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Abstract 

Adolescence is marked by increases in the incidence of major depressive disorder 
(MDD), a disorder recognized as one of the leading causes of disability. Anhedonia 
and depressed mood predict both onset and chronicity of MDD, but have never been 
studied together longitudinally in the general adolescent population. The present study 
examined (1) the course and the stability of anhedonia and depressed mood, and (2) 
their cross-sectional and longitudinal relations during adolescence. The study cohort 
consisted of 2,230 adolescents. Anhedonia and depressed mood were assessed with 
items of the YSR and ASR self-report forms at four measurement waves between ages 
11.0 and 19.0. The proportion of adolescents reporting anhedonia decreased between 
ages 11.0 and 19.0, while the proportion of female adolescents reporting depressed 
mood increased. The stability of anhedonia and the cross-sectional association between 
anhedonia and depressed mood was larger at age 19.0 than at age 11.0. We found a 
mutual association between anhedonia and depressed mood without a clear temporal 
sequence. The presence of anhedonia at the end of adolescence might put adolescents 
at increased risk for MDD given the increasingly stronger stability and association with 
depressed mood. This suggests that it becomes more difficult to prevent MDD during 
late adolescence compared with early and middle adolescence. 
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Introduction 

Adolescence is marked by increases in the incidence of Major Depressive Disorder 
(MDD) (Hankin et al., 1998; Oldehinkel, Wittchen, & Schuster, 1999), a disorder 
recognized as one of the leading causes of disability (Mathers & Loncar, 2006; Ormel 
et al., 2008; World Health Organization, 2008). MDD in adolescence is associated 
with suicide risk (Brent et al., 1993), and adolescents with MDD are at high risk of 
recurrence during adulthood (Rutter, Kim-Cohen, & Maughan, 2006). According to 
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV-TR), the presence of either anhedonia or depressed mood is a prerequisite for the 
diagnosis of Major Depressive Disorder (MDD) (American Psychiatric Association, 
2000). Anhedonia encompasses a generalized lack of positive affect (Gilbert, Allan, 
Brough, Melley, & Miles, 2002) and reflects a low level of pleasurable engagement with 
the environment (Watson, Clark, & Carey, 1988). Depressed mood is characterized by 
feelings of sadness or emptiness and is a component of the broad construct of negative 
affect (Watson & Clark, 1984). Together with concentration problems, irritability and 
hopelessness, anhedonia and depressed mood are the most prevalent symptoms in the 
prodromal and residual phase of MDD (Iacoviello, Alloy, Abramson, & Choi, 2010), 
making them leading predictors of both onset and relapse of this debilitating disorder 
(Conradi, Ormel, & de Jonge, 2012; Paykel et al., 1995). This article describes reciprocal 
associations between anhedonia and depressed mood as well as their course and stability 
during adolescence.

Adolescence is characterized by maturation of brain areas involved in anhedonia 
and depressed mood (Andersen, 2003; Galvan, 2010). The experience of anhedonia 
and depressed mood during adolescence could thus be part of a normative process of 
emotional development, but also carry an increased risk of disturbances that may lead 
to MDD later in time (Pine et al., 1999). Several studies have indicated that anhedonia 
and depressed mood during childhood and adolescence predict adult-onset MDD, with 
a special prognostic value for anhedonia (Pine et al., 1999; Wilcox & Anthony, 2004). 
Wilcox et al. (2004) showed that 58 percent of the adolescents reporting anhedonia 
developed MDD in adulthood. However, relatively little is known about the individual 
course and stability of anhedonia and depressed mood during adolescence, and until 
now, studies that did examine these symptoms in adolescents used a general population 
sample but focused on individuals with a diagnosis of depression (Lewinsohn, Rohde, 
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& Seeley, 1998; Roberts, Lewinsohn, & Seeley, 1995). 
Anhedonia and depressed mood are regarded as the two core symptoms of MDD, 

but are associated with distinct psychobiological systems, that is the approach/appetitive 
system and the avoidance/aversive system (Carver, Sutton, & Scheier, 2000; Carver, 
2006). The approach system elicits behavior with reward potential, with a central role 
of the striatum, and the neurotransmitters glutamate and dopamine (Ernst & Fudge, 
2009; Gray, 2001). The avoidance system inhibits goal-oriented behavior and initiates 
withdrawal behavior (Carver, 2006), with a central role of the amygdala and the 
neurotransmitters norepinephrine and serotonin (Ernst & Fudge, 2009; Gray, 2001).

 The lack of a shared psychobiological basis of anhedonia and depressed mood raises 
questions about the reciprocal relation between the two symptoms. Lewinsohn et al. 
(2003) found that among adolescents with a history of MDD, 67% reported both 
depressed mood and anhedonia, 28% reported depressed mood without anhedonia, 
and 5% anhedonia without depressed mood. Regardless of whether the adolescents 
experienced a current episode of MDD, depressed mood was more prevalent than 
anhedonia (Lewinsohn, Rohde, & Seeley, 1998). Since these findings were based 
on cross-sectional studies, the question remains whether depressed mood precedes 
anhedonia or the other way around. To our knowledge, no longitudinal studies have 
addressed this question so far. 

Considering gender differences in timing of brain maturation and the extent of 
overproduction and pruning of gray and white matter in different brain areas involved 
in anhedonia and depressed mood during adolescence (Andersen & Teicher, 2008; 
Ernst & Fudge, 2009; Lenroot et al., 2007), it is conceivable that these symptoms follow 
different trajectories in boys and girls during adolescence. Previous studies showed 
that gender differences in depression increased during adolescence with girls reporting 
more depressive symptoms (e.g. Angold & Worthman, 1993; Hankin et al., 1998; 
Wade, Cairney, & Pevalin, 2002). These studies are based on a total score of depressive 
symptoms, while little is known about gender effects in the course and stability of 
specific depressive symptoms in the general population. Since depressed mood is one 
of the most prevalent symptoms of depression in adolescents regardless of a current 
diagnosis of depression (Lewinsohn, Rohde, & Seeley, 1998), an increase in depressed 
mood in adolescent girls may largely explain the increase in total depressive symptoms 
in adolescent girls. Compas (1997) indeed showed that depressed mood accumulated 
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over adolescence, with girls having a greater endorsement of depressed mood than 
boys. With regard to anhedonia, there are indications that depressed boys exhibit this 
symptom more than depressed girls during adolescence (Bennett, Ambrosini, Kudes, 
Metz, & Rabinovich, 2005). It is unknown yet whether gender differences also occur 
in the course of anhedonia in the general population. Another factor which has been 
shown to influence depressive symptoms in adolescents is socioeconomic status (SES) 
(Wickrama, Noh, & Elder, 2009). However, the relation between SES and the specific 
symptoms of anhedonia and depressed mood is unknown.

In a large population cohort of Dutch adolescents (N = 2230), we examined 
the course and stability of anhedonia and depressed mood, as well as cross-sectional 
and cross-lagged associations between the two, taking into account possible gender 
differences. We hypothesized that the stability of and cross-sectional association between 
anhedonia and depressed mood would increase during adolescence, as a consequence of 
maturation of involved brain areas. Since previous studies indicated a low prevalence of 
anhedonia without depressed mood, we expected that depressed mood would predict 
anhedonia instead of the other way around. Furthermore, we hypothesized that the 
prevalence of depressed mood would show an increase in girls during adolescence, and 
remain relatively stable in boys. Another hypothesis was that the course of anhedonia is 
different between boys and girls. In addition, we explored whether gender differences 
exist in the stability of anhedonia and depressed mood and the cross-sectional and cross-
lagged associations between depressed mood and anhedonia. 

Methods

Participants and procedure
This study is part of a longitudinal cohort survey of Dutch adolescents, TRAILS (Tracking 
Adolescents’ Individual Lives Survey). TRAILS was approved by the Dutch Central 
Committee on Research Involving Human Subjects and therefore been performed in 
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and 
its later amendments. All adolescents and their parents gave written informed consent. 
Until now, four assessment waves have been completed, which ran from March 2001 
to July 2002 (T1), from September 2003 to December 2004 (T2), from September 
2005 to Augustus 2008 (T3), and from October 2008 to September 2010 (T4). The 
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sample selection involved two steps. First, selected municipalities were asked to give 
names and addresses of all inhabitants born between October 1, 1989 and September 
30, 1990 (first two municipalities) or October 1, 1990 and September 30, 1991 (last 
three municipalities), yielding 3483 names. Second, primary schools (including schools 
for special education) within these municipalities were approached with the request to 
participate in TRAILS. School participation was a prerequisite for eligible children and 
their parents to be approached by the TRAILS staff. Of the 135 primary schools within 
the municipalities, 122 (90.4% of the schools accommodating 90.3% of the children) 
agreed to participate in the study. Of all adolescents approached for enrolment in the 
study (N = 3145), 76.0% (N = 2230, 50.8% girls, Mage = 11.09 years, SD = 0.56) were 
enrolled in the study. Detailed information about sample selection and analysis of non-
response bias has been reported elsewhere (Huisman et al., 2008; Nederhof et al., 2012). 
Ten percent (n = 230) of the sample had at least one parent born in a non-Western 
country, among which were Surinam (20%), Dutch Antilles (16%), Indonesia (16%), 
Morocco (6.5%), Turkey (5.5%), and other countries (36%) including Iraq, Iran, and 
Somalia. The primary schools that participated in TRAILS were comparable to other 
primary schools in the Netherlands with regard to the percentage of children with a low 
socioeconomic background (16.1% and 15.3%, respectively). The response rates for the 
follow-up waves T2, T3 and T4 were respectively 96.4% (N = 2149, 51.0% girls, Mage = 
13.65, SD = 0.53), 81.4% (N = 1816, 52.3% girls, Mage = 16.27, SD = 0.73), and 84.3% 
(N = 1881, 52.3% girls, Mage = 19.08, SD = 0.60). 

Measures
Anhedonia and depressed mood were assessed by the Youth Self Report form (YSR) 
at T1, T2 and T3 and the Adult Self Report form (ASR) at T4. These self-reported 
evaluation scales measure emotional and behavioral problems during the past 6 
months (Achenbach & Rescorla, 2001). While the ASR deviates in some respect from 
the YSR, the items assessing anhedonia and depressed mood were exactly similar in 
both questionnaires. The complete YSR, ASR and CBCL were administered, but we 
only used the following two items: “I enjoy very little’’, referring to anhedonia, and “I 
am sad, unhappy or depressed”, referring to depressed mood. Participants were asked 
to rate the items on a 3-point scale (0 = not true, 1 = sometimes or a bit true, 2 = 
often or very true). We dichotomized the items into 0 = experienced not at all and 
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1 = experienced sometimes or often, because the score “2” was given too rarely to be 
analyzed as a separate category. Similar to previous TRAILS articles (e.g. Amone-P’Olak 
et al., 2009; Veenstra, Lindenberg, Verhulst, & Ormel, 2009), socioeconomic status was 
measured by averaging the following five standardized items: family income, education 
level (father and mother), and occupation level (father and mother). 

Statistical analyses
All analyses were performed with Stata version 11 (StataCorp., 2003). We combined the 
data from all four assessment waves and used robust clustered standard errors to account 
for the dependency of observations within persons and general heteroscedasticity. The 
use of robust clustered standard errors allowed the existence of correlations among 
errors within each cluster group (in this case, within each individual). This is because 
robust clustered standard errors are corrected standard errors obtained by a “sandwich’’ 
estimator operating on the variance-covariance matrix (Rogers, 1993). Robust clustered 
standard errors have been shown to be unbiased, and provide a straightforward and 
practical approach to deal with correlated clusters in large datasets (Williams, 2000). 
This method allowed us to use all available information, including the incomplete cases. 
In 36.9% of the 2230 adolescents some information was missing. 

To investigate the course of anhedonia and depressed mood, we conducted two 
logistic regression analyses with either anhedonia or depressed mood as dependent 
variable, respectively model one and model two. Wave was dummy coded into three 
variables, namely age 13.5 (wave two), age 16.5 (wave three) and age 19.0 (wave four), 
with age 11.0 (wave one) as reference category. Gender was dummy coded with girls 
as reference category. To examine the effect of gender on the longitudinal course of 
anhedonia and depressed mood, we included gender and two-way gender x wave 
interactions in our models. Post-hoc analyses with the use of different reference groups 
were performed to examine gender differences at age 13.5, age 16.5 and age 19.0. To 
examine the effect of SES on the longitudinal course of anhedonia and depressed mood, 
we included SES and two-way SES x wave interactions in our models.

To investigate stability as well as cross-sectional and longitudinal associations, we 
conducted two logistic regression analyses with either anhedonia at wave t (model 
three) or depressed mood at wave t (model four) as dependent variables. In step one, 
we included wave, gender, depressed mood (or anhedonia in model four) at wave t, and 
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anhedonia and depressed mood at the previous wave (t-1). In these analyses, wave was 
dummy coded into two variables, namely age 16.5 (wave three) and age 19.0 (wave four), 
with age 13.5 (wave two) as reference category. Please note that wave one measures were 
only used as independent variables in these analyses, not as outcomes. To investigate 
whether the cross-lagged effect of depressed mood on anhedonia was larger than that of 
anhedonia on depressed mood, we examined whether the regression coefficient of the 
cross-lagged effect of depressed mood on anhedonia was within the 95% confidence 
interval of that of anhedonia on depressed mood and vice versa. 

In order to examine whether the stability effects, cross-sectional association and 
cross-lagged effects differed between waves or between boys and girls, we entered two-
way interaction terms of the independent variables with wave or gender in step two, 
while three-way interactions of the independent variables with both wave and gender (as 
well as the two-way interaction of wave and gender) were tested in step three. To obtain 
optimal fit and parsimony, only significant interaction effects were maintained in the 
model. Significance levels (two-tailed) were set at p < .05 for all analyses. 

The use of single items is not optimal, but only these two items directly reflected 
anhedonia and depressed mood in the YSR and ASR. Adding other items might hence 
increase the reliability of the measures, but at the cost of a reduced validity. We did 
have parent reports (CBCL) of anhedonia and depressed mood during the first three 
assessment waves (T1 to T3), which were used to evaluate the reliability of the results 
presented in Tables 1 to 4. In order to do so, we calculated mean scores of parent- 
and self-reported anhedonia and depressed mood, and compared results based on these 
combined measures with those based on the single-item measures. Because parent-
reports were not available at T4, these comparative analyses involved the waves T1 to T3 
only. We performed ordinal logistic regression instead of binary logistic regression for 
the combined measures, because they had 3 outcome categories (0; 0.5 and 1) instead 
of 2 (0 and 1).

Results

The course of anhedonia and depressed mood
Figure 2.1 shows the proportion of adolescents reporting anhedonia and depressed 
mood at different waves. At age 11.0 there were no significant differences between boys 
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and girls in anhedonia (see variable boys in Table 2.1). The proportion of girls reporting 
anhedonia significantly decreased from age 11.0 to later ages (see variables Age 13.5, 
Age 16.5 and Age 19.0 in Table 2.1). Boys followed the same pattern as girls, except for 
age 16.5, at which boys reported more anhedonia than girls compared with age 11.0 
(see variable Age 16.5 x Boys in Table 2.1). Post-hoc analyses confirmed that there was 
a significant gender difference in anhedonia at age 16.5, but not at age 11.0, age 13.5 
and age 19.0. The proportion of girls reporting depressed mood increased from age 
11.0 to later ages (see variables Age 13.5, Age 16.5 and Age 19.0 in Table 2.2). Boys did 
not show the same pattern as girls; the differences between boys and girls in reporting 
depressed mood were larger at age 13.5, 16.5 and 19.0 than at age 11.0 (see variables 
Age 13.5 x boys, Age 16.5 x boys and Age 19.0 x boys in Table 2.2). Post-hoc analyses 
showed that gender differences in depressed mood were significantly larger at age 13.5 
and age 16.5 compared with age 11.0 and age 19.0. While socioeconomic status did not 
predict depressed mood, socioeconomic status was a significant predictor of anhedonia. 
The effect of socioeconomic status did not significantly differ between waves: two-way 
SES x wave interaction effects were not significant and hence omitted from the final 
models. 

Figure 2.1: Proportions of adolescents reporting anhedonia and depressed mood at four 
data waves
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Table 2.1: Logistic regression model 1:  Anhedonia as dependent variable with wave 1 as 
reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.00 0.07 [-1.13, -0.87] -14.70***

Boys  0.14 0.10 [-0.05,  0.33] 1.15 1.43***

SES -0.20 0.04 [-0.29, -0.11] 0.82 -4.51***

Age 13.5 -0.33 0.09 [-0.50, -0.15] 0.72 -3.59***

Age 16.5 -0.52 0.11 [-0.72, -0.31] 0.60 -4.91***

Age 19.0 -0.75 0.11 [-0.97, -0.52] 0.47 -6.61***

Age 13.5 x Boys -0.00 0.13 [-0.25,  0.25] 1.00 -0.01***

Age 16.5 x Boys  0.31 0.15 [ 0.03,  0.60] 1.37 2.15***

Age 19.0 x Boys -0.14 0.16 [-0.46,  0.18] 0.87 -0.86***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.

Table 2.2: Logistic regression model 2: Depressed mood as dependent variable with wave 1 
as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.01 0.07   [-1.14, -0.87] -14.75***   

Boys -0.34 0.10 [-0.54, -0.14] 0.71 -3.28***

SES -0.04 0.04 [-0.13,  0.05] 0.96 -0.93***

Age 13.5  0.26 0.08 [ 0.10,  0.42] 1.30 3.22***

Age 16.5  0.36 0.09 [ 0.18,  0.54] 1.44 4.00***

Age 19.0  0.47 0.09 [ 0.30,  0.64] 1.60 5.35***

Age 13.5 x Boys -0.57 0.13 [-0.82, -0.32] 0.57 -4.39***

Age 16.5 x Boys -0.79 0.15 [-1.08, -0.50] 0.45 -5.28***

Age 19.0 x Boys -0.48 0.14 [-0.74, -0.21] 0.62 -3.50***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status 
*p < .05, **p < .01, ***p < .001.
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Stability of anhedonia and depressed mood
As Table 2.3 shows, anhedonia at t-1 predicted anhedonia at t for all ages. The stability 
of anhedonia was significantly larger from age 16.5 to age 19.0 than at earlier ages: wave 
four significantly moderated the effect of anhedonia at t-1. In contrast, the effect of 
depressed mood at t-1 on depressed mood at t did not significantly differ between waves: 
interaction effects with wave were not significant and hence omitted from the final 
model (see Table 2.4). In addition, interaction effects with gender were also omitted 
from the final model, because they were not significant. 

Table 2.3: Logistic regression model 3: Anhedonia as dependent variable with wave 2 as 
reference category

Predictor B SE B 95% CI B OR Z

Intercept -2.00 0.10 [-2.20, -1.79] -19.09***

Dept  0.85 0.12 [ 0.60,  1.09] 2.33 6.80***

Dept-1  0.21 0.09 [ 0.04,  0.39] 1.24 2.40***

Anht-1  0.88 0.12 [ 0.65,  1.11] 2.40 7.53***

Boys  0.30 0.11 [ 0.08,  0.53] 1.35  2.63***

SES -0.16 0.05 [-0.26, -0.06] 0.85 -3.25***

Age 16.5 -0.42 0.17 [-0.74, -0.09] 0.66 -2.53***

Age 19.0 -1.17 0.19 [-1.55, -0.79] 0.31 -6.00***

Age 16.5 x boys  0.51 0.18 [ 0.15,  0.87] 1.66 2.79***

Age 19.0 x boys -0.05 0.21 [-0.46,  0.37] 0.95 -0.22***

Age 16.5 x Anht-1  0.08 0.18 [-0.26,  0.42] 1.08 0.45***

Age 19.0 x Anht-1  0.52 0.21 [ 0.11,  0.94] 1.69 2.47***

Age 16.5 x Dept  0.33 0.19 [-0.05,  0.71] 1.39 1.69***

Age 19.0 x Dept   0.95 0.22 [ 0.53,  1.38] 2.59 4.40***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, Dept = depressed mood at 
wave t, Dept-1 = depressed mood at wave t-1,  Anht = anhedonia at wave t,  Anht-1 = anhedonia at 
wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Cross-sectional associations 
At all data waves, anhedonia was significantly associated with depressed mood (Table 
2.3 and 2.4). The significant effect of the interaction with wave 4 indicates that the 
association between the depressed mood and anhedonia was larger at age 19.0 than 
at younger ages (Table 2.4). There were no gender differences in the cross-sectional 
associations. 

Cross-lagged effects
Depressed mood at t-1 significantly predicted anhedonia at t (see variable Dept-1 in 
Table 2.3), and anhedonia at t-1 predicted depressed mood at t (see variable Anht-1 in 
Table 2.4). There were no indications that the cross-lagged effect of depressed mood on 
anhedonia was greater than the cross-lagged effect of anhedonia on depressed mood: 
the regression coefficient of the cross-lagged effect of depressed mood on anhedonia 
was within the confidence interval of the cross-lagged effect of anhedonia on depressed 
mood and vice versa. The cross-lagged effects did not significantly differ between waves 
and gender: interaction effects with wave and/ or gender were not significant and hence 

Table 2.4: Logistic regression model 4: Depressed mood as dependent variable with wave 2 
as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.44 0.08   [-1.60, -1.29] -17.88***

Anht  0.86 0.13 [ 0.61,  1.11] 2.36 6.82***

Anht-1  0.30 0.08    [ 0.14,  0.46] 1.35 3.63***

Dept-1  1.30  0.08    [ 1.13,  1.46] 3.65 15.61***

Boys -0.95   0.08   [-1.11, -0.80] 0.39 -12.09***

SES -0.03 0.05 [-0.12,  0.06] 0.97 -0.55***

Age 16.5 -0.01   0.10    [-0.21,  0.19] 0.99 -0.07***

Age 19.0  0.14 0.10     [-0.04,  0.33] 1.15 1.50***

Age 16.5 x Anht   0.19 0.19     [-0.18,  0.56] 1.21 1.00***

Age 19.0 x Anht  1.04  0.22     [ 0.60,  1.47] 2.82 4.67***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio,  Anht = anhedonia at wave 
t,  Anht-1 = anhedonia at wave t-1, Dept = depressed mood at wave t, Dept-1 = depressed mood at 
wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.

Thesis_EliseBennik_final_v4_allchapters.indd   42 01/09/15   19:16:40



Anhedonia and depressed mood in adolescence: Course, stability, and reciprocal relation 43

2

omitted from the final models.
The results of the analyses with the mean of parent and self-report are presented in 

the appendix of the manuscript. The analyses yielded results that were similar to the 
results of the analyses using a single self-report score.

Discussion

Results of this study indicate that the girls in our cohort showed an increase in depressed 
mood from age 11.0 onwards. Anhedonia significantly declined in boys and girls, but 
also became more stable over adolescence. In addition, the cross-sectional association 
between anhedonia and depressed mood became stronger over adolescence. Another 
main finding was that the experience of either anhedonia or depressed mood increases 
the risk of developing the other symptom. We found evidence for this cross-lagged 
effect over and above stability effects of anhedonia and depressed mood and cross-
sectional associations between anhedonia and depressed mood. This could mean that 
experiencing either anhedonia or depressed mood can initiate a negative spiral in which 
the adolescent ends up with a persistent cluster of both anhedonia and depressed mood. 

To our knowledge, this is the first longitudinal study that examined the course of 
anhedonia and depressed mood from age 11.0 until age 19.0. Our results suggest that the 
experience of anhedonia during adolescence may be partly temporary; the proportion 
of adolescents reporting anhedonia decreased from age 11.0 to age 19.0. Anhedonia is 
relatively common in adolescents compared to children (Sørensen, Nissen, Mors, & 
Thomsen, 2005). It is possible that the experience of anhedonia is a consequence of 
normative brain development processes during adolescence (Andersen & Teicher, 2008; 
Forbes & Dahl, 2012; Giedd, 2008), including changes in the dopamine system (Ernst, 
Romeo, & Andersen, 2009) and in white matter development (Ladouceur, Peper, 
Crone, & Dahl, 2012). 

In line with our expectation, we found that girls exhibited more depressed mood 
than boys and that this gender difference in depressed mood was most pronounced 
in middle adolescence (Petersen, Sarigiani, & Kennedy, 1991). This finding is in line 
with studies indicating gender differences in total depressive symptoms between 13 and 
18 years (Hankin et al., 1998). Furthermore, boys showed an increase in anhedonia 
during middle adolescence, which was not seen in girls. Socioeconomic status predicted 
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anhedonia equally across adolescence, but did not predict depressed mood.
There is a paucity of studies examining the stability of anhedonia and depressed 

mood over time. In a sample of adolescents with a diagnosis of MDD, anhedonia and 
depressed mood were the most stable depressive symptoms across two episodes of MDD 
(Roberts et al., 1995), which is not surprising given that the diagnosis of MDD requires 
at least one of these symptoms. Previous studies in general population samples, without 
diagnostic bias, found that the stability of emotional states increased during adolescence 
(Holsen, Kraft, & Vittersø, 2000; Larson et al., 2002). However, these studies did not 
make a distinction between anhedonia and depressed mood. We confirmed in a general 
adolescent population that anhedonia and depressed mood are stable over time, and 
that the stability of anhedonia increases during adolescence. This increasing stability of 
anhedonia appears to contradict our finding that the prevalence of anhedonia decreased 
during adolescence. These are two distinct processes, however. The prevalence of 
anhedonia is higher at age 11.0 than at later ages, but this does not necessarily imply that 
adolescents who reported anhedonia at age 13.5 also reported anhedonia at age 11.0. We 
suggested that anhedonia during early adolescence is to some extent a consequence of 
temporary normative brain development processes in early adolescence with differences 
in exact timing between adolescents. This could also explain the relatively low stability 
of anhedonia between age 11.0 and age 13.5. It could be that most adolescents only 
experienced anhedonia at age 11.0 and no longer at age 13.5, while other adolescents 
did not yet experience anhedonia at age 11.0, but started experiencing anhedonia at age 
13.5 because of a later onset of brain development processes. Anhedonia at later ages 
seems to reflect a more trait marker of anhedonia since the stability between anhedonia 
at age 16.5 and at age 19.0 is relatively high. Adolescents who still experience anhedonia 
during late adolescence may be the adolescents with more severe and more chronic 
anhedonia with a higher stability. We also found that the association between anhedonia 
and depressed mood was stronger at age 19.0 than at earlier ages, which could make 
adolescents at age 19.0 at higher risk for the onset and a more chronic course of MDD. 
Our findings suggest that it becomes more difficult to prevent anhedonia and depressed 
mood at age 19.0 compared to earlier ages, because the experience of anhedonia becomes 
more stable and more tied to depressed mood.

Supporting our hypothesis, anhedonia and depressed mood predicted each other 
over time while adjusting for the stability of the symptoms and their cross-sectional 
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associations. Contradicting our hypothesis, we did not find that depressed mood 
more often preceded anhedonia than vice versa. The results might therefore indicate 
that the experience of one symptom at a certain time point increases the likelihood 
of experiencing the other symptom at a subsequent time point without specific order. 
Since different psychobiological systems are associated with anhedonia and depressed 
mood, respectively the approach and avoidance system (Carver, 2006; Gray, 1990), it 
seems most likely that anhedonia and depressed mood are not directly related to each 
other, but that mediating factors between anhedonia and depressed mood, such as social 
withdrawal (Forbes & Dahl, 2005), play a role. Another possibility is that a common 
cause leads to both anhedonia and depressed mood, such as perceived stress or early 
adversities. Several experimental studies in animals and humans have shown that reduced 
responses to rewards and anhedonia are associated with (perceived) stress (Anisman 
& Matheson, 2005; Berenbaum & Connelly, 1993; Berghorst, Bogdan, Frank, & 
Pizzagalli, 2013; Bogdan & Pizzagalli, 2006; Pizzagalli, Bogdan, Ratner, & Jahn, 2007) 
and early adversities (Dillon et al., 2009). In addition, it has been shown that anhedonia 
is a mediator between perceived stress and the belief of low control over a stressful 
situation (Bogdan, Pringle, Goetz, & Pizzagalli, 2012), the latter possibly accompanied 
by hopelessness, despair and depressed mood (Maier & Watkins, 2005). Consequently, 
perceived uncontrollability of the situation might lead to an increased perception of 
stress (Bogdan et al., 2012), and in turn to anhedonia resulting in a vicious circle. To 
our knowledge, previous studies did not directly investigate the temporal sequence of 
anhedonia and depressed mood. The current study used a measurement interval of 
approximately two and a half years. A clearer picture of short term bidirectional effects 
of anhedonia on depressed mood and vice versa might be given by ambulatory self-
reports which allow people to report their momentary affect in real time across multiple 
moments in their daily lives (Conner & Barrett, 2012), yet an experimental approach is 
required to clarify whether there is a causal relation between anhedonia and depressed 
mood. 

It is also of relevance to investigate whether certain specific components of anhedonia 
are related to depressed mood in future studies. Motivational anhedonia (i.e. the lack 
of motivation to obtain a pleasant outcome) may be associated to a greater extent with 
depressed mood than consummatory anhedonia (i.e. low hedonic response to rewards) 
(Treadway & Zald, 2011). Future research may also benefit from the use of more items 
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measuring anhedonia and depressed mood. However, the use of single items in the 
current study should probably not be regarded as a major limitation of our study, since 
the course of both anhedonia and depressed mood matched expectations based on 
earlier findings. Furthermore, the reliability of our findings is supported by additional 
analyses using a mean score from two informants to measure anhedonia and depressed 
mood, which gave similar results to the analyses of single self-report.

By having measurements from 11.0 years until 19.0 years in a large sample, we 
were able to cover an important developmental period, which is marked by increases 
in the prevalence of MDD. Our findings indicate that the experience of anhedonia 
significantly declines during adolescence. Anhedonia may increase the risk of MDD 
particularly after the mid-adolescence, because anhedonia becomes more stable and 
more tied to depression by then. Future research is needed to replicate and clarify our 
finding that anhedonia and depressed mood mutually reinforce each other over time.
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Appendix 

Comparison of single self-report analyses with combined parent-report and self-
report analyses
The results of the analyses with the mean of parent and self-report were similar to 
the results of the analyses using a single self-report score. An exception was that in 
the analyses with the mean of parent and self-report, anhedonia significantly differed 
between boys and girls at age 11.0, with boys exhibiting more anhedonia than girls (see 
variable Boys in Table A2.5). In addition, the effect that boys reported more anhedonia 
than girls at age 16.5 compared with age 11.0 was smaller in the analyses with the mean 
of parent and self-report. Furthermore, we did not find that girls showed a significant 
increase in depressed mood from age 11.0 to age 13.5 (see variable Age 13.5 in Table 
A2.6) and only a nearly significant increase from age 11.0 to age 16.5 (see variable Age 
16.5 in Table A2.6, p = 0.073). Another difference between the results of the analyses 
with the mean of parent and self-report and single self-report was that the cross-lagged 
effects were somewhat smaller in the analyses with the mean of parent and self-report 
(Dept-1 on Anht: parent report and self-report: Dept-1: B = 0.27, p = 0.016, single self-
report: Dept-1: B = 0.29, p = 0.003, Anht-1 on Dept: parent and self-report: Anht-1: B 
= 0.25, p = 0.032, single self-report: Anht-1: B = 0.28, p = 0.003). The other results of 
the analyses with the mean of parent and self-report were similar to the results of the 
analyses with single self-report.

Table A2.1: Logistic regression model 1 T1-T3, only self-report: Anhedonia as dependent 
variable with wave 1 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -0.99 0.07 [-1.13, -0.87]  -14.71***

Boys  0.14 0.10 [-0.05,  0.33] 1.15      1.43***

SES -0.20 0.05 [-0.29, -0.11] 0.82   -4.45***

Age 13.5 -0.33 0.09 [-0.50, -0.15] 0.72   -3.59***

Age 16.5 -0.52 0.11 [-0.72, -0.31] 0.60  -4.91***

Age 13.5 x Boys -0.00 0.13 [-0.25,  0.25] 0.99  -0.01***

Age 16.5 x Boys  0.31 0.15 [ 0.03,  0.60] 1.37   2.15***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.
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Table A2.2: Logistic regression model 2 T1- T3, only self-report: Depressed mood as 
dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.01 0.07   [-1.14, -0.87] -14.75***

Boys -0.34 0.10 [-0.54, -0.14] 0.71 -3.28***

SES -0.03 0.05 [-0.12,  0.06] 0.97 -0.57***

Age 13.5  0.26 0.08 [ 0.10,  0.42] 1.30 3.22***

Age 16.5  0.36 0.09 [ 0.18,  0.54] 1.43 3.99***

Age 13.5 x Boys -0.57 0.13 [-0.82, -0.32] 0.57 -4.39***

Age 16.5 x Boys -0.79 0.15 [-1.08, -0.50] 0.45 -5.28***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.

Table A2.3: Logistic regression model 3 T1-T3, only self-report: Anhedonia as dependent 
variable with wave 2 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -2.08 0.10 [-2.28, -1.89] -20.99***

Dept  0.96 0.10 [ 0.78,  1.15] 2.62 10.07***

Dept-1  0.29 0.10 [ 0.10,  0.48] 1.33 3.02***

Anht-1  0.89 0.09 [ 0.71,  1.07] 2.43 9.64***

Boys  0.33 0.12 [ 0.11,  0.56] 1.40 2.90***

SES -0.20 0.06 [-0.31, -0.09] 0.82 -3.63***

Age 16.5 -0.23 0.12 [-0.47,  0.01] 0.79 -1.90***

Age 16.5 x Boys  0.43 0.17 [ 0.09,  0.76] 1.53 2.48***

Note.  SE = standard error, CI = confidence interval, OR = Odds Ratio, Dept = depressed 
mood at wave t, Dept-1 = depressed mood at wave t-1,  Anht-1 = anhedonia at wave t-1, SES = 
socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.4: Logistic regression model 4 T1-T3, only self-report: Depressed mood as 
dependent variable with wave 2 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.40 0.07 [-1.54, -1.27] -20.92***

Anht  0.96 0.10 [ 0.77,  1.15] 2.62 10.04***

Anht-1  0.28 0.10 [ 0.10,  0.47] 1.33 2.98***

Dept-1  1.27 0.09 [ 1.09,  1.46] 3.57 13.58***

Boys -1.05 0.09 [-1.23, -0.87] 0.35 -11.51***

SES -0.03 0.05 [-0.14,  0.07] 0.97 -0.64***

Note.  SE = standard error, CI = confidence interval, OR = Odds Ratio,  Anht = anhedonia at wave 
t,  Anht-1 = anhedonia at wave t-1, Dept-1 = depressed mood at wave t-1, SES = socioeconomic 
status 
*p < .05, **p < .01, ***p < .001.

Table A2.5: Ordinal logistic regression model 1 T1-T3, self-report and parent report: 
Anhedonia as dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B Z

Boys  0.29 0.08 [ 0.13,  0.45] 3.58***

SES -0.21 0.04 [-0.29, -0.13] -5.25***

Age 13.5 -0.23 0.07 [-0.38, -0.09] -3.14***

Age 16.5 -0.33 0.09 [-0.49, -0.16] -3.84***

Age 13.5 x Boys  0.01 0.10 [-0.19,  0.21] 0.11***

Age 16.5 x Boys  0.23 0.12 [-0.01,  0.46] 1.92***

Note. SE = standard error, CI = confidence interval, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.6: Ordinal logistic regression model 2 T1-T3, self-report and parent report: 
Depressed mood as dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B Z

Boys -0.22 0.08 [-0.38, -0.05] -2.57***

SES -0.08 0.04 [-0.16,  0.01] -1.79***

Age 13.5 0.04 0.07 [-0.10,  0.18]  0.55***

Age 16.5 0.14 0.08 [-0.01,  0.29]  1.79***

Age 13.5 x Boys -0.53 0.11 [-0.74, -0.32] -4.98***

Age 16.5 x Boys -0.79 0.13 [-1.04, -0.55] -6.31***

Note. SE = standard error, CI = confidence interval, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.

Table A2.7: Ordinal Logistic regression model 3 T1-T3, self-report and parent report: 
Anhedonia as dependent variable with wave 2 as reference category    

Predictor B SE B 95% CI B Z

Dept  1.44 0.12 [ 1.21,  1.66]  12.42***

Dept-1  0.27 0.11 [ 0.05,  0.50]   2.41***

Anht-1  1.62 0.11 [ 1.41,  1.83] 15.21***

Boys  0.44 0.10 [ 0.25,  0.62]   4.58***

SES -0.14 0.04 [-0.23, -0.05]  -3.17***

Age 16.5 -0.10 0.10 [-0.31,  0.10]  -1.00***

Age 16.5 x Boys  0.34 0.14 [ 0.06,  0.62]   2.38***

Note.  SE = standard error, CI = confidence interval, Dept = depressed mood at wave t, Dept-1 = 
depressed mood at wave t-1,  Anht-1 = anhedonia at wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.8: Ordinal Logistic regression model 4 T1-T3, self-report and parent report: 
Depressed mood as dependent variable with wave 2 as reference category     

Predictor B SE B 95% CI B Z

Anht 1.36 0.11 [ 1.14,  1.58] 12.14***

Anht-1 0.25 0.12 [ 0.02,  0.48] 2.15***

Dept-1 1.92 0.12 [ 1.69,  2.16] 16.10***

Boys -0.96 0.08 [-1.12, -0.80] -11.91***

SES -0.01 0.05 [-0.10,  0.09] -0.11***

Note.  SE = standard error, CI = confidence interval,  Anht = anhedonia at wave t,  Anht-1 = 
anhedonia at wave t-1, Dept-1 = depressed mood at wave t-1, SES = socioeconomic status 
*p < .05, **p < .01, ***p < .001.
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