LETTERS TO THE EDITOR
Revisiting the link between platelets and depression through genetic epidemiology: new insights
from platelet distribution width
For many years, the link between platelets and depression (or major depressive disorder, MDD) has been a
matter of investigation. Indeed, platelets share numerous features with neurons1 and represent the first reservoir of serotonin - one of the key neurotransmitters in
the pathophysiology of MDD - in the human body.2
Several epidemiological studies investigated the relation
between MDD and platelet parameters, such as mean
platelet volume (MPV) and platelet count (Plt). Canan
and colleagues3 observed a positive association between
MPV and MDD in a Turkish population (287 cases and
1,999 controls), which was significant in females, but
not in males. This association was later replicated in a
case-control setting (103 MDD patients and 106 controls)4 and in a hospital-based study (90 cases and 49
controls),5 although no analysis stratified by sex was performed in these studies. Regarding platelet count, contrasting evidence of association with MDD status has
been reported.3-5 A positive association with plateletcrit –
i.e., the product of MPV and platelet count – was also
found.4 In a small study comparing 31 patients with lifelong recurrent depression treated with selective serotonin reuptake inhibitors and 31 matched healthy controls, Aleksovski et al.6 reported significantly greater
MPV, platelet distribution width (PDW) and platelet-tolarger cell ratio for depressed participants. In these
patients, lower platelet and blood plasma serotonin levels were also observed, along with lower platelet reactivity, as suggested by collagen- and epinephrine-induced
aggregometry, and by the percentage of spiny and discoid platelets.6 More recently, our group identified a significant positive association between depressive symptoms and PDW, in a study analyzing the relation
between low-grade inflammation and mental health in a
large Italian population cohort (N=12,732). This survived a conservative correction for multiple testing and
adjustment for several sociodemographic, health and
lifestyle covariates, suggesting partly shared genetic
bases between depression risk and platelet traits.7
These findings prompted us to re-visit the link
between platelets and MDD, investigating whether the
significant associations observed between platelet
indices and MDD in previous epidemiological studies
could be explained by common genetic factors - in particular single nucleotide polymorphisms and small insertions/deletions (indels) - underlying both depression and

Table 1. Genetic correlations (rg) computed in linkage disequilibrium score regression analysis between risk of major depressive disorder10 and three platelet parameters.11

Platelet
parameter
Plt
MPV
PDW

#SNPa

rg

SE

Z-score

P

1,087,093
1,087,076
1,086,805

-0.004
0.041
0.079

0.028
0.029
0.029

-0.14
1.41
2.75

0.89
0.16
0.006

The three platelet parameters analyzed were platelet count, mean platelet volume,
and platelet distribution width. Significant genetic correlations surviving the
Bonferroni correction (P<0.017) are reported in bold. aNumber of variants actually
used in the linkage disequilibrium score regression after quality control filters (see
Online Supplementary Methods for details). SNP: single nucleotide polymorphism;
SE: standard error; MPV: mean platelet volume; PDW: platelet distribution width.

variability in platelet parameters. We did this by computing cross-trait genetic correlations through linkage disequilibrium (LD) score regression analysis,8,9 using the
summary statistics of large, independent genome wide
association studies (GWAS) previously conducted on
depression (59,851 cases and 113,154 controls)10 and
platelet parameters (Nmax = 166,066)11 (see Online
Supplementary Methods and Online Supplementary Table
S1 for details). Although this analysis has already been
performed for Plt and MPV,10 here we also analyzed
PDW, which reflects individual variation and heterogeneity of platelet size. Moreover, we used GWAS summary statistics of platelet parameters from a much larger
sample (Nmax~166,000)11 than the one used before
(N~67,000).12 This analysis revealed a significant genetic
correlation between PDW and MDD risk [rg = 0.079
standard error (SE) = 0.029; P=0.006), which survived
the Bonferroni correction for the three platelet parameters tested (α = 0.017) (Table 1). No significant genetic
correlation was observed for MPV and Plt, in line with
previous analyses of these parameters.10
To disentangle causal relationships between PDW and
MDD, we used GWAS summary statistics to carry out a
two-sample Mendelian randomization (MR) analysis,
through the TwoSampleMR package in R.13 We used
inverse variance weighted regressions to model the relation between single nucleotide polymorphism-exposure
and -outcome effects for each of the genetic (instrumental) variants analyzed (see the Online Supplementary
Methods for details). Under the hypothesis of a bi-directional causality link, we modeled MR regressions assuming PDW as the exposure and MDD as the outcome, and
vice versa, using strictly LD-pruned independent variants
which showed genome-wide significant associations in
the exposure study (P<5x10-8). This analysis did not
reveal any evidence of causality between PDW and
MDD, either when assuming PDW [β (SE) = -0.004
(0.019), P=0.83; over 114 instrumental variants], or

Table 2. Results of the Mendelian randomization analysis, assuming
(A) platelet distribution width (PDW) as the exposure variable and
depression (MDD) as the outcome (PDW → MDD); and (B) vice
versa (MDD → PDW).

(A)
Method

MR Egger
Weighted median
IVW
Simple mode
Weighted mode

(B)
Method
MR Egger
Weighted median
IVW
Simple mode
Weighted mode

#SNPa

β

SE

P

114
114
114
114
114

-0.036
-0.023
-0.004
0.022
-0.018

0.037
0.031
0.019
0.058
0.038

0.33
0.46
0.83
0.71
0.64

#SNPa

β

SE

P

4
4
4
4
4

-0.021
-0.018
-0.015
-0.019
-0.02

0.194
0.044
0.038
0.064
0.065

0.93
0.69
0.68
0.79
0.78

Here, the results of different Mendelian randomization (MR) methods as per
TwoSampleMR output are reported (see Hemani et al.13 for details), for completeness of information. SNP: single nucleotide polymorphisms; SE: standard error; MR
Egger: Mendelian randomization, Egger method; IVW: inverse variance weighted
regression. aNumber of variants actually used in MR analysis after quality control
filters (see Online Supplementary Methods for details).
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when assuming MDD status as exposure [β (SE) = -0.015
(0.038), P=0.68; over 4 variants]. These data were confirmed when using Egger regression (Table 2A, B), which
is more robust to unbalanced pleiotropy of instrumental
variants (see Online Supplementary Methods for details).13,14
A similar analysis on platelet parameters and MDD risk
had already been performed in a previous GWAS,11 using
association statistics from a notably smaller genetic
study on depression (9,240 MDD cases and 9,519 controls) and investigating only causal effects of platelet
parameters on MDD risk.11 This analysis revealed no evidence of significant causal links, in line with our findings, although the authors reported marginally significant effects, which did not survive correction for multiple testing, for MPV and PDW.11 Although our MR
results may appear to be in contrast with the significant
genetic correlation identified above, it is worth underlining that here LD score regression was performed over
more than one million variants genome-wide, while MR
was carried out on around 100 variants, at most.
Therefore, the significant genetic correlation observed
between PDW and MDD risk is more robust than and
not truly comparable with the lack of evidence of a
causal effect between these phenotypes, which may be
due to a lack of power of our MR analysis. Similarly, the
two studies employed here10,11 did not include replication
samples, hence some of the genome-wide significant
variants (i.e. the instrumental variants used in MR) may
be false positive and affect the results of the MR analysis. As the sample size of genetic studies becomes larger
and larger, and more genetic variants influencing the
traits are discovered, we will have more powerful means
to better disentangle the molecular architecture of
depression and the nature of its link with platelets,
through genetic epidemiology approaches. Another possible explanation for the discrepancy between LD score
regression and MR analysis is that the latter assumes
non-pleiotropy of the instrumental variants, and even
methods such as Egger regression may not account completely for complex pleiotropic relationships which may
occur between the instrumental variants used, PDW and
MDD risk. Another limitation of our work is the lack of
genetic analyses (hence of summary statistics) stratified
by sex in the original GWAS,10,11 which did not allow us
to check whether differential genetic relationships occur
between PDW and MDD risk based on sex. Indeed, in
these studies both platelet parameters and MDD risk
were analyzed including sex among covariates,10,11 which
in some cases may lead to different results, compared to
stratifying genetic associations by sex.
In spite of these limitations, our findings point
towards a new platelet parameter, PDW, which so far
has been fairly neglected in neuropsychiatric research.
Besides the association with depressive symptoms identified by our group,7 an increased PDW has recently been
reported to be present in patients affected by recurrent
depression resistant to treatment with selective serotonin reuptake inhibitors6 and by panic disorder, a neuropsychiatric condition which is thought to have shared
biological bases with MDD.15 This suggests that PDW is
implicated - either directly or indirectly - in the neurobiology of depression and comorbid disorders. However,
the significance of this parameter in relation to platelet
function in non-pathological settings (i.e., in general
population studies) remains largely unknown. We can
speculate that, as an index expressing heterogeneity of
platelet size and in light of previous associations reported with indices of platelet activation,16 PDW might be a
useful marker of platelet function, as previously suggest-

ed for MPV.17-19 Although more and larger studies in nonpathological settings are needed to confirm this concept,
this suggests a link between PDW and platelet function
in the context of activation of the hemostatic system,
which may potentially extend to other domains, such as
cardiovascular and neuropsychiatric domains.
Overall, the evidence reported here supports PDW as
a new, potential biomarker of depression and psychopathology. Further investigations of this parameter in
epidemiological, genetic and molecular studies are warranted.
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