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\ a research or clinical setting. /

WHAT’S KNOWN ON THIS SUBJECT: As a result of safety and
environmental concerns about mercury, aneroid sphygmomanometers
have replaced mercury-filled devices for blood pressure
measurements. Despite this change, few studies have compared
the 2 devices.

WHAT THIS STUDY ADDS: Little clinical variation exists between
blood pressure measurements obtained from an aneroid or
mercury device, suggesting that either device could be used in

OBJECTIVE: Because of concerns about the safety and environmental
impact of mercury, aneroid sphygmomanometers have replaced
mercury-filled devices for blood pressure (BP) measurements. Despite
this change, few studies have compared BP measurements between
the 2 devices.

METHODS: The SEARCH for Diabetes in Youth Study conducted a com-
parison of aneroid and mercury devices among 193 youth with diabe-
tes (48% boys, aged 12.9 = 3.7 years; 89% type 1). Statistical analyses
included estimating Pearson correlation coefficients, Bland-Altman
plots, paired t tests, and fitting regression models, both overall and
stratified by age (<10 vs =10—-18 years).

RESULTS: Mean mercury and aneroid systolic and diastolic BPs were
highly correlated. For the entire group, there was no significant differ-
ence in mean systolic BP using the aneroid device, but there was a —
1.3 £ 5.06 mm Hg difference in mean diastolic BP. When stratified by
age, a lower diastolic BP (—1.78 = 5.2 mmHg) was seen in those
=10 to 18 years using the aneroid device. No differences in systolic
BP were observed, and there were no differences in BP by device in
individuals <<10 years. Regression analyses did not identify any ex-
planatory variables.

CONCLUSIONS: Although a small discrepancy between diastolic BP meas-
urements from aneroid versus mercury devices exists, this variation is
unlikely to be clinically significant, suggesting that either device could
be used in research or clinical settings. Pediatrics 2012,129:1205—1210
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Auscultation measurements using a
mercury sphygmomanometer are the
gold standard for documenting blood
pressure (BP).'2 However, because of
concerns about the environment and
personal health, regulatory agencies
have recommended removal of these
devices.3 Thus, despite a lack of studies
documenting the comparability of other
devices, clinical programs and research
studies have been required to use elec-
tronic and aneroid devices.

Only 1 study has previously compared
BP measurements obtained by mercury
and aneroid devices in pediatrics.
NHANES reported a small mean differ-
ence in systolic BP (+1.1 mmHg) in
youth aged 8 to 17 years with the an-
eroid sphygmomanometer.4 Therefore,
the SEARCH for Diabetes in Youth Study
(SEARCH) sought to validate these re-
sults and to determine whether dif-
ferences between the 2 devices were
present by age.

METHODS
SEARCH

SEARCH is a multicenter, population-
based, observational study of diabe-
tes mellitus in youth. Detailed study
methods have been described pre-
viously® In brief, SEARCH began conduc-
ting population-based ascertainment of
cases of diabetes in youth <20 years at
diagnosis in 2001 and continues through
the present. Cases are identified in geo-
graphically defined populations in
Colorado, Ohio, South Carolina, and
Washington; among health plan enroll-
ees in Galifornia and Hawaii; and Indian
Health Service beneficiaries from 4
American Indian populations. Cases are
considered valid if they were diagnosed
with diabetes by a health care provider.

Youth with diabetes were identified and
asked to complete a survey that col-
lected information on date of birth,
race/ethnicity, type of diabetes, date of
diagnosis, and current diabetes treat-
ment. All participants who completed
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this survey (except those with known
secondary diabetes) were invited to
participate in an in-person study visit
while metabolically stable (no episode
of diabetic ketoacidosis during the
previous month). At the beginning of the
visit, consent was obtained from par-
ticipants or their parents (if <18 years
of age), and assent was obtained from
younger subjects as directed by local
institutional review boards. Informa-
tion collected at the visit included ques-
tionnaires for demographics, blood and
urine samples, and a brief physical ex-
amination that included height, weight,
and BP data.

Study Population

The study population for this analysis
consisted of all individuals who partici-
pated in an in-person research visit be-
tween September 1, 2007, and June 30,
2008, at 3 of the 6 SEARCH clinical sites:
Hawaii, Ohio, and Washington. Approval
for this study was obtained from local
institutional review boards. Research
personnel were trained in BP measure-
ments by using a standard procedure
derived from the National High Blood
Pressure Education Program Working
Group on High Blood Pressure in Children
and Adolescents (Fourth Report).!

BP Equipment and Measurements

Mercury measurements were performed
by using either a portable or wall-
mounted Baumometer sphygmomanom-
eter Kompak Model-260 mm Hg (WA
Baum, Copiague, NY). Aneroid mea-
surements were performed by using
the Welch Allyn Tycos 767-Series Mobile
Aneroid with a weighted base (model
7670-04; Welch Allyn, Skaneateles Falls,
NY). Before initial use, calibration checks
of the aneroid sphygmomanometers
were performed by using the Netech
DigiMano 1000 digital pressure-vacuum
meter (part number 200-2000 IN). Cali-
bration checks were repeated every 6
months and whenever the device was

transported in a motor vehicle from 1
location to another.

Before the first BP measurement, all
participants were seated with both feet
on the floor after resting quietly for a
minimum of 5 minutes. The right arm
was used for all BP measurements un-
less there was a contraindication. The
subject’s arm was supported on a table
at heart level. The examiner selected an
appropriate-sized cuff based on the
circumference of the upper arm.! The
pulse pressure was determined by lo-
cating the radial pulse and inflating the
cuff until the radial pulse disappeared.
The maximum inflation level was then
recorded as the pulse pressure plus 30
mm Hg. All participants then had 4 BP
measurements performed with the
same sized cuff. The first and fifth Kor-
otkoff sounds were recorded for each of
the 4 measurements. Subjects rested
quietly for a minimum of 30 seconds
between measurements.

The first 2 measurements were always
taken with an aneroid sphygmoma-
nometer. The third and fourth meas-
urements were measured by using
either aneroid then mercury, or mer-
cury then aneroid. The order of these
third and fourth measurements was
randomly assigned by the SEARCH Co-
ordinating Center. Each of the 3 clinical
sites were sent a list specifying the
order (mercurythenaneroid oraneroid
then mercury) for performing the third
and fourth BP measurements for each
participant. This list was generated by
using Proc Plan, a statistical procedure
in SAS (version 9.2; SAS Institute, Cary,
NC) for generating randomization plans.
Only the third and fourth BP measure-
ments were used in these analyses.

Statistical Analysis

Statistical analyses were performed by
using SAS software (version 9.2; SAS
Institute, Cary NC). All data were ana-
lyzed for the entire cohort and then by
age group, <10 years and =10 to 18



years. Pearson correlation coefficients
for systolic and diastolic BP measure-
ments from the 2 BP devices (aneroid
and mercury) were calculated. In ad-
dition, we fit Bland-Altman plots to
provide a visual comparison between
the 2 methods. Next, mean differences
in systolic and diastolic BP obtained
from each device were compared by
using paired ttests to determine ifthey
were different from zero. This was used
to estimate the difference in millime-
ters of mercury observed between de-
vices and to generate a correction
factor between devices. Thus, if we as-
sume that the observed average differ-
ence between devices represents the
“shift” in blood pressure measure-
ments due to the different devices, then
adding this difference as a “correction
factor” to the aneroid measures would
allow for the new (aneroid) measures
to have the same observed BP values as
the mercury measures. Finally, general
linear models were fit to determine if
the reason for the observed differences
in BP measures between devices could
be identified. Models were adjusted for
age, gender, race/ethnicity, BMI, clinic
site, or type of diabetes. P values of
< .05 were deemed significant in these
analyses.

RESULTS

One hundred ninety-three youth (48%
male youth) with a mean age of 129 =
3.7 years (age range 3.9-189 years)
who had a mean duration of diabetes of
9.2 * 5.6 months participated in the
comparison of the 2 BP devices (Table 1).
0f these participants, 171 had a clinical
diagnosis of type 1 diabetes, and 22 had
type 2 diabetes. A majority of the par-
ticipants were non-Hispanic white. When
stratified by age (aged <10 and =10-
18 years), there were no significant dif-
ferences between the groups except for
diabetes type and BMI because the youth
with type 2 diabetes were exclusively in
the =10- to 18-year age category.
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TABLE 1 Characteristics of the Study Population

Total <10y =10to 18y
No. of participants 193 45 148
Male, n (%) 93(48) 21 (47) 72 (49)
Female, n (%) 100 (52) 24 (53) 76 (51)
Age, y, mean = SD 12.85 = 3.7 7818 144 = 286
BMI, kg/m2 2171 =74 16.7 = 23 231 =77
Diabetes duration, mo, mean £ SD2 92 £ 56 101 = 6.1 90 £ 54
Type 1 diabetes, n (%) 171 (89) 45 (100) 126 (85)
Non-Hispanic white, % 75 69 77
African American, % 9 9 9
Hispanic/Asian Pacific Islander/Other, % 16 22 14
Type 2 diabetes, n (%) 22 (11) 0 (0) 22 (15)
Non-Hispanic white, % 23 0 23
African American, % 27 0 27
Hispanic/Asian Pacific Islander/Other, % 50 0 50

a Duration of diabetes indicates duration of diabetes at time of study visit.

The randomization of the sequence of
BP measurements (aneroid then mer-
cury or mercury then aneroid) resulted
in 92 subjects randomized to receive
aneroid then mercury and 101 individ-
uals to mercury then aneroid for the
third and fourth BP measurements.

Mercury and aneroid systolic and di-
astolic BP measures were significantly
correlated for the total sample and by
age group (Table 2). For systolic BP, the
overall correlation was r = .94, P <
.0001. By age, r=.90, P<<.0001 for <10
years and r= .94, P<< 0001 for =10to
18 years. Likewise, for diastolic BP, the
overall correlation was very high: r =
.82, P<<.0001 and r= .83, P<<.0001 and
r= .81, P < .0001 for <10 years and
=10 to 18 years, respectively.

We examined Bland-Altman plots to
further assess agreement between the
2methods. These plots are presented in
Fig 1 with 4 panels, 2 for each measure
(systolic and diastolic BP) and 2 for
each age group (<10 years and =10—
18 years). For the older group (Fig 1d)
larger differences in diastolic BP
seemed to occur for diastolic blood
pressures >65 mm Hg; however, there
is no clear trend in these data to sug-
gest a specific cutpoint where the 2
methods become discordant.

We then tested whether the mean dif-
ference in systolic and diastolic BPs

obtained by the mercury and aneroid
devices was significantly different from
zero. This was used to estimate a cor-
rection factor between devices. Among
individuals <10 years, the mean dif-
ference in systolic and diastolic BPs
was not different from zero (P= .85 and
P = .29, respectively). In individuals
=10 to 18 years of age, the mean dif-
ference in systolic BP was not signifi-
cant (—.67 = 4.33, P = .06), but the
mean difference for diastolic BP was
significantly different from zero (—1.78
=+ 522, P < .0001). Thus, to equate BPs
between devices a correction factor of
+1.8 could be added to an aneroid BP
measurement in individuals =10 years.

Regression models were used to seek for
the reason for the differences in diastolic
BP by device. Models were only created
for diastolic BP as systolic BP was not
statistically different by device. Univari-
ate analysis revealed race/ethnicity and
BMI zscore to be significantly associated
with the mean difference in diastolic BP.
Nonwhites were found to have a larger
difference in diastolic BP (1.71 mm Hg,
P = 03), and a 1-unit change in BMI
z score corresponded to a 0.85 mm Hg
(P=.014) difference in diastolic BP. In the
fully adjusted models, race/ethnicity and
BMI z score were no longer significant,
and no other predictors to explain the
difference in the diastolic BP measures
were identified.
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Diastolic BP Different From Zero,
mm Hga

Systolic BP Different From zero,
mm Hga

Pearson correlation

Diastolic BP, mm Hg
Aneroid

Mercury
656 £ 11.1

Pearson Correlation

Aneroid
104.5 = 13.3

Systolic BP, (mm Hg)

Mercury
105.0 = 13.2

TABLE 2 Comparison of Mercury versus Aneroid BP Measurements
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007
29

—1.78 = 522, P < .0001

13
85

64.4 * 91

r
r
r

Al

—125 *+ 635, P
—0.71 = 445, P

—048 = 441, P

r=.82, P < .0001
r= .83, P <.0001
r=.81, P <.0001

94, P <0001
.90, P < .0001
94, P < .0001

0.13 = 466, P
—067 =433, P

59.5 £ 7.2
65.7 £ 9.3

606 =78

96.1 = 104
107.0 = 13.0

96.0 = 104

107.7 = 12.8

=10y

062

67.1 =116

=10-18y

Data are mean =+ SD.

a Reference device is the mercury sphygmomanometer.

DISCUSSION

This study demonstrates that systolic
and diastolic BPs measured by mercury
and aneroid devices are highly corre-
lated for the entire sample and by age
group. In individuals =10 to 18 years,
a significantly lower mean diastolic BP
was found when using the aneroid
sphygmomanometer. On the basis of our
analyses, this corresponds to a mean
correction of +1.8 mm Hg that could be
addedto an aneroid BP measurement to
equate the 2 devices if both are used in
a single study. However, given the good
agreement between devices, this cor-
rection is unlikely to result in clinically
significant differences in BP, suggesting
that either device could be used in
a clinical or research setting.

Two previous studies have compared
aneroid to mercury devices with only 1
performed in a pediatric population. In
middle-aged adults, the Diabetes Pre-
vention Program Outcomes Study (DPPOS)
found no difference in mean systolic BP
and a small but statistically significant
lower diastolic BP when comparing an-
eroid and mercury devices.® This pattern
is identical to the findings in our study.
These results are in contrast to those
reported by NHANES in which a statisti-
cally higher systolic BP among 8- to 17-
year-olds was found using an aneroid
sphygmomanometer4

Discrepant results between NHANES and
our study may be due to several factors,
including participant differences, dif-
ferent analysis techniques, and the
presence of diabetes. First, it is possible
the study subjects in the 2 cohorts were
of different age, gender, race/ethnicity,
and BMI distribution. Although the
study population was not described in
the NHANES article, the DPPOS found
“participant” differences explained 8%
to 10% of the variation in BPs between
the 2 devices.t Second, we stratified
our subjects by age to separate those
prepubertal (<10 years) from those
who were pubertal or postpubertal

(=10-18 years). Subjects inthe NHANES
cohort were analyzed as a single group
(8—17 years).* Thus, it is possible
changes occur in BP measurements
during or after puberty that were not
accounted for in NHANES report. Finally,
there may be differences in BP related
to the presence of diabetes, although to
our knowledge, this has not been pre-
viously described. Thus, it is not clear
why there are differences between our
study and NHANES. Multivariate analy-
ses did not identify any factors that
contributed to the differences in di-
astolic BP by device. Thus, the reasons
for the differences in blood pressure by
device can only be speculated.

As mentioned earlier, a correction factor
of 1.8 could be applied to diastolic BP
measurement obtained by using an an-
eroid device in adolescents aged =10to
18 years. This correction factor is only
applicable to equate BPs in clinical or
research settings where both devices
have been used or there has been a
change of devices due to more recent
regulations preventing mercury BP mea-
surements. In settings where aneroid only
technology has been used, we cannot
conclude from this study that this cor-
rection factor should apply.

A potential limitation of our report is
that this study was performed in youth
who have diabetes. As previously men-
tioned, the presence of diabetes should
not affect the measurements of BP
obtained by using the mercury or an-
eroid devices. Given that our results
coincide with those published by the
DPPQS, it appears reasonable to con-
clude that the data presented here are
applicable to all youth. It should also be
notedthat youth with hypertension were
not studied, and thus it is unclear
whether larger discrepancies between
devices exist at higher BPs.

CONCLUSIONS

This study found no significant differ-
ence in mean systolic BP but a slightly
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FIGURE 1

Agreement between aneroid and mercury devices. The red line indicates the mean difference between readings, and the green line is the
95% confidence intervals of agreement. Bland-Altman Plots: A, systolic BP, age 0—9. B, diastolic BP, age 0-9. G, systolic BP, age 10—18. D, diastolic BP,

age 10-18.

significantly lower mean diastolic BP in
youth using the aneroid device. Al-
though the differences described are
statistically significant, as suggested by
others,46 the differences in BP meas-
urements between aneroid and mer-
cury sphygmomanometers are small
and are unlikely to be clinically signif-
icant. In conclusion, either device could
be used.
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