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valuating consistency of anthropomorphic measurements
n women with a history of gestational diabetes
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OBJECTIVE: Determination of waist circumference is now being recommended as a routine office
measurement to identify women with metabolic syndrome and to monitor clinical response to thera-
peutic interventions. As such, the accuracy of measurement is important. In this study, we tested
accuracy of a series of anthropomorphic measurements by looking for internal consistencies between
them and by comparing changes in circumference to changes in weight.
METHODS: We evaluated the fluctuations in anthropomorphic measurements performed by the same
group of examiners on gestational diabetics being followed during the postpartum period.
RESULTS: One-hundred sixty-six patients were identified for the study who contributed a total of 502
changes in each of the variables over time. Comparisons of different waist measurements found
significant changes in 35% of cases. As many as 40.4% of women had at least one episode of significant
discordance when weight changed measurably in one direction but circumference changed in the
opposite direction, and 41.6% of women had at least one measurement where a circumference changed
significantly, but the weight did not. The frequency of these discordances was not different between
obese versus nonobese women.
CONCLUSIONS: The inconsistencies found in this real-world experience suggest that the clinical
significance of the anthropomorphic measurements may be limited and must be considered in the
context of the patient’s weight and/or body mass index.
© 2009 Elsevier Inc. All rights reserved.
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Body mass index (BMI) measurements have been found to
rovide useful estimates of obesity-related health risks at a
opulation level, but may not be reliable for individual risk
ssessment.1,2 Anthropomorphic measurements (such as waist
nd hip circumference) and related measures (such as waist-
o-hip ratios) have been found to be predictive of increased
isks for chronic diseases (such as diabetes, hypertension,
troke, and myocardial infarction).3-5 Body fat distribution
ontributes to obesity-related disease risk independent of adi-
osity.6 Waist measurements represent central obesity and are
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hought to be predictive of cardiovascular risk because they
eflect the quantity of visceral fat.7-9 In particular, waist cir-
umference and related measurements have been reported to
e more predictive for individual patients’ cardiovascular risk
nd/or all-cause mortality than BMI (this is true in the over-
eight to mild obesity categories).3,10,11 Age and gender may

lso be important factors to consider when interpreting these
easures. Waist-to-hip ratios (but not waist circumference)

ave been shown to be much more accurate than BMI in
redicting risk for death in men and women over age 75.12

aist-to-hip ratios, rather than BMI, have also been recom-
ended for use in middle-aged persons.3,13

The National Cholesterol Education Program, the Group

or the Studies of Insulin Resistance, the World Health

mailto:zmusherraf@westernu.edu
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5Musherraf and Nelson Anthropomorphic Measurements in Women with Gestational Diabetes
rganization (WHO), and the American Association of
linical Endocrinologists all consider an excessively large
aist circumference (greater than or equal to 80–88 cm) or
waist-to-hip ratio greater than 0.85 in women as at least

ne defining criterion of metabolic syndrome.14,15 Some
uthors have suggested that measurement of waist circum-
erence should become a routine vital sign, especially in
atients with a normal BMI.16 Others have called for dif-
erent thresholds for defining abnormalities in waist and hip
easurements for subjects from various geographic/ethnic

ackgrounds.16-19

Given the pivotal role that the measurements of waist
nd hip circumference have in predicting risk of disease and
he significance that changes in those measurements may
ave in monitoring risks of those substantial disease
tates,20 it is important that these measurements be accurate
nd easy to obtain. Translation of earlier research reports
nto clinical practice may not render similarly reliable re-
ults. In this study, we investigate the accuracy of routine
easurements of waist and hip circumferences in a real-
orld clinical setting. Accuracy was assessed by examining

he degree of internal consistency between changes in the
wo different measures of waist circumference and in the
egree of internal consistency between changes in weight
nd changes in each of the 3 measured circumferences.

aterials and methods

omen who have been diagnosed with gestational diabetes at
he Harbor-UCLA Medical Center in Torrance, California are
ollowed postpartum in a special clinic designed to encourage
ong-term healthy lifestyles and to monitor these high-risk
omen for development of glucose intolerance/diabetes and
ther markers of metabolic syndrome. This clinic serves an
ndigent, primarily Hispanic patient population.

At each visit, the patient’s weight is recorded, as are mea-
urements of the hip and waist circumferences. All measure-
ents in this study were obtained by two women’s health care

urse practitioners. Hip circumference was defined as the
reatest lower truncal circumference, which includes the but-
ocks. Waist circumference was measured at 2 (potentially
ifferent) sites. One measurement was defined as circumfer-

Table 1 Baseline characteristics h � 166

Mean (Std) Minimum Maximum

Age 31.9 (5.53) 18 44
Gravity 3.23 (1.75) 1 9
Parity 2.6 (1.5) 1 8
Weight (lb) 157.3 (29.15) 101 259
BMI 29.14 (5.15) 19.80 46.57
True waist (cm) 89.1 (11.1) 66 129
Umbilical waist (cm) 99.3 (13.0) 71 136
Hip (cm) 103.2 (11.4) 75 139
nce at the site where the patient defined as her waist (the “true
aist”). The second was the circumference that included the
mbilicus (the “umbilical waist”). Each waist measurement
as taken at the end of an exhalation with the patient having
een told to relax her abdominal muscles.

This study was approved by the Institutional Review
oard of the Los Angeles Biomedical Institute at Harbor-
CLA Medical Center to study these data on an exempt
asis after the data were de-identified. All women who had
t least 2 visits in which all the relevant measurements were
ecorded are included in the study. There were no exclusion
riteria beyond inadequate data. Chi square tests were used
o test for differences between dichotomous variables, and a
isher t-test was used to test for differences in continuous
ariables. Statistical significance required a p � 0.05.

esults

fter evaluating the medical records for completeness in all
easurements for at least two visits, we identified 166

atients who contributed a total of 668 visits, which pro-
ided information for 502 changes in each of the variables
ver time. The mean number of eligible return visits was
our per patient, whereas the median was three. Baseline
haracteristics of the patient population are described in
able 1. The population was varied; baseline BMIs ranged

rom 19.5 to 45.6 kg/cm2.
Several analyses of the changes in waist and hip circum-

erence measurements were performed to investigate their
nternal consistency as a way to validate accuracy. The first
nalysis of the reliability of these waist measurements was
o compare the magnitude and direction of changes in the 2
ifferent measurements of the waist circumference (the true
nd the umbilical circumferences). Internal consistency was
stablished if a woman’s true waist circumference changed
n the same direction as the umbilical waist circumference.
nternal consistency was violated if the 2 measures changed
ignificantly in opposite directions. Although others have
eported precision in measurements to 0.1 cm12, we selected

Table 2 Discordances between changes in true and
umbilical circumferences*

Number of women 166
Number of visits 668
Number of changes between visits 502
Number of discordant measurements 178
% of all measurements 35.3%
% of women with �1 episode 57.7%
Range of discrepancies (cm) (STD) 4–26
Mean discrepancy (cm) 8.76 (5.03)
Frequency of episodes in women

with BMI �30 vs. BMI �30
p � 0.777

*One waist circumference increased by at least 2 cm, whereas

the other decreased by at least 2 cm.
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cm as a cut-off for accuracy because we believed that
here would be general agreement that differences greater
han that would be substantially wrong. Table 2 displays
nformation about the 177 episodes in which significant
iscordance was found between the 2 measurements, that is,
hen one waist measurement changed by at least 2 cm

increased or decreased) and the other waist measurement
hanged by at least 2 cm in the opposite direction and
roduced a net difference of at least 4 cm. Interestingly,
here was no difference in the frequency of discordant
easurements between obese and nonobese women.
Next, internal consistency was tested by comparing

hanges in weight to changes in the circumference measure-
ents. Discordance was first defined as the patient’s weight

hanged by more than two pounds in one direction (gain or
oss), whereas the circumference measurement changed by
ore than 2 cm in the opposite direction (increase or de-

rease). Again, these limits were set to allow for accuracy of
cale (2 lb) and relatively large (2 cm) differences in cir-
umference measurement. Table 3 displays the frequency
nd degree of discordance found between weight change
nd each of the circumference measurements. The mean
hange in circumference was 5.84 cm when the women had
n opposite change in weight of 5.8 lb. It can be seen that at
east 30% of women had at least one episode of significant
iscordance between changes in weight and changes in each
f the measurements of circumference. There was no sta-
istically significant difference in the frequency of such
iscordance between obese and nonobese women.

In a second analysis of internal consistency, discordance
as identified when there was a significant change (�2 cm)

n circumference but no significant change (�2 lb) in

Table 3 Discordances between changes in weight and circum

True w

Number of discordant measurements 89
% of all measurement changes 17.7
% of women with �1 episode 40.4
Range of weight changes (lb) 2–34.
Mean weight changes (lb) (STD) 5.76
Range of circumference changes (cm) 2–16
Mean circumference change in cm (STD) 4.8
Frequency of episodes BMI �30 vs �30 p � 0

*Circumference changed in one direction by more than 2 cm, where

Table 4 Changes in circumference not accompanied by weigh

True wa

Number of discordant measurements 81
% of measurement changes 16.1
% of women with �1 episode 35.5
Range of circumference changes 2–20.5
Mean circumference (STD) 5.29 (3.
Frequency BMI �30 vs �30 0.857
eight. Table 4 displays the frequency and degree of these
vents. In the extreme, one woman had a 20.5-cm change
ecorded in her waist circumference that was not accompa-
ied by any change in weight. At least one third of women
ad at least one episode of this discordance. Again, the
requency of this discordance did not vary between obese
BMI �30) and nonobese (BMI �30) subjects. There were
lso many episodes when the weight changed significantly but
he curcumference measurements were stable (not shown).

iscussion

besity is epidemic in the United States; estimates are that
or the first time in four centuries, life expectancy of the
ext generation may be less than for the current one pri-
arily because of obesity and obesity-related diseases. Met-

bolic syndromes have been defined to identify individuals
t high risk for cardiovascular disease. Visceral adiposity, as
etermined by magnetic resonance imaging/computed to-
ography studies, is most closely linked to dyslipidemia,

nsulin resistance, and other cardiovascular risk factors.20

Because direct measurement of visceral fat is not possi-
le, surrogate measures have been developed to identify
atients who require medical interventions and to monitor
he progress of those treatments. Weight, BMI, waist cir-
umference, hip circumference, and waist-to-hip ratios have
ll been studied. Anthropomorphic measurements have
een found to be more sensitive than weight or BMI. Many
tudies have confirmed a high correlation between waist
ircumference and viseral obesity.7-9,21-24 Furthermore, Jans-

measurements*

Umbilical waist Hip

79 68
15.7 13.5
34.3 30.1
2–34.5 2–34.5
5.83 (4.6) 5.33 (4.97)
2–23 2–47.3
5.85 (4.01) 5.65 (5.85)
p � 0.263 p � 0.175

ht changed in the opposite direction by more than 2 lb.

ges

Umbilical waist Hip

103 96
20.5 19.1
41.6 39.2

2–19 2–40.5
5.59 (3.71) 4.94 (4.53)

0.362 0.773
ference

aist

5
(4.55)

(3.20)
.398
t chan

ist

53)
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7Musherraf and Nelson Anthropomorphic Measurements in Women with Gestational Diabetes
en et al. found that within each BMI category, those patients
ith larger waist circumferences had higher risks for virtually

very obesity-related comorbidity when compared with nor-
al-waisted patients.25

Hu has demonstrated that the waist circumference mea-
urement is also simpler to measure than the waist-to-hip
atio, that it is associated with fewer measurement errors,
nd that waist circumference is the most practical and sim-
le to interpret.20 Different cutoffs have been suggested for
ifferent ethnicities to reflect differences in muscle mass
nd bone density.17

However, our study found that the accuracy of measure-
ents of circumference can be questionable in real-world prac-

ice. Testing available data for internal consistency, there were
igh rates of changes that did not make sense. In particular, we
ound that 57.7% of women had a significant change in ab-
ominal girth (�2 cm) in one direction (increase or decrease)
easured by “true waist”, when the other measure of girth

umbilical waist” had a significant change in the opposite
irection. Because the “true waist” might be considered an
nreliable gauge, we also compared measurements of circum-
erence to a more objective measurement (weight). We again
ound that at least 30% of women had at least one time when
er circumference changed significantly (�2 cm) in one direc-
ion (increase or decrease), whereas her weight changed sig-
ificantly (�2 lb) in the opposite direction. We also found
hanges in circumference when there was no accompanying
hange in weight; significant changes in weight were also seen
ith no changes in circumference. Virtually every woman who
ad multiple visits had at least one episode of inconsistent
hanges in some variable. Interestingly, obesity did not affect
he answers; the frequency of inconsistent changes was no
ifferent between women with BMI �30 compared with
onobese women. If we had used lower thresholds for discor-
ance (�1 cm or �1 lb), as has been done in other studies, the
esults would have been even significant.

It is interesting to note that, as important as these mea-
urements appear to be, there are no standardized protocols
or determining any of the anthropomorphic measurements.

HO has provided guidance, but those recommendations
re not universally followed. National Health and Nutrition
xamination Survey criteria specified that the waist circum-

erence is to be measured with a steel measuring tape to the
earest 0.1 cm at the high point of the iliac crest at minimal
espiration.21 However, these criteria are often, but not
lways, used.22 For example, for hip circumference, Sön-
ez et al. measured the circumference in the standing po-

ition from the plane of both major trochanters.2 On the
ther hand, Zhang et al. measured hip circumference at the
evel of maximum width of the buttocks with the subject in
standing position.16 Noble determined hip circumference

t the widest point over the greater trochanter.23 Similarly,
önmez et al. measured the waist circumference in the
tanding position at a point midway between the lowest rib
nd the iliac crest.2 Zhang measured waist circumference
.5 cm above the umbilicus.16 The Department of Defense

dvises the clinician to “feel to locate the upper hip/bone m
nd top of the right iliac crest and locate the midpoint. The
ape is placed in a horizontal plane around the abdomen at
he level of that landmark. Measurements are made to the
earest half inch.24 Others record the waist circumference at
he level of the umbilicus.5,23

Although we recognize the theoretical importance of
aist circumference, our study highlights the need to con-

ider several real-world sources for potential error. For
xample, distinct problems arise by measuring waist cir-
umference at only one site. As women gain weight, the
bdominal panniculus often falls. This can create a situation
n which the upper abdomen may become more slender. At
he same time as the umbilicus droops toward the mons, the
ower abdomen may increase greatly in girth. To reflect the
ariability of anatomical locations of both visceral and sub-
utaneous fat, this study defined 2 different measures of
aist circumference. Some of the discordance seen between

hanges in true waist and umbilical waist measurements
ay be explained by this “settling” or “drooping” effect.
In addition, there is a possibility of error in measurement.

here is a suggestion of this potential in the way data have
een reported in earlier studies. Price et al. performed du-
licate measurements of waist and hip circumference and
eported discarding instances when there was greater than
% difference between the duplicate measurements. They
veraged remaining data points and reported waist circum-
erence to the nearest millimeter.12

Beyond the definitional and mechanical factors such as
espiratory excursion and positional changes that may in-
roduce measurement errors, patients themselves may also
ontribute some to the uneven findings. In their embarrass-
ent, there is a tendency for the patients to “suck it in” or

ontract their abdominal muscles whenever they are being
easured. In reproductive-aged women, the menstrual cycle
ay also affect abdominal circumference measurements.
uring the premenstrual phase, the patient’s bloating and

onstipation may add to the total circumference, as may
ood or air in the gastrointestinal tract or an enlarged uterus.
lthough Janssen et al. and Zhang reported recording their
easurements to the nearest millimeter,16,25 our data sug-

est that at least changes less than 2 cm are too unreliable to
e considered clinically significant.

Even though all the measurements were made by trained
rofessionals, it is clear that very unusual patterns of weight
hange and anthropomorphic measurement changes were
bserved. Therefore, just as BMI may be an indirect and
mperfect measurement of adiposity and has several limita-
ions,20 our study finds that measurements of waist and hip
ircumference also are indirect and (occasionally) imperfect
easures of visceral obesity. Clearly precision may not be

eeded to establish the initial diagnosis of visceral obesity,
ut accuracy and reliability of these measurements may be
ery important in monitoring a patient’s response to treat-
ent. Bosy-Westphal et al. have concluded that waist cir-

umference and hip-to-waist ratios are not able to capture
ll the information that is needed to assess obesity-related

etabolic risk, especially in the context of lean body mass.1
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lthough changes in these anthropomorphic measures are
mportant in assessing risk status and determining the effect
f therapeutic interventions,6 our study suggests that a more
niform and evidence-based method of anthropometric
easurements would be helpful but may not be sufficient.

nstead, the totality of weight and BMI changes, as well as
hanges in waist and hip measurements, should be consid-
red in the context of the patient’s body habitus before
udging the success or failure of a given intervention.
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