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Psychiatric Disease Preceding Intracranial Tumor Diagnosis: 
Investigating the Association

Kathryn R. Tringale, BSa,‡, Bayard R. Wilson, BAa,‡, Brian Hirshman, MD, MSb, Tianzan 
Zhou, BAa, David Folsom, MDc, Marc A. Norman, PhDc, Igor Grant, MDc, Clark C. Chen, MD, 
PhDb, and Bob S. Carter, MD, PhDb,*

aSchool of Medicine, University of California, San Diego

bDepartment of Neurosurgery, University of California, San Diego

cDepartment of Psychiatry, University of California, San Diego

Abstract

Objective—Here, we examine rates of intracranial tumor diagnoses in patients with and without 

comorbid psychiatric diagnoses to better understand how psychiatric disease may alter risk 

profiles for brain tumor diagnosis.

Methods—We used a longitudinal version of the California Office of Statewide Health Planning 

and Development (OSHPD) database, which includes all inpatient admissions in California from 

1995 to 2010. We examined patients with confirmed hospital admissions from 1997 to 2004. 

Patients with an intracranial tumor or psychiatric diagnosis on their first hospital admission were 

excluded. The primary outcome of interest was the diagnosis of intracranial tumor on any 

subsequent hospitalization within 5 years. Risk of tumor diagnosis was determined via Cox 

proportional hazard models adjusted for age, gender, race/ethnicity, and comorbidity burden. 

Subset analyses were performed for various tumor types.

Results—The risk for diagnosis of an intracranial tumor within 5 years, as determined by the 

hazard ratio, was 1.61 (95% CI, 1.28–2.04) for bipolar, 1.59 (95% CI, 1.41–1.72) for anxious, and 

1.34 (95% CI, 1.25–1.43) for depressed cohorts relative to controls. More specifically, the risk for 

diagnosis of a primary benign neoplasm was elevated in depressed patients, while the risk for 

diagnosis of a meningioma was elevated in depressed, anxious, and bipolar disorder patients.
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Conclusions—Patients admitted with certain psychiatric diagnoses appear more likely to be 

readmitted within 5 years with specific types of intracranial tumor diagnoses. The association 

between certain psychiatric diagnoses and subsequent brain tumor diagnosis most likely reflects 

the long-held belief that slow-growing tumors may first present as psychiatric symptoms before 

being diagnosed. Primary care physicians should consider the possibility of an underlying 

intracranial tumor in patients with new psychiatric diagnoses.

For patients diagnosed with brain tumors, coping with the uncertainty surrounding 

treatment, prognosis, and personal implications can create significant psychological stress.1 

Not surprisingly, therefore, patients diagnosed with brain tumors are often at higher risk for 

being diagnosed with various psychiatric disorders.2,3 In this context, the association 

between brain tumors and psychiatric disease is well established, if only for its intuitive 

logic. The extent of association between preexisting psychiatric diagnoses and subsequent 

brain tumors, however, is less well understood. In this study, we investigate this association 

in greater detail.

The relationship between preexisting psychiatric diagnoses and brain tumors can generally 

be considered in 1 of 2 major contexts. The first suggests that psychiatric disease may alter 

one’s risk for developing a brain tumor through a variety of potential mediators known to 

associate with psychiatric patients. These mediators include differences in behavioral and 

lifestyle trends,4 fluctuations in immunologic surveillance resulting from psychological 

stress,5 changes in circulating hormones,6,7 or even epigenetic changes observed in 

psychiatrically distressed individuals.8

Alternatively, the second context suggests a reversed relationship in which psychiatric 

disease may simply represent the earliest manifestation of an underlying brain tumor,9–11 

particularly given that psychiatric symptoms have been shown to correlate with specific 

tumor locations within the brain.9,12 This theory has been applied mainly to slow-growing or 

diffuse tumors, which have the potential to produce isolated psychiatric symptoms long 

before becoming overtly symptomatic.13,14 In light of these 2 opposing viewpoints, this 

study aims to further elucidate this association by using a large-scale administrative database 

to investigate the long-term risk of intracranial tumor diagnosis for patients with and without 

psychiatric disease.

METHODS

Data Set and Inclusion/Exclusion Criteria

This historical prospective cohort study was conducted using the longitudinal California 

Office of Statewide Health Planning and Development (OSHPD) database (1995–2010), 

which includes a record of all inpatient admissions in the state of California at participating 

hospitals during those years. Figure 1 illustrates our patient selection criteria and methods. 

All patients with a recorded hospital admission in the state of California from 1997 to 2004 

(inclusive) were included to ensure a minimum of 5 years of follow-up for all patients. For 

each patient identified and included, admission data were collected from all other hospital 

admissions between 1995 and 2010. Patients were then excluded if their earliest recorded 

admission occurred prior to January 1, 1997, in order to assure that all included patients had 
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at least 2 years with no prior hospitalizations. Patients were also excluded if their first 

recorded admission included a diagnosis of intracranial tumor or of depression, anxiety, 

bipolar disorder, or schizophrenia (determined using Internal Classification of Diseases, 9th 

edition, Clinical Modification [ICD-9-CM] codes; see Supplemental Data for all codes)to 

avoid including patients with unknown prior disease duration or with an altered intracranial 

tumor risk profile. Finally, patients were excluded if diagnosed with multiple intracranial 

tumor diagnoses, secondary intracranial metastases, or an intracranial tumor of “uncertain 

behavior,” as defined by ICD-9-CM codes (see Supplemental Data) to avoid tumor 

misclassification or uncertainty in diagnosis. Eligible patients were followed forward in time 

from their first admission of interest—termed the index admission—until they reached the 

study endpoint (5 years of follow-up), death, or the outcome of interest.

The Index Admission

Figure 1 includes a graphical representation of the index admission, which effectively 

establishes a timepoint “zero” for each patient cohort. For patients found to carry a 

psychiatric diagnosis (ie, depression, anxiety, bipolar disorder, or schizophrenia), the index 

admission was set as the first psychiatric-comorbid admission (admission “O” in Figure 1). 

For patients who were never found to carry a psychiatric diagnosis of interest, the index 

admission was set simply as the first recorded admission (admission “X” in Figure 1). The 

index admission, therefore, differed for patients with and without psychiatric diagnoses so as 

to follow patients from their first available admission of interest.

Depression, Anxiety, Bipolar Disorder, and Schizophrenia

The presence of a psychiatric diagnosis—specifically depression, anxiety, bipolar disorder, 

or schizophrenia—was determined using ICD-9-CM codes from recorded admission data. 

Patients were considered to be depressed, anxious, bipolar, or schizophrenic depending on 

their respective diagnosis codes during the years of our analysis. However, those patients 

who received a psychiatric diagnosis during or after an admission with an intracranial tumor 

diagnosis were reclassified as having no psychiatric disease (ie, control population), in order 

to investigate the risk of tumor diagnosis for patients with preexisting psychiatric disease 

only.

Outcomes

Our primary outcome of interest was the diagnosis of an intracranial tumor on a hospital 

admission within 5 years of the index admission. Our secondary outcome of interest was the 

diagnosis of a specific intracranial tumor subtype within 5 years of the index admission, 

which included primary malignant neoplasm of the brain, primary benign neoplasm of the 

brain, cranial nerve tumor, or meningioma.

Covariates

Multivariable analysis included the covariates of patient age, gender, race/ethnicity, and 

comorbidity burden (as determined by the Charlson Comorbidity Index) during the index 

admission. Patients who were never found to carry the psychiatric diagnosis in question (ie, 

Tringale et al. Page 3

Prim Care Companion CNS Disord. Author manuscript; available in PMC 2018 March 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



depression, anxiety, bipolar disorder, or schizophrenia) were set as the reference group for 

all hazards modeling.

Statistical Analysis

The risk of intracranial tumor diagnosis in each patient cohort was assessed using a Cox 

proportional hazards model adjusting for the previously mentioned covariates. Cox 

proportional hazards models were run separately and independently for each psychiatric 

cohort, such that the risk could be calculated for each individual psychiatric diagnosis 

irrespective of the presence or absence of others. Given that this study focused on risk 

profiles for individual psychiatric diagnoses, those patients carrying more than 1 psychiatric 

diagnosis were not classified separately; they were instead included in the analyses multiple 

times—once for each of their psychiatric diagnoses. For example, a patient with depression 

and anxiety diagnoses would be classified as “depressed” for the purposes of investigating 

depression and “anxious” for the purposes of investigating anxiety but not as both 

“depressed and anxious” for the purposes of our analysis.

Subset Analyses

To determine the relative contributions of different tumor subtypes to our observed findings, 

we performed a series of subset analyses to determine the risk of receiving a diagnosis of 

specific types of intracranial tumor, namely primary malignant neoplasms, primary benign 

neoplasms, cranial nerve tumors, and meningioma for each psychiatric cohort of interest. 

For meningioma specifically—a tumor for which female gender is a known risk factor15—

we performed a gender-stratified analysis to determine the relative effects of each 

psychiatric diagnosis for each gender cohort.

Data Analysis Tools

Commercially available software (STATA SE Version 11.2, Stata Corp LP, College Station, 

Texas) was used to perform the statistical analysis. Statistical significance was defined as P 
< .05 for our primary analysis and P < .05/4 for all subset analyses so as to adjust for 

multiple comparisons; all tests were 2-sided.

RESULTS

Baseline Demographics

A total of 6,996,978 patients were included in our primary analysis. A total of 496,987 

patients (7.1%) were classified as depressed; 210,382 (3.0%) as anxious; 54,295 (0.8%) as 

bipolar; and 40,666 (0.6%) as schizophrenic during the years of our analysis. Of all included 

patients, 14,544 received a diagnosis of intracranial tumor, which was recorded on a 

hospitalization within 5 years of their index admission. Of these intracranial tumors, 4,881 

were classified as primary malignant; 714 were primary benign; 1,195 were cranial nerve 

neoplasms; and 7,744 were meningiomas. Baseline characteristics for all patients, as well as 

for each psychiatric cohort, are available in Table 1.
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Adjusted Multivariable Analyses

Cox proportional hazards modeling, adjusting for patient age, gender, race/ethnicity, and 

comorbidity burden, revealed that the hazard ratio (HR) for being diagnosed with an 

intracranial tumor within 5 years of the index admission was highest for patients with a 

preexisting diagnosis of bipolar disorder (HR = 1.61; 95% CI, 1.28–2.04 relative to 

nonbipolar patients), followed by anxiety (HR = 1.59; 95% CI, 1.41–1.72 relative to 

nonanxious patients), and then depression (HR = 1.34; 95% CI, 1.25–1.43 relative to no 

depression). Patients with preexisting diagnosis of schizophrenia did not have a significantly 

different HR (HR = 1.11; 95% CI, 0.83–1.48) relative to no schizophrenia for intracranial 

tumor diagnosis. HR data are available for review in Table 2 and Figure 2.

Subset Analyses

After adjustment for multiple comparisons post hoc, the risk of primary malignant neoplasm 

or of cranial nerve tumor diagnosis was not significantly different for any psychiatric cohort 

relative to their nonpsychiatric references. The risk for primary benign neoplasm, however, 

was significantly higher for patients with a diagnosis of depression, relative to patients 

without a depression diagnosis (P < .01). Finally, the risk for meningioma was significantly 

higher for depressed, anxious, and bipolar cohorts relative to patients without depression, 

anxiety, or bipolar disorder, respectively (P < .01). The results for these subset analyses are 

displayed in Figure 3.

Meningioma and Gender Stratification

Given the known disparity in meningioma distribution between men and women,15 a gender-

stratified analysis was subsequently performed to determine the risk for meningioma 

diagnosis for all psychiatric cohorts. This analysis revealed an increased risk for 

meningioma diagnosis among both genders for patients with depression or anxiety; however, 

meningioma diagnosis risk remained elevated in bipolar patients only among women (P < .

01, Figure 4).

DISCUSSION

This study is the first to describe the 5-year prospective incidence of intracranial tumor 

diagnosis for various psychiatric cohorts in the United States. The study demonstrates that 

the new documentation of certain psychiatric diagnoses—namely depression, anxiety, or 

bipolar disorder—during an inpatient admission for any reason is associated with an 

increased risk of being diagnosed with an intracranial tumor within the next 5 years. More 

specifically, it demonstrates that certain psychiatric diagnoses are associated with an 

increased risk of being diagnosed with a subset of intracranial tumors: primary benign 

neoplasms and meningiomas. This association should broaden the diagnostic differential and 

heighten awareness for primary care providers when caring for either psychiatric or brain 

tumor patients.

As mentioned previously, the association between psychiatric diagnosis and intracranial 

tumor can be considered in 1 of 2 major contexts. The first suggests that certain psychiatric 

diagnoses may serve as risk factors for subsequent brain tumor development, while the 
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second reverses the causal relationship to consider psychiatric symptoms as harbingers of an 

underlying proliferating neoplasm.

Our observation that only specific tumor subtypes were more likely among certain 

psychiatric cohorts sheds light on this evolving debate. Primary benign neoplasms and 

meningiomas—which we found associated with preexisting depression and anxiety—are 

tumors that behave fundamentally differently than primary malignant neoplasms of the 

brain, for which we were unable to demonstrate any association. Most importantly, both 

benign neoplasms and meningiomas are known to grow at a slower rate than malignant 

neoplasms, such as glioblastoma, of the brain,16,17 making them less likely to present 

initially with focal neurologic deficits or signs of elevated intracranial pressure than a faster-

growing tumor such as glioblastoma.18 As has been noted in several case reports,11,13,19 

particularly for tumors located in the relatively noneloquent frontal lobes, a slow-growing 

intracranial tumor may not produce any symptoms other than a change in personality until it 

reaches considerable size. Unfortunately, the OSHPD dataset does not include data that are 

sufficiently granular to address the issue of precise tumor location. Nevertheless, the 

disparity in risk between fast- and slow-growing tumors would suggest that these psychiatric 

diagnoses represent an early manifestation of certain types of slow-growing intracranial 

tumors. In the setting of an otherwise negative psychiatric workup, this finding may serve as 

justification for cranial imaging studies, particularly in older female patients.

To attribute this association to differences in tumor growth rate, however, requires 

addressing our findings pertaining to cranial nerve tumors, which also lack the rapid growth 

characteristics seen in primary malignant neoplasms such as glioblastoma.20,21 To date, 

growth patterns of cranial nerve tumors remain poorly understood; however, for a large 

majority of tumors, slow or even stagnant growth has led to practice guidelines 

recommending a “wait and watch” approach to their management.22 That our findings failed 

to show any association with this tumor subtype (see Figure 3) may be a reflection of this 

stagnant growth unique to cranial nerve tumors, or a predilection for these tumors to present 

with focal cranial nerve deficits,23 which may preclude observing any change in personality 

before a diagnosis is made.

Of course, differences in tumor growth rate alone may not definitively establish that 

psychiatric symptoms are merely an early manifestation of slow-growing tumors. We must 

also consider the notion that psychiatric illness may predispose to a biological cause in the 

development of certain tumor types. From an immunologic standpoint, the relative 

immunosuppression experienced by patients under psychiatric stress24 could render these 

patients more likely to develop an intracranial tumor. It is known, for instance, that 

chemically immunosuppressed patients—such as those receiving an organ transplant—are at 

higher risk for certain de novo neoplasms25,26; however, this risk has not been firmly 

established for intracranial tumors in particular. This argument, however, is undermined by 

our findings. One would expect, given this theory of neoplastic proliferation in the 

immunosuppressed patient, to find an increase in incidence of all tumor types, which we do 

not see.

Tringale et al. Page 6

Prim Care Companion CNS Disord. Author manuscript; available in PMC 2018 March 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



From a hormonal standpoint, meningiomas in particular have been theorized to grow in 

response to endogenous hormones, including circulating glucocorticoids, estrogen, and 

progesterone.27 In fact, the disparity in meningioma incidence observed between men and 

women has been ascribed largely to the progrowth effects of estrogen and progesterone.28–30 

Given that cortisol levels are thought to be elevated in states of stress or after traumatic 

events,6,7 a psychiatric illness could arguably accelerate the growth of a preexisting tumor, 

rendering it large enough to be detected and diagnosed. While we must concede this 

argument as a potential contributor to our findings, the results of our gender-stratified 

analysis contend the notion that circulating estrogens specifically play an overwhelming role 

linking psychiatric disease to intracranial tumor.

Finally, we must consider the question of risk factors shared between psychiatric illness and 

certain types of brain tumors. X-ray exposure, head trauma,31,32 occupation, and diet all 

have controversial, but potential, links to meningioma development.29 Given that certain 

psychiatric illnesses have been shown to associate with an increased risk for traumatic brain 

injury33 as well as with various lifestyle choices including occupation and diet, our findings 

may simply reflect a mediator shared among patients with psychiatric illnesses. This 

argument does not, however, explain our observed finding for both meningioma and primary 

benign neoplasms. Furthermore, any surveillance bias favoring psychiatric patients (due to 

more head trauma, for instance) would theoretically increase one’s risk for all tumor types. 

The fact that we see an increased risk for only certain tumor subtypes, therefore, minimizes 

the argument of surveillance bias.

This study has several strengths. First, its use of a statewide population-based dataset with 

large sample size and multiple years of follow-up data allows for substantial power 

generation when describing the incidence of brain tumors for various psychiatric cohorts. 

Second, it relies on consistent metrics (ie, ICD-9-CM codes) to determine both risk factor 

and outcomes status, thereby minimizing variability and subjectivity. Moreover, to the extent 

that any variability exists in these data, one would anticipate a reduction in finding 

significance due to an increase in error variance; reliance on a more reliable metric would 

theoretically bolster our positive findings.

We acknowledge several limitations in this study. First, our conclusions are derived from 

retrospective data, a factor that necessarily limits our ability to draw causal inferences. 

Second, its reliance on inpatient admission records restricts our available patient sample; all 

included patients were necessarily hospitalized at least once during our study period, which 

we recognize is not reflective of the entire population. Third, our analysis relies on a 

relatively short follow-up interval of 5 years, which necessarily influences our understanding 

of risk profiles for tumors of differing growth rates. Finally, we rely upon third-party data to 

investigate our research question of interest, which prevents us from including important 

covariates such as symptom severity or medication compliance when considering strength of 

association or potential mediators of effect. Future research is warranted to further 

characterize this interface between psychiatric illness and malignancy.
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CONCLUSION

Our findings support an association between certain psychiatric diagnoses and subsequent 

brain tumor diagnosis, which should not go overlooked, particularly in the primary care 

setting. Moreover, our findings narrow this association to specific tumor subtypes—namely 

primary benign neoplasm and meningioma. In the context of an ongoing debate over the 

relationship between brain tumors and preceding psychiatric pathology, we feel that our 

findings lend credence to the argument for retrograde causality, wherein specifically slow-

growing tumors may present with behavioral disturbances before becoming overtly 

symptomatic.
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Clinical Points

• The 5-year risk for intracranial tumor diagnosis is higher for patients 

diagnosed with certain psychiatric illnesses.

• The association between certain psychiatric diagnoses and subsequent brain 

tumor diagnosis most likely reflects the long-held belief that slow-growing 

tumors may first present as psychiatric symptoms before being diagnosed.

• Primary care physicians should consider the possibility of an underlying 

intracranial tumor in patients with new psychiatric diagnoses.
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Figure 1. Patient Selection and Timeline Criteriaa

aOur study population included admitted patients found to carry a new psychiatric diagnosis 

during the years of our analysis. These patients were followed forward in time from their 

index admission (admission “O”) for up to 5 years. Our control population included 

admitted patients who were never found to carry a psychiatric diagnosis during the years of 

our analysis. These patients were followed forward in time from their index admission 

(admission “X”) for up to 5 years. Patients with a psychiatric diagnosis on their first 

recorded admission were excluded from the analysis.
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Figure 2. Hazard Ratios (HRs) for Intracranial Tumor Diagnosis Within 5 Years of Index 
Admissiona

aAdjusted HRs (and 95% CIs) for diagnosis of an intracranial tumor within 5 years of the 

index admission for each psychiatric cohort. HRs are relative to controls (ie, patients without 

the respective psychiatric diagnosis).

*P <.001.
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Figure 3. Hazard Ratios (HRs) for Tumor Subtype Diagnosis Within 5 Years of Index 
Admissiona

aAdjusted HRs (and 95% CIs) for diagnosis of specific tumor subtypes (primary malignant 

tumor, primary benign tumor, cranial nerve tumor, meningioma) within 5 years of the index 

admission for each psychiatric cohort. HRs are relative to controls (ie, patients without the 

respective psychiatric diagnosis).

*Corrected P <.01.
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Figure 4. Hazard Ratios (HRs) for Diagnosis of Meningioma Within 5 Years of Index Admissiona

aAdjusted HRs (and 95% CIs) for diagnosis of meningioma within 5 years of the index 

admission for each psychiatric cohort. HRs are relative to controls (ie, patients without the 

respective psychiatric diagnosis).

*Corrected P <.01
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Table 2

Hazard Ratio Data for Intracranial Tumor Diagnosisa

Variable
Hazard Ratio for Intracranial Tumor

Diagnosis Within 5 Years of Index Admission

Depression

 Depressed 1.34 (95% CI, 1.25–1.43; P < .001)

 Not depressed Reference

Anxiety

 Anxious 1.59 (95%CI, 1.41–1.72; P<.001)

 Not anxious Reference

Bipolar disorder

 Bipolar 1.61 (95% CI, 1.28–2.04; P<.001)

 Not bipolar Reference

Schizophrenia

 Schizophrenic 1.11 (95% CI, 0.83–1.48; P= .468)

 Not schizophrenic Reference

a
Adjusted hazard ratios for recorded diagnosis of any intracranial tumor for each psychiatric cohort relative to controls.
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