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Ability of Anthropometric Measurements to Predict Metabolic Health among Patients in
Alberta: A Population-Based Study in Primary Care

ABSTRACT

Purpose: This study compared anthropometric and body fat percent (BF%) equations in relation
to measures of metabolic health.

Methods: BF% calculations (Bergman, Fels, and Woolcott) and anthropometric measurements
were used to determine obesity among patients attending primary care in Alberta, Canada.
Anthropometric variables included body mass index (BMI), waist circumference, waist:hip,
waist:height and calculated BF%. Metabolic Z-score was computed as the sum of triglycerides,
total cholesterol, and fasting glucose and the number of standard deviations from the sample
mean.

Results: 514 individuals were included (41.2% male, age: 53 + 16y, BMI: 27.4 + 5.7kg/m?).
Body mass index > 30 kg/m? detected the smallest number of participants (n=137) as having
obesity, while Woolcott BF% equation categorized the largest number of participants as having
obesity (n=369). No anthropometric or BF% calculation predicted metabolic z-score in males (all
p>0.05). In females, age-adjusted waist:height had the highest prediction power (R?=0.204,
p<0.001), followed by age-adjusted waist circumference (R?=0.200, p<0.001) and age-adjusted
BMI (R%=0.178, p<0.001).

Conclusions: This study did not find evidence that BF% equations more strongly predicted
metabolic Z-scores than other anthropometric values. In fact, all anthropometric and BF%

variables were weakly related to metabolic health parameters, with are apparent sex differences.
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Ability of Anthropometric Measurements to Predict Metabolic Health among Patients in
Alberta: A Population-Based Study in Primary Care
INTRODUCTION

Body mass index (BMI) is frequently used to identify obesity and comorbidity risk.
However, BMI is not an accurate indicator of adiposity as implied by a wide variability of body
fat percent (BF%) and visceral adiposity within each BMI category [1]. Newer equations to
estimate BF% have been proposed as surrogate measures of body composition. Such calculations
require anthropometric measurements that are portable, low-burden, and low-cost. These
equations may be better predictors of health outcomes when compared to BMI and waist
circumference [2], although these findings have not been consistently demonstrated [3].

The present study compared BF% calculations among patients attending primary care in
Alberta, Canada in relation to metabolic health. We hypothesized that BF% calculations would
be stronger predictors of metabolic parameters compared to BMI, waist circumference, waist:hip,
and waist:height.

METHODS
Study design and participants

This study was reviewed and approved by the Health Research Ethics Board at the
University of Alberta. Data from the Canadian Primary Care Sentinel Surveillance Network
(CPCSSN) was used, as previously described [4,5]. Patients age >18 years with data in the
CPCSSN from 2004 to 2014 were included, with no exclusion based on ethnicity or comorbidity;
patients with missing data were not excluded and the last recorded values of outcomes were used

for these analyses.
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Demographic variables included patient age and sex. Body weight, height, BMI, waist
circumference, and hip circumference were obtained from medical records. BF% was calculated

as follows:

Hip circumference (cm)

1) Bergman et al. [6]: Helght ()15 18
2) Fels [7]: 1.26 x (%2 "Z:g";’; — ) —32.85

3) Woolcott and Bergman [8]: 64 — (20 * [height (m) /waist circumference (m)]) + (12*sex)

where sex=0 for male and 1 for female in equation 3.
To ascertain metabolic health, triglycerides, total cholesterol, and fasting glucose were first
summed together. The z-score was calculated as the number of standard deviations from the
sample mean for each individual (i.e. [value-mean/standard deviation]), similar to previous
reports [2]. Individuals were categorized as either having obesity or not having obesity according
to the following definitions: BMI > 30 kg/m?, waist circumference >88 c¢m for females and >102
cm for males, BF% > 25% in males and > 35% in females, as previously used [9,10].

SAS (SAS Institute Inc. Cary, NC) version 9.3 and SPSS Statistics version 23 (IBM
Corp., Armonk, NY, USA) were used to perform the statistical analysis. All tests were two-tailed
tests and significance considered at p <0.05. McNemar’s test assessed the differences in the
number of individuals diagnosed as having obesity by different criteria. Independent t-tests were
used to compare the means of variables between males and females. Multiple linear regression
tested the association between BMI, waist circumference, waist:hip, waist:height, and BF%
calculations and metabolic risk z-score, stratified by sex. For each indicator of body
size/composition, two models were built to evaluate the with metabolic risk alone and with age.

RESULTS
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Anthropometric and metabolic variables are presented in Table 1. Mean age of the
sample was 53 + 16 years (range: 18 — 91 years) and mean BMI was 27.4 + 5.7kg/m? (range:
16.7 — 63.0 kg/m?). The overlap of those having obesity by various definitions are presented in
Figure 1. The number of participants in each category was significantly different on all accounts
(p<0.001, McNemar’s test). BMI categorized the smallest number of participants as having
obesity (n=137), while BF% from the Woolcott equation categorized the largest number of
participants as having obesity (n=369).

Regression models to predict metabolic Z-scores are presented in Table 2. Models with
age generally had greater predictive power. No model predicted metabolic Z-score in males.
Conversely, all models were significant in females. Notably, waist:height with age had the
highest prediction power (R?=0.204, p<0.001), followed by age-adjusted waist circumference
(R?=0.200, p<0.001) and age-adjusted BMI (R?=0.178, p<0.001).

Discussion

We found that anthropometric parameters predicted metabolic Z-score marginally better
than calculated BF%, in females only. However, approximately 80% (or more) of the variability
in metabolic Z-scores was unexplained across all measurements, suggesting that anthropometric-
based calculations of body size and composition are poorly associated with metabolic health.

Previous research has suggested that BF% equations are more closely related to
objectively-measured body composition than BMI [11,12], and may therefore represent an
accessible tool to predict metabolic health in clinical settings. In our study, even the strongest
model (using waist:height) predicted approximately 20% of metabolic Z-score variability in
females, similar to previous research [2]. Poor ability of calculated BF% to predict metabolic

health could be partially attributed to the weak relationship between anthropometrics and
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measured body composition [13], the latter being more closely linked to cardiovascular risk
factors [14]. Our results also suggest that age marginally affects the relationship between
anthropometric variables and metabolic health, potentially due to the change in fat distribution
that occurs with senescence [15]. Tools that either directly and accurately measure body
composition or consider lifestyle factors (e.g. the Edmonton Obesity Staging System [16]) may
be more beneficial than anthropometrics for assessing metabolic risk and monitoring progress of
health interventions.

In our data, no anthropometric measurement predicted metabolic Z-score in males while
all predictive models were significant in females. Previous evidence suggests equations might
underestimate BF% in males and overestimate body fat in females [13]. These equations do not
consider sex, but rather hip circumference and height only. Since females are usually shorter than
males and have a higher average BF%, body composition equations combining both sexes may
overestimate the strength of association between height and body fat [13]. Further, BMI is more
strongly related to BF% in females [9], which might explain why this anthropometric measure
was a better predictor of metabolic Z-score in females in our study.

Our study is the first to assess predicted BF% in relation to metabolic health among
Canadians in primary care. Nevertheless, this investigation is not designed to assess the role of
anthropometric measures of adiposity on the development of metabolic conditions due to our
cross-sectional and retrospective approaches; data collection was also not standardized.
Furthermore, CPCSSN data are not collected from all primary care practices in Canada and may
not be representative of the entire population with obesity.

In conclusion, BF% equations did not predict metabolic Z-scores better than singular

anthropometric variables in adults in primary care practice in Canada. In fact, all measures
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weakly predicted metabolic Z-scores, with apparent variation between sexes. Future research
should determine clinically viable and accurate strategies to identify individuals at risk for
developing poor metabolic health while considering sex differences.
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Figure 1. Prevalence and overlap of obesity defined by different measures. Venn diagram
showing the number of individuals categorized as having obesity according to body mass index
(BMI), waist circumference (WC), and body fat percentage calculated using equations from
Fels et al., Woolcott et al., and Bergman et al. and their overlap.



240

241
242
243

Table 1. Anthropometric and metabolic characteristics of patients in primary care

score

N Females Males p-value
Females | Males
Age (years) 301 212 51+16 57+14 <0.001
Weight (kg) 302 211 [70.1+17.4 90.1+19.0 <0.001
Height (cm) 302 211 1625+ 6.5 175.7+9.1 <0.001
Body mass index 302 209 26.4+5.8 28.9+5.2 <0.001
(kg/m?)
Waist 301 211 86.8 +14.5 100.0+17.4 | <0.001
circumference (cm)
Waist/hip ratio 302 212 0.80 £ 0.08 0.95+0.08 <0.001
BF% Bergman 301 210 32.2+6.6 27.5+9.5 <0.001
BF% Fels 301 210 33.59 + 8.60 27.8+£11.9 <0.001
BF%, Woolcott 301 210 37.41 +8.26 27.10+11.77 | <0.001
Total cholesterol 264 197 51+£1.0 49+0.9 0.013
(mmol//L)
LDL-c (mmol/L) 265 194 29108 29+0.8 0.328
HDL-c (mmol/L) 266 197 1.6+04 1.3+£0.3 <0.001
Triglycerides 259 193 1.3+£0.8 15+£1.0 0.017
(mmol/L)
Fasting glucose 258 194 5109 5614 <0.001
(mmol/L)
HbAlc (%) 152 130 58+0.8 59+0.6 0.322
Systolic blood 302 211 118.8 + 15.8 1245+ 15.3 <0.001
pressure (mMHG)
Diastolic blood 301 211 73.1+10.8 76.2 +10.3 0.001
pressure (mMHG)
Metabolic risk z- 275 202 -0.07 £ 0.6 0.07+0.7 0.024

BF%: body fat percent; LDL-c: low density lipoprotein cholesterol; HDL-c high density

lipoprotein cholesterol; HbAlc: glycosylated hemoglobin, type Alc




Table 2. Regression analysis to evaluate the predictive value of each adiposity index with
cumulative metabolic risk z-score (dependent variable).

Group Models B | SE [t | R? | p-value
Males

BMI 0.012 0.010 1.20 0.007 0.231
BMI + age 0.011 0.010 1.12 0.016 0.264
Waist circumference 0.002 0.003 0.55 0.002 0.582
Waist circumference + age | 0.002 0.003 0.63 0.010 0.527
Waist/hip ratio 0.906 0.622 1.46 0.011 0.147
Waist/hip ratio +age 1.002 0.623 1.60 0.022 0.110
Waist/height ratio 0.190 0.476 0.40 0.001 0.690
Waist/height + age 0.255 0.479 0.53 0.009 0.594
BF% Bergman -0.001 0.005 -0.28 0.004 0.780
BF% Bergman + age -0.001 0.005 -0.17 0.008 0.864
BF% Fels -0.001 0.004 -0.26 0.003 0.797
BF% Fels + age -0.001 0.004 -0.15 0.008 0.878
BF% Woolcott 0.001 0.004 0.28 0.004 0.779
BF% Woolcott + age 0.001 0.004 0.34 0.008 0.731
Females

BMI 0.034 0.006 5.53 0.101 <0.001
BMI + age 0.031 0.006 5.27 0.178 <0.001
Waist circumference 0.016 0.003 6.56 0.136 <0.001
Waist circumference + age | 0.014 0.002 6.00 0.200 <0.001
Waist/hip ratio 2.319 0.432 5.36 0.095 <0.001
Waist/hip ratio + age 2.012 0.421 4.78 0.165 <0.001
Waist/height ratio 2.79 0.396 7.05 0.154 <0.001
Waist/height + age 2.41 0.395 6.12 0.204 <0.001
BF% Bergman 0.026 0.006 4.61 0.072 <0.001
BF% Bergman + age 0.021 0.006 3.67 0.137 <0.001
BF% Fels 0.020 0.004 4.60 0.072 <0.001
BF% Fels + age 0.016 0.004 3.70 0.138 <0.001
BF% Woolcott 0.032 0.005 6.15 0.122 <0.001
BF% Woolcott + age 0.028 0.005 5.25 0.178 <0.001

BMI: body mass index; BF%: body fat percent



