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Abstract

Adult gains in body weight, excess adiposity, and intra-abdominal fat have each been associated with risk
for type 2 diabetes mellitus (T2DM), forming the basis for preventive medicine guidelines and actuarial
predictions using practical indices of weight (e.g, body mass index [BMI]) and waist circumference (WC).
As obesity-related disease spreads beyond affluent western countries, application of WC thresholds to other
populations has highlighted issues of their generalizability. For example, U.S. national health goals based on
BMI < 25 kg/m? and WC < 89 cm (women) and <102 cm (men) differ considerably with a recent law in Japan
mandating intervention for older adults with WC exceeding 90 cm (women) and 85 cm (men). The U.S. military
has also faced issues of generalizability of WC-based adiposity standards that are fair and achievable. Data
from many studies indicate that WC is a reliable biomarker for T2DM risk, suggesting that, for adult men
and women, action thresholds should be more stringent than current U.S. guidelines, and it would not be
harmful to set worldwide targets somewhere below 90 cm for men and women, regardless of weight status.
Medical technology has provided many great insights into disease, including modern imaging technologies
that have differentiated fat depots that have the greatest influence on T2DM, but ultimately, an inexpensive
measuring tape provides the most useful and cost-effective preventive measure for T2DM today. At some point
in the future, a Star Trek-like abdominal body fat “tricorder” noninvasive assessment of tissue composition may
provide an advantage over abdominal girth.
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“It is not how heavy a man is or how heavy he becomes
that has maximum prognostic significance, but rather
how much fat he carries and how much fat he adds.
It is not unlikely that the location of the fat, as well
as the gross amount, may elucidate the differential
mortality rates of the different weight groups.”!

—Stanley Marion Garn, 1955
Background

The association between abdominal fat accumulation
and risk for type 2 diabetes mellitus (T2DM) has been
recognized at least since the start of the 20th century.
By the 1930s, the Metropolitan Life Insurance Company
reported a striking death rate associated with excess
body weight, particularly for diabetes-associated disease;
for individuals 25% or more overweight, diabetes death
rates were 8 times that of a sample of average weight and
13 times that of a sample of underweights.>® An extra
all-cause mortality of 50%, over and above the risk from
excess body weight alone, was observed for overweight
men with abdominal girth exceeding chest girth by
two inches or more? Current-day refinements of these
guidelines recommend that Americans should strive for
a healthy weight with a body mass index (BMI) below
25 kg/m? and waist circumferences (WCs) of less than
35 in. for women and 40 in. for men.® International public
health recommendations have also moved to the inclusion
of WC.® These guidelines emphasize the empirically
observed relationship between T2DM and excess adiposity
in the abdominal region”” A high BMI may signify
inappropriate weight gain, fat accumulation, and specific
abdominal fat accumulation—but with much greater
variability than WC, particularly for athletic males.*!!
Some males, in particular, are very large and still
very lean.!” Excess weight, regardless of its chemical
composition, is associated with other obesity-related
problems such as osteoarthritis and sleep apnea, but
abdominal fat accumulation has a strong and specific
association with metabolic disorders, notably insulin
resistance, leading to T2DM.”813-16 These health risk
associations have been explained on the basis of the
lability of hypertrophic intra-abdominal fat cells, with
release of fatty acids and cytokines into the portal flow
to the liver and with subsequent effects on insulin
resistance.!*'”1® Thus the health risk focus of WC is
specifically on intra-abdominal or “visceral” adipose
tissue (VAT) and not on other fat in the abdominal
region such as subcutaneous and structural fat depots.

This within-abdomen distribution of fat is important
to gender differences because it affects the relationship
between WC and health risks. The reliability of the
relationship between VAT and the effect on insulin
resistance is also of important to predict risk guidelines.
This relationship may differ between populations and
may change for individuals based on a variety of factors,
including genetics, physical fitness, physical activity
habits, and nutritional factors.'®?%?! This article considers
the net variability of these two relationships (WC-VAT
and VAT-insulin resistance/T2DM), with consideration
of practical WC thresholds of action for T2DM risk.

Waist-to-Hip Ratios Discriminate between
“Apples” and “Pears”

In the 1940s, Jean Vague invigorated the concept of WC as
a risk factor for metabolic disease with the expression
of waistto-hip ratio (WHR).** His characterization of
“apples” and “pears” has been widely tested in endocrine
metabolic studies of women, where androgen and estrogen
metabolism influences both the pattern of distribution
as well as the metabolism of steroid hormones.?#*
Lower body obesity (LBO) or stereotypically “female”
fat distribution is associated with a protective effect
against metabolic disorders.*® This may be a reflection
of the estrogen influence and/or the absence of a greater
androgen influence on accumulation of intra-abdominal
adipose tissue. Androgens also play a significant
role in male and female abdominal fat accretion and
distribution.” Upper body obesity (UBO) (“male” pattern
or “android” pattern) is associated with increased insulin
resistance and diabetes,® cardiovascular risk,” and even
“male-type” responses to physical exercise and weight
loss.?8

High WHR or UBO is most influenced in women by
age and increasing weight** The prevalence of upper
body fat distribution rises with increasing adiposity in
healthy young military women.*® These women have
male-type greater muscle mass, strength, and weight
loss patterns,®* presenting some challenges for the
military with somewhat conflicting health and strength
performance standards.

For women, increasing WC is associated with greater
metabolic risk through the specific association with a
greater abdominal adiposity and the relative distribution
of fat to other key fat depots (i.e, hips, thighs, upper arms,
and breasts) appears to be relatively unimportant to
metabolic disease risk. Conway and colleagues® found
that WC was the single best predictor of VAT in both
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UBO and LBO African American women, WHR was
not a good overall predictor of VAT. Although WHR
has been used in many studies, the advantage of a
simple WC is rapidly overtaking artificial indices such
as WHR and waist corrected for stature. Contrary to
earlier perceptions, WC does not have to be adjusted for
body size, as it is stature independent3* Sagittal thickness
(anterior—posterior measurement) has also been examined
as a practical measure of VAT on the basis of computerized

tomography scans but has not proven to be better
than WC.3

Waist Circumference Prediction of Intra-
Abdominal Fat—The Intra-Abdominal
Space Is “Protected” in Premenopausal
Women

Women compared to men can store more fat subcutaneously
throughout the body before intra-abdominal fat
accumulation begins, while men preferentially deposit
fat in the abdomen. This was observed by Stanley Garn
as “women carry more fat on and less in their smaller
frames.”?® The observation was quantified by Kvist and
associates” with computerized tomography scanning and
a compelling observation that intra-abdominal fat was
minimal in healthy young women until approximately
30 kg of fat accumulated elsewhere on the body; for
men, fat was stored intra-abdominally in a straight line
relationship with increasing overall adiposity. Kvist and
associates found a very high correlation between WC
and total abdominal adiposity predicted at two different
abdominal slices for both men and women, and specific
VAT was also highly correlated.¥” Other studies have
repeatedly confirmed this finding with abdominal fat scans.
Lemieux and coworkers® showed that premenopausal
women can accumulate more body fat than men before
they reach the VAT levels found in men. Kuk and
colleagues® demonstrated similar findings with greater
subcutaneous adipose tissue (SAT) and lower VAT in
women compared to men and an inverse relationship in
both sexes with age.

There was no sex difference in the relationship of WC
to a threshold of VAT (130 cm®) in the study of French
Canadians by Lemieux and associates* but the ratio of
visceral to subcutaneous abdominal fat was doubled in
men (0.59) compared to the women (0.29) in this study
sample. There was an age difference in WC corresponding
to the VAT thresholds (130 cm?®), with lower WC for the
same VAT for older men and women (e, WC = 100 cm,
<age 40; WC = 90, >age 40). The absence of a sex difference

in WC equivalents to VAT volume despite sex differences
in subcutaneous fat in this study probably reflects some
of the variability related to human sexual dimorphism
in abdominal shape. Other differences such as sensitivity
to the factors affecting insulin resistance could explain
the sex differences in WC thresholds corresponding to
actual disease outcome risk.

This sexual dimorphism leads to a logical and practical
difference in the measurement of WC between men and
women. The military-adopted sex-specific abdominal
girth measurement sites, with men measured at the level
of the navel (“abdominal 2”) and women measured at
the thinnest point between the ribs and the suprailiac
crest (“abdominal 17).!2 These measurements are made
at mid-expiration, with measurements horizontal with the
floor and flat against the skin (not with a spring-gauge
controlled tension tape, such as the Gulick-style tapes).
Most health risk studies involving both men and women
have measured WC by a single standard for consistency.
This WC measurement site can be any of multiple
possibilities between the lowest rib margin and the top
of the iliac crest; a common choice and a World Health
Organization standard is to measure men and women
midway between these limits.

Anthropometric Associations with Body
Mass Index Thresholds (25 kg/m?)

Body weight expressed as BMI is the most commonly
obtained anthropometric or body fat measurement in
health risk epidemiology and thus provides the key basis
against which other measurements of interest such as WC
or adiposity can be roughly calibrated. The corresponding
values for potentially equivalent or superior thresholds
of risk can then be further tested to determine if WC or
adiposity provide greater predictive value than body
weight.

Many studies have contributed to the change in obesity-
related disease threshold with BMI, and national
and international review committees have frequently
revisited the question, converging on BMI >25 and
>30 kg/m? as “overweight” (or some term describing
greater than healthy weight) and “obese,” respectively.*!
The US. Army used BMI 25 kg/m? as a basis for
upper limits of military body fat standards and also
considered the thresholds of WC recommended by the
National Heart, Lung, and Blood Institute (NHLBI);
this is discussed in further detail in the next section of
this article.
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Zhu and coworkers*? considered the WC values that
corresponded to similar cardiovascular risk factor
predictions provided by BMI 25 and 30 in white subjects,
ages 20-90, in the National Health and Nutrition
Examination Survey (NHANES) III sample (Table 1).
A BMI 25 corresponded to 90 and 83 cm, for men and
women, respectively, based on lowest probability of having
one out of four measured risk factors (reference BMI for the
odds ratio comparisons were set at the 25th percentile
for BMI and WC). For BMI 30, the corresponding health
risks were predicted at WC 100 and 93 cm for men and
women, respectively. Waist circumference had better
sensitivity than BMI in both men and women*? Using the
same technique in a later analysis, Zhu and colleagues
compared ethnic groups in the NHANESII data,
finding higher WC thresholds for white men compared
to black men and Mexican Americans; women had
smaller differences between ethnic groups.*® Simplified
threshold recommendations that combined values across
ethic groups for BMI 25 equivalents were 89 and 83 cm for
men and women, respectively (Table 1). Other studies
have also suggested that some Asian populations
(Chinese and South Asian) have more VAT relative
to Europeans. The Multicultural Community Health
Assessment Trial study** of a large group matched by
BMI and sex found that VAT was underestimated by BMI
in the non-European groups (although above some levels
of obesity, Asian cohorts had more VAT than Europeans).

Also using the NHANESIII data, Janssen and associates!
examined odds ratios for metabolic syndrome by
NHLBI criteria for BMI (25 and 30 kg/m? and WC (102
and 88 cm for men and women, respectively). There were
dramatic progressive increases in odd ratios for men
and women for BMI 25 and 30 kg/m? compared to
BMI <25 kg/m? but these differences were completely
abolished after adjustment for WC. In other words, normal-
weight individuals with the same WC as obese individuals
had similar risks for metabolic disease, further suggesting
that WC is the single physical measurement needed
for predicting obesity-related metabolic disease. The
usefulness of BMI in previous epidemiological studies
of T2DM and related metabolic diseases may derive
primarily from its association with WC as a less precise
surrogate of VAT.

Waist circumference equivalents of BMI only provide
starting points from which to conduct validation studies,
as the overall adiposity as well as location of abdominal
fat (and intramuscular fat) varies within subpopulations.
Matsuzawa and colleagues demonstrated this variability
in the dramatic example of Sumo wrestlers compared to

Table 1.

Waist Circumferences (cm) Corresponding to Body

Mass Index (25 kg/m?), Based on Similar Risk Factor
Odds Ratios

Race/ethnicity
African Mexican Non-Hispanic
American American white
Men*2 - - 90
Men*3a 86.4 88.7 91.3
Women*? - - 83
Women*3b 83.5 83.1 83.4

@ Simplified overall recommendations, regardless of race/ethnicity:
89 cm.

b simplified overall recommendations, regardless of race/ethnicity:
83 cm.

obese patients!! A group of young wrestlers (average age
18 years; BMI 36 kg/m? were compared to obese patients
of similar BMI, sorted by visceral- and subcutaneous-
predominant abdominal fat distributions. The wrestlers
and the patients with subcutaneous fat distribution had
mean values of fasting plasma glucose, cholesterol, and
triglycerides in the normal range, while the visceral
fat obese patients were substantially elevated."! Only 1
of 15 Sumo wrestlers studied by abdominal computed
axial tomography scan had high visceral fat levels.!
Matsuzawa and colleagues also noted that many of the
obese subjects actually had low visceral fat content and
high subcutaneous abdominal fat stores. They suggested
that the physique of Japanese subjects might be different
than that of the white European samples on which some
of the commonly used health risk thresholds have been
based.!! Clearly, physical activity habits have important
effects on body composition and alter the relationship
between BMI and WC.> This is observed in the fit
and active U.S. military population when compared to
nationally representative samples.

Overall body composition equivalency to BMI 25 has
also been examined. These comparisons have been based
on observed body composition relative to body size and
not compared on the basis of equivalent health risks.
For the military, this was the initial basis that anchored
the body fat standards, working in reverse from
established weight-for-height tables that derive originally
from the 1912 actuarial tables; this will be further
discussed in the next section. In a large multinational
study, percent body fat was accurately assessed using
four-compartment model estimations and compared
across three ethnic groups for correspondence to BMI 25%
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(Table 2). Asian men and women tended to have higher
percent body fat for the same BMI, as did white and
African Americans, and relative body fat increased in all
groups by age. A separate study of Asian (predominantly
Chinese immigrants) and white samples resulted in
similar findings* (Table 2). Overall predicted body fat
equivalents of BMI 25 can be practically summarized as
21-24% for men and 33-36% for women, but with wide
variation by groups and individuals.

Waist Circumference Calibrated to Percent
Body Fat

Of all the anthropometric circumferences, skin folds,
and thicknesses or breadths that have been studied,
WC is the single best predictor of overall adiposity in
men and women. Comparing BMI, WC, and WC/height
ratio to dual energy xray absorptiometry-derived percent
body fat from the recent NHANES data, Flegal and
coworkers? reported that none of these measures were
accurate for individual percent body fat predictions
but that, within sex and age groups, all of these
measures corresponded well to overall percent body
fat. Waist circumference was superior to BMI for men,
but BMI worked well for women compared to WC alone.
Height-adjusted WC was slightly better than WC alone.
From original work for the U.S. Marine Corps in the
late 1970s,%8%° the Department of Defense has used a
combination of circumferences and stature to estimate
a percent body fat, which is WC-based and reasonably

accurate for individuals.'%%°
dD
Bod 0 ponding to Bod de
g Based o O omp 0d
O O DOC O DO O
Race/ethnicity
Age ;
African Asian White
American
20-39 20 23 21
Men?® 40-59 22 24 23
60-79 22 24 25
Men?4® 18-94 - 23.6 19.2
20-39 32 35 33
Women*® 40-59 34 36 35
60-79 35 36 38
Women*6 18-94 — 36.8 34.2

The US. Department of Defense uses a “calibrated”
WC as the basis of their body fat standards, with
downward adjustment of the relative body fat for
increasing height and neck circumference and with the
addition of a hip circumference for women, to the main
measurement of WC.® The predictions correspond to an
upper limit for all military services of 26% and 36% body
fat, roughly equating to 98 cm (385 in) and 89 cm
(35.0 in.) WC for the typical service member and 27.5
and 25.0 kg/m? BMI upper limits for men and women,
respectively (Table 3). The lower limits are set to fit
young observed averages plus a statistical window, while
these upper limits are anchored expressly to health limits.
The army applies these upper limits as the threshold
for action for service members over age 40, with more
stringent standards applied to younger age categories'?
(Figure 1).

Originally, different sets of “generalized” predictive
equations were developed for the army, navy, marines,

Men

Upper limit was set at 20% body fat, based on

mean fitness values

e Based on a 5% population distribution above the
mean body fat of fit young men (15% body fat)

e Corresponds to average BMI 25.0 kg/m? in male
military recruits

e Corresponds to average “fit” aerobic capacity
(46 ml/kg/min)

<21 years

Upper limit was set at 26% body fat, based on

thresholds of health risk

e Corresponds to WC 38.5” (NHLBI health guideline,
WC < 40”), based on average height 5’9” and neck
circumference 15”

e Corresponds to predicted BMI 27.5 kg/m? in male
soldiers

>39 years

Women

Upper limit was set at 30% body fat, based on

mean fitness values

e Based on a 5% population distribution above the
mean body fat of fit women (25% body fat)

e Corresponds to average BMI 23.5 kg/m? in a
population of female military recruits

<21 years

Upper limit was set at 36% body fat, based on

thresholds of health risk

e Corresponds WC 35.0” (NHLBI health guideline,
WC < 35”) based on average height 54", neck
circumference 12.8”, and hips circumference 37”

¢ Corresponds to predicted BMI 25.0 kg/m? in
female soldiers

>39 years
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and air force on the premise that the populations

differed in ethnic representation typical of each of the BMI=25
military services; this was a fundamental flaw in logic, wc ~35”

calling into question the generalizability of any of these
predictions if they did not work across populations
and provide reasonable estimations at the individual
level. This was resolved with universal adoption of the
equations originally developed by the navy after further
study and validation across groups and against a four-
compartment model of body composition.”® The greatest
difference in the service-specific equations were for
women, with each military service emphasizing different
circumferential measurements (combinations of waist,
hips, thighs, forearms, and wrists), and each equation
provided very different percent body fat results for the
same woman. The army equation selected from a family
of regression equations drawn from a sample of female
soldiers included body weight along with height and four
circumferences. This proved to be a good equation for
female body fat, which was relatively sensitive to changes
in body composition,®** even though it was too complex
and did not target the abdominal circumference, which is
most relevant to military concerns.!?> The advantage of
including body weight in female body fat estimation is
that, at least in large samples of female soldiers, lean
mass does not increase dramatically with increasing
body size, but body fat has an excellent correlation.
This is in contrast to male soldiers, where lean mass,
more than relative body fat, increases with body size;
for men, WC is a clear and separate discriminator of
adiposity compared to body size. Experience with military
body fat standards has been reviewed previously in
detail 1>

Waist Circumference Prediction of Type 2
Diabetes

In the Treatment Outcomes Prospective Study of 1969,
thousands of older (age 40-59) white women in the
United States and Canada were examined for health
consequences associated with increasing WHR. Split into
upper and lower tertiles, the upper tertile of WHR has
a three-fold relative risk for diabetes after adjustment
for age and other body measurements, and this was the
most important disease association.”?

Lundgren and associates® found that BMI and WHR were
significant predictors of diabetes in a Swedish population
12 years later. Elevated serum glucose, however, was
predicted only by increases in BMI and increases in WHR,
emphasizing the importance of inappropriate weight
gain over body size.>

(Increased health risks)

Age-specific |
body fat limits

Ideal = Distribution of % body fat in
healthy, fit young men and women BMI = 27.5

] WC ~38.5”

“Overfat”

tt

1
1
Age-specific I
1
1
L

(Increased health risks)

body fat limits |
| + y + +

0% 5% 10% 15%  20%
Relative body fat

! !

ML I ' |
= } } } |
Zi"i 30% 3i°i 40% 45% 50%

Figure 1. Army body fat standards for men and women and the
corresponding BMI and WC for health-related upper limits of the
oldest soldiers.

The Health Professionals Follow-Up Study (51,529 U.S.
male health professionals) demonstrated that both overall
and abdominal adiposity strongly and independently
predict risk of T2DM.® Recommended cutoff for WC
should be lower than the 102 cm for men, and 84%
of T2DM cases were >94 cm, while a threshold value of
101 cm included 56% of cases. The authors recommended
a lower WC cutoff at 95 cm rather than the current
NHLBI 102 c¢m for men, based on actual T2DM outcome
associations.!®

This year, Gallagher reported significantly greater VAT,
higher intermuscular adipose tissue (IMAT), and lower
SAT in white compared to African American T2DM
cases, suggesting the possibility that VAT and IMAT
depots affect insulin resistance differently in different
populations.>*

Diabetes affects body composition; thus confirmed
disease produces different relationships than predicting
risk of disease in advance of actual onset of clinical
symptoms. Gallagher and colleagues® compared patients
with T2DM to healthy controls and found that, for men
and women, VAT and IMAT were higher and SAT was
lower in patients with T2DM. Thus accumulating visceral
fat may be a risk factor and/or a cause or accelerator of
the metabolic derangements associated with T2DM.

Han and associates’® studied a group of overweight
British white women and demonstrated that weight
loss was associated with reduction in WC, and the
largest stable reductions in WC after 6 months produced
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improvements in at least one of several risk factors
(e.g., serum cholesterol, low-density lipoprotein cholesterol,
and diastolic blood pressure). This is suggestive evidence
that some amount of weight loss for individuals within
action zones set by WC thresholds can be beneficial to
health risk outcomes.

Application of Waist Circumference
Thresholds to Public Health Intervention

As the problem of obesity-related disease spreads from
affluent western countries to the rest of the world, the
generalizability of WC thresholds across populations is
put to the greatest test. The U.S. military has a relatively
small proportion of Asian Pacific ethnic members
and has never tested body composition measurement
and thresholds of action in a significant cohort or
subpopulation of Asian Americans at military bases in
Hawaii or elsewhere. Within this group, there are clearly
differences at least as large as the variability seen just
within Europeans,® ranging from lower WC thresholds
proposed for Japanese men and women® compared to
higher WC thresholds proposed for Maori men and
women.%

In a bold campaign to stem the rise in diabetes and
other obesity-related diseases, the Japanese government
imposed a new law in 2009 requiring measurement
of WC of adults between the ages of 40 and 74 during
annual checkups. Individuals who exceed 85 cm (men)
and 90 cm (women) based on thresholds established in
2005 by the International Diabetes Federation® must lose
weight within 3 months or receive dietary guidance and
additional intervention after an additional 6 months of
unsuccessful progress. Companies and local governments
will receive financial penalties for failure to meet WC targets.
This national scale enforcement of obesity prevention
measures is very similar to the US. military enforcement
of obesity prevention directed by President Carter in
1980 that continues today. Unfortunately, no careful
assessment has been made of the effectiveness compared
to a similar group without these policies in place.

The approach is controversial not only because a
specific threshold for action was mandated, where other
national programs have typically only set population goals,
but also because of the application of the International
Diabetes Federation recommendations that include WC
thresholds that are higher for men than women—only for
Japanese of all the Pacific Rim populations considered.

Conclusions

Medical technology has provided many great insights
into disease, including modern imaging technologies
that have differentiated fat depots that have the greatest
influence on T2DM. Ultimately, a 50-cent measuring tape
provides the most useful and cost-effective preventive
measure for T2DM today. At some point in the future,
a Star Trek-like abdominal body fat “tricorder” noninvasive
assessment of adiposity and perhaps biochemical
composition will provide a significant advantage over
abdominal girth. The effects of physical fitness and
physical activity habits on T2DM risk®® also need to
be better understood, and benefits of energy flux and
exercise-associated changes need to be distinguished from
effects on abdominal fat reduction. Despite concerns
about the specific WC thresholds for action, continuing
reports from new studies of specific populations suggest
that the action levels for WC and T2DM risk should be
more stringent than NHLBI guidelines for men (102 cm)
and women (89 cm), and it would not be harmful to
set worldwide “gut reduction” targets somewhere below
90 cm for both sexes. The calculation of an adjusted
WC as used by the U.S. military actually provide the
finer adjustment for body sizes that may accommodate
some of the differences seen across populations, but this
remains to be demonstrated.

Disclaimer:

The opinions and assertions in this article are those of the author
and do not necessarily represent official views or policies of the
U.S. Department of the Army.
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