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ABSTRACT
Objectives: The present study examined associations between immunometabolic characteristics
(IMCs) and depressive symptom profiles (DSPs) in probands with lifetime diagnoses of depres-
sion and/or anxiety disorders and their siblings.
Methods: Data were from the Netherlands Study of Depression and Anxiety, comprising 256
probands with lifetime diagnoses of depression and/or anxiety and their 380 siblings. Measured
IMCs included blood pressure, waist circumference, and levels of glucose, triglycerides, HDL
cholesterol, CRP, TNF-a and IL-6. DSPs included mood, cognitive, somatic and atypical-like pro-
files. We cross-sectionally examined whether DSPs were associated with IMCs within probands
and within siblings, and whether DSPs were associated with IMCs between probands
and siblings.
Results: Within probands and within siblings, higher BMI and waist circumference were associ-
ated with higher somatic and atypical-like profiles. Other IMCs (IL-6, glucose and HDL choles-
terol) were significantly related to DSPs either within probands or within siblings. DSPs and
IMCs were not associated between probands and siblings.
Conclusions: The results suggest that there is a familial component for each trait, but no com-
mon familial factors for the association between DSPs and IMCs. Alternative mechanisms, such
as direct causal effects or non-shared environmental risk factors, may better fit these results.
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Introduction

Epidemiological evidence has shown that depression is
associated with alterations in immunometabolic character-
istics (IMCs). It has been reported that depressed subjects,
as compared to healthy controls, have increased serum
levels of the inflammatory markers C-reactive protein
(CRP), interleukin-6 (IL-6) and tumour-necrosis-factor-a
(TNF-a) (Dowlati et al. 2010; Haapakoski et al. 2015;
Kohler et al. 2017), increased prevalence of metabolic syn-
drome (Pan et al. 2012; Marazziti et al. 2014; Vancampfort
et al. 2014) and differences in BMI (de Wit et al. 2009).
Analyses of the single metabolic dysregulation compo-
nents of metabolic syndrome revealed that abdominal
adiposity, lower HDL cholesterol levels and hypertriglyceri-
daemia were most frequently associated with depression
or depression severity (van Reedt Dortland et al. 2009,

2010; Marazziti et al. 2014; Vancampfort et al. 2014;
Gustavo Ruas et al. 2016), and associations with blood
pressure and fasting glucose were less often found or in
opposing directions (Kinder et al. 2004; Herva et al. 2006;
Hildrum et al. 2009; Muhtz et al. 2009; Kahl et al. 2012;
Meng et al. 2012; Vancampfort et al. 2014; Moreira et al.
2016; Bhat et al. 2017).

There is variability in the magnitude or even direc-
tion of associations between depression and IMCs,
which is likely a consequence of the clinical hetero-
geneity of depression. It has been suggested that
altered IMCs are more prominent in a subgroup of
depressed cases endorsing symptoms of atypical
depression, such as symptoms reflecting altered
energy intake and homeostasis such as hypersomnia
and hyperphagia (van Reedt Dortland et al. 2010;
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Lamers et al. 2013; Takeuchi et al. 2013; Glaus et al.
2014; Hickman et al. 2014; Lasserre et al. 2014; Lamers,
Bot, et al. 2016; Milaneschi, Lamers, Peyrot, et al. 2017;
Lamers et al. 2018; Simmons et al. 2018; Wiltink et al.
2018). For instance, within the total group of
depressed cases, levels of CRP, TNF-a and IL-6 could
be distinguished in cases with increased appetite dur-
ing a major depressive episode from those without
having this symptom endorsed (Hickman et al. 2014;
Lamers et al. 2018; Simmons et al. 2018).

Both depression and IMCs seem to expose a certain
degree of familiality. Depression is known to run in
families (Low et al. 2008; Milne et al. 2009; Merikangas
et al. 2014; Havinga et al. 2017; Telman et al. 2018;
Lawrence et al. 2019). Havinga et al. (2017) showed
that 65% of offspring of patients with a depressive
and/or anxiety disorder developed a depressive or
anxiety disorder themselves by the age of 35, which is
2 to 3 times higher compared to the general Dutch
population. Also, family members tend to resemble
each other regarding BMI, waist circumference, systolic
and diastolic blood pressure and levels of triglycerides,
HDL cholesterol and glucose (Borecki et al. 1998; Park
et al. 2006; Chien et al. 2007; Chiu et al. 2007; Feng
et al. 2008; Stirnadel et al. 2008; Al-Daghri et al. 2011;
Johnson et al. 2012; Murrin et al. 2012; Santos et al.
2013; Khan et al. 2014; Dong et al. 2017). Familial
resemblance of inflammatory marker levels is, how-
ever, less often found (Haddy et al. 2005; Al-Daghri
et al. 2011; Dong et al. 2017). Studies examining famil-
ial clustering of depression together with IMCs (i.e.
increased occurrence of IMCs in families in which
depression is present or vice versa) are scarce. Most
studies published so far have only focussed on BMI;
Increased BMI or obesity in one or both parents were
shown to be predictive of depression risk in their off-
spring (Eley et al. 2004; Marmorstein and Iacono
2016). This has, however, not been consistently found
(Richardson et al. 2003; Mamun et al. 2005).

Recently, familial aggregation analyses of DSM-IV-
based (American Psychiatric Association 2013) depres-
sive subtypes revealed that atypical depression in pro-
bands was significantly associated with atypical
depression in relatives (Lamers, Cui, et al. 2016). Using
the same dataset, it has been shown that atypical
depression in probands was associated with a higher
BMI and overweight in relatives (Glaus et al. 2019). No
other studies have been published that examined
cross-trait associations of (subtypes of) depression and
other metabolic characteristics between relatives.

The present study examines the co-occurrence of
IMCs and depressive symptom profiles (DSPs) in

probands with depressive and anxiety disorders of the
Netherlands Study of Depression and Anxiety (NESDA)
and their full-siblings, all well characterised in terms of
psychiatric history and immunometabolic biological
markers. The aims of this study were to examine
whether associations between IMCs and DSPs in pro-
bands with psychopathology are resembled in their
siblings and whether the IMCs and DSPs are correlated
between probands and siblings.

Materials and methods

Sample

Participants were part of NESDA, an ongoing longitu-
dinal cohort study into the long-term course and con-
sequences of depressive and anxiety disorders. A
description of the study rationale, design, and meth-
ods is given elsewhere (Penninx et al. 2008). Briefly,
the initial sample comprised 2,981 participants
between the ages of 18 and 65 who were recruited
between 2004 and 2007 and from the community
(19.0%), primary care (54.0%), and specialised mental
health care settings (27.0%). These participants were
healthy controls or had a current or prior history of
depressive and/or an anxiety disorder. Participants
were not included when they did not speak fluently
Dutch or had a primary other psychiatric diagnoses of,
for instance, bipolar, psychotic, obsessive-compulsive,
or severe addictive disorder. A Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV depres-
sion and anxiety diagnosis was established with the
use of the Composite Interview Diagnostic Instrument
(CIDI) – lifetime version 2.1 (World Health Organization
1997). Assessments were performed at one-, two-,
four-, six- and nine-year follow-up waves. Except for
the one-year follow-up wave, each follow-up assess-
ment consists of a face-to-face clinic visit, in which
baseline assessments were repeated. The Ethical
Committee of all participating universities approved
the NESDA project and all participants provided writ-
ten informed consent.

At 9-year follow-up, 367 full-siblings from 246
already participating individuals were additionally
recruited. These original proband participants had to
be diagnosed with anxiety (panic disorder, social pho-
bia, generalised anxiety disorder) and/or depressive
disorder (major depressive disorder, dysthymia) during
at least two out of four previous NESDA face-to-face
interviews, had to have participated in at least three
face-to-face interviews at previous waves, and had to
have given permission to invite their sibling for partici-
pation. Siblings were included when they were aged
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between 18 and 77, had the same biological father
and mother as the proband, had no prior history of
psychiatric disorders other than depression or anxiety,
and provided informed consent to participate. There
were 23 full-siblings from 10 families from the original
NESDA cohort who all participated at the 9-year fol-
low-up wave and met all inclusion criteria and were
included as well. A group of 293 healthy controls was
additionally selected for the present analyses.
Inclusion criteria were that they had a healthy control
status (i.e. no lifetime anxiety/depression diagnosis at
the time of assessment), participated in the face-to-
face interview, were unrelated to the probands, sib-
lings and each other and did not have any full-sibling
or parent with a lifetime diagnosis of major depressive
disorder, dysthymia, or an anxiety disorder. Relatives’
disorder history was obtained via the Family Tree
Inventory (Fyer and Weissman 1999) or pedigree data.
Supplementary Figure 1 provides an overview of the
inclusion criteria of the three groups in this subsample
of NESDA.

The analytic sample used in the current study
included 929 participants, of whom 256 probands, 380
siblings and 293 unrelated healthy controls. Family
sizes differed; we analysed 168, 61, 20, 5, and 2 fami-
lies with family sizes of, respectively, 2, 3, 4, 5, and 6
participants.

Immunometabolic indicators

Metabolic markers
We analysed the individual components of metabolic
syndrome (i.e. systolic blood pressure, diastolic blood
pressure, waist circumference, glucose level, triglycer-
ides level, and HDL cholesterol level) (Grundy et al.
2005), and BMI as continuous measures.

BMI was calculated in kg/m2. Waist circumference
was measured with a measuring tape at the central
point between the lowest front rib and the pelvic
edge. Waist circumference values of pregnant women
were excluded from the current analyses. Levels of tri-
glycerides, HDL cholesterol and glucose were deter-
mined by collecting blood samples in the morning
after an overnight fast. Blood pressure was measured
twice during supine rest on the right arm with the use
of Omron M4-I HEM-752A, and averaged over these
measurements.

Inflammatory markers
The inflammatory markers high-sensitive CRP, IL-6 and
TNF-a levels were measured across five different labs.
Plasma levels of CRP were measured in duplicate by

an in-house high-sensitivity enzyme-linked immuno-
sorbent assay (ELISA) based on purified protein and
polyclonal anti-CRP antibodies (Dako, Glostrup,
Denmark). IL-6 and TNF-a levels were measured with
Human Quantikine HS ELISA Kits of R&D systems.
Lower detection limits were 0.1mg/L, 0.1 pg/mL and
0.1 pg/mL for respectively CRP, IL-6 and TNF-a.
Supplementary Table 1 contains the number of miss-
ing values of biological variables. Samples with miss-
ing values for a biomarker were removed from the
analysis for that biomarker.

For all blood level variables, we truncated values
>3SD at 3SDþmean and log-transformed them prior
to analyses.

Depressive symptom profiles

On each follow-up wave, depression severity scores
were assessed with the Inventory Depressive
Symptomatology (IDS) (Rush et al. 1996). This 30-item
self-rated questionnaire assesses the presence of all
symptom domains of a major depressive episode in
the past seven days on a 0-3 scale. The item on mood
in relation to the time of day was recoded, varying
from ‘no diurnal variation’ or ‘diurnal variation but not
with worse mood in the morning’ (0) to ‘severe diurnal
variation with worse mood in the morning’ (3).

We distinguished four profiles of depressive symp-
toms (i.e. DSPs), namely the mood, cognitive, somatic
and atypical-like profiles, largely based on Schaakxs
et al. (2017). The mood profile ranges from 0 to 27
and consists of the following nine symptoms: the
diminished capacity for pleasure or enjoyment, dimin-
ished interest in people or activities, diminished qual-
ity of mood, diminished mood reactivity, feeling
anxious or tense, feeling irritable, feeling sad, interper-
sonal sensitivity, and panic/phobia symptoms. The
cognitive profile ranges from 0 to 12 and consists of
four symptoms, namely concentration/decision-making
problems, future pessimism, self-criticism and blame,
and suicidal thoughts. The somatic profile ranges from
0 to 51 and consists of 17 symptoms, namely aches
and pains, appetite decrease, appetite increase, weight
decrease, weight increase, constipation/diarrhoea, diur-
nal variation with a worse mood in the morning, early
morning awakening, low energy level, other bodily
symptoms, problems falling asleep, problems sleeping
during the night, psychomotor agitation, psychomotor
retardation, reduced interest in sex, hypersomnia, and
leaden paralysis. We composed an atypical-like profile,
which consists of five symptoms, namely appetite
increase, weight increase, low energy level,
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hypersomnia and leaden paralysis and ranges from 0
to 15. Note that the atypical-like profile falls under the
somatic profile, however, it contains fewer symptoms.

For each DSP and for each follow-up wave separ-
ately, we have imputed missing individual IDS symp-
tom items with the mean of the remaining items of
this specific profile, only when less than 20% of the
profile items were missing. In order to create stable
variables, the sum scores of the participants who par-
ticipated at multiple waves (controls and probands)
were averaged across waves. This is especially inform-
ative for probands since these individuals had depres-
sive and/or anxious episodes during at least two prior
face-to-face interviews. By averaging these sum scores
across waves, variance during active episodes is likely
to be captured better. The sibling group participated
at nine-year follow up for the first time, so their sum
scores were based solely on that time point.

The main focus of this paper is the atypical-like
symptom profile in relation to IMCs. However, we also
analysed the other DSPs in order to check whether
associations are specific for the atypical-like profile or
other profiles as well.

Covariates

Potential confounding variables were sex, age, an edu-
cation level (continuous, in years), current smoking
status (yes vs no), and use of antidiabetic (Anatomical
Therapeutic Chemical [ATC]: A10), antihypertensive
(ATC: C02, C03, C07, C08, C09) and non-steroidal anti-
inflammatory medication (ATC: M01A, M01B, A07EB,
A07EC) and treatment for elevated triglycerides and
reduced HDL cholesterol levels (C10AB, C10AD,
C10BA01). The use of medication was based on drug
container inspection of all medications used in the
past month, classified according to the World Health
Organization ATC classification (WHO Collaborating
Centre for Drug Statistics Methodology 2007).

Statistical analyses

Variables were reported as a percentage or mean
(±SD). First, differences in sociodemographic and clin-
ical across groups (proband, sibling, healthy control)
were analysed with logistic and linear mixed-effects
regressions for, respectively, categorical and continu-
ous outcome variables; family structure (a unique fam-
ily code was assigned to each family) was included as
a random intercept to account for within-family clus-
tering. Then, the same analytical model was used to
examine the differences in IMCs between probands,

siblings and healthy controls after adjusting for age,
sex and smoking status. Multiple testing correction
was done based on the Benjamini-Hochberg proced-
ure (Benjamini and Hochberg 1995). A False Discovery
Rate (FDR) of .05 is considered as the threshold for
significance.

For subsequent analyses, we focussed on the
groups of probands and their siblings. Firstly, we
examined whether DSPs were associated with the
IMCs within the probands, using linear models includ-
ing sex and age as covariates, and within the siblings,
using linear mixed models including sex and age as
covariates and family structure as a random intercept.
Secondly, we examined whether probands’ DSPs and
IMCs were associated with the same trait in their sib-
ling, by fitting linear mixed models regressing the sib-
lings’ feature on the same feature of the probands,
including sex and age as covariates and family struc-
ture as a random intercept. Thirdly, we carried out
two sets of cross-trait analyses between DSPs and
IMCs between probands and their siblings: (1) we
tested whether probands’ DSPs were associated with
IMCs in their siblings and (2) we tested whether pro-
bands’ IMCs were associated with DSPs in their sib-
lings. These analyses were again based on mixed
models, with family structure as random intercept and
age and sex of the sibling as covariates. In the first
cross-trait analyses, siblings’ IMCs were regressed on
the DSPs of the probands and in the second cross-trait
analyses, siblings’ DSPs were regressed on IMCs of the
probands. Finally, we re-ran the cross-trait analyses
after exclusion of individuals with a CRP level >

10mg/L, which might be indicative of infection
(Nehring and Patel 2019).

All statistical analyses were conducted with the use
of R software version 3.6.0 (R Core Team 2019).

Results

Table 1 presents sociodemographic and clinical char-
acteristics of probands, siblings and healthy controls.
Differences across groups were observed regarding
sociodemographic features sex and age; Probands
were more likely to be female (73.4%) compared to
siblings (55.0%) and healthy controls (60.8%). Healthy
controls had the oldest age (mean 52.6 ± 13.7) fol-
lowed by siblings (mean 50.5 ± 13.2) and probands
(mean 48.5 ± 13.1). As expected, siblings also had
higher depression severity than controls, but probands
had the highest scores. The use of antihypertensives
differed across groups with healthy controls scoring
highest and siblings lowest. Comparisons of IMCs
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across probands, siblings and controls while adjusting
for age, sex and current smoking status did not high-
light significant differences between the three groups
(Table 2).

In Figure 1, standardised effects sizes of linear mod-
els and linear mixed models for respectively probands
and siblings with the DSPs as the predictors and the
IMCs as outcome measures are shown, while including
age and sex as covariates. Effect sizes were computed
in the proband group and sibling group separately.
Supplementary Tables 2 and 3 provide the effect sizes,
standard errors and significance levels. Within both
probands and siblings, BMI and waist circumference
were significantly associated with somatic symptom
profile (probands’ BMI: b¼ 0.24, p¼ 1.67E� 04, sib-
lings’ BMI: b¼ 0.19, p¼ 2.59E� 04) and atypical-like
symptom profile (probands’ BMI: b¼ 0.19,
p¼ 2.45E� 03, siblings’ BMI: b¼ 0.28, p¼ 3.57E� 08).
Only in probands, higher IL-6 levels were significantly
associated with each of the DSPs, as well as with the
total severity. Only in siblings, lower HDL cholesterol

levels were associated with all DSPs except for the
cognitive symptom profile, and higher glucose levels
were associated with somatic and atypical-like symp-
tom profiles and total depression severity. We re-ran
these analyses after including the current use of anti-
hypertensive, lipid-lowering, antidiabetic and anti-
inflammatory medication in the models examining
blood pressure, triglycerides and HDL cholesterol lev-
els, glucose levels and inflammatory marker levels,
respectively, which yielded no differences in the
results within both the proband and sibling groups.

Next, as a benchmark, we examined whether each
of probands’ DSPs and IMCs were associated with the
same trait in their siblings. Table 3 presents the results
of these analyses, showing that each DSP and each
IMC of probands is significantly associated (at FDR <

5%) with the same trait in their siblings.
Finally, we applied linear mixed effect models to

examine if the probands’ DSPs were associated with
IMCs in their siblings (Figure 2(A)). No associations
were found. Also, the standardised regression

Table 1. Sociodemographic and clinical sample characteristics (n¼ 929).
Healthy controls (n¼ 293) Probands (n¼ 256) Siblings (n¼ 380) p

Sociodemographic characteristics
Female, % 60.8 73.4 55.0 <0.001
Age, mean (SD) 52.6 (13.7) 48.5 (13.1) 50.5 (13.2) <0.001
Current smoker, % 18.4 20.3 24.3 0.15
Years of education 13.1 (3.3) 13.4 (3.0) 13.2 (3.2) 0.36

Clinical characteristics
IDS, mean (SD) 7.1 (5.5) 18.4 (8.8) 13.2 (10.0) <0.001
Depressive mood symptoms profile, mean (SD) 1.4 (1.8) 5.4 (3.2) 3.6 (3.8) <0.001
Depressive cognitive symptoms profile, mean (SD) 0.6 (0.9) 2.6 (1.9) 1.8 (2.1) <0.001
Depressive somatic symptoms profile, mean (SD) 5.0 (3.3) 10.1 (4.6) 7.8 (5.2) <0.001
Atypical-like symptoms profile, mean (SD) 1.1 (1.1) 3.0 (1.9) 2.0 (2.2) <0.001

Medication use
Antidiabetic medication use, % 4.8 5.5 4.7 0.83
Fibrates or nicotinic acids use, % 0.7 0.4 0.0 NA
Antihypertensive medication use, % 25.6 20.3 16.3 <0.05
Anti-inflammatory non-steroid medication use, % 3.4 5.9 3.4 0.18

p-Values are obtained from logistic and linear mixed effects models.
Abbreviations. IDS: Inventory of Depressive Symptomatology; NA: not applicable. NA indicates that there was no test performed.

Table 2. Means of immunometabolic markers, adjusted for age, sex and smoking status, across probands, siblings and controls.
Healthy controls Probands Siblings

Immunometabolic
marker

Adjusted
means (CI)

Adjusted
means (CI)

p (probands
vs controls)

FDR (probands
vs controls)

Adjusted
means (CI)

p (siblings
vs controls)

FDR (siblings
vs controls)

BMI 26.2 (25.6–26.9) 26.4 (25.7–27.0) 0.72 0.90 25.9 (25.4–26.5) 0.52 0.75
Waist circumference, cm 93.9 (92.2–95.6) 94.1 (92.4–95.8) 0.83 0.93 93.5 (92.0–95.0) 0.75 0.85
Systolic blood pressure, mmHg 138.1 (135.7–140.4) 136.0 (133.6–138.3) 0.19 0.57 141.1 (139.1–143.1) 0.04 0.20
Diastolic blood pressure, mmHg 79.6 (78.2–81.0) 79.2 (77.8–80.6) 0.70 0.90 81.0 (79.9–82.2) 0.09 0.29
Triglycerides level, mmol/La 1.21 (1.13–1.29) 1.21 (1.13–1.29) 0.97 0.97 1.16 (1.10–1.22) 0.31 0.62
HDL cholesterol level, mmol/La 1.48 (1.43–1.53) 1.44 (1.39–1.49) 0.28 0.57 1.46 (1.41–1.50) 0.48 0.75
Fasting plasma glucose level,

mmol/La
5.45 (5.36–5.55) 5.53 (5.43–5.63) 0.23 0.57 5.47 (5.39–5.56) 0.76 0.85

IL-6 level, pg/mLa 0.79 (0.69–0.90) 0.99 (0.88–1.11) 8.69E� 03 0.09 0.88 (0.79–0.97) 0.18 0.46
TNF-a, pg/mLa 0.88 (0.83–0.93) 0.91 (0.87–0.96) 0.27 0.57 0.80 (0.77–0.84) 1.14E� 02 0.11
CRP level, mg/La 1.50 (1.33–1.69) 1.44 (1.28–1.63) 0.62 0.90 1.48 (1.34–1.64) 0.86 0.86

Abbreviations. BMI: Body Mass Index; CRP: C-reactive protein; HDL: high-density lipoprotein; IDS: Inventory of Depressive Symptomatology; TNF: tumour
necrosis factor.
aTests were performed on log-transformed data and were back transformed afterwards.
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coefficients of the linear mixed effect models of the
probands’ IMCs as a function of DSPs of their siblings
were computed (Figure 2(B)). None of the IMCs in pro-
bands were significantly associated with any of the
symptom profiles in the siblings. The effect sizes,
standard errors and p values of the analyses between
probands and siblings are provided in Supplementary
Tables 4 and 5.

In order to examine whether the (lack of) associa-
tions between inflammatory markers and DSPs were

influenced by current infections present in the individ-
uals, we reran the analyses after exclusion of 19 partic-
ipants with CRP levels >10mg/L. The results within
probands, within siblings as well as across probands
and siblings remained unchanged (results not shown).

Discussion

The present study examined associations between
immunometabolic characteristics and depressive
symptom profiles in probands with lifetime diagnoses
of depression and/or anxiety disorders and their sib-
lings. The clinical heterogeneity of depression was
confirmed in the present analyses, showing specific
associations for the somatic profile and the atypical-
like profile (which is nested within the somatic profile)
and BMI and waist circumference (which are both
related to adiposity). Importantly, these specific associ-
ations were significantly present both within probands
and siblings. Adiposity-related traits have been associ-
ated with atypical depression before (Lasserre et al.
2014). Other immunometabolic markers (IL-6, glucose
and HDL cholesterol) were significantly related to
symptom profiles either within probands or within sib-
lings. In contrast, CRP, TNF-a, blood pressure and tri-
glyceride levels were not related to any of the tested
symptom profiles.

The specific association between adiposity-related
traits and somatic/atypical-like symptom profiles found
in probands was also seen in their siblings. In addition,
depressive and immunometabolic traits in probands

Table 3. Associations between the same traits in probands
and siblings.
Trait b p FDR

Total depression severity 0.20 2.56E� 04 3.07E� 03
Mood symptoms profile 0.19 3.70E� 04 4.07E� 03
Cognitive symptoms profile 0.15 9.32E� 03 4.68E� 02
Somatic symptoms profile 0.18 1.11E� 03 8.90E� 03
Atypical-like symptoms profile 0.19 4.06E� 04 4.07E� 03
BMI 0.27 3.45E� 06 4.82E� 05
Waist circumference 0.19 7.52E� 04 6.76E� 03
Systolic blood pressure 0.15 7.80E� 03 4.68E� 02
Diastolic blood pressure 0.13 1.04E� 02 4.68E� 02
Triglycerides levela 0.23 2.14E� 04 2.78E� 03
HDL cholesterol levela 0.29 1.13E� 06 1.69E� 05
Fasting plasma glucose levela 0.14 1.72E� 02 4.68E� 02
IL-6 levela 0.12 4.09E� 02 4.68E� 02
TNF-a levela 0.14 1.39E� 02 4.68E� 02
CRP levela 0.16 6.62E� 03 4.64E� 02

Results of the linear mixed effect models with trait of the probands as
the predictor variable and the same trait of their siblings as the outcome
measure, while including age and sex of siblings and age and sex of pro-
bands as covariates and family structure as the random intercept.
Abbreviations. BMI: body mass index; CRP: C-reactive protein; FDR: false
discovery rate; HDL: high-density lipoprotein; IL: interleukin; TNF: tumour
necrosis factor.
aTests were performed on log-transformed data.

Figure 1. Regression coefficients of associations between depressive symptom profiles and immunometabolic characteristics
within probands (A) and within siblings (B).
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were associated with similar traits in siblings indicating
significant resemblance between siblings.
Nevertheless, adiposity-related traits in probands were
not associated with somatic/atypical-like symptoms in
their siblings, nor were somatic/atypical-like symptoms
in probands associated with adiposity-related traits in
their siblings. These results depict a connection (which
is consistent within probands and within their siblings)
that is not seen across probands and siblings. These
findings suggest that the co-occurrence of adiposity-
related traits and somatic/atypical-like symptoms
within individuals is not due to familial factors, either
genetics or shared family environmental factors.

Since there is a lack of association between DSPs
of probands and IMCs across probands and siblings,
it could be that the associations between
somatic/atypical-like depressive symptom profiles and
adiposity-related traits within probands and within sib-
lings are explained by non-shared environmental risk
factors later in life, such as lifestyle factors. For
instance, sedentary behaviour, poor food preference/
diet and smoking behaviour have been associated
with depression before (Weinberger et al. 2017;
Gibson-Smith et al. 2018; Difrancesco et al. 2019).
Twin studies have suggested that some of these life-
style factors are largely influenced by the environment
unique to each individual (Navarro-Allende et al. 2008;
Piirtola et al. 2014; Smith et al. 2016). Also, spousal
influences on smoking behaviour (Homish and
Leonard 2005) and physical activity (Cobb et al. 2016)

have been observed, suggesting a substantial contri-
bution of currently shared household environment,
even when there is no biologically relatedness. So, the
absence of associations between DSPs and IMCs
between probands and siblings could be a result of
these non-shared risk factors. Sibling studies including
lifestyle and dietary factors may provide insights into
the possible causal or mediating role of such lifestyle
factors in relation to DSPs and adiposity-related traits.

Our results are not entirely consistent with those of
Glaus et al. (2019), who found that atypical depression
diagnosis in probands was associated with a higher
BMI and overweight in their first-degree relatives, sug-
gesting a familial association due to shared risk fac-
tors. This study contrasted a lifetime DSM-based
depression diagnosis of probands against controls
while we analysed DSPs within lifetime cases exclu-
sively. It might be that Glaus et al. (2019) focussed on
more severe cases of specific symptoms (i.e. subtype
diagnosis) and therefore detected an association.

Previous studies have suggested that shared gen-
etic risk factors played a role in the relationship
between depression and metabolic alterations. Genetic
overlap of adiposity-related traits with depression in
general (among which waist circumference and BMI)
(Wray et al. 2018; Howard et al. 2019), and with spe-
cific atypical symptoms in particular (Milaneschi,
Lamers, Peyrot, et al. 2017) are seen. The genetic over-
lap is consistent with two scenarios. In the first one,
the same genetic risk variants impact on two different

Figure 2. Regression coefficients of associations between depressive symptom profiles and immunometabolic characteristics in
probands and their siblings.
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traits through distinct pathways (‘horizontal plei-
otropy’) (Hemani et al. 2018). In the second, genetic
variants impact on one trait that, in turn, influences
the development of the second trait (‘vertical plei-
otropy’) (Hemani et al. 2018). The results of the pre-
sent study may fit into the scenario of vertical
pleiotropy. What is ‘transmitted’ between probands
and siblings is not a shared liability for immunometa-
bolic alterations and depressive symptom profiles.
Instead, only the liability for one of these traits is
shared between siblings, and when the phenotype
related to this liability is expressed beyond certain lev-
els (e.g. high level of BMI, high levels of circulating
inflammatory or metabolic markers) and under certain
conditions (e.g. exposure to combinations of other risk
factors), it may influence the development of second
traits (e.g. depressive symptom profiles).

A causal relationship in the form of vertical plei-
otropy is supported by previous findings on the gen-
etic level; Mendelian Randomisation studies provided
evidence for causality of an increased BMI for depres-
sion liability but not vice versa (van den Broek et al.
2018; Wray et al. 2018). Another study confirmed that
the causal relationship seems to be driven by body fat
while non-fat mass did not play a role (Speed et al.
2019). Increased adiposity could mediate the associ-
ation between genetic risk factors and depression
through psychological mechanisms (e.g. stigma and
perceived weight discrimination) (Hunger and Major
2015; Robinson et al. 2017; Stevens et al. 2017) and
through overproduction of cytokines and leptin by
white adipose tissue (Milaneschi et al. 2019).
Peripheral cytokines are able to exert an effect in the
central nervous system by passing the blood–brain
barrier or stimulating the afferent vagus nerve
(Capuron and Miller 2011). Central inflammation may
impair leptin signalling resulting in leptin resistance,
which, in turn, has been associated with depression
(Osborn and Olefsky 2012; Milaneschi, Lamers, Bot,
et al. 2017). Mendelian Randomisation studies of
depression with atypical-like and somatic symptoms
may provide insights into possible causal relationships
with adiposity-related traits.

Several strengths and limitations should be noted.
The first strength is the dataset analysed in this study;
It contains a wide variety of immunometabolic varia-
bles. The second strength is the detailed measurement
of the family history of the disorder. Thirdly, this study
only included full-siblings as family members in the
design, which has the advantage that they share more
(early) environmental factors with each other com-
pared to parent-offspring relationships. A limitation is

that genetic and environmental effects cannot be dis-
entangled. Another limitation is that the proband
group exclusively consists of lifetime-affected cases
and does not include unaffected individuals. This
might have been even more informative about
whether there is clustering of immunometabolic traits
and depressive symptom profiles between siblings,
and about possible causal relationships between
these traits.

To conclude, we found associations between each
depressive symptom profile and each immunometa-
bolic characteristic of probands and the same trait in
their sibling, confirming that each trait has a familial
component. We found associations between adiposity-
related traits and somatic/atypical-like symptom pro-
files which is consistent within probands and within
their siblings. We did not find associations between
these traits in probands and their siblings, suggesting
that the relationship between adiposity-related traits
and somatic/atypical-like symptoms are not due to
common familial factors. Future research on the aetio-
logical mechanisms underlying the relationship could
provide further insights.
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