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Abstract
Objectives
We conducted a cross-sectional study to understand the differences in demographics and psychiatric
comorbidities in adolescents with major depressive disorder (MDD) and assess the risk of suicidality due to
comorbid attention-deficit/hyperactivity disorder (ADHD).

Methods
We included 141,530 adolescents (age, 12 to 18 years) with a primary diagnosis of MDD from the nationwide
inpatient sample (NIS, 2012-2014), and grouped by a comorbid diagnosis of ADHD (N = 22,665, 16%).
Logistic regression analysis was used to measure the demographic predictors for ADHD in adolescents with
MDD, and to measure the suicidal risk in ADHD versus non-ADHD.

Results
Comorbid ADHD was prevalent in whites (71.9%), and males had two times higher odds (95% CI 2.25-2.41)
compared to females. The most prevalent comorbidities seen in ADHD-cohort were anxiety disorders
(46.3%) and substance abuse (20.1%) with 1.3 times higher odds of substance abuse (95% CI 1.41-1.65)
compared to non-ADHD. Suicidal behaviors were seen in a higher proportion of the ADHD cohort compared
to the non-ADHD cohort (54.3% vs. 52.7%). ADHD and suicidal behaviors relationship was statistically
significant but had a very small positive association (OR 1.04, 95% CI 1.01-1.08) after controlling for
demographic confounders and comorbidities. There was a significant increase in the number of MDD
hospitalization with ADHD for suicidal behaviors from 51.1% (N = 3,360) in 2012 to 58.2% (N = 5,115) in
2014.

Conclusion
There exists a significant but small positive association between suicidal behaviors and comorbid ADHD in
MDD adolescents. The suicide rate has increased by 52.2% during the study period in depressed adolescents
with ADHD. This calls for early diagnosis and management of ADHD and early-onset depression in
adolescents to prevent suicide risk.
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Keywords: child and adolescent psychiatry, depression, mdd, major depressive disorder, suicide prevention, suicide
risk, attention deficit hyperactivity disorder (adhd)

Introduction
Depression among adolescents is common psychopathology which may often go unrecognized [1]. With
almost one in every 10 adolescents experiencing a major depressive disorder (MDD), an estimated 2.3
million adolescents in 2017 experienced a depressive episode that caused severe functional impairment in
daily lives [2]. The prevalence is higher among females compared to males with a sharp increase seen after
puberty and at the end of adolescence [3].

One of the major concerning factors seen in depressed individuals is the risk for suicide as it is the foremost
cause of increased mortality rates in the United States (US). According to the center of disease control and
prevention (CDC), suicide is among the second leading cause of mortality in adolescents [4]. And throughout
the years, there has been a steady increase in suicide rate in the general population, with the highest risk
seen in men. Suicide has a major impact on the US economy with 50.8 billion US dollars spent on healthcare
costs in 2013 [4].

Attention-deficit/hyperactivity disorder (ADHD) is one of the most prevalent pediatric psychiatric illness. As
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per a national parent survey published in 2016, about six million (9.4%) children have been diagnosed with
ADHD, with the majority of the children ranging between the ages of six to 17 years [1]. ADHD may have an
impact on suicidal ideations among adolescents but there exists no direct correlation between increased
suicide risk in depressed adolescents [5]. A study conducted by Lan et al. in Taiwan found that ADHD
increases the risk of suicidal ideation in adolescents [6]. There exists a link between higher impulsiveness in
ADHD patients increasing the suicide risk among college students, and also the inability to appropriately
regulate emotions leading to outbursts [7, 8]. Over the years, with an improved diagnostic formulation for
ADHD and a better understanding of early-onset depression in adolescents, a better treatment plan can be
developed to cater the psychiatric care [9].

In our study, we used the national inpatient data to understand the differences in demographics and
psychiatric comorbidities in adolescents with MDD by comorbid ADHD, and assess the risk of suicidal
behaviors with comorbid ADHD versus non-ADHD. Also, we studied the trend in adolescent inpatients with
MDD and comorbid ADHD in the US hospitals.

Materials And Methods
Data source
We conducted a retrospective data analysis using the nationwide inpatient sample (NIS, 2012 to 2014) from
the healthcare cost and utilization project (HCUP). The NIS provides inpatient data records from about 4,400
non-federal hospitals across 44 states in the US [10]. Diagnostic information in the NIS is identified using
the International Classification of Diseases, ninth edition (ICD-9) codes and clinical classification software
(CCS) codes [11].

Inclusion criteria and outcome variables
We included patients (age 12 to 18 years) with a primary discharge diagnosis of MDD using the ICD-9 codes
296.20-296.26 or 296.30-296.36 and further grouped by secondary discharge diagnosis of ADHD using the
ICD-9 codes 314.00 or 314.01.

Demographic variables studied included age, sex (male or female), and race (White, Black, Hispanic, and
Asian/native American) [11]. The comorbid diagnosis for impulse control disorders, anxiety disorders,
psychotic disorders, suicidal behaviors, alcohol abuse, and substance abuse was identified using ICD-9
diagnosis codes and CCS codes [11].

Statistical analysis
We used cross-tabulation and descriptive statistics to discern the demographic and comorbidities differences
in MDD by comorbid ADHD diagnoses. Logistic regression analysis was used to measure the demographic
predictors for ADHD in adolescents with MDD, and to measure the risk of suicidal behaviors in ADHD versus
non-ADHD cohorts after controlling for demographic confounders and psychiatric comorbidities. We used
the linear-by-linear association test for measuring the differences in demographics and comorbidities, and
the ANOVA test for measuring the changes seen in mean age over the study period in adolescents with MDD
and comorbid ADHD. A P-value of less than 0.05 was used to determine the statistical significance and all
analysis was done using the statistical package for the social sciences (SPSS) version 26 (IBM Corporation,
Armonk, NY).

Ethical approval
Individual identifiers were used to protect the patient's identity and health-related information. So, the use
of de-identified NIS database in this study does not require approval from the institutional review board [10].

Results
We had a sample of 141,530 adolescent inpatients with a primary diagnosis of MDD, and 16% (N = 22,665)
had comorbid ADHD. A higher proportion of the ADHD cohort were females (56.8%), but when compared
with the non-ADHD cohort, males had 2.3 times higher odds (95% CI 2.25-2.41, P < 0.001) for comorbid
ADHD compared to females. While comparing different races/ethnicities, comorbid ADHD was prevalent in
Whites (71.9%), and there exists statistically non-significant difference when compared with Blacks (P =
0.271), while Hispanics and native Americans/Asians were having lower odds. The prevalence of comorbid
ADHD increased with median household income, but there was no statistically significant difference in the
relationship between household income and the co-diagnosis of ADHD.

The most prevalent comorbidities seen in the ADHD cohort were anxiety disorders (46.3%) and substance
abuse (20.1%). Patients in the ADHD cohort had 1.5 times higher odds (95% CI 1.41-1.65, P < 0.001) of
comorbid impulse control disorder, and 1.3 times for comorbid substance abuse (95% CI 1.41-1.65, P < 0.001.
Suicidal behaviors were seen in a higher proportion of the ADHD cohort compared to non-ADHD (54.3% vs.
52.7%). ADHD and suicidal behaviors relationship was statistically significant but had a very small positive
association (OR 1.04, 95% CI 1.01-1.08, P = 0.011) after controlling for demographic confounders and
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comorbidities as shown in Table 1.

Variable
Major depressive disorder Logistic regression analysis

ADHD (-) ADHD (+) Odd ratio 95% Confidence interval P-value

Total N 118865 22665 - - -

Mean age, years 15.3 15.1 0.88 0.87 – 0.89 <0.001

Sex, %

Female 74.2 56.8 Reference

Male 25.8 43.2 2.33 2.25 – 2.41 <0.001

Race, %

White 64.8 71.9 Reference

Black 11.3 11.7 0.97 0.92 – 1.02 0.271

Hispanic 15.2 9.8 0.56 0.53 – 0.59 <0.001

Native American/Asian 8.7 6.5 0.69 0.65 – 0.74 <0.001

Median household income in percentiles, %

0 – 25th 23.8 23.5 1.00 0.96 – 1.05 0.997

26th – 50th 25.2 25.2 0.96 0.91 – 1.00 0.053

51st – 75th 25.5 25.1 0.96 0.92 – 1.00 0.060

76th – 100th 25.4 26.3 Reference

Comorbidities, %

No comorbidity - - Reference

Impulse control disorders 2.9 4.6 1.52 1.41 – 1.65 <0.001

Anxiety disorders 44.5 46.3 1.12 1.08 – 1.16 <0.001

Psychotic disorders 1.4 1.4 1.04 0.92 – 1.19 0.515

Suicidal behaviors 52.7 54.3 1.04 1.01 – 1.08 0.011

Alcohol abuse 6.1 6.9 1.04 0.96 – 1.11 0.348

Substance abuse 16.8 20.1 1.27 1.22 – 1.33 <0.001

TABLE 1: Demographic predictor and risk of comorbidities in depressed adolescents with ADHD
ADHD: Attention-deficit/hyperactivity disorder

The prevalence of comorbid ADHD increased in females from 50.8% in 2012 to 60.4% in 2014, while there is
a decrease of 9.6% in the male population (P < 0.001). There is statistically no significant difference seen
across the race during the study period. In terms of median household income, there is a bimodal change as
there is an increase in prevalence in low-income families below the 25th percentile (20.1% to 23.6%) and a
decrease in high-income families above 75th percentile (29.3% to 25.8%) during the study period. There was
a significant increase of 52.2% in number of MDD hospitalizations with ADHD for suicidal behaviors (N =
3,360 and 51.1% in 2012 to N = 5,115 and 58.2% in 2014, P < 0.001). Among comorbidities, the highest
increase in prevalence was seen in anxiety disorder (by 8.3%) and impulse control disorders (by 0.7%). There
was a statistically significant decrease in alcohol abuse and substance abuse as shown in Table 2.
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 2012 2013 2014 Total P-value

Total N      

Mean age, years 15.22 15.03 15.07 15.10 <0.001

Sex, %

Female 50.8 58.0 60.4 56.8
<0.001

Male 49.2 42.0 39.6 43.2

Race, %

White 72.5 71.5 71.9 71.9

0.712
Black 11.6 12.0 11.5 11.7

Hispanic 9.5 9.0 10.7 9.8

Native American/Asian 6.4 7.5 5.9 6.5

Median household income in percentiles, %

0 – 25th 20.1 26.4 23.6 23.5

<0.001
26th – 50th 25.8 23.6 26.0 25.2

51st – 75th 24.8 25.9 24.6 25.1

76th – 100th 29.3 24.1 25.8 26.3

Comorbidities, %

Impulse control disorders 4.3 4.5 5.0 4.6 0.040

Anxiety disorders 42.7 44.0 51.0 46.3 <0.001

Psychotic disorders 1.1 1.6 1.6 1.4 0.009

Suicidal behaviors 51.1 52.5 58.2 54.3 <0.001

Alcohol abuse 8.1 7.5 5.4 6.9 <0.001

Substance abuse 22.1 20.5 18.3 20.1 <0.001

TABLE 2: National trend in adolescent inpatients with major depression and comorbid ADHD,
2012 to 2014
ADHD: Attention-deficit/hyperactivity disorder

Discussion
Using a national sample from thousands of hospitals in the US, we were able to find a statistically significant
but smaller positive association with suicidal behaviors due to ADHD in adolescents with MDD after
controlling for demographic confounders and psychiatric comorbidities including substance abuse.

Based on a study conducted by Danielson et al., ADHD was prevalent among adolescents with three
million being diagnosed with ADHD in 2016 [9]. So, we conducted the study in this age group with a mean
age of 15.3 years. Boys were diagnosed with ADHD more often and we found that depressed adolescent
males have two times higher likelihood for co-diagnosis of ADHD compared to females [9]. This possibly
could be due to more behavioral symptoms and hyperactive and/or impulsive symptoms seen more in boys
due to which parents seek psychiatric treatment more often [12]. Comorbid ADHD was more common in
White adolescents from high-income families. Morgan et al. also found that compared to Whites, minority
children including Blacks and Hispanics had lower odds for ADHD diagnosis [13].

We found that depressed adolescents with ADHD have a higher risk of comorbid impulse control
disorder and anxiety disorders. Both these disorders are caused by a neurochemical imbalance in
serotonergic and dopaminergic systems that slow down inhibitory responses leading to impulsive behavior,
and difficult to inhibit intrusive thoughts causing increased anxiety [14, 15]. Substance abuse can lead to
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under-development of the brain leading to improper impulse regulation and communication failure among
peers [16]. Also, a study by Patel et al. found that cannabis use in ADHD adolescents was associated with
longer hospitalization stay and cost with decreased utilization of psychotropic regimen [17]. In our study,
adolescents with MDD and ADHD had two times higher risk of substance abuse compared to those without
ADHD.

There was a significant increase in suicidal behaviors among depressed adolescents with ADHD by 52.2%
during the study period. Daviss found that MDD and ADHD were independent factors that increase suicide
risk among adolescents though there was no correlation between both disorders [18]. Past studies found that
ADHD was a significant predictor for suicidal ideation in adolescents especially in younger teens with
substance abuse [16, 19]. So, in our study, we controlled the regression model with demographic confounders
and various psychiatric comorbidities and found that comorbid ADHD is associated with a small positive
association with suicidal behaviors in depressed adolescents.

Our study had some limitations. Firstly, the NIS lacks patient-level information that is required for
evaluating the causal association between suicidal behavior and ADHD in MDD adolescents. Additionally,
such cross-sectional database studies are subject to selection bias and moderate sensitivity of diagnostic
codes for psychiatric conditions. Yet, using the NIS we were able to draw a population-based perspective on
suicidal association due to ADHD after controlling for potential confounders.

Conclusions
There exists a significant but small positive association between suicidal behaviors and comorbid ADHD in
MDD adolescents. The suicide rate has increased by 52% from 2012 to 2014 in depressed adolescents with
ADHD in the US. Due to higher impulsivity in MDD adolescents with ADHD, suicide risk is much higher. This
calls for early diagnosis and management of ADHD and early-onset depression in adolescents to prevent
suicide risk and mortality, and improve quality of life.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.
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