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Objective: We compared Clinica Universidad de Navarra-Body Adiposity Estimator (CUN-
BAE) and body mass index (BMI) as correlates of body fat percent (BF%) and the association
with future risk of cardiovascular disease (CVD) and type 2 diabetes in a Caucasian population.
Methods: We used data from 6796 individuals (born 1925-27 and 1950-52) from the Hordaland
Health Study, a prospective cohort study in Norway. The study was conducted in 1992—-1993
and 1997-1999. Cross-sectional analyses were conducted with data from 1997/99, including
BF% measured by dual-energy X-ray absorptiometry. Longitudinal analyses included BMI and
CUN-BAE calculated in 1992/93, and self-reported information on CVD events and diabetes
in 1997/99.

Results: The correlation between CUN-BAE and BF% (7=0.88) was stronger than between
BMI and BF% (7=0.56). In sex-stratified analyses, CUN-BAE and BMI correlated similarly with
BF% in men (7=0.77 and r=0.76, respectively) and women (+=0.82 and =0.81, respectively). In
longitudinal analyses, the odds ratio (per 1 SD increase) of CVD and type 2 diabetes was higher
for BMI (OR_,,=1.23 [95% CI: 1.11-1.36]; OR ,  =2.11 [1.82-2.45]) than for CUN-BAE
(OR_,,=1.15[1.04-1.27]; OR . =2.06 [1.72-2.47]) in the total population. In sex-stratified
analyses, CUN-BAE showed higher CVD and diabetes risk than BMI: in men BMI OR_,
=1.22 (1.04-1.44), OR . =2.13 (1.64-2.83); CUN-BAE OR_, ,=1.93 (1.54-2.43), OR
=4.33 (2.80-6.71); and in women BMI OR ., =1.22 (1.07-1.39), OR
CUN-BAE OR_,,, =2.06 (1.69-2.51), OR =5.45 (3.87-7.67).

CVD diabetes
Conclusion: CUN-BAE is more strongly associated with future risk of type 2 diabetes and

diabetes

=2.11 (1.76-2.53);

diabetes

CVD compared with BMI in analysis stratified by sex. As a measure of adiposity in men and
women separately, CUN-BAE has no advantage over BMI, except when the value of estimated
BF% itself is of interest.

Keywords: anthropometry, body composition, body fat, body mass index, cardiovascular
disease risk, diabetes risk

Introduction

In epidemiological studies and clinical work, various indexes are used as anthropo-
metric measurements of body fatness such as waist to height, weight to height, body
mass index (BMI; kg/m?), and the Rohrer index (kg/m?).! The use of BMI is the most
common way to assess overweight and obesity. There are several known limitations
with BMI such as the lack of reflecting body fat differences across sex, age and
race,”® as well as classifying individuals with high muscle mass as overweight or
obese.* Therefore, new practical adiposity indices are frequently suggested as more

submit your manuscript
Dove

http:

Clinical Epidemiology 2017:9 555-566 555
© 2017 Vinknes et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Vinknes et al

Dove

accurate estimators of body fat such as the body adiposity
index (BAI)® and the Clinica Universidad de Navarra-Body
Adiposity Estimator (CUN-BAE).® Previously, we evalu-
ated the BAI based on hip circumference and height.” This
index showed good agreement with body fat percent (BF%)
at the population level, but not when men and women were
evaluated separately, possibly due to the higher correlation
between hip circumference and BF% in women than in
men. Furthermore, BAI substantially underestimated BF%
in overweight and obese individuals (>25 kg/m?). Another
index developed by a group of researchers to predict BF%,
is CUN-BAE, which is based on age, sex, and BMI.%3 This
index, which was developed from data on 6510 white men
and women aged 1880 years, showed the highest correlation
with BF% measured by air displacement plethysmography
compared with other anthropometric measures.® In the same
study, the authors reported similar results in a separate cohort
of white men and women aged 17-76 years (n=1149). In
addition, the CUN-BAE index was better correlated with
cardiometabolic risk factors than BMI and waist circumfer-
ence in a third group of 634 white men and women. Few
studies have compared this index with direct measures of
body fat. In a group of 40 Caucasian subjects aged 61-84
years, Lara et al’ showed that CUN-BAE estimates were
similar to fat mass measurements by air displacement pleth-
ysmography but not with dual-energy X-ray absorptiometry
(DXA). In 3200 Caucasian men and women aged 18-65
years, Fuster-Parra et al'® found similar correlations of BMI,
BAI and CUN-BAE with body fat measured by bioelectrical
impedance analysis.

The increasing interest in body fat estimation derives
primarily from the association of body adiposity with major
chronic diseases, including type 2 diabetes, cardiovascu-
lar disease (CVD) and cancer.!"'? Therefore, the clinical
usefulness of an adiposity index largely depends on its
ability to predict obesity-related morbidity. The cross-
sectional associations of CUN-BAE with biochemical risk
markers of CVD, and with odds ratio (OR) of hyperten-
sion and type 2 diabetes have been reported.'>!* However,
the associations of CUN-BAE estimates with hard CVD
events, such as myocardial infarction and stroke, have not
been evaluated.

In the present study, we used data from a large Caucasian
cohort to: 1) compare the cross-sectional correlations of
CUN-BAE, BMI, BAI, and other anthropometric variables
with BF% measured by DXA; 2) examine the associations
of CUN-BAI and BMI with the risk of type 2 diabetes and
CVD events during a median 6-year follow-up.

Methods
Study population

The present study uses data from 2 surveys in the Hordaland
Health Study (HUSK), which was conducted as a collabora-
tion between the University of Bergen, the National Health
Screening Service (now part of the Norwegian Institute of
Public Health), and local health services in Bergen, Norway.
The first examination was in 1992-1993 (the Hordaland
Homocysteine Study [HHS]-I), and the second was con-
ducted in a subgroup during 1997-1999 (HHS-II/HUSK).
Participants from both surveys (N=6796) were men and
women from 2 age groups: middle aged (47—49 years in
1999) and elderly (71-74 years in 1999). Prior history of
CVD was collected from self-administered questionnaires in
both surveys and validated with computerized records con-
taining discharge diagnoses for all hospitalizations occurring
between the baseline screening and May 31, 1998, at the 6
hospitals serving Hordaland County.’> DXA measurements
of body composition were conducted in a subset of the study
population in 1997-1999. Further details of the study proto-
col have been described previously.!® The study protocol was
reviewed by the Regional Committee for Medical and Health
Research Ethics of Western Norway, approval no. 2009/825/
REK Vest. Each participant signed an informed consent.
The current study includes 2 sets of analyses, each
addressing 1 of the study objectives. The first set uses data
from the survey conducted in 1997-1999 and analyzes the
correlations of CUN-BAE and other anthropometric mea-
sures with BF% and agreement between CUN-BAE and
BF%. Data for this analysis were available for 5193 men
and women. The second set is a longitudinal analysis of the
association of CUN-BAE and BMI (assessed in 1992-1993)
and subsequent CVD events (self-reported in 1997-1999).
This analysis was conducted in 5339 (in CVD subgroup
analyses the N is 1%—2% higher) men and women who had
data available on the required anthropometric measures at
HHS, and information on prevalent CVD at both surveys. For
hypertension and diabetes, data were available from, 6124
to 6796 participants, respectively. The number of subjects
at each stage of the study is depicted in Figure S1. For the
purpose of this study, CVD events included angina pectoris,
myocardial infarction and cerebrovascular stroke. Hyperten-
sion was analyzed as a separate outcome, and defined as being
on antihypertensive treatment. Presence of type 2 diabetes
was assessed by self-report with the item “have you, or have
you had diabetes”. Participants with recorded CVD or diabe-
tes in 19921993 were excluded in the longitudinal analysis
predicting risk of CVD events or type 2 diabetes between
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the 2 surveys. Since our analysis was based on those who
developed diabetes after the age of 47, we assumed that the
type of diabetes developed was type 2 in all cases.

Anthropometric and body composition

measurements

In both surveys, height and weight were measured in light
clothing, without shoes, to the nearest 1 cm and 0.5 kg,
respectively, and BMI was calculated as the ratio of weight
in kilograms to the square of height in meters. Overweight
and obesity were defined according to the World Health
Organization definition as BMI equal to 25-29.9 and
=30 kg/m?, respectively. Waist circumference was measured
(in 1997-1999) at the umbilicus to the nearest 1 cm and with
the subject standing and breathing normally. Hip circumfer-
ence was measured (in 1997-1999) as the maximum cir-
cumference around the buttocks. CUN-BAE was calculated
as —44.988+(0.503 x age)+(10.689 X sex)+(3.172 x BMI)
= (0.026 x BMI?)+(0.181 x BMI X sex) — (0.02 x BMI x
age) — (0.005 x BMI? x sex)+(0.00021 x BMI? x age) where
male = 0 and female = 1 for sex, and age in years.® BAI was
calculated as (hip circumference [cm]/height [m]'9—18.°
Rohrer index was calculated as weight in kilograms divided
by height in meters cubed.!

Body composition was assessed by DXA!” on a station-
ary fan-beam densitometer using EXPERT-XL software
(version 1.72—1.9; Lunar Corporation, Madison, WI, USA),
as previously described.'® The coefficient of variation for fat
mass was 1.9%.

Statistical analyses

Pearson’s correlation coefficients were used to evaluate asso-
ciations of CUN-BAE, anthropometric measurements and
metabolic risk factors with BF%. We assessed the significance
of the difference between 2 correlation coefficients by using
the Fisher r-to-z transformation. To visually compare the
CUN-BAE and DXA data, we used Bland—Altman plots.!**
The plots show the difference between the 2 methods on the
y axes (CUN-BAE — DXA) vs the average of the 2 measure-
ments on the x axes ((CUN-BAE + DXA]/2). The limits of
agreement between the 2 methods were defined as mean
difference £ 1.96 SD.?° To study the association of BMI and
CUN-BAE calculated from HHS in 1992 with CVD risk
over 6 years, logistic regression models were used. BMI and
CUN-BAE were expressed as standardized z-scores to provide
comparable associations per 1 SD increase. We calculated OR
and 95% CI for type 2 diabetes and CVD events between 1992
and 1999 for 1 SD increase in BMI and CUN-BAE calculated

from 1992. Participants reporting CVD events or diabetes
in 1992 were excluded from the logistic regression analysis.
We conducted 3 models: An unadjusted model (Model 1)
and 2 multivariate-adjusted models. The multivariate mod-
els included age, sex (in analyses with the total group), and
smoking status (Model 2); and, additionally, serum cholesterol
level, systolic blood pressure, and type 2 diabetes in models
with CVD (Model 3). The covariates included in the adjusted
models were selected based on their significant correlations
both with the independent variables (CUN-BAE and BMI)
and outcomes (CVD events and diabetes). Physical activity
level, education and alcohol intake did not change the models
appreciably and these variables were therefore not included
in the final analyses. Statistical analyses were performed
using IBM SPSS Statistics for WINDOWS (22.0; IBM Corp.,
Armonk, NY, USA). Tests of significance were 2-tailed and
P<0.05 was considered significant.

Results

Characteristics of the study population
The study population (5193 individuals out of 6796 with
complete data available) consisted of 57.6% women, and
included 2 age groups; 59.4% aged 47-49 years, and 40.6%
aged 71-74 years in 1999 (Table 1). The mean BF% (standard
deviation) determined by DXA was 25.8 (7.5%) in men and
38.1 (8.2%) in women, whereas the mean BF% estimated by
the CUN-BAE was 27.3 (4.3%) in men and 37.9 (5.4%) in
women. About 62.9% of men were overweight or obese (BMI
>25 kg/m?), compared with 47.2% of women.

Correlations of CUN-BAE with BF%,
anthropometric measurements and

metabolic risk factors

Of all the anthropometric measurements, CUN-BAE
showed the highest correlation with BF% measured by DXA
(=0.88) in the total population, followed by BAI (+=0.78),
while BMI showed a weaker correlation (r=0.56) (P<0.001
for all pairwise comparisons between the correlation coef-
ficients) (Figure 1; Table S1). In analysis stratified by sex,
CUN-BAE showed the highest correlation with BF% (for
men, r=0.77; for women, »=0.82), and BMI showed essen-
tially similar correlations (for men, »=0.76; for women,
r=0.81) that were not significantly different from the cor-
relations between CUN-BAE and BF%. The correlation of
BAI with BF% was weaker (for men, »=0.57; for women,
r=0.72) compared with CUN-BAE and BMI (P<0.001 for
both comparisons). Similar correlations with BF% were
observed for BMI, CUN-BAE and BAI when stratified by
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Table | Characteristics of participants in the Hordaland Health Study (1997-1999)

Variables Total population (5193) Men (2204) Women (2989)
Number Mean Range Number Mean Range Number Mean Range
(%) (Sb) (%) (Sb) (%) (Sb)

Age

Middle-aged group® 3084 (59.4) 1226 (55.6) 1858 (62.2)

Elderly group® 2109 (40.6) 978 (44.4) 1131 (37.8)
Weight (kg) 74.0 (13.6) 36.5-143.0 82.1 (11.7) 48.0-137.0 68.0 (11.7) 36.5-143
Height (m) 169 (9) 136-200 177 (7) 151-200 164 (6) 136-196
BMI (kg/m?) 25.7 (3.8) 14.5495 26.1 (3.2) 15.342.1 253 (42) 145495
CUN-BAE- 334(72) 9.3-57.0 27.3 (4.3) 9.3-44.2 379 (54) 224-57.0
BAI¢ 279 (4.5) 16.4-55.9 24.9 (2.9) 16.4-43.7 30.0 (4.3) 19.2-55.9
BF% (measured by DXA) 32.9 (10.0) 4.1-65.0 25.8 (7.5) 4.1-56.9 38.1 (8.2) 5.8-65.0
Waist circumference (cm) 87 (12) 54-143 94 (9) 66—-143 82 (11) 54-135
Hip circumference (cm) 100 (7) 79-144 101 (6) 81-144 101 (8) 79-144
Waist to hip ratio 0.86 (0.09) 0.59-1.22 0.93 (0.06) 0.69-1.22 0.81 (0.07) 0.59-1.22
Waist to height ratio 51.3(6.5) 32.5-81.3 53.2 (5.4) 38.2-81.3 50.0 (6.9) 32.5-79.4
Waist to height? ratio 304 (42) 19.6-51.8 30.1 (3.5) 20.947.1 30.6 (4.7) 19.6-51.8
Waist to height® ratio 18.0 (3.1) 11.3-35.9 17.0 (24) 11.3-28.4 18.7(3.3) 11.3-35.9
Weight to height ratio 435 (6.8) 23.1-84.1 46.3 (5.9) 27.5-75.4 41.5(6.8) 23.1-84.1
Rohrer index 152 (24) 85-29.5 88-223 8.5-23.9 155(2.7) 8.7-295
Systolic blood pressure (mmHg) 135(20)  84-229 14.8 (1.9) 46-119 133 (21) 84229
Diastolic blood pressure (mmHg) 76 (11) 40-123 137 (18) 79 (10) 73 (11) 40-123
Glucose (mmol/L) 54 (14 08223 5.6 (1.5) 3.0-19.2 53(1.3) 0.8-223
Homocysteine (umol/L) 10.9 (4.5) 4.5-137 11.0 (4.7) 4.5-105.3 10.9 (43) 4.7-137.0
Triglycerides (mmol/L) 1.8 (l.1) 04-172 2.0(1.2) 0.4-17.2 1.6 (0.9) 0483
Total cholesterol (mmol/L) 59 (l.1) 0.08-125 5.8 (1.0-3.1) 3.1-11.0 6.0 (I.1)  0.08-12.5

LDL cholesterol (mmol/L) 38(1.0) -0.7-9.1 3.8(0.9) -0.7-8.4 38(1.0) -0.4-9.1

HDL cholesterol (mmol/L) 1.3 (l.1)  0.09-3.1 1.2 (0.3) 0.5-3.1 1.5(04) 0.9-3.0
Plasma SCD-16 index® 0.09 (0.03) 0.04-0.22 0.09 (0.02)  0.04-0.22 0.10 (0.03) 0.04-0.21
Plasma SCD-18 index® 2.2 (0.4) 1.2-4.0 2.2 (0.04) 1.2-4.0 2.2 (0.4) 1.4-4.0

Notes: *Middle-aged group: 47-49 years of age. Elderly group: 71-74 years of age. ‘CUN-BAE = —44.988+(0.503 x age)+(10.689 x sex)+(3.172 x BMI) — (0.026 x
BMI?)+(0.181 x BMI x sex) — (0.02 x BMI x age) — (0.005 x BMI? x sex)+(0.00021 x BMI? X age) where male = 0 and female = | for sex, and age in years. ‘Body adiposity
index: hip (cm)/height (m)1.5 — I8. °n = 2021 in total group, n = 924 men and 1097 women.

Abbreviations: BAl, Body adiposity index; BF%, body fat percentage; BMI, body mass index; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator; DXA,
dual-energy X-ray absorptiometry; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SCD, stearoyl-coenzyme A desaturase.

Total group Men Women

BMI

CUN-BAE

BAI

Weight

Waist circumference

Hip circumference

Waist to hip ratio

-0.2 00 0.2 04 06 08 1.0-0.20.0 0.2 04 06 0.8 1.0-020.0 0.2 04 0.6 0.8 1.0
Pearson’s product-moment correlation coefficient (r)

Figure | Correlations of anthropometric variables and body adiposity indices with BF% measured by DXA in the Hordaland Health Study (1997-1999).

Notes: The X-axis represents Pearson’s product-moment correlation coefficient (r) for the total group and in men and women separately.

Abbreviations: BAI, body adiposity index, BMI, body mass index; BF%, body fat percentage; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator; DXA,
dual-energy X-ray absorptiometry
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age group (data not shown). The correlations of metabolic
risk factors with BF%, BMI, CUN-BAE, BAI and waist
circumference are shown in Table S2.

Agreement plot between BF% measured
by DXA and CUN-BAE

The Bland—Altman plots of the agreement between BF% as
measured by DXA and calculated by CUN-BAE showed a
tendency toward overestimation of BF% by the CUN-BAE
in subjects with lower BF% and underestimation of BF% in
subjects with higher BF% (Figure 2). The mean (SD) differ-
ence in body fat between CUN-BAE and DXA was —0.51
(5.03%) in the total population, +1.52 (5.02%) in men and
—0.24 (4.90%) in women. The mean differences showed
similar patterns for men and women in the 2 age groups,
except the positive mean difference for women in the elderly
group (+0.40 [5.15%]). Comparing mean BF% by DXA to
CUN-BAE in sex-specific deciles according to BF% by DXA
(Table 2) confirmed the findings from the Bland—Altman plots
(Figure 2). Both CUN-BAE and BAI overestimated BF%
in normal weight subjects with lower BF% (Table 2), and
underestimated BF% in overweight or obese subjects with
higher BF%, but the underestimation error in case of CUN-
BAE (e.g., —5.8% in the highest decile of BF%) was smaller
than that of BAI (—13.8%). CUN-BAE predicted BF% best
for deciles in the BMI range 2426 kg/m?. The comparison
between BF% and CUN-BAE in age and sex-specific deciles
of BF% were similar as in the sex-specific deciles (Table S3).

The relations of CUN-BAE and BMI with

future risk of CVD and type 2 diabetes

During a median of 6 years follow-up, 462 individuals (4.7%
of men and 3.6% of women) developed CVD and 130 indi-
viduals (0.9% of men and 1.0% of women) developed diabe-
tes (assumed to be type 2 due to older age of the participants
at onset). Table 3 shows the OR for risk of developing CVD,
hypertension and type 2 diabetes at follow-up (HUSK) for 1
SD increase in BMI or CUN-BAE at baseline (HHS) in unad-
justed analysis (Model 1); and after adjustment for smoking
status, in addition to age (and sex in analyses with the total
group) for BMI (Model 2). One SD of BMI represents 3.6
kg/m?in the total group, 3.1 kg/m? in men and 3.9 kg/m?in
women. For CUN-BAE, 1 SD represents 7.5% body fat in
the total group, 4.5% in men, and 5.5% for women. In the
total population, the OR for CVD risk was slightly higher
for BMI than CUN-BAE in unadjusted analysis, as well as
in Model 2 (Table 3) and after further adjustment for serum
cholesterol level, systolic blood pressure, and type 2 diabetes

30.00 A

Total population

20.00 A

10.00 A

Difference (CUN-BAE-DXA)

20.00 40.00 60.00

Mean of CUN-BAE and DXA

0.00

30.00 1 Men

20.00 1

10.00 A

0.00 1

—10.00 1

Difference (CUN-BAE-DXA)

—20.00

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Mean of CUN-BAE and DXA

30.00 A Women

20.00

10.00 A

0.00

Difference (CUN-BAE-DXA)

—10.00

—20.00 1

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Mean of CUN-BAE and DXA

Figure 2 Comparison of body fat percentage as measured by CUN-BAE and dual-
energy X-ray in men and women in the Hordaland Health Study (1997-1999).
Notes: Bland-Altman plots show the difference between CUN-BAE and DXA
measurements against the mean of CUN-BAE and DXA measurements. The solid
lines represent the average difference between CUN-BAE and DXA measurements.
The dotted lines are the 95% limits of agreement (mean + 1.96 SD).
Abbreviations: DXA, dual-energy X-ray absorptiometry; CUN-BAE, Clinica
Universidad de Navarra-Body Adiposity Estimator.

in models predicting CVD (Model 3, BMI: OR =1.24, 95%
CIL: 1.12, 1.38 per 1 SD increase; CUN-BAE: OR =1.11,
95% CI: 1.00, 1.23).
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Table 2 Classification of subjects in the Hordaland Health Study (1997-1999) according to deciles of estimated BF% from DXA
measurements and the difference between BF% from DXA measurements and CUN-BAE?

Deciles of n BF% CUN-BAE- Difference of BMI (kg/m?) BAI¢ Waist Waist/hip
BF% by sex® CUN-BAE circumference circumference
and BF% (cm) ratio
| 518 189 (6.4) 27.3 (5.7) 8.4 21.2 (2.1) 24.2 (3.0) 75 (8) 0.80 (0.07)
2 520 249 (5.8) 29.3 (5.4) 4.5 22.7 (2.0) 25.4 (3.0) 79 9) 0.82 (0.08)
3 519 277 (6.0) 30.5 (6.7) 28 23.5 (2.0) 26.1 (3.1) 81 (9) 0.83 (0.08)
4 519 298 ¢(6.1) 31.5 (5.5) 1.6 242 (2.2) 26.6 (3.1) 83 (9) 0.84 (0.08)
5 522 31.9(6.2) 32.7 (5.7) 0.7 25.0 (2.1) 27.4 (3.3) 85 (9) 0.86 (0.08)
6 518 33.9(6.2) 33.6 (6.0) —0.4 25.7 (2.3) 27.7 3.4) 87 (9) 0.86 (0.08)
7 520 359 (64) 34.6 (6.0) -1.3 26.2 (2.2) 284 (3.7) 89 (9) 0.88 (0.08)
8 518 382 (6.5) 36.0 (6.5) -22 27.5 (2.3) 29.2 (4.1) 92 (9) 0.89 (0.09)
9 520  40.9 (6.6) 37.7 (6.9) -33 28.7 (2.6) 30.4 (4.9) 95 (9) 0.90 (0.09)
10 519 469 (7.3) 41.0 (7.2) -5.8 31.9(3.9) 33.1 (5.6) 103 (11) 0.93 (0.09)

Notes: *Data are mean (SD) unless otherwise indicated. *The deciles were estimated separately for men and women and the results are presented combined for both sexes.
“CUN-BAE = —44.988+(0.503 X age)+(10.689 x sex)+(3.172 x BMI) — (0.026 x BMI?)+(0.181 x BMI x sex) — (0.02 x BMI x age) — (0.005 x BMI* x sex)+(0.00,021 x BMI* x
age) where male = 0 and female = | for sex, and age in years. ‘Body adiposity index: hip (cm)/height (m)[.5-18.

Abbreviations: BAl, Body adiposity index; BF%, body fat percentage; BMI, body mass index; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator; DXA,
dual-energy X-ray absorptiometry.

Table 3 OR and 95% CI for CVD and diabetes risk for one SD increase in baseline BMI and CUN-BAE in the Hordaland Health Study
(1992-1993 and 1997-1999)

Models Total group?® Men® Women*
BMI CUN-BAE 95% ClI BMI CUN-BAE 95% ClI BMI CUN-BAE 95% CI
Number/ OR 95% CI OR Number/ OR 95% CI OR Number/ OR 95% CI OR
events events events
CcvD¢ 5339/462 2362/251 29771211
Model I°¢ 1.34 1.22,1.47 1.15 1.04,127 128 [11.10,1.50 191 1.52,2.40 1.36 1.21,1.54 2.06 1.70,2.50
Model 2f 123 LI, 1.36 115 1.04,127 122 1.04,144 193 1.54,243 122 1.07,1.39 206 1.69,25I
Hypertension  6124/550 27291267 3395/283
Model I°© 1.50 1.37,1.63 043 130,157 1.37 1.18,1.59 252 20I,3.16 1.56 1.40,1.73 255 2.15,3.04
Model 2f 1.37 1.25,1.50 1.39 1.27,153 1.33 1.13,1.56 245 1.95,3.08 141 1.26,1.57 251 2.10,2.99
Diabetes 6796/130 3005/59 3791171
Model ¢ 221 192,253 209 175,250 2.18 168,283 436 283,673 234 1.90,2.64 541 3.86,758
Model 2f 211 1.82,245 206 1.72,247 2.13 163,280 433 2.80,6.71 211 176,253 545 3.87,7.67

Notes: *One SD in the total group: BMI, 3.6 kg/mz; CUN-BAE, 7.5% body fat. ®One SD in men: BMI, 3.1 kg/ml; CUN-BAE, 4.5% body fat. “©One SD in women: BMI, 3.9 kg/mz;
CUN-BAE, 5,5% body fat.“CVD includes stroke, myocardial infarction, and angina from 1992 through 1999. °Model |: Unadjusted analyses. ‘Model 2: Adjusted for smoking
status, in addition age (and sex in analyses with the total group) for BMI.

Abbreviations: BMI, body mass index; Cl, confidence interval; CUN-BAE; Clinica Universidad de Navarra-Body Adiposity Estimator, CVD, cardiovascular disease risk; OR,
odds ratio.

Similar patterns were observed for risk of type 2 diabetes.
However, the associations of CUN-BAE, but not BMI, were
stronger in sex-stratified analyses. In men, increasing CUN-
BAE was associated with higher risk of CVD (Model 2) and
type 2 diabetes compared with BMI. In women, the increase
in CVD and diabetes risk was similarly greater with increas-
ing CUN-BAE compared with BMI.

The relation of CUN-BAE and BMI with risk of hyper-
tension is shown in Table 3. CUN-BAE showed stronger
associations with hypertension than BMI in both the total
population and in sex-stratified analysis. In Model 2, 1 SD
increase in CUN-BAE in women was associated with a 2.5-
fold increase in the risk of hypertension, compared with a
1.4-fold increase in the risk for 1 SD increase of BMI. For

all outcomes, the results were nearly similar after further
adjustments for serum cholesterol level, systolic blood
pressure, and type 2 diabetes in models with CVD (Model
3, data not shown). When the 2 age groups were examined
separately, CUN-BAE weaker associated with risk of CVD,
type 2 diabetes and hypertension than BMI (data not shown).

Table S4 shows the relations of CUN-BAE and BMI
with the different CVD events separately (cerebrovascular
stroke, myocardial infarction, angina). The pattern of results
was essentially similar as in pooled analysis. The OR for the
different CVD outcomes was slightly higher for BMI than
for CUN-BAE in the total population, whereas in men and
women, increasing CUN-BAE was associated with higher
OR for all 3 outcomes. When comparing the associations of
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CUN-BAE in men vs women (in Model 2), there appeared
to be an overall stronger association with risk of stroke in
men and angina in women (Table S4). In Model 2, the OR
for myocardial infarction per SD increase in CUN-BAE was
similar in men (2.31 [1.62, 3.31]) and women (2.28 [1.59,
3.27)).

Discussion

In the current study, the CUN-BAE calculation of BF% was
more strongly correlated with BF% than BMI in the total
group and in men and women separately. CUN-BAE over-
estimated BF% in lean subjects and underestimated BF% in
subjects with higher BF%. Furthermore, we found that in
men and women separately, higher CUN-BAE was associated
with greater risk of future CVD events, type 2 diabetes, and
hypertension compared with BMI. Thus in absence of actual
measures of fat mass, CUN-BAE may be an overall useful
tool for calculation of BF% and stratification for CVD and
type 2 diabetes risk in Caucasian men and women.

CUN-BAE is essentially a BMI measure that takes into
account sex and age-related differences in adiposity. Thus,
since BF% differs in men and women at a given BMI,?' BMI
performed as well as CUN-BAE in predicting body fat in
analyses that were stratified by sex. Fuster-Parra et al'® have
similarly noted that in multiple regression models with mea-
sured BF% as the dependent variable, BMI was an equally
strong predictor of BF% as CUN-BAE alone, once age and
sex were adjusted for.

Despite this apparent redundancy of CUN-BAE and
other equations of body fat estimation, it remains a useful
tool when the actual value of BF% itself is of interest, as in
epidemiologic studies with no body composition data avail-
able. As a surrogate measure of BF%, CUN-BAE performed
well in our population. Among numerous adiposity markers,
CUN-BAE was the strongest correlate of BF% (#=0.88) in
the total population, and remained a strong correlate in men
and women separately. Fuster-Parra et al'® reported a similar
correlation (=0.86) between CUN-BAE and BF% measured
by bioelectric impedance in a population of 3200 men and
women with a wider and younger age range (18—65 years).

Since CUN-BAE does not rely on other measures of
adiposity (e.g., waist), it simply estimates the “expected”
BF% for a given age, sex and BMI. Thus, those with higher
proportions of body fat will have a CUN-BAE measurement
that underestimates their BF%, and vice versa, as observed
in the current study. The underestimation was not severe
(—5.8% in the highest decile of actual BF%), compared with
BAI (—13.8%), which is based only on hip circumference and

height.?> We previously proposed that the severe underesti-
mation of BF% by BAI in obese subjects might result from
the fact that, as body weight increases, the increase in hip
circumference does not adequately reflect the increase in
truncal adiposity.” Although CUN-BAE avoids this pitfall,
it markedly overestimated BF% in normal weight individu-
als with low body fat. Those in the lowest decile of BF%
had a CUN-BAE (27.3%) that was 1.44 times their actual
BF% by DXA (18.9%). This suggests that CUN-BAE will
be of limited value in populations with high prevalence
of leanness, for example, cancer, HIV and renal patients.
The underestimation of BF% in lean subjects was likely
not apparent in the original report of CUN-BAE since the
population was predominantly overweight and obese (93%
of men and 79% of women).® We postulate that an equation
that takes into account another measure of adiposity, such
as waist, may improve the prediction of BF% in very lean
and obese individuals.

The association of obesity with prospective risk of dis-
ease, including CVD, has been intensively studied. Arguably,
the ultimate value of these population studies is to inform risk
stratification for individuals in order to determine the hazard
of impending CVD. Since male sex is an independent risk
factor for CVD,? and given the sexual dimorphism in BF%,
studies of obesity in relation to CVD risk often investigate a
single sex or each sex separately.*2¢ In sex-stratified analysis,
CUN-BAE was more related to risk of CVD events compared
with BMI in both men and women. After controlling for age
and smoking, the risk of CVD was higher for CUN-BAE than
BMI in both sexes. A similar advantage of CUN-BAE over
BMI was observed for type 2 diabetes, angina, stroke, and
hypertension. However, when men and women were pooled in
the analysis, the associations of CUN-BAE with all outcomes
dropped to below that of BMI. Conflictingly, sex-stratified
analysis of 9555 Iranian subjects revealed equally modest
associations of BMI and CUN-BAE with odds of having
CVD risk factors, including metabolic syndrome, hypercho-
lesterolemia and hypertension.!* The discrepancy with our
findings may reflect the different outcomes measured (risk
factors vs CVD events). It may also be linked to ethnic differ-
ences in body composition,® and in the contribution of total
body adiposity to CVD risk.?”?® Our findings in Caucasians
are supported by recent reports of stronger associations of
CUN-BAE compared with BMI with odds of type 2 diabetes
and hypertension in a cross-sectional investigation of 3888
European whites.”

When men and women were pooled in the analysis,
however, the CUN-BAE associations with disease risks
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were weaker than BMI. In this respect, CUN-BAE appears
to mimic BF%. Since BMI is a sex-independent measure of
obesity, it correlates more strongly than BF% with cardio-
metabolic risk markers in analysis pooled by sex. In pooled
analysis in the present study, BMI indeed showed stronger
cross-sectional correlations with systolic and diastolic
blood pressure, as well as plasma glucose, triglycerides,
HDL-cholesterol and homocysteine, compared with either
BF% or CUN-BAE. Others have similarly reported higher
correlation coefficients for BMI (compared with BF%), with
blood pressure, glucose, triglycerides and HDL-cholesterol,
as well as C-reactive protein, fibrinogen and insulin
resistance.’® As expected from the sexual dimorphism of body
fatness, values of CUN-BAE and BF% were 38% and 48%
higher, respectively, in women than men; yet men had higher
frequency of CVD events. It is therefore not surprising that,
in men and women combined, CUN-BAE was a relatively
poor predictor of CVD.

Strength and limitations

Strengths of the present study include the availability of
precise measurements of BF% by DXA in a large popula-
tion of men and women, allowing evaluation of CUN-BAE
within sizable samples of lean, overweight and obese subjects.
Another advantage is the prospective design. This enabled
evaluation of the relations of CUN-BAE with future CVD
and type 2 diabetes risk, thus avoiding reverse causality. A
limitation of the study is that DXA measurements were not
available at baseline (HHS) in 1992—-1993. Such data would
have allowed a direct comparison of the relations of measured
and estimated BF% with CVD and diabetes risk. Diabetes was
self-reported based on a question that did not specify the type
of diabetes. Based on the relatively old age of participants,
the assumption was made that they developed type 2 diabetes,
but the possibility that a minority developed type 1 diabetes
cannot be excluded. The study population was Caucasian,
within 2 narrow age ranges, which limits generalizability to
other age and ethnic groups. However, our data likely reflects
CUN-BAE performance in middle-aged and elderly subjects.

Conclusion

In summary, compared with BMI, CUN-BAE showed stron-
ger association with risk of CVD and type 2 diabetes events
over a 6-year follow-up in middle-aged and elderly subjects,
provided that men and women were evaluated separately.
CUN-BAE correlated well with BF% measured by DXA,
but overestimated BF% in normal-weight subjects with low

body fat, which limits its usefulness in predominantly lean
populations, for example, cancer patients. Overall, our find-
ings suggest that CUN-BAE may improve risk stratification
for CVD and type 2 diabetes at the individual level and in
population studies of separate sex, at least in Caucasians.
Given this apparent advantage, replication of this data is
warranted in different ethnic groups, as well as evaluation of
CUN-BAE against prospective risk of other diseases.
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Supplementary data

Table S| Correlations between BF%, body adiposity indices, and anthropometric variables in the Hordaland Health Study (1997—
1999)

Variables Total group (n=5193)" Men (n=2204)° Women (n=2989)°
BF% BMIc CUN- BAI®° Waist BF% BMIc CUN- BAI*® Waist BF% BMIc CUN- BAI® Waist

BAE* BAE! BAE!
BMI 0.56 0.76 0.81
CUN-BAE 1998 0.88 0.57 0.77 093 082 0.95
BAI 078 0.59 0.86 057 072 0.73 072 083 0.83
Waist circumference 020 0.78 0.12 0.15 079 084 0.83 0.55 074 086 0.84 0.66 1.00
Weight 0.15 0.80 0.09 005 0.87 064 086 0.74 035 0.80 072 089 0.80 056 0.84
Hip circumference 052 0.83 049 0.58 0.68 060 078 0.70 062 0.74 073 085 0.77 0.77 0.78
Waist to hip ratio -0.09 048 -0.17 -0.19 087 062 054 0.60 025 08I 048 056 0.59 032 083

Waist to height ratio 043  0.86 0.40 048 0.92 079 083 0.87 074 093 0.75 088 0.88 0.78 0.96
Waist to height? ratio  0.59 079  0.62 072 0.68 070 074 0.80 082 077 071 083 0.85 0.84 086
Waist to height® ratio  0.65 0.65 0.71 082 044 059 062 0.70 0.83 06l 065 075 0.80 085 074
Weight to height ratio 036  0.94 032 031 0.87 072 096 0.86 054 085 079 097 0.0 0.71 0.88
Rohrer index 070 094 0.75 080 0.59 073 096 0.92 083 0.76 080 098 0.95 089 08I

Notes: *Data are Pearson’s product-moment correlation coefficient (r). P<0.001 for all. ®For some variables less than 0.5% data are missing. ‘Body mass index: weight (kg)/
height (m)2 ‘CUN-BAE = —44.988+(0.503 x age)+(10.689 X sex)+(3.172 x BMI) — (0.026 x BMI2)+(0.181 x BMI x sex) — (0.02 x BMI x age) — (0.005 x BMI? x sex)+ (0.0002| x
BMI? x age) where male = 0 and female = | for sex, and age in years. °Body adiposity index: hip (cm)/height (m)1.5 — 18.

Abbreviations: BAI, body body adiposity index, BMI, body mass index; BF%, body fat percentage; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator.

Table S2 Correlations between BF%, body adiposity indices, anthropometric variables and metabolic risk factors in the Hordaland
Health Study (1997-1999)

Variables Total group (n=5193)" Men (n=2204)"° Women (n=2989)°
BF% BMIc CUN- BAI® Waist BF% BMIc CUN- BAI® Waist BF% BMIc CUN- BAI® Waist
BAE® BAE? BAE?
Systolic blood  0.15 0.24 0.19 0.16 0.27 0.23 0.17 0.31 0.18 0.23 0.27 0.27 0.40 0.29 0.27
pressure <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00l <0.00l <0.001 <0.00l
Diastolic blood -0.02 0.21 -0.04 -0.04 0.29 0.20 0.20 0.21 0.13 0.21 0.15 0.18 0.21 0.16 0.19
pressure 0.12 <0.001 0.0l 0.16 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00l <0.001 <0.001 <0.001 <0.00l
Glucose 0.02 0.15 0.04 0.03 0.20 0.09 0.10 0.14 0.06 0.14 0.13 0.17 0.19 0.14 0.19
0.12 <0.001 0.0l 0.05 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00l
Homocysteine  —0.04 0,08 -0.04 -003 0,7 0.08 0.04 0.13 0.06 0.07 0.11 0.08 0.14 0.10 0.09

0.004 <0.001 0.002 0.0l6 <0.001 <0.001 0,09 <0.001 0,006 0,001 <0.001 <0.001 <0.001 <0.001 <0.00l
Triglycerides 0.09 0.31 0.06 0.05 0.37 0.24 0.27 0.23 0.15 0.25 0.30 0.35 0.38 0.26 0.40
<0.001 <0.001 <0.001 <0.00I <0.00l <0.001 <0.001 <0.001 <0.001 <0.00] <0.001 <0.001 <0.001 <0.001 <0.001l

Total 0.18 0.11 0.19 0.18 0.07 0.08 0.08 0.08 0.09 0.07 0.21 0.15 0.26 0.19 0.17
cholesterol <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00l1 <0.001 <0.001 <0.00l
LDL 0.14 0.10 0.15 0.15 0.07 0.05 0.04 0.05 0.08 0.04 0.20 0.13 0.24 0.19 0.15
cholesterol <0.001 <0.001 <0.001 <0.001 <0.001 0.0l 0.06 0.02 <0.001 0.08 <0.001 <0.001 <0.001 <0.001 <0.00I
HDL 0.03 -0.33 0.09 0.05 -046 -029 -033 -028 -0.19 -032 -025 -030 -027 -0.21 -0.35

cholesterol 0.03 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00] <0.001 <0.001 <0.001l
Plasma SCD-16  0.39 0.21 0.38 0.32 0.03 0.26 0.21 0.21 0.12 0.26 0.22 0.21 0.20 0.18 0.18

index <0.001 <0.001 <0.001 <0.001 0.20 <0.00l1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001l
Plasma SCD-18 0.13 0.14 0.09 0.10 0.13 0.22 0.17 0.17 0.13 0.20 0.11 0.13 0.12 0.13 0.12
index’ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001l

Notes: *Data are Pearson correlation coefficients and associated P-values (lower). ®For some variables less than 0.5% data are missing. ‘Body mass index: weight (kg)/height
(m)2. “CUN-BAE = —44.988+(0.503 x age)+(10.689 x sex)+(3.172 x BMI) — (0.026 x BMI?)+(0.181 x BMI x sex) — (0.02 x BMI x age) — (0.005 x BMI* x sex)+(0.0002| x BMI?
X age) where male = 0 and female = | for sex, and age in years. *Body adiposity index: hip (cm)/height (m)1.5 — 8. 'n = 1986 in total group, n = 913 men and 1073 women.
Abbreviations: BAl, body body adiposity index, BMI, body mass index; BF%, body fat percentage; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; SCD, stearoyl-coenzyme A desaturase.
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Table S3 Classification of subjects in the Hordaland Health Study (1997-1999) according to deciles of estimated BF% from DXA
measurements and the difference between BF% from DXA measurements and CUN-BAE*

Deciles of BF% n BF% CUN-BAE« Difference (CUN- BMH BAI® Waist Waist-hip ratio
by age and sex® BAE - BF%)

| 517 19.1 (6.6) 27.8 (5.8) 8.7 213 (2.1) 244@3.1) 76(85) 0.81 (0.07)
2 520 25 (6.0) 29.7 (5.8) 47 227 (2.1) 255@3.0)  79(9.0) 0.83 (0.08)
3 520 27.9 (6.3) 30.9 (5.8) 3.0 236 (2.1) 263(3.2) 81(9.0) 0.84 (0.08)
4 520 30.1 (6.4) 32.0 (6.2) 1.9 244 (2.1) 27.0(34) 84(88) 0.85 (0.08)
5 517 32.0 (6.6) 32.7 (5.9) 0.7 250 (2.1) 272(34) 86(9.6) 0.86 (0.09)
6 522 34.0 (6.6) 33.5 (6.4) -0.5 25.7(23) 279(38) 87(94) 0.87 (0.08)
7 519 35.9 (6.6) 34.5 (6.4) -1.4 264 (24) 283(40) 89(9.8) 0.88 (0.09)
8 520 37.9 (6.6) 35.5 (6.6) 24 272 (26) 293 (45 91 (99 0.88 (0.09)
9 521 40.6 (6.7) 36.9 (6.7) =37 285(25) 298(44) 94(9.3) 0.89 (0.09)
10 517 46.5 (7.4) 40.6 (7.3) 5.9 31.9 3.9) 328 (5.7) 103 (11.1)  0.93 (0.09)

Notes: *Data are mean (standard deviation) unless otherwise indicated. *The deciles were estimated separately for men and women in the middle-aged and elderly groups
and the results are presented combined for both sexes and age-groups. <CUN-BAE = —44.988+(0.503 x age)+(10.689 X sex)+(3.172 x BMI) — (0.026 x BMI?)+(0.181 x BMI
X sex) — (0.02 x BMI x age) — (0.005 x BMI? x sex)+(0.00,021 x BMI? x age) where male = 0 and female = | for sex, and age in years. ‘Body mass index: weight (kg)/height
(m)?2. °Body adiposity index: hip (cm)/height (m)1.5-18.
Abbreviations: BAI, body adiposity index, BMI, body mass index; BF%, body fat percentage; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator; DXA,
dual-energy X-ray absorptiometry.

Table S4 OR and 95% ClI for CVD risk for one SD increase in baseline BMI and CUN-BAE in the Hordaland Health Study (1992—-1993

and 1997-1999)*

Models Total group Men Women
Number/ BMI CUN-BAE Number/ BMI CUN-BAE Number/ BMI CUN-BAE
events OR 95%Cl OR 95%Cl events OR 95%ClI OR 95%Cl e€vents OR 95%ClI OR 95%CI
Stroke  5400/120 2375/66 3025/54
Model I® 1.34 1.13,1.59 1.19 0.99, |.44 1.55 1.18,2.04 2.78 1.84,4.21 1.19 094, 1.52 1.78 1.242.57
Model 2¢ 1.18 0.98,1.42 1.18 0.98, |.42 145 1.09,1.93 2.75 1.81,4.16 1.02 0.78,1.32 1.74 121,253
MI 5419/149 2387/93 3032/56
Model [I® 1.33 1.14,1.56 1.08 0.92, .28 1.33 1.04, 1.69 2.38 1.67,3.40 1.32 1.05, 1.65 2.26 1.58, 3.24
Model 2¢ .16 0.97, 1.39 1.06 0.90, 1.26 1.34 0.95,1.58 231 1.62,3.31 1.10 0.86, 1.41 228 1.59,3.27
Angina  5431/315 2379/167 3052/148
Model I® 1.33 1.19, 1.48 1.13 1.00, 1.27 1.18 0.98,1.43 1.53 1.17,2.01 1.41 1.23,1.61 2.04 1.63,2.56
Model 2¢ 125 1.12, 1.41 1.14 1.01,1.28 1.15 0.95,1.40 1.57 1.19,2.06 1.30 1.12, 1.50 2.07 1.64,2.60

Notes: *CVD includes stroke, myocardial infarction, and angina from 1992 through 1999. "Model |: Unadjusted analyses. “Model 2: Adjusted for smoking status, in addition
age (and sex in analyses with the total group) for BMI.
Abbreviations: BMI, body mass index; Cl, confidence interval; CUN-BAE; Clinica Universidad de Navarra-Body Adiposity Estimator; CVD, cardiovascular disease risk; Ml,
myocardial infarction; OR, odds ratio.
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Baseline Follow-up
Invited Re-invited
HHS-I HUSK/
Born 1950-1952 Bom 1925-1927 HHS-1I Middle-aged  Elderly
N=17303 N=6513 N=4849 N=4338
Attended Attended
Middle-
Elderly Middle-aged  Elderly
1992-1993 aged - 1997-1 _ _
No1o595  N=4766 997-1999 N=3733 N=3341
Included in longitudinal analysis Included in cross-sectional analysis

Participants with anthropometry (baseline)+

Participants with DXA at follow-up
relevant outcome at baseline+follow-up

Middle-aged Elderly Middle-aged Elderly
N=2958 N=2381 N=3084 N=2109
N=3659 N=3137

Present study
N=3579 N=2545

Figure S| Recruitment in the Hordaland Homocysteine Study and Hordaland Health Study.
Notes: The figure shows the numbers of individuals at each stage of the study, and number of individuals used in the analyses in the present study.
Abbreviations: CVD, cardiovascular disease; DXA, dual-energy X-ray absorptiometry; HHS, Hordaland Homocysteine Study; HUSK, Hordaland Health Study.
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