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Accuracy of Waist Circumference Measurement using the
WHO versus NIH Protocol in Predicting Visceral Adiposity
Using Bioelectrical Impedance Analysis among
Overweight and Obese Adult Filipinos in a Tertiary Hospital
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Abstract

Objectives. The study aimed to compare the performance of weight circumference (WC) measurement using the World
Health Organization (WHO) versus National Institutes of Health (NIH) protocol in identifying visceral adiposity, and
to determine the association of WC with cardiometabolic risk factors among overweight and obese adult Filipinos.

Methodology. A retrospective study involving 221 subjects (99 males, 122 females) evaluated at an outpatient weight
intervention center of a tertiary hospital. The WC was measured at the superior border of the iliac crest (WC-NIH) and
midway between the lowest rib and the iliac crest (WC-WHO) for each patient. Using visceral fat rating (VF) derived
via bioelectrical impedance analysis (BIA) as reference standard, diagnostic accuracy tests for both protocols (using
cut-offs of 290 cm in males and 280 cm in females) were done. Cardiometabolic parameters were also obtained, and
binary logistic regression was performed to determine associations with WC.

Results. Among males, WC-WHO had 96% sensitivity (95% CI 88.8%-99.2%) and 25% specificity (95% C| 9.77%-46.7%)
while WC-NIH had 94.7% sensitivity (95% CIl 86.9%-98.5%) and 29.2% specificity (95% Cl 12.6%-51.1%) to predict high
VF >12. Among females, WC-WHO had 100% sensitivity (95% CI| 90%-100%) and 24.1% specificity (95% CI 15.6%-
34.5%) while WC-NIH had 100% sensitivity (95% CIl 90%-100%) and 4.6% specificity (95% CI 1.3%-11.4%). Prevalence
of high VF was significantly greater among males — 75.8% (95% CI 66.1%-83.8%) vs. 28.7% (95% CI 20.9%-37.6%)
in females (p<0.001). Among females, WC-NIH tended to have higher measurements than WC-WHO by an average of
4.67 cm. Females with WC-WHO measurements of at least 80 cm were approximately four times more likely to have low
(<50 mg/dL) HDL levels (cOR 3.82, p=<0.05), even after adjusting for age (aOR 3.83, p=<0.05).

Conclusion. WC measurement using the WHO and NIH protocols were both highly sensitive but had low specificity in
predicting high VF estimated via BIA among overweight and obese adult Filipinos in this study. WC-NIH measurements
tended to be higher among the females, which may affect classification of central obesity when using this protocol. WC
280 cm measured using the WHO protocol was associated with low HDL levels among female subjects. Prospective

studies conducted among the general Filipino population are recommended to verify these findings.
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BACKGROUND

Obesity is a complex condition increasingly recognized
as an important risk factor in the development of
cardiovascular disease and diabetes mellitus. In the
Philippines, the prevalence of overweight and obesity
among adults is 37.2%." Although body mass index (BMI)
is most commonly used to classify obesity, it cannot obtain
a measurement of fat distribution, particularly central
or visceral, which has been associated with increased
cardiometabolic risk.? Central obesity is characterized by
increased intraabdominal adipose tissue, which has been
linked with altered lipoprotein metabolism,® promotion
of insulin resistance,* and production of inflammatory
adipokines.” In Asians, accumulation of intraabdominal
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fat can occur without overt increase in overall body
mass. A study by Pagsisihan et al.,, among rural Filipino
subjects noted the occurrence of cardiometabolic diseases
at lower BMI cut-offs of 24 kg/m? and 23 kg/m? in males
and females, respectively.®

While computed tomography (CT) and magnetic resonance
imaging (MRI) are currently the gold standards for the
quantification of visceral adiposity, they are considered too
expensive, cumbersome and/or invasive for routine clinical
use.” Waist circumference (WC) is areliable surrogate marker
of visceral fat mass, and its measurement is recommended
in evaluating patients for obesity-related disease risk. Large
population studies®*'° have shown a significant association
between WC and the risk of developing type 2 diabetes
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mellitus (DM) and coronary heart disease independent
of other risk factors such as hypertension, blood glucose
elevation and dyslipidemia. The relationship between WC
and health outcomes persists across different age groups,
in males and females, and among several ethnic groups.?

Different clinical studies on cardiovascular morbidity
and mortality have used different WC measurement
sites such as above the iliac crest (recommended by the
National Institutes of Health''), midway between the
lowest rib and iliac crest (recommended by the World
Health Organization'?), the narrowest portion of the waist
or below the lowest rib. In general, it is recommended
to use bony anatomic landmarks to serve as easily
identifiable fixed guides for measurement.> While there is
no universal protocol for WC measurement, several cross-
sectional studies have attempted to determine which WC
measurement site better reflects visceral adiposity and
cardiometabolic outcomes in the different ethnic groups.

Bosy-Westphal et al., conducted a study among Caucasian
adults and children comparing 3 WC measurement sites,
and concluded that WC is better correlated to subcutaneous
(SFA) rather than visceral fat areas (VFA).” They determined
that WC measured below the lowest rib was the better
index of VFA and cardiometabolic risk. Another study in
Ireland had similar findings, with WC measured below
the lowest rib showing the strongest associations with
hypertension, dyslipidemia and DM in both genders.™

In a study by Ma et al, conducted in Taiwan, WC
measurement at the iliac crest (WC-IC) and midway
between the lowest rib and iliac crest (WC-mid) were
compared — they found greater correlations between WC-
mid and VFA, blood pressure, blood glucose, hemoglobin
Alc and lipid levels.” Identification of central obesity using
WC-mid was also able to predict the development of DM
after 31 months.

A systematic review of 120 studies evaluating different
WC measurement criteria showed that the different sites
had no impact on morbidity and mortality.!* However,
these studies determined that the site of WC measurement
plays an important role in the evaluation of central
obesity and cardiometabolic status. Hence, it may be
important to determine which WC measurement site is
better used for Filipino subjects in order to identify those
at risk for adiposity-related complications and institute
timely prevention.

OBJECTIVES

The general objective of the study was to compare the
performance of WC measurement using the WHO versus
the NIH protocol in predicting high visceral fat estimated
by bioelectrical impedance analysis among overweight
and obese adult Filipino patients at St. Luke’s Medical
Center, Global City.

Specific objectives were to: (1) Compare the sensitivity,
specificity, predictive values, likelihood ratios and
accuracy of the WHO and NIH protocols; (2) Determine the
statistical agreement between the WHO and NIH protocols,
disaggregating for males and females; and (3) Compare
the association of WC measurements using the WHO
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versus NIH protocols with the clinical and biochemical
cardiometabolic risk factors present among the subjects.

METHODOLOGY

Study Design

This was a single-center retrospective study conducted on
Filipino patients aged 19 years old and above who were
enrolled and evaluated at the Center for Weight Intervention
and Nutrition Services (WINS) of St. Luke’s Medical
Center, Global City from January 2017 to December 2018.

Study Population

All overweight and obese Filipino patients aged 19 years
old and above who were enrolled and evaluated at WINS
from January 2017 to December 2018 and who did not fulfill
the exclusion criteria were included in this study. Patients
with the following conditions that could have interfered
with accurate waist circumference measurement were
excluded from the study population: abdominal mass,
abdominal hernia, abdominal surgery in the past 3 months,
and bariatric surgery in the past 3 months. Subjects found
to have incomplete data were also excluded from analysis.

Study Procedures

Patient data which include charts, logbooks and electronic
medical records were reviewed by the primary investigator.
Demographic data such as age and sex were included.

Anthropometric data obtained were the height, weight,
WC and visceral fat rating. Waist circumference expressed
in centimeters (cm) was measured using a flexible, non-
stretchable plastic tape measure at two sites for every
patient: 1. At the horizontal plane on the superior border
of the iliac crest (WC-NIH); and 2. At the horizontal plane
midway between the lowest rib and the iliac crest (WC-
WHO). Measurement to the nearest 0.5 cm was done at the
end of a normal expiration and done twice for each site.
The higher value was recorded in the event of a discrepancy
between the two determinations. All anthropometric
measurements were carried out by either of 2 clinical
dietitians at WINS.

Visceral fat rating (VF) was obtained after the patient
has fasted for at least 2 hours, using a multifrequency
segmental body composition analyzer (TANITA MC-
980MA PLUS) which wuses bioelectrical impedance
technology. Bioelectrical impedance analysis (BIA) is a
practical, rapid and radiation-free modality widely used
to analyze body composition. BIA measures the electric
resistance between fat and components of other organs,
and is used in clinical and epidemiological settings to
estimate regional fat distribution."”

Studies comparing the accuracy of BIA in determining
visceral fat accumulation have been done among Chinese,'®
Korean" and Japanese”** subjects showing moderate to
high correlation (r 0.605-0.904) with abdominal imaging
using CT and MRI However, there were observed
differences in correlation attributed to the sex and BMI" of
the subjects as well as the specification of the BIA machines
used (such as single vs multifrequency,’®* bipolar vs
tetrapolar electrodes,” or segmental vs whole body
BIA®2). Currently, CT and MRI remain the gold standards
for quantification of visceral adipose tissue.
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Cardiometabolic risk factors present during the initial
evaluation of each patient were included, such as blood
pressure (BP), fasting blood sugar (FBS), 2-hour post-
glucose load values (2-hr OGTT), hemoglobin alc (HbAlc),
lipid profile, as well as the presence of hypertension,
diabetes, dyslipidemia and use of relevant medications.

Operational definitions

Body mass index (BMI) was defined as the subject’s weight
in kilograms (kg) divided by the height in meters squared
(m?). Using the WHO criteria for Asians,' the subject is
classified as overweight if the BMI is 23.0-24.9 kg/m? and
obese if the BMI is >25.0 kg/m?.

Central obesity was defined as WC of >90 cm in males and
>80 cm in females according to WHO recommendations."

High VF was defined as visceral fat rating above 12
units, while acceptable level ranges from 1-12 using BIA
(TANITA MC 980MA). Visceral fat rating (presented as a
value ranging from 1-59) is derived by applying predictive
equations to the segmental impedance measurements.”> An
algorithm was developed by the manufacturer to assign
VEF values that were based on abdominal imaging by MRI,
showing good correlation (r 0.84-0.886).2%

Hypertension (HTN) was defined by systolic blood
pressure (SBP) of >140 mmHg and/or diastolic blood
pressure (DBP) of 290 mmHg on repeated examination,*
intake of anti-hypertensive medications, or prior diagnosis
by a physician.

Diabetes mellitus (DM) criteria include use of oral
hypoglycemic agents and/or insulin, a prior diagnosis by
a physician, or if any of the following criteria were present:
fasting blood sugar (FBS) >126 mg/dL, or hemoglobin
Alc (HbAlc) >6.5%, or 2-hour oral glucose tolerance
test (OGTT) result 2200 mg/dL using 75 g anhydrous
glucose load, or random blood sugar (RBS) 2200 mg/dL
accompanied by signs and symptoms of hyperglycemia
such as polydipsia, polyuria and polyphagia.”

Diagnosis of dyslipidemia was based on intake of lipid-
modifying drugs (such as statins, fibrates etc.), prior
diagnosis by a physician, or presence of any of the
following abnormal lipid profile results: total cholesterol
(TC) 2200 mg/dL, triglyceride (TG) 2150 mg/dL, low density
lipoprotein (LDL) >100 mg/dL, high density lipoprotein
(HDL) <40 mg/dL in males and <50 mg/dL in females.*

Sample size

A minimum of 174 adults satisfying the inclusion/exclusion
criteria is required, to compare, with 10% precision at 5%
level of significance, the performance of WC measurements
based on the NIH and WHO protocols in assessing central
obesity among overweight and obese adult Filipino patients
based on the assumptions that sensitivity and specificity of
abdominal circumference are 76% and 79%, respectively,’
and prevalence of central obesity among overweight and
obese patients is 63.3%."

Statistical analysis

Descriptive statistics was used to summarize the general
and clinical characteristics of the participants. Frequency
and proportion were used for categorical variables. Shapiro-
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Wilk test was used to determine the normality distribution
of continuous variables. Continuous quantitative data that
met the normality assumption was summarized using
mean and standard deviation (SD), while those that do not
was described using median and range.

Continuous variables which were normally distributed
were compared using the independent t-test. Otherwise,
the non-parametric Mann-Whitney U test was used. For
categorical variables, Chi-square test was used to compare
the outcomes. If the expected percentages in the cells are
less than 5%, Fisher’s Exact test was used instead.

Sensitivity, specificity, predictive values, and likelihood
ratios of WC-WHO and WC-NIH (using accepted cut-
offs >90 cm in males and >80 cm in females'>*) to predict
high VF (>12 via BIA) were calculated.

Bland-Altman analysis was used to determine the
limits of agreement and the mean difference between
WC measurements using the NIH and WHO protocols.
Crude and age-adjusted odds ratios with 95% confidence
intervals from binary logistic regression were computed
to determine the association between WC and cardio-
metabolic parameters.

All valid data were included in the analysis. Missing data
were neither replaced nor estimated. Null hypothesis was
rejected at 0.05c-level of significance. STATA 15.0 was
used for data analysis.

Ethical considerations

The protocol of this study adhered to the ethical
considerations and ethical principles set out in relevant
guidelines, including the Declaration of Helsinki, WHO
guidelines, International Conference on Harmonization-
Good Clinical Practice, and National Ethics Guidelines for
Health Research. The investigators have completed the
Good Clinical Practice (GCP) training on the responsible
conduct of research with human data. The study only
commenced upon the approval of the St. Luke’s Medical
Center Institutional Ethics Review Committee.

Identifiable data were purged from the study records and
each patient was assigned a code number. A master list
containing the code number and subject’s hospital PIN
was kept separately from the research data. The master list
and all research data were stored on a password-protected
computer which only the investigators could access. These
records will be kept for a minimum of 5 years following
completion of the study, after which electronic data will
be deleted and any existing hard copies will be shredded.

RESULTS

We enrolled a total of 221 adult Filipinos who were either
overweight or obese. They had a median age of 38 years,
ranging from 19 to 71 years old. The median BMI was 35.17
kg/m? for males and 31.59 kg/m? for females. Median WC-
NIH measurement was 115.2 cm for males and 107 cm for
females. Median WC-WHO measurement was 111.5 cm for
males and 99 cm for females. The median VF was 17 units
for males and 10 units for females. Average values for the
blood pressure, metabolic parameters, and co-morbidities
are enumerated in Table 1.
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Table 1. Clinical characteristics of the overweight and obese adult Filipinos (n = 221)

All (n = 221)

Males (n = 99)

Females (n = 122)

Age (years)

38 (19-71)

38 (19-71)

38.5 (19-71)

Anthropometrics

BMI (kg/m?)
23.0-24.9 (%)
225.0 (%)

Wiaist circumference (cm)
WC-NIH
WC-WHO

Visceral fat rating

33.17 (23.37-92.64)
10 (4.52)
211 (95.48)

111 (75-181)
106 (71-199)
12 (4-51)

35.17 (24.59-92.64)
2(2.02)
97 (97.98)

115.2 (83-181)
111.5 (81-199)
17 (6-51)

31.59 (23.37-67.15)
8 (6.56)
114 (93.44)

107 (75-154)
99 (71-156)
10 (4-33)

Blood pressure (mmHg)

Systolic BP 120 (90-170) 120 (100-170) 120 (90-140)

Diastolic BP 80 (60-120) 80 (60-120) 80 (60-100)
Metabolic parameters

FBS (mg/dL) 97 (73-296) 100 (76-296) 94.5 (73-213)

2-hr OGTT (mg/dL) 128.5 (92-329) 135.5 (97-226) 124 (92-329)

HbA1c (%) 5.8 (4.9-12.5) 5.8 (5.2-12.5) 5.7 (4.9-8.4)

Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)

LDL (mg/dL)

185 (85.2-348)
126 (49-497)
46 (27-87)

118 (32-249)

182.9 (85.2-295)
132 (55-497)

42 (27-84)

117 (32-249)

186.5 (124-348)
124 (49-295)
47.5 (28-87)
118.5 (54-244.5)

Comorbidities
Hypertension (%)
With HTN medications
Diabetes mellitus (%)
With DM medications
Dyslipidemia (%)
With lipid medications

79 (35.75)
75 (94.94)
51(23.08)
44 (86.27)
149 (67.42)
63 (42.28)

45 (45.45) 34 (27.87)
42 (93.33) 33 (97.06)
29 (29.29) 22 (18.03)
25 (86.21) 19 (86.36)
68 (68.69) 81 (66.39)
31 (45.59) 32 (39.51)

183

Data are presented as median (range) or frequency (%)

Overall, WC had a high sensitivity and low specificity to
detect VF above 12 via BIA across both NIH and WHO
protocols for both sexes (Table 2). The prevalence of high
visceral fat was at 75.8% (95% CI 66.1% to 83.8%) for
males and 28.7% (95% CI 20.9% to 37.6%) for females.
Consequently, positive predictive values were high for
males, while negative predictive values were higher in
females. Notably, accuracy was the same for males at
78.8% for both WC-NIH and WC-WHO. For females,
the accuracy was at 32.0% for WC-NIH and 45.9% for
WC-WHO.

Using Bland-Altman plots (Figures 1-3), we identified
the agreement in WC measurement using the NIH
protocol with the WHO protocol. To define the limits of
agreement, at least 95% of the data points should lie within
+1.96SD of the mean difference. Pitman’s test of difference
in variance was also done concurrently.

On the average, WC-NIH tended to have higher
measurements compared to WC-WHO by 2.19 cm (2.5%).
Among males, WC-NIH had lower measurements than
WC-WHO by an average of 0.85 cm (0.39%). In contrast,
WC-NIH tended to have higher measurements than WC-
WHO by an average of 4.67 cm (4.88%) among the female
subjects. There is a statistically significant difference in
variance between the NIH and WHO protocols of WC
measurement (p<0.05) overall, in males and in females
(Tables 3, 3.1).

Using log-transformed values, the mean difference (log
NIH - log WHO) was calculated in the overall study
population, then disaggregated by sex (Figures 4-6). There
is a statistically significant difference in variance between
the WC measurement protocols (p<0.05). The difference in
variance was maintained even after classifying by gender
(Table 3.2). On linear regression, there is a negative trend
between the differences and averages of the WC values

Table 2. Diagnostic performance of WC-NIH and WC-WHO in predicting high visceral fat at recommended cut-off values,

by sex

Males (n = 99)

Females (n = 122)

WC-NIH

WC-WHO

p WC-NIH WC-WHO p

Prevalence of high visceral fat (%) 75.8 (66.1-83.8)

28.7 (20.9-37.6) <0.0012

Sensitivity (%)
Specificity (%)
PPV (%)

NPV (%)

LR+

LR-

Accuracy (%)

94.7 (86.9-98.5)
29.2 (12.6-51.1)
80.7 (70.9-88.3)
63.6 (30.8-89.1)
1.34 (1.03-1.74)
0.18 (0.06-0.57)
78.8 (69.4-86.4)

96 (88.8-99.2)
25 (9.77-46.7)

80 (70.2-87.7)

66.7 (29.9-92.5)
1.28 (1.01-1.62)
0.16 (0.04-0.59)
78.8 (69.4-86.4)

100 (90.0-100)
4.6(1.3-11.4)
29.7 (21.6-38.8)
100 (39.8-100)
1.05 (1.0-1.1)

0

32 (23.8-41.0)

100 (90.0-100)
24.1 (15.6-34.5)
34.7 (25.5-44.8)
100 (83.9-100)
1.32 (1.17-1.48)
0

45.9 (36.9-55.2)

Data are presented as an estimate (95% confidence interval)
Test positive: Females, WC 280 cm; Males, WC =90 cm
Disease positive: VF >12

a, p-value <0.05 on males vs females
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Figure 1. Bland Altman plot depicting agreement between WC-NIH and WC-WHO measurements in the overall study
population. (A) Differences presented in cm, with an agreement range from -14.12 to +18.50 cm; (B) Percentage difference
presented, with an agreement range from -12.33% to +17.37%.
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Figure 2. Bland Altman plot depicting agreement between WC-NIH and WC-WHO measurements among the male subjects.
(A) Differences presented in cm, with an agreement range from -15.89 to +14.18 cm; (B) Percentage difference presented,
with an agreement range from -13.04% to +12.27%.
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Figure 3. Bland Altman plot depicting agreement between WC-NIH and WC-WHO measurements among the female
subjects. (A) Differences presented in cm, with an agreement range from -11.01 to +20.34 cm; (B) Percentage difference
presented, with an agreement range from -9.99 to +19.75%.
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Table 3. Bland-Altman agreement between WC-NIH and WC-WHO

Overall

Males Females

N 221
Limits of Agreement
Mean difference between WC-NIH and WC-WHO (95% Cl), cm

-14.12t0 18.50
2.19 (1.1 t0 3.27)

99 122
-15.89 to 14.18 -11.01 to 20.34
-0.85 (-2.35 t0 0.65) 4.67 (3.26 10 6.07)

Range, cm 75.0 to 190.0 83.5t0 190.0 75.0 to 155.0
Pitman’s Test of difference in variance (r) -0.382 -0.375 -0.24
P-Value <0.001* <0.001* 0.008*
Limits of agreement = mean diff. + 1.96*std dev. We expect that 95% of the differences will lie within the limits of agreement.
*p-value <0.05
Table 3.1. Bland-Altman agreement between WC-NIH and WC-WHO using percentage differences

Overall Males Females
N 221 99 122
Limits of Agreement, % -12.33t0 17.37 -13.04 to 12.27 -9.99t0 19.75
Mean difference between WC-NIH and WC-WHO (95% Cl), % 2.52 (1.52 to 3.52) -0.39 (-1.66 to 0.88) 4.88 (3.54 t0 6.23)
Range, cm 75.0 to 190.0 83.5 to 190.0 75.0 to 155.0
Pitman’s Test of difference in variance (r) -0.38 -0.305 -0.301
P-Value <0.001* 0.002* 0.001*
Limits of agreement = mean diff. + 1.96*std dev. We expect that 95% of the differences will lie within the limits of agreement.
*p-value <0.05
Table 3.2. Bland-Altman agreement between log-transformed values of WC-NIH and WC-WHO

Overall Males Females
N 221 99 122
Limits of Agreement -0.12t0 0.17 -0.13t0 0.12 -0.10 t0 0.20
Mean difference between WC-NIH and WC-WHO (95% Cl) 0.025 (0.015 to 0.035) -0.004 (-0.017 to 0.009) 0.049 (0.036 to 0.062)
Range 4.32t05.25 4.431t05.25 4.32t05.04
Pitman’s Test of difference in variance (r) -0.368 -0.289 -0.282
P-Value <0.001* 0.004* 0.002*

Limits of agreement = mean diff. + 1.96*std dev. We expect that 95% of the differences will lie within the limits of agreement.

*p-value <0.05

using the NIH and WHO protocols (p<0.05), suggesting
the presence of proportional bias. The negative trend was
still observed after classifying by gender (Table 3.3).

Females with WC of at least 80 cm via the WHO protocol
were approximately four times more likely to have a
low HDL level <50 mg/dL (cOR 3.82, 95% CI 1.36-10.65).

Table 3.3. Relationship between the mean and difference
of waist circumference measurements using WC-NIH and
WC-WHO

Beta Coefficient (95% Cl) p
Average of WC-NIH and WC-WHO
Overall -0.15 (-0.20 to -0.10) <0.001*
Males -0.10 (-0.18 to -0.03) <0.001*
Females -0.13 (-0.21 to -0.05) 0.002*

*p-value <0.05

This association was maintained even after adjusting for
age (aOR 3.83, 95% CI 1.37-10.70). We have insufficient
evidence to demonstrate an association of WC with the
rest of the cardiometabolic parameters in the subjects
(Tables 4, 4.1).

DISCUSSION

To the best of our knowledge, this is the first study
comparing WC measurement sites in evaluating central
adiposity among Filipino subjects. Using the current
recommended cutoffs (290 cm for males and >80 cm for
females), sensitivity of both WC measurement sites for
identification of elevated VF on BIA was similarly high
in both genders. As a screening tool for central obesity,
this attribute may be beneficial. However, specificity
of both WC measurement sites was poor in both males

Table 4. Association between waist circumference and cardiometabolic factors in overweight and obese Filipino adults

Females

WC-WHO WC-NIH WC-WHO

(N =122)

Males
WC-NIH

SBP 2130 3.58 (0.73-17.54)

DBP 285 11.99 (0.68-210.44)

FBS 2100 1.44 (0.41-5.07)

2-hr OGTT 2140 3.96 (0.18-89.19)

HbA1c >5.6 1.75 (0.32-9.50)

TC 2200 0.62 (0.40-0.18)

TG <150 1.22 (0.33-4.53)

Low HDL (<40 males; <50 females)
LDL >100

1.85 (0.46-7.44)
0.82 (0.22-3.02)

6.40 (0.77-53.32)

9.58 (0.54-170.11)

2.50 (0.59-10.63)
2.60 (0.11-62.57)
1.28 (0.26-6.29)
0.66 (0.16-2.62)
0.57 (0.11-2.92)
5.85 (0.70-48.73)
0.95 (0.22-4.07)

2.33 (0.12-44.82)
1.06 (0.05-20.80)
0.53 (0.07-3.92)
0.15 (0.01-1.74)
1.38 (0.08-23.17)
1.92 (0.19-18.99)
0.60 (0.20-1.85)
3.81(0.38-37.68)
1.48 (0.15-14.70)

2.65 (0.57-12.24)
6.01 (0.34-105.46)
1.93 (0.65-5.69)
1.35 (0.06-30.00)
1.11 (0.27-4.60)
2.28 (0.77-6.70)
0.56 (0.17-1.79)
3.82 (1.36-10.65)*
0.75 (0.28-2.00)

Data are presented as crude OR (95% ClI)
*p-value <0.05 vs. Low HDL
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Table 4.1. Association between waist circumference and cardiometabolic factors, adjusted for age (N = 221)
Males

Females

WC-NIH

WC-WHO

WC-NIH

WC-WHO

SBP 2130 mmHg

DBP 285 mmHg

FBS =100 mg/dL

2-hr OGTT 2140 mg/dL

HbA1c >5.6%

TC 2200 mg/dL

TG <150 mg/dL

Low HDL mg/dL (<40 males; <50 females)
LDL >100

3.82(0.76-19.18)

11.05 (0.62-195.53)

1.93 (0.65-5.69)
4.18 (0.18-99.13)
1.11 (0.27-4.60)
2.28 (0.77-6.70)
0.56 (0.17-1.79)
1.52 (0.36-6.33)
0.75 (0.28-2.00)

6.57 (0.78-55.18)
8.98 (0.51-159.64)

4.29 (0.83-22.12)
2.70 (0.11-66.24)
1.53 (0.28-8.32)
0.64 (0.16-2.56)
0.58 (0.11-2.97)
5.66 (0.66-48.20)
1.09 (0.25-4.81)

2.37 (0.12-46.75)
0.98 (0.05-19.56)
0.53 (0.07-4.12)
0.18 (0.01-2.06)
1.49 (0.09-26.17)
1.98 (0.20-19.80)
0.61 (0.20-1.85)
3.78 (0.38-37.44)
1.44 (0.14-14.34)

3.31(0.65-16.77)
6.61 (0.37-118.94)
2.51(0.72-8.71)
1.20 (0.05-29.61)
1.60 (0.35-7.44)
2.37 (0.79-7.12)
0.56 (0.17-1.79)
3.83 (1.37-10.70)*
0.76 (0.28-2.02)

Data are presented as adjusted OR (95% Cl)
*p-value <0.05 vs. Low HDL

and females. This may be due to the nature of the study
population, which consisted of overweight and obese
individuals with almost all subjects exceeding the WC
cutoffs. Accuracy of both WC-WHO and WC-NIH was
also lower for the female subjects compared to the males,
which may be due to the significantly lower prevalence of
high VF among the female study population.
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Figure 4. Bland-Altman plot depicting agreement between
log-transformed WC-NIH and WC-WHO values in the
overall study population. Agreement range was from -0.12
to +0.17.

In this study, diagnostic parameters of WC-WHO and
WC-NIH were similar, with overlapping 95% confidence
intervals of the sensitivity, specificity, predictive values,
likelihood ratios, and diagnostic accuracy between both
methods. This is in contrast to the findings of Ma et al,,
which determined that WC measured according to the
WHO protocol was superior in detecting high visceral fat
in females.”> However, an important difference in their
study is that they used CT to quantify VFA.

Based on Bland-Altman analysis, there was no agreement
between WC measurements using the WHO and NIH
protocols in this study. While we noted statistically
significant differences in the wvariance of both WC
measurement protocols (i.e., they are statistically not
interchangeable), the average difference of 4.67 cm
between WC-NIH from WC-WHO among the female
subjects (compared to only 0.85 cm in males) may be
more clinically significant — likely due to sex differences
in body fat distribution. As seen in other similar studies,
WC measurement location has a greater impact in
females.”"> Classification of central obesity therefore
might differ depending on the WC measurement protocol
used, particularly among women. This supports the
recommendation of the International Atherosclerosis
Society (IAS) and International Chair on Cardiometabolic
Risk (ICCR) Working Group on Visceral Obesity to be
consistent in the use of WC measurement protocols.®
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Figure 5. Bland-Altman plot depicting agreement between
log-transformed WC-NIH and WC-WHO values among the
male subjects. Agreement range was from -0.13 to 0.12.
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Figure 6. Bland-Altman plot depicting agreement between
log-transformed WC-NIH and WC-WHO values among the
female subjects. Agreement range was from -0.10 to +0.20.
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Among the clinical and biochemical cardiometabolic
parameters, only low HDL (<50 mg/dL) among the females
had an association with WC-WHO even after adjusting
for age. In contrast, Ma et al., determined that both WC-
NIH and WC-WHO were associated with blood pressure,
glucose levels, TG and HDL."

Our study compared the relationships of WC-WHO
and WC-NIH with visceral fat and cardiometabolic risk
factors. While adequate comparison of parameters was
attempted, several limitations are present in the current
study. First is that other WC measurement sites were
not evaluated. Other studies have concluded that WC
measurement using the lowest rib was more reproducible
and easier to obtain compared to WC-WHO?>**!; hence its
assessment could be clinically relevant.

Second, the gold standard methods (CT or MRI) for
quantification of visceral adipose tissue were not
utilized. While there are several studies that explored the
correlation of BIA with the gold standards for visceral fat
quantification, these studies were conducted on a relatively
small number of subjects. BIA equations may also be
population-specific,”? and currently there are no studies
evaluating the accuracy of BIA and visceral fat rating
conducted among Filipinos.

Third, there were 2 observers who performed WC
measurements throughout the study period, although only
1 observer performed both WC measurement methods in
each patient, and interobserver variability could be a factor.

Fourth, temporal relationships between WC measurement
and cardiometabolic diseases could not be established due
to the cross-sectional study design.

Lastly, the single-center study population was composed
of overweight or obese subjects hence our findings may
not be generalizable to the non-overweight/non-obese
Filipino.

CONCLUSION

Based on this study, WC measurement using the WHO
and NIH protocols showed similarly high sensitivity
but low specificity in identifying high VF estimated via
BIA among overweight and obese adult Filipinos. WC-
NIH measurements tended to be higher among the
females owing to sex-related body fat distribution, which
may affect classification of central obesity when using
this protocol.

In this study, female subjects with an elevated WC
measured using the WHO protocol were more likely to
have low HDL levels, even after adjusting for age. We were
unable to demonstrate an association between WC and the
rest of the cardiometabolic factors among the subjects.

Prospective studies conducted among the general Filipino
population using gold standard methods such as CT or MRI
to quantify visceral adiposity are recommended to further
determine the most appropriate WC measurement site
and cut-offs to define central obesity, and further establish
associations with cardiometabolic risk factors.
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