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Abstract

Objective: This study aims at providing local reference values for blood pressure by height and determiningdistribution pattern of systolic and diastolic blood pressure in 6.5-11.5 elementary school children for thefirst time in Shiraz (Southern Iran).
Methods: Height, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured withstandard methods in 2270 healthy school children (1174 boys, 1096 girls) who were selected by multi-stagerandom sampling in 2003-2004 academic years. We produced blood pressure percentiles by heightpercentiles using Healy-Rasbash-Yang method.
Findings: The blood pressure (both systolic and diastolic) tends to increase with age, but after adjusting themeasurements for height, no significant correlation was found between either systolic blood pressure ordiastolic blood pressure and age (r=-0.03 and P=0.15 for systolic blood pressure, r=-0.005 and P=0.8 fordiastolic blood pressure). Then systolic and diastolic blood pressure percentile values by age and heightpercentiles, and blood pressure smoothed centiles by height in 6.5-11.5 years school children were derived.
Conclusion: Due to genetic, cultural and environmental differences among populations, it is suggested to uselocal blood pressure standards in Iran. We produced blood pressure percentiles by height instead of agebecause it seems that it would lead to better evaluation for real hypertensive diagnosis.
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IntroductionChildhood high blood pressure (BP) is a risk factorof hypertension in adolescence and earlyadulthood [1], which can be associated with anincreased incidence of stroke, coronary heartdisease, congestive heart failure and renalinsufficiency in adults [2]. It has also fundamentalinfluence on adulthood increased hospitalizationand mortality. Current understanding of childhood

blood pressure not only recognizes theimportance of identification of children withhypertension due to secondary conditions but alsothe realization that mild elevations in bloodpressure during childhood (and particularlyadolescence) are more common than previouslythought. Elevated blood pressure in some childrenmay represent the early onset of essentialhypertension. Therefore, the fourth report fromthe National High Blood Pressure Education
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Program (NHBPEP) working group on childrenand adolescents, suggested that children overthree years of age should have their BP beenmeasured at least once during every health carevisit [3]. Many studies show an increased agerelated BP from birth to 18 years [2-8]. However,height is identified as the most importantdeterminant of BP in childhood and adolescence.Therefore, a few studies present height related BP,whose normal range varies between 5th and 95thpercentiles [3-4]. BP levels may also vary from onecommunity to the other due to genetic, culturaland environmental differences [2].At present there is no data available on localchildren BP standards adjusted for height, andusing an external standard may be quitemisleading. Therefore, this paper provides, localheight-related as well as age and sex-specific BPreference values for Shirazi (Iran) school children.

Subjects and MethodsAdministratively, Shiraz is divided into foureducational districts, each with discrete social,cultural, economic and health characteristics.Since an adequate sampling frame of populationwas unavailable, a multistage systematic randomsampling was applied. A 10% systematic sample ofschools in each district was drawn from public andprivate schools (43 schools out of 426 schools).Within each selected school, a 1 in 5 sample ofchildren aged between 6.5 and 11.5 years (grade Ito grade V) was selected, using table of randomnumbers. Elementary schooling is compulsory inIran, a 2 percent random sample of about 113500school children in Shiraz, the capital of Farsprovince and one of the five principal cities of Iranwith a population of 1.5 million, were selected.Demographic structures of them were similar todeveloped urban cities of Iran, giving us arepresentative sample of Iranian urban children.Applying this sampling  procedure, 2270 healthyschool attendees (1174 boys, 1096 girls) aged 6-5-11.5 years (Grade I ≈ age group 7: 6.5-7.49, GradeII ≈ age group 8: 7.5-8.49, Grade III ≈ age group 9:8.5-9.49, Grade IV ≈ age group 10: 9.5-10.49 andGrade V ≈ age group 11: 10.5-11.5 years) having

valid measurements on both height and BP wereselected in 2003-2004 academic year, in a cross-sectional study.Children heights were measured by two trainedauxologists using a digital stadiometer (SECAmodel 707, Germany) and methods given byCameron [9] and recorded to the nearest 0.1 cm.The criteria for healthy children were: 1) beingwell or apparently normal; 2) absence of identifieddisease; 3) no evidence of taking antihypertensivemedication or other drugs at the time of study. If achild had a problem as above, he/she wasexcluded from the study.An informed consent was sought from thesubject's parents and guardians and the procedurewas explained to the child before measuringhis/her BP by the trained nurses or healthworkers of the research team. Standard andcalibrated aneroid manometers (Model 500-c,Japan) (to avoid mercury toxicity) were used forall readings. Blood pressure was measured inregular schooldays while the child sitting quietlyfor at least 5 minutes, feet on the floor and rightarm supported, cubital fossa at heart level.Children were excluded if they had stress or weretaking any stimulant foods or drugs (eating anyfood or drinking tea or coffee before themeasurement or having any activity). Ages wererecorded exactly as the difference between theirbirth dates and the dates of measurements.BP measurements are based on auscultatorymethod. An appropriate cuff size was used with aninflatable bladder length that was covering at least80-100 percent of the arm circumference at thepoint midway. The stethoscope was placed overthe brachial artery pulse and below the bottomedge of the cuff without any contact between cuffand stethoscope. The cuff was being inflated untilbrachial pulse disappeared. Systolic BloodPressure (SBP) and Diastolic Blood Pressure(DBP) were determined by the onset of thetapping Korotkoff sounds (K1) and established thefifth Korotkoff sound (K5), respectively. BP of eachschool child was measured once. However, theywere randomly checked for second or third time.Time interval between two measurements was atleast 30 minutes.Height related BP charts as adjusted for age andsex were calculated from the following regressionformula as used by NHBPEP [3].
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Table 1: Summary measures of blood pressure of Shirazi school children
P-value sex
difference

95% CISDCVMeanNumberSexBlood Pressure

0.0792.1-93.310.411.292.71174Boys
Systolic 92.8-94.111.512.293.51096Girls 92.7-93.61111.893.12270All 0.00158.6-59.78.714.759.11174Boys
Diastolic 60-61.69.215.160.61096Girls 59.4-60.291559.82270AllSD: standard Deviation; CI: Confidence interval; CV:
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 Where α; β1 ,…, β4; Υ1,…, Υ4 are the regressionmodel coefficients. μ is the expected SBP or DBPfor boys or girls of age y years and height hcentimeter. k and j are the multinomial powersthat vary from 1 through 4.Healy-Rasbash-Yang (HRY) [10] nonparametricmethod was applied to estimate height relatedsmoothed BP percentiles and the goodness of fit ofthe models were examined and validated. Thismethod makes no assumption about the nature ofdistribution of the measurement at ages.
FindingsTable 1 presents summary measures of BP ofShirazi school children. Girls' BP including systolic

or diastolic were higher than that of boys andmore variable.Tables 2 and 3 present SBP and tables 4 and 5present DBP percentile values by age group andheight percentiles in Shiraz for boys and girls,respectively. As can be seen from these tables, BPincreases by height and age. Correlationcoefficients of SBP and DBP by age were calculatedas 0.26 (P<0.001) and 0.20 (P<0.001) respectively.A positive correlation between BP and height wasestimated at 0.36 (P<0.001) for SBP and 0.27(P<0.001) for DBP.Regression analysis showed that on the averageSBP increased by 2 mmHg and DBP by 1.3 mmHg(P<0.001) per one year of age. Also on averageSBP and DBP increased by 4 mmHg and 2.5 mmHgper each decimeter of the subject's heightrespectively. However, once the measurementswere adjusted for height, no significant correlationwas found between either SBP or DBP and age(r=-0.03 and P= 0.15 for SBP, r=-0.005 and P=0.8
Table2: Systolic blood pressure percentiles values by age and height percentiles in 6.5-11.5 years boysShirazi children

Boys height  percentileBoys BP
percentile

Boys age
group 9590755025105 106.7105.1102.6100.899.899.398.790

7 110.3108.6106.2104.3103.4102.8102.295 116.9115.2112.8111.0110.0109.5108.999 107.3105.6103.1101.3100.499.999.390
8 110.8109.1106.6104.8103.9103.4102.895 117.5115.8113.3111.5110.6110.1109.599 109.8108.2105.7103.9103.0102.5101.990
9 113.3111.7109.2107.4106.5106.0105.495 119.9118.3115.8114.0113.1112.6112.099 113.5111.7109.2107.4106.5105.9105.390

10 117.1115.3112.8111.0110.1109.5108.995 123.7121.9119.4117.6116.7116.1115.599 113.6111.8109.3107.5106.6106.0105.490
11 117.2115.4112.9111.1110.2109.6109.095 123.8122.0119.5117.7116.8116.2115.699BP: Blood Pressure
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Table3: Systolic blood pressure percentiles values by age and height percentiles in 6.5-11.5 years girls Shirazichildren
Girls height  percentileGirls BP

percentile
Girls age

group 9590755025105 106.9105.9104.0102.1100.498.69790
7 110.8109.8107.9106.0104.3102.5100.995 118.1117.1115.2113.3111.6109.8108.299 109.2108.2106.3104.4102.7100.899.390
8 113.1112.1110.2108.3106.6104.5103.095 120.4119.4117.5115.6113.9112.0110.599 112.3111.3109.4107.5105.8103.9102.490
9 116.2115.2113.3111.4109.7107.8106.395 123.5122.5120.6118.7117.0116.1114.699 114.4113.4111.5109.5107.9106.0104.590

10 118.3117.3115.4113.4111.8109.9108.495 126.6124.6122.7120.7119.1117.2115.799 115.1114.1112.3110.3108.6106.8105.290
11 119.0118.0116.2114.2112.5110.7109.195 126.3125.3123.5121.5119.8118.0116.499BP: Blood Pressure

for DBP). Therefore, BP by height charts wasproduced to provide BP border of healthinesswhich should be more realistic, yet reliable thanBP by age centiles. Figs 1a and 1b present SBP byheight charts of boys and girls respectively. Fig 1ccompares boys and girls charts for median andextreme centiles, which shows that boys BP liesunder girls BP. Fig. 2a and 2b show DBP by heightcharts of boys and girls respectively. A comparisonof boys and girls DBP is shown in Fig 2c, showingthat DBP of girls were higher than that of boys.

DiscussionThe assessment of blood pressure and preventionof hypertension in children and adolescents havebecome a worldwide priority. Because ofpredictability of adult blood pressure fromchildhood blood pressure, standard values ofblood pressure in childhood were considered insome developed countries. To define a standardfor blood pressure in children, the Task Force onBlood Pressure Control in Children in the United
Table 4: Diastolic blood pressure percentiles values by age and height percentiles in 6-12 years boys Shirazi children

Boys Height  percentileBoys BP
percentile

Boys Age
group 9590755025105 71.470.368.466.966.466.365.990

7 74.473.371.469.969.469.368.995 80.179.077.175.675.175.074.699 71.570.468.567.066.666.566.190
8 74.573.471.570.069.669.569.195 80.279.177.275.775.275.174.899 73.572.470.568.968.468.368.090
9 76.575.473.571.971.471.371.095 82.181.079.177.677.177.076.799 75.474.372.470.970.470.370.090

10 78.477.375.473.973.473.373.095 84.183.081.179.679.179.078.799 75.674.672.871.270.770.670.390
11 78.677.675.874.273.773.673.395

84.483.381.579.979.479.379.099BP: Blood Pressure
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Table 5: Diastolic blood pressure percentiles values by age and height percentiles in 6-12 years girls Shirazi children
Girls Height  percentileGirls BP

percentile
Girls Age

group 9590755025105 71.570.869.668.568.867.566.090
7 74.774.072.871.771.070.769.295 80.880.178.977.877.076.775.299 73.272.571.370.269.569.268.090
8 76.475.774.573.472.772.471.295 82.581.880.679.578.878.577.399 73.873.171.970.870.169.868.690
9 77.076.375.174.073.373.071.895 83.182.481.280.179.479.177.999 75.474.773.672.471.771.570.290

10 78.677.976.875.674.974.773.495 84.784.082.981.781.080.879.599 75.775.073.872.772.071.770.590
11 78.978.277.075.975.274.973.795

85.084.383.182.081.381.079.999BP: Blood Pressure
States published a series of reports on bloodpressure levels related to age, height and weightfrom birth to 18 years [1,3]. The distribution ofblood pressure levels and the prevalence ofhypertension vary with multi factors such asgenetic inheritance, dietary habits, life style andenvironment in different racial and ethnic groups[2,6,8,13]. Based on these variations, reference normsderived for one particular population may not beapplicable to others. Local reference data areessential to evaluate observed blood pressurevalues [17], hence we attempted to provide suchstandards in this paper.Our findings show that BP phenomenon shouldbe treated dynamically which may be ethnicityand age dependent. Our results described here are

in support of intermittent updating of BPstandards throughout the world.Ataei and Shajari noted that there was nostatistically significant difference between theprevalence of elevated blood pressure betweengenders [18,19], Hosseini mentioned that meansystolic blood pressure (SBP) and diastolic bloodpressure (DBP) were significantly (P<0.0001)higher in boys than in girls especially in older ages[20]. While our findings showed significantdifference in diastolic blood pressure (Table 1)that was more salient in the 95th percentile inlower height children (Fig 2c).Several studies have been carried out on thedistribution of BP in relation to age and otherdeterminants. However, a few studies have been
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figure 1a -SBP smoothed centiles by height for Shiraz boyes aged 6.5-11.5 years
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Fig. 1a: Systolic blood pressure smoothed centiles by height for Shiraz boys aged 6.5-11.5 years
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figure 1 b- SBP smoothed centiles by height for Shiraz girls aged 6.5-11.5 years
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Fig. 1b: Systolic blood pressure smoothed centiles by height for Shiraz girls aged 6.5-11.5 years

figure 1 c - SBP smoothed centiles by height comparison between Shiraz boys and girls aged 6.5-11.6 years
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Fig. 1c: Systolic blood pressure smoothed centiles by height comparison between Shirazboys and girls aged 6.5-11.5 years
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figure 2a- DBP smoothed centiles by height for Shiraz boys aged 6.5-11.5 years

Fig. 2a: Diastolic blood pressure smoothed centiles by height for Shiraz boys aged 6.5-11.5 years
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figure 2 b - DBP smoothed centiles by height for Shiraz girls aged 6.5-11.5 years
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Fig. 2b: Diastolic blood pressure smoothed centiles by height for Shiraz girls aged 6.5-11.5 years

figure 2c-DBP smoothed centiles by height comparison between Shiraz boys and girles aged 6.5-11.5 years
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Fig. 2c: Diastolic blood pressure smoothed centiles by height comparison between Shirazboys and girls aged 6.5-11.5 years
successful in providing height-related BPstandards of which our study is one.Our study showed that SBP and DBP rise as ageand height increase in both sexes. This is inagreement with other population–based studies[2,4,5,6]. It can be seen lower height and weight inShiraz children than American standards [11] and asa result lower BP is expected. However, anotherstudy showed that 5-12 years Italian children at90th and 95th centiles had a BP of 3-5 mmHg higherthan the American standards [14]. This is also truefor 6.5-11.5 years Turkish boys [15]. However, anIranian study suggests that BP of 7-12 yearschildren is compatible to their Americancounterparts [16]. This shows that using an

American standard may be quite misleading, asnone of our children would be categorized ashypertensive by the NHBPEP. The height-relatedBP charts produced in this paper would be anefficient diagnostic tool for clinical work in Iran,which should be validated for other parts of Iran.
Limitations of the study: While it isrecommended to use average of multiple bloodpressure measurements taken for weeks tomonths to characterize individual’s blood pressurelevel and standard data for 1-18 year-oldpopulation, high cost, limited resources and time,restricted the authors from doing so.Blood pressure is also influenced by variousother factors such as season, time of the day,
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ambience, fasting vs. nonfasting state of thesubjects etc., which could not be controlled in thestudy.
ConclusionThis paper provides local reference values andsmoothed centiles of blood pressure by height inShiraz (southern Iran) elementary school children.Ours and other studies show significant variationin BP standards among different populations,supporting the role for the development ofindividual BP standards throughout theworldwide pediatric population. Because ofdeveloping and improvement of health indicatorand increasing the level of information and thuschanging behavior of population, it is suggestedthat these reference data should be upgradedperiodically. In addition variables such as dietaryhabits, life style and other blood pressuredeterminants are suggested for further studies.
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