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Short Research Article
RELATIONSHIP BETWEEN GLUCOSE LEVEL, LIPID PROFILES, AND WAIST

TO HEIGHT RATIO (WHtR)

ABSTRACT
A cross sectional study was carried out to detegntire relationship between glucose level,
lipid profiles, and waist to height ratio (WHtR) ang adults in a workplace setting.
Respondents were recruited from government stafivin ministries, each from the federal
territories of Kuala Lumpur and Putrajaya, Malaysi&ociodemographic information was
collected using a set of questionnaire and anthmgtoc measurement including weight,
height, percent body fat, and waist and hip cir@nerice were measured. Antropometric
assessments were measured and blood sample westedlin the morning before 10 AM,
after the respondents undergone 12 hours of ovarfégting. A fingerpick blood sample
was collected to measure blood glucose and lipadilps. A total of 210 respondents were
recruited for this study. The majority of the resdents (81.9%) were aged 34 years and
younger. Approximately 16.8% were obese and 25.¢&6veeight. Based on WHItR, 47.1%
of the respondents were classified as having V\MatR Based on odds ratio, having a high
WHTtR (>0.5) was found to be related to increased riskawirig high BMI (OR=18.125; 95%
Cl 8.583-38.276), high triglyceride (OR=6.202; 952% 2.517-15.281), elevated blood
pressure (systolic OR=4.351; 95% CIl 2.026-9.344stdlic OR=4.932; 95% CI| 1.571-
15.484), high blood glucose (OR=3.084; 95% CI 1-I&31) and low HDLC (OR=3.506;
95% CI 1.862-6.600). For the subjects of this stuHtR was found to be significantly
related to lipid profile and blood glucose level.

Keywords: WHtR, lipid profile, glucose, odds ratio
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I ntroduction

Obesity is a condition where the body has excedsiels of fat. The relationship between
obesity and health risk has been studied by massarehers and it has been established that
obesity causes increases in many risk factors.eg&xbody fat has been shown to be related
to several conditions such as diabetes, cardiol@salisease (CVD), dyslipidaemia,
hypertension metabolic syndrome, dyslipidaemiajamfnation, thrombosis and certain

cancers [1-4].

Several methods can be used to estimate body cdaopoand its relation to disease risk,
such as computed tomography, magnetic resonanceginigya dual energy X-ray
absorptiometry, and bioelectrical impedance anglysilarge epidemiological studies, Body
Mass Index (BMI), waist circumference (WC), waist hip ratio (WHR) and body fat
percentage (%BF) are the most popular indicatoesl urs assessing the relationship between
disease risk and body composition. The nature arehgth of association between each

indicator and risk of disease varies.

Obesity, as measured by BMI, has been reportedanynstudies to be related to risk of
premature death [5], CVD ([6], type Il diabetes &fid colon cancer [8]. On the other hand,
WC and WHR, indicators of abdominal fat accumulatio the body, are better indicators
than BMI for all obesity-related causes of monali]. Among subjects with Coronary
Artery Disease, Coutinhet al. [10] reported that WC and WHR is directly assaaiatvith

mortality, but not BMI.

The relationship between CVD risk and body compasitas represented by BMI, WHR,

WC and WHtR classifications, has been describdenaith in the literature, and the majority
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of sources suggested central adiposity (WC, WHR &tR) to be superior to BMI in
predicting CVD risk [11]. A publication by Lee, Hiey, Wildman and Woodward [12]
further showed that the best discriminator for higresion, diabetes, and dyslipidaemia in
both sexes is WHtIR, as compared to BMI and WC. Hewnea review paper by Qiao and
Nyamdorj [13] surmised that, based on prospectivdiss, risk of type Il diabetes is equally

associated with all anthropometric measures of BMG, WHR and the WHtR.

Although there are many comparative studies camwigdon the relationship between BMI,
WHR, WHtR and WC with the risk of disease, studiegsorted on WHtR in Malaysia is still
limited. Most published studies involving WHtR aitsl relationship with disease risks were
carried out among western populations, and researang people in Asia were focused on
populations in Japan, China, Hong Kong, Taiwan, diafesh and several Arab countries.
Therefore this study was performed to describe waisumference to height ratio (WHtR)
among a sample of government staff in Malaysia, @ndssess the relationship between

WHTtR and health risks, such as lipid profile andcgise level.

Methods and Materials

Respondents

The respondents of this study were recruited fram ministry in Putrajaya and another in
Kuala Lumpur, Malaysia. Invitation to participatethis study was distributed to all staff in
these ministries between 18 to 60 years old, withoy physical impairment and not
pregnant. All procedures performed were in accardanmith the ethical standardsd ethical
approval to conduct this study was granted fromMieelical Research Ethics Committee,
Faculty of Medicine and Health Sciences, UniveRitira Malaysia. All subjects were

briefed about the study and signed a consent forpadtticipate in this study.
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Measurements

Questionnaire

A structured questionnaire was used to obtain médion on sociodemographic
characteristics, such as gender, age, monthly iaceducation level and work position in the
agency. Physical Activity level was measured usihg International Physical Activity

Questionnaire (IPAQ) Short and Malay version. TRAQ Scoring Protocol was used to
calculate MET/min and classification of physicatity level was made based on IPAQ

[14]

Anthropometric measurements and blood pressure

Antropometric assessments were determined and Iskogble was collected in the morning
(before 10 AM) after the respondents undergonedl2shof overnight fasting.
Anthropometric measurements were carried out, diofyweight, height, and waist and hip
circumference. Height was measured accordinglyfalimlved methods as described by
Gibson (1990) [15], using a Seca Bodymeter (Mo@4l, Z ermany) to the nearest 0.1 cm.
Weight and percent body fat were measured usingn#&d Body Fat Analyser (Model 418,
Japan) in light clothing and without shoes and so@k minimize errors in body fat analysis,
using a Tanita Body Fat Analyser and via the 8tebtele segmented BIA technique, all
measurement procedures as well as subject pregramstructions described in the Tanita
Body Composition Analyser BC418 manual, were fokolw BMI was calculated
automatically by the Tanita Body Fat Analyser aladsified based on standards suggested
by the World Health Organization [16]. Body fat pemtage was classified according to the
classifications suggested by the American Colldggports Medicine [17]. Waist (midpoint
between the lower margin of the last rib and theedbthe iliac crest) and hip (widest portion

of the buttocks) circumference were measured toéaeest 0.1cm with non-stretchable
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measuring tape. Classification of WC was based 6fONASO/IOTF [18] and WHR was
calculated as ratio of waist circumference to hipumference; individuals were classified as
having central obesity if WHF0.9 for males and>0.8 for females, respectively (World
Health Organization, 1999 [19]. WHIR was deterrdiff®@m waist circumference (cm)
divided by height (cm) and classified accordind\ehwell & Hsieh [20], proposing the
boundary value of WHtRD.5 to indicate increased risk for adult males famdales. Blood
pressure was measured after 5 minutes of sittidgesting, using an Omron blood pressure

monitor (Model HEM-780, Japan).

Biochemical assessments

A capillary blood sample was collected by usingngédr prick technique. A total of 3@ of
blood sample was collected using capillary tubesnfieasurement of blood glucose level.
Micro blood collection tubes- K2ZEDTA were used tollect 0.5 ml of blood from the
respondent. The blood sample was centrifuged a@ M and the resulting plasma sample
was used to determine the level of triglyceride YB@d high density lipoprotein cholesterol
(HDLC). Reflotron Test Reagent Strips was used @asare the level of total cholesterol,
TG, and HDLC using the Reflotron Plus Clinical Chstny Analyzer (Germany). Low
density lipoprotein cholesterol (LDLC) was calceldtautomatically by the Reflotron Plus
Chemistry Analyzer based on the Friedewald form@ae of the respondents had a TG
concentration >4.5 mmol/l. A standard LDL analysias performed with an automatic
chemical analyser. Blood glucose, lipid profileddrood pressure was classified based on
the American Diabetes Association [21], the Natlo@holesterol Education Program [22]

and Ministry of Health Malaysia [23] respectively.

Statistical analysis
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Data was analyzed using IBM SPSS Statistics verd@nUnivariate analysis, including

frequency, percentage, mean, and standard deviatere applied to the sociodemographic,
anthropometric, and blood profiles. A t-test wadgqrened to determine the mean difference
between two groups, specifically WHtR<0.5 and WHIS. The association between
variables studies was determined by using Pearsmri®lation and odds ratio. An alpha

level of 0.05 was set as significant level.

Results

A total of 210 respondents were recruited in thisgdg and almost 70% were female
respondents. Table | showed the distribution opeesents according to sociodemographic
characteristics, anthropometric characteristiosodblpressure glucose level, lipid profile and
physical activity level. About 60% of the responttewere between 25-35 years of age and
about the same proportion had received up to tgréducation (college/university). Mean
age of the respondents was 31.18 * 8.43 years. tAbmuin four respondents was classified
as overweight and another 16.8% as obese. Peresnth@verweight and obese individuals
were higher among males, as compared to femalese Man 70% of the respondents were
classified as having high body fat percentage agt hisk, as classified by waist to hip
classification. About one in four respondents h#elvated blood pressure (classified as

systolic blood pressurel35 mmHg and/or diastolic blood presse85mmHg).

Approximately 11.8% of the respondents exhibitexValed blood glucose and the percentage
was higher among males as compared to femaleslabiinends were observed for total

cholesterol, triglyceride and LDLC, but with difeat percentages. The percentage of
respondents classified as having high total chetektvas almost the same for males (7.4%)

and females (8.3%) in this study. Low HDLC was mprevalent among females (39%), as



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

compared to males (3.8%). About one third of thgpomdents were sedentary, more so
among females than males. Central obesity, asiidasas WHtR-0.5, was more prevalent

among males (67.2%) than females (38.2%).

Table 2 showed distribution, mean, and standardiadem of WHtR, according to
sociodemographic and anthropometric characterjsktited pressure, blood glucose level,
lipid profile and physical activity level. Mean WRitwas significantly higher among males
compared to females, as well as among older cordp@reg/ounger, but not significantly
different in terms of occupational status. Mean WHitas also significantly higher among
respondents with elevated blood pressure and gignify higher among respondents with
elevated total cholesterol, triglyceride and LDL@/HtR was significant lower among
respondents with HDLG1.03 mmol/l as compared to groups with HDLC <1.08hatil.
There was no significant difference in mean WHtRween sedentary and non-sedentary

respondents (p>0.05).

WHtR and BMI were moderately correlated with petceondy fat and blood pressure.
Correlation between WHtR and BMI with lipid profieand blood glucose were weak but
significant. WHtR and BMI were not significantly melated with physical activity level of
the respondent. Based on odds ratio, having highRMktis found to be related to increased
risk of having high blood glucose, triglyceridelodid pressure, and low HDLC. For lipid
profile and blood glucose, odds ratio of havinghhiood glucose and low HDLC were three
times higher among respondent with WHE@R5, compared to respondent with WHtR<O0.5.
The highest odds ratio among lipid profiles wassodtihaving high triglyceride, which was
equal to 6.2 among respondents with WHIES as compared to respondents with

WHtR<0.5. Odds of having elevated systolic andtdiasblood pressure were 4 times higher
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among respondents with WHtB.5 compared to respondents with WHtR<0.5. . Based

calculated odds ratio, percent body fat was netiagntly related to WHtR.

Discussion

Ashwell and Hsieh [20] suggested that the waidtamht ratio (WHtR) is more useful for
assessing health risk than BMI for several reassunsh) as WHtR is more sensitive, cheaper,
and easier to measure and calculate than BMI. &yréhcut off value of WHtRD.5 indicates
increased risk for both males and females acrdssceaind population groups. WHtR may

also allow the same cut off values for childrerpladcents and adults.

In this study, the mean WHtR was significantly l@glamong male respondents, and the
percentage of respondent with WEHRS was higher among males as compared to females.
This is in line with BMI results that showed thhetpercentages of overweight and obesity
(BMI>25 kg/nf) were higher among males as compared to femates.nfean WHtR was
significantly higher among older respondents as pamed to younger ones, but not
significantly different between work positions (fessional vs. non-professional). These
results contradict those of a study conducted byardt al. [24] in Bangladesh, which found
that females had a higher risk of having a WHtRatgethan males (OR = 7.898; 95% CI
7.110-8.774). However, our study was in agreemetit thiis study in terms of the risk of
having high WHtR was higher among the older tha@ young. However, in terms of
employment, Florat al. [24] showed that the risk was higher among thdgssional and

business people compared to other fields of work.

The prevalence of overweight and obesity amongtaduMalaysia, based on the latest

National Health and Morbidity Survey of 2011, was5% (females 45.4% vs. males 43.6%),
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and abdominal obesity was also higher among fen{a#%4%) than males (37.4%) [25]. A
study among 1,530 respondents in one state in Maahowed that WHR also followed a
similar trend (females 76.3% vs. males 49.5%) [&#6this study, based on BMI, obesity and
overweight occurred more frequently in males thafemales. Whereas, based on waist
circumference, the prevalence of abdominal obed#y showed similar trend. In contrast,
based on fat percentages, prevalence of high kaidy&s lower (17.2%) among males
compared to females (93.9%). Each of the indi¢edbesity projected differences in
prevalence, even though all are clustered as ghiaslices. Differences in prevalence, as
shown above, indicated that each indicator used$essing obesity and its relationship with
disease risk is unique and may differ in termgofale and association in the prediction of
disease. This requires researchers to conducefusthdies to identify the most sensitive and

accurate indicators related to risk of chronic assss, such as diabetes and CVD.

Based on previous studies, diabetes, hypertenbigh,total cholesterol, high triglycerides,
and low HDL-cholesterol can be predicted by WHtgnhdicantly better than by BMI or WC
(Li et al) [27]. Among Americans, non-Hispanic Whites arah+Hispanic Blacks, WHtR
was associated with higher odds of type 2 diabetespared to the odds of having type 2
diabetes based on WC. These results were in litte avstudy among adults in Taiwan that
reported the adjusted ORs for any CVD risk faciarsnale and female are highest when
assessed using WHtR as a filter, followed by WC,|Bifien WHR, respectively, and all are
statistically significant (p < 0.001) for both gemd [28]. A study by Ashwell, Gunn and
Gibson [29] also reported the results of discrirtoma power analysis of BMI, WC, and
WHtR data in differentiating adults with type-2 bedes, dyslipidaemia, hypertension,
metabolic syndrome and general CVD outcomes, ¢leatiowing that WHtR had

significantly greater discriminatory power comparveith WC and BMI.
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However, other meta-analysis, focused on hypemrensioncluded that BMI, WHR, WC, or
WHI(R were not systematically better than otherthatdiscrimination of hypertension [30].
On the other hand, Liet al [31] reported that among 772 Chinese adult sthj@&MI, waist
circumference and WHtR may equally predict multipletabolic risk factors, such as blood
pressure (systolic and diastolic blood pressume) dyslipidaemia (triglyceride, HDL-C and
plasma glucose). The relationship between WHtR, BMC, and WHR with disease risk is
still unclear; some of the studies found WHtR tothe best predictor compared to others,

while other studies showed different results.

In our study, mean values of blood pressure, gkidesel, and lipid profiles were higher
among respondents with WHtR.5, except for HDLC, which showed different resulom
expected. All of these factors were statisticalgngicant. Results of this study showed that
odds ratio of having high fasting glucose, trighyde, systolic and diastolic blood pressure,
and low HDLC were significantly higher among resgent with WHtR-0.5 as compared to
respondent with WHtR<0.5. Our study did not assetds ratio of those risk factors with
BMI, WHR, and WC, and therefore we could not coneptire relationship between risk

factors with studies measuring other indicatorstsity (WC, WHR, BMI).

This study was cross sectional in nature and stdgjeto the limitations of cross sectional
design. Limited sample size and sampling proceduggested that the results of this study
should not be generalized to others, but only nedents in this study. The uniqueness of our
study is that we have shown that obesity preval@scassessed by BMI, WHtR, WHR, and
WC have portrayed differences as predictors. Howetere is still uncertainty about which

indicators are most sensitive and accurate amoagotipulation studies in relation to the

10



252  disease risk, especially for chronic diseases.

253

254  Conclusion

255  About half of the respondents in this study wesssified as high risk, based on WHtR as an
256 indicator. The prevalence was higher among malespeced to female respondents. The
257  relationships between WHtR and lipid profile as lwa$ fasting blood glucose were
258 significant. Therefore, the results of the prestatly have supported the utility of the WHtR
259 in relation to disease risk, specifically as thekate to lipid profiles and blood glucose.
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394 Table 1 :Distribution of respondents accordingdoisdemographic and anthropometric
395 characteristics, blood pressure, blood glucosd,lép@& profile and physical activity level.
396

Male Female Total
n(%o) n(%o) n(%o)

Sex 64 (30.5) 146 (69.5) 210 (100)
Age (years)

<25 13 (20.3) 37 (25.3) 52 (23.8)

25-34 37 (57.8) 85 (58.2) 122 (58.1)

35-44 7 (10.9) 8 (5.5) 15 (7.1)

>44 7 (10.9 16 (11.0 23 (11.0
Education Leve

Primary schoc 3@4.7 18 (12.3 21 (10.0

Secondary school 12 (18.8) 23 (15.8) 35 (16.6)

Upper Secondary School 7 (10.9) 15 (10.3) 229010

Collage/ University 42 (65.6) 90 (61.6) 132 @2.
Occupation

Non-professional 44(68.8%)  99(67.8%)  143(68.1%)

Professional 20(31.3%)  47(32.2%)  67(31.9%)
BMI (kg/m?)

Underweight (<18.5) 1(1.7) 11 (8.3) 12 (6.3)

Normal Weight (18.5-24.9) 24 (41.4) 75 (56.4) (92.8)

Overweight (2-29.9 19 (32.8 29 (21.8 48 (25.1

Obese >30) 14 (24.1 18 (13.5 32 (16.8
Fat Percentay

Normal imale <25%/ female <32%) 48 (82.8 8 (6.1 56 (29.6

High (male>25%/ female>32%) 10 (17.2) 123 (93.9) 133 (70.4)
Waist circumference (cm)

Normal (<90 for male or <80 for female ) 31 &B3. 88 (67.2) 119 (63.0)

High risk & 90 for male or80 for female ) 27 (46.6) 43 (32.8) 70 (37.0)
WHR

Normal (<0.9 form male and <0.80 for female) (88.1) 109 (83.2) 145 (76.7)

High risk (>0.9 form male an>0.80 for femals) 22 (37.9 22 (16.8 44 (23.3
Systolic Blood Pressure (mmk

Normal (<135 32 (55.2 114 (87.7 146 (77.7

Elevated >135; 26 (44.8 16 (12.3 42 (22.3
Diastolic Blood Pressure (mmHg)

Normal (<85) 50 (86.2) 120 (91.6) 170 (89.9)

ElevatedX85) 8 (13.8) 11 (8.4) 19 (10.1)

Systolic blood pressurl35 mmHg and/or
diastolic bood pressur85mmHg

Normal blood pressure 32(58.2%) 110(84.6%) 142(76.8%)
Elevated blood pressure 23(41.8%)  20(15.4%)  43(23.2%)
Total glucose (mmol/l)

<5.€ 44 (80.0 113 (91.9  157(88.2
5.6-6.C 8 (14.5 8 (6.5 16 (9.0
>6.¢ 3(55 2(1.6 5(2.8

397

398

399
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400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421

Male Femalt Total
n(%) n(%o) n(%o)

Total Cholesterol (mmol

<5.17 36 (66.7) 80 (66.7) 116 (66.7)

5.17-6.19 14 (25.9) 30 (25.0) 44 (25.3)

>6.19 4 (7.4) 10 (8.3) 14 (8.0)
Triglyceride (mmol/l)

<1.69 31 (58.5) 103 (89.6) 134 (79.8)

1.69-2.25 18 (34.0) 7(6.1) 25 (14.9)

2.26-5.64 4 (7.5) 5 (4.3) 9 (5.4)

>5.64 - - -
LDLC (mmol/l)

<2.5¢ 11 (22.0 43 (37.4 54 (32.7

2.59-3.35 20 (40.0) 46 (40.0) 66 (40.0)

3.36-4.13 12 (26.0) 17 (14.8) 30 (18.2)

4.14-4.90 2 (4.0 8 (7.0) 10 (6.1)

>4.90 4 (8.0) 1(0.9 5 (3.0)
HDLC (mmol/l)

>1.54 20 (37.7) 54 (45.8) 74 (43.3)

1.03-1.54 2(3.8) 46 (39.0) 48 (28.1)

<1.0: 31(58.5 18 (15.3 49 (28.7
Physical Activity Level (IPAQ

Sedentar 13 (21.7 55 (39.0 68 (33.8

Moderate 26 (43.3) 63 (44.7) 89 (44.3)

Active 21 (35.0) 23 (16.3) 44 (21.9)
WHIR
<0.5 19(32.8) 81(61.8) 100(52.9)
>0.5 39(67.2) 50(38.2) 89(47.1)
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422
423
424
425

426

Table 2 : Mean, and standard deviation of waisteight ratio (WHtR), according to

sociodemographic characteristics, anthropometreattteristics, blood pressure, blood

glucose level, lipid profile, and physical activigvel.

Mean  SD b-
value
Sex
Male 0.540 0.080 .000
Female 0.497 0.064
Age (year)
<3C 0.49¢ 0.06¢ .001
>3C 0.53: 0.07:
Occupatiol
Non-professional 0.508 0.072 516
Professional 0.515 0.072
BMI (kg/m?)
Underweight & Normal Weight (<25) 0.468 0.040 000
Overweight & Obese>@5) 0.570 0.065
Fat Percentage
Normal (<25% for male/ < 32% for female) 0.500 .068  .207
High (>25% for male£~32% for female 0.51¢ 0.07¢
SystolicBlood Pressure (mmH
Normal (<135 0.49t 0.06t .00C
ElevatedX135) 0.561 0.076
Diastolic Blood Pressure (mmHg)
Normal (<85) 0.503 0.069 .000
ElevatedX85) 0.572 0.074
Systolic blood pressuel35 mmHg and/or diastolic blood
pressurez85mmHg
Normal blood pressure 0.493 0.063 0.00
Elevated blood presst 0.56: 0.07¢
Total Cholesterol (mmol
<5.17 0.50C 0.06: .03c
>5.17 0.526 0.081
Total glucose (mmol/l)
<5.6 0.501 0.066 .001
>5.6 0.555 0.080
Triglyceride (mmol/l)
<1.69 0.496 0.064 .000
>1..69 0.569 0.078
LDLC (mmol/l)
<2.5¢ 0.49C 0.06¢ .01C
>2.5¢ 0.52C 0.071
HDLC (mmol/l)
>1.03 0.534 0.076 .000
<1.03 0.488 0.059
Physical Activity Level (IPAQ)
Sedentary 0.499 0.067 .180
Moderate & Active 0.514 0.074
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427  Table 3 :Correlation between glucose level, lipidfile, selected anthropometric indicators,
428  blood pressure, physical activity level, with wadistheight ratio (WHtR) and body mass
429  index (BMI).

430
Correlation Correlation
(WHIR) (BMI)
Percent Body Fat 0.538 0.638
Systolic Blood Pressure 0.509 0.465
Diastolic Blood Pressure 0.378 0.402
Triglyceride 0.396 0.420
HDLC -0.38¢ -0.43C
LDLC 0.25¢ 0.247
Glucose Leve 0.18¢€ 0.21€
Total Cholesterol 0.174 0.149
Physical Activity Level 0.079 0.104
431  *p<0.05
432

433  Table 4: Relationship between glucose level, |piafile, selected anthropometric indicators,
434  blood pressure, physical activity level, and wiistheight ratio (WHtR).
435

Odds Ratio Low High

Percent Body Fat 0.752 0.402 1.408
Systolic Blood Pressure 4.351 2.026 9.344
Diastolic Blood Pressure 4.932 1.571 15.484
Triglyceride 6.202 2.517 15.281
HDLC 3.506 1.862 6.600
LDLC 1.742 0.892 3.399
Glucose Leve 3.08¢ 1.18¢ 7.831
Total Cholester 1.84: 0.97: 3.48¢
Elevated Blood Presst 4.167 1.97( 8.79:
Physical Activity Level 0.839 0.452 1.556

436  *p<0.05

437

438
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