
Rom J Diabetes Nutr Metab Dis
2022; volume 29, issue 4, pages 470-475

https://doi.org/10.46389/rjd-2022-1157
www.rjdnmd.org

© 2022 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press Group 
on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article under the terms 
of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Original Article

Development of a novel anthropometry-based equation for 
diabetes risk prediction
Anthony Chibuzor Nnamudi 1 *    , Noghayin Jerry Orhue 2, Ifeoma Irene Ijeh 3

1 Department of Biochemistry, Faculty of Basic Medical Sciences, PAMO University of Medical Sciences, 
Port Harcourt, Nigeria 

2 Department of Biochemistry, Faculty of Life Sciences, University of Benin, Benin City, Nigeria
3 Department of Biochemistry, College of Natural and Applied Sciences, Michael Okpara University of Agriculture, 

Umudike, Nigeria 

* Correspondence to: Anthony Chibuzor Nnamudi, Department of Biochemistry, Faculty of Basic Medical Sciences, PAMO University of 
Medical Sciences, Port Harcourt, Nigeria. Phone: +2347032869195; E-mail: anthonynnamudi@gmail.com; annamudi@pums.edu.ng

Received: 3 April 2022 / Accepted: 4 October 2022

Abstract
The increasing global burden of diabetes mellitus is a public health concern. In an attempt to stem the tide of the increasing 
prevalence of the disease, we decided to develop a diabetes risk prediction equation from precisely measured adiposity in-
dices. We recruited 200 young adult Nigerians, 92 (46.0%) males and 108 (54.0%) females, aged 15–35 years, for this study. 
Participants filled out the Finnish diabetes risk scoring (FINDRISC) questionnaire and underwent anthropometric measure-
ments following standard protocol. Pearson correlation and multiple regression analyses were utilized, while statistical sig-
nificance was fixed at p<0.05. From the results, body mass index (BMI) correlated most significantly (r=0.610, p<0.001) with 
risk scores. We developed a diabetes risk prediction equation using the following adiposity indices; body mass index (BMI) 
(r=0.610, p<0.001), body adiposity index (BAI) (r=0.561, p<0.001), waist-to-height ratio (WHtR) (r=0.557, p<0.001) and waist 
circumference (WC) (r=0.495, p<0.001) while relying on the FINDRISC model for stratification of risk status. We recommend 
the utilization and validation of the developed prediction equation in other populations.
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Introduction

There is an increasing global prevalence of diabetes 
mellitus, a metabolic disease of the endocrine system 
which manifests as chronic hyperglycemia [1]. There 
is a significant association between obesity and diabe-
tes [2, 3] because the former is an important modifiable 
risk factor associated with the latter. However, wheth-
er obesity causes diabetes mellitus is still an ongoing 
debate. A recent study states that obesity results from 
developing type 2 diabetes mellitus and not otherwise. 
[4]. Besides, all obese individuals do not develop type-2 
diabetes mellitus [5]. Nevertheless, obesity and diabe-
tes constitute double jeopardy for public health. 

Globally, there are currently 463 million people liv-
ing with diabetes mellitus and this figure is projected 

to reach 700 million by 2045 [6]. The global action plan 
aimed at halting the rise in non-communicable diseases 
such as diabetes by 2025 [7] and the enormous challeng-
es in diabetes management provide logical justification 
for concerted efforts to prevent diabetes mellitus.

One of such strategies is the use of diabetes risk scor-
ing models, which are inexpensive diagnostic tools for 
assessing diabetes risk susceptibility over a defined peri-
od [8]. Most available risk scores account for at least one 
adiposity index since increasing adiposity is a risk factor 
for diabetes mellitus. For instance, the Finnish Diabetes 
Risk Score (FINDRISC) utilizes two adiposity indices 
(body mass index (BMI) and waist circumference (WC) 
components) in diabetes risk scoring. FINDRISC is a 
simple, cheap, non-invasive and reliable diagnostic tool 
for identifying individuals at high risk of developing 

http://www.rjdnmd.org
http://creativecommons.org/licenses/by-nc-nd/3.0/
https://orcid.org/0000-0003-0791-5441


Rom J Diabetes Nutr Metab Dis. 2022; volume 29, issue 4

© 2022 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 471

diabetes mellitus within 10 years [9]. We have recently 
used this tool to assess diabetes risk susceptibility in two 
young adult Nigerian populations [1, 8].

The need to correlate adiposity indices in young 
adults with diabetes risk susceptibility creates a knowl-
edge gap. Some components of risk-scoring tools are 
subjective and cannot be precisely measured. This rais-
es concerns about the accuracy and validity of scores 
derived from such subjective components. Since adi-
posity indices can be precisely measured without sub-
jectivity, it is our considered opinion that they could 
serve as accurate predictors of diabetes risk. This study 
was designed to develop a diabetes risk score prediction 
equation using adiposity indices.

Material and methods

Participants

This study was carried out amongst young adults 
(aged 15–35 years) residing in Asaba, Delta State, 
Nigeria. A total of 200 participants (92 males; 108 fe-
males) were selected for the study by convenience sam-
pling. After thoroughly explaining the research proto-
col, the intending participants, who were apparently 
healthy, freely signed the informed consent form prior 
to participation. The participants were grouped into 
four age groups; 15–20 years, 21–25 years, 26–30 years 
and 31–35 years. They were also stratified according to 
FINDRISC categories viz; <7 (low risk), 7–11 (slightly el-
evated risk), 12–14 (moderately elevated risk) and 15–20 
(high risk).

Exclusion criteria

Potential participants were excluded from the study 
based on pregnancy, drug addiction, a physical disabil-
ity that impedes anthropometric measurements, and a 
decline of consent.

Ethical approval and consent to participate

The study was conducted in accordance with the 
1964 Declaration of Helsinki and later versions. The Delta 
State Ministry of Health Research Ethics Committee, 
Asaba, Nigeria (HM/596/T/55) approved the informed 
consent form, questionnaire and study protocol. Partic-
ipants remained anonymous and utmost confidentiality 
was maintained. Only participants who read, understood 
and signed the informed consent form were allowed to 

participate in the study. A parent or legal guardian of 
participants under 18 years of age provided informed 
consent with the participants’ informed assent.

Risk scoring

The scoring of the FINDRISC tool has been de-
scribed in detail in our previous paper [8]. In the 
FINDRISC tool, eight variable components linked with 
anthropometric and lifestyle patterns are scored. These 
components include age; BMI; waist circumference; 
physical activity; consumption of vegetables, fruits or 
berries; blood pressure medication; previous diagnosis 
of high blood sugar; family history of diabetes. We de-
termined participants’ total risk score as the sum of the 
respective scores of the different components. Partici-
pants were stratified based on their total risk score as 
follows: <7 (low risk); 7–11 (slightly elevated risk); 12–14 
(moderately elevated risk); 15–20 (high risk).

Anthropometric measurements

Trained research assistants did anthropometric 
measurements. Weight was measured (to the nearest 
0.1 kg) using a weighing scale with participants dressed 
in light clothing and with bare feet. Height measure-
ment (to the nearest 0.1 cm) was done using a stadiome-
ter with the participant in an erect posture and on bare 
feet. Waist circumference was measured (to the nearest 
0.1 cm) in a horizontal plane, midway between the low-
est rib and the iliac crest, using a non-stretchable meas-
uring tape. Hip circumference was measured (to the 
nearest 0.1 cm) in a horizontal plane around the pelvis 
at the point of maximum protrusion of the buttocks us-
ing a non-stretchable measuring tape with the partic-
ipant in an erect posture. From these measurements:

Waist-to-hip ratio (WHR) was calculated as

Waist-to-height ratio (WHtR) was calculated as

Body-mass-index (BMI) was calculated as

Body-adiposity-index (BAI) was calculated as
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Statistical analysis

Statistical analysis was done using Statistical 
Package for the Social Sciences (SPSS) version 23.0 
(SPSS Inc Chicago IL). Pearson’s linear correlation 
analysis, followed by a scatterplot, was used to assess 
the relationship between the FINDRISC score and adi-
posity indices at a 95% confidence level. We used multi-
ple regression analysis to develop a prediction equation 
for risk score. We assessed the correlation between the 
predicted and calculated risk score values in the entire 
population using Pearson’s correlation. Statistical sig-
nificance was fixed at p<0.05.

Results

The result of the Pearson correlation analysis 
shows that all the adiposity indices correlated posi-
tively with FINDRISC (Table 1). BMI had the strongest 
positive correlation with FINDRISC [r (200)=+0.610, 
p<0.001]. We created scatter plots (Figures 1–4) to il-
lustrate the relationship between FINDRISC and the 
significantly correlated adiposity indices (BMI, BAI, 
WHtR and WC). We excluded WHR since it was not sig-

nificantly correlated to FINDRISC (r=+0.092; p=0.196. 
Taken together, these findings indicate that increases 
in the values of BMI, BAI, WHtR and WC significantly 
account for increases in FINDRISC. The effect size for 
BMI was deduced as r 2=0.372.

The result of the multiple regression analysis is 
presented in Table 2. From the regression analysis, we 
developed a prediction equation for risk score using ad-
iposity indices, viz:

Risk score= 
-6.689+0.330(BMI)–0.059(WC)+0.078(BAI)+15.186(WHtR)

The result of the Pearson correlation analysis in 
Table 3 shows that the risk score predicted with the 
equation had a significant positive correlation with 
calculated FINDRISC [r (200)=+0.630, p<0.001].

Discussion

Obesity and diabetes are emerging public health 
threats with increasing prevalence corresponding to 
factors such as physical inactivity, unhealthy weight 
gain and increasing urbanization [11, 12]. This suggests 
that as more urban centers emerge, the burden of these 

BMI BAI WHtR WC WHR

FINDRISC

Pearson 
correlation (r) +0.610 +0.561 +0.557 +0.495 +0.092

Significance 
(2-tailed) (p) (<0.001) (<0.001) (<0.001) (<0.001) (0.196)

Table 1: Correlation between FINDRISC and adiposity indices.

Figure 1: Scatter plot showing the correlation between 
BMI values and FINDRISC scores.

Figure 2: Scatter plot showing the correlation between 
BAI values and FINDRISC scores.
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metabolic disorders will rise. In fact, the diabetes crisis 
will continue even beyond this decade [13]. The global 
spread of obesity and diabetes is further worsened by 
the fact that both conditions are risk factors for the 
pathogenesis of non-communicable diseases, includ-
ing pancreatic cancer [14].

Adiposity indices are major predisposing factors 
that increase the risk of cardiovascular and metabolic 
diseases [15, 16]. We determined the correlation of five 
adiposity indices with FINDRISC since they are known 
markers of diabetes risk [17]. BMI correlated most 
strongly with FINDRISC. All other indices of adiposity 
correlated significantly with FINDRISC except WHR. 
The effect size for BMI indicates that BMI values will 
be key determinants of risk scores.

We conducted multiple regression analysis to pre-
dict risk scores and incorporated the following adi-
posity indices: BMI, BAI, WC and WHtR, since these 

adiposity indices demonstrated statistically significant 
(p<0.001) prediction ability of risk scores. The multiple 
correlation coefficient, R-value of 0.644, demonstrated 
a good level of prediction. 

The F-ratio value, F (4, 195)=34.576, p<0.001, re-
vealed that the independent variables could predict 
the dependent variable in a statistically significant 
manner. Thus, the regression model is a good fit for 
the data. 

From the multiple regression analysis and con-
sistent with the general form of a multiple regression 
equation:

ŷ=β0+β1x1+β2x2+...+βkxk

Where ŷ=predicted value of the dependent varia-
ble; β0=the y-intercept; β1, β2... βk=coefficients of the in-
dependent variables x1, x2...xk; k=number of independ-
ent variables.

Figure 3: Scatter plot showing the correlation between 
WHtR values and FINDRISC scores.

Figure 4: Scatter plot showing the correlation between 
WC values and FINDRISC scores.

Table 2: Multiple regression analysis.

Note: a Predictors – (Constant), WHtR, BMI, BAI, WC.

Model R R square Adjusted R 
square

Standard 
error of  

the estimate
F Significance 

1 0.644 a 0.415 0.403 2.664 34.576 <0.001

Table 3: Correlation between FINDRISC score and predicted risk score.

Predicted risk score

FINDRISC
Pearson correlation (r) +0.630

Significance (2-tailed) (p) (<0.001)
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We developed a prediction equation for risk score 
using adiposity indices, viz:

Risk score= 
-6.689+0.330(BMI)-0.059(WC)+0.078(BAI)+15.186(WHtR)

From the risk score, participants’ risk status can be 
stratified based on the FINDRISC model. 

Diabetes risk scores such as FINDRISC usually in-
volve measured and subjective variables in the ques-
tionnaire. In routine usage, objectivity is challenged as 
respondents often tend to under-report negative char-
acteristics and amplify positive traits [8, 18]. This raises 
doubt about the accuracy of risk scores obtained from 
such studies.

Furthermore, some components of the FINDRISC 
tool, such as the level of “consumption of fruits/veg-
etables/berries” that meet up the daily requirement, 
cannot be accurately quantified by the respondents. 
Additionally, the lack of knowledge or denial of certain 
factors such as “family history of diabetes” and “use 
of anti-hypertensive medications” does not obliterate 
risk if such factors exist. Thus, the risk persists wheth-
er a respondent is ignorant of it or in denial. 

Using an equation based on precisely measured ad-
iposity indices will eliminate this uncertainty created 
by subjectivity. Thus, it is our considered opinion that 
this will give a more accurate risk status since it is deter-
mined from accurately measured indices. The positive 
correlation between the risk scores determined using 
our equation and the calculated FINDRISC scores lend 
credence to the usefulness of our equation. Finally, our 
prediction equation also has the advantage of non-in-
vasiveness as it relies only on non-invasive parameters 
in predicting diabetes risk.

Limitations and strengths

Apart from adiposity indices, other factors con-
tribute to diabetes risk. Their exclusion due to the in-
ability to precisely estimate them limits our study in 
this regard. The sampling of a specific age group rather 
than the entire population and the small sample size 
may limit our study’s generalizability and statistical 
reliability. Considering the difficulty in participant re-
cruitment due to the apathy usually exhibited by some 
young Nigerians towards health research, our modest 
attempt seems good enough. 

The novelty of our study is a strength. Addition-
ally, we sampled healthy young adults previously not 
considered for diabetes risk assessment. It is likely that 
other chronic complications and confounding morbid-

ities were absent and did not compromise our results. 
The development of an equation from precisely meas-
ured adiposity indices will improve the accuracy of risk 
prediction and facilitate public health action in manag-
ing the menace of obesity and diabetes.

Conclusion

A diabetes risk score prediction equation was de-
veloped using adiposity indices. Risk scores derived 
from the prediction equation had a significant positive 
correlation with the calculated FINDRISC. The strati-
fication of the risk scores obtained from the prediction 
equation will be based on the FINDRISC model. In fu-
ture studies, we recommend the utilization and valida-
tion of the developed prediction equation in diabetes 
risk assessment in other populations.
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