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Abstract

While 25% of people with bipolar disorder (BD) are over age 60, there is a dearth of research on 

older age bipolar disorder (OABD). This report describes an initial effort to create an integrated 

OABD database using the U.S. National Institute of Mental Health Data Archive (NDA). Goals 

were to: 1) combine data from 3 U.S. BD studies that included overlapping data elements, 2) 

investigate research questions related to aims of the original studies, and 3) take an important first 

step toward combining existing datasets relevant to aging and BD.

Data were prepared and uploaded to the NDA, with a focus on data elements common to all 

studies. As appropriate, data were harmonized to select or collapse categories suitable for cross-
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walk analysis. Associations between age, BD symptoms, functioning, medication load, medication 

adherence and medical co-morbidities were assessed.

The total sample comprised 451 individuals, mean age 57.7 (SD 13.1). Medical comorbidity was 

not significantly associated with either age or functioning and there did not appear to be an 

association between medication load, comorbidity, age and adherence. Men and African-

Americans were significantly more likely to have poor adherence. Both BD mania and depression 

symptoms were associated with functioning, but this differed across studies. In spite of limitations 

including heterogeneity in study design and samples and cross-sectional methodology, integrated 

datasets represent an opportunity to better understand how aging may impact the presentation and 

evolution of chronic mental health disorders across the life-span.
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Introduction:

While 25% of BD patients are over 60 years old (1), research on older age bipolar disorder 

(OABD) is limited. The International Society for Bipolar Disorders (ISBD) convened a 

global panel that summarized the existing evidence base on OABD (2), and noted many 

important gaps such as a clear understanding of mood symptom evolution and medical 

comorbidity characterization.

One way to maximize output from limited available studies is to share data to bring the 

combined power of rigorous studies to bear on crucial questions in BD and aging. Due to the 

clinical heterogeneity of OABD, large samples will be needed to find subgroups or clusters 

of trajectories and risk factors. This report describes a recent U.S. National Institute of 

Mental Health (NIMH) funded project to create an integrated OABD database using the 

resources of the NIMH Data Archive (NDA), the Aging & Geriatric Experiments in Bipolar 

Disorder Database (AGE-BD). Goals of the AGE-BD were to: 1) combine data from 3 U.S. 

BD studies that included overlapping data elements, 2) investigate research questions related 

to the original aims of the studies, and 3) take an important first step toward combining 

existing datasets relevant to aging and BD by creating a template for harmonizing data 

across investigations. As a proof of concept, we tested several hypotheses about the shared 

variables relevant to OABD. We hypothesized that older BD patients would have greater 

medical burden and that medical burden would be associated with lower functioning. We 

further expected that poor medication adherence would be more common among patients on 

more medications and with greater medical burden. We also expected that more severe BD 

symptoms would be associated with lower functioning and explored associations between 

demographic variables, BD symptoms, functioning, and physical health.
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Methods:

We combined and analyzed available measures from 3 NIMH-funded BD studies. Table 1 

illustrates demographic and clinical characteristics of the study sample. A brief description 

of the study design for each of the contributing datasets follows.

Contributing Studies

University of California San Diego (UCSD) study: The aim of this ongoing 

longitudinal study of outpatients is to compare trajectories of cognitive aging between those 

with and without BD and to identify predictors of short-term and long-term cognitive 

change. The study uses an accelerated longitudinal burst design in which participants of 

various ages and are studied in two-week “burst” assessments of clinical, cognitive, and 

medical variables at week 0, 1, and 2, as well as ecological momentary assessment via 

smartphone and actigraphy. Inclusion criteria are DSM-IV diagnosis of bipolar I or II, age 

25–60 years, currently outpatient, proficient in English, and capable of giving informed 

consent; exclusion criteria are acute medical illness or chronic pain necessitating medication, 

recent vaccination, history of neurological disorder or loss of consciousness greater than 15 

minutes, history of radiation or chemotherapy treatment, uncontrolled diabetes or 

hypertension, sensory limitations precluding cognitive testing, or having a court- designated 

decision maker. For this analysis, only assessments from BD patients in the first year of the 

longitudinal study were used.

Case Western Reserve University (CWRU) study: This 6-month, prospective 

randomized controlled trial enrolled 184 poorly adherent BD patients randomized to a 

customized adherence enhancement (CAE, N=92) vs. educational control (EDU, N=92) (3). 

Study inclusion criteria were either type I or type II BD as confirmed by the Structured 

Clinical Interview for DSM-IV Axis I Disorders (SCID),(4) BD for at least 2 years, 

prescribed BD medication for at least 6 months and ≥ 20% non-adherent as assessed by the 

Tablets Routine Questionnaire (TRQ) for an “index” BD drug (5).

Acute Pharmacotherapy of Late-Life Mania (GERI-BD) study: The GERI-BD 

study was a 9-week, double-blind, randomized trial of divalproex vs. lithium for acute Type 

1 BD mania in adults age ≥ 60 years (6). Participants had a current manic, mixed, or 

hypomanic episode(7) based on the SCID (8); and Young Mania Rating Scale (YMRS) (9, 

10) score ≥ 18 Patients were excluded if they had contraindication to lithium or divalproex, 

an unstable medical condition, dementia or active substance dependence. Baseline 

assessments prior to starting study drug, were used for this analysis. We considered 

inpatients and outpatients separately since both the CWRU and UCSD samples were only 

outpatients.

Data in the AGE-BD sample did not include any individual identifiers or personal health 

information (PHI). The analysis of the pooled de-identified CWRU and UCSD data was 

approved by the local Institutional Review Boards (IRBs). Downloading of NIMH Data 

Archive data was conducted in accordance with a data use certification (DUC) between the 

CWRU and UCSD sites and NIMH.
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Data preparation, Measures, Data harmonization

The UCSD and CWRU data were prepared and uploaded to the NDA; GERI-BD data were 

already available in NDA. The procedures used to prepare and upload the files are described 

in a supplemental on-line appendix (Supplemental Methods). Following these efforts, SPSS 

scripts were written to merge the data into a comprehensive analytical file.

The UCSD and CWRU studies both used the Brief Psychiatric Rating Scale (BPRS) (11) to 

assess global psychopathology. All 3 studies used the Young Mania Rating Scale (YMRS) 

(10) to assess manic symptoms and the Global Assessment of Functioning (GAF) (12) for 

functional status evaluation.

Additional harmonization was necessary for several data elements including depression 

severity, medical comorbidity, and medication adherence. For depression severity, the 

instruments harmonized were the Hamilton Depression Scale (HAM-D)(13) used by UCSD 

and GERI-BD, and the Montgomery-Asberg Depression Scale (MADRS)(14) used by 

CWRU. For medical comorbidity, harmonization was conducted for an in-house medical 

history questionnaire (an adapted version of the CIRS-G) used by UCSD, the self-rated 

Charlson Comorbidity Index used by CWRU (15), and Cumulative Illness Rating Scale for 

Geriatrics (CIRS-G) used by GERI-BD (16, 17). Medication adherence was harmonized 

across daily medication adherence ratings (through smartphone survey) used by UCSD, 

Tablets Routine Questionnaire (TRQ) used by CWRU, and weekly categorical adherence 

ratings used by GERIBD.

Depression was harmonized by creating a Depression Rating score, with a value range of 0 

to 4; 0=No depression, 1=Mild depression, 2=Moderate depression, 4=Severe depression. 

Cutoffs used for the HAM-D were no depression (0–7); mild depression (8–16); moderate 

depression (17–23); and severe depression (≥24) (18). While there have been various 

suggestions on how to cross-walk the MADRS with other symptom severity measures (19, 

20), for this analysis, cutoffs used for the MADRS were no depression (0–6); mild 

depression (7–19); moderate depression (20–34); and severe depression (≥35) (21–23).

Medical comorbidity from the detailed medical history taken by UCSD, Charlson 

Comorbidity Index used by CWRU, and CIRS-G used by GERI-BD, was harmonized to five 

categories. Individual variables were calculated for each category identifying whether the 

subject had positively endorsed having been diagnosed for a condition within the category or 

not, as well as the total number of categories endorsed.

Medication adherence was harmonized by creating an Adherence Rating, consisting of three 

categories: good adherence, moderate adherence, and poor/non-adherence. UCSD tracked 

daily adherence from baseline over 14 days, which asked participants if they took all, some, 

or none of their medications. Responses were grouped together into the week for which they 

occurred (week 1 or week 2). Weeks for which at least four responses were received were 

included and a weekly adherence rating was calculated: good adherence (≥80% days took all 

medications), moderate adherence (50–79% days took all medications), poor/non-adherence 

(<50 % days took all medications ).
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CWRU assessed adherence using the TRQ at screening, baseline, and 3 additional follow-up 

points. An adherence rating was calculated for each visit: good adherence (<20% of 

medications missed), moderate adherence (20–50% of medications missed), poor/non-

adherence (>50% of medications missed). Only screening and baseline measures were used 

in this analysis.

GERI-BD did not track baseline adherence, but did measure adherence during the clinical 

trial at various time-points. We chose the Day 4 visit as most comparable to the week 1 /

screening visits and Day 15 as most comparable to the week 2/baseline visits of the other 

two studies. Adherence ratings derived from medication logs based on patient input/clinical 

assessment. Good adherence was indicated by a score of 1 (took medication 81–100% of the 

time), 10 (Adequate adherence: May forget to take medications up to one day per week or 

no more that 15% to 20% of weekly doses) or 11 (Takes all medicines or forgets occasional 

doses). Moderate adherence was indicated by a score of 2 (took medication 61–80% of the 

time), 3 (took medication 41–60% of the time), 8 (Takes medications about half of the time), 

or 9 (Takes medicines about 2/3 of the time). Poor adherence was indicated by a score of 4 

(Takes medication 21–40% of the time), 5 (Takes medication 0–20% of the time), 6 (Has not 

taken medications), or 7 (Only occasionally takes medicines).

Data Analysis:

We compared measures between the samples using ANOVA and Tukey’s Honestly 

Significant Difference for pairwise comparisons for continuous measures and χ2 for discrete 

measures. Given substantial sample differences, we adjusted for sample in all subsequent 

analyses. We then examined the inter-relationship of age and functioning with medical 

comorbidities using a multinomial logistic regression. Binomial logistic regression examined 

the relationship of medication burden and medical comorbidities to adherence subgroups. 

For exploratory analyses, we used χ2 for analyses with discrete predictors and dependent 

variables. For continuous variables, normality assumptions were assessed. Analyses with 

both continuous predictors and dependent variables were conducted with general linear 

models. For analyses with discrete variables as predictors, ANCOVA was used (with sample 

as covariate).

Results:

Overall Study Sample

The total combined sample was 451 individuals, mean age 57.7 (SD 13.1) with the 

subsamples from UCSD, CWRU, and the outpatients and inpatients from GERI-BD being 

different in many respects (Table 1). The only variables without significant sub-sample 

differences were the proportion of subjects with respiratory, renal, and liver conditions, and 

the number of lifetime psychiatric hospitalizations and BPRS.

The GERI-BD sample was older, had more severe mania, greater medical comorbidity, more 

psychotropic and non-psychotropic medications, and poorer functioning compared to the 

other 2 samples. There were also fewer woman and depression scores were lower. The 

GERIBD inpatient and outpatient samples differed significantly on some measures including 
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that inpatients had lower functioning, higher mania severity, and were taking more 

psychotropic and total medications. To enhance comparability, further analysis of the GERI-

BD sample included only outpatients.

The CWRU sample also had some unique characteristics, having the largest proportion of 

African Americans, least formal education (although the average was greater than 12 years 

for all samples), more smokers, higher body mass index (BMI), and the only study with 

Bipolar II participants. The sample contained a much higher proportion of poor and 

moderately adherence patients compared to the other samples (Figure 1). For some 

variables, all 3 sites were significantly different from one another. Age of onset was oldest in 

GERI-BD sample, intermediate in CWRU, and youngest in the UCSD sample. Hispanic 

ethnicity was most prevalent in UCSD, intermediate in GERI-BD, and least common in the 

CWRU sample. We controlled for sample in all analyses.

Medical burden, age, and functioning

Total and categorical medical comorbidity burden were not significantly associated with 

either age or functioning (Supplemental Table 1).

Medication adherence

When comparing those with good and moderate adherence to those with poor adherence in 

the first week of each study (Visit 1/Day 4) while controlling for sample, there were no 

relationships with age, sex, race, mania severity, depression severity score, total number of 

medical conditions, or the total number of current medications taken. However, when 

examining adherence about a week later (Visit 2 / Day 15), there was a significant 

relationship with gender such that men were more likely to be poorly adherent (odds ratio 

[OR] (confidence interval) = 2.5 (1.35,4.65)). In addition, African-Americans were more 

likely to be poorly adherent (OR = 2.0 (1.05, 3.81).

Mood symptoms and functioning

Individuals with more severe mania had poorer functioning as measured by the GAF (F 

(1,331) = 23.8, p < 0.0001, η2
partial = .07; Figure 2a). When a sample x mania symptom 

term was added to the model, there were significant main effects of sample (F(1,330) = 5.8, 

p=0.02, η2
partial = .017) and mania severity (F(1,330) = 7.2, p = 0.01, η2

partial = .02), and a 

significant interaction (F (1,330) = 6.4, p = 0.01, η2
partial = .02) . As illustrated in Figure 2a, 

greater manic symptoms were associated with poorer functioning scores in the CWRU and 

GERI-BD outpatient samples, but not in the UCSD sample. Functioning was associated with 

depression severity, as well (F (3,329) = 19.0, p<0.0001, η2
partial = .15), in the context of a 

strong main effect of sample (F(1,329) =70.3, p<0.0001, η2
partial = .18). When a sample x 

depression score interaction was added to the model, the main effects remained significant 

and there was a significant interaction as well (F (3,326) = 10.9, p < 0.0001, η2
partial = .09). 

As seen in Figure 2b, worse depression was associated with worse functioning in the CWRU 

and UCSD, but not GERI-BD outpatient sample.
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Exploratory relationships among variables

We examined demographic (age, gender, education, race) and health-related (smoking, BMI) 

correlates of mood severity and functioning after controlling for sample. Depression severity 

was higher among women (OR = .70 (.53,.93); Figure 3), but there were no other significant 

demographic correlates of depression severity, nor were smoking or BMI associated. Mania 

severity was not different by age, gender, education, or race and did not relate to smoking or 

BMI. As seen in Figure 4 and 5 respectively, GAF was lower among those with less 

education (F (1,331) = 8.0, p=0.005, η2
partial = .02) and among smokers (F (1,301) = 4.6, 

p=0.03, η2
partial = .02), but no other associations were significant.

For physical health related variables, older individuals (F (1, 278) = 4.04, p=0.04, η2
partial 

= .014), men (F(1,278)=6.16, p=.01, η2
partial = .022), Caucasians (F(1,262)=3.9, p=0.05, 

η2
partial =.015) and those with fewer medical conditions (F(1,255)=2.7, p=0.02, η2

partial = .

053) had lower BMI across the samples. Smokers were less educated (F(1,302)=17.5, p<.

0001, η2
partial = .055) and more likely to be African American than Caucasian (OR = 2.5 

(1.5,4.3)) . There were no significant demographic correlates of number of medical 

conditions or total medication burden.

Discussion:

This analysis combining datasets of varying age individuals with BD illustrates the potential 

utility of an integrated database to examine issues related to aging and various domains of 

health and functional outcome. As expected for an analysis of archival data from studies 

with disparate inclusion criteria, aims and designs, the samples differed with respect to 

demographic and clinical variables. Additionally, some of the domains of interest, such as 

depressive symptoms and adherence were assessed using different instruments. 

Harmonization procedures to facilitate cross-walk analysis resulted in some loss of 

granularity as continuous measures were collapsed into broad or selective categories. In spite 

of these limitations, aggregate analyses can provide insights into how aging, BD symptoms, 

medical burden and functioning inter-relate and allow investigators to examine associations 

between clinical variables that might not be possible given sample size limitations in 

individual studies. Additionally, this analysis took advantage of the U.S. NIMH Data 

Archive, a publicly available resource that includes data from well-defined samples in 

clinical research studies.

While most individuals were overweight or obese, the AGE-BD sample endorsed an average 

of 1–2 medical conditions, primarily, heart disease and respiratory conditions. In contrast to 

our initial hypothesis, we did not find an association between age, medical burden and 

functioning. Possibly the process of data harmonization could have obscured a significant 

link between medical burden and age. Alternatively, individuals enrolled in research may be 

a particularly healthy sample that is not necessarily representative of the broader population 

of people with BD. Other literature reports suggest that OABD patients have an average of 3 

to 4 comorbid medical conditions, including metabolic syndrome (up to 50%), hypertension 

(4569%), 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%) (24, 25). Co- morbidities associated with 
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OABD are also evident throughout the lifespan including in youth and younger adults with 

BD (26, 27).

Individuals in this sample were prescribed multiple medications for both BD and for medical 

conditions. As expected, older BD patients were prescribed more drugs for medical 

conditions (an average of 4–5 drugs in the GERI-BD outpatient sample and an average of 5–

6 drugs in the inpatient sample). In the studies that did not restrict or determine medication 

prescribing (CWRU and UCSD samples), individuals were prescribed an average of 2–3 BD 

medications. Contrary to our original expectations, we did not find a relationship between 

medication load, medical burden and adherence, and older age was not associated with 

adherence level. Poor adherence is common in people with BD (28), but accurate assessment 

is challenging, especially when relying upon self-report methods. Consistent with other 

reports, which have identified gender and minority status as predictors of sub-optimal 

adherence,(28) we found that men and African-Americans were significantly more likely to 

have poor adherence.

As a final preliminary hypothesis, we expected that more BD symptoms would be associated 

with worse functioning and did in fact find this relationship, although the findings suggest a 

somewhat nuanced association between symptoms and functioning related to mood polarity. 

More severe manic symptoms were associated with worse functioning in the samples with 

acute mania (GERI –BD study) and the sample with poor adherence (CWRU) but not with 

the sample that did not specifically enroll individuals who were highly symptomatic or 

poorly adherent (UCSD). More severe depression was associated with worse functioning in 

the sample with poor adherence (who were mostly depressed) and in the sample that did not 

target individuals who were highly symptomatic or poorly adherent (UCSD). These findings 

are consistent with the review by Gitlin and Miklowitz (29), which found evidence for some 

association of functional outcome with manic symptoms, but a particularly strong 

relationship to depressive symptoms, even at a sub-syndromal level.

An important caveat to interpretation of functional status results in this combined sample is 

that it does not include individuals with substantial cognitive impairment. Individuals with 

dementia were specifically excluded from the GERI-BD study and individuals who might 

have difficulty providing informed consent due to cognitive impairment would have been 

excluded from any of the 3 studies. There have been few long-term studies on the 

association between BD and cognitive functioning.(30–33) Some reports note a positive 

association between BD and cognitive worsening over time.(30–33) In order to clarify the 

trajectory of functioning in OABD, cognitive assessments will need to be included and 

considered in the context of BD symptoms and illness progression.

This integrated dataset highlights some of the strengths and challenges of using integrated 

and publicly available data. The NDA infrastructure includes on-line and in-person support, 

a wealth of data, and links to publications derived from uploaded data. Limitations include 

heterogeneity in the types of supporting documentation needed to understand the context of 

specific studies and effort involved in aggregating, harmonizing and analyzing the data. 

While researchers can access publications that describe the study design and how variables 

were collected, the documentation is inconsistent and it is difficult to ascertain meta-data 
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variables such as how the research sample might compare to the broad population of 

individuals with a given health condition. As more data is contributed to NDA, it likely will 

provide a more complete picture of how chronic conditions like BD may evolve over time. 

Recently, NDA has announced a new Data Exploration and Analysis Portal (DEAP) that 

may provide some analytic support (34). Additionally, with the support of ISBD, an 

international team of scientists has begun expansion of AGE-BD to include global datasets 

and new analyses specific to OABD.(35)

An important consideration, even in our relatively limited sample, is sample interaction 

effects. For several of our analyses, we found that associations between variables differed 

depending on the sample, likely due to meta-data differences between studies. Meta-data 

variables such as specific study inclusion/exclusion criteria, where/when a study was 

conducted and research design issues such as whether a study featured an intervention vs. 

observation have the potential to affect multiple outcomes. Future analyses strategies need to 

consider these metadata variables in addition to subject-level variables and should include 

interaction terms in the models if sample effects are present.

This study had a number of limitations including limited sample size, differing study designs 

and samples, and reliance on cross-sectional data. While quantitative assessments in each 

study were done by a single rater trained by the study PIs to pre-established and documented 

reliability standards, there is no way to determine that training and reliability of measures 

across studies were equivalent. In spite of these limitations, findings provide a possible 

template to overcome some of the existing challenges to being able to study the important 

issue of aging and BD.

Our relatively small study and related analyses do not provide findings that will transform 

our field, and the promise of pooled datasets remains to be established. However, our 

experience has potential to pave the way for a process of aggregate data analysis, whether 

sample findings are pooled or analyzed separately but in a coordinated way, that may 

overcome some of the severe limitations that impede being able to better understand 

conditions that up until now have been studied mainly in small/isolated samples. Our global 

integrated dataset study (33), which builds upon the analysis presented here, involves over 

15 international sites conducting research in OABD, with an expected OABD sample size of 

over 1,000 cases. Advantages of combining datasets are that it affords better estimates of 

effect sizes and larger/combined datasets may facilitate identification and characterization of 

sample sub-groups that can be a target of clinical focus. Taken together, an integrated dataset 

that builds upon models such as that presented here represents an opportunity to better 

understand how aging may impact the evolution of chronic mental health disorders across 

the life-span.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• Research question: what is a practical and efficient approach to pool/integrate 

clinical research study data focused on aging and bipolar disorder?

• This report describes an initial effort to create an integrated OABD database 

using the U.S. National Institute of Mental Health Data Archive (NDA), the 

Aging & Geriatric Experiments in Bipolar Disorder Database (AGE-BD). 

Goals were to: 1) combine data from 3 U.S. BD studies that included 

overlapping data elements, 2) investigate research questions related to aims of 

the original studies, and 3) take an important first step toward combining 

existing datasets relevant to aging and BD.

• Integrated datasets represent an opportunity to better understand how aging 

may impact the presentation and evolution of chronic mental health disorders 

across the life-span.
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Figure 1. 
Proportion of individuals who are poorly adherent with prescribed medication in the AGE-

BD sample
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Figure 2a. 
Relationship between manic symptoms as measured by the Young Mania Rating Scale 

(YMRS) and functioning as measured by the Global Assessment of Functioning (GAF) in an 

integrated dataset of 3 studies of bipolar disorder
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Figure 2b. 
Relationship between depressive symptoms as measured by Depression Ratings and 

functioning as measured by the Global Assessment of Functioning (GAF) in an integrated 

dataset of 3 studies of bipolar disorder
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Figure 3. 
Depression severity in the AGE-BD sample based on gender
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Figure 4. 
Relationship between years of education and functioning as measured by the Global 

Assessment of Functioning (GAF) in an integrated dataset of 3 studies of bipolar disorder
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Figure 5. 
Relationship between smoking status and functioning as measure by the Global Assessment 

of Functioning (GAF) in an integrated dataset of 3 studies of bipolar disorder
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