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Abstract  

Aim/background: Obesity is a chronic disease contributing too many metabolic illnesses, in particular type 2 

diabetes. The Relative Fat Mass (RFM) is a tool recently introduced for obesity which better predicts the level of 

visceral fat than the Body Mass Index (BMI). The aim of this study is to determine whether RFM is a better predictor 

of the cardiometabolic risk factors and the complications of type 2 diabetes than BMI. 

Materials and methods: This is a cross sectional study. A list of information was collected from endocrinologists 

treating type 2 diabetic patients in a primary healthcare clinic and a tertiary hospital in Beirut. This list allowed us to 

evaluate the micro and macro vascular complications of type 2 diabetic patients, to assess their risk factors and to 

calculate their RFM and BMI.  

Results: We analyzed the data of 359 patients. Higher RFM was associated with higher systolic blood pressure (p < 

0.05), and both RFM and BMI were significantly correlated to higher CRP, triglyceride levels and liver enzymes. 

However, the BMI was better associated with other cardiometabolic risk factors such as the total cholesterol (p = 

0,003), LDL cholesterol (p = 0,002) and HbA1c (p = 0,01) than RFM. Both RFM and BMI were correlated with higher 

microalbuminuria (p < 0.001) but unlike BMI, higher RFM was associated with higher creatinine level (p = 0.317 

versus 0.047 respectively) and therefore better linked to diabetic nephropathy than BMI. More importantly, we 

observed an unprecedented result, associating RFM to diabetic neuropathy: a normal RFM excludes diabetic 

neuropathy with a high probability of 82.5%. Furthermore, a RFM cutoff value of 30.76 in men and 43.31 in women 

showed an increased risk of developing diabetic neuropathy by 2.464. No association was observed between RFM 

and diabetic retinopathy. 

Conclusion: The RFM better predicts microvascular complications of diabetes than BMI except for retinopathy. It 

is also associated with a worse profile of metabolic syndrome. This study is unique in its discovery of the potential 

role of RFM as a tool which could rule out neuropathy in diabetic patients.  
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Aim/Background 

Obesity constitutes nowadays a real epidemic health problem [1]. It is 

defined as excess body fat and contributes greatly to the occurrence of 

several metabolic diseases, such as diabetes, hypertension, dyslipidaemia 

and many others which are responsible for cardiovascular complications 

[2]. It is also correlated to an increased incidence of complications in 

diabetic patients [3, 4]. This makes obesity a major public health issue, 

and in 1997, the World Health Organization defined it as a chronic disease 

rather than a simple aesthetic matter.   

In clinical practice, the gold standard to measure obesity is the Body Mass 

Index (BMI). It is easy to calculate, reliable, and gives a better estimation 

of the body fat than weight alone. However, it has many limitations. It 

varies according to ethnicity [5, 6] and is not representative of the amount 

of visceral fat [7] which, by itself, constitutes an independent risk factor 

for morbidity [8-12]. BMI does not take into consideration the distribution 

of fat mass and fat free mass [13-16]. People with identical BMI can vary 

widely in percent body fat, which can lead to misclassification of body-

fat defined obesity.  
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Another way of measuring obesity is waist circumference. It is simple, 

not related to height, and associates with visceral fat but it is also 

dependent on ethnicity [5, 17]. Evidence has shown that measuring waist 

circumference in clinical practice provides both independent and additive 

information to BMI for predicting morbidity and risk of death [18]. 

Anthropometric measures of body fat such as DEXA (Dual Energy X ray 

Absorptiometry), computerized tomography, MRI and biometric 

impedance evaluate visceral fat in a more precise manner than waist 

circumference [19-21] but are mostly dedicated to research because of 

their cost.  

In 2018, a new tool, the Relative Fat Mass (RFM), was developed and 

many studies have shown that it is more accurate than BMI to estimate 

body fat percentage and more precise in the clinical diagnosis of obesity 

[22-26].  

Since RFM is a very recently discovered tool, studies comparing the 

correlation of RFM and BMI to type 2 diabetes complications are rare. 

The objective of this study is to determine whether RFM is a better 

predictor of the cardiometabolic risk factors and the complications of type 

2 diabetes than BMI. 

Material and methods 

This is a cross-sectional study that took place in Lebanon from December 

2018 to December 2019. 

A series of information was collected from endocrinologists affiliated to 

a primary healthcare clinic and a tertiary hospital in Beirut, treating 

patients with type 2 diabetes (appendix). This information allowed us to 

evaluate the micro and macro vascular complications of these patients, to 

assess their risk factors and to calculate their RFM and BMI.  

Inclusion criteria are type 2 diabetic patients treated by these 

endocrinologists. Patients with an HbA1c < 6.5% were excluded to make 

sure not to include patients taking antidiabetic medications for other 

purposes than diabetes.  

The RFM formula includes height and waist circumference and is 

calculated as follows: 

a – (20 x height / waist circumference) ; a being 64 for men and 76 for 

women [7]. 

A statistical analysis was performed using the SPSS v16.0 computer 

program. The statistical tests used are the T-test, the ROC curve (Receiver 

Operating Characteristic), as well as the Chi-square test. 

Results 

359 patients were recruited, 221 men (61.6%), and 138 women (38.4%). 

The average age was 61 years old and the median BMI was 29.07 kg / 

m2. Microvascular complications were found in 44.6 % of patients and 

macrovascular complications in 62.7%. Characteristics of the patients are 

listed in table 1. The average RFM was 31.4 for men (Standard Deviation 

SD 3.32), and 44.1 for women (SD 3.93). RFM in men and women was 

normally distributed (Figure 1) and standardized in order to use a single 

value in the correlation calculations. The average for both genders was 

36.27 (Figure 2). 

 

 

Figure 1: Distribution of RFM in men and women 
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Figure 2: RFM averages for men and women, and calculated standardized RFM 

  Median Percentile 

25 

Percentile 

75 

Number of 

respondents 

Missing 

data 

Time since diagnosis 

(years) 

10 4 16 260 99 

HbA1C (%) 7,30 6,70 8,30 355 4 

Blood glucose 

(mg/dL) 

141,0 121,5 181,5 352 7 

CRP 3,00 0,80 5,00 267 93 

AST (U/L) 22 16 34 343 12 

ALT (U/L) 20 16 26 266 93 

GGT (U/L) 25 17 40 325 35 

Alkaline Phosphatase 

(U/L) 

62 50 80 229 130 

Total cholesterol 

(mg/dL) 

165 142 197 353 6 

HDL cholesterol 

(mg/dL) 

41 35 48 352 7 

LDL cholesterol 

(mg/dL) 

92 70 125 352 7 

Triglycerides (mg/dL) 156 119 229 352 7 

Creatinine level 

(mg/dL) 

0,80 0,69 1,03 349 10 

ACR 17,05 6,45 64,50 304 56 

Table 1a: Patient data collection 
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    Missing data 

Stent No 303 86,8% 10 

Yes 46 13,2% 

CABG No 338 94,9% 3 

Yes 18 5,1% 

Mesenteric ischemia No 355 99,7% 3 

Yes 1 0,3% 

Stroke No 348 98,6% 6 

Yes 5 1,4% 

Peripheral arterial 

disease 

No  168 93,9% 179 

Yes 11 6,1% 

Neuropathy No 254 72,4% 7 

Yes 97 27,6% 

Retinopathy No 252 84,3% 60 

Yes 47 15,7% 

Table 1b: Patient data collection 

  Mean SD 

RFM 358 36,27 7,13 

Standardized RFM  358 0,00 1,00 

Table 1c: Patient data collection 

M: male; F: female; BMI: body mass index; SBP: systolic blood pressure; 

DBP: diastolic blood pressure; ACR: albumin/creatinine ratio, CABG: 

coronary artery bypass graft; RFM: relative fat mass 

For the cardiometabolic risk factors, higher RFM was associated with 

higher systolic blood pressure (p < 0.05) whereas no correlation was 

found between RFM and diastolic blood pressure (p = 0.072). The RFM, 

as well as the BMI, were both significantly correlated to higher CRP and 

triglycerides levels and liver enzymes. Unlike RFM, BMI was 

significantly correlated to higher HbA1c (p-value of 0.010 vs 0.060 for 

RFM), total cholesterol (p-value of 0.003 vs 0.316 for RFM) and LDL-c 

(p-value 0.002 vs 0.179 for RFM). The HDL-c did not show any 

significant correlation to neither RFM nor BMI.  

Regarding the macrovascular complications of diabetes, there was no 

statistically significant correlation between RFM and stenting, coronary 

artery bypass graft or peripheral arterial disease. 

However, when assessing the microvascular complications of diabetes, 

we found an interesting correlation between RFM and diabetic 

nephropathy and neuropathy but not retinopathy. Indeed, unlike BMI, 

higher RFM was associated with higher creatinine level (p = 0.317 vs 

0.047 respectively) and both RFM and BMI were correlated with higher 

microalbuminuria (p < 0.001). Furthermore, the area under the curve of 

true positives (sensitivity) as a function of false positives (1-specificity) 

of RFM had a statistically significant correlation with diabetic neuropathy 

(p = 0.016), unlike that of BMI (Figure 3 and Table 2). RFM was found 

to have a negative predictive value of 82.5% for the diagnosis of diabetic 

neuropathy (Table 3). A RFM cutoff value of 30.76 in men and 43.31 in 

women showed an increased risk of developing diabetic neuropathy by 

2.464 (CI 1.468 - 4.137). 
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Figure 3: True positives based on RFM and BMI false positives for diabetic neuropathy 

Variables Correlation with the area under the ROC curve of the RFM and 

the BMI (kg / m2) (p-value) 

Diabetic neuropathy Standardized RFM : 0,016 

BMI : 0,125 

Stent Standardized RFM : 0,204 

BMI : 0,544 

CABG Standardized RFM : 0,155 

BMI : 0,761 

Mesenteric ischemia 

(diagnosed with computed 

tomographic angiography 

without oral contrast) 

Standardized RFM : 0,339 

BMI : 0,626 

Stroke Standardized RFM : 0,174 

BMI : 0,637 

Peripheral artery disease Standardized RFM : 0,648 

BMI : 0,653 

Diabetic retinopathy Standardized RFM : 0,253 

BMI : 0,311 

Table 2: Correlation of areas under the curve of standardized RFM and BMI, with the history of diabetic neuropathy, stent placement, 

aortocoronary bypass surgery, mesenteric ischemia, stroke, obliterating arterial disease of the limbs and diabetic retinopathy 

CABG: coronary artery bypass graft 
  

Confidence interval (95%) 

NPV 82,5% 75,7% - 88,1% 

Specificity 46,5% 40,4% - 52,6% 

PPV 34,3% 28,1% - 40,9% 

Sensitivity 74,0% 64,6% - 81,9% 

Table 3: Negative predictive value, specificity, positive predictive value and sensitivity of RFM for the diagnosis of diabetic neuropathy 

NPV: negative predictive value, PPV: positive predictive value 
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Discussion 

This is, to our knowledge, the first study on RFM performed on a 

population of diabetic patients assessing the correlation between RFM as 

an obesity marker and diabetic complications. 

Nowadays, BMI is the most commonly and widely used obesity marker. 

Other markers such as waist circumference are also used by physicians. 

Numerous recent studies [22-26] proved the validity of RFM as a tool for 

measuring obesity or visceral fat. RFM was superior to BMI in diagnostic 

accuracy for obesity among men, women, and across ethnic groups [27]. 

Compared with abnormal BMI, abnormal RFM better predicted obesity 

among men and women using dual energy X-ray absorptiometry (DXA) 

as the gold standard (19); it was also found to be superior to BMI as a 

predictor of diabetes. According to Woolcott and Bergamn, the threshold 

of RFM beyond which a patient is considered obese and therefore at 

higher risk of mortality was set at 40 in women and 30 in men [26]. In our 

diabetic population, 68.6% of men and 87.9% of women have an RFM > 

30 and > 40 respectively and thus are considered obese. When using the 

BMI with a cut-off of 30, only 44.4% of men and 44.3% of women are 

considered obese. This reflects the increasing prevalence of obesity 

among diabetic patients in our population using the RFM tool and 

therefore their increased risk of morbidity. 

Our study emphasizes the correlation of RFM to higher triglycerides level 

as it was demonstrated by Leiba et al in their study showing that RFM is 

a better predictor of dyslipidemia and metabolic syndrome than Body 

Mass Index [29]. However, we found that BMI was better than RFM in 

its correlation to total cholesterol and LDL cholesterol. Furthermore, as 

shown by Kobo et al [22], RFM as the obesity criterion of metabolic 

syndrome encompasses a larger proportion of the population as suffering 

from metabolic syndrome. Indeed, our study better correlates RFM to 

some of the components of the metabolic syndrome: systolic blood 

pressure, triglycerides and obesity.    

Machado et al [29] compared the roles of RFM and BMI as predictors of 

the severity of non-alcoholic fatty liver disease. They did not observe any 

significant difference between both tools [30]. This is in line with the 

results of our study which did not reveal any significant difference 

between the correlations of RFM and BMI with the markers of liver 

function: AST, ALT, GGT, alkaline phosphatase. 

This study is the first to find an interesting correlation between RFM and 

diabetic nephropathy and neuropathy.  

The high negative predictive value implies that RFM would be a good 

screening tool for diabetic neuropathy, since a normal RFM could 

eliminate the presence of neuropathy with a probability of 82.5%. In 

addition, a high RFM (> 30.76% in men and 43.31% in women), implies 

a risk of neuropathy multiplied by 2.464. However, although the risk more 

than doubled, that probability/risk still does not exceed 34.3%, which is 

not enough to make RFM a diagnostic tool for neuropathy. It would be 

interesting to confirm these findings with another study in a new 

population of diabetics. This study would verify whether patients with 

normal RFM indeed do not have diabetic neuropathy. It would also be 

noteworthy to identify the reasons why RFM is correlated to diabetic 

neuropathy and nephropathy only, and not to diabetic retinopathy and 

other macrovascular complications. 

Our study has some limitations. It is a cross-sectional study, which 

reduces its power. In addition, the population comprises diabetic patients 

treated by endocrinologists affiliated to two health care centres. This 

means that we cannot generalize the results to the rest of the Lebanese 

population, or to the Lebanese diabetic patients. This study only includes 

diabetic patients with an HbA1C greater than or equal to 6.5. The results 

are therefore not applicable to patients with pre-diabetes. Finally, the 

majority of patients with type 2 diabetes who visit their endocrinologist 

are already being treated for their diabetes, which means that those of 

them who have an HbA1C below 6.5% thanks to their treatment were 

eliminated from the study. 

Conclusion 

The RFM is a very promising new clinical tool, which has been proven to 

be superior to BMI in predicting the percentage of body fat mass 

associated with DEXA scan results. It is also associated with a worse 

profile of metabolic syndrome. This study is unique in its discovery of a 

relationship between RFM and diabetic neuropathy and nephropathy, and 

the potential role of RFM as a factor that might rule out neuropathy in 

diabetic patients. However, further studies are needed to validate this 

finding. 

Annex 

List of information collected from patients: 

- Age, sex, weight, height, waist circumference 

- Date of onset of diabetes 

- Blood pressure 

- HbA1C and blood glucose 

- Creatinine and micro-albuminuria (ACR) 

- CRP 

- Diabetic neuropathy (diagnosed by questioning patients and carrying out 

a targeted physical examination: tuning fork, thread) 

- Diabetic ophthalmopathy (Normal or pathological fundus) 

- Complete liver panel: AST, ALT, GGT, alkaline phosphatases 

- Lipid profile: total cholesterol, HDL cholesterol, LDL cholesterol, 

triglycerides 

- Cardiovascular history: stent, coronary artery bypass graft, mesenteric 

ischemia, stroke, peripheral artery disease. 

Abbreviations:  

ACR: albumin/creatinine ratio 

BMI: body mass index 

CABG: coronary artery bypass graft 

DBP: diastolic blood pressure 

F: female   

M: male   

RFM: relative fat mass 

SBP: systolic blood pressure  
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