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ABSTRACT

Using an epidemiologic model of the interactions between
environmental agents and human hosts to explain obe-
sity, 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 ge-
netic and physiologic responses of a host determine
whether or not this toxic environment will produce obe-
sity. 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 suscep-
tible hosts.
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chemical 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 obe-
sity, 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 dur-
ing 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 pre-
vention and, where prevention fails, for treatment of obe-
sity. Many children and adults with overweight are trau-
matized 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 imbal-
ance, 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 un-
derstand 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 (respira-
tion 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 Ib) at the smaller error and 7.5 kg (16.5 1b) 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, exhib-
ited 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 ac-
tivity 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 1b 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 real-
istic 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 sev-
eral 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 them-
selves, 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 suscep-
tible host can produce obesity. Using this model, we can
approach the problem by manipulating either the envi-
ronment 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.

Agent:
Toxins

Agent:Ease
of Inactivity

Food

As the spokesperson for the Grocery Manufacturers of
America said in the movie Supersize Me, “The food indus-
try 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. Calori-
cally 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 pack-
age 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 dur-
ing the same time interval as the rapid rise in the prev-
alence 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 concen-
tration 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 per-
sons consuming calorically sweetened beverages over 10
weeks gained weight, whereas subjects drinking the



110
—~ 1004
=)
S 904
<~ 80 —e— Cane
& 704
a 604
£ 50
g 40
o 30+
O 204 —a— HFCS
10+
0 T T T
1960 1970 1980 1990 2000
Prevalence 12.8% 14.5% 22.5% 30.5%
of Obesity

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. Pro-
viding 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 com-
pared 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, re-
flecting 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 fu-
ture 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

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).

Low Levels of Physical Activity

Epidemiologic data show that low levels of physical ac-
tivity 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 substan-
tial 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. Par-
tially 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 expen-
diture 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 anti-
bodies 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 adeno-
viral syndrome can be replicated in nonhuman primates
and is characterized by modest obesity and a low circu-
lating 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 ingredi-
ent in food, will produce obesity. A similar effect of reduc-
tion in glucose can also produce obesity, suggesting that
the brains of growing animals, and possibly those of hu-
man 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 organo-
chlorine molecules (31), and prolonged exposure to many
chlorinated chemicals in our environment has conceiv-
ably affected metabolic pathways and energy metabo-
lism. 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 ex-
ist 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 recep-
tor 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 impor-
tant regulation that is largely, if not completely, indepen-
dent 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 over-
weight during their first 3 decades of life when compared
with infants of mothers who did not smoke during preg-
nancy (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 oxida-
tion 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 effec-
tive in increasing fat oxidation in the presence of a high-
fat 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, account-
ing for some increase in body fat. Recent studies suggest
moderate exercise is beneficial in reducing risk of cardio-
vascular disease (39) and type 2 diabetes, and in facili-
tating 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 hor-
mones 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-c, in-
terleukin-6, plasminogen activator inhibitor-1, angio-
tensinogen, 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-B-hydroxysteroid dehydrogenase type 1
may be important in determining the quantity of visceral
adipose tissue (42). Changes in this enzyme may contrib-
ute 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 environ-
ment 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 gastrointes-
tinal hormones, it stimulates food intake. Levels of ghre-
lin are low in obesity, except in those with Prader-Willi
syndrome, suggesting that it may play a role in the de-
velopment of hyperphagia seen in these persons.

The brain is a receiver, transducer, and transmitter of
information about hunger and satiety. Several neuro-
transmitter 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 hun-
ger (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 epi-
demic of obesity. Cognitive approaches relying on individ-
ual 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 thermo-
dynamics does not tell us that is important. In this con-
text, it is the unconscious host systems on which environ-
mental factors operate to produce obesity. If the vending
machines that now provide kickbacks to schools con-
tained 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 detri-
mental 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 modi-
fication of the food supply. Education in school curricula
about good nutrition and healthful weight would be ben-
eficial in helping all children learn how to select appro-
priate 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 dietet-
ics professional obviously cannot alter a person’s genetic
makeup, but he or she is able to address the environmen-
tal 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 at-
tention to overall diet history, current eating habits, ac-
tivity 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 profession-
als to craft this effective message to both lawmakers and
school officials alike.

FUTURE DIRECTIONS

Our lives are constrained by the laws of nature—grav-
ity, 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 com-
plemented 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 de-
sign can make cars safer, and modifying the types of
foods that are available can provide strategies to com-
bat the obesity epidemic by redesigning the food envi-
ronment.

This research was supported in part by the US Depart-
ment of Agriculture CSREES Special Grant No. 2003-
34323-14010 to the Pennington Biomedical Research
Center.
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White hat bias: examples of its presence in obesity
research and a call for renewed commitment to
faithfulness in research reporting

MB Cope' and DB Allison?

'Department of Pharmacology and Toxicology, School of Medicine, University of Alabama at Birmingham, Birmingham, AL,
USA and *Section 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 presenta-
tion 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 factor!
and breastfeeding as a postulated protective factor.?

Example 1—Data on citation bias

If secondary reportings of original research misleadingly cite
papers with statements that inaccurately describe available
evidence, then inaccurate beliefs may inappropriately influ-
ence clinical practice, public policy or future research.
Previously,®> we observed that two papers*® had both
statistically and non-statistically significant results on body
weight, body mass index (BMI) or overweight/obesity status,
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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.* and Ebbeling et al.,
respectively. We analyzed those in English (165 and 41,
respectively).

James et al.* 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.® 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/mz, was not
significant overall.’
They then report a subgroup finding:
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Table 1 Categorization of 165 papers citing James et al.?
Score A B C D E F G H
No. of references in each category 14 74 2 21 2 1 1 50
Proportion (exact Cls)® 0.127 0.644 0.017 0.183 0.017 0.009 0.009

(0.071-0.199)  (0.548-0.729)  (0.003-0.068) (0.119-0.268) (0.003-0.068) (0.001-0.055) (0.001-0.055)

Abbreviations: BMI, body mass index; Cl, confidence interval. *Proportions and Cls are calculated with only categories A through to G in the denominator. Scoring
key: (A) Accurate—described 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)—Described 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)—Described 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)—Described, 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)—Described 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)—Described 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)—Described, 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) Unscorable—Did 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 inter-
vention...and control...groups, a net effect of
0.75+0.34kg/m?.’

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.* or Ebbeling et al.®
was categorized (see Tables 1 and 2) on the basis of how
authors cited results related to body weight, BMI or over-
weight/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 discrepan-
cies 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.* or Ebbeling et al.®> The majority, 84.3% for James
et al.* and 66.7% for Ebbeling et al.,®> 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.*
and none were negatively misleading for Ebbeling et al.®
Only 12.7 and 33% of papers accurately described complete
overall findings related to obesity outcomes from James
et al.* and Ebbeling et al.,® 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.* and
1.00 (95% CI: .832-1.000) for those citing Ebbeling et al.®
and is significantly different from } for each (P<0.0001),
indicating a clear bias and potential for readers of the
secondary literature to be deceived.

Example 2—Data on publication bias

NSB consumption

A meta-analysis on NSB consumption and obesity® 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 Vartanian®
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.” PB causes the sample of studies
published to not constitute a representative sample of
the relevant studies that hypothetically could have been
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Table 2 Categorization of 41 papers citing Ebbeling et al.

Score A B C D E F G
No. of references in each category 10 9 11 0 0 7 4
Proportion (exact Cls)? 0.333 0.300 0.367 0.000 0.000

(0.173-0.528)

(0.147-0.494)

(0.199-0.561) (0.000-0.116) (0.000-0.116)

Abbreviation: Cl, confidence interval. *Proportions and Cls are calculated with only categories A through to E in the denominator. Scoring key: (A)
Accurate—Described both the non-significant result in the total sample and the significant result in the heaviest subgroup. (B) Patently misleading over-
positive—Described as positive on weight without mentioning anything about the result only being in heaviest children. (C) Mildly misleading over-
positive—Described as positive among the heaviest children without explicitly mentioning that there was no significant result in the total sample. (D) Mildly
misleading over-negative—Described the null result in the total sample without explicitly mentioning the significant result in the heaviest subgroup. (E) Patently
misleading over-negative—Described as negative in a way that explicitly indicated that there were no significant effects even in sub-groups. (F) Not directly
relevant—Did not make clear and explicit statements about the effects of the study. (G) Ambiguous as to whether category A or E applies.
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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 = industry funded; Red diamonds = 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 non-
statistically 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.® 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;®) published a meta-
analysis on whether breastfeeding protects against obesity
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(from Horta et al.®).

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 3—Anecdotal 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 acknowl-
edge important limitations’. This is also occurring in the
obesity field. For example, the paper by Ebbeling et al.®
states, ‘change in body mass index (BMI) was the primary
end point. The net difference, 0.14+0.21 kg/mz, was not
significant overall,” and then reports the subgroup finding,
‘Among the subjects in the upper baseline-BMI tertile, BMI



change differed significantly between the intervention...and
control...groups.” 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.* 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 epide-
miological study, UCLA issued a press release (http://
www.healthpolicy.ucla.edu/NewsReleaseDetails.aspx?id = 35
(accessed on 20 September 2009)) stating ‘...research
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 the—if not the largest—contributors 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 4—Inappropriate 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 Allison?, 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.* noted that several reviews of NSB
consumption and obesity inappropriately included a study'®
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that was actually neither a test of nutritive sweetener-
containing solid food versus beverage nor of NSB consump-
tion versus non-NSB consumption. Sweeteners were
presented in both solid and beverage food forms. The
original authors'® wrote, ‘...subjects who were given supple-
mental drinks and foods [emphasis added] containing sucrose
for 10 wk experienced increases in ...body weight’, and thus
the study should never have been considered as evaluative of
NSB effects. Mattes et al.® 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 Warner''), 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 compari-
sons 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.'? 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 desirability—in short, a commitment to truthful-
ness. 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.
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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 mini-
mize 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: Payer-
And Service-Specitic 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 up-
dated 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 pre-
scription 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)]

ing medical spending. In a previous paper, Eric Finkelstein and colleagues!

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 medi-
cal 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 colleagues’ found that obesity was responsible for 27 percent
of the rise in inflation-adjusted health spending between 1987 and 2001.

THERE IS AN UNDENTABLE LINK BETWEEN rising rates of obesity and ris-

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, Georgid.
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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 Sur-
veillance System (BRFSS)® reveal that obesity rates increased by 37 percent be-
tween 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, non-
inpatient, and prescription drug spending—which was not possible at the time
the previous papers were written.* 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.” 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

B 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 persons 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.® As in our prior work,' the analysis data set in-
cludes 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 esti-
mates.

B Methods. Although our estimation strategy largely tracks the approach used
in our earlier work,' 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 (outpa-
tient, 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.” The two-part model separately estimated the probability of having a spe-
cific 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 Mullahy® 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.’

Separating payers. The specification from our earlier work! used total annual med-
ical 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 ap-
proach 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], over-
weight: 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 normal-
weight spending in that work, for this effort we present results only for those with
a BMI greater than 30 kg/m”.

Respondents’ characteristics. All regressions controlled for sex, race/ethnicity (non-
Hispanic white, non-Hispanic black, Hispanic, Asian, other), age, region (North-
east, 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, for-
mer/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 through-
out 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, com-
pared to normal weight, was calculated by subtracting average predicted spend-
ing 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, pre-
dicted spending for obese people had they been of normal weight). The corre-
sponding 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 re-
turned to normal weight (termed “attributable fraction”) was calculated by divid-
ing 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 ac-
counted only for sampling variability and not for any potential household report-
ing or model specification errors.

Bringing in data from the NHEA. We present obesity-attributable spending esti-
mates 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.® 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-coun-
ter medications). In addition, household surveys are subject to potential under-
reporting by respondents. The latest effort to reconcile NHEA and MEPS suggests
that MEPS may underestimate spending by roughly 14 percent."

To compute the NHEA estimates, as in our earlier work,' we multiplied the at-
tributable 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."?

Obesity prevalence. Because the regression results reveal that the per capita spend-
ing 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

HEALTH AFFAIRS - Web Exclusive w825

Downloaded from content.healthaffairs.org by Health Affairs on August 25, 2011
by guest


http://content.healthaffairs.org/

DAaATAaAWATCH
|

increase in the medical cost of obesity between 1998 and 2006. To compute this es-
timate, 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 pre-
dicted 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 un-
derweight, 0.35 for overweight, and O 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 esti-
mates 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.!

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 impor-
tant 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 per-
centage increase for private payers, the estimated spending increase attributable
to obesity is larger for 2006 than for 1998, although the differences are not statisti-
cally significant. For 2006, the per capita percentage increase in annual costs at-
tributable 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 sta-

EXHIBIT 1
Adult Per Capita Medical Spending Attributable To Obesity (Compared To Normal
Weight), 1998 And 2006 (In 2008 Dollars)

Spending difference compared Percent difference compared
Year to normal weight ($) to normal weight
2006 1,429 (156) 41.5 (4.9)
1998 (updated) 1,145 (270) 36.5(8.9)
1998 (original) 9307 (438) 37.4% (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/m”. 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).
?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 1,723% (345) 36.47 (8.5)

1998 1,006° (540) 30.2°(18.1)
Medicaid 2006 1,021%(303) 46.73° (15.4)

1998 284" (495) 10.3° (15.9)
Private 2006 1,140°% (143) 58.1% (8.4)

1998 9577 (193) 67.2% (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/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.

2Increased spending estimate is significantly greater than zero (p < 0.05).

" Relative standard error is greater than 0.3, indicating that the estimate is unstable.

tistically different from the 1998 estimates. Using the updated regression ap-
proach, 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—inpa-
tient, 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 ($) Percent increase
Medicare Inpatient 95° (296) 4.4°(13.0)
Non-inpatient 6937 (128) 40.1° (8.4)
Rx drug 6082 (65) 72.7°(10.3)
Medicaid Inpatient 213°(153) 39.2°(34.2)
Non-inpatient 175°(172) 14.8° (12.8)
Rx drug 2302 (80) 60.6%° (24.2)
Private Inpatient 44372 (85) 90.3%(23.9)
Non-inpatient 3987 (60) 37.9% (6.6)
Rx drug 2842 (41) 81.8%(12.4)
All payers Inpatient 420° (93) 45.57 (12.0)
Non-inpatient 44472 (76) 26.9% (4.7)
Rx drug 568? (59) 80.4% (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/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.

?Increased spending estimate is significantly greater than zero (p < 0.05).

" 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 statisti-
cally 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 Medic-
aid type-of-service estimates, in addition to the Medicare estimate for inpatient
services, are associated with large standard errors and therefore should be inter-
preted 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 pre-
scription 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 in-
creases for all payers combined range from 27 percent (non-inpatient) to 80 per-
cent (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 sepa-
rately by payer and by type of service. Focusing on total payments, the attribut-
able 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, re-
spectively, 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 lev-
els, 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 obe-
sity prevalence accounted for 89 percent of the increase in obesity spending that
occurred during this period.”

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 in-
creased 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. More-
over, unlike Thorpe and colleagues,? 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 (%) MEPS ($ millions) NHEA ($ millions)
Medicare Inpatient 1.1°(3.5) 1,085 1,888°2
Non-inpatient 9.17 (1.6) 7,920° 13,7872
Rx drug 15.22 (1.6) 6,9512 12,1002
Total 8.5% (1.7) 19,6837 34,2637
Medicaid Inpatient 8.8° (6.1) 2,054 7,031
Non-inpatient 3.9°(3.8) 1,260 4,314
Rx drug 11.9%0 (4.3) 1,479° 5,061°
Total 11.87(3.4) 8,054 27,566°
Private Inpatient 18.17 (3.3) 20,942° 31,5442
Non-inpatient 8.5% (1.3) 16,5942 24,8282
Rx drug 17.12(2.1) 11,6652 18,2502
Total 12.99 (1.6) 49,386° 74,6152
All payers Inpatient 10.3%(2.3) 27,361° 44,6542
Non-inpatient 5.9 (1.0) 26,380° 45,1572
Rx drug 15.2% (1.4) 32,726° 59,3337
2006 total 9.12 (1.0) 85,7392 146,6242
All payers 1998 (updated) total ~ 6.5% (1.5) 41,8402 74,1578
1998 (original) total 5.3%0(2.6) 34,036° 60,3252

SOURCE: Authors’ calculations based on data from the 2006 Medical Expenditure Panel Survey (MEPS) and the 2006 National
Health Expenditure Accounts (NHEA).

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.

?Increased spending estimate is significantly greater than zero (p < 0.05).

"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 driv-
ing 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).

B Effects of obesity treatment. Although pharmaceutical, medical, and surgi-
cal interventions to treat obesity are available, these treatments remain rare. As a re-
sult, 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
colleagues' 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 bene-
fits are taken into account.

From a payer’s perspective, although there is increasing evidence suggesting
that bariatric surgery may be cost saving,” 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 obe-
sity prevention efforts are likely to be cost-effective (that is, have a low cost-
effectiveness ratio) but not cost saving. From a public health perspective that fo-
cuses on identifying cost-effective strategies for improving the health of the popu-
lation, these interventions may still be worth pursuing, even at significant cost.

B 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 addi-
tion, 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 es-
timates from NHEA (including people in institutions) requires the strong as-
sumption that the prevalence and per capita costs of obesity can be equally ap-
plied 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 pro-
file is smaller relative to those in institutions who are not obese, then the NHEA-
adjusted estimates are upwardly biased.

Finally, the regression-based approach allows for quantifying the spending at-
tributable 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.

I
w830 27 July 2009

Downloaded from content.healthaffairs.org by Health Affairs on August 25, 2011
by guest


http://content.healthaffairs.org/

OBESITY SPENDING
|

LTHOUGH THESE LIMITATIONS REPRESENT 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 sus-
tained 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 preva-
lence 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.

Eric Finkelstein and Justin Trogdon received external support for this work through a contract with the CDC
Foundation. The authors thank Charles Feagan for his research assistance.
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HE NATIONAL HEALTH AND NU-

trition Examination Survey

(NHANES) provides the oppor-

tunity 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.'*
Analyses of data from 1999-2000 showed
further increases in obesity for both men
and women and in all age groups.?

The increases in obesity from 1976-
1980 to 1988-1994 were statistically sig-
nificant in all sex and age groups. The
increases in obesity from 1988-1994 to
1999-2000 were statistically signifi-
cant 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 1999-
2000 among men but not among wom-
en.*? Comparisons between 2003-
2004 and 2005-2006 showed no
significant changes but had limited sta-
tistical power.%

Herein we report the results from the
latest NHANES data from 2007-2008
regarding population trends in obe-
sity 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.

©2010 American Medical Association. All rights reserved.

Context The prevalence of obesity increased in the United States between 1976-
1980 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 2007-
2008 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. Obe-
sity was defined as a BMI of 30.0 or higher.

Results In2007-2008, the age-adjusted prevalence of obesity was 33.8% (95 % con-
fidence interval [CI], 31.6%-36.0%) overall, 32.2% (95% Cl, 29.5%-35.0%) among
men, and 35.5% (95% Cl, 33.2%-37.7 %) among women. The corresponding preva-
lence estimates for overweight and obesity combined (BMI =25) were 68.0% (95 %
Cl, 66.3%-69.8%), 72.3% (95% Cl, 70.4%-74.1%), and 64.1% (95% Cl, 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%
Cl, 0.89-1.32]). For men, there was a significant linear trend (AOR for 2007-2008 vs
1999-2000, 1.32 [95% ClI, 1.12-1.58]); however, the 3 most recent data points did
not differ significantly from each other.

Conclusions [n 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 previ-
ously observed do not appear to be continuing at the same rate over the past 10 years,
particularly for women and possibly for men.

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

METHODS

The NHANES program of the National
Center for Health Statistics, Centers for
Disease Control and Prevention, includes
aseries of cross-sectional, nationally rep-
resentative health examination surveys
beginning in 1960. To obtain a nation-
ally 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
dataarereleased in 2-year cycles, includ-
ing 1999-2000,2001-2002,2003-2004,
2005-2006, and 2007-2008.

In 2007-2008, the sample consisted
0f 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 Sta-
tistics, Centers for Disease Control and Prevention,
Hyattsville, Maryland.

Corresponding Author: Katherine M. Flegal, PhD, Na-
tional Center for Health Statistics, Centers for Dis-
ease 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 2007-
2008, 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 in-
formed consent was obtained.
Weight and height were measured in
amobile examination center using stan-
dardized techniques and equipment.
Body mass index (BMI) was calcu-

]
Table 1. Sample Size for US Adults Aged 20 Years or Older?

Non-Hispanic  Non-Hispanic All Mexican
Categories All White Black Hispanics American
by Age (N = 5555)P (n =2618) (n=1144) (n =1566)° (n = 945)
Men, age, y
=20 2750 1335 554 739 460
20-39 896 383 187 275 195
40-59 883 391 173 276 164
=60 971 561 194 188 101
Women, age, y
=20 2805 1283 590 827 485
20-39 877 344 191 307 189
40-59 910 402 198 270 158
=60 1018 537 201 250 138

2Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Pincludes racial and ethnic groups not shown separately.
CIncludes 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 de-
fined as a BMI of 25.0 to 29.9 and obe-
sity was defined as a BMI of 30.0 or
higher.” Obesity may be divided into
grade 1 (BMI, 30-<<35), grade 2 (BMI,
35-<40), and grade 3 (BMI =40).°
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 re-
port, race and ethnicity are classified as
non-Hispanic white, non-Hispanic black,
Mexican American, other Hispanic, and
other. Data for 2007-2008 are pre-
sented overall, including all racial and
ethnic groups, and separately for non-
Hispanic 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?

% of Adults (95% Confidence Interval)

Categories Non-Hispanic Non-Hispanic All Mexican
by Age All® White Black Hispanics® American
BMI =30
All, age, y
=20 33.9 (31.7-36.1) 32.8 (29.4-36.1) 44.1 (39.9-48.3) 37.9 (32.3-43.4) 39.3 (32.0-46.6)
=204 33.8 (31.6-36.0) 32.4 (28.9-35.9) 441 (40.0-48.2) 38.7 (33.5-43.9) 40.4 (34.2-46.6)
Men, age, y
=204 32.2 (29.5-35.0) 31.9 (28.1-35.7) 37.3 (32.3-42.4) 34.3 (28.2-40.3) 35.9 (26.3-44.4)
20-39 27.5(23.8-31.2) 26.3 (20.9-31.7) 34.7 (28.5-40.9) 32.3 (23.9-40.7) 33.8 (22.7-44.9)
40-59 34.3 (29.8-38.8) 34.0 (28.1-39.8) 39.7 (30.0-49.5) 37.4 (29.0-45.8) 38.2 (26.3-50.1)
=60 37.1(33.1-41.0) 38.4 (34.1-42.6) 38.0 (31.3-44.7) 32.6 (23.5-41.7) 35.8 (21.9-49.8)
Women, age, y
=204 35.5 (33.2-37.7) 33.0 (29.3-36.6) 49.6 (45.5-58.7) 43.0 (37.9-48.2) 451 (38.9-51.2)
20-39 34.0 (29.0-39.1) 31.3 (23.3-39.3) 47.2 (41.3-53.1) 37.6 (32.3-42.8) 39.6 (33.7-45.5)
40-59 38.2 (33.8-42.6) 35.7 (29.7-41.7) 51.7 (47.2-56.1) 46.6 (37.3-55.9) 48.9 (38.0-59.8)
=60 33.6 (30.2-36.9) 31.4 (27.3-35.5) 50.5 (40.5-60.5) 46.7 (41.0-52.3) 48.1 (43.0-58.3)
BMI =25
All, age, y
=20 68.3 (66.6-70.0) 67.5 (65.0-70.1) 73.7 (71.2-76.2) 76.9 (72.9-80.8) 77.5(73.4-81.6)
=204 68.0 (66.3-69.8) 66.7 (64.1-69.3) 73.8 (71.3-76.9) 77.9 (74.5-81.4) 78.8 (75.2-82.4)
Men, age, y
=204 72.3 (70.4-74.1) 72.6 (69.9-75.3) 68.5 (65.2-71.8) 79.3 (74.7-83.9) 80.0 (75.5-84.5)
20-39 63.5 (60.8-66.2) 62.6 (68.0-67.2) 61.5 (54.6-68.5) 74.2 (66.8-81.5) 75.0 (67.4-82.7)
40-59 77.8 (74.0-81.7) 77.7 (72.8-82.6) 73.5 (65.9-81.2) 87.2 (81.4-93.0) 88.0 (80.8-95.1)
=60 78.4 (74.8-81.9) 81.4 (77.9-84.9) 72.5 (65.2-79.8) 75.4 (70.2-80.7) 75.8 (68.4-83.1)
Women, age, y
=204 64.1 (61.3-66.9) 61.2 (66.7-65.7) 78.2 (74.5-81.9) 76.1 (72.0-80.1) 76.9 (71.8-81.9)
20-39 59.5 (564.5-64.5) 54.9 (46.3-63.6) 78.0 (71.8-84.2) 68.5 (61.4-75.7) 70.3 (62.7-77.9)
40-59 66.3 (63.3-69.3) 63.8 (59.8-67.8) 78.4 (74.1-82.6) 81.2 (77.3-85.1) 80.3 (73.6-87.0)
=60 68.6 (64.4-72.7) 67.6 (62.2-73.1) 78.2 (70.7-85.8) 80.7 (77.3-84.1) 82.6 (77.2-88.0)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
@Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Includes racial and ethnic groups not shown separately.

CIncludes Mexican Americans.

dAge 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, non-
Hispanic blacks and Hispanics were over-
sampled 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 exam-
ined for Mexican Americans rather than
for all Hispanics.

Statistical analyses were performed
using SAS software version 9.2 (SAS In-
stitute Inc, Cary, North Carolina) and
SUDAAN software version 10.0 (RTI, Re-
search Triangle Park, North Carolina).
Calculation of sampling weights took into
account unequal probabilities of selec-
tion resulting from the sample design,
nonresponse, and noncoverage. Allanaly-
ses took into account differential prob-
abilities of selection and the complex
sample design. Standard errors were es-

PREVALENCE AND TRENDS IN ADULT OBESITY

timated with SUDAAN software using
Taylor series linearization. Statistical tests
were 2-sided and a P value of less than
.05 was considered statistically significant.

Linear trends over the five 2-year sur-
vey cycles and variations in the preva-
lence of obesity by age and racial and eth-
nic groups over the 10-year period were
tested using sex-specific logistic regres-
sion models with adjustment for age
group, racial and ethnic group, and sur-
vey period; survey was treated as a con-
tinuous (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 in-
dicated 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 percent-
age points with greater than 90% power.
In addition, sex-specific logistic re-
gression models were fitted that in-
cluded survey as a categorical variable,
with adjustment for age group and ra-
cial and ethnic group. Logistic models
with survey as a continuous variable were
fitted within sex, age, and racial and eth-
nic subgroups. For graphical presenta-
tion only, the frequency distributions of
BMI were smoothed using a4253 H non-
parametric smoothing algorithm, based
on sequential calculations of running me-
dians for groups of adjacent points.’

RESULTS

Sample sizes for analyses from 2007-2008
are presented in TABLE 1. Detailed infor-

- _____________________________________________________________________________________________]
Table 3. Prevalence of Grade 2 and Grade 3 Obesity for Adults Aged 20 Years or Older?

% of Adults (95% Confidence Interval)

Categories by Non-Hispanic Non-Hispanic All Mexican
Age All® White Black Hispanics® American
BMI =35
All, age, y
=20 14.3 (12.8-15.8) 13.6 (11.3-15.9) 21.9(18.2-25.6) 15.5 (13.5-17.5) 16.0 (13.2-18.8)
=204 14.3 (12.7-15.8) 13.6 (11.2-16.0) 21.7 (18.1-25.4) 15.4 (13.3-17.5) 15.9 (13.3-18.6)
Men, age, y
=204 10.7 (9.1-12.3 10.5(8.5-12.5) 14.4(10.4-18.4) 12.0(8.9-15.2) 12.4(7.9-16.8)
20-39 9.4 (6.7-12.0) 8.5 (4.6-12.4) 14.2 (8.5-20.0) 12.5(8.0-17.1) 12.5(6.1-18.8)
40-59 11.6 (9.3-13.9) 11.6 (8.8-14.3) 13.8(8.9-18.7) 13.2(9.0-17.3) 13.8 (8.6-19.0)
=60 11.6 (9.3-13.8) 12.0 (9.5-14.6) 16.5(11.1-19.9) 9.3 (5.4-13.2) 9.8 (3.8-15.8)¢
Women, age, y
=204 17.8 (15.8-19.8) 16.6 (13.4-19.9) 27.9 (23.3-32.5) 18.9 (16.3-21.5) 19.9 (17.3-22.5)
20-39 18.9 (15.0-22.7) 17.2 (11.6-22.9) 30.2 (23.8-36.6) 19.1 (14.8-23.4) 20.9 (13.9-27.9
40-59 19.5 (16.5-22.6) 18.7 (14.6-22.9) 29.1 (23.2-35.0) 19.1 (12.7-25.4) 19.0 (11.4-26.6)
=60 13.3(11.0-15.5) 12.3(9.1-15.4) 22.0(15.9-28.2) 18.3(13.3-23.2) 19.6 (13.3-26.0)
BMI =40
All, age, y
=20 5.7 (4.9-6.5) 5.2 (3.8-6.5) 11.1(8.3-13.8) 5.7 (4.4-71) 6.0 (4.3-7.6)
=204 5.7 (4.9-6.6) 5.2 (3.8-6.6) 10.8 (8.2-13.5) 5.5 (4.3-6.8) 5.6 (4.3-6.9)
Men, age, y
=204 4.2(3.3-5.1) 4.0 (2.9-5.1) 7.0 (4.5-9.4) 3.8 (2.1-5.6) 4.4 (2.1-6.6)
20-39 4.2 (2.7-5.6) 3.4 (1.4-5.4) 7.5(3.5-11.4) 6.1(3.0-9.2) 7.0 (3.0-10.9)
40-59 4.2 (2.8-5.6) 4.4 (2.4-6.4) 5.6 (1.9-9.3)¢ 3.5 (1.4-5.7)¢ 3.7 (1.0-6.4)¢
=60 4.2 (2.9-5.6) 4.4 (3.0-5.9) 8.2 (3.7-12.7) NA NA
Women, age, y
=204 7.2(6.1-8.4) 6.4 (4.2-8.5) 14.2 (10.5-17.8) 7.0 (5.7-8.4) 6.7 (5.2-8.2)
20-39 7.6 (5.6-9.7) 6.8 (3.4-10.3) 15.0 (9.4-20.6) 6.2 (4.6-7.8) 6.8 (3.6-10.1)
40-59 8.4 (6.6-10.2) 7.3 (4.4-10.1) 17.7 (12.2-23.1) 8.0 (4.8-11.2) 5.9 (2.9-8.9)
=60 4.7 (2.9-6.5) 4.1 (1.8-6.5) 7.2(3.9-10.5) 7.0 (4.4-9.6) 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%).
8Based on data from the National Health and Nutrition Examination Survey (NHANES) 2007-2008.

Pincludes racial and ethnic groups not shown separately.
CIncludes Mexican Americans.

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.
€ Relative standard error of 30% or greater but less than 40%.

©2010 American Medical Association. All rights reserved.
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mation on the prevalence of obesity (BMI
=30) and of overweightand obesity com-
bined (BMI =25) 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, age-
adjusted 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 non-
Hispanic white men to 37.3% (95% CI,
32.3%-42.4%) among non-Hispanic
black men. For women, the age-
adjusted prevalence was 35.5% (95%
CI, 33.2%-37.7%), ranging from 33.0%
(95% CI, 29.3%-36.6%) among non-
Hispanic white women to 49.6% (95%
CI, 45.5%-53.7%) among non-
Hispanic black women. The age-
adjusted 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 age-
adjusted prevalence of grades 2 and 3 obe-
sity (BMI =35) and of grade 3 obesity
(BMI=40) by age, sex, and racial and eth-
nic group from NHANES 2007-2008 is
presented in TABLE 3. The age-adjusted
values for grades 2 and 3 obesity com-
bined (BMI =35) ranged from 10.5%
(95% CI, 8.5%-12.5%) among non-
Hispanic 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%). The over-
allage-adjusted prevalence of grade 3 obe-
sity (BMI =40) was 5.7% (95% CI,4.9%-
6.5%) overall, 4.2% (95% CI, 3.3%-5.1%)
formen, 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 cyclesis presented over-
alland 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 ra-
cial and ethnic group, showed a signifi-
cant linear trend across survey cycles as
a continuous variable for 2007-2008
vs 1999-2000 (OR, 1.32 [95% CI, 1.12-
1.58];P=.002) and significant differences
among survey cycles asa categorical vari-
able for 2007-2008 vs 1999-2000 (OR,
1.24[95% CI1,1.03-1.52], P=.02). How-
ever, in analyses adjusted for age and ra-
cial 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 fur-
ther, additional linear trend tests by sur-
vey cycle were fitted within race and eth-
nicity 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 =30) in US Men Aged 20 Years or Older for 1999-2008

No. (%) of Men [95% Confidence Interval]

Ages 20-39y

Ages 40-59 y

Age =60y

666 (23.7) [20.5-27.0]

595 (28.8) [23.0-34.7]

782 (31.8) [27.3-36.3]

750 (22.3) [19.4-25.1]

773 (32.2) [28.8-35.5]

696 (30.2) [26.5-33.9]

793 (28.1) [22.3-33.8]

709 (39.7) [33.9-45.4]

735 (32.2) [28.1-36.3]

(23.7)
(22.9)
756 (28.0) [23.7-32.4]
(28.1)
(27.5)

896 (27.5) [23.8-31.2]¢

(28.8)
(32.2)
649 (34.8) [29.9-39.7]
(39.7)
(34.9)

883 (34.3) [29.8-38.8]¢

(31.8)
(30.2)
832 (30.4) [26.6-34.2]
(32.2)
(37.1)

971 (37.1) [33.1-41.0]°

276 (22.0) [17.3-26.7]

262 (28.5) [21.8-35.2]

408 (34.3) [28.8-39.9]

322 (23.9) [19.5-28.2]

407 (38.2) [29.5-36.9]

428 (31.5) [27.7-35.3]

328 (25.8) [18.6-33.1]

368 (41.0) [35.0-47.0]

449 (32.9) [28.6-37.3]

(22.0)
(23.9)
336 (27.2) [21.4-33.0]
(25.8)
(26.9)

383 (26.3) [20.9-31.7]

(28.9)
(83.2)
340 (35.6) [29.3-41.9]
(41.0
(84.0)

391 (34.0) [28.1-39.8]

(84.3)
(31.5)
507 (30.6) [26.3-35.0]
(32.9)
(38.4)

561 (38.4) [34.1-42.6]

125 (27.4) [22.0-32.8]

127 (29.9) [23.3-36.4]

122 (26.4) [18.5-34.4]

148 (22.2) [16.4-28.0]

161 (30.0) [23.9-36.1]

126 (34.2) [25.3-43.0]

185 (39.7) [33.3-46.0]

170 (34.8) [26.2-43.3]

152 (36.8) [31.3-42.2]

(27.4)
(22.2)
175 (32.3) [24.1-40.5]
(39.7)
(34.7)

187 (34.7) [28.5-40.9]°

(29.9)
(30.0)
146 (37.6) [31.6-43.6]
(34.8)
(39.7)

173 (39.7) [30.0-49.5]

(26.4)
(34.2)
111(31.1) [17.8-44.3]
(36.8)
(38.0)

194 (38.0) [31.3-44.7]°

184 (30.4) [24.2-36.5]

157 (27.0) [19.6-34.3]

197 (29.7) [22.0-37.4]

215 (17.4) [11.1-23.8]

152 (34.8) [27.5-42.1]

113 (25.9) [19.5-32.2]

(30.4)
(17.4)
165 (32.7) [23.0-42.3]
210 (24.7) [19.6-29.9]

128 (27.6) [20.9-34.3]

105 (30.0) [20.7-39.2]

Age =20 y?2
AlIP
1999-2000 2043 (27.5) [24.4-30.6]
2001-2002 2219 (27.8) [25.8-29.7]
2003-2004 2237 (31.1) [28.5-33.7]
2005-2006 2237 (33.3) [29.3-37.4]
2007-2008 2750 (32.2) [29.5-35.0]¢
Non-Hispanic white
1999-2000 946 (27.3) [23.8-30.8]
2001-2002 1157 (29.1) [26.5-31.7]
2003-2004 1183 (31.1) [28.1-34.2]
2005-2006 1145 (33.1) [28.7-37.5]
2007-2008 1335 (31.9) [28.1-35.7]°
Non-Hispanic black
1999-2000 374 (28.1) [24.8-31.5]
2001-2002 435 (27.9) [24.0-31.8]
2003-2004 432 (34.0) [27.1-40.9]
2005-2006 507 (37.2) [32.5-41.8]
2007-2008 554 (37.3) [32.3-42.4]°
Mexican American
1999-2000 538 (28.9) [25.2-32.7]
2001-2002 480 (25.9) [21.8-29.9]
2003-2004 458 (31.6) [26.6-36.6]
2005-2006 443 (27.0) [23.2-30.7]
2007-2008 460 (35.9) [28.9-43.0]

195 (33.8) [22.7-44.9)]

(27.0)
(34.8)
118 (31.8) [21.3-42.4]
(27.6)
(38.2)

164 (38.2) [26.3-50.1]

(29.7)
(25.9)
175 (29.5) [22.0-36.9]
(30.0)
(35.8)

101 (35.8) [21.9-49.8]

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
2Age 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.

Pincludes racial and ethnic groups not shown separately.

CIndicates 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 =30) in US Women Aged 20 Years or Older for 1999-2008

No. (%) of Women (95% Confidence Interval)

Age =20 y?2 Ages 20-39y Ages 40-59 y Age =60y
b
Al 1999-2000 2072 (33.4) [30.0-36.8] 640 (28.4) [24.4-32.4] 653 (37.8) [31.2-44.4] 779 (35.0) [30.7-39.3]
2001-2002 2171 (33.3) [30.2-36.3] 712 (29.8) [25.6-34.1] 721 (35.7) [31.6-39.9] 738 (35.2) [31.2-39.2]
2003-2004 2194 (33.2) [29.7-36.6] 661 (28.9) [24.3-33.6] 662 (38.8) [33.4-44.1] 871 (31.5) [28.0-34.9]
2005-2006 2119 (35.3) [32.5-38.1] 707 (30.5) [25.9-35.0] 718 (41.1) [36.5-45.6] 694 (34.4) [29.7-39.1]
2007-2008 2805 (35.5) [33.2-37.7] 877 (34.0) [29.0-39.1] 910 (38.2) [33.8-42.6] 1018 (33.6) [30.2-36.9]
Non-Hispanic white
1999-2000 885 (30.1) [25.9-34.3] 249 (24.4) [19.2-29.6] 249 (34.2) [25.1-43.3] 387 (33.3) [28.9-37.7]
2001-2002 1130 (31.3) [28.0-34.6] 313 (25.2) [20.5-29.8] 376 (35.4) [31.3-39.6] 441 (35.2) [29.6-40.8]
2003-2004 1174 (30.2) [25.9-34.4] 327 (23.8) [17.6-29.9] 333 (37.8) [31.1-44.5] 514 (28.9) [25.9-31.8]
2005-2006 1048 (32.9) [29.4-36.5] 288 (27.4) [20.5-34.2] 340 (39.3) [34.4-44.1] 420 (32.3) [27.2-37.4]
2007-2008 1283 (33.0) [29.3-36.6] 344 (31.3) [23.3-39.3] 402 (35.7) [29.7-41.7] 537 (31.4) [27.3-35.5]
Non-Hispanic black
1999-2000 420 (49.7) [43.7-55.8] 140 (46.2) [38.3-54.1] 141 (53.2) [46.8-59.6] 139 (50.2) [36.1-64.4]
2001-2002 434 (48.3) [42.9-53.6] 157 (47.2) [39.6-54.9] 148 (47.8) [41.6-54.0] 129 (50.8) [37.8-63.8]
2003-2004 444 (53.9) [47.9-59.8] 153 (50.3) [41.1-59.6] 160 (57.5) [48.8-66.2] 131 (54.0) [43.9-64.2]
2005-2006 512 (52.9) [48.7-57.0] 175 (47.7) [40.3-55.1] 195 (53.3) [46.8-59.8] 142 (61.0) [64.3-67.7]
2007-2008 590 (49.6) [45.5-53.7] 191 (47.2) [41.3-53.1] 198 (561.7) [47.2-56.1] 201 (50.5) [40.5-60.5]
Mexican American
1999-2000 567 (39.7) [32.1-47.2] 180 (30.6) [19.3-41.9] 193 (48.5) [38.9-58.1] 194 (41.0) [32.6-49.3]
2001-2002 445 (37.0) [30.6-43.4] 178 (31.5) [20.8-42.2] 139 (47.1) [38.8-55.4] 128 (30.2) [22.0-38.4]
2003-2004 415 (42.3) [36.8-47.7] 130 (35.7) [28.6-42.9] 110 (48.3) [38.5-58.1] 175 (43.8) [37.7-49.9]
2005-2006 400 (42.1) [36.4-47.7] 170 (36.5) [29.5-43.4] 124 (51.1) [42.2-60.0] 106 (37.1) [25.6-48.6]
2007-2008 485 (45.1) [38.9-51.2] 189 (39.6) [33.7-45.5] 158 (48.9) [38.0-59.8] 138 (48.1) [43.0-53.3]

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
2Age 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.

Pincludes racial and ethnic groups not shown separately.

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 eth-
nic groups, linear trends adjusted for age
were significant for non-Hispanic whites
(P=.02) and non-Hispanic blacks
(P<.001), but not for Mexican Ameri-
can men (P=.15). Within racial and eth-
nic 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 sig-
nificant 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 sig-
nificant trends by survey cycle within
any subgroup of women.

Inanalyses over the 10-year period ad-
justed for survey cycle for both men and
women, the likelihood of being obese was

©2010 American Medical Association. All rights reserved.
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Figure. Smoothed Frequency Distributions of Body Mass Index for Men and Women Aged

40 to 59 Years in 1999-2000 and 2007-2008
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significantly higher in the age group of40-
59 years (ORformen, 1.46 [95% CI,1.29-
1.66]; OR forwomen, 1.50 [95% CI, 1.31-
1.72]) and in the age group of 60 years or
older (OR for men, 1.35 [95% CI, 1.19-
1.54]; ORforwomen, 1.26 [95% CI, 1.11-
1.44]) than among those in the age group
0f20-39 years. Relative to non-Hispanic
whites, the likelihood of being obese was
significantly greater among non-Hispanic
blacks (OR formen, 1.13 [95% CI, 1.01-
1.27]; ORforwomen, 2.26 [95% CI, 2.02-

2.51]) and for Mexican American wom-
en (OR,1.53;95% CI, 1.31-1.78), but not
for Mexican American men (OR, 1.01;
95% CI, 0.85-1.19).

Smoothed distributions of BMIin 1999-
2000 and 2007-2008 are shown by age
group in the FIGURE for men and wom-
en aged 40 to 59 years. (Distributions
formenand women aged 20-39 yearsand
aged =60 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 per-
centile) tended to be slightly higher in
2007-2008 than in 1999-2000 within
all age groups; however, some of the dif-
ferences were extremely small. In 1999-
2000, the median BMI for men aged 20
to 39 years was 26.0 (95% CI, 25.6-
26.7) vs 26.6 (95% CI, 26.1-27.2) in
2007-2008; for men aged 40 to 59 years,
27.4(95% CI1, 26.8-27.9) vs 28.3 (95%
Cl, 27.7-29.0); and for men aged 60
years or older, 27.5 (95% CI, 27.2-
28.0) 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, 25.7-
27.5) 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% (I, 26.8-28.1) vs 27.6 (95% (I,
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. Com-
parisons between Canada and the United
States show that obesity prevalence was
higherin the United States in 1999-2002
than in Canadain 2004, with the differ-
ence largely due to higher obesity preva-
lence among women.'® Comparisons of
obesity prevalence between Canada and
the United States thatare limited to white
adults show no significant differences
for men.*® A review of prevalence esti-
mates in European countries found that
the prevalence of obesity based on mea-
sured weights and heights varies widely
from country to country, with higher
prevalences in Central, Eastern, and
Southern Europe.'! 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
instudy methods, years of measurement
and the age ranges, and methods of age
adjustment or age categorization.

The prevalence of obesity shows sig-
nificant variation by racial and ethnic
groups. Racial and ethnic differences in
the prevalence of obesity as defined by BMI
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should be interpreted cautiously because
they donotnecessarily correspond to dif-
ferences in fatmass or percentage of body
fat. Body mass index is a valuable tool to
provide astandardized definition of obe-
sity for the purposes of national surveil-
lance and international comparisons.** In
the NHANES surveys, BMIis highly cor-
related with percentage of body fat, slightly
more so for women than for men."”> How-
ever, BMI does not distinguish fatand lean
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.'* 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.">">"
The relative, although not absolute,
health risks associated with a given BMI
level may be lower for blacks than for
whites.'®?° Asian populations tend to
have higher body fat percentages at a
given BMI level and possible higher risks;
however, this theory has been dis-
puted.” Considerable discussion**** has
addressed the public health and policy
issues of using different BMI cutoff points
for different ethnic groups that have dif-
ferent relationships with BMI, body fat,
and health risks.

Forwomen, the prevalence of obesity
showed no statistically significant changes
over the 10-year period from 1999 through
2008. For men, there was a significant lin-
ear trend over the same period, but esti-
mates for the period 2003-2004, 2005-
2006, and 2007-2008 did not differ sig-
nificantly from each other. These data
suggest that the increases in the prevalence
of obesity previously observed between
1976-1980and 1988-1994'> and between
1988-1994 and 1999-2000° may not be
continuing at a similar level over the pe-
riod 1999-2008, particularly for women
but possibly for men.

The prevalence of obesity for adults
aged 20 to 74 years increased by 7.9 per-
centage points for men and by 8.9 per-
centage points for women between 1976-
1980 and 1988-1994, and subsequently
by 7.1 percentage points for men and by
8.1 percentage points for women be-
tween 1988-1994 and 1999-2000." If the
trends between 1988-1994 and 1999-

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. Be-
tween 1999-2000 and 2007-2008, there
was an increase of 4.7 percentage points
(95% CI, 0.5 t0 9.0) for men and a non-
significant increase of 2.1 percentage
points (95% CI, -2.1 to 6.3) for women.
In the United States, astudy of data from
military recruits, veterans, and national
surveys suggests mean BMI has increased
over along period since the Civil War up
torecent times, with increases in the last
several decades perhaps less steep than
those observed earlier.” Over the period
1960-1980 (covered by the earliest
NHANES surveys and the National Health
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 pe-
riod of relative stability, perhaps with small
increases in obesity, although future large
changes cannot be ruled out. Because rela-
tively little is known about the causes of
the trends previously observed, it is dif-
ficult to predict the future trends in obesity.
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, particu-
larly among subgroups defined by sex,
age, and racial and ethnic group.
Obesity is a risk factor for a variety of
chronic conditionsincluding diabetes, hy-
pertension, high cholesterol, stroke, heart
disease, certain cancers, and arthritis.?®
Higher grades of obesity are associated
with excess mortality, primarily from car-
diovascular disease, diabetes, and certain
cancers.”? Trends in obesity-related
health outcomes do not always parallel
trendsin the prevalence of obesity. Despite
the increases in obesity prevalence, mor-
tality rates and mortality from coronary
heart disease and stroke have declined
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over several decades,” possibly due to im-
provements in public health and medi-
cal care and in other cardiovascular risk
factors®; however, hypertension appears
tobe increasing.*' Of these obesity-related
conditions, diabetes may be most closely
linked to obesity, and the increasing in-
cidence of diabetes worldwide is of con-
siderable concern.” In the United States,
the prevalence of diagnosed diabetes in-
creased significantly from 1988-1994
through 2005-2006, although the total
prevalence of diabetes increased signifi-
cantly only among non-Hispanic blacks.*®

The prevention and treatment of over-
weightand obesity on a populationwide
basis are challenging. Population-based
strategies that improve social and physi-
cal environmental contexts for healthful
eating and physical activity are comple-
mentary to clinical preventive strategies
and to treatment programs for those
who are already obese.** For example,
innovative public policy approaches in-
cludeavariety of policy and environmen-
tal initiatives designed to increase fruitand
vegetable consumption in underserved
areas.”> Preventive population-level in-
terventions having to do with the built en-
vironmentand the food environment may
lead to health benefits for the entire popu-
lation, not only for the obese population;
and some interventions may reduce ex-
cess body fatamong the obese population
even without large concomitant changes
in weight.>” 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
20009 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.)
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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.! 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 Medi-
cine (IOM) guidance on GWG identified a need for further
high-quality research with long-term offspring outcomes.!-
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Several studies have examined associations of GWG with
offspring adiposity and have consistently (all but 1 study?)

reported positive associations with offspring body mass index
(BMI) in childhood,*-¢ adolescence,” and adulthood.® Other
studies have examined the association with offspring blood
pressure (BP), with conflicting results.*3-12 The 2 most recent
and largest studies suggest positive associations of GWG
with offspring BP in childhood* and adulthood® that may be
mediated by the association of GWG with offspring
adiposity.?

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. I0M-Recommended Levels of GWG According to
Prepregnancy BMI Categories®

Range of Recommended Absolute

Prepregnancy BMI Weight Gain, kg

Underweight (<18.5 kg/m?) 12.5-18
Normal weight (18.5-24.9 kg/m?) 11.5-16
Overweight (25-29.9 kg/m?) 7-115
Obese (=30 kg/m?) 5-9

outcomes. No studies have examined associations of the
newly defined IOM GWG categories with offspring out-
comes.? 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 re-
cruited 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.).!3> 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, 11702 (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 poten-
tial 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 measure-
ment 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, catego-
rized as (1) never smoked, (2) smoked before pregnancy or in the
first trimester and then stopped, and (3) smoked throughout preg-
nancy, 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)!* and waist
circumference (=90th percentile!s based on waist circumference
percentile curves derived for British children!e).

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
Al (apoAl) and apolipoprotein B (apoB) were measured by immu-
noturbidimetric 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 immuno-
turbidimetric assay (Roche UK, Welwyn Garden City, UK). All
assay coefficients of variation were <5%. Non-HDL-C was calcu-
lated 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 measure-
ment occasion) relating weight (outcome) to gestational age (expo-
sure). 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.? 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 deliv-
ery. 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 associa-
tions 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 cardio-
vascular 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 apoAl 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 over-
weight/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 mea-
sures 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 off-
spring 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 prepreg-
nancy weight and estimated GWG with lipids, apolipopro-
teins, and inflammatory markers. For these outcomes,
there was no strong evidence of nonlinear associations.
Estimated prepregnancy weight and GWG in mid preg-
nancy were positively associated with triglyceride levels
and IL-6 and inversely associated with HDL-C and apoAl,
although for triglycerides and apoAl, confidence intervals
were wide and included the null value. Estimated prepreg-
nancy 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 esti-
mates 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 preg-
nancy), 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 substan-
tively 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 I0M Categories of Maternal GWG (n=5154 or 3457

as Indicated)

Outcome

I0M Category

Model 2*

BMI, kg/m? (n=5154)

Waist, cm (n=5154)

Fat mass, g (n=5154)

SBP, mm Hg (n=5154)

DBP, mm Hg (n=5154)

HDL-C, mmol/L (n=3457)

Non-HDL-C, mmol/L (n=3457)

ApoA1, mg/dL (n=3457)

ApoB, mg/dL (n=3457)

Adiponectin, ng/mL (n=3457)

Leptin, ratio GMt (n=3457)

Triglycerides, ratio GMt (n=3457)

CRP, ratio GMt (n=3457)

IL-6, ratio GM (n=3457)

<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended
<Recommended
=Recommended
>Recommended

—0.293 (—0.471, —0.116)

0.780 (0.588, 0.971)
—0.830 (—1.310, —0.350)

1.974 (1.457, 2.492)
—217 (—497, 63)

1162 (860, 1464)
—0.280 (—0.875, 0.315)

1.339 (0.697, 1.981)
—0.248 (—0.657, 0.162)

0.299 (0.142, 0.741)
0.007 (—0.017, 0.031)

—0.031 (—0.057, —0.005)
—0.042 (—0.091, 0.007)

—0.003 (—0.055, 0.050)
—0.109 (—1.658,1.441)

—1.625 (—3.292, —0.042)
—0.391 (—1.400, 0.619)

0.203 (—0.882, 1.289)
—278 (711, 154)

—206 (—672, 259)
0.949 (0.895, 1.007)

1.179 (1.106, 1.256)
0.975 (0.942, 1.008)

1.021 (0.984, 1.059)
1.003 (0.913, 1.101)

1.155 (1.045, 1.277)
1.000 (0.935, 1.070)

1.139 (1.059, 1.225)

—0.326 (—0.504, —0.148)

Reference

0.744 (0.552, 0.937)
—0.897 (—1.379, —0.415)

Reference

1.931 (1.410, 2.452)
—260 (—540, 21)

Reference

1075 (773, 1378)
—0.372 (—0.969, 0.226)

Reference

1.250 (0.604, 1.896)
—0.232 (—0.642, 0.179)

Reference

0.229 (—0.216, 0.672)
0.007 (—0.017, 0.031)

Reference

—0.030 (—0.055, —0.005)
—0.043 (—0.092, 0.006)

Reference

—0.009 (—0.062, 0.044)
—0.167 (—1.726, 1.391)

Reference

—1.649 (—3.327, —0.029)
—0.449 (—1.461, 0.563)

Reference

0.027 (—1.063, 1.118)
—287 (—722, 147)

Reference

—171 (—640, 297)
0.948 (0.893, 1.005)

Reference

1.178 (1.105, 1.256)
0.977 (0.944,1.011)

Reference

1.020 (0.983, 1.058)
1.012(0.921, 1.111)

Reference

1.150 (1.040, 1.273)
1.005 (0.939, 1.076)

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.

tResults in bold are ratio of geometric means (GM) by I0M 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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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 apoAl. 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 in-
creased 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, apoAl, and IL-6) were associated with GWG lin-
early 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 (n=5154)

Model 1*

Model 2*

Low GWGT: =0 ¢
0-14 wk, =250 g/wk

Medium GWGT: 0-500 g
0-14 wk, 250 to 500 g

High GWGt: >500 g
for All GWG Periods

Low GWGt: =0 ¢
0-14 wk, =250 g/wk
Other GWG Periods

Medium GWGt: 0-500 g
0-14 wk, 250 to 500 g
Other GWG Periods

High GWGT: >500 g
for All GWG Periods

Outcome Exposure Other GWG Periods Other GWG Periods
BMI, kg/m2 Prepregnancy 0.070 (0.064, 0.076)
GWG 0-14 wk —0.787 (—1.154, —0.420) 0.012 (—0.212, 0.236)
GWG >14-36 wk  —3.547 (—5.113, —1.980)  —0.042 (—0.516, 0.431)
GWG >36 wk —0.232 (—0.630, 0.167) 0.394 (0.001, 0.788)
Waist Prepregnancy 0.184 (0.168, 0.201)
circumference, cm weight
GWG 0-14 wk —2.374(—3.363, —1.384)  —0.084 (—0.688, 0.520)
GWG >14-36 wk  —8.752 (—12.974, —4.529) 0.030 (—1.246, 1.305)
GWG >36 wk —0.646 (—1.715, 0.430) 1.126 (0.066, 2.185)
Fat mass, g Prepregnancy 88 (77, 98)
weight
GWG 0-14 wk —1300 (—1900, —699) 110 (—253, 474)
GWG >14-36 wk ~ —4800 (—7400, —2300) —599 (—1400, 171)
GWG >36 wk —151 (—799, 497) 74 (—567, 715)
SBP, mm Hg Prepregnancy 0.112(0.091, 0.133)
weight
GWG 0-14 wk —1.190 (—2.328, 0.110) —0.128 (—0.872, 0.617)
GWG >14-36 wk  —8.043 (—13.249, —2.836) 0.998 (—0.575, 2.571)
GWG >36 wk 0.379 (—0.945, 1.703) 0.679 (—0.629, 1.987)
DBP, mm Hg Prepregnancy 0.030 (0.015, 0.044)
weight
GWG 0-14 wk —0.768 (—1.606, 0.069) 0.178 (—0.333, 0.690)
GWG >14-36 wk  —5.293 (—8.873, —1.713) 0.847 (—0.234, 1.929)
GWG >36 wk —0.037 (—0.948, 0.874) 0.437 (—0.464, 1.337)
Leptin, geometric Prepregnancy 1.012 (1.010, 1.014)
mean (null weight
value=1) (n=3457)
GWG 0-14 wk 0.833 (0.734, 0.946) 0.998 (0.926, 1.075)
GWG >14-36 wk 0.437 (0.266, 0.719) 1.053 (0.899, 1.233)
GWG >36 wk 0.927 (0.814, 1.056) 1.124 (0.986, 1.282)

0.615(0.214, 1.016)
1.120 (0.742, 1.498)
0.631 (0.396, 0.865)

1.400 (0.318, 2.481)
3.139 (2.119, 4.159)
1.967 (1.337, 2.597)

1163 (512, 1814)
1599 (983, 2214)
987 (606, 1368)

—0.254 (—1.586, 1.077)
1.787 (0.529, 3.044)
1.103 (0.324, 1.881)

0.309 (—0.606, 1.224)
0.605 (—0.260, 1.470)
0321 (~0.214, 0.856)

1.197 (1.042, 1.375)
1.322 (1166, 1.499)
1.149 (1.062, 1.243)

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)

—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)

0.969 (0.857, 1.096)
0.718 (0.444, 1.160)
0.974 (0.848, 1.119)

0.069 (0.063, 0.075)
0329 (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)
84 (74, 94)

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)

1.012 (1.010, 1.015)

1.032 (0.961, 1.109)
1.079 (0.928, 1.253)
1.006 (0.867, 1.167)

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

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

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

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

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

1.216 (1.067, 1.386)
1.246 (1.105, 1.405)
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.
tThe 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 (n=3457)

Triglycerides, ratio GM+

CRP, ratio GM$

IL-6, ratio GM$

Outcome Exposure Period* Model 11 Model 21
HDL-C, mmol/L 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)
Non-HDL-C, mmol/L 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)
ApoA1, mg/dL 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)
ApoB, mg/dL 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)
Adiponectin, ng/mL Prepregnancy weight —16(=31,0) —15( 31,0)
GWG 0-14 wk 200 (—96, 496) 220, 414)
GWG 14-36 wk 151 (—327, 629) 151 (—334, 637)
GWG after 36 wk —54 (—323, 215) 421, 600)
(
(
(
(
(
(
(
(
(
(
(

Prepregnancy weight
GWG 0-14 wk
GWG 14-36 wk

GWG after 36 wk

Prepregnancy weight
GWG 0-14 wk
GWG 14-36 wk

GWG after 36 wk

Prepregnancy weight
GWG 0-14 wk
GWG 14-36 wk

GWG after 36 wk

1.002 (1.000, 1.003
0.986 (0.964, 1.010
1.037 (0.999, 1.077
1.028 (1.006, 1.050
1.009 (1.005, 1.012
0.986 (0.924, 1.052
1.073 (0.966, 1.192
1.082 (1.020, 1.148
1.004 (1.001, 1.006,
0.996 (0.950, 1.043
1.096 (1.016, 1.181

)
)
)
)
)
)
)
)
)
)
)
1.047 (1.004, 1.093)

1.002 (1.000, 1.003
0.997 (0.972,1.022
1.035 (0.996, 1.075
1.009 (0.969, 1.050

1.057 (0.952, 1.174
1.074 (0.962, 1.199
1.003 (1.001, 1.006
1.023 (0.974,1.075
1.082 (1.003, 1.168
1.005 (0.928, 1.089)

97 (=

=

88 (~

( )

( )

( )

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

( )

( )

( )

( )

( )

*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.

tModel 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.

FResults 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,*>-8
we found only weak associations of prepregnancy weight
and GWG with birth weight, and adjustment for birth
weight did not substantively alter associations. Further-
more, 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 off-
spring 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.!” 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 glu-
cose, 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 measure-
ments 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 adipos-
ity 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.!3 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.!'8-20
We used maternal self-report of height to calculate prepreg-
nancy 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 contempo-
rary 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 as-
sociated with offspring adiposity and a wider range of

Gestational Weight Gain and Offspring CVD Risk 2563

cardiovascular risk factors in offspring than were any mea-
surements of GWG, and this finding supports initiatives
aimed at maintaining healthy weight in women of reprod-
uctive age. Long-term follow-up of ongoing randomized
controlled trials aimed at controlling GWG?! and mendelian
randomization studies (using genetic variants that are ro-
bustly associated with maternal adiposity and fat gain in
pregnancy as instrumental variables)?? are necessary to estab-
lish 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.' The final multilevel spline model is

shown below.

Multilevel spline model:
weight;;=Boi+PriageOto14i+Prage14t036;+P3age36plusiite;

where, for mother i (i=1 to 11,336) at measurement occasion j (=1 to 17):
BO;=individual estimate of weight at gestational age=0 for the i mother

Bii- individual estimate of rate of weight gain during the first 14 weeks for the i™

mother

2
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Bo=individual estimate of rate of weight gain during weeks 14-36 for the i" mother
Bsi=individual estimate of rate of weight gain after week 36 for the i mother
age0to14;= the value of the first linear spline at the gestational age of the j®
observation for the i mother

age14to36;= the value of the second linear spline at the gestational age of the jth
observation for the i mother

age36tomax;= the value of the third linear spline at the gestational age of the jth

observation for the i" mother

¢jj = 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 Number of | Weight Predicted Difference ( 90% limits
age (weeks) measurements” | (mean weight ) of agreement

(sd)) kg (mean(sd)) (actual- (kg)*
kg predicted)
(mean(sd)) kg"

<=4 18 69.2 (14.6) | 69.1 (14.5) 0.09 (0.34) -0.44, 0.97
5-6 155 64.7 (13.1) | 64.7 (13.0) -0.04 (0.56) -0.95, 0.66
7-8 1100 64.6 (12.1) | 64.6 (12.1) 0.03 (0.55) -0.74, 0.76
9-10 2831 64.2 (11.9) | 64.3 (11.8) -0.03 (0.55) -0.89, 0.78
11-12 4367 64.3 (11.9) | 64.3 (11.8) -0.01 (0.72) -1.19, 1.10
13-14 4912 64.7 (11.7) | 64.6 (11.6) 0.07 (0.86) -1.34, 1.44
15-16 4250 65.6 (12.0) | 65.4 (12.0) 0.03 (0.82) -1.31,1.33
17-18 6015 66.1 (11.8) | 66.1 (11.7) -0.07 (0.83) -1.37,1.31
19-20 4335 67.2 (12.0) | 67.3 (12.0) -0.12 (0.88) -1.48,1.27
21-22 5278 68.1(11.9) | 68.2(11.9) -0.07 (0.92) -1.54,1.38
23-24 4580 69.3 (12.0) | 69.2 (11.9) 0.01 (0.99) -1.59, 1.55
25-26 5258 70.1(11.9) | 70.0 (11.9) 0.11 (1.00) -1.53,1.71
27-28 5525 71.5(12.0) | 71.4 (11.9) 0.11 (1.00) -1.48, 1.66
29-30 7598 72.2 (12.0) | 72.2 (11.9) 0.06 (0.94) -1.44,1.53
31-32 8154 73.1 (12.1) | 73.1 (12.0) -0.01 (0.88) -1.38, 1.37
33-34 8913 73.9 (12.0) | 74.0 (11.9) -0.07 (0.82) -1.34,1.23
35-36 9368 74.9 (12.2) | 75.0 (12.2) -0.03 (0.80) -1.28, 1.27
37-38 9946 75.9 (12.2) | 75.9 (12.2) 0.02 (0.82) -1.27,1.33
39-40 8331 76.9 (12.3) | 76.9 (12.2) 0.03 (0.68) -1.03, 1.14
41-42 3607 78.1(12.4) | 78.1 (12.4) -0.04 (0.56) -0.94, 0.87
>42 130 80.1 (12.6) | 80.2 (12.5) -0.07 (0.70) -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)
® 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)
¢ 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.
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Web-Figure 1: Graph showing the pattern predicted by the fractional

polynomial for the multilevel model and the spline that was fitted to the data
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Web-Figure 2 Graph showing the weight values predicted by the multilevel
spline models against the actual weights for each mother at each occasion
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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 N Mean (SD) or N (%)
Median (IQR)

Maternal

Pre-pregnancy BMI (mean) 5154 1 23.1 (4.3)

Pre-pregnancy BMI | Underweight 406 (7.9)
Normal 3540 (68.7)
Overweight 856 (16.6)
Obese 352 (6.8)

N of weight measurements (median, 5154 110 (8, 11)

IQR)

Gestational week at 1¥ measure 5154 110 (8, 12)

(median, IQR)

Gestational week at last measure 5154 | 39 (38, 40)

(median, IQR)

Pre-pregnancy Boy offspring | 2532 | 63.4 (12.0)

weight (kg)* Girl offspring | 2622 | 62.1 (11.9)

Gestational weight Boy offspring | 2532 | 0.16 (0.25)

gain early pregnancy | Girl offspring | 2622 | 0.19 (0.25)

(kg/week)*

Gestational weight Boy offspring | 2532 | 0.49 (0.15)

gain mid-pregnancy | Girl offspring | 2622 | 0.49 (0.15)

(kg/week)*

Gestational weight Boy offspring | 2532 | 0.43 (0.28)

gain late-pregnancy | Girl offspring | 2622 | 0.43 (0.27)

(kg/week)*

Absolute weight gain in pregnancy 5154 |1 12.1 (5.1)

(ke)

IOM recommended | Under 5154 1894 (36.8)

weight gain in Adequate 1857 (36.0)

pregnancy Over 1403 (27.2)

Age at delivery (years) 5154 1 29.2 (4.5)

C-section 5154 515 (9.9)

Length of gestation (weeks) 5154 1 39.8 (1.3)

No previous pregnancies 5154 2416 (46.9)

Smoked throughout pregnancy 5154 634 (12.3)

Manual social class 5154 727 (14.1)

Offspring

Male 5154 2689 (49.5)

Birth weight (g) 5102 | 3488 (468)

BMI (kg/m°) 5154 | 17.7 (2.8)

Overweight or obese based on BMI 5154 944 (18.3)

Waist circ. (cm) 5154 1 62.8 (7.7)

Centrally obese based on waist circ. 5154 2026 (39.3)

Fat mass (g) 5154 | 8529 (5041)

SBP (mmHg) 5154 1 102.6 (9.4)

DBP (mmHg) 5154 | 57.5(6.4)

HDL-c (mmol/l) 3457 | 1.40 (0.31)

Non-HDL-c (mmol/l) 3457 | 2.87 (0.63)
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Web-Table 2: continued

Triglycerides (mmol/l)® 3457 | 1.01 (0.76, 1.39)
Apo Al (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 1 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)
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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 pre- Estimated GWG Estimated GWG Estimated GWG Absolute GWG | Birthweight
pregnancy weight in early in mid pregnancy” | in late pregnancy” | across whole

pregnancy’ pregnancy’

Estimated pre- 1

pregnancy weight

Estimated GWG in -0.28 1

early pregnancy”

Estimated GWG in -0.08 0.00 1

mid pregnancy’

Estimated GWG in 0.26 -0.59 0.61 1

late pregnancy”

Absolute GWG across | -0.06 0.08 0.57 0.38 1

whole pregnancy”

Birthweight 0.26 0.04 0.17 0.12 0.14 1

* 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; late-
Eregnancy => 36 weeks to delivery; all measured in kg/weeks of gestation
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 © 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 1* Model 2°
Low estimated Medium High estimated Low estimated Medium High estimated
GWG" estimated GWG" GWG" GWG" estimated GWG” GWG"
< 0g 0-14 wks 0-500g 0-14 wks >500g for all <0g 0-14 wks 0-500g 0-14 wks >500g for all
<250g/week 250 to 500g GWG periods <250g/week 250 to 500g GWG periods
other GWG other GWG other GWG other GWG
periods periods periods periods

Overweight or
obesity based on
BMI®

Pre-pregnancy

1.04 (1.03, 1.05)

1.04 (1.03, 1.05)

GWG 0-14
weeks

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 >14-36
weeks

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)

GWG after 36
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)

Central obesity
based on waist
circumference®

Pre-pregnancy
weight

1.04 (1.03, 1.05)

1.04 (1.03, 1.05)

GWG 0-14
weeks

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)

GWG 14-36
weeks

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)

GWG after 36
weeks

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)

" 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
® 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.
¢ Overweight/obese based on BMI using age- and sex-specific thresholds for both child BMI (International Obesity Task Force)®
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4 Central obesity based on waist circumference also based on age and sex-specific thresholds and is defined as >=90th percentile’ based on waist
circumference percentile curves derived for British children.”
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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 wei

sht gain — assessing possible mediation of associations by

birthweight (N=5154)

Outcome Exposure Model 2* Model 3*
Low estimated Medium High estimated Low estimated Medium High estimated
GWG’ estimated GWG" GWG’ GWG’ estimated GWG" GWG’
< 0g 0-14 wks 0-500g 0-14 wks >500g for all <0g 0-14 wks 0-500g 0-14 wks >500g for all
<250g/week 250 to 500g GWG periods <250g/week 250 to 500g GWG periods
other GWG other GWG other GWG other GWG
periods periods periods periods
BMI (kg/m®) Pre-pregnancy 0.069 0.064
(0.063, 0.075) (0.058, 0.071)

GWG 0-14 0.165 0.329 0.624 0.176 0.265 0.592

weeks (-0.196, 0.525) (0.111, 0.547) (0.241, 1.007) (-0.188, 0.539) (0.045, 0.485) (0.209, 0.975)

GWG >14-36 -0.536 0.386 0.623 -0.625 0.233 0.586

weeks (-2.059, 0.986) (-0.069, 0.841) (0.257, 0.989) (-2.149, 0.899) (-0.229, 0.695) (0.215, 0.957)

GWG > 36 0.091 -0.031 0.168 0.110 -0.013 1.022

weeks (-0.345, 0.526) (-0.483, 0.422) (-0.129,0.464) (-0.328, 0.548) (-0.469, 0.442) (1.015, 1.028)
Waist circ. (cm) | Pre-pregnancy 0.183 0.170

weight (0.166, 0.199) (0.153, 0.187)

GWG 0-14 0.093 0.910 1.446 0.095 0.744 1.342

weeks (-0.885,1.071) (0.320, 1.500) (0.409, 2.484) (-0.891, 1.080) (0.148, 1.340) (0.303, 2.381)

GWG >14-36 -1.170 1.105 1.892 -1.466 0.739 1.790

weeks (-5.295, 2.955) (-0.129, 2.338) (0.900, 2.884) (-5.596, 2.665) (-0.512, 1.991) (0.785, 2.795)

GWG > 36 0.166 -0.028 0.722 0.248 0.016 0.621

weeks (-1.014, 1.345) (-1.255,1.198) (-0.081,1.525) (-0.939, 1.434) (-1.217, 1.249) (-0.186, 1.427)
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Web-Table 5a: continued

Fat mass (g) Pre-pregnancy 84 85

weight (74, 94) (74, 95)

GWG 0-14 =70 314 1137 -36 326 1164

weeks (-646, 505) (-33, 662) (527, 1748) (-616, 545) (-25, 677) (552, 1776)

GWG >14-36 =717 6 962 -665 43 1025

weeks (-3100, 1713) (-722, 733) (378, 1547) (-3100, 1769) (-695, 781) (433, 1617)

GWG > 36 447 -172 349 413 -189 363

weeks (-248, 1142) (-895, 551) (-124, 822) (-287,1112) (-916, 537) (-112, 838)
SBP (mmHg) Pre-pregnancy 0.108 0.112

weight (0.087, 0.130) (0.090, 0.134)

GWG 0-14 0.396 0.459 -0.220 0.390 0.507 -0.151

weeks (-0.850, 1.642) (-0.293,1.211) (-1.542,1.101) (-0.866, 1.646) (-0.253, 1.266) (-1.476,1.173)

GWG >14-36 -3.819 1.704 0.861 -3.634 1.845 1.121

weeks (-9.083, 1.445) (0.130, 3.279) (-0.405,2.128) (-8.903, 1.635) (0.248,3.441) (-0.161, 2.403)

GWG > 36 0.476 -0.475 0.368 0.405 -0.451 0.358

weeks (-1.029, 1.982) (-2.041, 1.090) (-0.658, 1.393) (-1.109, 1.919) (-2.024, 1.122) (-0.671, 1.387)
DBP (mmHg) Pre-pregnancy 0.028 0.029

weight (0.013, 0.043) (0.014, 0.045)

GWG 0-14 -0.268 0.393 0.348 -0.301 0.398 0.371

weeks (-1.131, 0.594) (-0.128,0.913) (-0.567, 1.264) (-1.171, 0.568) (-0.128, 0.924) (-0.546, 1.288)

GWG >14-36 -4.481 1.004 0.196 -4.325 0.946 0.301

weeks (-8.127,-0.834) | (-0.087, 2.094) (-0.681, 1.073) (-7.974, -0.676) | (-0.160, 2.052) (-0.587, 1.189)

GWG > 36 0.486 0.179 0.073 0.418 0.258 0.069

weeks (-0.557, 1.529) (-0.905, 1.264) (-0.638, 0.783) (-0.630, 1.467) (-0.832, 1.348) (-0.644, 0.781)
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Web-Table 5a: continued

Leptin
(geometric mean;
null value = 1)

N = 3,457

Pre-pregnancy
weight

1.012
(1.010, 1.015)

1.013
(1.010, 1.015)

GWG 0-14
weeks

0.969
(0.857, 1.096)

1.032
(0.961, 1.109)

1.216
(1.067, 1.386)

0.969
(0.856, 1.097)

1.031
(0.959, 1.108)

1.223
(1.072, 1.395)

GWG >14-36
weeks

0.718
(0.444, 1.160)

1.079
(0.928, 1.253)

1.246
(1.105, 1.405)

0.728
(0.450, 1.179)

1.086
(0.932, 1.265)

1.257
(1.112, 1.420)

GWG > 36
weeks

0.974
(0.848, 1.119)

1.006
(0.867, 1.167)

1.026
(0.932, 1.129)

0.969
(0.843, 1.115)

1.002
(0.862, 1.164)

1.026
(0.931, 1.130)

* 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
® 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 Sb: Mean difference (95% CI) in offspring measurements of lipids,

apolipoproteins and inflammatory markers per 1kg change in maternal estimated pre-
pregnancy weight and 400g/week estimated gestational weight gain — assessing possible
mediation of associations by birthweight (N=3457)

Outcome

Exposure period”

Model 2°

Model 3"

HDLc
(mmol/I)

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
(mmol/I)

Pre-pregnancy weight

0.001 (0.000, 0.003)

0.001 (0.000, 0.003)

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 Al
(mg/dl)

Pre-pregnancy weight

-0.087 (-0.144,-0.031)

-0.062 (-0.119, -0.004)

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
(mg/dl)

Pre-pregnancy weight

0.041 (0.004, 0.077)

0.040 (0.003, 0.0783)

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

20.667 (-1.855, 0.522)

-0.702 (-1.900, 0.496)

Adiponectin
(ng/ml)

Pre-pregnancy weight

-15 (-31, 0)

“18 (-34, -2)

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
(ratio GM®)

Pre-pregnancy weight

1.002 (1.000, 1.003)

1.001 (1.000, 1.003)

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
GM")

Pre-pregnancy weight

1.009 (1.005, 1.012)

1.009 (1.006, 1.013)

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
GM")

Pre-pregnancy weight

1.003 (1.001, 1.006)

1.004 (1.001, 1.006)

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)

* 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
® 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
¢ 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
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Web-Table Sc¢: 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 2° Model 3°

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)
(2) = 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=35154 > 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/1) = 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/1) = recommended ref ref

> recommended -0.04 (-0.09, 0.01) -0.04 (-0.09, 0.01)
Apo Al < 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)" [ = 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)® [ = 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)® [ = 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)® [ = recommended ref ref
N = 3457 > recommended 1.129 (1.050, 1.215) 1.129 (1.049, 1.216)

*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

® 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 pre-
pregnancy weight and 400g/week estimated gestational weight gain — assessing possible
mediation of associations by fat mass (N=3457)

Outcome

Exposure period”

Model 2°

Model 4°

HDLc
(mmol/I)

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
(mmol/I)

Pre-pregnancy weight

0.001 (0.000, 0.003)

-0.001 (-0.003, 0.001)

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 Al
(mg/dl)

Pre-pregnancy weight

-0.087 (-0.144,-0.031)

-0.002 (-0.061, 0.057)

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
(mg/dl)

Pre-pregnancy weight

0.041 (0.004, 0.077)

0.010 (-0.028, 0.048)

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

20.667 (-1.855, 0.522)

-0.889 (-2.051, 0.272)

Adiponectin
(ng/ml)

Pre-pregnancy weight

-15 (-31, 0)

2 (-14, 19)

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
(ratio GM®)

Pre-pregnancy weight

1.002 (1.000, 1.003)

1.000 (0.998, 1.001)

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
GM")

Pre-pregnancy weight

1.009 (1.005, 1.012)

0.998 (0.995, 1.001)

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
GM")

Pre-pregnancy weight

1.003 (1.001, 1.006)

0.999 (0.996, 1.001)

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)

* 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

® 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
¢ 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
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Web-Table 6b: Mean difference (95% CI) in offspring blood pressure, lipids, apo-
lipoproteins 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)
Outcome IOM category Model 2° Model 4°

SBP < recommended -0.372 (-0.969, 0.226) 0.173 (-0.365, 0.712)
(mmHg) = recommended ref ref
N=35154 > recommended 1.250 (0.604, 1.896) 0.205 (-0.380, 0.789)
HDLc < recommended 0.006 (-0.018, 0.030) 0.000 (-0.023, 0.023)
(mmol/1) = recommended ref ref

> recommended -0.029 (-0.055, -0.004) -0.007 (-0.032, 0.018)
Apo Al < 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 GM®) | = 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 GM®) | = 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 GM®) | = recommended ref ref
N = 3457 > recommended 1.129 (1.050, 1.215) 1.068 (0.994, 1.147)

“ 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
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Commentary

RESEARCH

Improving Health Outcomes: Future Directions

in the Field

XAVIER PI-SUNYER, MD, MPH; P. M. KRIS-ETHERTON, PhD, RD

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) ev-
ery 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 dis-
eases. These include insulin resistance, glucose intoler-
ance, type 2 diabetes mellitus, hypertension, dyslipide-
mia, 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 re-
ported 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 oc-
curred 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 experi-
ence.

The environmental determinants of weight gain in the
population are diet and physical activity. Individuals are

Obesity has been steadily increasing in the United
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eating more and exercising less, and this imbalance be-
tween 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 re-
mains 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 un-
derstand 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, indiscrimi-
nate 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 de-
creases in weight and relatively small increases in exer-
cise can have a profound effect on health. The Diabetes
Prevention Program (9) and the Finnish Diabetes Pre-
vention 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 nu-
trition labeling, smaller portion sizes, lower energy den-
sity, and more low-calorie alternatives. Adolescent obe-
sity 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 de-
velop 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 under-
standing how important centers in the gut, the brain, and
elsewhere control hunger, satiety, and thermogenesis.
We need to understand more about which genes are im-
portant 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 un-
derstand the mechanisms by which they work. We have
to look seriously at the genetic underpinnings of behav-
ior. 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, macro-
nutrient disposal, and energy production. The role that
ectopic fat plays in the development of diabetes and car-
diovascular disease needs to be better defined and ex-
plained. How inflammatory stimuli abet the chronic dis-
eases 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 observa-
tional 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 men-
tioned earlier, changes in people’s consciousness about
the problem, improved education about healthful diets
and physical activity, an improved environment, and se-
rious efforts by government and industry to help in the
difficult task of turning this epidemic around.

Recent dietary guidelines have addressed the over-
weight and obesity problem in the United States. The
2005 Dietary Guidelines (11) have stressed for the first
time the importance of physical activity. The recommen-
dations 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) rec-
ommend that the major emphasis for weight manage-
ment should be on avoiding excess total energy intake
and following a regular pattern of physical activity. These
guidelines are written for the general population. Wide-
spread implementation of these guidelines, though chal-
lenging, 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 develop-
ing 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 prob-
lem. Although some optimistic observers suggest that the
incidence of obesity is plateauing, we see no such evi-
dence to date. Hopefully, some of our remedial sugges-
tions may help to bring this about. The role of the dietet-
ics professional in practice has evolved in response to
changing societal needs. When the American Dietetic As-
sociation (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 manage-
ment, 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 counsel-
ing approaches has guided medical nutrition therapy.
There is much information in the literature about guide-
lines for the treatment of overweight and obesity summa-
rized in the National Institutes of Health Clinical Guide-
lines 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 ap-
proaches, treatment plans that involve patients/clients,
ideal documentation strategies, suitable follow-up time-
lines, and appropriate referrals when indicated.

Although there is little dispute that dietitians are ex-
perts 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 epi-
demic. 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 pre-
vention and treatment of obesity. The critically pressing
question is: what are they? There is no simple solution.
The dietetics profession confronts a complex and chal-
lenging problem (16).

What should dietetics practice look like in the future? It
must go beyond the traditional in all areas of the profes-
sion. The future paradigm will involve population-based
obesity interventions that will require the full coopera-
tion of the entire health care community. Moreover, it
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will require coordinated integration of the expertise rep-
resented 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 ac-
tive participants in planning and implementing solu-
tions. 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 obe-
sity. A major effort will be required to meaningfully re-
duce 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 fore-
front 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 imple-
menting practice guidelines for the treatment of over-
weight and obesity. This will continue to make an impact
at the individual level.

Dietetics professionals must emphasize sound weight-
management approaches in all counseling sessions. Re-
peated messages about a healthful diet and physical ac-
tivity patterns for achieving and maintaining a goal
weight will reinforce important messages about prevent-
ing overweight and obesity, and even preventing small
weight changes that occur slowly over time. A dietetics
professional and patient partnership that defines reason-
able 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 pharmaco-
therapy for obesity, it is important for dietetics profes-
sionals to work with physicians in implementing medica-
tion 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 informa-
tion 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 effec-
tive government policies to catalyze a new framework
that makes substantive strides in reducing obesity in the
United States.
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Metabolic Implications of Menopause
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ABSTRACT

The incidence of metabolic syndrome increases substantially during perimeno-
pause and early menopause. Postmenopausal women are at a higher risk of hypertension,
proatherogenic lipid changes, diabetes, and severe cardiovascular disease as compared with
their premenopausal counterparts. Whether or not menopause has a causative contribution
to the deteriorating metabolic profile that is independent of chronological aging has been a
subject of many studies. Menopausal transition is associated with significant weight gain
(2 10 2.5 kg over 3 years on average), which is not dissimilar to that in premenopausal
women of like age. Concomitantly, there is an increase in abdominal adiposity and a
decrease in encrgy expenditure, phenomena that have been postulated to explain the higher
risk of metabolic syndrome and increases in cholesterol and wriglycerides. Hypertension and
diabetes become more prevalent with age and should be timely diagnosed and treated.
Lifestyle changes including moderately decreased caloric intake and aerobic exercise could
prevent proatherogenic changes and weight gain observed with aging. Accurate prediction
of cardiovascular risk in midlife women is essential to help identify the subset of women
who are likely to benefit from intensive management of metabolic risk factors. This review
focuses on metabolic changes associated with menopausal transition, specifically alterations
in weight, waist circumference, body fat distribution, energy expenditure, and circulating
biomarkers including adipokines.

KEYWORDS: Menopause, obesity, metabolic syndrome, cardiovascular risk

Cennection between body habitus and health
had been contemplated since antiquity as illustrated by a
treatise on “drawbacks of excessive obesity” written by
Avicenna (980-1037) in his “Canon in Medicine.”! For
women, postmenopausal status has been traditionally
regarded as a cardiovascular risk factor.? Incidence of
heart disease increases with age in both genders, yet it
occurs a decade later in women, largely after meno-
pause.” Increase in heart disease risk was observed in
women following surgical and natural menopause.” Es-
trogen deficiency has been posited as a cause of this

increase. However, trials of hormone therapy for primary

and secondary prevention of cardiovascular disease
(CVD) in postmenopausal women demonstrated an
unexpected increase in CVD with estrogen supplemen-
tation.” An increase in prevalence of heart discase at
midlife could be related to a multitude of metabolic and
hormonal changes occurring during the menopausal
transition and early postmenopause.”” The cffect of
menopausal transition on anthropometric parameters,
blood pressure, lipids, insulin sensitivity, and metabolic
syndrome has been a subject of several recent studies.
Postmenopausal heart disease may be related to an
observed increase in the incidence of metabolic

"Weill-Cormnell Medical Center and Memorial Sloan-Kettering Cancer
Center; and *Division of Reproductive Endocrinology and Infertility,
Albert Einstein College of Medicine, Brony, New York.

Address for correspondence ‘and reprint - requests: Hanah N,
Polotsky, MDD, FACP, Fellow in Endocinology, “Diabetes
and. Metabolism, Weilll-Comell Medical Centerand Memorial
Sloan-Kettering Cancer Center, 525 East 68th Street, Baker 20;
New York, NY 10065 {¢-maili hpolotsky@yahoo.com).

Menopause: Demystifying - Management . of - Common - Clinical

Challenges; Guest Editor, Lubna Pal, MBBS, MRCOG, MS.
Sernin Reprod Med 2010;28:426-434. Copyright 3 2010 by

Thieme Medical Publishers, Inc; 333 Seventh Avenue, New York,

NY 10001, USA: Tel: +1(212) 584-4662,

DO higp//dx dotiorg/10.1055/5-0030-1262902.

TSSN 1526-8004.

This document was prepared for the exclusive use of Christine Reidy. Unauthorized distribution is strictly prohibited.



METABOLIC IMPLICATIONS OF MENOPAUSE/POLOTSKY, POLOTSKY

syndrome. Reductions in estrogen levels observed in the
perimenopause and  postmenopause are concomitantly
accampamed by an androgen-dominated metabolic en-
vironment.® An association between i increasing age and
cardiometabolic - risk markers has- been observed ‘in
both men and women.” Changes in weight and lipids
observed c‘{urmg the menopausal transition were inde-
pendent of age in some studies'™! but not others.*>*>
"This review focuses on studies researching the metabolic
and cardiovascular risks of menopause.

DEFINITION AND TERMINOLOGY

OF MENOPAUSE

Menopause involves the transition from reproductive
competence to. postinenopause and is best thought of
as a dynamic process that takes place over several years. It
involves many hormonal and physiological changes in-
cluding but not limited to increased follicle-stimulating
hormone (FSH) production by the pituitary, changes in
the length and regularity of menstrual cycles with
eventual attainment of amenorrhea, decreases in hepatic
sex hormone-binding globulin (SHBG) and serum levels
of estradiol (E2), and minimal decline in circulating
androgens. In contradistinction, alterations in nonrep-
roductive ‘hormones produced by thyroid, parathyroid,
and “pancreas - that are noticeable postmenopause are
thought to be related to Lhranclogical fw;zn_g without a
significant relationship to menopause.”*'® Knowledge
and investigation of the menopausal physiology and
timeline were greatly facilitated by the development of
staging systems of reproductive aging. The following
terminology, adapted from the Stages of Reproductive
Aging Workshop,"” is used in this review:

o Menopause: A state after 12 months of amenorrhea
following the final menstrual period (FMP); note the
retrospective nature of this definition.

o Menopausal transition: Early (stage 2) or late (stage 1)
includes changes in menstrual regularity and increases
in FSH that culminates in the FMP.

o Perimenopause: Menopausal transition plus 1 year
after FMP.

o Postmenopause: Early (stage + 1) includes 5 years
after FMP and late (stage +2) until death.

CHANGES IN PHENOTYPE, ENERGY
EXPENDITURE, AND METABOLIC MILIEU
WITH REPRODUCTIVE AGING

Obesity, as defined by World Health Organization
(Table 1), is more prevalent in women than in men.
The latest National Health and Nutrition Examination
Survey data estimate that approximately two thirds of
women 40 to 60 years of age are overweight or obese.*®
Body weight increases with age, irrespective of the

Table 1 Overweight and Gbesrty as Defined by the
World Health Organization”’

Category Body Mass index
Norrnal 18.5-24.9 kg/m?
Overweight 25299 kg/m®
Obesity class | 30-34.9 Ko/
Obesity class |l 35-39.9 kg/m?
Obesity class 1 =40 kg/nv®

Body mass intex = weight lkgitheight? (m?),

baseline weight in normal and obese individuals alike.
Weight gain during menopausal  trangition” has been
xcrutamzcd as a major contributing factor -to midlife
body weight. The Healthy Women Study demonstrated
an average weight gain of 2.5 ko over a 3-year-period
during the menopausal transition, a significant finding
that was nonetheless similar to the observed change of
control women who remained premenopausal during the
smdv genod Y In contrast to the observational stud-
ies,"”® weight gain appeared more pronounced in
women on hormone therapy (HT). Yet the wide range
of weight changes made it difficult to reach generalizable
conclusions beiause some women gained up to 32 kg and
others lost close to 15 kg.™* No baseline characteristics,
including initial body mass mdex {(BMD), were predictive
of the degree of wc1ght gain." Similarly, the Study of
Women's. Health across the Nation (SWAN). demon-
strated no difference in the BMI between premeno-
pausal - women and those who experienced natural
menopause, with an average weight gain of 2.1 kg related
to chronological aging but not to menopause per se."*!
Likewise, in a longitudinal study from Scotland, women
gained weight independent of their menopausal status or
hormone replacement therapy use.”

Weight gain at midlife is partially attributed to
the reduction in energy expenditure (EE). Lovejoy et al
demonstrated a larger decrease in EE in women who
underwent menopause compared with the premeno-
pausal controls at 4-year follow-up.”> Several cxplana-
tions were proposed to rationalize this observed decline
in EE including a reduction in leisure time physical
activity, loss of lean body mass causing basal EE decline
as well as a loss of the luteal phase incre&sea in EE
described in the premenopausal years.**® Changes in
waist circumference, visceral adipose tissue (VAT), and
body fat distribution has been ascribed to both chrono-
logical aging and menopause.*?” In SWAN, chrono-
logical aging was a contributing factor to the increase in
weight and wrmt circumference, whereas menopausal
status was not.? qug computcd tomographv (CTy,
Lovejoy et al demonstrated an increase in subcutaneous
adipose tissue with age, independent of menopausal
status, whereas VAT and total body fat increased only
in women who became postmenopausal during the
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4 years of follow-up.? This change in visceral adiposity
was accompanied by a decrease in circulating estradiol
and increase in FSH and was attributed by the authors to
mﬁmnu,s of estrogen on lipoprotein ilpasc activity and
lipolysis.”® A smaller study by Franklin et al used
magnetic resonance imaging to_study total abdominal,
visceral, and subcutaneous adiposity in eight healthy
women before and after menopause; the authors dem-
onstrated an overall increase in the absolute adiposity,
without evidence of fat redistribution from the subcuta-
neous to visceral sites. Of note, BMI and waist circum-
ference did not change in this study.”®

VAT is thought to play an important role in the
production of ;nﬂammamw adxpocymkmes monocyte-
chemotactic protmn{i‘dCP} 1), tissue plasmmagen actis
vator “inhibitor” (tPA), tumor ‘necrosis  factor-o, and
interleukin-6. Patients with increased abdominal
adiposity have been demonstrated to have higher levels
of leptin and C-reactive protein (CRP) and lower levels
of adiponectin.®® Associations between inflammatory
cytokines and increased risk of postmenopausai coronary
artery disease, metabolic syndrome, and diabetes have
been reported.””! Durmg menopausal transition Lee
et ‘al ‘demonstrated a positive correlation between intra-
abdominal fat and changes in leptin, tPA, MCP-1, and
CRP; and a negative correlation with a&iponectiz1.3 2

METABOLIC SYNDROME

AND MENOPAUSE

Metabolic syndrome {MetS) is a cluster of cardiovaseular
disease and diabetes risk factors {Table 2) that was
recognized in the1990s as a major risk’ factor for car-
diovascular morbidity and mortality.>? Although the
terminology and dmgnosuc criteria of MetS have been
a subject of debate and controversy,”* most experts agree
that each individual component of the purported syn-
drome constitutes an independent risk for CVD.*?

Recently, a joint statement of several international or-
ganizations published unified criteria of MetS with waist
circumference measurements based on regional or na-
tional data (Table 2).%° By this definition, approximately
a quarter of the 1785, pepulaﬂon 15 affected by the
metabolic syndrome at midlife.”” Menopause is associ-
ated with a 60% increased risk of MetS$, a relationship
that is described as being independent of age, BMI, and
physical activity.*® Beyond the defined clinical features
of MetS, (i.e,; central adiposity and hypertension), a
proatherogenic and a proinflammatory environment and
insulin resistance  describe the metabolic milieu of
MetS.> Further, a close relationship between abdominal
adiposity and insulin resistance is recognized.*’ In-
creased visceral adiposity during menopausal transition
is thought to be associated with the worsening insulin
resistance; elevated free farty acid levels as well as
decreased adiponectin. Low circulating SHBG levels
were linked to MetS in postmenopausal women in the
Women’s Health Study."’ In SWAN, prevalence of
MetS§ prior to the FMP was 32.7% with an additional
13.7% of the cohort developing incident MetS at the
time of FMP. The incidence of MetS had been demon-
strated to increase progressively during the mcnopausal
transition and in the 6 years following menopause.* An
increase in the bioavailable testosterone and a decrease in
SHBG observed in SWAN were both associated with
the development of MetS, whereas changes in estradiol
and total testosterone were not. A relative excess of
androgens rather than estrogen deficiency was found to
be related to the risk of developing Met$ in the SWAN
cohort, mdcpendem of age or other cardiovascular risk
factors.*

Taken together, the studies suggest that preva-
lence of MetS increases substantially during menopausal
transition and is independent of age, body mass, and
physical activity. Changes in the androgens-to-estrogens
ratio after menopause appears to bc related to an

Table 2 - Criteria for Clinical Diagnosis of the Metabolic Syndrome*

Measure

Categorical Cut Points

Elevated waist circumference
US/Canada/Europeant
White, Middle Eastern, Mediterranean,
Sub-Saharan African’
Asian; ethnic Central and South American®
Elevated triglycerides or drug treatment for elevated triglycerides
Reduced high-density lipoprotein-cholesterol (HDL-C) or
drug treatment for decreased HDL-C
Elevated blood pressure or antihypertensive treatment
Elevated fasting glucose or drug treatment of elevated glucose

Male Female
>102 cm >88.em
>94 cm =80cm
>890 em >BOtm
>150 mg/dl (1.7 mmol/L)

<40 mg/dl (1.0 romol/L) in men

<50 mg/dl. (1.3 mmol/L) in women

Systolic 2130 and/or diastolic >85 mm Hyg
=100 mo/dL

*Adopted from a
Lung, and Blood In
Association for the St udy of Obesity, Circulation, 2009. 2

a Joint Interim Staterient of the International Diabetes Federation Task Force on Epi idemiology and Prevention; National Heart,
titute; American Heart Association; *./\Jerid Heart Federation; Intermational

Atheroscierosis Soci iety; and the international

‘Adut Treatrnent Panel Hl, Health Canada, European Cardicvascular Societies.

“International Diabetes Federation, World Health Organization,
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Table 3 Prediabetes and Diabetes Definitions

Blood Glucose Level
{Two Measurements)

Glucose Metabolism
Abnormalities

e

Impaired fasting Fasting glucose 100-125 my/d
glucose (IEG)
impaired glucose

tolerance HGT)

Diabetes

Z-hour 75-g postchallenge
146-199 mg/dL

Fasting glucose =126 my/dl 2-hour
75-g postchallenge >200 mo/dL

Adopted from the Amsrican Diabetes Association Clinical Practice
Recommendations 2009 Diabetes Care 2009:32(Suppl 116257 7%

observed rise in the deposition of intra-abdominal fat
mediating insulin resistance and detrimental lipid
changes observed in the MetS.

DIABETES RISK, DIABETES, AND
MENOPAUSE

Approximately 10 million women live with diabetes in
the United States based on the Centers for Disease
Control and Prevention statistics. ™ The risk of diabetes

METABOLIC IMPLICATIONS OF MENOPAUSE/20: O15KY. POLOTSKY

Women with type 1 diabetes may be preferentially at a
higher risk for ovarian failure based on a shared predis-
position for autoimmune pathogenesis of both entities.

The carlier time of menopause observed in women with

type 2 diabetes may likely be related to obesity per se and
not diabetes itsclf.”* Increased frec androgens observed
in diabetes are most likely related to lower levels of
SHBG caused by hyperinsulinemia and not necessarily

429

to menopausal status.”

Unlike MetS, no independent increase in the risk
for diabetes had been demonstrated in studies during
menopausal transition or menopause. Patients treared
with HT, however, had a significant decrease in the
incidence of type 2 diabetes in some studies. Further
research is needed to clucidate the precise relationship of
reproductive hormone dynamics and diabetes risk during
menopausal transition:

LIPID CHANGES AND MENOPAUSE

Multiple studies demonstrated an association between
postmenopausal status and increased levels of total cho-
lesterol, low-density lipoprotein cholesterol (LDL-C),

increases with age in women and men.™® A role of
menopause as 4 risk factor for diabetes; independent of
age and excess BMI, had been suggested but remains
unproven. Impaired glucose tolerance (Table 3) has been
observed in patients with increased abdominal adipos-
ityf“‘”ﬂ ‘The incidence of MetS, but not type 2 diabetes,
had been described to rise with menopausal transition.*
The increased free testosterone and decreased SHBG
described in the context of menopause are implicated in
the pathophysiology of the observed greater risk of type 2
diabetes and impaired fasting glucose in postmenopausal
women.* A cross-sectional study by Muscelli et al found
no difference in insulin sensitivity, fasting glucose, or
insulin levels between premenopausal and postmeno-
pausal women matched for age and body mass.®’ A
6-year longitudinal study from Australia by Soriguer
et al failed to show an appreciable change in impaired
glucose tolerance or type 2 diabetes in women during or
after menopausal transition. In this study, the women
progressively gained weight during follow-up, yet no
changes in waist circumference, abdominal adiposity, or
other cardiovascular risk parameters were observed.”® Of
note, most studies of women treated with HT, including
a secondary analysis of the Women's Health Initiative,
found a decreased incidence type 2 diabetes in women on
HT. A combination therapy of estrogen and progester-
one had a greater effect on type 2 diabetes incidence
reduction than estrogen alone. These observational
studies - mostly - used  fasting - glucose,  and  not
2-hour oral glucose tolerance testing, to diagnose
diabetes.™® Some studies’™™ but not others™ demon-
strated that women with diabetes, type 1 and type 2
alike, undergo menopausal transition at a younger age.

lipoprotein(a), and decreased levels of high-density
lipoprotein-cholesterol (HDL-C).*” These lipid changes
are attributed to an increase in abdominal adiposity,
especially visceral (omental and mesenteric) adiposity
occurring during menopausal transition, rather than to
reproductive senescence per se. Androgen and estrogen
receptors are found in adipocytes from subcutancous fat
with high density of androgen receptors isolated in the
visceral fat. Higher amount of free fatty acids (FFA)
produced by the VAT contributes to decreases in degra-
dation of apolipoprotein B (apoB) in the liver that leads
to increase production of small very low density lip-
oproteins particles and triglycerides. Increases in FFA
lead to increased activity of the hepatic lipase with
subsequent increases in production of smaller and denser
LDL-C and HDL-C particles, which are more athero-
genie. FFAs are also implicated in worsening insulin
resistance, especially in the skeleral muscle, mediated
through inhibition of glucose transport.”® In the
SWAN population, proatherogenic lipid changes oc-
curred during the late peri- and early postmenopausal
period.”” On one hand, higher E2 levels of during the
menopausal transition predicted lower levels of total
cholesterol, LDL-C, and triglycerides, whereas on the
other, women with higher FSH levels tended to have
higher levels of HDL-C. Of interest is the relationship
between HDL-C and reproductive stage that exhibited
an inverted “U’-shaped relationship as HDL-C was
observed to peak during perimenopause with 2 subsequent
decline in postmenopause compared with premenopausal
levels. Triglycerides increased progressively across the
menopausal transition, and this change was independent
of age. Women with the highest BMI demonstrated the
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smallest changes in total cholesterol and LDL-C, which
was attributed to higher levels of E2 in this subgroup.
Thinnest women experienced the greatest changes in
lipids during the menopausal transition.” In concert
with these findings, an elegant study of premenopausal
and postmenopausal twin pairs reported higher levels of
total cholesterol, mggglywudes and apoB after menopause,
independent of 7 age. “LDL-C levelsincreased by 10-20%
with menopause.” Density of LDL particles decreased
significantly during the menopausal transition with more
atherogenic small, dense LDL-C reported in postmeno-
pause then prior to menopause. Women with a predom-
inance of small dense LDL-C versus large LDL-C have
been reported to have 4 threéfold increase in cardiovas-
cular risk and ‘higher coronary calcium scores demon-
strated by CT®  Further, triglycerides increase
aigmhc‘mtlv across the menopausal tranm{wn, peaking
in the early postmenopausal period.”” Although the
prevalence ‘of ‘triglyceridemia increases 31gmﬁcanﬂy at
midlife in both genders, this finding appears to be more
predictive of an increased risk of heart disease in women.”

Preponderance of data thus demonstrate attain-
ment of a:more proatherogenic lipid proﬁie concomitant
with rs,grodmme aging. Of interest is the appreciation
that increases in total cholesterol, triglycerides, -and
LDL-C, and a decrease in HDL-C with menopause
were more pronounced in the thinnest women as com-
pared ‘with - their overweight and obese counterparts.
Increases in FFA with subsequent production of more
atherogenic smaller and denser LDL-C and HDL-C
particles could partially explain the incredsed incidence
and severity of heart disease observed in postmenopausal
women. These proatherogenic lipid changes appear to be
independent of age and are likely related 1o a shift in
body fat preferentially to intra-abdominal deposits dur-
ing and following menopause:

BLOOD PRESSURE AND MENOPAUSE
Studies of the relationship between menopause and
hypertension have produced mixed results. An increase
in systolic and diastolic blood pressure has been associ-
ated with menopause independent of age and BMI in
miany cross-sectional and some prospective studies; other
prospective studies, however, demonstrate no associated
between menopause, blood pressure, and cardiovascular
risk independent of age.®® A deteriorating cardiovascular
risk profile is known to ensue within weeks of surgical
menopause, in the absence of estrogen replacement; the
latter phcnomcna appear to be independent of age.®!
Differences in blood pressure may be underestimated
because many more women are treated for hypertension
postmenopausally compared with “in - prémenopausal
years. In some studies, the onset of menopause at a
younger age and longer duration of postmenopause
existence were associated with higher blood pressure

levels.®> Menopause has been associated with a consid-
erable decrease in estradiol and the estradiol-to-testos-
terone ratio, creating an androgen dominant milieu that
is -theorized to be of pathogenic significance in the
causation of blood pressure elevation. Indeed, such a
profile is well described in women diagnosed with
polycystic ovarian syndrome (PCOS) who demonstrate
a higher risk of hypertension and CVD. The effects of
the hormonal changes seen in PCOS and menopause are
difficult to differentiate from other cardiovascular risk
factors contributing to hypertension including obesity,
age, msulm resistance, inflammatory milieu, and dysli-
pidemia.%® Several mechanisms can contribute toward
the development of hypertension in postmenopausal
women. Certainly, endothelial dysfunction, inappropri-
ate activation of the renin angiotensin and sympathetic
systems, oxidative stress, dyslipidemia, and inflammatory
mediators are all identified as mnmbumrv to postme-
nopausal blood pressure elevations.®>** However, it
remains uncertain whether these physiological changes
are caused by menopausal transition or are related to
chronological aging:

To date, few studies have evaluated the relation-
ship between changes in blood pressure and menopause
in a way that allowed researchers to study the independ-
ent effects of age, body composition, insulin resistance,
and dyslipidemia on blood pressure. Women experienc-
ing surgical menopause or premature ovarian failure may
have a more pronounced effect of the estrogen- deficient
state on blood pressure compared with those experienc-
ing natural and age-appropriate menopause. The scien-
tific evidence for the relationship between blood pressure
and menopause thus remains scarce and requires further
investigation.

CARDIOVASCULAR DISEASE

AND MENOPAUSE

Although premenopausal women are at a lower risk of
heart disease compared with men, 2 twofold increase in
risk for CVD follows menopause.®* After surgical men-
opause without estrogen therapy, a significant increase in
cardiovascular events risk is observed. This effect has
been attributed to changes in estrogen levels oecurring at
and following menopause.®® The contributions of multi-
ple cardiovascular risk factors observed in the context of
menopause and aging render the relationship complex; a
“cause-and-effect” relationship for the individual risks is
difficult to tease apart from contributions of aging per se.
Increase in hypertension observed with aging is closely
related to the increased risk of cardiovascular events.
Dyslipidemia, exacerbated by menopausal transition and
related to an increased abdominal adiposity, is a mod-
ifiable risk factor. Increases in LDL-C and triglycerides
and decreases in HDL-C are independent contributors
to risk for cardiovascular morbidity and mortality.
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Primary prevention studies using statins to lower LDL-
C demonstrated considerable reductions in cardiovascu-
lar events.® Prevalence of diabetes increases with age
and the incidence of MetS increases with menopause
independent of age, both exacerbating cardiovascular
risk in aging women. Increase in abdominal visceral
adiposity is a significant risk factor for heart disease in
both men and women. Decrease in EE and leisurely
physical activity observed following menopause, in ad-
dition to the progressive weight gain concomitant with
aging, all contribute to a detrimental metabolic environ-
ment that is contributory to the obs:m/cd higher CVD
events in the pestmmapausai population,®” A significant
increase in total peripheral resistance and card;ac wall
thickness with a concomitant decrease in cardiac index
was reported after menopause; importantly this was
independent of hypertension.*The authors postulate a
direct effect of estrogens on the myocardium, with low
cstrogen exerting a negative inotropic effect and hence
resulting in impaired systolic function. Diurnal varia-
tions in blood pressure are described in the premeno-
pausal years, and cyclic reduction in the blood pressure
has been attributed to positive effects of estrogen on
mediating arterial vasodilatation; blunting of this latter
phenomenon is described after menopause and could
contribute to the postmenopausal increase in blood
pressure and worsening left ventricular strain. Increases
in blood viscosity with decreases in circulating volume
and left ventricular size are also mentioned in relation to
menopause.®®

In summary, menopause is associated with in-
creased prevalence and severity of CVD. The androgenic
hormonal milien observed in menopause is associated
with worsening of abdominal adiposity accompanied by
proatherogenic lipid changes, increases in incidence of
nsulin resistance, and MetS that may contribute to heart
disease. Further studies are warranted to investigate the
independent effects of menopause on cardiac function
and vasculature independent of weight, lipids, and in-
sulin resistance.

CONCLUSIONS AND PUBLIC HEALTH
PERSPECTIVE

Increases in BMI, in measures of central adiposity and a
preferential increase in visceral fat, accompany the trans-
gression of reproductive stages toward and into meno-
pause. The incidence of MetS goes up considerably in
the aging female population, and the merabolic profile
becomes more proatherogenic and proinflammatory.
Although the prevalence of hypertension increases with
age, many hypertensive postmenopausal women remain
underdiagnosed and undertreated.”” Because CVD is
the leading cause of death in women, it is critical from a
public health standpoint to identify risk factors and
implement strategies to minimize the metabolic detri-

ment that accompanies the menopause transition and
menopause.

Identification of risk factors and establishing
overall cardiovascular risk in perimenopausal women
would help timely implementation of strategies that
can mitigate end organ damage and prevent cardiovas-
cular morbidity and mortality in the future. Recognition
and treatment of established CVD in perimenopausal
and postmenopausal women are critical to the success of
sccondary preventive strategies.®” Until recently most of
the global cardiovascular risk scores used in women were
based on the Framingham study done 40 years ago that
used age, hypertension, bmokmg, diabetes, and hv;)er—
lipidemia in caleulation of the risk.®” Cardiovascular risk
assessment scores speeific for women would be more
helpful because 20% of women experience coronary
events tven in the absence of classic coronary risk
factors.”’ Many women with high risk scores based on
the B rammgham study do not experience cardiovascular-
adverse events.”” The Reynolds Risk Score, a recently
developed and validated assessment tool, incorporates
measures of HDL-C and high-sensitivity CRP.”! Body
composition and hormonal changes occurring during the
menopausal transition may need to be included in future
risk calculators to help account for biological differences
in hearr disease presentation between men and women.
The menopause transition should be perceived as a time
for more stringent routine health-care assessments, and
women in menopausal transition should have regular
medical visits with monitoring of BMI, waist circum-
ference, lipid profile, fasting glucose, and blood pressure.
Women diagnosed with MetS should be treated aggres-
sively to improve individual metabolic risks in efforts to
decrease the overall risk of CVD that is recognized as
associated with a diagnosis of MetS.

Exercise has befsn shown to attenuate the deteri-
orating metabolic profile of menopause. Cuff et al
demonstrated mitigation in insulin resistance and a
decrease in abdominal adxposxrv in postmenopausal dia-
betic women with exercise.”” Bergstrém et al demon-
strated a  statistically significant decrease in  waist
circumference with moderate physical exercise program
in postmcnspausai women.” Weight loss through diet-
ary intervention and exercise should be a mainstay of
management women across all reproductive stages, in
those who manifest features of MetS or who exhibit a
high CVD risk profile, as well as in healthy women
going through menopause to minimize the metabolic
detriment of menopause. The Women’s Healthy Life-
style Project followed 535 healthy premenopausal
women across the menopausal transition for 5 years.
Half of the women were treated with a lifestyle inter-
vention that included a 1300 keal/day diet (25% total fat,
7% saturated fat, 100 mg dietary cholesterol) with a
moderate increase in physical activity equivalent of brisk
walking 10 to 15 miles per week and weight loss goal of
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5 to 15 1b depending on the baseline BMI. Women in
the intervention group maintained their weight com-
pared with the control group that gained an average of
2.5 kg consistent with age-dependent weight gain ob-
served in other studies."""*! Lifestyle intervention
significantly reduced increases in LDL-C, triglycerides,
blood glucose, and insulin occurring during the meno-
pausal transition that were observed in the control
group.”*”* Likewise, the Diabetes Prevention Program
Study demonstrated a significant decrease in the inci-
dence of diabetes and MetS with a similar lifestyle
intervention regimen.”® Medical treatment of clevated
blood pressure, glucose, and hyperlipidemia in addition
to lifestyle changes are needed to combat heart disease in
at-risk perimenopausal and menopausal women.*” Edu-
cational efforts should focus on lifestyle changes includ-
ing a4 healthy diet with  moderately decreased calorie
intake, regular moderate aerobic exercise, smoking ces-
sation, and decreased alcohol consumption that decrease
the weight gain, the central obesity, and the accompany-
ing deterioration in metabolic profile observed during
and beyond the menopausal transition. Weight main-
tenance and ‘weight reduction would benefit overall
health and likely decrease the cardiovascular morbidity
and mortality observed in postmenopausal women.
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_EXBGl_Iti\IB summary of the clinical guidelines on the
identification, evaluation, and treatment of overweight and

chesity in adults

THE NATIONAL HEART, LUNG, AND BLOOD INSTITUTE EXPERT PANEL ON THE IDENTIFICATION, EVALUATION,
AND TREATMENT OF OVERWEIGHT AND OBESITY IN ADULTS'!

overweight or obese, a condition that substantially raises

their risk of morbidity from hypertension, dyslipidemia,
type 2 diabetes, coronary heart disease, stroke, gallbladder
disease, osteoarthritis, sleep apnea and respiratory problems,
and endometrial, breast, prostate, and colon cancers. Higher
body weights are also associated with increases in all-cause
mortality. Obese individuals may also suffer from social stigma-
tization and discrimination. As a major contributor to preven-
tive death in the United States today, overweight and obesity
pose a major public health challenge.

Overweight is here defined as a body mass index (BMI,
calculated as kg/m?) of 25 to 29.9 and obesity as a BMI of = 30.
However, overweight and obesity are not mutually exclusive,
since obese persons are also overweight. A BMI of 30 is about
30 Ib overweight and equivalent to 221 1b in a 6’0”person and
to 186 1b in one 5'6”. The number of overweight and obese men
and women has risen since 1960; in the last decade the
percentage of people in these categories has increased to
54.9% of adults age 20 years or older. Overweight and obesity
are especially evident in some minority groups, as well as in
those with lower incomes and less education.

Obesity is a complex multifactorial chronic disease that
develops from an interaction of genotype and the environment.
Our understanding of how and why obesity develops is incom-
plete, but involves the integration of social, behavioral, cul-
tural, physiological, metabolic, and genetic factors.

While there is agreement about the health risks of over-
weight and obesity, there is less agreement about their man-
agement. Some have argued against treating obesity because
of the difficulty in maintaining long-term weight loss and of
potentially negative consequences of the frequently seen pat-
tern of weight cycling in obese subjects. Others argue that the

A n estimated 97 million adults in the United States are

1A complete list of the members of the Expert Panel is found at the end
of this article.

Editor’s note: The Executive Summary was first published in the
Archives of Internal Medicine, September 28, 1998. Reprinted with
perinission.
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potential hazards of treatment do not outweigh the known
hazards of being obese. The intent of these guidelines is to
provide evidence for the effects of treatment on overweight
and obesity. The guidelines focus on the role of the primary
care practitioner in treating overweight and obesity.

EVIDENCE-BASED GUIDELINES

To evaluate published information and to determine the most.
appropriate treatment strategies that would constitute evi-
dence-based clinical guidelines on overweight and obesity for
physicians and associated health professionals in clinical prac-
tice, health care policy makers, and clinical investigators, the
National Heart, Lung, and Blood Institute’s Obesity Education
Initiative in cooperation with the National Institute of Diabetes
and Digestive and Kidney Diseases convened the Expert Panel
on the Identification, Evaluation, and Treatment of Over-
weight and Obesity in Adults in May 1995. The guidelines are
based on a systematic review of the published scientific litera-
ture found in MEDLINE from January 1980 to September 1997
of topicsidentified by the panel as key to extrapolating the data
related to the obesity evidence model. Evidence from approxi-
mately 394 randomized controlled trials (RCTs) was consid-
ered by the panel.

The panel is comprised of 24 members, 8 ex-officio mem-
bers, and a methodologist consultant. Areas of expertise con-
tributed to by panel members included primary care, epidemi-
ology, clinical nutrition, exercise physiology, psychology, physi-
ology, and pulmonary disease. There were 5 meetings of the
full panel and 2 additional meetings of the executive commit-
tee comprised of the panel chair and 4 panel members.

The San Antonio Cochrane Center assisted the panel in the
literature abstraction and in organizing the data into appropri-
ate evidence tables. The center pretested and used a standard-
ized 25-page form or “Critical Review Status Sheet” for the
literature abstraction. Ultimately, 236 RCT articles were ab-
stracted and the data were then compiled into individual
evidence tables developed for cach RCT. The data from these
RCTs served as the basis for many of the recommendations
contained in the guidelines.



0000000 rrrr0rress000estss0st0000000000 0 0000000800000 00000000000000000000000000000000R0000RE0s 000000000 00000000000000000000000C0000000000000000

Table 1
Evidence categories

Evidence category Sources of evidence

Definition

A Randomized controiled triais (RCTs)
(rich body of data)

Evidence is from endpoints of well-designed RCTs (or trials that depart only
minimally from randomization) that provide a consistent pattern of findings in
the population for which the recommendation is made. Category A therefore
requires substantial numbers of studies involving substantial numbers of
participants.

Evidence is from endpoints of intervention studies that include only a limited
number of RCTs, post-hoc or subgroup analysis of RCTs, or meta-analysis of
RCTs. In general, Category B pertains when few randomized trials exist, they
are small in size, and the trial results are somewhat inconsistent, or the trials
were undertaken in a population that differs from the target poputation of the
recommendation.

Evidence is from outcomes of uncontrolled or nonrandomized trials or from
observationai studies.

B RCTs (limited body of data)

C Nonrandomized trials; observational
studies

D Panel consensus judgment

Expert judgment is based on the panel's synthesis of evidence from
experimental research described in the literature and/or derived from the
consensus of panel members based on clinical experience or knowledge that
does not meet the above-listed criteria. This category is used only in cases
where the provision of some guidance was deemed vaiuable but an
adequately compelling clinical literature addressing the subject of the
recommendation was deemed insufficient to justify placement in one of the
other categories (A through C).

The panel determined the criteria for deciding on the appro-
priateness of an article. At a minirmum, studies had to have a
time frame from start to finish of at least 4 months. The only
exceptions were a few 3-month studies rclated to dietary
therapy and pharmacotherapy. To consider the question of
long-term maintenance, studies with outcome data provided at
approximately 1 year or longer were examined. Excluded were
studies in which self-reported weights by subjects were the
only indicators used to measure weight loss. No exclusions of
studies were made by study size. The panel weighed the
evidence based on a thorough examination of the threshold or
magnitude of the treatment effect. Each evidence statement
(other than those with no available evidence) and each recom-
mendation is categorized by a level of evidence which ranges
from A to D. Table 1 summarizes the categories of evidence by
their source and provides a definition for each category.

s Who is at risk? All overweight and obese adults (age 18
years of age or older) with a BMI of 2 25 are considered at risk
for developing associated morbidities or diseases such as
hypertension, high blood cholesterol, type 2 diabetes, coro-
nary heart disease, and other diseases. Individuals with a BMI
of 2510 29.9 are considered overweight, while individuals with
a BMI > 30 are considered obese. Treatment of overweight is
recommended only when patients have 2 or more risk factors.
It should focus on altering dietary and physical activity pat-
terns to prevent development of obesity and to produce mod-
erate weight loss. Treatment of obesity should focus on pro-
ducing substantial weight loss over a prolonged period. The
presence of comorbidities in overweight and obese patients
should be considered when deciding on treatment options.

m Why treat overweight and obesity? Obesity is clearly
associated with increased morbidity and mortality. There is
strong evidence that weight loss in overweight and obese
individuals reduces risk factors for diabetes and cardiovascu-
lar disease (CVD). Strong evidence exists that weight loss
reduces blood pressure in both overweight hypertensive and
nonhypertensive individuals; reduces serum triglycerides and
increases high-density lipoprotein (HDL)-cholesterol; and

generally produces some reduction in total serum cholesterol
and low-density lipoprotein (LDL)-cholesterol. Weight loss
reduces blood glucose levels in overweight and obese persons
without diabetes; and weight loss also reduces blood glucose
levels and HbA, in some patients with type 2 diabetes. Al-
though there have been no prospective trials to show changes
in mortality with weight loss in obese patients, reductions in
risk factors would suggest that development of type 2 diabetes
and CVD would be reduced with weight loss.

a What treatments are effective? A variety of effective
options exist for the management of overweight and obese
patients, including dietary therapy approaches such as low-
calorie dicts and lower-fat dicts; altering physical activity
patterns; behavior therapy techniques; pharmacotherapy®;
surgery; and combinations of these techniques.

CLINICAL GUIDELINES

Treatment of the overweight or obese patient is a 2-step
process: assessment and treatment management. Assessment
requires determination of the degree of overweight and overall
risk status. Management includes both reducing excess body
weight and instituting other measures to control accompany-
ing risk factors.

Assessment

When assessing a patient for risk status and as a candidate for
weight loss therapy, consider the patient’s BMI, waist circurn-
ference, and overall risk status. Consideration also needs to be
given to the patient’s motivation to lose weight.

2As of September 1997, the Food and Drug Administration (FDA)
requested the voluntary withdrawal from the market of dexfenfluramine
and fenfluramine due to a reported association between valvular heart
disease and the use of dexfenfluramine or fenfluramine alone or
combined with phentermine. The use of these drugs for weight
reduction, therefore, is not recommended in this report. Sibutramine
isapproved by FDA forlong-termuse. It has limited but definite effects
on weight loss and can facilitate weight loss maintenance. (Note: FDA
approval for orlistat is pending a resolution of labeling issues and
results of Phase III trials.)
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-{)algslgifzication of overweight and obesity by body mass index® (BMI)
Obesity class . BMi
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity | 30.0-34.9
1l 35.0-39.9
Extreme obesity il =40

Calculated as kg/m?.

u Body mass index The BMI, which describes relative weight
for height, is significantly correlated with total body fat con-
tent. The BMI should be used to assess overweight and obesity
and to monitor changes in body weight. In addition, measure-
ments of body weight alone can be used to determine efficacy
of weight loss therapy. BMI is calculated as weight (kg)/height
squared (m?). To estimate BMI using pounds and inches, use:
[weight (pounds)/height (inches)?] x 703. Weight classifica-
tions by BMI, selected for use in this report, are shown in Table
2. A conversion table of heights and weights resulting in
selected BMI units is provided in Table 3.

m Waist circumference The presence of excess fat in the
abdomen out of proportion to total body fat is an independent
predictor of risk factors and morbidity. Waist circumference is
positively correlated with abdominal fat content. It provides a
clinically acceptable measurement for assessing a patient’s
abdominal fat content before and during weight loss treat-
ment. The following sex-specific cutoffs can be used to identify
increased relative risk for the development of obesity-associ-
ated risk factors in most adults with a BMI of 25 to 34.9:

High Risk
Men > 102 ¢cm ( > 40 in)
Women > 88 cm ( > 35 in)

These waist circumference cutpoints lose their incremental
predictive power in patients with a BMI 235 because these
patients will exceed the cutpoints noted above. Table 4 adds
the disease risk of increased abdominal fat to the disease rigk
of BMI. These categories denote relative risk, not absolute
risk; that is, relative to risk at normal weight. They should not
be equated with absolute risk, which is determined by a
summation of risk factors. They relate to the need to institute
weight loss therapy and do not directly define the required
intensity of modification of risk factors associated with obesity.

m Risk Status Assessment of a patient’s absolute risk status
requires examination for the presence of;

Disease conditions: established coronary heart disease (CHD),
other atherosclerotic diseases, type 2 diabetes, and sleep
apnea, patients with these conditions are classified as being at
very high risk for disease complications and mortality.

Other obesity-associated diseases: gynecological abnormali-

ties, osteoarthritis, gallstones and their complications, and
stress incontinence.
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Cardiovascular risk factors: cigarette smoking, hyperten-
sion (systolic blood pressure 2140 mm Hg or diastolic blood
pressure > 90 mm Hg, or the patient is taking antihypertensive
agents), high-risk LDL-cholesterol (2160 mg/dL?), low HDL-
cholesterol (< 35 mg/dL), impaired fasting glucose (fasting
plasma glucose of 110 to 125 mg/dL?), family history of prema-
ture CHD (definite myocardial infarction or sudden death at or
belore 55 years ol age in father or other male first-degrec
relative, or at or before 65 years of age in mother or other
female first-degree relative), and age (men 2> 45 ycars and
wornen = 55 years or postmenopausal). Patients can be classi-
fied as being at high absolute risk il they have 3 of the afore-
mentioned risk factors. Patients at high absolute risk usually
require clinical management of risk factors to reduce risk.
Patients who are overwcight or obesc often have other
cardiovascular risk factors. Methods for estimating absolute
risk status for developing cardiovascular diseasc based on
these risk factors are described in detail in the National Choles-
terol Education Program’s Second Report of the Expert Panel
on the Detection, Evaluation, and Treatmert of High Blood
Cholesterol in Adults (NCEP’s ATP 1) and the Sixth Report
of the Joint National Commattee on Prevention, Deteclion,
Evaluation, and Treatment of High Blood Pressure (JNC
VI). The intensity of intervention for cholesterol disorders or
hypertension is adjusted according to the absolute risk status
estimated from multiple risk correlates. These include both the
risk factors listed above and evidence of end-organ damage
present in hypertensive patients. Approaches to therapy for
cholesterol disorders and hypertension are described in ATP [T
and JNC VI, respectively. In overweight patients, control of
cardiovascular risk factors deserves equal cmphasis as weight
reduction therapy. Reduction of risk factors will reducce the risk
for CVD whether or not efforts at weight loss are successful.

Other risk factors: physical inactivity and high serum triglyc-
erides (> 200 mg/dL?). When these factors are present, pa-
tients can be considered to have incremental absolute risk
above that estimated from the preceding risk factors. Quanti-
tative risk contribution is not available for these risk factors,
but their presence heightens the need for weight reduction in
obese persons.

m Patient Motivation When assessing the patient’s motiva-
tion to enter weight loss therapy, the following factors should
be evaluated: reasons and motivation for weight reduction;
previous history of successful and unsuccessful weight loss
atternpts; family, friends, and worksite support; the patient’s
understanding of the causes of obesity and how obesily con-
tributes to several diseases; attitude toward physical activity;
capacity to engage in physical activity; time availability for
weight loss intervention; and financial considerations. In addi-
tion to considering these issues, the health care practitioner
needs to heighten a patient’s motivation for weight loss and
preparc the patient for treatment. This can be donc by enumer-
aling the dangers accompanying persistent obesity and by
describing the strategy for clinically assisted weight reduction.

To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. To
convert mg/dL cholesterol to mmol/lL, multiply mg/dl. by 0.026.
Cholesterol of 5.00 mmol/L = 193 mg/dL.

4To convert mmol/Ls glucose to mg/dL, multiply mmol/L by 18.0. To
convert mg/dL glucose to mmol/L, multiply mg/dL by 0.05565. Glucose
of 6.0 mmoVL = 108 mg/dL.

>To convert mmol/L triglyceride to mg/dL, multiply mmol/L by 88.6.To
convert mg/dL triglyceride to mmol/L., multiply mg/dL by 0.0113.
Triglyceride of 1.80 mmolL = 159 mg/dL.
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Table 3
Selected body mass index® (BMI) units categorized by inches (cm) and pounds (kg)

Height in inches (cm) Body weight in 1b (kg)
BMI 25 BMI 27 BMI 30

58 (147.32) 119 (53.98) 129 (58.51) 143 (64.86)
59 (149.86) 124 (56.25) 133 (60.33) 148 (67.13)
60 (152.40) 128 (58.06) 138 (62.60) 153 (69.40)
61 (154.94) 132 (69.87) 143 (64.86) 1568 (71.67)
62 (157.48) 136 (61.69) 147 (66.68) 164 (74.39)
63 (160.02) 141 (63.96) 152 (68.95) 169 (76.66)
64 (162.56) 145 (65.77) 157 (71.21) 174 (78.93)
65 (165.10) 150 (68.04) 162 (73.48) 180 (81.65)
66 (167.64) 155 (70.31) 167 (75.75) 186 (84.37)
67 (170.18) 159 (72.12) 172 (78.02) 191 (86.64)
68 (172.72) 164 (74.39) 177 (80.29) 197 (89.36)
69 (175.26) 169 (76.66) 182 (82.56) 203 (92.08)
70 (177.80) 174 (78.93) 188 (85.28) 207 (93.89)
71 (180.34) 179 (81.19) 193 (87.54) 215 (97.52)
72 (182.88) 184 (83.46) 199 (90.27) 221 (100.25)
73 (185.42) 189 (85.73) 204 (92.53) 227 (102.97)
74 (187.96) 194 (88.00) 210 (95.26) 233 (105.69)
75 (190.50) 200 (90.72) 216 (97.98) 240 (108.86)
76 (193.04) 205 (92.99) 221 (100.25) 246 (111.58)

aMetric conversion formula for BMI=weight (kg)/height (m)2. For example, a person who weighs 78.93 kg and is 177-cm tall has a BMI of 25: weight (78.93
kg)height (1.77 m)y*=25.

Nonmetric conversion formula for BMi=weight (Ib)/height (in}*x703. For example, a person who weighs 164 Ib and is 68 in (or 5 ft 8 in) tall has a BMI of 25:
weight (164 Ib)/height (68 in)*x703=25.
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-(Ealgslgiﬁcation of overweight and obesity by body mass index® (BMI), waist circumference, and associated disease risk
BMI Obesity Di risk® relative to normal weight and waist circumference
class Men=102 cm (=40 in) Men>102 cm (>40 in)
Women ngrcm (=35in) Women >8:::m (>35in)
Underweight <18.5
Normal® 18.56-24.9
Overweight 25.0-29.9 Increased High
Obesity 30.0-34.9 | High Very high
35.0-39.9 I Very high Very high
Extreme obesity =40 I Extremely high Extremely high

Calculated as kg/m?®.
Disease risk for type 2 diabetes, hypertension, and cardiovascular disease.

Increased waist circumference can also be a marker for increased risk even in persons of normal weight.

Reviewing the patients’ past attempts at weight loss and explain-
ing how the new treatment plan will be different can encourage
patients and provide hope for successful weight loss.

Evaluation and Treatment

The general goals of weight loss and management are: (1) ata
rainimurn, to prevent further weight gain; (2) to reduce body
weight; and (3) to maintain a lower body weight over the long
term. The overall strategy for the evaluation and treatment of
overweight and obese patients is presented in the Treatment
Algorithm (see the Figure). This algorithm applies only to the
assessment for overweight and obesity and subsequent deci-
sions based on that assessiment. It does not include any initial
overall assessment for cardiovascular risk factors or diseases
that are indicated. Each step (designated by a box) in this
process is described.

Box 1: Patient Encounter A patient encounter is defined as
any interaction between a health care practitioner (generally
a physician, nurse practitioner or physician's assistant) that
provides the opportunity to assess a patient’s weight status and
provide advice, counseling, or treatment.

Box 2: History of Overweight or Recorded BMI = 25 The
practitioner must seek to determine whether the patient has
ever been overweight. While a technical definition is provided,
a simple question such as “Have you ever been overweight?”
will accomplish the same goal. Questions directed towards
weight history, dietary habits, physical activities, and medica-
tions may provide useful information about the origins of
obesity in particular patients.

Box 3: BMI Measured in Past 2 Years For those who have
not been overweight, a 2-year interval is appropriate for the
reassessment of BMI. While this time span is not evidence-
bascd, it is believed to be a reasonable compromise betwecen
the need to identify weight gain at an early stage and the need
to limit the time, effort, and cost of repeated measurements.

Box 4: Measure Weight, Height, Waist Circumference;
Calculate BMI Weight must be measured so that the BMI can
be calculated. Most charts are based on weights obtained with
the patient wearing undergarments and no shoes. BMI can be
manually calculated (kg/Theight inmeters] ?), but is more easily
obtained from a nomogram. Waist circumference is important
because cvidence suggests that abdominal fat is a particularly
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strong determinant of cardiovascular risk in those with a BMI
of 25 to 34.9. Increased waist circumference can also be a
marker of increased risk even in persons of normal weight. A
nutrition assessment will also help to assess the diet and
physical activity habits of overweight patients.

Box 5: BMI =25, OR Waist Circumference > 88 (F) or > 102
cm (M) These cutpoints divide overweight from normal weight
and are consistent with other national and international guide-
lines. The relation between weight and mortality is J-shaped, and
evidence suggests that the right side of the “J” begins to rise at
a BMI of 25. Waist circumference is incorporated as an “or”
factor because some patients with BMI lower than 25 will have
disproportionate abdominal fat, and this increases their cardio-
vascular risk despite their low BMI. These abdominal circumfer-
ence values are not necessary for patients with a BMI > 35.

Box 6: Assess Risk Factors Risk assessment for CVD and
diabetes in a person with evident obesity will include special
considerations for the history, physical examination, and labo-
ratory examination. Of greatest urgency is the need to detect
existing CVD or end-organ damage. Since the major risk of
obesity is indirect (obesity elicits or aggravates hypertension,
dyslipidemias, and diabetes, which cause cardiovascular com-
plications), the management of obesity should be implemented
in the context of these other risk factors. While there is no
direct evidence demonstrating that addressing risk factors
increases weight loss, treating the risk factors through weight
loss is a recommended strategy.

Box 7: BMI > 30, OR ([BMI 25 to 29.9 OR Waist Circumfer-
ence > 88 or > 102 cm] AND > 2 risk factors) The panel
recommends that all patients meeting these criteria attempt to
losc weight. However, it is important to ask the patient whether
or not they want to lose weight. Those with BMIs between 25
and 29.9 who have one or no risk factors should work on
maintaining their current weight rather than embark on a
weight reduction program. The panel recognizes that the
decision to lose weight must be made in the context of other
risk factors (cg, quitting smoking is more important than losing
weight) and patient prefcrences.

Box 8: Clinician and Patient Devise Goals The decision to
lose weight must be made jointly between the clinician and
patient. Patient involvement and investment is crucial to suc-
cess. The patient may choose not to lose weight but rather to
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prevent further weight gain as a goal. The panel recommends
as an initial goal the loss of 10% of baseline weight, to be lost
at arate of 1 to 2 Ib/week, establishing an energy deficit of 500
to 1,000 kcal/day. For individuals who are overweight, a deficit
of 300 to 500 kcal/day may be more appropriate, providing a
weight loss of about % Ib/week. Also, there is cvidence that an
average of 8% of weight can be lost in a 6-month period. Since
the observed average 8% weight loss includes people who do
not lose weight, an individual goal of 10%t is rcasonable. After
6 months, most patients will equilibrate (caloric intake balanc-
ing energy expenditure) and will require adjustment of energy
balance if they are to lose more weight.

The 3 major components of weight loss therapy are dietary
therapy, increased physical activity, and behavior therapy.
Lifestyle therapy should be tried for at least 6 months before
considering pharmacotherapy. In addition, pharmacotherapy
should be considered as an adjunct to lifestyle therapy in
patients with a BMI > 30 with no concomitant obesity-related
risk factors or diseases, or for patients with a BMI > 27 with
concomitant obesity-related risk factors or diseases. The risk
factors or diseases considered important enough to warrant
pharmacotherapy at a BMI of 27 to 29.9 are hypertension,
dyslipidemia, CHD, type 2 diabetes, and sleep apnea. However,
sibutramine, the only FDA-approved drug for long-term use,
should not be used in patients with a history of hypertension,
CHD, congestive heart failure, arrhythrmias, or history of stroke.
Certain patients may be candidates for weight loss surgery.
Each component of weight loss therapy can be introduced
briefly. The selection of weight loss methods should be made
in the context of patient preferences, analysis of past failed
attempts, and consideration of the available resources.

Box 9: Progress Being Made/Goal Achieved During the
acute weight loss period and at 6-month and 1-year follow-up
visits, the patients should be weighed, BMI calculated, and
progress assessed. If at any time it appears that the program is
failing, a reassessment should take place to determine the
reasons (see Box 10). If pharmacotherapy is being used,
appropriate monitoring for side effects is recommended. If a
patient can achieve the recommended 10% reduction in body
weight in 6 months to 1 year, this change in weight can be
considered good progress. The patient can then enter the
phase of weight maintenance and long-term monitoring. It is
important for the practitioner to recognize that some persons
are more apt to lose or gain weight on a given regimen and that
this phenomenon cannot always be attributed to degree of
compliance. However, if significant obesity remains and abso-
lute risk from obesity-associated risk factors remains high, at
some point an effort should be made to reinstitute weight loss
therapy to achieve further weight reduction. Once a limit of
weight loss has been obtained, the practitioner is responsible
for long-term monitoring of risk factors and for encouraging
the patient to maintain a reduced weight level.

Box 10: Assess Reasons for Failure to Lose Weight If a
patient fails to achieve the recommended 10% rcduction in
body weight in 6 months or 1 year, a reevaluation is required.
A critical question is whether the level of motivation is high
enough to continue clinical therapy. If motivation is high,
revise the goals and strategies (see Box 8). If motivation is not
high, clinical therapy should be discontinued, but the patient
should be encouraged to embark on efforts to lose weight or to
at least avoid further weight gain. Even if weight loss therapy
is stopped, risk factor management must be continued.
Failure to achieve weight loss should prompt the practitio-
ner to investigate energy intake (dietary recall including alco-
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hol intake, daily intake logs), energy expenditure (physical
activity diary), attendance at behavior therapy group mcet-
ings, recent negative life events, family and societal pressures,
or evidence of detrimental psychiatric problems (depression,
binge eating disorder). If attempts to lose weight have failed,
and the BMI is > 40, surgical therapy should be considered.

Box 11: Maintenance Counseling Evidence suggests that
over 80% of persons who lose weight will gradually regain it.
Patients who continue on weight maintenance programs have
agreater chance of keeping weight off. Maintenance consists of
continued contact with the health care practitioner for contin-
ued education, support, and medical monitoring.

Box 12: Does the Patient Want to Lose Weight? All
patients who are overweight (BMI 25 to 29.9), or do not have
a high waist circumference, and have few (0 to 1) cardiovascu-
lar risk factors and do not want to lose weight, should be
counseled regarding the need to keep their weight at or below
its present level. Patients who wish to lose weight should be
guided per Boxes 8 and 9. The justification for offering these
overweight patients the option of maintaining (rather than
losing) weight is that their health risk, while higher than that
of persons with a BMI < 25, is only moderately increased.

Box 13: Advise to Maintain Weight/Address Other Risk
Factors Those who have a history of overweight and are now
at appropriate weight, and those who are overweight and not
obese but wish to focus on maintenance of their current
weight, should be provided with counseling and advice so that
their weight does not increase. An increase in weight increases
their health risk and should be prevented. The physician
should actively promote prevention strategics including en-
hanced attention by the patient to diet, physical activity, and
behavior therapy. For addressing other risk factors, see Box 6,
because even if weight loss cannot be addressed, other risk
factors should be covered.

Box 14: History of BMI >25 This box differentiates those who
are not overweight now and never have been from those with
a history of overweight; see Box 2.

Box 15: Brief Reinforcement Thosc who are not overweight
and never have been should be advised of the importance of
staying in this category.

Box 16: Periodic Weight, BMI, and Waist Circumference
Check Patients should receive periodic monitoring of their
weight, BMI, and waist circumference. Patients who are not
overweight or have no history of overweight should be screened
for weight gain every 2 years. This time span is a reasonable
compromise between the need to identify weight gain at an
early stage and the need to limit the time, effort, and the cost
of repeated measurements.

GOALS OF WEIGHT LOSS AND MANAGEMENT

The nitial goal of weight loss therapy is to reduce body
weight by approximately 10% from baseline. If this goal is
achieved, further weight loss can be attempted, if indicated
through further evaluation.

A reasonable time line for a 10% reduction in body weight
is 6 months of therapy. For overweight patients with BMIs in
the typical range of 27 to 35, a decrease of 300 to 500 kcal/day
will result in weight losses of about % 1o 1 Ib/week and a 10%
loss in 6 months. For more severely obese patients with BMIs
> 36, deficits of up to 500 to 1,000 kcal/day will lead to weight
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losses of about 1 to 2 Ib/week and a 10% weight loss in 6 months.
Weight loss at the rate of 1 to 2 Ib/week (calorie deficit of 500 to
1,000 kcal/day) occurs safely for up to 6 months. After 6 months,
the rate of weight loss usually declines and weight plateaus
because of a lesser energy expenditure at the lower weight.

Experience reveals that lost weight usually will be regained
unless a weight maintenance program consisting of dietary therapy,
physical activity, and behavior therapy is continued indefinitely.

After 6 months of weight loss treatment, efforts to maintain
weight loss should be put in place. If more weight loss is
needed, another attempt at weight reduction can be made.
This will require further adjustment of the diet and physical
activity prescriptions.

For patients unable to achieve significant weight reduction,
prevention of further weight gain is an important goal; such patients
may also need to participate in a weight management program.

STRATEGIES FOR WEIGHT LOSS AND
WEIGHT MAINTENANCE

Dietary Therapy

A diet that is individually planned and takes into account the
patient’s overweight status in order to help create a deficit of
500 to 1,000 kcal/day should be an integral part of any weight
loss program. A patient may choose adiet of 1,000to 1,200 kcal/
day for women and 1,200 to 1,500 kcal/day for men. Depending
on the patient’s risk status, the low-calorie diet (1.CD) recom-
mended should be consistent with the NCEP’s Step [ or Step I1
Diet. Besides decreasing saturated fat, total fats should be 30%
or less of total calories. Reducing the percentage of dietary fat
alone will not produce weight loss unless total calories are also
reduced. Isocaloric replacement of fat with carbohydrates will
reduce the percentage of calories from fat bul will not cause
weight loss. Reducing dietary fat, along with reducing dietary
carbohydrates, usually will be needed to produce the caloric
deficit needed for an acceptable weight loss. When fat intake is
reduced, priority should be given to reducing saturated fat to
enhance lowering of LDL-cholesterol levels. Frequent con-
tacts with the practitioner during dietary therapy help to
promote weight loss and weight maintenance at alower weight.

Physical Activity

An increase in physical activity is an important component of
weight loss therapy, although it will not lead to substantially
greater weight loss over 6 months. Most weight loss occurs
because of decreased caloric intake. Sustained physical activ-
ity is most helpful in the prevention of weight regain. In
addition, it has a benefit in reducing cardiovascular and diabe-
tes risks beyond that produced by weight reduction alone. For
most obese patients, exercise should be initiated slowly, and
the intensity should be increased gradually. The exercise can
be done all at one time or intermittently over the day. Initial
activities may be walking or swimming at a slow pace. The
patient can start by walking 30 minutes for 3 days a week and
can build to 45 minutes of more intense walking at least 5 days
a week. With this regimen, an additional expenditure of 100 to
200 keal per day can be achieved. All adults should set a long-
term goal to accumulate at least 30 minutes or more of moder-
ate-intensity physical activity on most, and preferably all, days
of the week. This regimen can be adapted to other forms of
physical activity, but walking is particularly attractive because
ofits safety and accessibility. Patients should be encouraged to
increase “every day” activities such as taking the stairs instead
of the elevator. With time, depending on progress and func-
tional capacity, the patient may engage in more strenuous
activities. Competitive sports, such as tennis and volleyball,

can provide an enjoyable form of exercise for many, but care
must be taken to avoid injury. Reducing sedentary time is
another strategy to increase activity by undertaking frequent,
less strenuous activitics.

Behavior Therapy

Strategies, based onlearning principles such as reinforcement,
that provide tools for overcoming barriers to compliance with
dietary therapy and/or increased physical activity are helpful
in achieving weight loss and weight maintenance. Specific
strategies include self-monitoring of both eating habits and
physical activity, stress management, stimulus control, prob-
lem solving, contingency management, cognitive restructur-
ing, and social support.

Combined Therapy

A combined intervention of behavior therapy, an LCD, and
increased physical activity provides the most successful therapy
for weight loss and weight maintenance. This type of interven-
tion should be maintained for at least 6 months before consid-
ering pharmacotherapy.

Pharmacotherapy

In carefully selected patients, appropriate drugs can augment
LCDs, physical activity, and behavior therapy in weight loss.
Weight loss drugs that have been approved by the FDA for
long-term use can be useful adjuncts to dietary therapy and
physical activity for some patients with a BMI of 2 30 with no
concomitant risk factors or diseases, and for patients with a
BMI of > 27 with concomitant risk factors or diseases. The risk
factors and diseases considered important enough to warrant
pharmacotherapy at a BMI of 27 to 29.9 are hypertension,
dyslipidemia, CHD, type 2 diabetes, and sleep apnea. Continual
assessment by the physician of drug therapy for efficacy and
safety is necessary.

At the present time, sibutramine is available for long-term
use. (Note: FDA approval of orlistat is pending a resolution of
labeling issues and results of Phase Il trials.) It enhances
weight loss modestly and can help facilitate weight loss main-
tenance. Potential side effects with drugs, nonetheless, must
be kept in mind. With sibutramine, increases in blood pressure
and heart rate may occur. Sibutramine should not be used in
patients with a history of hypertension, CHD, congestive heart
failure, arrhythmias, or history of stroke. With orlistat, fat
soluble vitamins may require replacement because of partial
malabsorption. All patients should be carefully monitored for
these side effects.

Weight Loss Surgery

Weight loss surgery is one option for weight reduction in a
limited number of patients with clinically severe obesity, ie,
BMIs > 40 or = 35 with comorbid conditions. Weight loss
surgery should be reserved for patients in whom efforts at
medical therapy have failed and who are suffering from the
complications of extreme obesity. Gastrointestinal surgery
(gastric restriction [Vertical gastric banding] or gastric bypass
[Roux-en Y]) is an intervention weight loss option for moti-
vated subjects with acceptable operative risks. An integrated
program must be in place to provide guidance on diet, physical
activity, and behavioral and social support both prior to and
after the surgery.

ADAPT WEIGHT LOSS PROGRAMS TO MEET THE
NEEDS OF DIVERSE PATIENTS

Standard treatment approaches for overweight and obesity
must be tailored to the needs of various patients or patient
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groups. Large individual variation exists within any social or
cultural group; furthermore, substantial overlap among sub-
cultures occurs within the larger society. There is, therefore,
no “cookbook” or standardized set of rules to optimize weight
reduction with a given type of patient. However, to be more
culturally sensitive and to incorporate patient characteristics
in obesity treatment programs: consider and adapt the setting
and staffing for the program; consider how the obesity treat-
ment program integrates into other aspects of patient health
care and self care; and expect and allow for program modifica-
tions based on patient responses and preferences.

The issues of weight reduction after age 65 involve such
questions as: does weight loss reduce risk factors in older
adults; are there risks associated with obesity treatment that
are unique to older adults; and does weight reduction prolong
the lives of older adults? Although there is less certainty about
the importance of treating overweight at older ages than at
younger ages, a clinical decision to forego obesity treatment in
older adults should be guided by an evaluation of the potential
benefit of weight reduction and the reduction of risk for future
cardiovascular events.

In the obese patient who smokes, smoking cessation is a
major goal of risk factor management. Many well-documented
health benefits accompany smoking cessation, but a major
obstacle to cessation has been the attendant weight gain
observed in about 80% of quitters. This weight gain averages
4.5 t0 7 b, but in 13% of women and 10% of men, weight gain
exceeds 28 Ib. Weight gain that accompanies smoking cessa-
tion has been quite resistant to most dietary, behavioral, or
physical activity interventions.

The weight gained with smoking cessation is less likely to
produce negative health consequences than would continued
smoking. For this reason, smoking cessation should be strongly
advocated regardless of baseline weight. Prevention of weight
gain through diet and physical activity should be stressed. For
practical reasons, it may be prudent to avoid initiating smoking
cessation and weight loss therapy simultaneously. If weight
gain ensues after smoking cessation, it should be managed
vigorously according to the guidelines outlined in this report.
Although short-term weight gain is a common side effect of
smoking cessation, this gain does not rule out the possibility of
long-term weight control.

SUMMARY OF EVIDENCE-BASED
RECOMMENDATIONS

Advantages of Weight Loss

The recommendation to treat overweight and obesity is based
not only on evidence that relates obesity to increased mortality
but also on RCT evidence that weight loss reduces risk factors
for disease. Thus, weight loss may not only help control
diseases worsened by obesity, it may also help decrease the
likelihood of developing these diseases. The pancl reviewed
RCT evidence to determine the effect of weight loss on blood
pressure and hypertension, serum/plasma lipid concentra-
tions, and fasting blood glucose and fasting insulin. Recom-
mendations focusing on these conditions underscore the ad-
vantages of weight loss.

Blood pressure To evaluate the effect of weight loss on blood
pressure and hypertension, 76 articles reporting RCTs were
considered for inclusion in these guidelines. Of the 45 accepted
articles, 35 were lifestyle trials and 10 were pharmacotherapy
trials. There is strong and consistent evidence from these lifestyle
trials in both overweight hypertensive and nonhypertensive pa-
tients that weight loss produced by lifestyle modifications reduces
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blood pressure levels. Limited evidence exists that decreases in
abdominal fat will reduce blood pressure in overweight
nonhypertensive individuals, although not independent of weight
loss, and there is considerable evidence that increased aerobic
activity to increase cardiorespiratory fitness reduces blood pres-
sure (independent of weight loss). There is also suggestive evi-
dence from randomized trials that weight loss produced by most
weight loss medications, except, for sibutramine, in combination
with adjuvant lifestyle modifications will be accompanied by
reductions in blood pressure. Based on a review of the evidence
from the 45 RCT blood pressure articles, the panel makes the
following recommendation:

Weight loss is recommended to lower elevated
blood pressure in overweight and obese persons
with high blood pressure. Evidence Category A.

Serum/plasma lipids Sixty-five RCT articles were evaluated
forthe effect of weight loss on serum/plasma concentrations of
total cholesterol, LDL-cholesterol, very low-density lipopro-
tein (VLDL)-cholesterol, triglycerides, and HDL-cholesterol.
Studies were conducted on individuals over a range of obesity
and lipid levels. Of the 22 articles accepted for inclusion in
these guidelines, 14 RCT articles examined lifestyle trials while
the remaining 8 articles reviewed pharmacotherapy trials.
There is strong evidence from the 14 lifestyle trials that weight
loss produced by lifestyle modifications in overweight indi-
viduals is accompanied by reductions in serum triglycerides
and by increases in HDL-cholesterol. Weight loss generally
produces some reductions in serum total cholesterol and LDL-
cholesterol. Limited evidence exists that a decrease in abdomi-
nal fat correlates with improvement in lipids, although the
effect may not be independent of weight loss, and there is
strong evidence that increased aerobic activity to increase
cardiorespiratory fitness favorably affects blood lipids, par-
ticularly if accompanied by weight loss. There is suggestive
evidence from the 8 randomized pharmacotherapy trials that
weight loss produced by weight loss medications and adjuvant
lifestyle modifications, including caloric restriction and physi-
cal activity, does not result in consistent effects on blood lipids.
The following recommendation is based on the review of the
data in these 22 RCT articles:

Weight loss is recommended to lower elevated
levels of total cholesterol, LDL-cholesterol, and
triglycerides, and to raise low levels of
HDL-cholesterol in overweight and obese persons
with dyslipidemia. Evidence Category A.

Blood Glucose To evaluate the effect of weight loss on fasting
blood glucose and fasting insulin levels, 49 RCT articles were
reviewed for inclusion in these guidelines. Of the 17 RCT
articles accepted, 9 RCT articles examined lifestyle therapy
trials and 8 RCT articles considered the effects of pharmaco-
therapy on weight loss and subsequent changes in blood
glucose. There is strong evidence from the 9 lifestyle therapy
trials that weight loss produced by lifestyle modification re-
duces blood glucose levels in overweight and obese persons
without diabetes, and weight loss reduces blood glucose levels
and HbA, in some patients with type 2 diabetes. There is
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suggestive evidence that decreases in abdominal fat will im-
prove glucose tolerance in overweight individuals with im-
paired glucose tolerance, although not independent of weight
loss; and there is limited evidence that increased cardiorespi-
ratory fitness improves glucose tolerance in overweight indi-
viduals with impaired glucose tolerance or diabetes, although
not independent of weight loss. In addition, there is suggestive
evidence from randomized trials that weight loss induced by
weight loss medications does not appear to improve blood
glucosc levels any better than weight loss through lifestyle
therapy in overweight persons both with and without type 2
diabetes. Based on a full review of the data in these 17 RCT
articles, the panel makes the following recommendation:

Weight loss is recommended to lower elevated
blood glucose levels in overweight and obese
persons with type 2 diabetes. Evidence Category A.

Measurement of Degree of Overweight and Obesity
Patients should have their BMI and levels of abdominal fat
measured not only for the initial assessment of the degree of
overweight and obesity, but also as a guide Lo the efficacy of
weight loss treatment. Although there are no RCTs that review
measurements of overweight and obesity, the panel deter-
mined that this aspect of patient care warranted further con-
sideration and that this guidance was deemed valuable. There-
fore, the following four recommendations that are included in
the Treatment Guidelines were based on nonrandomized stud-
ies as well as clinical experience.

BMito assess overweight and obesity There are anumber
of accurate methods to assess body fal. (eg, total body water,
total body potassium, bioelectrical impedance, and dual-
energy x-ray absorptiometry), but no trial data exist to
indicate that one measure of fatness is better than any other
for following overweight and obese patients during treat-
ment. Since measuring body fat by these techniques is often
expensive and is not readily available, a more practical ap-
proach for the clinical setting is the measurement of BMI;
epidemiological and observational studies have shown that
BMI provides an acceptable approximation of total body fat
for the majority of patients. Because there are no published
studies that compare the effectiveness of different measures
for evaluating changes in body fat during weight reduction,
the panel bases its recommendation on expert judgment from
clinical experience:

Practitioners should use the BMI to assess
overweight and obesity. Body weight alone can be
used to follow weight loss, and to determine efficacy
of therapy. Evidence Category C.

BMl to estimate relative risk In epidemiological studies, BMI
is the favored measure of excess weight to estimate relative
risk of disease. BMI correlates both with morbidity and mortal-
ity; the relative risk for CVD risk factors and CVD incidence
increases in a graded fashion with increasing BMI in all popu-
lation groups. Moreover, calculating BMI is simple, rapid, and
inexpensive, and can be applied generally to adults. The panel,
therefore, makes this recommendation:

The BMI should be used to classify overweight and
obesity and to estimate relative risk of disease
compared to normal weight. Evidence Category C.

Assessing abdominal fat For the most effective technique
for assessing abdominal fat content, the panel considered
measures of waist circumference, waist-to-hip ratio (WHR),
magnetic resonance imaging (MRI), and computed tomogra-
phy. Evidence from epidemiological studies shows waist cir-
curnference to be a better marker of abdominal fat content
than WHR, and that it is the most practical anthropometric
measurement for assessing a patient’s abdominal fat content
before and during weight loss treatment. Compuled tomogra-
phy and MRIare both more accurate but impractical for routine
clinical use. Based on evidence that waist circumference is a
better marker than WHR—and taking into account that the
MRI and computed tomography techniques are expensive and
not readily available for clinical practice—the pancl makes the
following recommendation:

The waist circumference should be used to assess
abdominal fat content. Evidence Category C.

Sex-specific measurements Evidencc from epidemiological
studies indicates that a high waist circumference is associated
with an increased risk for type 2 diabetes, dyslipidemia, hyper-
tension, and CVD. Therefore, the pancl judged that sex-spe-
cific cutoffs for waist circumference can be used to identify
increased risk associated with abdominal fat in adults with a
BMI in the range of 25 to 34.9. These cutpoints can be applied
Lo all adult ethnic or racial groups. On the other hand, if a
patient is very short, or has a BMI above the 25 to 34.9 range,
waist cutpoints used for the general population may not be
applicable. Based on the evidence from nonrandomized stud-
ies, the panel makes this recommmendation:

For adult patients with a BMI of 25 to 34.9,
sex-specific waist circumference cutoffs should be
used in conjunction with BMI to identify increased

disease risks. Evidence Category C.

Goals for Weight Loss

The general goals of weight loss and management are to reduce
body weight, Lo maintain a lower body weight over the long term,
and to prevent further weight gain. Evidence indicates that a
moderate weight loss can be maintained over time if some [orm of
therapy continues. It is better to maintain a moderate weight loss
over a prolonged period than to regain from a marked weight loss.

Initial Goal of Weight Loss from Baseline There is strong
and consistent evidence from randomized trials that over-
weight and obese patients in well-designed programs can
achieve a weight loss of as much as 10% of baseline weight. In
the dict trials, an average of 8% of baseline weight was lost.
Since this average includes persons who did not lose weight, an
individualized goal of 10% is reasonable. The panel, therefore,
recommends that;:
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The initial goal of weight loss therapy should be to
reduce body weight by approximately 10% from
baseline. With success, further weight loss can be
attempted if indicated through further assessment.
Evidence Category A.

Amount of weight loss Randomized trials suggest that weight
loss at the rate of 1 to 2 Ib/week (calorie deficit of 500 to 1,000
kcal/day) commonly occurs for up to 6 months.

Weight loss should be about 1 to 2 Ib/week for a
period of 6 months, with the subsequent strategy
based on the amount of weight lost.
Evidence Category B.

How to Achieve Weight Loss

The panel reviewed relevant treatment strategies designed for
weight loss that can also be used to foster long-term weight
control and prevention of weight gain. The consequent recom-
mendations emphasize the potential effectiveness of weight
control using multiple interventions and strategies, including
dietary therapy, physical activity, behavior therapy, pharmaco-
therapy, and surgery, as well as combinations of these strategies.

Dietary therapy The panel reviewed 86 RCT articles to
determine the effectiveness of diets on weight loss (includ-
ing LCDs, very low-calorie diets [VLCDs], vegetarian diets,
American Heart Association dietary guidelines, the NCEP’s
Step I diet with caloric restriction, and other low-fat regi-
mens with varying combinations of macronutrients). Of the
86 articles reviewed, 48 were accepted for inclusion in these
guidelines. These RCTs indicate strong and consistent evi-
dence that an average weight loss of 8% of initial body
weight can be obtained over 3 to 12 months with an LCD and
that this weight loss effects a decrease in abdominal fat; and,
although lower-fat diets without targeted caloric reduction
help promote weight loss by producing a reduced caloric
intake, lower-fat diets with targeted caloric reduction pro-
mote greater weight loss than lower-fat diets alone. Further,
VLCDs produce greater initial weight losses than LCDs
(over the long term of >1 year, weight loss is not different
than that of the LCDs). In addition, randomized trials sug-
gest that no improvement in cardiorespiratory fitness as
measured by Vo,max appears to occur in obese adults who
lose weight on LCDs alone without physical activity. The
following recommendations are based on the evidence ex-
tracted from the 48 accepted articles:

LCDs are recommended for weight loss in
overweight and obese persons. Evidence Category
A. Reducing fat as part of an LCD is a practical way

to reduce calories. Evidence Category A.

Reducing dietary fat alone without reducing calories
is not sufficient for weight loss. However, reducing
dietary fat, along with reducing dietary
carbohydrates, can facilitate caloric reduction.
Evidence Category A.
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A diet that is individually planned to help create a
deficit of 500 to 1,000 kcal/day shouid be an integral
part of any program aimed at achieving a weight
loss of 110 2 Ib/week. Evidence Category A.

Physical Activity

Effects of physical activity on weight loss Twenty-three
RCT articles were reviewed to determine the effect of physical
activity on weight loss, abdominal fat (measured by waist
circumference), and changes in cardiorespiratory fitness (Vo,
max). Thirteen of these articles were accepted for inclusion in
these guidelines. A review of these articles reveals strong
evidence that physical activity alone, ie, aerobic exercise, in
obese adults results in modest weight loss and that physical
activity in overweight and obese adults increases cardiorespi-
ratory fitness, independent of weight loss. Randomized trials
suggest that increased physical activity in overweight and
obese adults reduces abdominal fat only modestly or not at all,
and that regular physical activity independently reduces the
risk for CVD. The panel’s recommendation on physical activity
is based on the evidence from these 13 articles:

Physical activity is recommended as part of a
comprehensive weight loss therapy and weight
control program because it: (1) modestly contributes
to weight loss in overweight and obese adults
(Evidence Category A), (2) may decrease abdominal
fat (Evidence Category B), (3) increases
cardiorespiratory fitness (Evidence Category A), and
(4) may help with maintenance of weight loss
(Evidence Category C).

Physical activity should be an integral part of

weight loss therapy and weight maintenance.

Initially, moderate levels of physical activity for
30 to 45 minutes, 3 to 5 days a week, should

be encouraged. All adults should set a long-term
goal to accumulate at least 30 minutes or

more of moderate-intensity physical activity

on most, and preferably all, days of the week.

Evidence Category B.

Effects of Physical Activity and Diet on Weight Loss
(Combined Therapy) Twenty-three RCT articles were re-
viewed to determine the effects on body weight of a combina-
tion of a reduced-calorie diet with increased physical activity.
Fifteen of these articles were accepted for inclusion in the
guidelines. These articles contain strong evidence that the
combination of a reduced-calorie diet and increased physical
activity produces greater weight loss than diet alone or physi-
cal activity alone, and that the combination of diet and physical
activity improves cardiorespiratory fitness as measured by
Vo,max in overweight and obese aduits when compared to diet
alone. The combined effect of a reduced calorie diet and
increased physical activity seemingly produced modestly
greater reductions in abdominal fat than either diet alone or
physical activity alone, although it has not been shown to be
independent of weight loss. The panel’s following recomrnen-
dations are based on the evidence from these articles:
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The combination of a reduced calorie diet and
increased physical activity is recommended since it
produces weight loss that may also result in
decreases in abdominal fat and increases in
cardiorespiratory fithess. Evidence Category A.

Behavior Therapy

Thirty-six RCTs were reviewed to cvaluate whether behavior
therapy provides additional benefit beyond other weight loss
approaches, as well as Lo compare various behavioral techniques.
Of the 36 RCTs reviewed, 22 were accepted. These RCTs strongly
indicate that behavioral strategies to reinforce changes in diet and
physical activity in obese adults produce weight loss in the range
of 10% over 4 months to 1 year. In addition, no one behavior
therapy appeared superior to any other inits effect on weight loss;
multimodal strategies appear to work best and those interven-
tions with the greatest intensity appear to be associated with the
greatest weight loss. Long-term follow-up of patients undergoing
behavior therapy shows a return to baseline weight for the great
majority of subjects in the absence of continued behavior inter-
vention. Randomized trials suggest that behavior therapy, when
used in combination with other weight loss approaches, provides
additional benefits in assisting patients to lose weight short-term,
ie, 1 year (no additional benefits are found at 3 to 5 years). The
panel found little evidence on the effect of behavior therapy on
cardiorespiratory fitness. Evidence from these articles provided
the basis for the following recommendation:

Behavior therapy is a useful adjunct
when incorporated into treatment for weight
loss and weight maintenance.
Evidence Category B.

There is also suggestive evidence that patient motivation is a
key component for success in a weight loss program. The
panel, therefore, makes the following recommendation:

Practitioners need to assess the patient’'s motivation
to enter weight loss therapy; assess the
readiness of the patient to implement the

plan and then take appropriate steps
to motivate the patient for treatment.
Evidence Category D.

Summary of Lifestyle Therapy

There is strong evidence that combined interventions of an
LCD, increased physical activity, and behavior therapy provide
the most successful therapy for weight loss and weight main-
tenance. The panel makes the following recommendation:

Weight loss and weight maintenance therapy should
employ the combination of LCDs, increased
physical activity, and behavior therapy.
Evidence Category A.

Pharmacotherapy

Areview of 44 pharmacotherapy RCT articles provides strong
evidence that pharmacological therapy (which has generally
been studied along with lifestyle modification, including diet
and physical activity) using dexfenfluramine, sibutramine,
orlistat, or phentermine/fenfluramine results in weight loss in
obesc adults when used for 6 months to 1 year. Strong evidence
also indicates that appropriate weight loss drugs can augment
diet, physical activity, and behavior therapy in weight loss.
Adverse side effects from the use of weight loss drugs have
been observed in patients. As a result of the observed associa-
tion of valvular heart disease in patients taking fenfluramine
and dexfenfluramine alone or in combination, these drugs have
been withdrawn from the market. Weight loss drugs approved
by the FDA for long-term use may be useful as an adjunct to
diet and physical activity for patients with a BMI of 230 with no
concomitant obesity-related risk factors or diseases, as well as
for patients with a BMI of 227 with concomitant risk factors or
discases; moreover, using weight loss drugs singly (not in
combination) and starting with the lowest effective doses can
decrease the likelihood of adverse effects. Based on this cvi-
dence, the panel makes the following recommendation:

Weight loss drugs approved by the FDA may be
used as part of a comprehensive weight loss
program, including dietary therapy and physical
activity for patients with a BMI of 230 with no
concomitant obesity-related risk factors or diseases,
and for patients with a BMI of 227 with concomitant
obesity-related risk factors or diseases. Weight loss
drugs should never be used without concomitant
lifestyle modifications. Continual assessment of drug
therapy for efficacy and safety is necessary. If the
drug is efficacious in helping the patient to lose and/
or maintain weight loss and there are no serious
adverse effects, it can be continued. If not, it should
be discontinued. Evidence Category B.

Weight Loss Surgery

The panel reviewed 14 RCTs that examined the effect of surgical
procedures onweight loss; 8 were deemed appropriate. Allofthe
studies included individuals who had a BMI of 40 or above, or a
BMI of 35 to 40 with comorbidity. These trials provide strong
cvidence that surgical interventions in adults with clinically
severe obesity, ie, BMIs > 40 or > 35 with comorbid conditions,
result in substantial weight loss, and suggestive evidecnce that
lifelong medical surveillance after surgery is necessary. There-
fore, the panel makes the following recommendation:

Weight loss surgery is an option for carefully
selected patients with clinically severe obesity
(BMIs = 40 or 2 35 with comorbid conditions) when
less invasive methods of weight loss have failed and
the patient is at high risk for obesity-associated
morbidity or mortality. Evidence Category B.

GOALS FOR WEIGHT LOSS MAINTENANCE

Once the goals of weight loss have been successfully achieved,
maintenance of a lower body weight becomes the challenge.
Whereas studies have shown that weight loss is achicvable, it
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is difficult to maintain over a long period of time (3 to 5 years). In
fact, the majority of persons who lose weight, once dismissed from
clinical therapy, frequently regain it—so the challenge to the
patient and the practitioner is to maintain the weight loss. Success-
ful weight reduction thus depends on continuing a maintenance
program on a long-term basis. In the past, obtaining the goal of
weight loss has been considered the end of weight loss therapy.
Observation, monitoring, and encouragement of patients who have
successfully lost weight should be continued long term. The panel’s
recornumendations on weight loss maintenance are derived from
RCT evidence as well as nonrandomized and observational studies.

Weight Maintenance Phase

RCTs from the Behavior Therapy section above suggest that lost
weight usually will be regained unless a weight maintenance pro-
gram consisting of dietary therapy, physical activity, and behavior
therapy is continued indefinitely. Drug therapy in addition may be
helpful during the weight maintenance phase. The panel also
reviewed RCT evidence that considered the rate of weight loss and
the role of weight maintenance. These RCTs suggest that after 6
months of weight loss treatment, efforts to maintain weight loss are
important. Therefore, the panel recommends the following:

After successful weight loss, the likelihood of weight
loss maintenance is enhanced by a program
consisting of dietary therapy, physical activity, and
behavior therapy, which should be continued
indefinitely. Drug therapy can also be used.
However, drug safety and efficacy beyond 1 year of
total treatment have not been established.
Evidence Category B.

A weight maintenance program should be a priority
after the initial 6 months of weight loss therapy.
Evidence Category B.

Strong evidence indicates that better weight loss results are
achieved with dietary therapy when the duration of the inter-
vention is at least 6 months, Suggestive evidence also indicates
that during dietary therapy, frequent contacts between profes-
sional counselors and patients promote weight loss and main-
tenance. Therefore, the panel recommends the following:

The literature suggests that weight loss and weight
maintenance therapies that provide a greater
frequency of contacts between the patient and the
practitioner and are provided over the long term
should be utilized whenever possible. This can lead
to more successful weight loss and weight
maintenance. Evidence Category C.

SPECIAL TREATMENT GROUPS

The needs of special patient groups must be addressed when
considering treatment options for overweight and obesity. The
guidelines focus on three such groups including smokers, older
adults, and diverse patient populations.

Smokers

Cigarctte smoking is a major risk factor for cardiopulmonary dis-
ease. Because of its attendant high risk, smoking cessation isamajor
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goal of risk-factor management. This aim is especially important in
the overweight or obese patient, who usually carries excess risk
from obesity-associated risk factors. Thus, smoking cessation in
these patients becomes a high priority for risk reduction. Smoking
and obesity together apparently compound cardiovascular risk, but
fear of weight gain upon smoking cessation is an obstacle for many
patients. Therefore, the pancl recommends that:

All smokers, regardless of their weight status, should
quit smoking. Evidence Category A. Prevention of
weight gain should be encouraged and if weight

gain does occur, it should be treated through dietary
therapy, physical activity, and behavior therapy,

maintaining the primary emphasis on the importance
of abstinence from smoking. Evidence Category C.

Older Adults

The general nutritional safety of weight reduction at older ages
is of concern because restrictions on overall food intake due to
dieting could result in inadequate intake of protein or essential
vitamins or minerals. In addition, involuntary weight loss indica-
tive of occult disease might be mistaken for success in voluntary
weight reduction. These concerns can be alleviated by providing
proper nutritional counseling and regular body weight monitor-
ing in older persons for whom weight reduction is prescribed. A
review of several studies indicales that age alone should not
preclude treatment for obesity in adult men and women. In fact,
there is evidence from RCTs that weight reduction has similar
effects in improving cardiovascular disease risk factors in older
and younger adults. Therefore, in the panel’s judgment:

A clinical decision to forego obesity treatment in
older adults should be guided by an evaluation of
the potential benefits of weight reduction for day-to-
day functioning and reduction of the risk of future
cardiovascular events, as well as the patient’s
motivation for weight reduction. Care must be taken
to ensure that any weight reduction program
minimizes the likelihood of adverse effects on bone
health or other aspects of nutritional status.
Evidence Category D.

Diverse Patient Populations

Standard obesity treatment approaches should be tailored to the
needs of various patients or patient groups. It is, however, difficult
to determine from the literaturc how often this occurs, how specific
prograrms and outcomes are influenced by tailoring, and whether it
makes weight loss programs more effective. After reviewing 2
RCTs, 4 cross-sectional studies, and 4 intervention studies, as well
as additional published literature on treatment approaches with
diverse patient populations, the panel recornmends the following:

The possibility that a standard approach to weight
loss will work differently in diverse patient
populations must be considered when setting
expectations about treatment outcomes.
Evidence Category B.
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CLOSING

The clinical guidelines evidence report was reviewed by 115
health experts at major medical and professional societies. It
has been endorsed by members of the coordinating commit-
tees of the National Cholesterol Education Program and the
National High Blood Pressure Education Program, the North
Amnerican Association for the Study of Obesity, and the Na-
tional Institute of Diabetes and Digestive and Kidney Diseases
National Task Force on the Prevention and Treatment of
Obesity. These groups represent 54 professional societies,
government agencies, and consumer organizations. An abbre-
viated practical guide based on the evidence report will be
distributed to primary care physicians in the United States as
well as to other interested health care practitioners. The
Clinical Guidelines on the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults: Evidence
Report is published as the September 1998 supplement to the
Journal of Obesity Research and is available on the NHLBI
website -— http://www.nhlbi.nih.gov/nhlbi/nhlbi.htm or by writ-
ing to the NHLBI Information Center, PO Box 30105, Bethesda,
MD 20824-0105.
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