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Abstract

Introduction

Elevated blood pressure in childhood may predict increased cardi-
ovascular risk in young adulthood. The Task Force on the Dia-
gnosis, Evaluation and Treatment of High Blood pressure in Chil-
dren and Adolescents recommends that blood pressure be meas-
ured in children aged 3 years or older at all health care visits.
Guidelines from both Bright Futures and the Expert Panel of In-
tegrated Guidelines for Cardiovascular Health and Risk Reduc-
tion in Children and Adolescents recommend annual blood pres-
sure screening. Adherence to these guidelines is unknown.

Methods

We conducted a cross-sectional study to assess compliance with
blood pressure screening recommendations in 2 integrated health
care delivery systems. We analyzed electronic health records of
103,693 subjects aged 3 to 17 years. Probability of blood pressure
measurement documented in the electronic health record was
modeled as a function of visit type (well-child vs nonwell-child);
patient age, sex, race/ethnicity, and body mass index; health care

use; insurance type; and type of office practice or clinic depart-
ment (family practice or pediatrics).

Results

Blood pressure was measured at 95% of well-child visits and 69%
of nonwell-child outpatient visits. After adjusting for potential
confounders, the percentage of nonwell-child visits with measure-
ments increased linearly with patient age (P < .001). Overall, the
proportion of children with annual blood pressure measurements
was high and increased with age. Family practice clinics were
more likely to adhere to blood pressure measurement guidelines
compared with pediatric clinics (P <.001).

Conclusion

These results show good compliance with recommendations for
routine blood pressure measurement in children and adolescents.
Findings can inform the development of EHR-based clinical de-
cision support tools to augment blood pressure screening and re-
cognition of prehypertension and hypertension in pediatric pa-
tients.

Introduction

Obesity-related health conditions, including hypertension, are re-
ceiving increased attention (1). Less than 3% of US children have
hypertension, although the prevalence of hypertension in obese
children may be as high as 20% (1-4). Although the cardiovascu-
lar sequelae of hypertension are rarely experienced in childhood,
evidence suggests that elevated blood pressure (BP) in childhood
may predict increased cardiovascular risk in young adulthood
(5,6).
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The Task Force on the Diagnosis, Evaluation and Treatment of
High Blood Pressure in Children and Adolescents (7-9) recom-
mends that BP be measured in children 3 years or older at all
health care visits. In addition, guidelines from both the American
Academy of Pediatrics’ Bright Futures (10) and the Expert Panel
of Integrated Guidelines for Cardiovascular Health and Risk Re-
duction in Children and Adolescents recommend annual BP
screening in all children aged 3 to 17 years (11). A report that used
data from the National Hospital Ambulatory Medical Care Survey
found that BP was measured at only two-thirds of well-child visits
and one-third of nonwell-child visits (12). This implies an ongo-
ing level of noncompliance with recommendations for BP meas-
urement among children. However, our understanding of factors
that influence measurement of BP in children and adolescents is
incomplete. Our objective was to identify factors associated with
measurement of BP in primary care visits in 2 large medical
groups with diverse patient populations.

Methods

This study was conducted in 2 integrated health care delivery sys-
tems that together provide care for more than 1 million people:
HealthPartners Medical Group in Minneapolis, Minnesota, and
Kaiser Permanente Colorado in Denver, Colorado. EpiCare elec-
tronic health records (EHRs) were used at both sites, and data
from the 2 health plans were restructured into a common, stand-
ardized format with identical variable names, definitions, labels,
and coding. Study subjects were 105,634 patients aged 3 to 17
with 1 or more outpatient primary care visits (family practice or
pediatrics) from January 1, 2007, through December 31, 2010, at
either site. We excluded children with diagnosed hypertension (n
= 1,382) and children taking anti-hypertensive medications (n =
559), because BP measurement recommendations differ for these
patients. Thus, the final analytic cohort was reduced to 103,693
eligible subjects. The HealthPartners institutional review board re-
viewed, approved, and monitored the study.

The heights, weights, and BPs used in this study were measured
during primary care visits as part of routine clinical care. BP meas-
urement data from all visits to primary care outpatient clinics with-
in the HealthPartners system or the Kaiser system were included
for analysis. BP data from inpatient, urgent care, and specialty de-
partments were excluded. Well-child visits were identified by the
American Medical Association’s Current Procedural Terminology
codes. All remaining primary care visits were defined as “nonwell-
child.” Patient age and sex were obtained from membership data-
bases. Race/ethnicity data were obtained from outpatient registra-
tion data or hospital discharge records and were available for 76%
of subjects. BP was measured by trained staff predominantly us-
ing aneroid sphygmomanometers recalibrated as needed by bioen-

gineering services. All measurements were conducted in the seated
position with selection of cuff size appropriate to arm size. BP val-
ues, height, weight, and body mass index (BMI) percentiles were
extracted from EHRs. Age- and sex-specific BMI percentiles were
calculated by using Centers for Disease Control and Prevention
equations (13). The number of clinic visits in last 12 months was
compiled from EHR data.

Means, standard deviations, and frequencies were computed for
patient- and visit-level characteristics. To determine the frequency
of BP measurements at visits other than well-child visits, we con-
ducted a multivariable analysis restricted to nonwell-child visits.
We used mixed-model logistic regression with maximum likeli-
hood estimation to compute predicted probabilities of BP meas-
urement. Probability of BP measurement at nonwell-child visits
was modeled as a dichotomous outcome adjusted for sex, age,
BMI percentile, race/ethnicity, use (clinic visits per year), clinic
department (pediatrics or family practice), and study site. Pair-
wise differences between categories were tested, and multiple
comparisons were controlled using the Tukey-Kramer method in
all multivariable models. We used a similar statistical model to ex-
amine the rate of annual BP measurement at any primary care vis-
it by age group adjusted for study site. Analyses were performed
with SAS Version 9.2 (SAS Institute, Inc).

Results

Non-well-child visits comprised 70% of primary care visits (Ta-
ble 1). BP was measured at 95% of well-child visits and 69% of
nonwell-child primary care visits (P <.001).

Many factors influenced the probability of BP measurement at
nonwell-child visits (Table 2). After adjusting for sex, age, BMI
percentile, race/ethnicity, use, clinic department, calendar year,
and study site, the percentage of nonwell-child visits that included
BP measurement increased linearly with patient age (P < .001).
Compared with non-Hispanic white children, other racial/ethnic
groups had small but significantly higher percentages of visits
with BP measurement. The probability of BP measurement was
higher at family practice clinics (87%) than at pediatric clinics
(73%, P < .001). Children with government-subsidized insurance
were slightly more likely to have BP measured than those with
commercial insurance (83% vs. 75%, P <.001). The proportion of
children with an annual BP measurement during the observation
period increased with age (Table 3). Overall, over 89% of chil-
dren with any primary care visits had annual BP measurements.
When BP was entered into the EHR in millimeters of mercury
(mm Hg), 86% of the time it was converted to a BP percentile,
primarily because a height measurement was not available to cal-
culate the percentile.
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Discussion

Data from this study document high compliance with recommend-
ations from the Task Force on the Diagnosis, Evaluation and
Treatment of High Blood Pressure in Children and Adolescents
(7-9) that BP measurement should be part of the clinical examina-
tion, particularly at well-child visits. However, only 69% of non-
well-child primary care visits included BP measurements. This
may be due, in part, to multiple nonwell-child visits in a single
episode of care (eg, return visits for otitis media) or to nonwell-
child visits occurring in close succession to previous well-child
visits. Although BP measurement at nonwell-child visits was 69%,
in this cohort of children and adolescents with primary care visits,
the proportion of subjects who had at least 1 BP measurement an-
nually was high.

Other studies have reported BP measurement at only 35% of pedi-
atric visits and 67% of well-child visits (12). The rates observed in
our study are considerably higher, perhaps because the data in this
study are more recent and may reflect increased adoption of clinic-
al guidelines in recent years or because data were derived from 2
large health systems that have standardized rooming procedures.

Several factors influence the likelihood of BP measurement at
nonwell-child primary care visits. BP measurement frequency was
lowest in the preschool age group, possibly due to an expectation
that few younger children have hypertension. Surprisingly, des-
pite the well-known association of overweight and obesity with
hypertension, children with a BMI at or above the 85th percentile
did not have BP measured more often than children with a BMI
below the 85th percentile, perhaps because providers may not re-
cognize overweight as often as obesity in children and adoles-
cents (14,15). More likely, at primary care visits for minor illness,
providers may not be thinking about hypertension. Finally, family
practice clinics measured BP more often than pediatric clinics,
possibly because pediatricians are more likely to adhere to the
Bright Futures guidelines, which recommend annual BP screen-
ings, or because family physicians and their rooming nurses are
accustomed to measuring BP in most patients (10). This finding
may be explained by our observation that family physicians tend
to see more adolescents and fewer young children than pediatri-
cians.

Although data from various studies suggest deficits in the quality
of care provided to children (16) and adults (17), our EHR-de-
rived data indicate that providers measure BP on nearly all visits
with children and adolescents seen in the clinic at least once a
year, as recommended by the Bright Futures guidelines. However,
interpretation of BP measures in pediatric populations is complic-
ated by age-, sex-, and height-specific BP criteria for hyperten-

sion and requires multiple measurements. Although our data indic-
ate that the rate of BP measurement is high, it is unknown if BP
data are being properly interpreted to correctly assign a diagnosis
of prehypertension or hypertension when diagnostic criteria are
met.

Many factors limit the interpretation of our data. First, to be in-
cluded in the study population, a child had to have at least 1
primary care visit during the observation period; as a result, the
BP measurement rates appear to be high because children without
visits, and therefore without BP measurements, are not included.
Second, it was beyond the scope of these analyses to examine
charts and progress notes for additional BP measurements or docu-
mented reasons for nonmeasurement. Third, the study population
may not be representative. Although the study population in-
cludes predominantly insured patients, it also includes many pa-
tients receiving government-subsidized health insurance, with sub-
stantial diversity in race/ethnicity and socioeconomic status (18).
These data from integrated health systems may not reflect BP
measurement practices in other care settings.

The results from this large cross-sectional study show good adher-
ence to national recommendations for routine annual BP measure-
ment in children (8,10,11). Although BP was measured at only
69% of nonwell-child visits, among those with primary care visits,
89% had a minimum of 1 BP measurement per year regardless of
visit type (well-child or nonwell-child) and visit frequency, which
is in accordance with the Bright Futures guidelines (10). Whether
the high rate of measurement translates to timely and complete re-
cognition of hypertension requires additional study. These find-
ings can inform the development of EHR-based clinical decision
support tools to augment BP screening and recognition of pre-
hypertension and hypertension in pediatric patients by presenting
BP in percentiles, rather than in mm Hg, as well as display recent
BPs.

Acknowledgments

This study was funded by the National Heart, Lung, and Blood In-
stitute at the National Institutes of Health IRO1HL093345 to
HealthPartners Institute for Education and Research, Patrick
O’Connor, MD, MA, MPH, Principal Investigator.

Author Information

Corresponding Author: Emily D. Parker, PhD, MPH,
HealthPartners Institute for Education and Research, Box 1524,
Mail Stop 23301A, Minneapolis, MN 55440-1524. Telephone:
952-967-7301.Emily.D.Parker@Healthpartners.com.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2015/14_0562.htm « Centers for Disease Control and Prevention 3



PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 12, E118
JULY 2015

Author Affiliations: Elyse O. Kharbanda, Nicole K. Trower,
Nancy E. Sherwood, Karen L. Margolis, Patrick J. O’Connor,
HealthPartners Institute for Education and Research, Minneapolis,
Minnesota; Alan R. Sinaiko, Department of Pediatrics, University
of Minnesota, Minneapolis, Minnesota; Matt F. Daley, Heather M.
Tavel, David J. Magid, Institute for Health Research, Kaiser
Permanente Colorado, Denver, Colorado.

References

1.Falkner B. Hypertension in children and adolescents:
epidemiology and natural history. Pediatr Nephrol 2010;
25(7):1219-24.

2.McNiece KL, Poffenbarger TS, Turner JL, Franco KD, Sorof
JM, Portman RIJ. Prevalence of hypertension and pre-
hypertension among adolescents. J Pediatr 2007;150(6):640—4,
644. ¢el.

3.Lo JC, Sinaiko A, Chandra M, Daley MF, Greenspan LC,
Parker ED, et al. Prehypertension and hypertension in
community-based pediatric practice. Pediatrics 2013;
131(2):e415-24.

4.Daley MF, Sinaiko AR, Reifler LM, Tavel HM, Glanz JM,
Margolis KL, et al. Patterns of care and persistence after
incident elevated blood pressure. Pediatrics 2013;
132(2):e349-55.

5.Tirosh A, Afek A, Rudich A, Percik R, Gordon B, Ayalon N,
et al. Progression of normotensive adolescents to hypertensive
adults: a study of 26,980 teenagers. Hypertension 2010;
56(2):203-9.

6.Rademacher ER, Jacobs DR Jr, Moran A, Steinberger J,
Prineas RJ, Sinaiko A. Relation of blood pressure and body
mass index during childhood to cardiovascular risk factor
levels in young adults. J Hypertens 2009;27(9):1766—74.

7.Report of the Second Task Force on Blood Pressure Control in
Children — 1987. Task Force on Blood Pressure Control in
Children. National Heart, Lung, and Blood Institute, Bethesda,
Maryland. Pediatrics 1987;79(1):1-25.

8. The Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and
Adolescents. Pediatrics 2004;114(2 Suppl 4th Report):555-76.
http://pediatrics.aappublications.org/content/114/
Supplement 2/555.full. Accessed June 10, 2015.

9.National High Blood Pressure Education Program Working
Group on Hypertension Control in Children and Adolescents.
Update on the 1987 Task Force Report on High Blood Pressure
in Children and Adolescents: a working group report from the
National High Blood Pressure Education Program. Pediatrics
1996;98(4 Pt 1):649-58.

10.Futures B. Guidelines for health supervision of infants,
children, and adolescents. Elk Grove Village, IL: American
Academy of Pediatrics; 2008.

11.Expert Panel on Integrated Guidelines for Cardiovascular
Health and Risk Reduction in Children and
Adolescents,National Heart, Lung, and Blood Institute. Expert
panel on integrated guidelines for cardiovascular health and
risk reduction in children and adolescents: summary report.
Pediatrics 2011;128(Suppl 5):S213-56.

12. Shapiro DJ, Hersh AL, Cabana MD, Sutherland SM, Patel Al.
Hypertension screening during ambulatory pediatric visits in
the United States, 2000-2009. Pediatrics 2012;130(4):604-10.

13. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM,
Guo SS, Wei R, et al. CDC growth charts: United States. Adv
Data 2000;(314):1-27.

14. Barlow SE, Bobra SR, Elliott MB, Brownson RC, Haire-Joshu
D. Recognition of childhood overweight during health
supervision visits: Does BMI help pediatricians? Obesity
(Silver Spring) 2007;15(1):225-32.

15.Liang L, Meyerhoefer C, Wang J. Obesity counseling by
pediatric health professionals: an assessment using nationally
representative data. Pediatrics 2012;130(1):67-77.

16. Mangione-Smith R, DeCristofaro AH, Setodji CM, Keesey J,
Klein DJ, Adams JL, et al. The quality of ambulatory care
delivered to children in the United States. N Engl J Med 2007,
357(15):1515-23.

17.McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J,
DeCristofaro A, et al. The quality of health care delivered to
adults in the United States. N Engl J Med 2003;
348(26):2635-45.

18.Cohen RA, Martinez ME. Health insurance coverage: early
release of estimates from the National Health Interview
Survey, January—March 2012. Characteristics of Female (N =
51,437) and Male (N = 52,256) Study Subjects and Health
Care Visits, 2007-2010, Table 1. http://www.cdc.gov/nchs/
data/nhis/earlyrelease/insur201409.pdf. Accessed June 10,
2015.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

4 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2015/14_0562.htm



PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 12, E118
JULY 2015

Tables

Table 1. Characteristics of Female (N = 51,437) and Male (N = 52,256) Study Subjects and Health Care Visits, Min-

nesota and Colorado, 2007--2010

Characteristic Female® Male®

Age group, y

3-5 13,421 (26) 14,161 (27)
6-8 8,597 (17) 9,030 (17)
9-11 9,374 (18) 9,542 (18)
12-14 9,837 (19) 9,836 (19)
15-17 10,208 (20) 9,687 (19)
Race/ethnicity

Non-Hispanic white 24,721 (48) 25,194 (48)
African American 6,861 (13) 6,833 (13)
Asian 2,812 (5) 2,780 (5)
Hispanic 4,229 (8) 4,218 (8)
Other/unknown® 12,814 (25) 13,231 (25)
Body mass index (BMI) percentile

<85th 24,867 (48) 25,497 (49)
85th to <95th 5,062 (10) 55,095 (10)
>95th 3,883 (8) 4,985 (10)
Missing BMI 17,625 (34) 16,679 (32)
Government insurance 4,577 (9) 4,503 (9)
Visits

Total visits, n 256,122 246,496
Visits by department type

Family practice 36,833 (15) 33,890 (14)
Pediatrics 213,112 (85) 206,528 (86)
Visits by visit type

Well child 73,349 (29) 75,497 (31)
Nonwell child 176,596 (71) 164,921 (69)
Visits with blood pressure measurement

Well child 69,716 (95) 71,650 (95)
Nonwell child 123,962 (70) 112,529 (68)

@ values are N (%) unless otherwise indicated. Percentages may not add to 100 because of rounding.

b other race/ethnicity includes Native American (1% of total) and mixed (<1% of total).
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Table 2. Percentage of Nonwell-Child Primary Care Visits With Documented Blood Pressure Measurements, Minnesota

and Colorado, 2007-2010

Variable Unadjusted % PValue Adjusted %2 PValue

Sex

Female 73 [Reference] 76 [Reference]
Male 73 .002 76 .05
Type of practice

Family 87 [Reference] 87 [Reference]
Pediatrics 70 <.001 73 <.001
Age-group, y

3-5 44 [Reference] 49 [Reference]
6-8 66 <.001 69 <.001
9-11 74 <.001 76 <.001
12-14 81 <.001 82 <.001
15-17 88 <.001 90 <.001
Race/ethnicity

Non-Hispanic white 73 [Reference] 74 [Reference]
African American 74 .34 81 <.001
Asian 68 <.001 77 .001
Hispanic 74 .97 76 .18
Other/unknown® 73 .98 77 <.001
Body mass index percentile

<85th 80 [Reference] 85 [Reference]
85th to <95th 81 .55 84 .58
>95th 82 .02 85 .99
Missing 63 <.001 65 <.001
Visits per year

<1 74 [Reference] 76 [Reference]
1 73 <.001 76 .68
20r3 71 <.001 76 .82
>4 72 <.001 77 27
Insurance type

Commercial 73 [Reference] 75 [Reference]
Government 75 <.001 83 <.001

@ Adjusted for multiple comparisons. Includes sex, age group, body mass index category, race/ethnicity, department in which visit took place, use (vis-
its per year), calendar year, and health system (HealthPartners or Kaiser Permanente Colorado).
b Other race/ethnicity includes Native American (1% of total) and mixed (<1% of total).
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Table 3. Percentage of Children Receiving Annual Blood Pressure Measurements at Primary Care Visits, by Age, Min-
nesota and Colorado, 2007-20102

Year 2007 (N = 61,133) 2008 (N = 62,526) 2009 (N = 61,432) 2010 (N = 53,367)
Agey

3-5 81 80 77 76
6-8 87 86 88 88
9-11 91 91 91 90
12-14 94 94 94 94
15-17 94 94 94 95
All age groups 89 89 88 90

@ Adjusted for study site.
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