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APPENDIX |

Chapter 1 General introduction
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Figure S1. Overview of the breakthroughs in the research into the neurotrofin hypothesis
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APPENDIX I

Chapter 3 BDNF concentrations show strong seasonal variation and are correlated with the amount of ambient sunlight

Table S1. P-values for pair-wise comparisons on covariate adjusted serum BDNF concentrations by month of sampling

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
n=249 n=238 n=239 n=228 n=229 n=231 n=203 n=211 n =280 n=254 n=292 n=197
Jan 1 .19 .01 1 74 .26 .001 ¢ .003 ¢ .001*]  <.001*| .004 | <.001*{ .003 ¢
Feb 19 1 .21 .35 024 <001*| <.001*] <.001*{, <.001*]  <.001*¢ <.001*|  <.001*{
Mar 01 U 21 1 .03 | <001*] <.001*¢ <001*| <.001*] <.001*| <.001*] <.001*| <.001*{
Apr 74 .35 03 ™ 1 .15 <.001*, .001 | <.001*]  <.001*{ .001 | <.001*y .002 ¢
May .26 .02 1 <001*m .15 1 04 L .06 02 U .001 ¢ .09 .006 .07
Jun .001 ™ <.001*1 <.001*1  <.001*7 04 1™ 1 .92 .78 .27 .69 .59 .87
Jul .003 ™ <.001*1  <.001*P .001 .06 .92 1 72 .25 .78 .53 .94
Aug .001*1  <.001*1 <.001*1  <.001*1 .02 1 .78 71 1 44 .50 .81 .66
Sep <.001*1 <.001*1 <.001*1  <.001*1 .001 27 .25 44 1 12 .56 22
Oct .004 ™ <.001*1  <.001* .001 ™ .09 .69 .78 .50 12 1 .33 .84
Nov <.001*1  <.001*1 <.001*1  <.001* .006 ™ .59 .53 .82 .56 .33 1 48
Dec .003 M <.001*1  <.001*1 .002 M .07 .87 .94 .66 22 .84 48 1

* Statistically significant after Bonferroni correction was applied (66 comparisons, critical P value = .00076 )
N Higher serum BDNF levels in the month indicated in the row relative to the month indicated in the corresponding column
{ Lower serum BDNF levels in the month as indicated in the row relative to the month as indicated in the corresponding column

Table S2. Zero-order and partial Pearson’s correlation coefficients with corresponding P-values on the associations between the number weekly
sunlight hours and serum BDNF concentrations

Zero-order correlation P-value Partial correlation * P-value
Number of sunlight hours in the:
Week of blood draw 0.03 .08 0.04 .03
Week prior to blood draw 0.03 .07 0.04 .04
Two weeks prior to blood draw 0.02 A1 0.04 .03
Three weeks prior to blood draw 0.04 .01 0.06 .001
Four weeks prior to blood draw 0.07 <.0001 0.09 <.0001
Five weeks prior to blood draw 0.12 <.0001 0.13 <.0001
Six weeks prior to blood draw 0.14 <.0001 0.15 <.0001
Seven weeks prior to blood draw 0.15 <.0001 0.16 <.0001
Eight weeks prior to blood draw 0.16 <.0001 0.18 <.0001
Nine weeks prior to blood draw 0.15 <.0001 0.16 <.0001
Ten weeks prior to blood draw 0.12 <.0001 0.13 <.0001
!See the paper for covariates
O Equinox Vernum Equinox Autumnal Figure S1. Mean normalized serum
20 March 20th to September 22th September 23th to March 19th BDNF concentrations plotted as a

function of each consecutive week of
measurement in each equinox

BDNF normalized (ng/ml)

-2.0

Week: 12345 678910111213 14 1516 17 18 19 20 21 22 23 24 25 26
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v Pearson’s correlation coefficient
3
5

0.25

0.20

0.15

0.10

0.05

0.00

%k ok

* %k %k O * ok %
* %k
*kk o *okk

*K ok
*%

666 °

wk-0 wk-1 wk-2 wk-3 wk-4 wk-5 wk-6 wk-7 wk-8 wk-9 wk-10

197

Figure S2. Partial Pearson’s correlation
coefficients (for covariates see the paper) on
the relation between mean serum BDNF
concentrations and the hours of sunlight in
the week of blood draw (wk-0) and the 10
weeks prior to blood draw (wk-1 to wk-10).
*P< .05, ** P<.001, *** P<.0001



APPENDIX I
Chapter 5 Serum BDNF concentrations as peripheral manifestations of depression: evidence from a systematic review and meta-

analyses on 179 associations (N = 9,484)

Cohen’s d £ 95% CI

Shimuzu et al., 2003 | o —a—e !
Gervasoni et al., 2005 1 1 1
Gonul et al., 2005 : b—i-.— ] : 1
Ayedemir et al., 2006 1 ’ T .| :
Yoshimura et al., 2007 a 1 v—_ig—l 1
Yoshimura et al., 2007 b : : .——.—:_. 1
Hellweg et al., 2008 a 1 1 = ™ :
Hellweg et al., 2008 b : : : —
Huang et al., 2008 1 1 o— He :
Piccinni et al., 2008 1 I ——i_y 1
Matriscioni et al., 2009 a Ik——l : * : :
Matriscioni et al., 2009 b T 1
Matriscioni et al., 2009 c : : L : L ¥ >
Basterzi et al., 2009 a 1 | ———T :
Basterzi et al., 2009 b 1 1 —l
Gorgulu et al., 2009 a Ih-. : : :
Gorgulu et al., 2009 b 44— 1 1 I
Rojas et al,, 2011 : : 0—:—I—-0 1
Yoshimura et al., 2011 1 1 g—{l— :
Molendijk et al. 2011 a 1 I 1o 1
Molendijk et al. 2011 b 1 ' 1 !
Molendijk et al. 2011 ¢ 1 1 1 -ﬂa 1
Molendijk et al. 2011 d : : : o——!
Deuschle et al., 2012 a 1 1 1 .——-—:.
Deuschle et al., 2012 b 1 1 ——m1—e I
leon et al., 2011 : : .-:—.—d :
Elfvting et al., 2012 : : :o—.-—o:
Pooled effect-size : : < H

1 L] 1 '

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

Figure S1. Forest plot for random effect meta-analysis on differences in serum BDNF concentrations
between antidepressant-free and antidepressant treated depressed patients. The sizes of the squares
are proportional to sample size.

Cohen’s d £ 95% C/

Gervasoni et al., 2005 : : * :
Gonul et al., 2005 1 +Hil * 1 1
Ayedemir et al., 2006 : # » : 1
Yoshimura et al., 2007 1 Ly i T—* :
Yoshimura et al., 2007 1 1 o——l 1
Hellweg et al., 2008 a : : 1—:.——0 :
Hellweg et al., 2008 b 1 1 1@ i *
Huang et al., 2008 : : : —Ho 1
Piccinni et al., 2008 1 y —Hl—T1 :
Matriscioni et al., 2009 a :Q—-I—:———l 1 1
iscioni . - 1
Matrfsc!on! etal., 2009 b — 1 —C: |
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Basterzi et al., 2009 a : : .——.—:—. 1
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1 1
Go_rgulu etal., 2009 b -— . I H
Rojas et al., 2011 1 1 o— 1
Yoshi tal., 2011 ! 1 1
oshimura et al., . | o—-—o !
Wolkowitz et al., 2011 1 1 —T— |
Deuschle et al., 2012 a : 1 1 o———t—iff——vi—o
1 1 1
Deuschle etal., 2012 b 1 1 o—r—1T— "
Jeon et al., 2012 : 1 o —< 1
1 1 1
Pooled effect-size ! ! g I
1 1 1

-2.5 2.0 -15 -1.0 -0.5 0.0 0.5 1.0

Figure S2. Forest plot for random effect meta-analysis on differences in serum BDNF concentrations
between antidepressant-free and treated depressed patients (within-subjects data only, that is
treatment studies applying a pre- and post-treatment design). The sizes of the squares are
proportional to sample size.
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Cohen’s d + 95% C/

Shimuzu et al., 2003
Gervasoni et al., 2005
Gonul et al., 2005
Ayedemir et al., 2006 a
Ayedemir et al., 2006 b
Yoshimura et al., 2007

Huang et al., 2008

Piccinni et al., 2008 L1

Matriscioni et al., 2009 a :4._ I —— o
Matriscioni et al., 2009 b b1

Matriscioni et al., 2009 ¢
Basterzi et al., 2009
Gorgulu et al., 2009
Fernandes et al., 2009
Wolkowitz et al., 2011
Molendijk et al. 2011 a
Molendijk et al. 2011 b
Molendijk et al. 2011 ¢
Molendijk et al. 2011 d
Satomura et al., 2011
Sasaki et al., 2011
Deuschle et al., 2012 a
Deuschle et al., 2012 b
Jeon et al. 2012
Yoshida et al., 2012
Elfvting et al., 2012

Pooled effect-size

1
-2.5 20 -15 -1.0  -0.5 0.0 0.5 1.0

Figure S3. Forest plot for random effect meta-analysis on differences in serum BDNF concentrations
between healthy controls and antidepressant-treated depressed patients. The sizes of the squares
are proportional to sample size.

Pearson’s r £+ 95% C/

Karege et al., 2003
Shimuzu et al., 2003
Gervasoni et al., 2005
Gonul et al., 2005

Lang et al., 2006 a

Lang et al., 2006 b
Ayedemir et al., 2006
Yoshimura et al., 2007
Ziegenhorn et al., 2007
Hellweg et al., 2008
Piccinni et al., 2008
Basterzi et al., 2009
Gorgulu et al., 2009
Umene-Nakano ef al., 2009
Diniz et al., 2010
Bocchio-Chiaveto et al., 2010
Yoshimura et al., 2011 a
Yoshimura et al., 2011 b
Molendijk et al. 2011
Sasaki et al., 2011
Sozer-Vareni et al., 2012
Gazal et al. 2012

Jeon et al., 2012

Harvey et al., 2012
Birkenhager et al., 2012
Deuschle et al., 2012
Oral et al., 2012

leon et al., 2012

Pooled effect-size <5

-1.0 -0.5 0.0 0.5 1.0

Figure S4. Forest plot for random effect meta-analysis on the continuous
relation between serum BDNF concentrations in antidepressant-free
depressed persons. The sizes of the squares are proportional to sample size.
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Shimuzu et al., 2003

Gonul et al., 2005

Zanardini et al., 2007
Bocchio-Chiaveto et al., 2008
Piccinni et al., 2008

Toups et al., 2009

Molendijk et al. 2011
Satomura et al., 2011

Gedge et al., 2012
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1.0

Figure S5. Forest plot for random effect meta-analysis on the continuous
relation between serum BDNF concentrations in antidepressant-treated
depressed persons. The sizes of the squares are proportional to sample size.

Terracciano et al., 2011
Molendijk et al. 2011
Bus et al., 2012

Harvey et al., 2012
Jeon et al., 2012

Pooled effect-size

Pearson’s r + 95% C/

-1.0 -0.5 0.0 0.5

1.0

Figure S6. Forest plot for random effect meta-analysis on the continuous
relation between serum BDNF concentrations in healthy control subjects.
The sizes of the squares are proportional to sample size.
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Figure S7. Funnel plot and trim-and-fill estimation showing the typical pattern of publication bias in the meta-analyses on differences in
serum BDNF concentrations among healthy controls and antidepressant-free depressed patients. White data points depict observed
associations and black data points imputed values. The white diamond depicts the aggregated point estimate (d = -0.71, 95% CI = -0.89 — -
0.53, P <.00000001) and the black diamond the aggregated point estimate after the imputation of 10 studies (d = -0.47, 95% CI = -0.64—-

Std diff in means

0.27, P <.000001), resulting in a symmetrical funnel-plot.
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Funnel Plot of Standard Error by Std Paired Difference
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Figure S8. Funnel plot and trim-and-fill estimation showing the typical pattern of publication bias in the meta-analyses on differences in
BDNF concentrations among antidepressant-free and treated depressed patients. White data points depict observed associations and black
data points imputed values. The white diamond depicts the aggregated point estimate (d = -0.56, 95% CI = -0.77 — - 0.35, P <.000001) and
the black diamond the aggregated point after the imputation of 4 studies (d = -0.34, 95% CI = -0.59 — - 0.09, P < .0001), resulting in a
symmetrical funnel-plot.
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Figure S9. Funnel plot and trim-and-fill estimation showing the typical pattern of publication bias in the meta-analyses on differences in
serum BDNF concentrations in treatment studies that reported on serum BDNF concentrations. White data points depict observed
associations and black data points imputed values. The white diamond depicts the aggregated point estimate (d = -0.74, 95% CI = -1.04 — -
0.45, P <.0000001) and the black diamond the aggregated point estimate after the imputation of 4 studies (d = -0.41, 95% CI =-0.76 — - 0.06,
P <.001), resulting in a symmetrical funnel-plot.



Funnel Plot of Standard Error by Fisher's Z
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Figure S10. Funnel plot and trim-and-fill estimation showing the typical pattern of publication bias in the meta-analyses on the correlation
between serum BDNF concentrations and the symptom severity of depression in antidepressant-free depressed patients. White data points
depict observed associations and black data points imputed values. The white diamond depicts the aggregated point estimate (r =-0.19, 95%
ClI=-0.28 — - 0.10, P <.00001) and the black diamond the aggregated point estimate after the imputation of 7 studies (r = -0.08, 95% CI = -
0.09 — 0.03, P = .42), resulting in a symmetrical funnel-plot.



APPENDIX IV
Chapter 9 A systematic review and meta-analysis on the association between BDNF val®®*met and hippocampal volume — a genuine

effect or a winners curse?

Table S1. Evaluation of the included records according to the Strenghtening the Reporting of Genetic Association Studies (Little et al., 2009) and
Strenghtening Reporting of Observational Studies in Epidemiology (von Elme et al., 2007).

STREGA and STROBE quality checklist items
Y; meets the criterion, N; does not meet the criterion, NA; not applicable

Author, year 1 2 3 4 5 6 7 8 9 10 11 Overall quality score
Pezawas et al., 2004 Y Y Y Y Y Y NA Y N NA Y 7Y,2N,2NA =0.78
Szeszko et al., 2005 Y Y Y Y Y Y Y Y Y Y Y 11Y,0N,0NA=1.00
Agartz et al., 2006 Y Y Y Y Y Y NA N N Y Y 8Y,2N,1NA =0.80
Bueller et al., 2006 Y Y Y Y N Y N Y Y Y N 8Y,3N,0NA =0.73
Frodl et al., 2007 Y Y Y Y Y N NA Y Y Y N 8Y,2N,1NA =0.80
Miyajima et al., 2008 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Takahashi et al., 2008 Y Y Y Y Y Y NA N Y Y NA 9Y,1N,2NA =0.89
Chepenik et al., 2009 Y Y Y Y Y Y Y Y Y Y Y 11Y,0N,0NA=1.00
Dutt et al., 2009 Y Y Y Y Y Y NA N N Y NA 7Y,2N,2NA =0.78
Gatt et al., 2009 Y Y Y Y Y Y NA N N Y NA 7Y,2N,2NA =0.78
Jessen et al., 2009 Y N Y Y N Y NA N N Y NA 5Y,4N,2NA =0.56
Joffe et al., 2009 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Schofield et al., 2009 Y N Y Y Y N NA Y Y Y NA 7Y,2N,2NA =0.78
Toro et al., 2009 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Benjamin et al., 2010 Y N Y Y N Y NA N N Y NA 5Y,4N,2NA =0.56
Karnik et al., 2010 Y Y Y Y N Y N N Y Y N 7Y,4N,0NA =0.64
Koolschijn et al., 2010 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Cole et al., 2011 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Gerritsen et al., 2011 Y Y Y Y Y Y NA N Y Y NA 8Y,1N,2NA =0.89
Gonul et al., 2011 Y Y Y Y N Y NA Y Y Y NA 8Y,1N,2NA =0.89
Gruber et al., 2011 Y Y Y Y Y Y NA N Y Y NA 8Y,1N,2NA =0.89
Kanellopoulos et al., 2011 Y Y Y Y Y Y NA N Y Y NA 8Y,1N,2NA =0.89
Richter et al., 2011 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00
Milan Sanchez et al., 2012 Y Y Y Y Y Y NA N Y Y NA 8Y,1N,2NA =0.89
Molendijk et al., 2012 Y Y Y Y Y Y NA Y Y Y NA 9Y,0N,2NA =1.00

Criteria were assessed independently by 2 of the authors. Inconsistencies were evaluated in consensus meetings. Agreement among the raters proved to be
excellent with Cohen’s Kappa = 0.83, standard error = 0.04. Please contact the corresponding author for information about the actual reason for scoring a yes, a no,
or a not applicable

STREGA (Little et al., 2009) and STROBE (von Elme et al., 2007) criteria: (1) Clear statement of the objectives and the hypothesis (2) Clear eligibility criteria for study
participants (3) Clear definition of all variables (4) Replicability of Statistical methods (5) Assessment of Hardy-Weinberg equilibrium (6) Assessment of ethnicity (7)
Addressing the problem of mixed ethnicities (8) Sufficient descriptive data (9) Statement of genotype frequencies (10) Sample in Hardy-Weinberg equilibrium (11)
Consideration of population stratification (if applicable)



APPENDIX V

Chapter 10 General discussion: The poll

Two know more than one: a poll

The conventional option to prove association is observation and experimentation. However, and notwithstanding the fact that
some experiments have been performed on the relation between peripheral and central BDNF functioning, the literature on this
topic appears confusing to me. Therefore, | chose to run a poll among experts/researchers from around the world.

Through PUBMED | identified the 50 most recently published papers that had BDNF and depression in their title (regardless
whether it were studies on humans, rats,). From each paper | extracted the email address of the corresponding author and | wrote
an email to him/her. | asked the following question: What do you think, how relevant are serum BDNF concentrations with regard
to (human) depression? | prompted them to give a short answer by adding answer options: (A) relevant, will add to our knowledge
on depression, (B) irrelevant, (C) don’t know yet, but the future probably will tell or (D) | do not believe in a biological basis of
depression whatsoever. | added that a short explanation could be given but that this was not necessary for my current concerns.
While doing this | reckoned that a poll like this could yield biased results because all the persons work on the topic and therefore
their responses could well be overly positive. To overcome this at least a little | set out a second poll. | identified the 50 most
recently published papers that had cognitive- or interpersonal theory and depression in their title (again regardless their exact
topic). | asked the corresponding authors of these papers the same question as | asked the BDNF oriented authors and | provided
them with the same answer categories. A full version of the e-mail and the list of authors that was contacted can be found below.

Seventy-two percent (n = 36) of the BDNF oriented researchers and 48 percent (n = 24) of the cognitive/interpersonal-oriented
researchers responded to my request. This difference in response rate was statistically significant ()(21 =6.01, P=0.01). Of the BDNF
oriented authors who responded, 56 percent (n = 26) agreed with the proposition that peripheral BDNF concentrations are relevant
parameters for depression, 6 percent (n = 3) disagreed, and 36 percent (n = 13) suggested that for now there is too little knowledge
on the topic to come to conclusions. The interpersonal/cognitive-oriented authors who responded to the poll were somewhat
more pessimistic. In this group, 25 percent (n = 6) agreed with the proposition, 25 percent (n = 6) disagreed and 50 percent (n = 12)
suggested that the future probably would inform us. The pattern of responses between the two groups of authors differed
significantly ()(22 = 6.44, P = 0.04) such that more of the BDNF oriented authors agreed with the proposition that peripheral BDNF

concentrations are relevant parameters for depression. The response frequencies of both polls are provided in the Table 4.

Table. Results from the poll by research orientation

Biologically oriented colleagues Cognitive oriented colleagues
n=50 %n’ % responders 2 n=50 %n’ % responders 2
A - agree 20 40% 56% 6 12% 25%
B - disagree 3 6% 9% 6 12% 25%
C - future will tell 13 26% 36% 12 24% 50%
D - non-believer 0 0% 0% 0 0% 0%
No response 14 28% NA 26 52% NA

Abbreviations: NA; Not Applicable
! Percentage of the n = 50 to which | send out the poll
2 Percentage of the persons that actually responded on the poll

The main lesson to learn from this poll is that the large majority of researchers either agrees (43 percent) with the proposition
that serum BDNF concentrations are relevant with regard to depression or expresses the belief that the future will inform us on this

issue (42 percent). Only 15 percent explicitly disagrees with the notion that serum BDNF concentrations are relevant with regard to
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depression. In this sense, the poll was helpful in that most authors see either relevance in the use of serum BDNF concentrations as
parameters for depression or suggests that more research will bring definite answers. Tentatively, this strengthens the belief that
serum BDNF concentrations are relevant with regard to depression — but again, a systematic exploration would suit the question

better and therefore is be very welcome.

The e-mail that was sent out
Topic: Question: BDNF in the periphery, how relevant is that for central processes?
Dear Dr. name corresponding author, dear colleague,

I have a question for you. I’'m writing my PhD thesis on serum BDNF concentrations — a topic related to your research interests (attached you can
find one of our papers on serum BDNF levels in depressed persons). I'm in the middle of wrapping it all together and writing the final thesis
discussion. Already for a while I noticed debate in the literature on the use of peripheral BDNF levels as a reliable mirror of neurotrophic functioning
in the central nervous system. For my thesis discussion | wanted to know how other scientists, who work in related fields [but not necessarily the
exact same], think about this issue. So, | decided to send out a poll to the corresponding authors of the 50 most recent papers that have BDNF in
their title (regardless the precise topic) to learn about the opinion of the authors on this topic. You happen to be in that group with your paper in
the Journal in which the paper is published.

My question to you is: What do you think, how relevant are serum BDNF concentrations with regard to (human) depression?

The corresponding letter A, B, C, or D is enough for me as response

A ‘Relevant, will ad to our knowledge on depression and neuronal plasticity in the brain’

B ‘Irrelevant, won’t add a lot to our knowledge on depression and neuronal plasticity in the brain’
C ‘Don’t know, maybe the future will tell’

D ‘1 do not believe in a biological basis of depression whatsoever’

You can add a short explanation if you wish. I’'m interested in that but it is not necessary for my current purpose.
Thank you in advance for your response, all the best,
Marc Molendijk

Note. Attached you can find one of our papers on serum BDNF concentrations in depressed persons that has been published in Molecular
Psychiatry.

Authors in the poll -- authors who responded are underlined

BDNF oriented authors

C Duarte (Portugal), M Miguel (Spain), K Felmingham (New Zealand), K Igbal (USA), H Scharfman (USA), D Jon (Korea), M Fawzi (Egypt), M Shamsul
Ola (Saudi Arabia), S Vivekanandhan (India), G Morton (USA), X Zhang (China), F Lotrich (USA), N Perroud (Switzerland), L Ricceri (Italy), J Luykx (the
Netherlands), R Ting-A-Kee (Canada), G Hasler (Switzerland), R Rodriguez-Lépez (Spain), E Ottem (USA), L-M Wu (China), N Mechawar (Canada), K
Ressler (USA), X Xiayixiayi (China), M Soleimani (Iran), S Cramer (USA), D Carlino (Italy), D Srivastava (UK), J-M Kim (Korea), G Réus (Brazil), T
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