Aalborg Universitet AALBORG

UNIVERSITY

Prevalence of major depressive disorder in 51,658 otherwise healthy adult Danes
Sex differences in symptomatology and prediction of future anti-depressive medication

Mikkelsen, Christina; Larsen, Margit A. H.; Sgrensen, Erik; Hansen, Thomas Folkmann;
Mikkelsen, Susan; Erikstrup, Christian; Nielsen, Kaspar R.; Bruun, Mie T.; Hjalgrim, Henrik;
Kessing, Lars V.; Werge, Thomas; Ullum, Henrik; Ostrowski, Sisse R.; Pedersen, Ole B.;
Tharner, Lise W.; Didriksen, Maria

Published in:
Psychiatry Research

DOl (link to publication from Publisher):
10.1016/j.psychres.2022.114944

Creative Commons License
CCBY 4.0

Publication date:
2022

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Mikkelsen, C., Larsen, M. A. H., Sgrensen, E., Hansen, T. F., Mikkelsen, S., Erikstrup, C., Nielsen, K. R., Bruun,
M. T., Hjalgrim, H., Kessing, L. V., Werge, T., Ullum, H., Ostrowski, S. R., Pedersen, O. B., Tharner, L. W., &
Didriksen, M. (2022). Prevalence of major depressive disorder in 51,658 otherwise healthy adult Danes: Sex
differences in symptomatology and prediction of future anti-depressive medication. Psychiatry Research, 318,
Article 114944, https://doi.org/10.1016/j.psychres.2022.114944

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -


https://doi.org/10.1016/j.psychres.2022.114944
https://vbn.aau.dk/en/publications/cdc721c6-a940-4de5-a7e6-bad5fcfe721c
https://doi.org/10.1016/j.psychres.2022.114944

Take down policy

If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 05, 2025



Psychiatry Research 318 (2022) 114944

Contents lists available at ScienceDirect PSYCHIATRY
RESEARCH

Psychiatry Research

o %

ELSEVIER journal homepage: www.elsevier.com/locate/psychres

t.)

Check for

Prevalence of major depressive disorder in 51,658 otherwise healthy adult &=
Danes: Sex differences in symptomatology and prediction of future
anti-depressive medication

Christina Mikkelsen *", Margit A.H. Larsen ®, Erik Sgrensen”, Thomas Folkmann Hansen

Susan Mikkelsen °, Christian Erikstrup ©, Kaspar R. Nielsen !, Mie T. Bruun ¢, Henrik Hjalgrim "/,
Lars V. Kessing"l, Thomas Werge LLm Henrik Ullum n, Sisse R. Ostrowski®', Ole
B. Pedersen >, Lise W. Therner?, Maria Didriksen ®"

@ Department of Clinical Immunology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

Y Novo Nordisk Foundation Center for Basic Metabolic Research, University of Copenhagen, Copenhagen, Denmark
¢ Danish Headache Center, Department of Neurology, Copenhagen University Hospital, Glostrup, Denmark

4 Novo Nordic Foundation Center for Protein Research, University of Copenhagen, Copenhagen, Denmark

€ Department of Clinical Immunology, Aarhus University Hospital, Aarhus, Denmark

f Department of Clinical Immunology, Aalborg University Hospital, Aalborg, Denmark

8 Department of Clinical Immunology, Odense University Hospital, Odense, Denmark

1 Department of Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark

! Department of Hematology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

J Copenhagen Affective Disorder Research Center (CADIC), Psychiatric Center Copenhagen, Rigshospitalet, Copenhagen, Denmark
X Institute of Biological Psychiatry, Mental Health Center Sct. Hans, Mental Health Services, Roskilde, Denmark

! Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark

™ The Lundbeck Foundation Initiative for Integrative Psychiatric Research, iPSYCH, Copenhagen, Denmark

" State Serum Institute, Copenhagen, Denmark

© Department of Clinical Immunology, Naestved Hospital, Naestved, Denmark

ARTICLE INFO ABSTRACT
Keywords: Major Depressive Disorder (MDD) is a heterogeneous disease, which displays sex differences in symptomatology.
Epidemiology This study aimed to assess point prevalence of MDD in undiagnosed, healthy adults as well as sex differences in

Mental health symptomatology and clarify if specific symptoms increased the later need for anti-depressive medication. The

study included 51,658 blood donors. Depressive symptoms were assessed according to ICD-10 using the Major
Depression Inventory. Demographics, previous MDD, anti-depressive medication were collected from question-
naires and population registers. Descriptive, Logistic and Cox regression analyses were conducted.

In total, 1.15% participants met the criteria for MDD. Women were significantly more likely to experience
"increased appetite” and less likely to experience “a feeling of life not worth living”, compared to men. MDD
significantly associated with an increased hazard of later receiving a prescription for anti-depressive medication.
The risk increased proportionally with increasing MDD severity. The two symptoms, “feeling that life is not
worth living” and "trouble sleeping" were the strongest individual predictive symptoms of future anti-depressive
medication in women and men, respectively.

The results confirm findings in MDD patient groups. The diagnostic and prognostic value should be investi-
gated further to address their potential as part of the clinical assessment.

1. Introduction twice as common in women as in men (Kuehner, 2017), with a total
prevalence in Denmark of just below 3% (Ellervik et al., 2014). The
Major Depressive Disorder (MDD) is a common psychiatric disorder, global prevalence estimate of people in need of treatment due to
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depression has increased with nearly 20% between 2005 and 2015
(World Health Organization, 2017) resulting in an increase in the
related socioeconomic burden of great magnitude (Greenberg et al.,
2015; Xu et al., 2016). Detection of MDD in early stages increases the
probability of a positive treatment outcome significantly (Bukh et al.,
2013; Halfin, 2007).

Evidence of the heterogeneity of MDD has emerged, suggesting
numerous distinct subtypes (Harald, Gordon, 2012) not sufficiently
described in the current diagnostic constructs. These includes
symptom-based subtypes e.g. atypical depression which has been shown
to be more frequent in women and present with neurovegetative
symptoms including increased appetite and hypersomnia (Blanco et al.,
2012; Lamers et al., 2013; Marcus et al., 2008). In addition, research
suggests distinct biomarker differences among the different subtypes.
Melancholic depression, characterized by loss of pleasure and lack of
mood  reactivity, has been found to associate with
Hypothalamic-Pituitary-Adrenal axis hyperactivity (Esposito, Buoli,
2020), whereas atypical depression associates with immune and meta-
bolic dysregulation (Lamers et al., 2020).

On a broader scale, a recent study assessed potential clinical and
biochemical differences among MDD patients diagnosed according to
DSM-5 and not stratified by subtype (Ceresa et al., 2022). Their findings
suggest that women are more prone to metabolic dysregulation indi-
cated by higher cholesterol and lower uric acid levels.

However, while the combined literature suggests a need for more a
more personalized approach to MDD diagnostics, identification of early
symptoms in (yet) undiagnosed individuals, pose a challenge. To assess
this, large-scale prospective studies of individuals who are undiagnosed
and otherwise healthy at baseline are needed. The Danish Blood Donor
Study (DBDS) is a nationwide cohort of blood donors that enables such a
study. The cohort was initiated in 2009 as a healthy prospective cohort
study, which could be used to identify early disease parameters, both
clinically and biochemically (Didriksen et al., 2018; Hansen et al., 2019;
Pedersen et al., 2012). Combined with access to public registries and the
national prescription database, the DBDS makes it possible to follow the
participants’ use of medication from enrollment, and until they emigrate
from Denmark or their death.

The present study includes 51,658 blood donors, with no depressive
disorder at baseline. The aim was to investigate the point prevalence of
ICD-10 MDD in DBDS participants upon enrollment into the cohort and
to elucidate potential sex-specific symptomatology. Furthermore, to
reveal if specific early symptoms were associated with increased risk of
later anti-depressive medication.

2. Methods
2.1. Study design and participants

The study is based on DBDS. Upon enrollment, participants answer
an elaborate health questionnaire, including items on depressive
symptoms and they give permission for individual-level linkage to data
from national registers (Burgdorf et al., 2017; Pedersen et al., 2012). To
be eligible for blood donation the donors are required to be generally
good health and not undergoing chronic medical treatment for example
anti-depressive medication. Their general health is assessed in a
face-to-face interview with a health care professional or donor care as-
sistant. Data was retrieved between May 19, 2015 and December 31,
2021.

2.2. Depressive symptoms and investigated characteristics

The Major Depression Inventory (MDI) has previously been validated
in the Danish population (Bech et al., 2001, 2015) and between 2015
and 2018 it was included in the DBDS inclusion-questionnaire. Partici-
pants were also asked if they have ever been diagnosed with depressive
disorder by a medical doctor. If participants answered yes to this
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question, they were asked whether they received medical or other
treatment.

In this study, MDD was defined using MDI according to the ICD-10
classification as the presence of at least two core symptoms and two
accompanying symptoms. Presence of at least two core- and two
accompanying symptoms indicate mild depression, at least two core and
four accompanying symptoms indicate moderate depression, and at
least three core- and five accompanying symptoms indicate severe
depression.

The participants were linked with data from the Danish National
Prescription Register and from the Occupation register. This was done
by using pseudomized versions of the unique civil Danish registration
numbers (Pedersen, 2011). Information on filled prescriptions for
anti-depressive medication (Anatomical Therapeutic Chemical (ATC)
classification codes: NO6A) was collected in the years between January
1995 and December 31, 2021. Moreover, information on the partici-
pants’ highest achieved educational level was retrieved. Data on weight,
height, smoking status, and alcohol consumption was self-reported. Data
on sex and age were collected from national population registers. Data
on donation history was available from all national blood bank registers.

2.3. Mental health-related quality of life

Mental health-related quality of life (MCS) in the current cohort was
assessed by the 12-item short form healthy survey (SF-12) and calcu-
lated by applying the method recommended by Quality Metric Inc
(Steenstrup et al., 2013).

2.4. Statistics

The study population was described using descriptive statistics. Age
and body mass index (BMI) were described by means and standard de-
viations (SD), while dichotomous and categorical variables were
described in percentages. Differences between groups were investigated
using t-tests for normally distributed data and Mann-Whitney U-tests for
non-normally distributed data. Chi-tests were used to assess differences
in distribution of dichotomous variables. Normal distribution of data
was investigated by producing quantile-quantile plots and to obtain
normal distribution, age was log-transformed. Sex-stratified multivari-
able Cox regression models were used to assess the association between
depressive symptoms and risk of subsequently being prescribed anti-
depressive medication. The analyses were adjusted for age, obesity
(BMI>30 (Bremner et al., 2020)), smoking status (Fluharty et al., 2017;
Wang et al., 2018), educational level (Bjelland et al., 2008; Han et al.,
2019; Llorente et al., 2018), alcohol consumption (Keyes et al., 2019),
and use of anti-depressive medication prior to study enrollment. A
P-value<0.05 was considered statistically significant. Statistical ana-
lyses were conducted on Statistics Denmark servers on anonymized data
using STATA/SE 15.0, StataCorp, College Station, TX.

3. Results

3.1. MDD results and the association with future prescription of anti-
depressive medication

In total, 51,658 participants (25,109 women and 26,549 men) were
included in the analyses (Fig. 1). Characteristics of the study population
can be found in Table 1. In total, 596 (1.15%) participants (63.8%
women), classified with an ICD-10 depression at baseline and of these,
158 (26.6%) (n, women=124) reported a previous MDD diagnosis
(Table 2).

When examining the mean scores of the individual MDI items, the
following symptoms displayed sex differences: lacking energy, trouble
concentrating, increased appetite and life not worth living (Table 3). The
first three most common in women whereas the latter was most common
in men. Overall, the two core symptoms lack of interest and lacking energy



C. Mikkelsen et al.

The questionnaire was answered by

52,978
1,079 excluded due to missing data
on at least one item on the MDI scale
51.899
244 excluded due to missing data on
lifestyle
51,658

Fig. 1. Flowchart of participant inclusion in the analysis. All participants
answering the questionnaire was eligible for inclusion. Exclusion criteria
included missing data in the MDI questions, no information on smoking, bmi or
alcohol consumption.

Table 1
Baseline characteristics of the study population.

Characteristic Current ICD-10 No current ICD-10 P
depression depression value
Participants 596 51,062
Sex (women), n (%) 380 (63.8) 24,729 (48.4) <0.001
Age (years), mean (SD) 32.5(11.3) 40.3 (13.0) <0.001
Smoking (%) 21.8 13.1 <0.001
Self-reported previous 26.6 8.1 <0.001
depression diagnosis (%)
Previous use of anti- 18.9 7.95 <0.001
depressive medicine (%)
Body mass index, mean (SD) 26.3 (4.8) 25.7 (4.2) <0.001
Alcohol drinking (%) <0.001
Almost never 25.2 14.4 -
A few times a month 54.4 51.6 -
A few times a week 16.8 29.7 -
Every day 3.7 4.3 -
Education (%) <0.001
Elementary/middle school ~ 13.2 7.63 -
High school/vocational 49.3 45.5 -
course
Short length higher 6.51 8.26 -
education
Medium length higher 20.4 24.3 -
education
Long length higher 10.6 14.3 -
education

¥ Participants with ICD-10 depression (>2 core symptoms and >2 accompa-
nying symptoms) compared to controls.

had the highest mean scores among both women and men.

3.2.1. Investigating risk of later treatment with anti-depressive medication

During follow-up of the entire cohort, 1874 (3.63%) participants
(58.7% women) received a prescription of anti-depressive medication.
In total, 97 (16.3%) (71 women) of the participants who classified with
an MDD at baseline filled a prescription for anti-depressive medication
during follow-up (median number of days after inclusion = 897, inter
quartile range (IQR): 211-1356). Of all the 1874 participants, 628
(33.6%) reported having a previous depression diagnosis. For the Cox
regression analysis, the date of entering was set as the date of enrollment
in the DBDS and thus answering the MDI. The earliest date of entry was
therefore May 19th, 2015, while the latest date was June 1, 2018. Date
of censoring was set as prescription date, date of death, or December 31,
2021, whichever came first. Data on deaths was only available until
December 31, 2018. This means that if any participants died between
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January 1, 2019 and December 31, 2021 they have been misclassified as
controls in the Cox regression models. However, since the mean age of
the study population is 40 years, they are generally healthy upon in-
clusion, and the recorded death rate prior to 2019 is low, it is unlikely
that this will have biased the results. If this has had any effect, it would
have been a decrease in effect estimates. Mean follow-up time was 5.1
years (a total of 264,922 person-years). Participants classifying with
ICD-10 depression according to MDI at baseline had an increased hazard
ratio (HR) for subsequently being prescribed anti-depressive medication
(women, HR = 4.90 (95% CI: 3.85-6.23), P<0.001; men, HR = 4.44
(95% CI: 3.00-6.56), P<0.001). The hazard was observed to be depen-
dent on symptom severity (Table 4).

3.2. Symptoms predicting later medical treatment

When investigating the individual symptoms and risk of later being
prescribed anti-depressive medication, some notable findings occurred:

First, the cox regression analysis was only corrected for known
confounders (Table 5, Model A). Thereby assessing the predictive value
of the individual symptoms when other depressive symptoms are also
present. In the total cohort, presence of each individual symptom,
associated with increased hazard of later anti-depressive medication.
However, when only including individuals classifying with MDD at
baseline, it was observed that in women, symptoms of sadness (HR =
1.86; 95% CI: 1.12-3.07, P = 0.016), guilt (HR = 2.37; 95% CIL:
1.24-4.53, P = 0.009), and life not worth living (HR = 2.55; 95% CI:
1.52-4.29, P = <0.001), each significantly increased the risk of anti-
depressive medication. This suggests that if one or more of these
symptoms are part of a female patient’s symptomatology, then there is
an increased risk of progression with ensuing need for medical
treatment.

To assess the predictive value of each individual symptom without
the presence of other symptoms, the analysis was repeated with cor-
recting for the remaining symptoms (Table 5, Model B). Here it was
found that different symptoms associated with anti-depressive medica-
tion both in women and men, but also dependent on MDI-score at
baseline. In participants with baseline depression, problems concen-
trating (men, HR = 2.62; 95% CI: 1.03-6.62, P = 0.044) and life not worth
living (women, HR = 1.62; 95% CI: 1.07-3.43, P = 0.028) significantly
increased the risk of anti-depressive medication.

3.3. MCS and iron deficiency

A negative correlation was observed between the MDI and the MCS
score (linear regression coefficient=—0.53. p<0.001). Furthermore,
analysis also showed a negative correlation between MCS and risk of
later being prescribed anti-depressive medication. The risk decreased by
6% for each 1-point increase in MCS.

As iron deficiency is a known side effect to blood donation with
symptomatology that may mimic depression, this was also included in
the analyses. Previous studies have described that donation history for
the past 3 years, is the strongest predictor for iron deficiency (Rigas
et al., 2014). Consequently, follow-up analyses with this information
was included as a covariate in all applied statistical models were con-
ducted. The effect sizes were marginally attenuated, but the P-values did
not change, suggesting that the depressive symptoms observed are in-
dependent of potential donation-related loss of iron.

4. Discussion

In this prospective cohort study of 51,658 otherwise healthy Danish
blood donors, the point prevalence of MDD defined by MDI-score was
1.15% (0.81% among men and 1.52% among women).

Increased appetite and problems concentrating were significantly
more common in women whereas men were more likely to experience a
feeling of life not worth living. Together with sleep problems, life not
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Table 2
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ICD-10 Depression and previous anti-depressive medication among DBDS participants.

All participants

Participants without a previous depressive

Participants with a previous depression diagnosis (N

(N = 51,658) diagnosis = 4,274)
(N = 47,291)
N % N % N %
No current ICD-10 depression 98.9 46,854 99.1 4,116 96.3
(men/women) 51,062 (99.2/98.4)  (24,790/22,062)  (99.3/98.9) (1,497/2,619)  (97.8/95.5)
(26,333/24,729)
Mild ICD-10 depression 217 0.42 166 0.35 51 1.19
(men/women) (85/132) (0.32/0.53) (72/94) (0.29/0.42) (13/38) (0.85/1.39)
Moderate ICD-10 depression 264 0.51 197 0.42 66 1.54
(men/women) (93/171) (0.35/0.68) (80/117) (0.32/0.52) (12/54) (0.78/1.97)
Severe ICD depression 115 0.22 74 0.16 41 0.96
(men/women) (38/77) (0.14/0.31) (29/45) (0.12/0.20) (9/32) (0.59/1.17)
Previous anti-depressive medication =~ — - - - 2,109 49.3
(men/women) (756/1,353) (49.6/49.4)
bl the mental component score on the SF-12.
La e3 . ticipants with ICD-10 d ion (N — 596) The sex differences in symptomatology reported here are in accor-
ean score 1n participants wi - epression = N . . . . . .
P P P dance with the findings from a 2017 meta-analysis of 32 studies with
ICD-10 depression 108,260 individuals (Cavanagh et al., 2017). There, women were found
Item  Symptom x:“ score, md‘awno(rl:l‘ii) P value to report depressed mood, appetite, and sleep disturbances more often.
(n = 216) (n = 380) Suicidal thoughts was instead found to be more frequent in men, but this
was not statistically significant. However, the heterogeneity in the data
1 Sadness 3.28, 3 (3;4) 3.29, 4 (2;4) 0.77 dth thod dt MDD A t Swi tud
o Lack of interest 3.98 4 (44) 3.92 4 (4.4) 0.36 and the metho sus'e 0 assess : wa.s a concern. A recent Swiss study
3 Lacking energy 3.98, 4 (4;4) 4.16, 4 (4:4) <0.01 that used the Hamilton Depression Rating Scale to assess 590 MDD pa-
4 Low self-esteem 3.17, 4 (3;4) 3.26, 4 (3;4) 0.20 tients, found that women more frequently experience anxiety symptoms
5 Guilt 2.91,3(24)  3.08,4(z4 009 and guilt (Vetter et al., 2021). We equally found guilt to be more
6 Life not worth living 1.34,1 (0;2) 1.07, 1 (0;1) 0.03 . . o s e epe
e . frequent in women however, this was not statistically significant. Our
7 Difficulties concentrating 1.97, 2 (1;3) 2.32,3(1;4) <0.01 L )
8a Restless 2.42, 3 (1;4) 2.30, 2 (1;4) 0.41 findings thus supports efforts towards a sex stratified assessment of
8b More quiet 2.88, 3 (2;4) 2.93, 3 (2,4) 0.66 potential depression exemplified by the Male Depression Risk Scale
9 Trouble sleeping 2.50, 3 (1;4) 2.51, 3 (1;4) 0.95 (Rice et al., al.,2022)
10a Decreased appetite 1.46,1 (6;3) 1.42,1(6;3) 0.85 To our knowledge, this is the first study to combine the assessment of
10b Increased appetite 1.08, 0 (0;2) 1.79, 1 (0;3) <0.001

 IQR = Inter quartile range.

¥ P-values for statistically significant differences between sexes were calcu-
lated using Mann-Whitney U tests because data were skewed to the right and
therefore not normally distributed.

§ Core symptoms.

worth living were the strongest, individual predictive symptoms of
receiving a prescription for anti-depressive medication.

The prevalence observed in this study was substantially lower than
previous findings in Danish population studies, which reported preva-
lence from 2.3% and 4.9% (Andersen et al., 2011; Ellervik et al., 2014;
Grynderup et al., 2012; Olsen et al., 2004). This difference is likely the
result of the healthy donor effect (Atsma, de Vegt, 2011). A term which
describes the phenomenon of decreased morbidity rates and healthier
lifestyle among blood donors compared to the general population. This
is supported by previous studies reporting that blood donors to have a
better self-perceived mental health and higher Mental Component Score
than the background population(Didriksen et al., 2021; Rigas et al.,
2019a) In addition, we found that MDI score correlated negatively with

Table 4

depressive symptoms among a group of otherwise healthy individuals
with an investigation of the prospective association between specific
symptoms and later anti-depressive medication. To address the indi-
vidual association between each symptom and later anti-depressive
medication, a fully adjusted model was performed to remove the ef-
fects from other symptoms. Interestingly, when stratifying by MDD or no
MDD at baseline, we observed that different symptoms associated with
increased hazards for later anti-depressive medication in the two groups.
It could be speculated that the observed associations are the early
symptoms of a developing MDD. In individuals classifying with
depression at baseline, a different symptomatology was observed when
investigating the hazard for being prescribed anti-depressive medica-
tion. In contrast to the no MDD group only one symptom associated with
increased hazard for each sex. In women this was the same as in the no
MDD group but for men, only problems in concentration significantly
associated with later anti-depressive medication. Given, that these in-
dividuals already classified with MDD at baseline, further studies should
investigate if the presence of these specific symptoms can be used as part
of a prognostic tool.

This study has several strengths and potentials for translation into

MDI score and risk of subsequently being prescribed anti-depressive medication. Cox regression analysis. (Reference group = no depression).

Men, N = 26,549

Women, N = 25,109

Model 1 Model 2 Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
ICD-10 depression 4.44 (3.00-6.56) <0.001 2.58 (1.69-3.92) <0.001 4.90 (3.85-6.23) <0.001 3.03 (2.37-3.88) <0.001
Mild depression 4.27 (2.29-7.98) <0.001 3.26 (1.68-6.32) <0.001 4.36 (2.85-6.64) <0.001 3.55 (2.32-5.44) <0.001
Moderate depression 3.54 (1.84-6.83) <0.001 3.30 (1.70-6.37) <0.001 3.99 (2.73-5.85) <0.001 3.22 (2.18-4.77) <0.001
Severe depression 7.17 (3.41-15.1) <0.001 4.96 (2.05-11.9) <0.001 8.22 (5.39-12.5) <0.001 6.68 (4.37-10.2) <0.001

Model 1: Unadjusted.

Model 2: Adjusted for age, smoking status, body mass index, alcohol intake, and educational level and previous use of anti-depressive medicine.



Table 5
Risk of being prescribed anti-depressant medication after experiencing specific depressive symptoms. Cox regression analysis.
MDI depressive symptom MODEL A MODEL B
The total cohort, N = 51,658 Participants with depressive disorder according to MDI, The total cohort, N = 51,658 Participants with depressive disorder according to MDI,
N =596 N =596
Men, N = 26,549 Women, N = 25,109 Men, N = 216 Women, N = 380 Men, N = 26,549 Women, N = 25,109 Men, N = 216 Women, N = 380
HR Pvalue HR Pvalue HR Pvalue HR P value HR P value HR P value HR Pvalue HR P value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
MDI 1 3.73 <0.001 3.37 <0.001 1.33 0.526 1.86 0.016 1.14 0.591 1.25 0.202 0.77 0.337 1.44 0.224
(2.51-5.54) (2.57-4.41) (0.55-3.22) (1.12-3.07) (0.70-1.85) (0.89-1.77) (0.55-5.67) (0.80-2.56)
MDI 2 2.25 <0.001 2.36 <0.001 1.46 0.624 0.86 0.648 0.86 0.456 0.89 0.461 1.85 0.458 1.19 0.649
(1.63-3.10) (1.85-3.01) (0.32-6.53) (0.44-1.66) (0.57-1.28) (0.64-1.22) (0.36-9.40) (0.56-2.53)
MDI 3 2.95 <0.001 2.65 <0.001 1.34 0.698 0.75 0.593 1.40 0.060 1.26 0.099 1.74 0.502 0.90 0.849
(2.25-3.87) (2.19-3.21) (0.31-5.82) (0.27-2.12) (0.99-1.99) (0.96-1.66) (0.35-8.75) (0.29-2.74)
MDI 4 3.13 <0.001 2.54 <0.001 1.58 0.422 1.83 0.110 1.55 0.012 1.26 0.062 1.74 0.359 1.06 0.888
(2.50-3.93) (2.15-2.99) (0.52-4.82) (0.87-3.85) (1.10-2.19) (0.99-1.61) (0.53-5.65) (0.47-2.36)
MDI 5 3.17 <0.001 2.69 <0.001 0.68 0.376 2.37 0.009 1.67 0.002 1.46 0.002 0.48 0.151 1.92 0.069
(2.54-3.96) (2.28-3.19) (0.29-1.60) (1.24-4.53) (1.21-2.30) (1.14-1.85) (0.18-1.30) (0.95-3.89)
MDI 6 2.89 <0.001 4.12 <0.001 1.47 0.398 2.55 <0.001 1.20 0.425 1.61 0.011 1.30 0.597 1.92 0.028
(1.92-4.35) (3.01-5.65) (0.60-3.62) (1.52-4.29) (0.76-1.90) (1.12-2.36) (0.50-3.39) (1.07-3.43)
MDI 7 2.63 <0.001 2.29 <0.001 2.15 0.071 1.38 0.192 1.20 0.317 0.89 0.398 2.61 0.044 0.96 0.883
(1.97-3.49) (1.85-2.86) (0.94-4.95) (0.85-2.25) (0.84-1.70) (0.67-1.17) (1.03-6.62) (0.56-1.66)
MDI 2.40 <0.001 2.62 <0.001 0.76 0.517 1.78 0.023 1.15 0.382 1.32 0.038 0.50 0.148 1.47 0.178
8a (1.88-3.07) (2.15-3.19) (0.33-1.74) (1.08-2.92) (0.84-1.58) (1.02-1.71) (0.20-1.28) (0.84-2.57)
MDI 2.27 <0.001 2.51 <0.001 0.89 0.792 1.69 0.065 0.93 0.654 1.11 0.409 0.67 0.403 1.36 0.308
8b (1.76-2.92) (2.07-3.05) (0.37-2.15) (0.97-2.94) (0.67-1.29) (0.86-1.44) (0.26-1.72) (0.75-2.44)
MDI 9 2.62 <0.001 2.26 <0.001 1.44 0.414 1.24 0.380 1.85 <0.001 1.44 <0.001 1.22 0.672 1.12 0.651
(2.14-3.21) (1.92-2.68) (0.60-3.47) (0.77-2.00) (1.46-2.35) (1.18-1.77) (0.49-3.05) (0.68-1.86)
MDI 2.32 <0.001 211 <0.001 1.57 0.342 1.05 0.854 0.83 0.397 0.94 0.724 1.44 0.495 0.84 0.594
10a (1.56-3.44) (1.58-2.82) (0.62-3.96) (0.61-1.83) (0.53-1.29) (0.68-1.31) (0.50-4.13) (0.45-1.58)
MDI 1.64 0.001 2.26 <0.001 1.56 0.362 1.15 0.597 1.01 0.939 1.41 0.002 1.89 0.224 1.06 0.822
10b (1.21-2.21) (1.85-2.76) (0.60-4.07) 80.69-1.91) (0.73-1.40) (1.13-1.77) (0.66-5.30) (0.62-1.84)

HR = Hazard ratio.
' A core symptom (items 1-3) is considered present if it is experienced “most of the time” or more often, while an accompanying symptom is considered present if experienced “a little bit more than half the time” or more
often (items 4-10)
MODEL A: Analyses were adjusted for age, obesity, smoking status, alcohol intake and educational level, and previous use of anti-depressive medication
MODEL B: Analyses were adjusted for age, obesity, smoking status, alcohol intake and educational level, and previous use of anti-depressive medication and the remaining MDI symptoms.
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depression diagnostics and estimation of prognosis. It was performed in
a subgroup that is considered healthier that the general population,
which can both be considered a strength of the study methodology as
well as a limitation. The strength is given in the fact that the included
individuals were unlikely to suffer from differential diagnosis at time of
enrollment. This indicates that the observed depressive symptoms might
be characterized as early diagnostic features. However, because blood
donors have been found to be healthier than the background population
on several parameters, it may be difficult to generalize the results.

Even so, the size of the cohort and the standardized use of the MDI,
which has been validated in the general Danish population, are impor-
tant strengths. In accordance with previous studies in MDD patients, we
found that in healthy, undiagnosed individuals, increased appetite and
lack of energy were more frequent in women than in men. The presence
of these patterns even before a clinical diagnosis indicate that these
symptoms may be important in future studies of early diagnostic
features.

There are also several limitations to this study. First, as implied by
the healthy donor effect, there is the matter of selection bias, as donors
must comply with strict health criteria to be eligible for donation. In case
of a donor reporting a current depression, they may therefore be de-
ferred. Not because of blood quality but to protect the health of the
donor. Second, other states of mind may mimic depression causing
misclassification of the MDI score. These include grief, stress, and
sadness due to recent stressful life events. Third, based on available data,
somatic disease or previous manic episodes could not be excluded;
however, no participants reported known diseases needing medical
treatment at the time of the donor health interview and inclusion.
Fourth, anti-depressive medication may be used to treat other diseases
including anxiety, obsessive-compulsive disorder, eating disorders or
pain. Because these indications for antidepressants are much more
seldom than depression and because they are linked to depression, we do
not believe these other indications influences the associations found. In
addition, as we did not have access to the public register for psychiatric
diagnoses, using ATC-codes was considered the most accurate follow-up
possible. Furthermore, we were not able to stratify into MDD symptom-
subtypes based on the MDI results. However, it could extremely inter-
esting and relevant to investigate if the symptomatology patterns
observed here differ among the different subtypes. Another important
limitation when using prescriptions as a proxy for diagnosis is that
prescriptions of anti-depressive medication also relate to the subjective
assessment of the physicians and the patients’ attitude towards medi-
cation. Finally, blood donation is associated with reduced iron stores
(Rigas et al., 2019b), which have been speculated to affect occurrence of
depression (Vulser et al., 2016).

5. Conclusion

In conclusion, MDD among blood donors is rare compared to the
general Danish population. Small, significant sex differences in symp-
tomatology were seen, as women were more likely to have increased
appetite and lack of energy, comparable to previous studies in MDD
patients. Blood donors with MDD had an increased risk of anti-
depressive medication during follow-up, with specific symptoms
increasing the hazard significantly. Our results may prove beneficial in
early diagnostics and prognostics and should be investigated further,
both on a broader level and among different depression subtypes.
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