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ARTICLE INFO ABSTRACT

Keywords: Bipolar disorder (BD) is associated with high prevalence rates of obesity-related conditions and subclinical in-
Mania flammation. Adiponectin is produced by adipose tissue and exerts anti-inflammatory activities. We aimed to
Depression perform a systematic review and meta-analysis of studies investigating adiponectin levels in BD patients and
Adiposity . healthy controls. Electronic databases were searched from their inception until 15th Jan 2019. Random-effects
i;f}iumnﬁinon models with the Hedges’ g as the effect size (ES) estimate were used. We included 11 studies, representing 477

patients and 380 controls. Pooled data analysis revealed no significant differences in adiponectin levels between
BD patients and controls (ES = 0.28, 95%CI: -0.34 — 0.90, p = 0.372). The levels of adiponectin were sig-
nificantly higher during euthymia (ES = 1.09, 95%CI: 0.03-2.16, p = 0.044). The levels of adiponectin in de-
pressed patients were lower, but this result did not reach statistical significance (ES = -0.90, 95%CI: -1.85 —
0.05, p = 0.063). Due to low number of studies, the subgroup analysis of manic patients was not performed;
however, a severity of manic symptoms was not associated with the ES estimates. Longer illness duration and a
higher percentage of BD type I (BD-I) patients were associated with higher ES estimates. A higher severity of
depressive symptoms was associated with lower ES estimates. Heterogeneity was significant in all analyses.
Results of the Egger’s test were insignificant, showing no publication bias. Our results indicate that adiponectin
might be a state marker of BD as it appears to be elevated in euthymia and decreased in depression. Illness
progression and a diagnosis of BD-I might contribute to higher adiponectin levels.

1. Introduction recovery and poor response to lithium (Brietzke et al., 2011). A meta-

analysis of longitudinal studies (Luppino et al., 2010) revealed a posi-

Bipolar disorder (BD) is a complex mental disorder with multi-
dimensional psychopathology and lifetime prevalence rates estimated
at 2-4% (Ketter, 2010). Several lines of evidence demonstrate high
prevalence of cardiovascular risk factors and metabolic dysregulations
that largely contribute to reduced life expectancy in patients with BD
(Crump et al., 2013; Vancampfort et al., 2016, 2013). This phenomenon
is associated with side effects of pharmacological treatment and poor
life style characteristics (Fagiolini et al., 2008, 2005; McIntyre et al.,
2010).

Metabolic dysregulations observed in BD, including obesity, type 2
diabetes and metabolic syndrome are also associated with unfavourable
course of illness in terms of a higher number of depressive and manic
episodes, more hospitalizations, suicidality, lower probability of
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tive correlation between the probability of developing depressive mood
and the body mass index (BMI). Obesity and overweight are also highly
prevalent in drug-naive patients with BD, suggesting that metabolic
dysregulations might be closely related to the pathophysiology of BD
(Maina et al., 2008). In addition, both BD and obesity are associated
with subclinical inflammation (SayuriYamagata et al., 2017).

One of possible explanations for these associations are related to
biological functions of adipose tissue that is now believed to serve as an
endocrine organ, secreting over 600 bioactive compounds, called the
adipokines (Platzer et al., 2018). Adipokines, represented by adipo-
nectin and leptin, play an important role in various metabolic and
immunological processes. Leptin regulates energy expenditure by sig-
nalling satiety to the brain and acts as a pro-inflammatory hormone. It
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Fig. 1. Selection of studies (Moher et al., 2009).

is also involved in the regulation of sleep-wake cycle, sexual behaviour
and reproductive functions. A recent meta-analysis did not reveal any
significant differences between BD patients at various mood states and
healthy controls (Fernandes et al., 2016). However, the authors ob-
served a stronger association between leptin levels and both BMI and
age in BD patients compared to healthy controls. In turn, adiponectin
regulates energy expenditure, improves insulin sensitivity and fatty
acid oxidation and is considered as an anti-inflammatory factor (Berg
et al., 2002; Qi et al., 2004). Certain adiponectin isoforms might cross
the blood-brain barrier and interact with the receptors located in sev-
eral brain regions, including the hypothalamus, brainstem, cortical
neurons and endothelial cells (Thundyil et al., 2012). Administration of
exogenous adiponectin produces antidepressant-like effects in normal-
weight and obese mice (Liu et al., 2012). In the same study, lower
adiponectin levels were found in a chronic social defeat model of de-
pression. As similar to several antidepressants (Warner-Schmidt and
Duman, 2006), adiponectin might stimulate hippocampal neurogenesis
(Zhang et al., 2011). Decreased blood levels of adiponectin have been
found in obesity-related diseases (Nigro et al., 2014) and major de-
pressive disorder (Cao et al., 2018).

Studies investigating blood levels of adiponectin have provided
mixed findings and have not been subjected to quantitative synthesis.
Therefore, in this study we aimed to perform a systematic review of
adiponectin levels in patients with BD at various mood states.

2. Material and methods
2.1. Search strategy

Search strategy followed the PRISMA guidelines (Moher et al.,
2009). Two authors (F.S and B.S.) independently performed an online

search for relevant publications in the following databases: the Medline,
the ERIC, the CINAHL Complete, as well as the Academic Search

Complete and Health Source: Nursing/Academic Edition. Discrepancies
were resolved by a consensus method, involving discussions with an-
other author (B.M.). The following combination of keywords was used:
“bipolar” or “psychosis” or “mania” or “manic” or “depress*” and
“adiponectin”. The search strategy was complemented by reviewing
reference lists of eligible publications. The following exclusion criteria
were established: 1) publications written in non-English language; 2)
non-original articles (reviews, meta-analyses, commentaries and edi-
torials); 3) studies without a group of healthy controls and 4) animal
model studies. After considering exclusion criteria, search results were
compared and studies investigating plasma or serum levels of adipo-
nectin in patients with BD and healthy controls were included in further
analysis. Our systematic review covered publication records from da-
tabase inception until 15th Jan 2019.

2.2. Data analysis

We extracted the following data from eligible publications (mean
and SD or the number of cases): 1) age; 2) sex; 3) BMI; 4) cigarette
smoking status; 5) illness duration; 6) score of the Young Mania Rating
Scale (YMRS); 7) score of the Hamilton Depression Rating Scale
(HDRS); 8) mood state; 9) type of BD and 10) the levels of adiponectin.
Corresponding authors of eligible studies were contacted in case of a
lack of necessary data to perform meta-analysis. In case of one study
(Vianna-Sulzbach et al., 2015), mean levels of adiponectin were ex-
tracted using the GetData Graph Digitizer 2.26. The Newcastle-Ottawa
Scale (NOS) was used for quality assessment (Wells et al., 2000).

Differences in mean levels of adiponectin between BD patients and
healthy controls were included as principal summary measures.
Random-effects models were used to pool data due to anticipated het-
erogeneity. The effect size (ES) estimates were calculated as Hedges’ g.
Assessment of heterogeneity was performed using the Cochran Q test
and the I? estimates. A sensitivity analysis was conducted by excluding
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studies one at a time to verify if any single study accounted for het-
erogeneity. The Egger’s test was used to evaluate publication bias.
Additionally, funnel plot of asymmetry was inspected. Subgroup ana-
lyses were performed to examine the levels of adiponectin in patients
with BD at various mood states (euthymia, mania and depression).
Meta-regression was performed to test the effects of age, sex, BMI, ci-
garette smoking status, illness duration, scores of YMRS and HDRS on
the ES estimates. Results were considered statistically significant if the
p-value was < 0.05. Statistical analysis was performed using the STA-
TISTICA software, version 12.5.
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3. Results

Out of 483 records identified, 11 studies met our eligibility criteria
and were included in systematic review and meta-analysis (Barbosa
et al., 2012; Bond et al., 2017; Elmslie et al., 2009; Hung et al., 2007;
Mansur et al., 2017, 2016; Platzer et al., 2018; Soeiro-de-Souza et al.,
2014; Syk et al., 2019; Tuncel et al., 2018; Vianna-Sulzbach et al.,
2015) (Fig. 1). Data regarding the largest sample of non-overlapping
participants were obtained from the corresponding author of two stu-
dies (Mansur et al., 2017, 2016).

General characteristics of included studies were shown in Table 1.
Of those studies, one study reported separate data for mania (Tuncel
et al., 2018), five for depression (Hung et al., 2007; Mansur et al., 2017,
2016; Platzer et al., 2018; Soeiro-de-Souza et al., 2014) and six for
euthymia (Barbosa et al., 2012; Mansur et al., 2017; Mansur et al.,
2018; Platzer et al., 2018; Tuncel et al., 2018; Vianna-Sulzbach et al.,
2015). One study reported the levels of adiponectin in the same group
of patients in mania and euthymia (Tuncel et al., 2018). In three studies
(Bond et al., 2017; Elmslie et al., 2009; Syk et al., 2018), the levels of
adiponectin for patients at various mood states were not reported.
Eligible studies included 477 patients with BD (mean age: 35.3 years)
and 380 healthy controls (mean age: 34.8 years). Sample size of pa-
tients varied from 15 (Hung et al., 2007) to 120 (Platzer et al., 2018),
while the sample size of healthy controls was between 14 (Hung et al.,
2007) to 68 (Platzer et al., 2018). The majority of studies determined
adiponectin levels in plasma, while only two studies were based on
serum adiponectin levels (Bond et al., 2017; Vianna-Sulzbach et al.,
2015). Almost all studies used the enzyme-linked immunosorbent as-
says (ELISA) to measure the levels of adiponectin, except for two studies
that had been based on radioimmunoassay (Elmslie et al., 2009) and
the Luminex XMAP technology (Bond et al., 2017). The NOS score
ranged between 3 (Platzer et al., 2018) and 6 (Elmslie et al., 2009;
Mansur et al., 2016).

Pooled data analysis, regardless of mood state, revealed no sig-
nificant differences between BD patients and healthy controls
(ES = 0.28, 95%CI: -0.34 — 0.90, p = 0.372). Subgroup analysis was
presented in Fig. 2, showing significantly higher levels of adiponectin in
euthymic BD patients (237 BD patients and 176 healthy controls,
ES = 1.09, 95%CI: 0.03-2.16, p = 0.044). The levels of adiponectin
were lower in depressed BD patients but this result did not reach sta-
tistical significance (108 BD patients and 133 healthy controls,
ES = 0.90, 95%CIL: -1.85 — 0.05, p = 0.063) compared to healthy con-
trols. Only one study reported adiponectin levels in manic patients (30
BD patients and 30 healthy controls), showing no significant differences
between this subgroup of patients and healthy controls (Tuncel et al.,
2018). Heterogeneity was high in the pooled analysis [Q = 148.5, p
(Q) < 0.001, I* = 93.9%] and subgroup analyses of euthymic and de-
pressed patients [euthymia: Q = 99.0, p(Q) < 0.001, I? = 96.0%; de-
pression: 31.2, p(Q) < 0.001, I> = 90.4%]. No single study thoroughly
explained heterogeneity in the pooled analysis as well as subgroup
analyses of depressed and manic patients after excluding one study at a
time (sensitivity analysis).

Meta-regression analysis of adiponectin levels revealed that mean
differences in age, the percentage of males, BMI and the percentage of
smokers as well as the YMRS score and the NOS score were not
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Abbreviations: ADs — antidepressants, AEs — antiepileptics, BMI — body mass index, ELISA — enzyme-linked immunosorbent assay FGAs - first-generation antipsychotics, Li — lithium, MSs — mood stabilizers, NK — not

known, NOS - the Newcastle-Ottawa Scale, RIA - radioimmunoassay, SGAs — second-generation antipsychotics.

General characteristics of studies included in systematic review and meta-analysis.

Table 1
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Fig. 2. Subgroup analysis of adiponectin levels taking into account mood states. Other studies represent those that did not provide adiponectin levels for patients at

specific mood states.

Table 2
Meta-regression of adiponectine levels.
Moderator N B 95%ClI P Adj. R?
Mean difference in age 10 0.07 -0.22-0.35 0.644
Mean difference in % of males 9 —0.03 —0.07 - 0.02 0.230
Mean difference in BMI 10 0.007 —0.41 - 0.41 0.997
Mean difference in % of 5 —-0.02 —0.05- 0.159 38.6%
smokers —0.01
Patients with BD type I (%) 8 0.03 0.029 - 0.07 0.032
HDRS score 5 -0.17 -0.28 - 0.001 17.2%
—0.07
YMRS score 7 —0.01 -0.09-0.06 0.740
Illness duration 6 0.19 0.02 - 0.37 0.026
NOS score 10 0.13 —0.67 - 0.93 0.743

Significant effects were marked with bold characters (p < 0.05).
Mean difference was calculated by subtracting the mean or percentage of cases
in controls from the mean or percentage of cases in the group of BD patients.
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Fig. 3. Funnel plot of asymmetry illustrating a lack of publication bias.
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associated with the ES estimates (Table 2). However, a higher percen-
tage of patients with BD type I (BD-I), longer illness duration and lower
HDRS scores were related to higher ES estimates. Results of the Egger’s
test were insignificant (f = 3.53, 95%CI = -5.58 - 12.63, t = 0.89,
p = 0.398) (funnel plot of asymmetry was presented in Fig. 3).

4. Discussion

In this study, we found significantly higher levels of adiponectin in
euthymic BD patients. A higher severity of depressive symptoms was
related to lower adiponectin levels. The levels of adiponectin were also
lower in depressed patients but this result did not reach statistical
significance. We also found that longer illness duration and BD-I might
be associated with higher adiponectin levels. Importantly, differences
in adiponectin levels between BD patients and healthy controls were
not associated with differences in age, sex, BMI and cigarette smoking
in meta-regression analysis. There is weak evidence of unaltered adi-
ponectin levels in manic BD patients based on one study (Tuncel et al.,
2018).

Our findings suggest that adiponectin might be a state marker of BD
and are in agreement with previous meta-analyses, showing decreased
adiponectin levels in patients with unipolar depression (Cao et al.,
2018; Carvalho et al., 2014). Dynamic changes of adiponectin levels
across mood states might be explained by various mechanisms related
to anti-inflammatory activities of adiponectin. On the basis of a meta-
analysis, Rowland et al. (2018) found increased levels of inflammatory
markers — interleukin(IL)-6 and C-reactive protein (CRP) in euthymic
and manic BD patients, but not in those during a depressive episode.
These results might suggest that changes in adiponectin levels appear as
a response to inflammatory processes that are particularly active during
euthymia. Indeed, adiponectin inhibits tumour necrosis factor-o. (TNF-
a) signalling pathway, NF-xB activation and phagocytic activity of
macrophages as well as stimulates the production of anti-inflammatory
cytokines represented by IL-10 and IL-1 receptor antagonist (Soczynska
et al., 2011). Adiponectin has also been found to exert anti-depressive
effects in a social defeat mouse model of depression (Liu et al., 2012).
Notably, we did not find significant changes of adiponectin levels in
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manic patients; however, there was only one study conducted in this
group of patients (Tuncel et al., 2018). A severity of manic symptoms
was not associated with the ES estimates (data from seven studies). It is
also important to note that various mechanisms might underlie adipo-
nectin responses to inflammatory states. In contrast to obesity-related
conditions that are accompanied by low adiponectin levels; auto-
immune diseases, including rheumatoid arthritis, systemic lupus er-
ythematosus, inflammatory bowel disease or type 1 diabetes are asso-
ciated with elevated adiponectin levels (Fantuzzi, 2008). In light of
these observations, it has been proposed that elevated levels of adipo-
nectin in these conditions might occur as a result of inflammation-in-
duced catabolic responses, which are not present in case of obesity-
related inflammation (Fantuzzi, 2008). This differential regulation of
adiponectin responses in various inflammation-related conditions is
particularly relevant to BD, which is associated with high prevalence
rates of metabolic syndrome together with its single components and
autoimmune diseases (Rosenblat and Mcintyre, 2015).

Our meta-analysis demonstrated a positive correlation between the
ES estimates of differences in adiponectin levels and illness duration.
These findings imply that a higher adiponectin level might be the
marker of illness progression and point to the staging concept of BD
(Berk et al., 2017; Kapczinski et al., 2014). The staging model of BD is
supported by a number of biological dysregulations that exacerbate
with illness progression and include oxidative stress, a deficiency of
neurotrophins and inflammation. For instance, it has been reported that
the levels of pro-inflammatory cytokines - IL-6 and TNF-a are elevated
in both early and late stage BD, while the levels of anti-inflammatory
cytokine IL-10 are increased only in late stage BD (Kauer-Sant’Anna
et al., 2009). In this study (Kauer-Sant’Anna et al., 2009), the levels of
TNF-a showed a significant increase in late stage BD. The association
between BD-I and higher adiponectin levels may also be explained by
the results from studies addressing inflammatory responses in BD pa-
tients. Indeed, previous studies reported elevated levels of IL-8, soluble
IL-2 and TNF-a receptors in BD-I patients compared to those with BD
type II (BD-II) (Bai et al., 2014; Wang et al., 2016).

There are several limitations of this meta-analysis that need to be
discussed. Firstly, there was a limited number of studies that were
found to be eligible, especially in case of those reporting adiponectin
levels in manic patients. However, a severity of manic symptoms was
not associated with the ES estimates in meta-regression analysis of
seven studies. Heterogeneity was also high and factors explaining this
observation were not identified. At this point, it is important to note
that our findings in euthymic patients might be much affected by a
single outlier (Barbosa et al., 2012). It should be noted that both longer
illness duration and a higher percentage of BD-I patients were asso-
ciated with higher ES estimates in meta-regression. In the study by
Barbosa et al. (2012), all patients had a diagnosis of BD-I and illness
duration was the longest compared to other studies included in our
meta-analysis (mean: 25.54 years). In this study, there were also sig-
nificantly higher rates of hypothyroidism and dyslipidaemia in the
group of patients compared to controls. In some studies, thyroid hor-
mones have been associated with adiponectin levels (Altinova et al.,
2006; Cabanelas et al., 2010; Iglesias and Diez, 2007). However, de-
tailed information regarding somatic comorbidities was not provided in
other studies of euthymic BD patients. Additionally, we were unable to
control for a number of potential confounding factors. As mentioned
above, several somatic comorbidities might impact adiponectin levels
and thus conclusions regarding intrinsic mechanisms of adiponectin
alterations in BD cannot be established. We were also unable to ex-
amine the effects of various types of plasma in meta-regression analysis
since this information was not provided in studies included in our meta-
analysis. Furthermore, the vast majority of patients in studies included
in our meta-analysis were not drug-free. Indeed, it should be noted that
a number of medications used in the treatment of BD, including mood
stabilizers, antidepressants and antipsychotics might impact adipo-
nectin levels (Bartoli et al.,, 2015; Omata et al., 2012). These
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medications might also influence immune-inflammatory processes. For
instance, it has been found that antidepressants may decrease the levels
of IL-6 and TNF-a (Hannestad et al., 2011). Furthermore, there is evi-
dence that lithium may normalize cytokine responses (van den Ameele
et al., 2016). Similarly, antipsychotics have been found to decrease the
levels of IL-1P and interferon-y (Romeo et al., 2018). Another limitation
is that we were not able to control for the effects of any other in-
flammatory markers to investigate potential mechanisms of changes in
adiponectin levels across various mood states. Finally, studies included
in our meta-analysis did not control for several factors that might im-
pact adiponectin levels, including physical activity, dietary habits,
subclinical infections or the gut dysbiosis.

In summary, results of our meta-analysis indicate elevated levels of
adiponectin in euthymic BD patients and the association with depres-
sive symptoms. More studies are needed to conclude regarding adipo-
nectin alterations in mania. Adiponectin levels might be higher in pa-
tients with BD-I and those at late stage of illness. Dynamic changes of
adiponectin levels across various mood states might reflect immune-
inflammatory alterations previously reported in BD patients. Future
studies should investigate the mechanisms underlying adiponectin al-
terations in BD, taking into account the impact of comorbid obesity-
related conditions and autoimmune diseases.
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