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a b s t r a c t
In the course of developing an atlas and reference system for the normal human brain throughout the human
age span from structural and functional brain imaging data, the International Consortium for Brain Mapping
(ICBM) developed a set of “normal” criteria for subject inclusion and the associated exclusion criteria. The
approach was to minimize inclusion of subjects with any medical disorders that could affect brain structure
or function. In the past two years, a group of 1685 potential subjects responded to solicitation advertisements
at one of the consortium sites (UCLA). Subjects were screened by a detailed telephone interview and then had
an in-person history and physical examination. Of those who responded to the advertisement and considered
themselves to be normal, only 31.6% (532 subjects) passed the telephone screening process. Of the 348
individuals who submitted to in-person history and physical examinations, only 51.7% passed these screening
procedures. Thus, only 10.7% of those individuals who responded to the original advertisement qualiﬁed for
imaging. The most frequent cause for exclusion in the second phase of subject screening was high blood
pressure followed by abnormal signs on neurological examination. It is concluded that the majority of
individuals who consider themselves normal by self-report are found not to be so by detailed historical
interviews about underlying medical conditions and by thorough medical and neurological examinations.
Recommendations are made with regard to the inclusion of subjects in brain imaging studies and the criteria
used to select them.
Published by Elsevier Inc.

Over the course of the last 100 years, there have been a number of
attempts to develop atlases that describe human brain anatomy, both
as an end in itself and also as a tool for organizing and referencing new
neuroscience information [Talairach and Tournoux, 1988; Bailey and
von Bonin, 1951; von Economo and Koskinas, 1925; Friston et al., 1994,
1995]. These efforts have provided new and useful information for
neuroscience research as well as for clinical applications. Nevertheless, the large and previously undeﬁned variance of brain structure
and function, across individuals in the population, limits the range of
applications for past atlases. This is because the early atlases [Talairach
and Tournoux, 1988; Bailey and von Bonin, 1951; von Economo and
Koskinas, 1925; Brodmann, 1909] were based on the analysis of a
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single brain or, at best, a few. Thus, there was only limited data
available to capture and quantify this variance for the brain as a whole
or for its subparts.
In 1993, the International Consortium for Brain Mapping (ICBM)
was formed to develop a probabilistic atlas and reference system for
the normal brain in adult individuals between the ages of 18 and 90
[Mazziotta et al., 1995; Mazziotta et al., 2001a, 2001b]. This effort has
involved participation of laboratories on four continents and the
collection of data from thousands of normal human subjects to be
assembled and distributed as a probabilistic reference tool and atlas
with many potential applications. The concept that a normal, average
human brain could be identiﬁed was a basic premise of the group.
Time and experience have taught us otherwise. We have learned that
it is unrealistic to think that a speciﬁc brain can be identiﬁed as the
mean point in any distribution of the variance for the whole brain or
its subparts in a population. Two critical factors are important in
considering this issue: subject selection/exclusion and the manner by

J.C. Mazziotta et al. / NeuroImage 44 (2009) 914–922

which the variance of brain structures is distributed anatomically in
the human population.
This is an important realization. The carefully deﬁned phenotype of
the human brain can be used for clinical diagnostic purposes, as a
template to which research studies can be applied, as a source of
reference on brain structure and function and its probabilistic variance
as well as a means for deﬁning the brain's phenotype in order to
discover genotypic and behavioral relationships with it [Gurnett and
Trevathan, 2006].
This report focuses on deﬁning the criteria and ﬁnding the subjects
to be included in such a database that represents the normal, average
human population across the adult lifespan. Identifying “normal”
subjects for human imaging research occurs on a daily basis,
worldwide. How good are we at identifying normal subjects? The
answer to this question must begin by deﬁning the illusive term
“normal.” The deﬁnition of normal is basically an opinion that is
arbitrarily deﬁned by consensus, often for convenience and frequently
debated [Cutler et al., 1984; Sokolof, 1975]. In the ICBM Consortium we
faced the same situation. Unlike many imaging studies reported in the
literature, we chose not to rely solely on self-reporting of a subject's
background medical information and demographics but rather, to
rigorously interview and examine subjects to verify, as best as
possible, those features in their backgrounds which might place
them outside of the stringent deﬁnition of “normal” that we adopted.
In deﬁning the set of exclusion criteria, we drew upon previous
experience, reports and guidelines [Cutler et al., 1984; Shtasel et al.,
1991], we focused on rejecting subjects with historical or physical
ﬁndings that had the potential to affect brain structure, in particular,
and brain function, as well. Subjects were excluded not only for
neurological, neurosurgical and psychiatric disorders but also for
systemic problems that could affect the nervous system.
Deﬁning a subject group for a brain imaging study, for inclusion in a
normative database or for any research purpose, requires careful
deﬁnition of the subject inclusion and exclusion criteria as well as
meticulous procedures for measuring the validity of historical information obtained from such subjects. To not do so contaminates the resultant data that is collected, increases its variance and, potentially, results
in erroneous conclusions. With our goal of developing a probabilistic
atlas and database of the normal brain across the adult life span,
inclusion of individuals with medical, neurological or psychiatric
abnormalities, had the potential to skew the resultant database and
alter the probabilities for brain structure and function outside of those
deﬁned by criteria set forth for our deﬁnition of “normal.”
In this report, we focus on the most recent screening of subjects for
the program at one site (UCLA) as representative of our experience
throughout the consortium.
Methods
All subjects who participated in this project as well as all of the
screening materials, exclusion criteria and procedures for applying
them were approved by the UCLA Institutional Review Board. All
subjects signed an informed consent describing the process, risks and
beneﬁts. They were also given a Subject's Bill of Rights.
The process of selecting subjects for inclusion in the study had
three phases. In the ﬁrst step, subjects who responded to advertisements that publicized the project were screened by telephone. In the
second step, those who passed the telephone screen received a series
of physical examinations and in-person interviews. The third and ﬁnal
step was the imaging of those subjects who passed phase 2 and is the
subject of a separate publication.
A. Deﬁnition of “normal” and exclusion criteria
The overall philosophy of deﬁning the exclusion criteria for the
cohort to be entered into the ICBM database and reference system was
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that included subjects should be unrelated and devoid of underlying
medical, neurological, neurosurgical or psychiatric disorders that
would skew the probabilistic distributions for structural or functional
brain anatomy. This required the elimination of subjects with any
known underlying medical, neurological, neurosurgical or psychiatric
illnesses. We also excluded subjects who had a deﬁned headache
syndrome, implanted or embedded metal or electronic devices,
trauma to the nervous system or excess alcohol use (Table 1). We
required that subjects not have been exposed to anesthesia in the
previous year, with some minor exceptions, and that they had not had
any neurosurgical, cerebrovascular, oncological or cardiac surgery at
any time in their life, even if it was performed with local anesthesia.
The use of prescription, over-the-counter or illicit drugs was a basis for
exclusion with the exception of the occasional use of drugs for disease
prevention and as speciﬁed in Table 1. In the physical examination,
subjects had to have a systolic blood pressure ≤140 mm Hg and a
diastolic blood pressure ≤90 mm Hg [Pickering et al., 2005]. There
were also criteria for pulse, oximetry, and visual and auditory
acuity (Table 2). On physical examination, subjects were excluded if
they had stigmata of alcohol or IV drug use, evidence of chronic or

Table 1
Exclusion criteria applied to subject histories
A. Medications — current and past
1. Prescription drugs
a. Any medication except those listed below in A4
2. Over-the-counter medications
a. Any if used on a daily basis for more than 3 weeks except as exempted below in A4
3. Illicit drugs
a. Any
4. Exemptions
a. Prescription drugs
1. Antibiotics (no more recently than one month ago)
2. Non-steroidal anti-inﬂammatory drugs (no more recently than one month ago
and for no longer than 3 weeks consecutively)
3. Pain medications or sedatives administered for surgical or diagnostic
procedures (see B1)
4. Contraceptives — oral, subcutaneous or regional
5. Hormone replacement therapy
b. Over-the-counter drugs
1. Multi-vitamins
2. Aspirin
3. Acetaminophen
c. Drugs for disease prevention
1. Prophylaxis for infectious disease in travelers
2. Prophylaxis for altitude sickness
3. Prophylaxis for motion sickness
4. Medications for needle stick injuries
5. Inoculations/vaccinations
B. Surgery
1. Any procedure requiring general anesthesia in the previous year except:
a. Tonsillectomy and/or adenoidectomy before age 25
b. Wisdom tooth extraction before age 25
c. Caesarian section
d. Tubal ligation
e. Vasectomy
2. Any major neurosurgical, cerebrovascular, oncological or cardiac surgery, even if
done under local anesthesia
C. Medical, neurological or psychiatric illnesses
1. Any
D. Headaches
1. Diagnosis of migraines, cluster headaches or other deﬁned headache disorder
[Wöber-Bingöl et al., 2004; Mulder and Spierings, 2004]
E. Implanted or embedded metal
1. Any that would preclude MR imaging (e.g., dental braces, shrapnel) or is indicative
of an underlying medical condition (e.g., coronary artery stent)
F. Trauma
1. Any trauma leading to loss of consciousness, concussion, spinal cord or peripheral
nerve injury
G. Alcohol usage
1. Men: N 2 drinks/day
2. Women: N 1 drink/day
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Table 2
Exclusion criteria on physical examination
A. Blood pressure: systolic N 140, diastolic N 90 [Pickering et al., 2005]
B. Pulse: N100 or b 50, irregularity
C. Oximetry: oxygen saturations b 95%
D. Corrected visual acuity: Better than 20/30 in both eyes
E. Auditory acuity: ≥40 dB threshold shift (moderate loss and greater)
F. General exam:
1. Stigmata of alcohol abuse or IV drug use
2. Evidence of chronic or acute systemic disorder (e.g., heart murmur, bruits)
3. Surgical scars indicative of exclusionary procedure not revealed in history (see
Table 1), e.g., cardiac, cranial or spinal surgery
G. Neurological examination:
1. Mini Mental score b28 [Folstein et al., 1975]
2. Any abnormal neurological signs

acute systemic disorders, surgical scars indicative of an exclusionary procedure not revealed in the history, a mini-mental scale
[Folstein et al., 1975] score of less than 28 or any abnormal neuro`logical signs.
We debated whether to extend these exclusion criteria further,
considering the elimination of subjects with hypercholesterolemia,
diabetes mellitus, very high or low body weights as well as those who
have ﬁrst degree relatives with psychiatric disorders thought to have
genetic contributions (e.g., major depression, autism, schizophrenia).
Because of practical and ﬁnancial considerations, these factors were
not used for exclusion but some were recorded and entered into the
database for possible future analyses.
B. Telephone screening
The purpose of the telephone screening was to eliminate as many
subjects as possible who would not qualify, thereby saving the time
and subject burden of interviewing and examining individuals who
could be eliminated by an efﬁcient, telephone-based process. The
general structure of the telephone interview and the speciﬁc
background and medical screening questions associated with it are
provided in Table 3. In addition to providing the general background
about the purpose of the study, the time commitments, procedures,

Table 3
Telephone screening of subjects
1. Purpose of study
2. Outline of time commitments, procedures and payments
3. Statement about conﬁdentiality
4. Background information
a. Are you between the ages of 18–90?
b. Is English your ﬁrst language?
c. Are you willing to participate in two or three 1.5-hour sessions that would include
behavioral and cognitive tests, brain imaging, and drawing a blood sample?
d. Are you able to read ﬁne print with glasses?
5. Medical screening
a. Do you have known medical or neurological diagnosis?
b. Have you ever received medication or other treatment for a psychiatric disorder?
c. Have you ever had migraine headaches, meningitis, head concussion or trauma,
encephalitis or been in a coma?
d. Do you currently take any medications?
e. Have you ever taken any medications on a chronic basis other than vitamins,
aspirin, or diet supplements?
f. Are there any inherited neurological or psychiatric diseases in your family?
g. Do you wear metal braces on your teeth?
h. Have you had surgery requiring general anesthesia within the last year?
i. Do you have asthma, high blood pressure, diabetes, heart disease or high cholesterol
levels?
j. Are you uncomfortable in small, closed spaces?
6. If yes to questions in #5 are you willing to speak to one of the investigators in more
detail to see if you qualify for the study?

payments and conﬁdentiality issues, the subjects were asked their age,
primary language and their corrected visual acuity for near objects, as
part of the scanning process involves reading small print during
fMRI studies. The medical screening questions focused on the use of
medications, medical, neurological or psychiatric disorders, inherited
nervous system diseases and practical matters that would obviate or
complicate scanning such as dental braces or claustrophobia.
In most cases, subjects were either eliminated by this screening
process or advanced to the next phase of screening, the in-person
interview and physical examination (Tables 1 and 2). In some cases,
however, subjects were uncertain about how they should respond to a
question. These individuals were given the option of having a second
telephone conversation with a participating physician investigator of
the study. If they declined, they were excluded. If they accepted, the
investigator would further explore and verify whether their answers
to questions that they deemed ambiguous qualiﬁed them for further
evaluation or excluded them.
C. In-person interviews and examinations
Potential subjects were scheduled for this phase of the study and,
at this point, signed informed consent materials. They then were
evaluated in person with a structured medical history interview. The
details of the exclusion criteria associated with medical history are
listed in Table 1.
Subjects who were not eliminated by the interview and history
then had a physical examination including the measurement of blood
pressure, pulse and oximetry. A general medical examination was
conducted as well as a neurological examination including mental
status testing. Lastly, subjects were tested for auditory and visual
acuity. The exclusion criteria based on physical examination ﬁndings
are provided in Table 2.
Table 4 lists historical and physical data that was collected but not
used as exclusion criteria. These data were collected because there
was the possibility that relationships between these variables and
brain structure or function might be identiﬁed in the future and, as
such, it would be useful to have such information in the database to
perform correlational studies. These data included the history of a ﬁrst
degree relative with presumed inherited psychiatric disorders, the
calculation of body mass index [Gazdzinski et al., 2008; National
Heart, Lung and Blood Institute, 1998], abdominal girth, a blood
sample from which DNA was extracted and stored for future
phenotype–genotype studies, and a battery of neuropsychological
and handedness tests (Demographic And Neurocognitive Inventory—
DANI—http://ric.uthscsa.edu/icbm_dani/).
Individuals who passed the in-person interview and physical
examination were then approved for inclusion in the imaging
component of the program. Subjects with abnormal structural brain
imaging by MRI were excluded by separate criteria and will be
described in a separate publication.

Table 4
Historical and physical examination data that were collected but not used as exclusion
criteria
A. History of ﬁrst degree relatives with psychiatric disorders thought to have genetic
contributions (e.g., major depression, autism, schizophrenia)
B. Body Mass Index (BMI) [NIH Pub #90-4083]
BMI = Weight (kg) / [height (m)]2
Underweight ≤18.5 kg/m2
Overweight 25–29.9 kg/m2
Obese ≥30 kg/m2
C. Abdominal girth
Men N 102 cm
Women N 88 cm
D. DANI (Demographic and Neurocognitive Inventory) a battery of neuropsychological
tests (http://ric.uthscsa.edu/icbm_dani/)
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D. Data analysis
Statistical analysis of the results of subject screening employs the
use of a 2 × 2 table with Fisher's Exact Test performed on a statistical
website (http://home.clara.net/sisa/index.htm).
Results
In response to newspaper and other advertisements promoting
participation in this study, 1685 individuals responded and participated in the telephone interview. Of those callers, 532 individuals
passed the phone-screening phase of the study. Thus, only 31.6% of
those interviewed qualiﬁed based on the brief and efﬁcient telephone
screening. Of the 532 individuals who qualiﬁed for the in-person
history and physical examinations, 184 failed to schedule or keep
appointments for in-person screening. Of the remaining 348 potential
subjects, 180 passed the second phase of the screening process
involving in-person histories and physical examinations and were
eligible for scanning (Fig. 1). Thus, only 51.7% of those individuals who
passed a relatively extensive telephone screening process and
participated in the in-person testing, actually qualiﬁed for scanning.
This represents 10.7% of all individuals who answered the original
solicitation advertisement which clearly stated that the subjects had
to be healthy.
The reasons for excluding subjects based on in-person histories
and physical examinations are provided in Fig. 2. The percentage of
subjects excluded generally increased with subject age (Fig. 2C). The
most common exclusion factor was high blood pressure. The next
most common factors were abnormalities on neurological or
medical examinations. A minority of individuals were excluded
because of illicit drug use, mini-mental scale scores of less than 28,
poor auditory acuity, medication use, embedded metal or their
refusal to sign the informed consent. The distribution of exclusion
causes was roughly similar between men and women with the
exception of blood pressure where a signiﬁcantly greater number of
men were excluded (47 out of 184 men versus 20 out of 164
women, p b 0.001) (Fig. 2B). The distribution of subjects excluded for
high blood pressure by age is shown in Fig. 3. Most subjects
excluded because of high blood pressure were between the ages of

917

40 and 80 with the greatest number occurring in the sixth decade of
life. The average values for systolic and diastolic blood pressure by
age groups in subjects included in the study or excluded because of
high blood pressure or other causes are listed in Table 5. Some
subjects were excluded for reasons other than high blood pressure
but are not included in this table because they were eliminated
from the study before their vital signs were taken (based on
historical features during the in-person interview). Four subjects in
the high blood pressure group were also eliminated prior to
measuring their blood pressure because they revealed during the
interview that they were on anti-hypertensive medications (despite
being asked about medication use during the telephone screening)
and, thus, were excluded because of high blood pressure by virtue
of the interview rather than the physical ﬁnding. These differences
are noted in Table 5.
Discussion
Many human brain imaging studies, particularly those involving
normal subjects, rely on self-reporting as a means of identifying
“normal” individuals. To determine how much attention to detail is
provided in the evaluation of normal subjects or controls, a literature
review was undertaken. Two years of published manuscripts (2005
and 2006) from NeuroImage were reviewed to identify those that
included normal subjects either as the primary participants or as
controls for a reference group. A total of 474 manuscripts were
reviewed. While many manuscripts were vague about these procedures, it was clear that the vast majority (∼ 75%) either relied on selfreporting or did not mention the methods for screening these subjects
at all (Fig. 4). 24.1% performed in-person histories and approximately
7.4% included neurological and general medical examinations of their
subjects. Thus, detailed screening of subjects for experiments
requiring normal controls was limited to self-reporting or not
considered worthy of attention to describe methodologically. This
underscores the theme of this paper, namely, that the proper selection
of normal subjects and control groups is a vital part of the
experimental design in neuroimaging studies and that attention to
detail and validity of results must be ensured by in-person evaluation
in terms of history and physical examination.

Fig. 1. Potential study participants as a function of the phases of the screening process. Of the 1685 potential subjects who responded to the telephone advertisement, 31.6% passed
the telephone screen. Of these, 348 were seen for in-person history and physical exam and 180 were eligible after testing. Thus, only 51.7% of those tested in person passed this phase
of screening. Only 31.6% of subjects who responded to the advertisement passed the telephone screening and only 10.7% of all subjects who responded to the advertisement were
ultimately eligible for the study and scheduled for scanning.
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In the ICBM project, we used an extensive set of exclusion criteria
and a much more carefully deﬁned deﬁnition of the “normal” state.
Such deﬁnitions are always arbitrary and typically devised through
practicality and convenience, usually by consensus of the participating
investigators. That was the case for this project as well. Nevertheless,
an extensive list of exclusion criteria were agreed upon to better
ensure that the resulting data set would include individuals who did
not have previous or current medical factors that might affect brain
structure or function.
Even in this more tightly deﬁned situation, subjects who had
disorders that we wanted to omit could still have been included. One
example is occult hyperlipidemia. We eliminated individuals who

were on cholesterol lowering agents but did not perform serum lipid
proﬁles to identify undiagnosed subjects. The same is true for diabetes
mellitus. In addition, we relied on self-reporting with regard to alcohol
consumption and illicit drug use. While some of these individuals
could be identiﬁed by the physical stigmata associated with long-term
use of these agents (e.g., needle track marks, ascites, etc.), such physical
ﬁndings would only be evident in advanced cases. It was also unlikely
that we could detect undiagnosed psychiatric disease unless the
patient was manifesting overt signs of the disorder during our contact
with the subject. Despite these shortcomings, the battery of screening
procedures employed ensures a much higher degree of valid criteria
for including “normal” subjects than self-reporting would enable.

Fig. 2. Number of subjects excluded after passing telephone screening. (A) The reasons for their exclusion, (B) Exclusion causes by gender, (C) Exclusion by age group.
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Fig. 2 (continued).

The screening process was designed to eliminate individuals with
known medical, neurological, neurosurgical or psychiatric disease. It
also eliminates individuals who chronically utilize prescription, overthe-counter or illicit drugs with the exception of drugs used as
prophylaxis for infectious disease in travelers, altitude or motion
sickness, medications for needle stick injuries or vaccinations. We also
accepted subjects who were on antibiotics more than a month prior to
evaluation and, under certain circumstances, non-steroidal antiinﬂammatory drugs, pain medications or sedatives (Table 1). We did
accept the use of contraceptive agents and hormone replacement
therapy. Multi-vitamins, aspirin and acetaminophen were acceptable
if used occasionally.
Subjects were eliminated for any procedure requiring general
anesthesia in the previous year, with certain limited exceptions, and

any neurosurgical, cerebrovascular, oncological or cardiac surgery
irregardless of the anesthesia used. These criteria plus thorough general
medical and neurological examinations would eliminate almost all
subjects with underlying medical, neurological or neurosurgical
disorders. Potential subjects with deﬁned headache syndromes were
also eliminated because of their association with structural or
functional brain abnormalities [Kruit et al., 2004, 2005, 2006] despite
the fact that the clinical signiﬁcance of such changes on MR imaging is
a matter of ongoing debate. By historical criteria we eliminated
subjects with head trauma or injuries to the spinal cord and peripheral
nerves as well as those with implanted metal or electronic devices that
would obviate scanning. The careful measurement of blood pressure,
pulse, oximetry as well as visual and auditory acuity eliminated other
risk factors. This is particularly true for high blood pressure and the

Fig. 3. Number of subjects excluded because of elevated blood pressure as a function of age. In parentheses for each age range are the number of all subjects screened in the age range
who were excluded on blood pressure criteria, followed by the percentage of those subjects who were excluded because of blood pressure criteria out of all excluded subjects in the
age range.
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Table 5
Average blood pressure (±SD) by decade for subjects included and excluded from the study
Age range

18–29
SD
N
% of 18–29
30–39
SD
N
% of 30–39
40–49
SD
N
% of 40–49
50–59
SD
N
% of 50–59
60–69
SD
N
% of 60–69
70–79
SD
N
% of 70–79
80–90
SD
N
% of 80–89
Unknown
SD
N
% of unknown
All ages
SD
N
% of all ages

Included subjects

Excluded for other causes

Excluded for hypertension

Systolic

Diastolic

Systolic

Diastolic

Systolic

Diastolic

121.65
11.89
64
72.7%
121.2
12.44
31
58.5%
123.63
14.38
30
50.0%
127.68
11.84
32
58.2%
129.25
12.03
16
36.4%
131
5.79
5
27.8%
124.5
20.51
2
40.0%
0
0
0
0%
123.94
12.58
180
51.7%

70.31
7.96
64
72.7%
74.83
9.15
31
58.5%
74.82
7.87
30
50.0%
78.86
9.22
32
58.2%
76.92
7.27
16
36.4%
71.4
8.62
5
27.8%
71
5.66
2
40.0%
0
0
0
0%
73.99
8.82
180
51.7%

119.44
8.34
9 (21)
10.2% (24.9%)
121.5
14.03
6 (15)
11.3% (28.3%)
122.39
7.64
9 (17)
15.0% (28.3%)
123.5
8.81
4 (9)
7.27% (16.4%)
127
8.49
2 (10)
4.55% (22.7%)
130.05
12.02
2 (5)
11.1% (27.8%)
138
0
1 (1)
20.0% (20.0%)
140
0
1 (16)
5.56% (88.9%)
123.31
9.91
34 (66)
9.77% (19.0%)

70.06
4.79
9 (21)
10.2% (24.9%)
70.33
15.17
6 (15)
11.3% (28.3%)
77.17
8.08
9 (17)
15.0% (28.3%)
63.75
6.6
4 (9)
7.27% (16.4%)
76.5
4.95
2 (10)
4.55% (22.7%)
70
7.07
2 (5)
11.1% (27.8%)
78
0
1 (1)
20.0% (20.0%)
74
0
1 (16)
5.56% (88.9%)
71.97
9.06
34 (66)
9.77% (19.0%)

154.61
9.6
3
3.4%
149.12
3.97
7
13.2%
165.27
23.41
13
21.7%
165.99
22.46
12 (14)
21.8% (25.5%)
156.25
11.19
17 (18)
38.6% (40.9%)
158
14.67
7 (8)
38.9% (44.4%)
169.25
20.86
2
40.0%
170.75
5.75
2
11.1%
157.66
14.92
63 (102)
18.1% (29.3%)

86.06
6.48
3
3.4%
87.24
11.93
7
13.2%
91.28
11.33
13
21.7%
86.65
17.06
12 (14)
21.8% (25.5%)
91.22
15.63
17 (18)
38.6% (40.9%)
88.76
15.05
7 (8)
38.9% (44.4%)
84.38
1.94
2
40.0%
99.25
3.25
2
11.1%
90.56
11.87
63 (102)
18.1% (29.3%)

For subjects whose initial blood pressure (BP) exceeded the study limits (systolic N140, diastolic N90), the measurement was repeated up to three more times. If the average of the
subject's blood pressures fell below the study cutoff values, the subject was included. For excluded subjects their average blood pressure value was used to compute the group
averages in this table. Parentheses indicate total subjects in a given group (only some of whom had BP measurements) while the number preceding the parentheses is the number of
subjects in that group whose blood pressure was averaged to compute the group value. The difference between the values indicates the subjects excluded in the group without having
their BP measured. See text for details.

resultant potential for cerebral ischemic changes [Vermeer et al.,
2003a, 2003b; Jeerakathil et al., 2004].
Findings on neurological exam that typically excluded subjects age
60 or greater included mild parkinsonian features, tremor, peripheral
neuropathy or evidence of old central nervous system injury possibly
related to previous but undiagnosed cerebral infarction. Even minimal
signs on neurological exam are associated with structural brain
changes [Dazzan et al., 2006]. Physical examination also provided the
opportunity to eliminate subjects that had stigmata of alcohol or illicit
drug use, cardiac murmurs, carotid bruits or scars from previous
surgery not reported during the in-person interview.
While subjects may pass through historical and physical evaluations without detecting evidence of medical or neurological disorders,
it is well accepted that this does not ensure that abnormalities will not
be seen on structural brain imaging [Grossman and Bernat, 2004; Illes
et al., 2006; Vernooij et al., 2007; Weber and Knopf, 2006]. In previous
reports, it has been demonstrated that subjects with otherwise
normal screening studies can still have arachnoid cysts, vascular
abnormalities, intracranial tumors and cerebral aneurysms identiﬁed
on structural MRI studies. When any of our subjects were excluded
because of undiagnosed disorders, they were told about the historical
or physical ﬁndings associated with this conclusion and recommendations were made to them so that they could seek appropriate
clinical follow-up.
As is clear from the data presented here, the most unrecognized
abnormality that resulted in subject exclusion in this study was high

blood pressure. This was true for both men and women, although it
was more common in men. While the peak rejection rate occurred for
individuals in their 60's, high blood pressure was found in subjects
across the entire age span and most prominently between ages 40 and
80. Since high blood pressure usually is associated with an insidious
onset and a sub-clinical course until it results in signiﬁcant cardiac,
cerebrovascular or other events, this result is not surprising. High
blood pressure is a well-known cause of cerebrovascular disease and is
associated with white matter abnormalities and “silent” infarcts on
MR imaging, particularly with T2 weighted or FLAIR pulse sequences
[Jeerakathil et al., 2004; Vermeer et al., 2003a, 2003b]. Eliminating
subjects with high blood pressure was, thus, an important goal of our
screening procedures and proved to be effective in identifying those
subjects who were unaware of their problem. This served a secondary
value in that these individuals were identiﬁed and made aware of the
situation so that they could seek appropriate clinical evaluation and
treatment.
It was surprising to us that only slightly over 31% of individuals
successfully passed a detailed telephone screen, considering the
original solicitation for their participation clearly stated that subjects
were required to be healthy. Even more striking was the fact that
nearly half of the subjects who passed a detailed telephone interview
failed the in-person history and physical examinations. The reasons
for this situation are noteworthy (Table 6). In some instances, subjects
were unaware of their medical problems. This is clearly true for
subjects we evaluated who had undiagnosed high blood pressure or

J.C. Mazziotta et al. / NeuroImage 44 (2009) 914–922

mild cognitive impairment, since such subjects will only be identiﬁed
if they are formally evaluated for these problems. Subjects can be
confused by terminology or jargon used in solicitation advertisements
or even in initial screening questions. We found this to be the case
with the term “inherited disorder.” Subjects often required considerable explanation of these terms in order to clearly understand their
meaning in the context of the study. As such, it is important to use the
most basic lay terminology in describing criteria reﬂecting a subject's
personal medical history, family history or past diagnoses.
Some subjects appeared to intentionally attempt to deceive the
investigators. We encountered two general categories in this group.
The ﬁrst is the “professional subject” who obtains a signiﬁcant
income by participating in medical research. Motivated by ﬁnancial
reasons, these individuals will provide whatever answers to
questions they feel will allow them to be participants in the study
[Elliot and Abadie, 2008]. An alternate reason for direct deception by
subjects is to avoid embarrassment. Often subjects are recruited for
imaging studies by colleagues (e.g., fellow graduate students or
faculty members) and do not want to admit to their friends or coworkers that they have an underlying neurological or psychiatric
disorder, take particular medications or are in need of ﬁnancial
remuneration. Most institutional review boards try to avoid utilization of subjects in studies who have contact with investigators in
other settings so as to avoid coercion of the subject into participation. In the situation revealed in this project, an additional factor for
excluding potential subjects who are known to members of the
investigational team, is to avoid putting the potential subject in the
awkward circumstance of revealing to someone, whom they know in
another context, that they have an underlying medical problem or
ﬁnancial hardships.
A number of subjects reported that they had a past medical
problem but did not consider it relevant or important. This was most
often true if the symptoms were mild, such as individuals with
infrequent migraine headaches. Subjects also vary in their personal
criteria for the deﬁnition of excessive alcohol use which tended to
exceed the limits employed in medical research studies.
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Table 6
Possible reasons subjects report that they are normal but are subsequently excluded by
history and physical examination criteria
1. Unaware of the problem (e.g., hypertension, mild dementia)
2. Confused by the questions or terms (e.g., “inherited disorders”)
3. Deception — “professional subjects” or embarrassed
4. Do not consider the issue relevant (mild symptoms, occurred long ago)

Subjects may be unaware or minimize the signiﬁcance of mild
prior cardiac disease, particularly heart murmurs. They may dismiss
important disorders if they are far distant in time, for example, past
head trauma with loss of consciousness, cardiac disorders, or cancer
that was diagnosed, treated and “cured.” However, even congenital
and corrected cardiac disorders can alter brain structure and function
[Miller et al., 2007]. Spinal cord or cardiac surgery, particularly if
performed during childhood was viewed by potential subjects as
closed issues, no longer relevant to their current health status. All of
these factors combine to lead subjects to self-report their normality
when they are, in fact, not normal.
We encountered a number of individuals in the current study who
had previously qualiﬁed for studies as normal subjects based on their
self-report but who, upon thorough in-person history and examinations were rejected from this study because of underlying medical
disorders or medication use.
Normal subjects must be chosen to ﬁt the experimental situation.
In our case, the exclusion of as many potential confounding factors as
possible was the goal. In other situations, e.g., comparison with a
disease group, representative normals may be more valid controls. No
single deﬁnition ﬁts all experimental requirements. Regardless of the
selection criteria, the responsibility exists to verify the medical status
of such subjects with objective testing. Without such an approach, the
result will be an invalid description of the brain imaging phenotype.
Erroneous phenotypes would then propagate incorrect conclusions
about relationships between phenotype and behavior or phenotype
and genotype.
As a result of this experience, not only at the UCLA site, but
throughout the ICBM consortium, we have concluded that it is vital,
in any brain imaging study, to have well thought out and carefully
deﬁned criteria for subject inclusion and exclusion, a face to face
medical interview by a physician and careful measurements of vital
signs as well as the medical and neurological examinations of the
subjects. The elimination of almost nine out of ten subjects who
considered themselves normal in this cohort provides some measure
of the magnitude of the problem associated with self-reported
normality. Individuals in society have a very vague deﬁnition of
what is normal and what is not, from a medical research perspective. To accept their vague deﬁnition will contaminate scientiﬁc
data collections, analysis and the conclusions derived from such
data sets.
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