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Abstract

There is an observed poor treatment outcome of Diabetes mellitus (DM) in patients with Tuberculosis
and Diabetes (TBDM) comorbidity due to interference of drugs used in the treatment of Tuberculosis
(TB) with first- line drugs used in the treatment of DM. Insulin does not interact with TB drugs, but it
is not accessible and affordable to low—resource communities due to high cost. Hence a lifestyle-based
intervention, which this study evaluated to determine its effect on Diabetes control in these individuals.
It is a quasi-experimental intervention with two groups of 25 participants each as experimental and
control cohorts, enrolled from Tuberculosis Healthcare centers in Lagos and Oyo states. The
questionnaires were administered after the baseline Glycated hemoglobin (HBAlc) has been
measured, repeated after 12 weeks, and analyzed with SPSS software. In the control cohort, the
difference in the means of HBAlc was statistically significant at 95%CI: 1.1(0.2 — 2.1; p<0.05),
indicating a worsening of blood glucose control. The difference in the means of educational scores was
not significant 95%Cl: -0.04(-2.8 — 2.7; p<0.05), showing no uptake. In the intervention group, the
difference in the means of the HBALlc was statistically significant 95%Cl: -2.4(-3.1 — 1.6: p<0.05),
indicating improvement in glucose control. The difference in the means of the educational and
behavioral score was significant statistically 95%CI: 40.6(37.7 — 43.6; p<0.05) indicating uptake of
behavioral changes. The intervention with educational and behavioral lifestyle modifications improved
the blood glucose control as an adjunct to the conventional treatment with drugs compared to the
control group.
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Introduction rural communities in sub-Saharan Africa thought
to be the precursor to observed changes in
metabolic integrity responsible for the disease [1,
2, 3]. Diabetes is estimated to affect 462 million
people worldwide in 2017 representing 6.28% of
world population and caused 1 million deaths
per year and the 9™ leading cause of mortality in
the world, with a prevalence rate of 6059 per
100,000 which is estimated to rise to 7079 per
100,000 by 2030 [4]. Most of the individuals
predicted to be affected are said to be in the
developing countries due to increasing rate of
the disease caused by globalization, adoption of

Diabetes Mellitus (DM), an important chronic
metabolic disease characterized by failure of the
system to maintain glucose homeostasis in the
body leading to hyperglycemia. It is raising
serious public health concern as it impacts
negatively on quality of life. It is a disease
prevalent in the developed nations but has
assumed epidemic proportions in the developing
countries of the world, exhibiting the health in
transition model characterized by globalization
and gradual assimilation of western lifestyle
including adoption of sedentary lifestyle among
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Western sedentary lifestyle, provision of easy
communication system and adoption of western
non fiber processed caloric dense diet [5, 1, 6].
Diabetes is a component of Non- Communicable
Diseases (NCD), which contributes about 71%
of all deaths globally killing up to 41 million
people annually and 77% of these deaths occur
in Low- and Medium-Income Countries (LMIC)
with low resources [5, 2, 7, 8].

Tuberculosis is an age long highly infectious
disease that affects all age groups across the
globe. It primarily affects the lungs with cough,
fever, night sweat and weight loss. It is highly
infectious and spreads through droplets from
person to person and is endemic in many parts of
the world. Immune depression is one the main
factors that helps the causative organism,
mycobacterium tuberculosis accesses the human
body escaping the body’s immune mechanisms.
It establishes its presence in the lungs by
destroying the tissues due to immune reaction of
the body and forms a cavity with copious sputum
production.

Global burden of this infection showed that
more than two billion people are infected with
TB worldwide and about five to ten percent will
develop active TB in their lifetime, and yearly
infection rate of ten million people with a death
rate of two million deaths per annum [9, 10].
Although the disease has a universal distribution
involving both low- and high-income countries,
Asia and Africa had the highest number of cases
with 87% of new cases in 2019 found in 30 high
TB burden countries of which 8 of them
contributed to the two thirds of the world TB
burden, with Nigeria as the 6" of these 8
countries and the highest in West Africa
subregion [10].

There is also a bidirectional interaction
between TB and Diabetes because the latter
increases the chances of susceptibility to TB
infection by 3 folds in a similar way HIV
increases the susceptibility to TB infection
because of immunosuppression [11]. This means
that in TB endemic areas of the world, there is a
preponderance of people with diabetes infected

with Mycobacterium tuberculosis and exhibiting
complicated treatment trajectory and poor
outcomes with likely development of Drug
resistance- MDR —TB, making any eradication
program very difficult [12, 13]. There is also
increase in the progression of Latent TB infection
(LTBI) to active TB infection in Diabetics more
than in non — diabetics since the reactivation of
LTBI depends on the immunity status of
individuals, which is weakened in Diabetics
[12,13].

The first line drugs for the treatment of TB
negatively affects the affordable oral diabetic
drugs. Rifampicin causes hyperglycemia and
worsening of the blood glucose level by
inducing cytochrome enzymatic catabolism of
Sulfonylureas and Biguanides thereby making
them less active. It also inhibits the release of
insulin and increases intestinal absorption of
glucose. All of these actions lead to
hyperglycemia and this effect is amplified by
Isoniazid which antagonizes the action of the
sulfonylureas, thereby making the control of
diabetes difficult [12,14]. In effect the first line
drugs used in the treatment of TB lowers the
potency of the affordable drugs used in the
treatment of DM in low — resource communities
thereby worsening the disease.

Insulin therapy is the drug used in the
treatment of this comorbid condition of TBDM,
but it is expensive and not within reach of low-
resource communities with poor health
infrastructure and inadequate or low health
insurance coverage, hence the need for an
alternative community based and affordable
treatment model, which was the proposed use of
behavioral change intervention as an adjunct to
the affordable first line drug treatment with
Sulfonylureas and Biguanides [12, 15, 16].

This study was an interventional study that
explored how the independent variables of
knowledge of blood glucose monitoring, drug
adherence, participation in structured exercise
and healthy Mediterranean diet affected the
dependent variable (outcome) of blood glucose
control in TBDM comorbidity. They were



encouraged to change from unhealthy to healthy
diet and sedentary to structured exercise lifestyle
through applying change theories. These
theories are Health Belief Model (HBM), Social
Cognitive Theory (SCT) and Diffusion of
Innovation Theory (DIT). These theories and
their constructs formed the nucleus for the
design of the behavioral change teachings and
the questionnaires that measured the uptake of
the behavioral changes [17, 18,19, 20, 21]. The
literature supported the use of HBM as the
underpinning theory in educational intervention
to promote self-care in type 2 diabetics [22].
Another study showed that HBM was used as a
theoretical framework in determining the
determinants of self-care in diabetics and
concluded that HBM was efficient in
determining the determinants of self-care among
diabetics and recommended it as a framework in
designing and implementing educational
interventions in diabetes control programs [23].
It is known that when individual’s belief system
is understood and facilitated inHBM, behavioral
change is initiated, and the behavior change may
be adding a behavior like starting an exercise
program or substituting a behavior like in food
substitution in diet or extinction of a behavior as
in cessation of smoking [24]. The improvement
in self-care would positively improve diabetic
control which was measured at the end of the
study. The objective of the intervention was to
determine the immediate-post impact of the
lifestyle modification intervention program on
Blood glucose control among participants in this
study.

A model that underpinned the whole design
and evaluation, which encompassed all these
theories was the PRECEDE-PROCEED Model
developed by Dr. Lawrence Green as an
effective tool for development of health
promotion programs was adapted for
intervention/experiment for the first time in the
treatment of TBDM comorbidity. [25, 26]. The
constructs of this model — predisposing factors,
reinforcing and enabling factors with the
behavioral change theories of HBM, SCT and

DIT were the basis for the design of the
questionnaires that measured the behavior
changes that formed the independent variables in
the experiment. [25, 27, 28, 29].

Materials and Methods

This experiment was a structured quantitative
quasi-experimental study that measured the
response of participants that was used as data
which facilitated in answering the research
question of the impact of lifestyle modification
on diabetes treatment outcome in TBDM
comorbidity. It employed lifestyle intervention
as an adjunct to the treatment of DM in TBDM
comorbidity in the experimental cohort. The
control group had the normal first line DM drugs
and no structured lifestyle change treatment. The
questionnaires measured the uptake of the
lifestyle changes and was administered at the
beginning of the intervention in both cohorts and
repeated after 3 months, which measured the
independent variables while the HBAlc was
measured at the beginning of intervention and
after 3 months as the dependent variable. There
were two groups of participants located at Lagos
and Ibadan as experiment and control cohorts
respectively with 25 patients in each group. The
sample size of the participants was calculated
from the following formula below:

_ (Za+zp))? x Pp0(1—Pp0)

= @)

(Pp1-Pp0)2

Where, Zo and Zp have Confidence levels of
95% = 1.96 Z score for type | Error, and Zf is
powerat 80% to avoid Type Il Error which 0.84.

Pp0 - the prevalence of DM blood sugar at
pre-intervention is 0.5,

Pp1l - the prevalence of DM blood sugar level
at post-intervention is 0.8.

The margin of difference between pre-and
post-intervention prevalence is (Pp1 — Pp0)%

= (1.96 + 0.84))?x 0.5 x (1-0.5)/ (0.8 — 0.5).

= 1.96/0.09.

= 22 participants minimum.

(15% buffer was added to account for attrition
with a final sample size of 25 participants per

group).



These participants were enrolled by simple
random sampling into the control and
experimental centers and were mainly TB
patients newly diagnosed with DM and others
were DM patients newly diagnosed of TB.
Verbal and written consent were obtained from
participants prior to actual enrolment. The
inclusion criteria were confirmed diabetes (FBG
> 126 mg/dl or > 7.0 mmol/L. HBAlc > 6.5%),
positive sputum AFB, Chest X-ray confirmation
of TB and weight of 40 kg and above. The
exclusion criteria included weight <40 kg, HIV
positive, having been treated for TB previously,
Tuberculosis not in the lungs (Extrapulmonary
TB); Having TB without Diabetes; Diabetic
patient on Insulin and medications for other
chronic illnesses. The TB centers were selected
randomly at Lagos, Ibadan and rural areas in
Oyo state where confirmed TB patients were
screened for DM and those confirmed were
given consent forms to endorse and were
recruited. The participants in the control cohort
had the normal TB and Diabetes medications
and care from the clinics with administration of
questionnaires at the beginning and after 3
months with the blood glucose measurements
(Glycated hemoglobin - HBA1c). The
participants in the intervention cohort had series
of structured teaching on lifestyle modification
about behavioral change techniques every month
using a designed module and food menu. It
followed a uniform guideline on knowledge and
complications of Diabetes, management, and
effects on organs with motivational interviewing
technique having the application of change
theories in the background. The reason for
lifestyle modification was elucidated with the
merits of maintaining a target blood sugar and
the make-up of a healthy diet with local
affordable content. They learnt how to check
their blood sugar at home and design exercises

that will suit their environment and the
importance of medication adherence in order to
achieve a target blood glucose level. A modified
Mediterranean diet was designed, which had
vegetables, fruits, complex carbohydrates,
grains, and protein as the main components. The
food menu was designed to take into cognizance
the local dishes that were affordable to the
participants and adjusted according to
individual’s preferences Table 1. They were
taught about reduction of certain foods like fat,
salt and sugar and related products but
encouraged to eat non-starchy vegetables freely,
whole grain and fruits while taking with
moderation complex carbohydrates like yam and
derivatives, potatoes, bread preferably whole
wheat, oatmeal, beans, and derivatives like
Amala, pounded yam, unripe plantain, rice
(unpolished or brown rice preferably)— modified
Mediterranean diet with medium to low
glycemic index foods. The participants
understood the rationale for this pattern of meal
and that encouraged them to practice it. They
also understood the need and health benefits of a
balanced diet, which helps in reduction of weight
and control of blood glucose especially when
low and medium glycemic index foods were
consumed. This led to a delay in absorption of
glucose from the intestine. The plate diagram in
“Figure 1” was used to demonstrate portion
control and it worked well because it was easy to
practice. The portions that made up the meal was
non-starch vegetables (Green leaves, Ugu,
Ewedu, Okoro, Bitter leaf, Cabbage etc.)
occupying half of the plate, protein quarter of the
plate and starch/grains another quarter. They
were taught about eating small frequent meals
and they imbibed it as a principle. The reason for
avoiding certain food was explained to them as
the rate of release of sugar from food.



Table 1. Meal Plan that was Implemented during the Intervention

Meal plan | Suggestions

Breakfast

Fresh fruits, Oatmeal, boiled egg or 1 slice of brown/white
bread with vegetable oil spread, Green or black tea/coffee. (No
jam, sugar, honey or juice). Drink up to 1L of water or more.

Lunch Half cup of rice and beans (a typical cup contains 100 g of
rice), + vegetables + salad without cream. Or yam flour
(amala)/unripe plantain flour (the size of the person’s fist) and
vegetable soup. Chicken or fish Eat small quantity up to 3

times a day
Snacks Roasted unripe plantain (Bole) + roasted groundnut or
crackers biscuits with green tea
Dinner “moimoi” (Bean cake) or EKO and Pepper soup or Akara and
Pap (Corn meal) or Beans + Potatoes/cocoyam with fish/
chicken sauce
General Reduce portions size and eat in small amounts. Avoid second
guide serving and eat slowly and mindfully
The Plate
Method

Protein

The Plate Method: fill half of a 9-inch plate with one cup of non-starchy vegetables;
a quarter of the plate with high-protein foods; and a quarter of the plate with
carbohydrate foods. Add a small serving of fruit and a serving of dairy.

Figure 1. The Plate Method for Meal Planning [30, 31]

The participants learnt and practiced simple
home-based exercises which included regular
brisk walks for at least 30 minutes per day or 10,
000 steps per day for at least 3 times a week.
They should break out in sweat. They
understood that Physical activity reduced the
blood glucose level by improved response of anti
-diabetic drugs, diverting the blood to the
muscles and increasing insulin sensitivity with
reduction of adipose tissues that masked insulin
receptors. Some of the home-based exercises

were illustrated in “Figure 2” — stretching
exercises and the duration of each component in
the exercise shown in Table 2. Others were brisk
walking, house chores, sports, cycling, games,
and use of staircases instead of elevators,
dancing, gardening, walk home for distances less
than a kilometer. They were taught to take small
measurable and positive actions after setting
goals that were achievable [32] and consistent.
The duration of the exercise should be increased
stepwise at one’s pace.
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Figure 2. Types of Stretch Exercises

Table 2. Duration of Different Components/Items involved in Exercise

No. | Items/components | Duration and time

1 Proper warm- up 5 - 10 minutes of Aerobic Exercise

2 Stretching 5 - 10 minutes after warm-up exercise
3 Cool down 5 - 10 minutes after exercise

They were taught and learnt how to use the
Glucometer at home for a pin prick estimation of
blood glucose. They learnt about the importance
of meeting blood glucose targets by adhering to
the prescribed drugs and keeping appointment
with the managing Physician. The HBALc was
measured, and gquestionnaires response collected
after 3 months of intervention by the trained field
workers. The questionnaires were cleaned and
fed into the SPSS software for statistical analysis
of the data. The mean values of the data from the
HBAIlc levels at baseline and after 3 months
were compared for strength of association for the
control and experiment groups. The mean
differences were subjected to statistical analysis
to test the significance of the differences if any
to either reject or fail to reject the Null
hypothesis at p<0.05. The baseline values of the

lifestyle changes uptake and HBAlc were
compared with the values after 3 months
intervention for the two cohorts. The paired t-test
in SPSS was used to compare the means at
confidence interval of 95% and p<0.05.

Result

The mean age of control cohort participants
from the control cohort was 44 years with a
range of 24 to 63 years. Sixty eight percent of the
participants were females and the males 32%
and the predominant tribe was Yoruba (73%),
with the married people (52.2%) greater than the
other categories (47.8%). All the participants
had formal education and seventy one percent
(71%) had secondary education and above.
Majority were either self-employed or traders
(81%), none was unemployed while the



housewives and retirees made up to 9.6% The percentage of the participants with

(Figure 3). secondary education (56%) was lower than in

The sociodemographic characteristics of the the control group (71.5%). This was expected as
intervention group followed the pattern found in the experiment was done in the rural
the control cohort with a female preponderance. communities “Figure 4”.

CONTROL GROUP
SOCIODEMOGRAHIC

2 80.00%
(= Oﬂ
g 70.00%:%
5] 60.00% .2
= 2
= 50.00% ¥
[}
=3 40.00%3_-
[T
3 30.00% ©
S
2 20.00% 2
]
£ 10.00%§
S
3 0.00% &
v w [O ] T O & O g > > >+ © T ¥ &~ O -8
T e o mo 3085822 2cPPPESL
T &8 8 7 w2 ¢ E IS L = > >0C 7T 3
EEL._S._L—DHLE -O-HOO,_‘UGJ
eV gz2 L 256280098 rF 0
= g~ 7 FE£LEgLATEEST 3
g ggo 33 ¥ v 5 T
) = Z - 5« O
o T2 8 &
S a
=
a

Sociodemographic Variables
== Count === Column N %

Figure 3. Control Group Sociodemographic Data to show Distribution of the Social and Demographic Variables
of the Study Population

Intervention Group Sociodemographics

20 80.00%
g 18 70.00% £
C16 o
S 14 60.00% 5
€1 50.00%
8 Y
210 40.00% ‘6
5 ° 30.00%
S 6 g

0,

E 4 20.00% g
Z 2 10.00% 9
0 0.00%
2 @ 5 @B 2 @Q E LT ST ETTTIE L
RN EEEEEE RN R YRR
2372832 £z285858352228¢F 3
g 288 83 s ¢35 2
) T = = © 5 « G

o T = 2 g
o o

2

o

Sociodemographic variables

N Count e Column N %

Figure 4. Experiment Group Sociodemographic Data to show Distribution of the Social and Demographic
Variables of the Study Population
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Table 3 is the result of the comparison of the
mean scores of the HBA1c (dependent variable)
in the cohort group at the commencement of the
experiment and after a 12-week period. There
was a significant increase in the HBALc value of
1.19 which was statistically significant - 95%ClI:
1.1(0.2 — 2.1; p<0.05) and it rejected the Null
hypothesis. This increase meant a worsening of
blood glucose control. The other result was that
of the independent variable which was the
comparative values of the uptake of the lifestyle
changes. There was no significant change in the
means at the commencement of the study and
after 3 months in the control group - 95%CI: -
0.04(-2.8 — 2.7; p<0.05) hence it failed to reject
the Null hypothesis, despite exposure of the
participants to the usual clinic teachings about
lifestyle changes in their respective clinics.

Table 4 compared the variable means in the
experiment group. The mean difference between
the HBALc at the beginning of the intervention
and after 3 months showed a significant
reduction of 2.4% which meant a better blood
glucose control - 95%CI: -2.4(-3.1 - 1.6:
p<0.05), hence rejecting the Null hypothesis.
The independent variable of lifestyle
modification change uptake measured by the
behavioral scores mean at the start of the
experiment and after 3 months showed a
significant difference - 95%CI: 40.6(37.7 —43.6;
p<0.05), which rejected the Null hypothesis and
showed that the lifestyle behavior of the
participants changed significantly after 3 months
of the intervention.

Discussion

The double dilemma encountered by patients
with TBDM  comorbidity  cannot be
overemphasized. The diabetes is worsened on
treating TB in these patients with the first line
drugs — Rifampicin and Isoniazid. These drugs
undermine the activities of the blood glucose
lowering drugs primarily used to manage

diabetes (Metformin and Sulfonylureas), thereby
worsening the disease condition. The other
medication that is an alternative to these first line
affordable diabetic drugs is insulin, which is
expensive and not within the reach of the low-
and middle-income earners in the rural
communities [12]. These communities in
Nigeria are under insured with less than 5% of
them having one form of health insurance policy
or another [15].

The dependent variable measured in the
intervention was the blood glucose level using
the HBA1c level as indicator of the control of
diabetes, as a lower level depicted a better
control. “Figure 5” compared the HBALc levels
in the control cohort with the intervention group.
There was an increase of the mean value of the
HBAlc by 1.19 (8.74 to 9.93) in the control
group after 3 months of treatment compared to
the value at baseline, while the HBAlc
decreased in the experiment group by 2.4 (11.28
to 8.88). The control group showed a worsening
of the blood glucose control despite treatment
with the sulfonylureas and metformin, whereas
the control of blood glucose level improved in
the intervention cohort with treatment with same
drugs — metformin and sulfonylureas.

“Figure 6” compared the behavior change
uptake in the control cohort compared with the
intervention group. The control group bar chart
showed no significant change in the height of the
bars — 90.32 and 90.36, baseline and after 3
months. There was no significant uptake despite
the usual clinic counseling in their respective
clinics. In the experiment group, the uptake at
baseline was about 60 and after 3 months it rose
to about 100 which showed that there was uptake
of the behavioral changes in this group. This
study was based on the use of the health
promotional  framework  PRECEDE -
PROCEED for a quasi-experiment employing its
constructs to measure behavior changes with
behavioral theories underpinning it.



HBA1c LEVELS IN THE GROUPS
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Figure. 5. Comparison of Experimental & Control Groups Blood Glucose Control Mean HBA1c Levels
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Figure. 6. Comparison of Experimental & Control Groups Mean Behavior & Education Uptake Score

This result followed the same pattern as some
studies in literature. One study measured the
HBAJc levels of some middle-aged women that
were involved in postural corrective exercise for
about 20 weeks with a significant HBAlc
reduction [33]. Another study showed that
exercise and diet reduced blood glucose
significantly and found out that there were
cellular and molecular mechanism responsible
for the effect of exercise on target organs leading
to blood glucose reduction, in line with this

10

study design and results [34]. In a study by Yang
et al, a new hormone Irisin was discovered to be
responsible for the conversion of the white fat to
brown fat which can be metabolized and can
only be secreted during exercise, and this was in
line with the result in this study [35]. The LOOK
AHEAD ILI (Intensive Lifestyle Intervention)
study showed a reduction in the HBA1c [36]. A
study showed the superiority of intensive
lifestyle intervention over healthy lifestyle
teaching in producing HBAlc reduction and



supported our findings in this report [37]. The
study on the use of digital lifestyle intervention
on Diabetes self-management showed a
reduction in HBAlc over a period of three
months in conformity with the findings in this
study. [38]. Merino, J in the clinical review of
evidence supporting diet as means of controlling
Diabetes stated that Diet is a fundamental
principle in the management of Diabetes
mellitus. It went further to develop the concept
of precision nutrition which was an overflow
from population based dietary plan [39]. This
was what was adopted in this research as the diet
was individualized from a planned diet using our
local menu as the population of study was rural.
In a meta-analysis on the effect of carbohydrate
restriction on the control of DM, it was found out
that reduction in the dose of carbohydrate by
10% resulted in a 0.2% reduction of the HBAlc
over a period of 6 months [40]. This study agrees
with this study as the reduction in the
carbohydrate intake among the participants as
part of the dietary plan contributed to the
reduction of HBALc in the experiment group. A
researcher found out that using a theory-based
approach in teaching lifestyle modifications
resulted in a better diabetic control [41], which
was in line with the framework of this study. It
was found in a study that diet has same effect of
reducing blood glucose compared to that of
Bariatric bypass surgery, and this study used diet
as one of the tools to reduce the blood glucose in
the TBDM participants [42]. This study
followed the higher female than male prevalence
of Diabetes [43].

There was under coverage in enrolment
because some people usually patronize
traditional healers and religious worship centers
for healing. In this study only interested ones
enrolled and this excluded those not interested
hence selection bias. Certain categories of
patients were excluded to eliminate confounders
like those on chronic disease medications which
showed survivorship enrolment bias. Non-
responders were replaced in the study and there
was recall bias in filling out the questionnaires

1"

during the study. All limit
generalization of results.

To reduce the above limitations this study has
to be carried out with a larger population to
include other TBDM patients in other non-
governmental centers like private health
facilities, Herbal homes and religious worship
centers. Other regions in Nigeria apart from the
Southwest should have this study done, which
will increase the power and enable extrapolating
the finding to the general population and used as
a national data. Another study on this subject of
TBDM should last up to 6 months to determine
all other indices of poor outcome especially drug
resistance, relapse, and death. The lifestyle
modification used in this study should be
adopted as an integral part of the care plan of
TBDM patients especially in the low resource
communities as part of a public health
intervention for a better control of their blood
glucose, which will result in a better treatment
outcome. It is simple and easily adapted to any
community whether rural or urban as a public
health solution to TBDM treatment failure.

these may

Conclusion

The objective of this study has been achieved.
The lifestyle modification suitable for the low
resource communities was designed and
implemented in this study. This paper was based
on a study where the PRECEDE framework
originally designed for health promotion was
configured to an experimental tool and
integrating other behavior theories. This paper
has shown that anti TB drugs affect the oral
hypoglycemic drugs, which adversely affect the
control of blood glucose. This was demonstrated
in the control cohort where the HBA1c increased
after 3 months instead of decreasing showing
worsening of the diabetic control- 95%CI:
1.1(0.2 — 2.1; p<0.05). The use of lifestyle
intervention as an adjunct to the normal diabetic
treatment in TBDM comorbidity had a positive
outcome with a reduction in the HBA1c level
within twelve weeks as demonstrated in the
intervention group - 95%Cl: -2.4(-3.1 — 1.6:



p<0.05).

This experiment clearly lowered the blood
sugar level which showed a better management
of Diabetes in TB patients with Diabetes than
without the intervention among the participants.

Conflict of Interest

There is no conflict of interest in this study.

References

[1] Saklayen M. G. (2018). The Global Epidemic of
the Metabolic Syndrome. Current hypertension
reports, 20(2), 12. https://doi.org/10.1007/s11906-
018-0812-z.

[2] Dunachie, S., & Chamnan, P. (2019). The double
burden of Diabetes and global infection inlow and
middle-income countries. Transactions of the Royal
Society of Tropical Medicine andHygiene, 113(2),
56-64. https://doi.org/10.1093/trstmh/try124.
[3]Lin, X., Xu, Y., Pan, X. et al. (2020). Global,
regional, and national burden and trend ofDiabetes in
195 countries and territories: an analysis from 1990
to 2025. SciRep 10, 14790.
https://doi.org/10.1038/s41598-020-71908-9.

[4] Khan, M., Hashim, M. J., King, J. K., Govender,
R. D., Mustafa, H., & Al Kaabi, J. (2020).
Epidemiology of Type 2 Diabetes - Global Burden of
Disease and Forecasted Trends. Journal of
epidemiology and global health, 10(1), 107-111.
https://doi.org/10.2991/jegh.k.191028.001.
[5]World Health Organization. (2021). Diabetes.
https://www.who.int/news-room/fact-
sheets/detail/diabetes.

[6] Amanat, S., Ghahri, S., Dianatinasab, A,
Fararouei, M., & Dianatinasab, M. (2020). Exercise
and Type 2 Diabetes. Advances in experimental
medicine and biology, 1228, 91-105.
https://doi.org/10.1007/978-981-15-1792-1_6.
[7]World Health Organization. (2021).
communicable

[8] diseases.  https://www.who.int/news-room/fact-
sheets/detail/noncommunicable-diseases.

[9] Koye, D. N., Magliano, D. J., Nelson, R. G., &
Pavkov, M. E. (2018). The Global Epidemiology of

Non-

12

Acknowledgements

I thank my wife for her encouragement during
the research work, the field workers especially
Adetola Oyatokun, and Professor Nnodimele
Atuloma for guiding me throughout the research
work. | am grateful to my teachers at Texila
American University who were a source of
inspiration for me during this study.

Diabetes and Kidney Disease. Advances in chronic
kidney disease, 25(2), 121- 132.
https://doi.org/10.1053/j.ackd.2017.10.011.

[10] Afroz, A., Alramadan, M. J., Hossain, M. N.,
Romero, L., Alam, K., Magliano, D. J., & Billah, B.
(2018). Cost-of-illness of type 2 diabetes mellitus in
low and lower-middle-incomecountries: a systematic
review. BMC health services research, 18(1), 972.
https://doi.org/10.1186/s12913-018-3772-8.
[11]World Health Organization. (2020).
Tuberculosis. https://www.who.int/news-room/fact-
sheets/detail/tuberculosis. Assessed 15/04/21.
[12]Silva, D. R., Mufioz-Torrico, M., Duarte, R.,
Galvéo, T., Bonini, E. H., Arbex, F. F., Arbex, M. A,,
Augusto, V. M., Rabahi, M. F., & Mello, F. (2018).
Risk factors for tuberculosis: diabetes, smoking,
alcohol use, and the use of other drugs. Jornal
brasileiro de pneumologia : publicacao oficial da
Sociedade Brasileira de Pneumologia e Tisilogia,
44(2), 145-152. https://doi.org/10.1590/51806-
37562017000000443.

[13] York E, Atiase Y, et al. (2017). The Bidirectional
Relationship between Tuberculosis and Diabetes.
Tuberculosis Research and Treatment. 1702578.
https://doi.org/10.1155/2017/1702578.

[14]Agha MA, Yousif M, Shehab-Eldin W, EI-
Helbawy NG, Moustafa RG, Sweed EM. 2020.
Latent tuberculosis infection among patients with
type 2 diabetes mellitus. Egypt J Chest Dis
Tuberc.;69:277-83.
http://mww.ejcdt.eg.net/text.asp?2020/69/2/277/284
334.

[15]Niazi, A. K., & Kalra, S. (2012). Diabetes and
tuberculosis: a review of the role of optimal glycemic
control. Journal of Diabetes and metabolic disorders,
11(1), 28. https://doi.org/10.1186/2251-6581-11-28.


https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1093/trstmh/try124
https://doi.org/10.1038/s41598-020-71908-9
https://doi.org/10.2991/jegh.k.191028.001
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://doi.org/10.1007/978-981-15-1792-1_6
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1053/j.ackd.2017.10.011
https://doi.org/10.1186/s12913-018-3772-8
https://www.who.int/news-room/fact-sheets/detail/tuberculosis.%20Assessed%2015/04/21
https://www.who.int/news-room/fact-sheets/detail/tuberculosis.%20Assessed%2015/04/21
https://doi.org/10.1590/s1806-37562017000000443
https://doi.org/10.1590/s1806-37562017000000443
https://doi.org/10.1155/2017/1702578
http://www.ejcdt.eg.net/text.asp?2020/69/2/277/284334
http://www.ejcdt.eg.net/text.asp?2020/69/2/277/284334
https://doi.org/10.1186/2251-6581-11-28

[16]Alawode, G.O., Adewole, D.A. (2021).
Assessment of the design and implementation
challenges of the National Health Insurance Scheme
in Nigeria: a qualitative study among sub- national
level actors, healthcare and insurance providers.

BMC Public Health 21,124,
https://doi.org/10.1186/s12889-020-10133-5.
[17]Riza, A., Pearson, F., Ugarte-Gil, C,

Alisjahbana, B., et al. (2014). Clinical management
of concurrent Diabetes and Tuberculosis and the
implications for patient services. Lancet Diabetes
Endocrinol 2014; 2: 74-53. https://ghdonline.org >
Lancet_Diab_Endo.

[18] Esourceresearch.  (2021).
Cognitive Theory.
ps://www.esourceresearch.org/exploring-social-
cognitive-theory/.

[19] Doshmangir, P., Jahangiry, L., Farhangi, M. A,
Doshmangir, L., & Faraji, L. (2018). The
effectiveness of theory- and model-based lifestyle
interventions on HbALlc among patients with type 2
diabetes: a systematic review and meta-analysis.
Public health, 155, 133-141.
https://doi.org/10.1016/j.puhe.2017.11.022.

[20] Simonds, V. Watts and Rudd, . Rima E. (2016).
Diffusion of innovations. Encyclopedia Britannica.
https://www.britannica.com/topic/diffusion-of-
innovations.

[21]Rogers, L., Matevey, C., Hopkins-Price, P.,
Shah, P., Dunnington, G., Courneya, K. (2004)
Exploring Social Cognitive Theory Constructs for
Promoting Exercise Among Breast Cancer Patients,
Cancer Nursing: 27; 6 :462-473.

[22]Ryan P. (2009). Integrated Theory of Health
Behavior Change: background and Intervention
development. Clinical nurse specialist CNS, 23(3),
161-172.
https://doi.org/10.1097/NUR.0b013e3181a42373.
[23] Shabibi, P., Zavareh, M., Sayehmiri, K,
Qorbani, M., Safari, O., Rastegarimehr, B., &
Mansourian, M. (2017). Effect of educational
Intervention based on the Health Belief Model on
promoting self-care behaviors of type-2 diabetes
patients. Electronic physician, 9(12), 5960 5968.
https://doi.org/10.19082/5960.

[24] Dehghani-Tafti, A., Mazloomy Mahmoodabad,

Exploring  Social
htt

13

S. S., Morowatisharifabad, M. A., Afkhami
Ardakani, M., Rezaeipandari, H., & Lotfi, M. H.
(2015). Determinants of Self-Care in Diabetic
Patients Based on Health Belief Model. Global
journal of health science, 7(5), 33-42
https://doi.org/10.5539/gjhs.v7n5p33.

[25] Shrivastava, S. R., Shrivastava, P. S., &

Ramasamy, J. (2013). Role of self-care in
management of Diabetes mellitus. Journal of
Diabetes and metabolic disorders, 12(1), 14.

https://doi.org/10.1186/2251-6581-12-14. Accessed
28/05/21.

[26] Moshki, M., Dehnoalian, A., & Alami, A.
(2017). Effect of Precede-Proceed Model on
Preventive Behaviors for Type 2 Diabetes Mellitus in
High-Risk Individuals. Clinical nursing research,
26(2), 241-253.
https://doi.org/10.1177/1054773815621026.
[27]Green, L.W. (1974). Towards cost-benefit
evaluations of health education: some concepts,
methods, and examples. Health Education
monographs 2 (Suppl. 2): 34-64.
https://en.m.wikipedia.org.

[28] Tavakoly Sany, S. B., Ferns, G. A., & Jafari, A.
(2020). The Effectiveness of an Educational
Intervention Based on Theories and Models on
Diabetes Outcomes: A Systematic Review. Current
diabetes reviews, 16(8), 859-868.
https://doi.org/10.2174/15733998166661912231103
14.

[29] Zare, S., Ostovarfar, J., Kaveh, M. H., & Vali, M.
(2020). Effectiveness of theory-based diabetes self-
care training interventions; a systematic review.
Diabetes & metabolic syndrome, 14(4), 423-433.
https://doi.org/10.1016/j.dsx.2020.04.008.

[30] Doshmangir, P., Jahangiry, L., Farhangi, M. A,,
Doshmangir, L., & Faraji, L. (2018). The
effectiveness of theory- and model-based lifestyle
interventions on HbAlc among patients with type 2
diabetes: a systematic review and meta-analysis.
Public health, 155, 133-141.
https://doi.org/10.1016/j.puhe.2017.11.022.

[31] Centers for Disease Control and Prevention
(.gov). > meal-plan-method.
https://www.cdc.gov.

[32] Wolff, K., Cavanaugh, K., Malone, R., et al.

eat-well >


https://doi.org/10.1186/s12889-020-10133-5
https://www.esourceresearch.org/exploring-social-cognitive-theory/
https://www.esourceresearch.org/exploring-social-cognitive-theory/
https://www.esourceresearch.org/exploring-social-cognitive-theory/
https://doi.org/10.1016/j.puhe.2017.11.022
https://www.britannica.com/topic/diffusion-of-innovations
https://www.britannica.com/topic/diffusion-of-innovations
https://doi.org/10.1097/NUR.0b013e3181a42373
https://doi.org/10.19082/5960
https://doi.org/10.5539/gjhs.v7n5p33.
https://doi.org/10.1186/2251-6581-12-14.%20Accessed%2028/05/21
https://doi.org/10.1186/2251-6581-12-14.%20Accessed%2028/05/21
https://doi.org/10.1177/1054773815621026
https://en.m.wikipedia.org/
https://doi.org/10.2174/1573399816666191223110314
https://doi.org/10.2174/1573399816666191223110314
https://doi.org/10.1016/j.dsx.2020.04.008
https://doi.org/10.1016/j.puhe.2017.11.022
https://www.cdc.gov/

(2009). The Diabetes Literacy and Numeracy
Education Toolkit (DLNET): materials to facilitate
diabetes education and management in patients with
low literacy and numeracy skills. The Diabetes

Educator. 35(2):233-6, 238-41, 244-5. DOI:
10.1177/0145721709331945.

[33]Africa, S. S. (2006). Diabetes Education
Training Manual.

www.worlddiabetesfoundation.org.

[34]Wenzel, 1. C. ., Silva, K. A. ., Furino, V. de O. .,
Duarte, F. O. ., Castro, C. A. de, & Duarte, A. C. G.
0. (2022). Impact of Postural Corrective Training
(TCP®) on overall glycemic control in diabetic
middle-aged women. Research, Society and
Development, 11(14), €194111435600.
https://doi.org/10.33448/rsd-v11i14.35600).

[35] Kirwan, J. P., Sacks, J., & Nieuwoudt, S. (2017).
The essential role of exercise in the management of
type 2 diabetes. Cleveland Clinic journal of medicine,
84(7 Suppl 1), S15-S21.
https://doi.org/10.3949/ccjm.84.51.03.

[36] Yang D, Yang Y, Li Y, Han R. (2019). Physical
Exercise as Therapy for Type 2 Diabetes Mellitus:
From Mechanism to Orientation. Ann Nutr Metab.
74:313-321. DOI: 10.1159/000500110.

[37]Katula, J. A., Kirk, J. K., Pedley, C. F., Savoca,
M. R., Effoe, V. S., Bell, R. A, Bertoni, A. G., &
LIFT Diabetes Team (2017). The Lifestyle
Intervention for the Treatment of Diabetes study
(LIFT Diabetes): Design and baseline characteristics
for a randomized translational trial to improve control
of cardiovascular disease risk factors. Contemporary
clinical trials, 53, 89-99.
https://doi.org/10.1016/j.cct.2016.12.005.

[38] Alessandra Celli, Yoann Barnouin, Bryan Jiang,
Dean Blevins, Georgia Colleluori, Sanjay Mediwala,
Reina Armamento-Villareal, Clifford Qualls, Dennis

14

T. Villareal. (2022). Lifestyle Intervention Strategy to
Treat Diabetes in Older Adults: A Randomized
Controlled Trial. Diabetes Care. 45 (9), 1943-1952.
https://doi.org/10.2337/dc22-0338.

[39] Bretschneider, M. P., Klasek, J., Karbanova, M.,
Timpel, P., Herrmann, S., & Schwarz, P. E. H.
(2022). Impact of a Digital Lifestyle Intervention on
Diabetes Self-Management: A Pilot Study. Nutrients,
14(9), 1810. https://doi.org/10.3390/nu14091810.
[40] Merino, J. (2022). Precision nutrition in diabetes:
when population-based dietary advice gets personal.
Diabetologia 65, 1839-1848.
https://doi.org/10.1007/s00125-022-05721-6.
[41]Jayedi, A., Zeraattalab-Motlagh, S. et al. (2022).
Dose-dependent effect of carbohydrate restriction for
type 2 diabetes management: a systematic review and
dose-response  meta-analysis  of  randomized
controlled trials, The American Journal of Clinical
Nutrition. 116(1): 40-56.
https://doi.org/10.1093/ajcn/ngac066.

[42] Sami, W., Ansari, T., Butt, N. S., & Hamid, M.
R. A. (2017). Effect of diet on type 2 diabetes
mellitus: A review. International journal of health
sciences, 11(2), 65-71.

[43] Yoshino, M., Kayser, B. D., Yoshino, J., Stein,
R. 1., Reeds, D., Eagon, J. C., ... & Klein, S. (2020).
Effects of diet versus gastric bypass on metabolic
function in diabetes. New England Journal of
Medicine, 383(8), 721-732.

[44] Enikuomehin, A., Kolawole, B. A., Soyoye, O.
D., Adebayo, J. O., & lkem, R. T. (2020). Influence
of gender on the distribution of type 2 diabetic
complications at the obafemi awolowo teaching
hospital, Ile-Ife, Nigeria. African health sciences,
20(1), 294-307.
https://doi.org/10.4314/ahs.v20i1.35.


http://www.worlddiabetesfoundation.org/
https://doi.org/10.33448/rsd-v11i14.35600
https://doi.org/10.3949/ccjm.84.s1.03
https://doi.org/10.1016/j.cct.2016.12.005
https://doi.org/10.2337/dc22-0338
https://doi.org/10.3390/nu14091810
https://doi.org/10.1007/s00125-022-05721-6
https://doi.org/10.1093/ajcn/nqac066
https://doi.org/10.4314/ahs.v20i1.35



