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Abstract
Background: The association between obesity and type 2 diabetes is well-known. The measure of obesity that best predicts fasting blood sugar levels remains a subject 
of debate. The objective of the study was to determine the best anthropometric predictor of FBS, prediabetes, and diabetes among apparently healthy bank workers 
in Nigeria.

Methods: This study analyzed dataset of a cross-sectional survey of apparently healthy 1191 bank workers in 18 state capitals across the six geopolitical regions of 
Nigeria. The dataset was processed and analyzed with SPSS. Correlation and discriminant analysis were performed to determine the best anthropometric predictors 
of FBS, prediabetes, and diabetes.

Results: The 1191 subjects were aged 22-59 years old, 80.2% were males, and 19.8% females. The average FBS was 5.2 ± 1.2 mmol/l, BMI 26.7 ± 4.6 kg/m2, WC 
80.1 ± 25.1 cm, HC 88.9 ± 26.7 cm, WHR 0.9 ± 0.09, and WHtR 0.47 ± 0.15. The prevalence of diabetes was 4%, prediabetes 7%, overweight 42%, and obesity 23%. 
The best anthropometric predictor of FBS was WC (r=0.231, p<0.0001), while the best predictor of diabetes was WHR (AUC 0.64, 95% CI 0.55-0.73) and HC for 
prediabetes (AUC 0.64, 95% CI 0.58-0.69). The best predictors of all the three outcomes combined were WC and WHtR at cut-off values of 87 cm and 0.5 in both 
sexes.

Conclusions: Both WC and WHtR at cut-off values of 87 cm and 0.5 are appropriate as discriminative anthropometric indices for both prediabetes and diabetes in 
both sexes. The finding of HC as the best predictor of prediabetes calls for further research in this direction.

*Correspondence to: Idris Muhammad Yakubu MBBS, PGDip, MPH, PhD 
student in Public Health at Texila American University, CBN Diagnostic and 
Treatment Center, Garki 2, Abuja, Nigeria, E-mail: yidris2000@yahoo.co.uk

Key words: anthropometric indices, fasting blood sugar, prediabetes, diabetes, 
bank employees

Received:  June 13, 2020; Accepted:  June 23, 2020; Published: June 29, 2020

Abbreviations: BMI: Body mass index; FBS: Fasting blood sugar; 
HC: Hip circumference; WC: Waist circumference; WHR: Waist hip 
ratio; WHtR: Waist height ratio.

Introduction
Obesity, now recognized as a chronic non-communicable disease, 

represents an excessive amount of fat in the body [1]. It is a component of 
metabolic syndrome and a risk factor for type 2 diabetes, dyslipidemia, 
hypertension, and cardiovascular disease [2]. The distribution of fat 
in obesity is a predictor of cardiometabolic risk with visceral obesity 
carrying more risks than central or general obesity [3].

BMI is the most widely used clinical tool for measuring obesity 
because it is easy to measure and interpret. However, it does not 
localize fat distribution or differentiate muscle mass from excess fat [4]. 
Consequently, other simple anthropometric measures of obesity such as 
WC, HC, WHR, and WHtR are often used in conjunction with BMI in 
low-resourced settings where advanced and sophisticated technology 
for fat assessment is not readily available. Within such clinical settings, 
WC, WHR, and WHtR are favored as better measures of central and 
visceral obesity than BMI [4,5].

Visceral and abdominal fat accumulation manifest as central 
obesity. Central obesity is associated with insulin resistance, type 
2 diabetes, metabolic syndrome, and cardiovascular disease [2-5]. 
Globally, many studies have explored the relationship between the 
various anthropometric indices and abnormal blood sugar states 
across divergent geographical, ethnic, socio-economic, sex, and clinical 
backgrounds with inconsistent results [4-6]. A recent population-based 

cross-sectional study with 1,000 participants in Babol, northern Iran 
reported that WC was the best anthropometric predictor of diabetes 
using AUC when compared with BMI, WHR, and WHtR [4].

There is a paucity of similar studies in sub-Saharan African [7]. 
Only a few studies explored this phenomenon in Nigeria [8-11]. Most 
of these studies looked at associations (rather than discriminative and 
predictive abilities) between some of the anthropometric parameters 
and outcomes like cardiometabolic risk, FBS, insulin resistance, 
prediabetes, and diabetes. Few attempts at exploring the best 
anthropometric predictors of these outcomes returned varying results 
and no study simultaneously explored FBS, prediabetes, and diabetes.

This study attempted to extend the existing body of knowledge by 
determining the best anthropometric predictor of FBS, prediabetes, 
and diabetes using area under the curve (AUC) in receiver operating 
characteristic (ROC) in nationwide data involving apparently healthy 
bank employees in Nigeria. Workers in the banking industry live mostly 
sedantary lifestyles and the prevalence of obesity and perhaps type 2 
diabetes are on the increase [12]. There was no similar study on bank 
employees in Nigeria. This study used simple correlation coefficient to 
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determine the best anthropometric predictor of FBS and discriminative 
analysis with eyeballing in place of Youden index for determining 
optimal cut-off values of predictive indices in prediabetes and diabetes.

Materials and methods
This study was a secondary research which analyzed dataset in 

medical records collected in 2016, involving apparently healthy bank 
employees in 18 state capitals across Nigeria's six geopolitical zones. 
Three branches of a particular bank were selected from each zone based 
on the availability of complete data. Personal identifiers such as names, 
dates of birth, identity numbers, department, status, and location were 
deleted from the primary dataset.

Primary data collection process

The inclusion criteria for the participants in the primary data 
collection were last meal at or before 10 pm of the previous night, 
absence of pregnancy, and absence of symptoms. Apparently healthy 
subjects with underlying chronic illnesses were not excluded. 

The participants' personal information including age and sex were 
noted in a schedule, followed by anthropometric measurements of 
weight, height, WC, and HC.

Trained and experienced nurses and doctors (including the authors) 
collected the primary data using calibrated and quality-assured weight 
scales (Omron), height scales (Seca), and glucometers (Accu-Chek 
Roche). Standard procedures were applied in measuring weight, height, 
WC, HC, and FBS. Weight was measured in kilogram (kg), height, WC, 
and HC in centimeter (cm), and FBS in mmol/l. BMI was defined as 
weight (kg) divided by height squared (m2), WHR as WC divided by 
HC, and WHtR as WC divided by height. BMI, WHR, WHtR were 
calculated manually using calculators and Microsoft Excel templates. 
All measurements were crosschecked to ensure accuracy. 

Data processing and editing: The primary data in Excel was 
imported to SPSS. Only states with complete dataset without missing 
values were included in this secondary study. Personal identifiers were 
deleted for ethical reasons. BMI, WHR, and WHtR were cross-checked 
manually to ensure accuracy.

Statistical analysis: Statistical Package for Social Sciences (SPSS) 
Version 23 was used for the analysis. FBS level and BMI were grouped 
according to the World Health Organization (WHO) classifications of 
obesity and abnormal blood sugar to enable the estimation of prevalence 
rates. FBS was defined as normal (< 6.1 mmol/l), prediabetes (6.1 - 6.9 
mmol/l) and diabetes (≥ 7 mmol/l). Underweight was defined as BMI < 
18.5, normal weight 18.5 - 24.9, overweight 25 - 29.9, and obesity > 30. 
The independent variables were age, sex, and anthropometric indices. 
The dependent variables were FBS levels, prediabetes, and diabetes.

Numeric variables were tested for normal distribution. Prevalence 
of prediabetes and diabetes was compared based on age, sex, and WHO 
obesity classes using cross-tabulations. Mean anthropometric indices 
were compared in both sexes in the prediabetes and diabetes groups 
using independent samples t-test.

Correlation test and ROC analysis were performed to determine 
statistically significant associations and discriminating ability, 
respectively, at p-value <0.05 and confidence interval (CI) of 95%. 
The correlation coefficient, a measure of the strength of association, 
was used to determine the best anthropometric predictor of FBS. In 
contrast, AUC was used to ascertain the best anthropometric predictor 
of prediabetes and diabetes. Eyeballing was used to determine the 

optimal cut-off values of the anthropometric indices with the best 
sensitivities and specificities.

Results
The study had 1191 participants, 80% of which were men and 20% 

women. The age of the participants ranged between 22 and 59 years with 
a mean of 41.18 ± 8.58 years. The mean age of men (41.33 ± 8.45) was 
higher than that of women (40.66 ± 9.07). The overall mean FBS was 5.2 
± 1.2 mmol/l, BMI 26.7 ± 4.6 kg/m2, WC 80.1 ± 25.1 cm, HC 88.9 ± 26.7 
cm, WHR 0.9 ± 0.09, and WHtR 0.47 ± 0.15. The mean anthropometric 
measures were higher in women than in men with the exception of 
WHR which was higher in men (Table 1). The mean FBS was higher in 
men than in women. FBS, BMI, and WHR had respectively comparable 
mean, median, and mode with normality plots within acceptable limits 
of a normal distribution. 

The overall prevalence of diabetes was 3.9%, prediabetes 7.1%, 
overweight 41.9%, and obesity 23.3%. The prevalence of prediabetes 
and diabetes was higher in men (3.9% vs 7.5%) than in women (3.8% vs 
7%) and increased with the extent of obesity (Table 2). The prevalence 
of diabetes increased with age. Prediabetes had a higher prevalence in 
youths than in middle-aged participants (8.5% against 7.3%).

The mean values of all anthropometric indices in both sexes were 
higher in the prediabetes group than in the diabetes group and lowest 
in the normal group with the exception of WHR, which remained 
consistently highest in the diabetes group (Table 3).

All of the predictor variables had significant positive correlation 
with FBS in both sexes except BMI and WHR in women only where 
the positive correlation was not statistically significant (Table 4). Men 
had higher correlation coefficients and levels of significance than 
women. Using the correlation coefficient as a measure of the strength 
of association, the anthropometric parameter with the strongest 
association in both sexes was WC (r=0.231, p<0.0001), followed 
by WHtR (r=0.224, p<0.0001), HC (r=0.221, p<0.0001), and BMI 
(r=0.097, p<0.001). WHR had the weakest strength with a coefficient 
of 0.065 and a p-value of 0.024. Therefore, WC was a better predictor of 
FBS than WHtR, HC, BMI, or WHR in this order. However, in women 
HC was slightly better than WHtR (Table 4).

WHR was the best predictor of diabetes in both sexes with the 
predictive ability higher in women than in men with AUC of 0.70 
and 0.64, respectively. In contrast, the other anthropometric indices 
demonstrated greater predictive ability in men than in women (Table5 
and Figure 1). Women had higher cut-off values and lower sensitivities 
than men. All sensitivities were less than 70% in women and at least 
70% in men, except for WHR which had a similar cuff-off value of 0.9 in 
both sexes and sensitivity of 78% in women and 73% in men. WC was 
the least predictor of diabetes in both men and women. 

The anthropometric prediction of prediabetes exhibited interesting 
and consistent patterns. HC, WC, and WHtR in both sexes had a 
comparable and greatest discriminating ability, while BMI and WHR 
had the least. The AUCs and sensitivities were higher in men than in 
women, while the cut-off values and specificities were greater in women 
than in men except for WHR (Table 5). 

In summary, the best anthropometric predictors of FBS were WC 
and WHtR in men and WC and HC in women. The best predictors of 
diabetes were WHR and WC in men, and WHR and BMI in women. 
In contrast, the best anthropometric predictors of prediabetes were HC 
and WC in both sexes. 
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Measures Age (years) FBS BMI WC HC WHR WHtR
Men

Mean 41.33 5.18 26.18 79.21 86.86 0.91 0.46
Median 40.00 5.10 26.00 87.00 97.00 0.90 0.50
Mode 35 5.20 25.00 93.00 102.0 0.90 0.49

Std. Deviation 8.45 1.25 4.30 25.21 26.72 0.08 0.15
Minimum 22 2.10 17.00 26.00 31.00 0.66 0.01
Maximum 59 20.40 48.00 192.0 133.0 1.88 1.13

Women
Mean 40.66 5.12 28.72 83.57 97.01 0.86 0.51

Median 39.00 5.00 28.00 89.00 104.00 0.87 0.54
Mode 39 4.80 26.00 88.00 104.00 0.88 0.56

Std. Deviation 9.07 1.22 5.39 24.16 25.35 0.11 0.15
Minimum 22 2.70 16.00 24.00 33.00 0.34 0.15
Maximum 59 16.60 46.00 175.00 134.00 1.84 1.03

Total (combined men and women)
Mean 41.18 5.17 26.68 80.08 88.87 0.9 0.47

Median 39.44 5.06 26 88 98 0.9 0.51
Mode 46 5 25 90 102 0.9 0.5

Std. Deviation 8.58 1.25 4.65 25.05 26.75 0.09 0.15
Minimum 22 2.1 16 24 31 0.34 0.01
Maximum 59 20.4 48 192 134 1.88 1.13

Table 1. Univariate statistics of continuous variables

Anthropometric indices
Mean (±SD) anthropometric indices according to FBS status in mmol/l

Diabetes (≥ 7) Prediabetes (6.1-6.9) Normal (< 6.1)
Male

BMI 27.61 ± 3.78 27.61 ± 4.87 25.99 ± 4.238
WC 84.54 ± 26.75 89.33 ± 20.55 78.12 ± 25.30
HC 90.22 ± 28.27 97.39 ± 20.20 85.82 ± 26.96

WHR 0.94 ± 0.06 0.92 ± 0.06 0.91 ± 0.08
WHtR 0.49 ± 0.16 0.52 ± 0.12 0.45 ± 0.15

Females
BMI 29.67 ± 4.77 30.55 ± 4.95 28.57 ± 5.444
WC 83.44 ± 25.79 95.62 ± 10.44 82.84 ± 24.56
HC 92.00 ± 27.32 111.38 ± 10.46 96.35 ± 25.70

WHR 0.91 ± 0.06 0.86 ± 0.09 0.86 ± 0.11
WHtR 0.52 ± 0.16 0.58 ± 0.07 0.50 ± 0.15

Total (combined males and females)
BMI 28.01 ± 4.02 28.06 ± 4.970 26.51 ± 4.62
WC 84.33 ± 26.28 90.29 ± 19.44 79.07 ± 25.22
HC 90.57 ± 27.80 99.53 ± 19.65 87.95 ± 27.03

WHR 0.93 ± 0.06 0.91 ± 0.07 0.90 ± 0.09
WHtR 0.49 ± 0.16 0.53 ± 0.12 0.46 ± 0.15

Table 3. The mean (±SD) of anthropometric indices according to the FBS status and sex

Predictor
Prevalence according FBS status

P
Diabetes Prediabetes Normal

Sex
Male 37 (3.9%) 72 (7.5%) 846 (88.6%) 0.55

Female 9 (3.8%) 13 (7.0%) 214 (90.7%)
Age (Years)

18-39 9 (1.4%) 44 (8.5%) 573 (91.5%) <0.001
40-59 37 (6.6%) 41 (7.3%) 480 (86.0%)

BMI
Underweight - - 16 (100%) 0.16

Normal weight 11 (2.8%) 22 (5.5%) 366 (91.7%)
Overweight 21 (4.2%) 36 (7.2%) 442 (88.6%)

Obesity 14 (5.1%) 27 (9.7%) 236 (85.2%)

Table 2. The prevalence of prediabetes and diabetes based on age, sex, and BMI (FBS in mmol/l)
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Diabetes
Anthropometric indices AUC (95% CI) Optimal cut‑off Sensitivity Specificity

Male
WHR 0.64 (0.55-0.73) 0.90 73% 44%
WC 0.62 (0.52-0.72) 86.5 73% 49%
BMI 0.62 (0.54-0.71) 25.5 73% 50%

WHtR 0.59 (0.49-0.69) 0.49 70% 43%
HC 0.59 (0.48-0.69) 94.5 70% 42%

Females
WHR 0.70 (0.54-0.86) 0.90 78% 66%
BMI 0.56 (0.38-0.74) 27.5 67% 45%

WHtR 0.54 (0.33-0.75) 0.52 67% 40%
WC 0.52 (0.33-0.72) 86.5 67% 42%
HC 0.44 (0.27-0.61) 99.5 67% 39%

Total (combined males and females)
WHR 0.65 (0.57-0.72) 0.89 74% 48%
WC 0.61 (0.51-0.69) 85.5 72% 45%
BMI 0.61 (0.53-0.68) 25.3 74% 45%

WHtR 0.58 (0.49-0.67) 0.49 70% 43%
HC 0.56 (0.47-0.64) 95.5 70% 41%

Prediabetes
Anthropometric indices AUC (95% CI) Optimal cut‑off Sensitivity Specificity

Male
HC 0.64 (0.59-0.70) 96.5 73% 49%
WC 0.63 (0.57-0.69) 85.5 72% 48%

WHtR 0.63 (0.57-0.69) 0.49 75% 44%
BMI 0.60 (0.54-0.67) 25.5 65% 50%
WHR 0.53 (0.46-0.60) 0.90 57% 43%

Females
HC 0.65 (0.52-0.78) 107.5 67% 62%
WC 0.61 (0.48-0.73) 88.5 67% 48%

WHtR 0.61 (0.48-0.74) 0.55 60% 52%
BMI 0.59 (0.44-0.73) 29.5 60% 60%
WHR 0.47 (0.29-0.65) 0.85 47% 38%

Total (combined males and females)
HC 0.64 (0.58-0.69) 95.5 78% 42%
WC 0.63 (0.57-0.69) 84.5 78% 43%

WHtR 0.62 (0.56-0.68) 0.5 71% 47%
BMI 0.59(0.53-0.65) 25.3 67% 46%
WHR 0.53 (0.47-0.60) 0.89 60% 41%

Table 5. Diagnostic accuracy of anthropometric indices for the prediction of diabetes/prediabetes and optimal cut‑off values

Pearson Correlations Age (years) WC WHtR HC BMI WHR
Men

Correlation coefficient (r) 0.185 .247 .241 .236 0.105 .075
P-value <0.0001 <0.0001 <0.0001 <0.0001 0.001 0.021

Women
Correlation coefficient (r) 0.167 0.170 0.175 0.180 0.101 0.032

P-value 0.01 0.009 0.007 0.005 0.121 0.621
Both

Correlation coefficient (r) 0.183 0.231 0.224 0.221 0.097 0.065
P-value <0.0001 <0.0001 <0.0001 <0.0001 0.001 0.024

Table 4. Correlations between FBS and age, WC, HC, BMI, and WHR

Comparing all the five anthropometric indices against the three 
outcome variables of FBS, prediabetes, and diabetes using a simple 
scoring system (Table 6), the best predictor of FBS, prediabetes, and 
diabetes (combined) was WC and the predictive ability was greater 
in men than in women. The next best predictor was WHtR which 
had greater predictive ability in women than in men. Therefore, WC 
and WHtR were the overall best anthropometric predictors of FBS, 

diabetes and prediabetes in both sexes at cut-off values of 87 cm and 
0.5 respectively. 

Discussion
The prevalence rates of prediabetes and diabetes among bank 

employees in this study were 7% and 4%, respectively. The prevalence of 
both prediabetes and diabetes was higher in men (3.9% and 7.5%) than 
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Figure 1. AUC for the various anthropometric predictors of diabetes and prediabetes
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in women (3.8% and 7%). This prevalence of diabetes (4%) is much 
lower than the rate reported by Gezawa et al. [11] in Maiduguri, north-
east Nigeria (7%) and that reported by Hajian-Tilaki and Heidari [4] 
in in Babol, northern Iran (14%). However, the higher prevalence of 
diabetes in men than in women is consistent with both studies [4,11].

Similarly, the statistically significant associations between the 
anthropometric indexes and FBS have been clearly demonstrated in 
previous studies [1,2,5,11,13]. The finding of insignificant correlation 
between BMI (r=0.101, p=0.121) and WHR (r=0.032, p=0.621) with 
FBS in women sharply contradicts the significant relationship (BMI, 
r=0.399, p<0.01) reported by Farah et al. [14] in Andhra Pradesh, 
south-eastern India, and this phenomenon needs further exploration 
in future studies.

The finding of WC (r=0.231, p<0.0001) as the best predictor of FBS 
in both sexes also contradicts findings from two reviewed studies: one 
in Nigeria and the other in India [11,14]. Both reviewed studies were 
conducted on youths and reported BMI as the best predictor of FBS 
using the same methodology. However, the Indian study had WC as 
the next best predictor of FBS (r=0.293, p<0.05) after BMI (r=0.399, 
p<0.01) [14]. A smaller sample, limited geographical cover and the 
recruitment of young adults in the comparison studies may probably 
explain this disparity [11,14].

This study also found HC as the best predictor of prediabetes 
followed by WC and WHtR with BMI and WHR as the worst predictor. 
The cut-off values for HC were 96.5 cm in men and 107.5 cm in women; 
WC 85.5 cm (men) and 88.5 cm (women); and WHtR 0.5 (men) and 
0.55 (women). No previous study explored the predictive value of HC 
in prediabetes. Studies in this respect focused mainly on WC, WHR, 
and BMI. 

Haghighatdoost et al. in Iran found BMI and WC as insignificant 
predictors of prediabetes (p>0.05) with WC having a higher cut-off 
value of 89.7 cm in men and comparable value of 88.2 cm in women [6]. 
In contrast, Pandey et al. study found WC as a significant predictor of 
prediabetes in Indian children with boys having a higher AUC and cut-
off values (0.804; 0.795) than girls (82.5 cm; 80.3 cm), respectively [15]. 
The lower cut-off values can be explained by age since the participants 
in the Indian study did not attain full adult size.

The best anthropometric predictor of diabetes in both sexes was 
WHR with identical cut-off values (0.90) but higher AUC in women 
(0.70) than in men (0.64). This finding differs from those reported by 
two independent Iranian studies with conflicting results. Hajian-Tilaki 
and Heidari reported WHtR at cut-off value of 0.51 for both sexes as 
the best predictor of diabetes, while Haghighatdoost et al. found BMI at 
cut-off value of 28.5 kg/m2 [4,6]. A third national study in neighboring 
Cameroun found WC as the best predictor of diabetes [7]. Interestingly, 
WC was the next best predictor of diabetes in this study as well as in the 
two quoted Iranian studies, but the cut-off values vary exponentially 
from 85.5 cm to 98.5 cm. This wide difference may be accounted for by 
racial and ethnic variability between Africans and Iranians.

Using an arbitrary scoring system, the best anthropometric 
predictor of all the three outcomes combined (FBS, prediabetes and 
diabetes) in both sexes was WC followed by WHtR and the predictive 
ability of these indices was greater in men than in women.

Obesity, especially central obesity, is a major risk factor for both 
prediabetes and diabetes [3,7,8]. As the prevalence of obesity increases, 
that of prediabetes and diabetes is predicted to rise reciprocally [16,17]. 
Therefore, measures like WC, which estimate abdominal obesity are 
better predictors of diabetes than BMI which is a marker of general 
obesity. Measures of abdominal obesity such as WC, WHtR and WHR 
correlate well with regional fat distribution [1,2,16,18].

Conclusion
In both sexes, the best anthropometric predictors of FBS, 

prediabetes, and diabetes were WC, HC, and WHR respectively. The 
emerging predictive value of HC in prediabetes needs to be further 
researched. The overall best predictor of FBS, prediabetes, and diabetes 
combined was WC, followed by WHtR.

WC and WHtR are measures of visceral and abdominal obesity. 
The findings in this study suggest that WC and WHtR can predict 
FBS, prediabetes, and diabetes better than the other anthropometric 
indices of obesity. WC and WHtR at cut-off values of 87 cm and 0.5 
respectively, are appropriate discriminative anthropometric measures 
for both prediabetes and diabetes in both sexes. 

Since both truncal obesity and abnormal blood sugar are risk 
factors for cardiovascular disease, reducing WC can potentially prevent 

FBS Prediabetes Diabetes Total score
Both

WC 5 4 4 13
WHtR 4 3 2 9

HC 3 5 1 9
BMI 2 2 3 7
WHR 1 1 5 7

Men
WC 5 4 4 13

WHtR 4 3 2 9
HC 3 5 1 9
BMI 2 2 3 7
WHR 1 1 5 7

Women
WC 5 4 2 11

WHtR 4 3 3 10
HC 3 5 1 9
BMI 2 2 4 8
WHR 1 1 5 7

Table 6. Comparison and scoring system on the predictive ability of anthropometric indices
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diabetes in high-risk populations or improve glycemic control and 
cardiovascular outcomes in diabetics.
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