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Abstract

Background: - Type 2 Diabetes mellitus (T2DM) is associated with cardiovascular
complications, of which metabolic syndrome (Mets) plays a prominent role. The metabolic
syndrome is a cluster of cardiovascular risk factors that is characterized by central obesity,
insulin resistance, dyslipidemia and hypertension. Hyperuricemia is a condition in which the
subject has increased serum uric acid levels. Studies have noted that an elevated level of uric

acid predicts the development of diabetes, obesity, hypertension and metabolic syndrome.

Methods: - Institution based cross sectional study was conducted in Hawassa Comprehensive
Specialized Hospital medicine department from February to June 2017. A diabetes mellitus
patient who visited the hospital during the study period and fulfilled the inclusion criteria was
selected by using simple random sampling technique. A total of 314 subjects were included in
the study. The data was collected by nurses who had previous data collection experience using
standardized quastionnaeries. About 5 milliliters (ml) of venous blood sample was drawn from
each study participant after overnight fasting. The collected data was entered in to Epidata and
analyzed by using SPSS version 20 software. Bivariate and Multivariate Logistic Regression
analysis (if p>0.2 for Bivariate) was used to determine the association between explanatory

variables and the outcome variable. Statistical significance was declared at P value<0.05.

Result: - The prevalence of hyperuricemia among the study participants was 33.8% and the
prevalence of metabolic syndrome was 70.1%. Hyperuricemia was significantly associated with
Metabolic syndrome (P=0.004).Hyperuricemia was strongly correlated with Triglycerides
(P<0.001), Diastolic blood pressure (p=0.006), systolic blood pressure (p<0.0001), and Waist

circumference (p<0.0001).

Conclusion:-The prevalence of hyperuricemia and metabolic syndrome among T2DM was high
and hyperuricemia was associated with metabolic syndrome. Hyperuricemia also correlated with

some of the components of metabolic syndrome.



Recommendation: T2DM better be checked for their uric acid level and further research should

be conducted with better study design.
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CHAPTER ONE: INTRODUCTION

1.1. Background

Hyperuricemia is a condition in which the subject has increased serum uric acid levels. Studies
have noted that an elevated level of uric acid predicts the development of diabetes, obesity,
hypertension and the metabolic syndrome (1-3). It also plays a role in the development of renal
and metabolic diseases. Serum uric acid is a final enzymatic product of purine metabolism in
humans, and it is suggested that hyperuricemia is associated with metabolic syndrome, and they
may have common pathophysiology (1, 4). The metabolic syndrome is a cluster of
cardiovascular risk factors that is characterized by central obesity, insulin resistance,
dyslipidemia and hypertension (5-7). The principal underlying pathophysiologic abnormality is
insulin resistance (IR), which is mainly associated with abdominal obesity. IR eventually results
in dyslipidemia, hypertension, impaired carbohydrate metabolism, and other metabolic

abnormalities. (8).

A recent 15-year follow up study demonstrated that those with hyperuricemia have 1.36 times
the risk of developing insulin resistance than normouricemia (9). Furthermore, a study on mice
demonstrated that lowering uric acid in obese mice can reduce insulin resistance. (10). All the data

suggest that hyperuricemia can be detected prior to the development of hyperinsulinemia.

Diabetic patients who continue to be hyperuricemic appear to be at increased risk of developing

diabetic complications, especially renal disease(11)via intra renal crystal deposition(12).

Evidence showed that the patients with both gout and type 2 Diabetes exhibited a mutual inter-
dependent effect on higher incidences. Furthermore, obese patients often demonstrated insulin
resistance and adipose tissue macrophage with low-grade inflammation, which is suggested to be
the major contributor. Although alcohol intake is considered a risk for developing hyperuricemia,
moderate alcohol intake showed a lower risk for developing type two diabetes and insulin
resistance. Hyperinsulinemia reduces renal excretion of uric acid on the proximal tubular of the
kidney leading to hyperuricemia, which has deleterious effects on endothelial function and on

nitric oxide bioavailability, thus causing hyperinsulinemia(13).Uric acid may promote insulin



resistance by inhibiting endothelial function by inducing anti proliferative effects on endothelium

and impairing nitric oxide production and inflammation(14).

Type 2 diabetes mellitus (type 2 DM) is associated with cardiovascular complications, of which
metabolic syndrome (Mets) plays a prominent role (1, 15, 16). Serum Uric Acid is as

independent risk factor for development and progression of Coronary Artery Disease.

Since metabolic syndrome is a cluster of various risk factors like obesity, hypertension,
hyperglycemia, dyslipidemia for the development of atherosclerotic disease, hyperuricemia can

also be included as one of the components of metabolic syndrome (17).

The prevalence of obesity, hypertension, diabetes, dyslipidemia, and hyperuricemia has been
increasing over the last few decades due to rising living standards occurring with modernization
and urbanization. Some reports on SUA and the metabolic syndrome have noted that increased
SUA concentration is associated with an increased prevalence of some of the parameters -
obesity, dyslipidemia and hypertension —of the metabolic syndrome. In these reports carried out
in non-DM subjects the documented prevalence rates of hyperuricemia ranged from 13-19% with
greater proportions of males having elevated levels of Serum Uric Acid compared to females(4,

16, 18)

Hyperuricemia also predicts stroke in diabetic and non diabetic subjects and predicts the
development of hypertension and renal disease in the general population.SUA levels are often
increased in subjects with MetS. However, none of the proposed sets of diagnostic criteria

includes SUA levels in the definition of MetS. (5, 19).

Since hyperuricemia was first described as being associated with hyperglycemia and
hypertension, there has been a growing interest in the association between elevated Uric Acid
and other metabolic abnormalities of hyperglycemia, abdominal obesity, dyslipidemia, and
hypertension, as well as a continuing debating on hyperuricemia as an additional component of

the metabolic syndrome.



1.2. Statement of the problem

The total worldwide burden of hyperuricemia among DM patients is not well known. However,
there exist different studies in different part of the world. A metaanalysis of cohort studies
reported an overall 17% increased diabetes risk per mg/dL uric acid increase (20). In analysis
limited to studies that corrected for at least three metabolic confounders such as BMI, the
association attenuated to 11%, but remained significant, this suggests an independent association

of hyperuricemia with diabetes mellitus(21).

Another study showed that the prevalence of metabolic syndrome, central obesity, hypertension,
high triglycerides (TGs), CKD, and macro albuminuria was significantly higher in patients with
hyperuricemia than those in the lowest tertile of SUA (T1). One standard deviation (SD)
increment of SUA was significantly associated with metabolic syndrome, central obesity, and
high TGs after adjustment for age, sex, estimated glomerular filtration rate (eGFR), and
albuminuria. The odds of CKD went up to 1.37-fold with every 1 SD increment of SUA,
independent of age, sex, and components of metabolic syndrome. There was a significant, graded
increase in odds of CKD by increasing SUA levels and the number of metabolic syndrome risk
factor.(22).Another study also found almost identical directions and magnitudes of associations,
with a 20% increased diabetes risk per 59.5 mmol/L uric acid increase in an obesity-adjusted
model, which attenuated to 13% after further adjustment for metabolic risk Factors. Still, there is
limited number of studies done in Africa on prevalence of hyperuricemia and its association in

DM patients, apart only one study indicating the prevalence to be 25.3% (1).

Available data suggests that hyperuricemia may not be benign, and appears to be a potential
contributor to the worldwide obesity pandemic, diabetes, kidney and cardiovascular disease
states. Identifying risk factors for the development of type 2 diabetes is essential for its early
screening and prevention. Serum uric acid (SUA) level has been suggested to be associated with
risk of type 2 diabetes. Some reports on SUA and metabolic syndrome have noted that increased
SUA concentration is associated with increased prevalence of some of the parameters of the

metabolic syndrome like obesity, dyslipidemia and hypertension(1-3).

The possible role of elevated SUA in the MetS is a subject that has become topical in the past
few years with some studies reporting SUA to be related to the presence of the Mets(23) .
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Available reports on hyperuricemia from sub-Saharan Africa also showed that hyperuricemia
was found to be associated with increased cardio-metabolic risk such as obesity, dyslipidemia,
hyperglycemia and hypertension. Pathologically and epidemiologically, it has been indicated that
elevated SUA concentration is correlated with lifestyle factors (high alcohol intake in particular)
and various metabolic profiles (especially high values of BMI, blood pressure, fasting plasma

glucose and triglycerides, and low HDL cholesterol values (24).

Elsewhere, another report showed that Serum uric acid had independent association with MetS
components, and increases the risk of MetS by near two folds(25). An increased prevalence of
nephrolithiasis has been reported in patients with diabetes. Because insulin resistance,
characteristic of the Bio-markers for metabolic syndrome and T2DM, results in lower urine pH
through impaired kidney ammoniagenesis and because a low urine pH is the main factor of uric
acid (UA) stone formation, it was hypothesized that T2DM should favor the formation of UA
stones(26). More importantly, hyperuricemia can be treated and metabolic syndrome can be

reversed so that cardiovascular disease and T2DM can be prevented.

Diabetic patients who continued to be hyperuricemic appeared to be at increased risk of
developing diabetic complications. Hyperuricemia is significantly associated with DM and can

significantly increase morbidity and mortality from diabetes if not managed in time.

Hyperuricemia has been attributed to hyperinsulinemia in metabolic syndrome and to decreased
uric acid excretion in kidney dysfunction, but it is not acknowledged as a main mediator of
metabolic syndrome, renal disease, and cardiovascular disorder development. Hyperuricemia and
its complication have been always overseen and it could be a challenge for prognosis of DM
patients. Even though there are different studies, they have Contradicted idea about the level of
hyperuricemia among DM patient. None of the proposed sets of diagnostic criteria for MetS
included SUA levels in the definition of MetS. Though chronic diseases such as hypertension
and DM is gaining global concern this day, the concern given to it in Africa is very less.
Research done concerning DM patients that focused on hyperuricemia specifically in Ethiopia
until recently is very less. Although there are some activities going on concerning DM patients,
the attention given from government was little. Specifically we couldn’t find a research done

concerning the relationship between hyperuricemia and metabolic syndrome in DM patients in



Ethiopia until this research was conducted. Thus, we hope to document the scope of
hyperuricemia and describe the association of hyperuricemia and metabolic syndrome in T2DM
patients attending in outpatient department of hawassa university comprehensive specialized
hospital. Moreover, we hope to determine the prevalence of hyperuricemia in T2DM, determine

the correlation between hyperuricemia and MetS components in T2DM.

1.3. Conceptual frame work

The different variables that are assessed in this study were categorized into socio demographic,
behavioral, and metabolic and physiological components. In addition the interaction between the
independent variables which is not addressed by this study was indicated by a broken line. The
solid lines indicate the association between the components of the independent factors and the

dependent variable that the study attempts to assess.

Socio Demographic
x-stics

Behavioral x-stics

_______________________________ Smoking

Sex

Drinking
Alcohol

Age

Physical activity

Metabolic and physiological
x-stics

Hypertriglyceridemia

Increased glucose level

Cholesterol level

HDL, LDL, duration of
DM, pregnancy, BMI, BP

URICEMIA



1.4. Significance of the study

This study was conducted to determine the magnitude of hyperuricemia and its association with
MetS in T2DM patients at HUSCH. It is possible to say that the increased cardiovascular disease
risk is associated with the MetS is partially attributed to elevated circulating SUA concentration.
Hyperuricemia and its complication have been always overseen and it could be a challenge for

prognosis of T2DM patients.

Even though some studies have been carried out on prevalence of MetS among T2DM patients,
the prevalence of hyperuricemia and its association with MetS among T2DM is scanty from the
southern region of the country particularly in the study area. The outcome of this study will help
to generate information about hyperuricemia and its possible relationship with MetS among

T2DM patients.

In addition, determining the prevalence of hyperuricemia at early stage will have paramount
significance in reducing progression and complication of disease. On the other hand, it can be a
good indicator of general hyperuricemia prevalence in T2DM patients at the study area. Such
data are fundamental for health planers and caregivers for evidence-based intervention and guide
future policy makers. This study may also have its own contribution in making push NCEP and
other organizations for inclusion of serum uric acid level as a new marker for MetS and making

Serum uric acid level as one set of diagnostic criteria in the definition of MetS.



CHAPTER TWO: LITERATURE REVIEW

Hyperuricemia has recently gained attention as it is not only plays an important role in the
development of metabolic diseases but it is also a cardiovascular risk factor. The serum uric acid
level being higher in pre-diabetes than controls and lower in diabetes mellitus than pre-diabetes

may serve as a potential inexpensive biomarker of deterioration of glucose metabolism(27).

A case—control study comprised of 101 non-smoking individuals (41 in the MetS group and 60
in the non-MetS group) showed that serum uric acid was significantly higher in MetS group than
non-MetS group (5.70 = 1.62 vs 4.97 = 1.30 mg/dL, respectively, P = 0.001) and uric acid was
positively correlated with triglycerides, and negatively with HDL-C. This study also showed that
for every 1 mg/dl elevation in the SUA level, the risk of MetS approximately is increased by 2-
folds (OR: 2.11, 95 % CI: 1.30-3.41) (25).

A study of 688 type 2 DM patients, done in Seoul Korea, MetS prevalence was 46.9 % for males,
and 65.1% for females. Patients with T2DM and MetS showed significantly higher insulin
resistance than T2DM without MetS, confirming that insulin resistance is an important feature of
MetS in T2DM patients. Patients with T2DM and MetS showed higher BMI, waist
circumference, blood triglycerides, atherogenic index, C-reactive protein and lower HDL
cholesterol. In recent years, concerns with regard to the association of diet with MetS have
grown. In our study with non-DM elderly people, higher % energy from carbohydrate, and lower
intakes of antioxidant vitamins were considered to be associated with the risk of MetS. Patients
with T2DM and MetS showed significant positive correlations between intakes of energy,
carbohydrate, protein and lipids with BMI, weight, as well as waist circumference. These
associations were not found in patients with T2DM without MetS. Nutritional risk factors for
MetS among middle-aged T2DM subjects would be excessive carbohydrate intake with low

intakes of fat, protein, vitamins, and minerals (28).

Another cross sectional study conducted on Taiwan adults with health indicated positive
association between hyperuricemia and metabolic syndrome and between hyperuricemia and
each component of metabolic syndrome was observed(21). Regarding the significance of
smoking, a study in Japan, Tokyo, revealed that the contribution of current smoking is not

significant and moderate physical activity is inversely associated with the number of MetS (29).



An observational longitudinal study carried out on T2DM patients in Maharashtra, India,
showed that out of the study subject 45.3% of them was diagnosed with metabolic syndrome
with higher prevalence in male (53.4%) than females (33.9%).Hyperuricemia was found in
25.3% with higher prevalence in males (33%) than females (14.5%). Hyperuricemia and
metabolic syndrome was found in 21.3% patients with higher prevalence among males 27.3%
than females 12.9 %.( 1). This study also showed that patients with hyperuricemia and metabolic
syndrome, compared to those without hyperuricemia and metabolic syndrome respectively, had
higher mean FBS (139.31 versus 117.23), mean duration of diabetes (12.66 versus 5.64), mean
BMI (28.71 versus 24.61), systolic BP (128.50 versus 122.12), diastolic BP (80.63 versus 74.27),
TG (176.28 versus 141.69) and lower HDL (39.63 versus 52.03)(1).

Another cross sectional study carried out at Outpatients Medicine Department of Dr.
Pinnamaneni Siddhartha Institute of Medical Sciences and Research Foundation, Chinna
Avutapalli showed that the circulatory levels of glucose, total cholesterol and triglycerides were
found to be elevated in the diabetics of either sex as compared to those in the controls. In
addition, there was no significant difference in the serum uric acid levels between the diabetics
and the non-diabetics, either in males or in females, which is in contrary to some of the above
study mentioned. The same study showed a negative correlation between the fasting plasma
glucose and the serum uric acid levels in both male [r = —0.60] and female [r = —0.60] among the
study participants. The serum uric acid levels marginally decreased with an increased duration of
diabetes and there was a significantly decreased (P < 0.05) serum uric acid level in female
diabetics as compared to the corresponding non-hypertensive diabetics. In conclusion, there was
a significant decrease in the serum uric acid levels in hypertensive diabetics (in both males and

females) in comparison with the non-hypertensive diabetics(23).

A cross sectional study in Geriatrics Medicine Department, Faculty of Medicine, Ain Shams
University, Cairo, Egypt, 200 hospitalized elderly patients were analyzed and the results were as
follows: the prevalence of hyperuricemia was 21.0% in elderly men and 15.1% in elderly
women. Multivariate logistic regression analysis revealed that BMI > 30 (p = 0.031, OR = 1.1),
hypertension (p = 0.019, OR = 1.8), high triglycerides level (p = 0.018, OR = 2.9) and
hyperuricemia (p = 0.023, OR= 3.7) were independently associated with MetS (30).



A case control study in Lucknow, Uttar Pradesh, India showed that SUA, glycosylated
hemoglobin, and low-density lipoprotein of male and female cases of T2DM with
Hypertension(HTN), compared to control, were (p<0.05) highly significant and also serum
triglycerides and total cholesterol of both sex groups of Type 2 DM with HTN compared to
control were found to be highly significance. (p<0.05)(31) .

A cross sectional study done in Xiangya Hospital, china, also provide prospective evidence that
individuals with higher SUA, including younger adults, are at an increased future risk of T2DM
independent of other known risk factors. Hypertensive subjects with CKD had a higher
prevalence of hyperuricemia and metabolic syndrome, as well as higher levels of SUA, BMI,
waist circumference (WC), SBP, DBP, TG, fasting blood glucose and lower levels of HDL-C.
(36).This study also depicted that subjects with metabolic syndrome had 2.16-fold higher ORs of
having CKD than those without. Another study conducted in Iran demonstrated that serum uric
acid concentration was significantly higher in patients with metabolic syndrome and in T2DM
patients. Higher serum uric acid concentrations were associated with a greater probability of
albuminuria(32).This study reported a negative relationship between the fasting plasma glucose

and the serum uric acid levels, which were in agreement with the findings of other studies.

A retrospective study conducted in Verona, Italy, showed that Subjects with both FPG and
triglyceride values exceeding the ATP III criteria thresholds were more likely to be male and had
a marked increase in serum uric acid levels (355 umol/L, 95% CI = 208-555 umol/L versus 304
umol/L, 95% CI = 172—494 umol/L; P < 0.001). After stratifying the study population between
males and females and after adjustment for age, the results were nearly identical. The study
subjects with hyperuricemia (serum uric acid > 506 umol/L for males and > 416 umol/L for
females) also had a significantly higher prevalence of abnormal values of both FPG and
triglycerides (32% versus 11%; P < 0.001) as compared to subjects with normal serum uric acid
values. FPG and triglycerides were independently associated with serum uric acid levels after
adjustment for age and gender, concluding the mutual biological interrelationship observed
between serum uric acid, hypertriglyceridemia and hyperglycemia raises the possibility of a

potential pathogenetic overlap between these conditions(33).



In another cross sectional study done in a rural community from Iasi County, Romania, serum
uric acid levels are significantly associated with the parameters of metabolic syndrome. There is
significant correlations between the serum levels of uric acid and BMI (n=254, r=0.280,
p<0.0001), triglycerides (n=254, r= 0.305, p<0.0001), waist circumference (n=254, r= 0.335,
p<0.0001) and hip circumference (n=254, r= 0.212, p<0.001). This study also found moderate
correlations between the levels of uric acid and total cholesterol (n=254, r= 0.13, p= 0.039),
fasting glycemia (n=254, r= 0.11, p= 0.042), systolic blood pressure (n=254, r= 0.122, p= 0.04)
and diastolic blood pressure (n=254, r= 0.118, p= 0.041). No significant correlations were found
between uric acid and HDL (n=254, r=-0.106, p= 0.093) or uric acid and LDL (n=254, r= 0.039,
p= 0.54), which is similar finding with the previous cohort study (34).

According to a community-based prospective cohort study conducted in the Chin-Shan
Community done on 2690 non diabetic participants(age range, 35-97 years) and who had no
cardiac problem during baseline assessment at study entry, found that High SUA concentrations
was associated with a higher prevalence of metabolic syndrome. This study also showed that
Uric acid concentration was shown to be inversely correlated with HDL and positively correlated

with BMI, waist circumference, triglycerides, and insulin resistance(35).

Case-cohort nested in the European Prospective Investigation into Cancer and Nutrition-
Netherlands study confirms that uric acid may be an independent risk factor for diabetes.
Although a large part of the association can be explained by the degree of adiposity. This study

suggests diet has a minor role as confounder in the association of uric acid with diabetes(36).

According to a cross sectional study conducted on T2DM patients in Lagos, Nigeria, the
prevalence rates of hyperuricemia and the MetS were 25% and 60% respectively. The frequency
of occurrence of hyperuricemia was comparable in both genders (59% for male vs 41% female, p
=0.3). Although, the prevalence of the MetS in subjects with hyperuricemia and normouricaemia
was comparable (61 vs 56% respectively, p = 0.1), a higher proportion of hyperuricemia subjects

had three or more components of the Mets compared with normouricemic subjects(26).

A study done in sub Saharan Africa showed that Hyperuricaemia—hypertriglyceridaemia was
identified as distinct component in the rural and semiurban group whereas hyperinsulinemia was

loaded together with other risk factors. In the entire study population, five factors could be
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identified in the following sequence: obesity, hypertension, hyperuricaemia—
hypertriglyceridaemia, hyperglycaemia and hyperinsulinaemia. Subjects with hyperuricaemia but
not with insulin resistance exhibited an increased risk to develop the metabolic syndrome. this
study concluded that Hyperuricaemia was revealed as additional component of the metabolic
syndrome in sub-Saharan Africans and should be given more attention in prevention settings(37).
A Meta analysis of 11 studies has revealed that every mg/dl increase in uric acid level is

associated with 17 % increased risk of diabetes(21).
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CHAPTER THREE: OBJECTIVES

3.1. General objective

v' To determine the magnitude of hyperuricemia and its association with Metabolic
syndrome(MetS) among Type two diabetes mellitus(T2DM) patients attending hawassa
comprehensive specialized hospital (HCSH) from February 28 to May 30 /2017

3.2. Specific objectives
v" To determine the prevalence of hyperuricemia in T2DM patients attending HCSH
v To determine magnitude of MetS in T2DM patients attending HCSH

v' To assess the association of hyperuricemia with MetS among T2DM patients attending

HCSH

v To assess association of uric acid level with components of metabolic syndrome among

T2DM patients attending HCSH
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CHAPTER FOUR: MATERIALS AND METHODS

4.1 Study area and period:

The Study was conducted at HUCSH from February to March 2017. This was a cross sectional
study carried over a period of 3 months from March 2017 to may 217. The study population
consisted of subjects with T2DM who were receiving care at the HUCSH, Southern Nations
Nationalities and Peoples Region (SNNPR) from January to June 2017. Hawassa is the capital
city of the region and located 275 Km from Addis Ababa, which is the capital city of Ethiopia.
The altitude of the town is 1697meters above sea level with the mean annual temperature and
rainfall of 20.9°C and 997.6 mm respectively. In addition, the hospital was established in
November, 2005 and it serves for more than 10 million people and provides health care services
for populations of SNNPR and neighboring regions. There are 2271 registered DM patients. out
of which 2050 are type 2 DM and the rest are type 1 DM. This study was conducted in T2DM

patients who have regular follow-up at outpatient chronic diseases clinic of the hospital.
4.2. Study design

Institution based cross -sectional study design was implemented.

4.3. Population

4.3. 1.Source population

All T2DM patients attending HCSH diabetic clinic was the source population.

4.3.2 Study population

T2DM patients who visited HCSH Diabetic clinic during the study period and selected for the
study after fulfilling the inclusion criteria
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4.4. Eligibility criteria
4.4.1. Inclusion criteria

Patients with T2DM who visited HCSH Diabetic clinic during the data collection period and who

are voluntary to participate and who gave informed consent was included in the study
4.4.2. Exclusion criteria

» Patients having known history of Acute myocardial infarction, leukemia, gout, alcohol

consumption within the past 24 hours
» Patients with known thyroid disorder, renal failure, and hepatic disorder was excluded.

» Pregnant women and those patients receiving blood lipid altering therapy like statins,

those patients taking drag for hyperuricemia and contraceptive drugs was excluded.
4.5. Sample size determination and sampling techniques

Sample size was determined using the formula for single population proportion based on the

following assumptions,

Estimated proportion (P) taken from a literature review=25.3% (1).
Margin of error d=5%

Confidence interval of 95% is assumed (z0/2=1.96)

n= (za/2)2p(1—-p)/d2

n= is the size of the sample

Z= is the standard normal value corresponding to the desired level of Confidence

d =Margin of error

P=is the estimated proportion of hyperuricemia in DM patients who have also MetS

n = (1.96)%0.253(1-0.253) /(0.05)* =290
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Considering 10% non-respondent rate, the final sample size will be 319.
A simple random sampling technique was implemented.
4.6. Variables

4.6.1. Dependent variable: Uricaemia

4.6.2. Independent variables

Socio-demographic characterstics including age, sex ; clinical characterstics such as cigarette

smoking, alcohol consumption , blood pressure and obesity
4.7. Data collection technique and instruments

4.7.1. Socio-demographic, clinical and related data collection

Pre-informed written consent was obtained before running any data collection. Socio-
demographic, anthropometrics and other relevant clinical data of the study participants were

collected by using structured questionnaire including patients medical records review.

Systolic and diastolic blood pressure (SBP and DBP) was measured from left arm of each subject
with a standard adult arm cuff of mercury based sphygmomanometer. The measurement was
made by nurses who were working at chronic illness follow-up clinic after patients rested for at
least 10 minutes. The precision of the measurment was maintained by using two readings within
one minute difference and finally the average blood Pressure (BP) was taken and recorded to
assess BP status. If two readings differed by 10 mmHg, the third measurment was taken and then
the average of three readings was used. For those with a systolic blood pressure >140 mmHg and
a diastolic blood pressure >90 mmHg, blood pressure was measured on a further 2 occasions
after resting, and average values was then taken. Anthropometric data (weight and height) was
collected according to WHO STEPS manual (38). Height (without wearing shoes) and weight
(with wearing light cloths) was measured from the study subjects. In addition body mass index

(BMI: Kg/m2) was calculated by dividing individual’s weight (Kg) by height squared (m?).
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4.7.2. Data collection instrument for Anthropometric measurements

Height scale and digital weighing machine was used to measure height and weight respectively,
and Body mass index (BMI) was calculated as weight divided by the square of height in meters.
Blood pressure was measured using mercury based sphygmomanometer after the subjects had

rested for more than 10 min.
4.8. Blood specimen collection and sample analysis

5 milliliters (ml) of venous blood sample was drawn from each study participant after overnight
fast and centrifuged at 3000 cycles/min, and then serum was obtained. The serum samples was
analyzed for FBS, high density lipoprotein cholesterol (HDL-C), TGs uric acid using A25™
BioSystem Random Access chemistry analyzer.(Linear chemicals, Montgat, Spain). Overnight
fasting (8-12 hours) blood serum was directly used to perform the tests or it was transferred in to
nunc tubes and then stored at -20°C until the test analysis. Internal quality control for the
laboratory determinations was regularly performed.To check calibration, after every 40 samples,

2 control samples were included.
4.9. Data quality management

Before data collection, English version questionnaires were translated to Amharic and then back
to English by other person to check for consistency. Finally, Amharic version was used. Training
was given for data collectors (three BSc nurses).After collection, all data including laboratory
results were checked for completeness and relevance’s by principal investigator each day and

essential feedback was offered to data collectors.

The proper functioning of instruments, laboratory reagents and technical performance was
checked daily by using quality control samples before running patients sample and along with
patient samples. If results fall outside established value, the run was repeated. Data was coded,

entered and cleaned using epidata version 3.1 data software before exporting to SPSS.
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4.10. Data processing and statistical analysis

All data were checked visually, coded and entered into epidata version 3.4 and statistical analysis
was performed using SPSS version 20.0 software. Descriptive statistics like frequency and
percentage were computed. Categorical variables were expressed as percentages. In addition,
evaluation of differences in means of study groups was evaluated using student’s t-test and
categorical variables was analyzed using chi-square tests and or fisher exact test. In addition,
Bivariate logistic regression and multivariate logistic regression was used to determine the
association between explanatory variables and the outcome variable. In all cases a value of
p<0.05 was considered statistically significant and finally the result was presented using text,

tables and graphs.
4.11. Ethical consideration

Ethical clearance to conduct the study was obtained from the ethical review committee of
College of Health Sciences, Jimma University. This ethical clearance was taken to HCSH
clinical director office and a permission letter to conduct the study was given from the clinical
director office. Next, the permission letter was given to the HCSH diabetic clinic to conduct the
study. Then, the aim, purpose, benefits and method of the study was clearly explained to the
participant. The entire study participant was informed that, the data obtained from them was used
only for this study purpose, the confidentiality of the data will be maintained and their name will
not be recorded. Next, the study participants was informed that they can withdraw from the study
at any time and being withdrawn have no any negative impact on their diagnosis and treatment in

the hospital. Finally, they are requested to give informed consent to collect data.

4.12. Limitation of the study

The interpretation of the present results is confronted by some limitations. Firstly, the data
analysis was restricted to a cross-sectional study. Only a prospective study could confirm the
interdependencies of changes in the metabolic syndrome components and serum uric acid levels.
Secondly, no serum insulin levels were measured as an index for insulin resistance. As insulin
resistance is believed to play a major role in the metabolic syndrome, the inclusion of this

variable in our statistical analysis would have been important. On the other hand it is unlikely
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that adjustment for insulin resistance could significantly influence our strongest association of

serum uric acid and triglyceride
4.13. Plan for dissemination and utilization of results

The findings will be presented to Jimma University and the copy of the result will be submitted
to HCSH; it will also be disseminated through publication on reputable journals and presentation

on scientific conferences.
4.14. Operational Definitions

Metabolic syndrome (MetS) is defined according to modified United States National
Cholesterol Education Program, Adult Treatment Panel (USNCEP-ATP) III guideline. Patients
who have at least three of the following risk features to categorize in MetS: abdominal obesity
(defined as waist circumference >102 cm in males and >88 cm in females); elevated TGs (>150
mg/dl); low HDL-c (<40 mg/dl in males and <50 mg/dl in females); elevated blood pressure
(SBP >130 or DBP >85 mmHg) and FBS >110 mg/dl. (39)

Hyperuricemia: Patients having serum uric acid levels more than 7.2 mg/dl in males and more

than 6.3 mg/dl in females.(40)
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CHAPTER FIVE-RESULT

5.1. Socio demographic and other characteristics of the study participants
A total of 314 T2DM patients were enrolled in the study, of which 211(67.0%)of them were

males and the rest were females. The mean age of the participant was 49.8(9.8).Subjects enrolled
for the study was in age group of 30 to 80 years. Majority of subjects; 118(37.6%) were in the
age group of 41-50 years and 7(2.2%) were age greater than 71 years old (table-1).

From the total 314 study participants, 159(50.6%) of the participant were urban dwellers,
278(88.5%) were married, 63(20.1%) were unable to read and write and 127(40.4%) had
secondary or above educational status. majority, 214(68.2%), of them are unemployed.
Concerning mode of transportation , majority259(82.5%) were walking on foot or bicycle and
only about 55 (17.5%) use vehicle. Concerning physical excercises , 214(68.2) did not perform
regular exercise. 33(10.5%) and 32(10.2%) of them were smokers or had smoking history and
drinkers or had drinking history respectively. From the total participants, 214(68.2) of them do
not perform regular exercise. 33(10.5%) and 32(10.2%) of them were smokers or had smoking
history and drinkers or had drinking history respectively (table-1).

Table-1 socio demographic and other characteristics of the study participants

variable Frequency (%)

sex -male 211(67)
female 103(33)

age mean(SD) 49.8(9.8)
<40 79(25.2)
41-50 118(37.6)
51-60 77(24.5)
61-70 33(10.5)

>70 7(2.2)

Residence- Urban 159(50.6)
rural 155(49.4)

Educ. level -Unable to read write 63(20.1)
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primary 124(39.5)

secondary and above 127(40.4)

marital status -Unmarried 36(11.5)
married 278(88.5)

Occupation- Unemployed 214(68.2)
employed 100(31.8)

Transport mode-Walk/bic 259(82.5)
- vehicle 55(17.5)

regular exercise- No 214(68.2)
Yes 100(31.8)

Ever smoking -No 281(89.5)
-Yes 33(10.5)

Ever drink alcohol- No 282(89.8)
-Yes 32(10.2)

Clinical, biochemical and other features of the study participants

The prevalence of hyperuricemia was 33.8%. Concerning the prevalence of hyperuricemia
among age distribution, its prevalence was highest among age group >45 years(61. 8%).the
distribution of uric acid level among the age group was statistically significant (p=0.01). A total
of study participants which had a family history of Diabetes mellitus accounts 55(17.5%), out of
which 25.5% of them are hyperuricemic, while the rest, 259(82.5%) of them, which account
74.5% of hyperuricemic participant, had no family history of DM. the distribution of uric acid
level between those who had and hadn’t family history of DM was significant(p=0.008). out of
the total 314 participants, 66(21.0%) of them had greater than 10 years of duration since first
diagnosed of DM, the rest 248(79.0%) being less than 10 years duration and the distribution of
uric acid level was not statistically significant(p=0.83). concerning regular exercise, 100(31.8%)
of them exercises regular exercise(table-2).

Regarding their body mass index, 11(3.5%) of them had a BMI of less than 18.4, 130(41.4%) of
them having a BMI of between 18.5-24.9. majority of the study participants, 114(36.3%), fall
under the category of overweight having BMI of between 25-29.9 and 59(18.8%) of them were
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having BMI of >30 Kg/m2, which make them fall under the category of obese. The study
participants had a mean (SD) body mass index of 25.6(4.3) .the study participants who had
hyperuricemia had higher mean of BMI (27.8) than those without the syndrome (24.5) in which
the difference is significant (p<0.001)( table-2).

Table-2: distribution of uric acid level among different variables
uric acid level

variables 314(%) hyperuricemia normouricaemia p-value
sex male 211(67.2) 70(66.0) 141(67.8)
female 103(32.8) 36(34.0) 67(32.2) 0.76
age (in year) <45 120(38.2) 30(28.3) 90(43.3)
>45 194(61.8) 76(71.7) 118(56.7) 0.01
FHD -no 259(82.5) 79(74.5) 180(86.5) 0.008
-yes 55(17.5) 27(25.5) 28(13.5)
Duration of DM-<=10 248(79.0) 83(78.3) 165(79.3)
->10 66(21.0) 23(21.7) 43(20.7) 0.83
regular exercise -no 214(68.2) 78(73.6) 72(34.6)
-yes 100(31.8) 28(26.4) 136(65.4) 0.14
MetS -no 94(29.9) 19(20.2) 75(79.8)
-yes 220(70.1) 87(39.5) 133(60.5) 0.001
mean BMI, Kg/m2, (SD)  25.6(4.3) 27.8(4.0) 24.5(4.0)
<18.4 11(3.5) 3(2.8) 8(3.8)
18.5-24.9 Kg/m® 130(41.4) 20(18.9) 110(52.9)
25-29.9 114(36.3) 52(49.1) 62(29.8)
>30 Kg/m’ 59(18.8) 31(29.2) 28(13.5) <0.0001
Median WC, cm(IQR) 93.6(18.1) 105.8(17) 88(79-95) <0.0001
Mean SBP, mmHg(SD)  123.6(14.3) 129.5(15.9) 120.7(12.7) <0.0001
Mean DBP, mmHg(SD)  79.1(9.2) 81.7(8.8) 77.9(9.2) <0.0001
Mean FBS, mmHg(SD) 200(100.1) 208.8(95) 195.4(103.2) 0.06
Median HDL,mg/dI(IQR) 48.0(38.0-60.3) 51.0(39.0-62.25) 46.0(38.0-57.0) 0.092
Median TG, mg/dI(IQR)  194.5(139.5(246) 245.5(209.8-286) 162.0(127.5-203)  <0.0001
Mean TC, mmHg(SD) 183.7(44.9) 200.9(42.1) 174.9(43.9) 0<0.0001
Mean(SD) uric acid 5.8(2.5) 8.5(2.0) 4.4(1.3) <0.0001
BP-normal 234(74.5) 62(58.2) 172(82.7)
-raised 80(25.5) 44(41.5) 36(17.3) <0.0001

Note: FHD-family history of DM, BMI, body mass index; DBP, diastolic blood pressure;BP,blood pressure, FBS, fasting blood
sugar; IQR, interquartile range; HDL-c, high density lipoprotein cholesterol; SD, standard deviation; WC, waist circumference;
SBP, systolic blood pressure; TGs, triglycerides; * significance by fishers’ exact test

21



Furthermore, compared with normouricemic group, individuals with hyperuricemia had
significantly higher mean (median) values of WC (105 Vs 88, p<0.001), SBP (129.5 Vs 120.7,
p<0.001), DBP (81.7 Vs 77.9, p<0.001), FBS (208.8 Vs 195.4, p=0.06), TGs (245.5 Vs 162.0,
p<0.001) and median HDL-c (compared to a group with MetS (Table-2)

Out of the total 314 study participants, 220(70.1%) of them had MetS by the criteria of NCEP-
panel III. The total prevalence of hyperuricemia among the study participants were 33.8%
(106).out of these 106 participants, 87(82.1%) of them had MetS. only 75 participants had no
MetS and hyperuricemia and the distribution of MetS among uricaemic participants was
statistically significant (p=0.001).

The mean (SD) uric acid level of the study participants were 5.8(2.5).compared to
normouricemic group, study participants who had hyperuricemia had significantly higher mean
(SD), 8.5(2.0) Vs 4.1(1.3), of uric acid level distribution p<0.001). The prevalence of raised BP
was 25.5%and 41.5% of hyperuricemic patients had raised BP (defined as greater than
130/85mmHG or being under hypertensive treatment) and the distribution of BP was statistically
significant (p=<0.0001)( table-2).

Pattern of metabolic syndrome and its components in type 2 diabetes mellitus
patients’ by gender

Metabolic syndrome was diagnosed in 220 patients (70.1%). From the overall prevalence of
MetS (70.1%), women had insignificantly higher rate of MetS when compared to men (70.9 %
vs. 69.7 %; p=0.8, respectively) based on gender group comparison though the difference of the

distribution was not significant (Figure 1).
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Note: BMI, body mass index; FBS, fasting blood sugar; HDL-c, high density lipoprotein cholesterol; WC, waist
circumference; SBP, systolic blood pressure; TGs, triglycerides;
Figure 1:-distribution of MetS and its components among T2DM in relation of
gender
The frequency of MetS components: abdominal obesity, raised triglycerides, raised fasting blood
sugar, low HDL-c were 61.3%, 70.4%, 80.0% and 39.2%, respectively. regarding the frequency
of SBP and DBP, men had raised SBP(25.6%) than women(30.1%) and women had raised
DBP(29.9%) than men(25.6%) though the difference were not significant(p=0.4, and p=0.3).In
addition the proportion of abdominal obesity was significantly higher in men when compared to
women (p<0.001)(Fig.1).women had higher proportion of reduced HDL-c(58.3%) than
men(29.9%) and it is statistically significant(p<0.001) (Figure 1).

Prevalence of metabolic syndrome and its components among diabetic patients in

relation to Hyperuricemia
Among the study subjects, out of 106 patients having hyperuricemia; 98(92.5%) patients also

had high triglyceride levels leaving only 8 patient with hyperuricemia to have normal level of

triglycerides and this difference is statistically significant (p<0.001).compared to normouricemic
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patients, patients with hyperuricemia had higher level of FBS (86.8% Vs 76.9%), BMI (76.4%
Vs 36.5%), SBP(46.2% Vs 17.3%), DBP(37.7% Vs 23.1%) and the difference is statistically
significant(p<0.05).contrary to these, normouricemic patients had raised level of HDL-c than
hyperuricemic patient and the difference is not statistically significant(p=0.4) (table-3).

Table- 3: Prevalence of metabolic syndrome and its components among diabetic patients in
relation to Hyperuricemia

Hyperuricemia | Normouricaemia,
variable 314(%) 106(%) 208(%) P-value
presence of MetS 220(70.1) 87(82.1) 133(63.9) 0.001
Abdominal obesity(WC>102
for male, >88cm for female 193(61.3) 40(37.7) 153(73.6) <0.0001
raised TG>150 mg/dl 221(70.4) 98(92.5) 123(59.1) <0.0001
reduced HDL-c, (<40mg/dl
for males, <50mg/dl for fem) | 123(39.2) 38(35.8) 85(40.9) 0.4
raised FBS,(>110 mg/dl) 252(80.0) 92(86.8) 160(76.9) 0.04
raised SBP(> 130 mmHG) 85(27.1) 49(46.2) 36(17.3) <0.0001
Raised DBP(>85mmHQG) 88(28.0) 40(37.7) 48(23.1) 0.006

BMI, body mass index; FBS, fasting blood sugar; HDL-c, high density lipoprotein cholesterol; WC, waist circumference; SBP,
systolic blood pressure; TGs, triglycerides;

Factors associated with hyperuricemia

The results of a binary logistic regression model with uricaemia as the dependent variable and
MetS components, age, gender, duration of diabetes, family history of diabetes, and others as

independent variables are presented in Table-5.
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Table-4: Factors associated with hyperuricemia among T2DM patients (logistic regression)

Uric ACID LEVEL
Hyper Normou COR p- AOR P-
variables category uricemia ricaemia (95%CI) value (95%CI) value
Sex female  36(34.0) 67(32.2) 1 0.8
male 70(66.0) 141(67.8) 0.9(0.56-1.52)
Age <=45 30(28.3) 90(43.3) 1 1 0.02
>45 76(71.7)  118(56.7)  1.9(1.2-3.2)* 0.01 1.9(1.1-3.1)**
Residence urban 59(55.7)  100(48.1) 1 1 0.1
rural  47(44.3) 108(51.9) 1.3(0.9-2.2)* 0.20 1.6(0.9-2.9)
Marit.St. unmarried 7(6.6)  29(13.9) 1 1 0.14
married  99(93.4) 179(86.1) 2.29(0.9-5.4)* 0.06 2.0(1.8-4.8)
Occup. unemployed 71(67.0)  143(68.8) 1
employed  35(33.0) 65(31.2) 1.1(0.7-1.8) 0.8
Educa. Unable to 1
Lev re/wri 28(26.4) 35(16.8) 1
primary  41(38.7) 83(39.9) 0.6(0.3-1.2)* 0.1 0.8(0.4-1.4) 0.4
secondary 0.04
and above  37(34.9) 90(43.3)  0.5(0.3-0.9)* 0.04 0.5(0.3-1.0)**
Smoking no 94(88.7)  187(89.9) 1
yes 12(11.3) 21(10.1) 1.1(0.5-2.4) 0.7
Alcohol no 92(86.8)  190(91.3) 1
yes 14(13.2) 18(8.7)  1.60(0.8-3.4) 0.21
Reg exer no  78(73.6) 136(65.4) 1 1021
yes y es 28(26.4) 72(34.6) 0.14
FHDM no 79(74.5)  180(86.5) 1 1 0.007
yes  27(25.5) 28(13.5)  2.2(1.2-4.0)*  0.009 2.4(1.3-4.6)**
DMdur <=10 83(78.3)  165(79.3) 1 0.8
. >10  23(21.7) 43(20.7) 1.1(0.6-1.9)
MetS Without 19(17.9) 75(36.1) 1 1 0.004
With 87(82.1) 133(63.9) 2.6(1.5-4.7)*  0.001 2.4(1.3-4.3)**

Note:*=p<0.2 for COR, **=p<0.05 for AOR, COR-C rude odds ratio,AOR-Adjusted odds ration,FBS-fasting blood sugar;
HDL-c-high density lipoprotein cholesterol; WC- waist circumference SBP, systolic blood pressure; TGs,-triglycerides; FHDM-
family history of DM, DMdur-duration of DM,Marit.st-marital status, reg ex-regular exercise

From binary logistic regression between uricaemia and some clinical and biochemical

parameters such as educational level of being secondary or above, rural dweller, marital status
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and educational level had significant association and selected as a candidate for multivariate
logistic regression analysis. (p< 0.2). From multivariate logistic regression age, educational level
of secondary and above, having family history of DM and MetS were found to be possible
predictors of the hyperuricemia(p<0.05) (table-4).

Table S: Pearson correlation coefficients of parameters of MetS with uric acid level

parameter Correlation coefficient P-value
HDL-c -0.05 0.4
SBP 0.3 0
DBP 0.2 0.006
WC 0.4 0
TG 0.4 0
FBS 0.1 0.5

HDL-C-high density lipoprotein, TG-triglycerides,

From the Pearson correlation coefficient that shows the correlation of hyperuricemia with the
components of MetS, except for HDL-C (p=0.4) and FBS(0.5), all components are strongly
correlated with uric acid level (p<0.05) (Table 5).
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CHAPTER SIX-DISCUSSION

The main findings of the present study are: first high prevalence of hyperuricemia (33.8%) and
MetS (70.1%) among T2DM patients. Secondly, hyperuricemia is strongly associated with Mets
(OR=2.4 CI=1.3-4.3 P=0.004) and prevalence of hyperuricemia among study participant who
had MetS was higher (82.1% of hyperuricemic patients) than participants who didn’t had MetS
(17.9%). and lastly hyperuricemia is correlated with only specific components (TG, SBP, DBP
FBS and WC) of MetS.

From the present study, the prevalence of hyperuricemia among T2DM was 106(33.8%).this
result was comparable with the study from Indore which found the prevalence to be 34.2% and
higher than the study done by mundhe et el in India the prevalence being 25.3% (1).The mean
(SD) levels of SUA in hyperuricemic and normouricemic subjects was 8.5(2.0) and 4.4(1.3) This
finding is comparable with the result done by Antonio ogbera et, el which the mean uric acid

level among hyperuricemic and normouricemic to be 8.1 and 4.5 respectively (26).

The prevalence of MetS among T2 DM patients was 70.1%. A study from Cameroon found the
prevalence of the MetS defined by IDF to be 71.7% and 60.4% defined by NCEP-ATP III (41)
which is relatively comparable to the present study. This result is higher than the study
conducted by mundhe et el in which the prevalence was 45.3%(1). The higher rate of prevalence
in the present study might be due to the difference in the composition of metabolic syndrome
definition or ethnicity variation or because of specific WC cut off value used for indian
population(42).another much more lesser prevalence was reported by Victor Mogre and his
colleagues, which was 24%(43). The differences could be due to the variable criteria used in
defining the MetS as well as ethnic differences. In addition it could be due to the fact that the
study did not include HDL and triglycerides as criteria for defining the MetS. The prevalence of
MetS done in Thailand, bankok, by Jaipakdee J, et, el showed that it is 18.2% which is another
much more less report than the present study. the difference may be explained by because of the
study participants were non-diabetic subjects (16).The commonest occurring components of the
MetS includes abdominal obesity (61.3%) elevated TG(70.4) and elevated FPG (80.0%)
denoting uncontrolled diabetes. this result was closely related with the study done by Mogre et,el

other than for TG which found abdominal obesity (77.0%) and elevated FPG (77.0%)(43).
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Another important finding of our study was that the prevalence was higher in women (70.9%, n=
73) compared to men (69.7%, n=147) though the difference was not significant. This is in
agreement with several studies conducted among T2DM patients in Sub-Saharan Africa(44, 45)
and other developing country(46).However, several other studies especially in developed
countries have reported contrary findings(47, 48). The high prevalence of the MetS found among
women in our study could be due to the fact that a significant proportion of women had reduced
HDL-C which is one of the components of the MetS of the NCEP criteria used in this study.
Similar reasons have also been given by several studies that have reported higher prevalence of

the MetS in women than in men(43, 49).

Hyperuricemia was strongly associated with MetS in T2DM (CI-1.3-4.3, P=0.004).the odds of
having hyperuricemia was increased by 2.4 folds for a unit increase in MetS. This result was
Consistent with the previous studies (50, 51).A cross-sectional studies done in Egypt, on 200
hospitalized elderly patients found that hyperuricemia was independently associated with MetS
(p = 0.023, OR= 3.7) (30).The prevalence of hyperuricemia was higher among diabetic patients
with MetS ( 82.1%) than T2DM patients without MetS(63.9%) and the distribution of
hyperuricemia among patients with MetS and without MetS was significant (p=0.01).this result
was in line with other studies. Numata et al. reported that uric acid is significantly higher in
subjects with the metabolic syndrome when compared to subjects without the syndrome in the

Japanese population(52). This was also confirmed by other study (53).

Although the precise mechanisms underlying the association between SUA and MetS remain still
largely unknown, hyperuricemia may be partially responsible for inflammatory imbalances in

adipose tissues that lead to low-grade inflammation and insulin resistance (54).

A family history of DM, being married, secondary and above educational status, TG, WC, SBP
and DBP Were independent predicator variables for prevalence of hyperuricemia in T2DM

patients after adjusting for confounding factors.

From the present study, the strong association of Hyperuricemia with MetS hadn’t gone the same
with all of its components. Hyperuricemia was only associated with WC, SBP, DBP, TG,
p<0.05.there was no association of hyperuricemia with HDL (P=0.4) and FBS (P=0.5).This
result was supported by other studies. Gladys Soans and Roopa Murgod observed a positive

correlation between serum uric acid levels with Total Cholesterol and Triglycerides(17). We also
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noted that there were more components of the MetS in subjects with hyperuricaemia compared to

those with normouricaemia and this result was supported by another study(26).

A significantly higher proportion of subjects had hypertriglycaeridaemia and central obesity
(p<0.001, r=0.4 for both). From our correlation coefficient, TG and WC were found to be
positively correlated with SUA. High levels of triglycerides and SUA have each been reported
not only to be independently associated with an elevated risk for coronary heart disease but also
show strong associations between SUA and triglyceride(55, 56).In our study, the data indicates
that serum triglyceride is markedly associated with hyperuricemia (p<0.001). Mundhe et,al
showed the same results (p<0.05)(1).another study by Jamabhorn et, el, also noted that Body
mass index, waist circumference, blood pressure, and triglycerides significantly elevated in both
men and women with elevated UA levels (all a p-value <0.005)(16). There is positive correlation
between serum uric acid levels and waist circumference. This was similar to Anthonia Ogbera et

al study (26) and sherma et,el study(57).

Hyperuricemia and hypertriglyceridemia are suggested to be associated with insulin resistance
syndrome. The association between insulin resistance, hyperuricemia, and hypertriglyceridemia
are complicated. This might be expected from the fact that uric acid production is linked to

glycolysis and that glycolysis is controlled by insulin.

In our study, it is found that uric acid concentration is positively correlated with elevated SBP
and DBP and it is statistically significant (p<0.05, r=0.3 and 0.2 respectively). Similar
correlation was suggested by Mundhe et, el, in which serum uric acid concentration found to be
independently correlated with hypertension(1). In our study patients with raised BP,
(SBP>130mmHG, DBP>85mmHG) had higher serum uric acid compared with non-hypertensive
patients. There was significant correlation between serum uric acid level and raised SBP and
DBP which was similar to study by Remedios Shah, although study was done on general
population (58). Johnson et al, in their review, have reported a positive association of
hyperuricaemia with hypertension in T2DM with complications(2). But a study from
Bangladeshi showed an independent association of uric acid level with DBP(59).This different

might be due to the small sample size they used.
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CHAPTER SEVEN: CONCLUSION AND RECOMMENDATION

Conclusion
Our results suggest that hyperuricemia is an associated abnormality that could be considered as a

possible marker in those with metabolic syndrome. As hyperuricemia is a common finding in this
group of patients, early diagnosis and treatment may be helpful to prevent or decrease the rate of

development of overt complications in this population of patients.

Recommendation
From the result of present study, there is high prevalence of hyperuricemia and it is significantly

associated with metabolic syndrome in type two diabetes mellitus patients. From this our
recommendation will go to:
< First, for those internist and medical staffs to routinely check for uric acid level of T2DM
patients.
@ Second, further study should be conducted with better study design to include uric acid

level as one component of MetS.
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ANNEXES

ANNEX-I: QUESTIONNAIRES IN ENGLISH VERSION

A questionnaire prepared to assess the association between hyperuricemia and metabolic

syndrome in DM patients at HCSH, 2017.
PART I: questionnaire for Socio-demographic characteristics

Patient code

Instruction: for the following question please circle one from the given chooses/write in

words.

1. sex l.men 2.women

2. What is your age? year

3. Where do you live? 1. Urban 2. Rural

4. What is your educational status? 1. Illiterate =~ 2. Primary 3. Secondary 4. Tertiary

5. Marital status 1. Single 2. Married 3. Divorced 4. Widowed
6. Occupation 1.Farmer 2.employed 3. Daily labourer 4. House wife 5. Merchant 6.Others

specify

Part II: questionnaire for associated risk factors and behavioral activities

7. Do you have family history of DM? 1. Yes 2. No
8. Smoking status 1. Never smoking 2. Current smoker 3. Former smoker
9. How often do you drink? 1. Never 2. Once per week 3. > once per week 4. Daily

5.former drinker

10. Duration of DM

11. Are u pregnant? (for female participant only) 1. Yes 2. No
12. Mode of transportation 1. Walking or bicycle 2. Motorized vehicle
13. Are you doing regular physical exercise? 1. Yes 2. No

14. Are you on Anti-hypertensive treatment 1.Yes 2.No
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PART III: Anthropometric measurnment

15. Height (in meter)

16. Weight (in Kg)

17. BMI (in Kg/m?)

18. Blood pressure ( SBP/DBP in mmHg)

19. Waist circumference

PART IV: Laboratory measurements
20. TG

21. CHOL

22. HDL

23. URIC ACID

24. FSG(mg/dl)

This is the end of the questionnaire. Thank you very much for taking time to answer these

questions. We appreciate your help.
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ANNEX II : QUESTIONNAIRE IN AMHARIC VERSION
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21. TG
22. TC
23. HDL-c
24. LDL-c
25. URIC ACID
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ANNEX-IIT PROCEDURE FOR ANTHROPOMETRIC MEASUREMENT

Weight, Height and Body Mass Index

Height: Height was measured by fixing a tape measure to a wall and measuring the height with a
movable headboard, with measures to the nearest centimeter. Patients were asked to stand

upright without shoes, with their back against the wall, heels together and eyes directed forward.

Weight: Weight was measured with a weighing machine after asking patients to wear light

clothing and weight will be recorded to the nearest 0.5 kg.
Body mass index (BMI) was calculated as weight divided by height square (Kg/m2).

Blood Pressure was measured using a mercury sphygmomanometer after the subjects had rested
for more than 10 min. Hypertension was defined according to USNCEP-ATP) III guideline

classification.
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ANNEX-IV: PROCEDURE FOR VENOUS BLOOD COLLECTION

The blood sample, which was taken for analysis, was obtained from the antecubital vein.

1. First, the subject was told that he is going to give the blood sample and was asked for his
permission.

2. Then a sterile, dry, preferably plastic syringe of the capacity required Selected

3. A soft tubing tourniquet or fastening arm band to the upper arm of the subject Applyed.

4. The puncture site was Cleanse with 70% ethanol and allowed to dry. the cleansed area
was not re-touched.

5. When sufficient blood has been collected, the tourniquet was released and instructed to
open his or her fist. The needle Removed and immediately pressed on the puncture site
with a piece of dry cotton wool. The tourniquet Removed completely. The subject
Instructed to continue pressing on the puncture site until the bleeding has stopped.

6. The collected blood will be filled in to plane tube and used for the required analysis.

7. Centrifugated, Separated and storage
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ANNEX-V: TEST METHODOLOGY AND PRINCIPLES FOR EACH TEST
TO BE PERFORMED

The lipid profile of all the patients was tested after an overnight fast that includes testing of total
cholesterol, triglyceride, HDL, LDL, levels.

Biochemical analysis

The samples were collected by standard procedures under aseptic conditions. Standard

procedures were followed for the preservation and storage of samples before analysis.
Enzymatic colorimetric quantitative Method of total CHOL in serum or plasma

It is measured by CHOD-PAP method; (HUMAN Gesellschaft fiir Biochemica und Diagnostica
mbH, Germany: TC intra-assay CV = 1.19%, TG inter-assay CV = 2.53%), enzymatic
colorimetric method for Cholesterol with lipid clearing factor (LCF). The Cholesterol is
determined after enzymatic hydrolysis and oxidation. Indicator is quinoneimine formed from

H,0,, 4-aminophenazone in the presence of and phenol and peroxidase.
Cholesterol esterase

Cholesterol esters+H,O - Cholesterol +fatty acids

Cholesterol oxidase

D CHOL+O, = cholest-4en-3-one+H,0,

POD

2H,0,+thydroxybenzoate+4-Amminoantipyrine >red complex +4H,0O

The intensity of the red complex is proportional to the total cholesterol present in the sample.

Similarly, HDL-cholesterol (Direct enzymatic method), Triglyceride (GPO/PAP method) and

uric acid (Uricase/POD method) levels were measured using standard autoanalyser.

Below are the general test principle of TG, HDL, LDL AND uric acid respectively.
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Test Principle of TG

Triglycerides are composed of three fatty acids and a glycerol moiety. Analyzing a serum or

plasma sample for triglycerides typically involves four reactions.
The Reaction

Lipase Triglycerides — 3 fatty acids + glycerol
Glycerol Kinase Glycerol + ATP — glycerol-3-phosphate + ADP
Principle of the method for direct determination of HDL

The cholesterol from_LDL VLDL and chilomicrones is broken down by the cholesterol oxidase
in an enzymatic accelerated non-color forming reaction. The detergent present in the reagent B,
solubilized cholesterol from HDL in the sample. The HDL cholesterol is then photometrically

measured by means of coupled reactions described below.

CHOL esterase Cholesterol esters +H,O —>cholesterol +fatty acid

CHOL oxidase Cholesterol+1/20,+H,0O = cholestenone+H,0,

Peroxidase 2H,0,+4-Aminoantipyrine+DSBmT = Quinoneimine +4H,0
Uric acid

Uricase Method

Uric acid + H20 + 02 —allantoin + CO2 + H202

Plasma glucose level

Glucose oxidase method will be used.
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ANNEX-VI: INFORMATION SHEET IN ENGLISH VERSION

Information sheet
Purpose

The aim of this study is to assess the association of hyperuricemia with metabolic syndrome in
DM patients. Your feedback on this research is important, and help prevents further complication

due to hyperuricemia on DM patients.
Participation

We are asking you and others to participate voluntarily in this study. We expect from everyone

to respond some question, which take about five minutes. Moreover, we will request you to give

blood sample for analyzing of TG, HDL, LDL, CHOL and uric acid.
Benefits

If there is important finding during investigation, the result will be attached to your history,
opportunities for management will be arranged and you will be followed. you do not pay for any

testes and not get paid.
Confidentiality

All the data obtained will be kept strictly confidential by using only code numbers, which is
filled by the investigators, and locking the data.

Right to refuse

Since participation in this study is entirely voluntarily, you can withdraw to participate in this

study at any time. Your refusal does not affect your medical services.

If you have any question concerning the study, you can communicate with the following

address

Principal investigator: Temesgen Bizuayehu
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Address: Hawassa University College of medicine and health science Department of Medical

Laboratory Sciences.

Tel: 0916604551, E- mail: temesgenbizuayehu2@gmail.com Hawassa, Ethiopia
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ANNEX-VII: INFORMATION SHEET IN AMHARIC VERSION

ATG R avPG avilpsm, PR

PGk AATT

PHLYU TG AATY aP(ld PRI 24N AMLL N2F0AN L7490 IC LAY £CHF NANC F9191.P9T AL
ATIPGT 10 KGO OHY TGF oAt PanC F91999.PF 24h AlLe (129° @AT av(Ht 91.P0NTADY
16916 varg® AavdMM( L2460 ::

0rq*E QAT

OHY TGT PAt+q (oo & PLATE AL Phaowl-t 10-:: AAPII® (19PBavsP (TS E A8V 4 4. P8Py
OFUHS AN PAT:OHY TG APATGE NEP8. AL F 8P PUA ATPRPT JPAT LAMSA:: (HenT149°
ATALS JPCavLPT PLI° Gav-G AdPAMT 4.9L15 WP+ ATme SN :

075k (PG P97 PPge

PLavP Gav-¢ (1A1g-F6 (LaPLaPC mPl, @t nA h &havpt IC 0P4L00H AT PUNLI® NTAT ANALD-Y
PC ATROM LLLDA:  NHVTTHF AR Noeat+eE ¢ 9heht 1 f 9lhdet h&f
hRGTCI:

PAmC? OAenN P

NPt OO T +ANAN 99T FOIP QAR vl EPF TP TR FFO- P +mNP LPTA: :
Ny 4P oC NP rF FLLMI T PATFD vl BEPTF (Nave N PG +avg. 994 @ TN TP
NPT a8 P7PC H&  NTPP & NAA NFAPCIC L L+ P TI0K LPG &:

hee+ hAoomt+qg QAL P

LU TG N&LPLTY T AL 4Ot AT L@OPRr oMt PGE QAT hAy &S
NG FoP 0P+ N4LPP h PGk oMt SFAn: : heGE Qeamt AVhPTP AL
PTPALT T FOAC h favaye : :

ntek 2C O+PLPH TGFOP ¢ ATCP N NtAD ALdd TLEPT TP LA
e A
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PG t+avg.l6: - tav1 T AP U A&ed: UVPA ¢0COT 92900 ANGte

AeTOTPUCT h&h

UPa:

At g

A Ah:09-16-60-45-51: A.-7%4A : temesgenbizuayehu2(@gmail.com
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ANNEX VIII: CONSENT FORM ENGLISH VERSION

(To be translated to Amharic)

Code No

I consent acceptance, has been explained to me in a language I understand on hyperuricemia and
its association with MetS among DM in our country. I understand that hyperuricemia and its
association with metabolic syndrome in DM patients is not well known. For this reason, doing

research on this title will be paramount important to decrease the complication.

Therefore, I am informed about giving blood sample in no harm method and I will be
interviewed for five minutes. More over all the data obtained will be kept strictly confidential.
Anonymous testing will be undertaken, that is sample will be coded and result will not be
identified by names in this paper and in the other reports; decline to answer the questions; the
right not to participate or withdraw and decide not to participate has no influence on any
services that I seek to get. Even I have been assured that I am benefited from cost free laboratory
examination and based on the test result I will get the usual professional support from the

assigned physician.

Therefore, by understanding the objective of the consent, I agreed to give blood sample for the
stated purpose and I have no any objection if this sample also used for similar research in the
future. Participating in this study is purely voluntarily; I am very happy and I have informed this

to the consent offering personnel.
For this, I declared with my signature.
Consent acceptor signature (no name) witness signature Person Obtaining Consent

Date Date Date

Researchers address

Temesgen Bizuayehu; Hawassa University Tel. 09-16-60-45-50
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ANNEX IX: CONSENT FORM AMHARIC VERSION

(OO B AR B )

N TC €TC

Ay OA +20L 224N AALL NP AT a>(H+ 18+ ¢ e ANTA oPr7 Ay 0192 0%
7% F1ACT FLLFAV PHU 1P ACHT O00E om? AT LUILIOPE (A HYP
Phe e+ NG307 A+toean+ U777 PSH 09% L ¢ 00207 aCBF aom? Aavdh
OIRLA PLT AIATATRWYT (M9 0 T4 &FAU

NAHV A+ALR PCamePF ¢LP Gavg aamt A7TA407T ¢ AhPat L¢P
ATHCOA® @2 A7 8ANT +1O9CTFA: N9 02 A9PF ALLA NHY ARG
LU NAA NTLL 47CHF hTLT8TAR APMe PO TP & PAamAN NLAP
N 9°C P4 @A+ q 0L AhAmi+q aol-h ¢ +mlP @Pr7S AA@A+& AOA7T P°7 P
ARIHF F00F ATLTeFLD L EFAV: AT RVOP Gao¢ @ A+AAD A AT A7 L TDA
N9LLT @19 PC % A1 ATNT TMFPTLAPT A7 LPTAS O @Mk avh 4+ h+aof (| @
VPP tAmL DT WP R ACAFATRLIN Y HLEFAY

NAHLY ?@A7 AAT 09920 Qoo 8+ ¢ Amu-t? ¢ L9 Gaog  A+QA@ 9°CIC S
N+erels 9 A DL 4+ G avg @ A+avd @ 9oC 9°C (Lf Ot +FOP ATLAAT T 0TGk
i td, ooy §2LATF ATLPTIE N&PRIYF NavtONSG 03 § O1FET ALK
NaFp LO+T Py 7 A OA 0 RDT BN U

AARLYVIPNLCT% Al D2TNAU i

P OA FPNL LCT(MPALT &) pPahC &CH P oA a o,

éC T

¢ 7 it

P F o0 T DA LA

Tao0 77 NHALU- T UPA &OCAL ddh PC 09-16-60-45-51
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