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Abstract
Home blood pressure monitoring (HBPM), which integrates patients into their treatment program, is a self-management tool.
The prevalence of home sphygmomanometer ownership and patient compliance with HBPM guidelines are not well known,
especially in developing and underdeveloped countries. The aims of this study were to measure the prevalence of home
sphygmomanometer ownership among hypertensive subjects through a nationwide ﬁeld survey (PatenT2), to investigate the
validation of sphygmomanometers and consistency of the user arm circumference and cuff size of the upper-arm device
owned, as well as to compare blood pressure (BP) readings between hypertensive subjects who have or do not have a
sphygmomanometer. Sample selection was based on a multistratiﬁed proportional sampling procedure to select a nationally
representative sample of the adult population (n = 5437). Of 1650 hypertensive subjects, 332 (20.1%) owned a device, but
the percentage of patients who owned a sphygmomanometer was 28.8% among patients who were aware of their
hypertension (260/902). The usage of wrist devices and nonvalidated devices is common, and selection of an appropriate
cuff size is ignored. Linear-regression analysis showed that owning a BP monitor is associated with decreases of 3.7 mmHg
and 2.8 mmHg for systolic and diastolic BPs, respectively. Many patients do not own a sphygmomanometer. The decrease of
systolic and diastolic BPs among BP monitor owners is a striking ﬁnding. The implementation of a hypertension care
program consisting of sphygmomanometer reimbursement and training of patients in its use for HBPM might be costeffective.

Introduction
Home blood pressure monitoring (HBPM) integrates
patients into their treatment program and is a common selfmanagement tool, especially in developed countries [1–5].
Substantial evidence regarding the usefulness of HBPM in
the management of hypertension (HT) has accumulated
over the last two decades [6–9], and HBPM is recommended in HT guidelines [10–14]. Home blood pressure
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(BP) monitoring can also be supported by pharmacy assistance, telemonitoring or self-management programs [15–
17]. A recent systematic review found HBPM to be superior
to ofﬁce measurements in diagnosing uncontrolled HT,
assessing the efﬁciency of antihypertensive agents, and
improving patients’ compliance and HT control [18].
An accurate and validated [19–22] sphygmomanometer,
the correct measurement of BP and adherence to the current
guidelines regarding when and how BP should be measured
at home settings are the essentials of reliable HBPM.
However, the prevalence of home sphygmomanometer
ownership and patient awareness and compliance with the
HBPM guidelines are not well known, especially in
developing and underdeveloped countries. In Turkey, a
developing country with a high prevalence of HT (30.3%),
we conducted a survey (published in this journal) using
computer-assisted telephone interviewing among 2747
hypertensive patients in 2011; of the respondents, 1281
(46.6%) had a home sphygmomanometer [23–26].
Computer-assisted telephone interviewing has some limitations; therefore, we were unable to investigate the
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validation of the sphygmomanometers, the consistency of
the arm circumference of the user and the cuff size of the
upper-arm device owned and the possible beneﬁcial effects
of having a sphygmomanometer. The aims of this study
were to measure the prevalence of home sphygmomanometer ownership among hypertensive subjects through a
nationwide ﬁeld survey [27], to investigate the validation
of sphygmomanometers, to determine the consistency of
user arm circumference and the cuff size of the upper-arm
device owned and to compare BP readings between
hypertensive subjects who have or do not have a
sphygmomanometer.

Methods
Research population and sampling
The PatenT2 study [27] was designed, directed and fully
supported by the Turkish Society of Hypertension and
Renal Diseases. PatenT2 sample selection was based on a
multistratiﬁed proportional sampling procedure to select a
nationally representative sample of the adult population
over 18 years of age (n = 5437). During the home visits, a
standard face-to-face interview questionnaire was administered to collect data on social demographics and behavioral
characteristics, and a minimum of three consecutive BP
measurements were taken. A total of 5437 individuals [2704
men (49.7%) and 2733 women (50.3%), 74.3% urban and
25.7% rural residents] were randomly selected from 26
cities, and all completed the face-to-face interview questionnaire, and BP and anthropometric measurements were
taken over 92 days.

Data collection
In total, 30 health professionals who attended a training
course to familiarize themselves with the survey and measurement techniques before the survey participated. The
health professionals were trained in BP measurement and
anthropometric measurement protocols.
Each team was given the same model of an automatic
oscillometric BP-measuring device (Omron M3 Intellisense,
HEM-7051-E, Tokyo, Japan), two cuffs (22–32 cm and
33–42 cm), a weighing scale and a measuring tape. In
addition, each team had an iPad 2, which was used to
transfer the collected data electronically via the Internet to
the main computer at the study center. In the study center,
two supervisors were responsible for the quality control of
the collected data.
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Measurements and deﬁnitions
Systolic and diastolic blood pressure (SBP, DBP), heart
rate, weight, height, and waist and arm circumferences were
measured according to standard protocols. Body mass index
(BMI) was also calculated. Obesity and overweight were
deﬁned as BMIs of at least 30 and 25–29.9 kg/m2,
respectively.
BP measurements were completed according to the
recommendations at the time the study was performed [28].
None of the participants had alcohol or tea/coffee intake nor
had smoked at least 30 min prior to the measurement.
Initially, each participant’s BP was measured using appropriately sized cuffs after 5 min of rest in a sitting position
with his/her back supported. If the reading was higher in
one arm, that arm was used for the following measurements.
At least three consecutive BP measurements were obtained,
with a time interval of at least 2 min between each measurement according to the recommendations of the European Society of Hypertension (ESH). If the difference
between the last two measurements was <5 mmHg, the
arithmetic mean of the second and third BP measurements
was noted as the visit BP. A fourth or multiple additional
measurements were obtained when there was a difference of
≥5 mmHg between the last two measurements. When the
difference between the last two measurements was <5
mmHg, the arithmetic mean of the last two BP sure measurements was recorded as the visit BP.
Hypertension was deﬁned as an average SBP of ≥140
mmHg and an average DBP of ≥90 mmHg, or previously
diagnosed HT, and/or the use of antihypertensive medication regardless of BP readings. Awareness of HT was
described as any previous diagnosis of HT by a health
professional among the participants identiﬁed as having HT.
Treatment of HT was deﬁned as the use of antihypertensive
medication at the time of the interview. Control of HT was
deﬁned as an SBP < 140 mmHg and a DBP < 90 mmHg
[23]. The control rates among patients receiving antihypertensive medication were also recorded.

Arm circumference
Mid-arm circumference (the midpoint of the acromion and
olecranon) was measured with a plastic tape on bare
extremities. Arm circumference was measured from both
arms, but only the measurements taken from the right arm
were reported. The right mid-arm circumference for the
PatenT study, conducted in 2003 [20], was calculated from
the following formula derived from the linear-regression
analysis in the PatenT2 study to identify independent predictors of right mid-arm circumference:
Right-arm circumference = 21.303 + ((−0.001)*age) +
((−1.245)*gender) + (0.379*BMI) + (0.137*residence)
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Cuff size and device validation
Cuff size was checked only for upper-arm devices including
aneroid and mercury devices. Information regarding the cuff
size of the upper-arm devices was taken from the device or
box of the device, if it was available. Unless the owner gave
speciﬁc information, the device was considered standard
(22–32 cm). An automated upper-arm device listed and
recommended on either or both of the dabl Educational
Trust and the British Hypertension Society websites [29,
30] was considered “validated”.
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(30.3%) of the PatenT2 study were hypertensive, and 54.7%
of the hypertensive patients (n = 902) were aware of their
diagnosis. The use of pharmacological treatment and control rates were 47.4% and 28.7%, respectively. Among the
5437 participants including normotensive and unaware
hypertensive patients, 660 (12%) had a home sphygmomanometer (95% CI: 11.3–13.0%), and the percentage of
patients owning a device was 8.7% (328/3787). Of 1650
hypertensive subjects, 332 (20.1%) had a device (95% CI:
18.2–22.1), but the percentage of patients owning a
sphygmomanometer was 28.8% among patients who were
aware of their disease (260/902).

Telephone survey in 2017
In 2017, 5 years after the ﬁeld survey, 1318 hypertensive
subjects who did not own a sphygmomanometer were called
by telephone to ask whether they now owned a sphygmomanometer. If they had one, the type of the sphygmomanometer (nonautomated, automated upper arm or automated
wrist) was recorded.

Statistical analysis
Predictive analytics software (PASW statistics 18, 2009)
was used for the analysis. A type-I error level of less than
5% was used to infer statistical signiﬁcance. The variables
were investigated using visual (histograms, probability
plots) and analytical (Kolmogorov–Smirnov/Shapiro–Wilk
tests) methods to determine whether they were normally
distributed. Univariate analyses were used to identify the
variables associated with the possession of a blood-pressure
measuring device of hypertensive patients who were aware
of their HT; for this, the chi-square and Mantel–Haenszel
tests were used as appropriate. The Mann–Whitney U test
was used for the comparison of SBP and diastolic BPs both
in the HT groups and the aware group in terms of the device
type and device validation. For the multivariate analysis, the
possible factors identiﬁed with univariate analyses were
further entered into a logistic regression analysis with
backward selection to determine the independent predictors
of possessing a blood-pressure measuring device for hypertensive patients who were aware of their HT.
Hosmer–Lemeshow and Pearson's goodness-of-ﬁt statistics
were used to evaluate the model ﬁt. To investigate the factors
affecting the baseline SBP and DBPs in the aware group,
multivariate linear-regression analysis was performed.

Results
The basic demographic information of the participants was
published previously [23]. A total of 1650 participants

Factors associated with the ownership of a
sphygmomanometer among hypertensive patients
who were aware of their HT
Various factors related to the ownership of a sphygmomanometer among the patients who were aware of their HT
are presented in Tables 1 and 2. Sphygmomanometer
ownership was signiﬁcantly higher among participants living in urban areas, participants with higher education status,
participants with higher income level and patients using
antihypertensive medication. Multivariate logistic regression analysis demonstrated that the factors associated with
owning a sphygmomanometer were female gender, older
age, higher educational status, living in urban areas and
antihypertensive drug use (Table 2).

Device information
Of 660 devices, 482 (73%) were automated, wrist devices
being more common. Table 3 shows the types of sphygmomanometers owned among all participants and hypertensive subjects who were aware of their HT.

HBPM practice among participants
Of the device owners, 429 (65%) stated that they had not
had any training regarding the operation of the device. The
participants learned the usage of their devices mainly from
their relatives and the sellers; the percentage of patients who
learned to use the device from healthcare professionals,
physicians or nurses was 29%, including relatives working
in health care.
Among patients who were aware of their HT, 50% stated
that they had not had any training regarding the operation of
the device, and the percentage of patients who learned to
use the device from healthcare professionals was 32%.
Among the patients who were aware of their HT, 204 had
automated devices, 74 (36%) of which were validated.
Twenty-two (18%) of the 120 wrist devices and 52 (62%) of
the 84 automated upper-arm devices were validated.
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Table 1 Factors associated with possession of a blood-pressure measuring device in the hypertensive population who were aware of their
hypertension
Variable

Patients possessing a
blood-pressure measuring
device
(%)

Gender
175 (29.7)

Male

85 (27.2)

Age groups
18–29 years

0 (0.0)
6 (17.1)

40–49 years

35 (26.5)

50–59 years

82 (32.0)

60–69 years

78 (29.0)

≥70 years

59 (28.9)

Residence
227 (33.1)

Rural

33 (15.2)

<0.001
Mantel–Haenszel test (linearby-linear association)

20 (20.6)

Literate

27 (21.8)

Primary school graduate

127 (27.9)

Middle school graduate

24 (32.9)

High school graduate

33 (36.3)

University graduate

29 (47.5)

Monthly income level

<0.001

Mantel–Haenszel test (linearby-linear association)

<1001 TLa

142 (24.8)

≥1000 TL

102 (37.0)

Blood-pressure categories

<0.001
Mantel–Haenszel test (linearby-linear association)

Optimal

60 (37.3)

Normal

52 (34.4)

High normal

36 (22.2)

Stage 1 hypertension

78 (28.4)

Stage 2 hypertension

27 (24.8)

Stage 3 hypertension

7 (15.9)

Body mass index

0.001

Mantel–Haenszel test (linearby-linear association)
22 (22.2)

Overweight (25–29.9 kg/m2)

75 (26.9)

Obese (≥30 kg/m2)

163 (31.2)

Antihypertensive drug usage

0.045

Pearson chi-square

Yes

239 (30.7)

No

21 (17.1)

1 Euro=2.4 TL March 2012

0.267

Pearson chi-square

Urban
Educational status

a

0.446
Mantel–Haenszel test (linearby-linear association)

30–39 years

Underweight (<18.5 kg/m2)
+normal weight (18.5–24.9 kg/m2)

p

Pearson chi-square

Female

Illiterate

Statistical test used for analysis

0.002
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Table 2 Results of multivariate logistic regression analyses for
ownership of a blood-pressure measuring device
Variablesa

Multivariate (p) Odds ratio

95% CI

Gender (female)

0.054

1.390

0.995–1.943

0.138

2.088

Age
18–39 years
40–49 years

1.0 (reference) 1.0 (reference)
0.788–5.528

50–59 years

0.025

2.903

1.144–7.369

60–69 years

0.031

2.805

1.100–7.149

70 years and
above

0.021

3.109

1.190–8.124

Living in urban
areas

<0.001

2.609

1.729–3.936

Educational
status
Illiterate
Literate

wider in hypertensive patients than that in hypertensive
patients in the PATENT study (31 cm vs. 30.6 cm). The
frequency of requiring a large cuff was 32% among aware
hypertensive patients having an upper-arm device, but only
one had a cuff ≥33 cm.

The association between possessing a home
sphygmomanometer and BP levels in hypertensive
patients who were aware of their disease
The mean SBP and DBPs among aware patients who had a
BP monitor were 5.8 mmHg and 3.4 mmHg lower than
those of patients not having a device. Validated and/or
upper-arm devices were associated with lower SBP and
DBPs (Table 4).

1.0 (reference) 1.0 (reference)
0.841

1.071

0.548–2.091

Primary school
graduate

0.060

1.740

0.976–3.101

Middle school
graduate

0.049

2.153

1.003–4.620

High school
graduate

0.006

2.733

1.332–5.607

University
graduate

<0.001

3.991

1.862–8.555

Antihypertensive
drug usage

0.012

1.922

1.153–3.205

CI conﬁdence interval.
a
The variables included in the multivariate logistic regression analysis
were gender, age, educational status, living in urban areas, income
level, blood-pressure categories, awareness of hypertension, antihypertensive drug usage, and body mass index. Only variables having
signiﬁcant differences are shown.

Table 3 Types of sphygmomanometers among all participants
(including aware hypertensive subjects) and hypertensive subjects
who were aware of their hypertension in 2012
Type of device

All participants

The results of linear-regression analysis
While the baseline SBP was 143.9 mmHg in the HT
awareness group, linear-regression analysis indicated that
being male resulted in a 3.125-mmHg increase, and every 1year increase in age resulted in a 0.291-mmHg increase (an
~3-mmHg increase with every 10-year increase in age);
furthermore, living in rural areas resulted in a 2.369-mmHg
increase in the baseline SBP (p = 0.003, p < 0.001 and p =
0.027, respectively). On the other hand, each categorical
increase in income level resulted in a 2.401-mmHg
decrease, antihypertensive drug use resulted in a 14.386mmHg decrease and the presence of a device at home
resulted in a 3.744-mmHg decrease in the baseline SBP

Table 4 Mean systolic blood pressure (SBP) and diastolic blood
pressure (DBP) according to the device type and validation status
(only automatic devices are shown)

Device type

(n)

Aware hypertensive
subjects
(n)

Automated wrist

294

120

Wrist

Automated upper arm

188

84

Aneroid

132

50

Validation status

Mercury

4

1

Not at home

42

5

Total

660

260

Arm circumference and cuff size
The mean right-arm circumference was 30.0 cm among all
participants and was 29.6 cm for the participants of the
PATENT study. The mean right-arm circumference was

Upper arm

SBP
mmHg

DBP
mmHg

133

73

141

76

P=0.010

P=0.069

Validated (upper arm+wrist)

133

72

Nonvalidated (upper arm+wrist)

140

77

P=0.011

P=0.014

Validated (upper arm)

132

72

Nonvalidated (upper arm)

135

76

P=0.293

P=0.093

Validated (wrist)

135

75

Nonvalidated (wrist)

142

77

P=0.161

P=0.484
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Table 5 Linear-regression analysis of factors affecting systolic blood
pressure

Table 7 Linear-regression analysis of factors affecting systolic blood
pressure (SBP) and diastolic blood pressure (DBP) after stratiﬁcation
by the antihypertensive drug use (method and variables same as
Tables 5 and 6, only ownership of a blood-pressure measuring device
variable is shown)

Variables

Multivariate (p)

β

Constant coefﬁcient

<0.001

143.923

Gender (male)

0.003

3.125

Age

<0.001

0.291

Antihypertensive drug (+)

Living in rural areas

0.027

2.369

Educational status

0.214

−0.578

Income level

0.002

−2.401

Euro-stat region

0.550

0.085

BMI

0.342

−0.087

Antihypertensive drug usage

<0.001

−14.386

Ownership of a blood-pressure
measuring device

0.002

−3.744

Multivariate (p)

β

SBP

0.019

−4.107

DBP

0.004

−2.880

Antihypertensive drug (–)
SBP

0.160

−2.566

DBP

0.030

−2.758

Telephone survey in 2017

(p = 0.002, p < 0.001 and p = 0.002, respectively)
(Table 5).
While the baseline DBP was 91.5 mmHg in the HT
awareness group, linear-regression analysis indicated that
being male resulted in a 1.384-mmHg increase and living in
rural areas resulted in a 2.335-mmHg increase in the baseline DBP (p = 0.031 and p < 0.001, respectively). On the
other hand, every 1-year increase in age resulted in a 0.145mmHg decrease (~1.5-mmHg decrease with every 10-year
increase in age), antihypertensive drug use resulted in a
6.206-mmHg decrease and the presence of a device at home
resulted in a 2.837-mmHg decrease in the baseline DBP (p
< 0.001 for each) (Table 6).
Linear-regression analysis of factors affecting SBP and
DBP after stratiﬁcation by antihypertensive drug use is
shown in Table 7 (the method and variables are the same as
those in Tables 5 and 6; only the ownership of a bloodpressure measuring device variable is shown). The association between possessing a BP device and BP decrease
remained after stratiﬁcation by antihypertensive drug use.
Table 6 Linear-regression analysis of factors affecting diastolic blood
pressure.
Variables

Multivariate (p)

β

Constant coefﬁcient

<0.001

91.537

Gender (male)

0.031

1.384

Age

<0.001

−0.145

Living in rural areas

<0.001

2.335

Educational status

0.674

−0.121

Income level

0.083

−0.849

Euro-stat region

0.474

0.063

BMI

0.497

0.038

Antihypertensive drug usage

<0.001

−6.206

Ownership of a blood-pressure measuring
device

<0.001

−2.837

In total, 1318 hypertensive PatenT2 participants did not
have a BP monitor in 2012, and 437 were reached by telephone in 2017. After 2012, 254 (58.1%) of 437 patients
bought a new device. The types of devices were automated
upper arm (n = 122, 48%), automated wrist (n = 82, 33%)
and nonautomated (n = 48, 19%). The device type of two
owners could not be determined. Figure 1 shows the change
in sphygmomanometer type with time.

Discussion
The present study conﬁrmed the ﬁndings of the previous
study. Only the new ﬁndings will be discussed. Among 902
hypertensive patients who were aware of their disease, 260
(28.8%) had a home sphygmomanometer, a lower rate than
that found in our ﬁrst survey in 2011 (28.8 vs. 46.6%). As
mentioned in our paper [23], the ﬁrst survey using
computer-assisted telephone interviewing had some limitations. The ﬁndings of the 2017 telephone survey supported
a possible Hawthorne effect and showed that the frequency
of ownership of a sphygmomanometer had increased. Forty
two (6%) of the 660 devices were not in the houses of the
participants during our visit in this study, which indicated

Fig. 1 Comparison of sphygmomanometer types in three surveys by
time (the results are expressed as percentages)
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that BP monitors can be shared among neighbors and
relatives.
The most striking ﬁnding of our study was the demonstration of an association between sphygmomanometer
ownership and BP decrease [31, 32] in a nationwide ﬁeld
survey. The SBP and DBPs among aware hypertensive
patients possessing a home BP monitor were 5.8 and 3.4
mmHg lower, respectively, than those of patients that did
not have one. The linear-regression analysis showed that
possessing a BP device is associated with a decrease of 3.7
mmHg and 2.8 mmHg on SBP and DBPs, respectively. To
our knowledge, similar nationwide data are not available.
The ﬁndings of this study support previous data regarding
the usefulness of HBPM [33, 34]. Moreover, it should be
kept in mind that nonadherence to the recommended
guidelines for BP measurement is a common problem [35],
and the consecutive measurement of BP (two times) may be
more useful [36].
The cause of lower BP in patients possessing a sphygmomanometer is not known, and the current study was not
designed to ﬁnd the answer to this question. It can be argued
that compliant patients willing to learn, measure and control
their BP bought a sphygmomanometer, as reported by
Ayala et al. [37]; regardless, the association between possessing a BP monitor and lower BP supports the notion that
HBPM is a supplementary tool in the control of BP.
Ostchega et al. [38] reported that hypertensive patients who
received providers’ recommendations to perform HBPM
were more likely to do so than those who did not receive
recommendations. Home BP monitoring and home BP
monitor reimbursement have been recommended by many
guidelines [10–14]. Our data support the previous evidence
suggesting that HBPM may be cost-effective [2, 18, 34];
therefore, home BP monitor reimbursement should be
encouraged. Lifestyle changes are the effective measures in
the management of HT. Home BP monitoring is a lifestyle
change that can increase treatment adherence [14]. Dietary
salt reduction is an effective lifestyle change in the management of HT and can save billions of healthcare-related
payments [39]. Similarly, owning a home BP monitor may
play a role in improving BP control and could save HTrelated treatment expenses, including the cost of medication. In addition, HBPM is a good supplementary tool for
the improvement of BP control in low-income countries
[40].
There were problems in the patients’ choice of a BP
monitor, such as device validation and the use of an
appropriate cuff bladder for nonstandard arm circumference
sizes in addition to the dominance of wrist devices. It is
encouraging to see the increasing number of upper arm
automated sphygmomanometers (Fig. 1). Since obesity and
arm circumference are increasing, problems related to cuff
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size may also increase. Many nonvalidated devices are
being introduced into the market [41–43], and only 36% of
the devices in this study were validated. Blood pressure was
lower among hypertensive patients possessing a validated
and/or upper-arm BP monitor (Table 4). Since the use of an
appropriate cuff size is essential for the accurate measurement of BP [3, 10, 11], overweight and obese patients often
require sphygmomanometers with large or extra-large cuffs.
Although most regular cuff sizes are appropriate for patients
having an arm circumference of 22–32 cm, more than 30%
of the patients having an upper-arm device required large
cuffs, but only one (less than 1%) patient had a large cuff,
indicating ignorance of the problem.
This was the ﬁrst study investigating the arm circumference of a Turkish population, and the results
demonstrated that arm circumference and the frequency of
patients requiring a large cuff were increased compared to
2003 [24]. Since obesity continues to increase and arm
circumference is closely associated with obesity [44], it is
expected that the number of patients requiring a large cuff
will increase.
In conclusion, despite market prices being reasonable
(cheaper than 30–50 Euros; most patients can afford this in
Turkey), many patients do not have a sphygmomanometer.
The use of wrist devices and nonvalidated devices is common, and the selection of an appropriately sized cuff is
ignored in obese patients. The demonstration of an association between sphygmomanometer ownership and BP
decrease was a striking ﬁnding. As demonstrated in
several studies, the implementation of a HT care program
consisting of sphygmomanometer reimbursement, training
patients on how to use the device and HBPM can be costeffective.
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