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Background: In the past decade, the prevalence of diabetes has grown more rapidly in low-
and middle-income countries than in high-income countries. In 2019, Ethiopia is the fourth
highest contributor to cases with diabetes in Africa with 1.7 million total cases. The present
study was aimed to determine the prevalence of abnormal glucose metabolism and associated
factors in Mekelle city, Northern Ethiopia.

Methods and Materials: Community-based cross-sectional study was conducted among
321 randomly selected participants aged 20 years and above. Sociodemographic, lifestyle,
clinical, and anthropometric data were collected in accordance with the STEPwise approach
as recommended by the World Health Organization (WHO) for non-communicable disease
(NCDs) surveillance. Blood glucose and lipid profiles were determined using a fasting
venous blood sample. Bivariate and multivariable logistic regression analysis was used to
identify factors associated with abnormal glucose metabolism. The level of statistical
significance was set at p <0.05.

Results: More than half (54.8%) of the participants were women with an overall mean
(£SD) age of 39.0 (x14.2) years. The overall prevalence of pre-diabetes and diabetes was
12.5% and 9.3%, respectively, with a mean (+SD) fasting blood glucose of 97.42 (+38.03)
mg/dL. More than two-thirds (70.0%) of adults with diabetes were not aware of being
diabetes. Advanced age, hypercholesterolemia, medium and high rank of heart rate, and
raised waist to height ratio were significantly associated with a higher risk of pre-diabetes,
whereas having house servant, systolic hypertension, and hypercholesterolemia were sig-
nificantly associated with diabetes.

Conclusion: We found a high prevalence of prediabetes and diabetes with more than two-
thirds (70.0%) of newly diagnosed adults with diabetes, which showed a lack of awareness in
the community. Awareness creation together with access to basic diagnostics in the primary
health-care settings should therefore be a top priority to prevent its progression and
complication.
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Background

Diabetes Mellitus (DM) is a chronic disease resulting from inadequate secretion of
insulin, insulin insensitivity, or both."* DM is a global public health problem due to its
high prevalence and a strong link with different health complications.> DM leads to
long-lasting complications such as kidney failure, nerve damage, loss of vision, leg
amputation, and Cardiovascular Disease (CVD) in chronic uncontrolled conditions.*”’
Around 75-80% of people with diabetes die due to CVD complications.® The number
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of people living with DM worldwide was 463 million in 2019
and projected to rise to 578 million by 2030. In the same year,
around 4.2 million people aged 20-79 years were estimated
to die, contributing 11.3% of all global deaths. Globally, over
50% of people with diabetes are undiagnosed.” In the past
decade, the prevalence of diabetes has grown more rapidly in
low and middle-income countries than in high-income
countries.'® Most cases of diabetes live in low and middle-
income countries and these countries will experience the
greatest increase over the next years.'!'?

More than 45 million and 19 million people in Africa
have prediabetes and diabetes with an age-adjusted com-
parative prevalence of 10.1% and 4.7%, respectively. By
2045, diabetes is forecasted to increase by 143% (47 mil-
lion) in Africa, almost three times the world forecast
(51%). Africa has the highest proportion of undiagnosed
diabetes with 3 out of 5 people who do not know their
status. In 2019, diabetes killed 366,200 people in Africa.”
According to systematic review finding in Africa, the
prevalence of diabetes ranged from 2.6% in rural Sudan
to 20.0% in urban Egypt.'® Increasing aging population,
rapid urbanization, overweight and obesity, sedentary life-
style, and excessive intake of alcohol and unhealthy diets
were identified as significant predictors to the escalation of
DM worldwide.”'* The prevalence of DM in Africa is
forecasted to triple in the coming 25 years involving
young populations too, because of increasing sedentary
lifestyle, fast-growing urbanization, and a shift from
local traditional to processed foods.”'?

Ethiopia is the fourth highest contributor of cases with
DM in Africa in 2019, with 1.7 million total cases; 4.3% age-
adjusted comparative prevalence; and 23,157 total deaths
among 20-79 years old population.” STEPS survey con-
ducted in Ethiopia among 15-69 years old population
found a prevalence of 9.1% and 3.2% for pre-diabetes and
diabetes, respectively.'® Study conducted in the Koladiba
district among adults also found a prevalence of 12.0% and
2.3% for pre-diabetes and diabetes, respectively.'” Another
study conducted in the capital city Addis Ababa among
federal police members aged 18-55 years found 13.0%
hyperglycemia, with higher pre-diabetes (8.0%) compared
to diabetes (5.0%).'® However, most previous studies con-
ducted in Ethiopia use a simple glucometer to measure glu-
cose using a capillary blood sample from finger pricking, all

of which may compromise the quality of the test.'”

Besides, some are institutional-based studies'®'” and others
21-23

are conducted in small towns, which greatly affect their

representativeness. According to different studies conducted

in Ethiopia, hypertension,'’'** increased Body Mass Index

(BMI),”*21 central obesity,zo’zl’24 advanced age,24 male sex
and raised triglyceride'® were identified as significant risk
factors for abnormal glucose metabolism.

In the past 1 to 2 decades, Ethiopia has experienced
significant lifestyle changes with rapid population growth
and urbanization, which are considered as the main risk
factors of abnormal glucose metabolism. Besides, the
country has a weak health system to make early diagnosis
and management of diabetes. After the clinical manifesta-
tion of complications, it will be too difficult to reverse and
overcome abnormal glucose metabolism. Early detection,
intervention, and avoidance of risk factors have paramount
benefit, which is only possible when there is evidence
showing the level of the problem and its associated risk
factors. However, a limited number of pocket studies were
conducted in Ethiopia, most of which were institutional-
based; conducted in small towns; used poor quality testing
device (glucometer), and random capillary blood from
finger pricking. Besides, no community-based study was
conducted in the study area in particular and Northern
Ethiopia in general. Therefore, the aim of the present
study was to generate evidence on the prevalence of
abnormal glucose metabolism and its associated risk fac-
tors among adult residents of Mekelle city, Northern
Ethiopia.

Methods and Materials
Study Design, Setting, and Population

Community-based cross-sectional study was conducted
among 321 adult study participants in Mekelle city,
Northern Ethiopia from July to September 2019.
Mekelle, the second-largest city in Ethiopia, is the capital
city of Tigray regional state; which is located at 783 km to
the north of the capital city, Addis Ababa. In 2019,
Mekelle city has a total population of 505,000, of whom
48.1% (242,905) are adults aged 20 years and above. All
adults aged 20 years and above living in Mekelle city at
least for 6 months were considered as the study popula-
tion. Pregnant women and the first 6 months of lactating
mothers were excluded from the study.

Sample Size Determination and Sampling
Procedure

A single population proportion formula was used to deter-
mine the sample size by considering the proportion of
abnormal glucose metabolism at Koladiba town 14.3%,'”
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95% level of confidence, 4% margin of error, and 80%
power. The calculation resulted in 295 and after adding
10% (n =
response rate, the total sample size was 325. The total

30) of the calculated sample size for non-

sample size was proportionally allocated to the seven
sub-cities and we have selected households using a simple
random sampling technique (computer-based random
number generator) using the health extension workers’
family folder as a sampling frame in each sub-city.
Besides, within the household, a single adult individual
was selected by lottery method from among all the eligible
individuals (Figure 1).

Data Collection Tools and Procedures

Six health professionals (four data collectors, one labora-
tory analyzer, and one supervisor) were deployed to collect
the data. Of the four data collectors, three were first-degree
holder public health professionals and the fourth one was a
first-degree holder medical laboratory technologist. The
laboratory technologist was responsible for blood sample
collection, handling, and transport to the laboratory in the
regional health research institute. A second-degree holder
medical laboratory technologist with a specialization in

clinical chemistry was also assigned to conduct the labora-
tory tests. The data collectors were trained for two days
covering how to conduct face-to-face interviews, anthro-
pometric measurements, how to measure blood pressure,
and how to collect blood samples (including sample col-
lection, handling, storage, and transport to the laboratory).
The average time required to collect data from one parti-
cipant was 30 minutes and the total duration of the data
collection time was two months.

Trained public health professionals conducted a face-
to-face interview using a structured questionnaire adapted
from the WHO STEPwise approach to NCDs surveillance
tool.>> Portable stadiometer (UNICEF SECA) was used to
measure height to the nearest 0.1 cm. During height mea-
surement, the subjects positioned at the Frankfurt plane
without shoes, and the four points (heel, calf, buttock, and
shoulder) touching the vertical stand was checked. Waist
Circumference (WC) was measured to the nearest 0.1 cm
at the midway between the lowest costal margin of the
midclavicular line and the anterior superior iliac spine
using fixed tension tape. Hip circumference was also
taken to the nearest 0.1 cm at the level of the greater
trochanter of the femur with the subjects wearing a pant.

Total Population of Mekelle city
505,000

Adults =20 years (48.1%)
242,905

N = 325, proportionally allocated
to the 7 sub-cities

Hawelti Hadnet Ayder Semien Adihaki Quiha Kiweyane
46,222 42,518 34,397 33,281 33,103 20,308 24,074
n=062 n=357 n =46 n=45 n=44 n=239 n=32
Total
sample
N=325 |
Figure | Flow chart of the sampling procedure using proportional allocation (n = 321).
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Weight was measured using a digital scale (UNICEF
SECA) with light closes and without shoes. The validity of
the weighing scale was checked before starting each mea-
surement using a known weight. All anthropometric mea-
surements were done in triplicate and the average values
were used for further analyses. All measurement data were
obtained using standardized techniques and calibrated
equipment.”® Blood pressure was measured using digital
blood pressure measuring apparatus in triplicate after five
minutes of rest and the subsequent measurements were
done five minutes apart. The mean Systolic Blood
Pressure (SBP) and Diastolic Blood Pressure (DBP) were
considered for analyses. Full data were collected from 321
participants.

Blood Sample Collection and Laboratory
Analysis

Study participants were appointed the next day after data
collection to their nearest health facility to give fasting venous
blood (after at least 10 hours of fasting) in the early morning
(8:00 am — 9:00 am). Approximately 5 mL of venous blood
was collected from each participant for Fasting Blood Glucose
(FBG), High-Density Lipoprotein Cholesterol (HDL-C), tri-
glyceride, Low-Density Lipoprotein Cholesterol (LDL-C),
and total cholesterol tests. An appropriate test tube was used
to minimize the consumption of glucose by cells in the blood
and serum was separated within 30 minutes of blood collec-
tion. After retracting the clot, the sample was centrifuged at
4000 revolutions per minute for 5 minutes and 2.5 mL pure
serum sample was transferred to Nunc tube. The sample was
analyzed using Bio-system A25 automated clinical chemistry
machine (Spain). Before sample analysis, the machine was
checked using controls and blank on a daily basis. We proceed
to the sample analysis once the test was passed for blank and
controls (normal and pathological).

Data Quality Control

To ensure the quality of data, the data collectors were
selected by their experience in data collection and local
language skills. Two days of training were given for all
data collectors and the supervisor. The questionnaire was
translated to the local language (Tigrigna) by native speak-
ers and back-translated to English to check the consistency.
The data collection tools were pretested in 5% (n = 16) of
the sample size in a different site to check the completeness,
consistency, sensitivity, and applicability and were ratified
accordingly. The supervisor has closely supervised the data

collection process; crosschecked all the filled question-
naires on daily basis for completeness, clarity, and consis-
tency. Every evening, a discussion has been arranged with
the data collection team to identify and address any diffi-
culties encountered during fieldwork. The weighing scale
was calibrated using known weight before starting in the
early morning and between each measurement. Besides,
experienced laboratory technologist conducted the labora-
tory tests in the regional health research institute following
standard operating procedure.

Definition of Terms

Abnormal glucose metabolism is defined as FBG
>5.56 mmol/L (=100 mg/dL) or on diabetes medication.
Diabetes mellitus is defined as FBG >7.00 mmol/L (>126
mg/dL) or on diabetes medication. Impaired fasting glu-
cose (IFG) or prediabetes is defined as FBG 5.56-
<7.00 mmol/L (100-125 mg/dL). Normal glucose metabo-
lism is defined as FBG <5.56 mmol/L (<100 mg/dL).
Raised WC or central obesity is defined as WC >94 c¢m
for men and >80 cm for women.?’

Metabolic syndrome is defined as a compulsory raised
WC of 294 cm for men and >80 cm for women plus two of
the remaining four metabolic syndrome components, ele-
vated triglyceride >150 mg/dL; low HDL-C <1.03 mmol/L
(<40 mg/dL) for men and <1.3 mmol/L (<50 mg/dL) for
women; raised blood pressure >130/85 mmHg or on
hypertension treatment; and raised FBG >5.56 mmol/L
(>100 mg/dL) or on diabetes treatment.”’

Dyslipidemia is defined as lipid profile that consists of
the following abnormalities, either singly or in combina-
tion. Total cholesterol >5.17 mmol/L (>200 mg/dL); LDL-
C >3.36 mmol/L (=130 mg/dL); HDL-C <1.03 mmol/L
(<40 mg/dL) for men, <1.3 mmol/L (<50 mg/dL) for
women; and triglyceride >1.7 mmol/L (>150 mg/dL).*®

Based on blood pressure, an individual is classified as
normotensive (<130/85 mmHg); pre-hypertensive (>130-
139/85-89 mmHg); and hypertensive (>140/90 mmHg or
on anti-hypertensive medication) for SBP and DBP,
respectively.

BMI was calculated by dividing weight in kilogram
(kg) by the squared meter (m?) of height. Participants with
BMI <18.5 kg/m? are classified as underweight; 18.5-24.9
kg/m® as normal; 25.0-29.9 kg/m* as overweight; and
>30.0 kg/m? as obese.”’

Waist to height ratio was calculated by dividing WC in
cm by the height in cm, and raised waist to height ratio
was considered when >0.49 in men and >0.50 in women.
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Waist to hip ratio was calculated by dividing WC in cm by
the hip circumference in cm and raised waist to hip ratio
was considered when >0.88 in men and >0.82 in women.>”

Household wealth (19 variables indicating ownership
of different household assets including house ownership,
ownership of a car, bicycle, refrigerator, cheap utensils,
expensive utensils, mobile, laundry machine, television,
having house servant, access to electricity, access to
clean water, separate sleeping room, floor quality, toilet
quality, dining table, sofa, cupboard for clothes, and cup-
board for utensils) was recorded and used to generate
wealth tertiles (poor, medium, and rich) using Principal
Component Analysis.>'

Study participants were considered as smokers if they
smoked any tobacco product at least occasionally, and as
alcohol consumers, if they drunk at least twice a week of
any alcoholic stuff. Physical activity was measured using
the WHO global physical activity questionnaire.”> The
questionnaire assessed work-related activity, walking,
sport and recreational activity, and time spent sitting per
day. Work-related activities were categorized as work invol-
ving vigorous, moderate, and low-intensity activities with
large, small, and no increases in breathing or heart rate for at
least 10 minutes, respectively. Participants were categor-
ized as physically active if they do at least 150 minutes and
75 minutes of moderate-intensity work or vigorous-inten-
sity work per week, respectively. Otherwise, participants
were categorized as physically inactive.

Data Analysis
Data were checked for completeness and consistency in
the hard copy. Four participants’ data were found to be
incomplete and thus excluded from the analysis. Data were
double entered into EPI data software version 3.1 to check
clerical errors, and were exported to Statistical Package for
the Social Sciences (SPSS) version 24 for analyses.
Descriptive analysis of the background characteristics of
participants was performed and normality was checked for
continuous variables. Data were summarized as mean +
standard deviation (SD) for continuous variables, and fre-
quencies and percentages for categorical variables.
Student’s #-test and Pearson’s Chi-square test were used
to assessing the associations between each factor and
categorical outcome variables.

Multivariable logistic regression analyses were done to
control potential confounding variables and to determine
and diabetes.

factors associated with prediabetes

Backward stepwise elimination was used to remove non-

significant variables until only statistically significant vari-
ables remained in the final logistic model at p <0.05.
Unadjusted and adjusted odds ratios and their correspond-
ing 95% Confidence Intervals (CI) were computed using
bivariate and multivariable logistic regression analysis.
The goodness of fit for the model was checked with the
Hosmer-Lemeshow test. The significant association was
declared at p <0.05 for the final logistic model.

Ethical Issues

The institutional review board of Jimma University has
approved the study with a reference number of IHRPGD/
349/2019. We have obtained a support letter to conduct the
study from all concerned health authorities (Tigray regio-
nal health bureau, Mekelle city zonal health office, and the
seven sub-cities’ district health offices). All participants
were informed of what is expected from them and their
rights using the information sheet. We have obtained writ-
ten informed consent from each participant. We have
linked participants with abnormal lipid profile, abnormal
glucose metabolism, and hypertension to their nearest
health facility for further investigation, counseling, and
treatment. This study was conducted in accordance with
the Declaration of Helsinki.

Results
Sociodemographic and Lifestyle

Characteristics of the Participants

Almost all the randomly selected adults (n = 321) partici-
pated in the study with a response rate of 98.8%. The
mean (£SD) age of the study participants was 39.0
(+14.2) years, ranged 20-92 years. More than half
(54.8%) of the participants were women. More than
three-quarters (73.2%) of the respondents were grade 8
and above, and a significantly higher proportion of men
were literate (p = 0.002). More than two-thirds (69.8%) of
the participants were married with a statistically significant
difference across gender (p = 0.001). Over half (62.3%) of
the participants were employed and one quarter (24.9%)
were housewives. A significantly higher proportion of men
were from households with poor wealth index (p =0.029).
One in twenty participants (5.0%) smoked tobacco and the
same number of study participants (5.0%) live with smo-
kers with all smokers being men (p <0.001). More than
three quarters (77.3%) of the participants drunk alcohol
with a statistically significant difference across gender
(p =0.003).
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Only 13.4% of individuals were engaged in formal
physical activity. Besides, a significantly higher proportion
of men walked more than 150 minutes weekly and
engaged in formal physical activity (p<0.001). Eight out
of ten (80.0%) and 10.0% of participants were engaged in
moderate and vigorous-intensity daily work, respectively
with a statistically significant difference across gender
(p = 0.044). The median fruit and vegetable intake of the
participants was one and two times a week, respectively
(Table 1).

Clinical and Anthropometric

Characteristics of the Participants

More than half (60.1%) of adults ever been measured their
blood pressure while around half (48.9%) of the participants
ever been measured their blood glucose. A significantly
higher proportion of women were ever been measured their
blood pressure and blood glucose (p<0.005). Besides, 10.0%
of participants were ever told having raised blood pressure
and 3.1% were on treatment for hypertension. Similarly,
4.7% were ever told having raised blood glucose and 1.2%

Table | Socio-Demographic, Lifestyle, and Behavioral Characteristics of the Participants Stratified by Sex (n = 321I)

Variables Categories Men (145=45.2%), Women (176=54.8%), Total, (321) p-value
n (%) n (%) n (%) x2It)

Age (mean (£SD)) 40.0 (x14.5) 38.2 (x14.0) 39.0 (£14.2) 0.259 (t-test)

Educational status Unable to read and 6 (4.1) 29 (16.5) 35 (10.9) 0.002*
write
Primary 20 (13.8) 31 (17.6) 51 (15.9)
Secondary 70 (48.3) 64 (36.4) 134 (41.7)
Tertiary 49 (33.8) 52 (29.5) 101 (31.5)

Marital status Single 49 (33.8) 30 (17.0) 79 (24.6) 0.001*
Married 91 (62.8) 133 (75.6) 224 (69.8)
Others® 534 13 (7.4) 18 (5.6)

Occupation Employed 124 (86.2) 75 (42.6) 199 (62.3) <0.001*
Housewife 0 (0.0 79 (44.9) 80 (24.6)
Unemployed 20 (13.8) 22 (12.5) 42 (13.1)

Wealth index Poor 59 (40.7) 47 (26.7) 106 (33.0) 0.029*
Medium 46 (31.7) 67 (38.1) 113 (35.2)
Rich 40 (27.6) 62 (35.2) 102 (31.8)

Smoking Yes 16 (11.0) 0 (0.0 16 (5.0) <0.001*
No 129 (89.0) 176 (100.0) 305 (95.0)

Living with smokers Yes 9 (6.2) 7 (4.0) 16 (5.0) 0.361
No 136 (93.8) 169 (96.0) 305 (95.0)

Alcohol consumption Yes 123 (84.8) 125 (71.0) 248 (77.3) 0.003*
No 22 (15.2) 51 (29.0) 73 (22.7)

Formal exercise Yes 38 (26.2) 4 (2.3) 42 (13.1) <0.001*
No 107 (73.8) 172 (97.7) 279 (86.9)

Walking minutes per week None 6 (4.1) 20 (11.4) 26 (8.1) <0.001*
1-149 18 (12.4) 87 (49.4) 105 (32.7)
=150 121 (83.5) 69 (39.2) 190 (59.2)

Intensity of activity of daily Low 15 (10.3) 17 (9.7) 32 (10.0) 0.044

work Moderate 109 (75.2) 148 (84.1) 257 (80.0)
Vigorous 21 (14.5) I (6.2) 32 (10.0)

Fruit intake per week (Median (IQR)) 1 (2) 1 (2) 1(2)

Vegetable intake per week (Median (IQR)) I (2) 2 (2) 2(2)

Note: *Significant difference, *(divorced, widowed, and separated).

Abbreviations: FET, Fisher’s exact test; XZ, chi-square; t, student’s t-test; SD, standard deviation; IQR, inter quartile range.
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were on treatment for diabetes. The mean (=SD) of FBG was
97.42 (£38.03) mg/dL, higher among men (101.02 (+38.86)
mg/dL) compared to women (94.45 (£37.17) mg/dL) with no
statistically significant difference across gender.

Almost one-third (30.8%) of the participants had raised
total cholesterol and a half (49.5%) had raised LDL-C with
no significant difference across gender. Besides, raised tri-
glyceride was detected in 40.2%, significantly higher
among men (51.0%) compared to women (31.2%)
(p<0.001). Only 16.5% of adults had low HDL-C with
significantly higher prevalence among women (21.6%)
compared to men (10.3%) (p = 0.007). Likewise, more
than one quarter (27.1%) of the participants were over-
weight and 13.1% were obese. More women were under-
weight (9.1%) and obese (16.5%) compared to men, among
whom the prevalence was 6.9% and 9.0%, respectively.
Similarly, around 43.6% of adults had central obesity with
a significantly higher proportion among women (54.5%)
compared to men (30.3%) (p<0.001). Besides, three-quar-
ters (74.8%) of the participants had elevated waist to hip
ratio, significantly higher among women (79.5%) compared
to men (69.0%) (p = 0.03). Likewise, raised blood pressure
was detected in 44.2% of the participants, with no signifi-
cant difference across gender (Table 2).

Prevalence of Abnormal Glucose

Metabolism

Of the total (321) participants, 40 (12.5%) had pre-dia-
betes while 30 (9.3%) had diabetes with an overall abnor-
mal glucose metabolism prevalence of 70 (21.8%). Of the
30 diabetic cases, 21 (70.0%) were newly diagnosed,
making the ratio of diagnosed to undiagnosed diabetes
1:2.3. The prevalence of pre-diabetes and diabetes were
slightly higher in men compared to women with no statis-
tically significant difference. The prevalence of both pre-
diabetes and diabetes was significantly increased with age
(p<0.001). The prevalence of pre-diabetes was 7.4% in the
lowest (20—39 years) age range, increased to 20.2% in the
medium (40—64 years) age range, and slightly decreased to
18.2% in the highest (=65 years) age range. The same is
true for diabetes with a prevalence of 5.8%, 14.7%, and
13.6% among 20-39 years, 40—64 years, and >65 years
age range, respectively. The highest prevalence of pre-
diabetes (17.1%) and diabetes (13.9%) were found
among adults who cannot read and write and with tertiary
education, respectively. Similarly, the highest (13.3%) pre-
valence of diabetes was documented in the medium tertile

of wealth index, and the prevalence of pre-diabetes was
almost the same in the medium (14.2%) and rich (14.7%)
tertile of the wealth index.

Both pre-diabetes and diabetes were significantly
increased with heart rate (p = 0.029). The prevalence of
prediabetes was 7.2%, 13.6%, and 16.8%, and that of dia-
betes was 4.5%, 11.7%, and 12.1% among participants with
low, medium, and high rank of heart rate, respectively.
Significantly higher prevalence of pre-diabetes and diabetes
were also observed among participants who have house
servant (p<0.001) and laundry machine (p = 0.012). Only
4.3% of subjects with normal WC had diabetes whereas the
prevalence was 14.4% in subjects with central obesity.
Likewise, the prevalence of pre-diabetes was 9.3% and
15.6% in subjects with normal WC and central obesity,
respectively. A higher proportion (19.5%) of overweight
participants had pre-diabetes, whereas a higher proportion
(21.4%) of obese participants had diabetes. That means
when adults develop overweight, they will become more
prone to pre-diabetes and when they move to obesity, they
will move to diabetes too. The same is true in blood pres-
sure, with more prediabetes (16.7%) and diabetes (18.2%)
in pre-hypertensive and hypertensive participants, respec-
tively. More than one-quarter of metabolic syndrome posi-
tive adults had pre-diabetes (25.7%) and diabetes (27.1%),
whereas the prevalence was only 8.0% and 2.8%, respec-
tively among metabolic syndrome negative adults.
Similarly, 16.8% and 13.1% of participants with dyslipide-
mia had pre-diabetes and diabetes, respectively whereas the
prevalence was only 3.7% and 1.9% respectively among
dyslipidemia negative participants (Table 3).

The prevalence of abnormal glucose metabolism was
increased throughout the whole ranges of total cholesterol,
triglyceride, LDL-C, and BMI, whereas some irregularity
in trend was observed with age and blood pressure. The
highest (85.7%) prevalence of abnormal glucose metabo-
lism was documented among adults with very high trigly-
ceride concentration (>500 mg/dL), followed by 60.0% in
adults with very high total cholesterol concentration (=300
mg/dL). The prevalence was increased to 36.6% up to 60
years age range, then decreased to 25.0% in the age range
of 60—69 years and again increased to 35.7% among
participants with the peak age range (=70 years). The
prevalence was also increased from 12.9% (among normo-
tensive participants) to 30.0% (among pre-hypertensive),
then slightly decreased to 27.3% (among stage one hyper-
tensive) and lastly increased largely to 40.6% (among
stage two hypertensive participants) (Figure 2).
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Table 2 Clinical and Anthropometric Findings of the Participants Stratified by Sex (n = 321)

Variables Categories Men, n (%) Women, n (%) Total, n (%) p-value (X?/t)

Ever measured blood pressure Yes 5(51.7) 118 (67.0) 193 (60.1) 0.005*
No 70 (48.3) 58 (33.0) 128 (39.9)

Ever told having raised BP Yes 12 (8.3) 20 (11.4) 32 (10.0) 0.358
No 133 (91.7) 156 (88.6) 289 (90.0)

On treatment for hypertension Yes 5(34) 5(2.8) 10 3.1) 0.759 (FET)
No 140 (96.6) 171 (97.2) 311 (96.9)

Ever measured blood glucose Yes 57 (39.3) 100 (56.8) 157 (48.9) 0.002*
No 88 (60.7) 76 (43.2) 164 (51.1)

Ever told having raised glucose Yes 8 (5.5) 7 (4.0) 15 (4.7) 0.515
No 137 (94.5) 169 (96.0) 306 (95.3)

On treatment for diabetes Yes 1 (0.7) 3 (1.7) 4 (1.2) 0.630 (FET)
No 144 (99.3) 173 (98.3) 317 (98.8)

Fasting blood glucose (mean (+SD)) 101.02 (+38.86) 94.45 (+£37.17) 97.42 (+38.03) 0.124

Body weight (mean (+SD)) 69.04 (£12.79) 60.73 (£13.03) 64.49 (+13.55) <0.001*

Height (mean (+SD)) 169.41 (£6.81) 157.01 (+6.25) 162.61 (£8.97) <0.001*

Body mass index Underweight 0 (6.9) 6 (9.1) 26 (8.1) 0.138
Normal 77 (53.1) 89 (50.6) 166 (51.7)
Overweight 45 (31.0) 42 (23.9) 87 (27.1)
Obese 3 (9.0 29 (16.5) 42 (13.1)

Waist circumference M/W <94/80 101 (69.7) 80 (45.5) 181 (56.4) <0.001*
M/W 294/80 44 (30.3) 96 (54.5) 140 (43.6)

Blood pressure Normal® 82 (56.6) 7 (55.1) 179 (55.8) 0.440
Pre-hypertensive® 20 (13.8) 4 (19.3) 54 (16.8)
Stage | hypertensive® 1 (21.4) 3 (18.8) 64 (19.9)
Stage Il hypertensive® 2 (8.2) 2 (6.8) 24 (7.5)

LDL-C <130 mg/dL 0 (55.2) 2 (46.6) 162 (50.5) 0.126
2130 mg/dL 5 (44.8) 4 (53.4) 159 (49.5)

Triglyceride <150 mg/dL 71 (49.0) 121 (68.8) 192 (59.8) <0.001*
2150 mg/dL 4 (51.0) 55 (31.2) 129 (40.2)

Total cholesterol <200 mg/dL 103 (71.0) 119 (67.6) 222 (69.2) 0.509
2200 mg/dL 42 (29.0) 57 (32.4) 99 (30.8)

HDL-C M/W: 240/50 mg/dL 130 (89.7) 138 (78.4) 268 (83.5) 0.007*
M/W: <40/50 mg/dL 15 (10.3) 38 (21.6) 53 (16.5)

Waist to hip ratio M/W: <0.88/0.82 45 (31.0) 36 (20.5) 81 (25.2) 0.03*
M/W: 20.88/0.82 100 (69.0) 140 (79.5) 240 (74.8)

Waist to height ratio M/W: <0.49/0.50 54 (41.9) 58 (35.8) 112 (38.5) 0.291
M/W: 20.49/0.50 75 (58.1) 104 (64.2) 179 (61.5)

Note: *Significant difference, <130 and <85 mmHg, °130—139/85-89 mmHg, ©140—159/90-99 mmHg,

92160/100 mmHg for SBP and DBP, respectively.

Abbreviations: SD, standard deviation; M/W, men/women; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FET, Fisher’s exact

test; X2, chi-square; t, student’s t-test.

Factors Associated with Abnormal

Glucose Metabolism

On multivariable logistic regression (model I), advanced
age; raised waist to height ratio (men/women >0.49/0.50);

the medium and high rank of heart rate; and raised total

cholesterol (TC >200 mg/dL) were significantly associated

with increased odds of pre-diabetes, adjusting for all other

variables in the model. Participants aged 40 years and
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Table 3 Background Characteristics of the Participants Stratified by Blood Glucose (n=321)

Variables Categories Fasting Blood Glucose Chi-Square | p-value
Normal Prediabetes Diabetes Mellitus
(<100 mg/dl) | (100-125 mg/dl) | (=126 mg/dl)

All 251 (78.2) 40 (12.5) 30 (9.3) N/A N/A

Sex Men 107 (73.8) 22 (15.2) 16 (11.0) 3.022 0.221
Women 144 (81.8) 18 (10.2) 14 (8.0)

Age (year) 20-39 165 (86.8) 14 (7.4) 11 (5.8) 20.546 <0.001*
40-64 71 (65.1) 22 (20.2) 16 (14.7)
265 15 (68.2) 4 (18.2) 3 (13.6)

Educational status Cannot read and 27 (77.1) 6 (17.1) 2 (5.7) 4.601 0.331
write
Primary & 147 (79.5) 24 (13.0) 14 (7.6)
secondary
Tertiary 77 (76.2) 10 (9.9) 14 (13.9)

Wealth index (tertile) Poor 89 (84.0) 9 (8.5) 8 (7.5) 5.830 0.212
Medium 82 (72.6) 16 (14.2) 15 (13.3)
Rich 80 (78.4) 15 (14.7) 7 (6.9)

Intensity of activity in daily Vigorous 22 (88.0) 3 (12.0) 0 (0.0) 3.151 0.533

work Moderate 163 (77.6) 27 (12.9) 20 (9.5)
Low 24 (77.4) 5 (l6.1) 2 (6.5)

Formal exercise Yes 34 (81.0) 5(11.9) 3(7.1) 0.310 0.856
No 217 (77.8) 35 (12.5) 27 (9.7)

Heart rate (ranked) Low 98 (88.3) 8(7.2) 5 (4.5) 10.772 0.029*
Medium 77 (74.8) 14 (13.6) 12 (11.7)
High 76 (71.0) 18 (16.8) 13 (12.1)

Having House servant Yes 49 (63.6) 13 (16.9) 15 (19.5) 15.468 <0.001*
No 202 (82.8) 27 (11.1) 15 (6.1)

Having Laundry machine Yes 65 (67.7) 17 (17.7) 14 (14.6) 8.849 0.012*
No 185 (82.6) 23 (10.3) 16 (7.1)

House ownership Yes 119 (73.9) 24 (14.9) 18 (11.2) 3.470 0.176
No 132 (82.5) 16 (10.0) 12 (7.5)

Waist circumference (cm) M/W <94/80 139 (86.3) 15 (9.3) 7 (43) 13.935 0.001*
M/W 294/80 112 (70.0) 25 (15.6) 23 (14.4)

Body mass index Underweight/normal | 164 (85.4) 17 (8.9) Il (5.7) 18.561 0.001*
Overweight 60 (69.0) 17 (19.5) 10 (11.5)
Obese 27 (64.3) 6 (14.3) 9 (21.4)

Waist to hip ratio M/W <0.88/0.82 77 (95.1) 33.7) 1 (1.2) 18.237 <0.001*
M/W 20.88/0.82 174 (72.5) 37 (154) 29 (12.1)

Waist to height ratio M/W <0.49/0.50 107 (93.0) 543) 3 (2.6) 23.223 <0.001*
M/W 20.49/0.50 144 (69.9) 35 (17.0) 27 (13.1)

Blood pressure Normotensive® 156 (87.2) 19 (10.6) 4 (2.2) 22.667 <0.001*
Pre-hypertensive® 38 (70.4) 9 (16.7) 7 (12.9)
Hypertensive® 60 (68.2) 12 (13.6) 16 (18.2)

(Continued)
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Table 3 (Continued).

Variables Categories Fasting Blood Glucose Chi-Square | p-value
Normal Prediabetes Diabetes Mellitus
(<100 mg/dl) | (100-125 mg/dl) | (=126 mg/dl)

Systolic blood pressure <130 mmHg 181 (85.0) 25 (11.7) 7 (3.3) 25.663 <0.001*
130-139 mmHg 29 (70.7) 5(12.2) 7 (17.1)
2140 mmHg 43 (64.2) 10 (14.9) 14 (20.9)

Diastolic blood pressure <85 mmHg 182 (83.5) 23 (10.5) 13 (6.0) 15.820 0.003*
85-89 mmHg 27 (62.8) 10 (23.3) 6 (13.9)
290 mmHg 44 (73.3) 6 (10.0) 10 (16.7)

LDL-C <130 mg/dL 142 (87.7) 12 (7.4) 8 (4.9) 17.245 <0.001*
2130 mg/dL 109 (68.6) 28 (17.6) 22 (13.8)

Triglyceride <150 mg/dL 169 (88.0) 14 (7.3) 9 (4.7) 27.240 <0.001*
2|50 mg/dL 82 (63.6) 26 (20.2) 21 (16.3)

Total cholesterol <200 mg/dL 193 (86.9) 19 (8.6) 10 (4.5) 33.888 <0.001*
2200 mg/dL 58 (58.6) 21 (21.2) 20 (20.2)

HDL-C M/W 240/50 mg/dL | 212 (79.1) 33 (12.3) 23 (8.6) 1.214 0.545
M/W <40/50 mg/dL | 39 (73.6) 7 (13.2) 7 (13.2)

Dyslipidemia Negative 101 (94.4) 4 (3.7) 2 (1.9) 24.786 <0.001*
Positive 150 (70.1) 36 (16.8) 28 (13.1)

Metabolic syndrome Negative 224 (89.2) 20 (8.0) 7 (2.8) 67.553 <0.001*
Positive 33 (47.2) 18 (25.7) 19 (27.1)

Note: *Significant difference, *<130 and <85 mmHg, °130-139/85-89 mmHg, =140/90 mmHg for SBP and DBP, respectively.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M/W, men/women; N/A, not applicable; SD, standard deviation.

above were around 3.7 times more likely to develop pre-
diabetes compared to the lower age groups (AOR: 3.653,
95% CI: 1.698-7.863). Likewise, adults with raised waist
to height ratio were around 3.2 times more likely to have
pre-diabetes compared to adults with normal waist to
height ratio (AOR: 3.153, 95% CI: 1.212-9.470).
Similarly, subjects with medium and high rank of heart
rate were around 3.3 (AOR: 3.324, 95% CI: 1.213-9.110)
and 3.9 (AOR: 3.921, 95% CI: 1.480-10.386) times,
respectively more likely to develop pre-diabetes compared
to subjects in the low rank of heart rate. Besides, the risk
of having pre-diabetes among participants with raised total
cholesterol was 2.6 times higher than in participants with
normal total cholesterol (AOR: 2.549, 95% CI: 1.200—
5.415) (Table 4).

Besides, on multivariable logistic regression (model II),
having house servant, SBP >130 mmHg, and raised total
cholesterol (TC >200 mg/dL) were significantly associated
with increased odds of diabetes, adjusting for all other
variables in the model. The odds of developing diabetes

mellitus in subjects having house servant was 3.2 times
higher compared to subjects having no house servant
(AOR: 3.180, 95% CI: 1.382-7.315). Likewise, adults
with raised SBP were 5.9 times at higher risk of developing
diabetes compared to adults with normal SBP (AOR: 5.929,
95% CI: 2.273-15.466). Similarly, study participants with
raised total cholesterol were 3.6 times more likely to have
diabetes compared to participants with normal total choles-
terol (AOR: 3.564, 95% CI: 1.527-8.316) (Table 4).

Discussion

NCDs are becoming one of the major health challenges in
Ethiopia, leading to a double burden in the population
together with the unresolved burden of infectious diseases.
Besides, the current status of NCDs especially pre-diabetes
and diabetes is not well studied. In the present study, we
found a high prevalence of pre-diabetes (12.5%) and dia-
betes mellitus (9.3%) among adults aged 20 years and
above residing in Mekelle city, Northern Ethiopia. The
possible explanation may be, as death from infectious
diseases declined in Ethiopia, life expectancy increased
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Figure 2 Trend of abnormal glucose metabolism with age, BMI, blood pressure, and lipid profile (n = 321).
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; mg/dL, milligram per deciliter; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol.

accompanied by other risk factors like dietary change,
adoption of a sedentary lifestyle, overweight, and obesity
all of which fuels
prevalence.’® Besides, a fast-growing economy accompa-

the pre-diabetes and diabetes
nied by rapid urbanization may contribute to the rise in the
prevalence.

More than two-thirds (70.0%) of adults with diabetes
we found in the present study were newly diagnosed,
comparable with the previous finding in North East
Ethiopia (72.5%).*> But higher than the previous studies
conducted in Southern Ethiopia specifically Hosanna town
(36.0%),%* Bona (54.0%),>" and that reported elsewhere in

Sub-Saharan African countries (25.0%-56.8%).*>" This
showed poor community awareness in diabetes screening
practice among the urban dwellers of Ethiopia. Since the
present study setting is the second-largest city in Ethiopia,
it is expected to have better health-seeking behavior in the
community. Being urban residents can have better knowl-
edge and awareness of factors that would change their
lifestyle in an attempt to decrease the risk of pre-diabetes
and diabetes. However, the proportion of undiagnosed
diabetes (70.0%) we found showed the opposite.

It is of paramount importance to improve community
awareness about NCDs like diabetes to enhance early
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Table 4 Bivariate and Multivariable Logistic Regression Analysis to Determine Factors Associated with Abnormal Glucose Metabolism

(n = 321)
Variables and Categories Model | Model 1l
Prediabetes Diabetes Mellitus
Yes (n (%)) | COR (95% CI) AOR (95% CI) Yes (n (%)) | COR (95% CI) AOR (95% CI)
Sex: male 22 (17.1) 1.645 (0.841,3.219) 16 (11.0) 1.435 (0.675,3.049)
Age: 240 years 26 (23.2) 3.563 (1.769,7.176)* 3.653 (1.698,7.863)* 19 (14.5) 2.761 (1.266,6.017)* 1.134 (0.450,2.857)
Educational status
Cannot read and write 6 (18.2) 1.711 (0.568,5.156) 2(5.7) [
Elementary 11 (23.4) 2.353 (0.916,6.043) 4(78) 1.404 (0.243,8.120)
Secondary 13 (10.5) 0.902 (0.376,2.161) 10 (7.5) 1.331 (0.278,6.370)
Tertiary 10 (11.5) | 14 (13.9) 2.655 (0.572,12.321)
Wealth index
Poor 9(9.2) | 8 (7.5) 1.108 (0.387,3.175)
Medium 16 (16.3) 1.930 (0.808,4.606) 15 (13.3) 2.077 (0.811,5.320)
Rich 15 (15.8) 1.854 (0.769,4.469) 7 (6.9) |
Current smoker 2 (15.4) 1.148 (0.245,5.383) 3 (20.0) 2.583 (0.686,9.723)
Have house servant 13 (21.0) 1.985 (0.955,4.125) 15 (19.5) 3.694 (1.712,7.967)* 3.180 (1.382,7.315)*
Have laundry machine 17 (20.7) 2.104 (1.058,4.184)* 1.413 (0.645,3.092) 14 (14.6) 2.220 (1.036,4.753)* 1.084 (0.417,2.816)
Have private house 24 (16.8) 1.664 (0.843,3.282) 18 (11.2) 1.552 (0.722,3.339)
Intensity of work activity
Vigorous 3 (12.0) | I 3.1)
Moderate 27 (14.2) 1.215 (0.340,4.339) 27 (10.5) 1.526 (0.339,6.876)
Low 5(17.2) 1.528 (0.326,7.154) 2 (6.3) [
Sitting time (ranked)
Low 14 (15.2) 1.328 (0.556,3.175) 5(5.2) [
Medium 16 (13.9) 1.196 (0.513,2.786) 17 (12.9) 2.720 (0.967,7.650)
High 10 (11.9) | 8 (87) 1.752 (0.552,5.567)
Doing formal exercise 5 (12.5) 1.097 (0.402,2.994) 3(7.0) 1.393 (0.403,4.811)
W-Ht-R (M/W): 20.49/0.50 35 (19.6) 5.201 (1.972,13.719)* | 3.153 (1.212,9.470)* 27 (13.1) 5.631 (1.669,18.997)* | 1.749 (0.413,7.417)
BMI: 225.0 kg/m?* 23 (20.9) 2.550 (1.294,5.027)* 1.057 (0.463,2.414) 19 (14.7) 2.842 (1.304,6.197)* 1.336 (0.520,3.433)
Heart rate (ranked)
Low (<77 BPM) 8 (7.5) | | 5 (4.5) [ |
Medium 77-84 (BPM) 14 (15.4) 2.227 (0.889,5.581) 3.324 (1.213,9.110)* 12 (11.7) 2.796 (0.949,8.234) 3.010 (0.887,10.214)
High (=85 BMP) 18 (19.1) 2.901 (1.197,7.030)* 3.921 (1.480,10.386)* | 13 (I2.1) 2.932 (1.008,8.532)* 3.011 (0.916,9.905)
SBP: 2130 mmHg 17 (16.8) 1.469 (0.745,2.899) 24 (19.2) 7.525 (2.979,19.007)* | 5.929 (2.273,15.466)*
DBP: 285 mmHg 19 (18.8) 1.865 (0.950,3.660) 18 (15.1) 2.822 (1.307,6.090)* 1.289 (0.489,3.425)
TG 2150 mg/dL 26 (24.1) 3.828 (1.898,7.717)* 1.754 (0.868,4.912) 21 (16.3) 3.954 (1.748,8.944)* 1.849 (0.738,4.632)
TC: 2200 mg/dL 21 (26.6) 3.678 (1.851,7.307)* 2.549 (1.200,5.415)* 20 (20.2) 5.367 (2.407,11.967)* | 3.564 (1.527,8.316)*
HDL-C (M/W): <40/50 mg/dL | 7 (15.2) 1.153 (0.476,2.792) 7 (13.2) 1.621 (0.657,3.998)
LDL-C: 2130 mg/dL 28 (20.4) 3.040 (1.478,6.250)* 1.351 (0.532,3.435) 22 (13.8) 3.091 (1.333,7.170)* 1.256 (0.410,3.846)
Maximum SE 0.631 0.589
Hosmer and Lemeshow 0.0.606 0.582

Note: *Significant association.

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; Cl, confidence interval; BMI, body mass index; BPM, beats per minute; W-Ht-R, waist to height ratio;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M/W, men/women; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG,

triglyceride; TC, total cholesterol; SE, standard error.

detection and management before its progression to life-
threatening complications. After diabetes-related compli-
cations become clinically manifested, it will be too late to

reverse the problem and to overcome the complications;

that also demand costly resources, which is unaffordable in
developing countries like Ethiopia. But the proportion of
undiagnosed diabetes we found in the present study was

lower than previous findings documented in Ethiopia
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(88.5%,% 76.1%,%%) and Swaziland (89.3%).>® This may
be due to differences in the study setting and inclusion of
lower age participants.

The prevalence of diabetes (9.3%) we found in the
present study was comparable with previous study findings
conducted in North West Ethiopia (8.8%,>° 10.2%*°). But
higher than many previous study findings from Southern
Ethiopia specifically Mizan Aman (6.5%),” Hosanna
(5.7%),%* Bona (1.9%),?' and Robe (1.4%),*" and outside
Ethiopia including Swaziland (7.3%),>® Ghana (5.4%),*
Namibia (5.1%),** and China (4.2%).** Similarly, it was
higher than the 2019 IDF report on diabetes prevalence in
Ethiopia (4.3%) and Africa (4.7%).° This difference may
be due to differences in lifestyle, socioeconomic status,
level of urbanization, study setting, and sample size.

We also found a high prevalence of pre-diabetes
(12.5%), comparable with the finding from Koladiba
town (12.0%),'” showing that unless the necessary mea-
sure is taken, it will evolve to diabetes.”*> Most of the pre-
diabetes individuals evolve to diabetes in 5 to 10 years and
are at high risk of developing complications. It was much
higher than previously reported findings in Southern
Ethiopia (2.6%)”' and elsewhere including Ghana
(10.0%),** China (7.2%),** Swaziland (6.5%),>® and
Uganda (3.8%).*® Contrary to this, the present finding is
lower than previous findings from Mizan Aman (15.9%),>
North East Ethiopia (15.7%),>® and Namibia (20.1%).*
Similarly, this difference may be due to differences in
diagnostic criteria (IDF versus WHO), lifestyle, socioeco-
nomic status, level of urbanization, study setting, and
sample size.

Advanced age, raised total cholesterol, medium and
high rank of heart rate, and increased waist to height
ratio were significantly associated with a higher risk of
pre-diabetes. Similarly, having house servant, systolic
hypertension, and raised total cholesterol were positively
significantly associated with diabetes. All of the identified
risk factors, except advanced age, are modifiable that can
be averted. Advanced age was significantly associated
with pre-diabetes, in agreement with previous study find-

ings in Ethiopia,®'***

and outside Ethiopia including
Namibia,*® and Swaziland.*® This may be due to the
decreasing level of activity, increasing body weight, and
decreasing insulin sensitivity with age. Therefore, routine
diabetes checkup activities should be in place prioritizing
older adults. However, unexpectedly advanced age was not
significantly associated with diabetes, which may be due

to the small number of diabetes cases.

Waist to height ratio was positively associated with
pre-diabetes, in agreement with previous studies con-
ducted elsewhere.** ! This may be due to excessive
non-essential fat accumulation around the vital organs
with increased waist to height ratio, which may lead to
low secretion of insulin by the pancreas or insulin insensi-
tivity, both leads to type 2 diabetes. It has been indicated
that excessive abdominal fat accumulation disturbs insulin
action by secreting free fatty acids. Besides fat cells
release signaling factors like interleukein-6 and tumor
necrosis factor-a which take part in the development of
insulin resistance.”> We found a remarkably high propor-
tion (61.5%) of subjects with raised waist to height ratio,
which may contribute to the alarmingly increasing preva-
lence of diabetes in Ethiopia.

Participants with raised total cholesterol were 2.6 and
3.6 times at higher risk of developing prediabetes and
diabetes, respectively. Previous studies documented that
total cholesterol was significantly associated with diabetes
only.”**-*>% This may be due to the tendency of increas-
ing concentration of total cholesterol and blood glucose
almost in the same manner with body weight in general
and central obesity in particular. However, the literature on
the effect of the total cholesterol on prediabetes is limited.

The medium and high rank of heart rate were also
positively associated with pre-diabetes, but not with dia-
betes. The higher the number of heart rate per minute, the
more the risk of pre-diabetes. Heart rate may increase with
most metabolic risk factors like age, body weight, central
obesity, and inactivity, all of which may lead to decreased
secretion of insulin and insulin insensitivity. A fast resting
heart rate was significantly associated with an increased
risk of type two diabetes mellitus.’>>® A fast heart rate or
tachycardia is a signal from the sympathetic nervous sys-
tem and increased sympathetic activity elevate not only
pulse rate but also blood glucose, which is a specific and
pathologic feature of diabetes. Therefore, chronic sympa-
thetic over activity may indicate the development of dia-
betes in subjects with an increased heart rate.>

Systolic hypertension was also significantly associated
with increased odds of diabetes, consistent with previous
studies.?'** Both hypertension and diabetes mostly appear
together, increases in the same manner, and share most of
the risk factors like increased body weight.®® Hypertension
is associated with insulin resistance especially in the ske-
letal muscle, which involves in the conversion of excess
glucose into glycogen.®! If excess glucose is not converted
into glycogen by muscle cells, it will circulate in the
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blood. Under persistent condition, this can develop to
diabetes mellitus. Besides, the occurrence of both diseases
increases with age and they have similar predisposing
factors.

Participants having house servant in their household
were at a higher risk of having diabetes. If an individual
has a house servant, s/he will stop all household activities,
which may lead to less energy expenditure and more
weight gain. If an individual is not engaged in household
activities, the amount of fat mass increases replacing the
lean mass, such that the amount of muscle available for
glucose absorption decreases. Besides, if subjects are not
actively engaged in routine household activities, they will
prone to weight gain and this in turn leads to the produc-
tion of inflammatory cytokines, which result in insulin
resistance.®® Activity is important in enhancing glucose
transport to the muscle cells possibly by the expression
of glucose transporter 4, which in turn leads to glucose
uptake by the muscle cells.®> However, the literature on
the effect of having a house servant on diabetes specifi-
cally is limited.

Strengths and Limitations

The strength of the present study was, unlike many pre-
vious studies in Ethiopia that have used a random capillary
blood sample, we have used both fasting and venous blood
samples, which produces more accurate estimates of glu-
cose concentration. This study was also a community-
based cross-sectional study, which is more representative
than previously conducted facility-based pocket studies in
Ethiopia. Besides, we have used a better fully automated
clinical chemistry analyzer machine. As a limitation, since
the test for FBG was not repeated among the study parti-
cipants, there is a potential for measurement error. The
study was not able to differentiate the different types of
diabetes. In addition, the causal pathways cannot be
assumed, because of the cross-sectional nature of the
study design.

Conclusion

We found a high prevalence of pre-diabetes and diabetes in
the present study. Besides, around 70% of adults with
diabetes were newly diagnosed which showed poor com-
munity awareness. This reveals an urgent need to identify
undiagnosed people with diabetes and provide appropriate
and timely care. Normal individuals should practice
healthy lifestyle behaviors like exercising regularly to
prevent weight gain, eating healthily, controlling blood

pressure and lipids, thereby maintaining insulin sensitivity.
Subjects with pre-diabetes could prevent the onset of type
two diabetes by losing their body weight especially central
obesity through physical exercise, dietary management,
behavioral modification, if necessary medication, and per-
iodic monitoring of blood glucose levels. Adults with
diabetes should also be aware of the glycemic control by
periodic monitoring of their blood glucose levels to pre-
vent them from diabetes-related complications and death.
Early diagnosis of diabetes is an important step to address
life-threatening complications and fatality, which can be
integrated into the existing health extension program in the
health post in Ethiopia. The health extension program is
the lowest health-care unit on which Ethiopia did an
exemplary job in fighting communicable diseases.
Awareness creation together with access to basic diagnos-
tics in the primary health-care settings should therefore be

a top priority.
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