JOURNAL OF WOMEN'S HEALTH
Volume 21, Number 10, 2012

© Mary Ann Liebert, Inc.

DOI: 10.1089/jwh.2012.3634

Comparing Apples and Pears:
Women’s Perceptions of Their Body Size and Shape

Marie E. Thoma, Ph.D.] Mary L. Hediger, Ph.D.] Rajeshwari Sundaram, Ph.D.!
Joseph B. Stanford, Ph.D.? C. Matthew Peterson, M.D.2 Mary S. Croughan, Ph.D.;* Zhen Chen, Ph.D.]
and Germaine M. Buck Louis, Ph.D.! on behalf of the ENDO Study Working Group

Abstract

Background: Obesity is a growing public health problem among reproductive-aged women, with consequences
for chronic disease risk and reproductive and obstetric morbidities. Evidence also suggests that body shape (i.e.,
regional fat distribution) may be independently associated with risk, yet it is not known if women adequately
perceive their shape. This study aimed to assess the validity of self-reported body size and shape figure
drawings when compared to anthropometric measures among reproductive-aged women.

Methods: Self-reported body size was ascertained using the Stunkard nine-level figures and self-reported body
shape using stylized pear, hourglass, rectangle, and apple figures. Anthropometry was performed by trained
researchers. Body size and body mass index (BMI) were compared using Spearman’s correlation coefficient. Fat
distribution indicators were compared across body shapes for nonobese and obese women using analysis of
variance (ANOVA) and Fisher’s exact test. Percent agreement and kappa statistics were computed for apple and
pear body shapes.

Results: The 131 women studied were primarily Caucasian (81%), aged 32 years, with a mean BMI of 27.1 kg/m?
(range 16.6-52.8kg/ m?). The correlation between body size and BMI was 0.85 (p<0.001). Among nonobese
women, waist-to-hip ratios (WHR) were 0.75, 0.75, 0.80, and 0.82 for pear, hourglass, rectangle, and apple,
respectively (p <0.001). Comparing apples and pears, the percent agreement (kappa) for WHR >0.80 was 83%
(0.55).

Conclusions: Self-reported size and shape were consistent with anthropometric measures commonly used to
assess obesity and fat distribution, respectively. Self-reported body shape may be a useful proxy measure in
addition to body size in large-scale surveys.

Introduction

HE PREVALENCE OF OBESITY has more than doubled over

the past 30 years,' with almost a quarter of reproductive-
aged women currently estimated as obese.” The long-term
health impact of obesity is considerable, with consequences
for all-cause mortality and chronic disease risks, including
cardiovascular disease (CVD), type 2 diabetes, asthma, and
various cancers.®> In addition to chronic disease risk, the
growing rate of obesity in reproductive-aged women has
consequences for reproductive and perinatal health out-
comes, including subfertility, pregnancy complications, and

neonatal morbidities.*” Evidence suggests that regional adi-
posity is an important predictor of chronic disease risk inde-
pendent of total adiposity,®® particularly among nonobese
and normal weight women.” What remain unclear from the
literature are the independent contributions of total and re-
gional adiposity on health outcomes for women across the
life course. This uncertainty may be partially attributable to
limitations in methods for assessing regional adiposity on a
large scale.

Most epidemiologic studies use anthropometric measure-
ments of body size and shape as proxies for general and re-
gional fat distribution, respectively. Body mass index (BMI,

'Division of Epidemiology, Statistics, and Prevention Research, Eunice Kennedy Shriver National Institute of Child Health and Human

Development, National Institutes of Health, Rockville, Maryland.

*Department of Family and Preventive Medicine and *Department of Obstetrics and Gynecology, University of Utah, Salt Lake City, Utah.
“Department of Obstetrics, Gynecology, and Reproductive Sciences and Department of Epidemiology and Biostatistics, University of

California, San Francisco, California.

1074



PERCEIVED BODY SIZE AND SHAPE

kg/m?) is the most widely used indicator of body size'® but
cannot account for differences in body fat distribution or its
corresponding health risks. The importance of regional dif-
ferences in fat distribution for assessing health risk was first
proposed by Vague'' who differentiated women anthro-
pometrically into three body shapes: android (upper body
fat, including visceral deposits at the level of the waist and
subcutaneous deposits on the back), intermediate, and gynoid
(lower body fat, including on the thighs and buttocks). More
recent anthropometric indicators of body shape that have
shown the greatest use in clinical and epidemiologic studies
as predictive of disease risk are primarily assessing measures
of central adiposity.'” These include waist circumference
(WQ),13 waist-to-hip ratio (WHR),* and waist-to-height ratio
(WHIR)."”> However, anthropometric evaluation to assess
body size and shape may not always be feasible in large ep-
idemiologic studies where resources are limited or where
historical information is of interest for life course studies.

Alternative data collection approaches for assessment of
body size and shape are needed, especially approaches that
can be based on self-report and attained though administra-
tion of questionnaires. A commonly used measure of self-
reported whole body size in population-based studies is the
Stunkard nine-level figure clrawings,16 which have been
demonstrated as a valid indicator of both current and past
body weight."” "' On the other hand, self-reported measures
of body shape are limited. Some studies have looked at pant*
and bra cup size”** as proxies for abdominal or extra-
abdominal upper body fat, although they cannot distinguish
overall differences in upper, lower, and central body fat dis-
tributions. To date, there are no comparable self-reported in-
dicators of whole body fat distribution patterns. The aim of
this study was to assess whether reproductive-aged women
adequately perceive and report their shape for incorporation
into women’s health and life course studies. Using the Stun-
kard nine-level figure drawings'® and stylized whole-body
shape figure drawings adapted from Connell et al,*” we
compared self-reported body size and shape to anthropo-
metric indicators of general and regional fat distribution,
respectively.

Materials and Methods
Study design and population

Menstruating women between the ages of 18 and 44 years
were enrolled in the Endometriosis, Natural History, Diag-
nosis and Outcomes (ENDO) Study at five participating
hospital sites in Utah and nine participating clinical centers in
California between 2007 and 2009. A matched exposure (op-
erative) cohort design was used in which participants were
considered to be exposed if they were scheduled to undergo a
diagnostic or therapeutic laparoscopy or laparotomy irre-
spective of clinical indication. An unexposed (population)
cohort of menstruating women, aged 1844 years, was mat-
ched for age and residence within the geographic catchment
area of participating sites. Women in both cohorts were ex-
cluded if they could not communicate in either English or
Spanish or if they had a history of surgically confirmed en-
dometriosis (prevalent disease). Enrollment in the population
cohort required a willingness to undergo pelvic magnetic
resonance imaging (MRI) to identify possible endometriosis;
217 women in the population were screened, and 131 enrolled
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in the study. Fifty-five women were excluded based on age,
language, or prior history of endometriosis, and 31 refused to
participate. For this article, we analyzed data from the pop-
ulation cohort of 131 currently menstruating women, aged
18-44 years, to assure representativeness of body size and
shape distributions from a general population sample. All
women participating provided informed consent. This study
was conducted with the approval of Institutional Review
Boards (IRB) at participating clinical centers. Further details of
this study have been described previously.”

Data collection and variable descriptions

Trained research assistants collected descriptive informa-
tion, including demographic factors, reproductive history,
physical characteristics, and lifestyle factors, at baseline using
computer-assisted technology with visual prompts. Specifi-
cally, women were asked to recall their body size according
to the Stunkard nine-figure scale (Fig. 1) and shape
(Fig. 2) according to stylized figures at 5-year age intervals
(15-19, 20-24, 25-29, 30-34, 35-39, and 40-44) up to their
current age. The four body shape figures (hourglass, pear,
rectangle, and apple [inverted triangle]) used in this study
were based on shapes identified in the Body Shape Assess-
ment Scale (BSAS®) developed by Connell et al.*> The BSAS
was developed among a representative sample of adult wo-
men using three-dimensional (3D) scanning methods origi-
nally designed to address sizing and fit problems in women’s
apparel in the United States. Reliability (average x=0.46, av-
erage y=0.80) of this scale was demonstrated when compared
to evaluation from experts in the garment and textile indus-
tries.”> In addition to pictorial figures, we added medically
relevant descriptions for each shape and asked women to
think about how and where they tended to gain weight and
about the relative proportions of their chest, waist, and hips.

Following in-person interviews, anthropometric assess-
ments were conducted by trained female nurses or research
assistants according to procedures described by Lohman
et al.”’ Anthropometric measurements included height using
a portable stadiometer, body weight using calibrated elec-
tronic scales, circumferences (waist, hip, and midupper arm),
and skinfold thickness (triceps, subscapular, and suprailiac).
WC measurements were taken at the natural waist location
(i.e., the narrowest part of the torso), and hip circumference
was taken at the level of maximum extension of the but-
tocks.”” For most women (95%-97%), circumference and
skinfold thickness measurements were taken twice, and dis-
crepancies >0.1-0.5cm for various measurements were re-
solved by a third measurement (four height, seven waist
circumference, and four hip circumference measures). The final
value used was the average of the two closest measurements.

1 2 3 4 5 6 7 8 9

FIG. 1. Stunkard nine-level figure scale (used with per-
mission).'®
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FIG. 2. Stylized body shapes. How would you describe
your body shape (think about the relative proportions of
your chest, waist, and hips) at each age?

1. Rectangle (straight): The circumferences of your chest
and hips are about the same and you have little to no
waist; when you gain weight, it distributes evenly, al-
though with excess, your stomach may protrude.

2. Triangle upward (pear or spoon): Your hip circumfer-
ence is greater than your chest, and your waist is not
prominent; when you gain weight, it tends to be dis-
proportionately in your hips, rear, and thighs.

3. Inverted triangle (apple): Your chest circumference is
greater than your hips, and your waist is not promi-
nent; when you gain weight, it tends to be dispropor-
tionately in your upper arms, shoulders (back), and
chest (not necessarily the breasts).

4. Hourglass: The circumferences of your chest and hips
are about the same but you have a pronounced waist;
when you gain weight, it is distributed on your shoul-
ders, chest, hips, and rear before affecting your waist
and stomach. Adapted from Connell et al.”

During the anthropometric session, researchers recorded
participants’ current bra size. In addition, women were asked
to report if they had a breast augmentation or reduction and
their presurgery bra size.

BMI was calculated from height and weight measurements
and divided into normal or underweight (BMI<25), over-
weight (25<BMI<30), and obese (BMI>30). Chest circum-
ference (cm) was determined by summing frame size (cm) and
cup size (cm), similar to methods proposed by Wright.?® First,
frame size was calculated by subtracting 5 inches from the bra
size (e.g., 34 or 36) and multiplying the difference by 2.54 to
convert to cm. Second, cup size was converted to cm by as-
signing values of 0.6, 1.9, 4.4,7.6,10.2,13.3, 16.5, and 19.1cm
for cup sizes AA, A, B, C, D, DD (E), DDD (F), and G, re-
spectively, and an additional 2.6 cm for each larger size. None
of the women in this sample had a cup size of AA or larger
than a size F. For women reporting breast surgery or lipo-
suction, their current frame and cup size was used to deter-
mine chest circumference, which more accurately reflects their
current perception of body shape. Using chest circumference
and anthropometric measures, relative proportions of chest-
to-waist (CWR), chest-to-hip (CHR), WHR, and WtHR were
calculated. Binary indicators of central adiposity were deter-
mined using predefined cutoffs for WC (>88cm), WHR
(=20.80), and WHtR (>0.50) in women, as described in the
literature.!>?%31 Using skinfolds, we also determined the arm
fat index (AFI):
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(Upper arm fat area/total upper arm area)x 100
and centripetal fat ratio (CFR):
Supscapular skinfold(mm)/subscapular
+ tricep skinfold (mm).

Self-reported current body size and shape were determined
for each woman based on her current age and reported size
and shape for that age group. For each body size figure, we
assigned a BMI centile using a ranking procedure developed
for girls at menarche'® and applied subsequently to adult
women.*” The assigned centiles corresponding to figures one
to nine were the 5th, 10th, 25th, 50th, 75th, 90th, 95th, 97th,
and 99th, respectively. In this sample, we did not observe any
women with self-reported figure sizes of one or nine. Given
that the mean age of the study population was 32.6 years and
the majority (81%) of women were Caucasian, each centile
cutoff was assigned a BMI value in two ways using the dis-
tribution for white women aged 30-35 years, and the 97th and
99th percentiles were extrapolated based on BMI percentile
charts.*® The first method assigned the exact BMI value for
each centile cutoff, which corresponded to 19.3, 20.7, 22.8,
26.4, 31.6, 35.9, and 40.0kg/ m? for figures two to eight, re-
spectively. The second method assigned the midpoint of BMI
values between two consecutive figures, which correspond to
20.0, 21.7, 24.6, 29.0, 33.7, 37.9, and 42.5 1<g/m2 for body size
figures two to eight, respectively, hypothesizing that women
would self-report the lower figure if they perceived their size
to be intermediate between two consecutive figures.

Statistical analysis

Descriptive characteristics of the population cohort were
examined for all women and stratified by obesity status using
t tests for continuous variables and Fisher’s exact test for
categorical variables. The correlation between body size fig-
ures and measured BMI was compared using Spearman’s
rank correlation coefficient, which allows for comparison of
the relative ranking of women by the two values. Assigned
BMI values (exact or midpoint) for each self-reported figure
level were compared to the participants’ measured BMI by
anthropometry using a paired ¢ test.

Anthropometric variables were compared across body
shape categories for all women and by obesity status using
analysis of variance (ANOVA) for continuous variables and
Fisher’s exact test for categorical variables. The normality of
anthropometric indicators of obesity and fat distribution on
the original scale and transformed scale was assessed visually
using a subset of the ladder of powers®™ and a modified
skewness-kurtosis test of normality. If distributions were
skewed, transformations were applied to achieve normality
and back-transformed to compare values on the original scale.
Based on the skewness-kurtosis test of normality, an inverse
transformation was applied to all circumference measure-
ments (chest, hip, and waist) and BMI, a natural log trans-
formation was applied to the CWR, and a negative inverse of
the square root transformation was applied to weight mea-
surements. Because body shape is more distinguishable an-
thropometrically in nonobese women, the final analysis was
limited to nonobese women. Percent agreement and kappa
statistics were calculated to determine the extent to which self-
reported apple and pear shapes agreed with anthropometric



TABLE 1. DESCRIPTIVE CHARACTERISTICS OF POPULATION COHORT FOR ALL WOMEN AND BY OBESITY STATUS

Nonobese Obese
Characteristic All BMI<30 BMI (30+) p value®
Total 131 94 37
Current body size and shape
BMI (kg/m ?)
Normal/underweight (BMI <25) 60 (45.8) - - -
Overweight (BMI 25-29.9) 34 (26.0) - -
Obese (BMI=30) 37 (28.2) - -
Mean (SD) 27.1 (7.0) 23.6 (3.5) 36.1 (5.4) <0.001
Self-reported body size,  mean (SD)
Assigned BMI (exact)® 25.7 (5.1) 23.5 (3.1) 31.3 (5.0) <0.001
Assigned BMI (mldpomt) 27.6 (5.5) 25.2 (3.7) 33.5 (4.9) <0.001
Self-reported body shape
Pear 41 (31.3) 31 (33.0) 10 (27.0) 0.90
Hourglass 40 (30.5) 28 (29.8) 12 (32.4)
Rectangle 35 (26.7) 25 (26.6) 10 (27.0)
Apple 15 (11.5) 10 (10.6) 5(13.5)
Demographics
Age (years)
15-19 4(3.1) 4(43) 0 (0) 0.26
20-24 25 (19.1) 21 (22.3) 4 (10.8)
25-29 23 (17.6) 15 (16.0) 8 (21.6)
30-34 21 (16.0) 16 (17.0) 5 (13.5)
35-39 27 (20.6) 20 (21.3) 7 (18.9)
40-44 31 (23.7) 18 (19.2) 13 (35.1)
Mean (SD) 32.3(7.8) 31.5(7.7) 34.6 (7.5) 0.04
Race/ ethnicity
Non-Hispanic white 106 (80.9) 78 (83.0) 28 (75.7) 0.34
Other® 25 (19.1) 16 (17.0) 9 (24.3)
Education
High school diploma or less 13 (9.9) 8 (8.5) 5 (13.5) 0.56
Some college or technical school 58 (44.3) 41 (43.6) 17 (46.0)
College degree or greater 60 (45.8) 45 (47.9) 15 (40.5)
Household Income®
Below poverty line 16 (12.3) 10 (10.8) 6 (16.2) 0.50
Within 180% of poverty line 17 (13.1) 14 (15.1) 3(8.1)
Above 180% of poverty line 97 (74.6) 69 (74.2) 28 (75.7)
Marital status
Married or living as married 79 (60.3) 55 (58.5) 24 (64.9) 0.56
Single, divorced, or widowed 52 (39.7) 39 (41.5) 13 (35.1)
Reproductive
Age at menarche categories
<11 23 (17.6) 11 (11.7) 12 (32.4) 0.006
12-13 71 (54.2) 51 (54.3) 20 (54.1)
>14 or older 37 (28.2) 32 (34.0) 5 (13.5)
Mean (SD) 12.7 (1.5) 12.9 (0.15) 12.1 (0.26) 0.006
Parity (no. of live births)
Nulliparous 64 (48.9) 49 (52.1) 15 (40.5) 0.25
Parous 67 (51.1) 45 (47.9) 22 (59.5)
Mean (SD) 1.3 (1.6) 1.3 (1.6) 1.5 (1.5) 0.39
MRI-confirmed endometriosis
No 113 (89.0) 81 (88.0) 32 (914) 0.76
Yes 14 (11.0) 11 (12.0) 3 (8.6)
Lifestyle and health
Smoking
Never 96 (73.3) 70 (74.5) 26 (70.3) 0.86
Former 21 (16.0) 14 (14.9) 7 (18.9)
Current 14 (10.7) 10 (10.6) 4 (10.8)
Alcohol (drinks per week)
None 100 (76.3) 70 (74.5) 30 (81.1) 0.50
>1 31 (23.7) 24 (25.5) 7 (18.9)
Health status
Excellent 31 (23.7) 28 (29.8) 3(8.1) 0.02
Very good 57 (43.5) 40 (42.6) 17 (46.0)
Good 35 (26.7) 22 (23.4) 13 (35.1)
Fair 8 (6.1) 4 (4.3) 4 (10.8)

Data presented as 1 (%) unless otherwise specified.

p value comparing obese and nonobese women by f test (continuous variables) or Fisher’s exact test (categorical variables).

PGelf- -reported figure numbers ranged from two to eight. Assigned body mass index (BMI) values were 19.3, 20.7, 22.8, 26.4, 31.6, 35.9, and
40.0 and 20.0, 21.7, 24.6,29.0, 33 7 37.9, and 42.5 for exact and midpoint cutoffs, respectively, based on the distribution for white women aged
30-35 years and extrapolation.*

C14 (11% of total) Hispanic white, 2 (1.5% of total) Black, 5 (3.8% of total) Asian, and 4 (3.1% of total) other and multiracial.

9Based on the 2007 HHS Poverty Guidelines accounting for the numbers of persons in the household for the 48 contiguous states and
District of Columbia.

MRI, magnetic resonance imaging; SD, standard deviation.
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indicators of central adiposity. A two-sided p value of 0.05
was considered statistically significant. All analyses were
performed in Stata 11.1 SE (StataCorp, College Station, TX).

Results

The study population was primarily non-Hispanic white
(81%) or Hispanic white (11%), mean age of 32 years, married or
living as married (60.3%), and nonsmokers (73.3%), with a
mean BMI of 27.1kg/ m? (range 16.6-52.8) (Table 1). Fourteen
(11.0%) women were diagnosed with endometriosis by MRI,
four (3.1%) reported they had been diagnosed with polycystic
ovary syndrome (PCOS) by a physician, and eight (6.2%)
reported breast surgery or liposuction. Obese and nonobese
women differed significantly by self-reported figure sizes, mean
age, age at menarche, and self-reported health status. No wo-
man reported being the smallest or largest figure based on the
Stunkard nine-level figure drawings. Measured BMI was highly
correlated with self-reported figure (p=0.85, p<0.001) (Fig. 3).
The mean (standard deviation [SD]) difference between mea-
sured BMI and BMI assigned from the nine-level figure draw-
ings was 1.46 (3.84) (p<0.001) and —0.43 (3.75) (p=0.19) for
BMI values assigned at the centile cutoff for each figure or at the
midpoint between two consecutive figures, respectively.

There were significant differences in mean (X) height, CHR,
and WHR, but not in AFI or CFR, across body shapes among
nonobese women (Table 2). Mean WHR was highest in rect-
angles (x=0.80, 95% confidence interval [CI] 0.79-0.82) and
apples (x=0.82, 95% CI 0.75-0.89) compared with hourglass
(x=0.75, 95% CI 0.74-0.77) and pears (x=0.75, 95% CI 0.73-
0.76) in nonobese women. Similarly, mean CHR was higher in
rectangles (x =0.83, 95% CI 0.80-0.85) and apples (x=0.85, 95%
CI0.82-0.88) compared to hourglass (x=0.82, 95% CI 0.80-0.84)
and pears (x=0.80, 95% CI 0.78-0.81). There was borderline
statistical significance in CWR and WC measures (p=0.08 and
0.09, respectively). Among indicators of central adiposity,
apples had a higher proportion of WC=88cm (55.6%) and
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WHR >0.80 (70.0%) compared with other shapes (p=0.03 and
0.001, respectively). No significant differences were found
with WHtR>0.5 (p=0.24). Comparing apples and pears, the
percent agreement (kappa) for WHR >0.80, WC =88 cm, and
WHItR >20.5 was 82.9% (x=0.55), 82.9% (x=0.48), and 68.3%
(x=0.26), respectively. Among obese women, circumference
measures, ratios, and central adiposity indicators (WC =88,
WHR2>0.80, and WHtR>0.5) were not statistically signifi-
cantly different across body shapes (Table S1, supplementary
data available online at www.liebertpub.com).

Discussion

Simple methods for ascertaining general and regional fat
distribution are needed in epidemiologic studies where direct
measures are not always practical. In this study, self-reported
figure size and shape were consistent with anthropometric
measures commonly used to assess obesity and central adi-
posity, respectively. The correlation between self-reported
body size figure and measured BMI was high. There was a
nonsignificant difference between measured and assigned
BMI when BMI was assigned at the midpoint value between
two consecutive figures. This method of assigning BMI from
the self-reported body figure performed better than assigning
a BMI based on the exact centile cutoff, which tended to sig-
nificantly underestimate measured BMI. Consequently, the
former method of assigning BMI should be preferred in future
studies. Anthropometric measurements for identifying upper,
as opposed to lower, body fat patterning were associated with
body shape, and self-identified apples and pears tended to
distinguish between these patterns with moderate agreement.

Our results are consistent with other validation studies
comparing self-reported body size figures to measured BMI,
which showed a high correlation between the two measures
and the ability to distinguish obese and nonobese women.?**!
In contrast to other studies,®>? we evaluated two methods for
assigning BMI values to body size figures and showed that

95%CI:
50 35.0,53.6
95%.C1:
348,423
40 95%C: ] i
299,355
30 2? 2, n .0 il | IR
95%Cl:
— 231,255
E 1:5:‘:: - zo 0, 21 8
20
10 I
0 . .
2 (n=6) 3 (n=25) | 4(n=35) 5(n=37) | 6(n=14) | 7(n=11) 8(n=3)
M Assigned BMI (exact) 19.3 | 20.7 22.8 26.4 [ 316 35.9 | 40
H Measured BMI {95% Cl) | 185 | 209 | 243 286 | 326 386 443
Assigned BMI (midpoint)| 200 | 21.7 | 246 | 290 | 337 | 379 | 425

FIG.3. Body mass index (BMI) measured by anthropometry compared to BMI assigned based on centiles of the distribution
for white women between ages 30 and 35 by self-reported figure sizes 2 through 8 (Spearman’s p=0.85, p<0.001). Mean
difference (A), standard deviation (SD), and p value based on paired ¢ test comparing measured BMI and assigned BMI based
on exact centiles (A=1.46, SD 3.84, p <0.001) or midpoint of centiles (A= —-0.43, SD 3.75, p=0.19). CI, confidence interval.
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TABLE 2. ANTHROPOMETRIC INDICATORS OF BODY S1ZE AND FAT DISTRIBUTION
BY SELF-REPORTED BoDY SHAPE AMONG NONOBESE WOMEN
Pear Hourglass Rectangle Apple p value®
Total 31 28 25 10
Body size
Height (cm) 163.1 (160.9-165.2)  164.6 (161.9-167.2) 167.8 (165.2-170.5) 165.0 (160.6-169.4)  0.05
Weight (kg) 64.0 (60.1-68.3) 61.0 (57.4-65.0) 65.0 (61.0-68.3) 63.0 (54.9-74.3) 0.67
BMI (kg/m?) 23.9 (22.6-25.3) 22.6 (21.5-23.8) 22.7 (21.3-24.4) 23.3 (20.4-27.0) 0.54
BMI groups, 1 (%)
Normal/underweight 18 (58.1) 21 (75.0) 16 (64.0) 5 (50.0) 0.42
Overweight 13 (41.9) 7 (25.0) 9 (36.0) 5 (50.0)
Body shape
Chest circumference (cm)® 82.0 (80.0-84.0) 81.3 (78.7-84.0) 82.6 (79.3-85.5) 84.0 (78.7-90.1) 0.66
Hip circumference (cm) 102.0 (100.0-105.3)  99.0 (96.2-103.1) ~ 100.0 (98.0-103.1)  100.0 (90.9-105.3) 0.48
Waist circumference (cm) 76.3 (73.5-79.4) 74.6 (71.4-78.1) 80.0 (76.3-83.3) 80.6 (71.9-90.9) 0.09
Chest-to-waist ratio” 1.06 (1.03-1.09) 1.09 (1.06-1.12) 1.03 (0.99-1.06) 1.04 (0.96-1.13) 0.08
Chest-to-hip ratio® 0.80 (0.78-0.81) 0.82 (0.80-0.84) 0.83 (0.80-0.85) 0.85 (0.82-0.88) 0.04
Waist-to-hip ratio 0.75 (0.73-0.76) 0.75 (0.74-0.77) 0.80 (0.79-0.82) 0.82 (0.75-0.89) 0.001
Waist-to-height ratio 0.47 (0.46-0.49) 0.46 (0.44-0.48) 0.48 (0.46-0.51) 0.50 (0.45-0.55) 0.15
Central adiposity indicators
Waist circumference, n (%)
<88cm 18 (90.0) 20 (83.3) 12 (63.2) 4 (44.4) 0.03
>88cm 2 (10.0) 4 (16.7) 7 (36.8) 5 (55.6)
Waist-to-hip ratio, 1 (%)
<0.80 27 (87.1) 22 (78.6) 13 (52.0) 3 (30.0) 0.001
>0.80 4 (12.9) 6 (21.4) 12 (48.0) 7 (70.0)
Waist-to-height ratio, 1 (%)
<0.50 22 (71.0) 21 (75.0) 17 (68.0) 4 (40.0) 0.24
>0.50 9 (29.0) 7 (25.0) 8 (32.0) 6 (60.0)

Data presented as means (95% confidence interval [CI]) on original scale unless specified otherwise.
“p value based on ANOVA for continuous variables or Fisher’s exact test for categorical variables.
=30, 27, 25, and 10 for pear, hourglass, rectangle, and apple shapes, respectively.

assignment of BMI values at the midpoint of two consecutive
figures corresponded better to measured BMI than assign-
ment at the exact centile. Other studies have compared self-
measured indices of body fat distribution in women, in
particular waist and hip circumferences, and found self-
reported measures either overestimated™® or underestimated® >’
body circumferences. Self-measurement is not always feasi-
ble, however, and may contribute to additional study costs
and limit the rate of response. In this study, we used stylized
body shape figures from the Connell et al. scale® augmented
with descriptions about weight distribution and weight gain
to obtain self-reported measures of whole body shape. These
shapes are consistent with figure descriptions used by the
clothing industry and found in popular media and, as a result,
are likely to be familiar to many women in the United States.*’
We showed that the relationships are consistent with indices
of regional fat distribution and are able to distinguish upper
(apple) and lower (pear) fat distribution patterns with rea-
sonable concordance, with the exception of WHtR. Significant
differences were mainly found for ratios (i.e., relative pro-
portions) of the circumference measures, as opposed to ab-
solute circumference or general adiposity measures. This is
consistent with the survey question on perceived body shape,
which asks women to assess the relative proportions of their
chest, waist, and hips (Fig. 1) when reporting their shape.
We are not aware of other studies that have evaluated the
ability of self-reported body shape figures for describing fat
distribution patterns, especially among nonobese women.
This provides a potentially new, cost-effective method for

assessment of fat distribution in large surveys. In addition,
this method has the advantage of distinguishing whole-body
fat distribution patterns, in addition to central adiposity,
which may have further utility in identifying risk and un-
derstanding the etiology of disease. As with the body size
figures,>>*! retrospective reporting of body shape figures may
be used to assess the life history of body shape changes with
age and parity or other health outcomes. Of interest for future
studies are the independent contributions of body size and
shape on chronic and reproductive health conditions across a
woman'’s life course. Further population-based data are nee-
ded to clarify these issues.

There are limitations to this study, and further validation
studies in other populations are needed. Our study popula-
tion was largely non-Hispanic white, and we could not assess
differences in reporting based on race or ethnicity, which may
influence perceptions of body size and shape.** We did not
have information on other psychosocial factors, such as eating
disorders, that may also affect perceptions of body size and
shape.*® Extremes in reported body size (highest or lowest
figure) were not observed in this sample, which is expected,
given the sample size and distribution of extremely thin or
obese women in the population. Women at both extremes
may have more skewed perceptions of their body size, and
inclusion of these women may affect the overall validity;
however, our results are consistent with results of larger
studies that observed women across the full spectrum of body
size figures. In addition, although some shapes are very dis-
tinct, body shape can be thought of as a continuum that varies
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with the extent of fat accumulation at a given point in time. To
guide women in their assessment, we included descriptions of
overall proportions and their tendency to gain weight in
particular areas. Additional modifications to the shape de-
scriptions (Fig. 2) might include further clarification of a
pronounced or prominent waist to mean a small or defined
indentation at the waistline. Finally, we did not have a direct
measure of chest circumference, which was approximated
based on bra size and may be imprecise because of incorrect
bra fit.® As discussed previously, anthropometric measure-
ment of body circumferences and perception of body shape in
obese women is complex and should be a consideration in
designing future studies.

In summary, body shape may be a useful proxy measure of
fat distribution patterns in addition to self-reported body size
for use in large population-based studies. Validation in a
larger, representative sample is needed, as well as validation
of historical reporting of shape, as has been done for body size
figures. Future studies may also need to consider routine
collection of self-reported presurgical shape to appropriately
identify the biologic patterns of fat distribution that are as-
sociated with health risks. As technology becomes more ac-
cessible, it may also be of interest to validate self-reported
shapes using 3D scans and classification by experts, similar to
methods applied by Connell et al.*®
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