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Background: The burdens imposed by treatment-resistant depression (TRD) necessitate the 

identification of predictive factors that may improve patient treatment and outcomes. Because 

depression and attention-deficit hyperactivity disorder (ADHD) are frequently comorbid and 

share a complex relationship, we hypothesized that ADHD may be a predictive factor for the 

diagnosis of TRD. This exploratory study aimed to determine the percentage of undetected 

ADHD in those with TRD and evaluate factors associated with treatment resistance and unde-

tected ADHD in depressed patients.

Subjects and methods: Adults referred (n=160) for psychiatric consultation completed a 

structured interview (MINI Plus, Mini International Neuropsychiatric Interview Plus) to assess 

the presence of psychiatric disorders.

Results: TRD was significantly associated with the number of diagnoses (P,0.001), past 

(P,0.001) and present medications (P,0.001), chronic anhedonia (P=0.013), and suicide 

ideation (P=0.008). Undetected ADHD was present in 34% of TRD patients. The number of 

referral diagnoses (P,0.001), failed medications (P=0.002), and past selective serotonin reuptake 

inhibitor failures (P=0.035) were predictive of undetected ADHD in TRD.

Conclusion: Undetected ADHD may be more prevalent among TRD patients than previously 

thought. In addition, TRD patients are more likely to present with psychiatric comorbidity than 

non-TRD patients. Screening patients with depression for the presence of ADHD and chronic 

anhedonia/low hedonic tone may help identify patients with TRD and undetected ADHD and 

improve treatment outcomes.

Keywords: anhedonia, catecholamine, suicide, dopamine, attention, drug response

Introduction
Major depressive disorder (MDD) affects 10%–15% of the world’s population annu-

ally and is the leading cause of years of life lived with disability.1 In the United States 

alone, MDD affects between 13.1 million and 14.2 million citizens a year.2 Although 

considerable progress has been made in the treatment of MDD, research suggests that 

approximately 30%–40% of patients do not respond to first-line antidepressant therapy, 

most commonly selective serotonin reuptake inhibitors (SSRIs), and up to 30% of this 

population does not respond to multiple treatments, and are thereby deemed treatment 

resistant.3,4 Moreover, it has been documented that even after treatment, 60%–70% 

of patients experience residual symptoms commonly associated with depression, 

and these symptoms are often accompanied by early relapse and increased recur-

rence rates.5,6 Thus, given the increasing rates of depression worldwide7 and the high 

prevalence of treatment-resistant depression (TRD), identification of clinical features 
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that are predictive of TRD is essential to lessen the burden 

of the disease and develop more effective therapies targeted 

specifically for patients who do not respond to conventional 

treatments.

Several studies have demonstrated that rates of comorbid-

ity between attention-deficit hyperactivity disorder (ADHD) 

and depression range from 22% to as high as 74%.8–13 In 

addition, MDD and ADHD share not only common clinical 

features but also changes in neural pathways that regulate 

mood.14–16 ADHD has been suggested as an endophenotype 

of chronic MDD since both disorders involve dysregulation 

of dopaminergic and serotonergic function.10 Collectively, 

the findings from these studies suggest that MDD comorbid 

with ADHD may represent a specific neurobiological subtype 

of depression and lead to the possibility that ADHD may be 

a predictive factor for the diagnosis of TRD.

Anhedonia, a reduced ability to experience feelings of 

pleasure, is a key feature of several mood and attention dis-

orders, including MDD and ADHD.14 The neurobiology of 

anhedonia is complex and involves a dysfunction in pathways 

that regulate reward and motivation.14 Since alterations in 

these pathways are also observed in several psychopatholo-

gies including MDD and ADHD, it has been suggested that the 

presence of anhedonia may be a predictor of neurobiological 

subtypes of these disorders and their comorbidities.14,17 In 

addition, while Diagnostic and Statistical Manual of Mental 

Disorders Fifth Edition (DSM-V) defines acute anhedonia as 

a symptom of a major depressive episode;18 it is plausible that 

chronic anhedonia, which can be conceptualized as reduced 

trait hedonic capacity or low hedonic tone (LHT), may be 

a significant predictor of TRD.14,19 Furthermore, although 

research examining the role of anhedonia in ADHD is scant, 

a recent study conducted on a nonclinical sample of under-

graduate students found that LHT partially accounted for the 

relationship between comorbid MDD and ADHD, highlight-

ing the need to further examine this relationship.20

The primary aim of this exploratory study was to deter-

mine the proportion of patients with undetected ADHD 

referred for the treatment of MDD and to identify predictive 

factors (ie, education, income level, marital status, employ-

ment status, perceived social standing, and prior medica-

tion use) and clinical features (ie, anhedonia and DSM-IV 

diagnoses as per the Mini International Neuropsychiatric 

Interview [MINI] assessment and confirmed by psychiatric 

consultation) associated with the development of TRD 

and/or the presence of undetected ADHD. Predictive factors 

were selected based on prior research suggesting sociode-

mographic risk factors for the development of ADHD.21,22 

Clinical features were selected to examine the frequency of 

comorbidity and potential role of anhedonia on TRD and 

undetected ADHD. We hypothesized that undetected ADHD 

is a risk factor for the development of treatment resistance in 

a subgroup of depressed patients who show residual symp-

toms when treated with SSRIs. Specifically, this subgroup 

is hypothesized to have altered neural pathways involved in 

emotional affect and reward processing.14,42

Subjects and methods
Participants and procedure
The sample included 160 participants referred to the START 

Clinic for Mood and Anxiety Disorders, a tertiary psychiatric 

center in Toronto, ON, Canada. All new patients referred 

between July 2011 and 2015 were eligible for participation. 

As the purpose of the study was to assess predictive factors 

contributing to the diagnosis of treatment resistance in 

patients referred for the management of depression, subjects 

who met the criteria for a major depressive episode in the 

absence of meeting criteria for bipolar disorder or MDD 

were excluded from the study. In addition, patients referred 

for the management of adult ADHD were excluded. Patients 

were informed that participation in the study was voluntary 

and that access to treatment was not dependent on enroll-

ment in the study. All participants met the age of consent in 

Canada (ie, 16 years) and were thus able to provide written 

informed consent agreeing to have their data used for research 

purposes. The contents of the self-report package, procedures 

of data collection, and consent form were all approved by 

the central institutional review board, Optimum Ethics 

Review Board.

Information regarding demographic, psychiatric, and 

medication history was obtained through the START Clinic’s 

standard procedure used to assess new referrals as well as 

medical notes provided at the time of referral. TRD was 

defined as a failure to respond to at least two prior adequate 

trials (dose and duration) of at least two distinctly different 

classes of antidepressants.23

The initial intake assessment involved a multistep process 

that included the administration of the MINI 6.0.0,24 the MINI 

Plus ADHD module 5.0.0,25,26 a semi-structured clinical psy-

chiatric assessment, and completion of a self-administered 

questionnaire package including a sociodemographic ques-

tionnaire, which asked questions related to gender, age, 

personal income, ethnicity, marital status, education level, 

and perceived social standing.

Data gathered during the intake were used by the senior treat-

ing psychiatrists (MAK and IE) to establish diagnoses using the 

Diagnostic and Statistical Manual of Mental Disorder, Fourth 

Edition Text Revision (DSM-IV-TR) definitions.27 Patients 
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referred with the diagnosis of TRD and/or those who met the 

criteria for major depressive episode (MDE) on the MINI and 

had not responded adequately to two or more antidepressants 

during the current episode were identified with TRD.

assessments and materials
Diagnostic screening and assessment of clinical 
characteristics
All participants were screened for the presence of psychi-

atric diagnoses using the MINI24,26 as well as select MINI 

Plus modules.25,26 The MINI is a brief, structured interview 

designed to assess the presence of DSM-IV and ICD-10 psy-

chiatric illnesses for epidemiology and multicenter studies as 

well as to track outcomes in non-research clinical settings.24 

The MINI assesses mood, anxiety, somatoform, substance 

use, psychotic, eating, conduct, and adjustment disorders.24,26 

The MINI has demonstrated good correlation with Struc-

tured Clinical Interview for DSM-IV-TR Axis I (κ=0.70 or 

above) and the Composite International Diagnostic Interview 

(κ=0.70 or above) for most psychiatric diagnoses.26,28

assessment of the presence of unrecognized aDhD
The DSM-IV-TR defines ADHD as a persistent pattern of 

inattention and/or hyperactivity–impulsivity, in which six 

or more symptoms are present for at least 6 months, and 

several symptoms begin before the age of 12 years.27 The 

presence of ADHD was assessed using the ADHD module 

of the MINI Plus, which assesses lifetime ADHD symptoms 

as well as symptoms over the past 6 months. Respondents 

were asked questions pertaining to both child and adult 

behaviors including symptoms of inattention, hyperactivity, 

and impulsivity. As there is no “gold standard” ADHD diag-

nostic tool at present, the MINI Plus has been recommended 

for the assessment of ADHD during a general assessment 

of psychiatric disorders in adults. This is designed to ensure 

ADHD screening commensurate with screening used for 

other adult psychiatric disorders.29 All positive scores on the 

ADHD module were followed up with a clinical interview 

and review of collateral information.

assessment of anhedonia
The most common definition of anhedonia is reduced 

ability to experience pleasure or loss of interest in previ-

ously enjoyed activities.30 Anhedonia was identified using 

the MINI module A question A2: “were you ever much 

less interested in most things or much less able to enjoy the 

things you used to enjoy most of the time, for two weeks?” 

Based on their response, participants were assigned to past, 

acute (within the past 2 weeks), or chronic (both past and 

present) categories.

statistical analyses
Analyses were conducted on the entire sample as well as on 

a subsample of patients with unipolar TRD and comorbid 

ADHD. Due to small sample sizes, participants with depres-

sion as a secondary diagnosis and bipolar TRD were not 

analyzed separately. Descriptive statistics were computed, 

and demographic characteristics and clinical features were 

compared between TRD and non-TRD cases using Student 

t-tests for continuous variables and chi-squared tests for all 

other variables. The association of individual clinical features 

and comorbid diagnoses with TRD was examined using a 

chi-squared test for independence. Nominal variables were 

dichotomized and coded as 0=no and 1=yes based on the 

absence or presence of symptom or psychiatric diagnosis. 

To examine the predictive factors of TRD and obtain odds 

ratio (OR), logistic regression analyses were performed 

with TRD as the outcome variable and significant clinical 

features and comorbid diagnoses as independent variables. 

The presence of anhedonia (past, present, chronic) was com-

pared between those with TRD and comorbid ADHD and 

TRD alone using chi-squared analyses. All analyses were 

performed using the Statistical Package for Social Science31 

version 23 (IBM Corporation, Armonk, NY, USA) with 

statistical significance defined as P,0.05.

Results
general characteristics and psychiatric 
histories
A total of 160 (82 males and 78 females) participants were 

included in data analysis, of whom, 97 (61%) met the criteria 

for TRD and 63 (39%) did not. Preliminary data screening 

indicated that participant age was approximately normally 

distributed. The assumption of homogeneity of variance was 

assessed using the Levene’s test, which revealed that the 

assumption of homogeneity was violated, F=4.90, P=0.028. 

Therefore, results of separate variance t-tests were reported. 

The mean age differed significantly between the two groups 

(t[158]=2.12, P=0.036, two-tailed). The mean age of the TRD 

group (M=39.3, SD=14.3) was about 4.4 years older than the 

mean age of the non-TRD group (M=34.9, SD=11.7). The 

effect size as indexed by Cohen’s d was 0.34, representing a 

moderate effect. There were no other significant differences 

in the characteristics of patients with a diagnosis of TRD and 

those without (Table 1).

Group comparisons of psychiatric histories between 

the TRD and non-TRD groups are summarized in Table 2. 

Statistically significant differences were found in the num-

bers of psychiatric diagnoses, past medications taken, and 

psychiatric comorbidities. The mean number of psychiatric 
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diagnoses was higher in the TRD group (M=4.16, SD=1.51) 

when compared with the non-TRD group (M=2.47, SD=2.02) 

t[129]=5.54, P,0.001, d=0.95. In addition, the mean num-

ber of past medication taken differed significantly with a 

large effect size observed between the groups (t[158]=3.72, 

P,0.001, d=0.58). Those in the TRD group (M=2.88, 

SD=1.56) reported taking more medications than those in 

the non-TRD group (M=1.76, SD=2.23).

Psychiatric comorbidities are listed in Table 2. The only 

significant differences between the groups were the presence 

of bipolar disorder (χ2 [1]=54.5, P,0.001) and psychotic 

disorders (χ2 [1]=6.32, P=0.012) in members of the non-TRD 

group. There was also a significant difference in the propor-

tion of patients diagnosed with ADHD at intake between the 

groups (χ2[1]=8.07, P=0.005).

clinical features of TrD and non-TrD 
groups
Clinical features of the 97 participants with TRD and the 

63 without TRD are summarized in Table 2. Past (91.3%), 

present (58.7%), and chronic (57.6%) anhedonia, suicide 

ideation (65.2%), SSRI failure (48.5%), and suicide attempt 

(17.4%) were among the common features observed in 

patients with TRD. Further analyses revealed a significant 

association between past SSRI response and the presence 

or absence of current anhedonia (χ2 [1]=9.76, P=0.002, 

Φ=0.326) and chronic anhedonia (χ2 [1]=10.9, P=0.001, 

Φ=0.345). The odds of failing to respond adequately to 

previous SSRI treatment were approximately 4.07-fold 

higher among individuals who reported a current episode of 

anhedonia at the time of intake and 4.42-fold higher in those 

with chronic anhedonia. Undetected ADHD (χ2 [1]=5.37, 

P=0.020, Φ=0.235) and social phobia (χ2 [1]=8.11, P=0.004, 

Φ=0.289) were also significantly associated with SSRI 

failure. The odds of failing SSRI treatment were 4.07-fold 

higher among those with undetected ADHD and 4.81-fold 

higher among those who met the criteria for social phobia. 

There was no significant association with past anhedonia, 

nor other comorbid diagnoses reported at intake.

Compared with those diagnosed with TRD, a significantly 

smaller proportion of patients without a diagnosis of TRD 

reported anhedonic features: past anhedonia (χ2 [1]=13.8, 

P,0.001, OR=5.25), present ( χ2 [1]=6.91, P=0.009, 

OR=2.41), chronic (χ2 [1]=6.24, P=0.013, OR=2.30), and 

suicide ideation (χ2 [1]=7.01, P=0.008, OR=1.76). As sum-

marized in Table 2, the frequency of other clinical features 

did not differ significantly between patients with and without 

TRD (all P.0.05).

Table 1 Demographic data of patients with and without TrD

Characteristics TRD 
(n=97)

Non-TRD 
(n=63)

χ2 or T P-valuea

age at participation, M (sD)
range

39.3 (14.3)
18–71

34.9 (11.7)
17–60

2.12 0.036

gender, n (%)
Male
Female

50 (51.5)
47 (48.5)

37 (58.7)
26 (41.2)

0.795 0.373

Marital status, n (%)
single
Married
cohabiting
separated/divorced/widowed
No response

57 (58.8)
24 (24.7)
9 (9.3)
3 (3.1)
4 (4.1)

36 (57.2)
12 (19.0)
4 (6.3)
3 (4.8)
8 (12.7)

5.70 0.337

highest level of education, n (%)
high school or less
college/university
graduate school

(n=63)
12 (19.0)
36 (57.1)
15 (23.8)

(n=46)
14 (30.4)
19 (41.3)
13 (28.3)

2.97 0.226

Personal income level, n (%)
,$25,000
$25,000–$49,999
$50,000–$74,999
$75,000–$99,999
$$100,000
Do not know

(n=59)
27 (45.8)
7 (11.9)
4 (6.8)
5 (8.5)
11 (18.6)
5 (8.5)

(n=46)
14 (30.4)
8 (17.4)
7 (15.2)
3 (6.5)
5 (10.9)
9 (19.6)

7.40 0.192

Note: acomparisons evaluated using the two-sample t-test for the age of participant and the chi-squared test for all other variables.
Abbreviations: M, mean; TrD, treatment-resistant depression.
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Of the 97 patients with TRD, 33 (34%) met the criteria 

for undetected ADHD when compared with eight (12.7%) 

non-TRD cases. The Chi-squared analyses demonstrated 

that there were significant associations between unrec-

ognized ADHD and number of disorders ( χ2 [5]=37.1, 

P,0.001, V=0.619, OR=4.15), number of failed medications 

(χ2 [7]=22.7, P=0.002, V=0.486, OR=1.65), past SSRI failure 

(χ2 [1]=5.37, P=0.020, Φ=0.235, OR=2.74), and number of 

failed SSRIs (χ2 [5]=12.0, P=0.035, V=0.035, OR=1.59). 

Furthermore, social phobia (χ2 [1]=19.6, P,001, Φ=0.450, 

OR=9.33), obsessive–compulsive disorder (χ2 [1]=4.03, 

P=0.045, Φ=0.204, OR=2.70), and generalized anxiety 

disorder (χ2 [1]=5.17, P=0.023, Φ=0.231, OR=5.17) were 

significantly associated with undetected ADHD in the TRD 

population. In addition, 67% of patients with both TRD and 

ADHD also had chronic anhedonia.

The presence of past, present, and chronic anhedonia in 

participants with TRD and patients with TRD and ADHD 

are shown in Figure 1. The percentage of anhedonic clas-

sification across all the three groups was higher among the 

TRD with comorbid ADHD group when compared with 

TRD-alone cases. However, these differences were not 

significant (P.0.05).

Discussion
Main findings
This study has demonstrated that approximately one-third 

of patients with TRD had previously undetected ADHD and 

two-thirds of patients with both TRD and ADHD also had 

chronic anhedonia or LHT. Factors associated with unde-

tected ADHD in TRD patients were the number of failed 

medications at intake, past SSRI failure, and the number 

of failed SSRIs. Furthermore, features associated with the 

presence of ADHD in the TRD population included com-

mon comorbidities often seen in the ADHD population 

alone. These include social phobia, obsessive–compulsive 

Table 2 Psychiatric history of patients with and without TrD

TRD 
(n=97)

Non-TRD 
(n=63)

χ2 or T P-valuea

Number of psychiatric diagnosis, M (sD) 4.16 (1.51) 2.47 (2.02) 5.54 ,0.001
Number of past medications, M (sD) 2.88 (1.56) 1.76 (2.23) 3.72 ,0.001
Past ssri failure, n (%)

Yes
No

42 (43.3)
55 (56.7)

21 (33.3)
39 (61.9)

1.26 0.262

Number of past ssris, M (sD) 0.85 (1.13) 0.82 (1.42) 0.155 0.877
suicide score assessment based on the MiNi, M (sD) 4.32 (7.67) 4.08 (6.20) 0.201 0.491
suicide ideation assessment based on the MiNi, n (%) 60 (65.2) 32 (51.6) 7.01 0.008
suicide attempt assessment based on the MiNi, n (%) 16 (17.4) 15 (24.2) 1.07 0.302
anhedonia assessment based on the MiNi, n (%)

Past episode
Present episode
chronic (lhT)

84 (91.3)
54 (58.7)
53 (57.6)

42 (67.7)
23 (37.1)
23 (37.1)

13.8
6.91
6.24

,0.001
0.009
0.013

Psychiatric comorbidities,b n (%)
generalized anxiety disorder
social phobia
agoraphobia
Panic disorder
Bipolar
OcD
PTsD
alcohol dependence and abuse
substance dependence and abuse
Bulimia nervosa
anorexia nervosa
Psychotic disorders
Specific phobia
aDhD

79 (81.4)
52 (53.6)
31 (32.0)
31 (32.0)
0 (0)
21 (21.6)
15 (15.5)
8 (11.3)
11 (8.2)
2 (2.1)
1 (1)
0
10 (10.3)
33 (34)

44 (69.8)
36 (57.1)
26 (41.3)
25 (39.7)
29 (46.0)
22 (34.9)
3 (4.8)
10 (15.9)
7 (11.1)
5 (7.9)
1 (1.6)
4 (6.3)
6 (9.5)
26 (41.2)

2.89
0.193
1.44
1.00
54.5
3.42
1.75
2.22
0.067
3.15
0.096
6.32
0.026
8.07

0.089
0.661
0.230
0.317
,0.001
0.064
0.186
0.136
0.795
0.076
0.757
0.012
0.871
0.005

Notes: acomparisons were evaluated using the two-sample t-test for the number of diagnoses, past medications, past ssri failures, and the chi-squared test for all other 
variables. bPsychiatric diagnoses were assessed using the MINI at the time of intake interview and confirmed by treating psychiatrist. The number of past medications, past 
ssris, and number of past ssris were assessed during the intake interview in combination with referral documentation.
Abbreviations: ADHD, attention-deficit hyperactivity disorder; LHT, low hedonic tone; M, mean; MiNi Plus, Mini international Neuropsychiatric interview Plus; 
OcD, obsessive and compulsive disorder; PTsD, posttraumatic stress disorder; ssri, selective serotonin reuptake inhibitor; TrD, treatment-resistant depression.
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disorder, and generalized anxiety disorder,32–37 suggesting 

that ADHD has a potentially important role in TRD patient 

populations.

Despite advances in the treatment of depression, the 

incidence of TRD remains high. Therefore, the identification 

of clinical features that might predict TRD is an important 

step toward lessening the burden of depression and improv-

ing patient outcomes. Previous studies have shown that 

ADHD is often comorbid with depression8–12 and that the 

prevalence of ADHD symptoms is positively correlated with 

clinical stages of depression.10 In the current study, previ-

ously undetected ADHD was detected in 34% of patients 

with TRD. The number of failed medications at intake, past 

SSRI failure, and the number of failed SSRIs were signifi-

cantly associated with undetected ADHD in TRD patients, 

suggesting that the presence of ADHD may be indicative 

of resistance to antidepressants, specifically SSRIs. This 

concept is supported by the results of a study conducted by 

Chen et al,38 who demonstrated that patients with MDD and 

comorbid ADHD had an increased risk of treatment resis-

tance to antidepressants compared with patients with MDD 

only. Furthermore, patients with MDD and ADHD who 

had a standard ADHD treatment exhibited a similar risk of 

resistance to antidepressants compared with those with MDD 

only. Collectively, the findings of the current study and data 

from the aforementioned studies suggest that undetected 

ADHD may be a predictor of TRD and that treatment of 

the underlying ADHD may improve outcomes for patients 

with TRD. This may be attributable to the inhibitory effects 

of the serotonin system, specifically via the activation of 

serotonin
2A

 and serotonin
2C

 receptors, on the dopaminergic 

and noradrenergic systems, respectively.39–41

Although this study did not investigate neural correlates 

that link ADHD and TRD, it has been demonstrated that the 

two disorders share chronic anhedonia as a manifestation of 

LHT and changes in neural pathways that regulate reward 

processing as an underlying feature.13 Both TRD and ADHD 

are characterized by altered sensitivity to reinforcement, 

which is accompanied by changes in neural pathways that 

regulate feelings of reward and pleasure. These same path-

ways have also been implicated in the regulation of hedonic 

tone.14 Dysfunction in the primary neural pathway that 

modulates emotional affect, comprising the limbic–cortical–

striatal–pallidal–thalamic circuits,37 has been implicated 

as playing a role in both MDD and ADHD. For example, 

depression is associated with frontal hypometabolic activ-

ity, accompanied by hypermetabolic activity in the ventro-

medial prefrontal cortex and subgenual anterior cingulate 

cortex.43–46 In patients with ADHD, significant hypoactivity 

has been demonstrated in several frontal regions including 

orbitofrontal, inferior prefrontal, dorsolateral prefrontal, and 

anterior cingulate cortices.47 Activation of these pathways 

is also altered in patients with LHT, suggesting that these 

circuits may represent the neural correlate linking anhedonia, 

TRD, and ADHD.14 The finding of our study that 67% of 

patients with both TRD and ADHD had chronic anhedonia 

supports the suggestion that trait LHT may be the underlying 

feature linking TRD and ADHD.

Current neurobiological research supports similar mor-

phological and functional abnormalities in brain volume, 

deactivation of the frontal regions of the brain,48,49 and deficits 

in reward processing. To further elucidate the neurobio-

logical overlap, functional imaging studies, psychopharmaco-

logical interventions, tasks assessing default-mode network 

dysfunction (eg, the two-back test),50 and neurotransmitter 

studies should be conducted in psychiatric populations with 

comorbid ADHD and MDD.

limitations and future directions
There are some limitations of this study that should be 

considered. First, the study design was cross-sectional and 

used self-report lifetime histories of symptoms and suicidal 

behavior; therefore, causal or directional relationships cannot 

be inferred from these findings.51 There is limited research 

that has evaluated the prevalence and associations of unde-

tected adult ADHD and treatment resistance in the clinical 

population, and to our knowledge, no studies have evaluated 

the role of chronic anhedonia or LHT as a transdiagnostic link 

Figure 1 comparison of anhedonic features between the TrD-alone and TrD/
aDhD groups.
Note: a comparison of anhedonic features between the TrD-alone (n=59) and 
TrD with comorbid aDhD (n=33) groups.
Abbreviations: ADHD, attention-deficit hyperactivity disorder; TRD, treatment-
resistant depression.

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fro

m
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

18
1.

21
5.

76
.2

31
 o

n 
17

-S
ep

-2
01

8
Fo

r p
er

so
na

l u
se

 o
nl

y.

                               1 / 1



Neuropsychiatric Disease and Treatment 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2385

hedonic tone and aDhD risk factors for treatment-resistant depression

between ADHD and treatment resistance in this population. 

Thus, a cross-sectional approach provided an opportunity to 

examine potentially important explanations for TRD and its 

association with ADHD. Given the exploratory and cross-

sectional nature of this study, this study should be replicated 

using a prospective longitudinal approach to elucidate the 

implied causal associations.

Second, the study relied on self-reported data, and 

given the stigma associated with suicide, it is possible that 

suicidal behavior was underreported. However, previous 

studies suggest that self-reported depressive and suicidal 

symptom scales are valid and reliable within the ADHD 

population.52 Moreover, since this sample was referred and 

largely Caucasian, our findings may not be generalizable to 

community samples or other ethnic groups. Future research 

should continue to investigate the role of LHT in etiology 

and treatment implications across a scope of psychological 

disorders including posttraumatic stress, substance abuse, 

and anxiety disorders.

Conclusion
This study demonstrated that individuals with TRD are sig-

nificantly more likely to have a higher number of comorbid 

psychiatric disorders, including ADHD, compared with 

non-TRD individuals. In addition, despite limitations with 

the self-report measure of past anhedonia used in the current 

study, results suggest that trait anhedonia or LHT may 

represent a link between TRD and ADHD, which could 

be predictive of poorer treatment outcomes in a subset of 

patients treated with SSRIs. These findings emphasize the 

importance of screening depressed patients who fail SSRI 

treatment for ADHD and LHT to help identify patients with 

TRD and provide improved clinical outcomes.

Acknowledgments
Editorial assistance for this manuscript was provided by 

William R Perlman, PhD. There was no funding for this 

study.

Disclosure
Irvin Epstein has been a consultant or speaker’s bureau 

member of Janssen-Ortho Inc. and has participated in clinical 

trials for Bristol-Myers Squibb, Takeda, Shire, Pfizer, Roche, 

Purdue, Janssen Inc., and Forest. Martin A Katzman has been 

a consultant or advisory board member of GlaxoSmithKline, 

Lundbeck, Eli Lilly, Boehringer Ingelheim, Organon, Astra 

Zeneca, Jannsen-Ortho, Solvay, Bristol-Myers Squibb, 

Shire, Sunovion, Pfizer, Purdue, Merck, Astellas, and 

Bedrocan. He has undertaken research for GlaxoSmithKline, 

Lundbeck, Eli Lilly, Organon, AstraZeneca, Jannsen-Ortho, 

Solvay, Genuine Health, Shire, Bristol-Myers Squibb, 

Takeda, Pfizer, Hoffman La Roche, Biotics, Purdue, Astellas, 

Jannsen-Ortho, and Forest. He has received honoraria from 

GlaxoSmithKline, Lundbeck, Eli Lilly, Boehringer Ingelheim, 

Organon, Astra Zeneca, Janssen-Ortho, Solvay, Bristol-Myers 

Squibb, Shire, Sunovion, Pfizer, Purdue, Merck, Astellas, and 

Bedrocan. He has received research grants from CIHR, Sick 

Kids Foundation, Center for Addiction and Mental Health 

Foundation, Canadian Psychiatric Research Foundation, 

Canadian Foundation for Innovation, and the Lotte & John 

Hecht Memorial Foundation. Tia Sternat, Kathryn Fotinos, 

and Alexa Fine report no conflicts of interest in this work.

References
 1. World Health Organization. Depression and Other Common Mental 

Disorders: Global Health Estimates. Geneva, Switzerland: World 
Health Organization; 2017.

 2. Kessler RC, Berglund P, Demler O, et al. The epidemiology of major 
depressive disorder: results from the National Comorbidity Survey 
Replication (NCS-R). JAMA. 2003;289(23):3095–3105.

 3. Cain RA. Navigating the sequenced treatment alternatives to relieve 
depression (STAR*D) study: practical outcomes and implications 
for depression treatment in primary care. Prim Care. 2007;34(3): 
505–519.

 4. Berlim MT, Fleck MP, Turecki G. Current trends in the assessment and 
somatic treatment of resistant/refractory major depression: an overview. 
Ann Med. 2008;40(2):149–159.

 5. Rush AJ, Kraemer HC, Sackeim HA, et al. Report by the ACNP 
Task Force on response and remission in major depressive disorder. 
Neuropsychopharmacology. 2006;31(9):1841–1853.

 6. Keller MB, Lavori PW, Mueller TI, et al. Time to recovery, chronicity, 
and levels of psychopathology in major depression. A 5-year prospec-
tive follow-up of 431 subjects. Arch Gen Psychiatry. 1992;49(10): 
809–816.

 7. Vos T, Allen C, Arora M; GBD 2015 Disease and Injury Incidence 
and Prevalence Collaborators. Global, regional, and national incidence, 
prevalence, and years lived with disability for 310 diseases and injuries, 
1990–2015: a systematic analysis for the Global Burden of Disease 
Study 2015. Lancet. 2016;388(10053):1545–1602.

 8. Anderson JC, Williams S, Mcgee R, Silva PA. DSM-III disorders in 
preadolescent children. Prevalence in a large sample from the general 
population. Arch Gen Psychiatry. 1987;44(1):69–76.

 9. Biederman J, Faraone S, Mick E, Lelon E. Psychiatric comorbidity 
among referred juveniles with major depression: fact or artifact? J Am 
Acad Child Adolesc Psychiatry. 1995;34(5):579–590.

 10. Bron TI, Bijlenga D, Verduijn J, Penninx BW, Beekman AT, Kooij JJ. 
Prevalence of ADHD symptoms across clinical stages of major depres-
sive disorder. J Affect Disord. 2016;197:29–35.

 11. Orvaschel H, Walsh-Allis G, Ye WJ, Wj Y. Psychopathology in children 
of parents with recurrent depression. J Abnorm Child Psychol. 1988; 
16(1):17–28.

 12. Woolston JL, Rosenthal SL, Riddle MA, Sparrow SS, Cicchetti D, 
Zimmerman LD. Childhood comorbidity of anxiety/affective disor-
ders and behavior disorders. J Am Acad Child Adolesc Psychiatry. 
1989;28(5):707–713.

 13. Angold A, Costello EJ, Erkanli A. Comorbidity. J Child Psychol 
Psychiatry. 1999;40(1):57–87.

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fro

m
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

18
1.

21
5.

76
.2

31
 o

n 
17

-S
ep

-2
01

8
Fo

r p
er

so
na

l u
se

 o
nl

y.

                               1 / 1



Neuropsychiatric Disease and Treatment 2018:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2386

sternat et al

 14. Sternat T, Katzman MA. Neurobiology of hedonic tone: the relationship 
between treatment-resistant depression, attention-deficit hyperactivity 
disorder, and substance abuse. Neuropsychiatr Dis Treat. 2016;12: 
2149–2164.

 15. Moreno-Alcázar A, Ramos-Quiroga JA, Radua J, et al. Brain abnor-
malities in adults with attention deficit hyperactivity disorder revealed 
by voxel-based morphometry. Psychiatry Res Neuroimaging. 2016; 
254:41–47.

 16. Gardner A, Salmaso D, Varrone A, et al. Differences at brain SPECT 
between depressed females with and without adult ADHD and healthy 
controls: etiological considerations. Behav Brain Funct. 2009;5(1):37.

 17. Scheres A, Milham MP, Knutson B, Castellanos FX. Ventral striatal 
hyporesponsiveness during reward anticipation in attention-deficit/
hyperactivity disorder. Biol Psychiatry. 2007;61(5):720–724.

 18. American Psychiatric Association. Diagnostic and Statistical Manual 
of Mental Disorders. 5th ed. Washington, DC: American Psychiatric 
Association; 2013.

 19. Sternat T, Lodzinski A, Katzman MA. Hedonic tone: a bridge between 
the psychobiology of depression and its comorbidities. J Depress 
Anxiety. 2014;3(1):1–8.

 20. Meinzer MC, Pettit JW, Leventhal AM, Hill RM. Explaining the cova-
riance between attention-deficit hyperactivity disorder symptoms and 
depressive symptoms: the role of hedonic responsivity. J Clin Psychol. 
2012;68(10):1111–1121.

 21. Østergaard SD, Larsen JT, Dalsgaard S, et al. Predicting ADHD by 
assessment of Rutter’s indicators of adversity in infancy. PLoS One. 
2016;11(6):e0157352.

 22. Perlis RH. A clinical risk stratification tool for predicting treatment 
resistance in major depressive disorder. Biol Psychiatry. 2013; 
74(1):7–14.

 23. Mcintyre RS, Filteau MJ, Martin L, et al. Treatment-resistant depres-
sion: definitions, review of the evidence, and algorithmic approach. 
J Affect Disord. 2014;156:1–7.

 24. Sheehan DV, Lecrubier Y, Harnett Sheehan K, et al. The validity of 
the Mini International Neuropsychiatric Interview (MINI) according to 
the SCID-P and its reliability. Eur Psychiatry. 1997;12(5):232–241.

 25. Amorim P. Mini International Neuropsychiatric Interview (MINI): 
validation of a short structured diagnostic psychiatric interview. Rev 
Bras Psiquiatr. 2000;22(3):106–115.

 26. Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International 
Neuropsychiatric Interview (M.I.N.I.): the development and valida-
tion of a structured diagnostic psychiatric interview for DSM-IV and 
ICD-10. J Clin Psychiatry. 1998;59(suppl 20):22–33.

 27. American Psychiatric Association. Diagnostic and Statistical Manual 
of Mental Disorders. 4th ed. Washington, DC: American Psychiatric 
Association; 1994. text revision.

 28. Lecrubier Y, Sheehan DV, Weiller E, et al. The Mini International 
Neuropsychiatric Interview (MINI). A short diagnostic structured 
interview: reliability and validity according to the CIDI. Eur Psychiatry. 
1997;12(5):224–231.

 29. Haavik J, Halmøy A, Lundervold AJ, Fasmer OB. Clinical assessment 
and diagnosis of adults with attention-deficit/hyperactivity disorder. 
Expert Rev Neurother. 2010;10(10):1569–1580.

 30. Snaith RP, Hamilton M, Morley S, Humayan A, Hargreaves D, 
Trigwell P. A scale for the assessment of hedonic tone the Snaith-
Hamilton Pleasure Scale. Br J Psychiatry. 1995;167(1):99–103.

 31. Corporation IBM. IBM SPSS Statistics for Macintosh, Version 23.0. 
Armonk, NY: IBM Corporation; 2015.

 32. Steinhausen H-C, Nøvik TS, Baldursson G, et al. Co-existing psychi-
atric problems in ADHD in the ADORE cohort. Eur Child Adolesc 
Psychiatry. 2006;15(S1):i25–i29.

 33. Kessler RC, Adler L, Barkley R, et al. The prevalence and correlates of 
adult ADHD in the United States: results from the National Comorbidity 
Survey Replication. Am J Psychiatry. 2006;163(4):716–723.

 34. Friedrichs B, Igl W, Larsson H, Larsson JO. Coexisting psychiatric 
problems and stressful life events in adults with symptoms of ADHD – a 
large Swedish population-based study of twins. J Atten Disord. 2012; 
16(1):13–22.

 35. Piñeiro-Dieguez B, Balanzá-Martínez V, García-García P, Soler-
López B; CAT Study Group. Psychiatric comorbidity at the time of 
diagnosis in adults with ADHD: the CAT study. J Atten Disord. 2016; 
20(12):1066–1075.

 36. Wilens TE, Biederman J, Faraone SV, Martelon M, Westerberg D, 
Spencer TJ. Presenting ADHD symptoms, subtypes, and comorbid 
disorders in clinically referred adults with ADHD. J Clin Psychiatry. 
2009;70(11):1557–1562.

 37. Sprafkin J, Gadow KD, Weiss MD, Schneider J, Nolan EE. Psychiatric 
comorbidity in ADHD symptom subtypes in clinic and community 
adults. J Atten Disord. 2007;11(2):114–124.

 38. Chen MH, Pan TL, Hsu JW, et al. Attention-deficit hyperactivity disor-
der comorbidity and antidepressant resistance among patients with major 
depression: a nationwide longitudinal study. Eur Neuropsychopharmacol. 
2016;26(11):1760–1767.

 39. di Giovanni G, di Matteo V, Pierucci M, Esposito E. Serotonin-
dopamine interaction: electrophysiological evidence. Prog Brain Res. 
2008;172:45–71.

 40. Doherty MD, Pickel VM. Ultrastructural localization of the serotonin 
2A receptor in dopaminergic neurons in the ventral tegmental area. 
Brain Res. 2000;864(2):176–185.

 41. Gobert A, Rivet JM, Lejeune F, et al. Serotonin(2C) receptors tonically 
suppress the activity of mesocortical dopaminergic and adrenergic, but 
not serotonergic, pathways: a combined dialysis and electrophysiologi-
cal analysis in the rat. Synapse. 2000;36(3):205–221.

 42. Ongür D, Ferry AT, Price JL. Architectonic subdivision of the 
human orbital and medial prefrontal cortex. J Comp Neurol. 2003; 
460(3):425–449.

 43. Drevets WC, Price JL, Furey ML. Brain structural and functional 
abnormalities in mood disorders: implications for neurocircuitry models 
of depression. Brain Struct Funct. 2008;213(1–2):93–118.

 44. Greicius MD, Flores BH, Menon V, et al. Resting-state functional 
connectivity in major depression: abnormally increased contributions 
from subgenual cingulate cortex and thalamus. Biol Psychiatry. 2007; 
62(5):429–437.

 45. Kennedy SH, Evans KR, Krüger S, et al. Changes in regional brain 
glucose metabolism measured with positron emission tomography 
after paroxetine treatment of major depression. Am J Psychiatry. 2001; 
158(6):899–905.

 46. Liotti M, Mayberg HS, Brannan SK, Mcginnis S, Jerabek P, Fox PT. 
Differential limbic – cortical correlates of sadness and anxiety in healthy 
subjects: implications for affective disorders. Biol Psychiatry. 2000; 
48(1):30–42.

 47. Dickstein SG, Bannon K, Castellanos FX, Milham MP. The neural cor-
relates of attention deficit hyperactivity disorder: an ALE meta-analysis. 
J Child Psychol Psychiatry. 2006;47(10):1051–1062.

 48. Konarski JZ, McIntyre RS, Kennedy SH, Rafi-Tari S, Soczynska JK, 
Ketter TA. Volumetric neuroimaging investigations in mood disorders: 
bipolar disorder versus major depressive disorder. Bipolar Disord. 
2008;10(1):1–37.

 49. Seidman LJ, Valera EM, Makris N, et al. Dorsolateral prefrontal 
and anterior cingulate cortex volumetric abnormalities in adults with 
attention-deficit/hyperactivity disorder identified by magnetic resonance 
imaging. Biol Psychiatry. 2006;60(10):1071–1080.

 50. Salavert J, Ramos-Quiroga JA, Moreno-Alcázar A, et al. Functional 
imaging changes in the medial prefrontal cortex in adult ADHD. J Atten 
Disord. 2018;22(7):679–693.

 51. Creswell JW, Creswell JD. Research Design: Qualitative, Quantitative, 
and Mixed Methods Approaches. Thousand Oaks, CA: SAGE Publica-
tions; 2013.

 52. Sandra Kooij JJ, Marije Boonstra A, Swinkels SH, Bekker EM, 
de Noord I, Buitelaar JK. Reliability, validity, and utility of instruments 
for self-report and informant report concerning symptoms of ADHD in 
adult patients. J Atten Disord. 2008;111(4):445–458.

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fro

m
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

18
1.

21
5.

76
.2

31
 o

n 
17

-S
ep

-2
01

8
Fo

r p
er

so
na

l u
se

 o
nl

y.

                               1 / 1



Neuropsychiatric Disease and Treatment

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment is an international, peer-
reviewed journal of clinical therapeutics and pharmacology focusing  
on concise rapid reporting of clinical or pre-clinical studies on a  
range of neuropsychiatric and neurological disorders. This journal  
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS,  

and is the official journal of The International Neuropsychiatric 
 Association (INA). The manuscript management system is completely 
online and includes a very quick and fair peer-review system, which 
is all easy to use. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.

Neuropsychiatric Disease and Treatment 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

2387

hedonic tone and aDhD risk factors for treatment-resistant depression

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fro

m
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

18
1.

21
5.

76
.2

31
 o

n 
17

-S
ep

-2
01

8
Fo

r p
er

so
na

l u
se

 o
nl

y.

                               1 / 1


