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Table S1 | Exclusion criteria - conditions with known substantial impact on the immune system
after Sørensen et al. BMC Psychiatry (2022) 22:35
Exclusion criteria

Explanation

1. Known organic
psychiatric disorder
or severe
neurological
disorder

To minimize the impact of other sources of neuroinflammation, patients with known organic cause to
their symptoms (e.g. encephalitis), and/or known organic psychiatric disorder (ICD-10 F0), and/or
known severe neurological disorder(s), including brain tumor, stroke, multiple sclerosis, epilepsy (with
seizures within the past 10 years), and/or severe head injury within the past 3 months were not considered
eligible.

2. Severe somatic
disease

To reduce the impact of other sources of inflammation, participants with diseases known to have major
impact on the immune system (including active infection, cancer, autoimmune disorders (e.g.
inflammatory bowel disease, or systemic lupus erythematosus), hypothyroidism or hyperthyroidism)
were not considered eligible. However, participants with mild asthmatic bronchitis, allergy, or other
common, mild somatic disorders were included in both groups in order to avoid selection bias.

3. Regular use of
anti-inflammatory
medication

To reduce the impact of medication impacting the immune system all participants were screened for the
use of anti-inflammatory or immunosuppressive drugs (including Non-steroidal Anti-inflammatory
Drugs, cortisone treatment (orally or intravenous), monoclonal antibody therapy of any kind and
plasmapheresis). The participant was eventually included after a quarantine period of 14 days if still
fulfilling the remaining eligibility criteria.

4. Current
electroconvulsive
therapy (ECT)

ECT is known to induce a proinflammatory response (62) and current ECT would lead to exclusion to
avoid interference with results. After a 3-month quarantine the participant could be included if still
fulfilling the inclusion criteria.

5. Current abuse of
alcohol or drugs

Potential participants who full-filled the criteria of a F1 diagnosis were not included to avoid interference
with results, however, recreational use was accepted, also among healthy participants, since we aimed
for highly translational results. If the use of alcohol or drugs could have caused the current psychiatric
illness or if the use is on regular (daily) basis, the participant will not be included.

6. Pregnancy

As a precautionary principle, pregnant women were not allowed to participate. Furthermore, pregnancy
is known to impact the female body in multiple ways including alterations of the immune system (75).
Female participants were asked routinely about their menstrual cycle and hormonal contraception, and a
risk of pregnancy or known pregnancy lead to exclusion from the study. Lactating women could
participate.
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Table S2 ǀ Minor somatic co-morbidity in population
Any somatic co-morbiditya
Yes (%)
No (%)
Minor somatic co-morbidity
Any (%)
Skin disorders
Acne (%)
Atopica (%)
Psoriasis (%)
Other (%)
Headache
Migraine (%)
Other (%)
Musculoskeletal disorders (%)
Lactose intolerance (%)
Other (%)
None (%)

Supplement

Depression
(N = 106)

Healthy
(N = 106)

59 (56.2)
46 (43.8)

55 (51.9)
51 (48.1)

25 (23.6)

21 (19.8)

1 (0.9)
2 (1.9)
2 (1.9)
1 (0.9)

2 (1.9)
0 (0.0)
2 (1.9)
0 (0.0)

4 (3.8)
3 (2.8)
6 (5.7)
1 (0.9)
5 (4.7)
81 (76.4)

1 (0.9)
1 (0.9)
7 (6.6)
6 (5.7)
1 (0.9)
86 (81.1)

Allergyb
Medical (%)
Non-medical
Food (%)
Pollen (%)
≥ 2 types (%)
Other (%)
None (%)

2 (1.9)

0 (0.0)

1 (1.0)
11 (10.6)
14 (13.5)
5 (4.8)
71 (68.3)

4 (3.8)
13 (12.3)
13 (12.3)
5 (4.7)
71 (67.0)

Asthma
Current (%)
Former (%)
None (%)

15 (14.2)
5 (4.7)
86 (81.1)

5 (4.7)
5 (4.7)
96 (90.6)

p value
0.531

0.182

0.155
0.522

0.066

Participants were excluded if their condition were not considered mild or as for allergy, if they had had a daily intake
of anti-allergy medication within the prior two weeks.
Categorical variables are shown in absolute numbers and (%). p-values are based on Pearson’s Chi-square test.
a
Data of one patient is missing. bData are missing for two patients and uncategorized for two other patients.
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Table S3 ǀ Details of the lumbar puncture procedure
Details on the lumbar puncture procedure
Atraumatic needle (%)
Lying position (%)
Tranquilizers prior to procedure (%)
Time from collection to analysis (minutes)
Blood contaminated samples
Potential side effects
None (%)
Headache other (%)
Post lumbar puncture headache (%)
Other side effects (%)

Supplement

Depression
(N = 106)

Healthy
(N = 106)

p-value

106 (100.0)
105 (99.1)
7 (6.6)
45.3 (16.6)
2 (1.9)

104 (98.1)
103 (97.2)
0 (0.0)
43.4 (11.6)
11 (10.4)

0.155
0.313
0.007
0.335
0.010

86 (81.1)
2 (1.9)
15 (14.2)
3 (2.8)

90 (84.9)
5 (4.7)
9 (8.5)
2 (1.9)

0.380
0.193

Categorical variables are shown in absolute numbers and (%). Continuous variables are shown as mean (± SD).
Pearson’s Chi-square test applies to categorical variables. Welch two sample t-test applies to continuous variables.
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Table S4 ǀ Estimates of mean relative difference of total CSF WCC x 106/L by different models
Model 1: Linear model adjusted for age and sexa
Model 2: Linear model adjusted for age and sexb
Model 2: Linear model adjusted for age and sexb,c
Model 3: Censored log-normal model, adjusted
for age and sexb,c
Model 4: Linear model adjusted for age, sex and
time from sample collection to analysisb

Mean relative difference
1.10
1.18
1.18
1.24

95%CI
0.94-1.28
1.01-1.37
1.02-1.40
1.03-1.55

p-value
0.221
0.043
0.025
0.020

1.19

1.02-1.38

0.033

CSF WCC not adjusted for blood contamination. bCSF WCC adjusted for blood contamination. cConfidence interval and
p-value based on bootstrap simulations. Further information on statistics is provided in eMethods in the Supplementary
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count.
a
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Table S5 ǀ Sensitivity analyses of total CSF WCC x 106/L

Mean relative
difference

95% CI

p-value

1.18

1.02-1.40

0.025

1.24

1.03-1.55

0.020

Sensitivity analyses regarding blood contamination
As Model 1 not adjusted for blood contamination
As Model 1 adjusted for time from sample collection to analysis
As Model 2 not adjusted for blood contamination
As Model 2 adjusted for time from sample collection to analysis

1.10
1.19
1.09
1.25

0.96-1.30
1.03-1.41
0.93-1.31
1.04-1.58

0.195
0.019
0.289
0.016

Sensitivity analyses of smoking status
As Model 1 adjusted for smoking status
As Model 2 adjusted for smoking status

1.18
1.23

1.02-1.39
1.03-1.54

0.026
0.018

Sensitivity analysis excluding the one patient with total CSF WCC = 100 x 106/Lb
As Model 1
1.07
As Model 1 adjusted for time from sample collection to analysis
1.08
As Model 2
1.19
As Model 2 adjusted for time from sample collection to analysis
1.20

0.98-1.18
0.98-1.18
1.00-1.41
1.00-1.43

0.122
0.105
0.055
0.044

Sensitivity analysis excluding participants with CSF erythrocytes above normal
Participants with ≥500 erythrocytes in CSF excluded (N = 10)
As Model 1
1.12
As Model 1 adjusted for time from sample collection to analysis
1.13
As Model 2
1.12
As Model 2 adjusted for time from sample collection to analysis
1.12

0.97-1.33
0.98-1.35
0.95-1.34
0.96-1.36

0.121
0.095
0.189
0.161

Participants with ≥1000 erythrocytes in CSF excluded (N = 3)
As Model 1
As Model 1 adjusted for time from sample collection to analysis
As Model 2
As Model 2 adjusted for time from sample collection to analysis

1.15
1.16
1.17
1.18

1.00-1.36
1.01-1.37
0.99-1.43
0.99-1.45

0.057
0.042
0.077
0.057

Participants with ≥1500 erythrocytes in CSF excluded (N = 1)
As Model 1
As Model 1 adjusted for time from sample collection to analysis
As Model 2
As Model 2 adjusted for time from sample collection to analysis

1.16
1.17
1.19
1.21

1.01-1.38
1.02-1.39
1.01-1.47
1.01-1.50

0.042
0.031
0.045
0.034

Model 1 (Primary model):
Linear model on log scale adjusted for age and sex, and outcome
adjusted for blood contaminationa
Model 2:
Censored log-normal model adjusted for age and sex, and outcome
adjusted for blood contamination

All CI and p-values are estimated using 10.000 bootstrap simulations unless otherwise noted; for further
information see eMethods. aOutcome is log(CSF WCC + α) where α is estimated by profile maximum
likelihood. bCI and p-values based on t-statistic (not bootstrap) because parametric assumptions are not violated.
Abbreviations: CI: confidence interval. CSF: cerebrospinal fluid. WCC: white cell count.
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Table S6 ǀ Summary statistics for total CSF WCC x 106/L in sensitivity analyses
All participants
N
Mean (SD)b
Range

Depression

Healthy controls

106
1.49 (1.79)
0.00-100.00

106
1.20 (1.77)
0.00-5.00

Excluding the one patient with total CSF WCC = 100 x 106/L
N
Mean (SD) b
Range

105
1.42 (1.55)
0.00-5.00

106
1.20 (1.77)
0.00-5.00

Sensitivity analysis excluding participants with CSF erythrocytes above normal
Participants with ≥500 erythrocytes in CSF excluded
N
104
Mean (SD) b
1.47 (1.79)
Range
0.00-100.00

98
1.27 (1.72)
0.00-5.00

Participants with ≥1000 erythrocytes in CSF excluded
N
Mean (SD) b
Range

106
1.49 (1.79)
0.00-100.00

103
1.24 (1.75)
0.00-5.00

Participants with ≥1500 erythrocytes in CSF excluded
N
Mean (SD) b
Range

106
1.49 (1.79)
0.00-100.00

105
1.22 (1.76)
0.00-5.00

‘Mean (SD)’ are geometric means and standard deviations. bBased on log(CSF WCC + α) where α is estimated
by maximum profile likelihood.
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count.
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Table S7 ǀ Subgroup analysis comparing patients taking antidepressant medication to
medicine naïve patients
Group

CSF WCC x 106/L
Patients
Medicated
Non-medicated
Healthy controls (ref)

N

106
35
71
106

Mean
(95% CI)a

Relative mean
difference to
controls

p-valueb

Effect
heterogeneity
p-valuec

1.53 (1.19-1.96)
1.46 (1.22-1.74)
1.20 (1.03-1.39)

1.18 (0.95-1.47)
1.17 (0.99-1.40)
1.00 (ref)

0.146
0.075

0.959

Subgroup analyses are adjusted for sex and age and include the interaction between group and antidepressant medication
status. CSF WCC is adjusted for blood contamination.
a
Estimated means based on fitted models. bp-value for relative mean difference versus controls within subgroup. cp-value
for effect heterogeneity based on test of interaction.
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count.
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Table S8 ǀ Subgroup analysis of HAMD-17 score for CSF WCC x 106/L adjusted for
antidepressant medication
Group

CSF WCC x 106/L
Patients
HAMD-17 score > 24
HAMD-17 ≤ 24
Healthy controls (ref)

N

106
29
77
106

Mean
(95% CI)a

Relative mean
difference to
controls

p-valueb

Effect
heterogeneity
p-valuec

1.87 (1.44-2.41)
1.36 (1.14-1.61)
1.20 (1.03-1.39)

1.43 (1.11-1.83)
1.10 (0.91-1.31)

0.006
0.330

0.034

Subgroup analyses are adjusted for sex, age and use of anti-depressant medication, and include the interaction between
group and a categorized version of HAMD-17 score. Outcomes are adjusted for blood contamination.
a
Estimated means based on fitted models. bp-value for relative mean difference versus controls within subgroup. c: pvalue for effect heterogeneity based on test of interaction between group and a categorized HAMD-17 score.
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count. HAMD-17: 17-item Hamilton Depression Rating scale.
IgG: immunoglobulin G.
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Table S9 ǀ Comparison of outcomes adjusted and unadjusted for blood contamination

Primary outcomes
Total CSF WCC x 106/Lb
0 x 106/L (%)
1 x 106/L (%)
2 x 106/L (%)
3 x 106/L (%)
4 x 106/L (%)
5 x 106/L (%)
6 x 106/L (%)
100 x 106/L (%)
Mean (SD)
Range
CSF/serum albumin ratio
Mean (SD)
Range
CSF total protein in g/L
Mean (SD)
Range
IgG index
Mean (SD)
Range

Unadjusted

Depression
(N = 106)

Adjusteda

Healthy
(N = 106)
Unadjusted
Adjusteda

3
57
29
12
2
1
1
1
1.50 (1.80)f
0-100

3
58
28
12
2
2
0
1
1.49 (1.79)d
0.00-100.00

8
54
25
16
1
2
0
0
1.32 (1.72) f
0-5

12
55
22
14
1
2
0
0
1.20 (1.77)d
0.00-5.00

4.71 (1.44)
1.49-10.90

4.71 (1.44)
1.49-10.90

4.45 (1.53)
1.98-14.02

4.43 (1.53)
1.91-14.02

0.30 (1.36)
0.15-0.59

0.30 (1.36)
0.15-0.59

0.30 (1.41)
0.16-0.78

0.30 (1.41)
0.16-0.78

0.40 (1.11)
0.30-0.54

0.40 (1.12)
0.30-0.54

0.40 (1.15)
0.19-0.56

0.38 (1.53)
0.01-0.56

Mean relative difference
(95% CI)
Unadjusted
Adjusteda

p-value
Unadjusted

Adjusteda

1.10 (0.94-1.28)

1.18 (1.02-1.40)c

0.221

0.025

1.06 (0.96-1.17)e

1.07 (0.97-1.18)e

0.222

0.191

1.01 (0.93-1.09)e

1.01 (0.94-1.09)e

0.829

0.775

1.01 (0.98-1.05)e

1.05 (0.97-1.15)e

0.454

0.235

Secondary outcomes
CSF/serum IgG ratio
1.08 (0.97-1.20)e 1.12 (0.98-1.29)e
0.187
0.106
Mean (SD)
1.89 (1.49)
1.88 (1.49)
1.76 (1.60)
1.69 (1.93)
Range
0.51-4.34
0.51-4.34
0.58-5.21
0.01-5.21
CSF/plasma glucose ratio
1.00 (0.96-1.04)e
NA
0.954
NA
Mean (SD)
0.67 (1.18)
NA
0.67 (1.14)
NA
Range
0.48-1.13
NA
0.49-0.97
NA
All means are geometric means and all standard deviations are geometric standard deviations. aAdjusted for blood contamination. bRounded to nearest integer. cPrespecified linear
model with confidence interval and p-value based on bootstrap. dBased on CSF WCC + 0.448 where 0.448 is the maximum profile likelihood estimate in a displaced logtransformation model. eLinear model as prespecified. f Based on CSF WCC + 0.430 where 0.430 is the maximum profile likelihood estimate in a displaced log-transformation model.
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count. Ig: immunoglobulin.
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Table S10 ǀ Characteristics of patients with WCC > 5
Parameter

Patient 1

Patient 2

WCC

6

100

WCC adjusted

5

100

Age

21

21

26.0 (±7.6)

BMI

25.5

22.8

24.0 (±5.5)

Intake of alcohol prior month

Yes

No

Smoker

No

Yes

Yes (4)

Yes (2)

Antidepressant treatment

No

Yes

Hospitalized

No

Yes

HAMD-17

27

28

20.6 (±6.3)

MADRS-10

34

34

29.5 (±7.6)

MDI

34

28

33.2 (±7.9)

HAMA

28

21

20.7 (±9.3)

PANSS

50

52

48.8 (±7.2)

PSP

59

32

53.5 (±14.8)

GAF-F

62

32

49.4 (±12.9)

EQ VAS

65

70

53.8 (±20.6)

MMSE total score

28

28

29.1 (±1.2)

MoCA total score

29

26

27.6 (±2.0)

NSS

7

14

6.0 (±3.9)

Yes (migraine)

Yes (other)

Intake of paracetamol (tablets)

Minor somatic disorders

Patients with depression
mean (SD)

Abbreviations: WCC: white cell count. BMI: body mass index. HAMD-17: 17-item Hamilton Rating Scale score.
MADRS-10: 10-item Montgomery-Asberg Depression Rating Scale. MDI: Major Depression Inventory. HAMA:
Hamilton Anxiety Rating Scale. PANSS: Positive and Negative Symptom Scale. PSP: Personal and Social
Performance Scale. GAF-F: Global Assessment of Functioning (Function). VAS: visual analogue scale. MMSE: MiniMental State Examination. MoCA: Montreal Cognitive Assessment. NSS: neurological soft signs. SD: standard
deviation.
Marked in bolt: > 1 SD from total population.
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Table S11 ǀ Sensitivity analysis of primary and secondary outcomes with one control excluded
due to neuroinflammatory markers above normal values
Depression
(N = 106)

Healthy
(N = 105)

Mean relative difference
(95% CI)

pvalue

Primary outcomes
Total CSF WCC x 106/La
1.18 (1.01-1.38)c
0.040
b
Mean (SD)
1.48 (1.79)
1.19 (1.78)
Range
0.00-100.00
0.00-5.00
a
CSF/serum albumin ratio
1.08 (0.98-1.19)c
0.128
Mean (SD)
4.71 (1.44)
4.38 (1.51)
Range
1.49-10.90
1.91-10.34
CSF total protein in g/La
1.02 (0.94-1.10)c
0.629
Mean (SD)
0.30 (1.36)
0.30 (1.40)
Range
0.15-0.59
0.16-0.58
IgG index
1.05 (0.97-1.15)c
0.237
Mean (SD)
0.40 (1.12)
0.38 (1.54)
Range
0.30-0.54
0.01-0.56
Secondary outcomes
% CSF Neutrophilsd,e,h
0.22 (0.08 – 0.58)
0.002
Mean (SD)k
0.78 (2.51)
2.70 (7.73)
Range
0.00-14.71
0.00-54.77
% CSF Lymphocytes d,e,h
1.04 (0.99 – 1.08)
0.095
Mean (SD)k
79.41 (12.33)
77.44 (14.51)
Range
41.67-100.00
23.08-100.00
% CSF Monocytes d,e,i
1.00 (0.86 – 1.16)
0.970
Mean (SD)k
19.80 (12.08)
19.83 (12.95)
Range
0.00-58.33
0.00-76.92
% CSF Eosinophils d,e,h
0.36 (0.08 – 1.59)
0.178
Mean (SD)k
0.02 (0.12)
0.05 (0.28)
Range
0.00-1.08
0.00-1.94
CSF NLR (distribution) f,h
0.64 (0.34 – 1.20)
0.163
0
75 (76.5%)
71 (69.6%)
>0 - ≥0.01
8 (8.2%)
5 (4.9%)
>0.01 - ≥0.1
11 (11.2%)
16 (15.7%)
>0.1 - ≥1
4 (4.1%)
9 (8.8%)
>1
0 (0.0%)
1 (1.0%)
CSF/serum IgG ratioa
1.14 (0.99-1.31)c
0.079
Mean (SD)
1.88 (1.49)
1.67 (1.92)
Range
0.51-4.34
0.01-5.21
CSF/plasma glucose ratioa,j
1.00 (0.96-1.04)c
0.908
Mean (SD)
0.67 (1.18)
0.67 (1.14)
Range
0.48-1.13
0.49-0.97
‘Mean (SD)’ are geometric means and standard deviations unless otherwise noted. aAdjusted for blood contamination.
b
Based on log(CSF WCC + 0.448) where 0.448 is the profile likelihood estimate. Presented means are transformed back to
the original scale cLinear model as prespecified. All linear models are adjusted for age and sex as covariates. dOutcome:
CSF differential count. eEffect: ratio of cell-count in patients relative to controls. fOrdinal model for categorized CSF NLR
(effect: cumulative odds-ratio).
h
Missing data of 8 patients and 3 controls. iMissing data of 8 patients and 2 controls. jMissing data of 1 patient. kArithmetic
mean and standard deviation.
Abbreviations: CSF: cerebrospinal fluid. WCC: white cell count. IgG: immunoglobulin G. NLR: neutrophil-lymphocyte
ratio. SD: standard deviation.

12

Sørensen et al.

Supplement

Table S12 ǀ STROBE Statement—checklist of items that should be included in reports of observational studies

Title and abstract

Item
No.
1

Recommendation
(a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was

Page
No.
2

Relevant text from
manuscript

2

found
Introduction
Background/rationale

2

Explain the scientific background and rationale for the investigation being reported

Objectives

3

State specific objectives, including any prespecified hypotheses

Methods
Study design

4

Present key elements of study design early in the paper

Setting

5

Describe the setting, locations, and relevant dates, including periods of recruitment, exposure,

Participants

6

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of

3-4
4
4-7
5

follow-up, and data collection
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case

5-6

ascertainment and control selection. Give the rationale for the choice of cases and controls

Further information in the
Protocol

Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of
participants
(b) Cohort study—For matched studies, give matching criteria and number of exposed and
unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per

5

case
Variables

7

Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable

Data sources/

8*

measurement

For each variable of interest, give sources of data and details of methods of assessment

5, 6
6
6-7

(measurement). Describe comparability of assessment methods if there is more than one group

Assessment methods do not
differ between groups.

Bias

9

Describe any efforts to address potential sources of bias

5

Study size

10

Explain how the study size was arrived at

8

Individually matched (age, sex)

Continued on next page
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Quantitative

11

variables
Statistical

Supplement

Explain how quantitative variables were handled in the analyses. If applicable, describe which

8

groupings were chosen and why
12

methods

(a) Describe all statistical methods, including those used to control for confounding

8

(b) Describe any methods used to examine subgroups and interactions

9

(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed

5

Cross-sectional study—If applicable, describe analytical methods taking account of sampling
strategy
Results
Participants

13*

(e) Describe any sensitivity analyses

9

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined

9

for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information on

9

Table 1

exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest

Table 1

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data

15*

Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure

9

Cross-sectional study—Report numbers of outcome events or summary measures
Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision

9

Table 2, Table S4

(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were categorized

Table 2

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time
period
Continued on next page
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Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

10-11

Discussion
Key results

18

Summarise key results with reference to study objectives

12

Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss

15-16

both direction and magnitude of any potential bias
Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of

13-15

analyses, results from similar studies, and other relevant evidence
Generalisability

21

Other information
Funding
22

Discuss the generalisability (external validity) of the study results

16

Give the source of funding and the role of the funders for the present study and, if applicable, for the

17-18

original study on which the present article is based
*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting.
The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of
Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobestatement.org.
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Figure S1. CSF WCC as function of HAMD-17 score.
CSF WCC as a smooth function of HAMD-17 score for patients and a constant function for controls
(red line). 17-item Hamilton Rating Scale score (horizontal axis) versus CSF WCC x 106/L adjusted
for blood contamination with a smoothing spline (blue line). Shaded areas are 95% confidence
intervals.
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Figure S2. Illustration of primary outcome distribution.
A: Cerebrospinal fluid (CSF) white cell count (WCC), the distribution of CSF WCC with the one
patient with markedly increased CSF WCC is found in Figure S1. B: CSF/serum albumin ratio. C:
CSF total protein. D: Immunoglobulin G (IgG) index. All outcomes are adjusted for blood
contamination.
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Figure S3. Illustration of white cell count distribution excluding WCC > 10.
A: Cerebrospinal fluid (CSF) white cell count adjusted for blood contamination. B: CSF white cell
count not adjusted for blood contamination. C: CSF white cell count adjusted for blood contamination
and log transformed. D: CSF white cell count not adjusted for blood contamination log transformed.
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Figure S4. Relative mean differences of primary outcomes.
Relative mean differences of primary outcomes as compared to controls (left to dotted line) and
results from a post-hoc subgroup analysis of severe depression (Hamilton Depression Rating scale
17-items (HAMD-17) > 24) as compared to controls and mild or moderate depression (HAMD-17 ≤
24) as compared to controls (right to dotted line). A: Relative mean difference of CSF WCC compared
to controls with 95% CI. B: Relative mean difference of CSF/serum albumin ratio compared to
controls with 95% CI. C: Relative mean difference of CSF total protein compared to controls with
95% CI. D: Relative mean difference of IgG index compared to controls with 95% CI.
* = p-value < 0.05.
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Figure S5. Illustration of primary outcome distribution excluding a healthy control with
abnormal values.
A: Cerebrospinal fluid (CSF) white cell count (WCC) x106/L. B: albumin ratio. C: CSF total protein.
D: Immunoglobulin G index.
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Figure S6. Distribution of differential cell count in CSF (secondary outcome).
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Figure S7. Secondary outcome ratios’ distribution.
A: CSF/serum Immunoglobulin G ratio. B: CSF/serum glucose ratio.
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Supplemental Methods
The primary model for WCC is a linear regression of the form
log(WCC + 𝛼𝛼) = 𝛽𝛽0 + group + sex + age + 𝜀𝜀

in which 𝛼𝛼 (𝛼𝛼 > 0) is estimated by profile maximum likelihood. The non-negative 𝛼𝛼 is included
because the WCC measurements include zeros preventing a straight forward log-transformation.

Because of the discreteness of the WCC measurements and an extreme observation (one subject in
the patient-group had a WCC of 100 while all other measurements were at most 6) there was a
concern about the appropriateness of the distributional assumptions on which 𝑡𝑡-based confidence
intervals (CI) and 𝑝𝑝-values are based. To address this concern bootstrap methods were applied to
obtain robust confidence intervals and 𝑝𝑝-values.

The WCC measurements are rounded internally by the lab machine to the nearest integer (in
accordance to Sysmex reference manual) thus a zero-measurement corresponds to a measurement
below 0.5. A model that handles this directly and avoids the 𝛼𝛼 parameter is the censored Gaussian
model for the log-transformed WCC (equivalently, this model is a censored log-normal model on
the original WCC measurements.)

This section describes the estimation of 𝛼𝛼 by profile maximum likelihood, the bootstrap procedure
to obtain robust confidence intervals and 𝑝𝑝-values and a sensitivity analysis using the censored lognormal model.
Estimation of 𝜶𝜶 by profile maximum likelihood

The profile log-likelihood of 𝛼𝛼 is given by

𝑛𝑛
log𝐿𝐿𝛼𝛼 = − [log(2𝜋𝜋𝜎𝜎� 2 (𝛼𝛼)) + 1] − � 𝑦𝑦�𝑖𝑖 ,
2
𝑖𝑖

𝜎𝜎� 2 (𝛼𝛼) =

1
� ( 𝑦𝑦�𝑖𝑖 − 𝜇𝜇̂ (𝛼𝛼))2 ,
𝑛𝑛
𝑖𝑖

𝜇𝜇̂ (𝛼𝛼) =

1
� 𝑦𝑦�𝑖𝑖
𝑛𝑛
𝑖𝑖

where 𝑦𝑦�𝑖𝑖 = log(𝑦𝑦𝑖𝑖 + 𝛼𝛼). Optimization of the profile log-likelihood with respect to 𝛼𝛼 provides the
maximum likelihood estimate of 𝛼𝛼. As with Box-Cox transformations (1), inference for the remaining
model parameters is traditionally done conditionally on the estimated 𝛼𝛼 (for discussion see Pawitan
2001, section 4.10, ISBN 019 850765 8 (2)).
The function logtrans in package MASS (3) for R (4) implements this profile log-likelihood and
facilitates estimation of 𝛼𝛼.
Bootstrap for CIs and 𝒑𝒑-values

For accurate, robust confidence interval estimation we apply the bootstrap-𝑡𝑡 method (5) using
10,000 bootstrap samples. This method generates a bootstrap estimate of the 𝑡𝑡-distribution in
which each bootstrap sample results in a quantity
𝜃𝜃� ∗ − 𝜃𝜃�
𝑡𝑡 = ∗ ∗
se (𝜃𝜃� )
∗
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where an asterisk identifies a bootstrap quantity and 𝜃𝜃� (without asterisk) is the parameter estimate
from the original sample.
A 95% confidence interval for 𝜃𝜃 based on the bootstrap-𝑡𝑡 methods is given by
(𝜃𝜃� − 𝑞𝑞0.975 ⋅ se(𝜃𝜃�); 𝜃𝜃� − 𝑞𝑞0.025 ⋅ se(𝜃𝜃�))

where 𝑞𝑞𝜓𝜓 is the 𝜓𝜓-quantile of the distribution of 𝑡𝑡 ∗ . A 𝑝𝑝-value that agrees completely with the
bootstrap 𝑡𝑡 interval can be defined as the value of 2(1 − 𝜓𝜓) that fulfills
𝜃𝜃� − 𝑞𝑞𝜓𝜓 ⋅ se(𝜃𝜃�) = 0

The bootstrap based 𝑝𝑝-value is feasible when the bootstrap CI is close to zero. A separate simulation
under the null hypothesis of no group difference was also performed to obtain a more traditional
simulation-based 𝑝𝑝-value to confirm the appropriateness of the bootstrap 𝑝𝑝-value.
We implemented the bootstrap-𝑡𝑡 method by resampling rows of the dataset with replacement and
fitting a linear model for log(WCC + 𝛼𝛼�) adjusting the group difference (𝜃𝜃) for sex and age to obtain
a value for 𝑡𝑡 ∗ for each bootstrap sample.

Sensitivity analysis using a censored log-normal model

Censored observations are typical in time-to-event analyses such as survival analyses so software
for parametric survival models supporting Gaussian or log-normal distributions can be applied to
estimate the censored log-normal model. We use the survival package (6) in R (4).
The censored log-normal model is fitted to data after left-censoring observations below 𝜏𝜏 = 0.5
(only observations which are zero before adjusting WCC measurements for erythrocytes in CSF are
censored.) The estimation of the group difference is also adjusted for sex and age in this model.
The implementation of the bootstrap-𝑡𝑡 method for the censored log-normal model is similar to that
for the linear model only fitting the censored log-normal model to each bootstrap dataset instead
of the linear model.
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