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Abstract

Background: Hypertension (HTN) is a major risk factor for ooary artery disease (CAD). Its
frequency is increasing globally. The aim of owdst was to evaluate the reference range of BP in
the Iranian population stratified for age and gende

Methods: A total of 1449 subjects without diabetes, CVDslipidemia, hypertension history and
with a normal BMI (18.5BMI<25) were recruited in current study. Particitawere enrolled from
the Mashhad stroke and heart atherosclerotic dissdfdASHAD) study. Anthropometric indices
and demographic data were collected by two heakhspecialists. A quantile regression model
(QR) was used to estimate the expected SBP and &Bipecific ages. A P-value of <0.05 was
considered significant for all analyses. All stitisl analyses were performed using R (versionl3}.4.
and SPSS software.

Results: The population included more men than women @1v8. 48.4%). The mean and standard
deviation of age in me7.5+8.4) was 2 years higher than wome5.63+7.9), (P<0.001). SBP and
DBP were higher in men than women (P<0.001). Byhgish quantile regression model, we
concluded that, the"5to 90th percentile of SBP, for men aged 30-69 sieenged from 95 to
148.08 mmHg and in women ranged from 86.66 to T4@. 8" to 90th percentile of DBP, for men
aged 30-69 years, ranged from 60 to 91.66 mmHgrammen ranged from 60 to 91.22.

Conclusions: We have, for the first time, established the BRgatiles (1, 5, 10, 50, 90, 95, 99) in
an Iranian population stratified by age and gen@leese data suggest that a local program for health
promotion is necessary for the early identificatodrinypertension in adults age80 years.



| ntr oduction

One of the important factors in the evaluation afdeovascular (CV) risk is blood pressure (BP). A
systolic BP (SBP}» 140 mmHg, or a diastolic BP (DBP)90 mmHg are the threshold values used
to define hypertension (HTN) (1) and this is an amant risk factor for cardiovascular disease §2, 3
Global HTN frequencies are high and increasing. Werld Health Organization (WHO) has
reported that a high blood pressure is projectetietdhe cause of 7.5 million deaths per annum,
about 12.8% of the total of all mortality globallypertension is the cause of 57 million disability
adjusted life years (DALYS) or 3.7% of total DALY&). The WHO has reported that the
prevalence of high blood pressure was highest iit&i{46%) and lowest in the Americas (35%). In
South-East Asia, 36% of adults suffer from HTN.Idan, the total pooled prevalence of HTN is
increasing (4-8). Globally, men have a higher pl&wee of hypertension than women (9).

A meta-analysis from 61 prospective observationadiss comprised one million adults without a
history of vascular disease, has reported thavémyedecade of age at death, the relative diffexenc
in the vascular mortality risk associated with ataia difference in normal BP is approximately
equal to at least 115 mmHg normal SBP and 75 mnotignal DBP. In the age range between 40-69
years, a 20 mmHg increase in SBP (or approximatélynmHg in DBP) was associated with a
doubling in the risk of stroke mortality. These feiences in vascular death are reduced by
approximately 50% at older ages (80-89 years) coegp#o younger ages (40-49 years), but the
absolute risk is higher in older age range. Wlgisat efforts have been made to improve the rdtes o

high blood pressure over the last decade, its fgrga continues to rise in most countries (9).

Few prospective studies have been done in low iecoountries, such as those in the Middle East,
to determine the the risk factors for hypertensi@nalysis and evaluation of hypertension risk
factors in low income countries could have implicas for the global management of this important
condition, and may provide insights into the riskhgpertension for ethnic diaspora living in the
West (10). A systematic investigation of the gemetnd environmental factor interaction has not
been undertaken in the Middle East. The Mashhadkestrand heart atherosclerotic disorder
(MASHAD) study is a large longitudinal cohort stydymed to investigate the risk factors for CVD
including hypertension in the Iranian populatioheTparticipants will continue to be followed-up for
a period of at least 10 years (2010-2020) for teéeetbpment of CVD and hypertension as clinical

endpoints. The precise aims of this current studsevto:

(1) Define the prevalence of hypertension andstoaiation with age and gender; (2) determine the
relationship between several genetic and envirotaharsk factors and cardiovascular disease



endpoints; (3) determine the characteristics rdltdehe development of hypertension; and (4) track
the variations in hypertension risk measures oveerod of at least 10 years in this population

sample (11).

The reference values for SBP and DBP may be usadgagde the assessment of individuals and to
provide effective criteria for assessing cardioudesc risk. The reference intervals for many
laboratory tests is defined by threshold values aspecified percentage (usually 95%) for healthy
personslin the Iranian population, due to a lack of assegHie relationship between BP and clinical
outcomes, the levels of health-related cut-off galufor an increased BP, age and gender

distributions of BP (90th and 95th percentiles)evased to define normal BP thresholds.



M ethods

Participants were chosen from three areas in Makhbiguated in north-eastern Iran, using a
stratified cluster random sampling method. Housghatith individuals within the qualifying age
range (between 30 and 69 years) were identifiedtla@docal population establishments provided a
brochure with information of the study for the fdies. Eighty-two percent of subjects responded
and agreed to register in the study. The non-resgsn(n = 2035) were contacted and information
was obtained with respect to their socioeconomemagraphic profile, hypertension state and self-
described diabetes (11). The anthropometric, deapbgc and lifestyle data were taken and
registered by two healthcare specialist and a n@se health-associated questionnaires included (a)
demographic data, tobacco and alcohol usage, @yskercise, a food frequency questionnaire
(FFQ) and 24-h food consumption (b) depression andety tests and (c) anthropometric gauges,

cardiovascular risk-associated questionnaire (11).

The blood pressure was measured twice using aathmdercury sphygmomanometer on the left
arm, with the participants seated, and were at msafduration of 15 minutedsefore measurement. The

average of the two measurements was recordede Mifference of the first two readings was more
than 15 mmHg in DBP or 25 mmHg in SBP, we took iedtheading and the average of the two

closest readings that was documented as the mead ptessure (12).

Database characteristics

In total, data on 9847subjects were collecite subjects who were included in the analysis were
apparently healthy, did not have a history of clhihypertension, or treatment for dyslipidemia (TC
> 240 mg/dl or LDL-C> 160 mg/dl or HDL-& 50 mg/dl (female)/40 mg/dl (male), TS 250
mg/dl), and were free from overt CVD (defined as fintesence of cerebrovascular, coronary heart
disease, valvular, peripheral artery disease, imagacardiac ejection fraction, left ventricular
hypertrophy, or atherosclerotic plaque) and diabéiasma fasting glucosel26 mg/dl). Data for

all essential variables were available on 1449 esiibj without diabetes, CVD, dyslipidemia,
hypertension history and have normal BMI (k8MI<25). Other patients were excluded from the

data analysis.

Statistical analyses



Descriptive analyses are reported as mean + stduggaration (SD) for quantitative variables. The
sex differences in means of normally distributedaldes: age, weight, height, SBP, DBP were

tested using independent t-tests.

In order to obtain a reference range for blood saress we calculated the percentiles of each vaajabl
we considered the values between the 5th {B ®ércentiles as the reference range and values
between the 90th to ¥5percentiles as prehypertension, and greater thgh percentile as

hypertension. To achieve this aim, we used quarggeession (QR).

Quantile regression is a nonparametric method ithéee from distributional assumptions, and is
not influenced by outliers of the dependent vagablo implement these methods, a separate
regression is implemented for each quantile. Is #tudy we fitted conditional BP quantiles: 0.01,
0.05, 0.1, 0.5, 0.9, 0.95 and 0.99 by age and gehdéhis model, SBP and DBP are the dependent
variables, and age as an independent variableeniley groups separately. We used different
categories of age for quantile regression motleén the mean age of category was used as a

representative of that category.

QR models provide a good fit to the data. To asslkee goodness-of-fit, observed and expected
frequencies of BP in percentile bands <1, 1-4.9,%-10-49.9, 50-89.9, 90-94.9, 95-98.9 and >99
were compared using a chi-square goodness-osfitlieall statistical analysis the P-values |&ésat

0.05 were considered significant.

All statistical analysis were performed using Rréven 3.4.1) Quantreg package and SPSS software.

Results

Population characteristics

The demographic and clinical characteristics of gbpulation sample are shown in Table 1. The
population included more men than women (51.6% w848 All of the characteristics were
significantly different between men and women (p+e&0.05). Men were taller (13 cm), heavier (9
kg) and SBP and DBP were higher in men than in worGiend 4mm Hg, respectively. Mean age in
men was 2 years higher (P<0.001). BMI in men wagfahan for women (the difference was 0.24
kg/m?, P= 0.005).



Table 1 Descriptive data for men and women

Men(n=747) Women(n=702)

variables MeanzSD MeanzSD p-value
Age(years 47.5+8.40 45.63+7.90 <0.001
SBP(mmHgQ) 116.19+14.49 111.38+14.06 <0.001
DBP(mmHg 76.45 +9.76 72.82+9.92 <0.001
Height(m) 1.69+0.06 1.56+0.06 <0.001
Weight(kg) 65.05+7.24 55.67+5.89 <0.001
BMI(kg /m?) 22.65+1.66 22.89+1.60 0.005




Reference values for systolic blood pressure

We have shown the predicted (1st, 5th, 10th, 25k, 90th, 95th, 99th) percentiles of BP and its
relation with age in Figure 1 and 3. Linear quantégression for SBP in men and woman indicated
in Figure 1. From the non-parallel lines it canitierred that for increasing age, SBP increases for
each quantiles differently. SBP increases withiageen and women at 1st, 5th and 10tH" Zth,

95" percentiles, with almost the same slope, but #t 9@rcentiles, increases with higher slope in
women than men. The full list of the 1st, 5th, 1@Bth, 50th, 90th, 95th, and 99th percentiles of

SBP by age -sex groups is shown in Table 2.

Variation of 5", 50" and 90™ per centiles with age group:

By increasing age, the median quantile for womenedafrom 107.63to 115.33 and for men varied
from 110to 123.33. The 5th percentile of SBP in maned from 95 to 100 and in women from
86.66 to 97.5. The 90th percentile of SBP in metedafrom 125.33 to 148.08 and in women from
121.33 to 140mmHg.

Reference range of SBP for each age group:

In the age range from 30-39 years, the 5th and pétbentiles of SBP was 95and 125.33and for
woman was 86.66 and 121.33mmHg. In men aged 4€ké¢%th and 90th percentiles of SBP was
96.35 and 131.46and for woman was 90 and121.07mmiHgnen aged 50-59, the 5th and 90th
percentiles of SBP was 98.08 and 139.33 and foramowas 93.75 and 133.54 mmHg. In men aged
60-69, the 5th and 90th percentiles of SBP was AdQk48.08 and for woman was 97.5 and
140mmHg.



Table 2.Systolic blood pressure percentiles for men and &by age, quantile regression models

men Percentiles of systolic blood pressure

Age 0.01 0.05 0.1 0.5 0.9 0.95 0.99

group

30-39 90.00 95.00 97.11 110.00 125.33 130.0d 140.00
40-49 90.00 96.35 98.66 113.59 131.46 136.82 150.00
50-59 90.00 98.08 100.66 118.20 139.33 145.6( 162.85
60-69 90.00 100.00 102.88 123.33 148.08 155.33 177.14
women | Percentiles of systolic blood pressure

Age 0.01 0.05 0.1 0.5 0.9 0.95 0.99

group

30-39 77.04 86.66 90.37 107.63 121.33 126.66 133.6p
40-49 80.00 90.00 93.33 110.00 127.07 132.92 146.05
50-59 83.33 93.75 96.66 112.66 133.54 139.96 160.00
60-69 86.66 97.50 100.00 115.33 140.00 147.0C 173.94
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Figure 1.Comparison of (1st, 5th, 10th, 25th, 500th, 95th, 99th) systolic blood pressure
percentiles by age for men (a) and women (b)
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The normal range of systolic blood pressure, inagéth and 90th percentiles for men and women,

is shown in Figure2. Both the 5th and 90th pertesnf systolic blood pressure are higher in males

than in females. In both sexes, systolic bloodsuespercentiles have increased with increasing age
group. Details are in table2.
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Figure2. Comparison of 5th and 90th systolic blpogssure percentiles for men and women
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Reference values for diastolic blood pressure

Linear quantile regression for DBP in men and womseshown in Figure 3. From non-parallel lines
can inference that as increase in age, DBP incsefgeinterest our quantiles are different. A
complete table of the 1st, 5th, 10th, 25th, 500th995th, and 99th percentiles of DBP by age -sex
groups is given in Table 3.

Variation of 5™, 50" and 90" per centiles with age group:

As increase in age the median quantile for womaieddrom 70to 74.33 and for men varied from78
to 80. The 5th percentile of DBP in both men andnen was fixed in 60.The 90th percentile of
DBP in men varied from 87.33 to 91.66 and in worfram 80 to 91.22 mmHg.

Reference range of SBP for each age group:

In men aged 30-39, the 5th and 90th percentildSBRP was 60 and 87.33 and for woman was 60
and 80 mmHg. In men aged 40-49, the 5th and 90tbeptles of DBP was 60and 88.5and for
woman was 60 and 83.45 mmHg. In men aged 50-5%tthand 90th percentiles of DBP was 60
and 90 and for woman was 60 and 87.33 mmHg. In agex 60-69, the 5th and 90th percentiles of
DBP was 60 and 91.66 and for woman was 60 and9Iri2&m

13



Table 3.Diastolic blood pressure percentiles for men anthes by age, quantile regression models

men percentilesf diastolic blood pressure

Age group| 0.01 0.05 0.1 0.5 0.9 0.95 0.99

(v)

30-39 51.40 60.00 60.00 78.00 87.33 90.00 92.52
40-49 51.66 60.00 61.79 78.54 88.50 91.79 96.66
50-59 52.00 60.00 64.10 79.23 90.00 94.10 102.00
60-69 52.37 60.00 66.66 80.00 91.66 96.66 107.93

women percentilesf diastolic blood pressure

Age group| 0.01 0.05 0.1 0.5 0.9 0.95 0.99

30-39 50.00 60.00 60.00 70.00 80.00 86.66 93.33
40-49 50.00 60.00 60.00 71.33 83.45 89.50 97.41
50-59 50.00 60.00 60.00 72.83 87.33 92.66 102.00
60-69 50.00 60.00 60.00 74.33 91.22 95.84 106.60
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Figure 3. Comparison of (1st, 5th, 10th, 25th, 500th, 95th, 99th) diastolic blood pressure
percentiles by age for men (a) and women (b)
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The normal range of diastolic blood pressure, idicig 5th and 90th percentiles for men and women,

is shown in Figure4. The 90th percentile of diastblood pressure is higher in men than in women

but the Sthpercentile of diastolic blood pressure is the samoth gender and is consistent with

increasing in age group.
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Figure 4. Comparison of 5th and 90th diastolic Hlpoessure percentiles for men and women

Goodness of fit test for model

The goodness-of-fit of the quantile regression rhasleexcellent, with no significant differences

between observed and expected values (Table 4suMdivided the data for any age, based on the
sex-specific predicted BP percentile (1%, 5%, 16%06, 90%, 95%, and 99%) that the cut points

were included in the upper segment. For each sex;ompared the observed distribution of subject

in these blood pressure percentile groups withettpected distributiorand performed a chi-square

17



goodness-of-fit test for QR method for each of Hue-sex groups (Table 4). Comparison of
observed (obs.) versus expected (exp.) frequelitiek 5, 40, 40, 5, 4 and 1%) of blood pressure in

the sample relative to QR-fitted percentiles: duare goodness-of-fit test results

BPS BPD
Men %o0bs %exp N %o0bs %exp
<1 6 0.8 1 8 1.07 1
1-4.9 29 3.88 4 7 0.94 4
5-9.9 32 4.28 5 59 7.9 5
10-49.9 302 40.43 40 299 40.03 40
50-89.9 302 40.43 40 293 39.22 40
90-94.9 38 5.09 5 37 4.95 5
95-98.9 30 4.02 4 29 3.88
>99 8 1.07 1 15 2.008
Chi-sqr= 0.066 Chi-sqr=1.94
p-value=1 p-value=0.96
BPS BPD
Women N %o0bs %exp N %o0bs %exp
<1 2 0.28 1 1 0.14 1
1-4.9 28 3.99 4 25 3.56 4
5-9.9 38 5.41 5 0 0 5
10-49.9 236 33.62 40 194 27.64 40
50-89.9 326 46.44 40 411 58.55 40
90-94.9 36 5.13 26 3.7
95-98.9 28 3.99 36 5.13
>99 8 1.14 1 9 1.28 1
Chi-sqr= .59 Chi-sqr=2.24
p-value=1 p-value=0.94

18



Discussion

In our population sample SBP increased with adaoih males and females. It was lower in women
than men for age categories 30-39 years and 4@&4&ylt has been documented #raincrease in
blood pressure with age may be associated witldact®n inB-adrenoreceptor responsiveness (11,
12).

The most important finding of this study was thad threshold values of 140 mmHg for SBP and 90
mmHg for DBP seem to be high in our population. \Mend that, for the age grous0 years old,

the 50th SBP percentile for men and women wer@dféb-126.66 and 120-125 mmHg. Moreover,
for both genders, the 90th SBP percentile for thpaaticipants, aged 30-69 years, of 126.66—-156.66
mmHg, was higher than the threshold 120 mmHg feridlentification of prehypertension according
to the NCEP-ATPIII guidelines (13). For the malge@>50 years old, the 50th DBP percentile was
of 80-81.33 mmHg, which was higher than the thr&sB6 mmHg for the identification of
prehypertension as recommended by NCEP-ATPIII duiee (13). Moreover, for both genders, the
90th DBP percentile for the participants agd@ years old, of 90-96 mmHg, which was higher than
the threshold 80-90 mmHg for the identificatiorpoéhypertension as recommended.

SBP and DBP increased by nearly 30 and 10 mmHg iwttteasing age. This is similar to another
study in Iran (13). Although compared with Americaaults, it seems that increased BP level with
aging to be greater in our population. Wright et laave reported that SBP and DBP increase with
age in adults agedl18 years old in the United States during 2001-200tir results showed there
was an increasing trend of SBP with age, whereaB DBreased then decreased with rising age in
both men and women. Moreover, there was a highemniB in non-Hispanic black compared to

non-Hispanic white adults (14).

It has been shown that the development of BP pgleerfor different populations is reasonable
because there are differences in diet, ethniciliypate and other impacting factors on the HTN

development in a population (13).

The results of current study can alert the heaflth@ssistants and policy makers regarding the
detailed reference of BP in adults agesD years, where there is a need for early assesgmen

identify hypertension, as this may be helpful teyant the related late mortalities.

Conclusions

19



In this study, for the first time, we establishbd thresholds BP percentiles (1,5, 10, 50, 90,989
by age and gender for Iranian population and clemed 5 to 95 th percentile of blood pressure as a
normal range .These percentiles can suggest thHatah program for health promotion in our

population.
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The 5™ to 90th percentile of SBP, for men aged 30-69 years, ranged from 95 to 148.08
mmHg and in women ranged from 86.66 to 140.

The 5™ to 90th percentile of DBP, for men aged 30-69 years, ranged from 60 to 91.66

mmHg and in women ranged from 60 to 91.22.

For the first time, established the BP percentiles (1, 5, 10, 50, 90, 95, 99) in an Iranian
large popul ation stratified by age and gender.

A local program for health promotion is necessary for the early identification of

hypertension in adults aged >30 years.



