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Abstract

Objective: Literature on older-age bipolar disorder (OABD) is limited. This first-ever analysis of 

the Global Aging & Geriatric Experiments in Bipolar Disorder Database (GAGE-BD) investigated 

associations among age, BD symptoms, comorbidity, and functioning.

Methods: This analysis used harmonized, baseline, cross-sectional data from 19 international 

studies (N = 1377). Standardized measures included the Young Mania Rating Scale (YMRS), 

Hamilton Depression Rating Scale (HAM-D), Montgomery-Asberg Depression Rating Scale 

(MADRS), and Global Assessment of Functioning (GAF).

Results: Mean sample age was 60.8 years (standard deviation [SD] 12.2 years), 55% female, 

72% BD I. Mood symptom severity was low: mean total YMRS score of 4.3 (SD 5.4) and 

moderate to severe depression in only 22%. Controlled for sample effects, both manic and 

depressive symptom severity appeared lower among older individuals (p’s < 0.0001). The negative 
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relationship between older age and symptom severity was similar across sexes but was stronger 

among those with lower education levels. GAF was mildly impaired (mean = 62.0, SD = 13.3) and 

somatic burden was high (mean = 2.42, SD = 1.97). Comorbidity burden was not associated with 

GAF. However, higher depressive (p < 0.0001) and manic (p < 0.0001) symptoms were associated 

with lower GAF, most strongly among older individuals.

Conclusions: Findings suggest an attenuation of BD symptoms in OABD, despite extensive 

somatic burden. Depressive symptom severity was strongly associated with worse functioning in 

older individuals, underscoring the need for effective treatments of BD depression in older people. 

This international collaboration lays a path toward a better understanding of aging in BD.

Keywords

aging; bipolar disorder; depression; functioning; mania; medical burden

Introduction

Between now and 2030, the number of people over 60 years of age will increase 3.5 times 

more rapidly than the general population.1 Roughly 25% of those with bipolar disorder (BD) 

are 60 years or older,2 and this proportion is likely to increase in tandem with changes in 

global demographics. Unfortunately, there is a dearth of research about the aging process 

in BD.3,4 The Global Aging & Geriatric Experiments in Bipolar Disorder Database (GAGE-

BD) project, recently sponsored by the International Society for Bipolar Disorders (ISBD), 

pools archival research and clinical datasets to provide an evidence platform with potential 

to advance knowledge on older age BD (OABD).5 Key goals of investigators collaborating 

on the GAGE-BD project are to examine patterns of BD mood trajectory with age and to 

characterize the associations between BD symptoms, somatic comorbidities and functional 

status.

One crucial question, inadequately addressed in the literature, is how BD symptoms may 

change over the second half of life. Some data suggest that the prevalence of depressive 

episodes in OABD may increase,6 while other reports note that relapse leading to psychiatric 

hospitalization decreases over time,7 suggesting a possibly attenuated course of manic 

symptoms with aging. There are longitudinal studies of bipolar disorder, although follow-up 

is generally less than 5 years, and patients above age 50, and particularly patients above age 

60 are seldom found.8 The Collaborative Depression Study (CDS), a long-term prospective 

study of patients with depression, tracked mood symptom-level changes over a long-term 

mean follow-up of 17.5 years.9 The CDS found that people with unipolar depression 

diagnosis and subsyndromal hypomanic symptoms, had a higher risk of later converting 

to bipolar disorder.9 In an analysis of the Systematic Treatment Enhancement Program 

for Bipolar Disorder (STEP-BD), 78.5% of older patients (aged 60+, n=193) vs. 66.8% 

younger patients (aged <60, n=2249) achieved remission status over longitudinal follow-up, 

suggesting a more attenuated symptom profile.10

The US National Institute of Mental Health (NIMH) Collaborative Program on the 

Psychobiology of Depression (CDS) followed a large cohort of individuals with mood 

disorders for over 2 decades with at least annual assessment intervals.11 The oldest of three 
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age cohorts in a 20-year follow-up had a mean age at intake of 50.3 years and a mean age 

at follow-up of 70.0 years compared to a youngest cohort with mean age of 24.2 (3.4) at 

intake and 44.2 (3.4) at follow-up and a middle cohort with mean age 36.0 (4.1) at intake 

and 56.0 (4.1) at follow-up. The oldest cohort spent somewhat less time in depressive and 

manic/hypomanic episodes than did those in the younger age groupings, but there was little 

change over the 20 years of follow-up in these measures.

In addition to gaps in evidence on BD symptom evolution, it is also not clear how somatic 

burden may be associated with BD symptoms or how symptoms and somatic burden may 

in turn be associated with functional impairment. Patients with OABD have an average of 

three to four comorbid somatic conditions, including metabolic syndrome in up to half of 

individuals, hypertension (45–69%), diabetes mellitus (18–31%), cardiovascular disease (9–

49%), respiratory illness (4–15%), arthritis (16–21%), endocrine abnormalities (17–22%), 

as well as atopic diseases such as allergic rhinitis and asthma (6–20%).12,13 A report by 

Gildengers and colleagues found that although older adults with BD or major depressive 

disorder have comparable overall somatic burden, individuals with BD have more endocrine/

metabolic and respiratory illnesses.14

There are a number of demographic and contextual variables that may predict outcome in 

people with BD as they age. Sex and education level are associated with mood symptom 

severity and outcome.15,16 For example, depressive symptoms may be more common and 

more severe in women with aging.17 Educational level is a strong predictor for cognitive 

reserve and thus socioeconomic status could be associated with outcome and mood symptom 

severity.18 Since lower education is a risk factor for late-life depression,19 older individuals 

with BD and less education may be particularly likely to have depressive symptoms.

This is a first-ever analysis of GAGE-BD. The first of two primary aims was to examine 

the association between BD symptoms and advancing age. The second aim was to examine 

the contribution of symptom severity and somatic burden to functioning across the age span. 

Findings are expected to inform future analyses within the GAGE-BD project as well as 

additional research focused on OABD.

Methods

Analytic overview

GAGE-BD comprises pooled data from multiple archival studies made possible by an 

international team of investigators who have an interest in BD and aging. The overarching 

approach and methods of GAGE-BD have been described elsewhere.5 This analysis used 

merged, baseline, cross-sectional data. For our first aim, investigating the association 

between BD symptoms and age, we hypothesized (H1a) that BD manic symptoms would 

attenuate with age, while depressive symptoms would be more prominent. We also expected 

(H1b) that sex and educational status would interact with age in relationship to symptoms, 

such that, particularly at older ages, women and those with lower education would have 

worse BD symptoms than men and those with higher education. For our second aim, 

investigating associations between age, somatic burden and functioning, we hypothesized 

(H2a) that older age, more severe manic and depressive symptoms, and greater somatic 
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burden would be associated with poorer functioning. Additionally, we hypothesized (H2b) 

that age would moderate the associations of BD symptoms and somatic burden with 

functioning, specifically that older individuals would show a stronger relationship of mood 

symptoms and somatic burden with functioning.

Quality control, dataset intake process, data harmonization

The aggregate sample for this analysis, as of March 2020, was derived from 19 studies from 

13 sites across the globe reporting data (total N = 1678) on adults with BD (N = 1377) 

as well as healthy volunteers (N = 301). This sample represents the first wave of datasets 

contributed to GAGE-BD, part of a larger vision to continue to accumulate datasets that can 

help researchers better understand aging and BD.

Studies/sites that contributed data are listed in Supplemental Tables 1 and 2. Approval to 

contribute data was obtained by local site institutional review boards or ethics committees 

at originating sites as appropriate and a data use agreement was executed between each 

contributing site and the GAGE-BD coordinating center (Case Western Reserve University 

School of Medicine, Cleveland, Ohio, USA). Investigators from each study participated in a 

centralized “intake” process wherein de-identified data was uploaded to a shared and secure 

on-line drive. Site investigators provided meta-data information (see Supplemental Tables 1 

and 2) such as where the study was conducted, study inclusion and exclusion criteria, sample 

size, study design, and a data dictionary with variables listing and description. Investigators 

were also available to answer any coordinating site questions about the dataset and site 

principal investigators reviewed meta-data and descriptive data from their own sites to help 

ensure that findings were consistent with individual, previously reported results.

Measures

Selected data domains were collected across studies in identical format such as age in years, 

age of onset in years, and manic symptom severity using the Young Mania Rating Scale 

(YMRS)20 total score. These variables were used in the master dataset “as is.” It should 

be noted that while the method of recording age of onset was generally documented as 

chronological age in years, studies may have used different methods of defining onset (for 

example, first manic episode vs. first mood episode regardless of polarity).

Some variables required re-coding or harmonization based on meta-data or other variables, 

such as diagnostic group and subtype (e.g., BD Type I vs BD Type II), or whether 

individuals were currently employed. Generally, when data were re-coded or harmonized, 

some degree of granularity was lost. For example, depressive symptom severity from 

measures that used a continuous scale were re-grouped into ordinal categories by converting 

scores from either the Hamilton Depression Rating Scale (HAM-D)21 or Montgomery-

Asberg Depression Rating Scale (MADRS)22 into severity bands following procedures 

established in preliminary work on dataset integration.23 Additionally, as might be expected 

in an archival dataset, not all measures were collected in each study.

Functional status was assessed using the Global Assessment of Functioning (GAF);24 

however, GAF was only collected in approximately one-third of the total sample. Somatic 

comorbidity was assessed in individual studies using a variety of methods, including 
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standardized measures such as the Cumulative Illness Rating Scale (CIRS)25 and the 

Charlson Comorbidity Index26 or clinical determination of selected comorbidity categories 

based on self-report, charts, or examination. Somatic comorbidity was harmonized into 8 

binary variables, similar to a procedure used in a related project.27 Individual comorbidity 

variables were defined as whether the subject had positively endorsed having any diagnosis 

for a condition within the following domains: cardiovascular, respiratory, gastrointestinal, 

liver, renal, genitourinary, musculoskeletal, and endocrine. Summing across these 8 

categories was used to construct a cumulative somatic comorbidity burden variable.

Data analysis

All variables were examined for distributional characteristics. YMRS was left-skewed (low 

manic symptom severity) and therefore log transformed to meet normality assumptions for 

analyses in which it was a predictor variable. The transformation resulted in a distribution 

that was nearly Gaussian, as indicated by more linear QQ plots (data not shown), and 

reductions in both skewness (2.0 → −0.12), and kurtosis (5.9 → −0.68). For the first aim, 

linear and ordered logistic mixed models were used with a random effect for study cohort for 

mania severity (log transformed YMRS) and depression symptom severity as the respective 

dependent variables. The independent variable of interest was age; sex, and education were 

included as covariates (H1a). We iteratively examined if the association between age on 

each outcome was moderated by sex or education through the inclusion of interaction terms 

(H1b), and followed up on significant interactions by comparing relationships within groups 

defined by a median split on education.

For the second aim, level of functioning as measured by GAF was the dependent variable 

and age an independent variable of interest with sex and education as covariates (H2a). 

In this linear mixed model with a random effect for study cohort, we iteratively included 

other independent variables of interest: mania severity, depression severity, and somatic 

comorbidity burden (H2a). We subsequently included interaction terms for age and mania 

severity, age and depression symptom severity, and age and comorbidity burden (H2b). To 

further characterize associations underlying any significant interaction terms, we performed 

age-stratified models (stratifying by median age of the total sample). For all analyses, a 

two-sided alpha of 0.05 was considered statistically significant.

We also conducted follow-up analyses removing the 4 studies that included symptom 

thresholds as part of study inclusion criteria, either by requiring euthymic status at baseline 

(CiBS-XR, COG-BD, UPMC studies) or a specific level of symptom severity (GERI SAD 

study). The total number of studies remaining was 15, comprising 1316 BD participants.

Results

Overall sample description

Only data from BD participants (N = 1,377) were analyzed; Table 1 shows descriptive 

variables for the sample. Most (N = 1,190, 86.4%) participants were aged over 50 years with 

a mean age of 60.8 years (SD = 12.19 years). There was a slight excess of women in the 

sample (55.1%), and among those with BD, 71.9 % had Type I disorder. Figure 1 shows 
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the distribution of subject age in each data set. Supplemental Table 1 shows the studies that 

contributed data to this GAGE-BD analysis and the meta-data that describe selected relevant 

study characteristics. Most of the studies (N = 14, 74%) in this GAGE-BD analysis were 

observational. Of the 5 interventional studies, 80% (N = 4) were drug treatment studies. 

Supplemental Table 2 shows the inclusion and exclusion criteria for the individual studies. 

Note that some studies had inclusion/exclusion criteria that involved variables in the present 

analysis including mood symptom severity and medical comorbidities; a cohort variable 

was included in all models to account for this. Some studies were exclusively composed 

of OABD participants, while others had participants of mixed ages. Supplemental Table 3 

shows descriptive data from individual studies.

Age and BD symptoms

Manic symptom severity in this sample was low, with a mean YMRS total score of 4.3 

(SD = 5.4, range: 0–44). Depression severity was categorized among BD cases that included 

evaluable data for this domain (N = 811). We found no/minimal depression in 397 cases 

(49.0%), mild symptoms in 235 (29.0%), moderate symptoms in 156 (19.2%), and severe 

symptoms in 23 (2.8%). With respect to hypothesis H1a, Figure 2 shows a linear relationship 

between age and manic symptom severity on the YMRS total score, demonstrating a lower 

manic symptom severity among older participants, in the context of large variability of 

severity among OABD, ranging from absent to severe. This association was significant (p < 

0.0001) even after adjusting for age of BD onset, sex, and education level (Table 2).

Also with respect to hypothesis H1a, Figure 3 shows the linear relationship between age 

and total depressive symptom severity categorized along 4 bands of progressively more 

severe depressive symptoms. As with manic symptoms, there is lower depressive symptom 

severity among older individuals. This relationship was confirmed by results from the 

ordered logistic model (Table 2). For each 1-year increase in age, the odds of having less 

severe depression symptoms increases by 3% (OR = 1.03).

With respect to moderator analyses (Hypothesis H1b), we found a significant interaction 

of age and education for the relationship to depression (Table 2). Specifically, the negative 

relationship of age and depression severity was more pronounced in those with fewer than 

13 years of education (Supplemental Figure 1). Sex did not significantly interact with age 

in the relationship to depression severity, and neither education nor sex moderated age 

relationships with mania severity.

Age relationships with symptoms were unchanged when examining the subsample of studies 

that did not restrict the severity of mood symptoms in their inclusion criteria (data not 

shown).

Medical comorbidity and functioning

GAF scores were available in 8 contributing studies (N = 524) and the mean GAF 

was 62.0 (SD 13.3), which is consistent with individuals having some difficulty with 

social, occupational, and school functioning, but generally functioning relatively well. 

Supplemental Figure 2 shows the distribution of total GAF scores across studies.
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Common somatic comorbidities in BD cases from datasets that included medical 

information were cardiovascular (43.8%, N = 560), musculoskeletal (40.5%, N = 402), 

endocrine (33.6%, N = 430), and respiratory conditions (35.9%, N = 409). Somatic burden 

overall was high (mean of 2.42 [SD = 1.97] out of 8). Older age was associated with greater 

somatic comorbidity, specifically for cardiovascular (p < 0.0001, 95% CI 0.010 – 0.017), 

gastrointestinal (p = 0.0007, 95% CI 0.003 – 0.011), musculoskeletal (p = 0.01, 95% CI 

0.001 – 0.011) and endocrine (p = 0.08, 95% 0.0004 – 0.006) conditions.

With respect to hypothesis H2a, among BD cases, age (Models 1 to 4a), sex (Models 1 to 

4a), and comorbidity burden (Model 4a) were not associated with functioning (Table 3). 

In a subset of studies that did not restrict mood symptoms in their study criteria (n=334), 

age was positively related to GAF in most models (Supplemental Table 4). Also, individual 

comorbidities were not associated with functioning (data not shown).

There were strong relationships between BD symptoms and functioning, such that each 10 

point increase in severity on the YMRS scale was associated with a 6.1 point decrease in 

functioning on the GAF scale (p = 0.0001; Model 2a and Figure 4). A similar relationship 

was evident for more severe depression symptoms, with an average decrease of 9 points on 

GAF for each transition to a higher category of depression symptom severity (p < 0.0001; 

Model 3a and Figure 5). Higher education appeared to be associated with poorer functioning 

(Models 1 and 4); however, this relationship did not persist when considering the effect of 

BD symptoms (Models 2a and 3a), nor was it seen in models of the subsample of studies 

without symptom restrictions. Thus, the initial observation was likely driven by the residual 

correlation between education and BD symptoms and not due to education level itself.

With respect to hypothesis H2b, age did not moderate the relationships of mania or 

comorbidity burden with functioning (pinteraction > 0.23; Table 4; Models 2b and 4b), but 

age did moderate the relationship of depression with functioning (pinteraction = 0.0028; 

Model 3b). To further characterize this interaction, we stratified by median age (Table 

5). The magnitude of the association of higher depression to worse functioning was more 

pronounced in older BD patients (β = −10.9, p < 0.0001) than in those below the median 

age of 57 years (β = −7.4, p < 0.0001). In the follow-up analysis with the subset of studies 

that did not restrict symptom severity, depression showed a similar interaction result, and 

mania severity and comorbidity also interacted with age in predicting functioning (mania: 

pinteraction < .0001; comorbidity: pinteraction = 0.04; Supplemental Table 5). Older patients 

showed a particularly strong association between higher mania and worse functioning. For 

comorbidity, neither age group had a significant association with functioning, but the older 

group showed a numerically larger association of higher co-morbidities and better GAF 

scores (Supplemental Table 6).

Discussion

With the global population of older adults increasing more rapidly than any time in history, 

there is an urgent need for data that are specific to late-life among individuals with BD.28 

This first-ever analysis of GAGE-BD suggests that global collaboration can yield a large, 

integrated dataset for powerfully testing hypotheses about OABD. In contrast to most studies 
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on OABD to date, the large sample size allows for aggregate analyses that have the potential 

to help inform how aging, BD symptoms, somatic burden, and functioning inter-relate and 

facilitate investigations that would not be possible using only smaller and independent 

studies. Somewhat in contrast to our original hypotheses and after statistical control for 

sample effects, these initial results from GAGE-BD suggest that both BD manic symptoms 

and BD depressive symptom severity appear to be reduced in older age. Contrary to our 

predictions, this pattern of less severe BD symptoms in older age was broadly similar for 

men and women, and the negative age relationship was particularly pronounced among those 

with lower education, such that depression symptoms in late-life BD were less severe, not 

more severe, among less educated participants.

Our findings are generally in-line with some other reports.29 O’Rourke and colleagues 

similarly found an inverse association between duration of diagnosis and depressive 

symptoms in older people with BD29 and suggested that older adults with BD have 

acclimated to their diagnosis and symptoms, and have devised effective coping strategies. 

OABD who are referred to participate in research studies also may be those who have 

remained in treatment over time and are adherent to interventions. This may be particularly 

true of those with high levels of depressive symptoms.17,30 Another possibility is that 

the clinical rating scales for mania and depression may not be designed to recognize 

the way these symptoms manifest in later life. Relatedly, it is possible that older 

individuals with BD may, over time, find ways of managing illness that are positive and 

constructive, such as forming supportive relationships with other individuals, acceptance of 

BD diagnosis, mindfulness, education, identification of relapse triggers and signals, sleep 

and stress management, appropriate lifestyle changes, and a “stay-well” plan.31–33 Our 

finding that older BD patients with less education had less severe depressive symptoms 

was surprising given the idea that lower cognitive and brain reserve might predispose to 

late-life depression.19 In addition, some demographic variables, such as education, may 

be proxy markers of social advantage34 that further complicate how our findings might 

be interpreted. In some geographic and cultural contexts, higher educational attainment 

can reflect access to opportunities that are not available to individuals with less income 

and support.34 Longitudinal data and data that helps parse out social disadvantage factors, 

for example information on income and neighborhood stress or deprivation, are needed to 

determine whether lower education indeed promotes within-subject declines in depressive 

symptoms with age in BD.

Somatic comorbidity in the GAGE-BD sample is highly prevalent, particularly 

cardiovascular disease, seen in nearly half of individuals with OABD. This differs somewhat 

from a report by Kemp and colleagues derived from a mixed-age sample (mean age 39.2, 

SD ±12.4 years) which found the most frequently observed somatic conditions to be obesity, 

migraines, hypertension, hyperlipidemia, and asthma.35 Kemp and colleagues also reported 

an association between elevated somatic comorbidity burden and several clinical features of 

BD, including a higher rate of lifetime mood episodes.35 Our cohorts had widely varying 

inclusion/exclusion criteria, many of which involved the presence of somatic conditions, so 

our conclusions may not match those from epidemiologic samples.
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Our original hypothesis that greater somatic burden would be associated with reduced 

functioning was not confirmed in the full sample of studies. This may be because our 

measure of functioning, the GAF, is not intended to reflect impairment due to physical 

or environmental limitations. It is also possible that the same acquired competence in 

mood symptom management that some people with OABD achieve might be helpful in 

optimizing functioning. Evidence from our follow-up analysis of only studies that did not 

restrict mood symptoms supports this idea, since an association of more comorbidity with 

poorer functioning was strongest in younger patients. Still, an important caveat is that these 

analyses were cross-sectional. Thus, interpretation of our findings must take into account the 

possibility that the overall impression of fewer BD symptoms and better functional status 

could be explained by a “healthy survivor” effect wherein individuals who die prematurely36 

or who are too ill to participate in research studies could bias sample characteristics to 

favor older adults who are doing relatively well. Other authors37 have suggested that one 

approach to protect against overlooking survival-related biases has to do with study design 

and differentiating between an “inception cohort” and a “survivor cohort.” In an inception 

cohort, the unfolding of risk from an underlying event or condition is observed from the 

start of the condition; while in a survivor cohort, the risk is observed at a given point of 

time. Only the inception cohort can provide results free of the survivor-related biases. Future 

efforts to examine the trajectory of health in people with BD should include a diverse age 

range and include data that begins at time of BD diagnosis or even earlier.

Our findings do suggest that worse BD symptom severity is associated with worse 

functioning in OABD, and the effect for depression on functioning is more severe for even 

older OABD patients. In the subsample of studies that did not restrict mood symptom 

severity, the association between mania and functioning also was most pronounced in 

OABD compared to younger patients. This might suggest the need for tailored care 

approaches that include targeting residual symptoms and providing these individuals with 

more social and other supports. Functioning in OABD is also likely affected by cognitive 

impairments, which, while not examined in the present analysis, will be the topic of future 

investigations with the GAGE-BD dataset.

This study had a number of additional limitations inherent in an analysis of archival 

data and use of an aggregate sample from diverse sources. Meta-data was heterogeneous, 

including variable inclusion criteria, aims and designs. Some studies in the sample had 

inclusion criteria that specifically included variables relevant to symptom severity, although 

our findings were broadly similar when these studies were excluded. Not surprisingly, 

samples differed with respect to demographic and clinical variables. Additionally, some 

of the domains of interest, such as depressive symptoms and somatic comorbidity, were 

assessed using different evaluation methods. Harmonization procedures to facilitate data 

analysis resulted in loss of information granularity as continuous measures were collapsed 

into broad or selective categories. The data also do not reflect the full spectrum of OABD, in 

particular, those who may have more severe manic symptoms.

In spite of these limitations, findings represent an approach to overcome some of the existing 

challenges to being able to study the important issue of aging and BD. An advantage 

of combining datasets is that it affords more power to detect smaller, yet still clinically 
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meaningful, effects. Larger and combined datasets may also facilitate identification and 

characterization of sample sub-groups, such as Type I vs. Type II BD, sex-related differences 

and characteristics related to age of onset, that can be a target of clinical focus. The GAGE-

BD study team continues to expand our sample and is in the process of adding a second 

wave of GAGE-BD contributing sites. The study team is also refining analytic approaches 

and planning new analyses, including longitudinal evaluations, that will explore population 

sub-groups and outcome domains with OABD that are not possible to examine in smaller, 

independent studies.

In conclusion, these first analyses from GAGE-BD suggest an attenuation of BD symptoms 

in OABD, with relatively good functional status despite extensive somatic burden. Findings 

also show that the relationship of depressive symptoms, and possibly mania symptoms, 

to poor functioning is particularly strong among older individuals. This international 

collaboration lays a path toward a better understanding of how aging may impact the 

evolution of BD and other chronic mental health disorders across the lifespan.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Age distributions for each cohort are shown. Abbreviations in the legend refer to study 

names as seen in Supplementary Table 1.
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Figure 2. 
Scatter plot of the association between age and manic symptom severity, as measured by log 

YMRS, with best-fitting regression line.
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Figure 3. 
Scatter plot of association between age and depressive symptom severity, with best-fitting 

regression line.
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Figure 4. 
Scatter plot of the relationship of mania severity, as measured by log YMRS, to GAF total 

score.
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Figure 5. 
Scatter plot of the relationship of depression severity to GAF total score.
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