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Context: Cortisol reactivity is a marker of vulnerability
for a variety of stress-related diseases that likely arise from
the contributions of both genetic and environmental
sources of influence. However, little is known about gene-
environment interplay in early cortisol reactivity.

Objectives: To examine the genetic and environmen-
tal contributions to early cortisol reactivity in a population-
based sample of 19-month-old twins and to determine
whether these contributions vary as a function of early
familial adversity.

Design: A variant of the twin method, with genetic and
environment contributions to cortisol reactivity esti-
mated as a function of familial adversity. Familial adver-
sity was defined as the presence of 7 risk factors during
perinatal and postnatal development (eg, at 6 and 19
months of age): maternal smoking during pregnancy, low
birth weight, low family income, low maternal educa-
tional level, single parenthood, young motherhood, and
maternal hostile or reactive behaviors. Twins exposed to
4 or more risk factors at either time were considered as
having been exposed to high (vs low) familial adversity
(23.4% of the sample).

Setting: Centre de Recherche Fernand-Seguin at the Ho-
pital Louis-Hyppolite Lafontaine, Montréal, Quebec.

Patients: Participants were families of twins from the
Québec Newborn Twin Study recruited between April
1, 1995, and December 31, 1998, in the greater Mon-
tréal area. A total of 346 twins, 130 monozygotic and 216
dizygotic, were included in the study.

Main Outcome Measures: Salivary cortisol samples
were collected before and after the participating twins had
been exposed to unfamiliar situations; change in cortisol
over time was used as a measure of cortisol reactivity.

Results: Distinct patterns of genetic and environmental
contributions to cortisol reactivity were evidenced as a func-
tion of familial adversity, suggesting a possible gene-
environment interplay. In low—familial adversity settings
that characterized most families, both genetic and unique
but not shared environmental factors accounted for indi-
vidual differences in cortisol reactivity, with shared genes
explaining the similarity observed within twin pairs. By
contrast, in conditions of high familial adversity, both shared
and unique environmental factors, but not genetic fac-
tors, accounted for the variance in cortisol reactivity.

Conclusion: This pattern of differing genetic and envi-
ronmental contributions according to familial adversity sug-
gests that, early in life, high familial adversity may have a
programming developmental effect on cortisol reactivity.
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HE HYPOTHALAMIC-PITU-
itary-adrenal (HPA) axis un-
derlies both adaptive and
maladaptive responses to
stress.'? Adaptive responses
to stress are characterized by relatively
rapid activation and inhibition of corti-
sol secretion,'? a glucocorticoid hor-
mone produced by the HPA axis. How-
ever, responses to stress may become
maladaptive when they are prolonged, fail
to habituate, are repeatedly activated, or
are quiescent when needed.*

Author Affiliations are listed at
the end of this article.

Large individual differences in cortisol
secretion have been observed during stress-
ful conditions.”® Substantial deviations from
normative cortisol responses to stress may
result from dysfunctional HPA axis reac-
tivity and have damaging effects over time.*?
Disrupted cortisol reactivity has been as-
sociated with behavior problems and psy-
chiatric disorders, such as anxiety,” de-
pression,'®!! behavioral inhibition,'*!3
posttraumatic stress disorder,'*!* and con-
duct problems.'®'” Cortisol reactivity is thus
a marker of vulnerability for a variety of
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stress-related diseases.? Understanding the etiology of cor-
tisol reactivity early in development may clarify the role
of early vulnerability to stress during later onset of stress-
related diseases.

The interindividual variability in cortisol reactivity
likely arises from the joint contributions of genetic and
environmental sources of influence. However, research
has mainly documented the association between ad-
verse environments and cortisol reactivity during child-
hood and adolescence.'®* Cortisol reactivity has been
associated with low socioeconomic status,?'?> maternal
depression,*** maltreatment and abuse,’**° and expo-
sure to community violence.*

Only a handful of studies®®*'3* have documented the
relationship between adverse environments, such as harsh
and insensitive parenting, and cortisol reactivity during
the preschool years. These studies suggest a likely con-
tribution of early adverse environments to cortisol reac-
tivity. However, because they remain blind to the role of
genetic factors in that association, it is difficult to clearly
establish the nature of this contribution.**>° Twin stud-
ies are useful to this end, but few twin studies have ex-
amined the genetic and environmental contributions to
cortisol reactivity. Kirschbaum et al*” showed that mono-
zygotic twins were more similar than dizygotic twins in
cortisol response to corticotropin-releasing factor injec-
tion but not with respect to physical and psychological
stress. Pritchard et al*® found no genetic contribution to
cortisol response to overfeeding in young adult twin pairs.
However, the small sample sizes (ie, fewer than 25 pairs)
and the fact that these studies were conducted with young
adults preclude any conclusion about possible genetic con-
tributions to cortisol reactivity in early childhood. The
genetic and environmental contributions to cortisol re-
activity in early childhood have yet to be documented.

Genetic and environmental factors may contribute to
early cortisol reactivity in various ways. One prevailing hy-
pothesis states that genetic and environmental factors are
likely to combine nonlinearly to affect cortisol reactiv-
ity.* Gene-environment interplay has been documented
through different approaches, including variations in ge-
netic and environmental contributions according to en-
vironmental circumstances.*** Accordingly, 2 forms of
gene-environment interplay may be anticipated from pre-
vious research. First, as suggested by a diathesis-stress
model,*! genetic factors could predispose a child to react
with an increased cortisol response if exposed to stressful
environments.* In this case, a genetic vulnerability to stress
would be more likely to be expressed during adversity than
with favorable conditions. Results showing higher heri-
tability of cortisol reactivity in conditions of environmen-
tal constraints, such as high vs low familial adversity (FA),
would be consistent with such a model. The findings by
Caspi et al®* that genetic liabilities (ie, low monoamine
oxidase A level or serotonin transporter short allele) ex-
acerbated the impact of adverse environments (ie, mal-
treatment or life stress events) on later psychopathologic
conditions (ie, antisocial behavior or depression) are con-
sistent with this form of genes X environment process.

A second possibility is that of a developmental pro-
gramming effect on the HPA axis, taking the form of a
reduced genetic influence on cortisol reactivity in early

adverse conditions.”* This idea is consistent with the
well-documented increased sensitivity of stress-reactive
systems to environmental influences in early develop-
ment.*?° In rodents, prolonged periods of maternal sepa-
ration have been associated with increased corticoste-
rone reactivity.”'* Cross-fostering studies’*” have also
shown that HPA axis reactivity is modulated by early ma-
ternal care through epigenetic processes. Confirmation
that these processes operate among humans awaits, al-
though a marked brain plasticity to environment during
infancy has been documented.!®*>" In a twin design, a
finding showing (1) reduced genetic contributions to cor-
tisol reactivity among twin siblings exposed to high FA
and (2) higher genetic contributions among twins ex-
posed to low FA would be consistent with this model.
The main goals of the present study were to analyze the
genetic and environmental contributions to cortisol reac-
tivity to an unfamiliar context in 19-month-old twins and
to examine variations in genetic and environmental con-
tributions to cortisol reactivity according to early FA. At
this age, children typically react with marked anxiety to
unfamiliar situations and adults, but large individual dif-
ferences in behavioral and physiologic responses have been
documented.”®*° Familial adversity was defined as a func-
tion of prenatal and postnatal risk factors previously as-
sociated with cortisol reactivity to reflect the cumulative
effects of stressful environments in children’s lives.*

B METHODS By

SAMPLE

This study was conducted under controlled conditions at the
Centre de Recherche Fernand-Seguin at the Hopital Louis-
Hyppolite Lafontaine in Montréal, Québec. Participants were
families of twins from the Québec Newborn Twin Study re-
cruited between April 1, 1995, and December 31, 1998, in the
greater Montréal area. A total of 989 families were contacted,
of which 672 agreed to participate (68.0%). Twins were first
seen when they were 6 months of age and then prospectively
assessed for a variety of child and family characteristics. After
informed consent was obtained from the parents, saliva samples
were collected at 19 months (mean [SD], 18.85 [0.74] months)
for 466 twins before testing, 474 twins after testing, and 423
children at both times. Interviews regarding environmental vari-
ables were conducted with the mother in 99.7% of cases.

Zygosity was determined through the Zygosity Question-
naire for Young Twins when the twins were 6 and 19 months
of age,® using independent ratings of the twins’ physical simi-
larities. The DNA-based zygosity was determined for 31.3% of
the same-sex twin pairs randomly selected, using 8 to 10 highly
polymorphic microsatellite markers. The 2 methods yielded a
concordance of 93.8%.%

THE STRESSFUL CONTEXT:
EXPOSURE TO UNFAMILIAR SITUATIONS

At 19 months of age, each participating twin was successively
brought into the laboratory and exposed to 2 unfamiliar situa-
tions known to be moderately stressful at that age.”®>%* In the
first situation, 1 twin and the mother were alone in a corner of a
room when a woman dressed as a clown entered the room, went
to the opposite corner, and invited the child to approach by of-
fering a set of familiar toys. In the second situation, a noisy, odd-
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looking, moving toy robot was placed on a platform in the op-
posite corner of the room. Each session lasted 280 seconds
separated by 5 minutes of mother-child free play. For the first
140 seconds, the mother was asked to remain passive and not
to interact with her child, responding only to child-initiated talk
with brief statements (eg, “It’s okay,” “It's a clown”). For the last
140 seconds, the mother was allowed to do whatever she thought
was needed to help her child be at ease with the stimulus.

SALIVA COLLECTION

Salivary cortisol sampling is a noninvasive and valid way to as-
sess HPA axis activity.®>® All saliva samples were obtained be-
tween 8:05 AM and 12:15 pM during the 19 months of labora-
tory visits. Mothers were instructed not to give their child
anything to eat or drink 20 minutes before each sampling time.
Saliva was collected before and after the unfamiliar situations
(Salivette; Sarstedt, Nuumbrecht, Germany) and stored at -80°C
until analysis. The posttest sample was obtained 20 minutes
after the end of the procedure to capture the peak cortisol re-
sponse.®” All samples were analyzed in a single batch using ra-
dioimmunoassay (Diagnostic Systems Laboratories Inc, Web-
ster, Texas). The technician was blind to the zygosity status of
the samples. Intra-assay variability was less than 10%.

ASSESSMENT OF FA

Familial adversity was assessed to reflect the putative cumu-
lative adverse effects of environmental risk factors on chil-
dren’s adjustment.'® In the present study, an FA index was cre-
ated by combining information about 7 risk factors: maternal
smoking during pregnancy, low birth weight, low family in-
come, low maternal educational level, single parenthood, young
motherhood, and maternal hostile or reactive behaviors. In-
formation about these risk factors was collected prospectively
when the twins were 6 and 19 months of age, allowing changes
in some risk factors (eg, low family income) to be taken into
account. A score of 1 was counted for the presence of each risk
factor at each time. The scores were summed to reflect the cu-
mulative impact of these risk factors over time, assuming equal
weight for each risk factor. The FA score could thus vary from
0to 12. Arisk 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 CaD $20 000
(19.2% and 15.4% at 6 and 19 months, respectively), the mother
had not completed high school (19.0% at both 6 and 19 months),
the twins were not living with both of their biological parents
(5.5% and 11.0% at 6 and 19 months, respectively), and the
mother was younger than 20 years when she gave birth to the
twins (3.2%). Finally, a 7-item, 10-point (0 indicatingnot at all
to 10 indicatingexactly) Likert-type self-report scale was used
at 6 and 19 months to assess the mother’s hostile or reactive
parenting toward the twins (eg, “I have shaken my baby when
he or she was particularly fussy” or “I have lost my temper when
he or she was particularly fussy”) (Cronbach a=0.77 and 0.73
at 6 and 19 months, respectively).** The mother’s scores for both
twins were averaged, and a risk was counted if the maternal hos-
tile or reactive behaviors were above the median.

The resulting FA index was distributed as follows: FA index
of 0, 16.6%; FA index of 1, 21.7%; FA index of 2, 21.9%; FA in-
dex of 3, 16.4%; FA index of 4, 10.0%; FA index of 5, 5.1%; FA
index of 6, 4.5%; FA index of 7, 1.4%; FA index of 8, 0.8%; FA
index 0f 9, 0.5%; FA index of 10, 0.8%; and FA index of 11, 0.3%.
The FA index was then dichotomized for the genetic modeling:
families with an FA index of 4 or above were considered to have
high levels of FA (23.4%), whereas those who scored below 4
were considered to have low levels of FA (76.6%).

Table 1. Raw Cortisol Values and the Ratio of Change
for the Total Sample According to Zygosity and Sex

Mean (SD) Mean (SD)
Baseline Posttest Mean (SD)
Cortisol Cortisol Ratio of
Variable Level, pg/dL Level, pg/dL Change
Monozygotic 0.36 (0.26) 0.35 (0.22) 0.33 (1.08)
twins (n=182) (n=197) (n=163)
Dizygotic twins 0.41 (0.33) 0.38 (0.27) 0.26 (0.97)
(n=284) (n=277) (n=255)
Male twins 0.40 (0.31) 0.37 (0.26) 0.25 (0.96)
(n=234) (n=234) (n=212)
Female twins 0.39 (0.30) 0.37 (0.24) 0.33 (1.08)
(n=232) (n=240) (n=206)
Total sample 0.39 (0.30) 0.37 (0.25) 0.29 (1.07)
(n=466) (n=474) (n=418)

Sl conversion factor: To convert cortisol to nanomoles per liter, multiply
by 27.588.

STATISTICAL ANALYSIS

Areactive cortisol ratio was computed according to the law of ini-
tial values,* which takes into account the dependency of the post-
test values on the initial values. According to the law of initial val-
ues, the change score should be adjusted if the correlation between
the initial value (t1) and the change score (t,-t, or At) is nega-
tive, which was the case (1355=—-0.74; P <.001).9%° A cortisol re-
activity ratio was thus computed by dividing Atby t1." This score
was examined for outliers, defined as values +3 standard devia-
tions from the mean.®”-"*"* Four children (1 monozygotic and 3
dizygotic) were excluded from the subsequent analyses. Cortisol
reactivity ratios were positively skewed and were normalized using
alog transformation before statistical analysis.”

Differences in mean cortisol values according to zygosity
and sex were investigated through analyses of variance. The
association between FA and cortisol reactivity was tested using
a 2-tailed x? test, and multinomial logistic regressions were per-
formed on the discrete patterns of cortisol reactivity. For the
latter, children in the second and third quartiles were clus-
tered as the reference category. All statistical tests, except for
the genetic modeling, were conducted on a subsample com-
posed of only 1 twin, selected at random, per family.

Genetic (A), shared environment (C), and unique environ-
ment (E) contributions were estimated through structural equa-
tion modeling of variance and covariance patterns among mono-
zygotic and dizygotic pairs, using the MX software package.”
All twin pairs were concordant for FA. Models that allowed para-
meters to vary according to FA were compared with models
that constrained parameters to be equal across FA groups. Best
models were selected according to goodness of fit (x* test) and
parsimony indices such as Akaike information criteria (AIC)
and the root mean squared error of approximation (RMSEA).

— T

Table 1 presents means and standard deviations for the
pretest cortisol levels, the posttest cortisol levels, and the
cortisol reactivity ratio for the total sample and as a func-
tion of zygosity and sex. The reactivity ratio did not vary
according to zygosity (F ,11=0.37; P=.54), sex (F;1;=0.98;
P=.32), or ethnicity (ie, white vs other; F; 153=0.08; P=.59).
The time of day when saliva was collected was not associ-
ated with pretest or posttest cortisol levels (pretest:
F1220=0.37; P=.54; posttest: F ,33=1.00; P=.30). The FA
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Figure 1. Distribution of the twins in the lowest, middle, and highest
quartiles of cortisol reactivity according to familial adversity (n=418).

status did not differ across zygosity (x3,11=2.45; P=.29) or
sex (x3,11=2.07; P=.15). Eleven twins were taking steroid
medication occasionally. Since they did not differ signifi-
cantly from the rest of the sample (t,,,=0.36; P=.55) and
excluding them did not affect the results, they were re-
tained in the analyses.

No significant cortisol increase was found overall be-
tween the pretest and the posttest (mean [SD] At=-0.01
[0.35] pg/dL [to convert to nanomoles per liter, multi-
ply by 27.588]), except for those falling in the fourth quar-
tile of the distribution that showed a significant cortisol
increase (At=0.37 [0.26] pg/dL).

FA AND PATTERNS OF CORTISOL REACTIVITY

Adverse environments have been associated with both lower
and higher cortisol reactivity.” We partitioned the sample
into quartiles of cortisol reactivity, allowing for different
associations to emerge at the lower (first quartile) and higher
(fourth quartile) ends of the distribution.'***” Figure 1
presents the distribution in quartiles of cortisol reactivity
for high and low FA (x3,1,=9.86; P=.007).

In the low-FA group, 57.8% of twins fell into the middle
quartiles, whereas 21.1% and 21.1% were assigned to the
first and fourth quartiles, respectively. In the high-FA group,
only 34.0% of twins were in the middle quartiles com-
pared with 40.0% in the highest quartile and 26.0% in the
lowest quartile. With the 2 middle quartiles as the refer-
ence category, multinomial logistic regression analyses re-
vealed that high FA was linked to an increased probabil-
ity of belonging to the highest quartile (Wald statistic=9.17;
P=.007) but not to the lowest quartile of the cortisol re-
activity distribution (Wald statistic=3.10; P=.07).

This pattern of association between cortisol reactiv-
ity and FA remained statistically significant when more
restrictive criteria were used (ie, =5 risk factors)
(x3511=11.01; P=.004) but not when more liberal crite-
ria were used (ie, =3 risk factors) (x3,,=3.97; P=.14).

MONOZYGOTIC-DIZYGOTIC
INTRACLASS CORRELATIONS

Only complete pairs were retained for the genetic analy-
ses, leaving a sample of 170 pairs: 64 monozygotic pairs
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Figure 2. Monozygotic and dizygotic intraclass correlations for cortisol
reactivity according to familial adversity. Sample sizes were as follows: total:
monozygotic, 64 pairs; dizygotic, 106 pairs; low familial adversity: monozygotic,
48 pairs; dizygotic, 81 pairs; high familial adversity: monozygotic, 16 pairs;
dizygotic, 25 pairs.

(31 male pairs and 33 female pairs) and 106 dizygotic
pairs (35 male pairs, 30 female pairs, and 41 different-
sex pairs). Twins who were excluded did not differ from
those selected in cortisol reactivity (F;,1,=0.15; P=.70),
although they tended to experience higher FA (n=221;
X3=3.67; P=.00).

Figure 2 shows the monozygotic and dizygotic intra-
class correlations (ICCs) for cortisol reactivity for the total
sample and according to FA. For the total sample, the ICCs
were moderate to low and the monozygotic-dizygotic dis-
crepancy was small, suggesting low heritability and little
shared environment contributions overall. However, a dif-
ferentiated pattern of monozygotic and dizygotic ICCs
emerged according to FA. For the low-FA group, the mono-
zygotic-dizygotic difference in correlation suggested a mod-
erate genetic contribution, whereas for the high-FA group,
both ICCs were large and of similar magnitude, suggest-
ing a substantial shared environment but no genetic con-
tributions (scatterplots of these monozygotic-dizygotic cor-
relations, as well as those describing the association between
pretest and posttest cortisol, are available on request). The
monozygotic-dizygotic ICCs were also examined for
the pretest cortisol values but did not support any of the
putative models (low FA: monozygotic ICC=0.18 and
dizygotic ICC=-0.11; high FA: monozygotic ICC=0.19
and dizygotic ICC=0.36).

GENETIC AND ENVIRONMENTAL
CONTRIBUTIONS TO CORTISOL REACTIVITY

Model-fitting results for cortisol reactivity are pre-
sented in Table 2. We first examined models assuming
the invariance of parameters across the FA groups (ie,
constraining the parameters to be equal across FA groups
[equal models or EQ]). Models nested within the full
ACE-EQ model were fitted through the elimination of
parameters. Subtracting A deteriorated the fit (model 2:
Ax*=4.11; P=.04), whereas removing C did not (model
3: Ax?=0.00; P>.99). Removing A from model 3 re-
sulted in worse fit (Ax?=21.84; P<<.001), indicating that
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Table 2. ACE Model-Fitting Results of Reactive Cortisol Level According to Familial Adversity
Fit Statistics Estimated Components (95% Cl)
Model I x? df P AIC RMSEA I IGrnup A (¥ E I
Equal FA models
ACE 12.38 9 19 -5.623 0.105 LFA 0.51 (0.02-0.74) 0.00 (0.00-0.34)  0.48 (0.35-0.68)
HFA 0.51 (0.02-0.74) 0.00 (0.00-0.34)  0.48 (0.35-0.68)
GE 16.49 10 .09 -3.509 0.115 LFA 0.32 (0.17-0.50)  0.68 (0.55-0.85)
HFA 0.32 (0.17-0.50)  0.68 (0.55-0.85)
AE 12.38 10 .26 -7.623 0.096 LFA 0.51 (0.30-0.74) 0.48 (0.35-0.68)
HFA 0.51 (0.30-0.74) 0.48 (0.35-0.68)
E 3422 11 <.001 12.216 0.241 LFA 1.00 (0.86-1.00)
HFA 1.00 (0.86-1.00)
Nonequal-equal FA models?@
A;C4E; A,C;E, 5.39 6 .50 -6.612 0.044 LFA 0.40 (0.00-0.69) 0.00 (0.00-0.00)  0.60 (0.41-0.88)
HFA 0.19 (0.00-0.82) 0.42 (0.00-0.82)  0.39 (0.20-0.72)
AE; A,CE, 5.39 7 .61 -8.612 0.030 LFA 0.40 (0.14-0.69) 0.60 (0.41-0.88)
HFA 0.19 (0.00-0.82) 0.42 (0.00-0.82)  0.39 (0.20-0.72)
A{E; C,E, 5.61 8 .69 -10.392 0.025 LFA 0.40 (0.14-0.69) 0.60 (0.41-0.88)
HFA 0.55(0.25-0.82)  0.45 (0.30-0.73)
E, C,E, 14.26 9 1 -3.734 0.083 LFA 1.00 (0.84-1.00)
HFA 0.55(0.25-0.82)  0.45 (0.30-0.73)
A{E; E; 21.10 9 .01 3.104 0.199 LFA 0.40 (0.14-0.69) 0.60 (0.41-0.88)
HFA 1.00 (0.86-1.00)

Abbreviations: A, genetic; AIC, Akaike information criteria; C, shared environment; CI, confidence interval; E, unique environment; FA, familial adversity;
HFA, high—familial adversity group; LFA, low—familial adversity group; RMSEA, root mean squared error of approximation.
aFor the nonequal FA models, the parameters of the LFA are indicated as 1, whereas 2 refers to the HFA parameters.

A was essential to the fit. Consequently, the AE model
was more parsimonious than the general ACE-EQ model,
as confirmed by the AIC criteria. However, the RMSEA
value indicated a weak fit to the data.”

We then tested models allowing the estimates in the
low- and high-FA groups to differ (nonequal models or
NEQ). Again, nested models were fitted through the suc-
cessive elimination of parameters from the full ACE-
NEQ model (model 5). Eliminating C for the low FA
(model 6) or A for the high FA (model 7) did not dete-
riorate the fit (Ax?=0.00 and P>.99 and Ax?*=0.22 and
P=.64, respectively), indicating that they were not use-
ful. However, eliminating A for the low FA (model 8) or
C for the high FA (model 9) weakened the fit (Ax*=8.65
and P=.003 and Ax*=15.49 and P<.001, respectively).
Consequently, model 7 (AE-CE) was considered the best
model among the NEQ models.

In summary, models 3 and 7 were retained according
to their goodness of fit (x* test). Because they were not
nested, these models could not be compared directly using
the x* test. However, based on the AIC and RMSEA val-
ues, model 7 clearly offered the best balance between ex-
planatory power and parsimony (AIC=-10.392 and
RMSEA=0.025) and was thus retained. Specifically, in
low FA, cortisol reactivity was mainly accounted for by
genetic (A=0.40) and unique environmental (E=0.60)
factors, whereas in high FA, both shared (C=0.55) and
unique (E=0.45) environmental factors contributed to
cortisol reactivity. This pattern did not vary as a func-
tion of sex (data not shown).

B COMMENT By

The goals of this study were to examine the genetic and
environmental contributions to cortisol reactivity in a

population-based sample of 19-month-old twins and to
determine whether these contributions varied accord-
ing to FA. Familial adversity was associated with higher
cortisol reactivity to stress. More important, FA moder-
ated the genetic and environmental contributions to cor-
tisol reactivity. In low-FA settings, a condition typical of
most families, both genetic and unique environmental
factors accounted for individual differences in cortisol
reactivity, with genes explaining the similarity observed
among twin pairs. In contrast, with high FA, both shared
and unique environmental factors, but not genetic fac-
tors, accounted for the variance. In the latter case, envi-
ronments shared by twins in the same family explained
their similarity in cortisol reactivity.

These findings are important on many accounts. First,
the findings underscore the importance of FA for the ex-
pression of cortisol reactivity early in life. Previous single-
ton studies®’® had reported an association between dis-
turbed patterns of cortisol reactivity and a variety of
adverse environments, such as parental coercive behav-
iors, neglect, and poverty. However, these studies over-
looked the possible gene-environment interplay in those
associations.

Second, the results reveal for the first time in humans
differential patterns of genetic and environmental contri-
butions to cortisol reactivity as a function of early ad-
verse environmental conditions. These distinct patterns
are consistent with the idea that, in adverse conditions,
environmental factors may have a programming develop-
mental effect on the HPA axis that supersedes genetic fac-
tors. Stressors that provoke prolonged activation of the HPA
axis early in development have been posited to inhibit on-
going neurogenesis, intensify neuronal death, and modify
the localization, sensitivity, and expression of glucocor-
ticoid receptors.’ These changes could lead to long-term
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alterations in HPA axis reactivity over and above genetic
contributions.*®"” Recent animal studies*®>* have pro-
vided evidence that corticosterone reactivity in rodent oft-
spring is mediated by maternal care, not by inherited genes.
This environmental contribution has been shown to op-
erate through an epigenetic programming effect (eg, DNA
methylation) of early maternal care on the offspring’s glu-
cocorticoid receptor gene promoter expression in the hip-
pocampus.” Whether high FA could operate through simi-
lar epigenetic mechanisms is still an open question.” High
FA could also influence cortisol reactivity through its im-
pact on immature corticolimbic structures and path-
ways.® Clearly, the mechanisms underlying possible early
FA effects on stress reactivity among primates should be
investigated further.

Third and more generally, the pattern of findings of
the present study is consistent with the average expect-
able environment view of development.**” According to
this view, environments within the normal range are re-
quired for species-normal development but are of little
value for understanding individual differences within that
range. Rather, individual variations among children reared
in those environments develop from genetic variation and
individually experienced (ie, unique) environments,
which was the case for most of our sample according to
the criteria we used. The average expectable environ-
ment notion does not define the threshold of risk above
which normal development may be jeopardized.®® How-
ever, it is noteworthy that the range of environments cov-
ered in this sample was sufficient to reveal a different role
of G and E along the continuum of FA. Similar findings
suggesting low heritability of traits in the presence of so-
cial disadvantage have been reported in association with
1Q® and physical health.®

Fourth, on a more practical level, the finding of a dif-
fering heritability of cortisol reactivity as a function of
FA has implications for association studies aimed at iden-
tifying quantitative trait loci. The search for genetic vari-
ants underlying complex phenotypes, such as HPA axis
reactivity, has revealed mixed results and lack of repli-
cation.®*®* The present study suggests that early FA may
confound the association between specified polymor-
phisms and cortisol reactivity: some polymorphisms may
be relevant to cortisol reactivity for persons exposed to
low FA in their childhood® although not otherwise in-
formative for their counterparts confronted with more
adverse circumstances.

Fifth, given the predictive association between corti-
sol reactivity and a variety of stress-related disorders (eg,
depression, anxiety, and posttraumatic stress disorder),%
the present findings may also have implications for clini-
cal research and practice. They point to the relevance of
planning, implementing, and assessing early preventive in-
terventions aimed at reducing early cortisol reactivity
through their mitigation of multiple FA factors in fami-
lies most at risk. They also suggest that these early pre-
ventive interventions should start during pregnancy, at a
time when some of the risk factors may already operate.
In addition, they signal that children from families at high
environmental risk, who are more likely to show high cor-
tisol reactivity, may also benefit from most of the inter-
ventions aimed at reducing the environmental risks. Fi-

nally, they suggest that intervention models should be based
on etiologic models of stress that take into account gene
and environment interplay. However, because the mecha-
nisms underlying possible early FA effects on stress reac-
tivity are not well documented yet, they should be inves-
tigated further to more precisely establish etiologic
pathways and guide preventive interventions. Early pre-
ventive trials may genuinely contribute to this endeavor
by experimentally testing specific hypotheses regarding pu-
tative etiologic factors and mechanisms.

At least 5 features of the study may have constrained
the findings. First, the cortisol reactivity index was
based on single pretest and posttest saliva samples. In
most infants, cortisol response peaks 20 minutes after
stress induction, but marked individual variability exists
around that point.®” Multiple poststress samples may
have yielded more reliable assessments of cortisol reac-
tivity and stronger estimates of both genetic and shared-
environmental contributions.

Second, for ethical reasons, a rather mild yet devel-
opmentally relevant stressful situation was used,’ re-
sulting in an absence of increase in cortisol overall. This
lack of increase is consistent with previous studies® that
used similar procedures with this age group. Unfamiliar
situations do not consistently produce significant in-
creases in cortisol for all children™ but rather delineate
individual differences in cortisol response to mild stress-
ors. 648990 Ag sugoested by the large variability in the re-
activity index, the unfamiliar situations were stressful for
some but not for others. Many factors may have ac-
counted for this general lack of increase in cortisol, in-
cluding an already high level of cortisol before testing
because of the laboratory context, the countereffect of
the circadian downward trend of circulating cortisol in
the morning, and the calming presence of the mother
throughout the stress paradigm.’®!

Third, the present investigation of a population-
based sample implied that extreme levels of FA were rare.
Whether the findings generalize to the far end of the spec-
trum of FA is open to question. The fact that significant
results were revealed despite this reduced variability in
FA suggests that they are fairly robust across a consid-
erable range of experience.

Fourth, maternal hostile or reactive behaviors relied
on self-report and may have been influenced by social
desirability despite the use of contextualized items (ie,
the child’s difficult behaviors).?>** Fifth, because FA
was conceptualized as a family-level variable, it was not
possible to clearly establish whether it was genuinely
environmental or genetically mediated. Future studies
should investigate further the nature of this gene-envi-
ronment interplay by examining environmental fea-
tures that are proximal to the child while showing
within-family variation.*

In conclusion, the present study was the first to re-
veal distinct patterns of genetic and environmental con-
tributions to early cortisol reactivity according to FA; early
in life, genes may partly account for cortisol reactivity
with low adversity, and adverse environments may have
a programming developmental effect on cortisol reactiv-
ity. Clearly, these conditional contributions of adversity
and genetic factors need to be replicated in larger samples
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and further explored with respect to their timing and du-
ration. It will also be important to determine whether they
are germane to other aspects of emotion regulation. The
mechanisms underlying this putative programming de-
velopmental effect of early environment should be docu-
mented to understand the early plasticity of stress-
related brain structures and how they relate to later
vulnerabilities and to resilience to stress and stress-
related diseases, with the goal of proposing valid av-
enues to preventive intervention.
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