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Abstract

Aim: The most important cause of insulin resistance(IR) is obesity. Abdominal adipos-
ity(AA) is more important than general obesity in IR formation. The aim of this study
is to evaluate waist circumference (WC), waist-hip ratio (WHR) and waist-length ratio
(WLR) as the AA markers, and to question their predictive properties in IR.
Materials and Methods: Individuals diagnosed with IR were retrospectively examined.
Seventy patients between 20-65 ages without systemic disease and drug use were included
in the study. The patients were evaluated in terms of age, gender, and obesity grades.
They were divided into the risk groups according to WC, WHR, WLR and compared each
other in terms of HOMA-IR levels.
Results: Of the cases 78.6% were female and 21.4% were male. The mean age was 43.04
years. The mean HOMA-IR level was 5.38. Severe obesity was in 35(50%) patients. WC,
in 87.2% of women 60% of men, WHR, in 65.4% of women 93.3% of men, and WLR, in
98.1% of women 93.3% of men were high. HOMA-IR level was found to be statistically
different in the WLR risky group compared to the others (p<0.05). WLR was more
significant and indicated IR with 70% sensitivity and 80% specificity with a HOMA IR
level of 3.03 and above.
Conclusion: WLR is a stronger predictor than WC and WHR in all obesity grades for
IR. It can be preferred as a powerful predictor for the risk assessment of abdominal obesity
and IR status.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Insulin resistance (IR) is defined as the deterioration of
the biological response to endogenous or exogenous insulin,
and its most important cause is obesity [1]. The prevalence
of IR varies across countries. It is estimated to be 15.5%
among European adults [2], while 23.3% in Thailand, and
39.1% in Texas-US [3,4].
Both obesity and IR are risk factors for dyslipidemia, dia-
betes mellitus, fatty liver and cardiovascular mortality [5].
Obesity is the state of excessive adipose tissue mass. The
body mass index (BMI), which is the first used method
to determine obesity by the World Health Organization
(WHO), is calculated by dividing the body weight (kg)
by the square of the height in meters and it is used both
in defining and grading obesity. However, BMI does not
predict the weight of increased muscle tissue, the body’s
water retention, and the distribution of adipose tissue. In
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recent years, it has been stated that abdominal obesity, so
intra-abdominal visseral adiposity is more important than
general obesity for IR and cardiovascular mortality. It has
been mentioned that waist circumference (WC), waist-hip
ratio (WHR), waist-length ratio (WLR), as the markers
of abdominal adiposity, are more effective than BMI for
the cardiovascular risk assessement. However, there is no
concensus on the superiority of any of them, in this sub-
ject. The aim of this study is to evaluate BMI, WC, WHR,
WLR in patients with IR, to question and to compare their
predictive properties in terms of IR.

Materials and Methods

The study was performed retrospectively based on the
records of Internal Medicine outpatient clinic in Med-
ical Faculty of University Ordu, Turkey. The records
of individuals who applied due to weight problems on
01/02/2022-01/04/2022 were evaluated. Seventy patients
between the ages of 20-65 diagnosed with IR, without any
systemic disease and drug use were included in the study.
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Body weight, height, waist circumference, hip circumfer-
ence, BMI, WC, WHR, WLR values and fasting glucose,
fasting insulin levels were determined from patient records.
IR was assessed using HOMA-IR and its level of 2.5 and
above was accepted as IR [6].
Our study was carried out in accordance with the Prin-
ciples of Helsinki Declaration. The study protocol was
approved by Ordu University Clinical Research Ethics
Committee with the decision number 2022/10 dated
14/01/2022.

Anthropometric measurements
In the evaluation of anthropometric measurements WHO
criterias were followed [7]. Accordingly, BMI was calcu-
lated by dividing body weight (kg) by the square of length
(m2). Between 18.5-24.9 kg/m2, BMI is defined as nor-
mal, between 25.0-29.9 kg/m2 as overweight, ≥30 kg/m2

as obesity, and ≥35 as severe obesity. WC was measured
from the midpoint of the lateral iliac prominences and the
lowest rib while standing. It was high considered as 88
cm and above in women, 102 cm and above in men. Hip
circumference was measured around the widest part of the
hip, and WHR was calculated by dividing WC(cm) by hip
circumference(cm). It was high considered as 0.85 and
above in women, 0.90 and above in men. WLR was cal-
culated by dividing WC(cm) by length(cm). WLR of 0.5
and above was considered high for both men and women.
The patients were examined in terms of age, gender, and
obesity grades. They were divided into the risk groups ac-
cording to their WC, WHR, WLR levels and their HOMA-
IR levels were compared. The superiority of WC, WHR,
WLR in predicting IR were analyzed.

Statistical analysis
Statistical analyzes were performed using IBM® SPSS®
22 (SPSS Inc., Chicago, IL, USA demo version) software.
Descriptive analyzes were given as mean±std for normally
distributed variables, and median, min-max and IQR for
non-normal distributed variables. The Shapiro-Wilk test
was used to assess the conformity of the variables to the
normal distribution Kolmogorov-Smirnov Test was used
as the analytical method for the conformity to the nor-
mal distribution of the variables. Descriptive statistics
of demographic characteristics were made by giving fre-
quency and percentage values. The Mann-Whitney U test
was used to compare anthropometric risk groups in con-
tinuous data. Pearson’s chi-square test was used in the
analysis of categorical data. ROC analysis was used to
determine marker variables and to calculate sensitivity,
specificity, and cut-off values. p value below 0.05 was con-
sidered statistically significant. Power analysis was done
with G*Power v.3.1.9.7 program. According to the chi-
square analysis, the effect size (w) was determined as 0.5,
the β/α ratio was determined as 4, the sample size was
70 and the degree of freedom was 2, and the study was
completed with a power of 93.1%.

Results
Of the patients 78.6% were female and 21.4% were male.
The mean age was 43.1±9.8 years old. The mean HOMA-
IR level was found to be 5.38. No case with normal

Table 1. Descriptive parameters.

Variables Minimum Maximum Mean ±Std. Dev. Median

Age (year) 20 64 43.04±10.96 45.5

Glucose (mg/dl) 84 142 102.94±13.36 99

Insulin (IU) 9.84 62.2 20.52±12.62 15.64

Homa-IR 2.53 20.27 5.38±3.86 3.83

Weight (kg) 57.1 125.37 91.50±15.21 91.49

Length(m) 1.37 1.87 1.61±0.08 1.61

BMI (kg/m2) 25.26 48.96 35.05±5.31 34.93

Waist (cm) 73 138 101.17±11.54 99.5

Hip (cm) 84 144 113.19±11.17 114

Waist/Hip Ratio 0.73 1.16 0.89±0.09 0.87

Waist/Length Ratio 0.44 0.87 0.62±0.08 0.62

Table 2. Anthropometric values by gender.

Variables
Female Male

n % n %

BMI(kg/m2)

Overweight 8 14.5 3 27.3
Obese 18 32.72 6 25
Severely Obese 29 52.73 6 17.2

Waist Circumference (cm)

<88 7 12.8
≥88 48 87.2
<102 6 40
≥102 9 60

Waist/Hip Ratio

<0.85 19 34.6
≥0.85 36 65.4
<0.90 1 6.7
≥0.90 14 93.3

Waist/Length Ratio

<0.5 1 1.9 1 6.7
≥0.5 54 98.1 14 93.3

BMI was detected. Mean BMI was 35.05, WC 101.17,
WHR 0.89, and WLR 0.62. Descriptive parameters were
shown in Table1. Of the cases, 11(15.7%) were overweight,
24(34.3%) were obese, and 35(50%) were severely obese.
In the whole group, WC was high in 57(81.4%), WHR was
high in 46(65.7%), and WLR was high in 65(92.9%) pa-

Figure 1. Comparison of WC, WHR, WLR levels with
Roc Analysis.

534



Ozdemir O. Original Article 2023;30(5):533–537

Table 3. HOMA IR values of groups by anthropometric measurements.

Variables
Waist Circumference Risk Status Waist/Hip Ratio Risk Status Waist/Length Ratio Risk Status

No (n=13) Yes (n=57) No (n=26) Yes (n=44) No (n=5) Yes (n=65)
Median (IQR) Median (IQR) Median (IQR)

HOMA-IR 3.0(2.2) 4.0(3.7) 3.2(2.5) 4.01(3.8) 2.9(0.7) 4.0(3.8)
p 0.070 0.215 0.045
Mann-Whitney U test was used and p<0.05 was considered significant.

tients. 87.2% of women and 60% of men had high WC.
65.4% of women and 93.3% of men had high WHR. 98.1%
of women and 93.3% of men had high WLR. The param-
eters according to gender were shown in Table 2. The
patients were divided into groups by the risky levels of
WC, WHR, WLR, and compared in terms of IR. HOMA-
IR level was found to be statistically different in the WLR
risky group compared to the others (p<0.05) (Table 3). It
was determined by ROC analysis that the WLR was a bet-
ter predictor of IR, compared to WC and WHR with AUC
of 0.771 and p=0.045. WLR indicated IR with 70% sen-
sitivity and 80% specificity in those with HOMA-IR level
of 3.03 and above. ROC analyzes were shown in Figure 1.

Discussion

Insulin is known as the strongest anabolic hormone and
a powerful metabolic regulator. In addition to providing
glucose entry into the cell, it provides storage of glucose,
amino acids and fatty acids by stimulating glycogen, lipid
and protein synthesis [1]. Obesity is the state of exces-
sive adipose tissue mass and it has been revealed that
metabolic and cardiovascular diseases increase as a result
of IR cused by the adipose tissue changes. Especially ab-
dominal (visceral and omental) localized adipose tissue is
responsible for this increased risk [8-9]. In a recent meta-
analysis in Turkey, the mean BMI of the adult population
was calculated as 27.3 kg/m2 (28.0 kg/m2 for women, 26.5
kg/m2 for men). These values are accepted as overweight
according to the WHO classification. The prevalence of
obesity, defined as a BMI over 30 kg/m2, was detected
as 30% in women and 17% in men. Additionally, the
prevalence of abdominal obesity was found to be 50.8%
in women and 20.8% in men in this meta-analysis [10].
In our study, the mean age was 43 and although they were
young, the mean BMI was 35.05 which was within the limit
of severe obesity. Of the women 32.7% were obese and
52.7% were severely obese. In men, this rate was 25% and
17.2%, respectively. These rates are higher than the results
of the meta-analysis conducted in our country. Moreover,
WC in 87.2% of women, WHR in 93.3% of men were found
to be higher in this study. As it is mentioned that WC and
WHR indicate abdominal adiposity, this study shows that
both genders have abdominal obesity. It has been reported
anyway in studies that abdominal obesity was mainspring
in the pathogenesis of IR [11-13]. It has been reported that
not subcutaneous fat accumulation but visceral fat accu-
mulation is more harmful. Accordingly, abdominal adipos-
ity causes an increase in IR resulting in glucose intolerance,
hyperinsulinemia, vascular inflammation and cardiovascu-
lar events [14,15]. In one study, reduction in abdominal

fat mass was associated with improved insulin sensitivity,
glucose metabolism, and other measures of metabolic syn-
drome [16]. The results of this study showed that general
and abdominal obesity increase in IR, similar to those in
the literature. The studies comparing BMI as an indicator
of the obesity grade with anthropometric measurements as
the abdominal obesity markers has yielded contradictory
results. In a study conducted with women diagnosed with
IR and with a BMI of 30-40 kg/m2, no statistically signif-
icant relationship was found between fasting glucose, fast-
ing insülin, HOMA-IR values and BMI, WC, WHR [17].
In another similar study, it was stated that there was no
significant relationship between fasting glucose value and
anthropometric measurements [18]. On the other hand, in
an analysis evaluating the data of four studies in England,
it was concluded that BMI, WC, WHR were significantly
correlated to body fat mass in diabetes mellitus and coro-
nary artery disease, but they did not have a significant
superiority over each other [19].

Although BMI is used both to define and grade obesity,
BMI can not predict the quantity of muscle tissue and
distribution and degree of adipose tissue. Therefore, it
may not be a definitive indicator for abdominal adipos-
ity and IR. In one study, it was stated that WC had a
stronger correlation with the amount of visceral adipose
tissue associated with the presence of hypertension, type
2 diabetes and dyslipidemia, compared to BMI [20]. In
the IDEA study conducted in 63 countries, BMI and WC
were evaluated in patients with cardiovascular disease and
diabetes mellitus, and it was stated that WC had a much
stronger relationship than BMI with them for both gen-
ders [21]. As a result of similar studies WHO presented
a report emphasizing the importance of WC and WHR in
cardiovascular and metabolic events [22].

In this study, WC, WHR and WLR were compared against
each other as well as with the BMI. The groups at risk ac-
cording to WC, WHR, WLR were compared in terms of IR.
WHR showed the weakest association with IR, while WC
showed a moderate association. The strongest and sta-
tistically significant relationship was seen between WLR
and IR (p<0.05) (Table 3). It was seen that WLR indi-
cated IR with 70% sensitivity and 80% specificity in those
with HOMA-IR level of 3.03 and above (Figure 1). In
one study, a positive and statistically significant relation-
ship was found between BMI, WC, WHR, WLR, and body
fat percentage and the diagnosis of IR, but no superiority
was found between these anthropometric measurements in
terms of IR [23]. But some studies stated as in our study,
that WLR is superior to BMI, WC, WHR in reflecting IR
[24,25].
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Abdominal obesity has been emphasized in recent years,
and WLR is one of the newly examined anthropometric
measurements in this regard. All patients had IR in this
study, and we found that all of them had varying degrees
of obesity and increased WC, WHR, and WLR at vary-
ing rates. But we found that WLR showed a risk close to
100% for both genders (98.1% for women, 93.3% for men).
However, patients showed a much lower risk in terms of
WC and WHR despite the IR status. In clinical practice,
WLR is not used as widely as BMI, but it is stated that
it shows fat distribution better without society and gen-
der specific cut-off point. In a meta-analysis examining
the data of 31 studies, it was stated that WLR was a bet-
ter predictor for hypertension, metabolic syndrome, type
2 diabetes and cardiovascular disease than BMI[26]. In
another systematic review, it was emphasized that WLR
may be a predictor for both genders in terms of IR and
diabetes [27]. In a study conducted in Turkey, WLR was
found to be the best anthropometric parameter in pre-
dicting the cardiometabolic risks [28]. In one of the recent
studies, it was mentioned that WLR is a significant marker
in demonstrating the metabolic syndrome [29].Yet another
study stated that WLR is the most effective anthropomet-
ric index in demonstrating IR and metabolic disorders [30].

Conclusion
Abdominal obesity is more effective in the origine of IR
than general obesity. WLR is a stronger predictor than
WC and WHR for the risk assessment of IR in all obesity
grades. It can be used as a cheap and practical method
regardless of age and gender, to detect individuals at risk
for metabolic and cardiovascular diseases in settings where
more extended testing such as insulin assays are not avail-
able.

Acknowledgment
The author would like to thank to Yeliz Kaşko Arıcı, As-
sistant Professor of Biostatistics Department of Medicine
Faculty, University Ordu.

Ethical approval
Our study was carried out in accordance with the Prin-
ciples of Helsinki Declaration. The study protocol was
approved by Ordu University Clinical Research Ethics
Committee with the decision number 2022/10 dated
14/01/2022.

References
1. Reaven GM. Pathophysiology of insulin resistance in human dis-

ease. Physiol Rev; 1995, 75: 473-486.
2. Friedrich N, Thuesen B, Jørgensen T, Juul A, Spielhagen C,

Wallaschofksi H, et al. The association between IGF-I and in-
sulin resistance: a general population study in danish adults.
Diabetes Care. 2012;35(4):768–773.

3. Do HD, Lohsoonthorn V, Jiamjarasrangsi W, Lertmaharit S,
Williams MA. Prevalence of insulin resistance and its relation-
ship with cardiovascular disease risk factors among thai adults
over 35 years old. Diabetes Res Clin Pract. 2010;89(3):303–308.

4. Qu H, Li Q, Rentfro AR, Fisher-Hoch SP, McCormick
JB. The definition of insulin resistance using HOMA-IR
for americans of mexican descent using machine learning.
PLoS One. 2011;6(6):e21041. 2011 Jun 14. doi: 10.1371/jour-
nal.pone.0021041.

5. McFarlane SI, Banerji M, Sowers JR. Insulin resistance and car-
diovascular disease. J Clin Endocrinol Metab 2001;86:713-718.

6. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resis-
tance and beta cell function from fasting plasma glucose and in-
sulin concentrations in man. Diabetologia. 1985;28(4):412–419.

7. Obesity: Preventing and Managing the Global Epidemic. Report
of a WHO Consultation. World Health Organ Tech Rep Ser.
2000;894:i-xii, 1-253.Accessed on 04/06/2022.

8. Metabolic Syndrome Guide, Turkish Society of
Endocrinology and Metabolism, Ankara. 2009;1-
25.https://file.temd.org.tr›publications. Metabolik Sendrom
Kılavuzu. Accessed on 04/06/2022.

9. Insulin Resistance Workshop Final Report 2017. Diabetes Foun-
dation of Turkey. https://www.turkdiab.org › admin › PICS ›
webfiles. Accessed on 04/06/2022.

10. Ural D, Kılıçkap M, Göksülük H, Karaaslan D, Kayıkçıoğlu M,
Özer N, et al. Data on prevalence of obesity and waist circumfer-
ence in Turkey: Systematic review, meta-analysis and meta re-
gression of epidemiological studies on cardiovascular risk factors.
Turkish Cardiology Association Research. 2018;46(7):577-590.

11. Fernandez ML. The metabolic syndrome. Nutr Rev
2007;65(6):S30-S34.

12. Kashyap SR, Defronzo RA. The insulin resistance syndrome:
physiological considerations. Diab Vasc DisRes 2007;4(1):13-19.

13. Després JP, Brewer B. Metabolic syndrome: the dysmetabolic
state of dysfunctional adipose tissue and insulin resistance. Eur
Heart J Suppl 2008;10 (Supplement B):B1-B3.

14. Fernández-Real JM, Ricart W. Insulin resistance and
chronic cardiovascular inflammatory snydrome. Endocr Rev
2003;24(3):278-301.

15. Jensen MD. Role of body fat distribution and the metabolic com-
plications of obesity. J Clin Endocrinol Metab 2008;93(11):57-63.

16. McAuley K, Mann J. Nutritional determinants of insülin resis-
tance. J Lipid Res 2006;47:1668-1676.

17. Özkan ÖG, Ersoy G, Dayan A. Assessment of Anthropometric
Measurements and Biochemical Findings in Patients with Insulin
Resistance. Journal of Nutrition and Diet. 2013:41(2):124-131.

18. Aktimur SH, Yılmazer TT, Süher MM. Evaluation of the
relationship between glucose metabolism and anthropomet-
ric and biochemical measurements. New Medical Journal.
2011;28(2):105-108.

19. Taylor AE, Ebrahim S, Ben-Shlomo Y, Martin RM, Whincup
PH, Yarnell JW, et al. Comparison of the associations of body
mass index and measures of central adiposity and fat mass
with coronary heart disease, diabetes, and all-cause mortal-
ity: a study using data from 4 UK cohorts. Am J Clin Nutr
2010;91:547-556.

20. Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL,
Nonas C, et al. Waist circumference and cardiometabolic risk:
a consensus statement from Shaping America’s Health: As-
sociation for Weight Management and Obesity Prevention;
NAASO, The Obesity Society; the American Society for Nutri-
tion; and the American Diabetes Association. Am J Clin Nutr
2007;85:1197-1202.

21. Balkau B, Deanfield JE, Després J-P, Bassand JP, Fox KA,
Smith SC, et al. International Day for the Evaluation of Ab-
dominal Obesity (IDEA): a study of waist circumference, car-
diovascular disease, and diabetes mellitus in 168,000 primary
care patients in 63 countries. Circulation 2007;116:1942-1951.

22. World Health Organization. Waist circumference and
waist-hip ratio: report of a WHO expert consultation,
Geneva, 8-11 December 2008. World Health Organization.
https://apps.who.int/iris/handle/10665/44583. Accessed on
04/06/2022.

23. Yeşil E, Özdemir M, Çolak GA, Aksoydan E. Evaluation of the
relationship between waist height ratio and other anthropomet-
ric measures in the risk of chronic dieases. Acıbadem University
HSJ 2019; 10(2):241-246. https://doi.org/10.31067/0.2018.78.
Accessed on 04/06/2022.

24. Ashwell M, Gibson S. Abstract A proposal for a primary screen-
ing tool: ‘Keep your waist circumference to less than half your
height’. Ashwell and Gibson BMC Medicine 2014, 12:207.

25. Ahmad MA, Karavetian M, Moubareck CA, Wazz G,Mahdy T,
Venema K. The Association between Peptide Hormones with
Obesity and Insulin Resistance Markers in Lean and Obese Indi-
viduals in the United Arab Emirates. Nutrients. 2022 Mar; 14(6):
1271.Published online 2022 Mar 17. doi: 10.3390/nu14061271.

536



Ozdemir O. Original Article 2023;30(5):533–537

26. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better
screening tool than waist circumference and BMI for adult car-
diometabolic risk factors: systematic review and meta-analysis.
Obes Rev 2012;13:275-286.

27. Browning LM, Hsieh SD, Ashwell M. A systematic review of
waist-to-height ratio as a screening tool for the prediction of car-
diovascular disease and diabetes: 0.5 could be a suitable global
boundary value. Nutr Res Rev 2010;23:247-269.

28. Can AS, Bersot TP, Gonen M, Pekcan G, Rakıcıoğlu N, Samur
G, et al. Anthropometric indices and their relationship with car-
diometabolic risk factors in a sample of Turkish adults. Public
Health Nutr 2009;12:538-546.

29. Alves LF, Cruz JO, Costa Souza AL, Oliveira CC. Performance
of adiposity indicators in predicting metabolic syndrome in older
adults. Arch Endocrinol Metab. 2021 Oct 29;65(5):588-595. doi:
10.20945/2359-3997000000372.

30. Lechner K, Lechner B, Crispin A, Schwarz PE, Von Bibra H.
Waist-to-height ratio and metabolic phenotype compared to the
Matsuda index for the prediction of insulin resistance. Sci Rep.
2021 Apr 15;11(1):8224. doi: 10.1038/s41598-021-87266-z.

537


