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Abstract

Aim: This study was aimed at determining the prevalence and factors of pre-diabetes (PD) among first degree relatives, (FDRs) of
type 2 diabetes, (T2D) subjects in Abakaliki Metropolis, Ebonyi State, Nigeria.

Methods: 100 participants (70 men and 30 women) were selected through respondent-driven sampling and interviewed about
their knowledge, common symptoms and family history of T2D. Venous blood samples were collected after an ovemight fast and
2 hours after a 75g oral dose of 75g anhydrous glucose. Samples were collected into fluoride-oxalate bottles, kept at 40°C and
analyzed within 1 hour of collection by the glucose oxidase method. Data were analyzed using SPSS 20.0 and summarized as
mean and standard deviation.

Results: Twenty-two FDRs — (17 male and 5 females) had PD giving prevalence rates of 22%, 24.3% and 16.7% respectively for
the entire study, males and females populations respectively. 13 (11 male, 2 females; 84.6% and 6.7%) of FDRs with PD had IFG
only while 3 each — (4.3 and 10% respectively) - had IGT only. 3 males only (4.3%) had both IFG and IGT. The BMI of subjects
with IGT (23.80 + 2.68 kg/m?) was significantly higher than IFG (22.09 + 1.94 kg/m?) (p = 0.028). Female subjects with PD had
significantly higher BMI (21.8 + 3.38 vs 21.73 + 3.15 kg/m?; p = 0.035) than the male FDRs. Aimost 25% of FDRs of T2D subjects
in Abakaliki have PD and are at risk of developing diabetes.

Conclusion: More men than women were affected. Body mass, among others, may be a contributing factor.

Keywords: Pre-diabetes, impaired fasting glycaemia, impaired glucose tolerance, first degree relatives.

Resumen

Objetivo: El objetivo de este estudio era determinar la prevalencia vy los factores de la prediabetes (PD) entre los familiares de
primer grado (FDR) de los sujetos con diabetes tipo 2 (T2D) en la metrépolis de Abakaliki, estado de Ebonyi, Nigeria.

Material y métodos: Se seleccionaron 100 participantes (70 hombres y 30 mujeres) mediante un muestreo dirigido por los
encuestados y se les entrevistd sobre sus conocimientos, sintomas comunes e historia familiar de la T2D. Se recogieron muestras
de sangre venosa después de un ayuno nocturmo 'y 2 horas después de una dosis oral de 75g de glucosa anhidra. Las muestras
se recogieron en frascos de oxalato de fldior, se mantuvieron a 40C y se analizaron en la hora siguiente a la recogida por el método
de la glucosa oxidasa. Los datos se analizaron con el programa SPSS 20.0 y se resumieron como media y desviacion estandar.
Resultados: \Veintidos FDR (17 hombres y 5 mujeres) tenian ER, lo que arroja unas tasas de prevalencia del 22%, 24,3%y 16,7%,
respectivamente, para la totalidad de la poblacion del estudio, los hombres y las mujeres. 13 (11 hombres y 2 mujeres; 84,6% v
6,7%) de los FDR con EP tenian solo IFG, mientras que 3 (4,3 y 10% respectivamente) tenian solo ATG. Solo 3 varones (4,3%)
tenian tanto IFG como ATG. El IMC de los sujetos con ATG (23,80 + 2,68 kg/m?) fue significativamente mayor que el de los sujetos
con ATG (22,09 + 1,94 kg/m?) (p = 0,028). Los sujetos femeninos con EP tenian un IMC significativamente mayor (21,8 + 3,38 vs
21,73 + 3,15 kg/m?; p = 0,035) que los FDR masculinos. Casi el 25% de los sujetos FDR de T2D en Abakaliki tienen EP y estan
en riesgo de desarrollar diabetes.

Conclusiones: Hay mas hombres que mujeres afectados. La masa corporal, entre otros, puede ser un factor contribuyente.

Palabras clave: Prediabetes, glucemia alterada en ayunas, tolerancia alterada a la glucosa, familiares de primer grado.
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Introduction

Pre-diabetes (PD) is a health condition with blood
glucose level above normal but lower than the defining
limits for T2D. A person with PD, has blood glucose
levels consistently high but not yet high enough to be
classified as type 2 diabetes’. The presence of PD is
considered a risk factor rather than a clinical entity in its
own right?, Individuals with PD may have one of these
conditions- impaired fasting glycaemia (IFG), impaired
glucose tolerance (IGT) or both. The risk factors for PD
include: being overweight. being 45 years or older, having
a parent, brother, or sister with type 2 diabetes and being
physically active less than 3 times a week.

According American Diabetes Association, PD can be
defined by a glycated hemoglobin (HbA1c) between 5.7
and 6.4%. Individuals with PD may be euglycemic in their
daily lives as shown by normal or near normal HoA1c!.
IGT manifests hyperglycaemia only when standard oral
glucose tolerance test is performed and it may be directly
involved in cardiovascular diseases®. Subjects with PD
have increased risk of progressing to diabetes and
macro-vascular complications.

Not all individuals with PD progress to T2D []. 50% remain
in their abnormal glycemic state, 25% revert to normal
glucose tolerance leaving 25% to progress to T2D,*
Aging, high total cholesterol, high LDL-cholesteral,
high conicity index and longer urban residence after
migration were significantly associated with pre-diabetes,
were associated with prediabetes®. IGT and IFG have
heterogeneous pathogenesis and different rates of
progression to diabetes®. Both present with IR but the
sites of IR differ. Elevated hepatic insulin resistance is a
typical finding in IFG, with aimost normal skeletal muscle
sensitivity. Individuals with IFG have moderate hepatic
IR and impaired early (1=30 minutes) exocytosis of
insulin from secretory vesicles during OGTT,%’. Because
the late phase plasma insulin response is intact and
muscle sensitivity is normal or near-normal, the 2 hour
glucose retumns to the initial FPG level’. Those with IGT
have moderate to severe muscle insulin resistance with
small changes in liver sensitivity [DeFronzo and Abdul-
Ghani, 2011] and impaired early and late insulin (60-120
minutes) response during OGTTE, Although FPG is not
elevated, there is a progressive and sustained PG rise
during OGTT and 2 hour level remain above the fasting
level®, Individuals with IFG have normal 2 hour PG but
their 1 hour PG level may be elevated. Similarly, the 1
hour level in those with IGT exceeds those with NGT and
is higher than the 2 hour values during OGTT. The 1 hour
PG concentration during OGTT correlates more strongly
with insulin - secretion, insulin resistance and insulin
secretion/insulin resistance index than the 2 hour PG
concentration. Subjects with both of the conditions have
approximately double the rate of developing diabetes
compared with subjects with just one. Both conditions

are associated with metabolic syndrome and manifest
insulin resistance and impaired insulin - secretion®®,
However, there are differences in the nature of these
defects between these conditions'®. Because PD is not
a clinical entity, it progress to T2D without the sufferer
being aware of it. Early detection and control of PD will
lead to delay in the development of the condition and/or
its complications®™®, To the best of our knowledge, no
studies have reported the prevalence of PD in Abakaliki
adult population.,

Materials and Methods

This case-control study enlisted 100 FDRs of T2D
subjects and 100 apparently healthy non relative of
diabetes subjects as control. Sample size was calculated
using the formula by Cochram'. The subject were
not receiving any drug treatment at the time of sample
collection. The FDRs had first degree relatives with
clinical diabetes or family history of diabetes to qualify
for inclusion in the study. The control subject had no
FDR with diabetes or family history of diabetes. Ethical
approval was obtained from the Ethic Committee of
Ebonyi State University Teaching Hospital and informed
consent was obtained before sample collection.

Anthropometric  measurements were taken for the
calculation of BMI using standard methods. Two milliliters
of blood was collected from the ante cubital vein using
standard method. Thereafter each of the FDRs received
75g of oral anhydrous glucose powder in 250ml of clean
cold water and a second blood sample was collected
2 hours post glucose load. Collected samples were
kept at 40C until analyzed usually within 3 hours of
collection using the Glucose oxidase method of Trinder
as described by Cheesbrough'2.

Data were entered in MS Excel 2007 sheet and analyzed
using SPSS for Social Science software version 20.0
(SPSS Inc. Chicago, IL, USA) and summarized as
means and standard deviations for quantitative variables.
Differences between continuous variables were analyzed
using Student's "t" test and statistical significance was
placed at p<0.05.

Prediabetes was diagnosed as FPG between 5.6 and 6,
1 mmol/l and/or 2hppG between 7.8 and 11.0 mmol/I°.

Results

22 FDRs — (17 male and 5 females) had PD. These gave
prevalence rates of 22%, 24.3% and 16.7% respectively
for the entire study, males and females populations
respectively. 13 (11 male, 2 females) of FDRs with PD had
IFG only (84.6 and 6.7%) while 3 each — (4.3 and 10%) -
had IGT only. 3 males (4.3%) had both IFG and IGT.
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Table I: Showing comparison of the characteristics of the subjects with and without PD.

Group/Parameter BMI (kg/m?) FPG (mmol/l)
FDRs (100) 21.77 £ 3.24 4,73 +1.01
Controls (100) 20.66 + 2.73 4.33 +0.67
p-value 0.017 0.028
Male FDRs (70) 21.73 +3.15 4.53 +0.95
Female FDRs (30) 21.8 +3.38 424 +1.15
p-value 0.035 0.058
IFG (16) 22.09 + 1.94 6.20 £ 0.47
IGT (3) 23.80 + 2.68 5.00 + 1.73
p-value 0.028 0.073

The FDRs of T2D subjects with or without PD had
significantly higher FPG, (4.73 = 1.0Tmmol/l vs 4.33 =+
0.67; p=0.028), 2hppG, (6.55 + 1.29mmol/Ivs 4.77 +
0.39; p=0.030) and BMI, (21.77 + 3.24 kg/m? vs 20.66
+ 2,73 kg/m?, p =0.017). (Table ).

Male subjects with PD had higher FPG, (4.53 =+
0.95mmaol/l, vs 4. 24 + 1.15 P =0.014) and higher
2hppG, (5.58 = 1.23mmol/l vs 5.47 + 1.45mmol/l; p =
0.572) than the female FDRs. However, the female FDRs
had significantly higher BMI than their male counterpart,
(21.8+3.38vs 21.73 + 3.15 p = 0.035) (Table I).

FDRs with IFG had significantly higher FPG, (6.20 +
0.47 mmol/l vs 5.00 + 1.73; p = 0.073). However, IGT
subjects had significantly higher BMI (23.8 + 2.68 kg/m?
vs 22.09 + 1.94 kg/m?) and 2hppG (vs 9.50 + 1.35 vs
6.66 + 1.31T mmol/l; p = 0.049; p = 0.028) than those
with IFG, (Table I).

Discussions

This study recorded a prevalence of PD of 22% among
the FDRs of T2D. In a study.in the general population
of the same geographical zone as this, Ezeala-Adikaibe
et al. [13] reported a prevalence of 7.6%. Majority of
the FDRs with PD (19 out of 22) were males giving a
prevalence of 27% and 10% for male and female
FDRs. Much higher figures than these have earlier
been reported for Nigeria and sub-Saharan Africa with
projected increases worldwide by 20351, Ogbu et al.'®
reported a prevalence of 15.5% for apparently healthy
subjects within the same age range in Owerri Municipality
in Imo State in the same geographical zone as the current
studies. The prevalence of PD among the male FDRs
was significantly higher than among the females, (27%
vs 10%). This agrees with the report of Ogbu et al.'® but
there does not seem to be any explanation for this yet.

According to Tirosh et al.'’, individuals with glucose
levels approximating 5.2 mmol/l, considered as normal
and below the IFG threshold, are at increased risk for
developing diabetes. In this study several of the FDRs
but none of the control had FPG above this threshold.

2hppG (mmol/l) Age (years)
5.55 +1.29 25.44 + 4.44
4.77 £ 0.39 24.56 +2.73
0.030 0.046
5.58 +1.23 22.42 +3.25
547 +1.45 23.51 +2.54
0.572 0.056
6.66 + 1.31 23.09 + 2.64
9.50 + 1.35 24.08 +1.74
0.049 0.052

[t is conceivable that postprandial glucose levels below
7.8 mmol/l, the cut off point for defining IGT, also confer
increased risk for developing T2D'. Curiously none of
the FDRs in this study attained this level of postprandial
glucose level, According to Weir and Bonner-Weir'®, the
level of plasma glucose that define IGT occurred rather
late just before conversion to diabetes. This is in line
with the concept that total body glucose disposal can
gradually worsen from normal tolerance to IFG to IGT and
then to T2D. Conseqguently, there are more FDRs with
IFG (16; 16%) than IGT (3; 3%) or IFG plus IGT (3; 3%).
This is not in agreement with Ogbu et al.'® who recorded,
30.6%, 62.4% and 7.0% respectively. The later 2 stages,
IGT and IFG plus IGT, are terminal stages of PD and
individuals do not remain long in them before entering
clinical diabetes. However, individuals can live with IFG
for much longer time before progressing to IFG plus IGT
and then diabetes. IGT and IFG have heterogeneous
pathogenesis and different rates of progression to
diabetes?™. Subjects with both conditions, IFG plus
IGT, have approximately double the rate of developing
diabetes compared with subjects with just one.

From the result of this study, it would appear that being
FDR predisposes to presence of metabolic syndrome,
(MetS). The FPG, 2hppG and BMI of the FDRs with or
without PD were significantly higher than those of the
controls though not yet in the range for the definition of
MetS?!, One of disposing factors for PD and MetS is age.
The subjects used for this study were all above 35 years
of age so it is not possible to predict from this study at
what age factors of MetS and PD started to manifest in
them. To confirm this, it is would be necessary to study
younger FDRs. From the results of the current studly, it
is apparent that BMI is a factor in the different plasma
glucose concentrations recorded. Though within the
range considered normal, 18-23 kg/m?, significant
differences exist along with PG of groups as can be
seen from table I. One study reported that weight did
not influence the development of overt diabetes or
prediabetes conditions®,

Not adequate attention is given to PD in the prevention
of diabetes. This is evident from the paucity of current
literature on the topic. However, individuals at risk of
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developing T2D when diagnosed at the PD stage can
be saved from the scourge of diabetes. With lifestyle
changes, the progression to clinical diabetes can be
delayed or even prevented and even when diabetes
eventually results, the complications will not be as severe
as otherwise?®, The long period of time it takes to progress
to diabetes should be taken advantage of to stop PD
subjects progressing to diabetes. This is possible if people
at risk do their blood glucose, fasting and 2hpp, annually
and are followed up to ensure the glucose concentration
is Not rising even within the range considered normal. PD
subjects are prone to cardiovascular events and macro-
vascular complications®#4,

Conclusion

One quarter of the population of FDRs of type 2 diabetes
subjects in Abakaliki have PD and are at risk of developing
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