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Diminished Blood Pressure Profiles in Children
With Down Syndrome

Jonathan D. Santoro, Sarah Lee, Michael Mlynash, Elizabeth W. Mayne,
Michael S. Rafii, Brian G. Skotko

Abstract—This study sought to analyze blood pressure trends in children with Down syndrome at multiple centers. A
multicenter, retrospective, cross-sectional study was performed. All patients were <18 years and had a diagnosis of Down
syndrome. Existing comorbidities were nonexclusionary. For each patient, 3 blood pressure recordings were obtained
from routine clinic visits. In total, 887 patients with 2661 total blood pressure recordings were included in this study.
The average blood pressure percentile for patients was 38.87 with a median percentile of 31.5. Age, sex, and race were
not predictive of blood pressure percentile. Compared with established data from the National Heart Lung and Blood
Institute and National Health and Nutrition Examination Survey cohort (ages 8—18 years), blood pressure in our Down
syndrome population was statistically lower by 6.1 percentile points (P<0.001), with the greatest difference at higher
blood pressure percentiles (P<0.001). Only 10% of all Down syndrome cohort blood pressure recordings were greater
than the National Heart Lung and Blood Institute/National Health and Nutrition Examination Survey 70th percentile,
with no patients meeting criteria for prehypertension or hypertension. Additional comparisons against American
Academy of Pediatrics data were similar and statistically significant. In children with Down syndrome, there is a 12
percentile point reduction in baseline blood pressure compared with age- and height-matched controls reported in the
National Heart Lung and Blood Institute/National Health and Nutrition Examination Survey and American Academy
of Pediatrics cohorts. This data can potentially be utilized in the evaluation and care of persons with Down syndrome
in their pediatric medical homes. (Hypertension. 2020;75:00-00. DOI: 10.1161/HYPERTE INAHA.119.14416.)
® Online Data Supplement R

Key Words: blood pressure @ Down syndrome B genetic predisposition to disease H 2ypertensi0n B population health

@ ed b Ie l seh as, cerebr aS 11@ t]l8 lonths before di-
deserib € cti

e_most commonly In spite of DS being one of the most well described ge-

Down syndrome (DS) is algen on
triplication of 213 First

Langdon Down in 1866, DS is of {

diagnosed genetic iti
with DS living in the United States with a prevalence of 8.27
persons per 10000.2

Persons with DS are at risk for many comorbid medical
problems including congenital heart defects, frequent infec-
tions, hypothyroidism, sleep disordered breathing, and met-
abolic dysregulation including obesity, asthma, moyamoya
syndrome (MMS), psychiatric conditions, and intellectual
disability.** Blood pressure (BP) is integral to the diagnosis,
monitoring, and management of these diseases. Further, BP
can serve as an inexpensive and easy to use biomarker of di-
sease activity or response to therapy and can be used to mon-
itor for vascular side effects of pharmacological interventions,
such as hypertension. In some diseases, such as MMS, BP
trends can be used to predict impending neurological insult,

is|unique popula-
tion. Historical reports suggest that BP in adults with DS may
be lower, although these studies are limited by small sample
size, heterogeneous population, and reliance on institutional-
ized individuals in an era of limited medical intervention.®’
A recent study evaluated BP profiles in children with DS re-
ported baseline BPs to be 12 percentile points lower on av-
erage compared with age-matched controls.> However, this
study was limited by its inclusion of persons with DS with no
comorbid medical issues and was regionally restricted, mak-
ing population-based extrapolations difficult.

This study sought to assess BP profiles in children with
DS using a multicenter retrospective chart review with the
goal of establishing a groundwork for population-based met-
rics in this population for use in the pediatric medical home.
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Methods

Anonymized data and statistical methodology that support the find-
ings of this study are available from the corresponding author upon
reasonable request and IRB authorization.

Patient Selection

Following IRB approval, all patients with DS were identified retro-
spectively by searching International Classification of Diseases-9
and International Classification of Diseases-10 codes for DS from
6 different clinical practices including 2 tertiary academic centers
(Lucile Packard Children’s Hospital at Stanford, Palo Alto, CA and
Massachusetts General Hospital, Boston, MA), a large county hospital
(Santa Clara County Medical Center, San Jose, CA), and 3 private, pri-
mary-care pediatric practices (based in NY, MA, and CA). Patients were
included in this study if they were evaluated on at least 3 occasions be-
tween 2000 and 2018 and had obtainment of height, weight, and blood
pressure during each encounter. Patients were excluded if they met any
of the following criteria: (1) fewer than 3 BP collections before turning
18 years of age, (2) fewer than 3 well child BP collections, and (3) fewer
than 6 months between BP collections. Patients were not excluded for
any medical comorbidity, medication use, or prior evaluation in a sub-
specialty clinic. Selection of patients is displayed in Figure 1.

Blood Pressure Measurement and Conversion to
Percentiles

Blood pressure measurements were extracted from clinic notes at
each institution, outside clinical records (for patients with transfers of
care), and/or pediatrician well child, vaccination only, or urgent clinic
visits, which were not expected to be associated with changes in BP.
Patients could not be febrile or have an infectious diagnosis as part
of the visit for BP extraction. Blood pressure readings obtained dur-
ing hospitalizations or emergency room encounters were not utilized.
Patients admitted to the hospital, following evaluation (even if not
excluded. As this was a retrospective

eit-methods weie no o

To allow comp.
population, each B
age, height, and se g
Lung, and Blood Institute (NH
National Health iti
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DS population and inclusion of persons with obesity. The formula for
calculation is displayed as an online-only Data Supplement.

The control group was comprised of the NHANES 2001 to 2002
participants who were 18 years old or younger and had BP measured.
Only examinees 8 years and older had BP measured in NHANES, and
we used their reported average systolic blood pressure. We converted
systolic blood pressure for each participant to sex, age, and height-
adjusted Z score and percentile using formulas used in the NHANES

study. Height Z scores used for these calculations were computed us-
ing a SAS program for the 2000 CDC growth charts for ages 0 to <20
years. As an additional statistical comparison performed for quality
control, systolic blood pressure for participants from our cohort was
converted and compared with sex, age, and height adjusted percentiles
of the most recent American Academy of Pediatrics (AAP) report on
hypertension and blood pressure standards.” Given anticipated lower
height values in our cohort, statistical comparison was made by fixing
outlier heights defined as outside of 3.09 absolute Z score: we assigned
them to correspond to the heights of the 1st and 99th percentiles of the
AAP cohort, respectively. Data for patients <2 years were excluded in
this calculation due to insufficient data and thus only children aged 2
to 18 years were compared.

Definition of Hypertension

This study utilized NHLBI and AAP standards for the definition of
hypertension,*’ defined as BP recordings >95th percentile for age and
sex. Similarly, prehypertension was defined as BP recordings >90th
and <95th percentile.

Statistical Analysis

We compared BP values between groups using Student 7-test or
ANOVA analysis. Repeated measures of BP were assessed using
paired #-test. Linear regression analysis was used to assess associa-
tions between BP and continuous variables. We compared proportions
of categorical data between groups using > test. To assess effect of
time on measurements in combination with sex and race factors, we
employed General Linear regression analysis with repeated measures.
Skewness was calculated to determine the degree of symmetry of dis-
tributions. Levene Test for Equality o##Variances was used to com-
pare uniformity of BP percentile d HEHS" between cohorts. All
test were 2-sided and significance wa defined at 0=0.05. Statistical
analysis was conducted using SAS 9.4 and IBM SPSS Statistics 25.

® Results
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recordings (Figure 1). Demographics of our cohort are dis-

in T U s (SD: 4.93) with

a median of 11.0 years (interquartile range, 7-15). The ma-

jority of our cohort was white (74.3%) and male (52%). Most

patients were evaluated in academic medical systems (85%)

with private practice (11%) and county hospital systems (4%)
comprising the minority of clinical encounters.

Distribution of blood pressure percentiles in our cohort

is presented in Figure 2. Across all data points, the average

Stanford University Hospital
n=348

Massachusetts General Hospital
n=1029

Private Practices (MA, NY, CA)
n =200

Santa Clara County Medical Center
n=275

Patients Meeting Inclusion Criteria
n=1852

< 3 BP Collections Before Age 18

n =697

<3 “Well Child” BP Collections
n=223

Figure 1. Inclusion/exclusion flowchart. BP
indicates blood pressure.

< 6 months Between BP Collections

n=45

Total Patients with DS
n =887
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Table 1. Demographic Information

Demographic n (%)
Gender (M:F, %) 425(48%): 462 (52%)
Median age at recording (IQR) 11.0y (7-15)
Race/ethnicity
White 658 (74.3%)
Black 29 (3.2%)
Asian 81 (9.1%)
Hispanic 118 (13.3%)
Other 1(0.1%)
Clinic site category
Academic medical center 754 (85%)
County hospital 25 (4%)
Private Practice 100 (11%)
Mean BP percentile recording by time (IQR)
Recording 1 38.7 (30.8)
Recording 2 38.5(30.0)
Recording 3 39.4 (28.0)

BP indicates blood pressure; and IQR, interquartile range.

BP percentile was mean 38.87 (SD +£20.11). The median BP
percentile was 31.5 (interquartile range of 23-53). There was
no statistically significant difference in BP percentiles for sex
(P=0.304) nor race ( epeated BP assessments in the
same patient did not i i ained (P=0.

and sex-matched counterparts. B
14 (0.52%) met cri - ;
met criteria for hypertension. No patients had >1 BP recording
that met criteria for prehypertension or hypertension. There
was no statistically significant impact of age at first recording
on BP over time, demonstrating uniform deviations from es-
tablished percentile scoring in otherwise healthy children at
all data collection points.® There was no statistically signifi-
cant effect on site of data collection (P=0.223).
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Figure 2. Blood pressure percentile histogram of down syndrome cohort.
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The NHANES cohort with available data to derive sys-
tolic BP percentiles and Z scores (n=2544 patients, 7155 BP
recordings) was compared against our cohort. Distribution of
BP percentiles is presented in Figure 3. The NHANES co-
hort was older by 2.5 years (P<0.001 [95% CI, 2.1-2.8]),
but there were no differences in sex representation between
groups (P=0.440). Our cohort’s BP percentiles were signif-
icantly lower by 5.5 percentile points (P<0.001 [95% CI,
4.1-7.0]). Only 2.93% of all recordings in the DS cohort were
greater than the established 70th percentile for the NHANES
cohort; and just 1% were greater than the 80th percentile.
Cumulative percentile distributions between these 2 cohorts
are represented in Figure 4. In comparison to the AAP cohort,
5 patients (0.6%) had recordings greater than the 90th percen-
tile which was defined as prehypertension in this group and 1
patient (0.1%) had recordings greater than the 95th percentile
which was defined as hypertension.

The NHANES data reported a BP percentile distribution
that was more evenly distributed than our cohort (Figure 3).
This cohort revealed a significantly larger variance in distri-
bution of BP percentile scores (722 versus 236; P<0.001),
pointing out to wider spread and more uniform distribution of
percentiles in NHANES cohort, while more clustering around
the mean in DS cohort. Our cohort’s distribution was some-
what skewed to the left with longer right tail (skewness=0.20).
AAP-based percentiles had similarf@i mmq 40.30+18.23,
variance of 332 and skewness of 0.22. Mean differences be-
tween BP percentiles in the DS cohort and NHLBI BP per-
centile are presented in Table 2. Blood pressure percentiles

eviated f; established normative values more as the per-
e incrigased. At ¢ abliShed) NHANES 25th

entilel] medn petce differed from established

orms b —=1"petce poitit, b iSThcreased to —12
percentile points at the 50th percentile, —22 percentile points
t the 90th per-

centile, and —21 percentile points at the 95th percentile points
(P<0.001). These differences were preserved by age and were
not statistically different between specific ages at diagnosis

nor clustered groupings (1 to <6 years, 6 to <13 years, and
13-18 years).
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Figure 3. Distribution of blood pressure (BP) percentiles in Down
syndrome cohort vs National Heart, Lung, and Blood Institute/National
Health and Nutrition Examination Survey cohort.
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Figure 4. Cumulative distribution of blood
pressure (BP) percentiles between Down
syndrome (DS) cohort and National Health and

L Nutrition Examination Survey (NHANES) cohort.

Ds
® NHANES

®  Equity Line

80 90 100

Given the skewed distribution of our data and the need to
standardize our measurements, 7-scores and z-scores were cal-
culated (online-only Data Supplement). Nearly all patients in
the DS cohort fell within 1 SD of the mean due to a prominent
skew towards lower BP percentile values. The differences be-
tween Z scores were similarly statistically significant by 0.14
(P<0.001; [95% CI, 0.09-0.19]).

As the NHANES group only included patients >8 years of
age, we ran sensitiyi sis by restricting our DS cohort

on the same youn ith 1836,BP re -
0 5 years
% > all other Gom-
alysis. T

ings. The NHANE (
alysis. € Were no

r groups (P=0.828).

differences in sex representat
DS cohort’s BP
by 6.1 percentile points (P<0.001; [95% CI, 4.4-7.7]) and Z
scores were lower by 0.16 (P<0.001; [95% CI, 0.11-0.21]).
The mean BP percentiles for AAP and NHANES were not
significantly different by 1 or more points (HO=1): mean dif-
ference, 1.43 (95% CI, 0.97-1.87), P=0.065, indicating that
the percentiles by both methods were comparable.

Discussion

Our study presents multicenter data demonstrating a statis-
tically significant difference between pediatric-aged persons
with DS and their neurotypically age, height, and sex-matched
counterparts from the NHLBI and AAP data. These findings
are consistent with data previously published in a smaller, re-
gional study on BP in persons with DS.> To date, this is the
largest cohort of persons with DS ever analyzed, to our know-
ledge, for BP trends and has the potential to serve as a basis
for population-based BP metrics.

The findings of our study are particularly important for
accurate interpretation of BP in the DS population given the
frequency of medical comorbidities that can alter these find-
ings. Clinicians treating disorders such as hypothyroidism,'®!!
obstructive sleep apnea and sleep disordered breathing,'>'*
leukemia,'>'® congenital cardiac anomalies, and MMS® can
use BP trends as an adjunct biomarker of disease presence,

response to intervention, and side effect monitoring from pro-
cedural or pharmacological interventions. For certain con-
ditions such as cardiac anomalies'" and sleep-disordered
breathing,” failure to recognize relative changes in BP may
lead to cardiovascular dysfunctioag'*> While many of these
conditions may be reversible or Estzé:‘;‘gnt_hers such as cere-
brovascular accident associated with MMS are not. Prior stud-
ies have identified that relative BP elevations may occur up to
18 months before diaguesis of MMS, allowing a window for

ical or_surgical intervention before cerebrovascular acci-

n this spe O p swithiboth DS and MMS.”

h t i ¢es between patients with DS

and the netro al populatioh is unclear. Persons with DS

have been previously reported to have aberrant cardiovascular
heart disease.>*
One hypothesized explanation for these findings include base-
line sympathetic dysautonomia, which has been observed in
the form of blunted heart rate and blood pressure responses to
tilt-table testing.>~*7 Interestingly, this has also been observed
historically in the context of diminished white coat hyperten-
sion in the DS population.?® These findings have also been
noted in persons with other intellectual disabilities during
short durations of exercise, raising the possibility of physical
deconditioning as the driving factor behind these changes;
however, this would not account fully for lower resting BP
profiles.?* Specifically, physical deconditioning would be
more likely to be associated with blunted adrenergic respon-
sivity (as observed in sympathetic dysautonomia), resulting in
orthostatic hypotension as opposed to resting BP differences,
which would not be reliant on autonomic response integrity.
Endovascular structural differences in persons with DS
may also contribute to lower baseline BP compared with
the general population. Persons with DS are known to have
impaired lipid metabolism compared with age-matched
controls,’** yielding higher rates of obesity and metabolic
syndrome.** While these factors would typically be thought
of as contributory to endovascular disease, a large study of
persons with DS in the community setting demonstrated that
intimal media thickness in the carotid artery was decreased
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Table 2.  Average Differences in Percentiles Between DS Cohort and Standardized NHLBI Percentiles
Total BP 25th 50th 75th 90th 95th Median = Mean

Age N Recordings Percentle A Percentile A Percentile A Percentile A Percentile| A BP BP SD

1 10 30 21.3 =37 40.0 -10.0 56.8 -18.2 74.2 -15.8 77.5 -17.5 | 40.0 | 40.6 | 20.56
2 38 114 255 0.5 42.0 -8.0 59.3 -15.7 73.5 -16.5 81.0 -14.0 | 42.0 | 429 | 2219
3 45 135 20.3 -4.7 39.0 -11.0 53.0 -22.0 60.0 -30.0 65.0 -30.0 | 39.0 | 37.5 | 18.91
4 48 144 27.3 2.3 39.0 -11.0 51.8 -23.2 62.5 -27.5 71.5 -23.5| 39.0 | 396 | 17.99
5 40 120 27.0 2.0 41.5 -85 56.5 -18.5 69.9 —-20.1 83.8 -11.2 | 415 | 425 | 20.59
110 <6 181 543 25.0 0 40.0 -10.0 55.0 -20.0 66.0 —24.0 75.0 -20.0 | 40.0 | 40.4 | 19.99
6 40 120 25.0 0 35.0 -15.0 49.0 —-26.0 62.0 -28.0 72.0 -23.0 | 35.0 | 37.1 | 18.59
7 53 159 27.0 2.0 40.0 -10.0 54.0 -21.0 68.0 -22.0 77.0 -17.0 | 40.0 | 41.3 | 20.03
8 43 129 20.0 0 33.0 | -17.0 51.5 -235 60.0 -30.0 66.5 | -285| 33.0 | 354 | 18,53
9 61 183 23.0 -2.0 38.0 -12.0 50.0 -25.0 67.0 -23.0 76.0 -19.0 | 38.0 | 38.8 | 20.10
10 51 153 22.0 -3.0 35.0 -15.0 50.0 -25.0 67.0 -23.0 7.3 -23.7 | 35.0 | 36.7 | 20.51
1 41 123 25.0 0 40.0 -10.0 52.0 -23.0 63.6 —26.4 69.0 —-26.0 | 40.0 | 39.1 | 17.62
12 60 180 23.0 -3.0 37.0 -13.0 49.8 -25.2 64.0 -26.0 67.9 -271 | 37.0 | 37.3 | 18.21
6to<13 | 349 1047 23.0 -2.0 37.0 -13.0 51.0 -24.0 65.0 -25.0 71.0 -240 | 37.0 | 38.0 | 19.27
13 51 153 30.5 55 42.0 -8.0 57.0 -18.0 68.8 -21.2 77.0 -18.0 | 42.0 | 43.4 | 20.29
14 65 195 24.0 -1.0 36.0 -14.0 51.0 -24.0 67.4 -22.6 79.0 -16.0 | 36.0 | 38.8 | 20.08
15 57 171 24.0 -1.0 40.0 -10.0 55.0 -20.0 66.0 -24.0 73.2 #.8‘ h40.0 39.6 | 20.18
16 53 | 159 190 | 60 | 320 | -180 | 510 | -240 | 660 | —240 | 740 @o«”‘ﬁf‘@&o 346 | 21.21
17 76 228 23.0 -2.0 36.5 | -135 51.8 -233 65.0 -25.0 727 | -223 | 36.5 | 374 | 19.69
18 53 -2.0 41.0 -9.0 58.0‘ -17.0 71.0 -19.0 @ 84.0 -11.0 | 41.0 | 41.3 | 22.93
13-18 355 10 76 1 .0 | 39.0 | 20.83
All 887 26 .0 |38.92 20.08
A indicates difference en-B n ;an ational Heart, Lung,

and Blood Institute.

compared with age-matched controls.> It is plausible that
diminished BP profiles in persons with DS may account for
these vascular findings and potentially lower rates of ather-
osclerosis although this is likely polyfactorial and involves
genetic, inflammatory, and cardiovascular contributions.*
Additionally, high rates of hypothyroidism in the DS popu-
lation may also predispose to lower BP although the authors
would not suspect such a dramatic drop in BP in such a large
cohort, particularly since the overwhelming majority of hypo-
thyroidism in this population is medically treated.’”-*

There are limitations to the data presented in this study.
First, our study is a retrospective, chart-based review. Second,
our results might not generalize to the entire DS population.
The large majority of patients in our study was evaluated at
tertiary pediatric hospitals systems or affiliated clinics, which
might represent a more medically complex cohort in compar-
ison to the generalized population with DS. As this was the
first large-scale study of BP in the DS population, the authors
opted to view all patients blindly without context of comorbid
disease so as to best reflect a typical patient with DS presenting
to an outpatient clinic. Right now, however, there are no pop-
ulation-based databases for the DS community, so the authors
chose to utilize a large cohort across ages, ethnicities, races,
geographic locations, and medical settings to gather quality

data. BP is a variable biomarker that can be influenced by in-
numerable factors. We attempted to control for this by obtain-
ing 3 unique recordings per patient and excluding encounters
where patients were ill. Additional studies are planned to
subanalyze patients with comorbid disease, specifically with
those with congenital cardiac disease, obstructive sleep apnea,
and hypothyroidism. For comparison, the NHLBI/NHANES
cohort was used as the preferential comparative cohort given
its inclusion of children with obesity, which is prevalent in
the DS population. However, this cohort included mostly
older patients who were aged 8 years or older. The authors
controlled for this by comparing this group to a subpopula-
tion of our cohort that was age-matched and by performing a
second analysis comparing our data to the AAP cohort from
2017 although these data were unable to be directly compared
and thus was assessed for clinical skew instead. In either case,
both data sets revealed that our cohort was equally around the
39th percentile in both groups with a heavy skew toward the
mean and lower blood pressures. Similarly, the use of height-
matched healthy controls may have skewed the comparative
value of our findings as children with DS are established to
be shorter than age-matched peers. For this reason, 28% of
our DS cohort was height-matched to children <5th percen-
tile for age. This may increase the chance of comparing our
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DS cohort to children with other health issues which predis- 2.

pose to or cause shorter stature. The cause of BP abnormalities
was not assessed in this study but warrants further investiga- 3
tion, specifically with regard to identifying the contribution
of physical deconditioning to these observations.?*° Finally,
our study population includes patients that may have gone on

to develop a co-occurring condition (such as obstructive sleep !

apnea), which may also falsely elevate BP recordings in this

cohort. This may be further compounded by the fact that the 3

majority of patients were evaluated at tertiary academic cen-

ters which could induce a severity bias due to presumed higher

medical complexity. 6.
Perspectives 7

We found that children with DS have significantly lower BP

compared with established BP percentiles from a large na- 8

tional cohort. Creating reference BP values tailored specif-

ically to children with DS has the potential to significantly 9.

improve screening and detection of serious medical condi-

tions, which in turn could reduce hospitalizations, increase

lifespan, and improve overall quality of life. These data could

potentially lead to an improved ability for pediatricians to 10

screen for harmful pathology in patients with DS by use of

our raw data, ¢-scores, and Z-scores. The authors think that our

ability to provide a more personalized approach to medical 11.

care in this at-risk population is important and could lead to

improved quality of medical care. Future studies interrogating 12

the successful screening of persons with DS for medical con-

ditions (such as u our data set is a logical next step
based on the result§of ourst
Conclusions e I
i S, t

In pediatric-aged patients w re is a 12 percen-
tile point reduction.i i i
height-matched controls as reporte
NHANES and AAP cohorts. These data can be utilized in

the evaluation and care of persons with DS in their pediatric 15.
medical homes and can provide a framework for clinical de-
cision-making although future prospective and standardized
studies are needed. 16
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