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ABSTRACT 

Poor sleep plays an important role in the prevalence of hypertension. It increases the 

prevalence rate to 60%. It is thought that sleep regulates stress hormones and helps 

nervous system. Overtime, lack of sleep hurt the body ability to regulate stress 

hormones, leading to high blood pressure. The night time dosing of blood pressure 

lowering drugs have yielded positive results. Scholars have rarely investigated the 

relationship between night time dosing of diuretics and the quality of sleep.  The 

study aimed at evaluating quality and duration of sleep while on night time dosing of 

diuretics and determine the commonly used blood pressure lowering medication at 

University Teaching Hospital.  

Methods: The sample consisted of 43 patients with hypertension and on diuretic, 25 

of whom were taking their medication in the evening at 10 PM and 18 were in the 10 

AM dosing schedule. The BP was measured with cuff sphygmomanometer at 

enrolment and follow-ups. The quality of sleep was measured using the Pittsburgh 

Sleep Quality Index (PSQI) score while the duration of sleep was measured with 

Epworth Sleepiness Scale (ESS) score at enrolment and follow-ups. A PSQI score of 

less than 5 indicated good sleeps while an ESS score of 1-6 as a good duration of 

sleep. 

Results: Overall, 43 were included in the analysis. The 10AM group had 18 (41.8%), 

while the 10PM group had 25 (58.2%) at enrolment. The study recruited more 

women (72.0%) and the majority were on hydrochlorothiazide and amiloride 

combination (72.0%). The 10PM dosing showed significant differences in quality of 

sleep with p-value of 0.010 at 12 weeks follow-up. The duration of sleep did not 

show significant differences between the groups with p-value of 0.215. The blood 

pressure lowering was significant in the 10PM group with p-value of 0.020 at 12 

weeks follow-up. Conclusions: The study suggested that the 10PM dosing of 

diuretics in hypertensive patients and the diuretic effect does not affect the quality 

and duration of sleep. Further, 10PM dosing lowers the blood pressure significantly 

compared with 10AM. 
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OPERATIONAL DEFINITIONS: 

In this research proposal project the following terms will be interpreted as follows; 

Chronodynamics. 

 The effects of drugs are modified based on the time at which they are administered. 

Chronotherapy. 

The treatment of an illness or disorder by administering a drug at a time of day 

believed to be in harmony with the body's natural rhythms. 

Chronopharmacokinetics. 

The study of the temporal changes in absorption, distribution, metabolism and 

elimination and thus takes into account the influence of time of administration on 

these different steps. 

Circadian Rhythm. 

Any biological process that displays an endogenous, entrainable oscillation of about 

24 hours. 

Diuretics. 

Single or in combination of Thiazides, Loop and Potassium sparing. 

Hypertension. 

Systolic blood pressure equal to or above 140mmHg and/or diastolic blood pressure 

equal to or above 90mmHg. 

Mild Hypertension. 

Blood pressure systolic 140 - 149 mmHg and Diastolic blood pressure 90-94 mmHg. 

Moderate Hypertension 

Blood pressure systolic equal 150-159 mmHg and Diastolic blood pressure 95-99 

mmHg. 

Severe Hypertension.  

Blood pressure systolic equal to or above 160 mmHg and Diastolic blood pressure 

equal to or above 100 mmHg. 
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CHAPTER ONE 

1.0 Introduction. 

1.1 Background: 

Hypertension is characterised by systolic blood pressure equal to or above 140 mm 

Hg and/or diastolic blood pressure equal to or above 90 mm Hg (WHO, 2013 report).  

Quality sleep is defined by Pittsburgh Sleep Quality Index (PSQI) score of <5 and 

Epworth Sleepiness Scale ESS score of 0-6. It is thought that sleep regulates stress 

hormones and helps nervous system. Overtime, lack of sleep hurt the body ability to 

regulate stress hormones, leading to high blood pressure. Therefore, there is high 

prevalence of hypertension in people with poor sleep as reported in the Sleep Heart 

Health Study done in America, where subjects sleeping <5 hours per night had a 

higher frequency of prevalent hypertension of up to 60% (Gottlieb et al., 2006).  

 

Worldwide, hypertension was accounting for approximately 20% of the world’s 

adults with hypertension; that is Blood Pressure in excess of 140/90 mm Hg. The 

prevalence of hypertension also increases with age, as patients older than 60 years, 

the prevalence reaches to 50% (Albert, 2013). 

From the understanding of circadian rhythm of blood pressure, several studies have 

been done to utilise the night dose chronotherapy as the blood pressure surges in the 

early morning. The blood pressure tends to surge at 4 AM until 12 PM and then 

drops reaching the lowest around midnight (Hermida and Smolensky, 2004). 

Further, Hermida et al, (2004) had shown that chronotherapy provides a means of 

individualizing treatment of hypertension according to the circadian profile of blood 

pressure of each patient. This constituted chronotherapeutic strategy as a new option 

to optimize blood-pressure control and to reduce risk. The nocturnal hypertension 

had increased risk of cardiac and cerebrovascular events because of the loss or 

reversal by 10 – 20% sleep-time blood pressure decline (Hermida and Smolensky, 

2004). 

There were significant administration-time differences in the kinetics (i.e. 

chronokinetics) plus the beneficial and adverse effects (termed chronodynamics) of 

antihypertensive drugs which were usually known. Therefore, bedtime and not 
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morning time, dosing significantly reduced nocturnal blood pressure by Clonidine 

(Hermida and Smolensky, 2004). Furthermore, valsartan administration at bedtime as 

opposed to upon awakening results in improved diurnal/nocturnal blood pressure 

ratio, such that the dosing time of valsartan could be chosen in relation to the dipper 

status of any given patient to improve therapeutic benefit and reduce cardiovascular 

risk (Hermida and Smolensky, 2004) 

Basil et al, (2012) showed that African patients with hypertension treated with 

diuretics as monotherapy recorded an improvement in Blood Pressure levels, Left 

Ventricular Wall Dimension, Left Ventricular Mass and diastolic function which 

were amplified by night-time chronotherapy. Furthermore, they reported numerous 

benefits for better blood control with night-time chronotherapy such as normalizing 

an abnormal dipping pattern as non-dipping was related to increased target organ 

damage, correction of an abnormal pattern spares end organs like the left ventricle 

and the kidneys from damage (Basil et al., 2012).   

In Zambia, the first line treatment of hypertension is a diuretic, calcium channel 

blocker or angiotensin converting enzyme inhibitors (Ministry of Health, 2013).  

The diuretics had varied spectrum of electrolyte disorders especially on sodium and 

potassium which were risk factors for adverse outcomes of fall and fractures 

affecting quality of life (Arampatzis et al., 2013). With diuresis as an effect at night, 

sleep would be affected hence the reluctance by health workers to give at night (Sica, 

2008). Sleep at night was essential for good health. Sleepiness during the day could 

be an antecedent to falls, declining quality of life, and less functional recovery in 

older adults. Sleepiness during the day might also be an indicator that hypertension 

and diabetes are not well controlled. Habitual sleep duration over the past 50 years 

generally has decreased in America as 30% of Americans reported sleeping less than 

6 h per night (National Centre for Health Statistics, 2005). 

Further, there have been few studies evaluating the troublesome nocturnal diuresis 

and quality of sleep among the night-time group on diuretics. This study aimed at 

evaluating quality and duration of sleep while on night time dosing of diuretics and 

determine the commonly used blood pressure lowering medication used. 
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1.2 RATIONALE OF STUDY 

Subjects sleeping <5 hours per night had a higher frequency of prevalent 

hypertension (Gottlieb et al., 2006). There was also growing body of knowledge on 

the night time chronotherapy in hypertension management including the use of 

diuretics (Hermida and Smolensky, 2004). However, the studies so far concentrated 

on the Blood Pressure control outcomes. The studies involving diuretics also ignored 

the troublesome nocturnal diuresis, consequently the quality and duration of sleep of 

the patient.  

The problem is also compounded by the negative perspectives by both health 

workers and patients due to inadequate evidence on the quality and duration of sleep 

with night-time chronotherapy with diuretics.  

Through this study on the quality and duration of sleep with night-time 

chronotherapy of diuretics, evidence was generated on night time chronotherapy of 

diuretics in hypertension. This study would further add some insights in relation to 

diuretic night time chronotherapy. 

 

1.3 RESEARCH QUESTIONS. 

1.3.1 Does night-time diuretic chronotherapy affect quality and duration of sleep 

among hypertensive patients?  

1.4 SIGNIFICANCE OF STUDY. 

Following the limitation from Basil et al study, where they did not look at 

troublesome nocturnal diuresis and quality of sleep among the night-time group 

(Basil et al., 2012).  

Good sleep at night is essential for good health. As sleepiness during the day could 

be an antecedent to declining quality of life, and less functional recovery in older 

adults who are also at risk to hypertension. Sleepiness during the day might also be 

an indicator that hypertension and diabetes were not well controlled. 
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Further, the Ambulatory Blood Pressure Monitoring for Prediction of Cardiovascular 

Events (MAPEC) study recommended that if there were more than one 

antihypertensive, one should be given at bed time (Hermida et al., 2010). 

However, it did not specify the group of drugs recommended to be given in the 

evening. 

The findings of the study are useful to the patients for optimization of treatment with 

diuretics with new evidence from the study. 

1.5 GENERL OBJECTIVE.  

To compare quality and duration of sleep in hypertensive patients on diuretic therapy 

with 10 AM and 10 PM dosing times. 

1.6 SPECIFIC OBJECTIVES. 

1.6.1 To determine the quality and duration of sleep differences in the 10 AM and 

10 PM timing of the dose of diuretic. 

1.6.2 To determine the blood pressure control with difference in the 10 AM and 10 

PM dosing times. 

1.6.3 To determine the commonly used diuretic for hypertension. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW. 

The Literature Review describes the burden of hypertension, the night dosing and use 

of diuretics, and assessment of quality and duration of sleep.  

Worldwide, hypertension accounts for approximately 20% of the world’s adults; that 

is Blood Pressure in excess of 140/90 mm Hg. The prevalence increases with age. In 

patients older than 60 years, the prevalence reaches 50% (Albert, 2013). Despite 

Sleep Heart Health study not concentrating on patients on diuretics, it showed the 

prevalence worsening to 60% in patients sleeping less than 5 hours in a night 

(Gottlieb et al., 2006). 

According to the World Health Organisation (WHO, 2013) cardiovascular disease 

accounts for approximately 17 million deaths a year globally. Hypertension as a 

complication, accounts for 9.4 million deaths worldwide every year.  Of all the 

cardiovascular mortality, hypertension is responsible for at least 45% of deaths due 

to heart disease and 51% of deaths due to stroke. Of the total death due to 

cardiovascular, nearly 80% of deaths occur in low- and middle-income countries, 

where our country if is found (WHO, 2013). 

A survey done in rural Zambia (Kaoma and Kasama) had revealed the average 

prevalence of hypertension was 28.05%, highest in Kasama (Mulenga et al., 2013). 

The study concentrated on prevalence than the risk factors that were associated with 

Hypertension.  

The prevalence rate is high in urban Lusaka at 34.8% with males on the higher side. 

This was reported highest as compared to South Africa, Eretria and Uganda on 

overall (Goma et al., 2011). Despite looking at the risk factors, the study did not 

mention how they ruled out white coat hypertension. 

In chronotherapeutic, the morning drug administration loose efficacy in the last few 

hours of the dosing interval, resulting in the early morning surge. Despite having the 

controlled onset and extended release delivery systems, the night dosing of these 

delivery system at night provide maximal effect as the drug concentrations reach 

maximum level between 0600 h and 1200 h when the blood pressure is rising at its 
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greatest rate thereby reducing the cardiovascular accidents (Neutem and Smith, 

1997). 

Recent studies have shown that chronotherapy provides a means of individualizing 

treatment of hypertension according to the circadian profile of blood pressure of each 

patient. This constitutes chronotherapeutic strategy as a new option to optimize 

blood-pressure control and to reduce risk. The nocturnal hypertension has increased 

risk of blood pressure decline (Hermida and Smolensky, 2004). 

There are significant administration-time differences in the kinetics (i.e. 

chronokinetics) plus the beneficial and adverse effects (termed chronodynamics) of 

antihypertensive drugs which are usually known. Therefore, bedtime and not 

morning time, dosing significantly reduces nocturnal blood pressure by Clonidine. 

Also, valsartan administration at bedtime as opposed to upon awakening results in 

improved diurnal/nocturnal blood pressure ratio, such that the dosing time of 

valsartan can be chosen in relation to the dipper status of any given patient to 

improve therapeutic benefit and reduce cardiovascular risk (Hermida and Smolensky, 

2004). 

In a study done by Chikao, it was observed that despite the high Body Mass Index 

(BMI) in poorly controlled hypertensive patients, the BP reduction was well reduced 

with night time dosing of losartan/HCTZ (hydrochlorthiazide) combination (Chikao 

et al., 2014). Despite the study having small sample size with no comparison, the 

benefits were seen in the night time chronotherapy. 

Also the study with amlodipine complexes, the morning surge of Blood Pressure 

(BP) was reduced to a greater degree in the bed time group, the nocturnal BP and 24 

h mean BP were lower and most patients converted from non-dipper to dipper BP. 

Therefore, the amlodipine complexes have different efficiencies depending on 

treatment time (Zeng et al., 2011). The complexes contained amlodipine and 

hydrochlorothiazide, however, they did not report on the quality of sleep. 

Francesco and Michael, (2010) observed that the general practice of practitioners in 

the BP monitoring that they rely on cuff BP in the day time. They recommended that 

a supplementary BP assessment at home be performed during different times of 

activity span to complement the clinic BP.  Further, they concluded that (i) target 
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organ damage is more closely associated with Ambulatory Blood Pressure 

Monitoring (ABPM) than with clinic BP and (ii) some specific features of the 24-h 

BP pattern are linked to the progressive injury of target tissues and triggering of 

cardiac and cerebrovascular events. In particular, the extent of the asleep BP decline 

is deterministic of cardiovascular injury and risk (Portaluppi and Smolensky, 2010). 

The results from the prospective Ambulatory Blood Pressure Monitoring for 

Prediction of Cardiovascular Events (MAPEC) study thus indicate that bedtime 

chronotherapy with ≥1 hypertension medications, compared to conventional upon-

waking treatment with all medications, more effectively improves BP control, better 

decreases the prevalence of non-dipping and, most importantly, significantly reduces 

cardiovascular Diseases (CVD) morbidity and mortality (Hermida et al., 2010). 

In prospective, Randomised Investigation of Safety of Micardis (Losartan with 

Hydrochlorothiazide) Vs Ramipril Using ABPM I and II (PRISMA I and II) studies, 

the long acting Telmisartan proved superior with single dosing as compared to 

Ramipril suggesting the better quality of 24 h BP control and improved tolerability of 

the Angiotensin Receptor Blocker (ARB) as the most important difference with 

Angiotensin Converting Enzyme (ACE) inhibitors (Williams et al., 2009). 

The night time dosing with an alpha blocker doxazosin therapy reduced BP equally 

as a morning dosing. However, the night time also shifted the dipping status toward 

less nocturnal BP dipping. The effect was not only dependent on mechanism of 

action but also on time of administration. The night time dosing of doxazosin reduces 

the morning BP surge (Kairo et al., 2000). The blunted diurnal BP variation is a 

strong predictor of death, in large part, because it is associated with other 

cardiovascular risk factors, but this may be accounted for, in large part, by its 

association with other cardiovascular risk factors. Therefore, non-dipping of heart 

rate and ambulatory heart rate level should be taken into account as a risk assessment 

in patients with hypertension in addition to ambulatory BP parameters in clinical 

practice (Brotman et al., 2008). 

It has also been reported that diuretics are also used as fixed dose combination with 

other antihypertensive. Thomas summarized that diuretics were used more frequently 

in elderly as a combination or alone hence the role of fixed dose combination 

(Thomas, 2009). Further, the diuretics had varied spectrum of electrolyte disorders 
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especially on sodium and potassium which were risk factors for adverse outcomes of 

fall and fractures affecting quality of life (Arampatzis et al., 2013). 

Basil et al, (2012) findings encouraged use of diuretics in the evening. There were 

numerous benefits for better blood control with night-time chronotherapy. It 

normalizes an abnormal dipping pattern and because non-dipping is related to 

increased target organ damage, correction of an abnormal pattern spares end organs 

like the left ventricle and the kidneys from damage (Basil et al., 2012). Despite the 

duration and smaller sample size, they highlighted the insights on the night time 

dosing of diuretics. 

Following the limitation from Basil et al study, they did not look at troublesome 

nocturnal diuresis and quality of sleep among the night-time group (Basil et al., 

2012). The quality of life should not be ignored in diuretic therapy to add more 

convincing reasons to night time dosing of diuretics. 

However, most health workers are reluctant to give diuretics in the evening because 

of the consequent diuresis which may disturb sleep. However, diuresis as the basis of 

BP reduction with diuretics is an acute phenomenon that occurs in the first 2 weeks 

of therapy. Thereafter, a vasodilatory effect is operational (Sica, 2008). 

The statistics show that Sub-Saharan Africans were more frequently given 

antihypertensive medication than their paired controls (84 vs 74%, p<0.001), and 

their antihypertensive regimens were more likely to include a diuretic (54 vs 46%, 

p=0.001) for obvious reason that African origin hypertensive patients respond well to 

diuretics (Gombet et al., 2007). The evidence on efficacy and safety comparisons and 

cardiovascular outcomes recommend thiazide diuretics and/or long-acting calcium 

channel blockers as initial treatment for Blacks (Ferdinand and Ferdinand, 2008). 

Apart from the diuresis, diuretics also cause hyponatremia, weakness, confusion, 

postural hypotension, falls, fits, gout, hypokalemia and deafness which can affect the 

quality of life. .An assessment of the antihypertensives, diuretics were second 

causing side effects after calcium channel blockers. The diuretics caused fatigue, 

visiual impairment dizziness and loss of appetite (Khurshid et al., 2012). However, 

the diuretics used were not representative of the diuretics found in Zambia.  
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The quality of life questionnaire covers symptomatic (physical) well-being, 

psychological well-being and perception of the effects of antihypertensive treatment 

on lifestyle. They are considered to be the three areas most important to the 

hypertensive patient (Bulpitt and Fletcher, 1990). 

There are subjective and objective way of assessing quality and duration of sleep, 

and most studies have recommended the objective way as the most reliable. 

However, ambulatory accelerometry yielded results that were similar to subjective 

reports of sleep duration and quality (Wrzus et al., 2012). 

Most of the assessments have neglected the lifestyle behaviours like sleep habits, 

contrary to the recommendations of the Japanese Society of Hypertension (JSH) 

(JSH, 2014) mostly the assessment are on safety, efficacy and cost. 

However, the Monitoring Project on Risk Factors and Chronic Diseases in the 

Netherlands (MORGEN) study concluded that short duration of sleep and poor sleep 

was associated with total cardiovascular disease and Coronary Heart disease 

incidence (Hoevenaar-Blom et al., 2011). 

The study using Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness 

Scale (ESS) concluded that subjective sleep disturbances were associated with risk of 

fall in older men, independent of confounders (Katie et al., 2014). 

In summary, it can be seen that the prevalence of hypertension is high especially in 

the developing countries. The recommended choice of drugs was the diuretics 

particularly in the black Africans race. Recently, studies have reported growing 

benefits of night time administration of antihypertensive drugs including diuretics. In 

most of the studies reviewed, night time quality of life or sleep was not addressed in 

relation to the use of the antihypertensives at night. 

 



10 

 

CHAPTER THREE 

3.0 METHODOLOGY: 

3.1 Study Design:  

This was a cohort study for the period of 12 weeks involving patients with 

hypertension. The study was conducted from February 2015 to June 2015 in the 

Department of Internal Medicine of University Teaching Hospital, Clinic 5. The 

patients were enrolled into morning (10AM) and night-time (10PM) ingestion 

groups. The patients were assessed at enrolment, 2, 8 and 12 week interval after 

enrolment. The patients were asked to come back for follow ups.  

On a daily basis, the Hypertensive patients were arranged alphabetically and 

numbered. The spot BP checks were done by the nurse before seeing the physician. 

Thereafter, those with odd numbers were enrolled in 10 AM and those with even 

numbers were in 10PM. On exit to pharmacy, the patients were interviewed using the 

questionnaire on the sleep quality and duration. The dosing frequency remained as it 

was prescribed and the only modification was the timing in the day. 

Information on sleep quality and duration was obtained by self-administered 

questionnaire extracted from Pittsburgh Sleep Quality Index (PSQI) and Epworth 

Sleepiness Scale (ESS).  

The participants were categorised as 10 AM dosing as unexposed and 10 PM dosing 

as exposed group. 

3.2 Target Population. 

Hypertensive patients in Lusaka district at the time of study. 

3.3 Study population. 

Hypertensive patients enrolled at University Teaching Hospital in internal medicine 

in Lusaka at clinic 5 and prescribed diuretics.  

3.4 Study site: 

The study was conducted at the University Teaching Hospital in Lusaka, Zambia in 

Internal Medicine, at Clinic 5. 
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3.5 Inclusion criteria: 

 Mild to Moderate hypertension 

 Taking at least one diuretic 

3.6 Exclusion criteria: 

 Severe hypertension 

 Current smoking 

 Secondary hypertension (patients with comorbidity) 

 

3.7  Sample size calculation: 

Based on an expected prevalence of Hypertension of 30% at University Teaching 

Hospital, Lusaka. We enrolled 46 participants, 27 in the 10PM group, 19 in the 

10AM group with 3 loss to follow-up, as the patients didn’t not come and 

unreachable by mobile. The sample size was calculated based on; two-sided 

significance level (1-alpha): 95, power (1-beta, % chance of detecting): 80, ratio of 

sample size Unexposed/Exposed: 1. Total sample size: 46, inclusive of loss to 

follow-up (OpenEpi, Version 2).    

3.8 Data Collection Tools. 

Structured data collection forms (Questionnaire) was employed to collect 

demographic patient specific data at enrolment and follow ups at Clinic 5.  Sleep 

quality and duration was measured by PQSI and ESS, respectively. A PSQI score of 

less than 5 was considered good sleep and ESS score of less than 6 as good sleep 

duration. For those who cannot read, the questions were explained to them in the 

local language. 

3.9  Data analysis. 

The data was analysed by using SPSS version 22; Participants’ characteristics were 

presented as means, standard deviations or percentages for the continuous variables. 

Chi square test for categorical variables with statistical significance set at p < 0.05 

was performed. 
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3.10 Ethical Considerations. 

The patients were assigned to morning and night dosing which may be away from 

the patient’s routine. Therefore, all patients signed the written informed consent 

forms and the protocol was approved by the ERES Converge, Ref No.2014.Sept.008, 

the Research Ethics Committee for the study and clearance from University Teaching 

Hospital management. The patients were asked to come back in 2 weeks to avoid 

uncontrolled BP not attended. 

Further, the information collected remained confidential. The filled questionnaires 

were kept in lockable cupboard and soft copy was secured with passwords. 

The information was analysed immediately after the data collection was concluded to 

avoid unwanted access. 

3.11 Study Variables.  

The table below shows the variables of interest in our study and how we defined 

them. 

Table 3.11.1 The study variables 

Name Type Definition Scale 

Timing of Dosing Independent 10AM/10PM Categorical 

Quality of Sleep Dependent Score:<5 good and 

>5, poor. 

Categorical 

Duration of Sleep Dependent Score: 1-6, good; 

7-8, moderate and 

>9, poor. 

Categorical 

Sex  Independent Male/Female Categorical 

Blood Pressure Dependent Mild, Moderate or 

Severe 

Categorical 

Age Independent Number of years Continuous  
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CHAPTER FOUR 

4.0 RESULTS: 

The results were analysed and presented according to the objectives. 

4.1 Baseline Characteristics 

A total of 43 eligible individuals were included in the study and analysis. The 10AM 

group had 18 (41.8%), while the 10PM group had 25 (58.2%) at enrolment. Of all the 

participants, females were more than male as shown in Figure 4.1.1. Baseline and 12 

weeks follow-up of quality and duration of sleep, and BP readings was available for 

43 participants representing 97% follow up as 3 were lost to follow. 

The Median and Ranges of the Ages were analyzed and presented in Table 4.1.1. 

While the Age distribution in the groups was represented in Figure 4.1.2. 

Age in years. 

Descriptive statistics for the continuous variables (table 4.1.1), showed that the 

meadian age of 54.5 years in AM group and median of 59 years in the PM group. 

The age range was 36 to 69 yeras in the AM and 35 to 75 years in the PM.  

 Table 4.1.1: Comparison of Median and Ranges of Age in years between the 

groups 

 N Median Minimum Maximum 

AM 22 54.5 36 69 

PM 21 59.0 35 75 

 

 

Gender distribution in the two Groups 

This study recruited more women in both groups ( figure 4.1.1 ) with minimal 

differences in the AM group. 

 



14 

 

 Table 4.1.2 The Gender distribution between the two groups 

Timing Sex N % 

AM Male 4 18.2 

Female 18 81.8 

PM Male 8 38.1 

Female 13 61.9 

 

                                

 

                                  Figure 4.1.1: The gender distribution in both groups. 

 

4.2 To determine the quality and duration of sleep differences in the morning 

and night timing of the dose of diuretic. 

a. Quality of sleep as measured by PSQI. 

The baseline sleep score by using PSQI, both groups had poor sleep as most of the 

participants scored more than 5. However, as the follow up continued, the 10 PM 

dosing group had improved quality of sleep as shown in Figures 4.2.1 to 4.2.4 

(N=43).  
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Measure of  Quality of Sleep by PSQI at all intervals of follow up 

From this study findings, there was significant differences at  2, 6 and 12 weeks 

follow up ( table 4.2.1) in the quality of sleep with p-value of less than 0.05 and end 

of study. 

Table 4.2.1 Measure of Quality of Sleep at enrolment and follow ups. 

 AM PM p 

 N % N %  

PSQI 

0 

    0.092 

  ˂5 6 35.3 11 64.7  

  ≥5 16 61.5 10 38.7  

      

PSQI 

2 

    0.021 

  ˂5 8 34.8 15 65.2  

  ≥5 14 70.0 6 30.0  

      

PSQI 

8 

    0.002 

  ˂5 14 40.0 21 60.0  

  ≥5 8 100.0 0 0.0  

      

PSQI 

12 

    0.010 

  ˂5 16 43.2 21 56.8  

  ≥5 6 100.0 0 0.0  
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Fig 4.2.1 Comparison of quality of sleep at enrollment by PSQI 

 

 

Fig 4.2.2: Comparison of quality of sleep at 2 weeks follow-up by PSQI 
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Fig 4.2.3: Comparison of quality of sleep at 8 weeks follow-up by PSQI 

 

 

Fig 4.2.4: Comparison of quality of sleep at 12 weeks follow-up by PSQI 
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b. Duration of sleep as measured by ESS. 

The duration of sleep was analyzed and presented in in Figures 4.2.5 to 4.2.8 for each 

time point of the visit (N=43). The trend shows adequate sleep in the 10 PM as the 

follow up continued.  

 

Measure of Sleepliness ESS. 

The findings on the sleepiness showed there was less significance differences with p-

values  greater than 0.05 from enrolment to 12 weeks follow up (table 4.2.2). 

 

Table 4.2.2 The measure of Sleepiness by ESS at enrolment and follow-up 

 

 AM PM p 

 N % n %  

ESS 0     0.073 

  1-6 15 68.2 7 31.8  

  7-8 4 33.3 8 66.7  

  ≥9 3 33.3 6 66.7  

ESS 2     0.664 

  0 1 100.0 0 0.0  

  1-6 15 46.9 17 53.1  

  7-8 4 57.1 3 42.9  

  ≥9 2 66.7 1 33.3  

ESS 8     0.215 

  0 1 100.0 0 0.0  

  1-6 19 47.5 21 52.5  

  7-8 2 100.0 0 0.0  

ESS 12     0.215 

  0 1 100.0 0 0.0  

  1-6 19 47.5 21 52.5  

  7-8 2 100.0 0 0.0  
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Fig. 4.2.5: Comparison of duration of sleep at enrollment. 

 

 

Fig.4.2.6: Comparison of duration of sleep at 2 weeks follow-up. 
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Fig.4.2.7: Comparison duration of sleep at 8 weeks follow-up. 

 

Fig. 4.2.8: Comparison of duration of sleep at 12 weeks follow-up.   

 

4.3 The blood pressure control in the 10 AM and 10 PM dosing times. 

The blood pressure readings at baseline, showing minor differences in the blood 

pressure control between the lowest and highest in the two groups. For all 

participants with BP values available for baseline up to 12 weeks follow-up, there 

was reduction in the 10PM dosing group as seen Figures 4.3.1 to 4.3.4 and Table 

4.3.1(N=43) 
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Blood Pressure in the groups. 

The finding of the study showed significant differences at 12 week follow up, ( table 

4.3.1) with the p-value of less than 0.05. 

Table 4.3.1 Comparison of BP readings of enrolment and follow-ups 

 AM PM p 

 N % n %  

Baseline     0.988 

  <140 8 50.0 8 50.0  

  140-149/90-94 3 50.0 3 50.0  

  150-159/95-99 11 52.4 10 47.6  

      

2 Weeks     0.681 

  140/90 11 47.8 12 52.2  

  141-159/90-94 8 57.1 6 42.9  

  150-159/95-99 2 40.0 3 60.0  

  >160/100 1 100.0 0 0.0  

      

8 Weeks     0.105 

  <140/90 14 42.4 19 57.6  

  141-149/90-94 7 77.8 2 22.2  

  >160/100 1 100.0 0 0.0  

      

12 Weeks     0.020 

  <140/90 17 44.7 21 55.3  

  141-149/90-94 5 100.0 0 0  

 



22 

 

 

Figure 4.3.1: Comparison of BP readings at enrollment. 

 

Figure 4.3.1: Comparison of BP readings at 2 weeks follow-up. 
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Figure 4.3.3: Comparison of BP readings at 8 weeks follow-up. 

 

Figure 4.3.4: Comparison of BP readings at 12 weeks follow-up. 

 

4.4 To determine the commonly used diuretic for hypertension. 

Of participants with hypertension, overall, 16 (51.6%) in AM and    15(48.4%) in PM 

were on HCTZ with Amiloride drug combination (N=43).               
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The diuretic distribution in the two groups 

The study finding on type of diuretic showed that most of our clients in both groups 

were on HCTZ with Amiloride combination, (table 4.4.1) though less significant.  

 

Table 4.4.1: Type of Diuretic used in both dosing groups 

 

 AM PM p 

 N % N % 0.924 

HCTZ with 

Amiloride 

16 51.6 15 48.4  

Furosemide 6 50.0 6 50.0  
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CHAPTER FIVE 

5.0 DISCUSSIONS: 

On the descriptive studies, the study showed that higher percentage of women 

participants than men, explaining a higher prevalence of hypertension in women, 

76.1% that was observed, Figure 4.1.1 and Table 4.1.2 in both groups. This was 

contrary to the study done by Goma and colleagues which reported that the 

prevalence was high in men in the study done in Lusaka (Goma et al., 2011). 

However, in this study, it was observed that women were more willing to participate 

as opposed to the male counterparts. 

Further, this study enrolled participants from the ages of 35-75 years with Median of 

54.5 years and 59 years in AM and PM groups, respectively. 

This study showed that at baseline, the majority of the participants had a score more 

than 5 in both groups as shown in figures 4.2.1 and 4.3.1. Despite Sleep Heart Health 

study not concentrating on patients on diuretics, it showed the prevalence of 

hypertension worsening to 60% in patients with poor sleep who were sleeping less 

than 5 hours in a night (Gottlieb et al., 2006). Therefore, this study agrees that when 

sleep is disturbed, hypertension is also poor controlled.  

This study showed that sleep quality  was unaffected by night time dosing of 

diuretics as shown in Table 4.2.1, at 2, 8 and 12 weeks follow up with p-values of 

0.021, 0.002, and 0.010, respectively. However, on the sleepiness, there were no 

significant differences between the groups. This study therefore, agrees with Sica 

that diuresis due to diuretics occurs in the first 2 weeks, thereafter, vasodilatory 

effects takes effect (Sica, 2008). Therefore, there was no harm to administer the 

diuretics at 10 PM.  

In contrast to Basil et al, (2012) this study looked at the quality and duration of sleep 

as well as BP control, and showed a positive outcome in the 10 PM dosing (study 

group) compared to 10 AM, with significance as follow up continued, figures 4.3.1 

to 4.3.4.  
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At 8 and 12 weeks of follow up, this study observed that as the follow up continued; 

the participants provided same answers as the previous visit. This was in contrast 

with Wrzus et al who concluded that subjective and objective assessment of quality 

of sleep yield similar results (Wrzus et al., 2012). 

The study showed that the blood pressure reduction was significant in the night time 

dosing of diuretic at the end of follow-up, figure 4.3.4. This was in line with a study 

done by Chikao et al, were it was observed that despite the high Body Mass Index 

(BMI) in poorly controlled hypertensive patients, the BP reduction was well reduced 

with night time dosing of losartan/HCTZ (hydrochlorthiazide) combination (Chikao 

et al., 2014). This study also agrees with the study done in Nigeria, that there was 

pronounced BP reduction and in the 10 PM diuretic dosing compared to the 10 AM 

(Basil et al., 2012). At 12 weeks follow up of this study, there was significant 

differences with p-value of 0.020, Table 4.3.1. 

Despite this study using clinic BP monitoring as compared to Ambulatory Blood 

Pressure Monitoring (ABPM). The BP follow-up at 12 weeks showed much 

reduction with clinic BP monitoring, figure 4.3.4. This was a general practice as 

reported by Portaluppi et al that the practitioners in the BP monitoring rely on cuff 

BP in the day time (Portaluppi and Smolensky, 2010). 

Most of participants were on HCTZ with Amirolide combination type of diuretic as 

shown in figure 4.4.1. This could be attributed to the fact that the combination is part 

of the essential drug list in Zambia and first line for hypertension (Ministry of 

Health, 2013). 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATION  

The 10 PM dosing of diuretic had no effect of quality and duration of sleep in 

hypertensive patients. There were benefits in taking diuretics in the night time as the 

quality of sleep seemed not to be affected amongst the hypertensive patients with 

night-time chronotherapy of diuretics. There was also better BP control in the night 

time administration as the blood pressure lowering effect was more pronounced in 

the 10 PM compared to the 10AM administration. It was further observed that the 

type of diuretic does not have significant difference, they are equally effective and 

quality and duration of sleep is unaffected by the type of the diuretic. 

Limitations  

The limitations of our study were irregular availability of HCTZ-amiloride at study 

site during the time which could have affected adherence to treatment in both arms. 

Further, the study did not assess the adherence to medications which could also 

affect our study. There were also limited financial resources to procure ambulatory 

accelerometry for objective measure of quality and duration of sleep and Ambulatory 

Blood Pressure Monitoring machines.  There was also co- administration of other 

antihypertensive medicines which may have affected our outcomes. 

Recommendations 

1. The quality and duration of sleep was unaffected when the diuretic drugs are 

given in evening, therefore, they can be administered at 10 PM. 

2. The BP lowering effect of diuretic was greatest in the 10 PM dosing hence the 

suggestion to administer them in the evening. 

3. There is need for proper counselling on adequate sleep duration for better control 

of hypertension. 

4. A regular BP check by patients is recommended for patients on medication at 

home. 

5. Whenever the patient is on more than one BP medication, one should be 

administered at 10 PM inclusive of a diuretic. 
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6. With availability of funds, a bigger study needs to be conducted to conclusively 

decide the use of diuretics in the evening. 
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