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ABSTRACT
Introduction: Hypertension is a single most important risk factor for cardiovascular disease,

and the growing public health issue in developing countries. It has been reported that
inappropriate acute thrombus formation (hypercoagulability) is the pathophysiological
substrate underlying increased risk and severity of target organ damage of hypertension, such
as acute coronary syndrome and stroke that can cause significant morbidity and mortality.
Plasma D-dimer level has been reported to be a good biochemical marker of thrombosis.
Objectives: The objective of this study was to assess plasma D-dimer level and its correlation
with disease severity among hypertensive patients at Yikatit 12 Hospital Medical College.
Methods: A hospital based comparative cross-sectional study was conducted at Y12HMC.
Hundred participants (60 hypertensives and 40 controls) were recruited in the study. Data
were collected using structured questionnaire through face to face interview, reviewing
medical records and direct measurement of variables. The data was analyzed using SPSS
version 25.0 and categorical variables were described by frequency and percentage while
continuous variables by mean and standard deviation. The association and correlation between
variables were determined using correlation coefficients, regression analysis, and also using
different parametric and non-parametric tests accordingly.

Results: Among study participants, female to male ratio was 1.4 and the mean age was 52
year with a range of 20 to 80 years. Among hypertensives,30(50.0%) were in stage 1 while
14(23.3%) and 16(26.7%) were in stage 2 and severe hypertension respectively. We observed
higher D-dimer levels among hypertensives when compared with the healthy controls
(p<0.001). The plasma D-dimer levels were found to be increased significantly with the
severity of hypertension (p<0.001). D-dimer found to have a diagnostic power of 86.9% in
differentiating complicated from uncomplicated hypertension at 0.83mg FEU/I cut-off value.
Conclusion and recommendations: This study suggests that D-dimer level was higher in
hypertensives than control groups and it was also increasing significantly with the severity of
hypertension suggesting hypercoagulability plays a role in the pathogenesis of cardiovascular
disorders and thromboembolic complications of hypertension. But further studies need be
done on larger scale and using more robust study designs such as case control and cohort to
establish the causality of the association between severity of hypertension and D-dimer level.

Key words: Hypertension, D-dimer, Yikatit 12 Hospital Medical College




1. INTRODUCTION
1.1 BACKGROUND

on-communicable diseases (NCDs) are by far the leading cause of death

worldwide. In 2016, they were responsible for 71% (41 million) of the 57 million

deaths which occurred globally. The major NCDs responsible for these deaths
included cardiovascular diseases (CVD) (17.9 million deaths, accounting for 44% of all NCD
deaths and 31% of all global deaths)(WHO, 2018). Cardiovascular disease (CVD) is the
leading (48 %) cause of NCD death in developed countries (Thom, 1992), and there is growing
evidence that a similar epidemic is highly prevailing in the developing world including
Ethiopia (Kibret and Mesfin, 2015;Asresahegn et al., 2017).

Hypertension has for long been globally recognized as the most prevalent CVD, which is a
medical condition with a characteristic feature of chronically elevated state of systemic blood
pressure (BP) (Chobanian et al., 2003). It is the most important modifiable cardiovascular risk
factor that is closely associated with lethal complications like coronary heart disease (CHD),
stroke, congestive heart failure (CHF), end-stage renal disease (ESRD) and peripheral
vascular disease (PAD) (Chobanian et al., 2003).

According to the 2017 American College of Cardiology/American Heart Association
(ACC/AHA) guideline, BP thresholds for defining hypertension has been updated for the
initiation of and goals of pharmacologic treatment of hypertension based on a pragmatic
interpretation of BP-related CVD risk and benefit of BP reduction in clinical trials (Carey and
Whelton, 2018). This guideline which recommends lower thresholds than prior guidelines,
defines hypertension as any one of the following in at least in two or more seated BP readings
during each of two or more outpatient visits; any SBP measurement of 130 mm Hg or higher
or any DBP measurement of 80 mm Hg or higher, or reported current use of antihypertensive
medication. Accordingly, BP is classified as normal, elevated BP (instead of prehypertension),
stagel hypertension and stage 2 hypertension (Table 1).



Table 1:Blood pressure classification (Carey and Whelton, 2018).

Category Systolic BP (mmHg) Diastolic BP (mmHg)
Normal <120 <80
Elevated 120-129 <80
Stage 1 hypertension 130-139 80-89
Stage 2 hypertension >140 >90
Hypertensive crisis Over 180 Over 120

The severity of hypertension and hence the cardiovascular risk or target organ damage (TOD)
increases as one goes from normal BP to stage 2 hypertension and hypertensive crisis
(Muntner et al., 2017). Similarly, though there is no obvious level of BP that defines
hypertension from an epidemiologic perspective, there is a continuous incremental risk of
CVD, stroke, and renal disease across levels of both SBP and DBP in adults (Chobanian et
al., 2003).

Severe clinical syndromes which occur as complications of untreated or inadequately treated
hypertension and are a frequent reason patient present to health care facilities are called
hypertensive crisis (Gifford, 1991;Elliott, 2006). This condition categorized as hypertensive
urgency and emergency based on evidence of acute TOD such as CVD and cerebrovascular
disorder. Hypertensive emergency is defined as severe hypertension accompanied by acute
end organ dysfunction; whereas, hypertensive urgency is defined as severely elevated BP (a
SBP> 180 or DBP> 120) without acute end-organ damage (Gifford, 1991).

White coat hypertension (WCH), isolated clinic hypertension, is defined as the documentation
of increased BP (> 140/90 mmHg) in several visits to the clinic, while 24-hr ambulatory blood
pressure monitoring (ABPM) levels are < 125/80 mmHg (Chobanian et al., 2003). WCH is a
consequence of stimulation of the autonomic and central nervous systems during situations of
stress, anxiety or excitement and the prevalence of which varies from 15% to 35%.(Pickering
et al., 1999;Jepson, 2011).

Only about 5-10 % hypertensives have a specific identified underlying disorder causing the

elevation of BP called “secondary hypertension” as is mostly secondary to renal disease or
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less commonly to renal artery stenosis (called renovascular hypertension), endocrine
abnormalities, vascular malformations, or neurogenic disorders (Mitchell, 2006). The rest
majority (90-95%) of hypertension, however, has no known exact cause and diagnosed as
having “primary or essential hypertension” (Beevers et al., 2001; Tomson, 2005).

The frequent and the only sign of essential hypertension is elevated BP and it is recognized
as the “silent killer” because it typically has no warning signs or symptoms, and many

people even do not know they have it (James et al., 2014).

Many recent guidelines on hypertension diagnosis and management focus that total CVD risk
should be quantified so that the type and intensity of treatment can be tailored to the degree
of overall risk rather than the level of BP elevation alone. This approach maximizes the cost

effectiveness of hypertension management (WHO, 2013).

D-dimer, which has an estimated weight of 195 kDa, is a plasma plasmin derived degradation
product of cross-linked fibrin (Olson, 2015). It was first identified and isolated in the 1970s
(Gaffney, 1973). D-Dimer is a marker of increased fibrin turnover and ongoing intravascular
fibrin formation, and it is a widely used indicator for the exclusion of venous
thromboembolism (VTE) with highly negative predictive value(Wells et al., 2003). Similarly,
elevations of D-dimer are associated with increased risk of future TOD like myocardial
infarction, stroke, and PAD (Lowe, 2005).



1.2 LITRATURE REVIEW
1.2.1 Epidemiology of Hypertension

Hypertension is an overwhelming global challenge, which is the 4™ contributor to premature
deaths in developed countries and the 7" in developing countries (Dreisbach, 2013). Globally,
nearly one billion people have hypertension and it ranks third in disability-adjusted life-years
(DALYs) (Kearney, 2005). The prevalence of raised BP in adults older than 25 years of age
was about 40 % in 2008 and contributed to 12.8 % of the total deaths in the world (WHO,
2011, 2013). The World Health Organization (WHO) also estimated that around 62 % of
CVDs and 49 % of ischemic heart diseases are attributable to high BP (WHO, 2013).

In US, based on results of NHANES, approximately 30% (age adjusted prevalence) of adults,
or at least 65 million individuals, have hypertension. The age-adjusted prevalence of
hypertension is slightly higher in men than in women (Nwankwo et al., 2013). According to
the report from 2017 ACC/AHA Guideline, the absolute burden of hypertension is
consistently increased, from 87.0 million in 1999-2000 to 108.2 million in 2015-2016
(loannidis, 2018).

More recently, developing countries are facing what is known as “double burden of diseases”
that involves communicable diseases and NCD (including hypertension) responsible for the
highest burden of morbidity and mortality in Africa (Bygbjerg, 2012). The prevalence of
hypertension has been increasing in developing countries including Ethiopia. Though there is
paucity of data about prevalence of hypertension at national level in Ethiopia, few small-scale
studies indicate that the disease has become a significant public health problem in Ethiopia
(Awoke et al., 2012;Asresahegn et al., 2017). A meta-analysis intended to summarize the
results of smaller region based studies to provide an estimate of national level hypertension
prevalence showed that the prevalence of hypertension among Ethiopian population was 19.6
% (95 % CI: 13.7 %, 25.5 %)(Kibret and Mesfin, 2015). The same subgroup analysis also
indicates that though the prevalence of hypertension among males (20.6 %) and females (19.2
%) was nearly the same, it was higher in the urban population (23.7 %) than rural and urban
combined (14.7 %). This is supported by a community based cross sectional study conducted
in Gondar, Northwest Ethiopia where the prevalence of hypertension is 28.3% (Awoke et
al., 2012).



1.2.2 Risk factors and Pathophysiology of Hypertension

The complex interplay between modifiable and non-modifiable factors or conditions,
including both environmental and genetic factors, are reported to play a role in the
development of primary hypertension. These factors that have been intensively studied to
contribute to hypertension development and even to CVD are salt intake, low dietary intakes
of calcium and potassium, obesity, insulin resistance, dyslipidemia, alcohol consumption,
psychosocial stress, low levels of physical activity, smoking, genetics , low birth weight and

intrauterine nutrition, and neurovascular anomalies (Tomson, 2005).

A number of physiological mechanisms such as renin-angiotensin-aldosterone system
(RAAS) and autonomous nervous system are involved in the maintenance of normal BP and
their derangement may play a part in the development of essential hypertension. Maintenance
of a normal BP is dependent on the balance between the cardiac output which is determined
by stroke volume and heart rate, and the peripheral vascular resistance determined by small
arteries and arterioles (Chobanian et al., 2003). But in the presence of risk factors, there is
derangement of the normal physiological BP control mechanisms, which include activation
of RAAS, sympathetic nervous system, and vascular mechanisms that all have the potential
to increase arterial pressure out of control by increasing cardiac output and peripheral vascular

resistance (Beevers et al., 2001).

1.2.3 Pathological Consequence of Hypertension

A. Target organ damage of Hypertension
In long-term, hypertension leads to target organ damage (TOD) or thromboembolic
complications associated with heart, brain, kidney and peripheral arteries, resulting increased
morbidity and mortality (MacMahon, 1990;Chobanian et al., 2003;Foe"x and Sear, 2004).

In human patients a graded relationship exists between increasing BP and cardiovascular
morbidity and mortality (Jepson, 2011). Heart disease, which is the most common cause of
death in hypertensive patients, is the result of structural and functional adaptations and leading
to left ventricular hypertrophy, congestive heart failure (CHF), coronary heart disease (CHD),
stroke, and cardiac arrhythmias. In the Framingham Heart Study, 30-year follow-up data

revealed that the incidence of heart disease was proportional to the level of SBP (Poli, 2000).



Similarly, a strong association between SBP and all CVD was evident; the bulk of CVD

incidence resulted from CHD events (Lowe, 2005).

Chobanian et al (2003) report shows that stroke is the second most frequent cause of death
following CHD in the world; it accounts for 5 million deaths each year, with an additional 15
million persons having nonfatal strokes (Chobanian et al., 2003). Elevated BP is the strongest
risk factor for stroke. Approximately 85% of strokes are due to infarction, and the remainder
are due to either intracerebral or subarachnoid hemorrhage. The incidence of stroke rises
progressively with increasing BP levels, particularly SBP in individuals >65 years (Goldstein
et al., 2006).

The kidney is both a target and a cause of hypertension. Primary renal disease is the most
common etiology of secondary hypertension. Mechanisms of kidney-related hypertension
include a diminished capacity to excrete sodium, excessive renin secretion in relation to
volume status, and sympathetic nervous system overactivity. Conversely, hypertension is a
risk factor for renal injury and End Stage Renal Disease (ESRD)(Chobanian et al.,
2003;Malani, 2012).

Recent reviews also indicate that in addition to contributing to the pathogenesis of
hypertension, blood vessels are a target organ for atherosclerotic disease secondary to long-
standing elevated BP. In hypertensive patients, vascular disease is a major contributor to
stroke, heart disease, and renal failure. Further, hypertensive patients with arterial disease of
the lower extremities are at increased risk for future cardiovascular disease and ischemia
(Malani, 2012;Fowkes et al., 2017).

B. Hypercoagulability and Hypertension
Hypertension reported to increases the risk and severity of TOD, not only by clustering with
other CVD risk factors such as hypercholesterolemia, hypertriglyceridemia, obesity, and

insulin resistance but also independently (Lind and Lithell, 1993;Lip et al., 1997).

Despite many efforts, the precise pathophysiological mechanisms by which elevations in
arterial BP may promote TOD remains poorly understood (Lip and Blann, 2000). But, the

hemostatic system may play an important role as has been recognized in the pathogenesis of



atherothrombotic events that involved in the TOD and long-term prognosis of hypertension
(Rocha, 1994;Alfonso, 1997).

A comparative cross sectional study has shown that hypertensive patients tended to show a
unbalanced fibrinolytic system and tendency towards a hypercoagulability and a more
frequent thrombotic complications as compared to normotensive subjects, suggesting that
impaired fibrinolysis plays a role in the pathogenesis of CVDs and complications of
hypertension (Armas-Herna'ndez et al., 2007). It has become evident that the prognostic value
of rheological and hemostatic factors are predictors of cardiovascular events and raises the
possibility that they are not merely markers or consequences of atherothrombotic disease, but
may also contribute to its pathogenesis (Lee, 1997a).

Accumulating clinical and laboratory evidence suggests that hypertension per se may confer
a prothrombotic or hypercoagulable state by accelerating development of atherosclerosis and
increasing shear stress leading to plaque rupture and thrombosis (Lee, 1997b). This may
explain in part why, though the arterial tree is exposed to increased BP in hypertensive
patients, paradoxically, the major complications of hypertension like ischemic stroke and
myocardial infarction are mainly thrombotic rather than hemorrhagic, known as the
Birmingham paradox (Beevers et al., 2001). In accordance with Virchow’s triad, patients
with hypertension demonstrate abnormalities of blood vessel (endothelial dysfunction), blood
constituents (abnormal levels of clotting factors, platelet activation and fibrinolysis) and blood
flow (rheology and flow reserve) (Figure 1) suggesting that hypertension confers a
prothrombotic state (Lee, 1997a;Lip and Li-Saw-Hee, 1998).

Blood constituents Blood vessel abnormalities
{clotting factors, platelets) (endothelial dysfunction)

Blood flow
(rheology)

Figure 1:: Virchow’s triad and prothrombotic state in hypertension (Beevers et al., 2001)




1.2.4 Hemostatic abnormalities and Hypertension

Hemostasis is a dynamic multistep physiological phenomenon that acts to coordinate the
delicate balance between bleeding and clot formation by collaborating the activity of the blood
vessel, platelet, and plasma proteins (Versteeg, 2013;Cimmino et al.,, 2017). This
thrombohaemmorhagic balance is maintained in the body by complicated interactions

between coagulation and the fibrinolytic system as well as platelets and vessel wall.

Hypertension is characterized by hemostatic imbalance between coagulation and fibrinolysis
that results a hypercoagulable state and thought to contribute for fatal cardiovascular
complication (Lip and Li-Saw-Hee, 1998). Plethora of studies have examined that essential
hypertension is associated with abnormalities in hemostatic balance caused by rheological,
haemostatic, endothelial and platelet abnormalities that may act synergistically to increase the
risk of thrombogenesis and atherosclerosis and thereby to the thrombotic complications in
hypertensive patients (Wall, 1995;Lip et al., 1997;Dell’Omo et al., 2003). Several studies
have demonstrated that elevated levels of fibrinogen and soluble P-selectin (a marker of
platelet activation), plasminogen activator inhibitor type 1 (PAI-1) (an index of fibrinolysis),
fibrin D-dimer (an index of thrombogenesis) and, abnormal hemorheology (high plasma levels
of fibrinogen and plasma viscosity) in hypertensives compared to healthy normal controls (Lip
et al., 1997;Beevers et al., 2001;Li-Saw-Hee et al., 2001). Many studies demonstrate that
VVon Willebrand factor (VWF), a marker of endothelial function, is abnormally high in patients
with hypertension, and reduced with good BP control, points to possible endothelial

perturbation in hypertensive patients (Blann et al., 1993; Thompson et al., 1995;Zhang, 2003).

A. Coagulation profile abnormalities in Hypertension
Blood coagulation is the process of changing the blood from a liquid to a solid, through
extrinsic and intrinsic pathways, by converting fibrinogen to insoluble fibrin or blood clot
which is essential to prevent bleeding in the event of vascular injury (Lillicrap et al.,
2009;Riley et al., 2016).

One of the main pathophysiological aspects of hypertension complication is derangements in
coagulation profile. This is supported from the observation that satisfactory BP reduction with
non-drug intervention and with various classes of antihypertensive drugs does not lead to an

equal reduction in heart attacks and strokes may be due in part to unfavorable effects on the
8



hypercoagulable state in hypertension (Lip and Li-Saw-Hee, 1998). Measurement of plasma
levels of fibrinogen, which is a clotting factor (Riley et al., 2016), prothrombin fragment 1+2,
which is released when factor Xa converts prothrombin to thrombin(Mannucci and
Giangrande 1992), and fibrin D-dimer, the principal breakdown fragment of fibrin (Riley et
al., 2016), can be used to estimate the state of activation of the coagulation system. In patients
with hypertension, plasma levels of fibrinogen, prothrombin fragment 1+2 and D-dimer are
increased (Catena et al., 2000), and antithrombin I11 activity is decreased (Vaziri et al., 1994)
compared with normal controls, suggesting the coagulation system is activated in these

patients.

B. Fibrinolytic abnormalities in Hypertension

Abnormality in fibrinolytic pathways, in most occasion hypo-function of fibrinolysis, has been
reported in patients with hypertension (Alfonso, 1997;Gaffney, 2001). The fibrinolytic
system, a crucial defense mechanism against intravascular thrombosis, is controlled by the
plasminogen activator system. The fibrinolytic process is mainly influenced by the dynamic
interaction between tissue plasminogen activators (t-PA) which produce plasmin (from
plasminogen) that promotes fibrinolysis, and its specific inhibitor, plasminogen activator
inhibitor-1 (PAI-1) that inhibits the proteolytic activity (Harmening, 2009). Hypertensives
have higher levels of plasma PAI-1 and t-PA antigen that have been shown to have predictive
power for myocardial infarction, stroke and cardiovascular death (Juhan-Vague and Alessi,
1993;Ridker, 1994).

Several reports have shown that essential hypertension is associated with abnormalities in
fibrinolytic balance caused by altered plasma levels of fibrinogen, PAI-1 and t-PA (Wall,
1995;Dell’Omo et al., 2003). According to the study by Armas-Herna'ndez et al in 2007,
findings of increasing PAI-1 and t-PA levels in relation to increasing BP are compatible with
a decreased fibrinolytic state in hypertensive patients. Similarly, a comparative cross-sectional
study by Wall et al reported that borderline hypertensive subjects had a higher concentration
of t-PA levels than did control subjects, though no significant differences in t-PA activity or
PAI-1 levels between groups (Wall, 1995). Moreover, the levels of PAI-1 and t-PA were
positively related to SBP and DBP in a large Framingham Offspring cohort Study (n = 2652;
1193 men and 1459 women) of healthy middle aged men and woman (Poli, 2000).



Since both of t-PA and PAI-1 are synthesized in the vascular endothelium, endothelium
dysfunction induces an imbalance in fibrinolysis (Coffey et al., 2011). This can be
demonstrated by the ratio of PAI-1/t-PA that tends to be higher in hypertensive cases. A study
reported that the ratio of active t-PA to active PAI-1 is 1:50 in men with thrombotic disease
as compared to the healthy male subjects, which is approximately 1:8 ratio (Lottermoser et
al., 1998). In another study, the ratio PAI-1/t-PA tends to be higher in hypertensive groups,
but did not reach significance (Armas-Herna ndez et al., 2007).

1.2.5 D-dimer generation and clinical applications

A. D-dimer generation
D-dimer is a fibrin degradation product (FDP) generated by the sequential activity of three

enzymes: thrombin, activated factor XIII (factor XlIlla), and plasmin (Figure 2). The process
starts when thrombin, generated from prothrombin at the site of vessel injury upon activation
of coagulation pathway, cleaves fibrinopeptide A with 16 amino acids and fibrinopeptide B
with 14 amino acids from fibrinogen to form fibrin monomers (Adam et al., 2009;0Olson,
2015;Cimmino et al., 2017). Fibrin monomers polymerize end to end and side to side
spontaneously and then stable fibrin clot is formed when fibrin-stabilizing factor (factor XII1)
covalently links the adjacent domains of three fibrin monomers, the D-D-E domains. The
central part of the molecule is called the E domain while the two outer ends are the D domains
(Olson, 2015;Riley et al., 2016).

Owing to the parallel activation of the fibrinolytic system to maintain proper balance between
coagulation and fibrinolysis, the cross-linked fibrin network undergoes plasmin-mediated
degradation to form FDP (Adam et al., 2009;Harmening, 2009). Fibrin-bound plasmin
degrades the fibrin network into soluble fragments consisting of (DD)E which in turn is a
complex containing D-dimer generated from cross-linked adjacent D domains (DD)
noncovalently bound to fragment E (Riley et al., 2016). D-dimer antigen remains undetectable
until it is released from crosslinked fibrin by plasmin mediated proteolysis of fragment E
released from the (DD)E complex, and D-dimer containing two D domains (hence the name)
formed. D-dimer then circulates in plasma with a half-life of approximately 8 hours until it is
cleared by the kidneys and the reticuloendothelial system (Hager, 2009). D-dimer antigen as

detected by commercially available assays can either be derived from the soluble fibrin
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polymers before their uptake in the clot or be the product of plasmin cleavage of the fibrin
clot (Adam et al., 2009). Therefore, because it can only be generated when there is formation
and degradation of cross-linked fibrin, D-dimer provides a global marker of activation of the
coagulation and fibrinolytic systems, and serves as an indirect marker of thrombotic activity
(Riley et al., 2016).

D E D
Fibrinogen

Thrombin —= <, _“Fibrinopeptides

v v
Fibrin Monomer

Protofibril
Factor Xllla

Plasmin

v

><
(DD)E

Plasmin

v
><
DD E:

Figure 2:D-dimer generation from crosslinked fibrin (Adam et al., 2009).

B. D-dimer clinical application

D dimer (D-DI) reflects the ongoing activation of the hemostatic system and it is a good
biochemical marker of thrombogenesis and fibrin turnover (Lip, 1995). Several clinical
scenarios might prompt a practitioner to measure or monitor D-DI levels. In general, D-DI
test may be ordered to ascertain to what extent fibrin formation has been initiated or to learn
whether there is any change in this process in the course of a specific therapy or disease
process (Lowe, 2005). D-DI have intensively studied as potential specific diagnostic markers
for thromboembolic disease among many other coagulation breakdown products (Riley et al.,
2016).

In practice, D-DI are exquisitely sensitive biomarkers for routine use in patients with
Disseminated Intravascular Coagulation (DIC), Deep Venous Thrombosis (DVT) and
Pulmonary embolism (PE)(Wells et al., 2003). Apart from these, circulating D dimers are also
elevated in patients with coronary artery disease, acute aortic dissection and other CVDs,
cancer, trauma, pregnancy (rising two- to-fourfold by delivery), infectious and inflammatory
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diseases, severe renal disease, recent surgical procedure, advanced age (limiting its use in
those >80 years old), and many other conditions, health factors, and diseases (Chabloz et al.,
2001;Harper et al., 2007;Adam et al., 2009;Riley et al., 2016). However, because the
elevation is less specific than for DVT/PE, laboratory monitoring for D dimer has limited
clinical usefulness in patients with these diseases (Adam et al., 2009;Riley et al., 2016). The
role of D dimer in patients with other conditions such as predicting the risk of stroke in atrial
fibrillation, identifying patients with coronary artery disease or human immunodeficiency
virus (HIV) infection at risk for cardiovascular events, or for ruling out acute aortic dissection

is uncertain (Hager, 2009).

1.2.6 D-dimer and Hypertension

Essential arterial hypertension often predisposes patients to a prothrombotic state and
increased risk of vascular and organ complications (Tabak et al., 2009). D-DI is a good
biochemical marker of thrombosis and a high plasma levels of which is related to BP (Lip,
1995;Lip et al., 1997;Tabak et al., 2009). D-DI assay has high power of negative predictive
value, meaning, finding a D-DI that is within the reference interval essentially excludes the
diagnosis of VTE. Finding of high fibrin D-DI in patients with hypertension suggests ongoing
intravascular fibrin formation (and possibly early thrombus formation) though elevated D-DI
has little specificity and low positive predictive value(Olson, 2015). Plethora of studies have
shown that high plasma fibrin D-DI levels (even within the normal range) are predictive of
both arterial thrombotic events (Fowkes, 1993;Ridker et al., 1994;Lowe, 1995) and
postoperative thrombosis (Rowbotham, 1992); this suggests that increased fibrin turnover may
perhaps be a continuum between health, statistically increased fibrin turnover as a

prethrombotic state, and overtly increased fibrin turnover in acute thrombosis.

Several number of studies have found that elevated plasma D-DI levels in essential
hypertensive patient (Vaziri, 1993;Lip et al., 1997;Sechi et al., 2000;Coban et al., 2004) and
white coat hypertension (WCHT) groups (Coban et al., 2004). According to the Sechi et al
(2000), D-DI concentrations is significantly related to the severity of TOD in hypertensive
patients. This got support from the study done by Zhang and his colleagues who demonstrated
that D-dimer is related to different levels of BP, dangerous states and TOD; Antihypertensive

drugs; enalapril and terazosin could reduce the level of BP and hence decrease the D-dimer
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level (P <0.01) (Zhang, 2003). Similarly, in one prior study in hypertensive patients with left
ventricular hypertrophy, left ventricular enlargement, and left atrial enlargement, higher levels
of D-dimer were detected (Chi, 2002). A community-based follow up study showed that D-
dimer levels increased with age and functional disability and among the health variables, only
high BP was predictive of D-dimer level, supporting the correlation D-dimer and BP (Pieper
et al., 2000). A study done in Sudan reported that D-dimer levels are higher among
hypertensive patients than in controls and indicated the hypercoagulable state among
hypertensive patients (Ibrahim and Abdalla, 2014). As a precedence to this study, in Sudan, it
was shown that the D-dimer level increased in hypertensive patients when compared with a

healthy control groups though it was insignificant (Osman and Muddathir, 2013).
1.3 STATEMENT OF THE PROBLEM

Hypertension is one of the leading causes of the global burden of disease. Though the burden
of the disease varies considerably between regions of the world, hypertension is considered to
be the main contributor to increased cardiovascular morbidity and mortality(Chobanian et al.,
2003). Approximately 7.6 million deaths (13-15% of the total) annually and 92 million
disability adjusted life years (DALYs) worldwide were attributable to high BP in
2001(Chobanian et al., 2003). The proportion of the global burden of disease attributable to
hypertension has significantly increased from about 4.5 percent (nearlyl billion adults) in
2000 (Kearney, 2005), to 7 percent in 2010(Lim, 2012). In US, the absolute burden of
hypertension is consistently increased, from 87.0 million in 1999-2000 to 108.2 million in
2015- 2016 in the US adult population aged >20 years (Carey and Whelton, 2018).

The prevalence of hypertension has also been increasing in developing countries (Bygbjerg,
2012). In Ethiopia, the prevalence of hypertension is higher and has been increasing according
to different small-scale studies and a national level meta-analysis that summarized a number
of small-scale studies done in different part of Ethiopia (Awoke et al., 2012;Kibret and
Mesfin, 2015;Asresahegn et al., 2017).

Hypertension, an independent risk factor for developing TOD, doubles the risk of stroke,
coronary heart disease (CHD), Peripheral Arterial Disease (PAD) and End Stage Renal
Disease (ESRD) (Chobanian et al., 2003;Foe"x and Sear, 2004). Moreover, hypertension is a
silent killer mostly as a consequence of the associated complications. This is due to the

13



inability to early detect TOD as most hypertensive patients are asymptomatic and detected
incidentally when they come to hospital for other health seek. Even after the hypertension is
diagnosed, there is no well-studied biochemical risk marker routinely used to predict or early
detect the associated thromboembolic disease and hence to determine the severity of
hypertension (Asresahegn et al., 2017). This makes hypertension the single most important
cause of morbidity and mortality globally, and highlights the urgent need of action to address
the problem (Beaglehole et al., 2008).

Hypertension, independently or by clustering with the coexisting risk factors such as age,
gender, smoking, obesity, diabetes, and dyslipidemia, is involved in the pathogenesis to
develop TOD (MacMahon, 1990); with complications predominantly occurring as a result of
thrombotic rather than hemorrhagic(Beevers et al., 2001). Evidence is accumulating that
indicates that the hemostatic imbalance predicts future vascular events both in ischemic heart
disease and stroke resulting from thrombi or emboli induced vascular occlusion. Thus,
individuals who present with impaired hemostatic/fibrinolytic activity tend to have increased

risk for ischemic cardiovascular events (Gleerup, 1991).

The potential role of many haemostatic factors including fibrinogen, factor VII, D-dimer,
prothrombin fragment 1 + 2, factor VII, vVWF, t-PA and PAI-1 associated with atherogenesis

and/or thrombosis and increased risk for CVD have been investigated (Ruberg, 2002).

D-Dl is reportedly a good independent biochemical risk marker of thrombogenesis and fibrin
turnover, and is often used as a marker for DIC, DVT and PE (Wells et al., 2003). In patients
without evidence of coagulopathy, the D-DI may represent microvascular thrombosis and the
elevated levels of which may provide clinical utility in predicting risk of future myocardial
infarction, stroke, and PAD in the general population (Fowkes, 1993;Smith, 1997).

Thus, risk of CVD resulting from hypercoagulability due to endothelial injury in hypertensive
disorder can be proven by measuring D-DI level which is more sensitive, highly predictive
and noninvasive procedure. Therefore, the aim of this study was to assess plasma D-DI level
among hypertensive patients and to see its correlation to the severity of disease in a group of
patients with essential arterial hypertension and compare the values obtained with a group of
healthy normotensive subjects.
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1.4 SIGNIFICANCE OF THE STUDY
The global burden of disease attributable to hypertension is significantly increasing and the
morbidity and mortality of which is associated with increased risk for CVD (Ruberg, 2002).
Prior studies have evaluated the association of hemostatic factors (including D-dimer) and
hypertension, and some of which have reported an elevation in the D-DI levels among
hypertensive patients (Lip et al., 1997;Zhang, 2003;lbrahim and Abdalla, 2014). However,
these studies require confirmation through further studies to use D-DI test routinely as risk
marker in hypertensive patients and also there was no study that has elucidated specifically

the relationship between severity of hypertension and plasma D-DI level.

Therefore, this study was done to ascertain whether plasma D-DI levels can be useful indicator
for hypertension severity; It specifically investigates whether patients with elevated plasma

D-DI level have more severe hypertension compared to normal level D-DI hypertensives.

Besides, it is possible in the future that D-DI test may help predict individual risk for CVD
among hypertensive patients. This early prediction and detection using D-DI test in turn may
improve the prognosis and quality of life as well as may lower DALY's and prevent premature
death caused by cardiovascular complications.

In addition, the findings from this study provide new insight to see the problem for better
intervention and help to shape clinical as well as public health care of the patients and the
general population. Moreover, the results obtained from this study may also be used as

baseline or reference to pave the way for conducting further related studies.

Although the relationship between hypertension and D-DI level has been reported previously
and gained great interest among researchers worldwide in recent years, to the best of our
knowledge, studies addressing the severity of hypertension and D-DI level are rare worldwide

and is the first of its kind in Ethiopia.

1.5 HYPOTHESIS
The null hypothesis of this study was (1) plasma D-dimer levels in patients with hypertension
is not higher than in normotensive individuals and (2) there is no observable correlation

between plasma D-dimer level and disease severity in hypertensive patients.
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2. OBJECTIVES

2.1. General objective

% Assessment of plasma D-dimer level and its correlation with disease severity among

hypertensive patients at Y12HMC, Addis Ababa, Ethiopia, 2019.

2.2. Specific objectives

YV V V

Y VY

To determine the plasma D-dimer levels of hypertensive patients

To compare D-dimer level in hypertensive patients with apparently healthy individuals
To compare D-dimer level between groups of different independent variables

To evaluate the correlation between plasma D-dimer level and the severity of
hypertension

To identify factors affecting plasma D-dimer levels among hypertensive patients

To assess factors associated with hypertension

To determine predictive ability of plasma D-dimer level to differentiate between
complicated and non-complicated hypertension
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3. METHODS AND MATERIALS

3.1 Study area and period

This study was conducted in Yikatit 12 Hospital Medical College (Y12HMC) in Addis Ababa
from May 03 to June 09, 2019. Yikatit 12 Hospital (Y12H) is a specialized hospital located in
Arada Sub City of Addis Ababa. It was established in 1923 as Haile Selassie | Hospital which
later, after 20 years, in 1975 was named into Y12H. Since 2011, the hospital was renamed as
Y12HMC and now it is one of teaching hospital for both clinical and preclinical training. A
total of 1,134 health professionals are working recently according to the information from the
Y12HMC administrative office and the hospital gives service in more than 36 areas. The
hospital is serving for more than 5 million people in the catchment area in all six major
departments and other units. This hospital gives service for about 200 to 250 patients per day
in all Outpatient Department (OPD) units. Therefore, this study was specifically conducted at
medical OPD hypertension clinic of Y12HMC.

3.2 Study design

A hospital based comparative cross-sectional study design was employed.

3.3 Population

3.3.1 Source population

All hypertensive patients visiting Y12HMC and all healthy individuals aged 20-80 years old.

3.3.2 Study population
All eligible hypertensive patients attending Y12HMC during the study period as well as all
controls who were eligible and volunteer to participate in the study.

3.4 Eligibility criteria

3.4.1 Inclusion criteria
All volunteer hypertensive patients attending hypertension clinic of the Y12HMC during the
study period were included in this study while all volunteer healthy individuals who didn’t

have diseases or conditions mentioned in exclusion criteria were taken as control.

3.4.2 Exclusion criteria

Study participants who had the following diseases or conditions were excluded from the study:
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These diseases or conditions were excluded by reviewing the patient’s card and historically
from the participants.

o Suspected thromboembolism (DVT and PE)

o Disseminated intravascular coagulation (DIC)

o Recent surgery/trauma (in the last 3 months)

o Pregnancy (from the medical records or reported from the participant)

o Early age (<20 year) and advanced age (>80 year)

o Known history of diabetes mellitus

o Known history of renal failure

o Liver disease

o Anticoagulatory (heparin or warfarin) or thrombolytic treatment (streptokinase

or urokinase).

3.5 Sample size determination and sampling techniques
3.5.1 Sample size determination
Sample size was calculated using single population proportion formula based on the

assumption of 19.6% prevalence of hypertension in Ethiopia (Kibret and Mesfin, 2015).

(zl% )2P(1—P)
y

Where n is minimum sample size required; Zi1-o» i the standard normal variable at (1-a) %

n=

confidence level and at o level of significance. Usually 95% confidence level is used = 1.96;
P is estimate of the prevalence rate of hypertension in the population is the margin of sampling

error tolerated, assumed 0.05. Therefore, the calculated sample size (n) was 242.

However, due to budget constraint this wasn’t feasible. Besides, many studies done
internationally on D-dimer used a smaller sample size than the calculated one; mostly they
used less than 100 participants. Therefore, 60 hypertensive patients and 40 normal individuals

were included in the study in accordance with the meager research support obtained.
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3.5.2 Sampling techniques
Purposive non probability sampling technique was used to include all eligible hypertensive

patients who visited the hospital during the study period.

3.6 Study variables

3.6.1 Dependent (criterion)variable
e Plasma D-dimer level
3.6.2 Independent (predictor) variables
e Socio demographic factors (age, sex, marital status, residence, occupation, education)
e Behavioral factors (smoking, alcohol use, physical activity)
e Family history of hypertension
e Anthropometric parameter (BMI, weight, height)

e Clinical factors (BP, duration of HTN, no. of drug therapy, presence of complication)

3.7 Operational Definition

Blood pressure (BP) classification: Based on the Ethiopia’s guideline and other
literatures, BP was classified into two groups: Normotension (BP<140/90) and
hypertension (>140/90) (Chobanian et al., 2003;Wubaye et al., 2016;Muela et al., 2017).

Hypertension (HTN) severity: Since BP measurements alone while on anti-hypertensive
regimen have been considered a less reliable indicator of hypertension severity, the
combination of BP levels, number of drugs taken (not fixed drug combinations) and
presence of complication were used to indicate the disease severity of adult hypertensives
(aged >20 years) and were divided into three clinical stages; stage 1 HTN if BP was
140/90-159/99 or taking one or two antihypertensive medications; stage 2 HTN if
BP>160/100 or taking three or more medications and severe HTN if BP>180/120 or
complication present (Chobanian et al., 2003;Wubaye et al., 2016;Muela et al., 2017).
The study comparatively analyzed D-DI level between normotension and HTN as well as
between stage 1, stage 2 and severe HTN.

Antihypertensive drugs: are class of drugs that are used to lower high BP in hypertensive
patients. Diuretics, beta blockers, vasodilators, angiotensin converting enzyme inhibitors
(ACEiI), angiotensin 1l receptor blockers (ARBs) and calcium channel blockers (CCBSs)

are the most widely used medications. Based on the number of antihypertensive drugs the
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patient was taking, medication can be monotherapy; if a patient was taking one medication
and dual therapy, triple therapy, or quadruple therapy if patient was taking two, three, or
four antihypertensive drugs respectively (James et al, 2014).

Well controlled blood pressure (BP): keeping the systolic blood pressure (SBP) of
hypertensive patients below 140 mmHg and diastolic blood pressure (DBP) less than 90
mmHg, by using pharmacological (using antihypertensive drug(s)) and/or non-
pharmacological treatment (life style modification) (Alemu et al., 2017).

Uncontrolled or poorly controlled blood pressure (BP): blood pressure not well
controlled despite the life style modification and/or prescribed antihypertensive drugs i.e.
SBP 140 mmHg or above and/or DBP 90 mmHg or above (Alemu et al., 2017).

Smoking status was defined as follows(Asresahegn et al., 2017)

& Current (active) smoker: Those who have smoked greater than 100 cigarettes in their
life time and have smoked in the last 28 days.

& Prior (previous) smoker: Those who have smoked greater than 100 cigarettes in their
life time but haven’t smoked in the last 28 days.

& Non-smoker: Those who haven’t smoked greater than 100 cigarettes in their life time
and don’t currently smoke.

Alcohol consumption: Women who consume two or more alcoholic beverages(beers)
per day and men who have three or more drinks (beers) per day were considered as alcohol
consumers (Wubaye et al., 2016).

Regular physical exercise: Individuals who take at least 30 minutes of moderate physical
activity (e.g. brisk walking, cycling) a day for at least 5 days a week (Wubaye et al., 2016).

L Complicated hypertension: the patient has thromboembolic complication (like stroke,
heart disease (myocardial infarction, left ventricular hypertrophy, cardiac arrythmia or
CAD), secondary renal failure, peripheral arterial disease) developed as a result of
hypertension as per the documentation of the patient’s card or from patient’s history.

Deep Venous Thrombosis (DVT): Thrombus formation at lower extremities diagnosed
by physicians either clinically or through laboratory testing or ultrasound imaging

documented in patient’s card (Wells et al., 2003).
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Pulmonary Embolism (PE): is a potentially fatal cardiovascular disease usually caused
by DVT and diagnosed clinically besides the laboratory and imaging findings documented
in patient’s card (Kabrhel et al., 2010).

Disseminated intravascular coagulation (DIC): is a syndrome of increased propensity
for clot formation triggered by a pathological stimulus that disrupts the coagulation
balance resulting in a fibrin clot that disseminates or spreads throughout the
microcirculation, diagnosed by laboratory testing documented in the medical record
(Furie, 2005).

3.8 Data and Specimen collection procedure

After informed consent was obtained from patients, all necessary information regarding
sociodemographic, medical and other data were collected from the selected participants using
structured questionnaire by two nurses working at Y12HMC hypertension clinic under the
supervision of the investigator and another trained supervisor through face to face interview,
reviewing patient’s card and direct measurement of the variables like weight, height, and BP.
3.8.1 Blood pressure measurement

BP was measured in the morning (before taking antihypertensive drug) at sitting positions
from right arm in a quiet room using an Omron automatic device after making patient
comfortable and after 15 minutes of rest. A mean of 3 measurements was taken and used to
determine SBP and DBP in each study participant.

3.8.2 Anthropometrical measurement

The weight of the hypertensive patients was measured using a standard balance while the
height was measured using a height measuring scale with light clothing and without shoes.
Body Mass Index (BMI) was then calculated based on the formula: BMI=Weight (in
kg)/(Height in m?) (Tambe et al., 2010). Using the De Lorenzo et al classification(De Lorenzo
etal., 2016), four categories of BMI were identified: underweight, <18.5 kg/m?; normal, 18.5—
24.9kg/m?; overweight, 25.0-29.9kg/m?; and obese, >30 kg/m?.

3.8.3 D-dimer Specimen preparation and Biochemical assays

Blood sample collection and laboratory analysis were done with the assistance of two
experienced laboratory technologists working at Y12HMC and Ethiopian Public health
institution (EPHI) respectively. Measurement of D-dimer level was done using fully
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automated high-sensitive quantitative D-dimer chemistry analyzer at National Reference
Laboratory for Clinical Chemistry of EPHI.

Principles: To detect plasma D-dimer antigen, particle enhanced immunoturbidometric assay
has been developed, which utilize antibodies reacting with epitopes specifically present on the
D-dimer molecule. These epitopes are generated as a result of factor XIII’s cross linkage of
fibrin polymers, and are not found on other FDPs. First, latex particles of uniform size are
coated with monoclonal antibodies (F(ab’)2 fragments) to the D-dimer epitope. The
antigen/antibody complexes produced by the addition of samples containing D-dimer lead to
an increase in the turbidity of the test reactants. The change of absorbance with time is
dependent on the concentration of D-dimer epitopes in the sample. The precipitate is
determined turbidimetrically.

Materials and equipment: 5cc syringe, EDTA tube, centrifuge, micropipette, Nunc tube,
refrigerator, microtiter plate, sample tube, reagents (R1: TRIS/HCI buffer 250 mmol/L, pH
8.2; preservatives; R2; latex particles coated with monoclonal anti-human D-dimer antibodies
(mouse) 0.12 %; preservative) and chemistry analyzer.

Procedures: After informed consent was obtained, 4 ml of venous blood was drawn from
each overnight fasted participant by venipuncture from the antecubital vein and was poured
into EDTA tubes by an experienced Laboratory Technologists. The blood was thoroughly
mixed with the anticoagulant inside the tube. Blood was then taken to the Biochemistry
Laboratory Unit and centrifuge for 15 minutes at 3,000 rpm within 4 hours after collection at
room temperature to obtain supernatant or platelet-poor plasma (PPP). Plasma was separated
from cells into plane container called Nunc tube using micropipette and then PPP was stored
and refrigerated at -20°C until assayed. One ml aliquot plasma was taken into sample tube for
analysis and plasma fibrin D-dimer was measured by fully automated immunoturbidometric
assay, which is an accurate and sensitive quantitative assay method, using a Roche COBAS
INTEGRA 6000 analyzer using the Tina-quant D-dimer Gen.2 test. The Tina-quant D-dimer
test was then performed using a cutoff of 0.5 mg FEUI/I.

3.9 Data processing and Statistical analysis
After data was collected and coded, it was checked for completeness, cleaned and entered to
computer and statistically analyzed using Statistical Package for the Social Sciences (SPSS)
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version 25.0. The data was presented using table, graphs and charts. Proportions and summary
statistics such as mean and standard deviation were calculated for quantitative variables,
unless otherwise stated. Chi square and Fisher’s exact test (if value<5 in one cell) was done
for categorical variables, when appropriate. Independent samples t-test and Wilcoxon Mann
Whitney U-tests were used to see the difference in the mean values of continuous variable
between hypertensive and control groups as well as between study variables with two
responses, depending on whether a variable fit the assumptions. One-way ANOVA and
Kruskal-Wallis tests were also used to see the difference in the mean values of D-dimer level
among the three stages of hypertension and other study variables with three or more responses.
The correlation between continuous variables that met the assumptions were computed using
the Pearson’s correlation coefficient. A point-biserial correlation coefficient was computed
for the dichotomous variables. Correlations between the ordinal variables and continuous
variables that don’t meet the assumptions were assessed by Spearman nonparametric test.
Simple and multivariate regression analyses were performed to examine the predictive
variables and odds ratio. A binary logistic regression model was used to examine factors
associated with hypertension while linear regression model was used to analyze the predictor
variables associated with plasma D-dimer level. The variables that were found with P<0.2 at
bivariate regression analysis were eligible variables to fit the final regression model and were
entered to multivariate regression model. Adjusted Odds Ratio (AOR) with 95% confidence
interval (CI) was used to show the strength of association. Those variables with a two-sided
P-values of less than 0.05 were considered as statistically significant. The diagnostic or
predictive performance of D-dimer levels for hypertension related complications was
evaluated using a receiver operating characteristic (ROC) curves analysis. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of

the D-dimer test were calculated using a cut-off value that was selected from the ROC curve.

3.10 Data quality control and management
The data quality management started during questionnaire development by translating the

questionnaires prepared in English (by reviewing different literatures) into the local Amharic
language. Before data collection, training was given for data collectors and supervisor
regarding the objective of the study, inclusion and exclusion criteria, which patient group

involved in the study and others. Assigning these experienced (trained) data collectors and
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supervisor improved the data quality during data collection. Data quality was also assured
during blood sample collection by strictly following the standard aseptic operational
procedure. The kit was made free from contamination and check for consistency. Laboratory
analysis was done following the appropriate procedures based on the manufacturer’s
instruction. All the laboratory procedures were handled with the assistance of professional
laboratory technologists and results were checked for completeness by the supervisors to
maintain the overall quality of data. During data entry and analysis using computer software,
due attention was given to keep the data quality.

3.11 Ethical consideration

Ethical clearance was obtained from Research Ethical Committees of Biochemistry
Department, College of Health Sciences, Addis Ababa University after review was conducted,
and approval was obtained by a letter DRERC 04/14 and meeting number DRERC 01/119.
A formal collaboration letter for data collection was obtained from the Department of
Biochemistry to Y12HMC. The purpose and objective of the study were explained briefly and
written informed consent was obtained from each eligible study participants before the data
and blood sample were collected. Participants were also informed verbally that participation
is on voluntary basis and they were assured on the right to refuse blood sample and data
collection. Confidentiality of the information taken by laboratory technologists from study

participants was kept secret and code numbers were used during sample collection.
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4. RESULT

4.1 Socio demographic characteristics

A total of 100 study participants (60 hypertensive cases and 40 healthy controls) were included
in this study. The mean (+SD) age of hypertensive patients and healthy controls was 57.2
+12.2 and 36.3+12.4 years with a minimum age of 30 and 20 years and a maximum age of 80
and 63 years respectively. Most of the participants were females in both hypertensives
37/60(61.7%) and healthy controls 22/40 (55.0 %). All hypertensives were urban dwellers
while most 38/40(95.0%) of the healthy controls were living in urban. More than three
quarters 46(76.7%) of hypertensives and about three in five 24(60.0%) controls were married.
With regard to educational status, 18(30.0%) hypertensives attended primary school whereas
22(55.0%) of healthy controls completed college or university. Concerning occupation,
24(40.0%) of cases and 24(60.0%) of controls were government workers (Table 2).

Table 2:Socio-demographic profile of hypertensive and control groups

Variable Category N (%)
Hypertensive (60) Control (40)
Age 20-29 0 (0.0) 18(45.0)
30-39 5(8.3) 7(17.5)
40-49 9(15.0) 7(17.5)
50-59 18(30.0) 7(17.5)
60-69 15(25.0) 1(2.5)
70-80 13(21.7) 0(0.0)
Sex Male 23(38.3) 18(45.0)
Female 37(61.7) 22(55.0)
Marital status Single 2(3.3) 15(37.5)
Married 46(76.7) 24(60.0)
Divorced 6(10.0) 1(2.5)
Widowed 6(10.0) 0(0.0)
Educational status Illiterate 14(23.3) 1(2.5)
Primary school 18(30.0) 5(12.5)
Secondary School 14(23.3) 12(30.0)
College/University  14(23.3) 22(55.0)
Occupational Housewife 19(31.7) 5(12.5)
status Merchant 6(10.0) 1(2.5)
Car driver 2(3.3) 2(5.0)
Gov.t employee 24(40.0) 24(60.0)
Private employee 5(8.3) 4(10.0)
Daily laborer 3(5.0) 4(10.0)
Other 1(1.70 0(0.0)

N (%) indicates the frequency and percentage
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4.2 Risk factors of Hypertension

Smoking, alcohol consumption, physical activity, family history of hypertension (HTN) and

anthropometric parameters (weight, height and BMI) of the study participants are traditional

risk factors that were investigated in this study. The majority of participants (93.3% cases and

97.5% controls) never smoked cigarette. Most hypertensives 58(96.7%) and healthy
individuals 38(95.0%) didn’t drink alcohol excessively. Only 16 (26.7%) of the recruited

hypertensive cases and 12(30.0%) of healthy controls were regularly doing physical exercise.

Eighteen (30.0%) hypertensives and ten (25.0%) healthy individuals were having family

history of HTN (Table 3).

Table 3: Risk factors of hypertension among study participants

Variable Category N (%0)
Hypertensive (60) Control (40)
Smoking status ~ Never 56(93.3) 39 (97.5)
Prior smoker 2(3.3) 0(0.0)
Active smoker 2(3.3) 1(2.5)
Alcohol Yes 2(3.3) 2(5.0)
Consumption No 58(96.7) 38(95.0)
Physical activity ~ Yes 16(26.7) 12 (30.0)
No 44(73.3) 28(70.0)
Family history of Yes 18(30.0) 10 (25.0)
hypertension No 42(70.0) 30(75.0)

N (%) indicate the frequency and percentage
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With regard to anthropometric parameters, as shown in Table 4, the mean + SD of weight,
height and BMI of hypertensives were 68.7+14.13, 1.6+0.09 and 26.5+4.96 respectively
whereas that of healthy controls were 62.3+11.12, 1.6+0.11 and 23.5+4.67 respectively.
Independent sample t-test showed that weight and BMI of hypertensive groups were found to
be significantly higher compared to that of healthy control groups. But the Mann-Whitney U-

test showed that there was no significant height difference between the two groups.

Table 4: Anthropometric parameters in hypertensive cases and control groups

Anthropometry Mean +SD P-value
Hypertensives (60) Controls (40)

Weight 68.7+14.13 62.3+11.12 0.017

Height 1.6+0.09 1.6+0.11 0.234

BMI 26.5+4.96 23.5+4.67 0.003

P-value in bold are significant (P<0.05)

Based on Body Mass Index (BMI) classification, majority 34 (56.7%) of hypertensives were
overweight 16 (26.7%) and obese 18 (30.0%) while only 13(32.5%) of controls were
overweight 8 (20.0%) and obese 5 (12.5%) (Figure 3).

BMI Classification
70%

60% 57.50%

50%
38.30%
40%
30.00%
30% 26.70%
20.00%
20%

0,
10.00% 12.50%

o B N
v -

Hypertensive Controls

B Underweight 5% 10.00%
H Normal 38.30% 57.50%
H Overweight 26.70% 20.00%
Obese 30.00% 12.50%

Figure 3:BMI classification among hypertensive patients and healthy controls
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4.3 Clinical characteristics of hypertensive patients and healthy controls

According to this study, stagel HTN accounted for the largest proportion 30(50.0%) among
hypertensive patients while stage 2 and severe HTN accounted for the remaining 14(23.3%)
and 16(26.7%) respectively. The mean (+SD) SBP and DBP of hypertensive patients were
140.7+18.1and 84.5+10.5 respectively. Sixteen (26.7%) of the total 60 hypertensive cases
were complicated with stroke 11(18.3%) or heart diseases 5(8.3%). All hypertensive patients
were taking at least one type of antihypertensive drug in which monotherapy took 24(40.0%)
and the rest significant proportion of patients were on dual therapy, triple therapy and
quadruple therapy, which accounted for 41.7%, 15.0%, 3.3% respectively. Concerning
healthy controls, the mean SBP was 111.9+11.97, which ranges from 80 to 130 while the
mean DBP was 75.1+6.84, ranges from 60 to 88. Among hypertensives, the duration of HTN
ranges from 1 month to 28 years with mean duration of 5.7+5.3years. More than half

33(55.0%) of hypertensive patients have poorly controlled BP (Table 5).

Table 5:Clinical characteristics of Hypertensive patients

Variables Hypertensives (60)

Severity of hypertension, n (%) Stage 1 Hypertension 30(50.0)
Stage 2 Hypertension 14(23.3)
Severe Hypertension 16(26.7)

SBP, mean + SD, mmHg 140.7+18.1

DBP, mean + SD, mmHg 84.5+10.5

Duration of HTN, mean + SD, year 5745.3

No. of antihypertensives, n (%) Monotherapy 24(40.0)
Dual therapy 25(41.7)
Triple therapy 9(15.0)
Quadruple therapy 2(3.3)

Complication, n (%) Yes Stroke 11(18.3)

Heart disease*  5(8.3)

Renal failure 0(0.0)

PAD 0(0.0)
No 44(73.4)
BP control, n (%) Well Controlled 27(45.0)
Poorly controlled 33(55.0)

Categorical variables presented as frequency and percentages, n (%) and continuous variables
expressed as mean + SD. *Hypertensive heart disease (HHD), Ischemic heart disease, LV hypertrophy.
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4.4 Results of Biochemical Analysis

4.4.1 Plasma D-dimer levels were significantly elevated in hypertensive patients

The plasma concentration of D-dimer (D-DI) in hypertensive patients and healthy control
groups were examined. The concentrations of D-DI exceeded the normal range (>0.5mg/I
FEU) in 38(63.3%) of hypertensives and 8(20.0%) of controls. From independent sample t-
test, we observed a significantly higher (p<0.001) mean value of D-DI levels among

hypertensives (1.1+2.0 mg/l) compared to control groups (0.37+0.3mg/l) (Table 6).

Table 6:Plasma D-Dimer levels between the hypertensive patients and controls

Control (40) Case (60) P-value
0.37+0.3 1.1+2.0 <0.001*

D-DI (mg FEU/I), mean +SD

*Significant in t-test

4.4.2 Comparison of D-DI levels between different independent variables using t-test
Independent sample t-test, shown in Table 7, showed that there were statistically significant
differences in plasma D-DI levels between well controlled and poorly controlled hypertensive
patients, in which, compared to the well-controlled hypertensive patients, poorly controlled
hypertensives had significantly higher mean levels of plasma D-DI (p<0.05). In addition, our
result showed that complicated hypertensive cases had significantly elevated plasma D-DI
level than uncomplicated cases (p<0.001).

Table 7: Comparison of D-DI levels in hypertensives between groups of independent variables.

Variables D-DI level, mean + SD, mg/l  P-value

Sex Male 0.96+0.75 0.346
Female 0..86+0.71

Alcohol consumption Yes 1.46+0.71 0.149
No 0.88+0.72

Physical activity Yes 0.84+0.81 0.432
No 0.92+0.70

Family history of HTN Yes 0.96+0.71 0.606
No 0.87+0.73

BP control status Well controlled 0.73+0.83 0.029
Poorly controlled 1.14+0.63

Presence of Complication  Yes 1.60+0.87 <0.001
No 0.65+0.46

P-values written in bold are significant (2-tailed)
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4.4.3 Comparison of D-DI levels between different independent variables using ANOVA
The one-way analysis of variance (ANOVA) showed statistically significant differences
among different age groups in the mean values of plasma D-DI level (p <0.05). Apart from
this, BMI, BP and number of antihypertensive drugs were significantly different among
between groups in their mean plasma D-DI levels (p<0.05). The average levels of the plasma

D-DI across different independent variables are depicted in Table 8 and Figure 4.

Table 8:ANOVA of D-DI levels (mg/l FEU) according to different independent variables

Sum of Df Mean F P-value
Squares Square

Age group

Plasma D-dimer Between Groups  6.292 5 1.258 3.578 0.0352

Within Groups 33.058 94 .352

Marital status

Plasma D-dimer Between Groups  2.560 3 .853 2.227 0.090

Within Groups 36.790 96 .383

Educational status

Plasma D-dimer Between Groups  1.586 3 529 1.344 0.265

Within Groups 37.764 96 .393

Occupation

Plasma D-dimer Between Groups  2.636 7 377 944 0.477

Within Groups 36.714 92 399

Body Mass Index (BMI) classification

Plasma D-dimer Between Groups  5.133 3 1.711 4.800 0.004°

Within Groups 34.217 96 .356

Smoking

Plasma D-dimer Between Groups  .220 2 110 273 0.762

Within Groups 39.130 97 403

Blood Pressure (BP) classification

Plasma D-dimer Between Groups  5.403 2 2.702 7.720 0.001°

Within Groups 33.947 97 .350

Number of drugs

Plasma D-dimer Between Groups  4.041 3 1.347 2.842 0.025¢

Within Groups 26.541 56 474

From Tukey HSD Post hoc analysis: a-indicates significant difference (p<0.05) in D-DI level between
20-29 and 70-80 years age; b-significant difference in D-DI level between obese vs normal; c-indicate
significant difference in D-DI level among all groups except normotensive vs stage 1 HTN; d-
significant difference between mono- vs quadruple therapy.
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4.4.4 Comparison of D-DI levels according to the severity of Hypertension

This study showed that plasma D-DI levels were increased significantly with the severity of
HTN (p<0.001), in which the mean D-DI level of severe HTN (1.6 £ 0.87mg FEU/I) were
significantly higher compared to both stage 1 HTN (0.50+0.25 mg FEU/I) and stage 2 HTN
(0.99+0.63 mg FEU/I) from one way ANOVA as shown in Table 9 and Figure 5.

Table 9:Comparison of Plasma D-Dimer according to the severity of hypertension

Stage 1 HTN (30) | Stage 2 HTN (14) | Severe HTN (16) P-value

D-DI (mg FEU/), 0.50+0.25 0.99+0.63 1.6+0.87 <0.001**
mean +SD

** Significant in F-test
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Figure 5: Box and Whisker plot showing the trend of D-DI Levels across the severity of HTN

For comparing two groups using one-way ANOVA and to screen out between which pairs
differences exist, the Tukey HSD post hoc analysis were conducted and showed that there was
statistically significant difference (p<0.05) in mean plasma D-DI level in any of pair
combinations among the clinical stages of HTN i.e. between stage 1 HTN versus stage 2 HTN

and severe HTN as well as between stage 2 HTN and severe HTN (Table 10).
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Table 10:Tukey HSD Post hoc analysis for pairwise multiple comparison of plasma D-DI across clinical stages of HTN

Severity of HTN (1) Severity of Mean Std. Sig. 95% CI
HTN (J) Difference (I-J) Error
Stage 1 Hypertension  Stage 2HTN  -.48705" 1842 0.028 (-.9304, -.0437)
Severe HTN -1.07633" 1762  <0.001 (-1.5004, -.6523)
Stage 2 Hypertension ~ Stage 1 HTN  .48705" 1842 0.028 (.0437, .9304)
Severe HTN -.58929" 2083 0.017  (-1.0906, -.0880)
Severe Hypertension ~ Stage 1 HTN  1.07633" 1762 <0.001 (.6523, 1.5004)
Stage 2 HTN ~ .58929" 2083 0.017  (.0880, 1.0906)

*The mean difference is significant at 0.05

4.4.5 Correlation and regression analysis of D-DI Level with Independent Variables

In our study, different variables were assessed for possible relationship with plasma D-DI
level, and their correlation coefficients and p-values are displayed in Table 11 and Figure 6.
Bivariate correlation analysis (Table 11) followed by linear regression modeling (Table 12)
was performed to study the relationship between plasma D-DI level and independent
variables. Depending on the nature of variables, Pearson’s, point biserial and spearman’s rank
correlation was performed. Among hypertensive patients, age (r=.285, p=0.004), BMI
(r=.214, p=.032), SBP (r=.312, p=.002), DBP (r=.221, p=.027), presence of complication
(rv=.57, p<.001) and severity of HTN (p=.66, p<.001) were found to have statistically
significant positive correlation with D-DI values. The mean plasma D-DI level was increased
with age, SBP (Figure 6), severity of HTN and DBP (not shown in the plot). It was also shown
that number of antihypertensive drugs (r=-0.238, p=0.007) and BP control status (r=-0.804,
p=0.033) were negatively correlated with D-DI levels. However, no significant correlations
existed between D-DI values and sex, smoking status, alcohol consumption, physical activity,
family history of HTN or duration of HTN.
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Table 11:Correlation between plasma D-dimer level and independent variables

Variables Correlation coefficient P-value
Age (year) 285" 0.004**
Sex -071™ 0.591
Smoking status .095° 0.350
Alcohol Consumption -.146™ 0.267
Physical activity .047™ 0.722

BMI (kg/m?) 214" 0.032*
Family history of hypertension -.053" 0.685
Number of antihypertensive drugs -.238" 0.007**
SBP (mmHg) 3127 0.002**
DBP (mmHg) 221" 0.027 *
Duration of HTN (year) 1477 0.263
Complication 570™ <0.001***
Severity of HTN .660° <0.001***
Controlled BP -.804° 0.033*

*** Correlation is significant at the 0.001 level; **significant at 0.01; * significant at 0.05 level (2-tailed).
"Pearson s correlation coefficient; Point biserial correlation Coefficient; »Spearman’s correlation coefficient.
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Figure 6: Scatter plot depicting the trend of correlations between D-DI level and Independent variables
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As illustrated in Table 12, multiple linear regression analysis was performed to quantify the
nature of relationships between plasma D-DI level and explanatory variables after adjusting
for the effects of other variables. Among all other variables, SBP, severity of HTN, presence
of complication and BP control status were found to have independently significant
association with plasma D-DI level. Systolic BP was found to be a significant predictors of
plasma D-DI level in HTN in which one unit increase in SBP elevates the D-DI level by
0.001(B=0.001, p<0.023). It was also observed that there was a significant change in the level
of plasma D-DI across the clinical stages (severity) of HTN. Accordingly, for a one unit
increase to a higher-level clinical stage, there was an increase in D-DI level by 0.569
(B=0.569, p<0.001). While all other independent variables are held constant, the presence of
complication, such as stroke or heart diseases, significantly increased the plasma D-DI level
by factor of 1.048 (B=.048, p < 0.001). Poorly controlled HTN has 0.41 higher D-DI level
than well-controlled HTN.

Table 12:Multiple linear regression analysis to see the factors affecting D-DI level in hypertensives.

Variables Plasma D-dimer (mg FEU/L)
B* 95% ClI for B P-value
Lower  Upper

Age, year .003 -.010 .016 0.636
BMI (kg/m?) 024 -008  .056 0.136
SBP (mmHg) .001 .008 .013 0.023
DBP (mmHg) .004 -019 021 0.736
Presence of complication 1.048 691 1.405 <0.001
No. of antihypertensive drugs 211 -.015 438 0.067
Severity of hypertension .569 373 764 <0.001
BP control status 410 .262 543 0.020

*B indicates unstandardized model coefficients to indicate how much the dependent variable varies
with an independent variable when all other independent variables are held constant. P-values written
in bold are significant at<0.05.
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4.4.6 Factors associated with Hypertension

From multiple binary logistic regression, this study found that age >50 years, physical
inactivity, BMI>30kg/m? and elevated D-DI level were predictor variables significantly
associated with HTN (Table 13). However, other variables (sex, smoking, alcohol
consumption and family history of HTN) were not significantly associated with HTN after
adjusting for confounders. Among all, those who were in 50-59 and 60-80-year age group
were, respectively, 1.5 (AOR :1.5, 95%Cl: 1.1, 2.9) times and 5.4 (AOR:5.4, 95%Cl: 2.1, 7.9)
time more likely to develop HTN than those who were in 20-29 years age group. Compared
to controls, hypertensive patients were 4.8 (AOR:4.8, 95%CI: 1.9, 5.4) times more likely to
be obese, 6.9 (AOR:6.9, 95%CI: 2.7, 17.6) times more likely to have a significantly elevated
plasma D-DI levels and 1.9 (AOR:1.9, 95%CI: 1.4, 3.2) more likely to be physically inactive.
Table 13:Binary logistic regression analysis showing factors associated with Hypertension

Variable Category n (%) AOR (95%Cl) P-value
HTN (60) Control (40)
Sex Male 23(38.3) 18(45.0) 0.8(0.7,1.7) 0.50
Female 37(61.7) 22(55.0) . _
Age group 20-29 0 (0.0) 18(45.0) . .
30-39 5(8.3) 7(17.5) 1.3(0.9, 2.9) 0.40
40-49 9(15.0) 7(17.5) 1.0(0.9,3.7) 0.08
50-59 18(30.0) 7(17.5) 1.5(1.1,2.9) 0.04
60-80 28(46.7) 1(2.5) 5.4(2.1,7.9) 0.02
Smoking status Never 56(93.3) 39 (97.5) . .
Prior or current 6(6.7) 1(2.5) 1.7(1.2,4.9) 0.243
Alcohol use Yes 2(3.3) 2(5.0) 0.7 (0.5,5.1) 0.683
No 58(96.7) 38(95.0) _ _
Physical activity  Yes 16(26.7) 12 (30.0) . .
No 44(73.3) 28(70.0) 1.9(1.4,3.2) 0.047
Family history of HTN  Yes 18(30.0) 10 (25.0) 1.2 (0.5,3.1) 0.664
No 42(70.0) 30(75.0) - _
BMI group Underweight (<18.5) 3 (5.0) 4(10.0) . .
Normal (18.5-24.9) 23(38.3) 23(57.5) 0.8(0.7,1.2) 0.725
Overweight (25-29.9) 16(26.7) 8(20.0) 1.7 (0.7, 3.2) 0.064
Obese (>30kg/m?) 18(30.0)  5(12.5) 4.8(1.9,5.4) 0.007
D-dimer level Normal (<0.5mg/l) 22(36.7) 32(80.0) . .
Elevated(>0.5mg/l) 38(63.3) 8(20.0) 6.9(2.7,17.6) <0.001

P-values written in bold are significant at<0.05
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4.5.7 Diagnostic performance of D-dimer levels for disease severity in Hypertension
The diagnostic performance of D-DI for presence of thromboembolic complication in
hypertensive patients was further investigated using a receiver operating characteristic (ROC)
curve. We found that the area under the curve (AUC), measuring the overall performance of
the D-DI test, was 0.869 (95% ClI:0.773-0.964) at p<0.001 which indicated AUC is
significantly different from 0.5.
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Figure 7:ROC curve analysis for the prediction of complication. AUC indicates the diagnostic power of D-dimer levels

The optimal cut-off value for the D-DI concentration (0.83 mg/l FEU) was selected based on
ROC curve analysis. As shown in Table 14, the amount of D-DI was determined to be an
effective diagnostic marker for severe (complicated) HTN. At a cut-off value of 0.83mg/l, the
D-DI concentration had a sensitivity of 87.5%, a specificity of 77.5% with a PPV of 87.5%
and NPV of 77.3%. The D-DI test also had an accuracy of 80.0%.

Table 14:The diagnostic power of D-DI in differentiating complicated HTN from uncomplicated

Actual status(N)

Cut off value Test Complicated  Uncomplicated  Sensitivity, Specificity, PPV, NPV,  Accuracy,
% % % % %
D-DlI Complicated 14 10 87.5 77.5 87.5 77.3 80.0
(0.83mg/l) Uncomplicated 2 34

N-number of patients; PPV-Positive Predictive Value; NPV-Negative Predictive Value
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5. DISCUSSION

The association between HTN and the activation of blood coagulation was elucidated
in different literatures. Commonly observed in hypertensive patients, the hypercoagulable
state appears to act as an important risk factor for thrombotic complications and may play a
role in disease progression (Armas-Herna ndez et al., 2007). Among the degradation products
resulting from the proteolytic actions of plasmin on fibrin, D-dimer is the smallest fibrin
degradation by-product, exhibiting unique characteristics. D-DI can be used to estimate the
state of activation of the coagulation system, which is elevated by increasing fibrin formation
and fibrinolysis (Riley et al., 2016).

This study, therefore, strived to assess plasma D-DI level and its correlation with disease
severity among hypertensive patients. We utilized a fully automated quantitative approach for
the determination of D-DI level in 60 hypertensive patients and the values were compared
with 40 unmatched normal subjects as controls. Our data demonstrated that about 63.3% of
hypertensives had excessive concentrations of plasma D-DI level. The study also indicated
that plasma D-DI levels significantly increased among hypertensive patient compared to
healthy controls. This finding is consistent with a number of studies that have found elevated
plasma D-DI levels in essential hypertension and white coat hypertension (WCHT) groups
than in healthy controls (Vaziri, 1993;Lip et al., 1997;Catena et al., 2000;Chi, 2002;Coban et
al., 2004;Ibrahim and Abdalla, 2014). A comparative cross sectional study has also supported
this finding that hypertensive patients tended to show a unbalanced fibrinolytic system and
tendency towards a hypercoagulability and a more frequent thrombotic complications as
compared to normotensive subjects (Armas-Herna'ndez et al., 2007). Finding of high fibrin
D-DlI in patients with HTN suggests hypercoagulable state and ongoing intravascular fibrin
formation (and possibly early thrombus formation) that plays a role in the pathogenesis of
CVDs and complications of HTN. However, this finding was conflicting with another study
done in Sudan and a study by Sechi, et al who showed that the D-DI level was insignificantly
increased in hypertensive patients when compared with a healthy control group (Sechi et al.,
2000;0sman and Muddathir, 2013). This discrepancy may probably be related to a difference

in sample size and study design.
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Based on the finding of this study, age, BMI, DBP, SBP, presence of complication and
severity of HTN were found to have statistically significant positive correlation with D-DI
values among the hypertensive patients, indicating that higher D-DI levels are associated with
higher values of these variables. In contrast, the number of antihypertensive drugs and
controlled BP were negatively correlated with D-DI levels, indicating that higher D-DI values

were associated with lower values of these variables.

The study results have clearly shown that the plasma D-DI level in patients with HTN
was significantly increased with age and BP, elevated level of which was associated with
advanced age and high BP. This finding was in agreement with a community-based follow up
study done by Pieper et al (2000). Another study similarly reported that the levels of plasma D-
DI were related to diastolic BP (Coban et al., 2004). The significantly positive correlation
between age and D-DI level may be due to age’s influence on body function, meaning, as We age,
there is a natural tendency for the blood pressure to rise which could be because of an increase
in stiffness of the arteries in the vasculature as well as endothelial atherosclerotic changes.
The plasma D-DI level in patients with HTN was also significantly increased with BMI. This
contradicts with another study, showing insignificant correlation of D-DI level and BMI
(Kabrhel et al., 2010).

The number of antihypertensive drugs the patient was using and controlled BP were
found to have negative correlation with D-DI level. As the number of drugs taken by
hypertensives were increased, the D-DI level decreased while the hypertensive patients with
poorly controlled BP were found to have significantly higher mean plasma D-DI level. This
result agreed with a study that reported antihypertensive drugs; enalapril and terazosin could
reduce the level of BP and hence decrease the D-DI level (P <0.01) (Zhang, 2003). This suggests
that lowering and controlling BP by appropriate and sufficient number of medications has a

paramount importance in decreasing D-DI level and minimizing associated problems.

After adjustment of confounders, through multiple linear regression, SBP, severity of
HTN, presence of complication and BP control status were found to be possible predictor
variables of D-DI level though the direction of causation was poorly defined which is the
inherent property of cross-sectional study design. Unlike DBP, SBP was found to be the

significant predictors of plasma D-DI level in HTN in which one unit increase in SBP elevates
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the D-DI level by 0.001. This is partially consistent with a report which indicated that high
SBP and DBP were found to be independent predictors of plasma D-DI level (Pieper et al.,
2000). Poorly controlled HTN has 0.41 higher D-DI level than the well-controlled HTN
suggesting controlling BP has a lowering effect on D-DI level. It was observed that, while all
other independent variables are held constant, the presence of complication and a one level
increase to the higher stage of HTN significantly increased the plasma D-DI level by factor of
1.048 and 0.569 respectively.

Recent study has shown that an activation of the hemostatic system plays a role in
development of vascular and organ complication in HTN (Tabak et al., 2009). One of the main
pathophysiological aspects of HTN complication is derangements in coagulation profile. This
is supported from the observation that satisfactory BP reduction with non-drug intervention
and with various classes of antihypertensive drugs does not lead to an equal reduction in heart
attacks and strokes which may be due in part to unfavorable effects on the hypercoagulable
state in HTN (Lip and Li-Saw-Hee, 1998). In this study, D-DI which shows the activity of
fibrinolytic system in coagulation process was used as a marker to evaluate the relationship

between abnormal coagulation/fibrinolysis and severity of HTN.

The novel finding of the current study was the association of plasma D-DI with the
severity of HTN in which a more severe stage of HTN has a significantly higher D-DI values
than the lower stages. The finding was unchanged after the adjustment for confounding
variables in which a one level increase to the higher stage of HTN significantly increased the
plasma D-DI level by factor of 0.569. This suggests that patients with elevated plasma D-DI
level have more severe HTN compared to those hypertensive patients with normal D-DI level
though the poor positive predictive value of the test require supportive test to exclude other
possible causes of elevated D-DI and to arrive at conclusion. This is in corroboration with
previous studies which showed that the level of D-DI increased by progression of HTN to
higher or more severe stage (Sechi et al., 2000;Zhang, 2003). A study by Sechi et al (2000)
showed the relationship between D-DI levels with the severity of target organ damage (TOD)
in hypertensive patients. Another study also demonstrated that D-DI is related to different
levels of BP, dangerous states and TOD (Zhang, 2003).
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D-dimer levels were significantly elevated (by a factor of 1.048) in patients with
complicated HTN, such as stroke and heart diseases, compared with those patients without
complication while all other independent variables are held constant. These results are
consistent with findings from a prior study by Chi et al demonstrating that hypertensive
patients with left ventricular hypertrophy, left ventricular enlargement, and left atrial enlargement,
were detected to have higher levels of D-DI (Chi, 2002). This also got support from Sechi et al
who reported that higher D-DI levels were independently associated with advanced TOD in
hypertensive patients (Sechi et al., 2000). It has been suggested that thrombus formation is
involved in HTN progression to complicated type as a result of promoting vessel thrombus
occlusion and embolism though further studies with more laboratory investigations and
clinical data are needed for logical interpretation and accurate conclusion of the association
of an elevated D-DI level and TOD in hypertensive patients. This is an important finding with

a benefit for the management of such patients.

The complex interplay between modifiable and non-modifiable factors or conditions,
including both environmental and genetic factors, are reported to play a role in the
development of primary HTN (Tomson, 2005). In this study, clinical risk factors of HTN were
defined based on measuring traditional cardiovascular risk factors such as history of smoking,

alcohol consumption, physical activity, family history of HTN and BMI as well as D-DI level.

Our study found that age above 50 years old, physical inactivity, and BMI>30kg/m?
were predictor variables significantly associated with being hypertensive for all study
participants. This is in accordance with the literature, in which these factors have been
intensively studied to contribute to HTN development and even to cardiovascular disorder
(Tomson, 2005) and a meta-analysis done in Ethiopia (Kibret and Mesfin, 2015). The age
group of 50-59 and 60-80-years were found to develop HTN than in the age group of 20-29
years by a factor of 1.5 and 5.4 times respectively. Those who were obese and doing no
exercise were nearly five and two times more likely to be hypertensive, respectively, than
their respective references. This is in line with the studies done in Ethiopia (Kibret and
Mesfin, 2015;Asresahegn et al., 2017). But, unlike the literatures by Tomson (2005), and
Kibret and Mesfin (2015), traditional risk factors such as smoking, alcohol consumption and

family history of HTN were not significantly associated with HTN in this study, which could
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be due to the difference in study design and sample size. However, this study finding was

consistent with a cross sectional study done in Ethiopia (Asresahegn et al., 2017).

Coagulation and fibrinolysis markers have the potential to serve as predictors of disease
and disease severity. This is evident from logistic regression analysis of the current study in
that apart from age >50 years, BMI>30kg/m? and physical inactivity, elevated D-DI level was
an independent risk marker of HTN after controlling for other traditional risk factors. We
observed that compared to those with normal D-DI level, those with elevated D-DI level were
nearly seven times more likely to develop HTN though this needs further longitudinal or

retrospective studies to confirm and arrive at conclusion of D-DI as risk marker.

D-dimer is also predictive of the presence and severity of hypertension-related damage
in different organs. D-dimer is a classic marker, which is easy and convenient to test and could
be measured in prediction of thrombotic complications associated with hypertension. The
ROC curve analysis and the corresponding area under the curve (AUC) in this study showed
that plasma D-DI as a biomarker has a predictive ability to discriminate complicated
hypertension from uncomplicated one. The level of D-DI was determined to be an effective
diagnostic marker for thrombotic complications in hypertension with an AUC of 0.869 (95%
CI:0.773-0.964) as well as with a sensitivity and a specificity of 87.5%, and 77.5%
respectively at 0.83mg/l FEU cut-off value and an accuracy rate of 80.0%. To the best of our
knowledge, ours is the first report from a comparative cross-sectional study demonstrating the
diagnostic power of D-DI level in prediction of thrombotic complications in hypertension.
This intriguing finding led us to suggest that D-DI measurement can be a useful method to
screen for hypertension related TOD or complications resulting from hypercoagulability and
can also be useful in identifying patients with higher risk of TOD progression whereas further

data will be required to help substantiate the finding.
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6. STRENGTH AND LIMITATION OF THE STUDY

6.1 Strength of the study

This study has the strength of revealing pertinent information with respect to several socio

demographics, risk factors, clinical and anthropometric parameters claimed to be associated

with D-DI level. In addition, the direct measurement (instead of the report from the

participant) of anthropometric parameters and BP could be considered as strong side of the

study. Moreover, the study involved the sample from both healthy controls and hypertensive

patients to clearly compare and show the difference in study variables between the two groups.

6.2 Limitation of the study

Despite the aforementioned strengths, this study is not without drawbacks as described below:

R/
o

7
L X4

The high cost of reagents and supplies were limited ourselves to the 100 study participants
and only D-DI as marker of coagulation.

As the study was conducted in only one hospital and the sample size was small, our
findings may not well represent all cases and may not be sufficient for generalization.
Lack of ample previous studies limited the comparison of our study findings with other
findings.

Since it was a cross sectional study design, there is the possibility of residual confounding
variables as is observational studies and because the exposure and outcome were
simultaneously assessed, and hence generally it couldn’t show temporal relation between
cause and effect. That is, although the investigators determined an association between
exposure and outcome, there is generally no evidence that the exposure caused the
outcome. Of course, if the exposure is a characteristic such as sex and the outcome
developed over time, the temporal nature of the exposure-outcome association is more
plausible; however, for studies in which the exposure is not an inherent trait, but one that

developed over time, causality is often unclear.
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7. CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion
In conclusion, this work suggests that plasma levels of D-DI were higher in hypertensives
than the control groups and confirmed the hypercoagulable state among hypertensive patients.

This study also concluded that the severity of HTN were found to have statistically significant
positive correlation with D-DI values. Besides, age, BMI, SBP, DBP and presence of
complication were found to have statistically significant positive correlation with D-DI values
while number of antihypertensive drugs and BP control status were shown to have negative
correlation with D-DI levels. High level of D-DI was associated independently with disease
severity, complication of HTN, SBP and poorly controlled BP. Patients with severe HTN tend
to have higher concentrations of D-DI than those with stage 1 and stage 2 HTN. Besides,

controlled BP were found to have lower D-DI level among hypertensive patients.

Apart from age above 50 years, physical inactivity and BMI 30kg/m? or greater, elevated D-
DI level as independent predictor variables was significantly associated with HTN. Thus, our
data suggest that hypertensive subjects, without other cardiovascular risk factors, revealed
abnormalities of hemorheological and thrombogenesis, although it was lower than patients

with complicated HTN.

Furthermore, plasma D-DI analysis is an inexpensive, noninvasive and simple method that
may be useful as a guide in predicting the severity of the disease in patients with HTN. Our
data demonstrate that plasma D-DI have been shown to have very good predictive power for
thromboembolic diseases or complications like heart diseases and stroke, and this biomarker
could serve as a valuable predictor for complication development in HTN as evidenced by
some of hypertensive patients (36.7%) having marked elevated concentrations of D-DI
without any evidence of thromboembolic complications related to HTN with the currently
available diagnostic modalities .
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7.2 Recommendations

Based on the findings of our study, the following recommendations have been forwarded:

There should be screening and timely evaluation of hypertensive patients for disease
severity and thromboembolic complications. It is required to elucidate the mechanisms
through which HTN is associated with target organ damage or complication. But
elucidating these underpinnings is an enormous task. We strongly believe that our
study is an attempt at unlocking one such portion of this systemic puzzle that still
requires tremendous work in the future.

Clinical care by managing hypertensive patients to control BP level using appropriate
type, number and combination of drugs whenever indicated lowers D-DI level and
prevent HTN complications though further interventional studies need to be conducted
to determine whether better control of HTN could really prevent complications.

Focusing attention on traditional cardiovascular risk factors such as physical inactivity
and obesity, might be the most appropriate method to manage HTN related morbidity
and complications.

This study was cross sectional and we strongly believe that further studies need be

done on larger scale using more robust case control and cohort studies.
€~ For more accurate evaluation of plasma D-DI levels in different stages of HTN.

&~ To establish the causality of the association between the severity of HTN and D-
DI level and their diagnostic implications on prediction of complication associated
with of HTN.

¢~ To see how D-DI detect the complications accurately in early stage and also to
compare the accuracy with other diagnostic modalities, biochemical and imaging
tests that are currently used to specifically detect different types of HTN

complications.

&~ To show the effect of antihypertensive drugs on plasma D-DI level.
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9. ANNEXES

Annex I: English Version Information Sheet

Addis Ababa University, School of Medicine, Department of Medical Biochemistry

Research project: Assessment of plasma D-dimer level and its correlation with disease

severity among hypertensive patients at Yikatit 12 Hospital.
Principal Investigator: Endeshaw Chekol (BSc)

Advisors: 1-Dr. Solomon Genet  2-Dr. Menakath Menon
Sponsoring organization: Addis Ababa University

Introduction: Good morning/afternoon dear participant! My name is A

am working as a data collector for the study conducted in Yikatit 12 Hospital by Endeshaw
Chekol who is studying for MSc degree in Medical Biochemistry at Addis Ababa University,
College of Health Sciences. | kindly request you to lend me your attention to explain about
the study and being you selected as the study participant.

Study Objective: The purpose of this study is to evaluate plasma D-dimer level and its
correlation with disease severity among hypertensive patients.

Procedures: If you agree to take part in this study, you will be given the consent form to sign,
and interviewed by health professional to assess whether you qualify to participate in the study
or not. If you are fit for the study, the data collector will ask some questions which are
important for the study like socio-demographic. Physical measurements like weight, height,
and blood pressure will be taken. 4mL of blood sample will be also collected for laboratory
examination of D-dimer.

Possible risks: The study has no health risk except minimum pain associated with blood with
drawl procedure. This is just the result of the routine work which experienced by all the
individuals that will involve in the research by experienced health practitioner.

Possible Benefit: Any incentive to you during participation in this study will not be given as
compensation. But you will have the chance to know your general health status from the
project without any payment because the cost will be covered by the project. In addition, the

result of the study will be beneficial for the determining the relation of D-dimer level with the

51



severity of hypertension. Hence, you are indirectly benefiting other patients and the society in
this regard.

Confidentiality: The information you provide for us will be confidential and only used for
research purpose. There will be no information that will identify you in particular. The
findings of the study will be general for the study area and will not reflect anything particular
of individual persons. The questionnaire will be coded to exclude showing names. No
reference will be made in oral or written reports that could link participants to the study.
Rights: To protect the participant from any risk and discomfort which may result due to the
procedure of the study, we have written ethical clearance and cooperation letter obtained from
Addis Ababa University College of Health Sciences, Department of Biochemistry.
Participation for this study is fully voluntary. You have the right to declare to participate or
not in the study. If you decide to participate, you have the right to with draw from the study
at any time.

At the end, if you faced any problem related to the study or if you have any question about
the study, you can contact me (the investigator) via phone: 0905525335/0928428133 or by

using email address: endeshawchekole@gmail.com.

Annex I1: English Version Consent form
| volunteer to participate in a research project conducted by Endeshaw Chekol from Addis

Ababa University. | understand that the project is designed to gather information about
investigation of D-dimer in hypertensive patients in Yikatit 12 Hospital, 1 will be one of
participants being selected for this research. | understand that | will not be paid for my
participation. I may withdraw and discontinue participation from the study at any time without
penalty. | understand that the researcher will not identify me by name in any reports using
information obtained from this interview and that my confidentiality as a participant in this
study will remain secure. Subsequent uses of records and data will be subject to standard data
use policies which protect the anonymity of individuals and institutions.

| have been given a copy of this consent form and | have clearly understood the explanation
provided to me. So, | hereby approve my consent with my signature to take part in the study.

Participant’s code number Date Signature

Data Collector’s name Date Signature
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Annex I11: English version questionnaires

Subject code number: Card number

Instruction: Dear data collectors, you are kindly requested to include all volunteer
hypertensive patients and healthy controls who don’t have diseases or conditions such as
thromboembolism (DVT and PE), Disseminated intravascular coagulation (DIC), recent
surgery or trauma (last 3months), pregnancy, early age (<20), advanced age (>80years),
known history diabetes mellitus, known history renal failure, liver disease, anticoagulatory
(heparin, warfarin) or thrombolytic (streptokinase or urokinase) treatment either by history
from the patients or by reviewing patients card. And please choose and encircle for closed
ended questions and fill the provided blank space for open ended questions.

Part I: Socio demographic variables

S.No. | Question Response

101 | Age of participant year

102 | Sex of participant Male 2. Female

103 | Marital status Single
Married
Divorced

Widowed

104 | Educational status Iliterate
Primary school
Secondary school

College/university

105 | Occupation Housewife

Merchant

Farmer

Government employee
Private employee

Student

A S T o A ol B T A ot I o < Y A el B o

Daily laborer

106 Residence 1. Rural 2. Urban
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Part I1: Risk assessing questions

201

Smoking*

1.NO 2. Prior smoker 2. Current smoker

*Current smoker: Those who have smoked > 100 cigarettes in their life time and smoked in the last 28 days.

Prior smoker: Those who have smoked >100 cigarettes in their life time but not smoked in the last 28 days.

Non-smoker: Those who haven’t smoked >100 cigarettes in their life time and don’t currently smoke.

202 | Alcohol use (>2 drinks per day for women or >3 1. Yes 2. NO
drinks per day for men)

203 | Regular physical exercise (>30 min of moderate 1. Yes 2.NO
exercise (brisk walking, cycling) per day for
>5days per week)

205 | Family history of hypertension 1. Yes 2. NO

Part I11: Clinical Condition

301 | Blood pressure (average BP of 3 readings) mmHg

302 | Duration of hypertension years

303 | Use antihypertensive drug? 1. Yes 2.No

304 | If Q303 is “yes” mention the antihypertensive
drug the patient using? (specify whether drugs
were fixed drug combination or not)

305 |[If Q303 is “yes” write the number of (write the number here)
antihypertensive drug(s) the patient using?
(through counting by the data collector)

306 | Complication present** 1.Yes 2.NO

**encircle “Yes’ in Q306 if the patient has a thromboembolic complication (stroke, heart disease (myocardial

infarction, left ventricular hypertrophy, arrythmia or CAD), secondary renal failure, or PAD) developed as a

result of hypertension as per the documentation of the patient’s card.

307 | If Q306 is “yes” mention the complication (by
reviewing patient’s card or historically)
308 | Stage of HTN (filled by the data collectors) 1.Stagel 2.Stage2 3 Severe HTN

Part IVV: Anthropometric measurement

401 | Weight Kilo gram
402 | Height meter
403 | Body Mass Index (BMI) kg/m?
Part V: Biochemical measurement

501 | D-dimer level mg/l FEU
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Annex IV: A77C5 ATAZ4PT QATG+H avls

M5 LATAT! Al ANAAU=: AU ARt (RS ANO R20CAAE MT 4270 haE:
Mh9°S H 0t 0010 F/NEA 0910+CA &4 PTLeMED- Af ATRAD. Fhd ATL.LLCID- aravlpP
TCF o8 ANANYT APALU- AIFAU-:: AGP° ACAP (HY PaPavldf TG AL h&adé

+arCmPA::A0NL (HY TG AgPA+e nerao19) P (144 DHY T 29177 A7 9700 N TIPS £7N0-S
GAL PAPIAP T 7115 O9° Y40 BmPd::

PGk CON:- NP <t UaPIP+ETF L9° MAT PAD-T 8-809°C PHNAD-T 7T, T1C NaPavCavC hS
go79° N1 NAAVFED APTF IC TIPELC A H8.U-9° 08.-8L.9°C aom’y NLI® st LLE IC PAALT HIPLS
AL, £97.L.4° I°CIC 1@-::

PGk TF L AT PTLANPOPT (HY TG AaPAte Pa0TIa0- NPT LIP Gav-G hIRTL.DALS AT R
ARILOA a9t L MNPNPFA: N FOALA. GaG AR, 091 TF av/EPT NHY PATIHA OB ATLTHG
ANG@. A0 ANF@. APTF (LT1C 2912 P®av< aoP'ry av(o99%t em0PNPLIN: Q0T KT8 LU hQ 1k
av/% eCALT TITrE UM aPlEPTFT TINEIC APPIALLAS PAAh RTC PaPANATT avl BRI
ALERIPCIC:: LARTI® ARV AIAINT F 299,00 ACOPT ATIOP PTATA aPAL BTC TP AL
AT9.0A LLLIA::NTERTISI® AACHP AMFPAL PMG U= ATLPCHH AT878 +HemT1s TEEPT avin

av(\nt::

MY TS Atq ALANTAFD: P9TFA FIACT: Sov¢ NT.A00NNTF OPF 9°I9° ALrt Phé TeIc
APITPIPEIC:: 1IC 17 L9° AOAL PMIE PUard® (9%t ALONTA L TAA::PTI® 17 GavGaLy
AGPANAN AIPL: PAD. AATP-P AATL.aPLAG ANGALD. 0T 7.PE ACIPE NATLONL: PUAPI® (9L} AR.TCIP::

LY TG @At ATT 09T A PPTOT: QU TG 09I0TCA 4.4 apavle@ hILaP P ab’y (1LY TG
NP2 AP OT7HA L9L0THF PPI° ALTCI® PGk NTLTI0 Ot 17 AP, 1P4:: PACOP +ATE:
PACOLTT POTIPT PLI® At WG ALONTATF®: PTLFADT THITE NAFPT LI ATIOPG Aavh T
NG PPI° LTLPA::

PavZE NULATC AmANP U323~ AALAP PAM-t TT7FDI° avlBG NAOALD. GavG AL, SHTTM. PANG-T4
Q.M+ PILMNAD. ATGE AATT AF 10 075 E Ot PHAFAPTT AMPAL Ui W78, PATLT FIAN
g0 1IC ALTANCPIO= 0T F4-PF7 AF° AATINRT 0L-ATFFT aPAP RTC P9°IMPI° LIPGA::LUT TTVLC
ALTT L7 ot OO 075, +004 APT OF GFO-::NHL° (1AL QA ACHP LAD-T T7EDII° av /G
PTAP PLAG PA NAD- PhIPTO-HC PavLE TIWELC M-AT A19.PaPT LLLIA ::

OHY TST AAPATE PAPT el (HY TG apate av oo (ACAL L9877t etaralt ook
MR D9 A%tS 0F L9IRLT avfe ooV SFmOP hoeP'rI® (1AL Ae-0PT PSR N91900P o720+
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PrLPCAOPT JOUI° K1 ST AN ARTCI :NHVI® a6 TET (harAt T17E @790
ALY TPE LaPMPPS 102 P91 T a1 ANP T2 :PACFS FPCaPe M- ME79° 1R “IT T & AN T1C
U hCOP (TLAMT L8 747 4t ATI0P MPIL AT ATLPCNAPT T9% PTG avan LMY
H28: 0FAP AT ATn@ PO

PPE NAPT OL FoC homerPt: VYT T (FavAht @R9° v 76T IC NHHavL avp - FoC
P+ ogeree APt Nhdh  ePC:  0905525335/0928428133 @L9°  (A-TLLA:
endeshawchekole@gmail.com: ?71.A@-7 AL Emba-::

Annex V: A71CT a1t 12018 &

PHY TG AP %A AS MOt aol87 (19010 ATTHOLLAD-:: TGk APRC AT0A AFAALHE
PATHA O07LTF  229° bt Fo19PT  Ag  (7Lhat7? 4-%20°C  AgvAnE AP 09110
FITHLLAD:: AATES NEPLTATE AL F Otavlhd RILPIP AL&FAV:: 915D ANGPI°
P U2P aoib Agth PGk 407 TIIAA ATRIPTAI® ALY A TSR CHCHC 142 0948
ntlGuet AGI1C Otend TMEEL NN aPMPP WILIOTAI® ADBLAU-:: PTGEI® OANF PHU
PPGE avlE R4 PTLPID ARL NF AIRPT AG QATLOALD: TG avlEPF  1Ph PTGt
@yt ATNGeRT QAP ALPT NTLATC(NE) AIRPIP® +LLFAU-::

NPR® (14.9PC PHY TG ANA ATeU7T 0.4 2PPm NP0 U=t AL NaPDT a7 (14.CT1%
AL 1MNAU-::

P1a74 PIPNMC MG 7 &CTM

pan/B ANAND- NP 7 4
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Annex VI: A9CE aome.¢

PRNDL &7

hce erc

heMe: A9°CR, PEEPT avA(7 A NFIAIE TEEPT L9 & HAét NAD- het (1 F AL aPANT £94::

NEA 1: MUNERT 89144 PR PMST
+.& | mPP aAn
101 | ypay (n%aet)
102 | o4 1.0%8 2.
103 | eoNF Uik 1. PAIN  2.97N
3. P& AF/T 4 NANE/+ NULDF PAA
104 | e}goyck o738 1. PAtayZ 2. panEan/p £/B
3. A+E BB 4NhAE/RLNCH

105 | ehg. U 1. PN+ ACENLE

2. RCHABC

3. 198,

4. PAYANE ALtE

5. P94 PP N+ AdtF

6. AA (na DPD)
106 | pan@sp N 1. h+ 2. 7MC
N&A 2: a1 hoas NUF 11CF IC +28T7T PATFD- PREPT
201 | A J¢ Pamnik 1. AP 2.PA9®
202 | hAhA EMMA 1. AP 2.PA9®
203 | aneng PANA N+ ATPNPA PRCIN 1. AP 2.PA9P
205 | pegR 94 PANT HARE AAPH 1. AP 2.PA9®
n&A 3: NURGRT JC +PPH mPRPF
301 |epgm o)t aomy LA, TG B0
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302 | pLID 9L FP NFme NTF 1H PIPF Qi

303 | pRIR 94Tt AR LY 1T APDAS. YO+ 1. AP 2.PA9®

304 | At 302 “AP” NPT ARAMI PG MY

am eyt 1M APMAS. £,

305 | At.4 302 “AP” NPT ARANE NYF PLgP

F YT ym, APMAS. P (NARLE
ANAND- PaqqeA)

306 | hege @1+ IC P+PPH ARmAAN AA 1. AP 2.PA9®

307 | At.% 306 “AP” NPT ARANE PARmAA

T°14.7 976

308 | Pk 25 1.8481 2. £48 2 3.hag it

N&A 4: ehhd Aht

401 nNet nie 9149
402 $ans aqtC
403 | PA-TF ANLTF AR (NN,.91/am.2

N&A 5: PANEL TS L6 Mt

501 | p £-82a0C aBMmY(NaY, /)
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