
D
G
F
I
R

B
e
c
e
o

M
u
p
r
t

R
a
v

C
w

K
t

T
s
t
o
d
p
d
r
s
o
o
i

d

F

A

R

0
d

aytime Cortisol Secretion in 6-Month-Old Twins:
enetic and Environmental Contributions as a
unction of Early Familial Adversity

sabelle Ouellet-Morin, Ginette Dionne, Daniel Pérusse, Sonia J. Lupien, Louise Arseneault,
onald G. Barr, Richard E. Tremblay, and Michel Boivin

ackground: Dysregulation of daytime cortisol activity has been associated with stress-related pathologies. Research suggests that early
nvironmental adversity might shape cortisol activity. However, little is known about the genetic and environmental contributions to early
ortisol and how this varies as a function of environmental circumstances. The goals of the study were to estimate the genetic and
nvironmental contributions to daytime cortisol secretion in infant twins and to investigate whether these contributions varied as a function
f familial adversity (FA).

ethods: Participants were 517 6-month-old twins. Salivary cortisol was collected when the infants woke up at home and in the morning,
pon arrival at the laboratory. Familial adversity was defined by seven perinatal and postnatal risk factors: maternal smoking during
regnancy, low birth weight, low family income, low maternal education, single parenthood, young motherhood, and maternal hostile/

eactive behaviors. Genetic and environment contributions to cortisol activity were estimated for high (three risk factors or more: 21.3% of
he sample) versus low FA.

esults: Genetic factors accounted for cortisol levels in different ways: a moderate “main effect” of genes was found for home-based
wakening cortisol, whereas the contribution of genes to morning cortisol was conditional to FA. Genetic factors accounted for most of the
ariance in morning cortisol in high family adversity but not in low family adversity.

onclusions: Early FA modulates the heritability of morning cortisol in infants. The results are consistent with the diathesis-stress model,

ith genetic factors more likely to be expressed in adverse settings.
ey Words: Cortisol, early adversity, genetic– environment interac-
ion (G�E), HPA axis, stress, twin study

he Hypothalamus-Pituitary-Adrenal (HPA) axis activity
underlies the organism’s response to stressful conditions
(1). Cortisol, the end-product of the HPA axis, peaks

hortly after awakening and progressively decreases throughout
he day. This circadian cycle is established within the first months
f life (2–4). Whereas cortisol generally helps the organism face
aily life obligations, disturbed patterns of cortisol secretion are
otentially detrimental in the long run (1). Dysregulation of
aytime cortisol activity has indeed been associated with stress-
elated pathologies, including depression (5,6), post-traumatic
tress disorder (7,8), anxiety (9), externalizing behaviors (10),
besity (11), and cognitive deficits (12,13). Describing the causes
f early cortisol secretion is thus an important step in understand-
ng the vulnerability to later stress-related diseases.

Research has documented an association between disrupted
aytime cortisol and markers of adversity, such as low familial
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socioeconomic status (14), economic poverty (15), single moth-
erhood (16), low birth weight (17), prenatal alcohol and cigarette
exposure (18), neglect (19,20), and abuses (21–24). These find-
ings suggest that early adversity might shape cortisol activity
(25–30). However, because these studies did not consider the
role of genetic factors in predicting cortisol, the role of environ-
mental adversity is still open to debate (31–33).

Individual differences in daytime cortisol levels likely arise
from the joint contribution of genetic and environmental factors.
A handful of twin studies have examined the genetic–environ-
mental etiology of daytime cortisol activity. They suggest a
substantial heritability and no shared environment contribution
to daytime cortisol (34) (35–39). However, most of these studies
relied on older and age-heterogeneous samples of twins. Due to
the plasticity of the yet immature but fast-developing brain
structures during the first years of life, early environmental
adversity could influence cortisol activity in decisive ways
(40,41). Accordingly, the present study focused on the gene
environment processes underlying daytime cortisol in infancy.

The genetic and environmental contributions to daytime
cortisol vary as a function of the time of the day: moderate to
high heritability has been reported at awakening in adults but not
later during the day (42). The only gene environment study of
daytime cortisol involving an age-homogenous sample of children
(12-year-old) revealed a genetic contribution in the morning and
early afternoon but not in the evening (34), with the morning
samples showing the highest heritability. Thus, there seems to be a
gradual circadian shift from genetic to environmental control.
However, this environmental contribution does not seem to be
experienced similarly by children of the same family (34,43), which
points to possible genetic and environmental (G � E) interactions.

Gene–environment interplay has been reported for various

health-related phenotypes and with different approaches (44–
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7), including variations in genetic and environmental etiology
ccording to environmental circumstances (48,49). At least two
orms of gene-environment interplay might be anticipated. A first
ossibility, often defined as the “diathesis-stress” model (50),
osits that genes that increase vulnerability (or resilience) to
tress are more likely to be expressed under adverse/stressful
nvironments than under more favorable conditions (29,51–54).
esults showing higher heritability of daytime cortisol secretion
nder stressful conditions, such as high versus low familial
dversity (FA), would be consistent with such a model.

Early adverse environments might also constrain genetic
xpression. In rodents, early maternal care has long-lasting effect
n the HPA axis response to stress (55,56). Findings showing a
educed genetic contribution to cortisol among infants exposed
o stressful conditions, such as high versus low FA, would be
onsistent with that model.

The goal of the present study was to estimate the genetic and
nvironmental contributions to morning cortisol secretion among
-month-old twins and to investigate whether and how these
ontributions varied as a function of FA.

ethods and Materials

articipants
Participants were twins recruited between April 1995 and

ecember 1998 in the greater Montréal area to participate in a
ongitudinal study. A total of 989 families were contacted, of
hich 672 agreed to participate (68%). Twins were first seen
hen they were 6 months of gestational age and then prospec-

ively assessed on a variety of child and family characteristics.
nformed consent was obtained from the parents annually.
nterviews regarding environmental variables were generally
onducted with the mother (99.7%). Hospital records were used
o get information about pregnancy and delivery. Zygosity was
etermined through the Zygosity Questionnaire for Young Twins
hen they were 6 and 19 months of age (57). The DNA-based

ygosity was determined for 31% of randomly selected same-sex
win pairs with 8–10 highly polymorphic micro-satellite markers.
he two methods yielded a concordance of 93.8% (58).

Saliva samples were collected for 523 children when they
ere 6 months of age (mean [SD], 5.63 months [.93]). Three twin
airs were excluded, because they were born very premature
26–29 gestational weeks) and with a very low birth weight
�1000 g), two conditions associated with disturbed HPA axis
ctivity (59,60). The final sample was composed of 517 infants
ho participated in cortisol sampling at least once (n � 478 and
� 393 for awakening and morning, respectively). Non-genetic

tatistical analyses (e.g., analyses of variance) were performed
ith all available twins, but only complete twin pairs were

onsidered for genetic analyses, leaving 232 twin pairs (101
onozygotic [MZ] and 131 dizygotic [DZ] pairs) and 192 twin
airs (67 MZ and 125 DZ pairs) for the awakening and morning
amples, respectively. Cortisol levels of infants from complete
airs did not differ from cortisol levels of singleton twins

t (248) � �1.62, p � .11, and t (201) � �1.45, p � .15].

rocedures and Measures
Saliva Collection. Two saliva samples were collected 1 week

part: 1) “home-awakening” and 2) “lab in the morning.” The
lab in the morning” samples were collected first, immediately
pon arrival at the laboratory (approximately 15 min, between
:32 AM and 10:02 AM; mean [SD], 8:55 [0:14]) with salivettes

Sarstedt Canada, St-Laurent, Québec). Parents were instructed to

ww.sobp.org/journal
collect the saliva at home 7 days later, as soon as the child
naturally awakes and when he or she is still lying in the bed,
unfed. Families were reminded by phone to do so the day before
the sampling. Parents were told to put the salivettes in their
freezer until the home visit scheduled the following week. The
salivettes were brought back to the laboratory and stored at
�80°C until assay. The “home-awakening” samples were all
collected between 6:00 AM and 10:00 AM (mean [SD], 7:29 AM

[0:56]). Mothers were instructed not to feed or give the child
anything to drink 20 min before each sampling. All samples were
analyzed in a single batch with RadioImmunoAssay (Diagnostic
Systems Laboratories, Webster, Texas). The technician was blind
as to the zygosity and FA status of the samples. Intra-assay
variability was � 10%. Cortisol levels were positively skewed and
were normalized with a Log10 transformation (61).

FA
The cumulated risk of FA was assessed by seven perinatal and

postnatal risk factors (27): maternal smoking during pregnancy,
low birth weight, low family income, low maternal education,
single parenthood, young motherhood, and maternal hostile-
reactive behaviors. A risk factor was scored if the mother smoked
cigarettes across all trimesters (24.9% of the families), birth
weight was lower than 2500 g (46.5%), family income was below
CDN $20,000 (19.2%), the mother had not completed high school
(19.0%), the twins were not living with both biological parents
(5.5%), and the mother was younger than 20 years when the
twins were born (3.2%). A seven-item, 10-point-Likert (0 � “not
at all” to 10 � “exactly”) self-report scale was used to assess the
mother’s hostile-reactive parenting toward each twin (e.g., “I
have shaken my baby when he/she was particularly fussy”)
(Cronbach � � .73) (31). The mother’s hostile-reactive scores
were strongly correlated across twins of the same family (rMZ �
.84, p � .00; rMZ � .78, p � .00) and were thus averaged within
families. A risk was counted if the score was above the median.

The resulting FA index was distributed as follows: an FA of 0:
19.2%; 1: 30.5%; 2: 29.0%; 3: 15.0%; 4: 3.5%; 5: 1.6%; 6: 1.2%; and
no FA of 7. Families with an FA score of 3 or above were
considered to have high levels of FA (21.3%), and those who
scored below 3 were considered to have low levels of FA
(78.7%). This partition identified an FA risk group that was
prevalent enough to conduct meaningful statistical analyses.

Data Analyses
Because having two twins per family implies non-indepen-

dent observations, differences between groups were tested with
two-level hierarchical mixed models (62), with both fixed and
random components allowing an unbiased test of difference in
means (63,64). Phenotypic associations were tested with intraclass
correlations, controlling for zygosity (65), through MPlus (66).

Genetic Modeling
The twin design compares the phenotypic similarity of MZ

twins of the same family (100% genetically related) with that of
DZ twins of the same family (approximately 50% genetically
related) and decomposes the phenotypic variance into three
components: additive genetic variance (heritability), shared
(common) environmental variance, and non-shared (unique)
environmental variance (67). Genetic sources of variance are
implied when MZ twins are more similar than DZ twins. Shared
environment is indicated when both MZ and DZ pairs are
significantly similar; it refers to environmental factors that make

twins of the same family similar to each other (e.g., socioeconomic
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tatus, parental mental health, neighborhood). Non-shared environ-
ent refers to differences among twins of the same family. That is,

xperiences that make twins of the same family grow apart (e.g.,
ifferences in parenting behaviors, accidents, children’s differing
eer experiences).

Genetic (A), shared environmental (C), and unique environ-
ental (E) contributions were estimated through structural equa-

ion modeling of variance and covariance patterns among MZ
nd DZ twin pairs, with the MX software (68). Within-pair
ovariance resulting from the additive genetic effect was posited
t 100% for MZ pair and at 50% for DZ pairs, and shared
nvironment was posited at 100% for both MZ and DZ twin pairs.
nique environment was estimated as residual variance and

ncluded measurement error. All twin pairs were concordant for
A. Models that allowed A, C, and E parameters to vary according
o FA were compared with models that constrained parameters to
e equal across FA groups. The full ACE models were tested
gainst simpler, nested models (e.g., AE, CE, E models). Best
odels were selected according to goodness of fit (�2 test) and
arsimony indices such as Akaike Information Criteria (AIC) and
he Root Mean Squared Error of Approximation (RMSEA). Corti-
ol was examined for outliers, defined as scores of � 3 SD from
he mean (69,70); none were found.

able 1. “Home-Awakening” and “Morning in the Lab” Cortisol
escriptive Statistics According to a Variety of Pre-, Peri- and Postnatal
ariables

ariables

Awakening (Day 1) Morning (Day 2)

Mean SD n Mean SD n

ygosity
Monozygotes .58 .37 205 .45 .37 137
Dizygotes .57 .45 273 .41 .30 256

ender
Male Subjects .54 .42 224 .43 .31 153
Female Subjects .61 .41 254 .42 .34 240

thnicity
Caucasians .58 .43 412 .44 .34 335
Others .58 .39 59 .39 .26 54

irth Weight
�2500 g .55 .34 245 .43 .33 192
�2500 g .60 .44 203 .41 .30 180

estational Age at Birth
�37 weeks .55 .36 195 .43 .34 183
�37 weeks .59 .42 229 .41 .30 163

estational Diabetes
Yes .51 .39 62 .43 .24 52
No .57 .39 324 .42 .33 316

estational Hypertension
Yes .50 .38 68 .39 .26 62
No .57 .39 334 .43 .33 308

xpected Pregnancy
Yes .57 .40 294 .42 .32 250
No .52 .36 110 .42 .31 120

ostnatal Depression
Yes .58 .40 88 .39 .33 75
No .55 .38 312 .43 .32 300

nstrumentation Used for
Delivery

None .60 .37 173 .44 .31 158
Forceps .44 .31 15 .30 .16 11
Suction-grip .53 .54 20 .39 .29 16
Raw data (
g/dL). No significant differences were found at p � .05.
Results

Table 1 presents the descriptive statistics of daytime cortisol
samples according to pre-, peri- and postnatal variables. No
significant differences were found at p � .05. Awakening cortisol
was lower when sampled later [t (191) � �2.92, p � .003],
perhaps because sleep routine often differs across infants, and
parents were instructed to sample saliva when the child naturally
awakes. No such difference was detected for the morning sample
[t (201) � 1.31, p � .19]. The time of saliva collection did not vary
according to FA status [t (193) � 1.39, p � .17; and t (262) � �.26,
p � .79] and zygosity [t (193) � �.11, p � .91; and t (262) � .88,
p � .38].

Means and SEMs of cortisol samples are illustrated in Figure 1.
Consistent with the circadian rhythm, cortisol level was higher at
awakening than in the morning [� (SEM) � �.14 (.03), p � .001].
This difference did not vary according to FA [� (SEM) � �.05
(.05), p � .35]. The correlation between the samples did not
reach significance [r � .07, p � .19].

FA and Cortisol Secretion
No mean differences were found between twins exposed to

low versus high FA for both samples [t (248) � �1.04, p � .30;
and t (201) � .15, p � .88]. We also partitioned the samples into
quartiles, allowing for different associations to emerge at the
lower (1st quartile) or higher (4th quartile) ends of the distribu-
tion. No significant association was found (polychoric correla-
tions: 	 � �.11, p � .15; and 	 � �.04, p � .65).

MZ and DZ Intraclass Correlations
Figure 2 presents the MZ and DZ intraclass correlation

coefficients (ICC) for all twins and according to FA. For all twins,
the MZ-DZ ICC discrepancy seemed larger for “home-awaken-
ing” cortisol than for “lab in the morning” cortisol, suggesting a
larger contribution of genetic factors earlier in the day.

A differentiated pattern of MZ-DZ ICCs emerged according to
FA. For the “home-awakening” cortisol, MZ ICCs tended to be
higher than DZ ICCs in both FA settings, although the MZ-DZ
difference seemed attenuated in high FA. A different pattern was
found for “lab in the morning” cortisol: in low FA, both MZ and
DZ ICCs were low, whereas in high FA, a large MZ-DZ discrep-

Figure 1. Mean and SEMs of cortisol levels at awakening and morning for all
twins (n � 478 and n �393 for the awakening and morning samples, respec-
tively).
ancy was found, pointing to a higher genetic contribution to

www.sobp.org/journal
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ortisol secretion in high FA than in low FA (scatterplots available
n Supplement 1). Finally, ICCs were also calculated with more
iberal (�2 risk factors) and restrictive (�4 risk factors) criteria.
imilar patterns of results were obtained (figures available on
equest).

enetic and Environmental Contributions to Daytime Cortisol
amples

Home-Awakening. Model-fitting results for “home-awaken-
ng” cortisol are presented in Table 2. We examined models
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Awakening
(total sample)

Low Familial
Adversity 

High Familial
Adversity

Morning 
(total sample)

Low Familial
Adversity 

High Familial
Adversity

MZ
DZ

igure 2. Intraclass monozygotic (MZ) and dizygotic (DZ) correlations for
home-awakening” and “morning in the lab” cortisol samples for all twins
nd according to familial adversity. Awakening: all twins: MZ (n � 101 pairs);
Z (n � 131 pairs); Low Familial Adversity: MZ (n � 77 pairs); DZ (n � 101
airs); High Familial Adversity: MZ (n � 24 pairs); DZ (n � 30 pairs). Morning:
ll twins: MZ (n � 67 pairs); DZ (n � 125 pairs); Low Familial Adversity: MZ

n � 47 pairs); DZ (n � 95 pairs); High Familial Adversity: MZ (n � 20 pairs);
Z (n � 30 pairs).

able 2. Summary of the ACE Model-Fitting Results of the “Home-Awaken

Fit Statistics

odels �2 df p AIC R

Equa
. ACE 9.57 9 .39 �8.434

. AEa 9.57 10 .48 �10.434

. CE 12.89 10 .23 �7.115

. E 21.13 11 .03 �.871

Non-Eq
. A1C1E1 A2C2E2 5.67 6 .46 �6.334

. A1E1 A2C2E2 5.67 7 .58 �8.334

. A1E1 A2E2 5.67 8 .69 �10.334

. E1 A2E2 13.16 9 .16 �4.843

. A1E1 E2 19.48 9 .02 1.48

For the Non-Equal Models, the parameters of the Low Familial Adversity
HFA) parameters. A, Genetic estimate; C, shared environment estimate; E,
kaike Information Criteria; RMSEA, Root Mean Squared Error of Approxima
aSelected best-fitting model.

ww.sobp.org/journal
testing the invariance of the genetic and the environmental
parameters across FA groups (i.e., constraining the parameters to
be equal [EQ] across FA groups). From the full ACE, the
elimination of the A or C parameters did not worsen the fit of the
model [��2(1) � 3.32, p �.07; and ��2(1) � .00, p � �.99],
whereas including only the E parameter did [�2(2) � 11.56, p �
.003]. The AE and CE models were thus more parsimonious than
the ACE model, with the AE model performing better according
to the AIC. We then allowed parameters to differ across FA
settings (nonequal [NEQ] models). From the ACE-NEQ full
model, eliminating successively the C for both low FA (model 6)
and high FA groups (model 7) did not deteriorate the model
[��2(2) � .00, p � �.99]. Then, eliminating the A for either the
low FA (model 8) or the high FA (model 9) led to worse models
[��2(1) � 7.49, p � �.01; and ��2(1) � 13.81, p � �.001].

Models 2, 3, and 7 were kept according to their goodness of
fit (�2). The AE-EQ model (model 2) was selected, because it
offered the best balance between explanatory power and parsi-
mony (AIC � �10.434 and RMSEA � .058): “home-awakening”
cortisol was accounted for by genetic (A � .32) and non-shared
environmental (E � .68) factors, and this pattern did not vary as
a function of FA.

Lab in the Morning
The model-fitting results for the “lab in the morning” sample

are presented in Table 3. From the ACE-EQ full model, reducing
to AE or CE did not significantly worsen the fit [��2(1) � .24, p �
.62; and ��2(1) � .40, p � .53], whereas only inclusion of the E
did [��2(2) � 9.84, p � �.01]. From the ACE-NEQ full model
(model 5), removing successively the C in high FA (model 6), the
A in low FA (model 7), and the C in low FA (model 8) did not
lead to a worse fit [��2(1) � .72, p � .40; ��2(1) � .00, p � �.99;
and ��2(1) � 3.42, p � .06]. However, eliminating the A for the
high FA (model 8) weakened the fit [��2(1) � 9.75, p � �.01].

ortisol Sample According to FA

Estimated Components (95% CI)

A C E

els
LFA .32 (.00–.51) .00 (.00–.24) .68 (.53–.88)
HFA .32 (.00–.51) .00 (.00–.24) .68 (.53–.88)
LFA .32 (.13–.51) — .68 (.53–.88)
HFA .32 (.13–.51) — .68 (.53–.88)
LFA — .19 (.06–.33) .81 (.68–.98)
HFA — .19 (.06–.33) .81 (.68–.98)
LFA — — 1.00 (1.0–1.0)
HFA — — 1.00 (1.0–1.0)

odels
LFA .28 (.00–.50) .00 (.00–.00) .72 (.55–.95)
HFA .43 (.00–.81) .00 (.00–.53) .57 (.33–.81)
LFA .28 (.08–.50) — .72 (.55–.95)
HFA .43 (.00–.81) .00 (.00–.53) .57 (.33–.81)
LFA .28 (.08–.50) — .72 (.55–.95)
HFA .43 (.06–.81) — .57 (.33–.81)
LFA — — 1.00 (1.0–1.0)
HFA .43 (.06–.81) — .57 (.33–.81)
LFA .00 (.00–.00) — 1.00 (.45–1.0)
HFA — — 1.00 (.88–1.0)

p (LFA) are indicated as 1, whereas 2 refers to High Familial Adversity group
e environment estimate; FA, familial adversity; CI, confidence interval; AIC,
MZ, monozygotic twins; DZ, dizygotic twins.
ing” C

MSEA

l Mod
.063

.058

.076

.129

ual M
.049

.041

.037

.075

.150

grou
uniqu
tion;
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Models 2, 3, and 8 were retained according to their goodness
f fit. Model 8 clearly offered the best balance between explan-
tory power and parsimony (AIC � �11.698, and RMSEA � .023)
nd was thus retained. In low FA, “lab in the morning” cortisol
as accounted for by unique environment, whereas in high FA,
oth genetic (A � .69) and unique environment (E � .31) factors
ontributed to the phenotype (this genetic-environmental etiol-
gy did not vary as a function of gender in both samples [not
hown]).

iscussion

The goal of this study was to examine the genetic and environ-
ental contributions to morning cortisol secretion in 6-month-old

wins and to determine whether these contributions varied
ccording to FA. Genetic factors accounted for cortisol levels in
ifferent ways: a moderate “main effect” of genes was found for
ome-based awakening cortisol, whereas the contribution of
enes to morning cortisol in the laboratory was conditional to FA.
pecifically, in low FA settings (typical of most families), there
as no genetic contribution and only unique environmental

ontributions to lab-based morning cortisol. In high FA, lab-
ased morning cortisol was mainly accounted for by genetic
actors and, to a lesser extent, by unique environmental factors.

Whereas the finding of a genetic “main effect” for awakening
ortisol at home is consistent with results from other studies
34,42,43), the differential pattern of genetic and environmental
tiology of laboratory-based morning cortisol according to FA is
new and striking feature of the present results. Overall, these

indings suggest a complex and evolving process of G�E
nteractions underlying early daytime cortisol. A number of
oints should be underlined.

First, the differential pattern of genetic and environmental
ontributions to laboratory-based morning cortisol as a function
f FA is consistent with a “diathesis-stress” model suggesting that

able 3. Summary of the ACE Model-Fitting Results of the “Morning in the

Fit Statistics

odels �2 df p AIC R

Equa
. ACE 9.65 9 .38 �8.354

. AE 9.89 10 .45 �10.110

. CE 10.05 10 .44 �9.949

. E 19.49 11 .05 �2.509

Non-Eq
. A1C1E1 A2C2E2 3.60 6 .73 �8.399

. A1C1E1 A2E2 2.88 7 .90 �11.123

. C1E1 A2E2 2.88 8 .94 �13.123

. E1 A2E2
a 6.30 9 .71 �11.698

. C1E1 E2 16.05 9 .07 �1.952

For the Non-Equal Models, the parameters of the LFA are indicated as 1
aSelected best-fitting model.
he genetic liability (or resilience) to stress is more likely to be
expressed in adverse environments than in more favorable
conditions. This is the first study to reveal a conditional contri-
bution of genes according to FA at such an early age. Specific
genetic liability could modulate the impact of early adversity on
cortisol activity and, more generally, the vulnerability to stress-
related diseases later in life (71). These genetic liabilities could be
expressed at several sites involved in the regulation of cortisol
activity, including upstream structures that modulate the HPA
axis. For example, increased activation of the right amygdala in
response to fearful stimuli has been noted in the short allele
serotonin transporter (5HTT) gene carriers located in the pro-
moter region (72). Future studies should thus examine the
potential role of measured genes, such as the short 5HTT allele,
in the present conditional association.

Second, the strong genetic contribution to morning cortisol
levels in high FA runs opposite to the idea of a programming
effect of early adversity on cortisol activity at 6 months of age.
Robust programming and epigenetic effects of maternal care
have been reported in rodents during the stress hyporesponsive
period (73–75). The dampened HPA axis response to stress and
low circulating basal cortisol levels typical of this period could
protect the immature but fast developing brain from repeated
and prolonged glucocorticoid exposure (see 76). To the extent
that a functionally equivalent period emerges in the end of the
first year of life in humans, it might be too early at 6 months of
age for FA to have a programming effect on daytime cortisol
activity (one major difference is that postnatal adversity is more
likely to affect corticolimbic structures and pathways than the
HPA axis per se given the relative maturity of this system at birth
in primates [77]; accordingly, adversity experienced during this
period could influence corticolimbic structures and circuitry,
which in turn, could affect cortisol reactivity and regulation; an
important buffering role of the caregiver is also presumed
[25,40,74,78–81]).

Cortisol Sample According to FA

Estimated Components (95% CI)

A C E

els
LFA .18 (.00–.51) .10 (.00–.37) .72 (.53–.95)
HFA .18 (.00–.51) .10 (.00–.37) .72 (.53–.95)
LFA .31 (.12–.51) — .69 (.53–.91)
HFA .31 (.12–.51) — .69 (.53–.91)
LFA — .22 (.08–.38) .78 (.64–.96)
HFA — .22 (.08–.38) .78 (.64–.96)
LFA — — 1.00 (1.0–1.0)
HFA — — 1.00 (1.0–1.0)

odels
LFA .19 (.00–.43) .00 (.00–.36) .81 (.60–.10)
HFA .69 (.01–.89) .00 (.00–.00) .31 (.17–.62)
LFA .00 (.00–.40) .16 (.00–.34) .84 (.67–.10)
HFA .69 (.33–.89) — .31 (.17–.62)
LFA — .16 (.00–.34) .84 (.67–1.0)
HFA .69 (.33–.89) — .31 (.17–.62)
LFA — — 1.00 (1.0–1.0)
HFA .69 (.33–.89) — .31 (.17–.62)
LFA — .16 (.00–.34) .84 (.67–1.0)
HFA — — 1.00 (1.0–1.0)

reas 2 refers to HFA parameters. Abbreviations as in Table 2.
Lab”

MSEA

l Mod
.071

.060

.076

.138

ual M
.013

.000

.000

.023

.146
Such a programming effect of FA was suggested in a recently
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eported pattern of genetic and environmental contributions to
ortisol response to novelty in 19-month-old twins (82). Specif-
cally, both shared and unique environments, not genetic factors,
ccounted for cortisol reactivity in high FA settings. In contrast,
nder low FA settings, only genetic and uniquely experienced
actors contributed to the phenotype. The divergent patterns
ound in the two studies could be due to the period of develop-
ent (6 vs. 19 months) or to the nature of HPA activity (daytime

ortisol secretion vs. response to social novelty). Clearly, addi-
ional genetically informative studies collecting multiple daytime
ortisol samples longitudinally in early childhood are needed to
nderstand the role of environmental adversity in HPA activity in
umans.

Third, the moderation of a genetic contribution to cortisol
ctivity by FA was restricted to the morning cortisol sample in the
aboratory and did not affect awakening cortisol levels at home.

moderate heritability of awakening cortisol has been reported
n previous twin studies (39,42,43), although not as early in
evelopment. Why was genetic contribution to cortisol condi-
ional to FA for morning cortisol but not for awakening cortisol?
ne possibility is that cortisol activity might be regulated by
ifferent structures at awakening versus later during the morning
42). Specifically, the suprachiasmatic nucleus progressively re-
uces its inhibitory control on the hypothalamus in the second
alf of the night, resulting in an overall increase in cortisol
ecretion. Approximately 2 hours before the awakening, neurons
ocated in the paraventricular nucleus of the hypothalamus
nhance its vasopressin secretion for a short period of time,
hich temporarily boost cortisol secretion at awakening before
ecreasing drastically during the next hour (83,84). These basic
hysiological functions could be more attuned to genetic varia-
ion. In contrast, cortisol secretion taking place later during the
orning is intended to facilitate adaptation to changing environ-
ents through cognitive, attention, and emotion regulation pro-

esses and thus could be more sensitive to environments.
Fourth, in contrast to previous singleton studies (40,85),

orning cortisol levels did not differ as a function of FA. Many
actors could account for this finding. First, as suggested by the
ifference in heritability in lab-based morning cortisol according
o FA, there could be a difference in morning cortisol levels only
or infants carrying a genetic risk (i.e., a G�E interaction).
econd, differences in morning cortisol as a function of FA might
merge with age, possibly as a result of chronic exposure to
dversity (86). Finally, at 6 months of age, cortisol levels might
ary according to FA only later during the morning. The in-
reased environmental control of afternoon cortisol levels in
omparison with morning cortisol is consistent with this idea
42,43,80).

The present findings have important clinical implications. The
enetic modulation of cortisol activity by FA might point to one
echanism through which adverse life conditions might exacer-
ate individual liabilities (or resilience) to stress and stress-
elated diseases (87,88). This finding stresses the importance of
dentifying the genetic variants involved and of characterizing the
nderlying mechanisms to help policymakers and clinicians to
mplement early preventive interventions tailored for children at
isk for atypical patterns of cortisol.

imitations of the Study
A few features of the current study might have constrained the

indings. First, the cortisol indices were each based on a single
aliva sample. Multiple samples collected over several days

ould have yielded more reliable measures. However, despite

ww.sobp.org/journal
this limitation, significant heritability estimates were revealed,
and different patterns of genetic and environmental contribu-
tions were found. Second, morning cortisol samples were col-
lected in a non-familiar context (laboratory visit) that might have
been arousing for some children. It is thus possible that it partly
reflected reactive cortisol. However, awakening and morning
mean cortisol levels showed the expected circadian rhythm,
suggesting that the visit did not induce a stress response in most
children. Third, the study would have benefited from a more
extended coverage of the day to examine whether distinct
patterns of genetic and environmental contributions as a function
of FA would have been found. Fourth, the sample presented a
limited number of cases of severe FA. Whether the findings
generalize to the far end of the spectrum of FA is open to
question. Fifth, the assessment of maternal hostile/reactive be-
haviors relied on self-report and might have been influenced by
social desirability despite the use of contextualized items (i.e.,
the child’s difficult behavior) (31,89). Finally, because the FA
index was computed as a family-level variable, it was not
possible to establish whether the effect was genuinely environ-
mental or genetically mediated.

Conclusions
The present study was the first to reveal distinct patterns of

genetic and environmental contributions to morning cortisol
secretion in the laboratory according to adversity in the first year
of life. Genetic factors accounted for most of the variance in
morning cortisol in high FA but not in low FA, suggesting the
presence of a “diathesis” more likely to be expressed in adverse
settings. Clearly, these conditional contributions of adversity and
genetic factors need to be replicated in genetically informative
studies with larger samples and with respect to the nature,
timing, duration, and intensity of the adversity (24,86,90–92).
Finally, future studies should investigate to what extent daytime
cortisol early in development predicts later vulnerability to stress.

This research was supported by grants from the National
Health Research Development Program, the Social Sciences and
Humanities Research Council of Canada, the Québec Ministry of
Health and Social Services, the Canadian Institutes of Health
Research, the Canada Research Chair program, the Fonds
Québécois de la Recherche sur la Société et la Culture, and the
Fonds de la Recherche en Santé du Québec. Isabelle Ouellet-
Morin was supported by fellowships from the Canadian Institutes
of Health Research and the Behavioral, Gene and Environment
Training Grant Program. We are grateful to the parents and
twins of the participating families. We thank Jocelyn Malo for
coordinating the data collection and Hélène Paradis, Bei Feng,
Bernadette Simoneau, and Jacqueline Langlois for their assis-
tance in data management and preparation.

The authors report no biomedical financial interests or po-
tential conflicts of interest.

Supplementary material cited in this article is available
online.

1. McEwen BS (2000): Allostasis and allostatic load: Implications for neuro-
psychopharmacology. Neuropsychopharmacology 22:108 –124.

2. Custodio RJ, Junior CE, Milani SL, Simoes AL, de Castro M, Moreira AC
(2007): The emergence of the cortisol circadian rhythm in monozygotic
and dizygotic twin infants: The twin-pair synchrony. Clin Endocrinol
66:192–197.

3. Price DA, Close GC, Fielding BA (1983): Age of appearance of circadian

rhythm in salivary cortisol values in infancy. Arch Dis Child 58:454 – 456.



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

I. Ouellet-Morin et al. BIOL PSYCHIATRY 2009;65:409–416 415
4. Antonini SR, Jorge SM, Moreira AC (2000): The emergence of salivary
cortisol circadian rhythm and its relationship to sleep activity in preterm
infants. Clin Endocrinol 52:423– 426.

5. Luby JL, Heffelfinger A, Mrakotsky C, Brown K, Hessler M, Spitznagel E
(2003): Alterations in stress cortisol reactivity in depressed preschoolers
relative to psychiatric and no-disorder comparison groups. Arch Gen
Psychiatry 60:1248 –1255.

6. Pruessner M, Hellhammer DH, Pruessner JC, Lupien SJ (2003): Self-re-
ported depressive symptoms and stress levels in healthy young men:
Associations with the cortisol response to awakening. Psychosom Med
65:92–99.

7. Carrion VG, Weems CF, Ray RD, Glaser B, Hessl D, Reiss AL (2002): Diurnal
salivary cortisol in pediatric posttraumatic stress disorder. Biol Psychiatry
51:575–582.

8. Vanitallie TB (2002): Stress: A risk factor for serious illness. Metabolism
51:40 – 45.

9. Feder A, Coplan JD, Goetz RR, Mathew SJ, Pine DS, Dahl RE, et al. (2004):
Twenty-four-hour cortisol secretion patterns in prepubertal children
with anxiety or depressive disorders. Biol Psychiatry 56:198 –204.

0. McBurnett K, Lahey BB, Rathouz PJ, Loeber R (2000): Low salivary cortisol
and persistent aggression in boys referred for disruptive behavior. Arch
Gen Psychiatry 57:38 – 43.

1. Rosmond R, Dallman MF, Bjorntorp P (1998): Stress-related cortisol se-
cretion in men: Relationships with abdominal obesity and endocrine,
metabolic and hemodynamic abnormalities. J Clin Endocrinol Metab
83:1853–1859.

2. Lupien S, Lecours AR, Lussier I, Schwartz G, Nair NP, Meaney MJ (1994):
Basal cortisol levels and cognitive deficits in human aging. J Neurosci
14:2893–2903.

3. McEwen BS (2000): The neurobiology of stress: From serendipity to
clinical relevance. Brain Res 886:172–189.

4. Lupien SJ, King S, Meaney MJ, McEwen BS (2001): Can poverty get under
your skin? Basal cortisol levels and cognitive function in children from
low and high socioeconomic status. Dev Psychopathol 13:653– 676.

5. Evans GW, English K (2002): The environment of poverty: Multiple stres-
sor exposure, psychophysiological stress, and socioemotional adjust-
ment. Child Dev 73:1238 –1248.

6. Flinn MV, England BG (1997): Social economics of childhood glucocor-
ticoid stress response and health. Am J Phys Anthropol 102:33–53.

7. Phillips DI, Walker BR, Reynolds RM, Flanagan DE, Wood PJ, Osmond C, et
al. (2000): Low birth weight predicts elevated plasma cortisol concen-
trations in adults from 3 populations. Hypertension 35:1301–1306.

8. Ramsay DS, Bendersky MI, Lewis M (1996): Effect of prenatal alcohol and
cigarette exposure on two- and six-month-old infants’ adrenocortical
reactivity to stress. J Pediatr Psychol 21:833– 840.

9. Dozier M, Manni M, Gordon MK, Peloso E, Gunnar MR, Stovall-McClough
KC, et al. (2006): Foster children’s diurnal production of cortisol: An
exploratory study. Child Maltreat 11:189 –197.

0. Gunnar MG (2000): Early adversity and the development of stress reac-
tivity and regulation. In: Nelson CA, editor. The Effects of Early Adversity
on Neurobehavioral Development, the Minnesota Symposia on Child Psy-
chology. London: Lawrence Erlbaum Associates, 163–200.

1. Bugental DB, Martorell GA, Barraza V (2003): The hormonal costs of
subtle forms of infant maltreatment. Horm Behav 43:237–244.

2. Cicchetti D, Rogosch FA (2001): Diverse patterns of neuroendocrine
activity in maltreated children. Dev Psychopathol 13: 677– 693.

3. Cicchetti D, Rogosch FA (2001): The impact of child maltreatment and
psychopathology on neuroendocrine functioning. Dev Psychopathol 13:
783– 804.

4. Rinne T, de Kloet ER, Wouters L, Goekoop JG, DeRijk RH, van den Brink W
(2002): Hyperresponsiveness of hypothalamic-pituitary-adrenal axis to
combined dexamethasone/corticotropin-releasing hormone challenge
in female borderline personality disorder subjects with a history of
sustained childhood abuse. Biol Psychiatry 52:1102–1112.

5. Anisman H, Zaharia MD, Meaney MJ, Merali Z (1998): Do early-life events
permanently alter behavioral and hormonal responses to stressors? Int J
Dev Neurosci 16:149 – 64.

6. Dawes MA, Dorn LD, Moss HB, Yao JK, Kirisci L, Ammerman RT, et al.
(1999): Hormonal and behavioral homeostasis in boys at risk for sub-
stance abuse. Drug Alcohol Depend 55:165–176.

7. Evans GW (2003): A multimethodological analysis of cumulative risk and

allostatic load among rural children. Dev Psychol 39:924 –933.
28. Gunnar MR, Vazquez DM (2001): Low cortisol and a flattening of ex-
pected daytime rhythm: Potential indices of risk in human develop-
ment. Dev Psychopathol 13:515–538.

29. Heim C, Ehlert U, Hellhammer DH (2000): The potential role of hypocor-
tisolism in the pathophysiology of stress-related bodily disorders. Psy-
choneuroendocrinology 25:1–35.

30. Weinstock M (1997): Does prenatal stress impair coping and regulation
of hypothalamic-pituitary-adrenal axis? Neurosci Biobehav Rev 21:1–10.

31. Boivin M, Perusse D, Dionne G, Saysset V, Zoccolillo M, Tarabulsy GM, et
al. (2005): The genetic-environmental etiology of parents’ perceptions
and self-assessed behaviours toward their 5-month-old infants in a
large twin and singleton sample. J Child Psychol Psychiatry 46:612– 630.

32. Dionne G, Dale PS, Boivin M, Plomin R (2003): Genetic evidence for
bidirectional effects of early lexical and grammatical development.
Child Dev 74:394 – 412.

33. Scarr S (1992): Developmental theories for the 1990s: Development and
individual differences. Child Dev 63:1–19.

34. Bartels M, Van den Berg M, Sluyter F, Boomsma DI, de Geus EJC (2003):
Heritability of cortisol levels: Review and simultaneous analysis of twin
studies. Psychoneuroendocrinology 28:121–137.

35. Froehlich JC, Zink RW, Li TK, Christian JC (2000): Analysis of heritability of
hormonal responses to alcohol in twins: Beta-endorphin as a potential
biomarker of genetic risk for alcoholism. Alcohol Clin Exp Res 24:265–
277.

36. Inglis GC, Ingram MC, Holloway CD, Swan L, Birnie D, Hillis, et al. (1999):
Familial pattern of corticosteroids and their metabolism in adult human
subjects—the Scottish adult twin study. J Clin Endocrinol Metab 84:
4132– 4137.

37. Linkowski P, Onderbergen AV, Kerkhofs M, Bosson D, Mendlewicz J, Van
Cauter E (1993): Twin study of the 24h cortisol profile: Evidence for
genetic control of the human circadian clock. Am J Physiol 264:173–181.

38. Meikle AW, Stringham JD, Woodward MG, Bishop T (1988): Heritability
of variation of plasma cortisol levels. Metabolism 37:514 –517.

39. Wüst S, Federenko I, Hellhammer DH, Kirschbaum C (2000): Genetic
factors, perceived chronic stress, and the free cortisol response to awak-
ening. Psychoneuroendocrinology 25:707–720.

40. Gunnar MR, Quevedo K (2007): The neurobiology of stress and develop-
ment. Annu Rev Psychol 58:145–173.

41. Gunnar MR, Vazquez DM (2006): Stress neurobiology and developmen-
tal psychopathology. In: Cicchetti D, Donald JC, editors. Developmental
Psychopathology, 2nd ed. Hoboken, New Jersey: John Wiley & Sons,
533–577.

42. Kupper N, de Geus EJ, van den Berg M, Kirschbaum C, Boomsma DI,
Willemsen G (2005): Familial influences on basal salivary cortisol in an
adult population. Psychoneuroendocrinology 30:857– 868.

43. Bartels M, de Geus EJC, Kirschbaum C, Sluyter F, Boomsma DI (2003):
Heritability of daytime cortisol levels in children. Behav Genet 33: 421–
433.

44. Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Craig IW, et al. (2002): Role of
genotype in the cycle of violence in maltreated children. Science 297:
851– 844.

45. Jaffee SR, Caspi A, Moffitt TE, Dodge KA, Rutter M, Taylor A, et al. (2005):
Nature X nurture: Genetic vulnerabilities interact with physical mal-
treatment to promote conduct problems. Dev Psychopathol 17:67– 84.

46. Johnson W, Krueger RF (2005): Genetic effects on physical health: Lower
at higher income levels. Behav Genet 35:579 –590.

47. Kendler KS (1995): Genetic epidemiology in psychiatry. Taking both
genes and environment seriously. Arch Gen Psychiatry 52:895– 899.

48. Moffitt TE, Caspi A, Rutter M (2005): Strategy for investigating interac-
tions between measured genes and measured environments. Arch Gen
Psychiatry 62:473– 481.

49. Rutter M, Moffitt TE, Caspi A (2006): Gene– environment interplay and
psychopathology: Multiple varieties but real effects. J Child Psychol Psy-
chiatry 47:226 –261.

50. Zubin J, Spring B (1977): Vulnerability: A new view of schizophrenia. J
Abnorm Psychol 86:103–126.

51. Heim C, Nemeroff CB (1999): The impact of early adverse experiences on
brain systems involved in the pathophysiology of anxiety and affective
disorders. Biol Psychiatry 46:1509 –1522.

52. Heim C, Plotsky PM, Nemeroff CB (2004): Importance of studying the
contributions of early adverse experience to neurobiological findings in

depression. Neuropsychopharmacology 29:641– 648.

www.sobp.org/journal



5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

6

6

7

7

7

416 BIOL PSYCHIATRY 2009;65:409–416 I. Ouellet-Morin et al.

w

3. Kaufman J, Plotsky PM, Nemeroff CB, Charney DS (2000): Effects of early
adverse experiences on brain structure and function: Clinical implica-
tions. Biol Psychiatry 48:778 –790.

4. Barr CS, Newman TK, Shannon C, Parker C, Dvoskin RL, Becker ML, et al.
(2004): Rearing condition and rh5–HTTLPR interact to influence limbic-
hypothalamic-pituitary-adrenal axis response to stress in infant ma-
caques. Biol Psychiatry 55:733–738.

5. Francis D, Diorio J, Liu D, Meaney MJ (1999): Nongenomic transmission
across generations of maternal behavior and stress responses in the rat.
Science 286:1155–1158.

6. Weaver IC, Cervoni N, Champagne FA, D’Alessio AC, Sharma S, Seckl JR,
et al. (2004): Epigenetic programming by maternal behavior. Nat Neuro-
sci 7:847– 854.

7. Goldsmith HH (1991): A zygosity questionnaire for young twins: A re-
search note. Behav Genet 21:257–269.

8. Forget-Dubois N, Perusse D, Turecki G, Girard A, Billette JM, Rouleau G, et
al. (2003): Diagnosing zygosity in infant twins: Physical similarity, geno-
typing, and chorionicity. Twin Res 6:479 – 485.

9. Jett PL, Samuels MH, McDaniel PA, Benda GI, Lafranchi SH, Reynolds JW,
et al. (1997): Variability of plasma cortisol levels in extremely low birth
weight infants. J Clin Endocrinol Metab 82:2921–2925.

0. Ward AM, Syddall HE, Wood PJ, Chrousos GP, Phillips DI (2004): Fetal
programming of the hypothalamic-pituitary-adrenal (HPA) axis: Low
birth weight and central HPA regulation. J Clin Endocrinol Metab 89:
1227–1233.

1. Tabachnick BG, Fidell LS (1996): Using Multivariate Statistics, 3rd ed. New
York: Harper Collins College Publishers.

2. Rabe-Hesketh S, Skrondal A, Gjessing HK (2008): Biometrical modeling
of twin and family data using standard mixed model software. Biomet-
rics 64:280 –288.

3. Cote C, Beauregard M, Girard A, Mensour B, Mancini-Marie A, Perusse D
(2007): Individual variation in neural correlates of sadness in children:
A twin fMRI study. Hum Brain Mapp 28:482– 487.

4. Guo G, Wang J (2002): The mixed or multilevel model for behavior
genetic analysis. Behav Genet 32:37– 49.

5. Carey G (2005): The intraclass covariance matrix. Behav Genet 35:667–
670.

6. Prescott CA (2004): Using the Mplus computer program to estimate
models for continuous and categorical data from twins. Behav Genet
34:17– 40.

7. Petrill SA (2002): Examining social behavior and relationships using
genetically sensitive designs: An introduction. Marriage Fam Rev
33:3–10.

8. Neale MC, Boker SM, Xie G, Maes HH (1999): MX: Statistical Modeling, 5th
ed. Richmond, Virginia: Medical College of Virginia Commonwealth Uni-
versity, Department of Psychiatry.

9. Gunnar MR, Brodersen L, Krueger K, Rigatuso J (1996): Dampening of
adrenocortical responses during infancy: Normative changes and indi-
vidual differences. Child Dev 67:877– 889.

0. Ramsay D, Lewis M (2003): Reactivity and regulation in cortisol and
behavioral responses to stress. Child Dev 74:456 – 464.

1. Taylor WD, Steffens DC, Payne ME, MacFall JR, Marchuk DA, Svenson IK,
et al. (2005): Influence of serotonin transporter promoter region poly-
morphisms on hippocampal volumes in late-life depression. Arch Gen
Psychiatry 62:537–544.

2. Hariri AR, Mattay VS, Tessitore A, Kolachana B, Fera F, Goldman D, et al.

(2002): Serotonin transporter genetic variation and the response of the
human amygdala. Science 297:400 – 403.

ww.sobp.org/journal
73. Liu D, Diorio J, Tannenbaum B, Caldji C, Francis D, Freedman A, et al.
(1997): Maternal care, hippocampal glucocorticoid receptors, and hypo-
thalamic-pituitary-adrenal responses to stress. Science 277:1659 –1662.

74. Meaney MJ (2001): Maternal care, gene expression, and the transmis-
sion of individual differences in stress reactivity across generations.
Annu Rev Neurosci 24:1161–92.

75. Levine S (2005): Developmental determinants of sensitivity and resis-
tance to stress. Psychoneuroendocrinology 30:939 –946.

76. Vazquez DM (1998): Stress and the developing limbic-hypothalamic-
pituitary-adrenal axis. Psychoneuroendocrinology 23:663–700.

77. Levitt P (2003): Structural and functional maturation of the developing
primate brain. J Pediatr 143:S35–S45.

78. Boyce WT, Champoux M, Suomi SJ, Gunnar MR (1995): Salivary cortisol
in nursery-reared rhesus monkeys: Reactivity to peer interactions and
altered circadian activity. Dev Psychobiol 28:257–267.

79. Caldji C, Diorio J, Meaney MJ (2000): Variations in maternal care in
infancy regulate the development of stress reactivity. Biol Psychiatry
48:1164 –1174.

80. Gunnar MR, Morison SJ, Chisholm K, Schuder M (2001): Salivary cortisol
levels in children adopted from Romanian orphanages. Dev Psycho-
pathol 13:611– 628.

81. Suomi SJ (1997): Early determinants of behaviour: Evidence from pri-
mate studies. Br Med Bull 53:170 –184.

82. Ouellet-Morin I, Boivin M, Dionne G, Lupien SJ, Arseneault L, Barr RG, et
al. (2008): Variations in heritability of cortisol reactivity to stress as a
function of early familial adversity among 19-month-old twins. Arch Gen
Psychiatry 65:211–218.

83. Kalsbeek A, van Heerikhuize JJ, Wortel J, Buijs RM (1996): A diurnal
rhythm of stimulatory input to the hypothalamo-pituitary-adrenal sys-
tem as revealed by timed intrahypothalamic administration of the va-
sopressin V1 antagonist. J Neurosci 16:5555–5565.

84. Schmidt-Reinwald A, Pruessner JC, Hellhammer DH, Federenko I,
Rohleder N, Schurmeyer TH, et al. (1999): The cortisol response to awak-
ening in relation to different challenge tests and a 12-hour cortisol
rhythm. Life Sci 64:1653–1660.

85. Tarullo AR, Gunnar MR (2006) Child maltreatment and the developing
HPA axis. Horm Behav 50:632– 639.

86. Miller GE, Chen E, Zhou ES (2007): If it goes up, must it come down?
Chronic stress and the hypothalamic-pituitary-adrenocortical axis in
humans. Psychol Bull 133:25– 45.

87. Brouwer JP, Appelhof BC, van Rossum EF, Koper JW, Fliers E, Huyser J, et
al. (2006) Prediction of treatment response by HPA-axis and glucocorti-
coid receptor polymorphisms in major depression. Psychoneuroendocri-
nology 31:1154 –1163.

88. Mannie ZN, Harmer CJ, Cowen PJ (2007): Increased waking salivary
cortisol levels in young people at familial risk of depression. Am J Psychi-
atry 164:617– 621.

89. Morsbach SK, Prinz RJ (2006): Understanding and improving the validity
of self-report of parenting. Clin Child Fam Psychol Rev 9:1–21.

90. Fries E, Hesse J, Hellhammer J, Hellhammer (2005): A new view on
hypocortisolism. Psychoneuroendocrinology 30:1010 –1016.

91. Shea A, Walsh C, Macmillan H, Steiner M (2005): Child maltreatment and
HPA axis dysregulation: Relationship to major depressive disorder and
post traumatic stress disorder in females. Psychoneuroendocrinology
30:162–178.

92. Pollak SD (2005): Early adversity and mechanisms of plasticity: Integrat-

ing affective neuroscience with developmental approaches to psycho-
pathology. Dev Psychopathol 17:735–752.


	Daytime Cortisol Secretion in 6-Month-Old Twins: Genetic and Environmental Contributions as a Function of Early Familial Adversity
	Methods and Materials
	Participants
	Procedures and Measures
	Saliva Collection

	FA
	Data Analyses
	Genetic Modeling

	Results
	FA and Cortisol Secretion
	MZ and DZ Intraclass Correlations
	Genetic and Environmental Contributions to Daytime Cortisol Samples
	Home-Awakening

	Lab in the Morning

	Discussion
	Limitations of the Study
	Conclusions

	Acknowledgment
	References


