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Background

Diabetes mellitus (DM) is a disorder of metabolism in which an absolute or relative

deficiency of insulin results in hyperglycemia leading to acute and chronic complications.
Over the years, the issue of incidences of DM in different regions of the globe has become
a huge public health problem, especially in cases of patients with comorbidity conditions.
These conditions have made the treatment and management of DM extremely difficult,
especially in sub-Saharan Africa, where there are weak health systems.

Methods

This study was a retrospective study based on the record review of 162 patients receiving
care at Federal Medical Centre, Jabi Abuja. Using the electronic medical records, key
variables of interest were extracted, and the effects of comorbid conditions on Type 2
Diabetes Mellitus (T2DM) were determined.

Results

The summary results revealed that the incidence of T2DM was approximately 107(66.1%)
had T2DM, while about 159 (98.2%) out of the 162 patients with one or more other
diseases had T2DM. There were more female patients, 97(59.9%) with cases of DM than
male patients. Patients aged 40-69 years have more prevalence cases of DM (73.5%), with
those engaging in businesses or trading common in this category (29.63%). Most of these
patients had Hypertension as a comorbid condition 110(67.9). The results based on the
logistic model showed that patients with concordant comorbid conditions are 2.11 times
more likely to develop T2DM. The Bayesian logistic regression model revealed a positive
association between gender and comorbidity; the male patients were 1.65 times more
likely to develop comorbidity, and patients with a smoking history were 1.56 times more
likely to develop comorbidity. T2DM was not associated with systolic blood pressure.

Conclusions

This present study provides elaborate details on incidences of DM and associated
comorbidity conditions in the study area and its environs. A Bayesian model seems to be
more accurate than conventional logistic regression based on the present findings. This,
in turn, could be used to formulate health policies geared towards effective management,
control and prevention of DM of any kind and community sensitization on DM in Nigeria.

Diabetes mellitus (DM) is a disorder of metabolism in
which an absolute or relative deficiency of insulin results
in hyperglycaemia leading to acute and chronic complica-
tions.! DM is a disease that relies on many factors and may
vary over time and region, it is said to be chronic when
there is the presence of high blood sugar, which results
from imperfection in insulin action, insulin secretion or
both.2 It is a heterogeneous group of carbohydrate, fat and
protein metabolism disorders characterized by chronic hy-

perglycaemia, degenerative vascular changes and neuropa-
thy. It tends to accelerate degenerative changes throughout
the body by widespread vascular changes in the large blood
vessels and the microvessels.>

There are a number of factors reported in literature that
can cause diabetes in individuals.* These factors include
but are not limited to lifestyle, urbanization, unhealthy
dietary habits, family history, cigarette smoking, old age,
growing consumption of cheap processed food, genes, and
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viruses. Physical inactivity and overweight or obesity,
which causes insulin resistance, may result in Type 2 di-
abetes, while Type 1 diabetes occurs when the individual
body immune system fights the insulin to produce a beta
cell of the pancreas.®

Globally, there has been a reported increase in the num-
ber of DM cases in recent times, especially in the world’s
low- and middle-income countries where socio-economic
conditions are poor, and the life expectancy is low due to
poor living standards and ill-health conditions of the in-
habitants. Global statistics revealed that there are about
422 million people have diabetes cases worldwide, with
most of these people from underdeveloped and developing
nations. Annual global deaths attributed to diabetes are
about 1.5 million deaths.® Of these records of cases, about
19 million adults in Africa have diabetes, while Sub-Saha-
ran African (SSA) nations accounted for about 14.2 million
of these cases in Africa.” In Nigeria, the DM prevalence was
put at 2.2% in 1982, and the overall pooled prevalence of
DM was put at 5.77%, with South-South geopolitical zone
having the highest DM prevalence in Nigeria.*

As a result of the foregoing, WHO launched a Global
Diabetes Compact in April, 2021 to reduce the risk posed
by DM and adequate and accessible treatment and care
for those already diagnosed with diabetes and adhere to
prescribed medicines. Likewise, prevention of Type2 dia-
betes from obesity, unhealthy diet and inactivity was also
of paramount importance in the initiated compact pro-
gramme.®

Studies on diabetes have revealed the existence of other
health conditions that have made the treatment and man-
agement of DM a complex issue.8 Some of these conditions
include comorbidities with infectious diseases such as HIV
and tuberculosis. Other conditions common among DM pa-
tients are hypertension, cardiovascular disease and obe-
sity.8 Apart from the comorbidity conditions, issues relat-
ing to immunosenescence effects among the elderly, in
which immune systems wane with advanced age, have also
affected the adult population in SSA.?

There are several studies on DM in Nigeria and beyond.*
Nevertheless, only a few authors approached and identified
its risk factors from a Bayesian Perspective. Likewise, this
study will be novel in identifying the potential factors of
DM in the study area and its environs and will provide
an early warning system for individuals and governments.
Therefore, this study models DM using a Bayesian regres-
sion model of factors associated with diabetes comorbidity
among adult patients in Abuja, Nigeria.

METHODS
STUDY DESIGN
This study was a retrospective study based on 162 adult pa-

tients receiving treatments in the Federal Medical Centre
(FMC), Jabi, Abuja for the sample period of 2012 — 2020.

STUDY AREA

Abuja is the capital of Nigeria. It lies on the latitudes 9°
20N and 7 25'N of the equator and longitudes 5 45'E and
7° E of Greenwich Meridian. It has a landmass of approx-
imately 7315 km2. The city of Abuja had a population of
about 776,298 inhabitants based on the 2006 population
Census.!9 Abuja has a guinea savannah vegetation with a
typical tropical climate with two seasons yearly.11,12

The FMC, Abuja, was established on the 7th of June, 2012
and commissioned on 28t of January, 2013. The hospital
was built and equipped as a comprehensive Hospital in Jabi
to expand the scope of health care delivery system.

DATA COLLECTION PROCEDURE

The data used for this study were extracted from the elec-
tronic medical records of 162 diabetes patients receiving
care at FMC, Jabi, Abuja. Key variables of interest were
mined for this study using these medical records. The di-
abetes data obtained from FMC, Jabi consist mainly that
of patients with laboratory-confirmed cases of DM between
2013 and 2020. The diagnostic procedures were based on
identifying the presence or otherwise of hyperglycemia in
the laboratory analysis of blood samples of patients, which
is the most common and precise diagnostic test for DM.13
The blood test commonly called A1C-glycohaemoglobin
(measured in percentage) measures average blood glucose
or blood sugar level. A normal A1C level is less than 5.7%,
prediabetes is between 5.7 to 6.4% while a Type 2 diabetes
is above 6.5%.

VARIABLE DESCRIPTION

Table 1 describes explanatory variables and various codes
employed for the Bayesian Logistic Regression analysis.

MODEL DESCRIPTION

The Bayesian Logistic Regression technique was employed
to test the relevant hypotheses in the study using data
covering the sample period of 2013 — 2020. In addition,
the methods of data collection and tools, as well as tech-
niques of data analysis for assessing the relationship be-
tween T2DM with microvascular complications and/or
macrovascular complications, were discussed accordingly.
The basic idea of Bayesian analysis is straightforward,
prompting the analyst to state explicitly:

1. The prior distribution (for instance, a reasonable
opinion regarding the patients’ family history of dia-
betes mellitus excluding the evidence from the clini-
cal or laboratory data).

2. The likelihood (the evidence from the clinical or lab-
oratory data).

3. The posterior distribution (the final opinion about
the diagnosis — diabetes mellitus).

The final combination is done using Bayes theorem,
which essentially weights the likelihood with the prior dis-
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Table 1. Description of explanatory variables, codes and citations from related studies

Variables Codes Description Source
Age at first Quantitative - The odds of comorbidities increase with age in patient with T2DM 14
diagnosis
- DM of all types is estimated to affect one in every 11 adults aged 20 - 79 years 15
Gender 0 Male
1 Female - Comorbidities were lower in female patients with T2DM compared to the 15
male counterpart.
Comorbidity ONo
1Yes - Age is a consistent determinant of comorbidities. 1
Marital 0 Single
Status
1 Married - The odds of comorbidities were higher in single, divorced and widowed 14
patients with T2DM compared with those in married patient
Diabetes
complication
0 Micro-
vascular
1 Macro- - Microvascular complications were consequences of T2DM and should not be 14
vascular considered as comorbidities.
Hypertensive
Status
ONo
1Yes - Hypertension was the common comorbid condition among all diabetic patients 16
HbA1c
0<7.0%
127.0% - HbA1c target of < 7% is desirable for non-pregnant adults, with higher values 17
recommended for children and adolescents.

Source: Modified from!!

tribution. This theorem is thus defined for the purpose of
this study in 1.
P(X/6)P(6) )
P(X) (

Where; P(6/X) is the posterior probability of the parame-
ters given the data

P(X/6) = L(X/0) is the likelihood function

P(6) is the prior probability

P(X) is the normalizing constant

A Logistic regression model expresses a relationship be-
tween a two-level categorical response variable also known
as binary response and the explanatory variables which can
be continuous or categorical (nominal/ordinal). Assuming
that the response variable y is binary and the outcomes are
called as y = 1 or y = 0 with probability P and 1 — P respec-
tively. For a particular subject, the logistic regression equa-
tion is expressed as:

) =61+ Baz1 + Psza+ ...+ Brrizn  (2)

P(8/X) =

log(1 =

Where z1, zs, ..., T, are the subject’s feature measurements
on a group of explanatory variables, and 3, B2, ..., 8, are
parameter estimates for explanatory variables. With the
logit function, it relates the explanatory variables to the
probability of an outcome y = 1.

A Bayesian logistic regression extends logistic regression
into a Bayesian framework. Instead of using maximum like-

lihood methods in logistic regression, it applies Bayesian
inference, a useful approach specifying the probability dis-
tribution for the underlying categorical or continuous vari-
ables, to estimate parameter [3. Bayesian inference, which
allows incorporation of prior beliefs and the combination
of such beliefs with statistical data, is well suited for repre-
senting the uncertainties in the value of explanatory vari-
ables.

The key of Bayesian inference is to choose the para-
metric family for prior probability distributions. Two cat-
egories are suggested: non-informative prior distributions
and informative prior distributions. The common non-in-
formative prior distribution is uniform distribution, which
assigns equal probabilities to all value possibilities, and
always yields similar results as classical statistics. Thus,
Bayesian and classical statistics are not exclusive and they
are overlapped to some extent. Classical approaches are
approximate Bayesian using certain priors. An informative
prior distribution reflects specific and definite information
about a parameter. If both the prior and posterior distrib-
ution belongs to the same family, the prior distribution is
called conjugate prior distribution, which is a special case
in informative prior distributions. For the purpose of this
study, the following were assumed for the Bayesian Logis-
tic Regression technique, a beta prior and a Markov Chain
Monte Carlo (MCMC) method was used to obtain the pos-
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terior distribution of estimation based on the chosen prior
distribution and the likelihood.

RESULTS

DEMOGRAPHIC FEATURES OF SAMPLED DIABETES
ADULT PATIENTS IN FMC, JABI-ABUJA

Table 2 presents the demographic characteristics of the
study subjects. Out of 162 patients, 65(40.1%) were male,
while 97 (59.9%) were female. The distribution of the result
by geopolitical region of the patient showed that the major-
ity of the patients were from South-East 62(38.5%), South-
South region had 37 patients (23.0%), North-Central had 34
patients (21.1%), 13(8.1%) were from South-West, 10(6.2%)
were from North-East while North-West were the minority
5(3.1%). 11.1% were single and 88.9% were married, the age
distributions were as follows; 3.09% of the patients were
less than 31years, 8.02% were between 31 years to 39 years,
21.0% were between 40 years to 49 years, 26.5% were be-
tween 50 years to 59 years, 25.9% were between 60 years
to 69 years, 11.7% were 70 years to 79 years and 3.7% were
over 80 years old. The result by occupational background
should showed that 1.23% of the patients were bankers,
1.85% were either priest or clergy, 2.5% were lawyers, 3.1%
were self-employed, 6.2% were either teachers or educa-
tionist, 8.6% were Applicant (unemployed), 8.6% were
other form of occupation, 9.3% were House wives, 12.4%
were Retirees, 16.7% were Civil servants and 29.6% were
Business men/women. In terms of hypertensive status,
32.1% were not hypertensive while 67.9% were hyperten-
sive. The smoking status showed that 3.1% were smokers
while 96.9% were not smokers.

The diabetes duration in Table 3, showed that 0.6% of
the patients had lived with diabetes for about 26 years to 30
years, 6.8% of the patients had lived with diabetes for about
16 years to 20 years, 9.3% had lived with diabetes for about
11years to 15 years, 10.5% of the patients had lived with di-
abetes for about 21 years to 25 years, 34.6% of the patient
had live with diabetes for about 5 years to 10 years while
majority of the patients 38.27% had diabetes mellitus du-
ration of less than five years. The BMI status showed that
2.5% of the patients were underweight, 3.7% of the patients
had normal weight. 11.1% of the patients were overweight,
12.9% of the patients were grade 3 obese while majority
of the patient 69.7% were obese. The systolic Blood Pres-
sure readings showed that 27.8% of the patients were either
stage 1 hypertensive, pre-hypertensive or had normal read-
ings while 16.7% of the patients were stage 2 hypertensive.
The diastolic blood pressure readings differed slightly from
the systolic observation as majority of the patients 44.4%
had normal blood pressure readings, 31.5% of the patients
were pre-hypertensive, 18.5% of the patients were stage 1
hypertensive while the minority of the patients (5.6%) were
stage 2 hypertensive patients.

Table 3 also reveals the following observations DM; the
minority of the patients (0.6%) were either pre-diabetic or
type 1 diabetic patients, 33.3% of the patients were DM pa-
tients while the majority of the patients 65.4% were Type
2 diabetic patients. The Type 2 diabetes status showed that

Table 2. Demographic characteristics of Diabetes
patients attending Endocrinology clinic in FMC

Variables Frequency Percentage (%)
Gender

Male 65 40.1
Female 97 59.9
Geopolitical Region

North-Central 34 211
North-East 10 6.2
North-West 5 3.1
South-East 62 38.5
South-South 37 23
South-West 13 8.1
Marital Status

Single 18 11.1
Married 144 88.9
Age Categories

< 31lvyears 5 3.2
31-39years 13 8
40 - 49 years 34 21
50 - 59 years 43 26.5
60 - 69 years 42 25.9
70 -79 years 19 11.7
80 years + 6 3.7
Occupation

Civil Servant 27 16.7
Banker 2 1.2
Business/Trader 48 29.6
House Wife 15 9.3
Retirees 20 12.4
Self Employed 5 3.1
Educationist 10 6.2
Lawyer 4 25
Clergy 3 1.8
Applicant 14 8.6
Others 14 8.6
Hypertension Status

No 52 321
Yes 110 67.9
Smoking Status

No 157 96.9
Yes 5 3.1

33.9% of the patients were non-type 2 diabetic patients
while 66.1% of the patients were Type 2 diabetic patients.
It was observed that the patients with diabetes complica-
tions 87.0% had macrovascular complications while 12.96%
of the patients had microvascular complications. Table 3
also shows that among the diabetic patients 11.2% had dis-
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Table 3. Medical history of Diabetic patients attending Endocrinology clinic at FMC, Jabi -Abuja

Variables Frequency Percentage (%)

Diabetes Duration

Less than 5 years 62 38.3
5-10years 56 34.6
11-15years 15 9.2
16 - 20 years 11 6.8
21 -25years 17 10.5
26 - 30 years 1 0.6
BMI (Body Mass Index)

Underweight 4 2.6
Normal weight 6 3.7
Grade 1 Obesity 18 11.1
Grade 2 Obesity 113 69.7
Morbid Obesity 21 12.9
Systolic B.P (Blood Pressure)

Normal BP 45 27.8
Pre-Hypertension 45 27.8
Stage 1 Hypertension 45 27.8
Stage 2 Hypertension 27 16.6
Diastolic B.P

Normal BP 72 44.4
Pre-Hypertension 51 315
Stage 1 Hypertension 30 18.5
Stage 2 Hypertension 9 5.6
Diabetes Status

Pre-Diabetes Mellitus 1 0.6
Diabetes Mellitus 54 334
T1DM 1 0.6
T2DM 106 65.4
T2DM Status

Non-T2DM 55 33.9
T2DM 107 66.1
Comorbidity Status

No 3 1.8
Yes 159 98.2

Diabetes Complications

Microvascular complications 21 13
Macrovascular complication 141 87
Discordant comorbidity 18 11.2
Concordant comorbidity 143 88.8
HBA1C

<70% 156 96.3
>7.0% 6 3.7

cordant comorbidity while 88.8% of the patients had con- patients had HbAlc less than 7.0% which implies that ma-
cordant comorbidity. HbAlc distribution showed that 3.7% jority of the patients had normal HbA1c reading.
of the patients had HbAlc above 7.0% while 96.3% of the
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Figure 1. A cross-tabulation of Type II diabetes mellitus and other disease conditions

CVD: cardiovascular disease, CKD: chronic kidney disease, BPH: Benign prostate hypertrophy, HTN: hypertension.

In Figure 1, the line graph showed that hypertension is
the most likely comorbid condition for type 2 diabetic pa-
tients, followed by cardiovascular diseases and then neuro-
pathic conditions.

In Table 4, 67.4% of Type 2 Diabetic patients had
macrovascular complications while 32.6% of non-type 2
DM respondents had macrovascular complications. 57.2%
of the respondents with Type 2 DM had microvascular com-
plications while 42.8% of the non-type 2 DM had microvas-
cular complications. 68.5% of the Type 2 DM respondents
had Concordant Comorbidity while 31.5% of the non-type 2
DM respondents had concordant comorbidity.

PARAMETER ESTIMATE OF A CLASSICAL AND A
BAYESIAN LOGISTIC REGRESSION MODEL

Table 5 reveals that gender and smoking were statistically
significant association between diabetes mellitus and co-
morbid.

The Bayesian logistic regression model revealed a posi-
tive association between gender and comorbidity; the male
patients were 1.65 times more likely to develop comorbid-
ity; patients with history of smoking were 1.56 times more
likely to develop comorbidity. T2DM was not associated
with systolic blood pressure. Bayesian model produced least
standard error compared to logistic regression model (Table
6).

DISCUSSION

The global records of the prevalence of DM in recent times
have become a huge public health issue, especially regard-
ing symptoms of one or more other chronic health condi-
tions.4 Some of the variables documented as associated risk
factors include sex, age, place of abode, lifestyle, tobacco
smoking, family health history and poor glycaemic control,
among others.18

The descriptive results revealed a higher prevalence of
DM in females than males and in older persons aged 40-69
years. This finding agrees with other related studies docu-
mented in the literature.! The authors found a higher per-
centage of female diabetes patients, about 53% of the study
population, with a mean age of 66 years.

Based on the result of this study, gender, smoking, co-
morbidity status, marital status, obesity status, HbAlc, mi-
crovascular/macrovascular complications and concordant/
discordant comorbidity were identified as risk factors as-
sociated with T2DM in the study area and its environs.
This study’s finding agrees with a related study in literature
which documented similar risk factors of DM.18

From various statistical analyses in this study, comorbid-
ity conditions were common, with 159 (98.2%) of subjects
considered to have one or more comorbidities. This result
is consistent with what has been documented in previ-
ous studies.!¥ Common comorbidities among DM patients
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Table 4. Cross-tabulation of studied covariates and T2DM patients attending endocrinology clinic at Federal

Medical Centre, Abuja

Type 2 Diabetes Mellitus Status
Variables T2DM Non-T2DM
Gender
Male 38(58.5%) 27 (41.5%)
Female 65 (69.9%) 28 (30.1%)
History of Hypertension
Yes 76(69.1%) 34 (30.9%)
No 31(59.6%) 21(40.4%)
History of Dyslipidemia
Yes 0(0.0%) 1(100.00%)
No 107(66.6%) 54 (33.5%)
Smoking Status
Previous Smoker 3(60.0%) 2(40.00%)
Never Smoked 104(66.2%) 53(33.8%)
Diabetes Complications
Microvascular complication 12 (57.2%) 9 (42.8%)
Macrovascular complication 95 (67.4%) 46(32.6%)
Diabetes Comorbidity
Concordant Comorbidity 98 (68.5%) 45 (31.5%)
Discordant Comorbidity 9 (50.0%) 9 (50.0%)
Table 5. Odd ratio of logistic regression and Bayesian models
Logistic Regression Bayesian
VARIABLE OR(95% Cl) OR(95%Cl)
Gender 3.59(2.3-5.47) 1.65(1.3-2.15)
Age 1.05(0.38-2.88) 1.58(1.03-2.65)
Marital status OMITTED OMITTED
Smoking 3.06(1.89-4.97) 1.56(1.12-2.03)
BMI OMITTED 1.21(0.74-1.71)
BP 1.89(0.15-24.19) 1.86(1.00-2.72)

OR: Odds ratio, 95% CI: 95% confidence interval.

are hypertension, obesity, cardiovascular diseases, and kid-
ney diseases. The finding of this study indicated hyperten-
sion, cardiovascular disease (CVD), and neuropathy were
the three most comorbid conditions associated with
T2DM). This also agrees with the findings in a related
study.!® Macrovascular complications were identified as
positively associated with T2DM, although this was con-
trary to Li’s submission.!4 The authors were of the view
that microvascular complications were consequences of
T2DM and should not be considered as one of the comor-
bidities. This study showed that T2DM patients were 2.11
times more likely to have macrovascular diseases.

The study revealed that the odds ratio of present to
absence of other disease(s) ranges between 1.01 and 2.71
times with a 95% confidence level. This study also revealed
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that T2DM was not associated with age; this implies that
T2DM may be diagnosed at any age. With reference to
the results of the analyses carried out on T2DM, smoking,
obesity, comorbidity were found to increase the chance of
T2DM. A Bayesian logistic regression model has a satisfac-
tory sensitivity to distinguish between T2DM and non-Type
2 diabetes groups.
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Table 6. Standard error of logistic regression and
Bayesian models parameters

Logistic
Regression Bayesian
Standard

VARIABLE Standard error error
Gender 9.18 0.12
Age 0.54 0.034
Marital
status - -
Smoking 7.95 0.005
BMI - 0.1
BP 246 0.072
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