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Abstract

Objective. There has been increased interest in repurposing anti-inflammatories for the
treatment of bipolar depression. Evidence from high-income countries suggests that these
agents may work best for specific depressive symptoms in a subset of patients with biochemical
evidence of inflammation but data from lower-middle income countries (LMICs) is scarce. This
secondary analysis explored the relationship between pretreatment inflammatory markers and
specific depressive symptoms, clinical measures, and demographic variables in participants with
bipolar depression in Pakistan.

Methods. The current study is a cross-sectional secondary analysis of a randomized controlled
trial of two anti-inflammatory medications (minocycline and celecoxib) for bipolar depression
(n = 266). A series of logistic and linear regression models were completed to assess the
relationship between C-reactive protein (CRP) (CRP > or < 3 mg/L and logl0CRP) and clinical
and demographic features of interest and symptoms of depression. Baseline clinical trial data
was used to extract clinical and demographic features and symptoms of depression were
assessed using the 24-item Hamilton Depression Rating Scale.

Results. The prevalence of low-grade inflammation (CRP > 3 mg/L) in the sample was 70.9%.
After adjusting for baseline body mass index, socioeconomic status, age, gender, symptoms
related to anhedonia, fatigue, and motor retardation were most associated with low-grade
inflammation.

Conclusions. Bipolar disorder (BD) patients from LMICs may experience higher rates of
peripheral inflammation than have been reported in Western populations with BD. Future
trials of repurposed anti-inflammatory agents that enrich for participants with these symptom
profiles may inform the development of personalized treatment for bipolar depression in
LMICs.

Introduction

Bipolar disorders, (BD) I and II, have a global lifetime prevalence of 0.6% and 0.4%, respec-
tively." Effective treatment of depressive episodes in BD remains a challenge and bipolar
depression contributes to substantial functional impairment.” In the World Mental Health
survey initiative, severe and very severe role impairment was reported by 75% of BD patients
who experienced depression within the 12-months prior." A major factor contributing to this
impairment is the lack of efficacy of current treatments for bipolar depression, which can be as
low as 23.8% for first-line pharmacotherapies.” Mounting evidence suggests that a reactive
immune system may contribute to the pathophysiology of bipolar disorder and that anti-
inflammatory agents may be efficacious bipolar depression.”” More recently, the largest
clinical trial to date (n = 266) of anti-inflammatories for bipolar depression found that both
minocycline and celecoxib were not superior to placebo in the treatment of bipolar depres-
sion.® These conflicting results suggest that anti-inflammatories may only be effective for a
subset of patients with bipolar depression.

Given the mixed findings from randomized controlled trials (RCTs) of anti-inflammatory
agents in mood disorders, anti-inflammatories may not be effective for the syndrome of
depression but may target specific symptoms that are more commonly associated with a reactive
immune system. The association between a reactive immune system and specific symptoms has
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been studied in major depressive disorder (MDD) but less so in
BD. In MDD, neurovegetative symptoms (eg, low energy, altered
appetite) have been associated with inflammation independent of
cognitive and mood symptoms, while cognitive (ie, impaired
thinking) and mood symptoms (ie, anhedonia, feelings of worth-
less and guilt) were not associated with inflammation.” Other
studies have found that inflammation is associated with fatigue,
sleep problems, depressed mood, and anhedonia in depression.”””
A recent meta-analysis of 56 351 persons with MDD found that
five symptoms, that is, little interest in doing things, sleep distur-
bance, changes in appetite, feeling like everything was an effort,
and loss of energy, were associated with higher concentrations of
plasma C-reactive protein (CRP).” In another sample, specific
neurovegetative symptoms of eating, appetite, and tiredness were
associated with elevated CRP and not overall depression scores or
severity.'"” Symptoms of BD that have been associated with
inflammation include disturbances in sleep, suicidality, cognitive
dysfunction, and anhedonia.'"'> We have previously reported
that in a sample from a lower to middle income country
(LMIC) lower CRP was associated with higher rates of suicidality
in BD; contrary to what has been found in Western populations."”
This suggests that the associations between inflammation and
depressive symptoms in BD may differ in a LMIC setting.

LMICs represent nearly half of the world’s population and over
80% of the disease burden attributed to mental disorders, yet are
largely excluded from mental health research. Similarly, studies
investigating the relationship between inflammation and depres-
sive symptoms in LMIC populations are scarce. The objective of the
current analysis is to: (a) Determine the prevalence of peripheral
inflammation in a sample of adults with bipolar depression in a
LMIC setting (Pakistan) and (b) To explore associations between
plasma CRP, and clinical phenotypes of bipolar depression (demo-
graphic variables, clinical variables, and specific symptom scales) in
this sample.

Materials and methods
Study design

The original MINDCARE trial was a randomized, double-
blinded, multicentre 2 x 2 factorial design trial conducted in
outpatient psychiatric clinics in Hyderabad, Karachi, Lahore,
and Rawalpindi, Pakistan between May 1, 2016, and March
31, 2019. The study investigated the antidepressant effect of
minocycline and celecoxib in adults with bipolar depression with
afour-arm (2 x 2) factorial design. The study was approved by the
institutional review board of Karachi Medical & Dental College
(KMDCQ). Detailed methodology of the trial has been previously
reported.’

Participants were between the ages of 18 and 65 with a DSM-5
diagnosis of BDI or BDII and concurrent major depressive episode.
They were on stable medication for 4 weeks or greater prior to
baseline assessment and provided informed consent. Females with
child-bearing potential consented to using contraception and
monthly pregnancy tests due to the teratogenic risk of minocycline
and celecoxib.

Exclusion criteria included: serious physical health conditions
including chronic infectious diseases; history of allergies to anti-
inflammatory drugs; currently using penicillin, anticoagulants,
antibiotics, or other anti-inflammatory drugs; history of seizures;
DSM-5 diagnosis of substance misuse within 3 months prior to
screening; DSM-5 diagnosis of primary psychotic disorder; high
suicide risk; experiencing manic or hypomanic symptoms (>3).°
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Assessments

Measurement of CRP
Blood samples were collected, and CRP was quantified using the
Spinreact CRP Latex Agglutination test at baseline and week 12.

Assessment of demographic and clinical characteristics
Sociodemographic and patient characteristics such as age, gender,
body mass index (BMI), waist circumference (WC), heart rate,
blood pressure, socioeconomic status (SES), years of education,
number of hospital admissions, and duration of illness (months).
SES was defined as either low, low-middle, middle, or upper-class.
In our analysis we categorized SES as “low” or “not low” as in the
primary report, only 12 participants were in middle- or upper-class.
Low SES was defined as a monthly income of less than 17 000
Pakistani rupees (approximately 136 United States Dollars in
2018). Patients were also assessed with the EuroQol-5D
(EQ-5D),"* Generalized Anxiety Disorder scale (GAD-7)," Clinical
Global Impression-Severity (CGI-S),'® Hamilton Depression Rating
Scale-17 (HDRS-17),'” and HDRS-24. Each individual item of the
HDRS-24 was explored individually as well as grouped into symp-
tom clusters. The symptom clusters explored in our analysis were
based on standard clinical clusters, that is, anhedonia (items 2 and 3),
insomnia (items 11, 12, and 13), increased appetite (items 7, 8,9, and
10) atypical features (items 7, 8, 9, and 14), energy symptoms (items
16 and 23), cognitive symptoms (items 1, 2, 3, 17, and 18), and
somatic symptoms (Items 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 23,
and 24) (Table 1).

Definition of inflammatory status

We chose CRP >3 mg/L as a definition of low-grade inflammation
based upon United States Centers for Diseases Control and Pre-
vention and American Heart Association Guidelines, which con-
sidered CRP levels over 3 mg/L to be indicative of an active
inflammatory response. ™'’ This definition has also been utilized
in other studies in BD.”’

Statistical analysis

All statistical analysis was conducted with SPSS-28 software.
Descriptive statistics were used to explore the distribution of
baseline demographic variables, clinical variables, and symptoms.
All variables were analyzed grouped by inflammatory status
(CRP < 3 mg/L or > 3 mg/L). Kruskal-Wallis test was used to
determine any differences in these variables. For categorical vari-
ables, we compared difference in inflammatory status using Pear-
son chi-square tests.

We then completed a series of logistic regression analysis with
inflammatory status (CRP < 3 mg/L or > 3 mg/L) as the dependent
variable. Each model included one demographic, clinical, or symp-
tom variable of interest as a covariate to assess its association with
inflammatory status. SEC, gender, BMI, and age were selected a
priori as covariates in each adjusted models given their known
association with depressive symptoms and inflammation.

To assess CRP as a continuous variable, we also completed a
series of similar linear regression models with loglOCRP as the
dependent variable. Each model included one demographic or
symptom measure as a covariate to assess the association with
baseline inflammation. The same covariates as the logistic regres-
sion models were included.
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Table 1. Symptom Clusters for HDRS-24

Symptom cluster Components

#2—Work and activities
#3—Social withdrawal

Anhedonia cluster

Insomnia cluster #11—Insomnia early
#12—Insomnia middle

#13—Insomnia late

Increased appetite cluster #7—Weight gain
#8—Appetite increased
#9—Increased eating

#10—Carbohydrate craving

Atypical features #7—Weight gain
#8—Appetite increased
#9—Increased eating

#14—Hypersomnia

Energy symptoms #16—Fatiguability

#23—Motor-retardation

Cognitive symptoms #1—Depressed mood
#2—Work and activities
#3—Social withdrawal
#17—Feelings of guilt

#18—Suicide

Somatic symptoms #4—Genital symptoms
#5—Somatic symptoms (Gl)
#6—Loss of weight
#7—Weight gain
#8—Appetite increase
#9—Increased eating
#10—Carbohydrate craving
#11—Insomnia early
#12—Insomnia middle
#13—Insomnia late
#14—Hypersomnia
#15—Somatic symptoms general
#16—Fatigability
#23—Motor retardation
#24—Agitation

Results

Baseline demographic and clinical measures by inflammatory
status

A total of 266 patients were enrolled in the original study, which
included 189 (71%) males and 77 (29%) females and mean age was
36.5(10.4). Table 2 summarizes the baseline demographic, clinical,
and symptom variables. Baseline CRP was available from 237 par-
ticipants with a mean (SD) value of 5.94 (8.54) mg/L. A total of
168 participants (70.9%) had a baseline CRP > 3 mg/L and
69 (29.1%) participants had a baseline CRP < 3 mg/L.

Demographic variables

Age and SES were not equally distributed between the low-grade
inflammation (CRP > 3 mg/L) group and noninflamed group
(CRP < 3 mg/L). The mean age was higher in the low-grade
inflammation group (mean: 37.9, SD:10.2) compared to the non-
inflamed group (mean:31.9, SD:9.5). There was a higher proportion
of persons with a low SES in the noninflamed inflammation group
(CRP < 3 mg/L) compared to the low-grade inflammation group
(CRP > 3 mg/L) (Table 2).

Clinical variables
Clinical variables that were not equally distributed between the two
groups were heart rate, blood pressure (systolic and diastolic), and
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proportion of patients taking an antipsychotic, benzodiazepine, or
an anti-cholinergic. The mean heart rate for the low-grade inflam-
mation group (CRP > 3 mg/L) was lower (mean: 82.8, SD: 9.1)
compared to the noninflamed group (mean: 87.6, SD: 8.6). The
mean blood pressure for the low-grade inflammation group was
overall higher (systolic mean: 120.6, SD: 10.7 and diastolic mean:
83.4, SD: 9.4) compared to the noninflamed group (CRP < 3 mg/L)
(mean:113.0, SD: 13.7 and mean: 78.9, SD: 11.8 respectively). There
was a lower proportion of participants taking an antipsychotic or
anti-cholinergic medication in the low-grade inflammation group
(Table 2). There was a higher proportion of patients taking a
benzodiazepine medication in the low-grade inflammation group
(Table 2).

Symptom scale total scores

CGI-S and the EQ-5D scores were not equally distributed between
the two groups. The CGI-S (mean: 4.70, SD: 0.9) was lower in the
low-grade inflammation group while the EQ-5D was higher in the
low-grade inflammation group (mean: 45.96, SD: 13.7) compared
to the noninflamed group (CRP < 3 mg/L). A higher CGI-S
indicates higher severity and higher EQ-5D indicates a higher
perceived health-related quality of life (Table 2).

Individual items of symptom scales

Individual scores that were higher in the low-grade inflammation
(CRP > 3 mg/L) group were the HDRS-24 work and activities
(HDRS item 2), Social withdrawal (HDRS item 3), Somatic symp-
toms —GI (HDRS item 5), Carbohydrate craving (HDRS item 10),
Hypersomnia (HDRS item 14), Fatigability (HDRS item 16),
Insight (HDRS item 22), and Motor retardation (HDRS item 23).
The individual suicidality item (HDRS item 18) was higher in the
non-inflamed group (CRP < 3 mg/L).

Symptom clusters of symptom scales

Clusters of symptoms that were significantly higher in the low-
grade inflammation group include the anhedonia cluster, increased
appetite cluster, somatic symptoms cluster, and energy cluster
(Table 2).

Associations between low-grade inflammation and clinical
variables logistic regression

The results of the logistic regression model controlling for BMI,
SES, age, and gender are presented in Table 3 and Figure 1 and are
summarized below.

Demographic and clinical variables

Higher systolic blood pressure (OR:1.049; CI: 1.020-1.079), dia-
stolic blood pressure (OR:1.038; CI:1.007-1.070), and taking a
benzodiazepine (OR:2.698; CI: 1.371-5.309) was associated with
higher likelihood of low-grade inflammation (Table 3). Heart rate
(OR: 0.940; CI: 0.908-0.074) and taking an antipsychotic (OR:
0.388; CI: 0.208-0.725) was negatively associated with low-grade
inflammation.

Symptom scale total scores

A higher total score of the HDRS (OR: 1.055; CI: 1.007-1.106) and
the EQ-5D (OR: 1.030; CI: 1.007-1.005) were associated with a
higher likelihood of having low-grade inflammation (Table 3). The
CGI was negatively associated with low-grade inflammation (OR:
0.551; CI: 0.390-0.777).
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Table 2. Baseline Mean Demographic and Clinical Variables in the Entire Group and Split by Inflammation Status (CRP < 3 or CRP > 3)

Measure Entire group (n = 266) CRP <3 (n=69) CRP >3 (n =168)

Demographics Mean (SD) Mean (SD) Mean (SD) Sig.
Duration of illness (months) 169.1 (194.7) 144.5 (162.1) 175.1 (195.0) 0.0837
Number of hospital admissions 3.4 (3.1) 3.1(2.4) 3.6 (3.3) 0.619°
Years of education 6.3 (4.8) 5.9 (4.9) 6.4 (4.8) 0.423°
Low SES 215 61H 1281 0.034°
Age 36.5 (10.4) 31.9 (9.5) 37.9 (10.2) <0.001%
Females (n) 7 16 55 0.162°

Clinical variables

BMI 24.9 (4.9) 24.7 (5.5) 25.3 (4.8) 0.237°
wC 32.3(2.8) 32.1(3.3) 32,5 (2.7) 0.238°
Heart rate 84.4 (9.0) 87.6 (8.6) 82.8 (9.1) <0.001°
Systolic blood pressure 118.8 (12.1) 113.0 (13.7) 120.6 (10.7) <0.001°
Diastolic blood pressure 82.2 (10.0) 78.9 (11.8) 83.4(9.4) 0.010°
Taking an antidepressant 238 57 152 0.088"
Taking an antipsychotic 85 33" 47" 0.003"”
Taking valproic acid 217 54 140 0.357"
Taking a benzodiazepine 102 16" 74" 0.003"
Taking lithium 15 5 9 0.575"
Taking an anti-cholinergic 38 15" 24.1" 0.037°
Taking two psychotropics 91 27 55 0.347°
Taking three psychotropics 175 42 113 0.347°

Symptom scales

HDRS total score 30.8 (6.7) 28.9 (5.5) 30.1 (7.3) 0.060"
Cal 4.87 (1.0) 5.29 (1.0) 4.70 (0.9) <0.001°
GAD-7 10.6 (4.0) 10.2 (3.6) 10.5 (4.1) 0.693°
EQ-5D 4491 (13.9) 40.58 (12.9) 45.96 (13.7) 0.007*
Depressed mood (HDRS #1) 2.81(0.9) 2.86 (0.7) 2.70 (1.0) 0.316"
Work and activities (HDRS#2) 2.30 (1.0) 1.94 (1.1) 2.33(0.9) 0.010°
Social withdrawal (HDRS#3) 2.13 (1.0) 1.83 (0.9) 2.21 (0.9) 0.0057
Genital symptoms (HDRS#4) 0.70 (0.7) 0.62 (0.6) 0.69 (0.7) 0.656°
Somatic symptoms —GI (HDRS#5) 1.00 (0.7) 0.74 (0.6) 1.08 (0.7) <0.001°
Loss of weight (HDRS#6) 0.93 (0.9) 0.90 (0.9) 0.9 (0.8) 0.982°
Weight gain (HDRS#7) 0.48 (0.75) 0.43 (0.7) 0.49 (0.8) 0.668"
Appetite increase (HDRS#8) 0.33 (0.7) 0.26 (0.6) 0.34 (0.7) 0.462°
Increased eating (HDRS#9) 0.38 (0.7) 0.25 (0.5) 0.4 (0.7) 0.190%
Carbohydrate craving (HDRS#10) 0.42 (0.8) 0.22 (0.6) 0.49 (0.8) 0.002°
Insomnia—Early (HDRS#11) 1.37 (0.7) 1.43 (0.6) 1.36 (0.7) 0.5597
Insomnia—Middle (HDRS#12) 1.29 (0.7) 1.45 (0.6) 1.21 (0.8) 0.056°
Insomnia—Late (HDRS#13) 1.29 (0.8) 1.45 (0.6) 1.24 (0.8) 0.097°
Hypersomnia (HDRS#14) 0.28 (0.7) 0.09 (0.3) 0.32 (0.8) 0.019°
Somatic symptoms (HDRS#15) 1.10 (0.5) 1.07 (0.4) 1.05 (0.5) 0.721°
Fatigability (HDRS#16) 1.94 (0.9) 1.71 (0.8) 2.01 (0.9) 0.006°
Feelings of guilt (HDRS#17) 1.80 (1.1) 1.86 (1.1) 1.77 (1.1) 0.640°
Suicidality (HDRS#18) 1.29 (1.1) 1.64 (1.1) 1.13 (1.1) 0.002°
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Table 2. Continued

Measure Entire group (n = 266) CRP <3 (n=69) CRP >3 (n = 168)

Demographics Mean (SD) Mean (SD) Mean (SD) Sig.
Anxiety—Psychic (HDRS#19) 2.16 (0.8) 2.09 (0.7) 2.17 (0.8) 0.320°
Anxiety—Somatic (HDRS#20) 1.66 (0.8) 1.64 (0.7) 1.67 (0.9) 0.496°
Hypochondriasis (HDRS#21) 1.73 (0.9) 1.88 (0.7) 1.71 (1.0) 0.407°
Insight (HDRS#22) 0.45 (0.6) 0.26 (0.6) 0.52 (0.6) 0.001°
Motor retardation (HDRS#23) 1.02 (1.1) 0.46 (0.8) 1.21(1.1) <0.001°
Agitation (HDRS#24) 1.94 (1.0) 1.78 (0.8) 1.98 (1.1) 0.199°
Anhedonia symptom cluster 443 (1.7) 3.77 (1.7) 4.54 (1.6) 0.002°
Atypical symptom cluster 1.47 (1.9) 1.03 (1.54) 1.55 (1.94) 0.032°
Cognitive symptom cluster 10.3 (3.2) 10.10 (2.9) 10.10 (3.3) 0.972°
Somatic symptom cluster 14.5 (4.2) 12.9 (3.0) 14.8 (4.4) 0.002°
Increased appetite cluster 1.61(2.1) 1.16 (1.9) 1.70 (2.1) 0.008°
Insomnia symptom cluster 3.95 (1.9) 4.33 (1.7) 3.82(1.9) 0.077°
Energy symptom cluster 2.97 (1.5) 2.17 (1.1) 3.23 (1.5) <0.001°

Abbreviations: BMI, body mass index; CGl, clinical global impression; EQ-5D, EuroQoL; GAD-7, generalized anxiety disorder-7; H, higher than expected; HDRS, Hamilton Depression Rating Scale; L,
lower than expected; SES, socioeconomic status; WC, waist circumference.

“Statistical test—Kruskal-Wallis test.

bPearson chi-square.

Table 3. Logistic Regression Model with Inflammation Status (CRP < 3 or CRP > 3) as Dependent Variable, Controlling for Age, BMI, Gender, and SES

95% Cl for Exp(B)

B Sig. Exp(B) Lower Upper
Demographics
Duration of illness —0.001 0.254 0.999 0.997 1.001
Number of hospital admissions —0.035 0.564 0.966 0.857 1.087
Years of education 0.043 0.208 1.044 0.976 1.116
Clinical variables
Heart rate —0.062 <0.001 0.940 0.908 0.974
Systolic blood pressure 0.048 <0.001 1.049 1.020 1.079
Diastolic blood pressure 0.037 0.017 1.038 1.007 1.070
Taking an antidepressant 0.554 0.220 1.723 0.723 4.106
Taking an antipsychotic —0.946 0.003 0.388 0.208 0.725
Taking valproic acid 0.487 0.202 1.627 0.771 3.436
Taking a benzodiazepine 0.993 0.004 2.698 1.371 5.309
Taking lithium —0.743 0.230 0.475 0.141 1.601
Taking an anti-cholinergic —0.787 0.058 0.455 0.202 1.028
Taking three psychotropics (reference to 2) 0.203 0.518 1.225 0.662 2.267
Symptom scales (total scores)
HDRS total score 0.054 0.025 1.055 1.007 1.106
CGl —0.597 <0.001 0.551 0.390 0.777
GAD-7 0.031 0.433 1.031 0.955 1.114
EQ-5D 0.030 0.012 1.030 1.007 1.005
Symptom scales (individual items)
Depressed mood (HDRS #1) —0.090 0.598 0.914 0.655 1.277
Work and activities (HDRS#2) 0.464 0.005 1.590 1.150 2.199
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Table 3. Continued
95% CI for Exp(B)

B Sig. Exp(B) Lower Upper
Social withdrawal (HDRS#3) 0.477 0.008 1.611 1.136 2.285
Genital symptoms (HDRS#4) —0.031 0.887 0.969 0.632 1.487
Somatic symptoms —GI (HDRS#5) 0.747 0.003 2.110 1.291 3.449
Loss of weight (HDRS#6) —0.079 0.685 0.924 0.631 1.353
Weight gain (HDRS#7) 0.140 0.508 1.150 0.761 1.739
Appetite increase (HDRS#8) 0.231 0.333 1.260 0.789 2.012
Increased eating (HDRS#9) 0.381 0.136 1.464 0.887 2.415
Carbohydrate craving (HDRS#10) 0.543 0.035 1.721 1.040 2.846
Insomnia—Early (HDRS#11) —0.170 0.470 0.844 0.532 1.338
Insomnia—Middle (HDRS#12) —0.495 0.026 0.609 0.394 0.942
Insomnia—Late (HDRS#13) —0.375 0.083 0.687 0.449 1.050
Hypersomnia (HDRS#14) 0.790 0.023 2.204 1.115 4.356
Somatic symptoms (HDRS#15) —0.301 0.406 0.740 0.363 1.507
Fatigability (HDRS#16) 0.412 0.023 1.510 1.060 2.151
Feelings of guilt (HDRS#17) 0.020 0.886 1.020 0.775 1.342
Suicidality (HDRS#18) —0.388 0.006 0.678 0.514 0.895
Anxiety—Psychic (HDRS#19) 0.284 0.167 1.328 0.888 1.985
Anxiety—Somatic (HDRS#20) —0.043 0.818 0.957 0.661 1.386
Hypochondriasis (HDRS#21) —0.147 0.407 0.864 0.611 1.221
Insight (HDRS#22) 0.798 0.005 2.222 1.265 3.904
Motor retardation (HDRS#23) 0.845 <0.001 2.329 1.582 3.429
Agitation (HDRS#24) 0.305 0.058 1.357 0.990 1.86
Symptom scales (clusters)
Anhedonia symptom cluster 0.346 0.001 1.414 1.149 1.740
Cognitive symptom cluster 0.031 0.537 1.031 0.935 1.138
Somatic symptom cluster 0.114 0.006 1.121 1.034 1.215
Increased appetite cluster 0.149 0.072 1.161 0.987 1.366
Insomnia symptom cluster —0.149 0.075 0.861 0.731 1.015
Energy symptom cluster 0.600 <0.001 1.822 1.391 2.386
Atypical symptom cluster 0.193 0.041 1.213 1.008 1.46
Pro-inflammatory symptoms 0.360 <0.001 1.433 1.253 1.639
Anti-inflammatory symptoms —0.425 <0.001 0.654 0.513 0.834

Note: Pro-inflammatory symptoms (2, 3, 5, 10, 14, 16, 22, 23); anti-inflammatory symptoms (12, 18).

Abbreviation: HDRS, Hamilton Depression Rating Scale.

Individual item scores

Work and Activities (HDRS item 2), Social Withdrawal (HDRS item
3), Somatic Symptoms —GI (HDRS item 5), Carbohydrate Craving
(HDRS item 10), Hypersomnia (HDRS item 14), Fatigability (HDRS
item 16), Insight (HDRS item 22), and Motor Retardation (HDRS
item 23) were associated with a higher likelihood of low-grade
inflammation. Motor Retardation (HDRS item 23) had the greatest
association (OR: 2.329; CI: 1.582-3.429). Insomnia—middle and
suicidality were negatively associated with low-grade inflammation.
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Symptom clusters

There were four symptoms clusters that were associated with a
higher likelihood of low-grade inflammation: anhedonia symptom
clusters, somatic symptom clusters, energy symptom clusters, and
pro-inflammatory symptom clusters (Table 1). The anti-
inflammatory cluster was negatively associated low-grade inflam-
mation. The pro-inflammatory and anti-inflammatory symptom
clusters are the individual items that were respectively associated
with low-grade inflammation.
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Figure 1. Odds ratio and 95% confidence interval of low-grade inflammation (CRP > 3) controlling for age, BMI, gender, and SES.

Log10 CRP linear regression models

The results of the linear regression with 1ogl10CRP as the dependent
variable are presented in Supplementary Table 1 and Supplementary
Figure 1 and summarized below.

There were no demographic variables that were associated with
the log10CRP in the linear regression models. A higher heart rate
was associated with a lower logl0CRP (B: —0.012, CI: —0.018 to
—0.006, P < .001). Taking an antidepressant was associated with a
higher logl10OCRP (B: 0.187, CI: 0.019 to 0.355, P: .03). Taking an
anti-cholinergic medication was associated with a lower logl0CRP
(B: —0.163, CI: —0.321 to —0.006, P: .042).

A higher score in the CGI-S was associated with a lower
loglOCRP (B: —0.097, CI: —0.154 to —0.040, P = .001). The
EQ-5D and HDRS total score were not associated with the contin-
uous variable logl10CRP.

There were 3 individual items that were associated with the
log10CRP at baseline. These included hypersomnia (B: 0.082, CI:
0.001 to 0.163, P: .048), fatiguability (B: 0.077, CI: 0.014 to 0.139, P:
.017), and motor retardation (B: 0.068, CI: 0.014 to 0.12, P: .014).
The “pro-inflammatory symptoms” cluster was significantly asso-
ciated with loglOCRP (B: 0.029, CI: 0.12 to 0.045, P: <.001), in
addition to the energy cluster (B: 0.061, CI: 0.024 to 0.098, P: .001).
Suicidality (B: —0.090, CI: —0.139 to —0.041, P < .001) and the
“anti-inflammatory symptom cluster” (B: —0.068, CI: —0.109 to
—0.027, P: .001) were negatively associated with baseline
log10CRP.

Discussion

The current secondary analysis of the MINDCARE trial found a
high prevalence (70.9%) of low-grade inflammation in a sample of
Pakistani adults with bipolar depression. When controlling for SES,
age, BMI, and gender, we found that elevated blood pressure, taking
an antipsychotic or benzodiazepine, HDRS total, and EQ-5D scores
were associated with low-grade inflammation. Symptoms that were
associated with low-grade inflammation were related to anhedonia,
gastrointestinal somatic complaints, carbohydrate craving, hyper-
somnia, decreased energy, and motor retardation.

The prevalence of low-grade inflammation in our sample is
inconsistent with evidence from other settings. A recent study in
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a Han-Chinese BD sample (n = 430), found that rates of low-grade
inflammation were 10.1%.”° This sample was similar in that they
were treatment-seeking participants; however, less than half of
the sample was currently depressed with only a moderate HDRS-
17 (18.4) score. Other samples of BD, mostly from Western
countries, have reported lower rates of low-grade inflammation
ranging from 20% to 40% depending on phase of illness.””* An
explanation for the higher rates of low-grade inflammation in our
sample could be related to current medications. Previous studies
have included a significant proportion of patients that were
treatment naive while all participants in the MINDCARE trial
were taking at least two psychotropic medications at baseline.
Previous research has shown that psychotropic medications have
an influence on inflammatory markers.”' In the current sample
antipsychotic medication was associated with lower rates of
inflammation. This association has been previously reported in
patients with schizophrenia, with antipsychotics leading to
reduced expression of immune genes and down-regulation of
cytokine levels. Given the cytokine role in anorexigenic responses,
reduction in inflammation could contribute to change in eating
behaviors and changes in metabolic parameters associated with
antipsychotics.”’

Another explanation may be related to relative SES. A recent
meta-analysis in nonpatient populations in North America, found
that higher rates of inflammation are found in persons with lower
SES.** Our sample, from a LMIC, represents a population with a
relative lower SES compared to those in high-income settings,
which may explain the high prevalence of low-grade inflammation.
Though in our population, high SES was associated with low-grade
inflammation, our sample was heavily biased toward low to
medium SES. Within this spectrum of SES there may be complex
factors that are unaccounted for and contributing to this associa-
tion. For example, mounting evidence has shown that relative
inequality, perceived SES, and neighborhood SES have a significant
impact on overall health.”>*® Future work should explore the
relationship between SES and inflammation within LMIC coun-
tries and compare this to findings from high-income countries.

Our study found several specific symptoms that are associated
with both low-grade inflammation. Anhedonia has been repeatedly
associated with a pro-inflammatory state in both BD and MDD as
evidenced by cross-sectional studies and responsiveness of
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anhedonia to anti-inflammatory drugs.'>”” In our sample, we
found that higher rates of anhedonia were seen in those with
low-grade inflammation. In addition, low-grade inflammation
was also associated with lower energy, hypersomnia, somatic
symptoms, and psychomotor retardation. In the Han-Chinese
population, low-grade inflammation was not associated with
hypersomnia but was associated with leaden paralysis.”’ The
same study reported that low-grade inflammation was associated
with a recent suicide attempt, while in our sample low-grade
inflammation was associated with less suicidality as previously
reported.” As discussed above, one explanation may be the lower
rates of depression in the Han Chinese sample vs our sample.
Furthermore, both samples represent relatively unique groups
with distinct psychosocial circumstances, lifestyle factors, and
cultural practices. Sleep disturbances are a key feature of BD
and have been linked to a pro-inflammatory state, with a bidirec-
tional relationship.'” In the context of MDD, a large meta-
analysis has shown increased CRP to be associated with little
interest in doing things, sleep disturbance, changes in appetite,
feeling like everything was an effort, and loss of energy.’ In a
sample of MDD and BD, the effect of CRP on connectivity
mediated significant relationships between CRP and anhedonia
and motor slowing.”® Overall, our results are consistent with these
studies, which reported that anhedonia, somatic, sleep, and
fatigue-related symptoms are associated with higher CRP.

Limitations

This present study is an exploratory study with limitations. First,
the study cannot conclude a causal relationship between inflam-
mation and depressive symptoms in BD. We limited the current
study to a cross-sectional analysis given the primary study did not
report any anti-inflammatory effects or antidepressant treatment
response of the study drugs over placebo. The current study only
used CRP as the sole marker for inflammation. Other direct
markers of inflammation, such as cytokines, may have a different
correlation with the symptoms and provide insight about which
subset of the BD population is responsive to anti-inflammatory
agents. Most of the sample recruited to the MINDCARE trial
were males hence the findings may not be generalizable to females.
This is likely due to the under-representation of females in the
treatment-seeking population in Pakistan. Studies suggest that
there may be a gender difference regarding the association
between CRP and symptom severity.”” Additionally, due to fac-
tors, including socioeconomic and lifestyle differences, the find-
ings from Pakistan, a LMIC, are not necessarily generalizable to
high-income countries or other LMICs. Future studies should
explore psychosocial, lifestyle, and cultural factors that contribute
to this relationship.

Conclusions

Our findings suggest a high prevalence of low-grade inflammation
in Pakistani patients with bipolar depression. In this sample, there
are several symptoms that may be more associated with inflam-
mation such as anhedonia, hypersomnia, fatigability, and motor
retardation. Further research validating these findings in larger
samples is needed. If replicated, clinical trials of anti-inflammatory
agents stratifying patients based upon this “inflammatory” clinical
phenotype may improve treatment outcomes in a subset of patients
with bipolar depression in LMICs.
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