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Background

Data on associations between inflammation and depressive
symptoms largely originate from high income population set-
tings, despite the greatest disease burden in major depressive
disorder being attributed to populations in lower-middle income
countries (LMICS).

Aims

We assessed the prevalence of low-grade inflammation in adults
with treatment-resistant depression (TRD) in Pakistan, an LMIC,
and investigated associations between peripheral C-reactive
protein (CRP) levels and depressive symptoms.

Method

This is a secondary analysis of two randomised controlled trials
investigating adjunctive immunomodulatory agents (minocycline
and simvastatin) for Pakistani adults with TRD (1 = 191). Logistic
regression models were built to assess the relationship between
pre-treatment CRP (> or <3 mg/L) and individual depressive
symptoms measured using the Hamilton Depression Rating
Scale. Descriptive statistics and regression were used to assess
treatment response for inflammation-associated symptoms.

Results

High plasma CRP (=3 mg/L) was detected in 87% (n = 146) of
participants. Early night insomnia (odds ratio 2.33, 95% Cl
1.16-5.25), early morning waking (odds ratio 2.65, 95% Cl
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1.29-6.38) and psychic anxiety (odds ratio 3.79, 95% Cl 1.39-21.7)
were positively associated, while gastrointestinal (odds ratio
0.38, 95% Cl 0.14-0.86) and general somatic symptoms (odds
ratio 0.34, 95% Cl 0.14-0.74) were negatively associated with
inflammation. Minocycline, but not simvastatin, improved
symptoms positively associated with inflammation.

Conclusions

The prevalence of inflammation in this LMIC sample with TRD
was higher than that reported in high income countries.
Insomnia and anxiety symptoms may represent possible targets
for personalised treatment with immunomodulatory agents in
people with elevated CRP. These findings require replication in
independent clinical samples.
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Major depressive disorder (MDD) is a debilitating mental disorder
characterised by emotional, cognitive and physical symptoms that
impact an individual’s ability to function in multiple domains.!
The global impact of MDD cannot be understated, with it being
one of the leading causes of disability.” As of 2023, the World
Health Organization estimates that approximately 5-6% of adults
experience MDD around the world.> This figure is expected to
grow, as the incidence of MDD appears to be increasing steadily
over time.* Making matters worse, traditional pharmacotherapies
that act on monoamine neurotransmitter systems such as select-
ive-serotonin-reuptake-inhibitors (SSRIs) and selective nora-
drenaline reuptake inhibitors (SNRIs)® are often ineffective, of
minimal benefit or poorly tolerated. Up to 50%* of people with
MDD do not achieve a response with these medications and experi-
ence treatment-resistant depression (TRD). This suggests that other
mechanisms beyond those directly involving monoamine neuro-
transmission are likely contributing to the development of depres-
sive symptoms in a high proportion of people. Clearly a deeper
understanding of the biology of MDD is urgently needed to facilitate
the development of alternative treatments and address the unmet
needs of individuals with TRD across populations and settings.
Converging evidence supports the role of dysregulation in the
innate immune system in the aetiology of MDD, and elevated
inflammation is thought to contribute to treatment resistance.’
C-reactive protein (CRP), an acute-phase reactant protein
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commonly used as a marker of peripheral inflammation, has been
reported to be higher in patients with TRD compared with
non-TRD patients.s’7 Furthermore, higher levels of interleukin-6
(IL-6), a cytokine which induces CRP synthesis in the liver,® have
been detected in individuals with MDD whose symptoms were
refractory to SSRIs and SNRIs when compared with those who
responded to these medications.” While standard antidepressant
medications have some anti-inflammatory activity,” they alone
may not be adequate to address underlying inflammation in a
subset of people with MDD. In theory, adjunctive medications to
target inflammation may improve antidepressant treatment effi-
cacy. However, clinical trials of repurposed anti-inflammatory
agents in MDD and TRD have reported mixed results.'” A recent
systematic review and meta-analyses concluded that no clear
recommendations could be made regarding the use of anti-inflam-
matories in MDD given the current state of research in this area.'!
Inflammation has, however, been linked to individual features of
depression, such as anhedonia, appetite dysregulation, sleep
disturbances, low energy and suicidality.'* It is possible that anti-
inflammatory medications may improve these symptoms individu-
ally, though research in this area is limited.

Furthermore, despite nearly 40% of the global population resid-
ing in lower-middle income countries (LMICs),13 most research on
MDD, its treatment and pathophysiology, has involved populations
in high income countries (HICs). The high burden of mental illness
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in LMICs, together with limited access to evidence-based mental
health interventions,'* highlights the need for studies to identify
effective and accessible psychiatric treatment protocols in these set-
tings. The goal of this study is to determine the prevalence of inflam-
mation in people with TRD from studies in a LMIC setting, and to
explore associations between specific depressive symptoms and per-
ipheral inflammation in this population.

Method

Study design

This study is a cross-sectional secondary analysis of data pooled
from two multicentre randomised controlled trials (RCTs) in
Pakistan, evaluating the safety and efficacy of adjunctive anti-
inflammatory medications in adults with TRD. Treatment resist-
ance in both trials was defined as non-response to treatment with
two antidepressant medications for a minimum of 4 weeks at
their minimum effective dosage during the current major depressive
episode. Both trials followed British National Formulary and
Maudsley Prescribing Guidelines for determining minimum effect-
ive medication dosages. CRP was measured at baseline and after 12
weeks of treatment in both studies.

The first trial was a multicentre, two arm, placebo-controlled
RCT investigating simvastatin (20 mg daily) added to standard
treatment (ie. psychotropic medications and out-patient psy-
chiatric care) versus placebo added to standard treatment
(ClinicalTrials.gov Identifier: NCT03435744). Participants included
150 out-patients with MDD and TRD, aged 18-75 years treated at
psychiatric clinics across five urban centres in Pakistan, with a
score of 14 or higher on the 24-item Hamilton Depression Rating
Scale (HAMD-24). Exclusion criteria included: diagnosis of
psychotic disorder or bipolar disorder; current use of statins;
unstable medical or neurological problems; autoimmune or
inflammatory disorders; alcohol or substance use disorder; active
suicidal ideation; and pregnancy or breastfeeding. This study was
approved by The National Bioethics Committee of the Pakistan
Health Research Council. Detailed methodology has previously
been reported."”

The second was a 12-week, multicentre, placebo-controlled
RCT of minocycline (200 mg daily) added to standard treatment
for TRD versus placebo added to standard treatment
(ClinicalTrials.gov identifier: NCT02263872). The study included
41 out-patients aged 18-65 years treated at four out-patient psychi-
atric clinics in Karachi, Pakistan. Exclusion criteria included:
relevant medical illnesses or concomitant penicillin therapy; con-
comitant anticoagulant therapy; presence of a seizure disorder;
current use of valproic acid; diagnosis of substance use disorder;
pregnant or breastfeeding; and the presence of a primary psychotic
disorder. This study was approved by the ethics committee of the
Karachi Medical and Dental College and Dow University of
Health Sciences, Pakistan.'®

Ethics approval and informed consent was not required for the
secondary analysis. Both original trials obtained ethics approval and
written informed consent from research participants.>*¢

Demographic and clinical variables

CRP was selected as the sole biomarker of inflammation in this
study because of the availability of data across both clinical trials,
as well as its known associations with MDD.'” Inflammation was
defined as blood CRP levels of greater than or equal to 3 mg/L.
This cut-off was chosen to reflect guidelines from the United
States Centers for Diseases Control and Prevention, and the
American Heart Association, which considers CRP levels over
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3 mg/L to be indicative of elevated inflammation and high risk for
the development of cardiovascular disease.'® This cut-off has previ-
ously been used to represent low-grade inflammation in other
depression studies.'™*'

Demographic and clinical variables were included based on their
availability in the entire sample across both trials. Demographic vari-
ables included age, gender, marriage status (‘single’, ‘married” and
‘widowed or divorced’), years of education and socioeconomic
status (SES) (‘lower’ and ‘middle/upper’). Lower SES was defined
as a monthly income of 17 000 Pakistani rupees or lower. Clinical
variables included weight in kilograms and body mass index
(BMI), use of anticholinergic medication, typical and atypical
antipsychotic or benzodiazepine medications, number of hospital
admissions and clinical assessment scores. Clinical assessments
included the Hamilton Depression Rating Scale (HAMD),*
General Anxiety Disorder-7 (GAD-7),>> Clinical Global
Impression scale (CGD)** and Patient Health Questionnaire-9
(PHQ-9).”* Individual depressive symptoms were measured as indi-
vidual item scores on the first 17 items of the HAMD.

Statistical analysis

The sample was divided based on inflammatory status into ‘high
CRP’ (CRP >3 mg/L) and ‘non-inflamed’ (CRP < 3 mg/L) groups.
Between-group comparisons were performed using Mann-Whitney
U Test for continuous and ordinal variables and with Chi-squared
or Fisher exact test for categorical variables.

Following a similar statistical strategy applied previously,”' a
series of logistic regression models were built to assess inflammatory
status as a binary dependent variable (CRP > or <3 mg/L), with one
symptom, clinical or demographic variable included in each model
as an independent variable. Age, gender, socioeconomic status and
BMI were selected a priori as covariates due to their known influ-
ence on both depression and inflammation. CRP was also examined
as a continuous variable using linear regression, with the same inde-
pendent variables and covariates. The distribution of CRP was posi-
tively skewed and thus was normalised with logl0 transformation.
Statistical significance was defined as P-values of <0.05. Results
from this exploratory analysis were not corrected for multiple
comparisons.

Finally, we explored whether anti-inflammatory treatment
improved symptoms associated with inflammation in logistic
regression for participants with high CRP. Regression analysis was
used for simvastatin treatment, with HAMD item score at 12
weeks as the dependent variable, and treatment group (placebo or
simvastatin) and baseline HAMD item score as independent vari-
ables, with the covariates included. Response to treatment with
minocycline was assessed using descriptive statistics due to the
small number of participants from the original trial (n = 16) with
CRP > 3 mg/L. All statistical analyses were performed with statis-
tical computing software R.*

Results

Sample and baseline characteristics

The total sample across both trials included 191 adult out-patients
with MDD and TRD. Baseline CRP data were available for 171 par-
ticipants. Of these, three were omitted because of missing weight
data, leaving a total of 168 participants in the final sample.
Baseline characteristics and comparisons between high CRP
and non-inflamed groups are summarised in Table 1. The final
sample for the primary analysis included 92 females (55%) and 75
males (45%) with a mean age of 37.1 (9.6) years. Most participants
were married (80%), with an average of 6.3 (5.4) years of education.
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Table 1  Baseline demographic and clinical variables

Entire group (n = 168) CRP 23 (n=146) CRP <3 (n=22)
Demographic variables Mean (s.d.) Mean (s.d.) Mean (s.d.) P
Age 37.19.6) 37.7 9.3 32.5(10.4) 0.014?
Gender (n) 0.242°
Female 92 83
Male 76 63 1M
Marriage status (n) 0.900¢
Single 25 21 4
Married 134 117 17
Widowed/Divorced 9 8 1
Years of education 6.3 (5.4) 6.1(5.3) 7.7 (5.6) 0.199%
Socioeconomic status () 0.850°
Lower 100 86 14
Middle/Upper 68 60 8
Clinical variables
Weight (kg) 68.1(13.1) 68.5 (13.3) 66.0 (11.3) 0.4392
BMmI 26.81(5.2) 27.0(5.3) 255 (4.2) 0.196%
Medications (n)
Taking antidepressant 168 146 22 NA
Taking anticholinergic 18 13 5 0.065¢
Taking antipsychotic (typical) 6 6 0 NA
Taking antipsychotic (atypical) 15 13 2 NA
Taking benzodiazepine 48 38 10 0.104°
Number of hospitalisations (1) 0.0212
0 128 107 21
1 24 23 1
2 15 15 0
3 0 0 0
4 1 1 0
HAMD-total 31.0 (7.1) 312 (7.4) 29.8 (4.9) 0.633%
PHQ-9 16.7 (4.1) 16.7 (4.3) 16.3 (3.8) 0.618%
GAD-7 13.1(3.3) 13.1 (3.2 13.0 (4.0) 0.839%
Cal 4.4(0.9) 4.4(0.9) 4.1(0.8) 0.2192
CRP, C-reactive protein; BMI, body mass index (weight in kilograms divided by height in metres squared); HAMD, Hamilton Depression Rating Scale; PHQ-9, Patient Health Questionnaire-9;
GAD-7, General Anxiety Disorder-7; CGlI, Clinical Global Impressions.
Statistical tests:
a. Mann-Whitney U Test.
b. Chi-Squared Test.
C. Fisher's Exact Text.
Units: CRP measured in mg/L.

A total of 60% of participants in the sample fell into the ‘lower’
socioeconomic class, and all participants were prescribed an anti-
depressant. In all, 87% (n=146) had elevated plasma CRP at
baseline.

Demographic and clinical variables that were distributed
unequally between high CRP and non-inflamed groups included
age (P=0.014) and number of hospitalisations (P =0.021), with
values being higher for individuals with high CRP.

Associations between clinical and demographic
variables and high CRP in regression analysis

Results of logistic regression are summarised in Table 2 and Fig. 1.
Symptoms that were associated with a higher likelihood of inflam-
mation were: insomnia early in the night (HAMD item#4) (odds
ratio 2.33, 95% CI 1.16-5.25, P =0.028), early morning insomnia
(HAMD item#6), (odds ratio 2.65, 95% CI 1.29-6.38, P=0.015)
and psychic anxiety (HAMD item#10) (odds ratio 3.79, 95% CI
1.39-21.7, P = 0.044). Gastrointestinal symptoms and/or low appe-
tite (HAMD item#12) (odds ratio 0.38,95% CI 0.14-0.86, P = 0.032)
and general somatic symptoms (HAMD item#13) (odds ratio 0.34,
95% CI 0.14-0.74, P=0.011) were negatively associated with
inflammation. The variable ‘number of hospitalisations’ was
heavily skewed because of a high number of 0 values (n =128,
76%) and was thus omitted from logistic regression analysis. No
other clinical or demographic variables were associated with CRP
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status in logistic regression. Logistic model plots and ROC curves
are provided in Supplementary Figures 1 and 2, respectively.

Results of linear regression are difficult to interpret and may
lack validity due to high variability in plasma CRP in the sample
and heteroscedasticity in the residuals and are thus not presented
here. A summary of results from linear regression is available in
Supplementary Table 1 available at https://doi.org/10.1192/bjo.
2024.735.

High variability in CRP may reflect the presence of active in-
fection in some participants at the time of measurement, typically
considered plasma CRP > 10 mg/L.>” While infection cannot be con-
firmed, we repeated the logistic and linear regressions while omitting
people with baseline plasma CRP > 10 mg/L (n = 33) to account for
this possibility. In logistic regression, the same symptoms remained
significantly associated with CRP status, with results displayed in
Supplementary Table 2. Symptom categories positively associated
with CRP in linear regression were early waking insomnia (HAMD
item#4) (B=0.49, CI 0.15-0.84, P=0.005), work and activities
(HAMD item#7) (B=0.36, CI 0.11-0.61, P=0.005), psychomotor
retardation (HAMD item#8) (B = 0.30, CI 0.04-0.56, P = 0.026), agi-
tation (HAMD item#9) (B=0.0.32, CI 0.04-0.59, P=0.023) and
psychic anxiety (HAMD item#10) (B=0.0.47, CI 0.21-0.73, P<
0.001). Symptoms negatively associated with CRP were general
somatic symptoms (HAMD item#13) (B=0.—0.15, CI —0.88 to
—0.13, P=0.008) and weight loss (HAMD item#16) (B=—0.53, CI
—0.84 to —0.22, P=0.001). CGI scores were positively associated
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Fig. 1 Estimated odds ratios for inflammation (C-reactive protein > 3 miligrams per litre (mg/L).

with CRP (B=0.38, CI 0.08-0.68, P=0.012). The results of linear
regression are summarised in Supplementary Table 3.

Associations between adjunctive anti-inflammatory
treatments and change in symptom scores for
symptoms associated with high CRP

Of the 146 participants in the sample with high plasma CRP, week
12 data for the above-mentioned HAMD items were missing from
13 participants, leaving a total of n =133 participants in the treat-
ment response analysis. Of these, 117 received adjunctive simvasta-
tin or placebo, and 16 received adjunctive minocycline or placebo.
The results of regression analysis are presented in Table 3. There
were three levels to the symptom score for the variables insomnia
early in the night (HAMD item#4) and early morning insomnia
(HAMD item#6) (i.e. these symptoms could be scored either 0, 1
or 2), thus these variables were assessed using ordinal regression.
In our pooled data-set, psychic anxiety (HAMD item #10) had
two levels (anxiety scores were either 0 or 1 for every participant
in the data-set) and was assessed using logistic regression.
Response to treatment with adjunctive simvastatin did not differ
significantly from placebo added to standard treatment for any
depression symptoms analysed. With a small sample size of 16 par-
ticipants in the minocycline/placebo group, we were underpowered
to perform regression analysis for adjunctive minocycline treat-
ment. Therefore, the number and proportion of people in each
treatment group whose symptom scores improved, did not
change or worsened are presented in Table 4. Fisher’s exact test
was used to compare differences in the proportion of individuals
whose symptoms did and did not improve (those whose symptoms
worsened or did not differ from baseline) between minocycline and
placebo groups. Overall, a higher proportion of people who received
adjunctive minocycline experienced improvements in all three
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symptoms relative to those who received placebo plus standard
treatment. This was only significant for anxiety (P =0.003), as all
participants who received minocycline reported improvements,
compared with just 22% in the placebo group. A heat map visualis-
ing the degree of change in symptoms scores post-treatment with
minocycline compared to placebo shows greater reductions in
symptom scores with minocycline (Fig. 2).

Discussion

The prevalence of inflammation in this LMIC sample with MDD
was much higher (87%, n = 146) than the approximately 25% preva-
lence that has been reported from studies investigating associations
between low-grade inflammation and depression in higher income
countries.”® We previously found similarly high rates of low-grade
inflammation in adult people with bipolar depression in
Pakistan.”' Furthermore, there were a relatively high number of
individuals in the sample with CRP values over 10 mg/L (n =33).
LMIC populations have heightened exposure to pro-inflammatory
stressors like air pollution,” pathogenic microbes® and lower
SES. This may have contributed to the high prevalence of inflamma-
tion seen in this sample of people with TRD, and may reflect higher
levels of inflammation in Pakistan in general. Though it remains
uncertain whether high rates of inflammation are unique to clinic-
ally depressed populations in this region, psychosocial and environ-
mental stressors are known to increase the risk of MDD and predict
poorer prognosis.>' It is possible that inflammatory processes may
underlie this enhanced risk. Future research should aim to clarify
the relationship between elevated inflammatory markers and
depression by investigating rates of inflammation in depressed
and non-clinical populations in Pakistan and other LMICs.
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Table 2  Associations between peripheral inflammation and depres-
sive symptoms, clinical and demographic variables in logistic regression
_ 95%Cl
Demographic variables Odds ratio Lower Upper P
Marriage status
Single 218 0.56 10.4 0.290
Married 0.46 0.09 1.78  0.290
Widowed/Divorced 0.48 0.04 1.3 0.568
Years of education 0.86 0.86 1.06 0.381
Clinical variables
Weight (kg) 1.02 0.96 1.09 0499
Taking anticholinergic 225 0.62 728 0.190
Taking antipsychotic (atypical) 0.73 0.12 321 0727
Taking benzodiazepine 0.70 0.92 623  0.074
HAMD-total 1.02 0.96 110  0.554
PHQ-9 0.37 0.94 118 0.371
GAD-7 091 0.86 115 0.908
CGl 1.42 0.82 253 0219
Symptom - HAMD item #
Depressed mood — 1 0.96 0.49 1.74 0811
Guilt - 2 1.05 0.59 186 0870
Suicidal ideation - 3 1.19 0.69 200 0522
Insomnia (early) — 4 233 1.16 525 0.028
Insomnia (middle) - 5 0.63 0.30 126 0.200
Insomnia (morning) — 6 2.65 1.29 638 0.015
Work and activities — 7 1.00 0.63 174 0987
Psychomotor retardation — 8 1.49 0.85 3.07 0211
Agitation — 9 1.31 0.77 2,68  0.381
Psychic anxiety — 10 3.79 1.39 21.7 0.044
Somatic anxiety — 11 0.73 0.34 1.47 0407
Gastrointestinal - 12 0.38 0.14 0.86 0.032
General somatic — 13 0.34 0.14 074  0.011
Sexual dysfunction — 14 1.23 0.50 572 0716
Hypochondriases — 15 1.17 0.74 427 0227
Weight loss — 16 0.56 0.28 1.02 0724
Insight — 17 1.29 0.80 213 0.305
HAMD, Hamilton Depression Rating Scale; PHQ-9, Patient Health Questionnaire-9; GAD-7,
General Anxiety Disorder-7; CGl, Clinical Global Impressions.

Inflammation has been shown to induce ‘sickness behaviours’
that mimic symptoms of MDD such as anhedonia, weight and appe-
tite disturbances, fatigue and psychomotor slowing.® Inflammation
has also been associated with cognitive dysfunction, anxiety® and
suicidal ideation.'”” Our analysis found early night and early
morning insomnia and anxiety remained associated with elevated
CRP when controlling for age, BMI, SES and gender. Associations
between insomnia symptoms and inflammation are consistent
with previous studies. Insomnia has been repeatedly associated
with elevated CRP through large longitudinal and experimental
studies.® Furthermore, both sleep disturbance and inflammation
have been shown to be influence the risk of depression.>* The asso-
ciation between elevated CRP and anxiety symptoms in depression
is also well established.® It should be noted, however, that this

Table 3 Response to simvastatin treatment for inflammation-

associated symptoms in regression analysis

95% ClI
Symptom - HAMD item # Odds ratio Lower Upper P
Insomnia (early) - 4 0.76 0.36 1.57 0.4542
Insomnia (Morning) — 6 1.40 0.63 3.16 0.419°
Pyschic anxiety — 10 0.71 0.17 2.71 0.621°
Gastrointestinal - 12 1.20 0.70 2.09 0.505%
General somatic — 13 1.40 0.84 2.13 0.2072
HAMD, Hamilton Depression Rating Scale.
Statistical tests:
a. Ordinal regression.
b. Logistic regression.
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Table 4 Response to treatment with minocycline

Treatment group n (%)
Symptom - HAMD item # Minocycline (n1=7) Placebo (n=9) P
Insomnia (early) - 4 0.060
Improved 6 (86%) 3 (33%)
No change 1 (14%) 4 (44%)
Worsened 0 (0%) 2 (22%)
Insomnia (waking) - 6 0.315
Improved 5 (71%) 3 (33%)
No change 1 (14%) 3 (33%)
Worsened 1 (14%) 3 (33%)
Psychic anxiety - 10 0.003
Improved 7 (100%) 2 (22%)
No change 0 (0%) 2 (22%)
Worsened 0 (0%) 5 (56%)
HAMD, Hamilton Depression Rating Scale.
Statistical tests: Fisher’s exact test.

association only just met cut-offs for significance in our analysis,
with a wide 95% CI indicating low precision (95% CI 1.39-21.7,
P =0.044). These results should therefore be interpreted cautiously,
and further research should be conducted to confirm this associ-
ation in LMIC settings.

Contrary to what has been reported previously,® non-inflamed
people in this sample were at greater risk of gastrointestinal and
general somatic symptoms. Our group has previously reported
insomnia in the middle of the night and suicidality to be negatively
associated with low-grade inflammation in Pakistani adults with
bipolar depression,”’ which also contrasts with findings from
higher income countries. These results indicate that depressive dis-
orders may present differently in higher and lower income coun-
tries, and may reflect the unique contributing factors and
vulnerabilities faced by the populations in each setting. Future
research should aim to investigate the basis for these distinct asso-
ciations in Pakistan and other LMICs.

When people with CRP levels of >10 mg/L were omitted, our
linear regression analysis found that in addition to anxiety and

Treatment Insomnia (early) | Insomnia (morning) | Psychic anxiety
=il 2 —2
—1
—2
Minocycline -1
0
=1l

Placebo 0

Fig. 2 Change in depression symptom scores pre to post-
treatment with minocycline versus placebo for symptoms
associated with high plasma CRP (>3 mg/L) . Heat map of change
in HAMD item score for insomnia (early) (HAMD#4); insomnia

(morning) (HAMD#6), and psychic anxiety (HAMD#10) with
treatment with either minocycline or placebo. Numbers indicate the
actual change in score from baseline to 12 weeks. Blue indicates an
increase in symptom score, while red signifies reduction in score.
HAMD, Hamilton Depression Rating Scale.
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insomnia, other symptoms positively associated with CRP included
psychomotor retardation, agitation, and difficulties with work and
other activities. These findings are largely consistent with the exist-
ing literature® as well as sickness behaviour theory.”* Agitation has
been associated with neuroinflammation in mental disorders,”* and
increased agitation with higher baseline CRP may be a consequence
of heightened anxiety and disturbed sleep. Symptoms negatively
associated with CRP in linear regression were general somatic
symptoms and weight loss. CRP has previously been associated
with increased appetite in depressed populations,”> which may
explain the negative association with weight loss observed here. It
should be noted, however, that the original trials used different ver-
sions of the SPINREACT CRP-turbilatex agglutination test with dif-
fering sensitivities (the assay used in the simvastatin study had a
lower detection limit of 1 mg/mL,*® while the lower limit in the
minocycline study was 2 mg/L”). This limits any interpretation of
linear regression results. These findings require replication in
larger and more diverse LMIC patient samples, ideally using a
higher sensitivity CRP assay.

Treatment with simvastatin did not improve insomnia or
anxiety symptoms in Pakistani adults with TRD and high CRP.
This finding is consistent with results from the original trial,
which concluded simvastatin did not provide any therapeutic
benefit over that of placebo overall in Pakistani adults with
TRD."” Moreover, a recent systematic review found no improve-
ment in sleep-related symptoms with statin treatment in any
study, and little to no improvement in anxiety.”® It is possible that
the strength of the anti-inflammatory effects of simvastatin at the
20 mg dosage used in the parent RCT may not be adequate for
the treatment of symptoms associated with inflammation.

In a smaller sample of 16 people, greater reductions in symptom
scores were observed with adjunctive minocycline relative to
placebo, particularly for anxiety symptoms, and to a lesser extent,
early morning waking and early night insomnia. Despite the small
sample size, our results are in line with other studies investigating
minocycline augmentation treatment for MDD and TRD. In a
pooled data analysis of 112 individuals with TRD which included
people from the minocycline pilot trial included in the current ana-
lysis, Zazula et al® reported that minocycline significantly
improved anxiety symptom severity on the HAMD and the GAD-
7, in addition to functional status and depressive symptoms.*
The use of minocycline to treat anxiety symptoms is also supported
by a preclinical study which demonstrated chronic administration
of minocycline reduced stress-induced anxiety behaviours.*
While larger and more diverse samples are needed, these results
indicate augmentation with minocycline may be a viable strategy
for treating comorbid depression and anxiety symptoms in people
in Pakistan with elevated CRP, and possibly other LMIC settings.

This study was limited by a relatively small sample size, and by
the availability of biomarker and other data measured in the original
studies. MDD is a complex, heterogeneous condition, with many
factors (e.g. genetics, adverse life experiences) contributing to
symptom profiles that we were unable to assess in this analysis.
Additionally, we did not correct for multiple comparisons. While
correction for multiple comparisons was not necessary in this
context given the exploratory nature of the analysis,*’ our results
would not withstand Bonferroni correction. Finally, our investiga-
tion of symptom response to minocycline was limited by a very
small sample size, and so findings are difficult to extrapolate.
Furthermore, as our analysis was exploratory, we did not compare
the efficacy of each medication treatment directly. Therefore, at
present, clinical inferences cannot be drawn from these results.
Despite these limitations, this study provides preliminary evidence
to support minocycline as an adjunctive treatment for a subset of
inflammation-associated symptoms. Larger, more comprehensive
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trials investigating treatment response to minocycline for individual
symptoms of depression may be warranted to confirm this finding.

Overall, this study’s findings reveal that deeper insights about
associations between inflammation and depression can be gained
through investigating symptoms individually. Furthermore, these
results support the notion that individuals with specific clinical phe-
notypes and evidence of peripheral inflammation may benefit from
a more targeted and individualised approach with repurposed anti-
inflammatory agents. Given the high prevalence of inflammation in
this LMIC sample, targeting inflammation and increasing stress
resilience may improve treatment outcomes for individuals with
MDD in these settings.
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