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ABSTRACT 

Objectives 

To explore relationships between patients’ self-monitoring of blood pressure (BP) and their 

concurrent self-reports of medication intake, wellbeing stress, physical activity and 

symptoms. 

Design 

A prospective study exploring the 8-week effectiveness of a mobile phone based self-

management support system for patients with hypertension. 

Setting 

Four primary health care centers situated in urban and suburban communities in Sweden. 

Participants 

50 patients undergoing treatment for hypertension. 

Primary and Secondary Outcome Measures 

Associations between systolic (SBP) and diastolic blood pressure (DBP) and 10 self-report 

lifestyle-related variables. 

Results 

Medication intake, wellbeing, stress and physical activity were associated variously with 

same-day SBP and DBP. The single strongest association was found between medication 

intake and SBP, where failure to take medications was associated with an estimated 7.44 

mmHg higher SBP. To a lesser degree, medication intake was also associated with DBP. 

Wellbeing and stress were consistently associated with SBP and DBP, whereas physical 

activity was associated with only SBP. None of the symptoms dizziness, headache, 

restlessness, fatigue or palpitations were significantly associated with BP. 

Conclusions 

Page 3 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

Our findings that BP was associated with patients’ BP management behaviors and 

experiences of wellbeing and stress but not symptoms suggest that enabling persons with 

hypertension to monitor and track their BP in relation to medication intake, physical activity, 

wellbeing, stress and symptoms may be a fruitful way to help them gain first-hand 

understanding of the importance of adherence and persistence to treatment recommendations.   

Trial registration 

ClinicalTrials.gov registration number: NCT01510301. 

Keywords 

Hypertension, self-management, adherence, self-reports, stress, symptoms, wellbeing, 

physical activity, associations, blood pressure variability  

 

 

ARTICLE SUMMARY 

Strengths and limitations of this study 

• The study is unique in investigating associations between self-monitored blood 

pressure and same-day, self-reported medication intake, wellbeing, stress, physical 

activity and symptoms during 56 consecutive days 

• The mobile phone-based self-management support system was designed in 

collaboration with patients with hypertension as a tool to enable and empower 

patients to monitor and track their BP in relation to self-reported stress, physical 

activity, wellbeing, symptoms, and medication intake with a web-based dashboard 

feedback module. 

• The generalizability of the study results may be impeded by the use of convenience 

sampling for patient selection.  
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• The patients reported unusually good medication adherence during the study, 

suggesting the need to perform larger studies with patients with more diverse 

adherence levels in order to confirm our findings. 

 

 

INTRODUCTION 

Hypertension is the leading modifiable risk factor for premature death and global disease 

burden (1, 2). Reducing hypertension has been shown to lower the risk of acute myocardial 

infarction, stroke, kidney failure, congestive heart failure and cardiovascular death (3-5).  

Despite strong evidence and consensus about the treatment and control of hypertension, (6-9) 

nonetheless only an estimated 13.8% of adults with hypertension worldwide have their blood 

pressure (BP) controlled (10).  

As in other chronic conditions, successful treatment outcomes in hypertension depend 

ultimately on effective patient self-management (11, 12, 13). However, patient adherence to 

hypertension treatment recommendations is notoriously poor, both with respect to medication 

taking (14-16) and in particular to lifestyle changes (17-19), underlining the need for 

supporting patients in their self-management efforts. To date, interventions aimed at 

supporting self-management have focused mainly on self-monitoring of BP (SMBP), 

educational programs, and counselling (20).  SMBP has been found to contribute to improved 

BP control (21-23) and medication adherence (24); however, evidence for the independent 

effects of education and counselling remains weak (20).  

It has been suggested that educational interventions have failed because they have not 

sufficiently understood, acknowledged and addressed patients’ lay perspectives on the 

causation and risks of hypertension (25-27). Lay beliefs are not always consistent with 
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biomedical opinion (26), particularly regarding the impact of stress on BP, the experience of 

BP symptoms, and drug side effects, tolerance and addiction, which may partly explain why 

patient adherence and persistence rates are poor. For example, many patients believe that 

stress is the main cause of hypertension and that headache, palpitations and dizziness are 

caused by high BP, and hence patients may cease to adhere to treatment during periods of low 

stress or in the absence of symptoms (25). On the other hand, SMBP may improve medication 

adherence by providing direct feedback on BP levels, independent of experienced symptoms, 

and thereby contribute to BP control by reinforcing behaviors that lower BP (28).  

Recently we reported significant BP improvements with the use of a mobile phone-based self-

management support system (29). Designed in accordance with patients’ expressed wishes 

and perceived needs for support in self-managing hypertension (30-32), the system was hence 

developed as a tool to enable and empower patients to explore and track variations in their BP 

in relation to self-reported stress, physical activity, wellbeing, symptoms, and medication 

intake with a web-based dashboard feedback module. In follow-up interviews, patients 

indicated that the system helped them to gain insight into the importance of adhering to 

treatment advice and thereby gain control in managing their condition (33). However, the 

usefulness of the feedback module rests on the existence of perceptible links between BP and 

patient self-reports. A person-centered perspective that emphasizes the value of the patient’s 

own experiences of BP by increased participation in care, self-reporting and documentation 

has earlier been shown to be beneficial (33). The purpose of the present study was to explore 

relationships between patients’ SMBP and their concurrent self-reports of stress, physical 

activity, wellbeing, symptoms, and medication intake. 

 

METHODS 
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This study was a secondary analysis of a prospective cohort study exploring the 8-week 

effectiveness of a mobile phone based self-management support system for patients with 

hypertension. The study took place between February and June 2012 and was approved by the 

Regional Ethics Board in Gothenburg, Sweden (study code 551-09 and T-100-12), conducted 

in accordance with the Declaration of Helsinki and registered in the Clinical Trial Protocol 

Registration System (ClinicalTrials.gov NCT01510301) under the acronym MIHM (Mobile 

phone In Hypertension Management).  

 

Recruitment and participants 

Participants were recruited using convenience sampling. Based on data from earlier studies 

(30), a sample size was estimated based on a standard deviation (SD) of 12 for systolic BP 

(SBP) and 7 for diastolic BP (DBP). For detecting a difference of 8 mmHg SBP and 5 mmHg 

DBP with 90% power and at a 5% significance level, the sample size was estimated to 50 

patients. Seventy-three consecutive patients undergoing treatment for hypertension at four 

primary health care centers in southern Sweden were asked to participate. Inclusion criteria 

were: currently being medically treated for hypertension, age ≥ 30 years, ability to understand 

and read Swedish, access to a mobile phone with an internet connection. Eligible patients 

were informed about the study orally and in writing, and were ensured confidentiality before 

giving their written informed consent. In total, 54 patients agreed to participate, of whom 3 

withdrew before study start.  

 

Patient involvement 

Patients with hypertension were involved in all phases of the design, development and 

evaluation of the mobile-phone based self-management support system. As previously 
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reported (30-33), the system was designed based on interviews in which patients were asked 

to describe what they needed to better self-manage their hypertension; iteratively developed in 

collaboration with patients, researchers and clinicians (30-32); evaluated for content validity, 

reliability and usability in focus group interviews, cognitive interviews and piloting (32); 

examined regarding usability and usefulness in individual patient interviews (33) 

The intervention 

The interactive self-management support system 

As previously described in detail, the system includes four components that have not 

previously been integrated into the same intervention for supporting self-management of 

hypertension  (30): 1) a module for self-reporting wellbeing, symptoms, lifestyle, medication 

intake and side effects of medication; 2) daily home BP and pulse measurements with a 

validated BP monitor; 3) tailored weekly motivational messages to encourage lifestyle 

changes and; 4) web-based dashboard to enable patients, as well as physicians and nurses, to 

examine the patient´s BP in relation to the self-reports. The communication platform for the 

system was developed by Circadian Questions (CQ), 21st Century Mobile 

(http://www.cqmobil.se)  

 

Study procedures 

Participants were instructed how to use the self-management system and BP monitors by 

research nurses. They were requested to perform BP measurements and self-reports every 

evening for eight consecutive weeks and to answer self-report items first and then to measure 

their BP. The data reported in through the participants’ mobile phones were automatically 

registered in a secure database. 
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The system was tailored to the individual patients, such that drug side-effects items (delivered 

maximum twice weekly) were selected based on the patient’s antihypertensive medication; 

use and choice of motivational messages (delivered maximum twice weekly) were based on 

patients’ preferences; and use of daily reminders was optional.   

Patient self-reports  

Development and evaluation of the items comprising the self-report module are described in 

detail elsewhere (31, 32). Briefly, items were iteratively developed from analyses of patient 

and professionals (physicians, nurses, pharmacists) focus group interviews about what they 

considered helpful for supporting self-management of their BP. Six major areas represented 

by 16 items were identified: three biomedical markers (SBP, DBP and pulse); three symptoms 

(dizziness, headache and palpitations); four medication side-effects (swollen ankles, dryness 

of mouth, dry cough and micturition); five quality of life variables (general well-being, stress, 

restlessness, sleep and fatigue); adherence to medication (medication intake); and one lifestyle 

variable physical activity. Items were formulated as questions, with “today” as the timeframe. 

Patients rated items against five-step response scales with anchors not at all (0) - extremely 

(4) or  very bad (0) - very well/good (4), except medication intake (“Have you taken your 

medication today?”) which was rated on a three-step scale with options yes (0), some of it (1) 

and no (2). Blood pressure and pulse were measured and registered as values obtained from 

BP monitors.   

 

Blood pressure self-monitoring 

Patients were instructed how to measure their BP in accordance with the European Society of 

Hypertension Practice guidelines for home blood pressure monitoring (HBPM) (34). A home 

blood-pressure monitor (BP A200 AFIB; Microlife USA Inc., Clearwater, FL, USA) was used 
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and validated according to the international protocol of the European Society of Hypertension 

(35).  

 

Data analysis 

Descriptive statistics were used to characterize patient demographic and clinical variables. 

Repeated measures linear mixed-effects modeling was used, with SBP and DBP as dependent 

variables. The variance/covariance structure was specified as autoregressive to guard against 

violations to sphericity assumptions. All models included a random intercept. Models for the 

two dependent variables included all 10 self-report variables, excluding medication side-effect 

variables, as fixed effects. Side-effect variables were excluded because they were assessed 

only biweekly. Individuals with partial missing data but with at least one observation for each 

of the independent variables were included. Statistical significance was set to p-value < 0.05 

throughout. Analyses were performed with SPSS version 22 for Windows, Chicago, IL, USA 

and Mathematica version 11.0 for Mac (Wolfram Research, Champaign, IL, USA).  

 

 

 

RESULTS 

Patient characteristics, co-morbidity and medication are shown in Table 1. Of the 51 recruited 

patients who started the study, one participated only sporadically during the first weeks and 

dropped out entirely after four weeks and was therefore excluded from the analyses. More 

men than women took part, as is common in the middle-aged, and other demographics were 

also comparable with the general hypertensive population in Sweden (36). 

Table 1. Patient characteristics (n=50) 
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a
 Mean of patients’ 3-4 baseline BP measurements  

Females n (%) 24    (48%) 

Mean age (range) 59.5 (33-81) 

Mean SBP (range), mmHg
a
 142  (115-195) 

Mean DBP (range), mmHg
a
 84    (61-113) 

Mean years with hypertension (range) 8.5   (< 1 – 32) 

Co-morbidity (%)
b
 22    (52) 

Co-morbidities n (%):  

Cardiovascular disease   3      (14) 

Decreased renal function  2      (9) 

Diabetes 7      (32) 

Musculoskeletal disorder 3      (14) 

Other 7      (32) 

Marital status n (%)  

Married 39    (78) 

Unmarried 10    (20) 

Widow / widower 1      (2) 

Education n (%)  

Compulsory school ( ≤  9 years) 5      (10) 

High school (9-12 years) 22    (44) 

University 22    (44) 

Missing 1      (2) 

Employment status n (%)  

Employed 28    (56) 

Long-term sick leave 1      (2) 

Retired 19    (38) 

Missing 2      (4) 
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b
 Information provided by patients 

 

Links between systolic blood pressure and self-report variables 

Mixed models analysis, including all 10 independent variables, yielded significant 

associations between SBP and medication intake, physical activity, wellbeing and stress 

(Table 2). Self-reported medication intake was associated with the largest decrease in SBP, 

where better adherence was associated with a 3.72 mmHg decrease in SBP per reported 

adherence level. SBP increased 1.09 mmHg with increasing levels of stress, 1.51 mmHg with 

decreasing levels of wellbeing and 0.70 mmHg with decreasing levels of physical activity. 

Figures 1a-d show the distribution of SBP in relation to patient ratings along with regression 

lines for each of the significant self-reported variables.  

 

Table 2. Linear mixed-effect model for associations between systolic blood pressure and self-

report variables  

 

Variable Estimate Std. Error df t Sig. 95% CI  

Intercept 134.40 1.93 63.14 69.57 .000 130.54-138.26  

Medication 

intake 

3.72 1.19 2311.12 3.13 .002 1.39-6.04  

Phyical 

activity 

-.70 .22 2274.21 -3.14 .002 -1.13--.26  

Wellbeing 1.51 .47 2407.81 3.23 .001 .59-2.42  

Stress 1.09 .36 2400.96 3.04 .002 .39-1.80  

Headache .52 .46 2389.47 1.14 .253 -.37-1.41  

Sleep .57 .29 2208.24 1.95 .052 -.00-1.15  

Dizziness -.69 .65 2381.66 -1.05 .293 -1.97-.59  

Palpitation -.14 .57 2406.14 -.24 .808 -1.25-.98  

Fatigue -.32 .33 2364.10 -.98 .328 -.96-.32  

Restless .88 .55 2403.86 1.59 .113 -.21-1.96  

 

 

 

Page 12 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

------------------------------ 

Figures 1a-d about here 

------------------------------ 

Links between diastolic blood pressure and self-report variables 

A model including all 10 self-report variables showed significant associations between 

medication intake, wellbeing and stress (Table 3). Self-reported medication intake was 

associated with the largest decrease in DBP, where better adherence was associated with a 

2.35 mmHg decrease in DBP per reported adherence level. Higher levels of stress and poorer 

wellbeing were associated with small DBP increases (0.81, 0.70 mmHg/ scale step, 

respectively). Figures 2a-d show the distribution of DBP in relation to patient ratings along 

with regression lines for each of the significant self-reported variables. 

 

Table 3. Linear mixed-effect model for associations between diastolic blood pressure and self-

report variables  

 

 

Variable Estimate 

Std. 

Error df t Sig. 95% CI 

Intercept 78.44 1.00 69.14 78.43 .000 76.44-80.43 

Medication 

intake 

2.35 .71 2326.88 3.31 .001 .96-3.77 

Physical 

activity 

-.11 .13 2300.01 -.79 .428 -.37-.15 

Wellbeing .70 .28 2411.21 2.51 .012 .15-1.24 

Stress .81 .22 2404.96 3.79 .000 .39-1.23 

Headache .52 .27 2383.25 1.92 .055 -.01-1.05 

Sleep .30 .18 2239.18 1.69 .090 -.05-.64 

Dizziness -.60 .39 2390.90 -1.52 .128 -1.36-.17 

Palpitations .11 .34 2415.45 .32 .746 -.55-.77 

Fatigue -.178 .20 2383.60 -.88 .381 -.55-.21 

Restless .28 .33 2408.78 .85 .395 -.37-.93 
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------------------------------ 

Figures 2a-d about here 

------------------------------ 

 

 

 

DISCUSSION 

Our results showed that patient self-reports of medication intake, wellbeing, stress and 

physical activity were associated variously with same-day SBP and DBP. The single strongest 

association was found between medication intake and SBP, where failure to take medications 

was associated with an estimated 7.44 mmHg higher SBP. To a lesser degree, medication 

intake was also associated with DBP, where DBP was 4.70 mmHg higher in cases where 

medications were not taken. Wellbeing and stress were consistently associated with SBP and 

DBP, whereas physical activity was associated only with SBP. None of the assessed 

symptoms (dizziness, headache, wellbeing, fatigue and palpitations) were significantly 

associated with BP, although a near significant association was seen between headache and 

DBP.  

 

To our knowledge this is the first study to report independent effects of self-reported non-

adherence to medication on same-day BP. Our results, particularly regarding SBP, 

corroborate and extend longer-term BP effects reported by, for example, Rose et al. (37) that 

week-long periods of poor adherence are associated with about 12-15/7-8 mmHg higher BP 

than good adherence, by Hedna et al. (38) that non-adherence during a one-month period is 

associated with higher odds of elevated BP, as well as earlier studies showing longer term 
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effects of non-adherence on BP control (39, 40). These findings may potentially be exploited 

in SMBP-based self-management programs to help hypertensives gain an understanding of 

the immediate impact of hypertensive medication on BP and thereby reinforce medication 

adherence and persistence.   

 

Self-reported wellbeing and stress were significantly associated with same-day BP. Again, 

stronger effects were seen in relation to SBP, where SBP was an estimated 4.53 mmHg higher 

when wellbeing was rated poor than when rated good and 3.27 mmHg higher when stress was 

high versus low. Corresponding DBP values were 2.10 for wellbeing and 2.43 for stress. Our 

findings corroborate links between BP and subjective wellbeing reported among hypertensive 

patients with coronary artery disease (41) and lend some support to the lay notion that 

hypertension is not asymptomatic (25). Moreover, our findings regarding stress are in line 

with a large body of research showing strong and consistent associations between stress and 

increases in BP levels (42, 43). Although BP spikes associated with acute stress are normal 

physiological reactions to stressors, chronic stress is acknowledged as an important risk factor 

for cardiovascular disorders and events. (43). It may therefore be beneficial to monitor stress 

levels in connection with SMBP, both to help patients understand the importance of stress 

avoidance and to help clinicians assess the need for instituting stress reduction therapy. 

 

High levels of self-reported physical activity were associated with moderately lower levels of 

same-day SBP (-2.10 mmHg). This finding was not unexpected given that BP-mitigating 

effects of physical activity are yielded after sustained periods of training (44). Physical 

activity is a recommended lifestyle modification for the prevention and management of 

hypertension (45) and tracking physical activity in relation to BP may help to motivate 

patients to adhere to this recommendation. 
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No significant associations were found between symptoms (dizziness, headache and 

palpitations) and BP, although a near significant association (p=.055) was found between 

headache and DBP. The lack of associations between symptoms and BP may possibly be due 

to the fact that patients reported few symptoms during the study period. Nevertheless, our 

finding is in line with earlier studies indicating a lack of association between elevated BP and 

symptoms (dizziness, headache and palpitations) (46, 47). Monitoring symptoms in 

connection with SMBP may, however, serve to inform patients who base their medication 

intake on the presence or absence of symptoms (25) that symptom experience is an imperfect 

indicator of BP levels.  

There are a number of limitations to this study. Although the socio-demographic distribution 

of the sample corresponded to that of the hypertensive population in Sweden (36), the sample 

was selected using convenience sampling, which has clear-cut implications for the 

generalizability of our results. The patient sample also reported unusually good medication 

adherence during the study, where only 11 cases of nonadherence were reported over the 

course of the 8-week study period. Larger and randomized studies including patients with 

more diverse adherence levels are needed to confirm our findings.  

 

CONCLUSIONS 

The mobile-phone based self-management system was developed to empower patients and 

enable practitioners to monitor and track BP in relation to medication intake, physical activity, 

wellbeing, stress and symptoms. The robust and prompt effect of appropriate drug intake may 

help patients to gain first-hand understanding of the importance of adherence and persistence 

to treatment recommendations.  
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WHAT IS ALREADY KNOWN ON THIS TOPIC 

BP control in treated hypertensives is suboptimal due largely to poor adherence to treatment. 

SMBP contributes to improved BP control and medication adherence, whereas evidence 

supporting education and counselling interventions is weak. 

 

WHAT THIS STUDY ADDS 

Significant same-day associations were evidenced between BP and medication intake, stress, 

physical activity and wellbeing; however, symptoms patients often associate with high BP 

were not associated with BP.  

The mobile phone system enables patients to monitor and track BP in relation to patient 

behaviors and experiences and may have important implications for adherence to treatment 

recommendations by helping patients gain first-hand insight into the blood pressure lowering 

effects of medication intake and physical activity, stress avoidance, etc. and inform patients 

who base adherence decisions on symptom experience that symptoms are poor indicators of 

blood pressure levels.   
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Figure legends 

Figures 1a-d. Distributions of SBP values by reported level of medication intake (three-step 

response scale), stress, wellbeing and physical activity (five-step response scale). Regression 

lines for the relationships between SBP and the independent variables are shown in red. 

Colors denote concentrations of SBP values, where light yellow indicates higher 

concentrations of observations and light blue lower concentrations. The x-axis has been 

transformed to indicate deviations from the intercept SBP value (135 mmHg). 

Figures 2a-c Distributions of DBP values by reported level of medication intake (three-step 

response scale), stress and wellbeing (five-step response scale). Regression lines for the 

relationships between DBP and the independent variables are shown in red. Colors denote 

concentrations of DBP values, where light yellow indicates higher concentrations of 

observations and light blue lower concentrations. The x-axis has been transformed to indicate 

deviations from the intercept DBP value (82 mmHg). 
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Figures 1a-d. Distributions of SBP values by reported level of medication intake (three-step response scale), 
stress, wellbeing and physical activity (five-step response scale). Regression lines for the relationships 

between SBP and the independent variables are shown in red. Colors denote concentrations of SBP values, 

where light yellow indicates higher concentrations of observations and light blue lower concentrations. The 
x-axis has been transformed to indicate deviations from the intercept SBP value (135 mmHg).  
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Figures 2a-c Distributions of DBP values by reported level of medication intake (three-step response scale), 
stress and wellbeing (five-step response scale). Regression lines for the relationships between DBP and the 
independent variables are shown in red. Colors denote concentrations of DBP values, where light yellow 

indicates higher concentrations of observations and light blue lower concentrations. The x-axis has been 
transformed to indicate deviations from the intercept DBP value (82 mmHg).  
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ABSTRACT 

Objectives 

To explore relationships between patients’ self-monitoring of blood pressure (BP) and their 

concurrent self-reports of medication intake, wellbeing stress, physical activity and 

symptoms. 

Design 

The study is a secondary analysis of a prospective study exploring the 8-week effectiveness of a 

mobile phone based self-management support system for patients with hypertension. 

Setting 

Four primary health care centers situated in urban and suburban communities in Sweden. 

Participants 

50 patients undergoing treatment for hypertension. 

Primary and Secondary Outcome Measures 

Associations between systolic (SBP) and diastolic blood pressure (DBP) and 10 self-report 

lifestyle-related variables were analyzed using linear mixed-effects modelling. 

Results 

Medication intake, wellbeing, stress and physical activity were associated variously with 

same-day SBP and DBP. The single strongest association was found between medication 

intake and SBP, where failure to take medications was associated with an estimated 7.44 

mmHg higher SBP. To a lesser degree, medication intake was also associated with DBP, 

where DBP was 4.70 mmHg higher in cases where medications were not taken. Wellbeing and 

stress were consistently associated with SBP and DBP, whereas physical activity was 

associated with only SBP. None of the symptoms dizziness, headache, restlessness, fatigue or 

palpitations were significantly associated with BP. 

Conclusions 
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Our findings that BP was associated with patients’ BP management behaviors and 

experiences of wellbeing and stress but not symptoms suggest that enabling persons with 

hypertension to monitor and track their BP in relation to medication intake, physical activity, 

wellbeing, stress and symptoms may be a fruitful way to help them gain first-hand 

understanding of the importance of adherence and persistence to treatment recommendations.   

Trial registration 

ClinicalTrials.gov registration number: NCT01510301. 

Keywords 

Hypertension, self-management, adherence, self-reports, stress, symptoms, wellbeing, 

physical activity, associations, blood pressure variability  

 

 

ARTICLE SUMMARY 

Strengths and limitations of this study 

• The study is unique in investigating associations between self-monitored blood 

pressure and same-day, self-reported medication intake, wellbeing, stress, physical 

activity and symptoms during 56 consecutive days 

• The mobile phone-based self-management support system was designed in 

collaboration with patients with hypertension as a tool to enable and empower 

patients to monitor and track their BP in relation to self-reported stress, physical 

activity, wellbeing, symptoms, and medication intake with a web-based dashboard 

feedback module. 

• The generalizability of the study results may be impeded by the use of convenience 

sampling for patient selection.  
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• The patients reported unusually good medication adherence during the study, 

suggesting the need to perform larger studies with patients with more diverse 

adherence levels in order to confirm our findings. 

 

 

INTRODUCTION 

Hypertension is the leading modifiable risk factor for premature death and global disease 

burden (1, 2). Reducing hypertension has been shown to lower the risk of acute myocardial 

infarction, stroke, kidney failure, congestive heart failure and cardiovascular death (3-5).  

Despite strong evidence and consensus about the treatment and control of hypertension, (6-9) 

nonetheless only an estimated 13.8% of adults with hypertension worldwide have their blood 

pressure (BP) controlled (10).  

As in other chronic conditions, successful treatment outcomes in hypertension depend 

ultimately on effective patient self-management (11, 12, 13). However, patient adherence to 

hypertension treatment recommendations is notoriously poor, both with respect to medication 

taking (14-16) and in particular to lifestyle changes (17-19), underlining the need for 

supporting patients in their self-management efforts. To date, interventions aimed at 

supporting self-management have focused mainly on self-monitoring of BP (SMBP), 

educational programs, and counselling (20).  SMBP has been found to contribute to improved 

BP control (21-23) and medication adherence (24); however, evidence for the independent 

effects of education and counselling remains weak (20).  

It has been suggested that educational interventions have failed because they have not 

sufficiently understood, acknowledged and addressed patients’ lay perspectives on the 

causation and risks of hypertension (25-27). Lay beliefs are not always consistent with 
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biomedical opinion (26), particularly regarding the impact of stress on BP, the experience of 

BP symptoms, and drug side effects, tolerance and addiction, which may partly explain why 

patient adherence and persistence rates are poor. For example, many patients believe that 

stress is the main cause of hypertension and that headache, palpitations and dizziness are 

caused by high BP, and hence patients may cease to adhere to treatment during periods of low 

stress or in the absence of symptoms (25). On the other hand, SMBP may improve medication 

adherence by providing direct feedback on BP levels, independent of experienced symptoms, 

and thereby contribute to BP control by reinforcing behaviors that lower BP (28).  

This study is part of a research program aimed at developing and evaluating a mobile phone-

based self-management system to support hypertension self-management. Recently we 

reported significant BP improvements with the use of the system (29). Designed in 

accordance with patients’ expressed wishes and perceived needs for support in self-managing 

hypertension (30-32), the system was hence developed as a tool to enable and empower 

patients to explore and track variations in their BP in relation to self-reported stress, physical 

activity, wellbeing, symptoms, and medication intake with a web-based dashboard feedback 

module. In follow-up interviews, patients indicated that the system helped them to gain 

insight into the importance of adhering to treatment advice and thereby gain control in 

managing their condition (33). However, the usefulness of the feedback module rests on the 

existence of perceptible links between BP and patient self-reports. A person-centered 

perspective that emphasizes the value of the patient’s own experiences of BP by increased 

participation in care, self-reporting and documentation has earlier been shown to be beneficial 

(33). The purpose of the present study was to explore relationships between patients’ SMBP 

and their concurrent self-reports of stress, physical activity, wellbeing, symptoms, and 

medication intake. 
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METHODS 

This study was a secondary analysis of a prospective cohort study exploring the 8-week 

effectiveness of a mobile phone based self-management support system for patients with 

hypertension. The study took place between February and June 2012 and was approved by the 

Regional Ethics Board in Gothenburg, Sweden (study code 551-09 and T-100-12), conducted 

in accordance with the Declaration of Helsinki and registered in the Clinical Trial Protocol 

Registration System (ClinicalTrials.gov NCT01510301) under the acronym MIHM (Mobile 

phone In Hypertension Management).  

 

Recruitment and participants 

Participants were recruited using convenience sampling. Based on data from earlier studies 

(29), a sample size was estimated based on a standard deviation (SD) of 12 for systolic BP 

(SBP) and 7 for diastolic BP (DBP). For detecting a difference of 8 mmHg SBP and 5 mmHg 

DBP with 90% power and at a 5% significance level, the sample size was estimated to 50 

patients. Seventy-three consecutive patients undergoing treatment for hypertension at four 

primary health care centers in southern Sweden were asked to participate. Inclusion criteria 

were: currently being medically treated for hypertension, age ≥ 30 years, ability to understand 

and read Swedish, access to a mobile phone with an internet connection. Eligible patients 

were informed about the study orally and in writing, and were ensured confidentiality before 

giving their written informed consent. In total, 54 patients agreed to participate, of whom 3 

withdrew before study start.  

 

Patient involvement 
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Patients with hypertension were involved in all phases of the design, development and 

evaluation of the mobile-phone based self-management support system. The research question 

for this study was generated from patient interviews (33) and its merits were confirmed in interviews 

with professionals.  Patients were not involved in drafting the paper. As previously reported (30-

33), the system was designed based on interviews in which patients were asked to describe 

what they needed to better self-manage their hypertension; iteratively developed in 

collaboration with patients, researchers and clinicians (30-32); evaluated for content validity, 

reliability and usability in focus group interviews, cognitive interviews and piloting (32); 

examined regarding usability and usefulness in individual patient interviews (33) 

The intervention 

The interactive self-management support system 

As previously described in detail, the system includes four components that have not 

previously been integrated into the same intervention for supporting self-management of 

hypertension  (29): 1) a module for self-reporting wellbeing, symptoms, lifestyle, medication 

intake and side effects of medication; 2) daily home BP and pulse measurements with a 

validated BP monitor; 3) tailored weekly motivational messages to encourage lifestyle 

changes and; 4) web-based dashboard to enable patients, as well as physicians and nurses, to 

examine the patient´s BP in relation to the self-reports. The communication platform for the 

system was developed by Circadian Questions (CQ), 21st Century Mobile 

(http://www.cqmobil.se)  

 

Study procedures 
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Participants were instructed how to use the self-management system and BP monitors by 

research nurses. They were requested to perform BP measurements and self-reports every 

evening for eight consecutive weeks and to answer self-report items first and then to measure 

their BP. The actual order in which these two tasks were performed could not be determined 

from the database, although in the report interface the items were provided first, after which 

space for BP registration was given. In subsequent interviews participants confirmed that they 

followed the instructed order (33). The data reported in through the participants’ mobile 

phones were automatically registered in a secure database. 

The system was tailored to the individual patients, such that drug side-effects items (delivered 

maximum twice weekly) were selected based on the patient’s antihypertensive medication; 

use and choice of motivational messages (delivered maximum twice weekly) were based on 

patients’ preferences; and use of daily reminders was optional.   

Patient self-reports  

Development and evaluation of the items comprising the self-report module are described in 

detail elsewhere (31, 32). Briefly, items were iteratively developed from analyses of patient 

and professionals (physicians, nurses, pharmacists) focus group interviews about what they 

considered helpful for supporting self-management of their BP. Six major areas represented 

by 16 items were identified: three biomedical markers (SBP, DBP and pulse); three symptoms 

(dizziness, headache and palpitations); four medication side-effects (swollen ankles, dryness 

of mouth, dry cough and micturition); five quality of life variables (general well-being, stress, 

restlessness, sleep and fatigue); adherence to medication (medication intake); and one lifestyle 

variable physical activity. Items were formulated as questions, with “today” as the timeframe. 

Patients rated items against five-step response scales with anchors not at all (0) - extremely 

(4) or very bad (0) - very well/good (4), except medication intake (“Have you taken your 
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medication today?”) which was rated on a three-step scale with options yes (0), some of it (1) 

and no (2) and wellbeing with an inverse five-step scale from very good (0) to very bad (4). 

Blood pressure and pulse were measured and registered as values obtained from BP monitors.   

 

Blood pressure self-monitoring 

Patients were instructed how to measure their BP in accordance with the European Society of 

Hypertension Practice guidelines for home blood pressure monitoring (HBPM) (34). A home 

blood-pressure monitor (BP A200 AFIB; Microlife USA Inc., Clearwater, FL, USA) was used 

and validated according to the international protocol of the European Society of Hypertension 

(35).  

 

Data analysis 

Descriptive statistics were used to characterize patient demographic and clinical variables. 

Repeated measures linear mixed-effects modeling was used, with SBP and DBP as dependent 

variables. The variance/covariance structure was specified as autoregressive to guard against 

violations to sphericity assumptions. All models included a random intercept. Models for the 

two dependent variables included all 10 self-report variables, excluding medication side-effect 

variables, as fixed effects. Side-effect variables were excluded because they were assessed 

only biweekly. Individuals with partial missing data but with at least one observation for each 

of the independent variables were included. As customary in similar blood pressure studies, 

day one of the study was excluded from analyses due to abnormally high blood pressure 

values, hence 55 days were analyzed. Statistical significance was set to p-value < 0.05 

throughout. Analyses were performed with SPSS version 22 for Windows, Chicago, IL, USA 

and Mathematica version 11.0 for Mac (Wolfram Research, Champaign, IL, USA).  
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RESULTS 

Patient characteristics, co-morbidity and medication are shown in Table 1. Of the 51 recruited 

patients who started the study, one participated only sporadically during the first weeks and 

dropped out entirely after four weeks and was therefore excluded from the analyses. More 

men than women took part, as is common in the middle-aged, and other demographics were 

also comparable with the general hypertensive population in Sweden (36). The self-reported 

BP data were validated against the BP values saved in the BP monitor.  Among 14 

consecutive patients selected for comparison (33), only 21 values of 1448 of both SBP and 

DBP differed. 

Table 1. Patient characteristics (n=50) 

 
Females n (%) 24    (48%) 

Mean age (range) 59.5 (33-81) 

Mean SBP (range), mmHg
a
 142  (115-195) 

Mean DBP (range), mmHg
a
 84    (61-113) 

Mean years with hypertension (range) 8.5   (< 1 – 32) 

Co-morbidity n, (%)
b
 22    (52) 

Co-morbidities n (%):  

Cardiovascular disease   3      (14) 

Decreased renal function  2      (9) 

Diabetes 7      (32) 

Musculoskeletal disorder 3      (14) 

Other 7      (32) 
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Type of antihypertensive medication, n. 

   

Diuretics 12 

Potassium‐sparing diuretics 4 

β‐blockers 18 

Calcium channel blockers 22 

ACE inhibitors 11 

Angiotensin II receptor antagonists 21 

ACE inhibitors+diuretic 1 

Angiotensin II receptor antagonist+diuretic 5 

Number of antihypertensive medications, n. 

 

One 19 

Two 19 

Three 11 

Four 1 

Marital status  

Married 39    (78) 

Unmarried 10    (20) 

Widow / widower 1      (2) 

Education, n (%)  

Compulsory school ( ≤  9 years) 5      (10) 

High school (9-12 years) 22    (44) 

University 22    (44) 

Missing 1      (2) 

Employment status, n (%)  

Employed 28    (56) 

Long-term sick leave 1      (2) 
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Links between systolic blood pressure and self-report variables 

Mixed models analysis, including all 10 independent variables, yielded significant 

associations between SBP and medication intake, physical activity, wellbeing and stress 

(Table 2). Self-reported medication intake was associated with the largest decrease in SBP, 

where better adherence was associated with a 3.72 mmHg decrease in SBP per reported 

adherence level. SBP increased 1.09 mmHg with increasing levels of stress, 1.51 mmHg with 

decreasing levels of wellbeing and 0.70 mmHg with decreasing levels of physical activity. 

Figures 1a-d show the distribution of SBP in relation to patient ratings along with regression 

lines for each of the significant self-reported variables.  

 

Retired 19    (38) 

Missing 2      (4) 

a
 Mean of patients’ 3-4 baseline BP measurements  

b
 Information provided by patients 
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Table 2. Linear mixed-effect model for associations between systolic blood pressure and self-

report variables  

 

Variable Estimate Std. Error df t Sig. 95% CI  

Intercept 134.40 1.93 63.14 69.57 .000 130.54-138.26  

Medication 

intake 

3.72 1.19 2311.12 3.13 .002 1.39-6.04  

Phyical 

activity 

-.70 .22 2274.21 -3.14 .002 -1.13--.26  

Wellbeing -1.51 .47 2407.81 -3.23 .001 -.59--2.42  

Stress 1.09 .36 2400.96 3.04 .002 .39-1.80  

Headache .52 .46 2389.47 1.14 .253 -.37-1.41  

Sleep .57 .29 2208.24 1.95 .052 -.00-1.15  

Dizziness -.69 .65 2381.66 -1.05 .293 -1.97-.59  

Palpitation -.14 .57 2406.14 -.24 .808 -1.25-.98  

Fatigue -.32 .33 2364.10 -.98 .328 -.96-.32  

Restless .88 .55 2403.86 1.59 .113 -.21-1.96  

 

 

 

------------------------------ 

Figure panels 1a-d about here 

------------------------------ 

Links between diastolic blood pressure and self-report variables 

A model including all 10 self-report variables showed significant associations between 

medication intake, wellbeing and stress (Table 3). Self-reported medication intake was 

associated with the largest decrease in DBP, where better adherence was associated with a 

2.35 mmHg decrease in DBP per reported adherence level. Higher levels of stress and poorer 

wellbeing were associated with small DBP increases (0.81, 0.70 mmHg/ scale step, 
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respectively). Figures 2a-c show the distribution of DBP in relation to patient ratings along 

with regression lines for each of the significant self-reported variables. 

 

Table 3. Linear mixed-effect model for associations between diastolic blood pressure and self-

report variables  

 

 

Variable Estimate 

Std. 

Error df t Sig. 95% CI 

Intercept 78.44 1.00 69.14 78.43 .000 76.44-80.43 

Medication 

intake 

2.35 .71 2326.88 3.31 .001 .96-3.77 

Physical 

activity 

-.11 .13 2300.01 -.79 .428 -.37-.15 

Wellbeing -.70 .28 2411.21 -2.51 .012 -.15--1.24 

Stress .81 .22 2404.96 3.79 .000 .39-1.23 

Headache .52 .27 2383.25 1.92 .055 -.01-1.05 

Sleep .30 .18 2239.18 1.69 .090 -.05-.64 

Dizziness -.60 .39 2390.90 -1.52 .128 -1.36-.17 

Palpitations .11 .34 2415.45 .32 .746 -.55-.77 

Fatigue -.178 .20 2383.60 -.88 .381 -.55-.21 

Restless .28 .33 2408.78 .85 .395 -.37-.93 

 

 

------------------------------ 

Figure panels 2a-c about here 

------------------------------ 

 

 

 

DISCUSSION 

Our results showed that patient self-reports of medication intake, wellbeing, stress and 

physical activity were associated variously with same-day SBP and DBP. The single strongest 
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association was found between medication intake and SBP, where failure to take medications 

was associated with an estimated 7.44 mmHg higher SBP. To a lesser degree, medication 

intake was also associated with DBP, where DBP was 4.70 mmHg higher in cases where 

medications were not taken. Wellbeing and stress were consistently associated with SBP and 

DBP, whereas physical activity was associated only with SBP. None of the assessed 

symptoms (dizziness, headache, wellbeing, fatigue and palpitations) were significantly 

associated with BP, although a near significant association was seen between headache and 

DBP.  

 

To our knowledge this is the first study to report independent effects of self-reported non-

adherence to medication on same-day BP. Our results, particularly regarding SBP, 

corroborate and extend longer-term BP effects reported by, for example, Rose et al. (37) that 

week-long periods of poor adherence are associated with about 12-15/7-8 mmHg higher BP 

than good adherence, by Hedna et al. (38) that non-adherence during a one-month period is 

associated with higher odds of elevated BP, as well as earlier studies showing longer term 

effects of non-adherence on BP control (39, 40). We also have analyzed the effects of using 

the mobile phone system over eight-weeks and found significant decreases in SBP (-7 mmHg) 

and DBP (-4.9 mmHg) (29). Our findings of same-day associations may potentially be 

exploited in SMBP-based self-management programs to help hypertensives gain an 

understanding of the immediate impact of hypertensive medication on BP and thereby 

reinforce medication adherence and persistence. However, caution should be observed in 

interpreting our results given that few instances of partial or nonadherence were reported over 

the course of the 8-week study period.   
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Self-reported wellbeing and stress were significantly associated with same-day BP. Again, 

stronger effects were seen in relation to SBP, where SBP was an estimated 4.53 mmHg higher 

when wellbeing was rated poor than when rated good and 3.27 mmHg higher when stress was 

high versus low. Corresponding DBP values were 2.10 for wellbeing and 2.43 for stress. Our 

findings corroborate links between BP and subjective wellbeing reported among hypertensive 

patients with coronary artery disease (41) and lend some support to the lay notion that 

hypertension is not asymptomatic (25). Moreover, our findings regarding stress are in line 

with a large body of research showing strong and consistent associations between stress and 

increases in BP levels (42, 43). Although BP spikes associated with acute stress are normal 

physiological reactions to stressors, chronic stress is acknowledged as an important risk factor 

for cardiovascular disorders and events. (43). It may therefore be beneficial to monitor stress 

levels in connection with SMBP, both to help patients understand the importance of stress 

avoidance and to help clinicians assess the need for instituting stress reduction therapy. 

 

High levels of self-reported physical activity were associated with moderately lower levels of 

same-day SBP (-2.10 mmHg). This finding was not unexpected given that BP-mitigating 

effects of physical activity are yielded after sustained periods of training (44). Physical 

activity is a recommended lifestyle modification for the prevention and management of 

hypertension (45) and tracking physical activity in relation to BP may help to motivate 

patients to adhere to this recommendation. 

 

No significant associations were found between symptoms (dizziness, headache and 

palpitations) and BP, although a near significant association (p=.055) was found between 

headache and DBP. The lack of associations between symptoms and BP may possibly be due 

to the fact that patients reported few symptoms during the study period. Nevertheless, our 
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finding is in line with earlier studies indicating a lack of association between elevated BP and 

symptoms (dizziness, headache and palpitations) (46, 47). Monitoring symptoms in 

connection with SMBP may, however, serve to inform patients who base their medication 

intake on the presence or absence of symptoms (25) that symptom experience is an imperfect 

indicator of BP levels.  

There are a number of limitations to this study. Although the socio-demographic distribution 

of the sample corresponded to that of the hypertensive population in Sweden (36), the sample 

was selected using convenience sampling, which has clear-cut implications for the 

generalizability of our results. The patient sample also reported unusually good medication 

adherence during the study, where only 11 patients reported any nonadherence (in total 7 

reports of partial medication intake and 15 of no medication intake) were reported over the 

course of the 8-week study period. We cannot preclude that our high adherence rates may owe 

to sampling, reactivity or social desirability bias. Larger and randomized studies including 

patients with more diverse adherence levels are needed to confirm our findings.  

 

CONCLUSIONS 

Significant same-day associations were evidenced between BP and medication intake, stress, 

physical activity and wellbeing; however, symptoms that patients often associate with high 

BP were not associated with BP.  

The mobile phone system enables patients to monitor and track BP in relation to patient 

behaviors and experiences and may have important implications for adherence to treatment 

recommendations by helping patients gain first-hand insight into the blood pressure lowering 

effects of medication intake and physical activity, stress avoidance, etc. and inform patients 
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who base adherence decisions on symptom experience that symptoms are poor indicators of 

blood pressure levels. 
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Figure legends 

Figures 1a-d. Distributions of SBP values by reported level of medication intake (yes-some-

no), stress (no-high), wellbeing (good-poor) and physical activity (no-high). Regression lines 

for the relationships between SBP and the independent variables are shown in red. Colors 

denote concentrations of SBP values, where light yellow indicates higher concentrations of 

observations and light blue lower concentrations. The x-axis has been transformed to indicate 

deviations from the intercept SBP value (135 mmHg). NB: medication intake includes 7 

observations where partial medication adherence (1) was reported and 11 observations where 

medication adherence was reported as none (2).  
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Figures 2a-c Distributions of DBP values by reported level of medication intake (yes-some-

no), stress (no-high) and wellbeing (good-poor). Regression lines for the relationships 

between DBP and the independent variables are shown in red. Colors denote concentrations 

of DBP values, where light yellow indicates higher concentrations of observations and light 

blue lower concentrations. The x-axis has been transformed to indicate deviations from the 

intercept DBP value (82 mmHg). NB: medication intake includes 7 observations where partial 

medication adherence (1) was reported and 11 observations where medication adherence was 

reported as none (2). 

REFERENCES 

1. GBD 2013 Risk Factors Collaborators. Global, regional, and national comparative risk 

assessment of 79 behavioural, environmental and occupational, and metabolic risk factors or 

clusters of risks in 188 countries, 1990–2013: a systematic analysis for the Global Burden of 

Disease Study 2013. Lancet 2015;386:2287–23.  

2. Lim SS VT, Flaxman AD, Danaei G , et al. A comparative risk assessment of burden of 

disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–

2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet 

2012;380:2224-60. 

3. Blood Pressure Lowering Treatment Trialists' Collaboration. Sundström J, Arima H, 

Woodward M, et al.  Blood pressure-lowering treatment based on cardiovascular risk: a meta-

analysis of individual patient data. Lancet 2014 Aug 16;384(9943):591–8.  

4. Sundström J, Arima H, Jackson R, et al. Blood Pressure Lowering Treatment Trialists' 

Collaboration Effects of blood pressure reduction in mild hypertension: a systematic review 

and meta-analysis. Ann Intern Med 2015 Feb 3;162(3):184–91.  

5. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of 

cardiovascular disease: meta-analysis of 147 randomised trials in the context of expectations 

from prospective epidemiological studies. BMJ 2009;338:b1665. 

6. Chobanian AV, Bakris GL, Black HR, et al; the National High Blood Pressure Education 

Program Coordinating Committee. Seventh Report of the Joint National Committee on 

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension 

2003;42:1206–52. 

. Lloyd-Jones DM, Hong Y, Labarthe D, et al; on behalf of American Heart Association 

Strategic Planning Task Force and Statistics Committee. Defining and setting national goals 

for cardiovascular health promotion and disease reduction: the American Heart Association’s 

Strategic Impact Goal through 2020 and beyond. Circulation 2010;121:586–613. 

Page 22 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

23 

 

8. Frieden TR, Berwick DM. The “Million Hearts” initiative—preventing heart attacks and 

strokes. N Engl J Med 2011;365:e27.  

9. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for the management 

of arterial hypertension: the Task Force for the Management of Arterial Hypertension of the 

European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). 

Eur Heart J 2013;34:2159–19.  

10. Mills KT, Bundy JD, Kelly TN, et al. Global disparities of hypertension prevalence and 

control. A systematic analysis of population-based studies from 90 countries. Circulation 

2016;134:441–50. 

 

11. Committee on Public health Priorities to Reduce and Control Hypertension in the U.S. 

Population, Institute of Medicine. A Population-Based Policy and Systems Change Approach 

to Prevent and Control Hypertension. National Academy Press; 2010. 

12. Bodenheimer T, Lorig K, Holman H, et al. Patient self-management of chronic disease in 

primary care. JAMA 2002 Nov 20;288(19):2469–75. 

13. Grady PA, Gough LL. Self-management: a comprehensive approach to management of 

chronic conditions. Am J Public Health 2014 Aug;104(8):e25–31.  

14. Sabate E, (ED). Adherence to long-term therapies. Evidence for action. In: World Health 

Organization, editor. Geneva, Switzerland; 2003. 

15. Munger M, Van Tassel B, LaFleur J. Medication nonadherence: an unrecognised risk 

factor. Med Gen Med 2007; 47:826-34. 

16. Gwadry-Sridhar FH, Manias E, Lal L, et al. Impact of interventions on medication 

adherence and blood pressure control in patients with essential hypertension: a systematic 

review by the ISPOR medication adherence and persistence special interest group. Value 

Health 2013; 16:863–71. 

17. Steptoe A, McMunn A. Health behaviour patterns in relation to hypertension: the English 

Longitudinal Study of Ageing. J Hypertens 2009; 27: 224–30. 

18. Zhao G, Ford ES, Mokdad AH. Racial/ethnic variation in hypertension-related lifestyle 

behaviours among US women with self-reported hypertension. J Hum Hypertens 2008; 22: 

608–16. 

19. Mellen PB, Gao SK, Vitolins MZ, et al. Deteriorating dietary habits among adults with 

hypertension: DASH dietary accordance, NHANES 1988–1994 and 1999–2004. Arch Intern 

Med 2008; 168: 308–14. 

20. Glynn LG MA, Smith SM, Shroeder K, et al. Interventions to improve control of blood 

pressure in patients with hypertension (Review). Cochrane Database of Systematic Reviews. 

2010; 3 

21. Bray EP, Holder R, Mant J, et al. Does self-monitoring reduce blood pressure? Meta-

analysis with meta-regression of randomized controlled trials. Ann Med 2010; 42:371–86. 

Page 23 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

24 

 

22. Stergiou GS, Bliziotis IA. Home blood pressure monitoring in the diagnosis and treatment 

of hypertension: a systematic review. Am J Hypertens 2011; 24:123–34. 

23. Uhlig K, Patel K, Ip S, et al. Self-measured blood pressure monitoring in the management 

of hypertension: a systematic review and meta-analysis. Ann Intern Med 2013; 159:185–94. 

24. Fletcher BR, Hartmann-Boyce J, Hinton L, et al. The effect of self-monitoring of blood 

pressure on medication adherence and lifestyle factors: a systematic review. Am J 

Hypertension 2015; 28(10): 1209-29.  

25. Marshall IJ, Wolfe CDA, McKevitt C. Lay perspectives on hypertension and drug 

adherence: systematic review of qualitative research. BMJ 2012; 345: e3953. 

26. Bokhour BG, Cohn ES, Cortes DE, et al. The role of patients' explanatory models and 

daily-lived experience in hypertension self-management. J Gen Intern Med 2012; 27(12): 

1626–34. 

27. Howes F, Warnecke E, Nelson M. Barriers to lifestyle risk factor assessment and 

management in hypertension: a qualitative study of Australian general practitioners. J Hum 

Hypertens 2013; 27(8): 474–78. 

28. Fletcher BR, Hinton L, Hartmann-Boyce J, et al. Self-monitoring blood pressure in 

hypertension, patient and provider perspectives: A systematic review and thematic synthesis. 

Patient Educ Couns 2016 Feb;99(2):210-9. 

29. Bengtsson U, Kjellgren K, Hallberg I, et al. Improved Blood Pressure Control Using an 

Interactive Mobile Phone Support System. J Clin Hypertens (Greenwich). 2016 

Feb;18(2):101-8. 

30. Hallberg I, Taft C, Ranerup A, et al. Phases in development of an interactive mobile 

phone-based system to support self-management of hypertension. Integr Blood Press Control 

2014 May 7;7:19-28. 

31. Bengtsson U, Kasperowski D, Ring L, et al. Developing an interactive mobile phone self-

report system for self-management of hypertension. Part 1: patient and professional 

perspectives. Blood Press 2014 Oct;23(5):288-95.  

32. Bengtsson U, Kjellgren K, Höfer S, et al. Developing an interactive mobile phone self-

report system for self-management of hypertension. Part 2: content validity and usability. 

Blood Press 2014 Oct;23(5):296-306.  

33. Hallberg I, Ranerup A, Kjellgren K. Supporting the self-management of hypertension: 

Patients' experiences of using a mobile phone-based system. J Hum Hypertens 2016 

Feb;30(2):141-6. 

34. Parati G, Stergiou GS, Asmar R, et al. European Society of Hypertension Practice 

Guidelines for home blood pressure monitoring. J Hum Hypertens 2010; 24(12): 779–85. 

35. O'Brien E, Atkins N, Stergiou G, et al. European Society of Hypertension International 

Protocol revision 2010 for the validation of blood pressure measuring devices in adults. Blood 

Press Monit 2010; 15(1): 23–38. 

Page 24 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

25 

 

36. Kjellgren KI, Ahlner J, Dahlöf B, et al. Perceived symptoms amongst hypertensive 

patients in routine clinical practice- a population-based study. 

J Intern Med 1998 Oct;244(4):325-32 

37. Rose AJ, Glickman ME, D'Amore MM, et al. Effects of daily adherence to 

antihypertensive medication on blood pressure control. J Clin Hypertens (Greenwich). 2011 

Jun;13(6):416-21. 

38. Hedna K, Hakkarainen, KM, Gyllensten, H, et al.. Adherence to Antihypertensive 

Therapy and Elevated Blood Pressure: Should We Consider the Use of Multiple Medications? 

PLoS ONE 2015; 10(9): e0137451. 

39. Morisky DE, Green LW, Levine DM. Concurrent and predictive validity of a self-reported 

measure of medication adherence. Med Care 1986;24:67–74. 

40. Fung V, Huang J, Brand R, et al. Hypertension treatment in a medicare population: 

adherence and systolic blood pressure control. Clin Ther. 2007;29:972–84. 

41. Gong Y, Handberg EM, Gerhard T, et al. Systolic Blood Pressure and Subjective Well-

Being in Patients with Coronary Artery Disease. Clin Cardiol 2009 November; 32(11): 627–

32. 

42. Jhalani J, Goyal T, Clemow L, et al. Anxiety and outcome expectations predict the white-

coat effect. Blood Press Monit. 2005 Dec;10(6):317-9. 

43. Brotman DJ, Golden SH, Wittstein IS. The cardiovascular toll of stress. Lancet 2007 Sep 

22;370(9592):1089-100. 

44. Fagard RH, Cornelissen VA. Effect of exercise on blood pressure control in hypertensive 

patients. Eur J Cardiovasc Prev Rehabil 2007 Feb;14(1):12-7. 

45. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the 

JNC 7 report. JAMA 2003 May 21;289(19):2560-72. Epub 2003 May 14. 

46. Cantillon P J Morgan M, Dundas R, et al. Patients' perceptions of changes in their blood 

pressure. J Hum Hypertens 1997 Apr;11(4):221-5. 

47. Chatellier G, Degoulet P, Devries C, et al. Symptom prevalence in hypertensive patients. 

Eur Heart J 1982 Oct;3 Suppl C:45-52. 

Page 25 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020849 on 23 A

ugust 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

  

 

 

Figures 1a-d. Distributions of SBP values by reported level of medication intake (yes-some-no), stress (no-
high), wellbeing (good-poor) and physical activity (no-high). Regression lines for the relationships between 
SBP and the independent variables are shown in red. Colors denote concentrations of SBP values, where 

light yellow indicates higher concentrations of observations and light blue lower concentrations. The x-axis 
has been transformed to indicate deviations from the intercept SBP value (135 mmHg). NB: medication 

intake includes 7 observations where partial medication adherence (1) was reported and 11 observations 
where medication adherence was reported as none (2).  
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Figures 2a-c Distributions of DBP values by reported level of medication intake (yes-some-no), stress (no-
high) and wellbeing (good-poor). Regression lines for the relationships between DBP and the independent 
variables are shown in red. Colors denote concentrations of DBP values, where light yellow indicates higher 
concentrations of observations and light blue lower concentrations. The x-axis has been transformed to 

indicate deviations from the intercept DBP value (82 mmHg). NB: medication intake includes 7 observations 
where partial medication adherence (1) was reported and 11 observations where medication adherence was 

reported as none (2).  
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ABSTRACT 

Objectives 

To explore relationships between patients’ self-monitoring of blood pressure (BP) and their 

concurrent self-reports of medication intake, wellbeing stress, physical activity and 

symptoms. 

Design 

The study is a secondary analysis of a prospective study exploring the 8-week effectiveness of a 

mobile phone based self-management support system for patients with hypertension. 

Setting 

Four primary health care centers situated in urban and suburban communities in Sweden. 

Participants 

50 patients undergoing treatment for hypertension. 

Primary and Secondary Outcome Measures 

Associations between systolic (SBP) and diastolic blood pressure (DBP) and 10 self-report 

lifestyle-related variables were analyzed using linear mixed-effects modelling. 

Results 

Medication intake, better wellbeing, less stress and greater physical activity were associated 

variously with lower same-day SBP and DBP. The single strongest association was found 

between medication intake and SBP, where failure to take medications was associated with an 

estimated 7.44 mmHg higher SBP. To a lesser degree, medication intake was also associated 

with DBP, where DBP was 4.70 mmHg higher in cases where medications were not taken. 

Wellbeing and stress were consistently associated with SBP and DBP, whereas physical 

activity was associated with only SBP. None of the symptoms dizziness, headache, 

restlessness, fatigue or palpitations were significantly associated with BP. 

Conclusions 
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Our findings that BP was associated with patients’ BP management behaviors and 

experiences of wellbeing and stress but not symptoms suggest that enabling persons with 

hypertension to monitor and track their BP in relation to medication intake, physical activity, 

wellbeing, stress and symptoms may be a fruitful way to help them gain first-hand 

understanding of the importance of adherence and persistence to treatment recommendations.   

Trial registration 

ClinicalTrials.gov registration number: NCT01510301. 

Keywords 

Hypertension, self-management, adherence, self-reports, stress, symptoms, wellbeing, 

physical activity, associations, blood pressure variability  

 

 

ARTICLE SUMMARY 

Strengths and limitations of this study 

• The study is unique in investigating associations between self-monitored blood 

pressure and same-day, self-reported medication intake, wellbeing, stress, physical 

activity and symptoms during 56 consecutive days 

• The mobile phone-based self-management support system was designed in 

collaboration with patients with hypertension as a tool to enable and empower 

patients to monitor and track their BP in relation to self-reported stress, physical 

activity, wellbeing, symptoms, and medication intake with a web-based dashboard 

feedback module. 

• The generalizability of the study results may be impeded by the use of convenience 

sampling for patient selection.  
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• The patients reported unusually good medication adherence during the study, 

suggesting the need to perform larger studies with patients with more diverse 

adherence levels in order to confirm our findings. 

 

 

INTRODUCTION 

Hypertension is the leading modifiable risk factor for premature death and global disease 

burden [1, 2]. Reducing hypertension has been shown to lower the risk of acute myocardial 

infarction, stroke, kidney failure, congestive heart failure and cardiovascular death [3-5].  

Despite strong evidence and consensus about the treatment and control of hypertension, [6-9] 

nonetheless only an estimated 13.8% of adults with hypertension worldwide have their blood 

pressure (BP) controlled [10].  

As in other chronic conditions, successful treatment outcomes in hypertension depend 

ultimately on effective patient self-management [11, 12, 13]. However, patient adherence to 

hypertension treatment recommendations is notoriously poor, both with respect to medication 

taking [14-16] and in particular to lifestyle changes [17-19], underlining the need for 

supporting patients in their self-management efforts. To date, interventions aimed at 

supporting self-management have focused mainly on self-monitoring of BP (SMBP), 

educational programs, and counselling [20].  SMBP has been found to contribute to improved 

BP control [21-23] and medication adherence [24]; however, evidence for the independent 

effects of education and counselling remains weak [20].  

It has been suggested that educational interventions have failed because they have not 

sufficiently understood, acknowledged and addressed patients’ lay perspectives on the 

causation and risks of hypertension [25-27]. Lay beliefs are not always consistent with 
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biomedical opinion [26], particularly regarding the impact of stress on BP, the experience of 

BP symptoms, and drug side effects, tolerance and dependency, which may partly explain 

why patient adherence and persistence rates are poor. For example, many patients believe that 

stress is the main cause of hypertension and that headache, palpitations and dizziness are 

caused by high BP, and hence patients may cease to adhere to treatment during periods of low 

stress or in the absence of symptoms [25]. On the other hand, SMBP may improve medication 

adherence by providing direct feedback on BP levels, independent of experienced symptoms, 

and thereby contribute to BP control by reinforcing behaviors that lower BP [28].  

This study is part of a research program aimed at developing and evaluating a mobile phone-

based self-management system to support hypertension self-management. Recently we 

reported significant BP improvements with the use of the system [29]. Designed in 

accordance with patients’ expressed wishes and perceived needs for support in self-managing 

hypertension [30-32], the system was hence developed as a tool to enable and empower 

patients to explore and track variations in their BP in relation to self-reported stress, physical 

activity, wellbeing, symptoms, and medication intake with a web-based dashboard feedback 

module. In follow-up interviews, patients indicated that the system helped them to gain 

insight into the importance of adhering to treatment advice and thereby gain control in 

managing their condition [33]. However, the usefulness of the feedback module rests on the 

existence of perceptible links between BP and patient self-reports. A person-centered 

perspective that emphasizes the value of the patient’s own experiences of BP by increased 

participation in care, self-reporting and documentation has earlier been shown to be beneficial 

[33]. The purpose of the present study was to explore relationships between patients’ SMBP 

and their concurrent self-reports of stress, physical activity, wellbeing, symptoms, and 

medication intake. 
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METHODS 

This study was a secondary analysis of a prospective cohort study exploring the 8-week 

effectiveness of a mobile phone based self-management support system for patients with 

hypertension. The study took place between February and June 2012 and was approved by the 

Regional Ethics Board in Gothenburg, Sweden (study code 551-09 and T-100-12), conducted 

in accordance with the Declaration of Helsinki and registered in the Clinical Trial Protocol 

Registration System (ClinicalTrials.gov NCT01510301) under the acronym MIHM (Mobile 

phone In Hypertension Management).  

 

Recruitment and participants 

Participants were recruited using convenience sampling. Sample size was estimated for the 

original study [29] based on a standard deviation (SD) of 12 for systolic BP (SBP) and 7 for 

diastolic BP (DBP). For detecting a difference of 8 mmHg SBP and 5 mmHg DBP with 90% 

power and at a 5% significance level, the sample size was estimated to 50 patients. Seventy-

three consecutive patients undergoing treatment for hypertension at four primary health care 

centers in southern Sweden were asked to participate. Inclusion criteria were: currently being 

medically treated for hypertension, age ≥ 30 years, ability to understand and read Swedish, 

access to a mobile phone with an internet connection. Eligible patients were informed about 

the study orally and in writing, and were ensured confidentiality before giving their written 

informed consent. In total, 54 patients agreed to participate, of whom 3 withdrew before study 

start.  

 

Patient involvement 
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Patients with hypertension were involved in all phases of the design, development and 

evaluation of the mobile-phone based self-management support system. The research question 

for this study was generated from patient interviews [33] and its merits were confirmed in interviews 

with professionals.  Patients were not involved in drafting the paper. As previously reported [30-

33], the system was designed based on interviews in which patients were asked to describe 

what they needed to better self-manage their hypertension; iteratively developed in 

collaboration with patients, researchers and clinicians [30-32]; evaluated for content validity, 

reliability and usability in focus group interviews, cognitive interviews and piloting [32]; 

examined regarding usability and usefulness in individual patient interviews [33] 

The intervention 

The interactive self-management support system 

As previously described in detail, the system includes four components that have not 

previously been integrated into the same intervention for supporting self-management of 

hypertension  [29]: 1) a module for self-reporting wellbeing, symptoms, lifestyle, medication 

intake and side effects of medication; 2) daily home BP and pulse measurements with a 

validated BP monitor; 3) tailored weekly motivational messages to encourage lifestyle 

changes and; 4) web-based dashboard to enable patients, as well as physicians and nurses, to 

examine the patient´s BP in relation to the self-reports. The communication platform for the 

system was developed by Circadian Questions (CQ), 21st Century Mobile 

[http://www.cqmobil.se]. 

 

Study procedures 
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Participants were instructed how to use the self-management system and BP monitors by 

research nurses. They were requested to perform BP measurements and self-reports every 

evening for eight consecutive weeks and to answer self-report items first and then to measure 

their BP. The reporting system was open in the evenings between 5 pm and 11 pm and reminders 

were sent at 7 pm. The actual order in which these two tasks were performed could not be 

determined from the database, although in the report interface the items were provided first, 

after which space for BP registration was given. In subsequent interviews participants 

confirmed that they followed the instructed order [33]. The data reported in through the 

participants’ mobile phones were automatically registered in a secure database. 

The system was tailored to the individual patients, such that drug side-effects items (delivered 

maximum twice weekly) were selected based on the patient’s antihypertensive medication; 

use and choice of motivational messages (delivered maximum twice weekly) were based on 

patients’ preferences; and use of daily reminders was optional.   

Patient self-reports  

Development and evaluation of the items comprising the self-report module are described in 

detail elsewhere [31, 32]. Briefly, items were iteratively developed from analyses of patient 

and professionals (physicians, nurses, pharmacists) focus group interviews about what they 

considered helpful for supporting self-management of their BP. Six major areas represented 

by 16 items were identified: three biomedical markers (SBP, DBP and pulse); three symptoms 

(dizziness, headache and palpitations); four medication side-effects (swollen ankles, dryness 

of mouth, dry cough and micturition); five quality of life variables (general well-being, stress, 

restlessness, sleep and fatigue); adherence to medication (medication intake); and one lifestyle 

variable physical activity. Items were formulated as questions, with “today” as the timeframe. 

Patients rated items against five-step response scales with anchors not at all (0) - extremely 
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(4) or very bad (0) - very well/good (4), except medication intake (“Have you taken your 

medication today?”) which was rated on a three-step scale with options yes (0), some of it (1) 

and no (2) and wellbeing with an inverse five-step scale from very good (0) to very bad (4) 

(see Supplementary table 1). Blood pressure and pulse were measured and registered as 

values obtained from BP monitors.   

 

Blood pressure self-monitoring 

Patients were instructed how to measure their BP in accordance with the European Society of 

Hypertension Practice guidelines for home blood pressure monitoring (HBPM) [34]. A home 

blood-pressure monitor (BP A200 AFIB; Microlife USA Inc., Clearwater, FL, USA) was used 

and validated according to the international protocol of the European Society of Hypertension 

[35].  

 

Data analysis 

Descriptive statistics were used to characterize patient demographic and clinical variables. 

Repeated measures linear mixed-effects modeling was used, with SBP and DBP as dependent 

variables. The variance/covariance structure was specified as autoregressive to guard against 

violations to sphericity assumptions. All models included a random intercept. Models for the 

two dependent variables included all 10 self-report variables, excluding medication side-effect 

variables, as fixed effects. Side-effect variables were excluded because they were assessed 

only biweekly. Individuals with partial missing data but with at least one observation for each 

of the independent variables were included. As customary in similar blood pressure studies, 

day one of the study was excluded from analyses due to abnormally high blood pressure 

values, hence 55 days were analyzed. Statistical significance was set to p-value < 0.05 
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throughout. Analyses were performed with SPSS version 22 for Windows, Chicago, IL, USA 

and Mathematica version 11.0 for Mac (Wolfram Research, Champaign, IL, USA).  

 

 

 

RESULTS 

Patient characteristics, co-morbidity and medication are shown in Table 1. Of the 51 recruited 

patients who started the study, one participated only sporadically during the first weeks and 

dropped out entirely after four weeks and was therefore excluded from the analyses. More 

men than women took part, as is common in the middle-aged, and other demographics were 

also comparable with the general hypertensive population in Sweden [36]. The self-reported 

BP data were validated against the BP values saved in the BP monitor.  Among 14 

consecutive patients selected for comparison [33], only 21 values of 1448 of both SBP and 

DBP differed. 

Table 1. Patient characteristics (n=50) 

 
Females n (%) 24    (48%) 

Mean age (range) 59.5 (33-81) 

Mean SBP (range), mmHg
a
 142  (115-195) 

Mean DBP (range), mmHg
a
 84    (61-113) 

Mean years with hypertension (range) 8.5   (< 1 – 32) 

Co-morbidity n, (%)
b
 22    (52) 

Co-morbidities n (%):  

Cardiovascular disease   3      (14) 

Decreased renal function  2      (9) 

Diabetes 7      (32) 

Musculoskeletal disorder 3      (14) 
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Other 7      (32) 

Type of antihypertensive medication, n. 

   

Diuretics 12 

Potassium‐sparing diuretics 4 

β‐blockers 18 

Calcium channel blockers 22 

ACE inhibitors 11 

Angiotensin II receptor antagonists 21 

ACE inhibitors+diuretic 1 

Angiotensin II receptor antagonist+diuretic 5 

Number of antihypertensive medications, n. 

 

One 19 

Two 19 

Three 11 

Four 1 

Marital status  

Married 39    (78) 

Unmarried 10    (20) 

Widow / widower 1      (2) 

Education, n (%)  

Compulsory school ( ≤  9 years) 5      (10) 

High school (9-12 years) 22    (44) 

University 22    (44) 

Missing 1      (2) 

Employment status, n (%)  

Employed 28    (56) 
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Of the potential 2750 observations per variable (50 patients*55 days) the average number of 

observations was 2475 (range=2473-2478), or about 10% missing. Missing data were 

clustered to a few participants and primarily over sustained periods of a few days. In follow-

up interviews, reported partly in Hallberg I. et al. [33], participants explained that reasons for 

non-reporting were primarily due to poor internet connections during visits to their 

countryside vacation homes or to inconvenience, unavailability and/or costs associated with 

internet use during trips abroad. There were only 22 reported instances of partial  or nonadherence 

and these were spread over 11 individuals, or roughly 2 times/ individual during the 55-day study 

period. 

Links between systolic blood pressure and self-report variables 

Long-term sick leave 1      (2) 

Retired 19    (38) 

Missing 2      (4) 

a
 Mean of patients’ 3-4 baseline BP measurements  

b
 Information provided by patients 
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Mixed models analysis, including all 10 independent variables, yielded significant 

associations between SBP and medication intake, physical activity, wellbeing and stress 

(Table 2). Self-reported medication intake was associated with the largest decrease in SBP, 

where better adherence was associated with a 3.72 mmHg decrease in SBP per reported 

adherence level. SBP increased 1.09 mmHg with increasing levels of stress, 1.51 mmHg with 

decreasing levels of wellbeing and 0.70 mmHg with decreasing levels of physical activity. 

Figures 1a-d show the distribution of SBP in relation to patient ratings along with regression 

lines for each of the significant self-reported variables.  

 

Table 2. Linear mixed-effect model for associations between systolic blood pressure and self-

report variables  

 

Variable Estimate Std. Error df t Sig. 95% CI  

Intercept 134.40 1.93 63.14 69.57 .000 130.54-138.26  

Medication 

intake 

3.72 1.19 2311.12 3.13 .002 1.39-6.04  

Physical 

activity 

-.70 .22 2274.21 -3.14 .002 -1.13--.26  

Wellbeing -1.51 .47 2407.81 -3.23 .001 -.59--2.42  

Stress 1.09 .36 2400.96 3.04 .002 .39-1.80  

Headache .52 .46 2389.47 1.14 .253 -.37-1.41  

Sleep .57 .29 2208.24 1.95 .052 -.00-1.15  

Dizziness -.69 .65 2381.66 -1.05 .293 -1.97-.59  

Palpitation -.14 .57 2406.14 -.24 .808 -1.25-.98  

Fatigue -.32 .33 2364.10 -.98 .328 -.96-.32  

Restless .88 .55 2403.86 1.59 .113 -.21-1.96  

 

 

 

------------------------------ 

Figure panels 1a-d about here 
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------------------------------ 

Links between diastolic blood pressure and self-report variables 

A model including all 10 self-report variables showed significant associations between 

medication intake, wellbeing and stress (Table 3). Self-reported medication intake was 

associated with the largest decrease in DBP, where better adherence was associated with a 

2.35 mmHg decrease in DBP per reported adherence level. Higher levels of stress and poorer 

wellbeing were associated with small DBP increases (0.81, 0.70 mmHg/ scale step, 

respectively). Figures 2a-c show the distribution of DBP in relation to patient ratings along 

with regression lines for each of the significant self-reported variables. 

 

Table 3. Linear mixed-effect model for associations between diastolic blood pressure and self-

report variables  

 

 

Variable Estimate 

Std. 

Error df t Sig. 95% CI 

Intercept 78.44 1.00 69.14 78.43 .000 76.44-80.43 

Medication 

intake 

2.35 .71 2326.88 3.31 .001 .96-3.77 

Physical 

activity 

-.11 .13 2300.01 -.79 .428 -.37-.15 

Wellbeing -.70 .28 2411.21 -2.51 .012 -.15--1.24 

Stress .81 .22 2404.96 3.79 .000 .39-1.23 

Headache .52 .27 2383.25 1.92 .055 -.01-1.05 

Sleep .30 .18 2239.18 1.69 .090 -.05-.64 

Dizziness -.60 .39 2390.90 -1.52 .128 -1.36-.17 

Palpitations .11 .34 2415.45 .32 .746 -.55-.77 

Fatigue -.178 .20 2383.60 -.88 .381 -.55-.21 

Restless .28 .33 2408.78 .85 .395 -.37-.93 

 

 

------------------------------ 

Figure panels 2a-c about here 
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------------------------------ 

 

 

 

DISCUSSION 

Our results showed that patient self-reports of medication intake, wellbeing, stress and 

physical activity were associated variously with same-day SBP and DBP. The single strongest 

association was found between medication intake and SBP, where failure to take medications 

was associated with a cumulative  increase in SBP of 7.44 mmHg . To a lesser degree, 

medication intake was also associated with DBP, where DBP was 4.70 mmHg higher in cases 

where medications were not taken. Wellbeing and stress were consistently associated with 

SBP and DBP, whereas physical activity was associated only with SBP. None of the assessed 

symptoms (dizziness, headache, wellbeing, fatigue and palpitations) were significantly 

associated with BP, although a near significant association was seen between headache and 

DBP.  

 

To our knowledge this is the first study to report independent effects of self-reported non-

adherence to medication on same-day BP. Our results, particularly regarding SBP, 

corroborate and extend longer-term BP effects reported by, for example, Rose et al. [37] that 

week-long periods of poor adherence are associated with about 12-15/7-8 mmHg higher BP 

than good adherence, by Hedna et al. [38] that non-adherence during a one-month period is 

associated with higher odds of elevated BP, as well as earlier studies showing longer term 

effects of non-adherence on BP control [39, 40]. We also have analyzed the effects of using 

the mobile phone system over eight-weeks and found significant decreases in SBP (-7 mmHg) 
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and DBP (-4.9 mmHg) [29]. Our findings of same-day associations may potentially be 

exploited in SMBP-based self-management programs to help hypertensives gain an 

understanding of the immediate impact of hypertensive medication on BP and thereby 

reinforce medication adherence and persistence. However, caution should be observed in 

interpreting our results given that few instances of partial or nonadherence were reported over 

the course of the 8-week study period and the missing data rate was 10%.   

 

Self-reported wellbeing and stress were significantly associated with same-day BP. Again, 

stronger effects were seen in relation to SBP, where SBP was an estimated 4.53 mmHg higher 

when wellbeing was rated poor than when rated good and 3.27 mmHg higher when stress was 

high versus low. Corresponding DBP values were 2.10 for wellbeing and 2.43 for stress. Our 

findings corroborate links between BP and subjective wellbeing reported among hypertensive 

patients with coronary artery disease [41] and lend some support to the lay notion that 

hypertension is not asymptomatic [25]. Moreover, our findings regarding stress are in line 

with a large body of research showing strong and consistent associations between stress and 

increases in BP levels [42, 43]. Although BP spikes associated with acute stress are normal 

physiological reactions to stressors, chronic stress is acknowledged as an important risk factor 

for cardiovascular disorders and events. [43]. It may therefore be beneficial to monitor stress 

levels in connection with SMBP, both to help patients understand the importance of stress 

avoidance and to help clinicians assess the need for instituting stress reduction therapy. 

 

High levels of self-reported physical activity were associated with moderately lower levels of 

same-day SBP (-2.10 mmHg). This finding was not unexpected given that BP-mitigating 

effects of physical activity are yielded after sustained periods of training [44]. Physical 

activity is a recommended lifestyle modification for the prevention and management of 
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hypertension [45] and tracking physical activity in relation to BP may help to motivate 

patients to adhere to this recommendation. 

 

No significant associations were found between symptoms (dizziness, headache and 

palpitations) and BP, although a near significant association (p=.055) was found between 

headache and DBP. The lack of associations between symptoms and BP may possibly be due 

to the fact that patients reported few symptoms during the study period. Nevertheless, our 

finding is in line with earlier studies indicating a lack of association between elevated BP and 

symptoms (dizziness, headache and palpitations) [46, 47]. Monitoring symptoms in 

connection with SMBP may, however, serve to inform patients who base their medication 

intake on the presence or absence of symptoms [25] that symptom experience is an imperfect 

indicator of BP levels.  

There are a number of limitations to this study. Although the socio-demographic distribution 

of the sample corresponded to that of the hypertensive population in Sweden [36], the sample 

was selected using convenience sampling, which has clear-cut implications for the 

generalizability of our results. The patient sample also reported unusually good medication 

adherence during the study, where only 11 patients reported any nonadherence (in total 7 

reports of partial medication intake and 15 of no medication intake) were reported over the 

course of the 8-week study period. We cannot preclude that our high adherence rates may owe 

to sampling, reactivity or social desirability bias. Larger and randomized studies including 

patients with more diverse adherence levels are needed to confirm our findings.  

 

CONCLUSIONS 
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Significant same-day associations were evidenced between BP and medication intake, stress, 

physical activity and wellbeing; however, symptoms that patients often associate with high 

BP were not associated with BP.  

The mobile phone system enables patients to monitor and track BP in relation to patient 

behaviors and experiences and may have important implications for adherence to treatment 

recommendations by helping patients gain first-hand insight into the blood pressure lowering 

effects of medication intake and physical activity, stress avoidance, etc. and inform patients 

who base adherence decisions on symptom experience that symptoms are poor indicators of 

blood pressure levels. 
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Figures 1a-d. Distributions of SBP values by reported level of medication intake (yes-some-

no), stress (no-high), wellbeing (good-poor) and physical activity (no-high). Regression lines 

for the relationships between SBP and the independent variables are shown in red. Colors 

denote concentrations of SBP values, where light yellow indicates higher concentrations of 

observations and light blue lower concentrations. The x-axis has been transformed to indicate 

deviations from the intercept SBP value (135 mmHg). NB: medication intake includes 7 

observations where partial medication adherence (1) was reported and 11 observations where 

medication adherence was reported as none (2).  

Figures 2a-c Distributions of DBP values by reported level of medication intake (yes-some-

no), stress (no-high) and wellbeing (good-poor). Regression lines for the relationships 

between DBP and the independent variables are shown in red. Colors denote concentrations 

of DBP values, where light yellow indicates higher concentrations of observations and light 

blue lower concentrations. The x-axis has been transformed to indicate deviations from the 

intercept DBP value (82 mmHg). NB: medication intake includes 7 observations where partial 

medication adherence (1) was reported and 11 observations where medication adherence was 

reported as none (2). 
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Figures 1a-d. Distributions of SBP values by reported level of medication intake (yes-some-no), stress (no-
high), wellbeing (good-poor) and physical activity (no-high). Regression lines for the relationships between 
SBP and the independent variables are shown in red. Colors denote concentrations of SBP values, where 

light yellow indicates higher concentrations of observations and light blue lower concentrations. The x-axis 
has been transformed to indicate deviations from the intercept SBP value (135 mmHg). NB: medication 

intake includes 7 observations where partial medication adherence (1) was reported and 11 observations 
where medication adherence was reported as none (2).  
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Figures 2a-c Distributions of DBP values by reported level of medication intake (yes-some-no), stress (no-
high) and wellbeing (good-poor). Regression lines for the relationships between DBP and the independent 
variables are shown in red. Colors denote concentrations of DBP values, where light yellow indicates higher 
concentrations of observations and light blue lower concentrations. The x-axis has been transformed to 

indicate deviations from the intercept DBP value (82 mmHg). NB: medication intake includes 7 observations 
where partial medication adherence (1) was reported and 11 observations where medication adherence was 

reported as none (2).  
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Supplementary table 1. Items and response scales.  

Items* Abbreviated items Response formats (steps) 
What is your systolic blood pressure 
today? Systolic BP today? Value 

What is your diastolic blood pressure 
today? Diastolic BP today? Value 

What is your pulse today? Pulse today? Value 

How do you feel today? How do you feel today? Good - Bad (5) 

Have you taken your blood pressure 
medicine as prescribed today? 

Taken your medicine 
today? 

Yes – Some of it - No (3) 

Have you felt tired today? Tired today? Not all all - Extremely (5) 

Have you felt dizzy today? Dizzy today? Not all all - Extremely (5) 

Have you had headache today? Headache today? Not all all - Extremely (5) 

Have you had heart palpitations today? Heart palpitations today? Not all all - Extremely (5) 

Have you felt restless today? Restless today? Not all all - Extremely (5) 

How did you sleep last night? How did you sleep last 
night? Bad - Good (5) 

Have you been physically active today? Physically active today? Not all all - Extremely (5) 

Have you felt stressed today? Felt stressed today? Not all all - Extremely (5) 

Have you had swollen ankles today?** Swollen ankles today? Not all all - Extremely (5) 

Has your mouth been dry today?** Dry mouth today? Not all all - Extremely (5) 

Have you had a dry cough today?** Dry cough today? Not all all - Extremely (5) 

Have you passed water often today?** Passed water often 
today? Not all all - Extremely (5) 

*Full questions were presented in participants’ instruction booklets and were abbreviated to fit mobile 
phone displays. Items and response formats are translated from Swedish. 

**Drug side-effect questions were asked only when relevant for prescribed medications 
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