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Review article 
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A B S T R A C T   

Background: Comorbidity of depressive and anxiety disorders is common and remains incompletely compre-
hended. This paper summarizes findings from the Netherlands Study of Depression and Anxiety (NESDA) 
regarding prevalence, temporal sequence, course and longitudinal patterns; sociodemographic, vulnerability and 
neurobiological indicators; and functional, somatic and mental health indicators of comorbidity. 
Methods: Narrative synthesis of earlier NESDA based papers on comorbidity (n=76). 
Results: Comorbidity was the rule in over three-quarter of subjects with depressive and/or anxiety disorders, most 
often preceded by an anxiety disorder. Higher severity and chronicity characterized a poorer comorbidity course. 
Over time, transitions between depressive and anxiety disorders were common. Consistent comorbidity risk 
indicators in subjects with depressive and anxiety disorders were childhood trauma, neuroticism and early age of 
onset. Psychological vulnerabilities, such as trait avoidance tendencies, were more pronounced in comorbid than 
in single disorders. In general, there were few differences in biological markers and neuroimaging findings be-
tween persons with comorbid versus single disorders. Most functional, somatic, and other mental health in-
dicators, ranging from disability to cardiovascular and psychiatric multimorbidity, were highest in comorbid 
disorders. 
Limitations: The observational design of NESDA limits causal inference. Attrition was higher in comorbid relative 
to single disorders. 
Conclusions: As compared to single disorders, persons with comorbid depressive and anxiety disorders were 
characterized by more psychosocial risk determinants, more somatic and other psychiatric morbidities, more 
functional impairments, and poorer outcome. These results justify specific attention for comorbidity of depres-
sive and anxiety disorders, particularly in treatment settings.   

1. Introduction 

In psychiatry, comorbidity is a common and pervasive phenomenon 
that generally occurs at a higher rate than expected by coincidence 
(Plana-Ripoll et al., 2019). Several epidemiological studies worldwide 
have reported that among those with at least one index psychiatric 
diagnosis, 46% to 54% have one or more additional lifetime disorder(s) 

(Andrews et al., 2009; Kessler et al., 1994). The most common psychi-
atric comorbidity is the co-occurrence of depressive and anxiety disor-
ders (De Graaf et al., 2002; Gorman, 1996; Kroenke et al., 2007) which 
has a major negative individual and societal impact in terms of course, 
outcome, and societal cost (Bijl and Ravelli, 2000; Fichter et al., 2010; 
Gorman, 1996; Kroenke et al., 2007). Not surprisingly, this particular 
comorbidity has been the subject of many studies in the past decades. 
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The high prevalence and the large impact of the comorbidity of 
depressive and anxiety disorders translated into the key rationale of the 
design of the Netherlands Study of Depression and Anxiety (NESDA), to 
study depressive and anxiety disorders in concert (Penninx et al., 2008). 
Simultaneous research is implicated for many reasons. For health care, 
important research goals are to better inform patients with a comorbid 
condition about prognosis, course, and outcome, and to identify possible 
targets to tailor and improve treatment. This is relevant because it is well 
established that the mere diagnostic categories do not adequately pre-
dict clinical course, nor do they effectively guide and predict treatment 
response (Beekman et al., 2012). 

Another reason for investigating both disorders in concert, is to 
further advance our understanding of risk factors (Kendler, 2019) and 
possible etiological pathways to the comorbidity of depressive and 
anxiety disorders. Little is known about the unique contribution of risk 
indicators to comorbidity, as most etiological studies did not distinguish 
comorbid from single depressive and/or anxiety disorders. More insight 
into shared and unique etiological factors of comorbidity may help to 
understand how comorbidity evolves and why the impact of comor-
bidity is so detrimental when compared to the impact of single 
conditions. 

Finally, simultaneous investigation may aid our understanding of 
whether depressive and anxiety disorders are conceptually different or 
similar. Overlapping risk indicators of depressive and anxiety disorders 
have clearly been demonstrated in genetic (Anttila et al., 2018; Wray 
et al., 2018) and environmental (De Graaf et al., 2002) domains, and it is 
well established that depressive and anxiety symptoms and syndromes 
overlap (Gorman, 1996). These findings suggest that the current clinical 
diagnostic boundaries of depressive or anxiety disorders may not be 
reflected by distinctive etiological pathways. Also in clinical practice, 
depressive and anxiety disorders do not adhere to these diagnostic 
borders. Such etiological and symptomatic overlap could be conceived 
as a side-effect of the categorical approach instead of the more fitting 
dimensional approach (Brown and Barlow, 2009; Schoevers et al., 
2003). Research into risk indicators and outcome, while delineating 
comorbidity form single depressive or anxiety disorders, is relevant to 
further advance this conceptual understanding. 

In the past years, various NESDA papers have provided information 
on the prevalence, etiology, and consequences of comorbid depressive 
and anxiety disorders, that could contribute to clarify aforementioned 
clinical and scientific issues. This paper aims to provide a comprehen-
sive overview of NESDA findings on the comorbidity of depressive and 
anxiety disorders. For this purpose, findings of NESDA will be summa-
rized regarding prevalence, course, temporal patterns, risk indicators 
and consequences of comorbidity. Findings will subsequently be dis-
cussed and translated into implications for clinical practice. 

2. Methods 

2.1. Search strategy 

For the current narrative synthesis (Green et al., 2006) we searched 
all published empirical papers in the NESDA database (www.nesda.nl) 
that were based on NESDA data from the first publication in September 
2008 (Penninx et al., 2008) to September 2020. We focused on comor-
bidity defined as the presence of a DSM-IV defined depressive disorder 
and an anxiety disorder within a certain timeframe (Van den Akker 
et al., 1996). This diagnosis timeframe varied in NESDA from either 
lifetime prevalence to a more limited timeframe such as 1-month 
recency. Inclusion criteria for this narrative synthesis were all empir-
ical studies a) that compared in a case-control design the comorbid 
depressive and anxiety disorder group and at least one of the two single 
disorder groups (only depressive or only anxiety disorders) with a 
control group without depressive and/or anxiety disorders; or that 
compared in a within-patient design the comorbid group directly to 
single depressive or anxiety disorder groups; b) on results falling into 

any of the following three research themes: 1. Prevalence, temporal 
sequence, course, and longitudinal patterns of comorbidity; 2. socio-
demographic, vulnerability, and neurobiological indicators of comor-
bidity; and 3. functional, somatic, and other mental health indicators of 
comorbidity. 

2.2. Study sample and depressive and/or anxiety diagnosis 

NESDA is a longitudinal cohort study, consisting of 2981 persons 
(aged 18-65 years) at baseline, including controls (22%) and persons 
with a lifetime diagnosis of anxiety and/or depressive disorders (78%). 
Participants were recruited from the community (19%), primary care 
(54%), and specialized mental health settings (27%). This sampling 
frame was designed to represent the various developmental stages of 
depressive and anxiety disorders. Baseline data were collected between 
September 2004 and February 2007 and follow-up assessments took 
place at baseline, and after 2, 4, 6 and 9 years. Not being fluent in Dutch 
was a baseline exclusion criterium, as well as the presence of a primary 
other clinical diagnosis such as severe substance use disorder, obsessive 
compulsive disorder, posttraumatic stress disorder, or psychotic disor-
der. A detailed description of the NESDA study design can be found 
elsewhere (Penninx et al., 2008). In short, assessments consisted of an 
extensive face-to-face interview by trained interviewers, including 
paper-and-pencil questionnaires and a diagnostic psychiatric interview 
with the Composite International Diagnostic Interview (CIDI; version 
2.1 (Wittchen, 1994)), which classifies diagnoses hierarchy-free and 
according to the DSM-IV criteria of the American Psychiatric Associa-
tion. In NESDA, the assessed diagnoses among depressive disorders were 
major depressive disorder (MDD) and dysthymia; and among anxiety 
disorders were generalized anxiety disorder (GAD), agoraphobia, social 
phobia, and panic disorder. Additionally, specific disorder characteris-
tics such as recency and age of onset were available. NESDA was 
approved centrally by the Ethical Review Board of the VU University 
Medical Centre and subsequently by the local review boards of each 
participating center, and all participants signed written informed 
consent. 

2.3. Outcome measures 

The instruments that were used to assess sociodemographic and 
vulnerability indicators are listed in supplementary table 1 (S1); and the 
instruments for assessing functional, somatic, and other mental health 
indicators can be found in supplementary table 2 (S2). Neurobiological 
indicators in NESDA relevant to this paper covered biological markers 
from blood or saliva, and neuroimaging data, also listed in S1. Temporal 
patterns of depressive and/or anxiety disorders in NESDA were 
described by the presence or absence of a current CIDI diagnosis at 
follow-up waves. Course variables such as remission, recurrence, or 
incidence were also derived from the CIDI. Severity of depressive 
symptoms was assessed by the 30-item Inventory of Depressive Symp-
tomatology (IDS, (Rush et al., 1996)). Severity of anxiety symptoms was 
measured with the 21-item Beck Anxiety Inventory (BAI, (Beck et al., 
1988)) and the 15-item Fear Questionnaire (Marks and Mathews, 1979). 
In those subjects with depressive or anxiety symptoms on the CIDI, the 
Life Chart Interview (LCI; Lyketsos et al., 1994) assessed the percent of 
time spent with these symptoms during the period between assessments, 
as well as the severity of these symptoms, ranging from minimal to very 
severe. In NESDA, duration of symptoms was operationalized as the 
percentage of months between two assessments with depressive or 
anxiety symptoms of at least mild severity. Based on a combination of 
the LCI and CIDI, other course indicators were created such as time to 
remission or to recurrence of an index disorder. Chronicity refers to 
those without remission on both LCI and CIDI for at least 2 years. 
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3. Results 

3.1. Study selection 

Among the total of 76 empirical articles that met inclusion criteria, 
13 partially overlapping articles covered prevalence and temporal 
sequence (n=1), course (n=12), and longitudinal patterns (n=4) of co-
morbidity. One of these and 33 other articles – listed in S1- described 
sociodemographic and vulnerability indicators (n=11) and neurobio-
logical indicators (n=23) of comorbidity. Another 30 partially over-
lapping articles – summarized in S2 - focused on functional (n=7), 
somatic (n=16) and other mental health (n=8) indicators of 
comorbidity. 

3.2. Prevalence and temporal sequence 

Among NESDA respondents with current depressive and/or anxiety 
disorders at baseline (n=1783), comorbidity of both disorders was the 
rule rather than the exception (Lamers et al., 2011b). Fig. 1 shows that 

the large majority of those with a current depressive disorder met 
criteria for a comorbid current (68%) or lifetime (75%) anxiety disorder, 
while subjects with a current anxiety disorder frequently had a comorbid 
current (63%) or lifetime (81%) depressive disorder. Fifty percent of 
those with depressive and anxiety comorbidity had a total of two dis-
orders, while the other 50% had three or more depressive and/or anx-
iety disorders. The upper column chart in Fig. 1 shows that in current 
depressive disorders the most frequent comorbid anxiety disorders were 
panic disorder and social phobia, while agoraphobia was least frequent. 
The bottom column chart shows that MDD was more often comorbid 
than dysthymia among current anxiety disorders. Across the separate 
depressive disorders, anxiety disorders were not evenly distributed: both 
current and lifetime anxiety disorders co-occurred more often in dys-
thymia (77% current anxiety and 84% lifetime) than in MDD (67% and 
75%). Likewise, comorbidity rates of depressive disorders varied 
considerably across the separate anxiety disorders: highest rates of 
current and lifetime comorbid depression occurred in GAD (78% current 
depression and 88% lifetime) and lowest but still considerable rates in 
agoraphobia (54% and 78%). 

Fig. 1. Comorbidity patterns among those with current (12-month) depressive (upper pie chart; n=1275) and current anxiety (bottom pie chart; n=1363) disorders 
in NESDA at baseline. The column charts at the right show the type and percentage of anxiety comorbidity in depressive disorders (upper column chart); and of 
depressive comorbidity in anxiety disorders (bottom column chart; data based on (Lamers et al., 2011b)). 
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Temporal sequencing showed that the lifetime temporal order of 
comorbid depressive and anxiety disorders does not occur randomly, but 
with a clear tendency for anxiety disorders to occur first. Anxiety dis-
orders were more likely to precede depressive disorders (57% of co-
morbid cases) than the reverse (18%), while in the remaining 25% both 
conditions had originated simultaneously within the same year (Lamers 
et al., 2011b). Among the single depressive and anxiety disorders, social 
phobia most frequently occurred as a primary condition: in 67% of those 
with social phobia, the condition occurred prior to the onset of a 
depressive disorder, at a mean age of onset of 17.7 years. Among dys-
thymia, the onset of dysthymia occurred most frequently (65%, mean 
age 29.7 years) after to the onset of an anxiety disorder, while the onset 
of GAD most often (41%, mean age 28.3 years) occurred simultaneously 
with the onset of a depressive disorder (Lamers et al., 2011b). 

3.3. Course 

The comorbidity of depressive and anxiety disorders in NESDA 
coincided with a range of adverse clinical outcomes. Cross-sectionally, 
those with current comorbidity compared to single depressive or anxi-
ety disorders experienced higher ratings of both depressive and anxiety 
symptom scores, and had longer symptom duration over the past 4 years 
(Lamers et al., 2011b; Penninx et al., 2011), independent of socio-
demographic and vulnerability risk factors (Lamers et al., 2011b). 
Subjects with current depressive disorder with versus without comorbid 
current anxiety disorders had a longer duration of depressive episodes 
(ten Have et al., 2017) and more chronicity (van Eeden et al., 2019). 

Longitudinal course was considerably poorer for comorbid patients 
compared to those with single disorders, as exemplified by the course 
indicators in Fig. 2. Fig. 2 shows more chronicity after 2 years, a lower 
likelihood of having no current diagnosis after 2 years, and more 
symptomatic time over 2 years in comorbidity (Penninx et al., 2011). In 
addition, while comorbid patients and the single disorders had rather 
comparable rates of first remission and recurrence over 2 years, the 
median time to first remission was longer for comorbid subjects (Pen-
ninx et al., 2011). In a subset of n=303 subjects who were initially 
recruited in another cohort and followed-up through NESDA, those with 
comorbidity were more likely to have a depressive and/or anxiety 
diagnosis after 7 years (OR=2.34, 95%CI=1.23–4.46) than those with 
single depressive disorders (reference group) or those with single anxi-
ety disorders (OR=1.85, 95%CI=1.04–3.27; (Rhebergen et al., 2011)). 

Among those with initially remitted depressive and/or anxiety dis-
orders, recurrence over 4 years was more common among remitted co-
morbid than remitted single disorder groups (Scholten et al., 2016). In 
those with current MDD, comorbid anxiety disorders also predicted 
poorer remission and higher severity of MDD after 1 year (Lamers et al., 
2011a), and more chronicity after 2 (Gaspersz et al., 2017) and 4 years 

(Boschloo et al., 2014). Likewise, in those with current anxiety disor-
ders, comorbid depressive disorders predicted more chronicity of anxi-
ety after 2 years (Batelaan et al., 2014), while this comorbidity predicted 
recurrence over 2 years in those with previously remitted anxiety dis-
orders (Scholten et al., 2013). From the perspective of staging of psy-
chiatric disorders (Fava and Kellner, 1993), NESDA analyses by Bokma 
et al. (2020) indicated that comorbidity affects the psychiatric outcome 
in progressed as well as in earlier disease stages. In their heuristic model 
of staging of anxiety disorders, comorbidity with versus without 
depressive disorders showed a worse 2-, 4- and 6-year longitudinal 
course across all clinical stages of anxiety (Bokma et al., 2020). 

The adverse course of comorbid disorders raises the question 
whether all comorbidity is the same, or whether certain clinical features 
are indicative of differential outcome trajectories. In NESDA, a cross- 
sectional study by Klein Hofmeijer-Sevink et al. (2012) showed that 
comorbid subjects with a higher number of depressive and anxiety dis-
orders had more chronicity and more severe depressive and anxiety 
symptoms. Lamers et al. (2011b) compared comorbid subjects who had 
experienced depression as the first lifetime disorder to those who had an 
anxiety disorder as the first lifetime disorder. Comorbidity with 
first-onset anxiety differed from comorbidity with first-onset depression, 
by a longer duration of depressive and/or anxiety symptoms, earlier age 
at first onset, and more fear symptoms (Lamers et al., 2011b). The 
clinical relevance of these findings seems modest as no differences were 
present in other course indicators such as symptom severity or age of 
onset. 

3.4. Longitudinal patterns 

Comorbidity is not only an important determinant of a poorer clin-
ical course in depressive and anxiety disorders, it also deserves attention 
during the course of specific disorders. A general assumption about 
depressive or anxiety disorders is that most persons remit while a sub-
stantial minority persists (Richards, 2011). However, it is a limited focus 
to only evaluate the course of the index disorder without considering 
comorbidity as part of the overall outcome. For example, Penninx et al. 
(2011) demonstrated that 24% of those with an initial single depressive 
disorder developed a de novo anxiety disorder over the course of 2 years. 
Of these 24%, 8% transited to anxiety without current depressive dis-
orders while 16% developed current comorbidity of depressive and 
anxiety disorders. Likewise, 23% of those with an initial single anxiety 
disorder developed a de novo depressive disorder over 2 years, consisting 
of 7% who transited to current depressive without current anxiety dis-
orders and 16% who developed current comorbidity (Penninx et al., 
2011). A similar picture, of either transitions or extension of depressive 
or anxiety disorders beyond their original diagnostic boundaries 
occurred after 4 and 6 years of follow-up among those with lifetime 
depressive and/or anxiety disorders (Hovenkamp-Hermelink et al., 
2016; Scholten et al., 2016). 

Another approach to gain a more ecologically valid temporal picture 
of depressive and anxiety disorders was taken in a prospective study into 
the 2-6 year course of MDD (Verduijn et al., 2017b). Psychiatric 
outcome was first narrowly defined as the remission versus chron-
icity/recurrence of MDD, and second more broadly as the remission 
versus chronicity/recurrence of all related mood disorders, not just 
including MDD only but also dysthymia, incident bipolar disorders and 
anxiety disorders. Duration of follow-up was either short (2 years) or 
long (6 years). With the narrow, short perspective, a majority of 58% of 
the n=903 MDD patients remitted, and 21% had a chronic episode 
(consecutive symptoms for at least two years). By contrast, in the long, 
and broader outcome perspective the remission rate was reduced to 
17%, while 55% of the patients experienced chronic episodes. Thus, 
remission rates were considerably lower and chronicity was common 
when follow-up was longer and comorbidity was considered as part of 
the depression course pattern. In conclusion, the conception of an 
episodic (Posternak et al., 2006) and fairly favorable (Richards, 2011) 

Fig. 2. Clinical course indicators over 2 years in n=1209 subjects with current 
(1-month recency) single depressive (dark grey; n=267), single anxiety (light 
grey; n=487) or comorbid disorders (black; n=455) at baseline (data based on 
(Penninx et al., 2011)). 
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course of depressive and anxiety disorders should be attenuated, as 
depressive and anxiety disorders seem to wax and wane or persist, and 
switching between the two disorders is common. 

3.5. Sociodemographic and vulnerability indicators 

In NESDA, sociodemographic and vulnerability risk indicators of 
comorbidity compared to single disorders were lower educational level, 
a positive first-degree family history for depressive and/or anxiety dis-
orders, several personality traits (higher neuroticism, lower extraver-
sion, agreeableness and conscientiousness), and earlier age of onset 
(Lamers et al., 2011b). Gender, age, ethnicity, partner status, and life 
events were not further discriminating comorbid versus single disorders. 
To account for the interplay of sociodemographic with vulnerability 
correlates, these indicators were first investigated together which 
showed that lower educational level, childhood trauma, higher 
neuroticism, lower extraversion and earlier age of onset remained as 
sociodemographic and vulnerability risk indicators of comorbidity. To 
further consider the interplay of these sociodemographic and vulnera-
bility correlates with clinical characteristics (recruitment setting, age of 
onset, duration and severity of symptoms), all these indicators were 
investigated in concert in adjusted analyses. These adjusted analyses 
showed that childhood trauma, higher neuroticism, and earlier age of 
onset remained as independent risk indicators of comorbidity within 
persons with depressive and/or anxiety disorders (Lamers et al., 2011b), 
and indicated that the earlier association with lower education could be 
mediated by clinical characteristics. 

Several NESDA studies focused on the relationship between child-
hood trauma and comorbidity. Regardless of the type of childhood 
trauma, a self-reported history of childhood trauma conferred an 
increased risk of having current (12-month recency) comorbidity, higher 
than the risk of having single disorders (Hovens et al., 2010; n=1931). 
For example, the ORs of depressive and/or anxiety disorders in those 
with versus without a history of frequent childhood emotional neglect 
were 9.03 for having comorbidity (95%CI=6.19–13.2), 4.56 (95% 
CI=2.92–7.13) for single depressive disorders and 2.23 (95% 
CI=1.34–3.72) for single anxiety disorders (Hovens et al., 2010). Like-
wise, a childhood trauma history conferred a higher risk of having co-
morbid as compared to depressive disorders after two years (Hovens 
et al., 2012). In a sample without depressive or anxiety disorders 
(n=1167) childhood trauma history conferred a higher risk for devel-
oping comorbidity than single depressive disorders after 2 years (Hov-
ens et al., 2015). 

Regarding personality traits, the relationship of comorbidity with 
higher neuroticism (Lamers et al., 2011b) was also found in those with 
current MDD (van Eeden et al., 2019). Several personality traits and 
psychological vulnerabilities other than neuroticism were investigated 
in NESDA. Among subjects with depressive and/or anxiety disorders 
those with comorbidity showed the poorest levels of dispositional 
optimism, a personality trait characterized by generalized positive ex-
pectations towards the future (Broekhof et al., 2015). Lifetime comor-
bidity was also most prominently associated with lower happiness and 
lower emotional wellbeing, followed by the single disorders (Spinhoven 
et al., 2015), and with higher trait anger and anger attacks (de Bles et al., 
2019). Regarding self-esteem, measures of deliberative self-evaluative 
processes (explicit self-esteem; ESE) can be differentiated from auto-
matically elicited affective self-associations (implicit self-esteem; ISE). 
Compared to controls, those with current comorbidity had lower ESE 
than single disorders, while lower ISE was specific to current comor-
bidity (Van Tuijl et al., 2016). The instability of self-esteem was lowest 
in comorbid subjects (van Tuijl et al., 2018). Finally, increased trait 
avoidance tendencies were found across all disorders groups but most 
pronounced in comorbid subjects (Struijs et al., 2017). 

3.6. Neurobiological indicators 

Of the neurobiological indicators listed in S1, the main cross- 
sectional findings are summarized in Table 1. Table 1 shows that 
many neurobiological indicators differed between persons with 
depressive and/or anxiety disorders and controls, but that overall these 
markers did not distinguish subjects with comorbidity from the single 
disorders. This was true for markers of oxidative stress (Black et al., 
2018, 2017), most fatty acid measurements (Thesing et al., 2018), 
brain-derived neurotrophic factor (BDNF; Molendijk et al., 2012), 
inflammation (Lamers et al., 2019; Vogelzangs et al., 2016, 2013), 
serum lipoproteins (Van Reedt Dortland et al., 2010a), fatty acids 
(Thesing et al., 2018), cellular aging (Verhoeven et al., 2015, 2014) and 
autonomous nervous system activity (Licht et al., 2012, 2009, 2008). 
The lack of clear differences in biological markers of comorbid disorders 
versus single disorders was also confirmed by longitudinal data on 
inflammation (Lamers et al., 2019), BDNF (Bus et al., 2015) and the 
hypothalamic-pituitary-adrenal (HPA) axis (Vreeburg et al., 2013). 
Among the cross-sectional HPA axis findings, evening cortisol and 
dexamethasone suppression test (DST) levels in saliva were neither 
distinctive for comorbidity (Vreeburg et al., 2010, 2009), but a higher 
cortisol awakening response (CAR) was significantly more present in 
those with comorbidity when examined within persons with MDD 
(Vreeburg et al., 2009) or anxiety disorders (Vreeburg et al., 2010). Also, 
those with current comorbidity, not pure depressive or anxiety disor-
ders, had higher cortisol levels in hair compared to controls (Gerritsen 
et al., 2019). Furthermore, within antidepressant free depressed per-
sons, lower BDNF levels were found in those with comorbid anxiety 
disorders, which became non-significant after additional adjustment for 
demographical and some clinical characteristics (Molendijk et al., 
2011). Within depressed persons, lower vitamin D levels were found in 
those with comorbid disorders, which also became non-significant after 
additional adjustment for lifestyle factors and chronic diseases (Mila-
neschi et al., 2014). 

The neuroimaging data in Table 1 show that altered resting-state 
functional connectivity (RSFC) of certain cortical regions (the bilateral 
precuneus and the right precentral gyrus) with a limbic network – not 
other networks – was found in comorbid depressive and anxiety disor-
ders (Pannekoek et al., 2015). By contrast, cortical volumes of brain 
regions involved in the HPA-axis and emotion regulation did not 
distinguish comorbid from single disorders (Van Tol et al., 2010). 
Likewise, prefrontal hyperactivation during planning was neither 
exclusively altered in subjects with comorbid disorders (van Tol et al., 
2011). 

Taken all NESDA sociodemographic and vulnerability findings 
together, consistent comorbidity risk indicators in subjects with 
depressive and/or anxiety disorders were childhood trauma, neuroti-
cism, and early age of onset. In addition to neuroticism, most other 
psychological vulnerabilities showed higher levels in all disorder groups 
compared to controls, but most prominently in those with comorbid 
depressive and anxiety disorders. The findings of neurobiological and 
neuroimaging data did overall not consistently support a (neuro)bio-
logical distinction between persons with comorbid and single disorders, 
as the vast majority of examined (neuro)biological indicators was not 
significantly associated with comorbidity status within patient groups. 

3.7. Functional, somatic and other mental health indicators 

In NESDA, the comorbidity of depressive and anxiety disorders 
concurred with a range of functional, somatic and other mental health 
indicators, that are summarized in S2 and illustrated by Fig. 3. Fig. 3 
depicts exemplary findings from cross-sectional NESDA studies that 
compared comorbid, single depressive, and single anxiety disorder 
subjects to those without a disorder in terms of Cohen’s d effect sizes 
(ES). For this purpose, odds ratios (OR) were converted to ES according 
to Chinn (2000) and beta’s were converted to ES by the formula (beta / 
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(√(n)*SE)) or (beta/SD (Baguley, 2009)). These converted ES are listed 
in S2. What stands out from all three spider graphs is that the risks of 
adverse outcomes were nearly consistently largest in comorbidity 
compared to the single disorders, as represented by the continuous black 
lines in the spider graphs. In addition, often a gradient was found, with 
second largest risks in single depressive disorders (striped lines), fol-
lowed by single anxiety disorders (dotted lines). The largest ES were 
found in the domains of functional and other mental health outcomes. 

Regarding the functional outcomes (Fig. 3a), various indicators of 
social functioning were significantly impaired across all disorder groups 
compared to controls, and most prominently in patients with comorbid 
disorders (ES up to 1.76 for perceived social disability), followed by 

depressive and then by anxiety disorders (Saris et al., 2017). Such a 
gradual pattern also emerged longitudinally for work disability and 
long-term work absenteeism over the course of 4 years, also after 
adjustment for various sociodemographic, psychiatric course and work 
variables (Hendriks et al., 2015). Likewise, within those with MDD, 
comorbid anxiety disorders predicted disability after 2 years (Gaspersz 
et al., 2017). In a subsample of n=1249 subjects who were employed for 
at least 12 hours per week, increased risks for long-term work absen-
teeism in 1 year were also found in current comorbid (OR=2.35) and 
current single depressive (OR=3.19) disorders (Kok et al., 2017). Once 
sick-listed, having comorbidity as well as either of the single disorders 
was not predictive of sustainable return to work after 2 years (Lammerts 

Table 1 
Cross-sectional associations between neurobiological indicators and single anxiety disorders (AD), single depressive disorders (DD), and comorbid depressive and 
anxiety disorders (CD). Numbered superscripts refer to the original papers listed in the footnote. Displayed associations were largely unadjusted, eventual adjustment 
(s) are summarized in S1. Alphabet superscripts denote those associations that changed after additional adjustment(s) and refer to a short footnote explanation (full 
explanation in S1).   

Comparison against controls  
without disorder 

Comparison within patients  

Single Anxiety Disorder Single Depressive Disorder Comorbid Disorder Comorbid 
versus  
pure AD 

Comorbid versus pure DD 

Biological: 

Cortisol awakening response1,2 (saliva) +2 +1 +1,2 +2 +1 

Cortisol evening1,2 (saliva) =2 =1§ =1§,2 =2 =1 

Cortisol DST1,2 (saliva) =2 =1 =1,2 =2 =1 

Cortisol (hair)3 = = +

Cortisone (hair)3 = = =

Cortisol: cortisone ratio (hair)3 = = =

Omega-3 polyunsaturated fatty acids4 (blood) = = -   
Omega-3: fatty acid ratio4 (blood) = + +

Omega-6 polyunsaturated fatty acids4 (blood) = = =

Omega-6: fatty acid ratio4 (blood) = = =

Uric acid5 (blood) - - -   
F2-isoprostanes6 (blood) = = =

8-hydroxy-2′-deoxyguanosine6 (blood) -a -a -a   

Brain derived neurotrophic factor (BDNF)7 (blood) = = = =

BDNF in antidepressant free subjects8 (blood)  - -  -b 

LPS-stimulated inflammation index9 (blood) = = =

Interleukin-610,11 (blood) =10 +10 +10 =11  

C-reactive protein10,11 (blood)  =10 =10 =11  

Tumor necrosis factor alpha11 (blood)    =11  

Telomere length12,13 (blood)    =13 =12 

Serum lipoproteins: LDL, HDL, triglycerides14 (blood)     =

Vitamin D15 (blood)     -c 

Heart rate variability16,17 (cardiac monitoring)    =17 =16 

Pre-ejection period18 (cardiac monitoring) = = =

Imaging: 

RSFC in limbic network19 = = +

RSFC in default mode network19 = = =

RSFC in salience network19 = = =

RSFC in sensory–motor network19 = = =

vMRI of rostral-dorsal anterior cingulate gyrus20 - - -   
vMRI of lateral temporal cortex20 - = =

vMRI of inferior frontal cortex20 = - =

fMRI activity during planning in prefrontal cortex21 = + =

Abbreviations: AD = single anxiety disorders; DD = single depressive disorders; CD = comorbid disorders; DST = dexamethasone suppression test; fMRI = functional 
magnetic resonance imaging; HDL = high density lipoproteins; LDL = low density lipoproteins; LPS = lipopolysaccharides; RSFC = Resting-state functional con-
nectivity; vMRI = volumetric magnetic resonance imaging. 
Symbols: + (significant positive association); - (significant negative association); = (no significant association); § (evening cortisol levels were elevated only in current 
MDD, and then at 10 PM but not at 11 PM). 
References: 1= Vreeburg et al., 2009; 2= Vreeburg et al., 2010; 3= Gerritsen et al., 2019; 4= Thesing et al., 2018; 5= Black et al., 2018; 6= Black et al., 2017; 7=
Molendijk et al., 2012; 8= Molendijk et al., 2011; 9= Vogelzangs et al., 2016; 10= Lamers et al., 2019; 11= Vogelzangs et al., 2013; 12= Verhoeven et al., 2014; 13=
Verhoeven et al., 2015; 14= Van Reedt Dortland et al., 2010a; 15= Milaneschi et al, 2014; 16= Licht et al., 2008; 17= Licht et al., 2009; 18= Licht et al., 2012; 19=
Pannekoek et al., 2015; 20= Van Tol et al., 2010; 21= Van Tol et al., 2011. 
Alphabet superscripts: 

a Insignificant after additional adjustment for antidepressant use. 
b Univariate association; multivariate analyses including demographical and various clinical characteristics such as smoking and depression severity rendered the 

association insignificant. 
c Insignificant after additional adjustment for smoking, alcohol, BMI, physical activity, chronic diseases and creatinine clearance. 
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et al., 2016). Within employed subjects with current depressive and/or 
anxiety disorders, comorbidity conferred an almost 3-fold risk of poorer 
work functioning and impaired work performance (Plaisier et al., 2010). 
Functional impairments were not confined to those with current co-
morbidity: in those who remitted from MDD, comorbidity was predic-
tive of residual functional disability over the course of 6 years (Iancu 
et al., 2020), which rendered insignificant after adjustment for several 
clinical factors, such as avoidance behavior severity. 

Fig. 3b depicts that several somatic indicators were poorest in co-
morbid disorders, followed by any of the single disorders. As such, the 
risk of lifetime cardiovascular disease (CVD) was increased in those with 
comorbidity and in single anxiety disorders, also after adjustment for 
lifestyle and health factors (Vogelzangs et al., 2010). This applied to all 
types of CVD, and OR’s ranged up to 4.75 for the risk of lifetime 

myocardial infarction in comorbidity (Vogelzangs et al., 2010). Longi-
tudinally, those with comorbidity as well as single depressive disorders 
were at increased risk of incident CVD in CVD-free subjects (Seldenrijk 
et al., 2015). Furthermore, disorder groups and particularly subjects 
with comorbidity were at increased risk of having chronic pain in 
various body sites (Generaal et al., 2014; Ligthart et al., 2013), espe-
cially migraine, chest pain and neck pain (Ligthart et al., 2013), as well 
as pain in musculoskeletal, gastrointestinal, and cardiorespiratory lo-
cations (De Heer et al., 2014). Conversely, in those with current 
depressive and/or anxiety disorders, chronic pain predicted having 
single and particularly comorbid disorders after 2 years (Gerrits et al., 
2012). 

Somatic indicators that were significantly altered in comorbidity and 
not in the single disorders were obesity (De Wit et al., 2010; Fig. 3b), 
abdominal obesity (Van Reedt Dortland et al., 2010b; Fig. 3b), arterial 
stiffness (Seldenrijk et al., 2011a), and 2-year weight gain (de Wit et al., 
2015), independent of lifestyle and health indicators (Seldenrijk et al., 
2011a; Van Reedt Dortland et al., 2010b). The relationship between 
comorbidity and weight gain was further confirmed by longitudinal 
data, showing that within those with lifetime MDD, comorbid anxiety 
disorders predicted the likelihood of weight gain over the course of 2 
years by 66% (Gibson-Smith et al., 2016). Lower physical activity 
occurred across all disorder groups and the relationship was strongest 
with comorbidity compared to the single disorders (De Wit et al., 2010), 
which was also measured by actigraphy (Difrancesco et al., 2019). 
Likewise, those with comorbidity showed more sedentary behavior in-
dependent of general physical activity level (de Wit et al., 2011). So-
matic and lifestyle indicators that were not significantly altered in 
comorbid and single disorders were diabetes, hypertension, triglycerides 
(Seldenrijk et al., 2015), carotid atherosclerosis (Seldenrijk et al., 
2011b), metabolic syndrome and its components other than abdominal 
obesity (Van Reedt Dortland et al., 2010a), and daily units of alcohol 
intake (de Wit et al., 2015; Seldenrijk et al., 2015). In addition, within 
those with current depressive disorders, no associations were found 
between anxiety comorbidity and objective measures of physical func-
tioning (hand grip strength and lung function (Van Milligen et al., 
2011)). 

Spider graph 3c demonstrates that the likelihood of having other 
mental health problems was highest in those with depressive and anxi-
ety comorbidity compared to the single disorders, but not specific for 
comorbidity. Mental health problems included multimorbidity of 
depressive and anxiety comorbidity with obsessive-compulsive disorder 
(Hofmeijer-Sevink et al., 2018), probable borderline personality disor-
der (Distel et al., 2016), daily smoking (de Wit et al., 2015), and alcohol 
dependence (Boschloo et al., 2011). In those with current depressive 
and/or anxiety disorders, comorbidity conferred a more than 3-fold risk 
of having multimorbidity with probable ADHD (Bron et al., 2016). Other 
mental health problems that occurred most prominent – but not exclu-
sively - in comorbidity were insomnia (Prather et al., 2015) and lifetime 
suicide attempts and suicidal ideation (Eikelenboom et al., 2012). This 
relationship between comorbidity and suicidality was also longitudi-
nally present: those with current comorbid anxiety and depressive dis-
orders were at highest risk of suicide attempts over the course of 6 years 
followed by single depressive disorders (Eikelenboom et al., 2019), 
which rendered insignificant after taking clinical characteristics such as 
severity, symptom duration and previous attempts into account. 

In summary, persons with comorbid depressive and anxiety disorders 
were characterized by more functional impairments and more other 
psychiatric and somatic morbidity, compared to persons with single 
disorders. In addition, functional, somatic and mental health indicators 
generally did not distinguish comorbidity from the pure disorders. 

4. Discussion 

We summarized the main findings from NESDA papers that covered 
the comorbidity of depressive and anxiety disorders. Strengths of 

Fig. 3. Spider graphs displaying effect sizes (ES) of several cross-sectional 
outcome indicators of single anxiety disorders (dotted line), single depressive 
disorders (striped line) or comorbid depressive and anxiety disorders (contin-
uous line), versus controls as reference group. Corresponding ES and the in-
struments used to assess the outcomes are displayed in supplementary table 2 
(S2). ES with an asterix (*) denote significance. 
Outcome categories: 3a. Functional indicators; 3b. Somatic indicators; 3c. 
Mental health indicators. 
References: 1. (Kok et al., 2017); 2. (Saris et al., 2017); 3 (Vogelzangs et al., 
2010); 4 (Generaal et al., 2014); 5 (Van Reedt Dortland et al., 2010b); 6 (De Wit 
et al., 2010); 7 (Prather et al., 2015); 8 (Hofmeijer-Sevink et al., 2018); 9 (de 
Wit et al., 2015); 10 (Boschloo et al., 2011); 11 (Distel et al., 2016); 12 
(Eikelenboom et al., 2012). 
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NESDA are the large sample size, longitudinal design, and extensive 
psychiatric evaluation. In addition, the long follow-up gives a more 
realistic estimation of psychiatric course compared to shorter time-
frames and retrospective designs. Furthermore, the sampling frame of 
NESDA from the community to specialized mental health care ensures 
that various treatment settings are represented in NESDA. These ad-
vantages of NESDA support the quality of the findings regarding prev-
alence, etiology, and consequences of comorbidity as presented in this 
narrative review. 

In summary, comorbidity was the rule in over three-quarter of sub-
jects with depressive and/or anxiety disorders in NESDA, most often 
preceded by an anxiety disorder, particularly social phobia. Consistent 
comorbidity risk indicators in subjects with depressive and/or anxiety 
disorders were childhood trauma, neuroticism, and early age of onset. 
Other psychological vulnerabilities were generally most prominent in 
those with comorbid disorders as compared to the single disorders. The 
body of biological markers and neuroimaging findings did not strongly 
support a (neuro)biological distinction between comorbidity and the 
single disorders. Those with comorbid depressive and anxiety disorders 
were characterized by more functional impairments and more other 
psychiatric and somatic morbidity, as compared to persons with single 
disorders. Higher severity and chronicity illustrated a poorer comor-
bidity course, and transitions between depressive and anxiety disorders 
were common at follow-up. No clear clinical profilers indicative of a 
differential comorbidity course were found in NESDA. 

The comorbidity rates in NESDA were rather comparable to that of 
another outpatient sample (Brown et al., 2001) and slightly higher than 
population-based studies (de Graaf et al., 2003; Kessler et al., 2003), 
which may most likely be explained by the different sampling frames. 
The finding that anxiety disorders preceded depressive disorders in more 
than half of comorbidity subjects confirmed previous findings (de Graaf 
et al., 2003; Moffitt et al., 2007; Schoevers, 2005). Regarding the soci-
odemographic and vulnerability risk indicators linked to psychiatric 
disorders in general (Kendler, 2019), consistent comorbidity risk in-
dicators in NESDA were childhood trauma, age of onset, and neuroti-
cism, which is in line with other research (Kendler et al., 2007) and 
occurred independent of sociodemographic, clinical, and other vulner-
ability characteristics. Furthermore, NESDA data demonstrated that 
previously found associations between comorbidity and sociodemo-
graphic risk factors (De Graaf et al., 2002) could be mediated by clinical 
characteristics (Lamers et al., 2011b). Psychological vulnerabilities were 
generally most protruding in those with comorbid disorders as 
compared to the single disorders, which was in line with the few studies 
that specifically examined the association between psychological vul-
nerabilities and comorbidity (Judd et al., 2013; Kendler et al., 2007). 
More functional and psychiatric impairments in comorbidity were also 
found by others (Norberg et al., 2008; Plana-Ripoll et al., 2019). Higher 
severity and chronicity in comorbid versus single depressive or anxiety 
disorders was endorsed by most (Kessler et al., 2003; Merikangas and 
Angst, 1995; Roy-Byrne et al., 2000) but not all (Fava et al., 2000) 
studies, which may be due to different sampling frames. 

In NESDA, various (neuro)biological dysregulations in the presence 
of depression and/or anxiety disorders were confirmed. Nevertheless, 
findings did not confirm that such dysregulations are more severe in 
those with comorbid disorders, so the (neuro)biological signature does 
not seem to be specific for comorbid patients. First, (neuro)inflamma-
tory alterations are a shared finding across psychiatric disorders (Réus 
et al., 2015), and the lack of differences in inflammation (Lamers et al., 
2019; Vogelzangs et al., 2016, 2013) and BDNF (Molendijk et al., 2012) 
in comorbid versus pure depressive or anxiety disorders does not 
endorse a specific role of inflammation in comorbidity. Likewise, shorter 
telomere length is found across several psychiatric disorders and most 
consistently in depressive and anxiety disorders (Monroy-Jaramillo 
et al., 2018) and the absence of telomere length alterations specific to 
comorbidity in NESDA (Verhoeven et al., 2015, 2014) argues against a 
specific role of cellular aging in comorbidity. Moreover, cortisol 

alterations occur across several psychiatric disorders (Zorn et al., 2017) 
and the overall absence of salivary cortisol differences between co-
morbidity and pure disorders in NESDA (Vreeburg et al., 2010, 2009) 
was also found in a study of HPA-axis stress reactivity in MDD (Young 
et al., 2004). Furthermore, the lack of differences in uric acid between 
comorbid and pure disorders in NESDA (Black et al., 2018) was endorsed 
by a study (Maes et al., 2018) that compared MDD with or without GAD. 
Finally, the absence of differences in serum lipoproteins between co-
morbid and pure depressive disorders (Van Reedt Dortland et al., 2010a) 
was not confirmed by the study of Maes et al. (2018) regarding HDL in 
MDD with versus without GAD, although serum lipids other than HDL 
were not investigated in their study and analyses were not adjusted for 
lipid-modifying factors. 

While the vast majority of examined (neuro)biological indicators in 
NESDA showed no clear alterations specific to comorbid disorders, a few 
exceptions need consideration. First, the higher hair cortisol levels in 
comorbidity compared to single disorders (Gerritsen et al., 2019) were 
also associated with higher severity (Gerritsen et al., 2019) and may be 
indicative of chronic stress (Staufenbiel et al., 2013) in those with co-
morbidity. Second, the higher CAR in comorbidity (Vreeburg et al., 
2010, 2009) may represent higher HPA axis reactivity to stress (Yoon 
and Joormann, 2012; Young et al., 2004) but should be interpreted 
against the absence of other salivary cortisol abnormalities in comor-
bidity (Vreeburg et al., 2010, 2009; Young et al., 2004). Third, lower 
BDNF (Molendijk et al., 2012) and lower vitamin D (Milaneschi et al., 
2014) levels in depressed subjects with versus without comorbidity were 
no longer significant after additional adjustments for somatic diseases 
(Milaneschi et al., 2014), symptom severity (Molendijk et al., 2011) and 
lifestyle factors (Milaneschi et al., 2014; Molendijk et al., 2011), which 
suggests a probable interplay of neurobiological, psychiatric, somatic 
and lifestyle indicators. Fourth, resting state alterations in a limbic 
network – not in other networks - in comorbidity (Pannekoek et al., 
2015) need replication and could be related to alterations in emotion 
regulation (Grecucci et al., 2013). 

To further advance the ontological comprehension of comorbidity of 
depressive and anxiety disorders, some have suggested that comorbidity 
is just an artefact (Maj, 2005), while others stated that comorbidity of 
depressive and anxiety disorders is more than a sum of the parts (Klei-
man and Riskind, 2012). In NESDA, the association between comor-
bidity and several vulnerability, functional, and mental health 
indicators remained when clinical factors such as symptom severity 
(Hendriks et al., 2015; Lamers et al., 2011b) or disease status (current 
versus remitted; (Distel et al., 2016; Hofmeijer-Sevink et al., 2018)) were 
taken into account. Hence, severity and disease status may be part, but 
not all, of the explanation why almost all outcomes tended to be more 
adverse and protruded in comorbid as compared to the single disorders. 
Comorbidity may therefore be regarded as more than a sum of the parts 
and further comprehension of comorbidity may lie in the conceptual 
understanding of depressive and anxiety disorders. 

Several findings of NESDA have aided this conceptual understanding 
of depressive and anxiety disorders. First, in addition to the existing 
evidence of overlapping genetic (Anttila et al., 2018; Wray et al., 2018) 
and environmental (De Graaf et al., 2002) underpinnings of depressive 
and anxiety disorders, little distinction was found in neurobiological 
markers and other vulnerability traits between persons with comorbid 
versus single disorders in NESDA, which further supports the notion of a 
shared etiological pathway to both depressive and anxiety disorders. In 
addition, findings from NESDA confirmed that depressive and anxiety 
disorders considerably co-occur (Gorman, 1996) and expanded this by 
showing that transitions over time occur often between depressive and 
anxiety disorders, and that extension beyond de diagnostic boundaries 
of the single disorders is common. Such etiological and symptomatic 
overlap endorses a dimensional approach (Brown and Barlow, 2009) to 
depressive and anxiety disorders. In such a dimensional view, the 
waxing and waning of depressive and anxiety disorders over time can be 
viewed as phenotypic expressions of the same underlying disorder, and 
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concurrent comorbidity could be regarded from this viewpoint as a 
profiler indicative of a more severe psychiatric and functional outcome 
trajectory. 

How can these findings about risk indicators be merged in prevailing 
etiological models for comorbidity? Childhood trauma may affect per-
sonality development, leading to adverse personality features and 
dysfunctional cognitive styles (Hovens et al., 2017). Such adverse per-
sonality and cognitive profiles, as well as genetic susceptibility (Anttila 
et al., 2018; Ferentinos et al., 2015; Verduijn et al., 2017a), facilitate 
early onset of anxiety and/or depressive symptoms and syndromes. 
Subthreshold symptoms pave the way to the occurrence of established 
depressive and/or anxiety disorders (Karsten et al., 2011), and the 
combination with the psychological vulnerability factors further facili-
tates comorbid disorders. Once established comorbidity, a detrimental 
interplay between poorer clinical course at one hand, and functional 
disability and poorer mental health at the other hand may further 
aggravate the clinical picture. For instance, social dysfunction was 
predictive of still having a depressive and/or anxiety disorders at 2 year 
follow up (Saris et al., 2017), while having a depressive and/or anxiety 
disorders was predictive of developing multimorbidity with alcohol 
dependence (Boschloo et al., 2013). The term “illness extension” was 
recently introduced by Shah et al. (2020) to describe how a mental 
illness expands beyond the original diagnostic boundaries, including the 
emergence of co- and multimorbidity. NESDA findings clearly demon-
strated that – so defined - illness extension is common in depressive and 
anxiety disorders. From the perspective of staging, illness extension 
(Shah et al., 2020) and disease progression (Scott et al., 2013) both 
imply a gradual increase in severity or complexity, along with increased 
risk of persistence or recurrence (Shah et al., 2020). 

For future research, further investigation into the clinical heteroge-
neity within comorbid disorders is recommended, in order to find pro-
filers indicative of specific etiological pathways or particular outcome 
trajectories. In addition, the effectiveness of promising transdiagnostic 
treatments (Barlow et al., 2017; Garber et al., 2016; Newby et al., 2015) 
should be further compared against existing evidence-based psycho-
logical treatments with particular focus on the effects on comorbidity. 
Prevention and particularly treatment of anxiety in youth also reduced 
depression - and vice-versa - (Garber et al., 2016) but long-term studies 
are sparse (Benjamin et al., 2013), hence longitudinal studies are 
strongly needed with long post-intervention follow-up into such 
cross-over effects and particularly into the prevention of lifetime co-
morbidity. Also, a thorough assessment of depression and 
anxiety-related symptoms should be an outcome indicator of every 
clinical trial, regardless of whether the index disorder is depression or 
anxiety. Furthermore, the presence of a comorbid anxiety disorder is not 
marked yet as a marker of staging in the current staging models of 
depressive disorders (Hetrick et al., 2008; Verduijn et al., 2015), while 
comorbidity was an indicator of poorer course across all stages of anx-
iety disorders (Bokma et al., 2020). Therefore, comorbidity could be a 
useful addition as a staging marker across all clinical stages of depressive 
disorders in future studies, and the concept of illness extension (Shah 
et al., 2020) could be a valuable addition to such staging research. 
Another research recommendation is to further explore a dimensional 
instead of a categorical approach to depressive and anxiety disorders 
(Conway and Brown, 2018). Finally, as our data supported that 
depressive and anxiety disorders tend to interplay, novel strategies 
aimed at this interplay deserve further attention, such as unravelling 
bridge mental states (Groen et al., 2020) as a possible venue for thera-
peutic strategies. 

Various recommendations for clinical practice need consideration. 
First, it seems imperative to distinguish comorbid from single conditions 
in health care. An important criterion to organize and finance health 
care, is the severity of a disease and the intensity of the treatment 
needed, which are both prominent in comorbid compared to the single 
disorders. In addition, it is well possible that common – and lighter – 
interventions that are effective for single disorders, are less effective in 

comorbidity. Hence, stepped care might be better reserved for the single 
disorders, while more vigorous treatment options – for instance cogni-
tive behavioral therapy in conjunction with pharmacotherapy – should 
be considered in those with comorbid disorders, as proposed in a review 
by Schoevers et al. (2008). Regardless of treatment setting, vulnerability 
factors of comorbidity - especially childhood trauma and neuroticism - 
should be more consequently targeted in treatment settings. Given the 
high rates and impact of comorbidity, prevention of the onset of 
depression or anxiety by effective strategies (Garber et al., 2016; Glad-
stone et al., 2020) should be encouraged analogous to early intervention 
programmes in psychosis, and first episodes of single depressive or 
anxiety disorders need to be more adequately recognized (Wang et al., 
2007) and subsequently treated, particularly in the presence of risk 
factors of developing comorbidity. Finally, the high prevalence of co-
morbidity and common transitions or extension of depressive or anxiety 
disorders beyond their original diagnostic boundaries, indicate that a 
thorough assessment of both depressive and anxiety-related symptoms 
should be part of every assessment of patients with either index disorder. 

Several limitations and considerations of this study deserve atten-
tion. Due to the observational design of NESDA, causality cannot be 
inferred and the impact of treatment on course cannot be fully assessed. 
In addition, we were not able to prospectively analyze the develop-
mental trajectory to comorbidity which requires longitudinal youth 
cohorts, as depressive and particularly anxiety disorders typically orig-
inate in adolescence (Garber et al., 2016; Lamers et al., 2011b). 
Furthermore, the results may not be fully generalizable to ethnic mi-
norities, non-European subjects, elderly, adolescents, patients in clinical 
mental health settings, or to those with a primary other clinical diag-
nosis such as a severe substance use disorder. Another limitation is that 
some studies had missing data on the relevant outcome measure under 
study. Subjects excluded for this reason often had higher rates of co-
morbid depressive and anxiety disorders compared to those included 
(for example: de Wit et al., 2015; Prather et al., 2015), which may have 
led to an underestimation of the influence of comorbidity on that 
particular outcome. Likewise, attrition was associated with comorbidity 
(Lamers et al., 2012) which may further limit the generalizability of the 
outcomes. However, this limitation only applies to those papers based 
on data other than cross-sectional baseline data, and attrition was 
relatively low in NESDA (Lamers et al., 2012). Some data were retro-
spectively retrieved, such as age of onset and childhood trauma, which 
may be subject to recall bias. Finally, it should be noted that the papers 
in the current review employed DSM-IV classifications while the 
currently used DSM-5 contains more diagnostic categories and slightly 
different criteria for depressive and anxiety disorders. 
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disorders in primary care: prevalence, impairment, comorbidity, and detection. Ann. 
Intern. Med. https://doi.org/10.7326/0003-4819-146-5-200703060-00004. 

Lamers, F., Beekman, A.T.F., de Jonge, P., Smit, J.H., Nolen, W.A., Penninx, B.W.J.H., 
2011a. One-year severity of depressive symptoms: results from the NESDA study. 
Psychiatry Res. https://doi.org/10.1016/j.psychres.2011.07.005. 

Lamers, F., Hoogendoorn, A.W., Smit, J.H., Van Dyck, R., Zitman, F.G., Nolen, W.A., 
Penninx, B.W., 2012. Sociodemographic and psychiatric determinants of attrition in 
the Netherlands Study of Depression and Anxiety (NESDA). Compr. Psychiatry 53, 
63–70. https://doi.org/10.1016/j.comppsych.2011.01.011. 

Lamers, F., Milaneschi, Y., Smit, J.H., Schoevers, R.A., Wittenberg, G., Penninx, B.W.J.H., 
2019. Longitudinal association between depression and inflammatory markers: 
results from the Netherlands study of depression and anxiety. Biol. Psychiatry. 
https://doi.org/10.1016/j.biopsych.2018.12.020. 

Lamers, F., Van Oppen, P., Comijs, H.C., Smit, J.H., Spinhoven, P., Van Balkom, A.J.L.M., 
Nolen, W.A., Zitman, F.G., Beekman, A.T.F., Penninx, B.W.J.H., 2011b. Comorbidity 
patterns of anxiety and depressive disorders in a large cohort study: the Netherlands 
Study of Depression and Anxiety (NESDA). J. Clin. Psychiatry. https://doi.org/ 
10.4088/JCP.10m06176blu. 

Lammerts, L., Schaafsma, F.G., Eikelenboom, M., Vermeulen, S.J., van Mechelen, W., 
Anema, J.R., Penninx, B.W.J.H., 2016. Longitudinal associations between 
biopsychosocial factors and sustainable return to work of sick-listed workers with a 
depressive or anxiety disorder. J. Occup. Rehabil. https://doi.org/10.1007/s10926- 
015-9588-z. 

Licht, C.M.M., De Geus, E.J.C., Richard Van, D.A., Penninx, B.W.J.H., 2009. Association 
between anxiety disorders and heart rate variability in the Netherlands study of 
depression and anxiety (NESDA). Psychosom. Med. https://doi.org/10.1097/ 
PSY.0b013e3181a292a6. 

Licht, C.M.M., De Geus, E.J.C., Zitman, F.G., Hoogendijk, W.J.G., Van Dyck, R., 
Penninx, B.W.J.H., 2008. Association between major depressive disorder and heart 
rate variability in the Netherlands study of depression and anxiety (NESDA). Arch. 
Gen. Psychiatry. https://doi.org/10.1001/archpsyc.65.12.1358. 

Licht, C.M.M., Penninx, B.W.J.H., De Geus, E.J.C., 2012. Effects of antidepressants, but 
not psychopathology, on cardiac sympathetic control: a longitudinal study. 
Neuropsychopharmacology. https://doi.org/10.1038/npp.2012.107. 

Ligthart, L., Gerrits, M.M.J.G., Boomsma, D.I., Penninx, B.W.J.H., 2013. Anxiety and 
depression are associated with migraine and pain in general: an investigation of the 
interrelationships. J. Pain. https://doi.org/10.1016/j.jpain.2012.12.006. 

Lyketsos, C.G., Nestadt, G., Cwi, J., Heithoff, K., et al., 1994. The life chart interview: a 
standardized method to describe the course of psychopathology. Int. J. Methods 
Psychiatr. Res. 

Maes, M., Bonifacio, K.L., Morelli, N.R., Vargas, H.O., Moreira, E.G., St. Stoyanov, D., 
Barbosa, D.S., Carvalho, A.F., Nunes, S.O.V., 2018. Generalized Anxiety Disorder 
(GAD) and Comorbid Major Depression with GAD are characterized by enhanced 
nitro-oxidative stress, increased lipid peroxidation, and lowered lipid-associated 
antioxidant defenses. Neurotox. Res. https://doi.org/10.1007/s12640-018-9906-2. 

Maj, M., 2005. Psychiatric comorbidity”: an artefact of current diagnostic systems? Br. J. 
Psychiatry. https://doi.org/10.1192/bjp.186.3.182. 

Marks, I.M., Mathews, A.M., 1979. Brief standard self-rating for phobic patients. Behav. 
Res. Ther. https://doi.org/10.1016/0005-7967(79)90041-X. 

Merikangas, K.R., Angst, J., 1995. Comorbidity and social phobia: evidence from clinical, 
epidemiologic, and genetic studies. Eur. Arch. Psychiatry Clin. Neurosci. https://doi. 
org/10.1007/BF02190407. 

Milaneschi, Y., Hoogendijk, W., Lips, P., Heijboer, A.C., Schoevers, R., Van Hemert, A.M., 
Beekman, A.T.F., Smit, J.H., Penninx, B.W.J.H., 2014. The association between low 
vitamin D and depressive disorders. Mol. Psychiatry. https://doi.org/10.1038/ 
mp.2013.36. 

Moffitt, T.E., Harrington, H., Caspi, A., Kim-Cohen, J., Goldberg, D., Gregory, A.M., 
Poulton, R., 2007. Depression and generalized anxiety disorder. Arch. Gen. 
Psychiatry. https://doi.org/10.1001/archpsyc.64.6.651. 

Molendijk, M.L., Bus, B.A.A., Spinhoven, P., Penninx, B.W.J.H., Kenis, G., Prickaerts, J., 
Voshaar, R.C.O., Elzinga, B.M., 2011. Serum levels of brain-derived neurotrophic 
factor in major depressive disorder: state-trait issues, clinical features and 
pharmacological treatment. Mol. Psychiatry. https://doi.org/10.1038/mp.2010.98. 

Molendijk, M.L., Bus, B.A.A., Spinhoven, P., Penninx, B.W.J.H., Prickaerts, J., Oude 
Voshaar, R.C., Elzinga, B.M., 2012. Gender specific associations of serum levels of 
brain-derived neurotrophic factor in anxiety. World J. Biol. Psychiatry. https://doi. 
org/10.3109/15622975.2011.587892. 

Monroy-Jaramillo, N., Dyukova, E., Walss-Bass, C., 2018. Telomere length in psychiatric 
disorders: is it more than an ageing marker? World J. Biol. Psychiatry. https://doi. 
org/10.1080/15622975.2016.1273550. 

Newby, J.M., McKinnon, A., Kuyken, W., Gilbody, S., Dalgleish, T., 2015. Systematic 
review and meta-analysis of transdiagnostic psychological treatments for anxiety 

W.G. ter Meulen et al.                                                                                                                                                                                                                         

https://doi.org/10.1016/j.pain.2011.11.001
https://doi.org/10.1016/j.psyneuen.2018.11.019
https://doi.org/10.4088/JCP.14m09658
https://doi.org/10.3390/ijerph17217736
https://doi.org/10.1002/(SICI)1520-6394(1996)4:4&tnqh_x003C;160::AID-DA2&tnqh_x003E;3.0.CO;2-J
https://doi.org/10.1002/(SICI)1520-6394(1996)4:4&tnqh_x003C;160::AID-DA2&tnqh_x003E;3.0.CO;2-J
https://doi.org/10.3389/fnhum.2013.00523
https://doi.org/10.3389/fnhum.2013.00523
https://doi.org/10.1016/S0899-3467(07)60142-6
https://doi.org/10.1016/S0899-3467(07)60142-6
https://doi.org/10.1186/s12916-020-01738-z
https://doi.org/10.1016/j.jad.2015.03.004
https://doi.org/10.1016/j.jad.2015.03.004
https://doi.org/10.1159/000140085
https://doi.org/10.1159/000140085
https://doi.org/10.1177/0706743717711170
https://doi.org/10.1016/j.jad.2015.10.035
https://doi.org/10.4088/JCP.14m09135
https://doi.org/10.4088/JCP.14m09135
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0051
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0051
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0051
https://doi.org/10.1111/j.1600-0447.2011.01828.x
https://doi.org/10.1111/j.1600-0447.2011.01828.x
https://doi.org/10.1111/j.1600-0447.2009.01491.x
https://doi.org/10.1017/S0033291719001612
https://doi.org/10.1001/jamapsychiatry.2013.1957
https://doi.org/10.1001/jamapsychiatry.2013.1957
https://doi.org/10.1192/bjp.bp.110.080572
https://doi.org/10.1192/bjp.bp.110.080572
https://doi.org/10.1001/jamapsychiatry.2019.1200
https://doi.org/10.1017/S0033291706009135
https://doi.org/10.1001/jama.289.23.3095
https://doi.org/10.1001/archpsyc.1994.03950010008002
https://doi.org/10.1001/archpsyc.1994.03950010008002
https://doi.org/10.1016/j.jbtep.2012.05.008
https://doi.org/10.1016/j.jbtep.2012.05.008
https://doi.org/10.1016/j.jad.2011.12.008
https://doi.org/10.1186/s40359-017-0179-y
https://doi.org/10.1186/s40359-017-0179-y
https://doi.org/10.7326/0003-4819-146-5-200703060-00004
https://doi.org/10.1016/j.psychres.2011.07.005
https://doi.org/10.1016/j.comppsych.2011.01.011
https://doi.org/10.1016/j.biopsych.2018.12.020
https://doi.org/10.4088/JCP.10m06176blu
https://doi.org/10.4088/JCP.10m06176blu
https://doi.org/10.1007/s10926-015-9588-z
https://doi.org/10.1007/s10926-015-9588-z
https://doi.org/10.1097/PSY.0b013e3181a292a6
https://doi.org/10.1097/PSY.0b013e3181a292a6
https://doi.org/10.1001/archpsyc.65.12.1358
https://doi.org/10.1038/npp.2012.107
https://doi.org/10.1016/j.jpain.2012.12.006
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0074
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0074
http://refhub.elsevier.com/S0165-0327(21)00111-7/sbref0074
https://doi.org/10.1007/s12640-018-9906-2
https://doi.org/10.1192/bjp.186.3.182
https://doi.org/10.1016/0005-7967(79)90041-X
https://doi.org/10.1007/BF02190407
https://doi.org/10.1007/BF02190407
https://doi.org/10.1038/mp.2013.36
https://doi.org/10.1038/mp.2013.36
https://doi.org/10.1001/archpsyc.64.6.651
https://doi.org/10.1038/mp.2010.98
https://doi.org/10.3109/15622975.2011.587892
https://doi.org/10.3109/15622975.2011.587892
https://doi.org/10.1080/15622975.2016.1273550
https://doi.org/10.1080/15622975.2016.1273550


Journal of Affective Disorders 284 (2021) 85–97

96

and depressive disorders in adulthood. Clin. Psychol. Rev. https://doi.org/10.1016/ 
j.cpr.2015.06.002. 

Norberg, M.M., Diefenbach, G.J., Tolin, D.F., 2008. Quality of life and anxiety and 
depressive disorder comorbidity. J. Anxiety Disord. https://doi.org/10.1016/j. 
janxdis.2008.03.005. 

Pannekoek, J.N., van der Werff, S.J.A., van Tol, M.J., Veltman, D.J., Aleman, A., 
Zitman, F.G., Rombouts, S.A.R.B., van der Wee, N.J.A., 2015. Investigating distinct 
and common abnormalities of resting-state functional connectivity in depression, 
anxiety, and their comorbid states. Eur. Neuropsychopharmacol. https://doi.org/ 
10.1016/j.euroneuro.2015.08.002. 

Penninx, B.W.J.H., Beekman, A.T.F., Smit, J.H., Zitman, F.G., Nolen, W.A., 
Spinhoven, P., Cuijpers, P., De Jong, P.J., Van Marwijk, H.W.J., Assendelft, W.J.J., 
van der Meer, K., Verhaak, P., Wensing, M., de Graaf, R., Hoogendijk, W.J., 
Ormel, J., van Dyck, R., 2008. The Netherlands Study of Depression and Anxiety 
(NESDA): rationale, objectives and methods. Int. J. Methods Psychiatr. Res. 17, 
121–140. https://doi.org/10.1002/mpr.256. 

Penninx, B.W.J.H., Nolen, W.A., Lamers, F., Zitman, F.G., Smit, J.H., Spinhoven, P., 
Cuijpers, P., De Jong, P.J., Van Marwijk, H.W.J., Der Meer, K.Van, Verhaak, P., 
Laurant, M.G.H., De Graaf, R., Hoogendijk, W.J., Der Wee, N.Van, Ormel, J., Van 
Dyck, R., Beekman, A.T.F., 2011. Two-year course of depressive and anxiety 
disorders: results from the Netherlands Study of Depression and Anxiety (NESDA). 
J. Affect. Disord. https://doi.org/10.1016/j.jad.2011.03.027. 

Plaisier, I., Beekman, A.T.F., De Graaf, R., Smit, J.H., Van Dyck, R., Penninx, B.W.J.H., 
2010. Work functioning in persons with depressive and anxiety disorders: the role of 
specific psychopathological characteristics. J. Affect. Disord. https://doi.org/ 
10.1016/j.jad.2010.01.072. 

Plana-Ripoll, O., Pedersen, C.B., Holtz, Y., Benros, M.E., Dalsgaard, S., De Jonge, P., 
Fan, C.C., Degenhardt, L., Ganna, A., Greve, A.N., Gunn, J., Iburg, K.M., Kessing, L. 
V., Lee, B.K., Lim, C.C.W., Mors, O., Nordentoft, M., Prior, A., Roest, A.M., Saha, S., 
Schork, A., Scott, J.G., Scott, K.M., Stedman, T., Sørensen, H.J., Werge, T., 
Whiteford, H.A., Laursen, T.M., Agerbo, E., Kessler, R.C., Mortensen, P.B., 
McGrath, J.J., 2019. Exploring comorbidity within mental disorders among a danish 
national population. JAMA Psychiatry. https://doi.org/10.1001/ 
jamapsychiatry.2018.3658. 

Posternak, M.A., Solomon, D.A., Leon, A.C., Mueller, T.I., Shea, M.T., Endicott, J., 
Keller, M.B., 2006. The naturalistic course of unipolar major depression in the 
absence of somatic therapy. J. Nerv. Ment. Dis. https://doi.org/10.1097/01. 
nmd.0000217820.33841.53. 

Prather, A.A., Vogelzangs, N., Penninx, B.W.J.H., 2015. Sleep duration, insomnia, and 
markers of systemic inflammation: results from the Netherlands Study of Depression 
and Anxiety (NESDA). J. Psychiatr. Res. https://doi.org/10.1016/j. 
jpsychires.2014.09.018. 
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