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amilies at High and Low Risk for Depression: A
hree-Generation Startle Study

hristian Grillon, Virginia Warner, Jeffrey Hille, Kathleen R. Merikangas, Gerard E. Bruder, Craig E. Tenke,
oko Nomura, Paul Leite, and Myrna M. Weissman

ackground: Anxiety symptoms might be a vulnerability factor for the development of major depressive disorder (MDD). Because
levated startle magnitude in threatening contexts is a marker for anxiety disorder, the present study investigated the hypothesis that
nhanced startle reactivity would also be found in children and grandchildren of individuals with MDD.
ethods: The magnitude of startle was investigated in two tests (anticipation of an unpleasant blast of air and during darkness) in

hildren (second generation) and grandchildren (third generation) of probands with (high risk) or without (low risk) MDD (first
eneration).
esults: Startle discriminated between the low- and high-risk groups. In the probands’ children, the high-risk group showed increased

tartle magnitude throughout the fear-potentiated startle test. In the probands’ grandchildren, a gender-specific abnormality was
ound in the high-risk group with high-risk girls, but not boys, exhibiting elevated startle magnitude throughout the procedure.
onclusions: Increased startle reactivity in threatening contexts, previously found in patients with anxiety disorder and in children
f parents with an anxiety disorder, might also constitute a vulnerability marker for MDD. These findings suggest that there might be

ommon biologic diatheses underlying depression and anxiety.
ey Words: High risk, major depressive disorder, anxiety, startle,
sychophysiology

umerous studies show a two- to threefold increase of
major depressive disorder (MDD) in the first-degree adult
relatives of individuals with MDD (e.g., Hammen et al

990; Weissman et al 1987, 1997). The investigation of offspring
f parents with MDD is, therefore, a powerful strategy to identify
remorbid risk factors and early signs of expressions of this
ondition. In the present study, we used a prospective high-risk
esign to examine vulnerability factors for the development of
DD as a part of a multigenerational longitudinal family study of

he familial aggregation of mood and other psychiatric disorders
cross generations (see Warner et al 1999).

The mechanism by which parental MDD influences offspring
sychopathology has not been established. Several studies sug-
est that anxiety might act as a vulnerability factor to recurrent,
arly-onset, major depression. First, there is a significant degree
f comorbidity between MDD and anxiety disorders in both the
arents and offspring, and depression in the parents is strongly
ssociated with an increased risk for anxiety disorders and anxiety
omorbid with depression in the offspring (Avenevoli et al 2001;
reslau et al 1988; Weissman et al 1997; Wickramaratne and
eissman 1998). Second, the adult outcome of childhood anxi-

ty disorders is frequently MDD (Beidel and Turner 1997; Breslau
t al 1995; Pine et al 1998). Third, in both children and adults the
nset of anxiety disorders usually precedes the onset of MDD
Kovacs et al 1997; Merikangas et al 2003; Parker et al 1997).

These findings raise the possibility that the early presence of

rom the Mood and Anxiety Disorder Program (CG, KRM), National Institute
of Mental Health, Bethesda, Maryland; the Department of Psychiatry
(GEB, CET, YN, MMW), College of Physicians and Surgeons of Columbia
University, New York; Division of Biopsychology (GEB,CET, PL) and Divi-
sion of Clinical and Genetic Epidemiology (VW, MMW), New York State
Psychiatric Institute, New York, New York; and Department of Psychiatry
(JH), Yale University School of Medicine, New Haven, Connecticut.

ddress reprint requests to Christian Grillon, Ph.D., NIMH/NIH/DHHS/MAP,
15K North Drive, Building 15K, Room 113, MSC 2670, Bethesda, MD
20892-2670; E-mail: Christian.Grillon@nih.gov.
eceived June 8, 2004; revised January 25, 2005; accepted January 28, 2005.

006-3223/05/$30.00
oi:10.1016/j.biopsych.2005.01.045
anxiety symptoms is a vulnerability factor for the development of
MDD. Because MDD preceded by early-onset anxiety disorder is
characteristically more severe, with recurrent episodes and poor
treatment outcome (Fava et al 1997; Kendler 1995), identification
of early warning signs or markers in these cases would be
extremely important for early detection of vulnerable individuals.
Identification of vulnerability markers would also assist in reduc-
ing etiologic heterogeneity and might also provide pathophysi-
ologic clues.

An intriguing question, however, is whether the nature of
anxiety in individuals with a family history of MDD is similar to
anxiety in individuals with a family history of anxiety disorders.
One possible vulnerability factor for anxiety disorders is a negative
affectivity or neuroticism (Clark and Watson 1991), which can be
conceptualized as a temperamental sensitivity to negative stimuli
(Tellegen 1985). We have investigated the predisposition to react
fearfully to mildly challenging stimuli with the startle reflex. The
startle reflex is a cross-species response highly sensitive to fear
and anxiety in children and adults, as well as in animals (sees
Grillon and Baas [2003] and Davis [1998] for reviews). In rats, the
central nucleus of the amygdala is critically involved in startle
potentiation to phasic threat cues, whereas another structure, the
bed nucleus of the stria terminalis, has been linked to sustained
startle potentiation in the presence of long-duration aversive
stimuli, such as exposure to aversive contexts or bright lights
(Davis 1998).

Increased startle reactivity has been reported in anxiety
disorders (Grillon et al 1994, 1998b). For example, patients with
panic disorder and Vietnam veterans with posttraumatic stress
disorder (PTSD) show a sustained elevation in “baseline” startle
throughout an experiment that involves the administration of
unpleasant shocks signaled by a cue (Grillon et al 1994, 1998b).
This elevation in baseline startle was attributed to increased
anxious apprehension of threatening experimental contexts
(Grillon et al 1998b). A similar sensitivity to threatening contexts
was recently reported in police officers with PTSD (Pole et al
2003).

With respect to vulnerability to anxiety, we have docu-
mented a gender-specific elevation in startle magnitude in a
high-risk study for anxiety disorders (Grillon et al 1998a).

More specifically, daughters of parents with an anxiety disor-
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er showed the similar pattern of startle abnormality reported
n adults with anxiety disorders (i.e., sustained elevation in
aseline startle) in a threat experiment in which subjects
nticipated an unpleasant intense blast of air (airblast) to the
arynx. In contrast, sons of anxious parents exhibited an
bnormally elevated fear-potentiated startle but normal base-
ine startle. Taken together, these results suggest that in-
reased anxious apprehension in threatening contexts, as
videnced by elevated baseline startle, might be a vulnerabil-
ty marker for anxiety, at least in female subjects.

In the present study, we examined whether a similar vulner-
bility characterized individuals at high risk for MDD. This study
as a part of a longitudinal investigation of risk factors for MDD

nitiated more than 20 years ago. The offspring (second genera-
ion) of parents with MDD (first generation) are now adults and
ave children (third generation), the grandchildren of the origi-
al cohort. Results from a 10-year follow-up of the first two
enerations and preliminary results on a sample of grandchildren
Warner et al 1999; Weissman et al 1997; Wickramaratne and
eissman 1998) showed that children and grandchildren of the

riginal MDD probands were at high risk for anxiety disorders in
hildhood. Results also showed that anxiety was a precursor of
DD in the second generation (Weissman et al 1997).
Two tests were selected: fear-potentiated startle to threat of an

versive event and darkness-facilitation of startle. The fear-
otentiated startle test was selected because of our previous
indings in patients with anxiety disorders (Grillon et al 1994,
998c) and in children at high risk for anxiety disorders (Grillon
t al 1998a). On the basis of our previous high-risk study (Grillon
t al 1998a), we hypothesized increased baseline startle in third-
eneration females (grandchildren) at high-risk for MDD. On the
asis of our studies in patients with anxiety disorders (Grillon et
l 1994; 1998b), we hypothesized increased baseline startle in
econd-generation males and females (children) at high risk for
DD.
The second test was exploratory. The darkness-facilitation

f startle refers to the increase in startle in complete darkness.
e have argued that the facilitation of startle in the dark in

umans, a diurnal species, is similar to the enhancement of
tartle in the dark in rodents, a nocturnal species (Grillon and
aas 2003). This test was selected because it produces a
ustained state of anxiety, which might be mediated by the
ame structures involved in contextual fear (e.g., the bed
ucleus of the stria terminalis) (Davis 1998; Grillon and Baas
003). Although we have reported overall increase in startle
eactivity in an experiment in which startle was tested in the
ark and under illumination in veterans with PTSD, we have
ot found a specific increase in startle facilitation in the dark
n these individuals compared with non-PTSD veterans (Grillon
t al 1998c).

Table 1. Age and IQ in the Low-Risk and High-Risk Grou

Second Generatio

n Age (y)

Females Low Risk 24 35.3 (1.5)
Females High Risk 41 36.7 (1.2)
Males Low Risk 16 36.2 (1.9)
Males High Risk 27 33.0 (1.4)
Age and intelligence quotient (IQ) data presented as mea

ww.elsevier.com/locate/biopsych
Methods and Materials

Participants
In the original study initiated in 1982, Caucasian probands

(first generation) with major depression were selected from
outpatient clinics for the treatment of mood disorders at Yale
University. They had moderate to severe MDD that resulted in
impairment. Nondepressed probands were also selected at the
same time from a sample of adults from the same community.
They were required to have no lifetime history of psychiatric
illness, on the basis of several direct interviews. The present
study tested children (second generation) and grandchildren
(third generation) (Table 1) of these first-generation probands.
Specific details regarding methods used in the family study are
described in earlier publications (see Warner et al 1999; Weissman
et al 1982, 1992, 1997). Assessments of offspring and parents
were conducted at baseline (wave 1), 2 years later (wave 2), and
10 years later (wave 3). A fourth wave of assessments was
obtained 17 years after baseline (see Weissman et al 2005).

The diagnostic interviews across all waves were conducted
with a semistructured diagnostic assessment (the Schedule for
Affective Disorders and Schizophrenia–Lifetime Version for
adults [Mannuzza et al 1986] and the child version modified for
DSM-IV for subjects between the ages of 6 and 17 years
[Orvaschel et al 1982]). Psychophysiologic tests were obtained
during the fourth wave assessments. To be eligible for these tests,
the proband’s children and grandchildren had to be more than 7
years old, living in the geographic area of the study, and without
a hearing impairment or history of seizures, epilepsy, head
trauma, or psychosis. Of the 182 eligible offspring of the second
generation, 110 participated in the psychophysiologic tests, and
108 had analyzable startle data. Of the 137 eligible offspring of
the third generation, 75 participated in the psychophysiologic
tests, and 70 had analyzable data. The main reason for eligible
subjects not to participate in the study was that they declined to
be tested. Subjects not participating and subjects included in the
startle study in the second and third generations did not differ
significantly in terms of age, gender, or depression status of the
first generation.

Clinical Diagnosis and Medication Status
None of the subjects tested had a current psychiatric disorder.

Tables 2 and 3 give the percentage of second- and third-
generation participants with lifetime diagnoses of MDD, anxiety
disorders, and other psychiatric disorders. There were higher
rates of anxiety disorders, phobias, and MDD in the second-
generation high-risk compared with low-risk groups (Table 2).
There was a higher rate of anxiety disorders in the third-
generation high-risk females compared with the low-risk females
(Table 3). There were higher rates of drug abuse/dependence
and dysthymia in the third-generation high-risk males compared

Third Generation

IQ n Age (y) IQ

4 (2.9) 17 12.2 (1.1) 100.0 (3.4)
8 (2.9) 16 17.3 (1.2) 105.7 (3.0)
0 (3.0) 20 12.0 (1.0) 103.3 (3.2)
7 (2.8) 17 16.8 (1.1) 112.8 (3.6)
ps

n

102.
94.

104.
103.
n (SEM).
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ith low-risk males. There were also trends for increased anxiety
isorders, phobias, MDD, and alcohol abuse/dependence in the
hird-generation high-risk males. The elevated rates of psychiat-
ic disorders in the high-risk third-generation group were attrib-
table to the large age difference between the high- and low-risk
roups. An additional analysis restricted to subjects between 10
nd 20 years old (resulting in a mean [SEM] age of 13.4 [.61] years
nd 14.2 [.61] years in the low- and high-risk groups, respec-
ively) revealed no significant difference in the rates of psychi-
tric disorder among the high- and low-risk subjects. In this
estricted group, there were three and two cases of lifetime MDD
n the high- and low-risk groups, respectively. There were seven
nd three lifetime cases of anxiety disorders in the high- and
ow-risk groups, respectively. There was no case of alcohol/drug
buse/dependence in either of the two groups.

Use of current medication did not differ significantly among
roups. In the second-generation group, five low-risk subjects
12.5%) and nine high-risk subjects (13.2%) (�2: p � .9) were
aking antidepressants, and two low-risk subjects (5%) and four
igh-risk subjects (7.3%) (�2: p � .6) were taking minor tranquil-
zers. In the third generation, one high-risk subject was taking an
ntidepressant.

escription of the Experiments
The procedure started with an assessment of resting electro-

ncephalogram (Bruder et al 2005), which was followed by three

able 2. Rates of Lifetime Disorders in the Second Generation Participants

Females

High Risk
(n � 41)

Low Risk
(n � 24)

nxiety Disordersa 26 (63.4) 6 (25.0) 8
hobias 20 (48.7) 3 (12.5) 8
ajor Depressive Disorders 25 (61.0) 8 (33.3) 4

onduct Disorders 11 (26.8) 3 (12.5) 1
isruptive Disorders 12 (29.2) 4 (16.6) 1
lcohol Abuse/Dependence 10 (24.4) 4 (16.6)
rug Abuse/Dependence 10 (24.3) 4 (16.6)
ttention-Deficit Disorder 2 (4.8) 1 (4.1)
ysthymia 7 (24.3) 10 (29.1)

Data are presented as n (%). MDD, major depressive disorder.
aIncluding phobias.
bFisher’s exact test two-tail probability

able 3. Rates of Lifetime Disorders in the Third Generation Participants, B

Females

High Risk
(n � 16)

Low Risk
(n � 17)

nxiety Disordersa 6 (37.5) 1 (5.8) 4
hobias 3 (18.7) 1 (5.8) 1
ajor Depressive Disorders 1 (6.25) 0 (0) 1

onduct Disorders 0 (0) 0 (0)
isruptive Disorders 1 (6.2) 3 (17.6) 1
lcohol Abuse/Dependence 1 (6.2) 0 (0) 1
rug Abuse/Dependence 0 (0) 0 (0)
ttention Deficit Disorder 0 (0) 0 (0)
ysthymia 2 (12.5) 0 (0) 2

Data are presented as n (%). MDD, major depressive disorder.
aIncluding phobias.

bFisher’s exact test two-tail probability
tests: startle habituation, consisting of the delivery of nine
acoustic startle stimuli (every 20–25 sec), fear-potentiated startle
to a threat stimulus, and darkness-facilitation of startle. These
three tests were run in that order. Startle habituation was used to
reduce initial startle reactivity and to examine the magnitude of
startle in the absence of explicit threat. Fear-potentiated startle
was always tested after startle habituation to give priority to this
test over the darkness-facilitation of startle, owing to specific a
priori hypotheses for fear-potentiated startle. We were con-
cerned that with a long testing procedure the quality of the startle
reflex would be reduced and that the motivation of the partici-
pants would lessen over time.

The threat study consisted of examining startle potentiation
during the threat of an airblast directed to the larynx. The threat
of airblast is a very efficient and replicable way of potentiating
startle and is well tolerated by children (Grillon et al 1999). The
experiment consisted of three conditions: safe, threat, and inter-
trial interval (ITI). The safe and threat conditions were signaled
by 8-sec visual cues presented on a monitor (e.g., blue circle for
safe and green square for threat, with the association cues/
conditions being reversed from one subject to the next). Only the
threat cue signaled the possibility of receiving an airblast. Half
the threat cues were reinforced with an airblast delivered at cue
offset. There were six threat and six safe conditions, presented in
three blocks of two safe and two threat conditions per block. The
interval between cues varied from 18 sec to 40 sec. In approxi-

d on Gender and Proband MDD Status

Males

p
High Risk
(n � 27)

Low Risk
(n � 16) �2 p

.003 16 (55.5) 2 (12.5) 7.8 .005

.003 9 (33.3) 1 (6.2) 4.1 .06b

.03 51.8 (35) 18.7 (10) 4.6 .03

.17 10 (37.0) 3 (18.7) 1.5 .30b

.20 11 (40.7) 3 (18.7) 2.2 .13

.46 9 (33.3) 5 (31.2) .2 .8

.46 6 (22.2) 3 (18.7) .07 1.0b

.89 5 (18.5) 1 (6.2) 1.2 .38b

.6 5 (18.5) 1 (6.2) 1.2 .38b

on Gender and Proband MDD Status

Males

p
High Risk
(n � 17)

Low Risk
(n � 20) �2 p

.04b 8 (47.0) 4 (20.0) 3.1 .07

.33b 8 (47.5) 3 (15.0) 4.5 .03

.49b 6 (35.3) 2 (10.0) 3.4 .10b

2 (11.7) 1 (5.0) .56 .58b

.60b 3 (17.6) 3 (15.0) .04 1.0b

.48b 3 (17.6) 0 (0) 3.8 .09b

5 (29.4) 0 (0) 6.8 .01b

1 (5.8) 2 (10.0) .20 1.0b

.22b 4 (23.5) 0 (0) 5.5 .04b
, Base

�2

.9

.7

.6

.8

.3

.53

.53

.01

.2
ased

�2

.9

.2

.09

.0

.0

.2
www.elsevier.com/locate/biopsych
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ately half the subjects, the threat cue appeared first, whereas
he safe cue appeared first in the remaining subjects.

Six acoustic startle stimuli were delivered at the beginning of
he threat experiment (before presentation of the safe/threat
ue). Acoustic startle stimuli were also delivered 1) 5–7 sec after
he onset of each of the six threat and safe cues; and 2) during ITI
i.e., between cues). Hence, each condition (ITI, safe, threat) was
robed six times with a startle stimulus.

The darkness-facilitation of startle examined startle reactivity
uring periods of light and complete darkness. There were three
lternating 60-sec light and dark phases. For approximately half
he subjects, the light phase was presented first, whereas the dark
hase was presented first in the remaining subjects. Two acoustic
tartle stimuli were delivered during each light/dark phase, with
he first startle stimulus being delivered 13–18 sec after the onset
f a phase. Four acoustic startle stimuli were presented at the
eginning of the experiment with the light turned on. The
nterval between startle stimuli varied from 26 sec to 34 sec.

aterials and Recording
Stimulation and recording were controlled by a commercial

ystem (Contact Precision Instrument, London, United King-
om). The physiologic measures included the startle reflex, skin
onductance, and heart rate, but only the startle data are
resented here. The skin conductance and heart rate data will be
eported in a separate report. The acoustic startle stimulus was a
0-msec, 102-dB(A) burst of white noise with a near instanta-
eous rise time presented binaurally through headphones. Left
nd right orbicularis oculi electromyogram (EMG) eyeblink
eflexes were recorded with miniature electrodes placed under
ach eye. Impedance levels were kept below 5 K�. The EMG
ignal was amplified, filtered (30–500 Hz), and rectified and
ntegrated (100-msec time constant). The unpleasant threat stim-
lus was an airblast, an intense (60-psi) jet of air delivered by
lastic tubing and delivered at the level of the larynx (Grillon and
meli 1998).

uestionnaires
Participants were asked to rate the unpleasantness of the

coustic startle and the airblast stimuli on a scale of 0 (not at all
npleasant) to 10 (extremely unpleasant) at the end of each test.
hey also rated their level of subjective anxiety/nervousness in
ach condition (i.e., safe/threat and light/dark) on a scale of 0
not at all anxious/nervous) to 10 (extremely anxious/nervous).

rocedure
A research assistant telephoned the families and gave a

escription of the topic and data collection procedures. After
reliminary verbal consent was obtained, the laboratory session
as scheduled. Coffee, alcohol, and tobacco were prohibited
ithin 1 hour of the testing procedure. On the day of the

aboratory assessment, all offspring received a brief reminder of
he study topic and signed a consent (assent for minors) form
pproved by the investigation review boards of both Yale
niversity and Columbia University.
The electrodes and airblast-delivery system were then at-

ached and the testing started. Participants were informed that
heir physiologic reaction to various types of external stimuli was
ecorded. After the startle habituation procedure and before the
hreat experiment, a sample airblast was delivered. Participants
ere then told that during testing they could receive an airblast
nly when the threat signal was on and that they would receive

n airblast on half the threat trials. At the end of the threat

ww.elsevier.com/locate/biopsych
experiment, the tubing delivering the airblast was removed.
Participants were told that no more airblast would be adminis-
tered. They were then informed that startle stimuli would be
delivered during alternating periods of light and darkness.

Data Analysis
Peak amplitude of the blink reflex was determined in the

20–120-msec time frame following stimulus onset relative to
baseline (average baseline EMG level for the 50 msec immedi-
ately preceding stimulus onset) (Grillon et al 1998a, 1998b). The
data were averaged for each condition over blocks. The magni-
tude of the eyeblink was also analyzed after standardization
within subjects with z scores. Because similar results were
obtained with the raw scores and with the z scores, only results
of the raw scores are presented. Statistical analysis was con-
ducted with repeated-measures analyses of variance (ANOVA).
The p value was set at �.05. Greenhouse-Geisser corrections
were used for main effects and interactions involving factors with
more than two levels. Significant interactions were followed up
by focused contrasts (Rosenthal and Rosnow 1985).

Results

Probands’ Children/Second Generation
Demographic. There was no difference in age or intelli-

gence quotient (IQ) between the low- and high-risk groups
(Table 1). Additional demographic information can be found in
Weissman et al (2005).

Startle Habituation. Startle magnitudes averaged over the
three habituation blocks are shown in Table 4. A Group (low-risk,
high-risk) � Gender (male, female) � Block (3 blocks) ANOVA
revealed a Block main effect [F(1,103) � 23.8, p � .0009; linear
trend: F(1,103) � 38.8, p � .0009], reflecting a decrease in startle
magnitude (habituation) across blocks. There was also a trend for
the magnitude of startle to be larger in the high-risk compared with
the low-risk group [F(1,103) � 2.9, p � .09]. There was no
significant gender effect.

Fear-Potentiated Startle. Figure 1 shows the startle data
during the ITI, safe, and threat conditions. Results were analyzed
with a Group (low-risk, high-risk) � Gender (female, male) �
Condition (ITI, safe, threat) ANOVA. The overall magnitude of
startle was significantly larger in the high-risk compared with the
low-risk group [F (1,102) � 4.1, � .05]. As expected, startle varied
as a function of the different conditions [F (2,204) � 25.3, p �
.0009], owing to greater startle magnitude (startle potentiation) in
the threat condition compared with both the safe [F (4,102) � 9.6,
p � .0009] and the ITI [F (4,102) � 10.1, p � .0009] conditions.
There was no significant difference between the safe and the ITI
conditions [F (4,102) � 1.6]. The degree of startle potentiation
during the threat condition did not differ significantly between
the low- and high-risk groups [Group � Condition: F(2,204) � .4].

Table 4. Second and Third Generation: Eyeblink Magnitude in Microvolts
During Habituation

Second
Generation

Third
Generationa

Females Low Risk 382 (52) 315 (73)
Females High Risk 525 (69) 638 (75)
Males Low Risk 372 (83) 261 (69)
Males High Risk 452 (54) 298 (72)

Data are presented as mean (SEM).

aAdjusted means for group difference in age in the Third generation.
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here was no significant main effect or interaction involving
ender.

Questionnaires (Threat Experiment). Retrospective ratings
f anxiety during the threat experiment are shown in Table 5.
ubjective anxiety was higher in the threat compared with the
afe condition [F (1,98) � 88.1, p � .0009]. Anxiety was also
igher in the high-risk compared with the low-risk group

F (1,98) � 9.5, p � .003], but this effect did not vary as a function
f conditions [F (1,98) � 2.6]. Rating of unpleasantness of the
irblast and the white noise (startle stimulus) did not differ
ignificantly between risk groups.

Influence of Lifetime Diagnosis. Because there were differ-
nces in the lifetime rates of MDD and anxiety disorders between
he low- and high-risk groups (Table 2), we examined the
nfluence of lifetime diagnosis of each of these disorders on
tartle reactivity, using Group (low-risk, high-risk) � Diagnosis
anxiety disorder, no anxiety disorder, or MDD, no MDD) �
ondition (ITI, safe, threat) ANOVA. There was no significant
iagnosis main effect or Diagnosis interaction effect (all p � .1),
ut the Group main effect remained significant (p � .05).

Darkness Facilitation of Startle. Results were analyzed with
roup (low-risk, high-risk) � Gender (female, male) � Condition

light, dark) ANOVA. The results are presented in Table 6. There
as a trend for overall startle magnitude to be greater in the
igh-risk group compared with the low-risk group [F (1,100) �
.0, p � .08]. Startle was facilitated by darkness [F (1,100) � 16.3,
� .0009]. This facilitation did not differ between the two groups

F (1,100) � .1]. There was no significant Main effect or interac-
ion involving the factor Gender.

Questionnaires (Light/Dark Experiment). Overall ratings of
nxiety during the light/dark experiment were higher in the high-
isk group compared with the low risk group [F(1,97) � 5.1, p �
03], and in the dark compared with the light phase [F(1,97) � 8.7,
� .004].

igure 1. Magnitude of startle during intertrial interval (ITI) and during the
afe and threat signals in the fear-potentiated startle experiment in females
nd males at low- and high-risk for major depressive disorder in the second
eneration. Error bars are standard errors.

Table 5. Second Generation: Subjective Rating (on Sca
Dark Phase) and Unpleasantness of the Airblast and Wh

Safe Threat

Females Low Risk 2.2 (.4) 4.3 (.3)
Females High Risk 2.6 (.2) 5.6 (.4)
Males Low Risk 1.8 (.5) 3.7 (.4)
Males High Risk 2.7 (.3) 5.4 (.3)
Data are presented as mean (SEM).
Probands’ Grandchildren/Third Generation
A female in the high-risk group was not included in the data

analysis because she had an unusually high startle magnitude
(more than two times higher than the next highest score). Overall
findings were not changed by the removal of this subject.

Demographic. The high-risk group was older [F (1,66)�19.2,
p � .0009] and had higher IQ (age-normed Peabody Picture
Vocabulary Test) [F (1,66) � 19.2, p � .0009] compared with the
low-risk group. Ages ranged from 9 to 28 years in the high-risk
group and 8 to 21 years in the low-risk group. Because age can
influence startle reactivity, statistical analyses used age as a
covariate. Intelligence quotient did not influence startle results
and was not used as a covariate.

Startle Habituation. The habituation data are shown in
Table 4. Startle was larger in the high-risk group and in females,
leading to significant Group [F (1,65) � 9.3, p � .003] and Gender
[F (1,65) � 8.0, p � .0006] main effects. The Group � Gender
interaction was also significant [F (1,65) � 4.3, p � .04]. Focused
contrasts revealed significant greater startle magnitude in the
female high-risk compared with the female low-risk group
[F (1,64) � 8.8, p � .004], but there was no significant high-risk
group difference in the males [F (1,64) � .12].

Fear-Potentiated Startle. Figure 2 shows the startle data
during the ITI, safe, and threat conditions. Startle magnitude
tended to be greater in the high-risk compared with the low risk
group [F (1,63) � 3.7, p � .058] and was greater in females com-
pared with males [F (1,63) � 6.7, p � .01]. There was, however,
also a trend for a Group � Gender interaction [F (1,63) � 3.6,
p � .06]. Because of our a priori hypothesis concerning gender
differences, additional analyses were conducted within each
gender. As in the habituation condition, overall startle magnitude
was greater in the high-risk females compared with the low-risk
females [F (1,63) � 6.8, p � .01]. There was no group difference
in the males [F (1,63) � .03].

Across groups, startle magnitude was potentiated in the threat
condition [F (2,126) � 20.1, p � .0009]. Post hoc tests indicated
that startle magnitude was greater in the threat condition com-
pared with both the safe [F (5,63) � 4.4, p � .002] and the ITI
[F (5,63) � 7.8, p � .0009] conditions. The safe and ITI conditions

to 10) of Anxiety (Safe and Threat signal, Light and
ise

ite Noise Airblast Light Dark

.6 (.4) 3.6 (.4) 2.5 (.3) 3.0 (.4)

.6 (.3) 4.7 (.4) 2.9 (.3) 3.6 (.4)

.8 (.5) 3.3 (.6) 1.9 (.5) 2.3 (.6)

.2 (.4) 3.5 (.5) 3.1 (.4) 3.7 (.4)

Table 6. Second and Third Generation: Eyeblink Magnitude in Microvolts
During Dark/Light Experiment

Second Generation Third Generationa

Light Dark Light Dark

Females Low Risk 138 (32) 193 (39) 122 (30) 184 (41)
Females High Risk 238 (25) 266 (30) 315 (33) 383 (44)
Males Low Risk 153 (39) 141 (47) 161 (29) 213 (38)
Males High Risk 166 (31) 236 (38) 135 (30) 198 (41)

Data are presented as mean (SEM).
aAdjusted means for group difference in age in the third generation.
le of 0
ite No

Wh

5
5
4
5
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id not significantly differ from each other [F (5,63) � 1.0]. The
agnitude of startle potentiation during the threat condition did
ot differ significantly between groups [Group � Condition:
(2,126) � .1]. There was no Gender effect.

An additional analysis was conducted for controlling for the
ffect of age. We analyzed data of subjects of equivalent age in the
igh- and low-risk groups. To this aim, only subjects between 10
nd 20 years old were included in the analysis, resulting in a mean
SEM) age of 13.4 (.61) and 14.2 (.61) years in the low- and high-risk
roups, respectively. Results for the startle data were unchanged.
he Group � Gender interaction remained significant [F(1, 36) �
.8, p � .02], reflecting greater startle magnitude the high-risk
emales compared with the low-risk females [F(1,35) � 8.1, p �
007]. There was no group difference in the males [F(1,35) � .04].

Influence of Lifetime Diagnosis. Because they were differ-
nces in the lifetime rates of anxiety disorders in the low- and
igh-risk females (Table 3), we examined the influence of
ifetime diagnosis of anxiety disorders on startle reactivity in the
emales. Given the small number of children with a lifetime
iagnosis (e.g., one subject in the low-risk females), we con-
ucted an analysis that excluded females with a lifetime diagno-
is of anxiety disorders, using a Group (low-risk, high-risk) �
ondition (for fear-potentiated startle) ANOVA. The results con-

irmed the main analysis, showing increased startle magnitude in
he high-risk compared with the low-risk females [F (1,23) � 5.6,
� .03].

Questionnaires (Threat Experiment). Retrospective ratings of
nxiety during the threat experiment are shown in Table 7. There
as a trend for a main Group effect [F(1,50) � 3.7, p � .057] and a

ignificant Group � Condition interaction [F(1,50) � 8.5, p � .005].
ocused contrasts showed greater rating of anxiety in the presence
f the threat signal, but not the safe signal, in the high-risk group
ompared with the low-risk group [F(1,50) � 41.6, p � .0009].

igure 2. Magnitude of startle during intertrial interval (ITI) and during the
afe and threat signals in the fear-potentiated startle experiment in females
nd males at low- and high-risk for major depressive disorder in the third
eneration. Error bars are standard errors.

Table 7. Third Generation: Subjective Rating (on Scale
Phase) and Unpleasantness of the Airblast and White No

Safe Threat

Females Low Risk 2.2 (.5) 4.0 (.5)
Females High Risk 2.0 (.5) 6.5 (.5)
Males Low Risk 2.8 (.5) 4.3 (.5)
Males High Risk 2.4 (.5) 5.6 (.6)
Data are presented as mean (SEM).

ww.elsevier.com/locate/biopsych
Rating of unpleasantness of the airblast and the white noise (startle
stimulus) did not differ significantly between risk groups.

Darkness-Facilitation of Startle. The results are presented in
Table 6. Both the Group and the Gender main effect were
significant [F (1,63) � 5.9, p � .01 and F (1,64) � 5.2, p � .02] as
was the Group � Gender interaction [F (1,63) � 11.1, p � .001].
As in the habituation and fear-potentiated startle tests, the Group �
Condition interaction was due to greater startle magnitude in
high-risk females compared with low-risk females [F(1,63) � 15.4,
p � .0009]. In the males, startle magnitude did not differ between
the high-risk and the low-risk groups [F(1,63) � .2].

Startle was facilitated by darkness [F(1,63) � 5.9, p � .02]. This
facilitation did not differ between the two groups [F(1,63 � .6] or by
Gender [F(1,63) � .7].

Questionnaires (Light/Dark Experiment). Overall rating of
anxiety was higher in the high-risk group (Table 7) compared
with the low-risk group [F (1,97) � 5.1, p � .03] and in the dark
compared with the light phase [F (1,97) � 8.7, p � .004], with no
differential effect between groups.

Discussion

The major finding of this study, the first study of startle among
individuals at high risk for MDD, is that in children of probands,
startle was greater among the high-risk compared with the
low-risk group during the threat experiment, regardless of gen-
der. Among the grandchildren of the probands, there was a
gender-specific difference in startle reactivity between the high-
and low-risk groups. Startle was substantially and significantly
increased in the high-risk females compared with the low-risk
females throughout the experiment. Of note, fear-potentiated
startle to the threat cue did not distinguish among the low- and
high-risk individuals (males or females), nor was there a differ-
ence in startle magnitude between the high- and low-risk males.
Finally, these results were unaffected by the level of lifetime
psychopathology or by the use of medication of the subjects.

Results in the high-risk third generation present important
similarities with previous findings from a “threat of airblast”
experiment in children and adolescent offsprings of parents with
an anxiety disorder (Grillon et al 1998a). In both studies, the
high-risk girls exhibited a sustained elevation in startle magni-
tude that lasted the entire experiment and a normal fear-
potentiated startle to the threat cue. These results are also
reminiscent of findings in adult females and males with an
anxiety disorder, who exhibit elevated baseline startle in the
context of normal fear-potentiated startle in threat experiments
(Grillon and Morgan 1999; Grillon et al 1994, 1998b).

Startle, including fear-potentiated startle, did not differentiate
between the low- and high-risk boys in the third generation. This
result differs from our previous findings, in which we showed
normal baseline startle but increased fear-potentiated startle in
boys at high risk for anxiety disorder (Grillon et al 1998a). The

10) of Anxiety (Safe and Threat Signal, Light and Dark

ite Noise Airblast Light Dark

.6 (.6) 5.3 (.6) 1.6 (.3) 2.9 (.5)

.0 (.6) 6.8 (.6) 2.0 (.3) 4.0 (.5)

.0 (.6) 5.8 (.6) 2.2 (.3) 3.5 (.5)

.2 (.6) 4.5 (.6) 2.2 (.3) 2.8 (.4)
of 0 to
ise

Wh

4
6
6
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eason for this discrepancy between the two studies is not clear,
iven the similarities of results in the two studies in the high-risk
irls and given that anxiety is a risk factor for both boys and girls
t high risk for depression (Breslau et al 1995; Weissman et al
992). One possibility is that the nature of underlying vulnera-
ility to anxiety in boys at high-risk for anxiety disorders differs
rom that in boys at high risk for MDD. A more likely alternative
s that our previous result of increased fear-potentiated startle in
he boys at high risk for anxiety was a false positive. Indeed, we
ave never found elevated fear-potentiated startle in males (or
emales) with anxiety disorders (Grillon and Morgan 1999;
rillon et al 1994, 1998b).
It is also unclear why increased startle reactivity during

ear-potentiated startle and darkness facilitation of startle was
ound in the female and male second-generation high-risk
roups and in the female third-generation high-risk group but
ot in the male third-generation high-risk group. It is possible
hat increased startle in threatening contexts emerges at a later
ge in high-risk boys compared with girls. Alternatively, given
he lower rate of anxiety disorder and major depression in males
ompared with females, it is possible that it is more difficult to
emonstrate an effect in high-risk males than in high-risk fe-
ales.
It is unknown how the present results compare with those of

atients with current MDD, because startle to threat has not been
nvestigated in such patients. The literature in startle in MDD is
till in its infancy, with no clear finding emerging. Baseline startle
s normal in MDD patients during prepulse inhibition studies
Ludewig and Ludewig 2003; Perry et al 2004). Dichter et al
2004) examined patients with MDD in a protocol of affective
odulation of startle by neutral, pleasant, and unpleasant pic-

ures. Depressed patients showed normal baseline startle but,
nlike the control subjects, startle was not modulated by the
alence of the pictures. In a similar experiment, Allen et al (1999)
eported reduced baseline startle in severly depressed patients.
hese investigators also reported an abnormal modulation of
tartle, consisting of an increased startle to pleasant pictures,
nstead of the normal inhibition that characterizes healthy sub-
ects. Allen et al (1999) suggested that pleasant stimuli were
xperienced as aversive because these stimuli were seen as a
ignal for frustrative nonreward. These studies provide no evi-
ence of increased baseline startle in patients with current MDD.

Both our previous study in children of anxious parents
Grillon et al 1998a) and the present study show that contextual
ear is a vulnerability factor for depression and anxiety. The
randchildren of the high-risk grandparents in the present study
ad higher rates of anxiety disorders compared with the low-risk
rand children (see also Weissman et al 2005). The increase in
nxiety disorder in the high-risk grandchildren is consistent with
he findings from their parents when they were the same age
s the grandchildren (Warner et al 1999; Wickramaratne and
eissman 1998); however, a past history of anxiety disorders
as not associated with abnormal startle reactivity in the high-

isk group. Indeed, enhanced startle was found in high-risk
ubjects with and without a history of anxiety disorders. Taken
ogether, these results raise the possibility that elevated anxious
pprehension in threatening contexts is the expression of a
imilar vulnerability in MDD and in anxiety disorders.

A number of findings in the third-generation high-risk group
ere not replicated in the second-generation high-risk group.
lthough startle was elevated in the second-generation high-risk
roup, it reached significance only in the threat experiment. The

act that a statistical difference was found only during the most
stressful period (i.e., fear-potentiated startle test) is consistent
with the view that difference in startle reactivity among the
low-risk and the high-risk participants was mediated by the
experimental context. It is likely that this difference in startle
reactivity between the two high-risk groups was due to the
experiment being not as stressful for the second generation as for
the third. Indeed, airblasts might be less anxiogenic to adults
(second generation) than to children and adolescents (third gener-
ation). A subsequent analysis of the subjective ratings supports this
hypothesis. A comparison of the anxiogenic effect of the airblast
between the second and third generation showed that whereas
there was no significant group difference in rating of the acoustic
startle stimuli (p � .8), the airblast was rated as less anxiogenic in
the second generation compared with the third generation (p �
.009; see Tables 5 and 7). It is possible that findings similar to
those in the third generation would have been found in the
second generation if a more aversive stimulus (e.g., shock) had
been used in place of the airblast.

The limitations of the present study must also be considered
when interpreting the present results. The high-risk group was
heterogeneous with respect to the development of psychopa-
thology; that is, whereas some high-risk individuals might pos-
sess risk factors for anxiety or mood disorders, others might not.
The sample size was also relatively small. This might have
prevented us from truly assessing gender differences. Finally, the
third-generation participants varied greatly in age. Although the
results were confirmed when only data for high- and low-risk
individuals of the same age were compared, this limited our
ability to assess the impact of developmental changes on risk
factors.

The present findings have implications for identifying neuro-
psychological factors associated with risk for MDD. High-risk
individuals exhibit enhanced anxious apprehension in stressful
contexts, while displaying appropriate responses to imminent
threat. This suggests ill-timed anticipatory anxiety response in the
absence of an impending danger. Future studies with the present
third-generation cohort will examine whether high-risk individ-
uals with elevated startle are more likely to develop MDD
compared with high-risk people who do not show such an
increased startle. In addition, brain imaging studies of high-risk
individuals selected according to their deviant psychophysio-
logic responses to threat might help identify neurobiological
concomitants of risk for MDD. These studies are now underway
in this sample in the fifth wave.
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