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Objective: To evaluate the effects of med-
ications used in the treatment of adults with
attention-deficit/hyperactivity disorder (ADHD)
on blood pressure and pulse.

Method: Subjects were those with DSM-
111-R-/DSM-IV—diagnosed ADHD enrolled in
placebo-controlled studies of 5 different med-
ications for ADHD. Cardiovascular data from
these studies of both stimulants (methylphenidate,
amphetamine compounds, pemoline) and
nonstimulants (bupropion, desipramine)
were reanalyzed for baseline-to-endpoint
active-treatment or placebo effects on blood
pressure and heart rate.

Results: There were 125 subjects with a
mean + SD age of 39 + 9 years. In general, active
drug treatment for ADHD compared to baseline
was associated with several statistically signifi-
cant changes in systolic blood pressure (bupro-
pion: +5.9 mm Hg, p < .05 by paired t test; am-
phetamine: +5.4 mm Hg, p < .05), diastolic blood
pressure (desipramine: +7.1 mm Hg, p <.05), and
heart rate (bupropion: +6.9 mm Hg, p < .05; am-
phetamine: +7.3 mm Hg, p < .05; methylpheni-
date: +4.5 mm Hg, p < .05). New-onset cases
of systalic or diastolic hypertension (blood pres-
sure = 140/90) were recorded in 8% (7/89) of
placebo-treated subjects and 10% (9/89) of sub-
jects receiving active medication, regardless
of the class (stimulant, nonstimulant).

Conclusion: Both stimulant and nonstimulant
catecholaminergic medications used in adults
with ADHD are associated with minor, but statis-
tically significant, changes in heart rate and blood
pressure that were often observed in those receiv-
ing placebo. Given the minor pressor and chrono-
tropic effect of these medications, adults with
ADHD should have their blood pressure and
heart rate checked at baseline and periodically
during treatment.
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T he continuity of pediatric attention-deficit/hyper-
activity disorder (ADHD) into adulthood has been
increasingly recognized.”® While 3% to 9% of youth are
affected,*® longitudinal data coupled with survey and re-
cent epidemiology studies suggest that 4% of adultsin the
general population manifest ADHD.*° Data also suggest
that approximately 20% of adults with a substance use
disorder, generalized anxiety disorder, or depression have
comorbid ADHD."** Compared to non-ADHD adults,
controlled studies indicate that adults with ADHD have
higher rates of comorbid psychopathology, occupational
and/or academic underachievement, and interpersonal dif-
ficulties necessitating treatment.’**> While the effective-
ness of various treatment modalities remains unclear in
this population, data indicate that pharmacotherapy is an
efficacious treatment for the symptoms of the disorder.*
An emerging literature suggests that the stimulant and
nonstimulant agents used for ADHD in children also have
efficacy in adults with ADHD." Stimulant medications
are among the first-line agents in adults with ADHD,
which is similar to guidelines in youth.>'**® Methylphen-
idate and amphetamine are the most commonly used
stimulant medications in adults, with over 15 published
controlled trials of their efficacy (for review see reference
16). Alternatively, as part of 2 large multisite studies,
atomoxetine has been shown to be effective (and is U.S.
Food and Drug Administration—approved) for ADHD in
adults.™ Second-line agents for ADHD in adults that were
also demonstrated to be effective under controlled condi-
tions include pemoline, bupropion, and desipramine.*
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While short-term adverse effects of the medications
used for ADHD have been well described in youth,#202!
paucity of information exists in adults. For example, de-
spite data suggesting benign vital sign effects associated
with ADHD agents in children,? little is available in
adults receiving these medications for ADHD. No data
exist on similarities and differences among the various
sympathomimetic agents employed in the treatment of
ADHD in adults. This dearth of research is noteworthy in
that adults receiving medications for ADHD may be par-
ticularly vulnerable to changes in blood pressure and
pulse due to underlying medical comorbidities, such as
essential hypertension or arteriosclerosis, that may be un-
recognized during evaluation. Thisis not surprising given
that the typical age at presentation for ADHD in adults
in clinical trials is between 35 to 40 years,’*#% which is
a common time for initial presentation of elevated blood
pressure.

The delineation of vital sign changesin pharmacologi-
caly treated adults with ADHD is of high clinical and
public health value. Delineating predictable vital sign
changes and patients at risk for hypertension with treat-
ment can inform clinicians of high-risk groups of patients
receiving treatment. Determining differences between
various classes of agents used in ADHD can assist cli-
nicians in choosing medications with more benign car-
diovascular profiles. From a public health perspective,
converging data indicate an elevated risk for both cardio-
vascular and noncardiac medical complications due to el-
evationsin vital signs.®" Hence, understanding blood pres-
sure and pulse changes associated with specific agentsfor
ADHD can provide valuable information to guide appro-
priate use of these medications chronically.

To this end, we evaluated data on the effects of stimu-
lant and nonstimulant agents on vital signsin adults with
ADHD, derived from 5 medication trials completed at our
site. Because of methodological issues related to regres-
sion to the mean, only placebo-controlled trials were
included. Based on the limited literature and our clinical
experience, we hypothesized that stimulant and non-
stimulant medications would be associated with predict-
able mild increases in blood pressure and heart rate in
adults with ADHD.

METHOD

Subjects

Subjects were outpatient adults with ADHD between
18 and 60 years of age, recruited from advertisements and
clinical referrals to aclinical psychopharmacology clinic.
Cardiovascular data of this population of adults were
examined. These adults had participated in 5 previously
published placebo-controlled trials of stimulant and
nonstimulant medication treatment of ADHD.?=%% Con-
sent forms, study protocol, and any advertisements for
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subjects were reviewed and approved by the institutional
review board of participating centers prior to initiation of
each study.

We excluded potential subjects if they had clinically
significant chronic medical conditions, a history of
cardiac arrhythmias, seizures, mental retardation (1Q <
80), organic brain disorders, clinically unstable psychiat-
ric conditions, bipolar disorder, psychosis, or drug or
alcohol abuse or dependence within the 6 months preced-
ing the study; were currently using psychotropics; had
sensorimotor deficits that would impede the testing pro-
cess (profound deafness, blindness, or language disor-
ders); or were pregnant or nursing women. Patients with
a blood pressure of >160/100 mm Hg or a heart rate
of > 110 beats per minute were also excluded from the
studies.

Assessment Measures

Subjects underwent a standard clinical assessment
comprising a psychiatric evaluation, a structured diag-
nostic interview, a cognitive battery, a medical history,
and an electrocardiogram. The structured diagnostic in-
terview was the Structured Clinical Interview for DSM-
[11-R or DSM-IV (SCID),* supplemented for childhood
disorders by unmodified modules from the Schedule
for Affective Disorders and Schizophrenia for School
Age Children-Epidemiologic Version.®** To obtain afull
diagnosis of adult ADHD, the subject (a) met full DSM-
[11-R or DSM-IV criteriafor adiagnosis of ADHD by the
age of 7 aswell as currently (within the past month), (b)
described a chronic course of ADHD symptomatology
from childhood to adulthood, and (c) endorsed a mod-
erate or severe level of impairment attributed to the
ADHD symptoms. Diagnostic reliability between raters
and board-certified psychiatrists was excellent. A kappa
of 1.0 was obtained for ADHD. Socioeconomic status
(SES) was measured by the Hollingshead Four Factor
Index of Social Status,® in which low values indicate
high SES.

Study Design

Detailed study methodology for the pharmacothera-
peutic trials can be found in the original reports.? %
Briefly, al trials were randomized, placebo-controlled
(50:50 randomization), target dose studies of varying
length from 6 to 10 weeks (Table 1). Three trials”*3
were completed in acrossover design with a 1- to 2-week
washout between treatments. Two trials were parallel
design.?®* Since there was no order effect for blood pres-
sure or pulse (active drug vs. placebo; placebo vs. active
drug; baseline 1 or baseline 2), cardiovascular data from
crossover trials included the first baseline prior to the
first phase (baseline 1 only) and end of each active phase
(endpoint 1 and endpoint 2); the total number of cases
was equivalent in each treatment group. Cardiovascular
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Table 1. Previous Trials of Adults Treated for ADHD
(N =125)

Table 2. Demographic Characteristics of Adults in Trials for
Treatment of ADHD (N = 125)

Mean Endpoint

Drug Study Design* Dose, mg/d
Methylphenidate, 1995%”  Crossover RCT, 65

7 wk, 1 wk washout
Bupropion, 2001%° Parallel RCT, 6 wk 362
Desipramine, 1996%° Parallel RCT, 6 wk 147
Pemoline, 1999% Crossover RCT, 148

10 wk, 2 wk washout
Amphetamine Crossover RCT, 54

compounds, 20018 7 wk, 1 wk washout

*All studies compared drug vs. dose-matched placebo.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder,
RCT = randomized controlled trial.

data not reliably ascertained or recorded were not in-
cluded in these analyses.

Measurement of Vital Signs

Following medication-free baseline measurements,
blood pressure and pulse were taken at weekly intervals.
In the 2 earlier trials,*® the physician rater measured
blood pressure. The patient was in the sitting position,
with the assessed arm at approximately heart level. A
standard sphygmomanometer cuff was used to externally
compress the brachial artery by raising pressureto alevel
that occluded blood flow. The rater then determined the
systolic pressure to be at the point when the pulse is
heard, as pressure was gradually released. Auscultation
continued during the release of pressure until the pulse
sound completely disappeared (Korotkoff’s phase V),
which isthe standard definition of diastolic pressure. Rate
of cuff deflation was approximately 2 to 4 mm Hg per
heartbeat.

In the subsequent trials,?**** blood pressure and heart
rate were taken in the sitting position using DINAMAP
XL blood pressure monitors.*” Vital signs were taken in
the afternoon while the anti-ADHD effects of shorter act-
ing stimulants were still evident. Any subject who devel-
oped persistent systolic blood pressure= 160 mm Hg, dia-
stolic blood pressure = 100 mm Hg, or persistent heart
rate > 100 beats per minute measured twice at the same
visit 30 minutes apart were discontinued from the respec-
tive studies.

Statistical Analyses

Analyses were completed by comparing endpoint to
baseline blood pressure and heart rate assessments, using
last-observation-carried-forward endpoints.

Overall, there were 166 subjectsin al 5 drug studies,
of whom 125 subjects had baseline and on-drug/placebo
data and had a baseline blood pressure of < 140/90 mm
Hg. Because some studies were parallel design and others
were crossover design, there were 178 datapoints derived
from these 125 subjects. Paired t tests (2-tailed) were used
to investigate change over time. Two-samplet tests were

J Clin Psychiatry 66:2, February 2005

Characteristic Value
Age, mean+ SD, y 39=+9
Range 19-55
Socioeconomic scale score, mean + SD* 1.8+0.9
Male, N (%) 56 (45)

*Hollingshead Four Factor Index.*
Abbreviations: ADHD = attention-deficit/hyperactivity disorder.

used to compare change scores (endpoint to baseline) be-
tween active medication and placebo groups, and between
stimulant and nonstimulant medications; 1-sample analy-
ses of variance were used to investigate differences in
change scores between study medications. Logistic re-
gression was used to predict factors associated with the
new onset of hypertension. All statistical tests were per-
formed using Stata.*® We set statistical significance at the
.05 level. Data are expressed as mean + SD unless other-
wise specified.

RESULTS

The mean age of subjects in the combined sample was
39 =+ 9 years, with a range of 37 years (Table 2). There
was a balanced sex distribution (45% male), and the
sample was largely middle class (mean socioeconomic
scorewas 1.8 = 0.9). Since these were target-dosing stud-
ies, subjects were receiving relatively high doses of medi-
cation at endpoint (Table 1).

Baseline values for systolic blood pressure, diastolic
blood pressure, and heart rate among the various groups
(by study and by active drug/placebo status) were not sig-
nificantly different. In general, active drug treatment for
ADHD was associated with several statistically signifi-
cant changes in systolic blood pressure, diastolic blood
pressure, and heart rate at endpoint (Table 3). Compared
to baseline, endpoint active-medication vital signs were
significantly different for bupropion (systolic blood pres-
sure and heart rate), desipramine (diastolic blood pres-
sure), amphetamine compounds (systolic blood pressure
and heart rate), and methylphenidate (heart rate). Of inter-
est, compared to baseline, placebo was associated with
significant differences for desipramine (diastolic blood
pressure). In comparison to corresponding placebo val-
ues, significant increases in mean systolic blood pressure
(from baseline to endpoint) with active medication were
observed for bupropion and amphetamine; additionally,
significant mean heart rate changes were observed for
active medication versus placebo with amphetamine
compounds.

Vital sign changes between class of medication (stimu-
lant vs. nonstimulant) were not significantly different for
systolic blood pressure (t =-1.3, p = .2), diastolic blood
pressure (t=.3, p=.7), or heart rate (t =.3, p=.7). Like-
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Table 3. Vital Sign Measurements in Adults Treated for ADHD
Mean Value
Systolic BR, mm Hg Diastolic BB, mm Hg

Mean Change Value?
Diastolic BP

Heart Rate, bpm Systolic BP Heart Rate

Study Drug N Baseline Endpoint Baseline Endpoint Baseline Endpoint mmHg pVaue mmHg pVaue bpm pVaue

Bupropion Drug = 16 122.9 1288t 714 74.1 719 78.81 +5.9 .01 +2.7 3 +6.9 1
Placebo = 13 130.9 125.4 75.0 72.3 73.0 732 -5.0 2.7 +0.2

Desipramine Drug=6 122.7 120.7 732 80.31 NA NA -2.0 9 +7.2 6 NA NA
Placebo = 12 125.1 1223 75.2 80.61 NA NA -2.3 +5.4 NA

Pemoline Drug = 23 125.6 128.1 748 68.8t 73.1 741 +2.6 6 +6.0 .02 +1.0 9
Placebo = 22 127.1 128.0 72.8 73.7 735 734 +0.9 -09 -0.1

Amphetamine Drug = 26 1214 1268t 729 76.9 71.6 78.91 +5.3 .02 +4.0 5 +7.3 .05

compounds Placebo = 25 122.8 121.8 69.5 715 70.4 713 -1.0 +2.0 +0.9

Methylphenidate ~ Drug = 18 116.6 119.0 76.6 76.4 73.8 78.3t +2.4 9 -0.2 7 +4.5 4

Placebo = 17 117.2 119.4 76.2 75.2 74.5 76.7 +2.2 -11 +2.2

&Change scores obtained from endpoint values minus baseline values; p values are from t tests of mean vital sign change values for drug vs. placebo.
TPaired t tests (endpoint vs. baseline) significant at the p < .05 level.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder, BP = blood pressure, bpm = beats per minute, NA = not available.

Table 4. Mean Blood Pressure Measurements for Adults Treated for ADHD

Blood Hypertension Mean Change Value®
Pressure (BP) Drug Status Status at Endpoint? Baseline BP, mm Hg Endpoint B, mm Hg p Value” mm Hg p Value®
Systolic Active Yes(N = 6) 130.7 149.3 .01 +18.7 <.0001
No (N = 83) 121.2 123.8 .002 +2.5
Placebo Yes(N =5) 128.6 147.2 .005 +18.6 <.0001
No (N = 84) 123.3 1215 .09 -1.8
Diastolic Active Yes (N = 6) 78.3 85.8 .002 +7.5 A4
No (N = 83) 71.9 75.3 .006 +3.4
Placebo Yes(N =5) 78.4 86.6 .04 +8.2 .03
No (N = 84) 73.1 73.1 .97 +0.04

aSystolic = 140 mm Hg or diastolic = 90 mm Hg.
PPaired t test, baseline vs. endpoint measurements.
“Endpoint minus baseline measurements.

%t Test comparing change val ues between hypertension status (yes/no) groups.

Abbreviation: ADHD = attention-deficit/hyperactivity disorder.

wise, there were no significant differences among the
specific types of medicationsfor change scoresin systolic
blood pressure (F=.7, p=.6), diastolic blood pressure
(F=1.9, p=.12), and heart rate (F = .6, p = .6).

We then investigated the rates of new-onset hyperten-
sion (blood pressure = 140/90) in our sample. Systolic
or diastolic hypertension was noted in 8% (N =7) of
placebo-treated and 10% (N =9) of active medication—
treated cases (Table 4).

We further evaluated the effects of baseline vital signs
on vital signs at endpoint (Table 3). As expected, subjects
with higher baseline systolic and diastolic blood pressure
had higher corresponding systolic and diastolic blood
pressure at endpoint. Significant mean increases in sys-
tolic blood pressure were noted with active medication
treatment as well as during placebo administration, while
significant increases in diastolic blood pressure were
noted with placebo administration.

In further analysis, no baseline clinical characteristic
(age: =26, df =1, p=.1; sex: ¥*°=.6, df=1, p=
5, SES. %?=0.8, df=1, p=.4), class (stimulant/
nonstimulant: x*= .6, df = 1, p=.4), or specific type of
medication (pemoline: x* = .6, df = 1, p = .4; bupropion:
x>=1.0, df=1, p=.3; desipramine: ¥?=.01, df =1,
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p = .9; amphetamine: y* = .6, df = 1, p = .4; methylpheni-
date: x?=.8, df =1, p=.4) was associated with an in-
creased risk for developing hypertension. Drug status did
not have an effect on the rate of developing hypertension
or the change scores for patients with endpoint hyperten-
sion (t test of change scores for endpoint hypertensives by
drug status, t =—.02, p=.98and t = .3, p = .8, for systolic
and diastolic pressures, respectively).

DISCUSSION

The medications used in the treatment of adults with
ADHD, both stimulant and nonstimulant (antidepressant
class) agents, resulted in statistically significant but minor
changes in vital signs that were often noted in those re-
ceiving placebo. With active treatment, hypertension at
endpoint was predicted by higher blood pressures at base-
line. Given the minor elevation in vital signs associated
with pharmacotherapeutics for ADHD in adults, patients
should have their vital signs checked at baseline and peri-
odically during treatment and be informed of the minor
pressor and chronotropic effects of these medications.

The medications for ADHD in adults were associated
with mild increases in both systolic and diastolic blood
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pressure and heart rate (Table 3). That the agents used for
the treatment of ADHD would result in blood pressure
and heart rate increasesis not surprising by nature of their
catecholaminergic properties. Such indirectly acting sym-
pathomimetic amines have both pressor and chronotropic
effects on the cardiovascular system,® resulting in mild
elevationsin both blood pressure and heart rate.

In particular, the stimulants have been shown in
adult studies of depression?* and pediatric studies of
ADHD?* to result in transient elevations of blood pres-
sure and pulse at therapeutic doses. No apparent differ-
ences emerged between methylphenidate and amphet-
amine in the current data set, which is consistent with
pediatric literature.24-4

While these data are limited by statistical power, non-
stimulants appear to have a similar magnitude of effect on
blood pressure and pulse at dosing that is therapeutic in
ADHD. For example, adult studies with tricyclic antide-
pressants have demonstrated significant increases in vital
signs with treatment.*~*® Similarly, limited data with bu-
propion have shown elevations in blood pressure and
have cautioned of using this compound in the context of
unstable hypertension,*“® although recent work with a
once-daily preparation does not appear to result in signifi-
cant blood pressure changes in normotensive adults with
ADHD.* Atomoxetine, a noradrenergic agent shown to
be effective in adults with ADHD,*** also results in mi-
nor, statistically significant changes of the same magni-
tude in blood pressure and pulse in short term trials as
those observed in the current analyses.

One clinical concern is the risk of inadvertently treat-
ing a hypertensive adult with medication for their ADHD.
Evaluating the data continuously, while confounded by
regression to the mean, we find an inverse relationship be-
tween baseline blood pressure or heart rate and change in
the indices, suggesting that, in general, adults with rela-
tively higher blood pressures do not automatically mani-
fest worsening of their blood pressure/heart rate with
pharmacotherapy. In contrast, adults with relatively lower
indices at baseline manifest the most change with treat-
ment. While these findings may reflect resampling bias,
they also suggest that adults with normal blood pressure/
heart rate may be more susceptible to minor cardio-
vascular changes by sympathomimetics than those with
elevated vital signs. Hence, even normotensive adults
with blood pressures clearly within age-specific norms
may manifest elevated blood pressures with medication,
necessitating the importance of blood pressure monitor-
ing of ADHD adults prior to commencing pharmaco-
therapy and periodically thereafter during treatment.

Of equal concern is the 10% of cases receiving medi-
cations who had systolic hypertension, diastolic hyperten-
sion, or the combination with treatment. Despite the con-
found of inclusion criteria in these clinical studies, the
current data highlight the importance of utilizing placebo-
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controlled clinical trials to evaluate vital sign changes
with treatment. We found that individuals in both pla-
cebo and active phases tended to have changes in their
blood pressures associated with their baseline blood
pressure. Moreover, while 10% of subjects receiving ac-
tive medication had hypertension at endpoint, a number
of placebo-treated adults (8%) also developed hyper-
tension at endpoint. The biggest predictor of who de-
veloped hypertension at endpoint was who had the high-
est blood pressure at baseline. In other words, those who
started with the highest blood pressure at baseline, de-
spite less change during treatment, were still more often
hypertensive at endpoint compared to those who started
with lower blood pressure at baseline. These data further
punctuate the need to obtain baseline blood pressure/
pulse in adults prior to commencing therapy. Clearly,
studies of blood pressure and heart rate during psycho-
tropic treatment not only need to consider baseline val-
ues but also would benefit from placebo comparators.

The current data are limited to short-term clinical tri-
als; hence, it remainsto be seen if the effects of the cate-
cholaminergic agents attenuate over time. For example,
data from children receiving stimulant medications in-
dicate a small, but statistically significant increase in
blood pressure (but not pulse) that does not attenuate
over 1 year.?% |n contrast, recently reported data in
adults with ADHD receiving open-label atomoxetine
suggest a very minor attenuation in blood pressure and
pulse associated with treatment at week 10 compared to
week 97 (diastolic blood pressure change: acute=1.8 +
8.5, longer-term=1.2+8.9; systolic blood pressure
change: acute=2.9 + 10.8, longer-term = 1.8 + 11.4).>"
Given the need to treat ADHD chronically in adults,>>2
the longer term effects of pharmacotherapy on blood
pressure/pulse need to be delineated.

Clinical Recommendations

These findings have relevance to guiding clinicians
medication management and to enhancing discussions
with patients regarding the tolerability and potential
risks in treatment. While there continues to be debate as
to the utility and need to monitor blood pressures in
youth with ADHD,?? existing datain adults would sug-
gest the need for baseline and ongoing periodic monitor-
ing of their vital signs with treatment. Adults found to
manifest blood pressure = 140/90 should be considered
for evaluation and treatment of the elevated blood pres-
sure.®* Therapeutic options for those adults treated for
their ADHD who manifest elevated vital signs include,
based on clinical response and need, a reduction or
discontinuation in their anti-ADHD regimen or adjunct
treatment with an antihypertensive agent. While case
reports suggest that the coadministration of antihyper-
tensives and stimulants may accentuate ADHD respon-
sivity,> systematic data are lacking on the tolerability
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and effectiveness of combined therapies for adults with
ADHD.

There are anumber of limitationsin the current report.
The results of these analyses are derived from the pooling
of data across 5 separate trials that varied in design
(crossover vs. parallel design), were completed at sepa-
rate times, and were of varying length. Despite using a
calibrated instrument, there may have been substantial
variability in the measurement of blood pressure and
pulse. Moreover, further variability existed asto the exact
times at which patients were seen, while blood pressure/
heart rate assessments may have been confounded rela-
tive to the peak/trough levels of the respective medica-
tions. The vital signs represented only a cross-sectional
timepoint and no ambulatory vital sign measurements
were available.

The relatively small number of subjects and the miss-
ing data points in each condition for which reliable data
were available severely limited our power to detect differ-
ences between active agents. Further data derived from
large multisite studies using standardized measurements
of blood pressure/pulse are necessary to more fully ex-
plore this important issue. Subjects in these studies were
screened for inclusion in aclinical trial, did not manifest
malignant hypertension, and were without concurrent
medical or substance abuse conditions. Hence, the gener-
alization of these data to other groups of less screened
adultsis unclear. Because of the target dose design of the
individual studies, there was no ability to evaluate for a
dose response rel ationship. Because these studies were of
relatively short duration, we were not able to evaluate the
longer-term effects of ADHD therapy on blood pressure
and heart rate.

In conclusion, agents used in adults with ADHD, in-
cluding both stimulants and nonstimulants, resulted in
small, statistically significant changes in vital signs. The
development of hypertension was predicted by higher
blood pressures at baseline. Given the modest elevation in
vital signs associated with the pharmacotherapy for adult
ADHD, patients should have their vital signs checked at
baseline and periodically during treatment.

Drug names: amphetamine compounds (Adderall, Dexedrine, and
others), atomoxetine (Strattera), bupropion (Wellbutrin and others),
desipramine (Norpramin and others), methylphenidate (M etadate,
Ritalin, and others), pemoline (Cylert and others).

Financial disclosure: Dr. Wilens has received grant support from

and served as a consultant to and on the speaker’s bureau for Abbott,
Celltech Medeva, Eli Lilly, McNeil, National Institute on Drug

Abuse (NIDA), National Institute of Mental Health (NIMH), Novartis,
Pfizer, Shire, and SmithKlineBeecham/Glaxo. Dr. Biederman receives
research support from Shire, Eli Lilly, Wyeth, Pfizer, Cephalon,
Novartis, Janssen, Stanley Medical Foundation, NIMH, National In-
stitute of Child Health and Human Development, and NIDA; serves
on the speaker’s bureaus for Eli Lilly, Pfizer, Novartis, Wyeth, Shire,
McNeil, and Cephalon; and is on the advisory board for Eli Lilly,
Celltech, Shire, Novartis, Noven, McNeil, Janssen, Johnson & John-
son, Pfizer, and Cephalon. Dr. Spencer receives research support from

J Clin Psychiatry 66:2, February 2005

Blood Pressure Changes in Adults Treated for ADHD

Abbott, Bristol-Myers Squibb, and Cephalon; and receives research
support and serves as a consultant to and/or on the speaker’s bureaus
for Eli Lilly, GlaxoSmithKline, Janssen, McNeil, Celltech, Novartis,
Pfizer, Shire, and Wyeth.

REFERENCES

1. Spencer T, Biederman J, Wilens TE, et d. Adults with attention-deficit/
hyperactivity disorder: a controversia diagnosis. J Clin Psychiatry 1998;
59(suppl 7):59-68

2. Biederman J. Attention-deficit/hyperactivity disorder: alife-span
perspective. J Clin Psychiatry 1998;59(suppl 7):4-16

3. Weiss G, Hechtman L, Milroy T, et d. Psychiatric status of hyperactives
as adults: a controlled prospective 15 year followup of 63 hyperactive
children. JAm Acad Child Adolesc Psychiatry 1985;24:211-220

4. Bauermeister JJ, Canino G, Bird H. Epidemiology of disruptive behavior
disorders. In: Greenhill L, ed. Child and Adolescent Psychiatric Clinics
of North America. Philadelphia, Pa: WB Saunders Company;1994:
177-194

5. Goldman L, Genel M, Bezman R, et a. Diagnosis and treatment of
attention-deficit/hyperactivity disorder in children and adolescents.
JAMA 1998;279:1100-1107

6. Murphy K, Barkley RA. Prevalence of DSM-IV symptoms of ADHD
in adult licensed drivers: implications for clinical diagnosis. JAtten
Disord 1996;1:147-161

7. Faraone SV, Sergeant J, Gillberg C, et al. The worldwide prevalence of
ADHD: isit an American condition? World Psychiatry 2003;2:104-113

8. Fischer M. Persistence of ADHD into adulthood: it depends on whom
you ask. The ADHD Report 1997;5:8-10

9. Barkley RA, Fischer M, Smallish L, et a. Young adult follow-up of
hyperactive children: antisocial activities and drug use. J Child Psychol
Psychiatry 2004;45:195-211

10. Kessler R. Prevalence of adult ADHD in the United States: results from
the National Comorbidity Survey Replication (NCS-R). In: Syllabus &
Proceedings Summary of the 157th Annua Meeting of the American
Psychiatric Association; May 1-6, 2004; New York, NY. No. 4A:6

11. Alpert J, MaddocksA, Nierenberg A, et al. Attention deficit hyperactiv-
ity disorder in childhood among adults with mgjor depression.
Psychiatry Res 1996;62:213-219

12. Levin FR, Evans SM, Kleber HD. Practical guidelines for the treatment
of substance abusers with adult attention-deficit hyperactivity disorder.
Psychiatr Serv 1999;50:1001-1003

13. Schubiner H, TzelepisA, Schoener E, et a. Prevalence of ADHD
among substance abusers. In: National Institute on Drug Abuse (NIDA)
Research Monograph Series. Monograph 178: Problems of Drug Depen-
dence 1997. Proceedings of the 59th Annual Scientific Meeting of the
College on Problems of Drug Dependence, Inc, June 14-19, 1997;
Nashville, Tenn: 135

14. Mannuzza S, Klein RG, Bessler A, et a. Adult outcome of hyperactive
boys: educational achievement, occupational rank, and psychiatric status.
Arch Gen Psychiatry 1993;50:565-576

15. Biederman J, Faraone SV, Spencer T, et a. Patterns of psychiatric
comorhidity, cognition, and psychosocia functioning in adults with
attention deficit hyperactivity disorder. Am J Psychiatry 1993;150:
1792-1798

16. WilensT, Spencer T, Biederman J. A review of the pharmacotherapy
of adults with attention-deficit/hyperactivity disorder. JAtten Disord
2002;5:189-202

17. Spencer T, Biederman J, Wilens T. Pharmacotherapy of attention-deficit/
hyperactivity disorder: alife span perspective. In: Dickstein L, RibaM,
Oldham J, eds. Review of Psychiatry. Washington, DC: American
Psychiatric Press; 1998:1V-87-1V-127

18. Greenhill LL, Pliszka S, Dulcan MK, et d. Practice parameter for the
use of stimulant medicationsin the treatment of children, adolescents,
and adults. JAm Acad Child Adolesc Psychiatry 2002;41:265-49S

19. Michelson D, Adler L, Spencer T, et a. Atomoxetine in adults with
ADHD: two randomized, placebo-controlled studies. Biol Psychiatry
2003;53:112-120

20. Barkley RA, McMurray MB, Edelbrock CS, et a. Side effects of
methylphenidate in children with attention deficit hyperactivity disorder:
asystemic, placebo-controlled evaluation. Pediatrics 1990;86:184-192

21. Klein RG, Bessder AW. Stimulant side effectsin children. In: Kane JM,

258



Wilens et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

35.

36.

Lieberman JA, eds. Adverse Effects of Psychotropic Drugs. New York,
NY: Guilford Press; 1992:470-496

Safer DJ. The relative cardiovascular safety of psychostimulants used
to treat attention deficit hyperactivity disorder. J Child Adolesc
Psychopharmacol 1992;2:279-290

Biederman J, Baldessarini RJ, Wright V, et a. A double-blind placebo
controlled study of desipramine in the treatment of ADD, 2: serum drug
levels and cardiovascular findings. JAm Acad Child Adolesc Psychiatry
1989;28:903-911

Conners CK, Casat CD, Gualtieri CT, et al. Bupropion hydrochloridein
attention deficit disorder with hyperactivity. JAm Acad Child Adolesc
Psychiatry 1996;35:1314-1321

Wilens TE, Biederman J, Lerner M, et al. Effects of once-daily osmotic-
release methylphenidate on blood pressure and heart rate in children with
attention-deficit/hyperactivity disorder. J Clin Psychopharmacol 2004;
24:3641

Wender PH, Reimherr FW, Wood DR. Attention deficit disorder (*mini-
mal brain dysfunction’) in adults: areplication study of diagnosis and
drug treatment. Arch Gen Psychiatry 1981;38:449-456

Spencer T, Wilens TE, Biederman J, et a. A double blind, crossover
comparison of methylphenidate and placebo in adults with childhood
onset attention deficit hyperactivity disorder. Arch Gen Psychiatry
1995;52:434-443

Spencer T, Biederman J, Wilens T, et al. Efficacy of a mixed amphet-
amine salts compound in adults with attention-deficit/hyperactivity
disorder. Arch Gen Psychiatry 2001;58:775-782

Wilens T, Biederman J, Prince J, et a. Six-week, double blind, placebo-
controlled study of desipramine for adult attention deficit hyperactivity
disorder. Am J Psychiatry 1996;153:1147-1153

Wilens TE, Spencer TJ, Biederman J, et a. A controlled clinical trial

of bupropion for attention deficit hyperactivity disorder in adults.

Am J Psychiatry 2001;158:282-288

Nationd Ingtitutes of Health. The Sixth Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (INC V1). Bethesda, Md: National Heart, Lung, and
Blood Ingtitute; 1997

Wilens TE, Biederman J, Spencer TJ, et a. Controlled trial of high doses
of pemoline for adults with attention-deficit/hyperactivity disorder. J Clin
Psychopharmacol 1999;19:257-264

Spitzer RL, Williams JB, Gibbon M, et a. The Structured Clinical Inter-
view for DSM-II-R (SCID), 1: history, rationale, and description. Arch
Gen Psychiatry 1992;49:624-629

. Orvaschel H. Psychiatric interviews suitable for use in research with

children and adolescents. Psychopharmacol Bull 1985;21:737-745
Ambrosini PJ. Historical development and present status of the Schedule
for Affective Disorders and Schizophreniafor School-Age Children
(K-SADS). JAm Acad Child Adolesc Psychiatry 2000;39:49-58
Hollingshead AB, ed. Four Factor Index of Social Status. New Haven,
Conn: Yale University Press, 1975

259

37.

39.
. Masand PS, Tesar GE. Use of stimulantsin the medically ill. Psychiatr

41.

42.

46.

47.

49.

51

52.

Barker ME, Shiell AW, Law CM. Evaluation of the Dinamap 8100 and
Omron M1 blood pressure monitors for usein children. Paediatr Perinat
Epidemiol 2000;14:179-186

. Stata Corporation. Stata User’s Guide: Release 7.0. College Station,

Tex: Stata Corporation; 2001
Physicians Desk Reference. Montvale, NJ: Medical Economics; 2003

Clin North Am 1996;19:515-547

Findling RL, Short EJ, Manos MJ. Short-term cardiovascular effects
of methylphenidate and adderall. JAm Acad Child Adolesc Psychiatry
2001,40:525-529

Wilens T, Pelham W, Stein M, et a. ADHD treatment with once daily
oros methylphenidate: interim 12-month results from long-term open-
label study. JAm Acad Child Adoles Psychiatry 2003;42:424-433

. Aman MG, Werry JS. The effects of methylphenidate and hal operidol

on the heart rate and blood pressure of hyperactive children with specia
reference to time of reaction. Psychopharmacologia 1975;43:163-168

. Louie AK, Louie EK, Lannon RA. Systemic hypertension associated

with tricyclic antidepressant treatment in patients with panic disorder.
Am J Cardiol 1992;70:1306-1309

. Glauser J. Tricyclic antidepressant poisoning. Cleve Clin JMed 2000;

67:704-706, 709-713, 717-719

Roose SP, Glassman AH. Depression, heart disease, and tricyclic
antidepressants. J Clin Psychiatry 1989;50(7, suppl):12-16; discussion
Kiev A, Masco HL, Wenger TL, et d. The cardiovascular effects

of bupropion and nortriptyline in depressed outpatients. Ann Clin
Psychiatry 1994;6:107-115

. Roose SP, Dalack GW, Glassman AH, et a. Cardiovascular effects of

bupropion in depressed patients with heart disease. Am J Psychiatry
1991;148:512-516

Wilens T, Hudziak JJ, Connor DF, et a. A controlled trial of extended-
release bupropion in adult ADHD. Presented at the 157th annual
meeting of the American Psychiatric Association; May 1-6, 2004;
New York, NY

. Spencer T, Biederman J, Wilens T, et al. Effectiveness and tolerability

of tomoxetine in adults with attention deficit hyperactivity disorder.
Am J Psychiatry 1998;155:693-695

Adler L, Spencer T, Sutton V, et al. Dose and time response of
atomoxetine use in adult ADHD. Presented at the 157th annual
meeting of the American Psychiatric Association; May 1-6, 2004,
New York, NY

Wilens T, Faraone SV, Biederman J. Attention-deficit/hyperactivity
disorder in adults. JAMA 2004;292:619-623

. Spencer TJ, Biederman J. Efficacy in a6-month trial of methylphenidate

in adults with ADHD. Scientific proceedings of the 49th annual meeting
of the American Academy of Child and Adolescent Psychiatry; October
22-27, 2002; San Francisco, Calif

. Ratey J, Greenberg M, Lindem K. Combination of treatments for

attention deficit disordersin adults. JNerv Ment Dis 1991;176:699-701

J Clin Psychiatry 66:2, February 2005



	Table of Contents

