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Objectives: Self-reporting can be used to determine the incidence and prevalence of hypertension (HTN). The present study was con-
ducted to determine the validity of self-reported HTN and to identify factors affecting discordance between self-reported and objec-
tively measured HTN in participants in the Ravansar Non-Communicable Diseases (RaNCD) cohort.

Methods: The RaNCD cohort included permanent residents of Ravansar, Iran aged 35-65 years. Self-reported data were collected be-
fore clinical examinations were conducted by well-trained staff members. The gold standard for HTN was anti-hypertensive medica-
tion use and blood pressure measurements. The sensitivity, specificity, positive and negative predictive values, and overall accuracy of
self-reporting were calculated. Univariate and multivariate logistic regression were used to examine the discordance between self-re-
ported HTN and the gold standard.

Results: Of the 10 065 participants in the RaNCD, 4755 (47.4%) were male. The prevalence of HTN was 16.8% based on self-reporting
and 15.7% based on medical history and HTN measurements. Of the participants with HTN, 297 (18.8%) had no knowledge of their
disease, and 313 (19.9%) had not properly controlled their HTN despite receiving treatment. The sensitivity, specificity, and kappa for
self-reported HTN were 75.5%, 96.4%, and 73.4%, respectively. False positives became more likely with age, body mass index (BMI),
low socioeconomic status, and female sex, whereas false negatives became more likely with age, BMI, high socioeconomic status,
smoking, and urban residency.

Conclusions: The sensitivity and specificity of self-reported HTN were acceptable, suggesting that this method can be used for public
health initiatives in the absence of countrywide HTN control and detection programs.
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The high prevalence of hypertension (HTN) makes it an im-
portant contributor to mortality and morbidity worldwide. In
fact, high blood pressure (BP) is responsible for 13.0% of
deaths globally, making it one of the leading global risk fac-
tors for mortality [1]. During the last 40 years, elevated BP has
become more common worldwide, mainly due to population
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growth and aging in low-income and middle-income coun-
tries [1], whereas the prevalence of elevated BP in high-in-
come countries has decreased [2]. Globally, approximately
two-thirds of stroke cases and one-half of ischemic heart dis-
ease cases are attributable to non-optimal BP. These propor-
tions are higher in more developed parts of the world [3].

HTN affects about one billion people worldwide, and it is es-
timated that by 2025, up to 1.56 billion adults worldwide will
have HTN [4,5]. Worldwide, 7.1 million deaths (approximately
12.8% of the global total) and 64.3 million disability-adjusted
life years (4.4% of the global total) are estimated to be due to
non-optimal BP [3].

Since asymptomatic HTN is the most frequent form of HTN,
regular BP measurements are the only way to diagnose HTN
before the appearance of complications. In fact, HTN and its
complications can be effectively controlled by early diagnosis
and treatment of this condition. However, the rate of HTN con-
trol is very low worldwide [6,7].

Based on the existing evidence, the reduction of mortality
due to stroke and heart failure depends largely on the early di-
agnosis and treatment of HTN, as long as the methods used to
identify and treat patients are valid and evidence-based [8].
Thus, public knowledge about the disease, investigations into
the prevalence of HTN and the proportion of individuals with
HTN who receive treatment in specific regions, and efforts to
identify the contributions of associated risk factors are all es-
sential for the successful implementation of prevention strate-
gies [9]. Self-reporting is a way to determine the incidence and
prevalence of chronic diseases such as HTN. No previous re-
port has assessed the validity of self-reported HTN in Iran. The
present study aimed to determine the validity of self-reported
HTN and to identify factors affecting discordance between
self-reported HTN and objective measures of HTN among par-
ticipants in the Ravansar Non-Communicable Chronic Disease
(RaNCD) cohort.

METHODS

Study Design and Subjects

The RaNCD cohort study is part of the Prospective Epidemi-
ological Research Studies in IrAN (PERSIAN) cohort, focused on
permanent residents of Ravansar aged 35-65 years. In the PER-
SIAN cohort, all 18 cohort sites (covering different samples
representative of the entire Iranian people, including different
ethnicities) used the same questionnaire, which contained the
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following sections: general information (demographic infor-
mation, socioeconomic status, lifestyle factors, occupational
history, mobile device use, and physical activity), medical in-
formation (past medical history, past and present medicine
use, family medical history, obstetric and gynecological histo-
ry, oral health, and personal habits), and a nutrition question-
naire (food frequency questionnaire, dietary habits, water
consumption, and supplement intake). In addition, biological
samples containing blood, urine, hair, and nails were collected
from all participants. The details of the study design and ratio-
nale for conducting the PERSIAN cohort have been presented
elsewhere [10-12].

The population of Ravansar County is about 50 000, mainly
of Iranian Kurdish ethnicity. In Ravansar County, there are 3 ur-
ban and 2 rural healthcare centers, as well as 32 active local
primary health care units (health houses) in rural areas. One of
the reasons for selecting Ravansar County as the location for
this cohort study was that the population is mainly Kurdish, an
ethnicity comprising roughly 45 million people in 4 countries
who are very similar in culture, nutrition, lifestyle, and even
genetic background. Furthermore, Ravansar County is located
within 45 km of Kermanshah University of Medical Sciences,
where the investigators of this study are based, which made
the research very feasible.

Recruitment, Data Collection, and Measurements

Participants were invited to the study site for data collection.
The PERSIAN cohort questionnaire consisted of 482 items di-
vided into 3 major sections: general, medical, and nutrition.
Each section was administered by a trained interviewer. To en-
sure that all procedures were performed in accordance with
the PERSIAN cohort protocol, quality assurance (QA) and qual-
ity control (QC) measures were implemented by central and
local QA/QC teams [10,11].

Each section was administered by a trained interviewer.
There was no assigned order in which the sections needed to
be completed; therefore, participants were directed to com-
plete the sections based on the availability of the interviewers.
Participants were invited by trained personnel who had a
good command of Kurdish and other local languages. The in-
vitation procedure included a face-to-face meeting at the par-
ticipant’s home approximately 1 week prior to the appoint-
ment, and the cohort assistant called to remind the participant
a day before the appointment.

For the purpose of this study, HTN was defined based on a
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systolic BP level of =140 mmHg and/or a diastolic BP of =90
mmHg, corresponding to the second stage of HTN [13], and/or
a history of receiving treatment for HTN, determined by check-
ing participants’ current medications. In order to investigate
the use of anti-hypertensive treatments, participants were
asked to bring all their medications (prescription and over-
the-counter medicines) to the study center. Treatment of HTN
was defined as current use of a pharmacological medication
for the management of high BP. Participants taking an anti-
hypertensive medication who did not show HTN on the day of
the questionnaire were classified as having controlled HTN.

We used the wealth index as a proxy for economic status
[14]. The wealth index was generated by applying principal
component analysis to data on durable goods, housing char-
acteristics, and other amenities. For the purposes of this study,
participants were classified by age into 3 groups: 35-45 years,
46-55 years, and 56-65 years.

Statistical Analysis and Calculations

The validity of self-reported HTN was assessed in terms of
sensitivity and specificity. Sensitivity was calculated as (true
positives)/(true positives plus false negatives), and specificity
as (true negatives)/(true negatives plus false positives). The
positive likelihood ratio was defined as sensitivity/(1-specifici-
ty), and the negative likelihood ratio as (1-sensitivity)/specific-
ity. The positive predictive value was defined as (true posi-
tives)/(true positives plus false positives), and the negative
predictive value as (true negatives)/(true negatives plus false
negatives).

Univariate and multivariate logistic regression were used to
examine the role of demographic, socioeconomic and health-
related behavioral factors in discordance (false positives and/
or false negatives) between self-reported HTN and the gold
standard. All variables with a p-value less than 0.3 in the uni-
variate model were included in the multivariate analysis. A
2-sided alpha level of 0.05 was considered to indicate statisti-
cal significance. All analyses were carried out using Stata ver-
sion 14.1 (StataCorp., College Station, TX, USA).

RESULTS

Of the 10 065 participants in the RaNCD cohort, 4755 (47.4%)
were male. The plurality of individuals (44.0%) were aged 35-
45 years, and the age category 56-65 years was the smallest
(22.8%). The mean age of the male participants was 47.8+8.0

Validity of Self-reported Hypertension

HTN based on the gold
Variable Total standard' p-value
No Yes
Sex <0.001
Male 4765 (47.4)  4154(87.2) 611(12.8)
Female 5275(52.6) 4311(81.7) 964(18.3)
Age group (y) <0.001
35-45 4416 (44.0) 4185(94.8) 231(5.2)
46-55 3339(33.3) 2798(83.8) 541(16.2)
56-65 2285(22.8) 1482(64.9) 803(35.1)
Marital status 0.800
Married 9054 (80.2) 7632 (84.3) 1422(15.7)
Single 986 (9.8) 833(84.5) 153 (15.5)
Length of education (y) <0.001
Illiterate 2484 (24.8) 1793(72.2) 691(27.8)
<5 3838(38.2) 3280(85.5) 558(14.5)
6-9 1668 (16.6)  1505(90.2) 163 (9.7)
10-12 1268 (12.6) 1174(926)  94(7.4)
=13 782 (7.8) 713(91.2)  69(8.8)
Residential area <0.001
Urban 5953 (59.2) 5070(85.2) 883(14.8)
Rural 4087 (40.8)  3395(83.1) 692(16.9)
Socioeconomic status (quintile) <0.001
1st (the poorest) 1996 (20.0) 1623 (81.3) 373(18.7)
2nd 1995(20.0)  1655(83.0) 340(17.0)
3rd 1997 (20.0) 1673(83.8) 324(16.2)
4th 2000(20.0) 1706(85.2) 294(14.8)

5th (the richest) 1992 (20.0) 11757 (88.2)

Values are presented as number (%).

RaNCD, Ravansar Non-Communicable Diseases; HTN, hypertension.

'Based on blood pressure measurements and/or taking anti-hypertensive
medication.

235(11.8)

years, and the mean age of the female participants was 48.3 &
8.4 years. In total, 2484 of the participants were illiterate
(24.8%), and only 7.8% had a post-secondary education. Al-
most 41.0% of the participants lived in rural areas (Table 1).

In the self-reported assessments, 25 people did not answer
the questions and 61 were unaware of the concept of high BP;
these participants were excluded from the study. Over 16% of
the study population (n=1681; 16.8%) self-identified as hav-
ing HTN, of whom 24.5% (n=412) had no HTN based on BP
measurements or treatment for HTN (Figure 1). Based on his-
tory of treatment and/or BP measurements, 1571 participants
had HTN (15.7%), of whom 297 (18.9%) were not aware of
their disease, and 313 (19.9%) had uncontrolled HTN despite
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High blood pressure
(n=731)

Treatment
(n=1154)

Self-report (n=1681)

Figure 1. Frequency of people with self-reported, objectively measured hypertension and those who have received medication.

Table 2. Validity of self-reported hypertension in participants of RaNCD cohort

Gold standard (n) L L
Self-reported HTN N v Accuracy  Kappa  Sensitivity Specificity LR+ LR- PPV NPV
(] es
No 7999 302 928 734 755 96.4 208 0.2 80.8 95.1
Ves M7 1o69  (923,933) (71.9,755) (733,77.5) (959,96.8) (186,233) (0.2,0.3) (78.8,820) (946,956

Values are presented as % (95% confidence interval).

RaNCD, Ravansar Non-Communicable Diseases; HTN, hypertension; LR+, positive likelihood ratio; LR-, negative likelihood ratio; PPV, positive predictive value;

NPV, negative predictive value.

receiving treatment (Figure 1). Furthermore, 682 patients
(59.1%) used 1 medication, 316 patients (27.4%) used 2 medi-
cations, and 152 (13.2%) used 3 medications. The highest
number of reported anti-hypertensive treatments was 6 drugs
used simultaneously. The sensitivity, specificity, and kappa val-
ues for self-reported HTN were 75.5%, 96.4%, and 73.4%, re-
spectively (Table 2).

The multivariate assessment of factors explaining the gap
(i.e., false positives and false negatives) between subjective
(self-reported) and objective (BP measurements and/or treat-
ment history) assessments of HTN suggested that the likeli-
hood of false positives and false negatives increased with age
and body mass index (BMI). There was a linear relationship be-
tween increasing BMI and the frequency of discordance of
self-reported HTN, such that the odds ratio for discordance of
self-reported HTN after controlling for confounding variables
was 2.10 (95% confidence interval [Cl], 1.60 to 2.76) times
higher in those with a BMI >35.0 kg/m? than in those with a
BMI <24.9 kg/m?. The odds of false positives were higher and

134

the odds of false negatives were lower in than in males and in
those with higher socioeconomic status (Table 3). Interesting-
ly, older age and higher BMI, as well as smoking, increased the
odds of both false positives and false negatives of self-report-
ed HTN, even after adjustment for other variables. In addition,
living in a rural area decreased the odds of both false positives
and false negatives of self-reported HTN. While having a high
wealth index decreased the likelihood of false positives for
self-reported HTN, it increased the likelihood of false negatives
(Table 3).

DISCUSSION

The self-reported prevalence of HTN among 35-65-year-old
participants in the RaNCD cohort was 16.5%, while it was
15.7% based on treatment history and/or measurements of
BP; these prevalence rates are lower than those reported in
other studies for this age group [8,15,16]. In addition, the pro-
portions of those who were aware of their disease and were
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Determinants

Sex
Male
Female
Age group (y)
35-45
46-55
56-65
Marital status
Married
Single
Education (y)
illiterate
<5
6-9
10-12
=13

Discordance/
n (n/o)

320/4720 (6.8)
393/5259 (7.5)

170/4387 (3.9)
274/3315(8.3)
269/2277 (11.8)

643/9004 (7.1)
70/975 (87.2)

252/2472 (10.2)
277/3817 (7.3)
84/1647 (5.1)
55/1262 (4.4)
45/781 (5.8)

Body mass index (kg/m?)

<249
25.0-29.9
30.0-34.9
=350
Cigarette smoking
No
Yes
Residential area
Urban
Rural

141/2895 (4.9)

288/4304 (6.7)

203/2116(9.7)
73/581(12.6)

549/7969 (6.7)
161/1986 (8.1)

501/5903 (6.3)
212/4076 (5.2)

Family history of HTN

No
Yes

284/4511 (6.3)
425/5451 (7.8)

Socioeconomic status (quintile)

1st (the poorest)
2nd
3rd
4th
5th (the richest)

RaNCD, Ravansar Non-Communicable Diseases; HTN, hypertension; cOR, crude odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.

140/1985 (7.1)
152/1984 (7.7)
136/1982 (6.9)
145/1991 (7.3)
135/1980 (6.8)

Discordance

cOR (95% Cl)

1.00 (reference)
1.11(0.95, 1.30)

1.00 (reference)
2.23(1.83,2.72)
3.32(2.77,4.05)

1.00 (reference)
1.01(0.77,1.29)

1.00 (reference)
0.68(0.57, 0.82)
0.47 (0.36, 0.61)
0.40(0.29, 0.54)
0.53(0.38, 0.47)

1.00 (reference)
1.40(1.13,1.72)
2.07 (1.85, 2.58)
2.80(2.08, 3.78)

1.00 (reference)
1.19(0.99, 1.43)

1.00 (reference)
0.63(0.55, 0.73)

1.00 (reference)
1.21(1.06, 1.39)

1.00 (reference)
1.09(0.86, 1.38)
0.97(0.76, 1.23)
1.04(0.81,1.32)
0.96(0.75,1.23)

aOR (95% CI)

1.00 (reference)
2.24(1.79, 2.83)
3.53(2.69, 4.65)

1.00 (reference)
1.18(0.98, 1.40)
1.62(1.33,1.97)
2.10(1.60, 2.76)

1.00 (reference)
0.61(0.53,0.71)

Validity of Self-reported Hypertension

Self-reported HTN
False positive

cOR (95% CI)

1.00 (reference)
1.30(1.08, 1.54)

1.00 (reference)
1.90 (1.41, 2.55)
2.34(1.63, 3.35)

1.00 (reference)
0.79(0.57,1.08)

1.00 (reference)
0.78 (0.63, 0.96)
0.66 (0.48, 0.91)
0.77 (0.56, 1.05)
0.63(0.43,0.92)

1.00 (reference)
1.05(0.84, 1.30)
1.46(1.14, 1.86)
1.69(1.19, 2.42)

1.00 (reference)
1.19(0.97, 1.47)

1.00 (reference)
0.79(0.66, 0.95)

1.00 (reference)
1.21(1.06, 1.39)

1.00 (reference)
0.84(0.66, 1.08)
0.89(0.61,1.01)
0.82(0.56, 1.00)
0.86 (0.71, 1.08)

'The reference category was those whose self-reported data matched the clinical data for HTN.

managing it correctly were higher than has been reported in
similar previous studies [8,17-19]. This could have resulted
from public awareness campaigns about the dangers of high
BP and the importance of controlling it in recent years [19]. In

aOR (95% Cl)

1.00 (reference)
1.53(1.26, 1.86)

1.00 (reference)
1.86 (1.38, 2.50)
2.53(1.75, 3.63)

1.00 (reference)
1.04(0.83,1.31)
1.53(1.18, 1.97)
1.78(1.22, 2.60)

1.00 (reference)
0.77 (0.64, 0.93)

1.00 (reference)
1.76 (1.43, 2.16)

1.00 (reference)
0.83(0.65, 1.07)
0.86 (0.74, 0.95)
0.82(0.71,0.90)
0.77 (0.62, 0.96)

False negative

cOR (95% CI)

1.00 (reference)
0.51(0.41, 0.62)

1.00 (reference)
2.66 (1.83, 3.86)
4.69(3.14, 6.99)

1.00 (reference)
1.04(0.75, 1.43)

1.00 (reference)
0.54(0.42, 0.70)
0.40(0.26, 0.61)
0.41(0.27, 0.63)
0.53(0.34, 0.81)

1.00 (reference)
1.46(1.11, 1.90)
2.00(1.50, 2.68)
2.67(1.82,3.92)

1.00 (reference)
0.95(0.74, 1.22)

1.00 (reference)
0.49(0.39, 0.61)

1.00 (reference)
0.94(0.78, 1.13)

1.00 (reference)
1.21(0.92, 1.60)
1.17(1.03, 1.61)
1.31(1.07, 1.35)
1.10(0.87, 1.41)

aOR (95% Cl)

1.00 (reference)
0.45(0.35, 0.58)

1.00 (reference)
2.37(1.76, 3.75)
3.54(3.27,7.47)

1.00 (reference)
1.30(0.99, 1.72)
1.59(1.17,2.15)
1.97(1.31,2.95)

1.00 (reference)
1.33(1.01,1.78)

1.00 (reference)
0.46 (0.36, 0.58)

1.00 (reference)
1.14(0.89, 1.52)
1.04(0.82, 1.61)
1.21(1.00, 1.21)
1.29(1.01, 1.67)

Iran in 2008, approximately 25.0% of Iranians aged 25-64 years
had HTN, of whom 34.0% were aware of having elevated BP;
25.0% were taking anti-hypertensive medications, and 24.2%
of the treated patients had controlled HTN (males, 25.7%; fe-
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males, 23.5%) [20].

Generally, self-reported HTN has high sensitivity and speci-
ficity, and a moderate kappa and agreement coefficient [21].
In the present study, the sensitivity and specificity of self-re-
ported HTN were 75.5% and 96.4%, respectively. The sensitivi-
ty of self-reported HTN varies across countries; it was found to
be 73.0% in South Korea (hereafter Korea) [22], 82.4% in Thai-
land [23], 72.0% and 80.0% in white and black Americans, re-
spectively [24], 83.2% in Spain [25], 73.0% in Russia, 37.7% in
China, and 31.4% in South Africa [21]. Previous studies have
shown that the quality of provided health services is a reason
for differences in the validity of self-reported conditions
[21,22]. When the quality of health services improves, the sen-
sitivity of self-reported conditions becomes higher for various
diseases [22]. Since respondents’ awareness of the nature of
their diseases can affect the accuracy of their self-reporting, it
is assumed that intervention programs—including public ed-
ucation campaigns, knowledge dissemination, and the infra-
structure of health examination programs—may influence
differences across countries in the awareness of diseases and
risk factors [22].

With respect to the specificity of self-reporting, representa-
tive studies with larger samples have shown that the specifici-
ty of self-reporting is higher than its sensitivity, for nearly all
chronic conditions [10,11].

Exploring the role of demographic factors in discordance
showed that false positive reports were more common in fe-
males than in males, but that false negatives were more com-
mon in males than in females, which is in line with the find-
ings of other studies [25]. The high false positive rate in fe-
males can be attributed to females more frequent use of
health services compared to males [26]. Discordance increased
with age for both false positives and false negatives. In similar
studies, the validity of self-reporting decreased with age for
most chronic diseases, such as cancer [27], stroke [28], diabe-
tes, and HTN [29]. Given that the results of the present study
and similar previous studies have shown that the specificity of
self-reporting is higher than its sensitivity, and the prevalence
of chronic diseases increases with aging, the age-related in-
crease in the prevalence of chronic diseases can be considered
as a reason for the reduced validity of self-reporting in older
individuals.

Our findings showed no association between education and
the validity of self-reported HTN. In other studies, education
showed different effects on self-reporting for chronic diseases

Journal of
Preventive Medicine
Public Health

[22,24,29].

One of the unanticipated findings of the study was that the
validity of self-reported HTN was higher among rural residents
than among urban residents. Since rural areas have less access
to quality health services than urban areas, the validity of self-
reported HTN was expected to be lower in residents living in
rural areas. However, the results were the opposite. This could
imply that the health houses that are located across rural areas
in Iran are improving local residents’ awareness of HTN and di-
abetes as part of their mission to provide primary care services
[30].

At the univariate level, smoking was associated with higher
false positive and negative rates. However, at the multivariate
level, no relationship was found between smoking and an in-
creased likelihood of self-reported false positives, but an asso-
ciation was found between smoking and an increased likeli-
hood of false negatives for self-reported HTN. Reports from
elsewhere have shown divergent results in this regard. Signifi-
cant relationships were found in studies conducted in China
and Hong Kong [22,31], but no significant relationship was
found in Korea [22]. Differences in the proportions of false
negatives and false positives in these studies may help explain
the discrepancies in their results.

Discordance became more frequent as BMI increased. The
role of BMI has not been assessed in most previous studies.
The relationship between overweight and the validity of self-
reported HTN was only assessed in one study, which showed
no relationship between the validity of self-reported HTN and
BMI [32]. The relationship observed in this study might have
been related to the lower use of health care and health aware-
ness of obese participants [21,33].

The odds of successful HTN control has been reported to be
50-60% with a single medication (monotherapy) and 70-79%
with combination therapy [34]. In the present study, nearly
60% of patients used a single medication to control HTN. In
similar studies, 50-80% of patients used monotherapy, and 20-
30% used combination therapy [8,35-37]. Since using antihy-
pertensive medication reduces the likelihood of stroke by 30-
40%, the risk of myocardial infarction by 20-25%, and the risk
of heart failure by 50% on average [38], it is essential to educate
patients about the proper management and control of HTN.

Limitations and Strengths
All studies conducted to determine the validity of self-re-
ported HTN contain limitations, such as an artificially elevated
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number of false positive cases due to white coat syndrome. To
avoid causing white coat syndrome, HTN was measured twice
on each arm of every person, and the mean value of the 4
measurements was recorded as the BP for that individual. It is
not possible to generalize the results of this study to the entire
population of the PERSIAN cohort because we only examined
people in the age range of 35-65 years living in a Western re-
gion of Iran. Although public health awareness about chronic
conditions such as HTN might be similar throughout Iran,
studies regarding this issue need to be replicated at all the
sites of the PERSIAN cohort. Despite these limitations, the
present study included a large sample size and used high-
quality cohort data collected by trained researchers.

To further increase the validity of self-reporting, health pro-
grams should be implemented with the goal of improving the
general knowledge of the public, especially older people. In
the absence of a countrywide HTN control and detection pro-
gram, self-reporting can be used as an appropriate tool for
control and prevention of diseases. Generally, the validity of
self-reporting is lower in older and obese (BMI>30.0 kg/m?)
people than in young people and those with a normal BMI.
Given that those groups are at a higher risk of developing
chronic diseases such as HTN and diabetes, health interven-
tion programs and improvements in the general knowledge
of the public are essential.
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