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ABSTRACT

Background: The number of people with Diabetes mellitus (DM) is steadily rising
globally and its socio-economic effects extend beyond the individual to affect their
families and whole societies.

Aim: This study aimed at determining the Plasma Lipid Profile, Glycated Haemoglobin
(HbA ) and Histone Deacetylase (HDAC) enzyme activities as indicator of Glycaemic
control in Type 2 Diabetes mellitus.

Methods: A total of 100 newly diagnosed DM patients and 50 control subjects were
recruited. The weight, height, body mass index (BMI), waist circumference (WC), and
blood pressure of each participant were determined. Also, fasting plasma glucose (FPG),
triglycerides, total Cholesterol (TC), high density lipoprotein (HDLC) and HDAC ac-
tivities were measured using standard methods. Low density lipoprotein (LDLC) was
computed.

Results: A significant increase in mean age, FPG, systolic and diastolic blood pressure,
HbA_total cholesterol, triglyceride, and low density lipoprotein, and HDAC activities;
and a decrease in plasma HDLC were observed among the diabetics when compared
with the controls. A direct but significant correlation existed between HDAC activi-
ties and FPG, WC, and duration of diabetes; and between HbA . and FBG, TC, LDLC,
HDLC, and duration of diabetes; a direct but non-significant correlation existed be-
tween HDAC and HbA ., HDLC; an inverse and significant correlation existed between
BMI and TC, Triglyceride and LDLC.

Conclusion: It could be inferred from this study that plasma HDAC activities is
di-rectly related to FPG as it was found to increase with increasing FPG,
indicating its likely role in metabolism.

Keywords: Diabetes mellitus, histone deacetylase, fasting plasma glucose, glycated
haemoglobin, lipid profile.

INTRODUCTION 6.ammol/L or < nomg/dL), impairment
(6.1-6.9gmmol/L or mno-125mg/dL) and

Metabolic disorders occur when there is  finally diabetes (= 7mmol/L or = 126mg/

alteration in the normal metabolic pro-
cesses resulting in abnormal biochemical
reactions in the body. Diabetes mellitus
(DM), as an example of metabolic dis-
orders, is primarily a disorder of glucose
metabolism with the affectation of fat
and protein metabolism due to abnor-
mal insulin secretion, deficient action
of insulin on target tissues, or both [1,
2]. The pathognomonic clinical features
of DM are hyperglycemia-induced and
resultant complications include ketoaci-
dosis, angiopathy, neuropathy, retinop-
athy, nephropathy, gangrene, infection,
dysfunction and failure of various organs
among others [2]. The trend in plasma
glucose follows the order of normal (<

dL) [2]. Oftentimes symptoms may be ab-
sent, mild or sufficient enough to cause
functional and chronic incipient patho-
logical changes before diagnosis is made.
Thus, at diagnosis, evidence of such com-
plications as dyslipidaemia, cataract for-
mation, blurred vision, prolonged wound
healing, macrosomia, and furunculosis
are seen.

These hyperglycemia-induced complica-
tions are preventable by early diagnosis
and institution of management to have a
good glycemic control, good drug compli-
ance on the part of patients, and use of
markers having good predictive qualities
for patient monitoring. Such markers
include fasting plasma glucose, glycated
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haemoglobin (HbA ) levels, and plasma lipid profile.
Glycated hemoglobin level is directly proportional to
average blood glucose concentration over the past 2-3
months provided there is a normal hemoglobin con-
centration and red blood cell survival [3, 4]. High con-
centrations of HbA  indicate poor glycemic control
and have been associated with cardiovascular disease,
nephropathy and retinopathy [4, 5]. Lipid profile is a
direct measure of blood cholesterol, triglycerides, and
high-density lipoproteins (HDL). Type 2 diabetes is as-
sociated with abnormalities in plasma lipid and lipo-
proteins which include elevated small dense LDL par-
ticles, elevated triglyceride levels, and reduced HDL
cholesterol [6, 7].

In the recent time, histone deacetylases (HDACs) have
been discovered to play important roles in metabolism.
The HDACs are involved in glucose homeostasis by
modifying histones through acetylation, phosphory-
lation, methylation and ubiquitination; and transcrip-
tional factors thereby providing a key mechanism for
the control of cellular signalling and gene expression
and playing a central role in the regulation of glucose
metabolism and pathogenesis of DM [8, 9]. This re-
search therefore was aimed at determining the plasma
concentration of histone deacetylase activities in type
2 DM and its potential use as marker of glycemic con-
trol alongside with lipid profile, and glycated haemo-
globin levels.

MATERIALS AND METHODS

Study population and study design

The research was a case-control, cross-sectional com-
parative studies carried out using 100 newly diagnosed
Diabetes Mellitus patients and 50 non-diabetic subjects
as control. All participants were attending Ibeju-Lekki
General Hospital, Akodo, Lagos State between Novem-
ber 2018 and April 2019. Questionnaires were adminis-
tered on all participants to obtain socio-demographic
information (such as age, sex, occupation and family
history of diabetes and hypertension).

Body mass index and waist circumference
measurements

The weight of each participant was determined
using bathroom weighing scale, the height
measured with a stadiometer and body mass
index was calculated (BMI = weight (kg)/height
(m?). Waist circumference (WC) was measured to
the nearest 0.5 c¢cm using a non-stretchable tape
meter around a bare waist while the patient stand
with back straight and feet shoulder width (25-30cm)
apart. The tape measure was placed directly on the
skin halfway between the lowest rib and the top
of the hipbone, wrapped parallel to the floor,
not twisted all the way around the waist, applied
with sufficient tension to conform to the
measurement surface and the circumferences
measured. The blood pressure was measured in
siting position using acous-son sphygmomanometer.

Diabetes was defined as fasting plasma glucose
greater than 126mg/dL  (7mmol/L) [10, u];
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hypertension defined as systolic and diastolic blood
pressure greater than 13ommHg and 8ommHg
respectively [11]; obesity was defined as BMI greater
than 30 o kg/m* and WC greater than g4cm and
8ocm respectively for men and women [12, 13].

Inclusion and exclusion criteria

Included in the study are all newly diagnosed type 2
Diabetes Mellitus patients and non-diabetic subjects
consented to be part of the study as test and control
respectively. Excluded from the study are known type 2
Diabetes Mellitus patients on antihyperglycemic drugs
and subjects with chronic disease condition other than
DM, chronic alcoholics, pregnant female and those
who did not consented to the study.

Blood sample collection

Ten millilitres (tomL) of blood sample was drawn from
the antecubital vein of the arms of each participant
using sterile disposable syringe. Five millilitres (5mL)
of the drawn blood sample was dispensed into hepa-
rinised bottle for lipid profile test and the remaining
smL was dispensed into K-EDTA bottle for glycated
haemoglobin estimation and HDAC assay. This was
done for each patient. The blood samples were centri-
fuged at 5000 rpm for 5 min to obtain the plasma which
was stored at -20°C till assayed.

Measurement of biochemical parameters

Fasting plasma glucose (FPG), triglycerides, total Cho-
lesterol, and HDLC were measured using the methods
described by Kadish et al. (1969) [14], Friedewald (1972)
[15], Schettler and Nussel (1975) [16], and Nagele et al.
(1984) [17]respectively. Plasma LDLC concentration
was calculated using the Friedewald (1972) [15] for-
mula. Histone deacetylase activity was determined by
colorimetric method using EpiQuik™ HDAC Activity/
Inhibition assay kit while glycated haemoglobin was
determined by ionic exchange resin method with the
use of Semi-auto analyser (Rayto Semi-auto analyser).

Ethical approval

The ethical approval was obtained from the Research
Ethical Committee of State Hospital, Ifako-Ijaye, La-
gos State, Nigeria with approval number IBLGH/P/
MED/7070. Informed consent was also obtained from
each participant after explaining to them the proce-
dures involved in the research.

Statistical analysis

The statistical analysis was done using SPSS software
version 21.0. Descriptive statistics and bar chart rep-
resentations were used to describe and represent vari-
ables. Student independent t-test was used to compare
differences in mean between the two groups. Correla-
tion of obtained parameters among the type 2 diabetes
mellitus patients was done using Pearson correlation.
The level of statistical significance was set at p < 0.05.
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Figure 1: Sex distribution of the controls and type 2 diabetes mellitus patients

Table 1: Anthropometric features of type 2 diabetes mellitus patients and the controls

Parameters Controls Test t-value p-value
Age (yr) 39.10%13.5 57.54%15.53 7.152 0.000
Weight (kg) 76.30£17.28 70.19+14.99 2.234 0.027
Height (m) 1.82+0.10 1.74+0.05 6.164 0.000
BMI (kg/m?) 23.25+5.69 23.03%4.27 0.272 0.786
Waist Circ (cm) 77.55%19.92 79.28+14.28 2.022 0.045

Table 1 above shows a significant increase (p < 0.05)
in mean age and waist circumference; and a signifi-
cant decrease (p < 0.05) in the weight among the dia-
betic group. Also, a non-significant increase (p > 0.05)

in height and BMI was observed among the control
group. Values are mean + Standard deviation (mean +
SD) and statistically significant at p < 0.05. BMI = Body
mass index.

Table 2: Biochemical parameters of type 2 diabetes mellitus patients and the controls

Parameters Controls Test t-value p-value
FPG (mg/dL) 79.70+8.64 187.25+79.9 9.474 0.000
Systolic (mmHg) 107.0£11.11 134.75+18 .92 9.566 0.000
Diastolic (mmHg) 72.0£7.55 79.90%5.77 7.105 0.000
HbA (%) 5.48+0.29 7.98+2.26 7.774 0.000
T. Chol (mg/dL) 124.90+25.66 119.81+40.33 0.813 0.417
Trig (mg/dL) 89.10£40.43 81.30+24.36 1.470 0.144
HDL (mg/dL) 42.00%6.51 46.34+19.82 1.506 0.134
LDL (mg/dL) 64.60£14.98 57.99%21.99 1.913 0.058
HDAC (ng/h/mL) 83.70+15.6 132.29+60.99 5.535 0.000

Table 2 above shows a significant increase (p < 0.05) in
plasma glucose; systolic and diastolic blood pressure;
HbA ;and HDAC activities among the test group. Also,
a non-significant increase (p > 0.05) was observed in

plasma total cholesterol, triglyceride, and LDLC and a
decrease in plasma HDLC in the test group. Values are
mean + Standard deviation (mean + SD) and are statis-
tically significant at p < 0.05.

Table 3: Pearson correlation of parameters among type 2 diabetes mellitus patients

BMI FPG WC Dura-|HbA_. |T.Chol |Trig HDL LDL HDAC
tion
BMI 1
FBS 065 1
0.432
wC 300 140 1
0.000 0.087
Dura-|oos 427 16 1
tion 0.963 |0.000 |0.250
HbA . -182 087 028 266 1
0.026 0.289 0.735 0.007
T. Chol |-197 -296 -131 164 319 1
0.016 0.000 0.111 0.103 0.000
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Trig 271 -250 -152 131 16 786 1
0.001 0.002 0.064 0.194 0.156 0.000
HDL 053 -018 026 345 203 784 375 1
0.522 0.823 0.748 0.000 0.013 0.000 0.000
LDL -330 -397 -206 037 378 918 793 496 1
0.000 0.000 o.o1 0.716 0.000 0.000 0.000 0.000
HDAC | -032 920 212 543 010 -189 -186 072 -200 1
0.698 0.000 0.009 0.000 0.899 0.002 0.023 0.384 0.000

Table 3 shows a direct and significant (p = 0.000) cor-
relation between FPG and HDAC activities; HDAC and
waist circumference (p = 0.009) and duration of dia-
betes. A direct but non-significant correlation was ob-
served to exist between HDAC and HbA ; HDAC and
HDLC; and HbA . and FBG, TC, LDL, and HDL. Also,
an inverse and significant correlation exists between
BMI and other lipids (total cholesterol, tTriglycerides
and LDLC.

DISCUSSION

There is growing evidence that gender differences
are particularly relevant in the epidemiology, patho-
physiology, severity, management and prognosis of
non-communicable endocrine and metabolic diseases
such as type 2 DM [18]. However, controversies ensue
in the gender distribution of type 2 DM. While Misra
and Lager (2009) [19], Marina et al. (2013) [20] and Na-
tasha et al. (2015) [21] reported higher incidence among
female, Aregbesola et al. (2016) [22] reported higher in-
cidence among male. Result obtained from this study
revealed that 92% (92 out of 100) of the diabetic pa-
tients were female while male constituted 8% (8 out
of 100) (Figure 1). This corroborates earlier reported
higher incidence of type 2 DM among females [19-21,
23]. The observed difference is because gender roles are
influenced by a complex interplay between genetic, en-
docrine, and social factors [24]. Identified risk factors
include body mass index; body fat distribution; brown
adipose tissue; metabolic syndrome; sex hormones im-
balance; pre-diabetes; gestational DM; and consump-
tion of sugar-sweetened beverages, alcohol, and smok-
ing [25].

The relative risk of a raised BMI and obesity tends to
be greater in women than in men [21, 26]. The result
of anthropometric features of type 2 DM patients and
controls shows that the mean age of the test group
(57.54%15.53yr) was significantly higher (p < o0.05)
than that of the control group (39.10+13.5 yr) (Table 1).
The observed mean age of the test group further con-
firms that the average age of onset of type 2 DM is 45
years [27]. However, type 2 DM has been increasingly
reported to occur in children and adolescence due to
increasing prevalence of obesity [28]. No significant
changes (p > 0.05) were observed in weight, height,
BMI and waist circumference (WC) among the two
groups. These parameters were within standard range
for normal people [29]. Thus, any observed abnormal-

ity in lipid pattern in this study is not as a result of obe-
sity but as a result of diabetes.

The pathognomonic features of type 2 DM namely
polydipsia, polyuria, polyphagia and weight loss and
its complications are reflections of associated hyper-
glycemic state as indicated by FPG = 126 mg/dL. Result
of plasma glucose obtained from this study showed
a significantly high value (p < 0.05) among the test
group (187.25+79.9) when compared to the controls
(79.70+£8.64) thereby confirming existence of DM
among the test group (Table 2).

Considering the blood pressure, result from this study
revealed a significant increase (p < 0.05) in both sys-
tolic and diastolic blood pressure among the test group
when compared to the controls. This indicates exis-
tence of systolic hypertension (systolic blood pressure
>130 mmHg) among the diabetes patience, though the
diastolic blood pressure is still normal (< go mmHg)
[11]. This observation corroborates the earlier work of
Olooto et al. (2016) [7] and further confirms the co-ex-
istence of diabetes and hypertension.

Monitoring glycemic controls among diabetes pa-
tients is objectively done by monitoring improvements
in clinical conditions of diabetic patients. This could
also be achieved biochemically using plasma glucose,
HbA , and lipid profile. The HbA level is directly pro-
portional to average blood glucose concentration over
the past 60-9o days. Values are normally < 6% but in
poorly controlled diabetes the quantities are much
higher with values > 6.5% [2, 30]. Values obtained from
this study are 7.98% and 5.48% in the test and control
groups respectively. The difference is significant (p <
0.05) and higher values among the test (diabetic pa-
tients) show poor glycemic control which is an indica-
tion of non-institution of any antihyperglycemic treat-
ment in the test group.

However, lipid profile pattern revealed dyslipidemia
and this together with hyperglycemia are the major
causes of the various complications such as cardio-
vascular diseases associated with type 2 DM. Result of
lipid profile (total cholesterol, triglyceride, high den-
sity lipoprotein and low density lipoprotein) obtained
in this study showed an increase in plasma total cho-
lesterol, triglyceride, and low density lipoprotein and a
decrease in plasma HDL in the test group when com-
pared to the controls (Table 2). Though the observed
values are high they are still within the normal range.
These findings contradict the earlier reported pres-
ence of dyslipidemia in type 2 DM at diagnosis [7]. The
observed absence of dyslipidemia at this stage of the
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disease may be a reflection of improvement in aware-
ness of the disease condition among people and also in
their attitude towards prompt seeking for medical in-
terventions to their health challenges. Thus, the char-
acteristic diabetic dyslipidemia is not always present at
diagnosis but may reflect different metabolic compen-
sations involving carbohydrate, protein and lipid in the
course of the disease.

Result of HDAC activities revealed a statistically signifi-
cant increase (p < 0.05) in the activities of the enzyme
among the diabetics when compared with the controls.
In diabetic hyperglycemia, there is deficiency of glu-
cose as metabolic fuel at the cellular level. Thus, glu-
cagon is released signalling gluconeogenesis and gly-
cogenolysis up-regulation in the liver. Increase cellular
metabolism requires corresponding increase in gluca-
gon secretion and that of HDAC activities. Plasma level
of HDAC activities therefore objectively measures the
degree of cellular glucose uptake and improvement in
hyperglycemic state.

On correlating plasma glucose with markers of glyce-
mic control, there is a direct and significant (p = 0.000)
correlation between FPG and HDAC activities (Table
3). This is similar to the work done by Sathishkumar et
al. (2016) [31]. This implies that as blood glucose con-
centration increases, HDAC activities also increases
and vice versa. Also, HDAC shows a direct and signifi-
cant correlation with waist circumference (p = 0.009)
and duration of diabetes. A direct but non-signifi-
cant correlation was observed to exist between HDAC
and HbA ; and HDAC and HDL. On the other hand,
it shows an inverse and significant correlation with
BMI and other lipids (TC, Trig and LDL). Meanwhile,
HbA . demonstrate direct correlations with FBG, TC,
LDL, HDL, and with duration of diabetes. This is simi-
lar to the findings of some researchers in which HbA .
level showed positive correlation with TC, LDL-C and
HDL-C in diabetic patients [32-34].

CONCLUSION

Since HDAC was the major biomarker used in compar-
ing other already established biomarkers (Lipids, FBG,
and HBAuc) in this study, the inference from this study
therefore is that plasma HDAC activities is directly re-
lated to FPG as it was found to increase with increas-
ing FPG, indicating its role in metabolism. Therefore,
targeting HDAC as a measure of glycemic control will
assist in the management of patients with type 2 DM
and improve their quality of life.
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