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Abstract
Given the long-lasting detrimental effects of internalizing symptoms, there is great 
need for detecting early risk markers. One promising marker is freezing behavior. 
Whereas initial freezing reactions are essential for coping with threat, prolonged 
freezing has been associated with internalizing psychopathology. However, it re-
mains unknown whether early life alterations in freezing reactions predict changes in 
internalizing symptoms during adolescent development. In a longitudinal study 
(N = 116), we tested prospectively whether observed freezing in infancy predicted 
the development of internalizing symptoms from childhood through late adolescence 
(until age 17). Both longer and absent infant freezing behavior during a standard chal-
lenge (robot-confrontation task) were associated with internalizing symptoms in ado-
lescence. Specifically, absent infant freezing predicted a relative increase in 
internalizing symptoms consistently across development from relatively low symp-
tom levels in childhood to relatively high levels in late adolescence. Longer infant 
freezing also predicted a relative increase in internalizing symptoms, but only up until 
early adolescence. This latter effect was moderated by peer stress and was followed 
by a later decrease in internalizing symptoms. The findings suggest that early devia-
tions in defensive freezing responses signal risk for internalizing symptoms and may 
constitute important markers in future stress vulnerability and resilience studies.
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1  | INTRODUC TION

Freezing, characterized by bodily immobility and decreased heart 
rate, is one of the most common defensive reactions to threaten-
ing situations, widely observed across species. This parasympatheti-
cally dominated temporary break on the motor system is known 
to promote selection of adequate coping reactions by facilitating 
perception, risk assessment, and action preparation (Blanchard, 
2017; Kozlowska, Walker, McLean, & Carrive, 2015; Roelofs, 2017). 
Alterations in this basic defensive stress reaction have been linked 
to long-lasting internalizing symptoms (i.e., signs of anxiety and de-
pression) in animals (Kalin & Shelton, 2003; Qi et al., 2010). Recent 
cross-sectional studies have confirmed the association between pro-
longed freezing and internalizing symptoms in humans (Kozlowska 
et al., 2015; Niermann et al., 2017). Although objective, early life 
risk markers are needed, the predictive value of early alterations in 
freezing for the later development of internalizing symptoms is not 
known. Therefore, this study examined prospectively whether and 
how alterations in infant freezing predict the development of inter-
nalizing symptoms from childhood into late adolescence.

The tendency to reduce activity when exposed to threat 
has been observed frequently in infants (Buss, Davidson, Kalin, 
& Goldsmith, 2004). Given the relative helplessness of infants, 
this reduced activity may represent an important coping re-
sponse even to mildly threatening situations. Freezing is likely  
generated by midbrain serotonin-mediated projections, specif-
ically amygdala-periaqueductal gray projections to the medulla 
and spinal cord (Roelofs, 2017). Whereas immediate freezing in 
threatening situations is considered adaptive, prolonged freezing 
can be a sign of reduced flexibility to respond to environmen-
tal changes and has been suggested to prevent adequate stress 
coping (Buss & Larson, 2000; Hagenaars, Oitzl, & Roelofs, 2014). 
Indeed, animal work has shown that freezing is related to more 
complex approach-avoidance decision making and has been asso-
ciated with subsequent decisions towards avoidance (Campese, 
McCue, Lázaro-Muñoz, LeDoux, & Cain, 2013). This is relevant 
as avoidance is the main maintaining and perhaps even causal 
factor of internalizing symptoms (Craske, 2003). Recent human 
work mainly in adults also has shown that prolonged freezing—or 
poor recovery from an initial freezing response—predicts subse-
quent instrumental avoidance responses (Ly, Huys, Stins, Roelofs, 
& Cools, 2014; Ly et al., 2016) and is associated with increased 
internalizing symptoms (Kozlowska et al., 2015; Niermann et al., 
2017). Therefore, we hypothesized that freezing is adaptive, but 
that alterations in this defensive response early in life—in the form 
of longer freezing—will predict increasing levels of internalizing 
symptoms in childhood to late adolescence. In addition, given 
emerging evidence for a proposed nonlinear association between 
freezing and psychopathology (Fragkaki, Roelofs, Stins, Jongedijk, 
& Hagenaars, 2017), we also explored potential detrimental out-
comes associated with reduced freezing behavior: Absence of 
or reduced freezing—in a context where freezing is a typical re-
sponse in most individuals—may reflect maladaptive stress coping, 

which in turn could be related to internalizing symptoms as well 
(Adenauer, Catani, Keil, Aichinger, & Neuner, 2010; Fragkaki et al., 
2017; Stoffels, Nijs, Spinhoven, Mesbah, & Hagenaars, 2017).

The freezing response shows high heritability and stability in 
animals and humans (Niermann, Figner, Tyborowska, Cillessen, 
& Roelofs, 2018), but is also sensitive to stress (Rogers, Shelton, 
Shelledy, Garcia, & Kalin, 2008). Accordingly, human diathesis–
stress models propose that individuals’ vulnerability in the form of 
altered freezing leads to internalizing symptoms, particularly when 
vulnerable individuals are exposed to stressful life circumstances 
(e.g., Zuckerman, 1999). Poor quality of relationships with parents 
and peers highly impact the developing individual (Sebastian, Viding, 
Williams, & Blakemore, 2010). Therefore, our second hypothesis 
was that these social stress factors would further strengthen the 
association between altered infant freezing and the development of 
internalizing symptoms.

Finally, in line with the role of serotonin in freezing, genetic vari-
ation in the gene encoding the serotonin transporter (SLC6A4) has 
been associated with altered freezing and increased vulnerability 
to develop internalizing symptoms in animals (Bethea et al., 2004; 
Homberg, 2012). In humans, variations in SLC6A4/5-HTT/SERT have 
been linked to depression, especially in conjunction with stress 
(Bleys, Luyten, Soenens, & Claes, 2018). We therefore explored 
whether individuals carrying depression-risk alleles of the functional 
variant in SLC6A4/5-HTT/SERT (called 5-HTTLPR) display alterations 
in freezing responses as infants.

We tested our hypotheses prospectively in a longitudinal study 
(e.g., Niermann et al., 2015; van Bakel & Riksen-Walraven, 2002) 
that allowed us to relate systematic observations of freezing in 
15-month-old infants to internalizing symptoms across development 
into late adolescence (ages 5, 9, 12, 14, and 17).

Highlights

•	 This prospective longitudinal study investigated 
whether and how deviations in infant freezing predict 
changes in internalizing symptoms from childhood into 
late adolescence.

•	 Deviations in infant freezing—both absent and longer 
freezing—were associated with relative increases in in-
ternalizing symptoms.

•	 Whereas absent infant freezing predicted a continuous 
increase from relatively low to relatively high internaliz-
ing symptoms up until late adolescence, longer infant 
freezing predicted increased internalizing symptoms 
during early adolescence only.

•	 Early deviations in freezing may mark an individual’s risk 
to develop internalizing symptoms and may be impor-
tant to consider in future stress vulnerability and resil-
ience studies.
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2  | METHOD

2.1 | Participants

Participants were part of the Nijmegen Longitudinal Study (NLS), 
which started in 1998 with a community-based sample of 129 
infants at 15 months of age (48% females, Mage = 14.88 months, 
SD = 0.25, rangeage: 14.37–15.42) recruited via health care cent-
ers in Nijmegen (the Netherlands). The children and their families 
were followed every 2–3 years (Table 1) and were representative 
of the Dutch population (for recruitment and family character-
istics, see van Bakel and Riksen-Walraven (2002)). Participants 
were excluded from analyses (n = 13) if there was no videotape 
material (i.e., infant was not confronted with the situation used 
to assess infant freezing behavior), if infant freezing could not be 
reliably assessed (e.g., due to poor video quality, over-involvement 
of primary caregiver, infant tiredness), and/or if self- and parent-
reported internalizing data were lacking. Some participants had no 
self-reported (n = 4) or parent-reported (n = 1) internalizing data, 
resulting in sample sizes of 112 participants (46% females) for the 
self-reported internalizing analyses and 115 participants (46% 
females) for the parent-reported internalizing analyses. Genetic 
data on 5-HTTLPR, a functional polymorphism in the regulatory 
region of SLC6A4, was available for 95 of the 116 participants 
included in current analyses. Here, we also included information 
on a functional single nucleotide polymorphism in 5-HTTLPR, 
rs25531, resulting in the genotype-groups: (a) L′-homozygotes 
(LA/LA): n = 27; (b) L′/S′-heterozygotes (LA/S, LA/LG): n = 47; (c) S′-
homozygotes (LG/LG, S/LG, S/S): n = 21 (procedures of collection 
and isolation of genetic material, as well as of genotyping are de-
scribed in Supporting Information Appendix S1). For information 
on socioeconomic status and attrition analyses, see Supporting 
Information Appendix S2. Prior to participation, parents gave in-
formed consent, later accompanied by children’s informed assent. 
Participants received either a small gift or were financially reim-
bursed for participation. The study was approved by the local eth-
ics committee (CMO region Arnhem-Nijmegen, the Netherlands).

2.2 | Procedures and measures

2.2.1 | Infant freezing

Freezing behavior at 15 months was assessed from videotapes re-
corded during a robot-confrontation paradigm, which was adapted 
from Mullen, Snidman, and Kagan (1993) and has been previously 
described for the NLS by van Bakel and Riksen-Walraven (2004). 
During this 3-min paradigm, participants were confronted with a 
colorful mechanical robot (Supporting Information Appendix S3). 
Freezing was defined as a marked decrease in activity lasting for ≥3 s 
with little or no bodily movement (Buss et al., 2004) combined with 
no vocalization (Kalin & Shelton, 1989). A trained coder watched 
all videos and coded the duration of each freezing episode using a 
stopwatch. Reliability was determined based on having 22% of the 

videotapes coded by a second trained coder, resulting in a moderate-
to-good intra-class correlation of 0.76, 95% CI [0.66, 0.83].

Total scores were created by summing the duration of an infant’s 
freezing episodes. To control for slight variations in time of exposure 
to the robot, proportion scores were computed by dividing the total 
duration of freezing by the total duration that the infant experienced 
the situation (M = 0.11, SD = 0.10, range: 0.00–0.41; see Supporting 
Information Appendix S3 for more descriptive information on infant 
freezing). Infant freezing showed only weak to moderate associa-
tions with other temperamental fearfulness measures, suggesting 
that freezing can be considered as a partially separate construct (see 
Supporting Information Appendix S3 and Table S1).1

2.2.2 | Self-reported internalizing symptoms

Because self-reflection on internalizing symptoms may change 
with development, age-appropriate measures of anxiety and de-
pression were selected to reliably assess internalizing symptoms 
at ages 9, 12, 14, and 17 (Table 1; see Supporting Information 
Appendix S5 for justification, validity, and reliability of the meas-
ures). To arrive at one score for internalizing symptoms per age 
and to deal with the missing values at the item and scale levels, 
we computed compound scores as follows: First, we calculated 
an average score separately for anxiety and depression per age. 
If a participant missed single items on a particular questionnaire 
(n = 12), we computed the average raw score from the non-missing 
items for this specific participant. Next, we standardized, for all 
participants, these average scores of anxiety and depression per 
age and averaged the anxiety and depression scores to combine 
them into one single score of internalizing symptoms per age 
(Cherlin, Chase-Lansdale, & McRae, 1998; Haselager, Cillessen, 
van Lieshout, Riksen-Walraven, & Hartup, 2002). If a participant 
missed a full questionnaire at a certain age (n = 25)2, the internal-
izing score for that specific participant at that specific age was 
based on the non-missing questionnaire. Higher scores indicated 
more self-reported internalizing symptoms. Some participants 
missed internalizing symptom scores at some of the four assess-
ment points: 23% missed one, 13% missed two, and 4% missed 
three. The final self-reported internalizing scores were positively 
pairwise correlated across age (rs between 0.33 and 0.57, all 
ps < 0.01), except between ages 9 and 14 (r = 0.22, p = 0.061, 95% 
CI [−0.01, 0.43]), and between 9 and 17 (r = 0.14, p = 0.224, 95% 
CI [−0.08, 0.34]).

2.2.3 | Parent-reported internalizing symptoms

For parent-reported internalizing symptoms we used the internal-
izing subscale of the Child Behavior Checklist (CBCL; Achenbach, 
1991) at ages 5, 9, 12, 14, and 17, using age-appropriate ver-
sions (Table 1; Supporting Information Appendix S6). To account 
for different numbers of items in each version, we calculated 
an average overall score per age. Higher scores reflected more 
parent-reported internalizing symptoms. Similar to self-report 



4 of 10  |     NIERMANN et al.

TA
B
LE
 1
 
D
es
cr
ip
tiv
e 
in
fo
rm
at
io
n 
fo
r a
ge
, a
nd
 (s
el
f-
 a
nd
 p
ar
en
t-
re
po
rt
ed
) i
nt
er
na
liz
in
g 
sy
m
pt
om
s 
at
 a
ge
s 
5,
 9
, 1
2,
 1
4,
 a
nd
 1
7.

A
ge

 5
A

ge
 9

A
ge

 1
2

A
ge

 1
4

A
ge

 1
7

M
ag

e (
SD
)

5.
32
 (0
.1
4)

8.
98
 (0
.2
2)

12
.6
0 
(0
.1
7)

14
.6
9 
(0
.1
7)

17
.2
0 
(0
.1
5)

Ra
ng

e ag
e

4.
38
–5
.8
7

8.
01
–1
0.
01

12
.1
8–
13
.0
1

14
.4
6–
15
.2
3

16
.8
4–
17
.7
1

Se
lf-

re
po

rt
ed

 
in

te
rn

al
iz

in
g 

sy
m

pt
om

s:
 

SD
IC

RC
M

A
S

CD
I

CD
I

SA
S

SC
L-

90
-R

 
A

nx
ie

ty
SC

L-
90

-R
 

D
ep

re
ss

io
n

SC
L-

90
-R

 
So

m
at

ic
SA

S

M
 (S

D
)

2.
02
 (2
.2
5)

1.
22
 (1
.5
1)

6.
56
 (4
.8
5)

6.
84
 (4
.6
5)

39
.9
7 
(1
2.
26
)

14
.7
4 
(5
.2
6)

26
.2
7 
(1
0.
43
)

20
.4
5 
(7
.6
5)

39
.3
0 
(1
1.
67
)

Ra
ng

e
0–
9

0–
6

0–
24

0–
20

18
–7
0

10
–3
7

16
–7
0.
4

12
–5
1

18
–7
5

α
.7
8

.7
0

.8
2

.8
1

.9
4

.8
4

.9
1

.8
7

.9
3

N
 (m
is
si
ng
)

94
 (1
8)

10
4 
(8
)

81
 (3
1)

98
 (1
4)

Pa
re

nt
-

re
po

rt
ed

 
in

te
rn

al
iz

in
g 

sy
m

pt
om

s:
 

CB
CL

 4
-1

8
CB

CL
 6

-1
8

CB
CL

 6
-1

8
CB

CL
 6

-1
8

CB
CL

 4
-1

8
CB

CL
 6

-1
8

M
 (S

D
)

5.
28
 (4
.1
4)

6.
16
 (4
.9
3)

6.
54
 (5
.0
2)

7.
26
 (6
.6
5)

6.
14
 (6
.2
9)

8.
57
 (7
.9
8)

Ra
ng

e
0–
25

0–
25

0–
26

0–
33

0–
29

2–
23

α
.7

6
.8
1

.7
9

.8
8

.8
8

.8
9

N
 (m
is
si
ng
)

11
0 
(5
)

97
 (1
8)

10
1 
(1
4)

81
 (3
4)

10
0 
(1
5)

N
ot

es
. M
ea
n,
 S
D
, a
nd
 ra
ng
e 
of
 to
ta
l s
co
re
s 
of
 s
el
f-
 a
nd
 p
ar
en
t-
re
po
rt
ed
 in
te
rn
al
iz
in
g 
sy
m
pt
om
s 
ar
e 
re
po
rt
ed
. T
o 
es
tim
at
e 
pa
rt
ic
ip
an
ts
’ t
ot
al
 s
co
re
s 
fo
r e
ac
h 
an
xi
et
y 
an
d 
de
pr
es
si
on
 s
ca
le
 p
er
 a
ge
, w
e 
m
ul
ti-

pl
ie
d 
pa
rt
ic
ip
an
ts
’ a
ve
ra
ge
 s
co
re
 w
ith
 th
e 
nu
m
be
r o
f i
te
m
s 
of
 th
e 
co
rr
es
po
nd
in
g 
sc
al
e,
 th
er
eb
y 
ta
ki
ng
 m
is
si
ng
 it
em
s 
in
to
 a
cc
ou
nt
. A
t a
ge
 1
2,
 o
nl
y 
a 
de
pr
es
si
on
 b
ut
 n
o 
an
xi
et
y 
se
lf-
re
po
rt
 q
ue
st
io
nn
ai
re
 w
as
 

ad
m
in
is
te
re
d.
 S
D
IC
 =
 S
ho
rt
 D
ep
re
ss
io
n 
In
ve
nt
or
y 
fo
r C
hi
ld
re
n;
 R
C
M
A
S 
= 
sh
or
te
ne
d 
ve
rs
io
n 
of
 th
e 
Re
vi
se
d 
C
hi
ld
re
n’
s 
M
an
ife
st
 A
nx
ie
ty
 S
ca
le
; C
D
I =
 C
hi
ld
re
n’
s 
D
ep
re
ss
io
n 
In
ve
nt
or
y;
 S
A
S 
= 
So
ci
al
 A
nx
ie
ty
 

Sc
al
e 
fo
r 
A
do
le
sc
en
ce
; S
C
L-
90
-R
 =
 a
nx
ie
ty
, d
ep
re
ss
io
n,
 a
nd
 s
om
at
ic
 c
om
pl
ai
nt
s 
su
bs
ca
le
s 
of
 t
he
 S
ym
pt
om
 C
he
ck
lis
t-9
0-
R;
 C
BC
L 
4-
18
 =
 C
hi
ld
 B
eh
av
io
r 
C
he
ck
lis
t 
fo
r 
4-
18
-y
ea
r-
ol
ds
; C
BC
L 
6-
18
 =
 C
hi
ld
 

Be
ha
vi
or
 C
he
ck
lis
t f
or
 6
-1
8-
ye
ar
-o
ld
s.



     |  5 of 10NIERMANN et al.

procedures, we determined an adjusted average score for par-
ticipants who missed single items per age (n = 5). Contrary to self-
reported procedures, standardization per age was not required, 
as the same questionnaire (CBCL) with the same answer scale 
(0–2) was used across all ages.3 Parent-reported internalizing 
symptoms were positively pairwise correlated across age (rs be-
tween 0.33 and 0.64, all ps < 0.01), except between ages 5 and 
14 (r = 0.14, p = 0.213, 95% CI [−0.08, 0.35]), and between 5 and 
17 (r = 0.20, p = 0.052, 95% CI [−0.002, 0.38]). Some participants 
missed the internalizing symptoms at some of the five assessment 
points: 23% missed one, 11% missed two, 5% missed three, and 
3% missed four. Parent- and self-reported internalizing symptoms 
were correlated with each other at ages 9 (r = 0.31, p = 0.005, 
95% CI [0.10, 0.49]), 14 (r = 0.37, p = 0.001, 95% CI [0.17, 0.55]), 
and 17 (r = 0.34, p = 0.001, 95% CI [0.15, 0.51]), but not at age 12 
(r = 0.00, p > 0.250, 95% CI [−0.20, 0.19]).

2.2.4 | Parental stress

Structured parent–child interactions were assessed for the quality 
of parental behavior to indicate parental stress at 15 months, 2.5, 
5, 7, and 12 years of age (Niermann et al., 2015). Trained observers 
rated the age-appropriate parent–child interactions on five-seven-
point scales (Erickson, Sroufe, & Egeland, 1985): (a) supportive 
presence/provision of emotional support, (b) respect for the child’s 
autonomy/non-intrusiveness, (c) effective structure/limit-setting, (d) 
quality of instructions, (e) hostility. We reversed the hostility scores, 

standardized each scale per age, and summed these scales to ob-
tain one score of parental stress per age. Higher scores indicated 
lower parental stress. As these total scores were positively corre-
lated between ages (rs between 0.39 and 0.63, p < 0.001), they were 
averaged to one overall score of parental stress. Missing data (14% 
missed one, 5% missed two, 3% missed three, 1% missed four meas-
urement points) were handled by computing an average score from 
the non-missing observations.

2.2.5 | Peer stress

Social preference by peers was assessed at ages 9, 12, 13, and 
16 to indicate peer stress (van den Berg, Burk, & Cillessen, 2014). 
Using a well-established sociometric approach, participants and 
their classmates were asked to nominate classmates (excluding 
self-nominations) whom they liked most and whom they liked least. 
For each question, number of nominations received was counted 
and standardized within classrooms. A score for social preference 
was computed per age as the difference between the standardized 
most-liked and least-liked scores, and again standardized within 
classrooms. As these scores were positively correlated across age 
(rs between 0.26 and 0.63, p < 0.05), an average overall score of 
peer preference across age was calculated, with lower scores in-
dicating being more disliked, so higher levels of peer stress. Good 
reliability and high stability of peer preference scores have been 
established previously (Jiang & Cillessen, 2005). Missing values 
(25% missed one, 14% missed two, 4% missed three measurement 

F IGURE  1 Model-based changes in self-reported internalizing symptoms at ages 9, 12, 14, and 17 as a function of infant freezing 
and peer preference (no freezing/low preference [1 SD below mean]; medium freezing/medium preference [M = 0]; longer freezing/high 
preference [1 SD above mean]). Whereas absent infant freezing was predictive of a continuous increase from relatively low to relatively high 
internalizing symptoms up until late adolescence (a), longer freezing was only related to relative increases in internalizing symptoms during 
early adolescence as a function of low peer preference, a pattern which decreased with age (c). Medium infant freezing was not predictive of 
alterations in internalizing symptoms (b). Standardized scores were used for self-reported internalizing symptoms

(a) (b) (c)
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points) were handled in a similar way as parental stress. Two par-
ticipants were excluded from the social environment analyses for 
parent-reported and one for self-reported internalizing symptoms 
because they missed all peer preference scores.

2.3 | Statistical analyses

All analyses were conducted in R (version 3.3.2; R Core Team, 2016). 
To investigate the effect of infant freezing on changes in internaliz-
ing symptoms, we used a linear mixed-effects model approach (lmer 
function; lme4 package; Bates, Maechler, Bolker, & Walker, 2015). 
We conducted two linear mixed-effects models, including either 
self-  or parent-reported internalizing symptoms as the dependent 
variable, and infant freezing as the independent variable. Also each 
model examined the polynomial (linear and quadratic) effects of age 
as a main effect and in interaction with infant freezing on internal-
izing symptoms. An advantage of linear mixed-effects models is that 
they can use all available data of the dependent variable of inter-
nalizing symptoms, even when some observations for some partici-
pants are missing. For detailed information on statistical analyses, 
see Supporting Information Appendix S7. To examine whether the 
experience of parental and/or peer stress moderated the association 
between infant freezing and relative changes in internalizing symp-
toms, we included parental and peer stress in the models each as 
main effect, as well as in two-way and three-way interactions with 
infant freezing and the linear and quadratic effects of age. Finally, we 
explored the role of 5-HTTLPR/rs25531 genotype in infant freezing. 
We used ranked-based regressions from the Rfit package (Kloke & 
Mckean, 2012) to deal with the constrained distribution (between 0 
and 1) of infant freezing.

3  | RESULTS

The mixed-effects model for self-reported internalizing symp-
toms resulted in interactions between linear age × infant freezing, 
χ2(1) = 7.41, p = 0.007, 95% CI [−0.04, −0.01] and quadratic age × in-
fant freezing, χ2(1) = 8.38, p = 0.007, 95% CI [−0.04, −0.01]. These 
interaction effects suggest that individuals’ levels of infant freezing 
positively predicted increases in internalizing symptoms relative to 
others4 in the sample during early adolescence (Figure 1). However, 
during late adolescence, higher infant freezing predicted relatively 
decreasing levels of internalizing symptoms. More specifically, indi-
viduals showing longer infant freezing behavior (1 SD above mean) 
showed more internalizing symptoms relative to others at age 12, 
but later showed relatively fewer internalizing symptoms (Figure 1c). 
In contrast, individuals who showed no5 infant freezing (1 SD below 
mean) displayed relatively fewer internalizing symptoms across ado-
lescence before age 17. At age 17, they tended to report more symp-
toms than their peers (Figure 1a). Individuals with medium infant 
freezing (M = 0) showed no changes in their internalizing symptoms 
across age (Figure 1b; see Supporting Information Table S4 for re-
sults of the full model).

All reported effects remained when controlling for gender and 
externalizing symptoms (Supporting Information Appendices S9 
and S10; Tables S4 and S6), and when predicting self-reported de-
pressive and anxiety symptoms separately, except for the quadratic 
age × infant freezing interaction for self-reported anxiety symptoms. 
The absence of this latter effect likely results from the fact that the 
anxiety measurement at age 12 was missing (Supporting Information 
Appendix S11; Tables S7 and S8; Figure S2).

3.1 | Infant freezing and social environment

To test whether social environment moderated the effects of freez-
ing on self-reported internalizing symptoms, we added parental 
and peer stress to the model. The results showed similar interac-
tions for linear and quadratic age × infant freezing, χ2(1) = 9.12, 
p = 0.006, 95% CI [−0.04, −0.01] and χ2(1) = 10.11, p = 0.002, 95% 
CI [−0.04, −0.01], respectively, replicating the effects just reported. 
Most critically, we observed a three-way interaction for peer pref-
erence × quadratic age × infant freezing, χ2(1) = 5.78, p = 0.020, 
95% CI [0.003, 0.03]. This three-way interaction was interpreted 
based on Figure 1, illustrating model-based predictions. It suggests 
that only those youths who exhibited longer infant freezing behav-
ior (1 SD above mean) and were disliked by their peers (1 SD below 
mean) displayed relatively higher internalizing symptoms at ages 12 
and 14 (Figure 1c). In contrast, the above-reported relative increase 
in internalizing symptoms across adolescence in individuals with no 
infant freezing behavior (1 SD below mean) occurred irrespective of 
being liked or disliked by their peers (Figure 1a). Similarly, the ab-
sence of differences in internalizing symptoms across age in indi-
viduals with medium infant freezing (M = 0) remained, irrespective 
of being liked or disliked by their peers (Figure 1b). We observed no 
moderating effect for parental stress (parental stress × quadratic 
age × infant freezing), χ2(1) = 1.69, p = 0.213, 95% CI [−0.01, 0.03]. 
For results of the full model, see Supporting Information Table S4. 
As before, all reported effects remained when controlling for exter-
nalizing symptoms (Supporting Information Appendix S10; Table S6) 
and when predicting self-reported depressive and anxiety symptoms 
separately (Supporting Information Appendix S11; Tables S7 and S8).

Infant freezing did not predict changes in parent-reported inter-
nalizing symptoms and was not moderated by parental or peer stress 
(Supporting Information Appendix S8; Table S5).

3.2 | Serotonin transporter gene polymorphism

We explored the role of genetic variation in serotonin signaling in 
deviant freezing, as seen in animals (Homberg, 2012). First, we ex-
plored whether 5-HTTLPR/rs25531 genotype (S′-homozygotes vs 
L′-carriers [L′/L′ and L′/S′ combined]) could predict infant freezing in 
a linear fashion, which was not the case (estimate = 0.00, t = −0.04, 
p > 0.250). Then, we tested for an association with deviant freez-
ing in both (extremely low and high) directions. We used centered 
freezing scores to compute participants’ absolute score as the de-
gree to which they deviated from the mean. Therefore, a higher 



     |  7 of 10NIERMANN et al.

score (more deviant freezing) reflected either absent or excessively 
long freezing. This model confirmed that S′-homozygotes showed 
more deviant freezing behavior when compared with L′-carriers 
(estimate = −0.01, t = −2.55, p = 0.012; Supporting Information 
Figure S3). This result remained when controlling for gender 
(5-HTTLPR/rs25531: estimate = −0.01, t = −2.47, p = 0.015; gen-
der: estimate = 0.00, t = −0.42, p > 0.250). However, we observed 
no main effect of 5-HTTLPR/rs25531, when 5-HTTLPR/rs25531 
was coded as a predictor with three levels (S /́S ,́ Ĺ /Ĺ , Ĺ /S -́carriers; 
F(2, 92) = 2.11, p = 0.127). Finally, we checked whether genotype 
(S -́homozygotes vs Ĺ -carriers) moderated the association between 
deviant freezing and participants’ peak in self-reported internaliz-
ing symptoms. This was not the case. Nonetheless, the effect of 
deviant freezing on internalizing symptoms remained (Supporting 
Information Appendix S12).

4  | DISCUSSION

The aim of this study was to investigate whether early signs of alter-
ations in freezing behavior predict changes in the relative develop-
ment of internalizing symptoms. The results suggest that deviations 
in infant freezing—both longer and absent freezing—were associated 
with relative increases in self-reported internalizing symptoms at 
different ages during adolescence. Specifically, absent infant freez-
ing predicted a relative increase in internalizing symptoms consist-
ently across development, from relatively low symptom levels in 
childhood to relatively high levels in late adolescence. Longer infant 
freezing also predicted a relative increase in internalizing symptoms 
but only until early adolescence; this pattern was moderated by 
peer stress and was followed by a decrease afterwards. In light of 
the stability and conceptualization of freezing as a trait (Buss et al. 
(2004); Rogers et al. (2008); but see also Niermann et al. (2018)) as 
well as in light of the current observation of deviant freezing in S′-
homozygotes of 5-HTTPLR/rs25531, our findings suggest that devi-
ant infant freezing—both longer and absent freezing—may signal risk 
for the development of internalizing symptoms.

Previous work indicated that freezing in low-risk contexts pre-
dicts heightened stress responding, which is a potential risk for in-
ternalizing symptoms (Buss & McDoniel, 2016). We extended these 
findings in three ways. Our results suggest that (a) threat-related 
freezing is also informative of developing internalizing symptoms, 
(b) not only increased but also absent freezing predicts internaliz-
ing symptoms, and (c) different types of deviant (longer vs absent) 
freezing predict different time-varying patterns of internalizing 
symptoms across age.

Our finding of increasing internalizing symptoms across devel-
opment for individuals showing no infant freezing may at first seem 
surprising. It is, however, consistent with the notion that freezing 
is an adaptive response, facilitating perception, decision-making, 
and action preparation in threatening situations (Blanchard, 2017; 
Kozlowska et al., 2015; Roelofs, 2017). It is also in line with neu-
rochemical theories suggesting that a decrease in inhibition in an 

aversive context may be a mechanism contributing to the develop-
ment of affective disorders (Dayan & Huys, 2009). This phenomenon 
of aversive disinhibition and excessive forms of inhibition, likewise, 
have been associated with altered serotonin signaling (due to de-
pletion or genetic predisposition; Dayan & Huys, 2009). In line with 
this work, our explorative analysis suggests that S′-homozygotes 
of 5-HTTLPR/rs25531 show more deviant freezing than L′-carriers. 
This finding suggests a similar genetic basis of alterations in human 
freezing as previously reported for animals (Bethea et al., 2004; 
Homberg, 2012). However, 5-HTTLPR/rs25531 polymorphism did 
not moderate the association between freezing and internalizing 
symptoms in this study, suggesting that freezing—although related 
to 5-HTTLPR/rs25531—is independently associated with internaliz-
ing symptoms. This is in line with the observation of inconsistent 
meta-analytic findings of 5-HTTLPR on internalizing symptoms 
(Bleys et al., 2018; Culverhouse et al., 2018).

Our finding of increasing internalizing symptoms in individuals 
with higher infant freezing is consistent with previous notions that 
reduced ability to recover from an initial freezing response is a poten-
tial signal of maladaptive stress coping. It may reduce an individual’s 
flexibility to adequately respond to environmental changes during 
threat (Buss & Larson, 2000; Hagenaars et al., 2014; Niermann et al., 
2017). Additionally, it is consistent with findings linking prolonged 
freezing to increased internalizing symptoms (Kozlowska et al., 
2015; Niermann et al., 2017).

Consistent with diathesis–stress models (e.g., Zuckerman, 
1999), only individuals showing both longer infant freezing and 
high peer stress demonstrated a relative increase in self-reported 
internalizing symptoms, and did so only during early adolescence. 
Indeed, poor peer relationships have been related to internaliz-
ing disorders, whereas high quality of peer relationships may act 
as a buffer preventing the negative consequences of longer infant 
freezing (Deater-Deckard, 2001). Surprisingly, the association be-
tween longer infant freezing and relative increases in internalizing 
symptoms was only present during early adolescence, and reversed 
afterward. The latter observation contrasts with findings of in-
creased risk for internalizing disorders in cross-sectional studies at 
various ages in inhibited children (for a meta-analysis, see Clauss & 
Blackford, 2012). It is difficult, however, to compare these cross-
sectional findings directly with our longitudinal intrapersonal 
changes. Future studies testing these associations in an indepen-
dent longitudinal sample are needed, which should also assess de-
velopmental changes in sensitivity to peer stimuli that may have 
affected our findings (Sebastian et al., 2010).

The quality of peer relationships moderated the association 
with internalizing symptoms only in individuals with longer but not 
with absent infant freezing. This effect could not be attributed to 
differences in quality of peer relationships (Supporting Information 
Appendix S13). It is possible that individuals showing no freezing-like 
behavior (and hence took less time to carefully assess their environ-
ment) were also less sensitive to the influence of peer stimuli. The 
fact that our moderation effect was only present for peer but not 
parental stress, is possibly due to adolescents’ increased orientation 
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toward their peers and less toward their parents (Sebastian et al., 
2010).

Freezing has been described as a crucial component of behav-
ioral inhibition, a trait describing stable individual differences in re-
activity and regulation of fear that has been associated with risk for 
anxiety and depression (Clauss & Blackford, 2012; Fox, Henderson, 
Marshall, Nichols, & Ghera, 2005). The differential effects for re-
duced versus increased freezing in terms of temporal dynamics of 
internalizing symptom development suggest that it may be worth ex-
ploring freezing separately from other signs of behavioral inhibition. 
Notably, whereas behavioral inhibition typically consists of behav-
iors that can be related to both sympathetic and parasympathetic 
physiological stress responses (Fox et al., 2005), assessing freezing 
separately allows for a specific investigation of the parasympathetic 
state—a critical component in action selection and flexible stress 
coping (Kozlowska et al., 2015; Roelofs, 2017).

4.1 | Interpretational issues

To assess internalizing symptoms across development, we selected 
and standardized age-appropriate self-report questionnaires of anxi-
ety and depression. The use of age-appropriate measures may have 
confounded the observed differences due to a change in measure-
ment tool and should therefore be replicated in an independent 
sample. The alternative option, however,—selecting the same self-
report questionnaire for assessments from age 9 to late adoles-
cence—would have had the disadvantage of not using age-optimized 
measures. Therefore, by selecting psychometrically sound, and age-
appropriate measures (recommended by Cillessen & Lansu, 2015; 
see also Supporting Information Appendix S5 for the justification, 
validity, and reliability of the measures), we feel we have optimized 
the validity and reliability of our measurements.

We did not observe any associations between individuals’ infant 
freezing and parent-reported internalizing symptoms. However, ado-
lescents are known to experience more internalizing symptoms than 
is typically recognized by parents, suggesting that they are the most 
reliable informants of their own emotions and thoughts (Sourander, 
Helstela, & Helenius, 1999).

The increased internalizing symptoms observed in this study 
concern relative changes that did not exceed clinical cut-off scores 
(Supporting Information Appendix S11). However, even moderately 
increased levels of internalizing symptoms during adolescence have 
been linked to risk for later psychopathology (Reinherz, Paradis, 
Giaconia, Stashwick, & Fitzmaurice, 2003). This suggests that the 
atypical freezing pattern observed in our study—reflecting either 
absent or increased freezing—may mark an individual’s vulnerabil-
ity to develop internalizing symptoms at some stage of their de-
velopment. Using high-risk samples, future stress vulnerability and 
resilience studies should determine whether this is indeed the case.

During adolescence, a general increase in internalizing symp-
toms, particularly for girls, has been well-documented (Bongers, 
Koot, van der Ende, & Verhulst, 2003). We also observed this in-
crease in parent-  and self-reported measures, suggesting that our 

sample was normative (Supporting Information Appendix S9; Figure 
S1).

5  | CONCLUSIONS

This prospective longitudinal study suggests that the absence of 
infant freezing behavior predicts a consistent pattern of relative 
increases in internalizing symptoms across adolescence, from rela-
tively low symptom levels in childhood to relatively high levels in 
late adolescence. In contrast, longer infant freezing predicted rela-
tive increases in internalizing symptoms during early adolescence 
followed by a decrease during late adolescence. This effect was 
moderated by peer stress. These findings suggest that alterations 
in infant freezing—both longer and absent freezing—may mark in-
dividuals’ vulnerability for the development of internalizing symp-
toms and may be an important marker for stress vulnerability and 
resilience studies.
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ENDNOTE S

	1�We also assessed freezing in a stranger situation (van Bakel & Riksen-
Walraven, 2004). However, because only 34 of the 116 infants showed 
freezing episodes (one or more) in this situation, these data showed an 
uneven distribution, decreasing the likelihood of being able to link freez-
ing to internalizing symptoms (see for results Supporting Information 
Appendix S4; Tables S2 and S3). Buss (2011) found that a robot confron-
tation elicited more fearful behavior compared to a stranger confronta-
tion. This appears to be consistent with our observation of more freezing 
behavior in the robot condition than the stranger confrontation, sug-
gesting that a robot might trigger stronger responses than a stranger in 
these experimental situations. Nevertheless, the freezing response coded 
for the stranger and robot conditions were correlated with each other 
(r = 0.21, p = 0.003, 95% CI [0.08, 0.33]; we used the rank based correla-
tion coefficient Kendall’s tau because of the constrained [i.e., between 0 
and 1] distribution of infant freezing). 

https://doi.org/10.17026/dans-zpr-dejk
https://doi.org/10.17026/dans-zpr-dejk


     |  9 of 10NIERMANN et al.

	2�The results remained the same, when these participants (n = 25) who 
missed a full questionnaire at a certain age were removed from our 
analyses. 

	3�Standardization of parent-reported internalizing symptoms per age re-
sulted in similar results compared to unstandardized parent-reported 
internalizing symptoms. As expected, the main effect of linear age, 
χ2(1) = 0.05, p > 0.250, 95% CI [−0.02, 0.02], was no longer significant be-
cause of the standardization. 

	4�We used standardized scores for self-reported internalizing symptoms. 
Therefore, the effects reflect relative changes in internalizing symptoms 
(Cherlin et al., 1998; Haselager et al., 2002). 

	5�Individuals scoring 1 SD below mean, represent all individuals who showed 
no infant freezing. 
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