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Abstract
Objective: To determine the best method for detecting Impaired Glucose Regulation (IGR) in adolescents from 

New Providence Island, Bahamas. IGR is defined by blood glucose levels that are higher than normal but below 
those of a person with diabetes.

Design and Methods: From Jan-March 2012, 873 adolescents (13-19 years old) were randomly selected from 
five different high schools in New Providence. Weight and height were measured and participants were screened for 
IGR using the hemoglobin A1c (HbA1c) test and a 2-hour oral glucose tolerance test (OGTT). T-test or chi-square 
test was used to determine significant associations between sex and outcome variables, and prevalence of glycemic 
status by BMI category. Linear regression was used to determine the relationship between OGTT results and BMI.

Results: Of the initial pool, 861 adolescents (98.6%) completed the study. The OGTT demonstrated that 89.4% 
of these students had normal fasting glucose levels and 98.8% had normal 2-hour OGTT glucose levels. Eighty-
seven students (37 boys and 50 girls) had elevated fasting plasma glucose; however, 2 hours after the oral glucose 
load, only 9 students (2 boys and 7 girls) had blood glucose concentrations indicative of IGR. For the HbA1c test, 
82.6% of the students had normal results, and 1.3% had diabetes. The HbA1c test revealed a higher percentage of 
students with IGR (16.1%) than the OGTT (1%).

Conclusions: The HbA1c test identified a greater percentage of adolescents as having IGR than did the 
OGTT. Due to the high discordance between the two tests, it is likely that an elevated HbA1c test may falsely 
classify adolescents as IGR if OGTT results and clinical signs (e.g., diabetic retinopathy and/or nephropathy) are 
not considered. 

Keywords: Impaired glucose tolerance; Adolescents; Oral glucose
tolerance test; Hemoglobin A1c; New Providence

Background
The Bahamas has one of the highest diabetes mortality rates of the 

Caribbean nations [1]. This is due in part to the rising obesity rate, 
which is a consequence of an increasingly sedentary lifestyle and poor 
nutritional choices [2]. Although national data show an increase in 
chronic non-communicable diseases such as diabetes and hypertension 
in adults [3], there exists a paucity of data involving impaired glucose 
regulation in the younger Bahamian population. Due to the rising 
prevalence of diabetes among younger people, detecting and treating 
this disorder as early as possible has become a top public health priority. 
Healthcare expenditures consume almost 15% of the annual national 
budget, and a significant portion of this sum is spent on diabetes care 
[4]. Therefore, preventing this disorder can significantly decrease 
healthcare costs in the Bahamas.

Traditionally, Fasting Plasma Glucose (FPG) measurement and 
the Oral Glucose Tolerance Test (OGTT) were the primary methods 
used in the Bahamas to diagnose abnormal glucose metabolism, 
which is defined as having blood glucose levels that are higher than 
normal but below those of a person with diabetes [5]. Recent clinical 
practice, however, has shifted towards increased use of hemoglobin 
A1c (HbA1c) assessments to diagnose impaired glucose regulation 

in at-risk Bahamian populations. This change was influenced by the 
2009 recommendation of the International Expert Committee (IEC) 
on Diabetes for using HbA1c measurement to detect abnormal glucose 
metabolism [6].

According to the World Health Organization (WHO) [7], an 
HbA1c cut-off point of ≥6.5% (47.5 mmol/mol) is sufficient for 
diagnosing diabetes, and a level ≥6% (42.1 mmol/mol) but <6.5% 
(47.5 mmol/mol) can identify individuals at high risk for developing 
diabetes. Alternatively, the American Diabetes Association defines 
impaired glucose responsiveness (IGR) as an HbA1c level between 
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BMI as (weight in kg/height in m2). Subject BMI was classified using 
the 1995 WHO Expert Committee on Physical Status guidelines. 
Specifically: underweight (BMI<5th percentile), normal (BMI 5th–84th 
percentiles), overweight (BMI 85th–94th percentiles), obese (BMI 95th–
98th percentiles), and severely obese (BMI>99th percentile) [11].

Sample collection and analysis

Venous blood samples were collected to measure glucose and HbA1c 
levels. Blood samples were collected at 0 hours for the FPG, HbA1c, and 
pre-glucose load OGTT measurements. After obtaining 0-hour blood 
samples, participants were orally administered a glucose solution (1.75 
g/kg, maximum 100 g) over a period of 5 minutes for the OGTT, and 
blood was collected 2 hours later. Blood samples for glucose analysis 
were collected in tubes containing sodium fluoride (anti-glycolytic 
stabilizer), and blood samples for determining HbA1c concentration 
were collected in tubes containing ethylenediaminetetraacetic acid 
(EDTA; anticoagulant).

Samples were transported on ice to the Princess Margaret Hospital 
Laboratory Services Department, New Providence Island, Bahamas. 
Whole blood for glucose testing was centrifuged and plasma separated 
from the cell fraction was refrigerated at 2-8°C and analyzed for plasma 
glucose within 24 hours. Samples for HbA1c testing were stored at 
2-8°C and analyzed within 1 week. Additionally, calibrators were 
included for each assay in order to guarantee internal quality of the 
analyses. Samples were analyzed using a Dimension RXL chemistry 
analyzer (Siemens AG, Munich, Germany).

Definition of abnormal glucose regulation

Our study used the more conservative definition of the IEC 
to classify adolescents with IGR using HbA1c results. The WHO 
guidelines [12] define IGR based on OGTT as a 2-hour post-load blood 
glucose value ≥ 140 mg/dl (7.8 mmol/l) but <200 mg/dl (11.1 mmol/l), 
and values ≥ 200 mg/dl as indicative of diabetes.

Statistical analysis

Glucose and HbA1c concentration data are represented as means 
± standard deviations (SDs). The chi-squared test was used to evaluate 
significance between two categorical variables and Student’s t-test was 
used to assess continuous variables. Linear regression analysis was 
used to determine the relationship between OGTT results and BMI. 
The alpha level was set at 0.05 for all tests of statistical significance. 
Statistical Package for the Social Sciences software (SPSS v.19.0; IBM/
SPSS Inc., Chicago, IL, USA) was used to perform all calculations.

Results
Of the initial pool of 873 participants, 861 adolescents (98.6%) 

completed the study. Six participants did not return to complete the 
OGTT, insufficient blood sample was collected from three persons, 
two participants refused a second phlebotomy because of pain, and 
one person did not complete consumption of the glucose solution 
within the required time frame of five minutes. Baseline demographics 
and anthropomorphic characteristics of the study population (N=861 
students) are respectively shown in Tables 1 and 2. Mean participant 
age was 15.82 ± 1.11 years (range 13‒19 years). In terms of ethnicity, the 
predominant race was Black/Afro-Caribbean (98.8%). Anthropometric 
data revealed a mean height of 174.16 ± 7.64 cm (males) and 164.00 
± 6.21 cm (females) and a mean weight of 73.54 ± 20.01 kg (males) 
and 67.06 ± 18.73 kg (females). Glycemic status based on HbA1c and 
OGTT tests are presented in Table 3. Results showed that 98.8% of 
participants had a normal 2-hour OGTT level. A total of 87 students 

5.7% and 6.4% [8], whereas the IEC defines IGR as an HbA1c level 
between 6.0% and 6.4% [6].

A cross-sectional study conducted in 2012 demonstrated that 
abnormal glucose regulation is positively associated with obesity in 
Bahamian adolescents [9]. Despite numerous studies having been 
performed on Bahamian adults, no studies have ascertained the clinical 
utility of the OGGT or HbA1c tests to diagnose IGR in Bahamian 
adolescents. Due to this knowledge gap, multiple tests are used to 
screen for abnormal glucose metabolism, including FPG, OGTT and 
HbA1c; however, no consensus has been established regarding the 
best approach to identify pre-diabetes in Bahamian adolescents. The 
main purpose of this study was to determine the most appropriate test 
for early IGR detection in Bahamian adolescents, using a cohort of 
apparently healthy adolescents without clinical symptoms. Adolescents 
categorized by body mass index (BMI) were assessed for IGR using 
both the OGTT and the HbA1c tests.

Methods
Permission to conduct this study was granted by the Ministry of 

Education, the combined Ethics Committee of the University of the 
West Indies and the Public Hospitals Authority, and by the Ministry 
of Health National Ethics Committee. Written informed consent was 
provided by parents/legal guardians, as well as assent by the participants. 
The study adhered to the tenets of the Declaration of Helsinki. This 
school-based study was conducted during the first academic quarter 
of 2012 (Jan-March), and initially included 873 adolescents (of which 
861 completed the study) from five different public high schools on the 
island of New Providence, Bahamas.

Sampling method

A multi-stage sampling procedure using a mixture of both simple 
random sampling and stratified random methods ensured a sufficient 
number of students in each BMI category. First, simple random 
sampling was used to sample five of the eight high schools in New 
Providence. Six classes from each grade level (i.e., grades 10, 11, and 
12) were randomly selected from each of the schools (for a total of 18 
classes from each school and a grand total of 90 classes for the entire 
population). An initial written screening application was distributed 
to all students in the selected classes. Anthropometric information 
from the application was used to create five stratified BMI categories 
(underweight, normal, overweight, obese, and severely obese). 
Volunteers were randomly selected from the first each strata. A total 
of 2,671 students were in the 90 classes. Sample size was calculated 
based on the Bahamas Living Conditions Survey [10] (which outlines 
prevalence of obesity by age) to determine the appropriate number of 
subjects to randomly select from these BMI strat.

Selection criteria

We included any high school adolescent between the ages of 13 
and 19 years with parental/guardian consent, and excluded students 
with previously diagnosed diabetes or thyroid disease, or who were 
using any potentially glucose level-altering drugs (e.g., prednisone for 
treating asthma).

Anthropometric data collection

Prior to enrollment, primary study foci and intentions were 
explained to prospective participants during school assemblies. The 
day before data collection, all study volunteers were reminded to fast 
overnight before testing. Each participant’s weight (± 0.1 kg) and 
height (± 0.1 cm) were measured and the results were used to calculate 
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(37 boys and 50 girls) showed elevated FPG concentrations, indicative 
of IFG. However, 2 hours after the oral glucose load, only 9 students (2 
boys and 7 girls) had blood glucose concentrations in the IGR range.

Of the 861 participants, 710 students (82.5%) were defined 
as glucose-normal with both the OGTT 2-hour glucose level and 
HbA1c assays. The remaining 151 students were diagnosed as either 
IGR or Diabetic by at least one of the two tests. In particular, 39 
participants were defined as IGR and 11 as diabetic by HbA1c test 
and 9 were identified as IGR and 1 as diabetic by OGTT. Figure 1 
shows the assessment based on individual OGTT 2 hour glucose levels 
and HbA1c values, with color bands delineating IGR and diabetes 
diagnoses. Most of the students (82.6%) had normal HbA1c test results 
(Table 3). The HbA1c test revealed a higher percentage of students with 
IGR (16.1%) than the OGTT (1.0%). There was a significant difference 

between male and female students in assessing IGR based on HbA1c 
[X²(2,  N=861)=8.75,  p=0.013]. However, there was no significant 
difference between gender groups based on the OGTT. 

The prevalence of glycemic status by BMI category is shown in 
Table 4. Based on HbA1c test results, 17.8% of overweight adolescents 
had IGR compared with 6.2% of normal-weight youths, and IGR was 
much more prevalent among obese (35.1%) and severely obese (55.9%) 
adolescents. Similarly, despite the lower frequency, the IGR prevalence 
based on OGTT results was higher with increasing BMI status.

To assess the association between the OGTT 2-hour glucose level 
and obesity predictors, linear regression analyses were separately 
performed for male and female student groups. Model diagnostics 
were performed to ensure that the assumptions had been met. Stepwise 
linear regression models were fitted using BMI as the predictor 
variable, and demonstrated that BMI was significantly associated with 
the OGTT 2-hour post-load glucose level for both males and females 
(Table 5). In particular, for every one-unit increase in BMI, there 
was a corresponding respective 1.5% or 1.3% increase in the OGTT 
2-hour glucose level for males or females (as demonstrated by the 
β-coefficients).

Discussion
Type-2 diabetes represents a significant burden on the healthcare 

system of the Bahamas. Thus, there is a profound need for early 
detection of the silent metabolic disorders that precede progression to 
active diabetes. Test accuracy is the most important factor in selecting 
an IGR screening test; the method that yields the highest specificity and 
sensitivity should be the preferred modality for detecting intermediate 

Variable
Total Population Male Students Female Students

(N = 861) (n = 272) (n= 589)
Age, yrs, mean  ±  SD 15.82  ±  1.11 15.88  ±  1.13 15.78  ±  1.10
Age, n (%)
13 yrs old 2 (0.2) 0 (0.0) 2 (0.3)
14 yrs old 106 (12.3) 31 (11.4) 75 (12.7)
15 yrs old 238 (27.6) 77 (28.3) 161 (27.3)
16 yrs old 277 (32.2) 79 (29.0) 198 (33.6)
17 yrs old 189 (22.0) 66 (24.3) 123 (20.9)
18 yrs old 45 (5.2) 18 (6.6) 27 (4.6)
19 yrs old 4 (0.5) 1 (0.4) 3 (0.5)
Ethnicity, n (%)
White/Caucasian 4 (0.5) 1 (0.4) 3 (0.5)
Black/African American 851 (98.8) 267 (98.2) 584 (99.2)
Asian and Pacific 
Islanders 4 (0.5) 2 (0.7) 2 (0.3)

Latino/Hispanic 2 (0.2) 2 (0.7) 0 (0.0)

Table 1: Demographics characteristics of the population.

Variable
Total 

Population 
(N=861)

Male Students 
(n=272)

Female Students 
(n=589)

Height, cm, mean  ±  SD 167.21  ±  8.19 174.16  ±  7.64 164.00  ±  6.21

Weight, kg, mean  ±  SD 69.11  ±  19.37 73.54  ±  20.01 67.06  ±  18.73

WC, cm, mean  ±  SD 77.31  ±  13.31 83.55  ±  13.73 74.43  ±  12.08
HC, cm, mean  ±  SD 98.27  ±  13.31 99.36  ±  13.14 97.76  ±  13.37
BMI, kg/m2, mean  ±  SD 24.71  ±  6.75 24.21  ±  6.44 24.94  ±  6.88
WHR, mean  ±  SD 0.79  ±  0.07 0.84  ±  0.06 0.76  ±  0.05
WHtR, mean  ±  SD 0.46  ±  0.08 0.48  ±  0.08 0.45  ±  0.07
Weight Status based on BMI
   Underweight, n (%) 19 (2.2) 3 (1.1) 16 (2.7)
   Normal, n (%) 514 (59.7) 179 (65.8) 335 (56.9)
   Overweight, n (%) 129 (15.0) 33 (12.1) 96 (16.3)
   Obese, n (%) 131 (15.2) 27 (9.9) 104 (17.7)
   Severely obese, n (%) 68 (7.9) 30 (11) 38 (6.5)
Weight Status based on WC

   Normal, n (%) 783 (90.9) 222 (81.6) 561 (95.2)

   Central obese, n (%) 78 (9.1) 50 (18.4) 28 (4.8)

Weight Status based on WHtR
   Normal, n (%) 643 (74.7) 194 (71.3) 449 (76.2)

   Central obese, n (%) 218 (25.3) 78 (28.7) 140 (23.8)

Note. WC, Waist Circumference; HC, Hip Circumference; WHR, Waist–hip ratio; 
WHtR, Waist-to-Height Ratio.

Table 2: Summary of anthropometric characteristics.

Variable
Total 

Population 
(N=861)

Male 
Students 
(n=272)

Female 
Students 
(n=589)

p 
Value†

Effect 
Size††

FPG, mg/dl, mean  
±  SD

88.3  ±  
10.25

88.95  ±  
10.7 88  ±  10.03 0.202 0.092

OGTT 2-hour glucose 
level, mg/dl, mean  
±  SD

88.37  ±  
17.76

88.19  ±  
14.74 88.46  ±  19 0.401 -0.016

HbA1c (%),% of Hb 
(mmol/L value), mean  
±  SD

5.6  ±  
0.41(37.7)

5.58  ±  0.42 
(39.9) 

5.61  ±  0.4 
(37.8) 0.821 -0.073

Assessment based 
on FPG 0.067 0.079

   Normal, n (%) 770 (89.4) 234 (86.0) 536 (91.0)

   IFG, n (%) 87 (10.1) 37 (13.6) 50 (8.5)

   Diabetes, n (%) 4 (0.5) 1 (0.4) 3 (0.5)

Assessment based on OGTT 2-hour glucose level 0.659 0.031

   Normal, n (%) 851 (98.8) 270 (99.3) 581 (98.6)

   IGR, n (%) 9 (1.0) 2 (0.7) 7 (1.2)

   Diabetes, n (%) 1 (0.1) 0 (0.0) 1 (0.2)

Assessment based on HbA1c 0.013 0.101

   Normal, n (%) 711 (82.6) 218 (80.1) 493 (83.7)

   IGR, n (%) 139 (16.1) 54 (19.9) 85 (14.4)

   Diabetes, n (%) 11 (1.3) 0 (0.0) 11 (1.9)    

Note. FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; IGR, 
impaired glucose regulation. †Two-sided independent t-test (continuous variables) 
or chi-square test (categorical variable) to determine the association between sex 
and each variable. Bold font indicates statistical significance at the 0.05 level. †† 
Effect size indicates strength of relationship between variables. 

Table 3: Summary of FPG, OGTT 2-hour post-load glucose level, and HbA1c 
results, and IGR and diabetes assessments based on those results.
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hyperglycemia. Two different methods—the OGTT and the HbA1c 
test-were used to assess glycemic status in this study.

A greater proportion of the adolescents sampled were diagnosed 
with IGR when using the HbA1c test compared to the OGTT. Nine 
students (1.0% prevalence) were diagnosed with IGR based on OGTT 
results, and 139 students (16.1%) were diagnosed with IGR based on 
HbA1c values. These results reveal a marked discordance between the 

two tests in identifying individuals with IGR. There are several possible 
explanations for this discrepancy. First, research has suggested that 
the HbA1c test is more accurate than the OGTT [13-15]. Farhan et 
al. noted that the two tests differ significantly in their ability to detect 
individuals who are at risk of developing type-2 diabetes, [13] with IGR 
diagnosed in 45.6% of patients based on the HbA1c test compared with 
21.6% of patients based on the OGTT. Raman and Maitra reported that 

 
Figure 1: Diabetic status assessment using OGTT 2-hour glucose level and HbA1c values. The X-axis represents the individual subjects and the Y-axis represents 
the 2 hour OGTT level (green circles) and HbA1C level (blue circles) for each subject. The assessments are shown in different color bands signifying normal (white 
region), IGR (orange region), and diabetic (lavender region) values for each assay.

BMI Category
Total Population (N=861) Male Students (n=272) Female Students (n=589)

Normal IGR Diabetes Normal IGR Diabetes Normal IGR Diabetes
Assessment  by HbA1c, n (%)
Underweight 19 (100.0) 0 (0.0) 0 (0.0) 3 (100.0) 0 (0.0) 0 (0.0) 16 (100.0) 0 (0.0) 0 (0.0)
Normal 481 (93.6) 32 (6.2) 1 (0.2) 166 (92.7) 13 (7.3) 0 (0.0) 315 (94.0) 19 (5.7) 1 (0.3)
Overweight 106 (82.2) 23 (17.8) 0 (0.0) 25 (75.8) 8 (24.2) 0 (0.0) 81 (84.4) 15 (15.6) 0 (0.0)
Obese 82 (62.6) 46 (35.1) 3 (2.3) 14 (51.9) 13 (48.1) 0 (0.0) 68 (65.4) 33 (31.7) 3 (2.9)
Severely obese 23 (33.8) 38 (55.9) 7 (10.3) 10 (33.3) 20 (66.7) 0 (0.0) 13 (34.2) 18 (47.4) 7 (18.4)
Assessment by OGTT 2-hour post-load glucose level, n (%)
Underweight 19 (100.0) 0 (0.0) 0 (0.0) 3 (100.0) 0 (0.0) 0 (0.0) 16 (100.0) 0 (0.0) 0 (0.0)
Normal 512 (99.6) 2 (0.4) 0 (0.0) 179 (100.0) 0 (0.0) 0 (0.0) 333 (99.4) 2 (0.6) 0 (0.0)
Overweight 129 (100.0) 0 (0.0) 0 (0.0) 33 (100.0) 0 (0.0) 0 (0.0) 96 (100.0) 0 (0.0) 0 (0.0)
Obese 129 (98.5) 2 (1.5) 0 (0.0) 27 (100.0) 0 (0.0) 0 (0.0) 102 (98.1) 2 (1.9) 0 (0.0)
Severely obese 62 (91.2) 5 (7.4) 1 (1.5) 28 (93.3) 2 (6.7) 0 (0.0) 34 (89.5) 3 (7.9) 1 (2.6)

Table 4: Glycemic status by BMI category.
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the HbA1c test was almost three-times more likely to detect diabetes 
than the OGTT [14]. Additionally, Borg et al found that the OGTT and 
the HbA1c test were unable to classify the same individuals as having 
diabetes, and noted uncertainty as to whether the two tests can equally 
recognize persons who are at risk of developing diabetic complications 
[16]. Similarly, Tsay et al. retrospectively examined various IGR 
predictors in obese adolescents, including ethnicity, stage of puberty, 
BMI, blood pressure, lipid levels, HbA1c, and OGTT results. Of these 
parameters, HbA1c was the only significant predictor of IGR [15].

In contrast to the previous observations comparing HbA1c vs 
OGTT assays, some researchers argue that FPG levels are more reliable 
than HbA1c when evaluating individuals for IGR. For example, 
Mann et al examined data from the National Health and Nutrition 
Survey 1999-2006 and found that more pre-diabetic patients were 
inappropriately diagnosed as normal using the HbA1C test than by 
FPG levels [17]. Additionally, Picon et al. observed that the HbA1c test 
(19.05%) identified fewer individuals with gestational diabetes mellitus 
than the OGTT (45.89%) [18]. Finally, some authors have suggested 
that adult HbA1c thresholds may be too high for accurately diagnosing 
IGR in younger individuals [19].

Although the marked discrepancy in the HbA1c vs OGTT results 
of this study is difficult to reconcile with the available data, it is unlikely 
caused by laboratory error because strict quality control guidelines 
were used to ensure accuracy of the results. Moreover, unlike the 
Diabetes Control and Complications Trial (DCCT) which used High-
Performance Liquid Chromatography (HPLC) to measure HbA1c 
levels, the present study employed a direct enzymatic assay method 
that has greater specificity and precision, and is more appropriate for 
use with modern chemistry analyzers [20]. In addition, the enzymatic 
method is faster, simpler, and much cheaper than HPLC [20]. The 
HbA1c test results of the present study can be confidently compared 
to the results of the DCCT, because they have been standardized 
according to the National Glycohemoglobin Standardization Program 
and the International Federation of Clinical Chemistry and Laboratory 
Medicine Working Group on Standardization of HbA1c [21].

Several other possibilities must be considered to explain the 
incongruity between the numbers of IGR cases identified by the 
HbA1c assay versus the OGTT. The ethnic profile of the population 
sampled may have been a factor, because previous studies have shown 
that youths of African descent have consistently higher HbA1c values 
than youths of other racial backgrounds [22,23]. Saadine et al. looked 
at HbA1c levels of healthy individuals between the ages of 5 and 24 
years [23]; after adjusting for age, sex, education level, weight status, 
and fasting plasma glucose, non-Hispanic black youths had HbA1c 
values above those of non-Hispanic whites and Mexican-Americans. 
This observation may be useful in clinical settings involving youths of 
African ancestry. Similarly, among individuals with type-1 diabetes, 

adolescents had higher HbA1c levels than adults, even though they 
were treated with higher doses of insulin [24].

Another reason that dysglycemia was seen more often with 
the HbA1c test than with OGTT was probably due to the age of 
the participants. Significant fluctuations in HbA1c values occur 
during early adolescence, even among euglycemic individuals [25]. 
Hormonal changes and insulin insensitivity in this age group are the 
most likely contributing factors. A cross-sectional study by Moran et 
al demonstrated that insulin insensitivity is a common phenomenon 
during puberty, with peaks between ages 14 and 16 years [26]. 
Additionally, circulating levels of growth hormone, which antagonizes 
insulin [27,28], are highest during puberty. Mean cohort age is probably 
one reason why the HbA1c appeared to overestimate the prevalence of 
IGR in the adolescents sampled in this research.

The HbA1c test was originally intended to detect abnormal glucose 
metabolism in adults [8], while the participants in the current research 
were exclusively adolescents. The HbA1c test has proven success in 
identifying adults with diabetes and IGR [29], but has not been shown 
to be as reliable when used to evaluate IGR in youths [30,31]. Saadine 
et al. evaluated data from NHANES III trial to establish national 
reference ranges for individuals between the ages of 5-24 years [23]. 
Even though there were slight differences across sex and racial groups, 
the differences were not great enough to warrant separate norms. 
Furthermore, Libman has also pointed out that both the pediatric 
and adult populations currently share the same criteria for diagnosing 
dysglycemia [32].

There is strong evidence for the presence of IGR in Bahamian 
youths [9], and it is therefore imperative to detect this disorder early 
in life to avoid further complications and morbidity. Our observations 
may serve as a stimulus to conduct prospective studies to determine 
whether Bahamian adolescents with high HbA1c values develop early 
type-2 diabetes, as has been reported in other populations [33]. This 
information may also indicate the need for further clinical evaluations 
to determine whether elevated HbA1c levels are associated with 
complications such as diabetic retinopathy or nephropathy [34,35], 
or if this is simply a normal genetic quality of this particular group. 
There are currently no specific reference ranges for HbA1c values 
in Bahamian adolescents. Therefore, these findings will also help to 
evaluate the need to conduct a nationally representative longitudinal 
study of Bahamian adolescents and pinpoint whether or not a unique 
HbA1c distribution profile exists in this population.

An important finding of this study is that the severely obese subjects 
had higher HbA1c and OGTT values than adolescents from the lower 
BMI categories. This group likely represents true IGR and therefore 
requires considerable intervention to prevent conversion to overt type-
2 diabetes. Both lifestyle modifications and therapeutic management 
have been shown to improve glycemic status in individuals with type-
2 diabetes [36]. In the current study, adolescents identified as IGR or 
diabetes were contacted and referred to the Family Medicine Center 
of the Princess Margaret Hospital for further evaluation of their 
condition. Identification of diabetes at-risk groups should promote 
efforts to raise awareness of adolescent pre-diabetes and solicit support 
from stakeholders such as the Bahamian Ministry of Education to 
develop better nutritional choices by school vendors and to establish 
appropriate extracurricular exercise activities.

One notable strength of this study is that it was conducted at 
several different sites, and the sample size needed to ensure appropriate 
statistical power of the study was easily achieved. A limitation of the 

ß SE P
Males (N=272)
Ln(OGTT 2-hour post-load glucose level)a

Intercept 4.098 0.029 <0.001
BMI 0.015 0.001 <0.001
Females (N=589)
Ln(OGTT 2-hour post-load glucose level)b

Intercept 4.136 0.025 <0.001
BMI 0.013 0.001 <0.001

Note.aR2=0.397, bR2=0.248. SE, Standard Error.

Table 5: Linear regression models of OGTT 2-hour post-load glucose level and 
BMI.
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present study is that participants were not screened to determine 
whether certain conditions known to interfere with accurate HbA1c 
measurement were present in the study population. Published literature 
indicates that HbA1c levels can be affected by kidney disease, liver 
disease, hemoglobin abnormalities, and vitamin deficiencies [37,38]. 
Another major limitation was that we did not measure plasma insulin 
levels in participants. Insulin analysis would have allowed performing 
homeostatic model assessments (HOMA) of pancreatic β-cell function 
(HOMA2-%B) and insulin resistance (HOMA-IR) as covariates. This 
is a pioneer study which identified an association between IGR and 
obesity in Bahamian adolescents.  Further study incorporating insulin 
levels, hemoglobin electrophoresis and kidney function test will be done 
in the future to identify potential confounders. The data in this research 
refers predominantly to black Bahamian adolescents from the island of 
New Providence. Therefore, our findings cannot be generalized to all 
ethnic groups or the entire nation, and these results need to be verified 
by testing a larger segment of the population.

In conclusion, an elevated HbA1c test may falsely classify Bahamian 
adolescents as IGR if OGTT results and clinical signs (e.g., diabetic 
retinopathy and/or nephropathy) are not considered. Bahamian 
adolescents showed a very weak correlation between the HbA1c assay 
and the OGTT, which should be appreciated when evaluating patients 
in this age group who display elevated HbA1c values. Clinicians should 
consider other possible reasons than dysglycemia as a cause of elevated 
HbA1c levels when assessing these young patients. Because there exists 
very little published information about which method best detects IGR 
in Bahamian adolescents, the data from this and related future studies 
can be used to amend this current knowledge deficit. 
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