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ABSTRACT

Background: This study assessed predictive values of selected anthropometric indices for metabolic syndrome
(MetS) among apparently healthy rural dwellers where health services were not readily accessible and affordable.
Methods: A community-based cross-sectional study. A total of 271 apparently healthy adults wererecruited using a
multi-stage sampling technique with a structured questionnaire to collect data. National Cholesterol Education
Program Adult Treatment Panel Third -IIT criteria (NCEP ATP IIl) were used. Results: A total of 71 (26.2%) had
metabolic syndrome based on the NCEP ATP Il criteria. The findings for the predictive values of the selected
anthropometric indices using their area under the Receiver Operating Characteristic curves were similar to the point
bi-serial correlation analysis results. Waist Height ratio had the highest predictive value with an Area Under the
Curve (AUC)of 0.801 (95% ClI: 0.744 to 0.858), followed by Waist circumference with an AUC of 0.766 (95% ClI:
0.705 to 0.827), then Body Mass Index (AUC: 0.762; 95% CI: 0.701 to 0.823) and lastly Waist Hip ratio with a
rather poor AUC of 0.624 (95% CI: 0.545 to 0.703), although all were statisticallysignificant. Conclusion: Waist
Height ratio, Waist circumference, Body Mass Index, and Waist Hip ratio havea moderate positive correlation and

predictive value for metabolic syndromes. This can be used asa surrogate tool in the early detection of MetS.

KEYWORDS: Predictive value, metabolic syndromes, anthropometric, rural, healthy.

BACKGROUND
Metabolic syndrome (MetS) is a worldwide epidemic disorder with a high socioeconomic impactdue to its association
with increased morbidity and mortality.™ The increasing prevalence of MetS is associated with the nutrition transition,

increasing urbanization, nutrition changes from traditional to more westernized diets, and reduced physical activity.™
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Metabolic syndrome consists of a cluster of several metabolic and physiological abnormalities, including abdominal
obesity, impaired glucose tolerance, hypertriglyceridemia, decreased high-density lipoprotein cholesterol (HDL-C), and
arterial hypertension. This syndrome increases the risk of developing type 2 diabetes two-fold and cardiovascular
diseases (CVDs) by fivefold compared with apparently healthy persons.*

According to National Health and Nutrition Examination, approximately 30% of overweight and 60% of obese men
and women meet the criteria for a diagnosis of Metabolic syndrome.[4] Additionally, the Framingham study found that
approximately 80% of essential hypertension (a component of metabolic syndrome) in men and 65% in women could
be directly attributed to obesity.[! Each component of the Metabolic syndrome is an independent risk factor for

developing cardiovascular disease and produces a wide spectrum of vascular and cardiac diseases.™!

Globally, about a quarter of the adult population reported to have MetS,"! with rates higher than30% reported in the
United States of America.’®® Although there is no nationally representativedata on MetS in Nigeria, a systematic review
carried out on MetS in Nigeria reported the mean prevalence of MetS is higher than the reported global average of 20 —
259%.01%

This high prevalence of MetS has led to looking for ways to detect it early and limiting its associated comorbidities.
Among the tools proposed for early diagnosis, anthropometric measuresstand out as non-invasive techniques. These
may be useful in diverse clinical settings, especially in places with scarce healthcare resources, and offer a high cost-

efficiency, as they do not require blood tests.*l*

Recently, several studies have suggested the use of some
anthropometric measurements such as neck circumference (NC), body mass index (BMI), waist circumference, waist-
hip ratio, waist-height ratio, waist circumference, skin fold thickness, and conicity index topredict MetS.™1* Elevated

waist circumference (WC) and waist-to-hip ratio (WHR) have been strongly linked to central obesity and MetS.!

However, a major limitation reported by the systematic review is that majority of the studies werecarried out in Urban
communities alone."8 Furthermore, it is well-documented by previous studies that the predictive power of
anthropometric indices is usually population-dependent, and varies across different regions, ethnic and socio-economic

s AMREIN®] Adediran et alin a study done in Nigeria showed that the prevalence of MetS was between 14.9%

group
among urban dwellers while it was 7.7% among rural dwellers.' This suggests that urban and rural populations may
require different cut-off points and/or use of different anthropometric measurements to diagnose MetS. Hence, more
studies are required to elaborate on the predictability of selected anthropometric indices on MetS particularly among
rural dwellers, as Nigeria is currently undergoing a rapid epidemiological transition. It is hoped that the findings from
this study will inform effective prevention and intervention programs targeted at healthy individuals in the rural
communities. Therefore, this study aimed to assess predictive values of selected anthropometric indices for metabolic

syndrome among apparently healthy rural dwellerswhere health services are not readily accessible and affordable.

METHODS

Study setting, population and design

This community-based cross-sectional study was carried out in rural communities in Ejigbo Local Government Area
(LGA) of Osun State, southwestern Nigeria. Only apparently healthy adults whoare 18 years and above were recruited
into the study. Adults who were acutely ill and/or admitted in the hospital, those with sickle cell disease and any

conditions predisposing them to increase or decrease weight gain, and those with cancer and any disability that
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prevented them from standing were excluded from the study.

Sample size Determination
The minimum sample size for the study was determined by the Cochran’s formula (Z?pg/e?).1?"!

Using a prevalence of 23% of MetS obtained among apparently healthy adults from a previous study, a standard
normal deviation of 1.96 at 95% confidence level and a 5% margin of error,the minimum sample size was determined. A
10% non-response rate was envisaged and corrected for. Thus, the sample size estimated for the study was two hundred

and seventy-one (271).

Sampling Technique

A multi-stage technique was used to recruit the eligible respondents.

Stage 1: Ejigho was selected from the list of 30 LGAs in Osun State by simple random technique(balloting method).
Stage 2: A list of existing eleven (11) electoral wards was obtained from the LGA secretariat andfive wards out of them
were chosen using simple random sampling technique (balloting method).

Stage 3: Two (2) streets were selected from each of the 5 wards by simple random method using the balloting
technique, making a total of 10 streets.

Stage 4: Involved listing eligible individuals within the households on the selected streets and selection of actual
respondents. Where a household has more than one eligible respondent, one of them was chosen via a simple random

sampling method and given instructions on overnight fasting before sample collection.

Data collection instrument and methods

A structured questionnaire was used to collect information on the socio-demographic characteristics of the
respondents, while the weight was assessed using OMRON digital weighingscale, height using a stadiometer and waist
and hip circumference using a tape measure. The weightmeasured in kilograms (kg). Participant was in minimal clothing
with shoes off. Height in meters(m) was measured with patients in erect position and unshod. Body mass index (BMI)
was calculated from the weight and height as follows: BMI = weight (kg)/Height® (m?). All anthropometric
measurements were done according to standard protocols recommended by the International Society for the
Advancement of Kinanthropometry.[?? The systolic and diastolic blood pressure was measured using an OMRON
digital sphygmomanometer and was done according to the manufacturer’s instructions. Three separate readings that

were taken at least 5 minutes apart were recorded, and the mean of these readings was eventually used.

High-density lipoprotein cholesterol (HDL- C), triglycerides (TG) and total cholesterol (TC) were measured by the
commercial kits manufactured by Randox Laboratories Ltd (Crumlin, County Antrim United Kingdom) using the
enzymatic method. The low-density lipoprotein cholesterol (LDL-C) was calculated by the use of Friedewald
equation. Fasting plasma glucose was determined using enzymatic oxidation in the presence of glucose oxidase, urea

by the Urease- Berthelot method, uric acid by enzymatic colorimetric method and creatinine by modified Jaffe Method.

Measurement of outcome variables
In this study, National Cholesterol Education Program Adult Treatment Panel Third -III criteria (NCEP ATP IlI) was
used. Using NCEP ATP IIl, at least three out of the following criteria must be present: blood pressure >130/85 mm Hg,

fasting plasma glucose >110 mg/dl (6.1 mmol/l), waist circumference >102 cm in men or >88 cm in women, HDL
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cholesterol <40 mg/dl (1.03 mmol/l) in men or <50 mg/dL (1.29 mmol/l) in women and plasma triglycerides >150 mg/dI
(1.7 mmol/L).

The anthropometric indices used in this study were waist circumference (WC), waist-hip ratio (WHR), waist-to-height
ratio (WHtR) and the body mass index (BMI), based on findings from previous studies that have shown the selected

S.162324 \WHR was derived by diving WC by hip circumference, WHtR was

indices to be strongly associated with Met
derived by diving the WCby height in centimeters and the body mass index by diving weight in kilogram by height in

meterssquared.

Data analysis

The IBM SPSS version 25 (SPSS Inc., Chicago, IL, IBM Version) was used for entry and analysisof the data obtained.
The Kolmogorov-Smirnov test was used to assess for normality of distributionof variables. Data were presented using
frequency distribution tables and charts. Association between metabolic syndrome and other categorical variables was
assessed using Chi-square test, while the two independent sample t-test was used to determine if there is a statistically
significantdifference between MetS and the continuous variables. The predictive values of the anthropometricindices were
assessed using point bi-serial correlation, linear regression analysis and receiver operating characteristic (ROC) curves,

with the area under curves (AUCSs). Level of significance was set at p < 0.05 for this study.

Ethical considerations

Ethical approval was obtained from Bowen University Teaching Hospital (BUTH) ethical review committee with the
ethical approval number NHREC/12/04/2012. The respondents were informed about the nature of the study and that
participation was completely voluntary. Written informed consent was obtained from all selected respondents before
recruitment into the study. All information gathered were kept confidential and participants were identified using only

serial numbers.

RESULTS

The mean age of the respondents was 58.39 + 15.89 years, with 40.6% (110) being males, and theothers (59.4%, 161)
being females. Only 130 (48.0%) completed a minimum of secondary schooleducation and 177 (65.3%) were currently
married. The mean (+ standard deviation) for the selected anthropometric indices i.e., WC, BMI, WHR and WHtR were
88.74 + 12.36, 27.04 £ 6.18, 0.89 + 0.08 and 0.55 + 0.08 respectively. A total of 71 (26.2%) had metabolic syndrome
based on the NCEP ATP IlI criteria.

Table 1 shows the association between socio-demographic profile, selected anthropometric indices and metabolic
syndrome. There were statistically significant associations between MetS and sex (p — 0.013), WC (p < 0.001), BMI (p
< 0.001), WHR (p = 0.001) and WHtR (p < 0.001). Point bi-serial correlation analysis also revealed statistically
significant associations between MetS and allthe selected anthropometric indices (p < 0.001) with WHtR having the
strongest positive association (correlation coefficient = 0.458), followed by WC (correlation coefficient = 0.423), BMI
(correlation coefficient = 0.360) and then WHR (correlation coefficient = 0.219). (Table 2)

The findings for the predictive values of the selected anthropometric indices using their area underthe ROC curves were
similar to the point bi-serial correlation analysis results. (Table 3) WHtR had the highest predictive value with an AUC
of 0.801 (95% ClI: 0.744 to 0.858), followed by WCwith an AUC of 0.766 (95% CI: 0.705 to 0.827), then BMI (AUC:
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0.762; 95% CI: 0.701 to 0.823) and lastly WHR with a rather poor AUC of 0.624 (95% CI: 0.545 to 0.703), although all
were statistically significant. Figure 1 is a graphical depiction of the comparative predictive values of the

anthropometric indices.

Table 1: Association between socio-demographic profile, selected anthropometric indices, and metabolic
syndrome (MetS).

Metabolic syndrome
Variables Absent Present Statistics
(n =200) (n=71)

Age (years) 57.7£16.3 60.4 £ 145 0.227

Sex

Male 90 (81.8) 20 (18.2) i

Female 110 (68.3) 51 (31.7) 0.013*

Educational status

< secondary education 109 (77.3) 32 (22.7) 0172

> secondary education 91 (70.0) 39 (30.0) '

Marital status

Currently married 132 (74.6) 45 (25.4) 0690

Currently unmarried 68 (72.3) 26 (27.7) '

Waist circumference (cm) 85.63 +11.22 97.50 £ 11.23 *<0.001*

Waist hip ratio 0.88 + 0.07 0.92 £0.08 *0.001*

Waist-to-height ratio 0.53 £ 0.07 0.62 £ 0.07 *<0.001*
* Statistically significant +*'chi-square test used +independent sample t-test used

Table 2: Metabolic syndrome and its association with selected anthropometric indices using point bi-serial

correlation analysis.

Variables _ Correlation Analysis
Coefficient p-value
Waist-to-height ratio 0.458 < 0.001*
S 0.423 <0.001*
Waist circumference
Body mass index Waist-hip ratio 0.360 <0.001%
y P 0.219 <0.001*

* Statistically significant

Table 3: Area under the ROC curve, 95% confidence interval of selected anthropometricindices predicting

metabolic syndrome in the respondents.

Anthropometric parameter AUC 95% confidence interval p-value
Lower Upper

Waist-to-height ratio 0.801 0.744 0.858 <0.001*

Waist circumference 0.766 0.705 0.827 <0.001*

Body mass index 0.762 0.701 0.823 <0.001*

Waist-hip ratio 0.624 0.545 0.703 0.002*

* Statistically significant

AUC — area under ROC curve ROC - receiver operating characteristic
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Figure 1: ROC curves for the selected anthropometric indices.
ROC - receiver operating characteristic; WHtR — waist-to-height ratio; WaistCirc — waist circumference; BMI — body

mass index; WHR — waist-hip ratio

DISCUSSION

This current study assessed the predictive values of selected anthropometric indices for metabolic syndrome (MetS)
among apparently healthy rural dwellers in a poor resource setting. Theprevalence of metabolic syndrome in this study
was 26.2%. This is slightly higher than the global average of 20-25%."" In a systemic review, similar results were
reported by Victor el tal in which 31.7%, 27.9% and 28.1% according to the WHO, ATPIII and IDF definitions.*”’
Females have a significantly higher prevalence of metabolic syndrome. This may be due to the high rate of obesity

especially among married women. 2324

In this study, all selected anthropometric measurements; WC, BMI, WHR and WHtR demonstrated significant
association with MetS. Other previous studies have reported similar findings. 4] Gul Sagun et al reported a
contrary finding for WC, where they found no significant link with metabolic syndromes in obese and overweight
individuals.™ This may be because WC is more highly correlated with subcutaneous fat tissue than with visceral
adipose tissue.”®! Also, WC loses its ability to predict MetS when BMI is >30 kg/m? in men.™*

Using point bi-serial correlation to find association among the selected anthropometric indices, WHtR was found to
have strongest positive association with MetS and WHR has least association, while WC and BMI come in between in
that order. Furthermore, area under the ROC strongly supports WHtR as better predictor of MetS among the selected
indices follow closed by WC. Thisfinding has been documented by several studies among various groups and in
different environments. P 282IE0B1 g dies have also shown that WHER has an added advantage over isolated waist

circumference measurement, because its adjustment for height allows establishment of a single, population-wide cutoff
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point that remains applicable regardless of gender, age, and ethnicity. Unlike WC which is only gender specific and has

poor predicting valuein obese males. 211221

CONCLUSION

Waist Height ratio, Waist circumference, Body Mass Index, and Waist Hip ratio have a moderate positive correlation
and predictive values for metabolic syndrome. These selected, readily available, non-expensive anthropometric indices
can be deployed as non-invasive tools in predicting metabolic syndrome. This can serve as a surrogate tool in early
detection and treatment to reduce the morbidity and mortality rate of cardiovascular diseases that have been on the
increase,especially in semi-urban and rural communities where sophisticated investigations are not readilyavailable and
affordable.

Limitations
This study did not compare rural and urban cut-offs for metabolic syndrome among the respondents. Also, lifestyle
factors such as smoking, daily activity and dietary habits of the study participants were not assessed. These can be

evaluated in future research.
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