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Abstract 

Research has found that hypertensive and diabetic individuals suffer from poor sleep quality and 

memory deficits, however, these difficulties have been studied separately, with sparse research 

investigating the relationship between disease state, sleep and memory. The aim of this study 

was to investigate the relationship between sleep quality and neutral declarative memory in 

hypertensive and diabetic individuals. A total of (n = 60) participants were recruited. Participants 

completed an electronic survey which contained the Beck Depression Inventory, Beck Anxiety 

Inventory, Pittsburgh Sleep Quality Index and the Perceived Stress Scale. To assess immediate 

and delayed recall, the Brief Test of Adult Cognition by Telephone was administered. 

Hypertension was defined as having a blood pressure < 140/90mmHg, and diabetes as an 

HbA1C < 8g/%. In the healthy controls and patient groups, participants were matched on all 

demographic variables except for age and BMI. t-test analyses found that the patient group 

performed significantly worse on immediate and delayed recall subtests compared to healthy 

controls (p=.046, p =.023). A linear regression analysis revealed that although group predicted 

memory performance (F(1,44) = 2.97, p = .046; F(1,44) = 4.24, p=.023), it did not predict sleep 

quality scores (F(1,58) = 0.20, p=.668) or components of sleep quality. Although our study did 

not find a mediating effect of sleep quality on immediate and delayed recall, we suggest that 

future studies continue to explore this relationship, to gain insight into how sleep may impact 

memory function in these individuals, in order to inform better treatment options. 

 

Keywords: Diabetes; Hypertension; Neutral Declarative Memory; Poor sleep quality. 
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Introduction 

Hypertension and diabetes are leading non-communicable diseases that are associated 

with poor sleep and declarative memory deficits. Poor quality sleep disrupts non-rapid eye 

movement (NREM) sleep which affects neutral declarative memory consolidation (Javaheri & 

Redline, 2012). Although there is evidence of a bidirectional relationship between sleep, diabetes 

and hypertension, this literature review aims to explore the inadequately investigated directional 

relationship: that hypertension and diabetes result in poor sleep quality which brings about 

neutral declarative memory deficits. 

Non-Communicable Diseases 

Non-communicable diseases are the leading cause of death globally, accounting for 71% 

of all deaths, over 85% of which originate from low- and middle-income countries (LAMIC; 

WHO, 2021a). Non-communicable diseases are defined as non-infectious, chronic, slow 

progressing conditions that cause premature death and reduce quality of life (Centers for Disease 

Control and Prevention, 2013; South African Government, 2021). In South Africa the premature 

mortality rate (30 -70 years) for the leading non-communicable diseases is 26.2%, with 19% 

being attributed to cardiovascular diseases and 7% to diabetes (WHO, 2018a; WHO, 2018b). 

Hypertension 

Hypertension, a major cardiovascular disease affecting 1.13 billion people worldwide, is 

defined as a systolic blood pressure of above 140 and diastolic blood pressure above 90 with 

symptoms often including tinnitus, arrhythmias, fatigue, memory deficits and poor sleep quality 

(Jahn, 2013; WHO, 2019). Major risk factors include being over the age of 60, obesity, heredity 
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factors and high salt and fat diets (Centers for Disease Control and Prevention, 2013; NHS, 

2019; WHO, 2021a).  

Diabetes Type 2 (non-insulin-dependent, or adult-onset) 

Globally, diabetes affects 8.5% of the population and is on the increase, with Type 2 

being the most prevalent form. Type 2 diabetes occurs when the body ineffectively utilises 

insulin, resulting in hyperglycaemia, which over time, if uncontrolled, can result in death (WHO, 

2021b). Major risk factors for the disease include obesity, physical inactivity, diet and tobacco 

use, with common symptoms including fatigue, poor quality sleep and memory deficits (Pappas 

et al., 2017; WHO, 2021b).  

Poor quality sleep in hypertensive and diabetic individuals contributes to their poor 

quality of life and subsequent cognitive deficits (Bardage & Isacson, 2001; Jahn, 2013; Tasali et 

al., 2008). Given the high prevalence of poor quality sleep in these individuals, it is important to 

understand the role of sleep within these individuals. 

Sleep 

Sleep is an evolutionarily beneficial biological function that is paramount to optimal 

functioning and overall health (Czeisler, 2015). Sleep is broadly divided into two physiologically 

different stages of sleep:  rapid eye movement (REM) and NREM (Alger et al., 2014; Patel et al., 

2020,). NREM/REM cycles occur every 90 minutes approximately four times each night, with 

NREM occurring predominantly in the first half of the night and REM sleep increasing into the 

second half. NREM is broken into N1, N2, and N3, the deepest stage of sleep (also known as 

slow-wave sleep (SWS); Alger et al., 2014; Patel et al., 2020). REM sleep consists of high brain 

https://www.who.int/en/news-room/fact-sheets/detail/diabetes
https://www.who.int/en/news-room/fact-sheets/detail/diabetes
https://www.who.int/en/news-room/fact-sheets/detail/diabetes
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activity and reduced muscle tone to prevent movement. Though NREM and REM sleep are 

important for memory consolidation, in this review we will focus on how N2 and SWS are 

integral to the consolidation of neutral declarative memory (Alger et al., 2014). 

Sleep and Memory 

            A vast literature suggests that sleep plays a vital role in memory consolidation. The 

process of memory development follows the model that information must first be encoded, 

consolidated and retrieved (Watson & Buzaki, 2015).  

Declarative memory is that which can be consciously recalled and involves personal 

experiences (episodic memory) and factual information (semantic memory; Watson & Buzaki, 

2015). Neutral declarative memory involves non-emotionally valanced content and the brain 

regions associated with its consolidation are the hippocampus, entorhinal cortex and medial 

temporal lobes. 

There are two prevailing theories of consolidation with regard to sleep. The Two-Stage 

theory explains how brain regions activated during declarative memory encoding are reactivated 

in quick succession during SWS. This is through sharp-wave ripples in the hippocampus, which 

are hypothesised to transfer memory traces to other cortical areas for long-term potentiation and 

future recall (Marshall & Born, 2007; Schonauer, 2018). This model is supported by evidence 

that (a) delta waves and spindle-activity increase during NREM sleep after heavy declarative 

learning periods (Born & Gais, 2004; Born et al., 2002; Mölle et al., 2002), (b) inducing SWS 

oscillations through transcranial alternating electrical stimulation during NREM onset increased 

SWS length and depth and resulted in improved recall for neutral declarative memory (Marshall 
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et al., 2006), and (c)  targeted memory activation during NREM sleep, timed to hippocampal 

ripples and spindle activity, improved declarative memory recall which was not found during 

REM sleep (Hu et al., 2020; Ngo et al., 2013). 

The second theory by Tononi and Cirelli (2003) describes how SWS plays an indirect 

role in memory consolidation. This theory posits that sleep is a homeostatic function where sleep 

pressure builds during the day as a result of overworked synapses (Alger et al., 2014). Sleep then 

rejuvenates the synapses through a global downscaling of synaptic thresholds, increasing 

subsequent information storage (Watson & Buzaki, 2015). Mölle et al. (2002) found that higher 

cognitive demands before sleep were associated with longer and deeper SWS to remove 

irrelevant information and down-scale overworked brain regions. Thus, memory consolidation is 

an indirect product of global downscaling during SWS.  

These two theories, and thus memory consolidation, rely on good quality sleep with 

sufficient amounts of N2 and SWS in the first half of the night (Patel et al., 2020). However, 

poor quality sleep disrupts this process, resulting in poorer cognitive performance. 

Poor sleep quality and memory. According to the American Academy of Sleep 

Medicine, adults regularly need 7 to 8 hours of sleep per night for optimal health, however 35% 

of adults do not meet this requirement (Perry et al., 2013; Watson et al., 2015). Insufficient sleep 

has major consequences for one’s health, including cognitive deficits. 

Many studies have demonstrated that the recall of neutral declarative material was 

superior after periods of sleep compared to periods of wakefulness in healthy individuals, and 
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that disrupted sleep was detrimental to memory recall (Born et al., 2006; Ellenbogen et al., 2006; 

Payne et al., 2012; Plihal & Born, 1997).  

These studies demonstrate that sleep has an active and protective effect over neutral 

declarative memory and that sleep disruptions negate these effects by disrupting consolidation. 

This is important for hypertensive and diabetic individuals as many suffer from poor quality 

sleep and memory impairments. 

Sleep in Hypertension 

Most research within the realm of sleep and hypertension predominantly focusses on how 

poor quality sleep and less SWS acts as a risk factor for developing the disease. A meta-analysis 

by Lo et al., (2018) found that poor sleep quality was significantly associated with a greater risk 

of developing hypertension compared to those with good quality sleep.  As Knutson (2010) 

describes, short, long and poor-quality sleep are associated with higher blood pressure and a 

higher prevalence of hypertension. This is supported by a meta-analysis by Wang et al., (2021) 

that found significant association between short-sleepers and hypertension in a sample size of 

44,889. Evidence has shown that hypertension itself plays a role in a shorter night’s sleep and 

increases blood pressure (Gangwisch, 2014). Furthermore, Javaheri and Redline (2012) 

demonstrate that reduced SWS is associated with hypertension as the sympathetic nervous 

remains active, increasing blood pressure. Nevertheless, there is very limited research 

demonstrating that those with hypertension have less SWS than healthy controls.  

Sleep in Diabetes 
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Diabetics are 1.4 times more likely to have insomnia compared to nondiabetics 

(Cappuccio et al., 2010). Tasali et al. (2008) have demonstrated that SWS plays a direct role in 

the maintenance of normal glucose homeostasis and showed that selective suppression of SWS 

without a change in total sleep time significantly decreases insulin sensitivity, resulting in 

reduced glucose tolerance and increased diabetes risk in healthy adults. Furthermore, studies 

have shown that diabetics have significantly decreased SWS compared to nondiabetic controls 

independent of age, obesity and severity of sleep apnoea (Pallayova et al., 2010). At this stage, 

no studies have found that hypertensive or diabetic individuals suffer from less N2 sleep. 

Since less SWS is associated with an increased risk of developing hypertension and 

diabetes, it may be that these individuals are predisposed to have less SWS and thus, declarative 

memory defcicits (Javaheri & Redline, 2012). 

Memory in Hypertension  

 Hypertension is associated with mild cognitive impairment and dementia, including 

Alzheimer’s disease (Hajjar et al., 2016). Hypertension may cause vessel wall changes in the 

brain, leading to neurodegeneration that may initiate the process of Alzheimer’s disease (Dhikav 

& Anand, 2011). Therefore, hypertensive individuals are at risk of memory decline and impaired 

memory formation (Jahn, 2013). In a large-scale neuroimaging study, it was established that 

hypertension was associated with reduced functional connectivity of the hippocampus (Feng et 

al., 2020). Furthermore, a study evaluating declarative memory, found that middle-aged 

hypertensive individuals had a sharper decline in memory tests compared to non-hypertensive 
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controls, which was mirrored in those with uncontrolled (compared to treated) blood pressure (de 

Menezes et al., 2021). 

 Memory in Diabetes  

Diabetes is associated with transient or permanent cognitive abnormalities. MRI studies 

have shown that diabetic individuals have significantly lower cerebral blood flow compared to 

healthy controls, as well as evidence of cortical and subcortical atrophy, with up to a 10-15% 

loss in hippocampal volume in elderly diabetic individuals (McCrimmon et al., 2012). 

Furthermore, diabetes is associated with poorer baseline episodic memory and greater episodic 

memory decline as well as a 50-100% increased risk of Alzheimer’s disease (McCrimmon et al., 

2012; Pappas et al., 2017). This is especially true for those with poorly controlled diabetes that 

exceeds 7g/% HbA1C (Grober et al., 2011; Kanagamuthu et al., 2018; Pappas et al., 2017). 

Based on the literature, it is clear that hypertensive and diabetic individuals experience both poor 

sleep quality and memory deficits. However, despite the well-known relationship between sleep 

and memory, no research has investigated the role that disrupted sleep plays in these individuals' 

memory deficits.  

Research Aim and Question 

Research into the relationship between sleep and memory in individuals with 

hypertension and diabetes is lacking despite evidence of their poor sleep quality and memory 

deficits. This gap in the literature urgently calls for research as these diseases affect a large 

proportion of the global population and thus, understanding the relationship between sleep and 

memory within them could further our understanding of the disease and provide a plan for future 
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treatment options. We hypothesise that the patient group will have significantly worse sleep 

quality and neutral declarative memory compared to healthy controls. We also hypothesize that 

sleep quality should mediate the relationship between cognitive capabilities and disease status. 

Method 

Designs and Settings  

This study forms part of a larger study exploring the relationship between sleep, quality 

of life, emotion and cognition in hypertension and diabetes. This study is a cross-sectional study 

assessing the relationship between sleep quality and neutral declarative memory in diabetic and 

hypertensive individuals. Data was collected online through electronic self-reported survey 

measures which included the Beck Depression Inventory, Beck Anxiety Inventory, Pittsburgh 

Sleep Quality Index and the Perceived Stress Scale created on Google Forms and a telephonic 

cognitive assessment as a result of the COVID-19 pandemic.  

Participants 

Sixty participants (healthy controls (n =30), hypertensive and diabetic participants (n 

=30)) were recruited via convenience sampling as the MedPages broadcast to Western Cape 

physicians was unsuccessful (Appendix A). Five participants had both hypertension and 

diabetes, however, based on a previous analysis we found no differences between this group and 

the others. Therefore, based on longest disease duration they were included into one of the two 

patient groups. All participants completed the online survey and fourty-six (76.67%) completed 

the telephonic assessment (n = 23) healthy controls and (n = 23) patients (n = 15, hypertensive; n 

= 8, diabetic). This study aimed to recruit a minimum sample size (n = 30) participants in each 
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group (healthy controls, hypertensive and diabetic) based on a g*power analysis with Cohen's f = 

0.175 and power = 0.8 for a linear regression (Sadanand et al., 2015).  

Figure 1. Flow of participants through the recruitment and study processes. To facilitate a 

case-control design, we selected, based on age, sex, marital status, HLOE and income. 

Participants recruited 

Total Sample  

n = 82 

Survey 

completed 

controls  

n = 44 

 

Survey 

completed 

patients 

n = 38 

 

Excluded due to 

high BDI, BAI, 

PSS scores, 

medications, 

chronic illnesses 

n = 14 

Excluded due to 

high BDI, BAI, 

PSS scores, 

medications, 

chronic illnesses, 

high HbA1C and 

BP 

n = 8 

Controls BTACT 

completed 

n = 23 

 

No BTACT 

completed due to 

no response, 

time constraints 

n = 7 

 

 

Hypertensive 

BTACT 

completed 

n = 15 

 

Diabetic BTACT 

completed 

n = 8 

 

After exclusion 

controls  

n = 30 

 

After exclusion 

patients 

n = 30 

 

No BTACT 

completed due 

to no response, 

time constraints 

n = 7 

Total sample 

size 

N = 60 
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 Inclusion criteria. Inclusion criteria for all participants included a minimum age of 18 

and a maximum age of 65, as there are age-related effects on sleep, cognition and health (Glisky, 

2007; Skeldon et al., 2016). Diabetic individuals had a haemoglobin A1C < 8 g/%, above which 

would indicate uncontrolled diabetes (Cunha & Davis, 2019). Hypertensive individuals had a 

blood pressure < 140/90 mmHg (WHO, 2019). No participants were accepted who had target 

organ damage, were pregnant, had a BMI above 40kg/m2, used medication that may disrupt 

sleep, had epilepsy or a previous history of head injuries. 

Exclusion criteria. Participants were excluded from the study if they met the criteria for 

severe depression on the Beck Depression Inventory, severe anxiety on the Beck Anxiety 

Inventory and high perceived stress on the Perceived Stress Scale-10. Participants with severe 

depression and anxiety were excluded as research has shown that they are significantly 

correlated with poorer sleep quality than those without psychiatric conditions (Becker et al., 

2017; Linkowski & Papadimitriou, 2005; Oh et al., 2019). Disrupted sleep in severely depressed 

individuals also results in impaired consolidation of neutral memories compared to mild to 

moderate depression which is why those participants will not be excluded (Harrington et al., 

2018). Participants with severe stress were excluded as literature has shown that high perceived 

stress is associated with everyday memory complaints as well as greater age-related differences 

in measures of episodic memory and executive functioning (Potter et al., 2009).  Healthy 

controls were also excluded if they had any chronic medical conditions, neurological disorders or 

medicated psychiatric diagnoses. 

Study Outcomes. Neutral declarative memory and general cognition were assessed using 

the Brief Test of Adult Cognition by Telephone (BTACT) and is our dependent variable. Our 
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independent variables are group (diabetic, hypertensive or control) and sleep quality as measured 

by the Pittsburgh Sleep Quality Index.  

Measures  

Sociodemographic questions were administered at the outset (Appendix B). These 

included questions about participants’ age, sex, level of education and income level, chronic 

illnesses or psychiatric diagnoses. Furthermore, those with hypertension and diabetes were 

required to answer questions about the medications they take and their disease duration. 

Beck Depression Inventory (BDI-II). The Beck Depression Inventory is a self-report 

measure consisting of 21-items which evaluates the severity of depression amongst adolescents 

and adults (Beck et al., 1996; Appendix E). It uses a 4-point Likert scale from 0-3, where an 

individual selects the statement that best describes how they have felt in the last two weeks. 

Items are summed to create a total score, where 0-3 is classified as minimal depression, 14-19 as 

mild depression, 20-28 as moderate depression and a score of 29-63 represents severe depression 

(Smarr & Keefer, 2011). The Beck Depression Inventory has a high internal consistency 

reliability (Cronbach’s a= 0.89), and a high one-week test-retest reliability of 0.93 (Lee et al., 

2017).  

Beck Anxiety Inventory (BAI). The Beck Anxiety Inventory is a self-report measure, 

consisting of 21-items, for severe anxiety in psychiatric populations (Beck et al., 1988; Appendix 

F). The test uses a 4-point Likert scale from 0-3 to assess the extent to which anxiety symptoms 

have been bothering the participant over the past month. Scoring 0-21 is considered low anxiety, 

22-35 moderate anxiety and 36 < as severe anxiety. The inventory has high internal consistency 

reliability with Cronbach’s a = 0.92 (Beck et al., 1988). Test-retest reliability after one week was 

0.75 and concurrent validity was moderate (Beck et al., 1988).  
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Brief Test of Adult Cognition by Telephone (BTACT). The BTACT  is a 15-20 minute 

telephonic cognitive assessment designed to be inclusive of a range of cognitive abilities 

important to assess cognitive ageing (Tun & Lachman, 2006; Appendix G). The BTACT assess 

the following cognitive domains: episodic verbal memory (immediate and delayed recall of a 15-

word list), working memory (backward digit span test), verbal fluency (category fluency test), 

inductive reasoning (number series), speed of processing (backward counting task) and task-

switching (Go/No-go test; Tun & Lachman, 2006). The telephonic format was designed for 

efficiently and accurately screening patients (Gurnani & John, 2015). This format is also a more 

feasible evaluation technique for research studies, especially in the context of the COVID-19 

pandemic to overcome the practical challenges of not interacting with vulnerable patients.  

The internal consistency reliability of the BTACT is Cronbach’s 𝛼 = 0.82, demonstrating 

the consistency with which the BTACT measures cognitive ability and indicates an adequate 

level of reliability (Tun & Lachman, 2006). Test-retest and parallel forms reliability (0.54 - 0.84) 

were also good (Lachman et al., 2014). Content validity is discussed by Tun and Lachman 

(2006) as the BTACT utilises a broad range of cognitive tests, integral to cognitive theory, that 

extends what is measured by well-established tests by going beyond only memory and 

orientation. Lachman et al. (2014) found ‘good evidence’ for BTACT construct validity and 

concurrent validity in looking at its relationship with the Boston Cognitive battery whereby 

significant moderate correlations (r = 0.42 to 0.54) were found between the corresponding 

memory subtests (e.g. Category Fluency and Verbal ability). Construct validity was also assessed 

in comparing telephonic BTACT to in-person neuropsychological testing whereby there was no 

significant difference in results due to testing method (Lachman et al. (2014). Convergent 

validity was assessed through correlating BTACT and established neuropsychological test 
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batteries and was significantly correlated with overall cognition (r = 0.64, p < .001), episodic 

verbal memory (r = 0.66, p < .001), and executive function (r = 0.56, p < .001; Barber et al., 

2021; DiBlasio et al., 2021).  

Pittsburgh Sleep Quality Index (PSQI). The PSQI is a measure consisting of 19-self 

rated questions (Buysse et al., 1988; Appendix H). Sleep quality is assessed through questions 

examining sleep duration and latency, as well as severity and prevalence of sleep problems over 

the past month (Buysse et al., 1988). The 19 questions are grouped into seven subgroups each 

weighted 0-3 which are added to produce a global sleep quality index from 0-21 with higher 

scores reflecting worse sleep quality.  

The scale possesses good internal consistency (Cronbach’s 𝛼 = 0.83; Backhaus et al., 

2002; Buysse et al., 1988) and a high test-retest reliability (r = 0.87; Backhaus et al., 2002). 

Validity was confirmed as the PSQI could clearly distinguish between controls and insomnia 

patients (i.e. a good measure to identify sleep problems; Buysse et al., 1988; Carpenter & 

Andrykowski, 1998; Fiorentini et al., 2007). Validity is also demonstrated through its 

correlations with objective polysomnographic data of sleep quality. Convergent validity was 

assessed by Carpenter and Andrykowski (1998) as the PSQI was highly correlated with well- 

established measures of the same construct (e.g. CES-D; r = 0.69) and divergent validity was 

evident with poor correlations of the PSQI with unrelated constructs (e.g. Profile of Mood States; 

r = 0.37). Finally, construct validity was also assessed by correlations between the PSQI and 

sleep diaries which were both significant and high (r = 0.71-0.81, p <0.001; Backhaus et al., 

2002). 

The PSQI has also been used in studies of hypertension and diabetes with high PSQI 

scores being significantly and highly correlated with prevalent hypertension, 87% for poor 
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sleepers compared to only 35% of good sleepers (Carolina et al., 2008; Fiorentini et al., 2007; 

Zhang et al., 2019). PSQI scores were also correlated with low scores on the Diabetes Quality of 

Life measure (Luyster & Dunbar-Jacob, 2011). Fiorentini et al. (2007) discusses that high PSQI 

scores are significantly associated with hypertension and diabetes. This demonstrates the 

usefulness of the PSQI within the context of this study. 

The Perceived Stress Scale (PSS-10). The Perceived Stress Scale is a self-report 

questionnaire used for measuring psychological stress (Cohen et al., 1994; Appendix I). It 

consists of 10 items, 5 of which are positively phrased “In the last month, how often have you 

felt things were going your way?” and 5 negatively phrased “In the last month, how often have 

you felt nervous and ‘stressed’?’’. These items assess general situations where an individual may 

feel their life has been unpredictable or overloaded in the past month (Lee, 2012). The Perceived 

Stress Scale is rated on a 5-point Likert scale (0-4) from never to very often. Scores range from 

0-40 with higher scores indicating higher perceived stress. A score of 0-13 is categorised as low 

stress, 14-26 moderate and 27-40 is considered high perceived stress. The Perceived Stress Scale 

has good internal consistency with (Cronbach’s α = 0.78) and test-retest reliability (r = 0.85; 

Cohen & Williamson, 1988).  

Procedure 

Ethical approval was obtained from the Faculty of Health Sciences and the Department of 

Psychology prior to data collection (Appendices J & K). The MedPages broadcast was sent out 

to Western Cape general practitioners, cardiologists and endocrinologists, requesting voluntary 

participation from hypertensive and diabetic individuals. However, this was unsuccessful, 

therefore, both healthy controls and patient participants were recruited via convenience and 

snowball sampling through Facebook. Healthy controls were matched on demographic variables 
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to patient participants which included age, sex, education and income level. Informed consent 

was obtained from all participants online, before they began the survey (Appendix C and D). 

Following this, we asked participants to give us five times that they were available for the 

telephonic assessment (BTACT). Before commencing the assessment, verbal consent was 

obtained. 

Statistical Analysis 

Each of the psychological measures were scored using their standardised scoring 

guidelines. Statistical analysis was completed using RStudio. Firstly, descriptive statistics were 

obtained for demographic, clinical and BTACT subtest variables and groups were assessed as to 

whether they were adequately matched on demographic measures. The alpha level was set to 

0.05 for significance. We then ran Pearson’s r correlations between demographic and BTACT 

variables per group to determine initial relationships between them. To test our first predictions 

that the patient group would have (a) worse PSQI scores, and (b) poorer immediate and (c) 

delayed recall scores than healthy controls, we ran t-tests. A one-way ANOVA was also 

performed to determine whether there were cognitive differences due to hypertension 

classification. In order to test hypothesis (d) that aimed to predict that PSQI scores will mediate 

between group differences on immediate and delayed recall subtests, we ran a mediation 

analysis. This was achieved through creating regression models to assess whether group was a 

predictor of (a) PSQI, (b) immediate and (c) delayed recall scores and whether global PSQI 

scores predicted memory performance. Regression models were also created for PSQI 

subcomponent scores to determine if they had mediating effects on memory. The Beck 

Depression Inventory, Beck Anxiety Inventory and Perceived Stress Scale scores were not 

included as covariates to determine how they contribute to the variance in BTACT scores, as no 
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between-group differences were found. Lastly, an ANCOVA was performed due to the 

significant differences in age and BMI scores to determine whether they contribute to the 

significant differences found in the t-tests. 

 

 

 

 

 

 

 

 

Figure 1. Poor Quality Sleep as measured by the PSQI will mediate the relationship between 

disease and neutral declarative memory deficits. 

 

Ethical Considerations 

Ethical approval was obtained from the Psychology Department at the University of Cape 

Town as well as the Faculty of Health Sciences (Appendices J & K). 

Consent, voluntary participation and confidentiality. Written, informed consent was 

obtained from all participants before completing the survey. Verbal consent was also obtained 

before beginning the BTACT. Participants were informed that their participation was voluntary 

and that they were welcome to withdraw from the study at any time without any consequences. 

They were also informed that all information received would remain confidential and is only 

accessible to the researchers involved in the study through password protected documents.  

Participation in this study did not pose any considerable risk, however, should 

participants have felt anxious after completing the survey or cognitive assessment, we would 

have referred them to a psychologist and details for mental health services were made available. 

  Sleep 

Memory Group 
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There was no financial compensation for taking part in this study. The overall benefit was 

contributing to our knowledge of the relationship between poor sleep quality and neutral 

declarative memory in people with hypertension and diabetes. 

Significance 

There are many studies demonstrating the link between hypertension and diabetes and 

poor sleep and memory deficits. However, there is a clear lack of research into how these three 

factors interact. This study aimed to explore the possible mediating effect of poor sleep quality, 

as a result of disease state, on memory ability in hypertensive and diabetic individuals. 

Suggestions for future research are put forward to pave the way for future treatment interventions 

for these individuals. 

Declaration of Interests 

This study declares no conflicts of interest. 

Results 

Sample Characteristics 

Table 1 presents the between-group comparisons of demographic variables for the 

sample. There were no significant differences between-group differences for sex (p = .292), 

marital status (p = .223), highest level of education (p = .260) and income (p = .555), indicating 

that healthy control and patients were adequately matched on these variables. However, 

significant differences were found between-groups for age, with the patient group being older on 

average (M = 50.10 vs 40.11, p = < .001). On average patients had significantly higher BMI 

scores relative to healthy controls (M = 29.49 vs 22.99 respectively, p = <.001). 

In our clinical population, 16 participants were hypertensive, 9 were diabetic and 5 had 

both diseases. Depending on length of disease duration those who had both were moved into the 
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clinical category in which they had had the disease the longest. This resulted in 20 patients in the 

hypertension group, and 10 in the diabetic group. Diabetics had on average a longer disease 

duration compared to hypertensives (17.9 vs 10.2 years). In terms of treatment, hypertensive 

patients were on an average of 1.75 medications, and all were on at least one anti-hypertensive 

medication. For those who specified their blood pressure, 3 were classified as normal, 6 were 

stage one hypertensives (130-139/80-89mmHg) and 3 were classified as stage 2 hypertensives 

(>140/90mmHg). On average diabetics were on 2.85 medications in general (including insulin), 

with 60% using Metformin to control blood glucose levels. The average HbA1C level for 

diabetics was 6.72g/% ranging from 5-8g/% which is classified as a normal blood glucose level.  

Given the smaller number of participants in the patient group compared to the control 

group, we decided to combine hypertensive and diabetic group (hereon referred to as the Patient 

group). There were no significant differences between hypertensive and diabetic patients on any 

of the questionnaires or BTACT outcome variables (all ps > .140). Therefore, we combined the 

two patient groups to form one group. 

Table 2 presents between-group differences in the BDI-II, BAI, PSQI and PSS. No 

significant between-group differences were found (all ps > .259); therefore, any between-group 

differences in cognition would not be attributed to these variables. 

As per our hypothesis we expected the patient group to have poorer quality sleep as 

measured by the PSQI (i.e., higher scores). However, this was not the case as the healthy 

controls and patients had similar mean PSQI scores (p = .962) which both fell above the value 

indicating poor sleep quality (a score of 5; Smyth, 2020). 
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Table 1 

Group Demographic Variables (N = 60) 

 Group    

  Control Patient    

Variable (n = 30) (n = 30) t / χ2 p d 

Agea 40.11 (13.26) 50.10 (11.88) 1.19 < .001*** 0.67 

Sex   1.11 .292 0.14 

      Female 20 (66.7) 16 (53.3)    

      Male 10 (33.3) 14 (46.7)    

Marital Status   3 .223 0.22 

      Single 10 (33.3) 6 (20)    

      Married 18 (60) 18 (60)    

      Divorced 2 (6.7) 6 (20)    

HLOE   1.27 

1.31 

.260 

.521 

0.15 

   Secondary 7 (23.3) 11 (36.7)    

   Tertiary 23 (76.7) 19 (63.3)    

BMI 22.99 (3.42) 29.49 (6.01) 7.79 < .001*** 1.33 

Income (in ZAR)   -a .601 0.31 

     1000-2499 0 (0) 1 (3.3)    

     2500-5499 0 (0) 3 (10)    

     5500-9999 1 (3.3) 1 (3.3)    

    10000-19999 3 (10) 4 (13.3)    

    20000-40000 4 (13.3) 6 (20)    

    40000-60000 9 (30) 6 (20)    

    60000 – 100000 3 (10) 2 (6.7)    

    > R100 000 10 (33.3) 7 (23.3)    

Note. For Age and BMI means are provided with standard deviations in parenthesis, t-tests were 

performed and the test statistic is t. For Sex, Marital Status, HLOE and Income data is provided 

as n with proportions in parentheses, chi-squared tests were performed for these variables and the 

test statistic is χ2. HLOE = Highest Level of Education, BMI = body mass index. aA Fisher’s 

Exact test was performed. ***p < .001. 

 

It was decided to perform t-tests for the PSQI component scores which revealed that 

between control and patient groups sleep quality, sleep duration, daytime dysfunction and sleep 

duration (raw scores) were significantly different (p = .021, .033, .048, .005). For the sleep 
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duration (raw scores), it is also notable that the control group slept on average almost an hour 

longer than the patient group (M = 6.7 vs 6.1). 

 

Table 2 

Group Psychological Variables (N = 60) 

 Group    

  Controls Patients    

Variable (n = 30) (n = 30) t p d 

BDI-II 8.93 (6.22) 8.23 (6.64) 0.42 .854 0.11 

BAIb 6.83 (6.42) 8.03 (6.89) -0.70 .481 0.09 

      PSQI total 7.13 (3.65) 7.53 (3.53) -0.43 .962 0.11 

Sleep quality 1.10 (0.71) 1.50 (0.78) -2.08 .021 -0.54 

Sleep latency 1.13 (1.07) 1.07 (1.11) 0.24 .407 0.06 

Sleep duration 0.93 (0.64) 1.27 (0.74) -1.87 .033 -0.48 

Sleep efficiency 0.87 (1.04) 0.77 (1.01) 0.38 .354 0.10 

Sleep disturbances 1.23 (0.43) 1.43 (0.57) -1.54 .065 -0.40 

Sleep medication use 0.70 (1.18) 0.37 (0.89) 1.24 .111 0.32 

Daytime dysfunction 1.13 (0.78) 0.77 (0.89) 1.69 .048 0.44 

Sleep efficiency (%) 83.61 (13.76) 83.95 (14.1) -0.09 .462 -0.03 

Sleep duration (raw 

score) 

6.78 (0.92) 6.12 (1.04) 2.64 .005 0.68 

PSS 15.36 (6.11) 13 (7.91) 1.29 .259 0.34 

Note. Means are presented with standard deviations in parentheses. bFor this variable a Mann-

Whitney test was performed and the test statistic is z. In this case, the effect size is r. BDI-II = 

Beck Depression Inventory Second Edition, BAI = Beck Anxiety Inventory, PSQI = Pittsburgh 

Sleep Quality Index, PSS = Perceived Stress Scale. Where participants left out a survey question 

for a particular measure, we calculated their score and used it as it was, so long as the maximum 

score for that question would not put them in the severe category for the measure (BDI-II, BAI 

and PSS). In the sample two participants left out a question for the BDI, two for the BAI and one 

for the PSQI. 

 

Associations between BTACT subtests and demographic variables across groups 

Correlations between BTACT subtests and demographic variables within each group 

were computed. Within the control group, significant negative correlations were found between 
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age and immediate and delayed recall (r = -.473, p = .01; and r = -.538, p < .001). This was not 

significant for the patient group (r = .07, p = .752; and r = -.095, p = .668). Within the patient 

group there was a trend towards immediate recall correlating with PSQI scores (r = .305, p = 

.078). 

Between-group comparisons of BTACT subtests 

Before conducting statistical tests, for the BTACT, assumptions of normality were 

checked. Data for the BTACT subtests were normally distributed, as seen through histograms 

and Q-Q plots, except for the Red-Green and Number Series subtests. Thus, for the latter two 

subtests, non-parametric tests were performed. No outliers were found that needed to be 

excluded from the analysis.  

Table 3 presents the between-group comparisons for the BTACT. Significant between-

group differences were found for (a) immediate recall (p = .046), and (b) delayed recall (p = 

.023). The means indicate that the patient group performed worse on measures of immediate and 

delayed recall compared to healthy controls with medium effects sizes for Cohen’s d (.51 and 

.61). There were no other between-group differences on the BTACT (all ps > .126).  

  



25 
 

 

 

Table 3 

Comparison of Group Performance on the BTACT (N = 46) 

                    Group    

 Control Patient    

Variable (n = 23) (n = 23) t p d 

Episodic memory      

 Immediate Recall 7.73 (2.33) 6.65 (1.92) 0.51 .046* 0.51 

 Delayed Recall 5.8 (2.36) 4.47 (2.06) 0.32 .023* 0.61 

Working memory      

 Digit Span-Backwards 7.46 (1.86) 6.73 (2.78) 2.59 .222 0.23 

Executive functioning      

 Category Fluency 22.63 (4.69) 19.6 (4.81) 0.02 .126 0.34 

 Red-Green (total score)c 70.79 (1.61) 70.8 (1.37) -0.01 .496 < 0.01 

Reasoning      

 Number Seriesa 3.21 (1.28) 2.73 (1.38) -0.42 .336 0.06 

Speed of processing      

 Counting Backwards 60.21 (10.28) 62.4 (8.35) 0.86 .388 0.08 

Note. Means are presented with standard deviations in parentheses. BTACT = Brief Test of 

Adult Cognition by Telephone. cFor these variables a Mann-Whitney was performed and the test 

statistic is z. In this case, the effect size is r. *p < .05. 

 

Associations between BTACT subtests and clinical variables 

Correlations between BTACT subtests and clinical variables were computed. Neither 

diabetes disease duration nor hypertension disease duration were correlated with any BTACT 

outcome variables (all ps > .074). HbA1C levels were not correlated with any BTACT outcome 

variables (all ps > .070). 

Hypertension group comparisons 

A one-way ANOVA was performed to determine whether BTACT subtests differed 

according to BP classification There were trends towards significant main effects for (a) 

immediate recall (p = .082), (b) delayed recall (p = .081) and category fluency (p = .06). To 
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explore these trends, we ran pairwise post-hoc comparisons. Patients with stage two hypertension 

performed significantly better than patients with normal blood pressure for immediate recall (p = 

.045). Patients with stage two hypertension also performed significantly better than patients with 

stage one hypertension for delayed recall (p = .034). Lastly, patients with normal blood pressure 

performed significantly better than those with stage one hypertension for category fluency (p = 

.024).  

 

Table 4 

Comparison of Hypertensive Stage on the BTACT (N = 12) 

                                Group     

 Normal Stage one Stage two    

Variable (n = 3) (n = 6) (n = 3) f p η2 

Immediate Recall 6 (1.73) 6.1 (2.25) 9 (1) F(2, 9) = 2.21 .082 0.33 

Delayed Recall 5 (1.73) 3.33 (2.73) 6.67 (1.15) F(2, 9) = 2.24 .081 0.33 

Category Fluency 24.67 (5.03) 18.83 (3.37) 21.67 (2.08) F(2, 9) = 2.71 .06 0.38 

Note. Means are presented with standard deviations in parentheses. 

 

Mediation analysis 

We then ran a mediation analysis to determine whether global PSQI scores (sleep quality) 

mediated the association between group and BTACT immediate and delayed recall. Group was a 

significant predictor of BTACT immediate recall (F(1, 44) = 2.97, p = .046) and delayed recall 

(F(1, 44) = 4.24, p = .023). Both these models were relatively weak explaining only 6.3% of the 

variance in immediate recall scores and 8.8% of the variance in delayed recall scores. In 

continuation to determine whether global PSQI scores mediate group differences in BTACT 

subtest scores, a regression model demonstrated that group was not a significant predictor of 

global PSQI scores (F(1, 58) = 0.20, p =.668). Thus, the mediation analysis could not be 
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completed and global PSQI scores are not a mediator for between-group differences in 

immediate and delayed recall scores.  

We then ran mediation analysis for PSQI component scores to determine whether specific 

PSQI subcomponents had mediating effects for immediate or delayed recall. PSQI 

subcomponents were selected based of off their significance in previous t-tests. These included 

sleep quality, sleep duration, daytime dysfunction and sleep duration (raw scores) (p = .021, 

.033, .048, .005). As above, group is a predictor of BTACT immediate and delayed recall 

performance and from the t-test the components that were chosen can be said to be predicted by 

group. However, these models were relatively weak in that group explained 11% or less of the 

variance in PSQI subcomponent scores (r2s < 0.107). It was then important determine whether 

the PSQI subcomponent scores predicted immediate or delayed recall scores to complete the 

mediation analysis. For immediate recall the regression models all demonstrated that PSQI 

subcomponent scores were not significant predictors of this subtest (p = .123, .120, .105, .101; 

r2s < 0.072; Appendix L). For delayed recall the regression models also demonstrated that PSQI 

subcomponent scores were not significant predictors of this subtest (p = .068, .069, .065, .067; 

r2s < 0.09; Appendix L). Therefore, our mediation analyses revealed no mediating effects for 

these any of the PSQI subcomponents for either immediate or delayed recall (Figure 2). 
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Figure 2. Mediation analysis figures for PSQI components and immediate or delayed recall 

group. 

 

Finally, we ran an ANCOVA to determine whether age or BMI, due to their previous 

significance between-groups, were contributing to between-group significance in immediate and 

delayed recall subtests. After controlling for age and BMI, Group was no longer a significant 

predictor of immediate (p = .153) or delayed recall (p = .101).  

Discussion 

Hypertension and diabetes are leading non-communicable diseases associated with poor 

sleep and declarative memory deficits. However, limited research investigates sleep and memory 

in these patient groups, and none have looked at how sleep quality impacts memory despite well-

known associations between sleep and memory consolidation. This study assessed the cognitive 

functioning and sleep quality of individuals with hypertension and diabetes compared to healthy 

controls from South Africa using the BTACT and PSQI. This is the first study to investigate 

whether disrupted sleep might serve as a mechanism underlying the memory deficits observed in 

patients with hypertension and diabetes. Analyses confirmed that patients had significantly 

poorer immediate and delayed memory recall compared to healthy controls. However, there were 

no differences in terms of sleep quality. These results suggest that while memory is deficient in 

patients, sleep is not disrupted, nor related to memory deficits.  

The influence of hypertension and diabetes on cognition 

As predicted by our hypothesis, the patient group performed significantly worse in the 

immediate and delayed recall subtests than healthy controls and were associated with medium 

effect sizes. Hypertension is associated with mild cognitive and memory impairment as well as 

increased dementia risk (Hajjar et al., 2016; Jahn, 2013). This is proposed to result from arterial 
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wall changes in the brain which act as a catalyst for neurodegeneration (Dhikav & Anand, 2011). 

Furthermore, hypertension has been associated with poorer functional connectivity in the 

hippocampus which is central to memory operations (Feng et al., 2020). Diabetic individuals 

have generally been associated with poorer baseline episodic memory, greater episodic memory 

decline and an increased Alzheimer’s risk (McCrimmon et al., 2012). These deficits result from 

acute and chronic disturbances in blood glucose homeostasis. A large study by Barreto et al. 

(2020) found that diabetes as well as age (> 45) were significant predictors of poor memory 

performance for learning, recall and word recognition.  

Our findings surrounding immediate and delayed recall differences as well as a lack of 

between-group differences in other cognitive domains are supported by other studies. Declarative 

memory is the most common cognitive domain affected in individuals with diabetes (Borod et 

al., 2009). This is supported by a meta-analysis conducted by Sadanand et al. (2015), who also 

found that working memory and category fluency were not affected in individuals with diabetes. 

Individuals with hypertension have also been found to perform significantly worse on memory 

recall, category fluency, processing speed tests, working memory and visuospatial abilities 

(Bortolotto et al., 2017a; de Menezes et al., 2021; Freitas et al., 2018). Although we found no 

significant differences between healthy controls and the patient group on any other cognitive 

domains, we found significant differences for immediate and delayed recall, which supports our 

hypotheses. 

 As discussed by de Menezes et al. (2021) it was found that individuals with uncontrolled 

hypertension had sharper declines in memory tests compared to those with treated, and therefore, 

controlled hypertension. Additionally, though not sufficiently explored, de Menezes et al. (2021) 

and Giggey et al. (2005) remark that anti-hypertensive medication and higher levels of education 
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may protect against the harmful neurobiological effects of hypertension and therefore, cognitive 

decline. Our study contradicts these findings as significant effects were found despite all 

individuals being on a blood pressure control regimen (e.g., Prexum, Losartan and Fortzaar) and 

63.3% having completed a tertiary education. 

Regarding the diabetic individuals within the study, we ensured their HbA1C levels were 

well controlled (below 8g/%). In this study, HbA1C levels were not associated memory 

performance. It is generally found that higher HbA1C levels are associated with poorer baseline 

episodic memory and greater episodic memory decline compared to healthy controls (Pappas et 

al., 2017). Kanagamuthu et al. (2018) found that only HbA1C levels above 7 resulted in 

statistically significant differences compared to controlled diabetics (HbA1C < 7) for the Mini 

Mental State Exam which assesses memory functioning. Grober et al. (2011) supports these 

results when they found that poor memory and global executive function was was associated 

with inadequately controlled diabetes compared to better cognitive functioning. Our study 

contradicts these findings in that the patient group performed significantly worse than healthy 

controls on immediate and delayed recall subtests despite having controlled HbA1C levels.  

Severity of hypertension has previously been associated with cognitive decline 

(Bortolotto, et al., 2017b). However, our study found that stage two hypertensives performed 

significantly better than those with normal blood pressure for immediate recall as well as for 

delayed recall in comparison to stage one hypertensives. This contradicts research by Bortolotto, 

et al. (2017b) whereby those with hypertension stage two performed significantly worse than 

these groups in memory recall ability. However, these differences should be interpreted 

tentatively due to the very small sample size of hypertensive patients who had data on blood 

pressure. 
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The influence of hypertension and diabetes on sleep 

Most literature has found that hypertensive and diabetic individuals have poorer sleep 

quality than healthy controls (Knutson, 2010; Pallayova et al., 2010). This contradicts our 

findings as no significant differences were found. In the case of hypertension poor sleep quality 

is associated with higher blood pressure. In our study we controlled for higher blood pressure, 

only recruiting those < 140/90mmHg. It may be that only those with uncontrolled blood pressure 

higher than our cut off value have significantly poorer sleep quality. Diabetic individuals have 

also been shown to have poorer sleep quality. In a study by Dunbar-Jacob and Luyster (2011) 

55% of the diabetic sample (n = 300) were poor sleepers which is also supported by Abujbara et 

al. (2019) where 81% of 1211 diabetic individuals were classified as having poor sleep via the 

PSQI. Abujbara et al. (2019) found that uncontrolled HbA1C (> 7) was significantly associated 

with poorer sleep quality (p <.001) than controlled HbA1C (< 7). In our study HbA1C levels 

were highly controlled with the average indicating normal blood glucose levels (6.72g/%). This 

may explain why the patient group did not have significantly poorer sleep quality compared to 

healthy controls, despite research indicating otherwise. Furthermore, the PSQI is a subjective 

measure of sleep quality and thus, patients may have underreported or healthy controls may have 

overreported poor sleep quality in our sample which may have obscured relevant results. 

The influence of sleep on memory in hypertensives and diabetics 

Our mediation analysis to confirm our main hypothesis that sleep (PSQI scores) mediate 

performance on immediate and delayed recall subtests per group was not supported. Currently 

there is no literature to support or disconfirm our hypothesis. Our lack of findings may be 

attributed to the limitations of our study. 



33 
 

 

 

Although we aimed to match the healthy controls and patient groups on demographic 

variables, the groups were not perfectly matched in terms of age or BMI, as healthy controls 

were significantly younger and in the healthy BMI range (18.5-24.9 kg/m2) compared to patients 

(> 25). This could be due to the fact that hypertension and diabetes usually onset later in life (> 

55 years, > 45 years) and are strongly associated with BMIs above 25kg/m2 (Bays et al., 2007; 

National Institute of Health, 2021; World Health Organisation, 2019). These clinical populations 

would have contributed to patients being significantly older and having higher BMIs than the 

healthy controls. A further contribution to the significant age and BMI differences was the 

limited pool of healthy controls to match to patient participants (30% were between 22-30 years 

old, and 70% were below 25kg/m2 for BMI), resulting in inadequately matched groups.  

Within our correlational analysis we found significant negative associations between age 

and immediate and delayed recall for the control group. This finding was expected as when one 

ages, cognitive performance declines, especially memory ability (Corley et al., 2009). However, 

this was not found for the patient group as their disease state may have contributed to their 

memory decline over and above age-related contributions to poor memory scores. This is 

supported by Eisdorfer and Wilkie (1971) who comment that cognitive decline associated with 

ageing may be secondary to pathological disease processes.  

Limitations 

 This study is not without its limitations. Firstly, the overall and group sample sizes that 

were required (N = 90) as per the power analysis were not met (N = 60). Therefore, our study 

was likely underpowered. Contributing to recruitment of a limited sample size was: late ethical 

approval to collect patient data and failure of the MedPages broadcast. Limited time and means 
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of recruitment resulted in obtaining non-matched groups in terms of age and BMI whereby 

healthy controls should have had a higher proportion of older adults. 

Additionally, many possible participants declined the survey or did not complete it due to 

its long nature. This may have contributed towards a sampling bias which may have resulted in 

acquiring healthy controls who had unusually poor sleep quality. In hindsight, implementing a 

PSQI cut off score of 5 for controls would have prevented this. 

Secondly, though the BTACT was useful under COVID-19 conditions it only contains 

limited neutral declarative memory subtests. Perhaps, a more thorough in-person 

neuropsychological memory assessment would have proved more useful. Additionally, time of 

day effects, referring to fluctuations in cognitive performance over the course of the day as a 

result of one’s circadian rhythm, may have affected results (Althaus et al., 2010). For example, 

immediate and delayed recall have shown to better in the morning as opposed to the afternoon or 

evening, and many participants were only available after work in the evenings (Baddeley et al., 

2007; Clarisse & Testu, 1999). 

Finally, a key limitation of the study was its reliance on a subjective measure of sleep and 

sleep quality (PSQI) as opposed to an objective measure of sleep quality such as 

polysomnography. An objective measure of sleep may yield different results in terms of 

between-group differences and mediating effects on memory and cognition. 

Conclusion 

 This study demonstrated that individuals with hypertension and diabetes perform 

significantly worse on immediate and delayed memory recall in comparison to healthy controls. 

We also found that severity of hypertension negatively influenced performance on tests of 

immediate and delayed recall in comparison to normal blood pressure individuals. However, we 
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found no difference in sleep between patients and controls, and no mediating effect of sleep on 

memory performance. This study adds to the very limited research on the relationship between 

sleep and neutral declarative memory in hypertensive and diabetic individuals. Future research 

should focus on recruiting larger sample sizes, assessing for mediating effects and comparing 

controlled and uncontrolled disease states to healthy controls. Additionally, studies should 

prioritise utilising objective measures of assessing sleep as well as more in-depth 

neuropsychological tests. Due to the limitations of this study, it acts as a first step towards 

understanding complex sleep and memory relationships in these clinical populations. Further 

research is required to understand the underlying mechanisms of their poor sleep and memory 

complaints in order to implement targeted treatment interventions. 
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Appendix A: MedPages Broadcast 

 

Dear Doctor 

 Re: Telephonic questionnaire to determine hypertensive and diabetic patients’ quality of 

life, sleep, emotion and cognition. 

  

It is well known that sleep is essential for optimal physical, emotional and cognitive well-

being. We also know that patients with diabetes and hypertension frequently experience poor 

quality of life, sleep problems, depression and anxiety, and cognitive impairment. Despite the 

knowledge that poor sleep may be an underlying mechanism linked to reduced quality of life, 

mood and cognitive problems, very little research has been done to holistically understand this 

relationship in patients with diabetes and hypertension. Because of the important relationships 

between sleep, health, emotion and cognition, disrupted sleep could be a useful target for 

treatment interventions, which may reduce the severity of negative emotional and cognitive 

symptoms, and improve patient’s quality of life. 

  

We are requesting that you invite your patient with diabetes or hypertension to participate in a 

telephonic interview. In this interview, we will be asking your patients to answer some questions 

about their sleep, quality of life, emotions and cognition. Since we know that sleep is an important 

predictor of physical, emotional and cognitive health, we wish to determine to what extent patients 

with diabetes and hypertension report problems in these domains. 

  

We are looking for patients between the ages of 18 – 65 years, who do not have any target 

organ damage. Further, we would like to recruit patients with diabetes who have a HbA1C < 8 

g/%, and patients with hypertension who have a BP <140/90 mmHg. 

  

We should be grateful only once your patients agree to participate in this study that you will 

communicate their contact details with Dr M. Henry (m.henry@uct.ac.za or mhmish@gmail.com). 

This way their privacy and confidentiality will be assured. Alternatively, you may give patients 

my contact details (cell phone number: 0722727107; email: mhmish@gmail.com) and they can 

contact me directly. On initial contact I or a research assistant will take telephonic informed 

consent. 

  

Overall, our objectives are two-fold, namely to (1) assess to what extent patients self-report 

problems with their quality of life, sleep, emotion regulation and cognition, and (2) determine the 

role that sleep plays in predicting patients physical and emotional well-being and their cognitive 

functioning. 



45 
 

 

 

  

My sincere thanks, 

Dr Michelle Henry 

Email address: m.henry@uct.ac.za 

0722727107 
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Appendix B: Personal Information and Demographic Survey 
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Appendix C: Consent Form for Hypertensive and Diabetic Participants 

 

Consent to participate in research study: 

The role of poor quality sleep in predicting cognitive and neural declarative memory 

deficits in hypertensive and diabetic individuals  

As researchers specialising in psychology (Dr Michelle Henry/Professor Kevin Thomas) and 

endocrinology (i.e. relating to hormones)(Associate Professor Ian Ross) at the University of 

Cape Town and Groote Schuur Hospital, we wish to determine the relationship between sleep, 

quality of life, emotion and thinking. Two psychology Honours students (Julia Tubaro and Abby 

Sivertsen) will be assisting with data collection for their project.   

Why are you being invited to take part? 

We are calling on you as you have diabetes/hypertension.  

Why is this research been done? What is it trying to find out? 

We wish to ask you several questions relating to your self-reported sleep, quality of life, emotion 

and thinking, and some personal and medical questions. This research is trying to understand 

how sleep impacts quality of life, emotion regulation and thinking processes in order to inform 

better treatment options for patients living with hypertension and diabetes.  Patients with 

hypertension/diabetes will be compared to control participants.   

To take part in this study you must: 

• be between the ages of 18 to 65 years 

• not be pregnant 

• not have any other chronic illnesses 

• be free from neurological disorders and psychiatric illness 

• have a BMI less than 40kg/m2 

• not be on any medication that could affect your sleep 

How long will it take to participate in the study? 

The Google Form and telephonic interview will take roughly 1 hour to complete. The 

questionnaires will take approximately 30-40 minutes to complete. The cognitive assessment will 

take approximately 15 minutes to complete over the telephone. 

What procedures are involved? 

The Google Form and telephonic interview will take roughly 1 hour to complete 
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Are there are any risks and discomforts in taking part in this research? 

We do not think that any of these questions pose any physical or psychological risk. If you do 

however feel vulnerable or anxious after having answered any of the questions, we can refer you 

to our psychologist. 

Are there any benefits to you if you take part in this research? 

There is no financial compensation for taking part in this research. However, you may learn a bit 

more about your own quality of life, sleep, emotion and thinking. You will also be assisting in 

our knowledge of how sleep quality affects quality of life, thinking and emotions, and this 

information is potentially useful in our understanding of how to improve patients’ well-being. 

You are encouraged to ask questions if you are unsure about anything. 

What other choices do you have? 

Should you not wish to participate in the study, it will in no way affect the treatment that you are 

supposed to receive from your doctor. If, after starting the questionnaire, you no longer wish to 

participate, you may withdraw your consent at any stage and without it affecting your treatment 

in any way. 

What happens if you do not want to take part in this research? 

Participation in this study is completely voluntary. It is your right to refuse to take part in this 

research. If you do not want to take part in this research, it will in no way affect you or the 

treatment that you are supposed to receive. 

What happens at the end of the research? 

All your information and your answers to this study will be kept completely private. Your 

information will be recorded under a number and will not be linked to your name. Only 

researchers working on this project will know your personal details and information will not be 

communicated to anyone apart from them. If we publish the results of this study, we will not 

communicate any of your personal and private information .  

Questions? 

If you have any questions about the study, now or in the future, you can call Michelle Henry on 

0216501804 or on m.henry@uct.ac.za. If you have questions or concerns about your rights as a 

research participant, you can contact the Chair of the Human Research Ethics Committee of the 

Faculty of Health Sciences at the University of Cape Town on 021 650 1236 or 

hrecenquiries@uct.ac.za. 

The participant is aware of the nature and purpose of the study. They have been informed about 

the procedures, confidentiality agreement, risks and benefits and, they are encouraged to ask 

further questions should they have any. 

Researcher’s Signature ……………………………...            Date…………………………… 
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Do you agree to participate and consent to have your results used for the purpose of the research 

thesis and publication in an accredited journal? Are you aware that you are free to withdraw from 

this study at any given time should you feel the need to do so, and in doing so it will not affect 

you or your treatment in any way, whatsoever? 

 

Participants verbal consent …………………………...           Date………………………… 

  

Witness name and signature……………………………      Date………………………… 

 

  



55 
 

 

 

Appendix D: Consent Form for Controls 

 

Consent to participate in research study:  

The role of poor quality sleep in predicting cognitive and neural declarative memory 

deficits in hypertensive and diabetic individuals  

As researchers specialising in psychology (Dr Henry/Associate Professor Kevin Thomas) and 

endocrinology (i.e. relating to hormones) (Associate Professor Ian Ross) at the University of Cape 

Town and Groote Schuur Hospital, we wish to determine the relationship between sleep, quality 

of life, emotion and thinking. Two psychology honours students (Julia Tubaro and Abby Sivertsen) 

will be assisting with data collection for their project.   

Why are you been invited to take part? 

We are calling on you as a control participant.  

Why is this research been done-what is it trying to find out? 

We wish to ask you several questions relating to your self-reported sleep, quality of life, emotion 

and thinking, and some personal and medical questions. This research is trying to understand how 

sleep impacts quality of life, emotion regulation and thinking processes in order to inform better 

treatment options for patients living with hypertension and diabetes. Control participants will be 

compared to patients with hypertension/diabetes.  

To take part in this study you must: 

• be between the ages of 18 to 65 years 

• not be pregnant 

• not have any chronic illnesses 

• be free from neurological disorders and psychiatric illness 

• have a BMI less than 40kg/m2 

• not be on any medication that could affect your sleep 

• not have severe target organ damage 

How long will it take to participate in the study? 

The Google Form and telephonic interview will take roughly 1 hour to complete. The 

questionnaires will take approximately 30-40 minutes to complete. The cognitive assessment will 

take approximately 15 minutes to complete over the telephone. 
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What procedures are involved? 

The Google Form and telephonic interview will take roughly 1 hour to complete.  

Are there are any risks and discomforts in taking part in this research? 

We do not think that any of these questions pose any physical or psychological risk. If you do 

however feel vulnerable or anxious after having answered any of the questions we can refer you 

to our psychologist. 

Are they any benefits to you if you take part in this research? 

There is no financial compensation for taking part in this research. However, you may learn a bit 

more about your own quality of life, sleep, emotion and thinking. You will also be assisting in our 

knowledge of how sleep quality affects quality of life, thinking and emotions, and this information 

is potentially useful in our understanding of how to improve patients’ well-being. You are 

encouraged to ask questions if you are unsure about anything. 

What other choices do you have? 

Should you not wish to participate in the study you do not have to. If after starting the 

questionnaire, you no longer wish to participate, you may withdraw your consent at any stage. 

What happens if you do not want to take part in this research? 

Participation in this study is completely voluntary. It is your right to refuse to take part in this 

research. If you do not want to take part in this research, it will in no way affect you or the 

treatment that you are supposed to receive. 

What happens at the end of the research? 

All your information and your answers to this study will be kept completely private. Your 

information will be recorded under a number and will not be linked to your name. Only researchers 

working on this project will know your personal details and information will not be communicated 

to anyone apart from them. If we wish to publish the results of this study, we will not communicate 

your personal and private information whatsoever. 

Questions? 

If you have any questions about the study, now or in the future, you can call Michelle Henry on 

0216501804 or on m.henry@uct.ac.za. If you have questions or concerns about your rights as a 

research participant, you can contact the Chair of the Human Research Ethics Committee of the 

Faculty of Health Sciences at the University of Cape Town on 021 650 1236 or 

hrecenquiries@uct.ac.za. 
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The participant is aware of the nature and purpose of the study. They have been informed about 

the procedures, confidentiality agreement, risks and benefits and, they are encouraged to ask 

further questions should they have any. 

 

Researcher’s Signature ……………………………...            Date…………………………… 

  

Do you agree to participate and consent to have your results used for the purpose of the research 

thesis and publication in an accredited journal? Are you aware that you are free to withdraw from 

this study at any given time should you feel the need to do so? 

 

 

Participants verbal consent …………………………...           Date…………………………  

 

 

Witness name and signature……………………………         Date………………………… 
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Appendix E: Beck Depression Inventory (BDI- II) 
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Appendix F: Beck Anxiety Inventory (BAI) 
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Appendix G: Brief Test of Adult Cognition by Telephone (BTACT) 
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Appendix H: Pittsburgh Sleep Quality Index (PSQI) 
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Appendix I: Perceived Stress Scale (PSS-10) 
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Appendix J: Department of Psychology Ethical Approval 
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Appendix K: Faculty of Health Sciences Ethical Approval 
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Appendix L: Table 4 

 

Table 5 

Table of Regression Analyses for PSQI subcomponents and memory subtests (N = 46) 

    

 Immediate  Delayed  

Variable f p f p 

Sleep quality F(2, 43) = 1.45 

 

.123           F(2, 43) = 2.09 

 

.068 

Sleep duration F(2, 43) = 1.48 

 

.120           F(2, 43) = 2.08 

 

.069 

Daytime 

dysfunction 

F(2, 43) = 1.62 .105           F(2, 43) = 2.14 .065 

Sleep duration 

(raw score) 

F(2, 43) = 1.66 

 

.101           F(2, 43) = 2.11 

 

.067 

 


