
Preventive Medicine Reports 4 (2016) 608–613

Contents lists available at ScienceDirect

Preventive Medicine Reports

j ourna l homepage: ht tp : / /ees.e lsev ie r .com/pmedr
Comparison of body mass index, waist circumference, and waist to height ratio in the
prediction of hypertension and diabetes mellitus: Filipino-American women
cardiovascular study

Cynthia A. Battie a, Nancy Borja-Hart b, Irma B. Ancheta c,⁎, Rene Flores d, Goutham Rao e, Latha Palaniappan f

a University of North Florida, United States
b University of Tennessee Health Science Center, United States
c University of Florida, United States
d University of Texas Science Center, United States
e University of Chicago, North Shore University Health System, United States
f Stanford University, United States
⁎ Corresponding author at: University of Florida, Colleg
1 West 8th Street, LRC 4, L-20, Jacksonville, FL 32209-651

E-mail address: irmaancheta1@gmail.com (I.B. Anchet

http://dx.doi.org/10.1016/j.pmedr.2016.10.003
2211-3355/© 2016 Published by Elsevier Inc. This is an op
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 18 February 2016
Received in revised form 9 October 2016
Accepted 18 October 2016
Available online 19 October 2016
The relative ability of three obesity indices to predict hypertension (HTN) and diabetes (DM) and the validity of
using Asian-specific thresholds of these indices were examined in Filipino-American women (FAW). Filipino-
American women (n = 382), 40–65 years of age were screened for hypertension (HTN) and diabetes (DM) in
four major US cities. Body mass index (BMI), waist circumference (WC) and waist circumference to height
ratio (WHtR) were measured. ROC analyses determined that the three obesity measurements were similar in
predicting HTN and DM (AUC: 0.6–0.7). The universal WC threshold of ≥35 in. missed 13% of the hypertensive
patients and 12% of the diabetic patients. The Asian WC threshold of ≥31.5 in. increased detection of HTN and
DMbut with a high rate of false positives. The traditional BMI ≥ 25 kg/m2 thresholdmissed 35% of those with hy-
pertension and 24% of those with diabetes. The Asian BMI threshold improved detection but resulted in a high
rate of false positives. The suggested WHtR cut-off of ≥0.5 missed only 1% of those with HTN and 0% of those
with DM. The three obesity measurements had similar but modest ability to predict HTN and DM in FAW.
Using Asian-specific thresholds increased accuracy butwith a high rate of false positives.Whether FAW, especial-
ly at older ages, should be encouraged to reach these lower thresholds needs further investigation because of the
high false positive rates.

© 2016 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The risk for hypertension (HTN) and diabetes mellitus (DM) in
Asian-Americans has been under-estimated and thus prevention and
early diagnosis of such chronic diseases has been hampered. (Hsu et
al., 2015). The prevalence of HTN and DM varies greatly among Asians
subgroups making it necessary to study Asian ethnic groups separately
for development of successful prevention, screening and treatment
strategies (Holland et al., 2011). Filipino-Americans, the second largest
growing Asian-American subgroup, suffer disproportionately frommet-
abolic and cardiovascular disorders with high rates of HTN (Zhao et al.,
2015; Ursua et al., 2014), DM (Wang et al., 2011; Nguyen et al., 2015;
Huang and Zheng, 2015) and metabolic syndrome (Palaniappan et al.,
2011; Ancheta et al., 2012). For example, in a cross-sectional study of
e of Medicine, Jacksonville, 653-
1, United States.
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208,985 patients, Filipino-Americans had higher rates of HTN and diffi-
culty attaining adequate HTN control compared to others (Zhao et al.,
2015). Additionally, in another cross-sectional sample of 94,423 pa-
tients, the risk for stroke and heart disease were significantly higher
for Filipino-American women (FAW) compared to other Asian-Ameri-
cans (Holland et al., 2011), not surprising given FAW's high rates of un-
controlledHTN (Zhao et al., 2015; Ursua et al., 2014).Moreover, DMwas
more likely in Filipino-Americans despite lower BMI (23–24.9 kg/m2)
compared to non-Hispanic Whites (Jih et al., 2014), and compared to
other Asians (Shih et al., 2014). Although it is well established that
FAW are at increased risk for both HTN and DM compared with many
other groups, the reasons for these disparities are not fully understood.

The increased risk of HTN and DM in FAW may in part result from
the prevalence of overweight and obesity in this population (Holland
et al., 2011; Ancheta et al., 2014). However, the threshold BMI for deter-
mining obesity has not been clearly established for FAW. Current guide-
lines define BMI thresholds of 25–29.9 kg/m2 for overweight and 30–
34.9 kg/m2 for obesity in all races (Araneta and Barrett-Connor, 2005)
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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but lower thresholds have been proposed for use in Asians (Hsu et al.,
2015; Tuan et al., 2008). In support of this premise, Asian-Americans in-
cluding Filipinos have higher rates ofmetabolic syndrome at lower BMIs
than Caucasians suggesting that BMI ranges should be lower for defin-
ing overweight/obesity for Americans of Asian ethnicity (Palaniappan
et al., 2011). Although a lower BMI threshold is suggested for FAW,
whether this threshold should be used for FAWwith an admixed genet-
ic background (Banda et al., 2015) is unclear. Among Southeast Asian
countries, the Philippines has a very distinct culture, history, and genetic
makeup, which encompasses both Austronesian and European compo-
nents. Thus, one of our objectives was to evaluate the efficacy of differ-
ent BMI thresholds for predictingHTN and DM in a cohort of older FAW,
who participated in a community-based study.

Another objective of thisworkwas to compare three abdominal obe-
sity indices as predictors of hypertension andDM in FAW.Although BMI
has been the gold standard for obesity determination for years, recent
work has indicated that waist circumference (WC) and waist to height
ratio (WHtR) may be more accurate predictors of health because they
measure central obesity (Pischon et al., 2008; Kodama et al., 2012).
Filipinas have higher visceral adipose tissue/abdominal obesity at the
same BMI compared to other groups. (Araneta and Barrett-Connor,
2005). Thus, waist circumference (WC) and waist to height ratios
(WHtR) may have better clinical utility than BMI for predicting disease
risk in FAW. Before these central obesitymeasurement tools can be used
in clinical practice, thresholds for determining HTN and DM need to be
determined in FAW, because central obesity thresholds may vary as a
function of ethnicity. The International Diabetes Federation (IDF)
guideline for WC is 31.5 in. in Asians (International Diabetes
Foundation, 2006) while the National Cholesterol Education Program
Adult Treatment Panel III sets the threshold at 35 in. with no change
for Asian ethnicity (JAMA, 2001). Whether lowered thresholds should
be applied to FAW needs further study in part for the reasons stated
above for BMI. Lastly, WHtR as a predictor of HTN and DM was studied
because it may be a better indicator than other measurements
(Jayawardana et al., 2013; Ho et al., 2003). Evidence suggests a WHtR
value of ≥0.50 predicts DM, HTN, CVD, and dyslipidemia (Ashwell et
al., 1996; Park et al., 2009; Aekplakorn et al., 2006) but to the best of
our knowledge, differences as a function of ethnicity and race are not
known for this measurement.

Based upon the above discussion, a comparison of the three obesity
measurements and validation of the use of Asian thresholds of BMI and
WC for HTN and DM screening in FAW are needed. This study, was un-
dertaken to compare these three morphometric measurements and to
determine optimal thresholds for each as predictors of HTN and DM in
middle-aged FAW.

2. Methods

2.1. Study design and subject recruitment

This cross-sectional study was conducted using a cohort of Filipino
women (n = 382) in four cities of the United States: Jacksonville, FL;
Chicago, IL; Tampa, FL; San Francisco, CA between 2010–2013. Partici-
pants were 40–65 years old, who had fasted for at least 12 h. Women
who had severe arthritis, any autoimmune disorder, a recent cancer di-
agnosis and/or presented with any infection or severe inflammation
were excluded from the study. Institutional Research Board (IRB) ap-
proval was obtained prior to conducting the study and informed con-
sent was obtained from each participant. Participants were recruited
from places of worship, frequented by FAW. Consent for the study was
obtained from the appropriate pastor or parish priest. Community vol-
unteers, actively involved in women's ministry, were in charge of dis-
seminating information regarding the upcoming study. At least two
weeks before the scheduled event, information regarding the study re-
garding the date, day, time, location, study eligibility to include a 12-
hour fasting requirement were presented to potential participants,
and distributed as flyers and printed in church bulletins. Invitations to
participate in the research study were also posted in different public
places frequented by FAW.

2.2. Measurements and statistics

Anthropometric measurements were taken while participants were
lightly clothed with no shoes. WC was measured to the nearest 0.1 in.
using a tension measuring tape at the narrowest point between the
iliac crest and the lowest rib when the participant exhaled (NHANES
protocol). Height and weight were measured using a standard Tanita
scale (WB-3000) with stadiometer. Waist to height ratio was then cal-
culated. BMI was calculated as weight (kg) divided by height squared
(m2). A licensed phlebotomist drew 5 mL of blood via venipuncture
from each participant for hemoglobin A1c and serum glucose. All spec-
imens were sent to a CLIA certified laboratory. DM was defined using
the American Diabetes Association's classification (American Diabetes
Association, 2015), serum fasting blood glucose ≥ 126 mg/dL, hemoglo-
bin A1c ≥ 6.5, or use of an anti-diabetic medication. Blood pressure was
obtained using a standard Omron digital HEM-705CP sphygmomanom-
eter on the left or non-dominant arm, after the participant had been
seated for 10min.Measurementswere repeated twicewith 5min in be-
tween each reading, and an average reading was obtained for better
blood pressure accuracy. Hypertension was defined as systolic blood
pressure (SBP) ≥ 140 mm Hg, diastolic blood pressure (DBP)
≥90 mm Hg, or the use of an antihypertensive medication.

A confidential, password-securedMicrosoft Excel databasewas used
for data entry and management. Inconsistencies were checked, and the
data descriptions were verified. Receiver Operating Curves were gener-
ated and analyzed using MedCalc software (https://www.medcalc.org/
index.php). Odds ratios comparing the numbers of participants with
HTN and DM as a function of BMI,WC andWHtR groupwere calculated
by Fisher's Exact test with Yates continuity correction using GraphPad
InStat version 3.05 http://www.graphpad.com/scientific-software/
instat/. Means ± standard errors were also calculated using this soft-
ware. Statistical significance was set at p b 0.01.

3. Results

3.1. Demographics and obesity measurements

The demographics of the study population (n= 382) are presented
in Table 1. Themean age of the participants was 53 years with the aver-
age duration of residency in the USA N 20 years. The majority of partic-
ipants were married, had college degrees, insurance and were
employed. The mean weight of participants was 137 ± 22 lbs. and
mean height was 61 ± 3 in. (Table 2). Most participants were at least
7% shorter than the average US women's height of 5 ft 4 in. (Lin et al.,
2002). Analyses showed that 24% of the study subjects met NCEP stan-
dards for optimal waist circumference (≤35 in.) and only 4% meet IDF
recommendations (≤31 in.). Almost all subjects exceeded the recom-
mended WHtR of b0.5 (94%). The majority (57%) were overweight as
defined by BMI ≥ 25 kg/m2. Both WC and WHtR correlated with BMI
(Pearson's correlation coefficient r = 0.81 p b 0.0001 and 0.83
p b 0.0001, respectively). None of the obesity measurements correlated
with age (data not shown). Blood pressure and DMmeasurements are
also presented in Table 2. Fifty percent of the study population were
identified as hypertensive, with 73% of these subjects controlled by
medication. Thirty percent of the study population was classified as di-
abetic with 45% of these controlled by medication.

3.2. Anthropometric measurements and hypertension

ROC analyses were used to determine the relative ability of the three
anthropometric measurements to predict HTN (Fig. 1; Table 3). The
areas under the curve (AUC) were 0.63 ± 0.03 (WC), 0.63 ± 0.03
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Table 1
Demographic information for the Filipino-American women participants.

Variable Mean ± SD or % group

Age (years) 53 ± 7
Years in USA 24 ± 13
Age upon arrival in USA (years) 31 ± 12

Income
b$12,000–$20,000 24%
$21,000–$40,000 25%
$41,000–$69,000 23%
$70,000 and above 28%

Education
Less than high school 2%
High school diploma 8%
Some college 20%
4 year degree and above 69%

Residency in the U.S.
Less than 5 years 12%
5–10 years 8%
10–20 years 21%
N20 years 59%

Marital status
Single 10%
Married 72%
Widow/widower 6%
Divorced/separated 12%

Occupation
Management 5%
Business, finance and administration 14%
Health occupations 35%
Sales and service 11%
Other 30%

Fig. 1. Receiver Operating Curves: hypertension as a function of body mass index, waist
circumference and waist to height ratio.

610 C.A. Battie et al. / Preventive Medicine Reports 4 (2016) 608–613
(WHtR) and 0.66 ± 0.03 (BMI). The AUCs of all three measurements
were poor (0.6–0.7, http://gim.unmc.edu/dxtests/roc3.htm) indicating
that none of these are able to predict HTN without considering other
factors. The thresholds estimated by ROC were: WC ≥ 36.5 in.,
WHtR ≥ 0.60 and BMI ≥ 25.5 kg/m2 but all of these thresholds had low
specificities and sensitivities. Additionally, the specificity and sensitivity
of Asian and universal thresholds were determined using the ROC
curves. For BMI, the universal threshold of ≥25 kg/m2 increased sensi-
tivity to 65% but dropped specificity to 60%. Using the WHO Asian BMI
threshold of ≥23 kg/m2, sensitivity increased to 84% with a specificity
Table 2
Anthropometric measurements, blood pressure and diabetes mellitus of the Filipino-
American woman participants.

Variables Mean ± SD % group

Height (inches) 61 ± 3
Weight (lbs) 137 ± 22
Waist circumference (inches) 37 ± 4

% subjects with IDF definition ≤ 31.5 in. 4%
% subject with ATP III ≤ 35 in. 24%

Waist to height ratio 0.62 ± 0.08
% subjects b 0.5 6%
% subjects N 0.5 94%

Body mass index (kg/m2) 27 ± 13
% subjects ≥ 25 kg/m2 (overweight) 57%
% subjects ≥ 30 kg/m2 (obese) 17%

Systolic blood pressure (mm Hg) 129 ± 18
≥140 mm Hg 25%

Diastolic blood pressure (mm Hg) 83 ± 10
≥90 mm Hg 28%

Hypertensive (elevated BP or medication) 50%
Fasting blood sugar (mg/dL) 100 ± 25

≥126 mg/dL 8%
Hemoglobin A1C % 6.0 ± 0.9

≥6.5% 18%
Diabetic (elevated A1C% or medication) 30%
of 32%. The WC cut-off of ≥35 in. increased sensitivity slightly to 78%
with 40% specificity. However, lowering the WC threshold to the Asian
threshold of ≥31.5 in., increased specificity to N90% but with a great
loss in specificity (b10%). Similarly the WHtR of ≥0.5 when used as
the threshold dramatically increased sensitivity to N90% but specificity
was below 10%.

To further examine the question of which threshold should be used
for HTNassessment, the numberswith andwithout HTN as a function of
thresholdwere counted and odds ratios comparing the numbers in each
group based on the various thresholds were calculated (Table 4). In the
case of WC, odds ratios comparing the groups were statistically signifi-
cant. Approximately, 87% of those subjects classified as hypertensive
had WC ≥ 35 in.; thus, 13% of the hypertensive participants would be
missed if the threshold was set at the higher level. If the WC threshold
was set at the Asian cut-off of ≥31.5 about 2% hypertensives would be
missed. However, setting the threshold so low would result in numer-
ous false positives as only 33% of those with aWC of 31.6–34.9 were hy-
pertensive. In the case of BMI, odds ratios were statistically significant.
Approximately 70% of the hypertensive group had ≥25 BMI. If the
Asian threshold of ≥23 BMI was used, another 15% of the hypertensives
would be identified. However, the majority (62%) of the 23.1–24.9 BMI
Table 3
Receiver Operating Curve determined threshold levels and traditional threshold values for
hypertension and diabetesmellitus as a function of bodymass index (BMI), waist circum-
ference and waist circumference to height ratio (WHtR).

Waist circ. WHtR BMI

Hypertension
Area under curve ± SD 0.63 ± 0.03 0.65 ± 0.2 0.66 ± 0.03
95% CI 0.57–0.68 0.60–0.71 0.60–0.72
Z statistic 4.39 4.74 5.67
Youden index J 0.21 0.23 0.23
ROC cut-off 36.6 (34.5–38) 0.60 (0.57–0.66) 25.5 (23.5–30)
Sensitivity/specify 73%, 50% 65%, 55% 65%, 60%
Published cut-off 35 0.5 25
Sensitivity/specificities 78%, 40% 94%, 6% 68%, 57%
Asian cut-off 31.5 23
Sensitivity/specificities 9%, 6% 84%, 32%

Diabetes
Area under curve ± SD 0.66 ± 0.04 0.65 ± 0.04 0.68 ± 0.04
95% CI 0.61–0.71 0.61–0.70 0.63–0.73
Z statistic 4.28 4.05 5.15
Youden index J 0.25 0.28 0.35
ROC cut-off 37.1 (36.1–41.2) 0.62(0.57–0.65) 25.5 (22.6–28.2)
Sensitivity/specificities 65%, 63% 73%, 63% 68%, 65%
Published cut-offs 35 0.5 25
Sensitivity/specificities 83%, 34% 95%, 6% 71%, 60%
Asian cut-off 31.5 23
Sensitivity/specificities 97%, 8% 89%, 28%

http://gim.unmc.edu/dxtests/roc3.htm


Table 4
Prevalence of hypertension and diabetes mellitus as a function of waist circumference, body mass index and waist circumference to height ratio categories.

Waist circ.
Categories
Inches

≤31.5
N = 15

31.6–34.9
N = 67

Total ≤ 34.9
N = 81

≥35
N = 295

Odds ratio
95% CI

p value

Hypertension % of group 20% 33% 30% 53% 2.841

1.7–4.8
0.0001

% of total hypertensives 2% 13% 15% 85% 2.602

1.49–4.54
0.001

Diabetes % of group 0% 15% 12% 25% 2.371

1.15–4.8
0.01

% of total diabetics 0% 12% 12% 88% 1.902

0.91–3.89
0.11

WHtR categories ≤0.5
N = 13

0.51–0.59
N = 155

Total b 0.59
N = 168

≥0.6
N = 207

Odds ratio
95% CI

p value

Hypertension % of group 15% 39% 37% 62% 2.833

1.86–4.31
0.0001

% of total hypertensives 1% 31% 32% 68% 2.624

1.71–4.02
0.0001

Diabetes % of group 0% 13% 12% 28% 2.843

1.63–4.97
0.001

% of total diabetics 0% 26% 26% 74% 2.624

1.50–4.60
0.001

BMI categories ≤23
N = 87

23.1–24.9
N = 76

Total b 24.9
N = 163

≥25
N = 215

Odds ratio
95% CI

p value

Hypertension % of group 32% 38% 35% 62% 3.025

1.97–4.61
0.0001

% of total hypertensives 15% 15% 30% 70% 2.636

1.53–4.50
0.001

Diabetes % of group 7% 18% 12% 29% 2.965

1.71–5.15
0.0001

% of total diabetics 7% 17% 24% 76% 1.8366

0.95–3.52
0.07

NOTE: 1WC ≥ 35 vs b35 in.; 2WC 31.6–34.9 vs ≤31.5, 3≥0.6 vs b0.6, 40.51–0.59 vs ≤0.5, 5≥25 vs b25, 623.1–24.9 vs ≤23.
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group were not hypertensive. Considering WHtR, odds ratios were sig-
nificant and 31% the hypertensives were in the WHtR 0.51–0.6 group
while the majority of hypertensives (69%) had WHtR ≥ 0.6.
Fig. 2. Receiver Operating Curves: diabetes as a function of body mass index, waist
circumference and waist to height ratio.
3.3. Anthropometric measurements and diabetes

ROC analysis was conducted to investigate the relative ability of the
three obesity measurements to predict DM (Fig. 2; Table 3). The areas
under the curve (AUC) were 0.66 ± 0.04 (WC), 0.65 ± 0.04 (WtHR)
and 0.68 ± 0.04 (BMI); all of these AUCs are considered poor. The
thresholds suggested by this analysis were:WC ≥ 37.1 in. (62% sensitiv-
ity; 63% specificity), WHtR ≥ 0.61 (69% sensitivity; 59% specificity) and
BMI ≥ 26.5 kg/m2 (60% sensitivity; 75% specificity). Next, the specificity
and sensitivity of universal and Asian thresholds were compared using
the ROC curves. In the case of BMI, lowering the cut-off to ≥25 kg/m2 in-
creased sensitivity slightly to 71% but dropped specificity to 60%. Using
theWHOAsian BMI threshold of ≥23 kg/m2, sensitivity increased to 89%
with a specificity of 28%. The WC cut-off of ≥35 in. increased sensitivity
to 83% with 34% specificity. However, lowering the WC threshold to
≥31.5 in., increased sensitivity to 97% but with a great loss in specificity
(8%). Similarly theWHtR of 0.5when used as the threshold dramatically
increased sensitivity to 95% but specificity was below 10%.

To further examine the question of which threshold should be used
for DM assessment, we determined the numbers with and without DM
as a function of threshold and calculated odds ratios comparing the
groups (Table 4). For WC odds ratios were significant. Approximately,
88% of those subjects classified as diabetic had WC ≥ 35 in.; thus, 12%
of the diabetics would be missed setting the threshold at the higher
level. If the WC threshold was set at ≥31.5 in., no one with DM would
be misclassified but there would be numerous false positives as only
12% of thosewith aWCof 31.6–34.9were diabetic. Similarly, odds ratios
for BMI groups were significant and 76% of the diabetic group had
BMI ≥ 25. If the Asian threshold of ≥23 BMI was used, another 17% of
the diabetics would be identified, but the rate of false positives is quite
high. Considering WHtR, odds ratio was significant and 26% the dia-
betics were in theWHtR 0.51–0.6 group while the majority of diabetics
(74%) had WHtR ≥ 0.6.
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4. Discussion

A high percentage of our group of Filipinowomen,whoweremostly
born in the Philippines but had resided in the USA for a period of time,
were overweight using universal standards. Forty percent of the FAW
cohort were overweight and 17% were obese as defined by BMI while
76% of the participants had a WC ≥ 35 in. and 96% had a WC ≥ 31.5 in.
Almost all subjects were above the recommended the WHtR value of
0.5. Another finding of this study is that BMI,WC, andWHtR had a com-
parable ability to predictHTN andDM in older FAW, although these pre-
dictions were fair at best. Furthermore, our results support the premise
that lower thresholds of BMI, WC and WHtR may be appropriate when
screening for HTN and DM in FAW to reduce false negatives. But wheth-
er FAW, especially at older ages, should be encouraged to reach these
lower thresholds needs further investigation.

Waist circumference, waist to height ratio and BMI appear to be use-
ful screening tools for HTN andDM in FAW. Thus, our results do not sup-
port the premise that BMI is poorer than waist circumference as a
measure of obesity because it does not distinguish fat from muscle
which may misestimate a patient's weight status (Willett et al., 1999).
Our results are in keeping with the Decoda Study (2008) which report-
ed that BMI and WC equally predicted HTN and DM in Asians of differ-
ent ethnicities. This group did not use WHtR but reported that waist to
hip ratio had a stronger association with diabetes than BMI and WC. In
contrast, Ashwell et al. (1996) in a meta-analysis comparing WHtR,
WC, and BMI in subjects with different nationalities concluded that
WHtR was the best measure of obesity. In another meta-analysis,
WHtR was modestly better than BMI for diabetes prediction (Kodama
et al., 2012).

To determine obesity measurements' threshold for screening pur-
poses, sensitivity and specificity need to be balanced to provide an in-
clusive screening measurements with low number of false positives.
Many studies have determined BMI thresholds for CVD risk, HTN and
DM, although Asians typically have a higher proportion of body fat
than Caucasians at the same BMI and waist circumference (Wulan et
al., 2010), Asian-specific cut-offsmay not be ideal for all Asian-American
subgroups (Hsu et al., 2015). Setting threshold values for predicting
HTN and DM is difficult because “one size does not fit all”. Several stud-
ies have validated differences for these anthropometric measurements
between South and East Asians. The DISTANCE study suggested a con-
ventional BMI cut point of 25 kg/m2 as an acceptable threshold to pre-
dict DM for South Asians and Southeast Asians (Karter et al., 2013)
However, the Women's Health Initiative (Ma et al., 2012), the Seattle
Japanese-American Community Diabetes Study (Wander et al., 2013),
the multiethnic cohort study from Canada (Chiu et al., 2011), and the
Multiethnic Cohort in Hawaii (Maskarinec et al., 2009) support lower-
ing the BMI threshold, especially for East Asians. Araneta et al. (2015)
consolidated data from 1663 Asian–Americans participants,
ages ≥ 45 years, from population- and community-based studies, and
found that limiting screening to BMI ≥ 25 kg/m2 would miss 36% of
Asian Americans with type 2 diabetes. For screening purposes, higher
sensitivity is desirable to minimize missing cases, especially if the diag-
nostic test is relatively simple and suggest that BMI ≥ 23 kg/m2, sensitiv-
ity (84.7%) would miss only ∼15% of Asian Americans with diabetes.
There is no doubt that the application of the Asian-specific thresholds
to our cohort improved HTN and DM detection but with high false pos-
itive rates. Indeed, Hsu et al. (2015) states that the lower thresholds
should not redefine BMI thresholds for overweight and obesity thresh-
olds in relationship tomortality ormorbidity in Asian Americans.More-
over, a recent study did not find an increased risk of total mortality
among Asian Americans within the BMI range of 20 to b25 kg/m2

(Park et al., 2014). Mounting evidence also suggests that not all obese
subjects are at increased cardiovascular risk. For example, a cross-sec-
tional study of Koreans demonstrated that metabolic health is more
closely associated with the prevalence of cardiovascular disease and
stroke and all-cause mortality than obesity (Yang et al., 2016). In a
large study of Koreans, the prevalence of CVD and stroke was different
between metabolically healthy and unhealthy obese subjects (Byun et
al., 2016). Our results which show that obesity measurements are only
fair predictors of HTN and DM lend credence to the premise that not
all overweight/obese individuals are unhealthy.

The WC threshold for metabolic syndrome has been set at 31.5 in.
(80 cm) for Asian women (International Diabetes Foundation, 2006;
Park et al., 2009; Aekplakorn et al., 2006; Ho et al., 2003; Lin et al.,
2002; Cai et al., 2013; Pua and Ong, 2005). Carba et al. (2013) suggested
that the optimal WC cut-off for HTN and DM was 29.9 in. in non-over-
weight Filipino women and 32.6 in. in overweight women but did not
present false positive rates. Our results found higher WC values in
predicting HTN and DM compared to these other studies. Similarly,
our conclusions regarding thresholds for WHtR differed from other
studies (Ho et al., 2003; Park et al., 2009; Aekplakorn et al., 2006; Lin
et al., 2002; Cai et al., 2013; Pua and Ong, 2005) of Asian female because
of high false positive rates. However, as described above for BMI,
lowered thresholds would be useful for screening for HTN and DM.

Our results are not surprising because Asian-specific obesity thresh-
olds may not apply to Filipino-Americans. The intention of this paper
was not to persuade the clinical readership to change anthropometric
thresholds for Filipino women, rather to raise the question on whether
the proposed Asian-specific cut-off points should be uniformly applied
across all Asian subgroups, which are heterogeneous. Filipinos are
from a mixed genetic background (Banda et al., 2015) and have a
unique history with substantialWestern influence. Moreover, the effect
of residing in American including length of residency has an effect due
to acculturation (Serafica et al., 2013; Delaveri et al., 2013). In this re-
gard, although overweight, FAW may be healthier than their counter-
parts in the Philippines because they have better exercise, overall
nutrition and medical care (Delaveri et al., 2013).
4.1. Limitations

The use of a cross-sectional design wherein body measurements in
conjunction with HTN and DM were measured at one point in time is
a limitation of this study. Since our study included those on medication
the relationship of BMI, WC and WHtR at the time of diagnosis is not
known. Secondly, it is possible that participant age (40–65 years), the
fact that most were born in the Philippines, length of residency in
USA, and genetic diversity may have influenced our outcomes and
thus the generalizability of our results are not known. Another factor af-
fecting generalizability is that our convenience sample of women
volunteered for this study and had high rates of overweight/obesity. Re-
sults may differ for second-third etc. generations of Filipino-American
women. Longitudinal studies of the link between anthropometric mea-
surements andHTN andDMare needed to determine ethnic-specific ef-
fects of obesity in the development of CVD.
5. Conclusions

The three obesity measurements had similar but modest ability to
predict HTN and DM in our cohort of FAW. Our results support the pre-
mise that Asian BMI andWC thresholds should be used for HTN and DM
screening in Filipino-American women to reduce false negatives but
whether these women, especially at older ages, should be encouraged
to reach these lower thresholds needs further investigation.
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