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Abstract

Objective—Cognitive impairments are a feature of bipolar disorder (BD) and could be worsened
by inflammatory cytokines. We determined whether (i) serum interleukin-1 receptor antagonist
(IL-1RA) was increased in elderly BD subjects, (ii) whether IL-1RA was associated with worse
neurocognitive function, and (iii) whether IL-1RA was associated with white matter integrity.

Methods—21 euthymic BD patients (65 +/— 9 years) with serum available for IL-1RA measures
by enzyme-linked immunoassays were compared with 26 similarly aged control participants. Four
factor analysis-derived z-scores and a global z-score were obtained from a battery of 21
neurocognitive tests. Diffusion Tensor Images were used to obtain fractional anisotropy (FA), and
an Automated Labeling Pathway algorithm was used to obtain white matter hyperintensity
(WMH) burden.

Results—IL-1RA was elevated in BD subjects compared to controls (439+/-326 pg/mL vs.
269+/-109 pg/mL; p=0.004). Moreover, IL-1RA was inversely correlated with three cognitive
function factors and global cognition (r=—0.37; p=0.01). IL-1RA continued to correlate with
global cognitive function even when co-varying for either IL-6 or brain-derived neurotrophic

Correspondence to: Francis E. Lotrich, | ot ri chf e@pnt. edu.
TDr. Lotrich and Dr. Gildengers contributed equally to this report.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Lotrich et al.

Page 2

factor (BDNF). Although FA was lower in BD subjects (0.368 +/- 0.02 vs. 0.381 +/- 0.01; p=.
02), IL-1RA was not associated with FA or WMH burden.

Conclusion—Elevated serum levels of IL-1RA in BD subjects, even during euthymic states,
were associated with worse cognitive function. This association was not explained by co-occurring
increases in 1L-6, by decreased BDNF, nor by measures of white matter integrity. These cross-
sectional findings support the possibility that the IL-1 family may contribute to cognitive
impairments in BD.

Keywords

mood disorder; inflammation; cytokine; cognition; geriatric; white matter; diffusion tensor
imaging; fractional anisotropy; white matter hyperintensities

INTRODUCTION

An association between bipolar disorder (BD) and cognitive dysfunction has been
established in over seventy-five studies (Bearden et al., 2001, Arts et al., 2008, Robinson et
al., 2006, Bora et al., 2010, Torres et al., 2007). These cognitive impairments are a major
contributor to disability in BD, particularly with advancing age (Bearden et al., 2011, Bowie
etal., 2010), and are distinct from normal age-related cognitive decline (Andreasen, 2010,
Gildengers et al., 2012b, Gildengers et al., 2005). In fact, even with higher education and
lower cardiovascular burden, BD patients have worse cognitive impairments than patients
with major depression (Gildengers et al., 2012a). While it is now well-recognized that
progressive cognitive impairments are a core feature of BD across mood states and start
early in the disease (Mann-Wrobel et al., 2011, Adida et al., 2011, Malhi et al., 2007), their
etiology has not been established (Savitz et al., 2005). Several possible etiologic pathways
have been hypothesized including dysregulated dopaminergic and glutamatergic systems,
glucocorticoid neurotoxicity, impaired neurotrophic support, mitochondrial dysfunction, and
oxidative stress (Berk et al., 2010). In addition, there is a growing literature that
inflammatory cytokines may be elevated in BD subjects (Drexhage et al., 2010, O’Brien et
al., 2006, Kim et al., 2007, Ortiz-Domainguez et al., 2007). It is thus plausible that elevated
inflammatory cytokines contribute, in part, to the cognitive impairments in BD.

Even in young adults with BD, there is already evidence for elevated inflammatory
cytokines (Goldstein et al., 2009). Cognitive impairments have been associated with
inflammatory cytokines such as interleukin-6 (IL-6) in unipolar depression (Kuo et al., 2005,
Chang et al., 2012, Grassi-Oliveira et al., 2011). Additionally, the interleukin-1 (IL-1)
family has been implicated in mood disorders across a range of studies (Dantzer, 2001,
Bluthe et al., 1999, Parnet et al., 2002, Zubareva et al., 2001, Lacosta et al., 1998, Lacosta et
al., 2000, Bluthe et al., 1991, Larson, 2002, Larson and Dunn, 2001, Bluthe et al., 1997,
Connor et al., 1998). This family includes IL-1a and IL-1pB, two receptors (type I and type
I1), and an IL-1 receptor antagonist (IL-1RA) (Cartmell et al., 2001). IL-1p serum levels
may be specifically associated with late-onset depressive episodes in older adults (Thomas
et al., 2005, Diniz et al., 2010); and vulnerability for future mood disorder episodes may be
predicted by pre-existing elevations in IL-1f and IL-1RA (Milaneschi et al., 2009) (van den
Biggelaar et al., 2007). An IL-1B genetic polymorphism has been associated with age of
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onset of late-life major depression (Hwang et al., 2009). Moreover, the behavioral effects of
inescapable shock in animals can be blocked by centrally administered IL-1RA (Maier et al.,
1999). Similarly, social isolation can provoke depressive-like behaviors and decrease brain-
derived neurotrophic factor (BDNF); and both these effects are blocked by injection of intra-
hippocampal IL-1RA (Barrientos et al., 2003). Finally, mild cognitive impairment (MCI)
has been associated with IL-1p (Trollor et al., 2010, Zhuang et al., 2012).

It is therefore plausible that the I1L-1 family also could contribute to the cognitive
impairments in BD. However, circulating levels of IL-1p (a localized mediator of
inflammation) are typically beneath detection limits in the systemic blood (Burger et al.,
2009), and thus serum IL-1p levels can be difficult to quantify accurately and to correlate
with disease. On the other hand, IL-1RA is readily measured in the blood because it
circulates at moderately high levels (Milaneschi et al., 2009) and crosses the blood-brain
barrier (Gutierrez et al., 1994). We therefore sought to examine the cross-sectional
relationship between serum IL-1RA and cognitive impairments in older adults with BD. We
were specifically interested in two questions: (i) is serum IL-1RA elevated in BD vs.
controls; (ii) and if so, is IL-1RA also correlated with cognitive dysfunction? Subsequently,
we explored whether IL-1RA was additionally correlated with any measures of white matter
integrity (inferred from fractional anisotropy and/or white matter hyperintensities), which
could potentially explain its relationship with cognitive function. White matter changes have
been associated with cognitive decline during aging (Madden et al., 2012, Lamar et al.,
2010); and white matter changes may start early in the course of bipolar disorder
(Lagopoulos et al., 2013, Emsell et al., 2013, Delaloye et al., 2011). For these analyses, we
conducted an exploratory examination of cross-sectional data that was obtained as part of a
larger project investigating the longitudinal course of cognitive function in older adults with
BD. Although exploratory, we know of no prior studies that have co-examined cognition,
inflammation, and neuroimaging in bipolar disorder.

METHODS

Subjects

We enrolled individuals with BD I or Il from the outpatient clinics and inpatient units of
Western Psychiatric Institute and Clinic as well as community referrals. All subjects
provided written informed-consent, as required by the Institutional Review Board at the
University of Pittsburgh, in accordance with the Helsinki Declaration of 1975, as revised in
1983. Diagnosis was established by the Structured Clinical Interview for Axis | DSM-I1V
Disorders (SCID-1V). Of these, 21 BD subjects had serum available for IL-1RA analysis.
Comparator subjects (n=26) were individuals with no psychiatric or neurologic history
selected to make the groups similar in age, education, gender, and cardiovascular burden.
We recruited comparator subjects through health fairs, advertisements in local papers
(Butters et al., 2004, Bhalla et al., 2009), and special efforts were directed at recruiting
comparator subjects with general medical burden from primary care practices (Reynolds et
al., 2011).

Inclusion criteria required age 50 years or older (although some cognitive changes are
evident with aging even earlier in life) (Salthouse, 2009); clinical euthymia for four weeks
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preceding neurocognitive assessment with scores of 10 or less on the 17-item Hamilton
Rating Scale for Depression (HRSD) (Hamilton, 1967) and 10 or less on the Young Mania
Rating Scale (YMRS) (Young et al., 1978), ability to comprehend and speak English
fluently; corrected visual ability to read newspaper headlines, and hearing capacity adequate
to respond to a raised conversational voice. Potential subjects were excluded if they had pre-
existing history of dementia or neurologic disorder affecting the central nervous system (for
example, Parkinson’s disease, traumatic brain injury, or multiple sclerosis); electro-
convulsive therapy within the past six months; and substance abuse or dependence within
the past twelve months.

Neurocognitive Assessment

The assessments, as previously described (Gildengers et al., 2012a, Gildengers et al., 2012b,
Gildengers et al., 2007), consisted of 21 well-established and validated individual cognitive
tests. These 21 tests measure multiple cognitive domains and therefore factor analysis was
used to create four z-scores (Gildengers et al., 2012a, Gildengers et al., 2012b, Gildengers et
al., 2007): (i) language, (ii) delayed memory, (iii) visuomotor ability, and (iv) information
processing speed/executive function. A global z score was determined based on all 21
individual tests.

Neuroimaging

Brain imaging employed a Siemens 3 Tesla scanner and used the slice prescription method
developed by Noll et al. (Noll et al., 1997). We obtained 3mm sections for (i) T1-weighted,
(i) fast spin-echo T2-weighted, (iii) fast spin-echo proton density-weighted, and (iv) T2-
weighted interleaved fast Fluid-Attenuated Inversion Recovery (FLAIR). A volumetric
Magnetization Prepared Rapid Gradient Echo (MPRAGE) sequence was performed in the
coronal plane for morphometric analyses of 176 continuous slices.

We utilized the Automated Labeling Pathway (ALP) as previously described (Rej et al.,
2013) to quantify regional gray and white brain volumes. ALP uses a fuzzy connected
algorithm to segment white matter hyperintensities (WMH) (Wu et al., 2006) and to localize
the WMH into the anatomical space (Wu et al., 2007). This method generates total WMH
volumes, as well as WMH volumes for each frontal and subcortical white matter tract (Mori
and Crain, 2005). Finally, Diffusion Weighted Images (DTI) were acquired using single-
short spin-echo sequence with the following parameters: TR = 5300 ms; TE =88 ms; Tl =
2500 ms; flip angle=90; FOV=256*256mm; two diffusion values of b=0 and 1000 s/mm; 12
diffusion directions; four repeats; 40 slices; matrix size=128*128; voxel size=2 mm*2 mm;
slice thickness=3 mm; and GRAPPA = 2. Fractional anisotropy (FA) maps used tract-based
spatial statistics (Smith et al., 2006) to generate voxel-wise cross-registered skeletonized
maps in MNI (Montreal Neurological Institute) space, and used ALP and WMH localization
to generate white matter tract-specific summary scores for normal appearing white matter
(i.e., excluding WMH), as previously described (Wu et al., 2007) (Rosano et al., 2007).

Cytokine assessments

Serum samples were stored in —80C freezers prior to examination. A high sensitivity and
specific enzyme immunoassay (R&D Systems, Minneapolis, MN) was used to measure
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IL-1RA. All samples were run in duplicate. The average intra-assay and inter-assay
coefficients of variation for IL-1RA were 5% and 8%, and sensitivity was 6.2 pg/mL. IL-6
was assessed using a similar assay (Diaclone, Besancon, France) as previously described
(Prather et al., 2009), as was TNF-a. (Alpco, Salem, NH) (Lotrich et al., 2010) and BDNF
(R&D Systems, Minneapolis, MN) (Lotrich et al., 2013).

Statistical Analysis

RESULTS

Descriptive statistics (mean +/- standard deviation or %n) were used to describe the BD
subjects and control participants. Continuous measures of the groups were compared using a
t-test, or a Wilcoxon exact test when variables were non-normal and unable to be normalized
with a transformation. Categorical variables were compared using a Chi-square test or when
the expected count was small, a Fisher’s Exact test. Spearman correlations were then used to
compare IL-1RA levels and other variables. Variables that were correlated with IL-1RA
(p<0.10) were considered for linear regression; potential meditational relationships were
explored in multiple linear regressions considering both individual and combined
contributions of the predictors. Power calculations were performed in SAS on the correlation
between IL-1RA and white matter integrity.

Consistent with the literature, BD subjects performed notably worse than older adult control
subjects across all cognitive domains (Table 1). Their white matter also had significantly
lower fractional anisotropy (FA), though the WMH burden was similar to controls. Despite
the slightly higher general medical burden, BD and control subjects had comparable levels
of vascular disease. BD subjects were generally euthymic, but they did have mild residual
symptoms of mania (YMRS) and depression (HRSD) (see Table 1).

I. Is IL-1RA increased in elderly BD subjects?

Supporting our first hypothesis, IL-1RA was elevated in BD subjects compared to age-
matched controls (439+/-326 pg/mL vs. 269+/-109 pg/mL; t(45)= -3.0, p=0.004). There
was one BD subject with extremely elevated IL-1RA levels (1713 pg/mL; confirmed with
dilution) that was accounted for in the analysis using log transformed values.

IL-1RA is an acute phase cytokine related to systemic inflammation. IL-1RA was
accordingly also associated with increased IL-6 levels (rho=0.48, n=44, p=0.001) as well as
lower BDNF levels (rho=-0.32, n=46, p=0.03), consistent with prior research in BD
subjects (Goldstein et al., 2011). Despite these correlations, BD subjects and controls had
similar BDNF and IL-6 levels (Table 1). It is therefore unlikely that BDNF or IL-6 could
account for the relationship between IL-1RA and BD diagnosis. We further tested this by
co-varying for BD diagnosis, BDNF, and IL-6 in the same analysis of IL-1RA. All three
continue to be independently associated with IL-1RA (B=0.38 (s..=0.13), p=0.007, B=
-0.02 (s.e.=0.01), p=0.03, B=0.13 (s.e.=0.05), p=0.007, respectively; and F(3,39)=8.54,
p=0.0002, R2=0.40). Thus, there was no support for the possibility that either increased IL-6
or decreased BDNF accounted for the increased IL-1RA that we observed in BD.
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. Is IL-1RA associated with worse cognitive function?

IL-1RA was associated with worse performance across three cognitive domains that were
defined by factor analysis (Table 2) as well as the global measure of cognitive function
(Figure 1). Although the strongest finding was for a factor that loaded for processing speed/
executive function/cognitive control tests, even the weakest non-significant correlation was
a similar trend (p=0.08). Thus the global cognition score was selected for further analyses.
Because BD was associated with both worse global cognitive function and elevated IL-1RA
levels, it could be argued that the association between IL-1RA and cognitive deficits was
simply because of diagnosis. However when both IL-1RA and BD diagnosis are co-included
as predictors of global cognitive function, both remain associated with worse cognition (B=
-0.57 (s.e.=0.28), p=0.048 and B=-0.67 (s.6.=0.29), p=0.025; respectively). Thus IL-1RA is
associated with worse cognition, even when co-varying for BD diagnosis. Likewise, IL-1RA
continued to be correlated with global cognitive impairments without covariates (B=-0.21
(5.6.=0.07), p=0.003) and also when co-varying for IL-6 (B=-0.31 (s.e=0.11), p=0.008) --
indicating that generalized systemic inflammation does not account the association between
IL-1RA and cognition. And IL-1RA continued to be correlated with global cognitive
impairments (B=-0.18 (s.e=0.07), p=0.01) when co-varying for BDNF -- indicating that
decreased BDNF does not account the association. IL-1RA also correlated with Body Mass
Index (BMI), but correlated strongly with cognitive impairments (p=0.001), when co-
varying for BMI.

lll. Is IL-1RA associated with white matter integrity?

IL-1RA was not associated with any measure of WMH burden either in the whole brain or
in specific white matter tracts (Table 2). IL-1RA was also not associated with FA in any of
the regions that we examined (Table 2). These findings therefore do not support the
possibility that white matter integrity could account for the relationship between IL-RA and
cognitive impairment. Nonetheless, there was a slight trend for IL-1RA being associated
with decreased FA in the right anterior thalamic radiation (r = —0.30, n=30, p=0.10) and
right upper cingulate (r= —0.28, n=30, p=0.14). Neither reached statistical significance
(power=38% and 34%, respectively). Thus it is unlikely, but not definitively disproven, that
decreased white matter integrity is the explanation for the association between IL-1RA and
cognitive function.

DISCUSSION

We found that circulating IL-1RA levels were elevated in older adults with BD compared to
similarly aged mentally healthy individuals; and this increased IL-1RA was associated with
worse cognitive function across a variety of domains. This set of cross-sectional findings is
consistent with the possibility that the IL-1 family of cytokines contributes to cognitive
impairments in BD patients.

We found no evidence that the relationship between IL-RA and cognitive function in BD
subjects could be accounted for by generalized increases in other inflammatory cytokines.
For example, the correlation between IL-RA and cognitive function continued to be present
even when co-varying for IL-6. Likewise, lower serum BDNF levels, which can be
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associated with increased inflammatory cytokines in BD (Goldstein et al., 2011), did not
account for the correlation between increased IL-1RA and worsening cognitive function.
Thus, it is plausible that the I1L-1 family, specifically, may play a key role in cognitive
impairments in chronic mood disorders. And although there is accumulating evidence that
several inflammatory cytokines are increased in BD (Drexhage et al., 2010, O’Brien et al.,
2006, Kim et al., 2007, Ortiz-Domainguez et al., 2007), we did not observe a significant
increase in other cytokines such as IL-6 or TNF-a in these euthymic BD subjects. Likewise,
and consistent with our findings in these euthymic subjects, BDNF may be associated with
episodes of mania and depression but returns to normal during euthymic states (Kapczinski
et al., 2008, Fernandes et al., 2011). Therefore, we did not further explore the role of other
inflammatory cytokines or BDNF in the residual cognitive impairments that exist in these
euthymic individuals with BD.

Increased mania scores also could not account for the correlation between IL-1RA and
cognitive dysfunction. We did observe that IL-1RA was positively associated with mania,
congruent with prior studies (Liu et al., 2004, Kim et al., 2007, Hope et al., 2011, Tsai et al.,
2012). But by design, BD subjects were not in a manic episode, with average YMRS score
of only 2.6.

Consistent with demonstrations that the IL-1 family are critical cytokines in
neuroinflammatory processes (Basu et al., 2004), IL-1f has been previously associated with
mild cognitive impairment (MCI) (Trollor et al., 2010), and an IL-1p polymorphism has
been associated with MCI (Zhuang et al., 2012). Most animal studies also indicate that
IL-1pB, which is produced and released by astrocytes (Yazdi et al., 2010), adversely affects
learning and memory (Huang and Sheng, 2010). Thus, although our findings are not
evidence of a causal relationship between IL-1RA and cognitive function, there does appear
to be support for this possibility. IL-1p may contribute to white matter repair following
injury (Sato et al., 2012, Camara-Lemarroy et al., 2010, Herx et al., 2000, Allan and
Rothwell, 2003), and neuronal I1L-1p may actually have protective effects in Parkinson’s
Disease (Parish et al., 2002). Conversely, IL-1f can be a critical mediator of tissue damage
in demyelinating conditions such as multiple sclerosis, encephalomyelitis, and traumatic
brain injury (Arend, 2002, Li et al., 2011, Zindler and Zipp, 2010, Allan and Rothwell,
2003) (Ferrari et al., 2004).

Given these potential dual roles for IL-1p, the specific role of IL-1RA in the brain is not
clear. Increases in IL-1RA may prevent the adverse cognitive effects of IL-1p (Corbett et
al., 2012), as well as block IL1B’s depressogenic effects (Maier et al., 1999) (Barrientos et
al., 2003). IL1RA also mitigates the behavioral effects of peripheral inflammatory injections
(Frank et al., 2012, Bluthe et al., 1992), which can have pronounced consequences in aged
mice (Abraham and Johnson, 2009). Similarly, surgery in aged rats adversely affects
hippocampal-dependent memory, an effect that can be blocked by central administration of
IL-1RA (Barrientos et al., 2012). Despite these findings that IL-1RA can mitigate the
adverse effects of IL1p, there is also evidence that IL-1IRA may worsen cognition. For
example, intracerebral injection of IL-1RA can worsen learning and memory in a variety of
animal models (Yirmiya et al., 2002, Goshen et al., 2007). Blocking the IL-1 receptor
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through genetic knockouts also produces memory deficits (Avital et al., 2003, Goshen et al.,
2007).

Thus, (i) it is possible that IL-1RA is increased in response to elevated inflammation, but
that the increase is not sufficient to block the cognitive impairing effects of IL-1p; or (ii) the
elevated IL-1RA is causing the impairment by blocking the possible beneficial role that
normal physiological IL-1f plays in cognition and neuronal growth (Huang and Sheng,
2010, Parish et al., 2002, Sato et al., 2012, Camara-Lemarroy et al., 2010); or (iii) elevated
peripheral IL-1RA could be associated with lower central IL-1RA production. For example,
there can be decreased IL-1RA production by macrophages in the central nervous system of
Alzheimer’s disease (Tarkowski et al., 2001) even when peripheral IL-1RA production is
normal.

Interestingly, we found that IL-1RA was not associated with any measure of white matter
integrity — either hyperintensity burden or fractional anisotropy. Thus, with the caveat that
moderately low power (<40%) was a limitation, it is unlikely that white matter integrity
mediated the association with cognitive impairment. It is also plausible that differences in
white matter between BD patients and controls begin much earlier in life and are more
related to the mood dysregulation than to cognitive decline with aging. Many white matter
changes can be observed early in the course of BD (Lagopoulos et al., 2013, Emsell et al.,
2013, Delaloye et al., 2011). In fact, some white matter tracts may have more fractional
anisotropy in more severe pediatric-onset BD patients than in those that develop BD later in
life (Lu et al., 2012). This cross-sectional study is unable to differentiate white matter
changes that could have started early in life from those that worsen with age.

However, there are other potential mechanisms for plausible effects of the IL-1 family on
cognitive function. IL-1p can drive neuroinflammatory events through both MAP kinase and
proteosome pathways (Thornton et al., 2010), and this may be related to its ability to
produce deficits in long term potentiation in the hippocampus (Imamura et al., 2011).
Additionally, IL-1p behavioral effects may be mediated through the endocannibinoid system
(Rossi et al., 2012). Moreover, IL-1p can increase the serotonin catabolite, 5-HIAAA,
throughout the brain [235,236], regulate reuptake of serotonin by the synaptic transporter
(Ramamoorty et al., 1995), as well as induce dopamine turnover in the hippocampus and
hypothalamus (Connor et al., 1998) (Lacosta et al., 1998). And oxidative stress might further
activate microglia-produced inflammation (Grande et al., 2012). Additionally, elevated
glucocorticoids may worsen this ongoing neuroinflammatory response by rendering neurons
less capable of removing synaptic glutamate and stopping free radical formation --
ultimately resulting in premature cell death (Sorrells et al., 2009). Finally, local I1L-1p can
exacerbate lowered BDNF signaling through overlapping and interacting intracellular
second-messenger pathways (Tong et al., 2008). These various mechanistic explanations for
the association of the IL-1 family with cognitive impairments are speculative at this point.

One limitation of the study is that we are unable to determine the source of the IL-1RA.
IL-1RA production in hepatocytes is stimulated by IL-1p and interferon (Petrasek et al.,
2011), inflammation stimulates myeloid cells production of IL-1RA (Lamacchia et al.,
2010), and IL-1RA can arise from macrophages induced by IL-6 (Tilg et al., 1994). A
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second limitation is that this cross-sectional correlational study is unable to determine
whether IL-1RA is causally related to either BD or cognitive deficits. We merely report
associations. Thirdly, circulating levels of IL-1p are typically too low to be reliably detected
(Burger et al., 2009), and thus we can’t address whether levels of local IL-1p in the brain are
associated with cognitive function or not.

Potential effects of administering IL-1 related medications in BD patients to mitigate
cognitive dysfunction are also speculative. IL-1 receptor antagonists have been proposed as
a possible treatment for neurological disorders (Vezzani et al., 2010), and attenuation of
central IL-1p activity has been one suggested approach for treating MDD (Koo and Duman,
2009). Blocking IL-1 with a commercially approved IL-1RA that can enter the CNS (Galea
etal., 2011, Cawthorne et al., 2011) may decrease the fatigue seen in arthritis (Omdal and
Gunnarsson, 2005) and Sjogren’s syndrome (Norheim et al., 2012). But clearly, additional
studies are needed to better define the physiological role of IL-1RA in mood disorders.

In summary, this study provides evidence that the inflammatory cytokine IL-1RA is
associated with the cognitive deficits seen in older adults with BD. Neither changes in white
matter nor serum markers such as 1L-6 and BDNF appeared to account for this association.
Although consistent with pre-clinical evidence that the IL-1 family can affect brain function
and cognition, our correlational findings are not evidence of causation. Also, IL-1RA only
explained part of the relationship between BD and cognitive dysfunction. Cognitive
impairments are very likely multi-factorial. Regardless, further delineating the specific role
of IL-1RA in BD, with specific attention to the neuroprogressive cognitive impairments,
will be an important direction for future study.
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Figure 1.

Increased serum levels of interleukin-1 receptor antagonists (IL-1RA) as associate with worsening global cognition (r=-0.37,
n=47, p=0.01). Cogpnitive z scores are obtained from 21 individual cognitive tests.
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Table 1

Control subjects

Bipolar subjects

Mean (SD) Mean (SD) Bipolar vs. controls
Age 65.5(8.4) 64.8 (9.1) Wilcoxon Test p=0.51
% Female 53.9% 61.9%) X2=0.31, p=0.58
Race:
%White 84.6% 90.5%
%Black 11.5% 9.52% Fisher's Bxact p=019
%Asian Pacific 3.9% 0%

Education 15.8 (2.7) 15.0 (2.4) t(45)= 1.0, p=0.32
CIRS-G Total 6.08 (3.9) 8.24 (2.8) t(45)=2.1, p=0.04
CIRS-G Count 3.96 (2.4) 5.43(1.8) t(45)=2.3, p=0.02

Framingham Risk Profile 0.090 (0.09) 0.098 (0.08) Wilcoxon Test p=0.38
Body Mass Index 28.2 (5.8) 29.5(6.1) t(45)=0.7, p=0.47
Young Mania Scale 0.500 (0.76) 2.62 (2.0) Wilcoxon Test p<0.0001
17-item Hamilton Scale 1.62 (1.5) 4.48 (2.5) Wilcoxon Test p<0.0001
Cognitive z scores
Global 0.124 (0.44) -0.787 (1.3) Wilcoxon Test p<0.0001
Visual 0.056 (0.49) -0.600 (0.92) Wilcoxon Test p=0.006
Memory 0.221 (0.67) ~0.730 (0.90) 1(45)= -4.2, p=0.0001
Language 0.182 (0.81) -0.454 (0.73) t(45)= -2.8, p=0.008
Speed/Executive 0.007 (0.47) -1.30 (3.4) Wilcoxon Test p=0.002
Labs
Eotaxin 152.2 (37.7) 166.2 (56.3) t(45)=1.0, p=0.31
BDNF 21.6 (7.1) [n=25] 21.3 (5.4) t(44)= -0.17, p=0.87
TNF-alpha 4.41 (1.8) 5.23 (1.9) t(45)=1.5, p=0.15
IL-10 1.12 (1.5) 1.37 (2.4) Wilcoxon Test p=0.84
IL-6 1.50 (1.3) 2.19 (1.7) [n=18] Wilcoxon Test p=0.15
Imaging

Whole brain gray volume

34.5 (3.5) [n=20]

32.0 (3.6) [n=13]

1(31)= —2.0, p=0.06

1duasnuely Joyny Yd-HIN

0.581 (0.09) [n=13]
0.368 (0.02) [n=12]
0.001 (0.002) [n=12]

t(31)=-1.1, p=0.27
t(28)= -2.5, p=0.02
Wilcoxon Test p=0.46

Hippocampus volume 0.613 (0.08) [n=20]
0.381 (0.01) [n=18]

0.0008 (0.001) [n=19]

Whole Brain Mean FA
WMH volume

Comparison of control subjects (n=26) and bipolar subjects (n=21) on demographics, mood symptoms, cognition, cytokines levels (brain-derived
neurotrophic factor, tumor necrosis factor-alpha, interleukin-10, interleukin-6), and structural neuroimaging (fractional anisotropy and white matter
hyperintensity burden). Smaller ‘n” are included in brackets.
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Age -0.102 (p=0.50)
Female 0.165 (p=0.27)
Race -0.159 (p=0.29)
Education 0.091 (p=0.54)
CIRS-total 0.285 (p=0.05)
CIRS-count 0.272 (p=0.06)
YMRS Total 0.410 (p=0.004)

HRSD (17 Items)

0.150 (p=0.32)

Global cognition Z score
Visual cognition Z score
Memory cognition Z score
Language cognition Z score

Speed/executive cognition Z score

-0.372 (p=0.01)
-0.312 (p=0.03)
-0.345 (p=0.02)
~0.261 (p=0.08)
~0.404 (p=0.005)

Framingham Risk Profile
Body Mass Index
Eotaxin

BDNF [n=46]
TNF-alpha

IL-10

IL-6 [n=44]

Magnetic Resonance Imaging Measures

Gray matter volume [n=33]
Hippocampus volume [n=33]
Whole Brain Mean FA [n=30]

L anterior thalamic radiation FA

R anterior thalamic radiation FA
Corpus callosum FA

L upper cingulate FA

R upper cingulate FA

L superior longitudinal fasciculus FA
R superior longitudinal fasciculus FA

Whole Brain WMH burden [n=32]

L anterior thalamic radiation WMH

R anterior thalamic radiation WMH
Corpus callosum WMH

L upper cingulate WMH

R upper cingulate WMH

L superior longitudinal fasciculus WMH
R superior longitudinal fasciculus WMH

Total WMH volume

0.097 (p=0.52)
0.39 (p=0.007)
-0.037 (p=0.80)
-0.320 (p=0.03)
0.19 (p=0.22)
0.008 (p=0.96)
0.48 (p=0.001)

-0.226 (p=0.21)
~0.268 (p=0.13)
-0.195 (p=0.30)
-0.223 (p=0.24)
~0.304 (p=0.10)
-0.253 (p=0.18)
-0.205 (p=0.28)
-0.279 (p=0.14)
-0.143 (p=0.45)
-0.194 (p=0.30)
-0.112 (p=0.54)
-0.109 (p=0.55)
-0.126 (p=0.49)
-0.246 (p=0.17)
0.098 (p=0.60)
0.163 (p=0.37)
~0.039 (p=0.83)
0.065 (p=0.72)
-0.063 (p=0.74)
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Spearman Correlation Coefficients with IL-1RA (n=47 unless otherwise indicated in brackets).
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