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A new modified blood pressure-to-height ratio
simplifies the screening of hypertension
in Han Chinese children

Chunming Ma, Qiang Lu, Rui Wang, Xiaoli Liu, Donghui Lou and Fuzai Yin

The present study evaluated the simplicity and accuracy of a new modified blood pressure-to-height ratio (MBPHR3) in

identifying hypertension among Han children aged 7–12 years. In 2011, anthropometric measurements were collected as part

of a cross-sectional population-based study of 1352 Han children aged 7–12 years. Receiver operating characteristic curve

analyses were performed to assess the accuracy of the modified systolic blood pressure-to-height ratio (MSBPHR3) and the

modified diastolic blood pressure-to-height ratio (MDBPHR3) as diagnostic tests for the detection of elevated SBP and DBP,

respectively. The accuracies of MSBPHR3 and MDBPHR3 (as assessed by the area under the curve) in identifying elevated SBP

and DBP were greater than 0.85 (0.974–0.995). When the MBPHR3 was used to identify hypertensive children, the sensitivity

was 100% in boys and 100% in girls. The specificity was 93.8% in boys and 97.1% in girls. In conclusion, the MBPHR3 is a

simple, accurate and non-age-dependent index for the screening of hypertension in Han children.
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INTRODUCTION

Childhood hypertension has become a widely investigated topic within
the last decade due to its increasing prevalence.1 Obesity increases the
occurrence of hypertension; steep body mass index (BMI) increases
during childhood leading to adolescent increases in blood pressure.2

Childhood hypertension is often asymptomatic. However, hyperten-
sion in childhood and adolescence is not a benign disease and causes
significant target organ damage, which is already present at diagnosis.3

Appropriate early-stage diagnosis of hypertension is important for the
timely and appropriate intervention of hypertension in children and
adolescents. The availability of robust nomograms is essential for the
correct evaluation of blood pressure values in children.4 Identifying
hypertension in children and adolescents is more complicated than in
adults because it is based on a set of age-, gender- and height-specific
references for systolic blood pressure (SBP) and diastolic blood
pressure (DBP).5 The age-, gender- and height-specific standards for
SBP and DBP are less easily used by parents, non-professionals and
even pediatric clinicians.
In 2011, we evaluated, for the first time, the performance of the

blood pressure-to-height ratio (BPHR) in identifying elevated blood
pressure among Han adolescents.6 We found that the BPHR was an
accurate index for the identification of elevated blood pressure in
adolescents. Other studies have confirmed the high performance of the
BPHR in identifying elevated blood pressure in children and
adolescents.7–11 Inconsistent with its performance in adolescents,6

the BPHR was negatively correlated with age in children. Thus, we
proposed age-dependent cutoff points for children.12

Recently, Mourato and co-workers13 found that the modified blood
pressure-to-height ratio (MBPHR=BP/(height (cm)+7× (13− age in
years))) showed better sensitivity and specificity than the BPHR in
screening for blood pressure abnormalities in Brazilian children aged
5–12 years. We tested the applicability of this index on a population of
1352 Han children aged 7–12 years. The MBPHR was positively
correlated with age in children. In the formula, the coefficient of
‘(13− age in years)’ was 7. This leads to the question of whether we
can eliminate the correlation between age and the MBPHR by
changing the coefficient (i.e., 6, 5, 4, 3, 2 or 1).
In this study, we explored a new MBPHR to identify hypertension

in Han children.

METHODS

Subjects
We analyzed data on 1352 Han children (679 boys and 673 girls) aged 7–12
years from the 2011 children hypertension survey of Qinhuangdao. This study
was approved by the ethics committee of the First Hospital of Qinhuangdao. All
of the participants were required to be healthy. Both a detailed medical history
and a complete physical examination were performed prior to the study.
Children with a diagnosis of secondary hypertension, acute or chronic illnesses,
infections, renal or hepatic diseases, or neoplasia or who were receiving medical
treatment were excluded.
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Measurements
Anthropometric measurements of height and weight were collected while the
subjects were without shoes and in light clothing. Height and weight were
measured to the nearest 0.1 cm and 0.1 kg, respectively. The standing height
without shoes was measured three times with a stadiometer, and the three
measurements were averaged for the analysis. Blood pressure was measured
three times with a mercury sphygmomanometer while the subject was seated
after 10 min of rest, and the three measurements were averaged for the analysis.
The blood pressure cuff width was 40–50% of the arm circumference. SBP was
determined at the onset of the 'tapping' Korotkoff sounds (K1), and DBP was
determined at the fifth Korotkoff sound (K5). If a very low K5 persisted, then
the blood pressure at K4 (muffling of the sounds) was recorded as the DBP.
The following equations for the BPHR were used: systolic blood pressure-to-
height ratio (SBPHR)= SBP (mm Hg)/height (cm) and diastolic blood
pressure-to-height ratio (DBPHR)=DBP (mm Hg)/height (cm).
After the first screening, the cutoff points of the BPHR were determined

according to the definition of hypertension approved by the 2004 National
High Blood Pressure Education Program Working Group (gold standard).14

For all of the children in the hypertensive range (children with an SBP/DBP
⩾ 95th percentile and/or children with an SBPHR/DBPHR that exceeded the
gold standard cutoff point), we repeated the measurements on two subsequent
occasions. The (gold standard) definition of hypertension was a mean SBP and/
or DBP ⩾ 95th percentile for all three screenings, and the (gold standard)
definition of stage 2 hypertension was a mean SBP and/or DBP ⩾ 99th
percentile+5 mm Hg for all three screenings.14

Research procedures
Step 1. Compare the modified blood pressure-to-height ratio with age. The
formula for the modified blood pressure-to-height ratio (MBPHR) was
MBPHRn=BP/(height (cm)+ x× (13− age in years)), where x= 1B7.

For example: MBPHR7=BP/(height (cm)+7× (13− age in years))

MBPHR6=BP/(height (cm)+6× (13− age in years))

MBPHR5=BP/(height (cm)+5× (13− age in years))

All of the analyses were performed using the SPSS 11.5 statistical software
(SPSS 11.5 for Windows; SPSS, Inc., Chicago, IL, USA). The Pearson’s
correlation coefficient was used to test the association between the MBPHRx
and age. The new MBPHR, which is not correlated with age, is denoted as
MBPHRx. Po0.05 was considered to be statistically significant.

Step 2. Compare the accuracy of the BPHR, MBPHR7 and MBPHRx in identifying
elevated blood pressure in Han children. By using a receiver operating
characteristic (ROC) analysis, the ROC curves of the SBPHR, MSBPHR7 and
MSBPHRx were drawn to show how well they could separate subjects into
groups with or without an elevated SBP (using both mean SBP ⩾ 95th percentile
and mean SBP ⩾99th percentile+5 mm Hg as cutoffs) compared with the gold
standard age-, gender- and height-specific references for SBP. Similarly, the ROC
curves of the DBPHR, MDBPHR7 and MDBPHRx were drawn to show how
well they could separate subjects into groups with and without an elevated DBP
(using both the mean DBP ⩾ 95th percentile and the mean DBP ⩾99th
percentile+5 mm Hg as cutoffs) compared with the gold standard age-, gender-
and height-specific references for DBP. The ROC curves were plotted using
measures of sensitivity and specificity based on various anthropometric cutoff
values. ROC curves demonstrate the overall discriminatory power of a diagnostic
test over the whole range of testing values. A better diagnostic test shows a curve
skewed toward the upper left corner. The area under the curve (AUC) is a
measure of the diagnostic power of a test. A perfect test will have an AUC of 1.0,
and an AUC of 0.5 means that the test performs no better than chance. A test
with an AUC ⩾0.85 is considered an accurate test.15 The sensitivity and
specificity of the anthropometric measurements were calculated at all possible
cutoff points to find the optimal cutoff value. The optimal cutoff value is the
value that yields the maximum sensitivity and specificity from the ROC curve.

Step 3. Compare the sensitivity and specificity of the MBPHRx with those of other
screening tools in identifying elevated blood pressure in Han children. Different
screening tools have been proposed to simplify the diagnosis of high BP in
children, such as the Somu formula, Mitchell table, Chiolero table and Kaelber

table16–19 (Supplementary Table S1). Sensitivities and specificities for each

screening tool were calculated and compared with the MBPHRx. All of the

analyses were performed with MedCalc 11.4.2.0 software (Ostend, Belgium).

Step 4. Determine the sensitivity and specificity of the MBPHRx in identifying
hypertension in Han children. The hypertensive status of each child after three
screenings was determined by the gold standard method and the MBPHRx

(new standard). We then computed the sensitivity, specificity, positive

predictive value (PPV) and negative predictive value (NPV) of the MBPHRx

to predict hypertension for subgroups of gender, BMI (stratified as normal,

overweight or obese) and age group (7–9 and 10–12 years). The BMI groups

were age- and gender-specific and based on normalized BMI cutoff reference

values for Chinese children and adolescents.20 The likelihood ratios (positive

(LR+) and negative (LR− )) were also computed in our study. The LR+ of a

positive test result is calculated by dividing sensitivity by 1-specificity and

indicates the increased odds of a disease when a test is positive. Conversely, the

LR− is calculated by dividing 1-sensitivity by specificity and indicates the

decreased odds of a disease when a test is negative.

Table 1 Mean and s.d. of height, age, SBP and DBP

Boys (n=679) Girls (n=673)

Variables Mean s.d. Mean s.d.

Age (years) 9.4 1.7 9.5 1.6

Height (cm) 141.5 11.9 140.7 11.8

SBP (mm Hg) 107.1 11.8 106.9 12.2

DBP (mm Hg) 66.5 10.1 67.7 10.1

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; s.d., standard deviation.

Table 2 Relationship between modified blood pressure-to height ratio

and age

Boys (n=679) Girls (n=673)

r P-value r P-value

MSBPHR
SBP 0.205 o0.001 0.314 o0.001

MSBPHR7 0.344 o0.001 0.401 o0.001

MSBPHR6 0.258 o0.001 0.325 o0.001

MSBPHR5 0.161 o0.001 0.239 o0.001

MSBPHR4 0.055 0.152 0.142 o0.001

MSBPHR3 −0.058 0.130 0.036 0.349

MSBPHR2 −0.174 o0.001 −0.076 0.050

MSBPHR1 −0.288 o0.001 −0.189 o0.001

SBPHR −0.395 o0.001 −0.300 o0.001

MDBPHR
DBP 0.145 o0.001 0.232 o0.001

MDBPHR7 0.241 o0.001 0.301 o0.001

MDBPHR6 0.177 o0.001 0.239 o0.001

MDBPHR5 0.108 0.005 0.171 o0.001

MDBPHR4 0.035 0.360 0.097 0.012

MDBPHR3 −0.042 0.278 0.019 0.628

MDBPHR2 −0.121 0.002 −0.064 0.098

MDBPHR1 −0.201 o0.001 −0.149 o0.001

DBPHR −0.281 o0.001 −0.234 o0.001

Abbreviations: DBP, diastolic blood pressure; DBPHR, diastolic blood pressure-to-height ratio;
MDBPHR, modified diastolic blood pressure-to height ratio; MSBPHR, modified systolic blood
pressure-to height ratio; SBP, systolic blood pressure; SBPHR, systolic blood pressure-to-
height ratio.
SBPHR=SBP (mm Hg)/height (cm); DBPHR=DBP (mm Hg)/height (cm).
MSBPHRn=SBP/(height (cm)+n× (13− age in years)) (n=1B7); MDBPHRn=DBP/(height (cm)
+n× (13− age in years)) (n=1B7).
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RESULTS

The prevalences of hypertension were 2.7% (stages 1 and 2) and
0.3% (stage 2). The mean and s.d. of height, age, SBP and DBP are
presented in Table 1. Table 2 presents the Pearson correlation
coefficients between age, MBPHR and BPHR for boys and girls. Age
showed a strong positive correlation with the MSBPHR5-7 and
MDBPHR5-7 in boys (Po0.05). Age showed a strong negative
correlation with the MSBPHR1-2, SBPHR, MDBPHR1-2 and DBPHR
in boys (Po0.05). Age showed a strong positive correlation with the
MSBPHR4-7 and MDBPHR4-7 in girls (Po0.05). Age showed a
strong negative correlation with the MSBPHR1, SBPHR, MDBPHR1
and DBPHR in girls (Po0.05). There was no relationship between age
and MBPHR3 for both boys and girls (P40.05).
The abilities of the MBPHR7, MBPHR3 and BPHR to accurately

define elevated blood pressure were assessed by the AUC. Table 3
shows that, for both genders, the accuracy levels of the MBPHR7,
MBPHR3 and BPHR in identifying elevated blood pressure (as
assessed by AUC) were greater than 0.85 (AUC: 0.935–0.996). The

AUC of MSBPHR3 was higher than the AUC of SBPHR for both boys
and girls (for an elevated SBP defined as both the mean SBP ⩾ 95th
percentile and the mean SBP ⩾ 99th percentile +5 mmHg, Po0.05).
The AUC of the MDBPHR3 was higher than the AUC of the DBPHR
for both boys and girls (an elevated DBP was defined as a mean DBP
⩾ 95th percentile, Po0.05). The AUC of the MSBPHR3 was higher
than the AUC of the MSBPHR7 for both boys and girls (an elevated
SBP was defined as a mean SBP ⩾ 95th percentile, Po0.05). The AUC
of the MDBPHR3 was higher than the AUC of the MDBPHR7 for
boys (an elevated DBP was defined as a mean DBP ⩾ 95th percentile,
Po0.05). The AUC of the MBPHR7 was higher than the AUC of the
BPHR, but the difference was not significant (P40.05).
The sensitivity of the MBPHR3 was higher than that of the BPHR

(Po0.05) and was similar to that of the MBPHR7, Somu formulas,
Mitchell table, Chiolero table and Kaelber table in boys (P40.05). The
specificity of the MBPHR3 was lower than that of the Somu formulas
and Chiolero table (Po0.01) and was higher than that of the Mitchell
table and Kaelber table in boys (Po0.01) (Table 4). The sensitivity of

Table 3 Comparison of ‘area under the curve’ between three methods by gender

Blood pressure percentiles Number of patients AUC (95% CI) P-value Cutoff Sensitivity (%) Specificity (%)

MBPHR7
Boys

SBP⩾95th 83 0.953 (0.937–0.969) o0.001 0.69 95.2 83.6

DBP⩾95th 60 0.982 (0.973–0.991) o0.001 0.46 96.7 90.0

SBP⩾99th+5 mm Hg 13 0.991 (0.982–1.000) o0.001 0.75 100.0 94.4

DBP⩾99th+5 mm Hg 2 0.992 (0.982–1.001) 0.016 0.53 100.0 98.2

Girls

SBP⩾95th 96 0.961 (0.947–0.975) o0.001 0.68 99.0 78.0

DBP⩾95th 88 0.978 (0.968–0.987) o0.001 0.45 98.9 85.3

SBP⩾99th+5 mm Hg 21 0.991 (0.983–0.999) o0.001 0.76 100.0 94.2

DBP⩾99th+5 mm Hg 3 0.984 (0.967–1.001) 0.004 0.53 100.0 96.7

MBPHR3
Boys

SBP⩾95th 83 0.974 (0.963–0.986)a,b o0.001 0.75 96.4 83.1

DBP⩾95th 60 0.995 (0.991–0.999)a,b o0.001 0.51 98.3 94.2

SBP⩾99th+5 mm Hg 13 0.996 (0.991–1.000)a o0.001 0.84 100.0 97.7

DBP⩾99th+5 mm Hg 2 0.984 (0.962–1.007) 0.018 0.56 100.0 95.9

Girls

SBP⩾95th 96 0.986 (0.979–0.993)a,b o0.001 0.77 94.8 93.2

DBP⩾95th 88 0.987 (0.981–0.994)a o0.001 0.50 100.0 89.7

SBP⩾99th+5 mm Hg 21 0.995 (0.991–1.000)a o0.001 0.83 100.0 97.2

DBP⩾99th+5 mm Hg 3 0.993 (0.982–1.003) 0.003 0.57 100.0 97.3

BPHR
Boys

SBP⩾95th 83 0.935 (0.913–0.958) o0.001 0.82 86.7 85.1

DBP⩾95th 60 0.978 (0.966–0.989) o0.001 0.55 93.3 92.2

SBP⩾99th+5 mm Hg 13 0.973 (0.956–0.991) o0.001 0.87 100.0 90.1

DBP⩾99th+5 mm Hg 2 0.960 (0.903–1.017) 0.025 0.58 100.0 91.0

Girls

SBP⩾95th 96 0.951 (0.934–0.968) o0.001 0.82 87.5 86.3

DBP⩾95th 88 0.962 (0.948–0.975) o0.001 0.54 93.2 88.0

SBP⩾99th+5 mm Hg 21 0.977 (0.965–0.990) o0.001 0.87 100.0 92.5

DBP⩾99th+5 mm Hg 3 0.981 (0.953–1.008) 0.004 0.60 100.0 94.6

Abbreviations: AUC, area under the curve; BPHR, blood pressure-to-height ratio; CI, confidence interval; DBP, diastolic blood pressure; MBPHR, modified blood pressure-to height ratio;
SBP, systolic blood pressure.
MBPHRn=BP/(height (cm)+n× (13− age in years)) (n=1–7).
aCompared with BPHR Po0.05.
bCompared with MBPHR7 Po0.05.
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the MBPHR3 was higher than that of the BPHR and Chiolero table
(Po0.05) and was similar to that of the MBPHR7, Somu formulas,
Mitchell table and Kaelber table in girls (P40.05). The specificity of
the MBPHR3 was lower than that of the Somu formulas and Chiolero
table (Po0.01) and was higher than that of the BPHR, MBPHR7,
Mitchell table and Kaelber table in girls (Po0.05) (Table 5).
The optimal threshold of the MSBPHR3 for defining SBP ⩾ 95th

percentile was 0.75 in boys and 0.77 in girls. The optimal threshold
of the MSBPHR3 for defining SBP ⩾ 99th percentile+5 mm Hg was
0.84 in boys and 0.83 in girls. The optimal threshold of the
MDBPHR3 for defining DBP ⩾ 95th percentile was 0.51 in boys
and 0.50 in girls. The optimal threshold of the MDBPHR3 for
defining DBP ⩾ 99th percentile+5 mm Hg was 0.56 in boys and
0.57 in girls. Two boys who had MSBPHR3 values that exceeded
the cutoff points did not repeat their BP measurements on
two subsequent occasions. These children were not defined as

having hypertension by the gold standard. We assumed that these
children were false positives of MSBPHR3. When the MBPHR3
(new standard) predicted hypertension, the sensitivity was 100%
and the specificity was greater than 90%. The NPVs were much
higher (100%), and the PPVs were lower (ranging from 28.1 to
60.0%) (Table 6). The MBPHR3 also had a better sensitivity and
specificity when stratified by BMI into categories of normal,
overweight or obesity (Supplementary Table S2) and by age into
categories of 7–9 years and 10–12 years (Supplementary Table S3).

DISCUSSION

The MBPHRx index had an adjustable feature for the identification of
hypertension in children. As we changed the coefficient from 7 to 1,
the relationship between age and the MBPHRx transitioned from a
positive correlation to negative correlation. When the coefficient was
3, there was no relationship between age and the MBPHRx for both

Table 4 Cross tabulations between gold standard and screening methods in boys

Gold standard

Screening methods Positive cases Negative cases Sensitivity, % Specificity, % Compared to MBPHR3

MBPHR3
Positive cases 112 96 98.2 83

Negative cases 2 469

BPHR
Positive cases 102 87 89.5 84.6 Sensitivity

P-value=0.0140

Negative cases 12 478 Specificity P-value=0.5162

MBPHR7
Positive cases 110 106 96.5 81.2 Sensitivity

P-value=0.6989

Negative cases 4 459 Specificity

P-value=0.4767

Somu formulas
Positive cases 110 46 96.4 91.8 Sensitivity

P-value=0.6673

Negative cases 4 519 Specificity

P-valueo0.0001

Mitchell table
Positive cases 114 207 100 63.3 Sensitivity

P-value=0.4607

Negative cases 0 358 Specificity

P-valueo0.0001

Chiolero table
Positive cases 105 10 92.1 98.2 Sensitivity

P-value=0.0664

Negative cases 9 555 Specificity

P-valueo0.0001

Kaelber table
Positive cases 114 205 100 63.7 Sensitivity

P-value=0.4607

Negative cases 0 360 Specificity

P-valueo0.0001

Abbreviations: BPHR, blood pressure-to-height ratio; MBPHR, modified blood pressure-to-height ratio.
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boys and girls. The levels of BP and height did not increase at the same
rate during childhood.13 After adjusting for age, the MBPHR was
independent of age. Thus, we were able to propose non-age-dependent
cutoff points for the MBPHR3. The formula for the MBPHR3 is more
complicated than for the BPHR. However, through the calculation, the
number of cutoff points was reduced from 24 to 4, a number that is
easy and feasible to manipulate for both professionals and lay people.
In this study, we found that the MBPHR3 was also an accurate

indicator of hypertension in children. The areas under the ROC curve
ranged from 0.974 to 0.995 and were consistent with robust diagnostic
performance, indicating that the MSBPHR3 and the MDBPHR3 have
powerful discriminative abilities to identify those with and those
without elevated SBP and DBP. When hypertension was identified by
the MSBPHR3/MDBPHR3, we found that both the sensitivities and
specificities were greater than 90%. Compared with the age-dependent

cutoff points of the BPHR (sensitivity: boys 100%, girls 95.0%;
specificity: boys 94.3%, girls 96.8%),12 the non-age-dependent cutoff
points of the MBPHR3 achieved the same results.
In a diagnostic testing, the PPV is the proportion of subjects with

positive test results who are correctly diagnosed. The PPV is not
intrinsic to the test, and it also depends on the prevalence. PPV is
directly proportional to the prevalence of the disease or condition.
Repeated measurements are required to confirm the diagnosis of
hypertension in children. The prevalence of hypertension was only
2.7% at the third visit. If the study sample included a higher
proportion of children with hypertension, then the PPV would
probably increase.
However, given the low PPV, the MBPHR3 cannot completely

replace blood pressure in this population. This means that some
children without hypertension were misdiagnosed for hypertension

Table 5 Cross tabulations between gold standard and screening methods in girls

Gold standard

Screening methods Positive cases Negative cases Sensitivity, % Specificity, % Compared to MBPHR3

MBPHR3
Positive cases 134 64 97.8 88.1

Negative cases 3 472

BPHR
Positive cases 124 89 90.5 83.4 Sensitivity

P-value=0.0205

Negative cases 13 447 Specificity

P-value=0.0345

MBPHR7
Positive cases 136 131 99.3 75.6 Sensitivity

P-value=0.5939

Negative cases 1 405 Specificity

P-valueo0.001

Somu formulas
Positive cases 127 14 92.7 97.3 Sensitivity

P-value=0.0891

Negative cases 10 522 Specificity

P-valueo0.0001

Mitchell table
Positive cases 137 165 100 69.2 Sensitivity

P-value=0.2434

Negative cases 0 371 Specificity

P-valueo0.0001

Chiolero table
Positive cases 116 2 84.8 99.6 Sensitivity

P-value=0.0003

Negative cases 21 534 Specificity

P-valueo0.0001

Kaelber Table
Positive cases 137 154 100 71.2 Sensitivity

P-value=0.2434

Negative cases 0 382 Specificity

P-valueo0.0001

Abbreviations: BPHR, blood pressure-to-height ratio; MBPHR, modified blood pressure-to-height ratio.
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according to the cutoff points of the MBPHR3. However, the NPVs
were much higher (100%). This means that MBPHR3 did not miss
any children with hypertension. After screening by the MBPHR3, only
57 boys (8.4% of boys) and 39 girls (5.8% of girls) needed further
assessment to determine whether they were hypertensive. These results
suggest that the MBPHR3 is a good screening method and can greatly
reduce the work load of pediatric clinicians.
Several scholars produced simple tables and formulas to reduce the

number of thresholds. The Somu formulas are simple equations that
relate BP thresholds to age.19 The Mitchell table divides age into five-
year categories and is independent of sex and height.18 The Chiolero
table provides height-specific BP thresholds.16 The Kaelber table is
age- and gender-specific but is independent of height.17 The MBPHR3
had a higher specificity than the Mitchell and Kaelber tables. The
specificity of the MBPHR3 was lower than that of the Somu formulas
and Chiolero table. However, the sensitivity of the MBPHR3 was
higher than that of the Chiolero table in girls and higher than that of
the Somu formulas in girls, although this comparison was not
significant (P-value= 0.0891). The MBPHR3 is an accurate and
user-friendly screening tool. Compared with other screening tools,
the MBPHR3 identifies hypertensive children with only four thresh-
olds and, therefore, can be used in any setting.
The study has some limitations. First, it included children of Han

ethnicity only, limiting the ability to generalize the study results to the
other ethnic groups. Thus, this index should be validated in other
ethnic groups. The performance of the BPHR to identify elevated
blood pressure in children and adolescents was similar between
different ethnic groups.7–11 Thus, we speculate that this new method
could be applied to other ethnic groups. Second, children with stage 2
hypertension may need more prompt evaluation and pharmacologic
therapy. The MBPHR3 was useful for identifying hypertension,
especially stage 2 hypertension. However, due to the low prevalence,
there were only four children with stage 2 hypertension in our study.

A study with a larger sample size is needed to verify the accuracy of the
MBPHR3 in identifying stage 2 hypertension.
In summary, the MBPHR3 is a simple, accurate and non-age-

dependent index for the screening of hypertension in Han children.
The method might be applicable to other ethnic groups, but should be
validated in those groups.
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Table 6 Optimal thresholds of MBPHR3 for identifying hypertension

and the corresponding sensitivity and specificity in Han children aged

7–12 years

Hypertension

(stages 1 and 2)

Hypertension

(stage 2)

Boys Girls Boys Girls

Number of patients 16 20 1 3

Thresholds 0.75/0.51 0.77/0.50 0.84/0.56 0.83/0.57

Sensitivity (%) 100.0 100.0 100.0 100.0

Specificity (%) 93.8 97.1 99.7 99.7

Positive predictive value (%) 28.1 51.3 33.3 60.0

Negative predictive value (%) 100.0 100.0 100.0 100.0

Positive likelihood ratios 16.12 34.48 333.33 333.33

Negative likelihood ratios 0 0 0 0

Abbreviation: MBPHR, modified blood pressure-to height ratio.
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