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Abstract

This study aimed to investigate the validity of self-reported hypertension and related

factors in the Dehgolan Prospective Cohort Study (DehPCS). Data were obtained

from 3996 participants aged 35–70 years in the enrolment phase of DehPCS. Self-

reported hypertension and sociodemographic factors were collected by well-trained

interviewers before hypertension diagnosis based on the reference criteria. The his-

tory of anti-hypertensivemedication use and/or systolic blood pressure≥140 (mmHg),

or diastolic blood pressure ≥90 (mmHg) were considered as hypertension. Disagree-

ment between self-reported and reference measures was assessed using sensitivity,

specificity, positive, and negative predictive values (PPV and NPV), and kappa values.

Binary and multinomial logistic regressions were used to investigate the correlates

of validity of self-reported hypertension. The hypertension prevalence based on self-

reports and the reference criteriawas 19.49%and21.60%, respectively. An acceptable

percentage of kappa agreement value of 68.7% and relatively good overall agreement

of 89.8%were found. Self-reported hypertensionwas guaranteedmoderate sensitivity

of 72.0%andhigh specificity of 94.5%, aswell as theNPVandPPVof92/7%and77/9%,

respectively. The chances of false-positive and false-negative reporting increasedwith

older age, higher BMI, and a family history of hypertension. Being female, older age,

higher BMI, concurrent diabetes, and stronger family ties to hypertension patients

significantly increased the chance of reporting true positives relative to true neg-

atives. Although, self-reported hypertension has an acceptable validity and can be

used as a valid tool for screening epidemiological studies, it needs to be investigated

because its validity is affected by age, gender, family history of hypertension, and other

socio-demographic characteristics.
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1 INTRODUCTION

Hypertension is a major risk factor for almost all cardiovascular dis-

eases (CVD) including heart diseases, stroke, and renal failure.1 In

terms of DALY, hypertension was the sixth leading risk factor among

both males and females in 1990 and had arisen as the second and first

leading risk factor among males and females by 2019. hypertension,

with 5 250 000 attributed deaths, it was the leading risk factor for

death amongmen andwomen in 2019.2

Monitoring the risks of cardiovascular diseases and planning for

prevention and public health interventions require high-quality preva-

lence estimates based on medical measurements. The high cost and

long-term collection of objectivemedicalmeasurements have led some

researchers to rely on self-reported hypertension to estimate the

prevalence and burden of the disease.3 In the absence of objective and

widespread prevalence measurements, self-reported diagnoses may

include a comprehensive information source for recording clinical and

subclinical conditions.4 Estimating hypertension through a self-report

approach in population-based surveys has benefits including low cost

and rapid implementation.5 However, like any other diagnostic tests,

classification bias is expected to occur with unavoidable false positives

and negatives.5,6

Present studies have shown differences between self-reported and

measured estimates of health-related data.7 Evidence from developed

countries shows there is a large difference between self-reported

and clinical measurements of hypertension and diabetes, and this

disagreement may vary among different socioeconomic groups.3 For

example, gender, age, education, questioning style, and interview

type (in-person or by telephone) may influence individuals’ responses

to the questions about their disease status.8 The accuracy of self-

reported data onmedical records may also be affected by the patient’s

knowledge, ability to recall and willingness to report, and whether the

disease has already been diagnosed.9 Therefore, the rate of inaccurate

self-reporting may considerably vary, depending on the disease and

population.

Although developed countries have shown significant differences

between self-reporting and objective diagnosis of hypertension, the

performance of developing countries due to limited data is unclear.3

Several studies have shown there is little correlation between self-

reports and clinical data although few have examined the reasons

for such differences. In other words, information about respondents

whose self-reported data differed from the objective diagnosis of

hypertension was limited. Identifying and analyzing the social, demo-

graphic, medical, and economic characteristics of these individuals

provides a clear view of their characteristics to policymakers. Evaluat-

ing such inconsistencies is crucial for estimating accurate information

and minimizing measurement errors. Therefore, the present study

aimed to investigate the validity of self-reported hypertension and its

sociodemographic factors. Toachieve this goal,weused thepreliminary

results of theDehgolan prospective cohort study (DehPCS) onKurdish

people.

2 METHODS

2.1 Study population

The present study was performed using the information of men and

women aged 35–70 years, who participated in the enrollment phase

of the DehPCS which was part of the prospective epidemiological

cohort studies in Iran (PERSIAN). The PERSIAN cohort included 18

studies aimed at assessing the incidence, prevalence, mortality, and

risk factors of common noncommunicable diseases in Iran. Partici-

pants in the study included permanent residents of Dehgolan City with

a minimum residence period of 1 year, the ability to communicate,

and Iranian citizenship. The exclusion criteria were physical and men-

tal communication disabilities and unwillingness to participate in the

study.

After inviting the eligible people and explaining the study objectives,

the participants signed the consent forms to participate in the study.

Out of 4400 participants, 3996 were evaluated at the baseline (91%

response rate). Details of the study design and DehPCS profile were

presented in another study.10

2.2 Measurements and data collection

The questionnaires used in this study included 482 items in three

sections of general factors (demographic and socioeconomic charac-

teristics, lifestyles, environmental exposure, occupational exposure,

physical activities, and personal habits), medical factors (medical his-

tory, clinical symptoms, family health history, drug use, reproductive

history, oral health, general health, anthropometry, physical exams,

blood, and urine analysis), and nutritional factors (food frequency, eat-

ing habits, and supplementation). All data were collected by trained

teams using online software specific to this study in the form of

face-to-face interviews and physical examinations.

From each participant, a sample of fasting blood (25 ml), urine (at

least 10 ml), hair (1–3 cm from the base of the head), and nails (from

ten fingernails or toenails) were collected and tagged by trained tech-

nicians. Weight and height were measured using the Seka scale and

seka stadiometer, respectively, with an accuracy of .1 cm. The body

mass index (BMI) was calculated as weight (kg) divided by the square

of height (m2).

The basis for calculating the participants’ agewas their official iden-

tity cards, and education was assessed based on the number of study

years. Diabetes was diagnosed based on abnormal fasting blood sugar

(FBS) levels (≥126 mg/dl or 7 mmol/L), positive history of routine

insulin use or oral hypoglycemic medications. Drug use including Mor-

phine, Heroin, methamphetamine, Crack, and Cocaine once a week for

at least 6 months was classified as “use of illegal/illicit drugs.” Peo-

ple with a history of smoking less than 100 cigarettes in a lifetime

were classified as “non-smokers” and, peoplewho drank approximately

200 ml of beer or 45 ml of alcohol once a week for at least 6 months
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were classified as “alcoholics.” To assess the participants’ economic

status, the wealth index was applied using the method of multiple cor-

respondence analysis (MCA) by analyzing principal components, such

as durable goods, housing features, and other facilities. The family his-

tory of hypertension was evaluated in the first and second (individuals

with 25% of the genome shared with the participant) degree relatives.

A Richter aneroid sphygmomanometer was used to measure blood

pressure (BP). After at least 15 min of rest, blood pressure was

measured twice in the right arm at an interval of at least half an

hour in a sitting position, and the mean of the two measurements

was considered as the systolic and diastolic blood pressure. Accord-

ing to the JNC-7 criteria,11,12 people with systolic blood pressure

≥140mmHg, ordiastolic bloodpressure≥90mmHg, and/or ahistoryof

taking antihypertensive drugs were classified as having hypertension

(reference).

Self-reports of hypertension were assessed using the following

questions (“Have you ever had high blood pressure in the past?” and

“Who told you that you had high blood pressure?” The second ques-

tion was asked in case of a yes answer to the first question and if the

person answered the second question “diagnosis by a physician,” it was

considered as self-reported hypertension.

Antihypertensive medicine use by participants was assessed with

this question “Do you routinely use antihypertensive drugs?” A positive

answer alongwith the visual inspection of the drugswas a confirmation

of drug use by the person.

2.3 Statistical analysis

Stata version 16 (StataCorp., College Station, TX, and USA) was used

for the data analysis. Demographic characteristics and participants’

basic information were reported as the mean (standard deviation)

and percentage. The validity of the self-reported data compared with

the reference criterion was expressed in terms of sensitivity as true

positives correctly identified/all true positives, specificity as true nega-

tives correctly identified/all true negatives, positive predictive values

(PPV) as true positives correctly identified/all positives identified by

the questionnaire, negative predictive values (NPV) as true nega-

tives correctly identified/all negatives identified by the questionnaire,

the positive likelihood ratio (LR+) as sensitivity divided by the false-

positive rate (FPR), and the negative likelihood ratio (LR-) as the

false-negative rate (FNR) divided by specificity. The percentage of free

chance agreement (Kappa score) was used to assess the agreement

between the self-reported status and hypertension diagnosis. A kappa

score of less than .20 was considered as poor agreement, .20 to .40 as

fair agreement, .41 to .60 as moderate agreement, .61 to .80 as sub-

stantial agreement and more than .81 as almost perfect agreement.13

To examine the diagnostic characteristics of self-reported hyperten-

sion, we used the precision-recall curve (PRC). The PRC (a graph

drawn based on sensitivity and PPV) is a diagnostic tool for two-state

classification models recommended for outcomes with high skewness

because, in this case, ROC curves may provide a very optimistic view

of the classification tool performance.14 Diagnostic characteristics

of self-reported hypertension were investigated by a reduced model

including self-reported hypertension, sex, and age in comparison with

the full model including self-reported hypertension, sex, age, marital

status, economic status, BMI, smoking status, drug use, alcohol use,

diabetes, and family history of hypertension. Finally, 95% confidence

intervals (CI) were calculated for all values based on the standard

method for proportions. To explain the statistically significant pre-

dictors of concordance between self-reported hypertension and the

reference, binary and multinomial logistic regressions were used. Sta-

tistical significance for all analyses was based on an alpha significance

level of .05.

3 RESULTS

3.1 Descriptive statistics

Table 1 presents the demographic characteristics and basic informa-

tion of the study participants. A total of 3976 out of 3996 participants

reported information on hypertension and clinical measurements of

blood pressure and/or antihypertensive drug use. Hypertension was

reported by 24.50% (549) of women and 13.03% (226) of men. The

mean ages of males and females were 48.78 ± 8.91 and 47.98 ± 8.92,

respectively. 8.20% (325) of the participants were single, 31.19%

(1245) were illiterate and only 12.78% (508) of the participants had a

university education. In terms of obesity, 74.92% of participants were

in an unfavorable condition (BMI = 25 or higher), 38.34% (148) of

hypertensive people had diabetes at the same time, and 40.00% (1591)

of the participants reported hypertension in their first-degree family

(Table 1)

Among 775 people who reported hypertension (Figure 1C), 604

patients (77.93%) had a history of receiving antihypertensive drugs

and/or had hypertension in clinical measurement based on NJC-7

criteria. Based on the reference criteria (Figure 1A,B), 255 patients

(29.68%) were unaware of their hypertension disease. Among those

who were under undertreatment (Figure 1A), hypertension was not

well controlled in 186 patients (32.18%).

3.2 Validity

The validity of self-reported hypertension, based on socio-

demographics and some individual variables, has been shown in

Table 2. The percentages of overall agreement and kappa statistics

were 89.8% and 68.7%, respectively. The kappa value based on the

characteristics of the population under study ranged from 54% (the

lowest) to 76.8% (the highest), respectively, for the age group of

35–45 years and those without a spouse. In general, kappa agreement

was higher for women, people with lower education, those with a

higher economic status, ex-smokers, diabetics, and people with a

family history of hypertension. The overall estimates of sensitivity and

specificity for the participants were 72.0% and 94.5%, respectively.

Sensitivity levels increased with an increase in age, an improvement in
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TABLE 1 Demographic characteristics and baseline information of the participants in DehPCS, by self-reported hypertension situation

Total n
Hypertension

n (%)

Non

hypertension n
(%) p-value

Gender

Male 1735 226 (13.03) 1509 (86.97) <.001

Female 2241 549 (24.50) 1692 (75.50)

Age groups

35–45 1773 165 (9.31) 1608 (90.69) <.001

46–60 1720 402 (23.37) 1318 (76.63)

>60 483 208 (43.06) 275 (56.94)

Marital status

Married 3651 661 (18.10) 2990 (81.90) <.001

Single 325 114 (35.08) 211 (64.92)

Education years

Illiterate 1245 413 (33.17) 832 (66.83) <.001

1–5 1110 184 (16.58) 926 (83.42)

6–12 1113 123 (11.05) 990 (88.95)

University 508 55 (10.83) 453 (89.17)

Economic status

Poor 1344 204 (15.18) 1140 (84.82) <.001

Moderate 1300 265 (20.38) 1035 (79.62)

Rich 1318 305 (23.14) 1013 (76.86)

BMI

Normal weight 985 107 (10.86) 878 (89.14) <.001

Over-weight 1698 311 (18.32) 1387 (81.68)

Obese 1281 353 (27.56) 928 (72.44)

Cigarette smoking

No smoker 3024 602 (19.91) 2422 (80.09) <.001

Ex-smoker 239 87 (26.69) 239 (73.31)

Smoker 600 82 (13.67) 518 (86.33)

Illegal/illicit drug use

No 3502 701 (20.02) 2801 (79.98) .027

Yes 448 70 (15.63) 378 (84.38)

Alcohol use

No 3470 705 (20.32) 2765 (79.68) .001

Yes 481 66 (13.72) 415 (86.28)

Diabetes

No 3468 607 (17.50) 2861 (82.50) <.001

Yes 386 148 (38.34) 238 (61.66)

Family history of hypertension

No 1315 161 (12.24) 1154 (87.76) <.001

Second degree 316 41 (12.97) 275 (87.03)

First degree 1591 356 (22.38) 1235 (77.62)

First & Second degree 750 216 (28.80) 534 (71.20)
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F IGURE 1 Frequency overlap of self-reported hypertension
(C) and hypertensionmeasured by reference criteria (blood pressure
measurement (B)+ treatment (A)).

economic status, an increase in BMI, and stronger family ties to people

with hypertension while it decreased with an increase in the number

of education years. Overall PPV and NPV were 77.9% and 92.7%,

respectively. Unlike sensitivity, men had higher PPV than women.

However, PPV increased with age and economic status but decreased

with education years. Age with a value of 39.60% experienced the

highest range of PPV changes which reached 92.30% for those over

60 years old. The value of the area under the PR curve was 79.37%

for the full model (including self-reported BP, sex, age, marital status,

economic status, BMI, smoking status, drug use, alcohol consumption,

diabetes, and family history of hypertension) and 77.40% for the

reduced model (including self-reported BP, sex, and age) (Table 2 and

Figure 2).

3.3 Correlates of self-reported hypertension

Table 3 shows the crude and adjusted odds ratio (OR) of the fac-

tors affecting the validity of self-reported hypertension (also see

the supplement). Older age (OR = 2.28, CI: 1.69–3.09), higher BMI

(OR = 1.97, CI: 1.47–2.65), and stronger family ties to hyperten-

sive people (OR = 1.50, CI: 1.12–2.01) independently increased the

disagreement between the self-reported and reference values. The

results of the adjusted multinomial logistic regression suggested an

increase in age, and BMI, and having a family history of hypertension

increased the value of both false positive and false negative rates, inde-

pendently of other factors. The false positive rate was more likely to

be reported in females (OR = 2.22, CI: 1.43–4.54); conversely, males

had a higher chance of reporting false negative rates (OR = 1.97,

CI: 1.37–2.82). However, older age, higher BMI, concurrent diabetes,

and a stronger family history of hypertension significantly increased

the likelihood of a true positive report than a true negative report of

hypertension.

4 DISCUSSION

This study investigated the validity of self-reportedhypertension in the

Kurdish population. Unlike previous studies, sensitivity and specificity

have been reported in the subgroups formedby the socio-demographic

variables. Kappa and PPV were also reported in contrast to previous

studies. The results showed the prevalence of hypertension based on

self-reports and the reference criteria was 19.4% and 21.6%, respec-

tively. The prevalence of self-reported hypertension was estimated

to be close to the actual level, which was in line with the findings of

the study by Najafi et al.8 There are many reasons for the disagree-

ment between reported and measured hypertension; for example,

the reliability of BP measurements can vary according to the equip-

ment, measurement conditions, and various subject factors such as

beat-to-beat variability, bladder distention, talking, and white-coat

hypertension.15

Our findings showed 255 patients (29.68%) were unaware of their

hypertension disease, and among those under treatment, hypertension

was not well controlled in 186 patients (32.18%).

In our study, the sensitivity and specificity of self-reported hyper-

tension were 72% and 94.5%, respectively. Reports which vary by

different countries have been found to be 56% and 95.5% in India,16

73.24% and 93.6% in China,3 81.7% and 98.7% in Brazil,17 55.5% and

91.4% in UK,18 73.0% and 98.5% in South Korea,19 as well as 82.4%

and 70.7% in Thailand,20 respectively. Almost, all previous studies with

large sample sizes have shown the specificity of self-reported chronic

diseases was higher than their sensitivity.13,16 Studies have shown the

quality of provided health services is a reason for the differences in the

validity of self-reported conditions.19,6 Low sensitivity may be a con-

sequence of difficulty or inability to access health services, thus it is

limiting the awareness of the disease.21 Therefore, caution should be

exercised when using population data from different countries, con-

sidering regional differences, especially in terms of access to health

services.

In the present study, the PPV and NPV were 77.9% and 92.2%,

respectively. In a cohort study of Spanish adults, the PPVwas reported

to be approximately close to that of the present study (79.4%), and

the NPV was 10% lower (82.8%).22 However, another study showed

the PPV and NPV of hypertension self-reporting were very different

from those in the present study (the PPV and NPV were 97.3% and

57.2%, respectively).23 The predictive value of a test will vary in dif-

ferent communities with different prevalences such that the lower the

prevalence of a disease, the higher the NPV, and the higher the preva-

lence of a disease, the higher the PPV.24 However, the use of different

methods tomeasure self-reported hypertension in studiesmakes it dif-

ficult to compare results and highlights the need for standardization of

methods for hypertensionmeasurement.

Investigation of the role of factors affecting the validity of self-

reported hypertension showed the disagreement between the self-

reported and reference values increased with age. Consistent with the

present study, the studies by Najafi et al.8 and Delhey et al.25 have

shown in older people, differences between self-reported and exami-

nation results of hypertension increased; however, some studies have
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F IGURE 2 Diagnostic characteristics of the
reducedmodel (self-reported hypertension, sex, age)
in comparison with the full model (Self-reported
hypertension, sex, age, marital status, economic
status, BMI, smoking status, drug use, alcohol use,
diabetes, and family history of hypertension).

found higher agreement often in older populations.19,26 In general,

elderly people tend to have more frequent contacts with the health-

care system. Therefore, they might be better informed about their

chronic conditions than younger individuals.26 However, the higher

specificity of self-reporting compared to its sensitivity and the increase

in the prevalence of chronic age-related diseases can be considered

as a reason for the reduced self-report validity in the elderly.8 Recall

bias may be a particular concern when interpreting survey responses

given by the elderly and they may both over- and under-report their

self-reported responses.27

Disagreement increased with BMI for both false-positive and false-

negative results. Najafi et al., similar to the present study, showed the

positive and negative values of self-reported hypertension increased

with increasing BMI.8 In a study by Bhatia et al. in India, sensitivity

was higher in obese individuals.16 The observed result may be related

to less use of health care, worse lifestyle habits, and consequently,

less health awareness in obese participants. In contrast, Hunger and

Major found BMI was indirectly related to poorer self-reported health

through its effect on perceived discrimination and concerns about

stigma.28

At the univariate level, the chance of discordance in participants

with a university education was less than that in illiterate participants.

Similar results were shown in studies by Ning et al.,26 Bhatia et al.,16

andChun et al.19; however, the results of deMenz et al.’s23 study are in

contrast to those of our study.

Exploring the effect of a family history of hypertension on the

accuracy of self-reported hypertension shows the chance of disagree-

ment is higher in people whose first- and second-degree relatives

have hypertension than in those without a family history of hyperten-

sion. A similar result was seen only in Najafi et al.’s study,8 and other

studies have shown family history is associated with more accurate

self-reporting.13,28 The disease presence in the members of a family

may be due to the fact that these people have an unhealthy lifestyle

andusually donot seek toevaluate their health status. Therefore, these

individuals are less likely to seek health care and are not aware of their

health status.29,30

In the present study, disagreement and false positives for self-

reported hypertension in single people were higher than those in

married individuals. A study in Brazil found people with a partner

were more sensitive to self-reported hypertension than those without

a partner.31 However, a study on Oman adults showed the differ-

ence between self-reporting and measuring hypertension was greater

among married people than single ones.32 It is possible that married

people, due to the influence of their partners, have more follow-up

and awareness about their health status, so a higher concordance on

self-reported hypertension is acceptable in this group.

Investigation on gender roles in the observed inconsistency showed

like other studies, false positive reports were more frequent in women

than in men, but false negatives were more common in men than in

women,which is consistentwith the findingsof other studies.9 Thehigh

false-positive value inwomen can be attributed to the fact that women

use health services more than men32 and may be more willing to take

preventive health actions because of their lifetime increased contacts

with health care professionals for their reproductive health care.33

In our study, sensitivity and PPV were higher in patients with dia-

betes than those without diabetes. It is possible that individuals with

other comorbidities undergo a greater number of medical visits, thus it

is increasing the likelihood of hypertension diagnosis.34 In addition, the

known risks of comorbidities encourage patients to bemore concerned

about their health and are thereforemore likely to seekmedical care.

Analyses showed the agreement between self-reported and mea-

sured BP was higher in smokers than in ex-smokers and non-smokers,

but they had lower sensitivity. Less sensitivity in current smokers than

in non-smokers in the study by Chun et al. was also observed.19 Some

studies have shown the short-term effect of smoking on hypertension,

and this could be the reason for the low sensitivity observed in the
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smoker group.35 On the other hand, more medical visits due to com-

plications caused by smoking lead to an increase in the awareness of

hypertension, and increased awareness leads to greater agreement

between self-reporting andmeasurement of results.

In this study,weused thePRC insteadof theROCcurve to represent

the classification of individuals based on their self-reports against the

standard criterion. The value of the area under the PRC was 79.79%

for the full model and 77.40% for the reduced model, which indicated

a very high effect of sex and age compared to other variables on the

accuracy and remembering of self-reported BP.

4.1 Strengths and limitations

In fact, the diagnosis of hypertension must be based on several sepa-

rate measurements because the reliance on two measurements taken

during a single physical examination instead ofmultiplemeasurements

over longer time intervals may have led to biased estimates of the dis-

ease prevalence.36 White-coat hypertension is a situation in which the

blood pressure in the clinic is higher than normal while outside the

clinic, the blood pressure is settled to the normal range. This causes

some people to be mistakenly considered to have high blood pressure.

In this study, some participants with nocturnal hypertension may be

missed. The study results should be cautiously generalized to other

provinces of Iran, which have ethnicities with different cultures.

Despite these limitations, the present study has several strengths.

The analyses were based on a large sample size and a regionally-

representative sample. The use of high-quality cohort data, and trained

researchers to collect data are someof its strengthswhile the response

rate in this study is high (the response rate of 91% in the baseline). Our

samples also were participants aged 30–70 years, and included a large

proportion of people at high risk of hypertension. Identifying the char-

acteristics influencing on the accuracy of hypertension measurement

in these age groups can reduce the problemsof hypertensiondiagnosis.

5 CONCLUSION

Our study indicated the reported value overestimated true prevalence.

However, the self-reportedhypertensionhadgoodvalidity and seemed

to have a relatively good ability to identify patients with hypertension.

High PPV especially in people over 60 years old indicated those who

reported having high blood pressure were very likely to really suffer

from hypertension. Therefore, in underserved areas in terms of pri-

mary health care, it is possible to rely on people’s self-reporting and

take the necessary measures to prevent complications in clinical prac-

tice. However, self-reporting could be used as a suitable tool for patient

screening (especially for the elderly). Self-reported hypertension mea-

surement is a simple and low-cost method which does not require

extensive training and complex equipment. This method of data collec-

tion can be used as an important strategy for continuous population

monitoring, policymaking, and policy assessment to reduce the disease

burden.
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