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Abstract

Objectives To examine waist circumference as a risk
factor for having hypertension only, impaired fasting glu-
cose only, or both hypertension and impaired fasting glu-
cose, and assess whether the associations vary according to
overweight status. Furthermore, optimal cut-offs for waist
circumference in overweight women and non-overweight
women were explored.

Data and methods Data from 1,871 women aged
35-68 years in the 2005 Cebu Longitudinal Health and
Nutrition Survey were used. Multinomial logistic regres-
sions were used to model how waist circumference influ-
enced the likelihood of having the three illness categories
compared to having neither condition. Waist circumference
cut-offs were explored using receiver operating character-
istic analysis.

Results  Adjusted for age and other confounders, each cm
increase in waist circumference increased the odds of
hypertension by 5 % for non-overweight women and 3 %
for overweight women; impaired fasting glucose by 9 and
3 % for non-overweight and overweight women, respec-
tively; and hypertension and impaired fasting glucose by
17 % among non-overweight versus 9 % for overweight
women. Waist circumference cut-offs for non-overweight
women were lower than overweight women.

Conclusion Waist circumference was significantly asso-
ciated with impaired fasting glucose and both hypertension
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and impaired fasting glucose, and the associations vary by
overweight status.
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Introduction

In the past decades, many developing countries experi-
enced a major increase in the number and proportion of
middle-aged and elderly persons as a result of declining
fertility and mortality together with significant improve-
ment in health care. The emerging burden of chronic dis-
eases in these age groups represents an important challenge
for health care systems as well as concerns about the
quality of life for residents of these countries. Using the
United Nations’ population estimates for 2000 and 2030,
the total number of people with diabetes in the world is
expected to double as a consequence of population aging
and urbanization—171 million versus 366 million [1]. In
addition, the estimated total number of adults with hyper-
tension in 2000 was 972 million and in 2025 is predicted to
increase to 1.56 billion [2]. In the Philippines, chronic
diseases are the main causes of death, with hypertension
and diabetes among the top 10 leading causes of mortality
[3]. According to the 2008 Philippine National Nutrition
Survey (NNS), the overall adult prevalence of hyperten-
sion (systolic blood pressure >140 mmHg or diastolic
>90 mmHg) is 25.3 % and has significantly increased
from its 2003 level of 22.5 [4]. The NNS also found rising
levels of high fasting blood glucose (FBG >6.9 mmol/L or
>125 mg/dL) between 2003 and 2008 (3.4—4.8 %). Within
two decades, mortality rates from both illnesses steeply
increased.
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Hypertension and hyperglycemia often occur together,
and it is well known that excess body fat increases the
risk of having these conditions [5, 6]. Thus, concern for
increasing prevalence of these illnesses is heightened given
that 23.2 % of the world’s adult population was overweight
and 9.8 % was obese in 2005 [7]. About 27 % of Filipinos
were overweight/obese—with body mass index (BMI)
>25 kg/m?) in 2008 [4].

Abdominal obesity is associated with increased risk of
having hypertension and Type 2 diabetes. Abdominal fat is
either visceral (surrounding the abdominal organs) or
subcutaneous (lying between the skin and the abdominal
wall). Visceral fat has been linked to metabolic distur-
bances and is associated with an increased risk of devel-
oping heart disease and Type 2 diabetes [8—10]. It is also
associated with high total cholesterol levels, which, in turn,
increase the risk of heart attacks and strokes [11]. While
waist circumference does not differentiate visceral from
subcutaneous fat, in large-scale population-based studies, it
is a simple and valid way to assess abdominal fat. Waist
circumference is believed to be a much more accurate
measure of future health risk and is even a stronger pre-
dictor of cardiovascular diseases than BMI alone [12, 13].
Several studies have shown that a large waist circumfer-
ence increases risk of diabetes even when BMI is in the
normal range [6, 14].

It has been reported in many studies that there is direct
relation between hypertension and diabetes because they
share a common set of risk factors and share certain
physiological traits—that is, the effects caused by each
disease tend to make the other disease more likely to occur
[15]. Overall, when averaged across diabetes type and age
range, about 35 % of all people with diabetes have high
blood pressure [15]. However, one may suffer hypertension
without having diabetes or may be diabetic and not
hypertensive. Measure of central obesity may be more
strongly associated with cardiovascular risks, but there has
been no systematic attempt to compare the strength and
nature of the associations between this measure and the
independence and coexistence of these risks.

The applicability of the WHO cut-off points associated
with increased disease risk (=102 cm for men and >88 cm
for women) has been challenged for other populations or
ethnicities [16, 17]. A study of about 3,000 adults in Iran
found that the waist circumference cut-off yielding maxi-
mum sensitivity plus specificity for predicting the presence
of two or more cardiovascular risk factors was 91.5 cm in
men and 85.5 cm in women [18]. The differences in opti-
mal cut-offs may reflect differences in the prevalence of
risk factors in the populations [19] or different biological
associations. While these studies explored optimal waist
circumference cutpoints with regard to race, ethnicity,
gender, or age, waist circumference cut-offs may vary by
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overweight status and by cardiovascular-related diseases as
well. In developing countries like the Philippines where the
burden of cardiovascular disease has accelerated in the last
three decades, studies are needed to investigate modifiable
risk factors associated with cardiovascular diseases.

The primary aim of this study is to examine how WC
and OW independently and synergistically relate to having
hypertension (HTN) only, impaired fasting glucose (IFG)
or prediabetes only, and both hypertension and impaired
fasting glucose (HTN-IFG). Since cut-offs to define high
WC and OW status are widely used for the study of disease
risk, a secondary aim is to evaluate the predictive proper-
ties of different WC cut-offs for these disease outcomes. If
associations of high WC with disease outcomes are dif-
ferent in OW and non-OW women, this would suggest that
different WC cut-offs are needed according to weight sta-
tus. With the current strong focus on BMI, non-OW women
may not be getting sufficient attention for screening.

Data and methods
Sample

Our study site is located in Metropolitan Cebu, the main
urban center of Cebu province in the Philippines. Among
the 80 provinces of the Philippines, Cebu ranks fifth in
terms of population size [20]. We use data from the com-
munity-based Cebu Longitudinal Health and Nutrition
Survey (CLHNS). Details of the CLHNS have been pub-
lished elsewhere [21]. Briefly, in 1983, all pregnant women
from 33 randomly selected urban and rural communities of
Metro Cebu were asked to participate in the study. Those
who gave birth between May 1, 1983 and April 30, 1984
were included in the sample. There were 3,327 pregnant
women enrolled and their ages ranged from 15 to 45 years.
Subsequent follow-up surveys were conducted bimonthly
for 2 years after giving birth and then in 1991, 1994, 1998,
2002, and 2005.

The current study used the CLHNS cross-sectional data
from the 2005 survey only. This was the first survey year to
add collection of biomarkers with the purpose of assessing
cardiovascular disease risk factors.

The 2005 survey included 2,018 women, ages 35-68
years. Compared with the original sample of women in
1983, these women were less educated, of higher parity,
resided in rural communities, and from poorer households.
Of the 2,018 women, 122 had no blood samples, 12 were
pregnant, 5 did not fast overnight, and 8 had missing data
on other covariates and were thus excluded from the ana-
lytic sample, leaving a final sample of 1,871. Written
informed consent to participate in the study was obtained
from the sample women, and all protocols were reviewed



Eur J Nutr (2013) 52:825-832

827

and approved by the University of North Carolina at
Chapel Hill Institutional Review Board.

Outcome variable

Licensed medical technologists drew venous blood after an
8-h overnight fast. Fasting venous whole blood samples
were used to analyze glucose using the ‘One Touch’
(Johnson & Johnson Ltd) glucometer. To approximate plasma
glucose, a correction factor of 0.97 mmol/L (17.5 mg/dL)
was subtracted from the venous blood glucose values [22].
IFG is defined as having glucose values greater than 6.1
mmol/L (110 mg/dL—based on 1999 WHO Diabetes crite-
ria) or taking anti-diabetic medications.

Blood pressure (BP) was measured in triplicate after at least
10-min seated rest using mercury sphygmomanometers. The
average of the three measurements was used in the analyses.
BP was measured in the women’s left arm, and the first and
fifth Korotkoff sounds were used to indicate systolic and
diastolic BP, respectively. HTN was defined as systolic BP
>140 mmHg or diastolic BP >90 mmHg, or taking anti-
hypertensive drugs. The outcome variable was categorized
into: (1) without HTN or IFG, (2) with HTN only, (3) with IFG
only, and (4) with both HTN-IFG.

Exposure variables

Three WC measurements were taken (to the nearest
0.1 cm), placing a plastic tape about two inches above the
navel, after normal exhalation. The average of the three
measurements was used as a continuous variable. WC in
this study was treated alternately as continuous variable
and a categorical variable represented using different cut-
offs. Height (cm) and weight (kg) were measured using a
portable stadiometer and scale, respectively, using standard
techniques. OW was defined as a BMI >25 kg/m?.

Covariates

Individual, lifestyle, household, and community factors
taken into account as potential confounding variables
include the following: women’s age, education, occupa-
tional physical activity, smoking and drinking status, diet
(sodium, total calories, and fat intake) and indices of
household hygiene, assets, and urbanicity.

The relationship of age to HTN and IFG was not linear;
therefore, we defined groups representing: 34-45, 46-54,
and 55 years and older. Educational level of women was
categorized into (1) with elementary, (2) with high school,
and (3) with college education. We assessed occupational
physical activity based on the energy expenditure associ-
ated with the type of job reported by each woman. Each job
was categorized according to the level of physical demand,

and energy expenditure values were assigned for specific
occupations common among Filipino women [23]. This
information was supplemented with data from the Com-
pendium of Physical Activity [24]. A categorical variable
represented the activity level (sedentary, light, moderate,
heavy) of the woman’s occupation, in which a higher
category indicated a more demanding job. Women who
were not working for pay represented a separate category.
Smoking and drinking status were dichotomous variables:
currently or not currently engaging in these activities. Diet was
assessed using a two 24-h recalls, and nutrient values were
derived from the Philippines Food Composition Table [4].
Dietary fat intake was represented as percent calories from fat
averaged from the 2 days of recall. A separate questionnaire
on use of table salt and high sodium condiments supplemented
the dietary recalls. High sodium intake was defined as intake
of at least 4,600 mg per day (i.e., 200 % above the recom-
mended daily intake of 2,300 mg).

The household hygiene index was a composite of the
type of toilet facility used, amount of feces in the sur-
rounding area, the method of garbage disposal, and
cleanliness of the area where the food was kept. Household
wealth was represented as asset index that includes the type
of lighting used, ownership of house, the type of housing
material, and ownership of selected assets including tele-
vision, air conditioner, tape recorder, refrigerator, or motor
vehicle. The urbanicity index was a measure of commu-
nity’s communication, education (school types), transpor-
tation, health services, markets, population size, and
population density [25]. Higher scores in the three indices
denote a more sanitary environment, better household
economic status, and a more urbanized community.

Statistical methods

Descriptive statistics included percentage distributions for
categorical variables and means for continuous variables.
T tests were used to compare means and chi-square statistics
for proportions. Pairwise correlation of the exposure variable
and covariates was performed to determine collinearity.
Multinomial logistic regressions were used to model how WC
influenced the likelihood of HTN only, IFG only, or both
HTN-IFG compared to having neither condition. We com-
pared models with and without a WC-OW status interaction
term using a likelihood ratio test to assess whether the asso-
ciation between WC and the outcome differed according to
OW status. Likelihood ratio tests (alpha set at 0.10) showed
that the estimated effects of WC varied according to women’s
weight status (P values for HTN only, IFG only, and HTN-
IFG were 0.33, 0.03, and 0.04, respectively). Thus, analyses
were stratified by OW status.

Women’s education, smoking and drinking status, asset
and hygiene indices were dropped in the final model
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because they did not meaningfully (>10 %) change the
effect estimates of the main exposure variable of interest.

Optimal WC cut-offs to predict HTN and IFG were
explored using receiver operating characteristic (ROC)
analysis [13, 26, 27] stratified by OW status. To obtain the
best cut-off from the ROC curve, that is, to discriminate the
disease with non-disease subjects, we chose the Youden
method. The Youden index identified the point on the ROC
curve which is farthest from the line of equality, calculated
as the maximum of sensitivity + specificity [19, 28]. Stata
version 10.0 was used for the analyses (StataCorp. 2007.
Stata Statistical Software: Release 10. College Station, TX:
StataCorp LP.). We then compared how empirically defined
optimal cutpoints and standard cutpoints related to the disease
outcomes using multinomial logistic regressions

Results
Profile of sample women

Women ranged in age from 35 to 68 years, with nearly half
between 46 and 54 years (see Table 1). OW women were
more likely to be in the younger age group and to have
attained at least a high school education. They consumed
higher amounts of sodium, carbohydrate, and fat in a day,
owned more assets, and resided in more urban and sanitary
communities. Non-OW women, on the other hand, were
more likely to engage in jobs requiring heavy physical
exertion and to smoke.

As expected, OW women were more likely to have
cardiovascular-related diseases (Fig. 1). Compared to non-
OW, a greater percentage of OW women had HTN, IFG, or
both HTN-IFG. HTN-IFG prevalence was nearly 4 times
higher among OW women than among non-OW women.
Although the majority of non-OW women did not suffer from
HTN or IFG, it is noteworthy that about 1 in 4 of them had at
least one disease. Conversely, almost half of OW women have
HTN, IFG, or both. Non-OW women with high WC (>88 cm)
had a higher prevalence of cardiovascular-related diseases
than OW women with high WC.

Multinomial logistic regression

Controlling for age, diet, urbanicity, and occupational
physical activity, we found that WC was significantly
associated with a higher likelihood of having both HTN
and IFG or IFG only (Table 2, Model 1). The association
between WC and HTN did not differ by OW status, but the
associations between WC and IFG, and WC and HTN-IFG
were modified by OW status, with relatively stronger
effects among non-OW women. For each centimeter
increase in WC, the odds of having both HTN-IFG were
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Table 1 Profile of sample women in 2005 (n = 1,871)

Characteristics Non- Overweight P value
overweight (n = 790)
(n = 1,081)
WC, mean (SD)
Without HTN or IFG 73.6 (7.2) 88.7 (7.5) 0.000
HTN only 75.9 (1.2) 90.8 (8.5)
IFG only 78.1 (7.5) 90.7 (7.4)
Both HTN-IFG 82.6 (8.5) 95.0 (8.0)
All women 74.6 (7.5) 90.0 (8.0)
BMI (kg/mz), mean (SD)
Without HTN or IFG 21.2 (2.6) 28.1 (2.6) 0.000
HTN only 21.8 (2.4) 28.6 (3.1)
IFG only 22.0 (2.1) 284 (3.1)
Both HTN-IFG 23.0 (2.1) 29.3 (3.2)
All women 214 (2.5) 28.4 (2.9)
Age group (%)
35-45 years old 36.6 44.1 0.000
46-54 years old 45.0 44.0
55 years old and over 18.4 11.9
Educational level (%)
With elementary 62.8 53.8 0.000
With high school 26.5 30.8
With college 10.7 15.4
Occupational physical activity (%)
Not working 21.3 18.9 0.000
Sedentary 6.1 5.8
Light 43.2 56.0
Moderate 20.5 14.0
Heavy 8.9 53
Current smokers 17.7 11.0 0.000
Current drinkers 38.0 38.1 0.972
Sodium intake (%)
High >4,600 mg per 13. 8 17.6 0.024
day
Total calories intake 1,061.0 (475.1) 1,245.9 (513.6) 0.018
(g), mean (SD)
% Fat intake, 13.8 (10.3) 16.6 (11.1)  0.016
mean (SD)
Hygiene index, 5.8 (1.7) 6.3 (1.6) 0.043
mean (SD)
Asset index, 4.8 (1.9) 5.7 (1.8) 0.045
mean (SD)
Urbanicity index, 38.7 (14.7) 424 (11.9)  0.000
mean (SD)

substantially higher than having either condition alone,
especially for non-OW women. For non-OW women, a
1 cm increase in WC was associated with 17 % increase in
the odds of having both HTN-IFG than having isolated
HTN (5 %) or IFG (9 %).
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Fig. 1 Percent distribution of women by cardiovascular-related diseases and waist circumference

In addition, we ran models using WC cut-offs of 88 and
75 cm (Table 2, Models 2 and 3). Comparing different WC
cut-offs, for the three categories of illness, the odds ratios
using lower cutpoint in non-OW women (e.g., 75 cm) were
higher than the odds ratios using standard 88 cm cutpoint
in OW women. In Model 3, no odds ratio estimates were
calculated for OW women since very few OW women have
WC <75 cm.

Receiver operating characteristic (ROC) analysis
and Youden index

Best WC cut-off values as determined by the Youden index
are shown in Table 3. Results suggested lower optimal WC
cut-offs for non-OW women than OW women. For HTN, a
WC of 76 cm was optimal for non-OW women, while
83 cm was optimal for OW women. For IFG, the optimal
WC’s were 75 and 88 cm for non-OW and OW women,
respectively. The positive predictive values were higher
than the observed prevalence of HTN and IFG.
Furthermore, adjusted predicted probabilities setting age
at its mean value (results not shown in tables) showed that
at higher WC, the probability of developing HTN, IFG, or
both illnesses was higher for non-OW women than OW
women. Thus, WC is a strong predictor of these cardio-
vascular-related illnesses independent of age.

Summary and discussion

As shown in many other studies, WC was significantly
associated with having HTN and/or IFG in this sample of
Filipino women. However, in addition, we found that the
associations of WC with IFG and HTN-IFG were modified
by OW status, with relatively stronger effects among non-
OW women. Consistent with this finding is that the

computed optimal cut-off (based on Youden index) WC
measurement for predicting IFG and HTN-IFG in non-OW
women for this study is lower compared with OW women.
Furthermore, our study supported the findings that WC and
IFG are significantly associated and the risk of the disease
increased with increasing levels of central obesity and
holds true for non-OW women [29].

The study presented results by OW status and illness
categories, that is, HTN only, IFG only, both HTN-IFG,
not lumping together cardiovascular illnesses as what other
studies have conducted. The results revealed that the odds
of developing cardiovascular-related diseases vary by OW
status and by independent occurrence of the disease. This is
an important contribution as most of the studies focused on
the coexistence of these morbidities. Furthermore, some
studies focused on cut-off points for WC or BMI by age
and gender [19, 30] and by race-ethnicity groups [31]. As
far as studies in the developing countries are concerned, no
other study linked WC as a risk factor for the three cate-
gories of illnesses according to OW status of the subjects
and explored different cut-off points for WC. These find-
ings have important public health significance, particularly
in defining levels of WC that represent increased chronic
disease risk—that the association between WC and car-
diovascular-related diseases varies according to OW status
and that optimal cut-offs for WC differ for each catego-
rized illnesses.

As mentioned earlier, some studies have shown that WC
cut-offs for men differ from women in predicting presence
of two or more cardiovascular risk factors. Although it
would be of interest if males are also included in this study,
our analysis is limited to females only and at certain age
range since our data were taken from a longitudinal survey
with mothers only as samples.

The exposure and outcome variables of our study were
measured at one point in time making it difficult to
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distinguish which comes first, whether abdominal obesity
preceded or occurred after the women experienced the
three categories of illnesses. While the cross-sectional
nature of the study limits causal inference, and the sample
is limited to women aged 35-68 years, this study supports
a WC cut-off for Asian women <88 cm [16-18, 30, 32,
33]. In our sample, it appears that the 88 cm cut-off for WC
measurement is appropriate only for Filipino women who
are OW. The calculated positive predictive values of the
cut-offs showed higher values compared with the preva-
lence of the three categorized illnesses that may indicate
that these cut-offs improve prediction. With our models
that alternately used WC cutpoints of 88 versus 75 cm, for
non-OW women, even with lower cutpoint of 75 cm
instead of 88 cm, the odds ratios were larger than those for
OW women at 88 cm. This is a key justification for using a
lower WC cut-off to define risk in women who are not
overweight and who might be otherwise neglected in
screening. Since we are aiming for the prevention of car-
diovascular-related diseases, 88 cm is already too high
especially for non-OW women in whom the relative effect
of an increase in WC is higher than among OW women.
Therefore, non-OW women should not assume that they
are at low risk of cardiovascular diseases.

The prevalence rate of IFG and high FBS in the Phil-
ippines is 2.7 and 4.8 %, respectively [4]. Although prev-
alence rate of diabetes in the Philippines is relatively low
over time compared to other illnesses, an increasing trend
of the illness has been observed for the whole population
from 2003 to 2008—3.4-4.8 % [4]. In addition, the same
increasing trend was observed for hypertension but at rel-
atively higher levels for the same time period and
increasing from 22.5 to 25.3 % [4]. Like other developing
countries, prevalence rates for hypertension and diabetes in
the Philippines now surpass those of most industrialized
countries [34, 35]. Our study is very timely and may be
used to inform prevention efforts to limit increase in the
prevalence of these illnesses in the future. Known risk
factors for HTN and IFG include being overweight/obese
and having high WC. The computed optimal cut-off (based
on Youden index) WC measurement for non-OW women
for this study is lower compared than OW women; there-
fore, the former should not assume that they are not at risk
even if they are not OW. Program planners should stress
prevention of abdominal obesity, in addition to weight
reduction efforts, to decrease the risk of developing car-
diovascular-related diseases especially IFG to the whole
population regardless of their OW status. The results of our
study may not represent the whole Philippine population,
so we recommend similar analysis on a nationally repre-
sentative data for policy makers and stakeholders to better
address the increasing prevalence of these cardiovascular-
related diseases.
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