 (63.3-69.3)
68.6 (64.4-72.7)

61.2 (56.7-65.7)
54.9 (46.3-63.6)
63.8 (59.8-67.8)
67.6 (62.2-73.1)

78.2 (74.5-81.9)
78.0 (71.8-84.2)
78.4 (74.1-82.6)
78.2 (70.7-85.8)

76.1 (72.0-80.1)
68.5 (61.4-75.7)
81.2 (77.3-85.1)
80.7 (77.3-84.1)

76.9 (71.8-81.9)
70.3 (62.7-77.9)
80.3 (73.6-87.0)
82.6 (77.2-88.0)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
a Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.
b Includes racial and ethnic groups not shown separately.
c Includes Mexican Americans.
d Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
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Mexican Americans. In 2007-2008, nonHispanic blacks and Hispanics were oversampled to provide adequate sample sizes
for analyses of these groups. In surveys
from 1999 through 2006, Mexican
Americans but not all other Hispanics
were oversampled, so trends are examined for Mexican Americans rather than
for all Hispanics.
Statistical analyses were performed
using SAS software version 9.2 (SAS Institute Inc, Cary, North Carolina) and
SUDAAN software version 10.0 (RTI, Research Triangle Park, North Carolina).
Calculationofsamplingweightstookinto
account unequal probabilities of selection resulting from the sample design,
nonresponse,andnoncoverage.Allanalyses took into account differential probabilities of selection and the complex
sample design. Standard errors were es-

timated with SUDAAN software using
Taylor serieslinearization.Statisticaltests
were 2-sided and a P value of less than
.05wasconsideredstatisticallysignificant.
Linear trends over the five 2-year survey cycles and variations in the prevalence of obesity by age and racial and ethnic groups over the 10-year period were
tested using sex-specific logistic regression models with adjustment for age
group, racial and ethnic group, and survey period; survey was treated as a continuous (ordered categorical) variable.
Approximate power calculations were
performed using POWER software
version 3 (National Cancer Institute,
Bethesda, Maryland), assuming a survey
design effect of 2. These calculations indicated that the sex-specific sample sizes
were adequate to detect an odds ratio
(OR) equivalent to an increase of 5 per-

centage points between 1999-2000 and
2007-2008 with 80% power and an OR
equivalent to an increase of 6 percentage points with greater than 90% power.
In addition, sex-specific logistic regression models were fitted that included survey as a categorical variable,
with adjustment for age group and racial and ethnic group. Logistic models
with survey as a continuous variable were
fitted within sex, age, and racial and ethnic subgroups. For graphical presentation only, the frequency distributions of
BMI were smoothed using a 4253 H nonparametric smoothing algorithm, based
on sequential calculations of running medians for groups of adjacent points.9
RESULTS
Samplesizesforanalysesfrom2007-2008
are presented in TABLE 1. Detailed infor-

Table 3. Prevalence of Grade 2 and Grade 3 Obesity for Adults Aged 20 Years or Older a
% of Adults (95% Confidence Interval)
Categories by
Age
BMI ⱖ35
All, age, y
ⱖ20
ⱖ20 d
Men, age, y
ⱖ20 d
20-39
40-59
ⱖ60
Women, age, y
ⱖ20 d
20-39
40-59
ⱖ60
BMI ⱖ40
All, age, y
ⱖ20
ⱖ20 d
Men, age, y
ⱖ20 d
20-39
40-59
ⱖ60
Women, age, y
ⱖ20 d
20-39
40-59
ⱖ60

All b

Non-Hispanic
White

Non-Hispanic
Black

All
Hispanics c

Mexican
American

14.3 (12.8-15.8)
14.3 (12.7-15.8)

13.6 (11.3-15.9)
13.6 (11.2-16.0)

21.9 (18.2-25.6)
21.7 (18.1-25.4)

15.5 (13.5-17.5)
15.4 (13.3-17.5)

16.0 (13.2-18.8)
15.9 (13.3-18.6)

10.7 (9.1-12.3)
9.4 (6.7-12.0)
11.6 (9.3-13.9)
11.6 (9.3-13.8)

10.5 (8.5-12.5)
8.5 (4.6-12.4)
11.6 (8.8-14.3)
12.0 (9.5-14.6)

14.4 (10.4-18.4)
14.2 (8.5-20.0)
13.8 (8.9-18.7)
15.5 (11.1-19.9)

12.0 (8.9-15.2)
12.5 (8.0-17.1)
13.2 (9.0-17.3)
9.3 (5.4-13.2)

12.4 (7.9-16.8)
12.5 (6.1-18.8)
13.8 (8.6-19.0)
9.8 (3.8-15.8) e

17.8 (15.8-19.8)
18.9 (15.0-22.7)
19.5 (16.5-22.6)
13.3 (11.0-15.5)

16.6 (13.4-19.9)
17.2 (11.6-22.9)
18.7 (14.6-22.9)
12.3 (9.1-15.4)

27.9 (23.3-32.5)
30.2 (23.8-36.6)
29.1 (23.2-35.0)
22.0 (15.9-28.2)

18.9 (16.3-21.5)
19.1 (14.8-23.4)
19.1 (12.7-25.4)
18.3 (13.3-23.2)

19.9 (17.3-22.5)
20.9 (13.9-27.9)
19.0 (11.4-26.6)
19.6 (13.3-26.0)

5.7 (4.9-6.5)
5.7 (4.9-6.6)

5.2 (3.8-6.5)
5.2 (3.8-6.6)

11.1 (8.3-13.8)
10.8 (8.2-13.5)

5.7 (4.4-7.1)
5.5 (4.3-6.8)

6.0 (4.3-7.6)
5.6 (4.3-6.9)

4.2 (3.3-5.1)
4.2 (2.7-5.6)
4.2 (2.8-5.6)
4.2 (2.9-5.6)

4.0 (2.9-5.1)
3.4 (1.4-5.4)
4.4 (2.4-6.4)
4.4 (3.0-5.9)

7.0 (4.5-9.4)
7.5 (3.5-11.4)
5.6 (1.9-9.3) e
8.2 (3.7-12.7)

3.8 (2.1-5.6)
6.1 (3.0-9.2)
3.5 (1.4-5.7) e
NA

4.4 (2.1-6.6)
7.0 (3.0-10.9)
3.7 (1.0-6.4) e
NA

7.2 (6.1-8.4)
7.6 (5.6-9.7)
8.4 (6.6-10.2)
4.7 (2.9-6.5)

6.4 (4.2-8.5)
6.8 (3.4-10.3)
7.3 (4.4-10.1)
4.1 (1.8-6.5)

14.2 (10.5-17.8)
15.0 (9.4-20.6)
17.7 (12.2-23.1)
7.2 (3.9-10.5)

7.0 (5.7-8.4)
6.2 (4.6-7.8)
8.0 (4.8-11.2)
7.0 (4.4-9.6)

6.7 (5.2-8.2)
6.8 (3.6-10.1)
5.9 (2.9-8.9)
7.6 (4.5-10.8)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NA, data not shown because the estimate does not meet the standard
of statistical reliability and precision (relative standard error ⬎40%).
a Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.
b Includes racial and ethnic groups not shown separately.
c Includes Mexican Americans.
d Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
e Relative standard error of 30% or greater but less than 40%.
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mation on the prevalence of obesity (BMI
ⱖ30)andofoverweightandobesitycombined (BMI ⱖ25) overall and by age, sex,
and racial and ethnic group from
NHANES 2007-2008 is presented in
TABLE 2.
The prevalence of obesity in the
United States is high, exceeding 30% in
most age and sex groups except for men
aged 20 to 39 years. Among men, ageadjusted obesity prevalence was 32.2%
overall (95% confidence interval [CI],
29.5%-35.0%) and within racial and
ethnic groups ranged from 31.9% (95%
CI, 28.1%-35.7%) among nonHispanic white men to 37.3% (95% CI,
32.3%-42.4%) among non-Hispanic
black men. For women, the ageadjusted prevalence was 35.5% (95%
CI, 33.2%-37.7%), ranging from 33.0%
(95% CI, 29.3%-36.6%) among nonHispanic white women to 49.6% (95%
CI, 45.5%-53.7%) among nonHispanic black women. The ageadjusted prevalence of overweight and

obesity combined was 68.0% (95% CI,
66.3%-69.8%) overall, 72.3% (95% CI,
70.4%-74.1%) among men, and 64.1%
(95% CI, 61.3%-66.9%) among women.
Additional information on the ageadjustedprevalenceofgrades2and3obesity (BMI ⱖ35) and of grade 3 obesity
(BMIⱖ40)byage,sex,andracialandethnic group from NHANES 2007-2008 is
presented in TABLE 3. The age-adjusted
values for grades 2 and 3 obesity combined (BMI ⱖ35) ranged from 10.5%
(95% CI, 8.5%-12.5%) among nonHispanic white men to 14.4% (95% CI,
10.4%-18.4%) for non-Hispanic black
men; corresponding values for women
were 16.6% (95% CI, 13.4%-19.9%) and
27.9%(95%CI,23.3%-32.5%).Theoverallage-adjustedprevalenceofgrade3obesity (BMI ⱖ40) was 5.7% (95% CI, 4.9%6.5%) overall, 4.2% (95% CI, 3.3%-5.1%)
for men, and 7.2% (95% CI, 6.1%-8.4%)
for women, with particularly high values
14.2% (95% CI, 10.5%-17.8%) among
non-Hispanic black women.

The age-adjusted prevalence of obesity
by 2-year survey cycles is presented overall and by age and racial and ethnic group
in TABLE 4 for men and in TABLE 5 for
women. Logistic regression analyses
for men, adjusted for age group and racial and ethnic group, showed a significant linear trend across survey cycles as
a continuous variable for 2007-2008
vs 1999-2000 (OR, 1.32 [95% CI, 1.121.58];P=.002)andsignificantdifferences
among survey cycles as a categorical variable for 2007-2008 vs 1999-2000 (OR,
1.24 [95% CI, 1.03-1.52], P=.02). However, in analyses adjusted for age and racial and ethnic group with survey cycle
as a categorical variable, there were no
significant differences between the last
3 survey cycles (2003-2004, 2005-2006,
and 2007-2008) for men.
To examine these findings for men further, additional linear trend tests by survey cycle were fitted within race and ethnicity and age subgroups. Within age
groups, linear trends adjusted for racial

Table 4. Trends in the Age-Adjusted and Age-Specific Prevalence of Obesity (BMI ⱖ30) in US Men Aged 20 Years or Older for 1999-2008
No. (%) of Men [95% Confidence Interval]
Age ⱖ20

Ages 20-39 y

Ages 40-59 y

Age ⱖ60 y

2043 (27.5) [24.4-30.6]
2219 (27.8) [25.8-29.7]
2237 (31.1) [28.5-33.7]
2237 (33.3) [29.3-37.4]
2750 (32.2) [29.5-35.0] c

666 (23.7) [20.5-27.0]
750 (22.3) [19.4-25.1]
756 (28.0) [23.7-32.4]
793 (28.1) [22.3-33.8]
896 (27.5) [23.8-31.2] c

595 (28.8) [23.0-34.7]
773 (32.2) [28.8-35.5]
649 (34.8) [29.9-39.7]
709 (39.7) [33.9-45.4]
883 (34.3) [29.8-38.8] c

782 (31.8) [27.3-36.3]
696 (30.2) [26.5-33.9]
832 (30.4) [26.6-34.2]
735 (32.2) [28.1-36.3]
971 (37.1) [33.1-41.0] c

946 (27.3) [23.8-30.8]
1157 (29.1) [26.5-31.7]
1183 (31.1) [28.1-34.2]
1145 (33.1) [28.7-37.5]
1335 (31.9) [28.1-35.7] c

276 (22.0) [17.3-26.7]
322 (23.9) [19.5-28.2]
336 (27.2) [21.4-33.0]
328 (25.8) [18.6-33.1]
383 (26.3) [20.9-31.7]

262 (28.5) [21.8-35.2]
407 (33.2) [29.5-36.9]
340 (35.6) [29.3-41.9]
368 (41.0) [35.0-47.0]
391 (34.0) [28.1-39.8]

408 (34.3) [28.8-39.9]
428 (31.5) [27.7-35.3]
507 (30.6) [26.3-35.0]
449 (32.9) [28.6-37.3]
561 (38.4) [34.1-42.6]

374 (28.1) [24.8-31.5]
435 (27.9) [24.0-31.8]
432 (34.0) [27.1-40.9]
507 (37.2) [32.5-41.8]
554 (37.3) [32.3-42.4] c

125 (27.4) [22.0-32.8]
148 (22.2) [16.4-28.0]
175 (32.3) [24.1-40.5]
185 (39.7) [33.3-46.0]
187 (34.7) [28.5-40.9] c

127 (29.9) [23.3-36.4]
161 (30.0) [23.9-36.1]
146 (37.6) [31.6-43.6]
170 (34.8) [26.2-43.3]
173 (39.7) [30.0-49.5]

122 (26.4) [18.5-34.4]
126 (34.2) [25.3-43.0]
111 (31.1) [17.8-44.3]
152 (36.8) [31.3-42.2]
194 (38.0) [31.3-44.7] c

538 (28.9) [25.2-32.7]
480 (25.9) [21.8-29.9]
458 (31.6) [26.6-36.6]
443 (27.0) [23.2-30.7]
460 (35.9) [28.9-43.0]

184 (30.4) [24.2-36.5]
215 (17.4) [11.1-23.8]
165 (32.7) [23.0-42.3]
210 (24.7) [19.5-29.9]
195 (33.8) [22.7-44.9]

157 (27.0) [19.6-34.3]
152 (34.8) [27.5-42.1]
118 (31.8) [21.3-42.4]
128 (27.6) [20.9-34.3]
164 (38.2) [26.3-50.1]

197 (29.7) [22.0-37.4]
113 (25.9) [19.5-32.2]
175 (29.5) [22.0-36.9]
105 (30.0) [20.7-39.2]
101 (35.8) [21.9-49.8]

ya

All b
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Non-Hispanic white
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Non-Hispanic black
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Mexican American
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
a Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
b Includes racial and ethnic groups not shown separately.
c Indicates significant linear trend over survey cycle (P⬍.05).
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Table 5. Trends in the Age-Adjusted and Age-Specific Prevalence of Obesity (BMI ⱖ30) in US Women Aged 20 Years or Older for 1999-2008
No. (%) of Women (95% Confidence Interval)
Age ⱖ20 y a

Ages 20-39 y

Ages 40-59 y

Age ⱖ60 y

2072 (33.4) [30.0-36.8]
2171 (33.3) [30.2-36.3]
2194 (33.2) [29.7-36.6]
2119 (35.3) [32.5-38.1]
2805 (35.5) [33.2-37.7]

640 (28.4) [24.4-32.4]
712 (29.8) [25.6-34.1]
661 (28.9) [24.3-33.6]
707 (30.5) [25.9-35.0]
877 (34.0) [29.0-39.1]

653 (37.8) [31.2-44.4]
721 (35.7) [31.6-39.9]
662 (38.8) [33.4-44.1]
718 (41.1) [36.5-45.6]
910 (38.2) [33.8-42.6]

779 (35.0) [30.7-39.3]
738 (35.2) [31.2-39.2]
871 (31.5) [28.0-34.9]
694 (34.4) [29.7-39.1]
1018 (33.6) [30.2-36.9]

885 (30.1) [25.9-34.3]
1130 (31.3) [28.0-34.6]
1174 (30.2) [25.9-34.4]
1048 (32.9) [29.4-36.5]
1283 (33.0) [29.3-36.6]

249 (24.4) [19.2-29.6]
313 (25.2) [20.5-29.8]
327 (23.8) [17.6-29.9]
288 (27.4) [20.5-34.2]
344 (31.3) [23.3-39.3]

249 (34.2) [25.1-43.3]
376 (35.4) [31.3-39.6]
333 (37.8) [31.1-44.5]
340 (39.3) [34.4-44.1]
402 (35.7) [29.7-41.7]

387 (33.3) [28.9-37.7]
441 (35.2) [29.6-40.8]
514 (28.9) [25.9-31.8]
420 (32.3) [27.2-37.4]
537 (31.4) [27.3-35.5]

420 (49.7) [43.7-55.8]
434 (48.3) [42.9-53.6]
444 (53.9) [47.9-59.8]
512 (52.9) [48.7-57.0]
590 (49.6) [45.5-53.7]

140 (46.2) [38.3-54.1]
157 (47.2) [39.6-54.9]
153 (50.3) [41.1-59.6]
175 (47.7) [40.3-55.1]
191 (47.2) [41.3-53.1]

141 (53.2) [46.8-59.6]
148 (47.8) [41.6-54.0]
160 (57.5) [48.8-66.2]
195 (53.3) [46.8-59.8]
198 (51.7) [47.2-56.1]

139 (50.2) [36.1-64.4]
129 (50.8) [37.8-63.8]
131 (54.0) [43.9-64.2]
142 (61.0) [54.3-67.7]
201 (50.5) [40.5-60.5]

567 (39.7) [32.1-47.2]
445 (37.0) [30.6-43.4]
415 (42.3) [36.8-47.7]
400 (42.1) [36.4-47.7]
485 (45.1) [38.9-51.2]

180 (30.6) [19.3-41.9]
178 (31.5) [20.8-42.2]
130 (35.7) [28.6-42.9]
170 (36.5) [29.5-43.4]
189 (39.6) [33.7-45.5]

193 (48.5) [38.9-58.1]
139 (47.1) [38.8-55.4]
110 (48.3) [38.5-58.1]
124 (51.1) [42.2-60.0]
158 (48.9) [38.0-59.8]

194 (41.0) [32.6-49.3]
128 (30.2) [22.0-38.4]
175 (43.8) [37.7-49.9]
106 (37.1) [25.6-48.6]
138 (48.1) [43.0-53.3]

All b
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Non-Hispanic white
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Non-Hispanic black
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
Mexican American
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
a Age adjusted by the direct method to the year 2000 Census population using the age groups 20-39 years, 40-59 years, and 60 years or older.
b Includes racial and ethnic groups not shown separately.

Figure. Smoothed Frequency Distributions of Body Mass Index for Men and Women Aged
40 to 59 Years in 1999-2000 and 2007-2008
Men

Women

10
1999-2000
2007-2008
Median value

8

Population, %

and ethnic group were significant for
men aged 20 to 39 years (P=.03), aged
40 to 59 years (P=.03), and aged 60 years
or older (P=.04). Within racial and ethnic groups, linear trends adjusted for age
were significant for non-Hispanic whites
(P = .02) and non-Hispanic blacks
(P<.001), but not for Mexican American men (P=.15). Within racial and ethnic and age groups, linear trend tests
across survey cycles were significant only
for non-Hispanic black men aged 20 to
39 years (P=.001) and aged 60 years or
older (P = .02). There may be limited
power to detect statistically significant
trends within subgroups.
For women overall, there were no significant differences by survey cycle either
as a continuous variable (adjusted OR
for 2007-2008 vs 1999-2000, 1.12 [95%
CI, 0.89-1.32]; P=.21) or a categorical
variable (P=.68). There were not any significant trends by survey cycle within
any subgroup of women.
In analyses over the 10-year period adjusted for survey cycle for both men and
women, the likelihood of being obese was
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significantlyhigherintheagegroupof4059years(ORformen,1.46[95%CI,1.291.66];ORforwomen,1.50[95%CI,1.311.72]) and in the age group of 60 years or
older (OR for men, 1.35 [95% CI, 1.191.54];ORforwomen,1.26[95%CI,1.111.44]) than among those in the age group
of 20-39 years. Relative to non-Hispanic
whites, the likelihood of being obese was
significantlygreateramongnon-Hispanic
blacks (OR for men, 1.13 [95% CI, 1.011.27];ORforwomen,2.26[95%CI,2.02-
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2.51]) and for Mexican American women (OR, 1.53; 95% CI, 1.31-1.78), but not
for Mexican American men (OR, 1.01;
95% CI, 0.85-1.19).
SmootheddistributionsofBMIin19992000 and 2007-2008 are shown by age
group in the FIGURE for men and women aged 40 to 59 years. (Distributions
formenandwomenaged20-39yearsand
aged ⱖ60 years are available online in
eFigure 1 and eFigure 2 at http://www
.jama.com.) For both men and women,
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the estimated median BMI (50th percentile) tended to be slightly higher in
2007-2008 than in 1999-2000 within
all age groups; however, some of the differences were extremely small. In 19992000, the median BMI for men aged 20
to 39 years was 26.0 (95% CI, 25.626.7) vs 26.6 (95% CI, 26.1-27.2) in
2007-2008; for men aged 40 to 59 years,
27.4 (95% CI, 26.8-27.9) vs 28.3 (95%
CI, 27.7-29.0); and for men aged 60
years or older, 27.5 (95% CI, 27.228.0) vs 28.3 (95% CI, 27.9-28.7). In
1999-2000, the median BMI for women
aged 20 to 39 years was 25.6 (95% CI,
24.8-26.3) vs 26.5 (95% CI, 25.727.5) in 2007-2008; for women aged 40
to 59 years, 27.6 (95% CI, 26.2-28.8)
vs 27.7 (95% CI, 27.0-28.5); and for
women aged 60 years or older, 27.4
(95% CI, 26.8-28.1) vs 27.6 (95% CI,
26.9-28.3).
COMMENT
The prevalence of obesity in the United
States continues to be high, exceeding
30% in most sex and age groups. Comparisons between Canada and the United
States show that obesity prevalence was
higher in the United States in 1999-2002
than in Canada in 2004, with the difference largely due to higher obesity prevalence among women.10 Comparisons of
obesity prevalence between Canada and
the United States that are limited to white
adults show no significant differences
for men.10 A review of prevalence estimates in European countries found that
the prevalence of obesity based on measured weights and heights varies widely
from country to country, with higher
prevalences in Central, Eastern, and
Southern Europe.11 In most cases, the
prevalence of obesity appeared lower in
European countries than in the United
States. However, estimates from other
countries are not precisely comparable
with US estimates because of differences
in study methods, years of measurement
and the age ranges, and methods of age
adjustment or age categorization.
The prevalence of obesity shows significant variation by racial and ethnic
groups. Racial and ethnic differences in
theprevalenceofobesityasdefinedbyBMI
240

should be interpreted cautiously because
they do not necessarily correspond to differences in fat mass or percentage of body
fat. Body mass index is a valuable tool to
provide a standardized definition of obesity for the purposes of national surveillance and international comparisons.12 In
the NHANES surveys, BMI is highly correlatedwithpercentageofbodyfat,slightly
more so for women than for men.13 However,BMIdoesnotdistinguishfatandlean
tissue or represent adiposity directly.
The degree of adiposity associated with
a given level of BMI varies by age, sex,
and racial and ethnic group.14 Relative
to white men and women at the same BMI
level, black men and women tend to have
higher lean mass and lower fat mass.13,15-17
The relative, although not absolute,
health risks associated with a given BMI
level may be lower for blacks than for
whites.18-20 Asian populations tend to
have higher body fat percentages at a
given BMI level and possible higher risks;
however, this theory has been disputed.21 Considerable discussion22-24 has
addressed the public health and policy
issues of using different BMI cutoff points
for different ethnic groups that have different relationships with BMI, body fat,
and health risks.
For women, the prevalence of obesity
showednostatisticallysignificantchanges
overthe10-yearperiodfrom1999through
2008. For men, there was a significant linear trend over the same period, but estimates for the period 2003-2004, 20052006, and 2007-2008 did not differ significantly from each other. These data
suggestthattheincreasesintheprevalence
of obesity previously observed between
1976-1980and1988-19941,3 andbetween
1988-1994 and 1999-20003 may not be
continuing at a similar level over the period 1999-2008, particularly for women
but possibly for men.
The prevalence of obesity for adults
aged 20 to 74 years increased by 7.9 percentage points for men and by 8.9 percentage points for women between 19761980 and 1988-1994, and subsequently
by 7.1 percentage points for men and by
8.1 percentage points for women between 1988-1994 and 1999-2000.1 If the
trends between 1988-1994 and 1999-
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2000 continued at approximately the
same annual level, an increase of 6 to 7
percentage points between 1999-2000
and 2008-2009 would be expected for
both men and women. The sample size
was sufficient to detect a linear increase
of this magnitude with 90% power. Between 1999-2000 and 2007-2008, there
was an increase of 4.7 percentage points
(95% CI, 0.5 to 9.0) for men and a nonsignificant increase of 2.1 percentage
points (95% CI, −2.1 to 6.3) for women.
IntheUnitedStates,astudyofdatafrom
military recruits, veterans, and national
surveys suggests mean BMI has increased
over a long period since the Civil War up
to recent times, with increases in the last
several decades perhaps less steep than
those observed earlier.25 Over the period
1960-1980 (covered by the earliest
NHANESsurveysandtheNationalHealth
Examination Survey), obesity prevalence
was relatively stable, but then it showed
striking increases in the 1980s and 1990s.
The data presented in our current study
using 2007-2008 data suggest that the
prevalence may have entered another periodofrelativestability,perhapswithsmall
increases in obesity, although future large
changescannotberuledout.Becauserelatively little is known about the causes of
the trends previously observed, it is difficulttopredictthefuturetrendsinobesity.
This study has several limitations.
These data were obtained from a sample
survey and like other survey data, they
may be subject to sampling error or
nonsampling error. In addition, the
power of this study is limited to detect
small changes in prevalence, particularly among subgroups defined by sex,
age, and racial and ethnic group.
Obesity is a risk factor for a variety of
chronicconditionsincludingdiabetes,hypertension,highcholesterol,stroke,heart
disease, certain cancers, and arthritis.26
Higher grades of obesity are associated
with excess mortality, primarily from cardiovascular disease, diabetes, and certain
cancers.26-28 Trends in obesity-related
health outcomes do not always parallel
trendsintheprevalenceofobesity.Despite
the increases in obesity prevalence, mortality rates and mortality from coronary
heart disease and stroke have declined
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overseveraldecades,29 possiblyduetoimprovements in public health and medical care and in other cardiovascular risk
factors30; however, hypertension appears
tobeincreasing.31 Oftheseobesity-related
conditions, diabetes may be most closely
linked to obesity, and the increasing incidence of diabetes worldwide is of considerable concern.32 In the United States,
the prevalence of diagnosed diabetes increased significantly from 1988-1994
through 2005-2006, although the total
prevalence of diabetes increased significantlyonlyamongnon-Hispanicblacks.33
The prevention and treatment of overweight and obesity on a populationwide
basis are challenging. Population-based
strategies that improve social and physical environmental contexts for healthful
eating and physical activity are complementary to clinical preventive strategies
and to treatment programs for those
who are already obese.34 For example,
innovative public policy approaches include a variety of policy and environmentalinitiativesdesignedtoincreasefruitand
vegetable consumption in underserved
areas.35,36 Preventive population-level interventionshavingtodowiththebuiltenvironmentandthefoodenvironmentmay
lead to health benefits for the entire population, not only for the obese population;
and some interventions may reduce excess body fat among the obese population
even without large concomitant changes
in weight.37 Enhanced efforts to provide
environmental interventions may lead to
improved health and to future decreases
in the prevalence of obesity.
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Association of Maternal Weight Gain in Pregnancy With
Offspring Obesity and Metabolic and Vascular Traits
in Childhood
Abigail Fraser, PhD; Kate Tilling, PhD; Corrie Macdonald-Wallis, MSc; Naveed Sattar, PhD, FRCPath;
Marie-Jo Brion, PhD; Li Benfield, PhD; Andy Ness, PhD, FFPH; John Deanfield, BA, BCh, FRCP;
Aroon Hingorani, PhD, FRCP; Scott M. Nelson, PhD, FRCOG;
George Davey Smith, MD, DSc; Debbie A. Lawlor, PhD, FFPH
Background—We sought to examine the association of gestational weight gain (GWG) and prepregnancy weight with
offspring adiposity and cardiovascular risk factors.
Methods and Results—Data from 5154 (for adiposity and blood pressure) and 3457 (for blood assays) mother-offspring
pairs from a UK prospective pregnancy cohort were used. Random-effects multilevel models were used to assess
incremental GWG (median and range of repeat weight measures per woman: 10 [1, 17]). Women who exceeded the
2009 Institute of Medicine–recommended GWG were more likely to have offspring with greater body mass index, waist,
fat mass, leptin, systolic blood pressure, C-reactive protein, and interleukin-6 levels and lower high-density lipoprotein
cholesterol and apolipoprotein A1 levels. Children of women who gained less than the recommended amounts had lower
levels of adiposity, but other cardiovascular risk factors tended to be similar in this group to those of offspring of women
gaining recommended amounts. When examined in more detail, greater prepregnancy weight was associated with
greater offspring adiposity and more adverse cardiovascular risk factors at age 9 years. GWG in early pregnancy (0 to
14 weeks) was positively associated with offspring adiposity across the entire distribution but strengthened in women
gaining ⬎500 g/wk. By contrast, between 14 and 36 weeks, GWG was only associated with offspring adiposity in
women gaining ⬎500 g/wk. GWG between 14 and 36 weeks was positively and linearly associated with adverse lipid
and inflammatory profiles, with these associations largely mediated by the associations with offspring adiposity.
Conclusions—Greater maternal prepregnancy weight and GWG up to 36 weeks of gestation are associated with greater
offspring adiposity and adverse cardiovascular risk factors. Before any GWG recommendations are implemented, the
balance of risks and benefits of attempts to control GWG for short- and long-term outcomes in mother and child should
be ascertained. (Circulation. 2010;121:2557-2564.)
Key Words: blood pressure 䡲 epidemiology 䡲 gestational weight gain 䡲 lipids 䡲 obesity

A

recent systematic review found evidence of associations
of maternal prepregnancy weight and greater gestational
weight gain (GWG) with a wide range of adverse perinatal
health outcomes.1 Fewer studies have examined the long-term
effects of these on offspring health, and this systematic
review and the recently revised 2009 US Institute of Medicine (IOM) guidance on GWG identified a need for further
high-quality research with long-term offspring outcomes.1,2

Clinical Perspective on p 2564
Several studies have examined associations of GWG with
offspring adiposity and have consistently (all but 1 study3)

reported positive associations with offspring body mass index
(BMI) in childhood,4 – 6 adolescence,7 and adulthood.8 Other
studies have examined the association with offspring blood
pressure (BP), with conflicting results.4,8 –12 The 2 most recent
and largest studies suggest positive associations of GWG
with offspring BP in childhood4 and adulthood8 that may be
mediated by the association of GWG with offspring
adiposity.8
No studies have examined associations of maternal
prepregnancy weight or GWG with offspring cardiovascular
risk factors other than BMI and BP. Most previous studies
have been unable to examine patterns of GWG with offspring
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Table 1. IOM-Recommended Levels of GWG According to
Prepregnancy BMI Categories2
Range of Recommended Absolute
Weight Gain, kg

Prepregnancy BMI
Underweight (⬍18.5 kg/m2)

12.5–18

Normal weight (18.5–24.9 kg/m2)

11.5–16

2

Overweight (25–29.9 kg/m )

7–11.5

Obese (ⱖ30 kg/m2)

5–9

outcomes. No studies have examined associations of the
newly defined IOM GWG categories with offspring outcomes.2 Our aim was to examine associations of GWG and
prepregnancy weight with a range of offspring cardiovascular
risk factors (BMI, fat mass, waist circumference, BP, lipids,
apolipoproteins, adiponectin, leptin, interleukin-6 [IL-6], and
C-reactive protein [CRP]) with the use of detailed repeat
measures of gestational weight.

Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC)
is a prospective, population-based birth cohort study that recruited 14 541 pregnant women resident in Avon, UK, with
expected dates of delivery April 1, 1991, to December 31,
1992 (http://www.alspac.bris.ac.uk.). 13 There were 13 678
mother-offspring pairs from singleton live births who survived to
at least 1 year of age; only singleton pregnancies are considered
in this article. We further restricted analyses in this article to
women with term deliveries (between 37 and 44 weeks of
gestation; n⫽12 447). Of these women, 11 702 (94%) gave
consent for abstraction of data from their obstetric records, and
6668 offspring (57%) of these 11 702 women attended the 9-year
follow-up clinic. Of the 6668 mother-offspring eligible pairs,
complete data on GWG, offspring anthropometry, BP, and potential confounders were available for 5154 (77% of attendees; 41%
of 12 47 total). In addition, 3457 (52% of attendees; 28% of total)
had complete data on offspring blood assays.
Six trained research midwives abstracted data from obstetric
medical records. There was no between-midwife variation in mean
values of abstracted data, and repeat data entry checks demonstrated
error rates consistently ⬍1%. Obstetric data abstractions included
every measurement of weight entered into the medical records and
the corresponding gestational age and date. To allocate women to
IOM categories (Table 1), we used weight measurements from the
obstetric notes and subtracted the first from the last weight measurement in pregnancy to derive absolute weight gain. Prepregnancy
BMI was based on the predicted prepregnancy weight with the use of
multilevel models (see below) and maternal report of height.
Maternal age, parity, mode of delivery (cesarean section/vaginal
delivery), and the child’s sex were obtained from the obstetric
records. On the basis of questionnaire responses, the highest parental
occupation was used to allocate the children to family social class
groups (classes I [professional/managerial] to V [unskilled manual
workers]). Information on maternal smoking in pregnancy, categorized as (1) never smoked, (2) smoked before pregnancy or in the
first trimester and then stopped, and (3) smoked throughout pregnancy, was obtained from questionnaire responses.
Offspring weight and height were measured in light clothing,
without shoes. Weight was measured to the nearest 0.1 kg with the
use of Tanita scales. Height was measured to the nearest 0.1 cm with
the use of a Harpenden stadiometer. Waist circumference was
measured to the nearest 1 mm at the midpoint between the lower ribs
and the pelvic bone with a flexible tape and with the child breathing
normally. Fat mass was assessed with the use of dual-energy x-ray
densitometry. We examined BMI, waist circumference, and fat mass
as continuously measured variables. We also examined binary
outcomes of overweight/obese (BMI) and abdominally obese (waist

circumference) subjects using age- and sex-specific thresholds for
both child BMI (International Obesity Task Force)14 and waist
circumference (ⱖ90th percentile15 based on waist circumference
percentile curves derived for British children16).
BP was measured with the use of a Dinamap 9301 Vital Signs
Monitor with the child rested and seated and with the arm supported
at chest level on a table. Two readings of systolic and diastolic BP
(SBP and DBP, respectively) were recorded, and the mean of each
was used. Nonfasting blood samples were taken with the use of
standard procedures with samples immediately spun and frozen at
⫺80°C. The measurements were assayed in plasma in 2008 after a
median of 7.5 years in storage with no previous freeze-thaw cycles
during this period. Analysis of lipids (total cholesterol, triglycerides,
and high-density lipoprotein cholesterol [HDL-C]) was performed by
modification of the standard Lipid Research Clinics protocol with the
use of enzymatic reagents for lipid determinations. Apolipoprotein
A1 (apoA1) and apolipoprotein B (apoB) were measured by immunoturbidimetric assays (Hitachi/Roche). Leptin was measured by an
in-house enzyme-linked immunosorbent assay validated against
commercial methods. Adiponectin and high-sensitivity IL-6 were
measured by enzyme-linked immunosorbent assay (R&D Systems),
and CRP was measured by automated particle-enhanced immunoturbidimetric assay (Roche UK, Welwyn Garden City, UK). All
assay coefficients of variation were ⬍5%. Non–HDL-C was calculated as total cholesterol minus HDL-C.
All pregnancy weight measurements (median number of repeat
measurements per woman, 10; range, 1, 17) were used to develop a
linear spline multilevel model (with 2 levels: woman and measurement occasion) relating weight (outcome) to gestational age (exposure). Full details of this statistical modeling are provided in the
online-only Data Supplement. High levels of agreement were found
between estimated and observed weights (Table I and Figure II in the
online-only Data Supplement). We scaled maternal prepregnancy
weight and gestational weight change to be clinically meaningful,
examining the variation in offspring outcomes per additional 1 kg of
maternal weight at conception and per 400-g gain per week of
gestation for GWG.2 Sensitivity analyses were conducted in which
we repeated analyses including only those women who had at least
9 measurements of gestational weight.
Associations of offspring outcomes with the IOM categories and
with the estimates of maternal prepregnancy weight and early-, mid-,
and late-pregnancy GWG were undertaken with the use of linear
regression. We explored the linearity of the relationships between all
outcomes and the exposures using fractional polynomials. When
there was evidence of nonlinearity, we used spline models to
approximate the relationship. In the basic model, we adjusted for
offspring gender and age at the time of outcome measurement and
for all models with fat mass for height and height squared. We
considered the following potential confounders: prepregnancy
weight and GWG in the previous period (for the multilevel model
exposures only), gestational age (for IOM categories only because
this is taken into account in the multilevel models), maternal age,
parity, smoking during pregnancy, social class, and mode of delivery. To examine whether effects were mediated by birth weight, we
adjusted for it, and for nonadiposity outcomes, we also examined
potential mediation by adiposity. Triglycerides, leptin, CRP, and
IL-6 were log transformed to normalize their distributions. The
resultant regression coefficients were exponentiated to give a ratio of
geometric means per change in exposure. Results are presented
jointly for mothers of female and male offspring because associations were very similar in both genders.

Ethical Approval
Ethical approval for all aspects of data collection was obtained from
the ALSPAC Law and Ethics Committee (IRB 00003312) and the
local Research Ethics Committee.
The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.
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Results
Table II in the online-only Data Supplement shows the
characteristics of mothers and offspring. Table 2 shows the
association of IOM categories with adiposity and cardiovascular risk factors. Offspring of women who gained
more than IOM-recommended GWG were more likely to
have greater BMI, waist circumference, fat mass, leptin,
SBP, CRP, and IL-6 levels. They were also more likely to
have lower HDL-C and apoA1 levels. Children of women
who gained less than recommended amounts had lower
levels of adiposity, but other cardiovascular risk factors
tended to be similar in this group to those of offspring of
women gaining recommended amounts. IOM categories
were not associated with DBP, non–HDL-C, apoB, or
triglyceride levels. Associations remained with adjustment
for confounders. IOM categories were associated with
binary outcomes of offspring overweight/obesity. In
confounder-adjusted models, offspring of women who
gained less than recommended levels compared with those
gaining recommended levels had odds ratios of overweight/obesity (based on BMI) of 0.80 (0.67, 0.96) and of
central obesity (based on waist) of 0.79 (0.69, 0.90), and
offspring of mothers who gained more than recommended
levels compared with those gaining recommended levels
had odd ratios of overweight/obesity and central obesity of
1.73 (1.45, 2.05) and 1.36 (1.19, 1.57), respectively.
When we used multilevel models including repeat measures of gestational weight to estimate GWG in more detail,
3 distinct periods of GWG were identified: early pregnancy,
0 to 14 weeks; mid pregnancy, ⬎14 to 36 weeks; and late
pregnancy, ⬎36 weeks (Figure). In early pregnancy, 20.0%
of women either lost weight or remained stable. The majority
of women in both mid (99.9%) and late pregnancy (95.7%)
gained weight. Table III in the online-only Data Supplement
shows the correlations between estimated prepregnancy
weight, estimated GWG in early, mid, and late pregnancy,
total absolute GWG over the whole pregnancy, and birth
weight. Most correlations were modest or weak. There was a
strong inverse association of estimated GWG in early and late
pregnancy and a strong positive association of estimated
GWG in mid and late pregnancy.
Table 3 shows the associations of estimated prepregnancy
weight (per 1-kg change) and estimated GWG (per 400
kg/wk) with offspring adiposity (BMI, waist circumference,
fat mass, leptin) and BP. Estimated prepregnancy weight was
positively linearly associated with all 4 measurements of
offspring adiposity and SBP and DBP, with these associations
remaining after adjustment for confounders.
For associations of estimated GWG with adiposity and BP,
there was evidence of nonlinearity with knots (changes in the
direction and/or magnitude of association) at 0 and 500 g/wk
for GWG in early pregnancy and at 250 and 500 g/wk in both
mid and late pregnancy. Estimated GWG in all 3 periods
generally had U-shaped associations with offspring adiposity,
with null or inverse associations in women gaining low levels
of weight, then null associations in the middle range of
estimated GWG, and then positive associations (model 1,
Table 3). However, with adjustment for confounding factors
(model 2), the inverse associations at low levels of estimated
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GWG attenuated. In the confounder-adjusted model, women
who lost weight or did not gain weight in early pregnancy (ie,
low estimated GWG women) had no association between
their average gestational weight change per week and offspring adiposity. However, for those women (ie, medium or
high estimated GWG women) gaining weight during this
period, there was a positive association of estimated GWG
with measures of offspring adiposity, which strengthened in
women gaining on average ⬎500 g/wk.
For mid pregnancy, estimated GWG up to 500 g/wk (ie,
low or medium estimated GWG) was not associated with
offspring adiposity, but offspring adiposity increased linearly
with estimated GWG in mid pregnancy after this level (ie, in
women with high GWG). There was no clear association of
estimated GWG in late pregnancy (beyond 36 weeks) with
offspring adiposity or of estimated GWG in any periods with
SBP or DBP. Associations of prepregnancy weight and
estimated GWG with binary outcomes of adiposity (Table IV
in the online-only Data Supplement) were consistent with
those seen for the continuously measured variables shown in
Table 3.
Table 4 shows the associations of estimated prepregnancy weight and estimated GWG with lipids, apolipoproteins, and inflammatory markers. For these outcomes,
there was no strong evidence of nonlinear associations.
Estimated prepregnancy weight and GWG in mid pregnancy were positively associated with triglyceride levels
and IL-6 and inversely associated with HDL-C and apoA1,
although for triglycerides and apoA1, confidence intervals
were wide and included the null value. Estimated prepregnancy weight was also positively associated with non–
HDL-C, apoB, and CRP but not with adiponectin. GWG in
early and late pregnancy was not associated with lipids,
apolipoproteins, or inflammatory markers, with point estimates all close to the null value.
Further adjustment for birth weight did not substantively
alter any of the confounder-adjusted models (Table Va to Vc
in the online-only Data Supplement). All associations of
maternal exposures that were present in confounder-adjusted
models were attenuated to the null with further adjustment for
offspring fat mass (Table VIa and VIb in the online-only Data
Supplement). When these additional analyses were repeated
with offspring BMI, waist circumference or leptin results
instead of fat mass results were very similar to those
presented.
We found no evidence that associations of estimated GWG
with any of our outcomes were modified by prepregnancy
BMI or weight, irrespective of whether this was estimated or
observed (all P for interaction ⬎0.2). When the analyses with
estimated GWG were repeated with only those women who
had at least 2, 4, and 3 measures in each time period,
respectively (ie, total of at least 9 per woman across pregnancy), there was no substantial change in the results.
Associations with estimated GWG in late pregnancy did not
differ substantively from those presented when we used
absolute weight gain. Associations did not differ substantively with the removal of women whose first antenatal
measurement was after 15 weeks or whose last measurement
was before 35 weeks.
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Table 2. Mean Difference (95% Confidence Interval) in Offspring Adiposity, BP, Lipids,
Apolipoproteins, and Inflammatory Markers by IOM Categories of Maternal GWG (nⴝ5154 or 3457
as Indicated)
Outcome
BMI, kg/m2 (n⫽5154)

IOM Category

Model 1*

Model 2*

⬍Recommended

⫺0.293 (⫺0.471, ⫺0.116)

⫺0.326 (⫺0.504, ⫺0.148)

⫽Recommended
⬎Recommended
Waist, cm (n⫽5154)

Fat mass, g (n⫽5154)

⫺0.830 (⫺1.310, ⫺0.350)

⫺0.897 (⫺1.379, ⫺0.415)

⫽Recommended

Reference

Reference

⬎Recommended

1.974 (1.457, 2.492)

1.931 (1.410, 2.452)

⬍Recommended

⫺217 (⫺497, 63)

⫺260 (⫺540, 21)

⬎Recommended
⬍Recommended
⫽Recommended
DBP, mm Hg (n⫽5154)

Non–HDL-C, mmol/L (n⫽3457)

ApoB, mg/dL (n⫽3457)

Adiponectin, ng/mL (n⫽3457)

⫺0.232 (⫺0.642, 0.179)

Reference

Reference

⬎Recommended

0.299 (0.142, 0.741)

0.229 (⫺0.216, 0.672)

⬍Recommended

0.007 (⫺0.017, 0.031)

0.007 (⫺0.017, 0.031)

⫽Recommended

Reference

Reference

⬎Recommended

⫺0.031 (⫺0.057, ⫺0.005)

⫺0.030 (⫺0.055, ⫺0.005)

⬍Recommended

⫺0.042 (⫺0.091, 0.007)

⫺0.043 (⫺0.092, 0.006)

Reference

Reference

⬎Recommended

⫺0.003 (⫺0.055, 0.050)

⫺0.009 (⫺0.062, 0.044)

⬍Recommended

⫺0.109 (⫺1.658,1.441)

⫺0.167 (⫺1.726, 1.391)

⫽Recommended

Reference

Reference

⬎Recommended

⫺1.625 (⫺3.292, ⫺0.042)

⫺1.649 (⫺3.327, ⫺0.029)

⬍Recommended

⫺0.391 (⫺1.400, 0.619)

⫺0.449 (⫺1.461, 0.563)

⫽Recommended

Reference

Reference

⬎Recommended

0.203 (⫺0.882, 1.289)

0.027 (⫺1.063, 1.118)

⬍Recommended

⫺278 (⫺711, 154)

⫺287 (⫺722, 147)

Reference

Reference

⬎Recommended

⫺206 (⫺672, 259)

⫺171 (⫺640, 297)

⬍Recommended

0.949 (0.895, 1.007)

0.948 (0.893, 1.005)

Reference

Reference

⬎Recommended

1.179 (1.106, 1.256)

1.178 (1.105, 1.256)

⬍Recommended

0.975 (0.942, 1.008)

0.977 (0.944, 1.011)

Reference

Reference

⬎Recommended

1.021 (0.984, 1.059)

1.020 (0.983, 1.058)

⬍Recommended

1.003 (0.913, 1.101)

1.012 (0.921, 1.111)

⫽Recommended
IL-6, ratio GM† (n⫽3457)

Reference

⫺0.248 (⫺0.657, 0.162)

⫽Recommended
CRP, ratio GM† (n⫽3457)

⫺0.372 (⫺0.969, 0.226)

⬍Recommended

⫽Recommended
Triglycerides, ratio GM† (n⫽3457)

Reference

1.250 (0.604, 1.896)

⫽Recommended
Leptin, ratio GM† (n⫽3457)

⫺0.280 (⫺0.875, 0.315)

Reference
1075 (773, 1378)

1.339 (0.697, 1.981)

⫽Recommended
ApoA1, mg/dL (n⫽3457)

Reference
1162 (860, 1464)

⬎Recommended
⫽Recommended
HDL-C, mmol/L (n⫽3457)

Reference
0.744 (0.552, 0.937)

⬍Recommended

⫽Recommended
SBP, mm Hg (n⫽5154)

Reference
0.780 (0.588, 0.971)

Reference

Reference

⬎Recommended

1.155 (1.045, 1.277)

1.150 (1.040, 1.273)

⬍Recommended

1.000 (0.935, 1.070)

1.005 (0.939, 1.076)

⫽Recommended
⬎Recommended

Reference
1.139 (1.059, 1.225)

Reference
1.129 (1.050, 1.215)

*Model 1: adjusted for age and gender and for fat mass for height and height squared. Model 2: as model 1 plus
additional adjustment for prepregnancy weight and GWG in previous period, head of household social class, parity,
maternal smoking in pregnancy, age at birth, and mode of delivery.
†Results in bold are ratio of geometric means (GM) by IOM categories. The null value for these ratios is 1; for all other
values, the results are mean differences, and the null value is 0.
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Figure. Weight (kilograms) by gestational age (weeks) for mothers of boys (dashed line) and girls (solid line).

Discussion
To our knowledge, this is the most detailed study of the
association of GWG and prepregnancy weight with offspring
adiposity and associated cardiovascular risk factors. Women
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who gained more weight than recommended by the 2009
IOM criteria had offspring who were more adipose and had
higher levels of SBP, CRP, and IL-6 and lower levels of
HDL-C and apoA1. When we examined these associations in
more detail, we found that any weight gain in the first 14
weeks of gestation was incrementally associated with increased offspring adiposity, but for between 14 and 36 weeks
of gestation, only GWG ⬎500 g/wk was associated with
increased offspring adiposity. By contrast, the cardiovascular
risk factors that were associated with GWG (triglycerides,
HDL-C, apoA1, and IL-6) were associated with GWG linearly across all levels of GWG in mid pregnancy (⬎14 to 36
weeks). Prepregnancy weight was positively associated with
offspring adiposity and adverse cardiovascular risk factors,
but we found no interaction between prepregnancy weight/
BMI and GWG in their associations with offspring outcomes.
The associations of greater than recommended IOM weight
gain, prepregnancy weight, and GWG in mid pregnancy with
adverse lipid profiles and inflammatory markers appeared to
be largely mediated by offspring adiposity.

Table 3. Mean Difference (95% Confidence Interval) in Offspring Measurements of Adiposity and BP per 1-kg Change in Maternal
Estimated Prepregnancy Weight and 400-g/wk Estimated GWG (nⴝ5154)
Model 1*

Outcome
BMI, kg/m2

Exposure
Prepregnancy

High GWG†: ⬎500 g
for All GWG Periods

0.069 (0.063, 0.075)
0.165 (⫺0.196, 0.525)

0.329 (0.111, 0.547)

0.624 (0.241, 1.007)

GWG ⬎14–36 wk

⫺3.547 (⫺5.113, ⫺1.980)

⫺0.042 (⫺0.516, 0.431)

1.120 (0.742, 1.498)

⫺0.536 (⫺2.059, 0.986)

0.386 (⫺0.069, 0.841)

0.623 (0.257, 0.989)

0.394 (0.001, 0.788)

0.631 (0.396, 0.865)

0.091 (⫺0.345, 0.526)

⫺0.031 (⫺0.483, 0.422)

⫺0.232 (⫺0.630, 0.167)

Prepregnancy
weight

0.184 (0.168, 0.201)

0.168 (⫺0.129,0.464)

0.183 (0.166, 0.199)

GWG 0–14 wk

⫺2.374 (⫺3.363, ⫺1.384)

⫺0.084 (⫺0.688, 0.520)

1.400 (0.318, 2.481)

0.093 (⫺0.885,1.071)

0.910 (0.320, 1.500)

1.446 (0.409, 2.484)

GWG ⬎14–36 wk

⫺8.752 (⫺12.974, ⫺4.529)

0.030 (⫺1.246, 1.305)

3.139 (2.119, 4.159)

⫺1.170 (⫺5.295, 2.955)

1.105 (⫺0.129, 2.338)

1.892 (0.900, 2.884)

⫺0.646 (⫺1.715, 0.430)

1.126 (0.066, 2.185)

1.967 (1.337, 2.597)

0.166 (⫺1.014, 1.345)

⫺0.028 (⫺1.255,1.198)

Prepregnancy
weight

88 (77, 98)

GWG 0–14 wk

⫺1300 (⫺1900, ⫺699)

110 (⫺253, 474)

1163 (512, 1814)

⫺70 (⫺646, 505)

⫺4800 (⫺7400, ⫺2300)

⫺599 (⫺1400, 171)

1599 (983, 2214)

⫺717 (⫺3100, 1713)

987 (606, 1368)

447 (⫺248, 1142)

⫺151 (⫺799, 497)

Prepregnancy
weight

74 (⫺567, 715)
0.112 (0.091, 0.133)

⫺1.190 (⫺2.328, 0.110)

⫺0.128 (⫺0.872, 0.617)

⫺0.254 (⫺1.586, 1.077)

0.396 (⫺0.850, 1.642)

⫺8.043 (⫺13.249, ⫺2.836)

0.998 (⫺0.575, 2.571)

1.787 (0.529, 3.044)

⫺3.819 (⫺9.083, 1.445)

GWG ⬎36 wk

0.379 (⫺0.945, 1.703)

0.679 (⫺0.629, 1.987)

1.103 (0.324, 1.881)

0.476 (⫺1.029, 1.982)

GWG 0–14 wk
GWG ⬎36 wk

314 (⫺33, 662)
6 (⫺722, 733)
⫺172 (⫺895, 551)

1137 (527, 1748)
962 (378, 1547)
349 (⫺124, 822)

0.108 (0.087, 0.130)

GWG ⬎14–36 wk

Prepregnancy
weight

0.722 (⫺0.081,1.525)

84 (74, 94)

GWG ⬎14–36 wk

GWG ⬎14–36 wk

Leptin, geometric
mean (null
value⫽1) (n⫽3457)

0.070 (0.064, 0.076)

Medium GWG†: 0 –500 g
0 –14 wk, 250 to 500 g
Other GWG Periods

0.615 (0.214, 1.016)

GWG 0–14 wk

DBP, mm Hg

Low GWG†: ⱕ0 g
0 –14 wk, ⱕ250 g/wk
Other GWG Periods

0.012 (⫺0.212, 0.236)

GWG ⬎36 wk
SBP, mm Hg

High GWG†: ⬎500 g
for All GWG Periods

⫺0.787 (⫺1.154, ⫺0.420)

GWG ⬎36 wk
Fat mass, g

Medium GWG†: 0 –500 g
0 –14 wk, 250 to 500 g
Other GWG Periods

GWG 0–14 wk
GWG ⬎36 wk
Waist
circumference, cm

Low GWG†: ⱕ0 g
0 –14 wk, ⱕ250 g/wk
Other GWG Periods

Model 2*

0.030 (0.015, 0.044)

0.459 (⫺0.293, 1.211)

⫺0.220 (⫺1.542, 1.101)

1.704 (0.130, 3.279)

0.861 (⫺0.405, 2.128)

⫺0.475 (⫺2.041, 1.090)

0.368 (⫺0.658, 1.393)

0.028 (0.013, 0.043)

⫺0.768 (⫺1.606, 0.069)

0.178 (⫺0.333, 0.690)

0.309 (⫺0.606, 1.224)

⫺0.268 (⫺1.131, 0.594)

0.393 (⫺0.128, 0.913)

0.348 (⫺0.567, 1.264)

⫺5.293 (⫺8.873, ⫺1.713)

0.847 (⫺0.234, 1.929)

0.605 (⫺0.260, 1.470)

⫺4.481 (⫺8.127, ⫺0.834)

1.004 (⫺0.087, 2.094)

0.196 (⫺0.681, 1.073)

0.437 (⫺0.464, 1.337)

0.321 (⫺0.214, 0.856)

0.486 (⫺0.557, 1.529)

0.179 (⫺0.905, 1.264)

0.073 (⫺0.638, 0.783)

⫺0.037 (⫺0.948, 0.874)

Prepregnancy
weight

1.012 (1.010, 1.014)

1.012 (1.010, 1.015)

GWG 0–14 wk

0.833 (0.734, 0.946)

0.998 (0.926, 1.075)

1.197 (1.042, 1.375)

0.969 (0.857, 1.096)

1.032 (0.961, 1.109)

1.216 (1.067, 1.386)

GWG ⬎14–36 wk

0.437 (0.266, 0.719)

1.053 (0.899, 1.233)

1.322 (1.166, 1.499)

0.718 (0.444, 1.160)

1.079 (0.928, 1.253)

1.246 (1.105, 1.405)

GWG ⬎36 wk

0.927 (0.814, 1.056)

1.124 (0.986, 1.282)

1.149 (1.062, 1.243)

0.974 (0.848, 1.119)

1.006 (0.867, 1.167)

1.026 (0.932, 1.129)

*Model 1: adjusted for age and gender and for fat mass for height and height squared. Model 2: as model 1 plus additional adjustment for prepregnancy weight
and GWG in previous period, head of household social class, parity, maternal smoking in pregnancy, age at birth, and mode of delivery.
†The exposures, prepregnancy weight, and GWG are estimated for each woman from the multilevel models with the use of all repeat measurements of gestational
weight in each woman. Because of strong evidence for nonlinear associations with these outcomes for estimated GWG, results are presented for subgroups of women
in whom magnitudes of associations differ.
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Table 4. Mean Difference (95% Confidence Interval) in Offspring Lipids, Apolipoproteins, and
Inflammatory Markers per 1-kg Change in Maternal Estimated Prepregnancy Weight and
400-g/wk Estimated GWG for Blood Assay Results (nⴝ3457)
Outcome
HDL-C, mmol/L

Non–HDL-C, mmol/L

ApoA1, mg/dL

ApoB, mg/dL

Adiponectin, ng/mL

Triglycerides, ratio GM‡

CRP, ratio GM‡

IL-6, ratio GM‡

Exposure Period*

Model 1†

Model 2†

Prepregnancy weight

⫺0.002 (⫺0.003, ⫺0.001)

⫺0.002 (⫺0.003, ⫺0.001)

GWG 0–14 wk

⫺0.007 (⫺0.025, 0.010)

⫺0.007 (⫺0.025, 0.010)

GWG 14–36 wk

⫺0.028 (⫺0.055,⫺0.002)

⫺0.028 (⫺0.055, ⫺0.002)

GWG after 36 wk

⫺0.020 (⫺0.035, ⫺0.005)

⫺0.007 (⫺0.035, 0.021)

Prepregnancy weight

0.002 (0.000, 0.003)

0.001 (0.000, 0.003)

GWG 0–14 wk

⫺0.030 (⫺0.113, 0.053)

⫺0.033 (⫺0.118, 0.052)

GWG 14–36 wk

0.010 (⫺0.125, 0.145)

0.013 (⫺0.123, 0.150)

GWG after 36 wk

0.005 (⫺0.071, 0.081)

0.005 (⫺0.073, 0.082)

Prepregnancy weight

⫺0.087 (⫺0.144, ⫺0.031)

⫺0.087 (⫺0.144, ⫺0.031)

GWG 0–14 wk

⫺0.231 (⫺1.294, 0.833)

⫺0.872 (⫺2.004, 0.260)

GWG 14–36 wk

⫺1.350 (⫺3.066, 0.367)

⫺1.409 (⫺3.145, 0.326)

GWG after 36 wk

⫺0.707 (⫺1.674, 0.260)

⫺0.387 (⫺2.214, 1.440)

Prepregnancy weight

0.046 (0.009, 0.083)

0.041 (0.004, 0.077)

GWG 0–14 wk

0.198 (⫺0.500, 0.897)

0.257 (⫺0.480, 0.993)

GWG 14–36 wk

⫺0.150 (⫺1.278, 0.977)

⫺0.106 (⫺1.235, 1.024)

GWG after 36 wk

⫺0.192 (⫺0.828, 0.443)

⫺0.667 (⫺1.855, 0.522)

Prepregnancy weight

⫺16 (⫺31, 0)

⫺15 (⫺31, 0)

GWG 0–14 wk

200 (⫺96, 496)

97 (⫺220, 414)

GWG 14–36 wk

151 (⫺327, 629)

151 (⫺334, 637)

GWG after 36 wk

⫺54 (⫺323, 215)

88 (⫺421, 600)

Prepregnancy weight

1.002 (1.000, 1.003)

1.002 (1.000, 1.003)
0.997 (0.972, 1.022)

GWG 0–14 wk

0.986 (0.964, 1.010)

GWG 14–36 wk

1.037 (0.999, 1.077)

1.035 (0.996, 1.075)

GWG after 36 wk

1.028 (1.006, 1.050)

1.009 (0.969, 1.050)

Prepregnancy weight

1.009 (1.005, 1.012)

1.009 (1.005, 1.012)
1.040 (0.972, 1.113)

GWG 0–14 wk

0.986 (0.924, 1.052)

GWG 14–36 wk

1.073 (0.966, 1.192)

1.057 (0.952, 1.174)

GWG after 36 wk

1.082 (1.020, 1.148)

1.074 (0.962, 1.199)

Prepregnancy weight

1.004 (1.001, 1.006)

1.003 (1.001, 1.006)
1.023 (0.974, 1.075)

GWG 0–14 wk

0.996 (0.950, 1.043)

GWG 14–36 wk

1.096 (1.016, 1.181)

1.082 (1.003, 1.168)

GWG after 36 wk

1.047 (1.004, 1.093)

1.005 (0.928, 1.089)

*The exposures, prepregnancy weight, and GWG are estimated for each woman from the multilevel models with the
use of all repeat measurements of gestational weight in each woman.
†Model 1: adjusted for age and gender and for fat mass for height and height squared. Model 2: as model 1 plus
additional adjustment for prepregnancy weight and GWG in previous period, head of household social class, parity,
maternal smoking in pregnancy, age at birth, and mode of delivery.
‡Results in bold are ratio of geometric means (GM) per 1 kg prepregnancy weight or per 400 g GWG in each period.
The null value for these ratios is 1; for all other values, the results are mean differences, and the null value is 0.

A number of mechanisms may explain our findings.
First, our results could reflect tracking in size across the
life course. However, consistent with previous studies,4,5,8
we found only weak associations of prepregnancy weight
and GWG with birth weight, and adjustment for birth
weight did not substantively alter associations. Furthermore, GWG in early pregnancy (up to 14 weeks) was
associated across the entire distribution with offspring
adiposity (compared with GWG ⬎14 to 36 weeks, which
was only associated if women gained ⬎500 g/wk), but at
this stage most GWG will be related to maternal fat

deposition and not to fetal growth. Second, offspring could
inherit their mother’s genetic potential to gain weight. We
are unable to assess this possibility in our study. Third,
mothers with greater GWG may engage in lifestyles
(high-energy diet and low levels of physical activity)
during and after their pregnancy that promote weight gain,
and they may pass them on to their offspring. Fourth,
greater maternal prepregnancy adiposity and GWG might
program greater adiposity and cardiovascular risk in offspring resulting from the persistent and adverse influences
on the fetus that arise from the greater delivery of glucose,
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amino acids, and free fatty acids to the developing fetus in
utero.17 The continuous association, across the whole
distribution, of GWG up to 14 weeks with offspring
adiposity provides some support for this because most
weight gain in this period will be an increase in maternal
fat stores, with concomitant increases in circulating glucose, amino acids, and free fatty acids. The fact that GWG
in this period was not statistically strongly associated with
cardiovascular risk factors might be a consequence of
limited statistical power, and, ideally, replication of our
findings in larger cohorts with detailed repeat measurements of weight in pregnancy would be useful, although
we are unaware of other larger cohorts with such detailed
measurements. Finally, our results may be due to chance.
We examined a large number of maternal exposure–
offspring outcomes in this study. However, we believe that
this is a strength of our study. Our work builds importantly
on previous publications examining only offspring adiposity and BP and using very limited information on GWG.
We acknowledge that replication of these associations in
larger studies, but with similarly detailed exposure and
outcome measurements, would be beneficial.
The levels of attrition in ALSPAC are similar to those
found in previous studies. Offspring of women from higher
socioeconomic positions, of more educated women, and of
older women are more likely to attend follow-up clinics in
ALSPAC.13 However, we found no evidence of differences in
distributions of GWG between women whose offspring had
outcome measurements and those whose offspring did not (all
P⬎0.4). The consistency of associations between adiposity
measurements and circulating leptin levels suggests that
exclusion of those participants who did not complete a blood
test did not bias these associations. Offspring blood tests were
completed on nonfasting blood samples, but the majority of
measures are not appreciably altered by this approach.18 –20
We used maternal self-report of height to calculate prepregnancy BMI, which may be inaccurate. With respect to
associations examined (outcomes assessed in offspring 9
years later), any measurement error would be nondifferential,
and therefore the expectation would be that it might bias
results toward the null.
The fact that GWG in mid pregnancy was only associated
with offspring adiposity in women gaining ⬎500 g/wk
suggests that from 14 to 36 weeks, women could “safely”
(with respect to offspring adiposity) gain 11 kg, which is
close to the range of recommended levels of weight gain
across the whole of pregnancy for normal and overweight
women according to IOM categories, but we found no
evidence that this (or other) associations differed by maternal
prepregnancy BMI categories. It should be acknowledged
that in this cohort, just 7% of women were obese before
pregnancy, and obesity prevalence is greater for contemporary women. The lack of association with GWG beyond 36
weeks may reflect the fact that the length of this period varies
for different maternal-offspring pairs. Very large sample sizes
would be required to determine whether different patterns in
this late stage were important.
Maternal prepregnancy weight was more consistently associated with offspring adiposity and a wider range of
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cardiovascular risk factors in offspring than were any measurements of GWG, and this finding supports initiatives
aimed at maintaining healthy weight in women of reproductive age. Long-term follow-up of ongoing randomized
controlled trials aimed at controlling GWG21 and mendelian
randomization studies (using genetic variants that are robustly associated with maternal adiposity and fat gain in
pregnancy as instrumental variables)22 are necessary to establish whether the associations we have found are causal. The
extent to which antenatal care guidelines should be modified
to monitor GWG and promote adherence to IOM levels
requires additional research that establishes clear benefits and
lack of important risk in the short and long term for both
mother and child.
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CLINICAL PERSPECTIVE
Variation in gestational weight gain (GWG) is associated with perinatal outcomes, but whether it is importantly associated
with longer-term outcomes is unclear. In a prospective cohort of 5154 (for adiposity and blood pressure) and 3457 (for
blood assays) mother-offspring pairs, we examined the association of GWG and prepregnancy weight with offspring
cardiovascular risk factors at age 9 years. Women who gained more than 2009 Institute of Medicine–recommended
amounts of weight during gestation were more likely to have offspring with greater body mass index, waist, fat mass, leptin,
systolic blood pressure, C-reactive protein, and interleukin-6 levels and lower high-density lipoprotein cholesterol and
apolipoprotein A levels. Detailed examination demonstrated that greater prepregnancy weight was also independently
associated with greater offspring adiposity and adverse cardiovascular risk factors. Furthermore, women who gained
weight before 14 weeks of gestation or who gained ⬎500 g/wk from 14 to 36 weeks had offspring with greater adiposity.
Greater GWG across the whole distribution between 14 and 36 weeks of gestation was associated with adverse lipid and
inflammatory profiles in offspring, largely because of the association of GWG with offspring adiposity. Collectively, our
findings support initiatives to maintain healthy weight in women of reproductive age and potentially to prevent excessive
GWG, broadly in agreement with current Institute of Medicine recommendations. However, before guidelines on GWG are
implemented, long-term follow-up of randomized controlled trials targeting GWG is needed to determine the effects of
controlling GWG on a wide range of short- and long-term outcomes for both mother and infant.
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SUPPLEMENTAL MATERIAL
Supplemental methods
Details of random effects statistical modelling to determine gestational weight
gain parameters
The sample was limited to mothers of offspring born at term (at least 37 weeks
gestation) and alive. We divided the gestational period into 2-week stages, from 4
weeks onwards. Where an individual woman had more than one measurement in one
of these two-week periods, one was chosen randomly for inclusion in the sample.
Thus, each woman could contribute a maximum of 20 weight measures to the model.
Deletion of obvious errors in weights and dates, and elimination of repeat measures
within the two week period, gave a sample for model development of 11,336 women
with a total of 104, 671 weight measures.

There was little evidence that patterns of gestational weight gain (GWG) differed
markedly between mothers of female and male offspring; GWG between 14 and 36
weeks was slightly greater for mothers of male compared to female offspring
(0.18kg/week versus 0.16kg/week, p = 0.08) but otherwise there were no differences.
One model was constructed for mothers of both female and male offspring, and
interactions between sex of offspring and gestational weight gain included.

Multilevel models (with two levels: antenatal visit, within mother) were used to relate
weight at each visit to gestational age of the child at that visit. Fractional polynomials
were used to derive the best-fitting function to describe the pattern of weight gain
with gestational age. However, although fractional polynomials provide a flexible
way to examine such relationships, they do not provide parameters that are clinically

1
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relevant or easily interpreted. For example, here the best-fitting polynomial had
powers of 2 and 3, indicating that weight was related to gestational age squared and
gestational age cubed. We therefore used the best-fitting fractional polynomial to
derive a piecewise linear spline model. Here, the best approximation to the fractional
polynomial was provided by a spline model with three linear portions: from 0 to 14
weeks gestation; from 14 to 36 weeks gestation; and, from 36 weeks gestation to
birth.

The positioning of the knots was chosen by varying the positions of the knots (in
whole gestational weeks) around the approximate times and selecting the model with
the smallest residuals throughout the range of gestational age. This linear spline
multilevel model enabled estimation of the individual pre-pregnancy weight and
weight gain during each period, for each woman. In addition, the model allowed
variation in measurement between occasions and within subjects, thereby capturing
the change in the variance of measurements with age. The model was estimated using
maximum likelihood estimation within MLWiN.1 The final multilevel spline model is
shown below.

Multilevel spline model:
weightij=β0i+β1iage0to14ij+β2iage14to36ij+β3iage36plusij+eij
where, for mother i (i=1 to 11,336) at measurement occasion j (j=1 to 17):
β0i=individual estimate of weight at gestational age=0 for the ith mother
β1i= individual estimate of rate of weight gain during the first 14 weeks for the ith
mother

2
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β2i=individual estimate of rate of weight gain during weeks 14-36 for the ith mother
β3i=individual estimate of rate of weight gain after week 36 for the ith mother
age0to14ij= the value of the first linear spline at the gestational age of the jth
observation for the ith mother
age14to36ij= the value of the second linear spline at the gestational age of the jth
observation for the ith mother
age36tomaxij= the value of the third linear spline at the gestational age of the jth
observation for the ith mother

eij = measurement error
Table 1 shows the fit of this model when compared to the measured weights at each
time point. It shows high level of agreement between predicted and actual weight,
demonstrating the goodness of fit of the model.

With analyses restricted to births occurring between 37-44 weeks there were between
1 and 17 measures of weight per woman, with an average of 9.2 (median 10, sd 2.6,
IQR 8, 11). In the first period (0-14 weeks) there were between 0 and 5 measures per
woman, with an average of 1.2 (median 1, sd 0.82, IQR 1, 2). In the second period
(14-36 weeks) there were between 0 and 11 measures per woman, with an average of
6.1 (median 6, sd 1.9, IQR 5, 7). In the third period (36+ weeks) there were between 0
and 4 measures per woman, with an average of 1.9 (median 2, sd 0.9, IQR 1,3). All
mother-offspring pairs are included in the analyses provided the mother has at least
one measure of gestational weight. This approach to modelling repeat measurements
provides estimated coefficients in each gestational age period even if the woman has
no measurements in that particular period. This is because the overall model uses all
3
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data and will use the woman’s values in other periods to give a predicted coefficient
for the period where she has no data based on the overall model using data from all
women. If women with few weight measurements differed from those with more
measurements (in particular those who had measurements in all periods) in such a
way that associations with outcomes differed between the two groups then our results
would be biased. In order to explore this possibility we conducted sensitivity analyses
in which predicted GWG derived from multilevel models were repeated with only
those women who had at least 2, 4 and 3 measures in each time period respectively
(i.e. total of at least 9 per woman across pregnancy).

4
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Supplemental results
Web-Table 1: Fit of the model (predicted weight) to actual weight at each time
period.
Gestational
age (weeks)

Number
of Weight
measurementsa (mean
(sd)) kg

Predicted
weight
(mean(sd))
kg

<=4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28
29-30
31-32
33-34
35-36
37-38
39-40
41-42
>42

18
155
1100
2831
4367
4912
4250
6015
4335
5278
4580
5258
5525
7598
8154
8913
9368
9946
8331
3607
130

69.1 (14.5)
64.7 (13.0)
64.6 (12.1)
64.3 (11.8)
64.3 (11.8)
64.6 (11.6)
65.4 (12.0)
66.1 (11.7)
67.3 (12.0)
68.2 (11.9)
69.2 (11.9)
70.0 (11.9)
71.4 (11.9)
72.2 (11.9)
73.1 (12.0)
74.0 (11.9)
75.0 (12.2)
75.9 (12.2)
76.9 (12.2)
78.1 (12.4)
80.2 (12.5)

a

69.2 (14.6)
64.7 (13.1)
64.6 (12.1)
64.2 (11.9)
64.3 (11.9)
64.7 (11.7)
65.6 (12.0)
66.1 (11.8)
67.2 (12.0)
68.1 (11.9)
69.3 (12.0)
70.1 (11.9)
71.5 (12.0)
72.2 (12.0)
73.1 (12.1)
73.9 (12.0)
74.9 (12.2)
75.9 (12.2)
76.9 (12.3)
78.1 (12.4)
80.1 (12.6)

Difference (
)
(actualpredicted)
(mean(sd)) kgb
0.09 (0.34)
-0.04 (0.56)
0.03 (0.55)
-0.03 (0.55)
-0.01 (0.72)
0.07 (0.86)
0.03 (0.82)
-0.07 (0.83)
-0.12 (0.88)
-0.07 (0.92)
0.01 (0.99)
0.11 (1.00)
0.11 (1.00)
0.06 (0.94)
-0.01 (0.88)
-0.07 (0.82)
-0.03 (0.80)
0.02 (0.82)
0.03 (0.68)
-0.04 (0.56)
-0.07 (0.70)

90% limits
of agreement
(kg)c
-0.44, 0.97
-0.95, 0.66
-0.74, 0.76
-0.89, 0.78
-1.19, 1.10
-1.34, 1.44
-1.31, 1.33
-1.37, 1.31
-1.48, 1.27
-1.54, 1.38
-1.59, 1.55
-1.53, 1.71
-1.48, 1.66
-1.44, 1.53
-1.38, 1.37
-1.34, 1.23
-1.28, 1.27
-1.27, 1.33
-1.03, 1.14
-0.94, 0.87
-1.15, 1.32

Total number of measurements in each strata of gestational age (i.e. number of
women*number of measurements that woman had)
b
Because the difference between the observed and predicted weights are small these
are given to two decimal places (whereas the observed and predicted weights are
given to one decimal place)
c
These indicate the range within which 90% of the differences lie in this sample

Web-Figure 1 shows the pattern predicted by the multilevel fractional polynomial
model. This shows that the final spline model used in the analyses fits closed to the
fractional polynomial fitted to the data in the multilevel model.

5
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Web-Figure 1: Graph showing the pattern predicted by the fractional

80
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Web-Table 2: Characteristics of mothers and offspring at 9 years. Maximum
eligible N = 5154 based on women with gestational weight gain data.
Characteristic
Maternal
Pre-pregnancy BMI (mean)
Pre-pregnancy BMI
Underweight
Normal
Overweight
Obese
N of weight measurements (median,
IQR)
Gestational week at 1st measure
(median, IQR)
Gestational week at last measure
(median, IQR)
Pre-pregnancy
Boy offspring
weight (kg)*
Girl offspring
Gestational weight
Boy offspring
gain early pregnancy Girl offspring
(kg/week)*
Gestational weight
Boy offspring
gain mid-pregnancy
Girl offspring
(kg/week)*
Gestational weight
Boy offspring
gain late-pregnancy
Girl offspring
(kg/week)*
Absolute weight gain in pregnancy
(kg)
IOM recommended
Under
weight gain in
Adequate
pregnancy
Over
Age at delivery (years)
C-section
Length of gestation (weeks)
No previous pregnancies
Smoked throughout pregnancy
Manual social class
Offspring
Male
Birth weight (g)
BMI (kg/m2)
Overweight or obese based on BMI
Waist circ. (cm)
Centrally obese based on waist circ.
Fat mass (g)
SBP (mmHg)
DBP (mmHg)
HDL-c (mmol/l)
Non-HDL-c (mmol/l)

N

Mean (SD) or
Median (IQR)

5154

23.1 (4.3)

N (%)

406 (7.9)
3540 (68.7)
856 (16.6)
352 (6.8)
5154

10 (8, 11)

5154

10 (8, 12)

5154

39 (38, 40)

2532
2622
2532
2622

63.4 (12.0)
62.1 (11.9)
0.16 (0.25)
0.19 (0.25)

2532
2622

0.49 (0.15)
0.49 (0.15)

2532
2622

0.43 (0.28)
0.43 (0.27)

5154

12.1 (5.1)

5154

1894 (36.8)
1857 (36.0)
1403 (27.2)

5154
5154
5154
5154
5154
5154

29.2 (4.5)
515 (9.9)
39.8 (1.3)
2416 (46.9)
634 (12.3)
727 (14.1)

5154
5102
5154
5154
5154
5154
5154
5154
5154
3457
3457

2689 (49.5)
3488 (468)
17.7 (2.8)
944 (18.3)
62.8 (7.7)
2026 (39.3)
8529 (5041)
102.6 (9.4)
57.5 (6.4)
1.40 (0.31)
2.87 (0.63)
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Web-Table 2: continued

Triglycerides (mmol/l)$
3457 1.01 (0.76, 1.39)
Apo A1 (mg/dl)
3457 135.7 (20.0)
Apo B(mg/dl)
3457 59.2 (13.1)
Adiponectin (pg/ml)
3457 13185 (5543)
$
Leptin (ng/ml)
3457 5.4 (3.2, 10.3)
CRP (mg/l) $
3457 0.22 (0.12, 0.54)
IL-6 (pg/ml) $
3457 0.78 (0.49, 1.37)
* Derived from random effects multi-level models: Early pregnancy: 0-14; Mid-pregnancy
>14-36 weeks; late-pregnancy >36 weeks. $ Median (IQR)

9
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Web-Table 3: Correlation coefficients between maternal estimated pre-pregnancy weight, estimated gestational weight gain (GWG) and birthweight
(N=5154)
Estimated prepregnancy weight
Estimated prepregnancy weight
Estimated GWG in
early pregnancya
Estimated GWG in
mid pregnancya
Estimated GWG in
late pregnancya
Absolute GWG across
whole pregnancyb
Birthweight

Estimated GWG
in early
pregnancya

Estimated GWG
in mid pregnancya

Estimated GWG
in late pregnancya

Absolute GWG
across whole
pregnancyb

Birthweight

1
-0.28

1

-0.08

0.00b

1

0.26

-0.59

0.61

1

-0.06

0.08

0.57

0.38

1

0.26

0.04

0.17

0.12

0.14

1

a

The exposures – pre-pregnancy weight and GWG are estimated for each woman from the multilevel models using all repeat measurements of gestational
weight in each woman. The pregnancy periods defined by multilevel models – early-pregnancy = 0-14 weeks; mid-pregnancy = >14-36 weeks; latepregnancy = > 36 weeks to delivery; all measured in kg/weeks of gestation
b

Defined as highest weight during pregnancy minus pre-pregnancy weight (i.e. GWG as used in IOM definitions by pre-pregnancy BMI)

All p-values <0.001 except that marked c for which p = 0.78
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Web-Table 4: Odds ratio (95%CI) for offspring overweight/obesity per 1kg change in maternal estimated pre-pregnancy weight and 400g/week
estimated gestational weight gain (N=5154)
Outcome
Exposure
Model 1a
Model 2a
Low estimated
Medium
High estimated
Low estimated
Medium
High estimated
GWGb
GWGb
estimated GWGb
GWGb
GWGb
estimated GWGb
0-500g 0-14 wks
>500g for all
0-500g 0-14 wks
>500g for all
 0g 0-14 wks
 0g 0-14 wks
GWG periods
GWG periods
250 to 500g
250 to 500g
250g/week
250g/week
other GWG
other GWG
other GWG
other GWG
periods
periods
periods
periods
Overweight or
obesity based on
BMIc

Pre-pregnancy
1.04 (1.03, 1.05)
1.04 (1.03, 1.05)
0.61 (0.45,0.82)
0.92 (0.75,1.14)
1.54 (1.12, 2.11) 1.06 (0.77, 1.47) 1.14 (0.92, 1.42) 1.57 (1.13, 2.18)
GWG 0-14
weeks
GWG >14-36
0.20 (0.06,0.69)
0.67 (0.43,1.04)
2.64 (1.93, 3.63) 1.05 (0.28, 4.00) 0.98 (0.62, 1.54) 2.00 (1.43, 2.79)
weeks
0.74 (0.52, 1.07) 1.41 (0.97, 2.04) 1.54 (1.28, 1.87) 0.88 (0.57,1.36)
1.02 (0.64,1.61)
1.06 (0.81, 1.39)
GWG after 36
weeks
Central obesity
Pre-pregnancy
1.04 (1.03, 1.05)
1.04 (1.03, 1.05)
based on waist
weight
circumferenced
GWG 0-14
0.72 (0.55 , 0.94) 0.99 (0.84, 1.16) 1.44 (1.07, 1.94) 1.16 (0.88, 1.54) 1.22 (1.03, 1.45) 1.50 (1.11, 2.04)
weeks
GWG 14-36
0.53 (0.17, 1.66) 0.98 (0.69, 1.38) 1.98 (1.50, 2.60) 2.22 (0.67,7.49)
1.22 (0.85, 1.76) 1.54 (1.15, 2.05)
weeks
GWG after 36
0.85 (0.64, 1.14) 1.35 (1.01, 1.80) 1.41 (1.19,1.67)
0.93 (0.66, 1.32) 0.95 (0.67, 1.37) 1.09 (0.86,1.37)
weeks
a
Model 1: adjusted for age and gender and for fat mass for height and height-squared
Model 2: as model 1 plus additional adjustment for pre-pregnancy weight and GWG in previous period, head of household social class, parity, maternal
smoking in pregnancy, age at birth and mode of delivery
b
The exposures – pre-pregnancy weight and GWG are estimated for each woman from the multilevel models using all repeat measurements of gestational
weight in each woman..Because of strong evidence for non-linear associations with these outcomes for estimated GWG results are presented for subgroups of
women in whom magnitudes of associations differ.
c
Overweight/obese based on BMI using age- and sex-specific thresholds for both child BMI (International Obesity Task Force)2
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d

Central obesity based on waist circumference also based on age and sex-specific thresholds and is defined as >=90th percentile3 based on waist
circumference percentile curves derived for British children.4
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Web-Table 5a: Mean difference (95%CI) in offspring measurements of adiposity per 1kg change in maternal estimated pre-pregnancy weight and
400g/week estimated gestational weight gain – assessing possible mediation of associations by birthweight (N=5154)
Outcome
Exposure
Model 2a
Model 3a
Low estimated
Medium
High estimated
Low estimated
Medium
High estimated
GWGb
GWGb
estimated GWGb
GWGb
GWGb
estimated GWGb
0-500g 0-14 wks
>500g for all
0-500g 0-14 wks
>500g for all
 0g 0-14 wks
 0g 0-14 wks
GWG periods
GWG periods
250 to 500g
250 to 500g
250g/week
250g/week
other GWG
other GWG
other GWG
other GWG
periods
periods
periods
periods
BMI (kg/m2)

Waist circ. (cm)

Pre-pregnancy
GWG 0-14
weeks
GWG >14-36
weeks
GWG > 36
weeks
Pre-pregnancy
weight
GWG 0-14
weeks
GWG >14-36
weeks
GWG > 36
weeks

0.165
(-0.196, 0.525)
-0.536
(-2.059, 0.986)
0.091
(-0.345, 0.526)
0.093
(-0.885,1.071)
-1.170
(-5.295, 2.955)
0.166
(-1.014, 1.345)

0.069
(0.063, 0.075)
0.329
(0.111, 0.547)
0.386
(-0.069, 0.841)
-0.031
(-0.483, 0.422)
0.183
(0.166, 0.199)
0.910
(0.320, 1.500)
1.105
(-0.129, 2.338)
-0.028
(-1.255,1.198)

0.624
(0.241, 1.007)
0.623
(0.257, 0.989)
0.168
(-0.129,0.464)

0.176
(-0.188, 0.539)
-0.625
(-2.149, 0.899)
0.110
(-0.328, 0.548)

1.446
(0.409, 2.484)
1.892
(0.900, 2.884)
0.722
(-0.081,1.525)

0.095
(-0.891, 1.080)
-1.466
(-5.596, 2.665)
0.248
(-0.939, 1.434)
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0.064
(0.058, 0.071)
0.265
(0.045, 0.485)
0.233
(-0.229, 0.695)
-0.013
(-0.469, 0.442)
0.170
(0.153, 0.187)
0.744
(0.148, 1.340)
0.739
(-0.512, 1.991)
0.016
(-1.217, 1.249)

0.592
(0.209, 0.975)
0.586
(0.215, 0.957)
1.022
(1.015, 1.028)
1.342
(0.303, 2.381)
1.790
(0.785, 2.795)
0.621
(-0.186, 1.427)

Web-Table 5a: continued
Fat mass (g)
Pre-pregnancy
weight
GWG 0-14
weeks
GWG >14-36
weeks
GWG > 36
weeks
SBP (mmHg)
Pre-pregnancy
weight
GWG 0-14
weeks
GWG >14-36
weeks
GWG > 36
weeks
DBP (mmHg)
Pre-pregnancy
weight
GWG 0-14
weeks
GWG >14-36
weeks
GWG > 36
weeks

84
(74, 94)
-70
(-646, 505)
-717
(-3100, 1713)
447
(-248, 1142)

0.396
(-0.850, 1.642)
-3.819
(-9.083, 1.445)
0.476
(-1.029, 1.982)
-0.268
(-1.131, 0.594)
-4.481
(-8.127, -0.834)
0.486
(-0.557, 1.529)

314
(-33, 662)
6
(-722, 733)
-172
(-895, 551)
0.108
(0.087, 0.130)
0.459
(-0.293, 1.211)
1.704
(0.130, 3.279)
-0.475
(-2.041, 1.090)
0.028
(0.013, 0.043)
0.393
(-0.128, 0.913)
1.004
(-0.087, 2.094)
0.179
(-0.905, 1.264)

85
(74, 95)
1137
(527, 1748)
962
(378, 1547)
349
(-124, 822)

-36
(-616, 545)
-665
(-3100, 1769)
413
(-287,1112)

-0.220
(-1.542, 1.101)
0.861
(-0.405,2.128)
0.368
(-0.658, 1.393)

0.390
(-0.866, 1.646)
-3.634
(-8.903, 1.635)
0.405
(-1.109, 1.919)

0.348
(-0.567, 1.264)
0.196
(-0.681, 1.073)
0.073
(-0.638, 0.783)

-0.301
(-1.171, 0.568)
-4.325
(-7.974, -0.676)
0.418
(-0.630, 1.467)
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326
(-25, 677)
43
(-695, 781)
-189
(-916, 537)
0.112
(0.090, 0.134)
0.507
(-0.253, 1.266)
1.845
(0.248,3.441)
-0.451
(-2.024, 1.122)
0.029
(0.014, 0.045)
0.398
(-0.128, 0.924)
0.946
(-0.160, 2.052)
0.258
(-0.832, 1.348)

1164
(552, 1776)
1025
(433, 1617)
363
(-112, 838)

-0.151
(-1.476,1.173)
1.121
(-0.161, 2.403)
0.358
(-0.671, 1.387)
0.371
(-0.546, 1.288)
0.301
(-0.587, 1.189)
0.069
(-0.644, 0.781)

Web-Table 5a: continued
Leptin
Pre-pregnancy
1.012
1.013
(geometric mean; weight
(1.010, 1.015)
(1.010, 1.015)
null value = 1)
GWG 0-14
0.969
1.032
1.216
0.969
1.031
1.223
N = 3,457
weeks
(0.857, 1.096)
(0.961, 1.109)
(1.067, 1.386)
(0.856, 1.097)
(0.959, 1.108)
(1.072, 1.395)
0.718
1.079
1.246
0.728
1.086
1.257
GWG >14-36
weeks
(0.444, 1.160)
(0.928, 1.253)
(1.105, 1.405)
(0.450, 1.179)
(0.932, 1.265)
(1.112, 1.420)
GWG > 36
0.974
1.006
1.026
0.969
1.002
1.026
weeks
(0.848, 1.119)
(0.867, 1.167)
(0.932, 1.129)
(0.843, 1.115)
(0.862, 1.164)
(0.931, 1.130)
a
Model 2: identical to model 2 of Table 2 in main paper (confounder adjusted) with adjustment for age, gender, height and height-squared (for fat mass), prepregnancy weight and GWG in previous period, head of household social class, parity, maternal smoking in pregnancy, age at birth and mode of delivery
Model 3: as model 2 plus additional adjustment for birthweight
b
The exposures – pre-pregnancy weight and GWG are estimated for each woman from the multilevel models using all repeat measurements of gestational
weight in each woman..Because of strong evidence for non-linear associations with these outcomes for estimated GWG results are presented for subgroups of
women in whom magnitudes of associations differ.
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Web-Table 5b: Mean difference (95%CI) in offspring measurements of lipids,
apolipoproteins and inflammatory markers per 1kg change in maternal estimated prepregnancy weight and 400g/week estimated gestational weight gain – assessing possible
mediation of associations by birthweight (N=3457)
Exposure perioda
Model 2b
Model 3b
Pre-pregnancy weight
-0.002 (-0.003, -0.001)
-0.002 (-0.003, -0.001)
GWG 0-14 weeks
-0.007 (-0.025, 0.010)
-0.008 (-0.025, 0.010)
GWG 14-36 weeks
-0.028 (-0.055, -0.002)
-0.027 (-0.054, 0.001)
GWG after 36 weeks
-0.007 (-0.035, 0.021)
-0.008 (-0.037, 0.020)
non-HDLc
Pre-pregnancy weight
0.001 (0.000, 0.003)
0.001 (0.000, 0.003)
(mmol/l)
GWG 0-14 weeks
-0.033 (-0.118, 0.052)
-0.031 (-0.117, 0.055)
GWG 14-36 weeks
0.013 (-0.123, 0.150)
-0.011 (-0.153, 0.130)
GWG after 36 weeks
0.005 (-0.073, 0.082)
-0.007 (-0.086, 0.073)
Apo A1
Pre-pregnancy weight
-0.087 (-0.144,-0.031)
-0.062 (-0.119, -0.004)
(mg/dl)
GWG 0-14 weeks
-0.872 (-2.004, 0.260)
-0.846 (-1.993, 0.300)
GWG 14-36 weeks
-1.409 (-3.145, 0.326)
-1.164 (-2.963, 0.636)
GWG after 36 weeks
-0.387 (-2.214, 1.440)
-0.507 (-2.344, 1.331)
Apo B
Pre-pregnancy weight
0.041 (0.004, 0.077)
0.040 (0.003, 0.078)
(mg/dl)
GWG 0-14 weeks
0.257 (-0.480, 0.993)
0.265 (-0.482, 1.012)
GWG 14-36 weeks
-0.106 (-1.235, 1.024)
-0.368 (-1.541, 0.805)
GWG after 36 weeks
-0.667 (-1.855, 0.522)
-0.702 (-1.900, 0.496)
Adiponectin Pre-pregnancy weight
-15 (-31, 0)
-18 (-34, -2)
(ng/ml)
GWG 0-14 weeks
97 (-220, 414)
17 (-302, 336)
GWG 14-36 weeks
151 (-334, 637)
47 (-454, 548)
GWG after 36 weeks
88 (-421, 600)
61 (-450, 573)
Triglycerides Pre-pregnancy weight
1.002 (1.000, 1.003)
1.001 (1.000, 1.003)
(ratio GMc)
GWG 0-14 weeks
0.997 (0.972, 1.022)
0.997 (0.972, 1.023)
GWG 14-36 weeks
1.035 (0.996, 1.075)
1.033 (0.993, 1.074)
GWG after 36 weeks
1.009 (0.969, 1.050)
1.011 (0.971, 1.052)
CRP (ratio
Pre-pregnancy weight
1.009 (1.005, 1.012)
1.009 (1.006, 1.013)
GMc)
GWG 0-14 weeks
1.040 (0.972, 1.113)
1.044 (0.974, 1.118)
GWG 14-36 weeks
1.057 (0.952, 1.174)
1.088 (0.976, 1.213)
GWG after 36 weeks
1.074 (0.962, 1.199)
1.074 (0.962, 1.200)
IL-6 (ratio
Pre-pregnancy weight
1.003 (1.001, 1.006)
1.004 (1.001, 1.006)
GMc)
GWG 0-14 weeks
1.023 (0.974, 1.075)
1.030 (0.979, 1.083)
GWG 14-36 weeks
1.082 (1.003, 1.168)
1.097 (1.014, 1.186)
GWG after 36 weeks
1.005 (0.928, 1.089)
1.007 (0.929, 1.091)
a
The exposures – pre-pregnancy weight and GWG are estimated for each woman from the
multilevel models using all repeat measurements of gestational weight in each woman
b
Model 2: identical to model 2 of Table 3 in main paper (confounder adjusted) with
adjustment for age, gender, height and height-squared (for fat mass), pre-pregnancy weight
and GWG in previous period, head of household social class, parity, maternal smoking in
pregnancy, age at birth and mode of delivery
Model 3: as model 2 plus additional adjustment for birthweight
c
Results in shaded rows are ratio of geometric means (GM) per 1kg pre-pregnancy weight or
per 400g GWG in each period. The null value for these ratios is 1; for all other values the
results are mean differences and the null value is 0
Outcome
HDLc
(mmol/l)
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Web-Table 5c: Mean difference (95%CI) in offspring adiposity, blood pressure, lipids,
apolipoproteins and inflammatory markers by IOM categories of maternal gestational
weight gain for BMI – assessing possible mediation of associations by birthweight
(N=5154 or 3457 as indicated)
Outcome
IOM category
Model 2a
Model 3a
2
BMI (kg/m ) < recommended
-0.326 (-0.504, -0.148)
-0.213 (-0.393, -0.033)
N = 5154
= recommended
ref
ref
> recommended
0.744 (0.552, 0.937)
0.635 (0.441, 0.829)
Waist
< recommended
-0.897 (-1.379, -0.415)
-0.590 (-1.076, -0.104)
(cm)
= recommended
ref
ref
N = 5154
> recommended
1.931 (1.410, 2.452)
1.635 (1.110, 2.159)
Fat mass
< recommended
-260 (-540, 21)
-246 (-530, 38)
(g)
= recommended
ref
ref
N = 5154
> recommended
1075 (773, 1378)
1053 (748, 1359)
SBP
< recommended
-0.372 (-0.969, 0.226)
-0.322 (-0.928, 0.284)
(mmHg)
= recommended
ref
ref
N = 5154
> recommended
1.250 (0.604, 1.896)
1.247 (0.594, 1.901)
HDLc
< recommended
0.006 (-0.018, 0.030)
0.003 (-0.021,0.027)
(mmol/l)
= recommended
ref
ref
> recommended
-0.029 (-0.055, -0.004)
-0.028 (-0.054, -0.002)
Non-HDLc
< recommended
-0.04 (-0.09, 0.01)
-0.04 (-0.09, 0.01)
(mmol/l)
= recommended
ref
ref
> recommended
-0.04 (-0.09, 0.01)
-0.04 (-0.09, 0.01)
Apo A1
< recommended
-0.167 (-1.726,1.391)
-0.438 (-2.018, 1.143)
(mg/dl)
= recommended
ref
ref
> recommended
-1.649 (-3.327, -0.029)
-1.514 (-3.212, 0.185)
Leptin
< recommended
0.948 (0.893,1.005)
0.952 (0.897,1.011)
(ratio GM)b
= recommended
ref
ref
N = 3457
> recommended
1.178 (1.105,1.256)
1.172 (1.098,1.250)
Triglycerides < recommended
0.977 (0.944, 1.011)
0.981 (0.948, 1.016)
(ratio GM) b = recommended
ref
ref
N = 3457
> recommended
1.020 (0.983, 1.058)
1.016 (0.979, 1.055)
CRP
< recommended
1.012 (0.921,1.111)
1.005 (0.914, 1.106)
(ratio GM) b = recommended
ref
ref
N = 3457
> recommended
1.150 (1.040, 1.273)
1.157 (1.044, 1.282)
IL-6
< recommended
1.005 (0.939, 1.076)
0.999 (0.932, 1.070)
(ratio GM) b = recommended
ref
ref
N = 3457
> recommended
1.129 (1.050, 1.215)
1.129 (1.049, 1.216)
a
Model 2: identical to model 2 of table 2 in main paper (confounder adjusted) with
adjustment for age, gender, height and height-squared (for fat mass), pre-pregnancy weight
and GWG in previous period, head of household social class, parity, maternal smoking in
pregnancy, age at birth and mode of delivery
Model 3: as model 2 plus additional adjustment for birthweight
b
Results in shaded rows are ratio of geometric means (GM) by IOM categories. The null
value for these ratios is 1; for all other values the results are mean differences and the null
value is 0
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Web-Table 6a: Mean difference (95%CI) in offspring measurements of lipids,
apolipoproteins and inflammatory markers per 1kg change in maternal estimated prepregnancy weight and 400g/week estimated gestational weight gain – assessing possible
mediation of associations by fat mass (N=3457)
Exposure perioda
Model 2b
Model 4b
Pre-pregnancy weight
-0.002 (-0.003, -0.001)
0.000 (-0.001, 0.001)
GWG 0-14 weeks
-0.007 (-0.025, 0.010)
0.002 (-0.015, 0.019)
GWG 14-36 weeks
-0.028 (-0.055, -0.002)
-0.016 (-0.042, 0.010)
GWG after 36 weeks
-0.007 (-0.035, 0.021)
-0.001 (-0.029, 0.026)
non-HDLc
Pre-pregnancy weight
0.001 (0.000, 0.003)
-0.001 (-0.003, 0.001)
(mmol/l)
GWG 0-14 weeks
-0.033 (-0.118, 0.052)
-0.018 (-0.053, 0.017)
GWG 14-36 weeks
0.013 (-0.123, 0.150)
0.003 (-0.050, 0.057)
GWG after 36 weeks
0.005 (-0.073, 0.082)
-0.046 (-0.103, 0.010)
Apo A1
Pre-pregnancy weight
-0.087 (-0.144,-0.031)
-0.002 (-0.061, 0.057)
(mg/dl)
GWG 0-14 weeks
-0.872 (-2.004, 0.260)
-0.467 (-1.590, 0.657)
GWG 14-36 weeks
-1.409 (-3.145, 0.326)
-0.761 (-2.488, 0.967)
GWG after 36 weeks
-0.387 (-2.214, 1.440)
-0.225 (-2.034, 1.584)
Apo B
Pre-pregnancy weight
0.041 (0.004, 0.077)
0.010 (-0.028, 0.048)
(mg/dl)
GWG 0-14 weeks
0.257 (-0.480, 0.993)
0.086 (-0.635, 0.808)
GWG 14-36 weeks
-0.106 (-1.235, 1.024)
-0.023 (-1.133, 1.087)
GWG after 36 weeks
-0.667 (-1.855, 0.522)
-0.889 (-2.051, 0.272)
Adiponectin Pre-pregnancy weight
-15 (-31, 0)
2 (-14, 19)
(ng/ml)
GWG 0-14 weeks
97 (-220, 414)
184 (-132, 499)
GWG 14-36 weeks
151 (-334, 637)
266 (-219, 751)
GWG after 36 weeks
88 (-421, 600)
123 (-385, 630)
Triglycerides Pre-pregnancy weight
1.002 (1.000, 1.003)
1.000 (0.998, 1.001)
(ratio GMc)
GWG 0-14 weeks
0.997 (0.972, 1.022)
0.986 (0.962, 1.010)
GWG 14-36 weeks
1.035 (0.996, 1.075)
1.024 (0.986, 1.063)
GWG after 36 weeks
1.009 (0.969, 1.050)
1.001 (0.963, 1.041)
CRP (ratio
Pre-pregnancy weight
1.009 (1.005, 1.012)
0.998 (0.995, 1.001)
GMc)
GWG 0-14 weeks
1.040 (0.972, 1.113)
0.984 (0.925, 1.046)
GWG 14-36 weeks
1.057 (0.952, 1.174)
1.002 (0.911, 1.102)
GWG after 36 weeks
1.074 (0.962, 1.199)
1.030 (0.932, 1.137)
IL-6 (ratio
Pre-pregnancy weight
1.003 (1.001, 1.006)
0.999 (0.996, 1.001)
GMc)
GWG 0-14 weeks
1.023 (0.974, 1.075)
0.998 (0.951, 1.048)
GWG 14-36 weeks
1.082 (1.003, 1.168)
1.053 (0.977, 1.134)
GWG after 36 weeks
1.005 (0.928, 1.089)
0.991 (0.917, 1.071)
a
The exposures – pre-pregnancy weight and GWG are estimated for each woman from the
multilevel models using all repeat measurements of gestational weight in each woman
b
Model 2: identical to model 2 of table 2 in main paper (confounder adjusted) with
adjustment for age, gender, pre-pregnancy weight and GWG in previous period, head of
household social class, parity, maternal smoking in pregnancy, age at birth and mode of
delivery
Model 4: as model 2 plus additional adjustment for fat mass, height and height-squared
c
Results in shaded rows are ratio of geometric means (GM) per 1kg pre-pregnancy weight or
per 400g GWG in each period. The null value for these ratios is 1; for all other values the
results are mean differences and the null value is 0
Outcome
HDLc
(mmol/l)
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Web-Table 6b: Mean difference (95%CI) in offspring blood pressure, lipids, apolipoproteins and inflammatory markers by IOM categories of maternal gestational
weight gain for BMI – assessing possible mediation of associations by fat mass (N=5154
or 3457 as indicated)
IOM category
Model 2a
Model 4a
< recommended
-0.372 (-0.969, 0.226)
0.173 (-0.365, 0.712)
= recommended
ref
ref
> recommended
1.250 (0.604, 1.896)
0.205 (-0.380, 0.789)
< recommended
0.006 (-0.018, 0.030)
0.000 (-0.023, 0.023)
= recommended
ref
ref
> recommended
-0.029 (-0.055, -0.004)
-0.007 (-0.032, 0.018)
Apo A1
< recommended
-0.167 (-1.726,1.391)
-0.465 (-2.008, 1.077)
(mg/dl)
= recommended
ref
ref
> recommended
-1.649 (-3.327, -0.029)
-0.781 (-2.449, 0.887)
Triglycerides < recommended
0.977 (0.944, 1.011)
0.983 (0.950,1.016)
(ratio GMb)
= recommended
ref
ref
N = 3457
> recommended
1.020 (0.983, 1.058)
0.992 (0.957,1.029)
CRP
< recommended
1.012 (0.921,1.111)
1.031 (0.948, 1.123)
(ratio GMb)
= recommended
ref
ref
N = 3457
> recommended
1.150 (1.040, 1.273)
1.000 (0.912, 1.096)
IL-6
< recommended
1.005 (0.939, 1.076)
1.018 (0.952, 1.087)
(ratio GMb)
= recommended
ref
ref
N = 3457
> recommended
1.129 (1.050, 1.215)
1.068 (0.994, 1.147)
a
Model 2: identical to model 2 of table 3 in main paper (confounder adjusted) with
adjustment for age, gender, pre-pregnancy weight and GWG in previous period, head of
household social class, parity, maternal smoking in pregnancy, age at birth and mode of
delivery
Model 4: as model 2 plus additional adjustment for fat mass, height and height-squared
b Results in shaded rows are ratio of geometric means (GM) by IOM categories. The null
value for these ratios is 1; for all other values the results are mean differences and the null
value is 0
Outcome
SBP
(mmHg)
N = 5154
HDLc
(mmol/l)
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Commentary

Improving Health Outcomes: Future Directions
in the Field
XAVIER PI-SUNYER, MD, MPH; P. M. KRIS-ETHERTON, PhD, RD

O

besity has been steadily increasing in the United
States for the past 3 decades. At present almost 65%
of the population is overweight or obese, with the
prevalence higher for minority populations. Obesity now
is present in 31% of the population and overweight in 34%
(1). Approximately 1% of the adult population is moving
into the obese category (body mass index [BMI]⬎30) every year. A similar increase is being seen among children
and adolescents (2). This pattern is not confined to the
United States, but is also occurring throughout the world,
in both developed and less developed countries (3).
Obesity is associated with several risk factors and diseases. These include insulin resistance, glucose intolerance, type 2 diabetes mellitus, hypertension, dyslipidemia, coronary heart disease, stroke, heart failure, and
certain kinds of cancer, as well as earlier mortality (4).
This has led to increasing costs. Obesity has been reported to be responsible for 5.5% to 7.8% of all health care
costs (5), to lead to a loss of productivity by days lost from
work, and to cause a great number of disabilities (6).
These disabilities are expensive both financially and with
respect to quality of life.
The change in weight of the US population has occurred without changes in the gene pool, suggesting that
the root cause of the epidemic is change in lifestyle and
environment rather than a biological genetic change in
the population. This does not imply that genes are not
important. Between 30% and 40% of the variance of
weight is genetic (7). There is clearly a gene-environment
interaction, with some individuals being more sensitive
than others to the “toxic” environment we now experience.
The environmental determinants of weight gain in the
population are diet and physical activity. Individuals are
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eating more and exercising less, and this imbalance between energy intake and energy expenditure leads to a
situation in which adults between 20 and 40 years of age
in this country gain about 1.8 to 2.0 pounds per year (8).
What are the future directions in the field that could
improve health outcomes? It is evident that much remains to be learned about all aspects of obesity, ranging
from basic biology to effective intervention programs for
prevention and treatment. We have learned a great deal
over the years about many important aspects of obesity;
nonetheless, we have not been able to translate it to
better intervention for prevention and treatment. As
mentioned earlier, there is still an alarming increase in
overweight and obesity in all population groups.
We need to do everything we can to get people to understand that they are ingesting too many calories. We
need to improve nutrition education. This will require a
combined effort of nutrition professionals, physicians,
health maintenance organizations, insurance companies,
government, and industry. We need to alert people to
avoid large portion sizes, energy-dense foods, indiscriminate snacking, high intake of caloric beverages, and
empty calories. A better understanding of the basis of a
sound diet that brings adequate micronutrients without
extra calories is required.
We also need to encourage people to be more physically
active. This will require public awareness campaigns by
the government, the medical profession, voluntary health
agencies, and private groups. In addition, we need to
improve the environment to create the venues in which
physical activity can take place. This includes safe streets
and sidewalks, better and safer parks, more and open
gymnasiums, and more bike paths and public swimming
pools.
Studies to date have shown that relatively small decreases in weight and relatively small increases in exercise can have a profound effect on health. The Diabetes
Prevention Program (9) and the Finnish Diabetes Prevention Study (10) have both reported this. A 6% to 7%
decrease in weight and a 30-minute per-day increase in
physical activity can decrease the conversion of impaired
glucose tolerance to diabetes by more than 50%.
We need to get industry to undertake changes that can
help to ameliorate the obesity problem. These include,
both for food companies and for restaurants, better nutrition labeling, smaller portion sizes, lower energy density, and more low-calorie alternatives. Adolescent obesity tracks to adult obesity, so it is particularly important
to attempt to stem the increase in obesity in this group.
School-based initiatives should be created to try to develop efficacious and practical programs to prevent and
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reverse obesity. More and better nutrition education and
physical education are needed in the schools. We are
deficient in this regard in the United States.
We have learned a great deal in the last decade about
the biology of the regulation of food intake, but we need to
know much more. More research funding is needed from
the federal government. Research is necessary for understanding how important centers in the gut, the brain, and
elsewhere control hunger, satiety, and thermogenesis.
We need to understand more about which genes are important in turning food intake on and off and influencing
energy expenditure. We need to identify the peptides and
other molecules that are important, and we need to understand the mechanisms by which they work. We have
to look seriously at the genetic underpinnings of behavior. Little work has been done in this area to date. The fat
cell as an endocrine organ must be studied because it
produces bioactive molecules that have an influence on
inflammation, thrombosis, endothelial function, macronutrient disposal, and energy production. The role that
ectopic fat plays in the development of diabetes and cardiovascular disease needs to be better defined and explained. How inflammatory stimuli abet the chronic diseases associated with obesity has to be further explored.
The role of vascular reactivity and its relation to products
released by excessive and ectopic fat must be defined.
We need to learn more about effective weight-loss diets/
programs and how best to counsel patients. This will
require more research that is designed to understand
dietary patterns (including individual components of the
diet) that result in the prevention of weight gain and
successful treatment of obesity. This research will need to
be in the form of intervention trials that actually test the
role of nutrients and their effects. Simply doing observational longitudinal studies is not enough. Observational
cross-sectional studies are worse than useless because
they are often misleading.
Although our current tools for confronting the obesity
epidemic are weak because our knowledge base is still
small, we know enough now to make concerted efforts to
begin to improve public health. This will require, as mentioned earlier, changes in people’s consciousness about
the problem, improved education about healthful diets
and physical activity, an improved environment, and serious efforts by government and industry to help in the
difficult task of turning this epidemic around.
Recent dietary guidelines have addressed the overweight and obesity problem in the United States. The
2005 Dietary Guidelines (11) have stressed for the first
time the importance of physical activity. The recommendations take into consideration the growth of obesity in
the United States and address the important issues. In
addition to the guidelines themselves, an evidence-based
report by the Dietary Guidelines Advisory Committee has
also been published (12) and is available to all health
professionals and the general public. Similarly, the
American Heart Association Dietary Guidelines (13) recommend that the major emphasis for weight management should be on avoiding excess total energy intake
and following a regular pattern of physical activity. These
guidelines are written for the general population. Widespread implementation of these guidelines, though challenging, is necessary. Strategically, the dietetics commu-

nity is confronted with what to do to lessen the burden of
the obesity epidemic. Simply stated, this means developing and implementing effective strategies for treating
overweight and obesity on an individual level and in large
cohorts at the community, state, and national levels. The
magnitude of the obesity epidemic is so serious that, to
have a major impact on slowing (and even stopping) the
rate of increase and ultimately dramatically reducing the
incidence of obesity, dietetics professionals must identify
new strategies to deal with this enormous health problem. Although some optimistic observers suggest that the
incidence of obesity is plateauing, we see no such evidence to date. Hopefully, some of our remedial suggestions may help to bring this about. The role of the dietetics professional in practice has evolved in response to
changing societal needs. When the American Dietetic Association (ADA) was founded in 1917, it was dedicated to
helping the government conserve food and improve the
public’s health and nutrition during World War I. History
shows that the early ADA provided valuable assistance to
this cause. The nutrition and health needs of the US
population are different today than in 1917, with diseases
related to overconsumption assuming prominence in
health care. In parallel, dietetics practice has changed
markedly with the evolution of many different practice
emphases (such as private practice, foodservice management, nutrition education, clinical nutrition, and many
others) that relate to food behaviors. Thus, with the broad
education and training required of dietetics professionals
and the diversity of expertise in the ADA membership,
the dietetics profession is in a strong position to develop
innovative and effective obesity intervention programs.
Traditionally, a model that favors one-on-one counseling approaches has guided medical nutrition therapy.
There is much information in the literature about guidelines for the treatment of overweight and obesity summarized in the National Institutes of Health Clinical Guidelines Report (14). The role of the dietetics professional in
providing medical nutrition therapy involves assessing
nutritional status and planning and recommending food
behavior interventions (15). Medical nutrition therapy
also involves identifying effective interviewing approaches, treatment plans that involve patients/clients,
ideal documentation strategies, suitable follow-up timelines, and appropriate referrals when indicated.
Although there is little dispute that dietitians are experts at delivering medical nutrition therapy using this
time-honored approach, the magnitude of the obesity
problem argues that the profession must develop new
ways to have a substantial impact on the obesity epidemic. The reality is that the health care profession is a
long way from where it needs to be if it is to rein in the
obesity epidemic. There is no question that innovative
and bold new approaches must be developed for the prevention and treatment of obesity. The critically pressing
question is: what are they? There is no simple solution.
The dietetics profession confronts a complex and challenging problem (16).
What should dietetics practice look like in the future? It
must go beyond the traditional in all areas of the profession. The future paradigm will involve population-based
obesity interventions that will require the full cooperation of the entire health care community. Moreover, it
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will require coordinated integration of the expertise represented by different health care disciplines with the
diversity of skills to develop innovative ways to tackle the
obesity problem. The magnitude of the problem is such
that the food industry and government also must be active participants in planning and implementing solutions. Active cooperation of the health care community,
the private sector, and policymakers is essential if we are
to make marked progress.
The expertise and diversity of skills of the dietetics
profession offers much for a bold initiative to battle obesity. A major effort will be required to meaningfully reduce the incidence of obesity in the population at large.
First, new education efforts are needed to overcome the
rampant public misunderstanding about what lifestyle
strategies are effective for weight loss. The importance of
a balanced diet for lifetime health has to be at the forefront of our effort. Given the public’s perceptions about
the efficacy of unbalanced diets, this will be a major
challenge. Dietetics professionals are well positioned to
lead this nutrition education effort. It is essential that
dietetics professionals continue their legacy of implementing practice guidelines for the treatment of overweight and obesity. This will continue to make an impact
at the individual level.
Dietetics professionals must emphasize sound weightmanagement approaches in all counseling sessions. Repeated messages about a healthful diet and physical activity patterns for achieving and maintaining a goal
weight will reinforce important messages about preventing overweight and obesity, and even preventing small
weight changes that occur slowly over time. A dietetics
professional and patient partnership that defines reasonable changes and expectations is important to set the
stage for smaller, permanent changes. By implementing
state-of-the-art counseling skills, dietetics professionals
will have a long-term impact on the weight-management
efforts of individual clients. With advances in pharmacotherapy for obesity, it is important for dietetics professionals to work with physicians in implementing medication use within the context of lifestyle change.
On a grander scale, dietetics professionals should be
encouraged to participate in nutrition advocacy at the
local, state, and federal levels with policymakers and the
private sector, and to encourage healthful eating and
lifestyle behaviors, including developing public information campaigns (17). Importantly, they must spearhead
nutrition efforts to promote healthful eating behaviors at
the grassroots level. Collectively, the dietetics community
must participate in the public and scientific discussions
at all levels to identify solutions and sensible and effective government policies to catalyze a new framework
that makes substantive strides in reducing obesity in the
United States.
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