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I N TRODUC TION

While serotonergic signalling is primarily associated with 
the central nervous system, its importance in peripheral 
tissues, such as the gastrointestinal tract and airways, is 
well established.1 Key to this signalling is the activation of 
5-hydroxytryptamine (5-HT) receptors, which have nota-
bly been identified on haematopoietic stem and progeni-
tor cells (HSPCs), including both cluster of differentiation 
34-positive (CD34+) stem cells and committed progenitors.2 
In vitro and murine models have demonstrated that seroto-
nin treatment promotes increased survival, proliferation and 

mobility of HSPCs.3–5 Likewise, this mobilizing effect has 
been demonstrated in a clinical study, where treatment with 
the selective serotonin reuptake inhibitor (SSRI) fluoxetine 
accelerated bone marrow regeneration following autologous 
haematopoietic stem cell transplantation.6 These findings 
have led to the hypothesis that SSRI treatment might be 
beneficial to cytopenic patients and could potentially serve 
as a therapeutic agent in myelodysplastic neoplasms (MDS) 
and acute myeloid leukaemia (AML). By stimulating healthy 
haematopoiesis, SSRIs may support bone marrow regenera-
tion during high-intensity treatment,6,7 independently of 
traditional growth factors. On the one hand, this potential to 
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Summary
Preclinical and clinical studies suggest that selective serotonin reuptake inhibitors 
(SSRIs) can stimulate haematopoiesis by promoting proliferation and mobilization of 
haematopoietic stem and progenitor cells, but whether SSRI use influences myeloid 
malignancy risk remains unclear. We therefore conducted a nationwide case–con-
trol study using Danish healthcare registries, including 22 293 adults with incident 
myeloid malignancy diagnosed during 2001–2022 and 445 860 cancer-free controls 
matched 1:20 on age, sex and calendar year. Ever SSRI use was defined as ≥1 filled 
prescriptions, and long-term use as prescriptions equivalent to >3 years of use. A 6-
month lag period was applied to minimize reverse causation. Odds ratios (ORs) with 
95% confidence intervals (CIs) were estimated using conditional logistic regression 
adjusted for comorbidities, socioeconomic status and other psychotropic medica-
tions. SSRI use was not associated with increased myeloid malignancy risk com-
pared with never use (adjusted OR, 0.98 [95% CI, 0.94–1.01] for ever use; 0.92 [95% 
CI, 0.86–0.97] for long-term use). No associations were observed across sex or age 
groups. Estimates were similar across myelodysplastic neoplasms, myeloproliferative 
neoplasms and acute myeloid leukaemia and individual SSRIs. These findings from 
a large nationwide study provide reassurance that SSRI treatment is not associated 
with a clinically meaningful increase in myeloid malignancy risk.
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enhance haematopoietic recovery of a cytopenic bone mar-
row is clinically promising. On the other hand, SSRIs also 
appear to influence haematopoiesis in otherwise healthy 
individuals, as changes in complete blood cell counts have 
been observed in adults receiving SSRI treatment for depres-
sion.8 Induction of cell proliferation is a known carcinogenic 
mechanism,9 but it remains undetermined how prolonged 
stimulation of HSPCs through SSRI treatment might influ-
ence the risk of developing myeloid malignancies in other-
wise healthy individuals.

We therefore aimed to investigate the risk of de novo my-
eloid malignancy associated with SSRI use, using real-world 
data from nationwide population-based Danish registers.

M ATER I A L S A N D M ETHODS

We performed a case–control study based on data from the 
Danish nationwide registries. We compared the use of SSRIs 
among individuals diagnosed with myeloid cancer (cases) with 
use among cancer-free individuals (controls), estimating odds 
ratios (ORs) for myeloid cancer associated with SSRI use.

Study transparency and reproducibility10

This study is registered in the Real-World Evidence Registry 
(https://​osf.​io/​6da9g/​​), including the initial protocol and 
subsequent amendments. Data were used under licence 
and thus cannot be made publicly available. Deidentified 
data can be made available for authorized researchers after 
application to Forskningsservice at Statistics Denmark. 
The source code used to perform data management and 
statistical analyses is available at https://​gitlab.​sdu.​dk/​pharm​
acoepi/​ssri-​haem/​. The code was independently validated by 
an internal reviewer not otherwise involved in the study.

Data sources

We used data from six nationwide registry sources: the 
Danish Cancer Registry,11 the Danish National Prescription 
Registry,12 the Danish National Patient Registry,13 the 
Population Education Registry14 and the Civil Registration 
System.15 Diagnoses in the Danish Cancer Registry are 
transferred directly from clinical records, and the register is 
updated annually. Haematological diagnoses are established 
by haematologists and haematopathologists in accordance 
with continuously updated national clinical guidelines 
based on the World Health Organization Classification 
and the International Consensus Classification of Myeloid 
Neoplasms and Acute Leukemia.16,17 Further details on the 
individual registries are provided in Table S1.

Almost all medical care in Denmark is funded by the 
Danish National Health Service, enabling population-
based register linkage studies that include all Danish resi-
dents.18 Data sources were linked using a unique personal 

identification number assigned to all residents since 1968.15 
All data linkages were conducted by Statistics Denmark, a 
government agency responsible for collecting and process-
ing information for statistical and research purposes.

Study population

We identified cases as patients with a first-time diagnosis 
of a myeloid malignancy between 1 January 2001 and 31 
December 2022. Cases were included from the Danish Cancer 
Registry,11 using codes from the International Classification 
of Diseases, Tenth Revision (ICD-10) (Table S2).19 The date of 
diagnosis corresponded to the index date. We included only 
individuals aged ≥18 years at the index date. We excluded in-
dividuals who died prior to or on the index date and individ-
uals with a history of haematological malignancy. Cases with 
any residency outside Denmark within 10 years prior to the 
index date were also excluded, thus ensuring at least 10 years 
of register coverage for all study subjects (Figure 1). Controls 
were selected using risk set sampling, with a ratio of 1 case to 
20 controls, and matched on age, sex and calendar year. The 
same selection criteria listed above for cases were applied to 
controls. Controls were assigned an index date correspond-
ing to the index date of the case to whom they were matched. 
Cases were eligible as controls until the date of their diagno-
sis, ensuring that the calculated ORs were unbiased estimates 
of the incidence rate ratios that would have emerged from a 
cohort study in the same population.20

Exposure definition

We collected data on SSRI use from the Danish National 
Prescription Registry.12 We defined ever users of SSRIs as 
individuals with at least one prescription between 1 January 
1995 and 6 months prior to the index date. We further de-
fined long-term use as a cumulative number of ≥1096 de-
fined daily doses (DDD), corresponding to more than 3 years 
of use. To estimate the relationship between dose and my-
eloid cancer risk, we assessed SSRI exposure by calculating 
the cumulative dose of SSRI in the different exposure cat-
egories (≤182 DDD, 183–365 DDD, 366–730 DDD, 731–1095 
DDD, 1096–2190 DDD, 2191–4379 DDD and ≥4380 DDD). 
For all analyses, a lag time of 6 months was introduced, 
meaning that prescriptions filled in the 6 months before the 
index date were excluded to allow for a minimum latency 
period and to minimize reverse causality.21

Covariates

Potential confounders included age, sex and calendar year, 
which were accounted for by study design. From the Danish 
National Prescription Registry, we retrieved information on 
filled prescriptions for drugs suspected to modify the risk of 
myeloid malignancies and likely to be associated with SSRI 
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use, including serotonin-norepinephrine reuptake inhibitors 
(SNRIs), tricyclic antidepressants (TCAs) and clozapine.22

Information on comorbidities was obtained from the 
Danish National Patient Register and supplemented with 
filled prescriptions for drugs commonly used to treat these 
conditions (Table  S2). We included diagnoses of chronic 

obstructive pulmonary disease (COPD) and alcohol-related 
diseases as proxies for heavy smoking and heavy alcohol 
consumption respectively. Additional comorbidities in-
cluded autoimmune diseases and previous solid cancer.

Medication confounders were identified at any time be-
fore the index date, while most comorbidities were assessed 

F I G U R E  1   Design diagram.
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within 10 years before the index date, and a history of solid 
cancer was defined as any prior diagnosis. A 6-month lag 
period was also applied to all covariates.

From registries at Statistics Denmark and the Civil 
Registration System, we retrieved information on educa-
tional level as a crude measure of socioeconomic status. 
Codes for all covariates are listed in Table S2.

Statistical analyses

We used conditional logistic regression to estimate ORs 
with 95% confidence intervals (CIs) for the association be-
tween SSRI use and the risk of myeloid malignancies. In 
the primary analyses, we examined associations for ever 
use (≥1 prescription), long-term use (≥1096 cumulative 
DDD, corresponding to ≥36 months of use) and potential 
dose–response. In all analyses, never use served as the ref-
erence category. To evaluate dose–response trends, analy-
ses were restricted to ever users, with cumulative SSRI 
dose modelled as a continuous variable. All models were 
adjusted for all potential confounders outlined previously 
and listed in Table S2.

Subgroup and sensitivity analyses

We performed several subgroup analyses. We examined the 
association between long-term SSRI use and myeloid ma-
lignancy risk by sex, age group (<65 and ≥65) and subtype 
(MDS, myeloproliferative neoplasms and AML). Tests for 
subgroup differences (effect measure modification) were 
performed by adding an interaction term between long-term 
SSRI use and the subgroup variable to the conditional logis-
tic regression model. We further explored whether the as-
sociation was evident among individuals with no history of 
solid cancer, no history of autoimmune disease, and those 
not using SNRIs, TCAs or clozapine.

To examine whether the choice of lag time influenced 
the results, we performed sensitivity analyses varying the 
lag time, that is, the period before the index date where ex-
posure was disregarded. The lag time was varied from 0 to 
60 months in 12-month intervals. Further, we performed a 
sensitivity analysis to explore whether the association be-
tween SSRI use and the outcome differed by the specific 
SSRI used. We classified exposure according to individual 
SSRI substances and repeated the main analysis for each 
substance separately. Residual confounding and potential 

F I G U R E  2   Flow chart of the selection of cases.
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confounding by indication were explored using TCAs and 
lithium as primary exposure instead of SSRIs. The main 
analysis was repeated using the same definitions of never 
use, ever use and long-term use.

Ethics and approvals

All analyses were performed using Stata version 18.0. 
According to Danish law, studies based solely on register 
data do not require approval from an ethics review board.18 
In terms of data protection, the study was registered on 
the repository of the University of Southern Denmark 
(notification number 10.522).

R E SU LTS

We included 22 293 patients with a diagnosis of myeloid malig-
nancy and 445 860 population controls (Figure 2). The major-
ity of cases were myeloproliferative neoplasms (54%), followed 
by MDS (27%) and AML (19%). The median age at index date 
was 72 years (interquartile range, 61–79), and 53% were men. 
Characteristics of cases and controls are presented in Table 1. 
Differences in characteristics at the index date between cases 
and controls were generally minor, although cases more fre-
quently had a history of solid cancer, autoimmune disease, 
COPD and alcohol-related disorders. At the index date, 19% of 
cases and 18% of controls had filled at least one SSRI prescrip-
tion, while <7% in both groups were long-term users.

In fully adjusted models, neither ever use nor long-term 
use (≥1096 DDD) of SSRIs was associated with an increased 
risk of myeloid malignancy compared with never use (ever 
use: OR, 0.98 [95% CI, 0.94–1.01], long-term use: OR, 0.92 
[95% CI, 0.86–0.97]). Although a statistically significant 
trend towards lower estimates was observed with increasing 
cumulative SSRI dose, there was no clinically meaningful 
difference between estimates and thus no indication of a 
dose–response relationship (p for trend <0.01) (Figure 3).

Subgroup analyses of long-term SSRI users compared with 
never users showed similar estimates for men (OR, 0.89 [95% 
CI, 0.81–0.98]) and women (OR, 0.94 [95% CI, 0.87–1.01]) (p 
for interaction = 0.72). Although the association differed by 
age group, neither age group showed an increased risk of my-
eloid malignancy, with ORs of 1.04 (95% CI, 0.93–1.16) among 
individuals aged <65 years and 0.87 (95% CI, 0.81–0.94) among 
those aged ≥65 years (p for interaction = 0.002) (Figure  4). 
Estimates were similar across myeloid malignancy subtypes, 
with estimates close to unity for MDS (OR, 0.91 [95% CI, 
0.81–1.02]), AML (OR, 1.03 [95% CI, 0.90–1.18]) and myelop-
roliferative neoplasms (OR, 0.89 [95% CI, 0.82–0.97]) (all p 
for interaction ≥0.24) (Figure 4). Estimates remained similar 
when restricting the analyses to individuals without a history 
of solid cancer, without autoimmune disease and without 
prior use of TCAs, SNRIs or clozapine (Figure 4).

Estimates did not change when altering the latency period 
from 0 to 12 months and were only marginally attenuated 

towards the null from 24 to 60 months (Table S3). Analyses 
of individual SSRIs showed no consistent associations for 
ever use or long-term use, and there was no clear dose–re-
sponse pattern across specific SSRIs (Table S4). Fluvoxamine 
was excluded from the analyses due to the low number of 
users (0.46% of SSRI-exposed controls).

We observed no indication of significant residual con-
founding when using TCA as a negative control exposure 
(ever use: OR, 1.11 [95% CI, 1.06–1.17], long-term use: OR, 
1.08 [95% CI, 0.95–1.24]), with no evidence of a dose–re-
sponse relationship (p for trend = 0.56) (Figure 5). Both ever 

T A B L E  1   Characteristics of myeloid malignancy cases and matched 
controls.

Cases 
(n = 22 293)

Controls 
(n = 445 860)

Sex, n (%)

Men 11 725 (53) 234 500 (53)

Women 10 568 (47) 211 360 (47)

Age, median (IQR) 72 (61–79) 72 (61–79)

Age group, n (%)

<65 6982 (31) 139 640 (31)

≥65 15 311 (69) 306 220 (69)

Use of SSRI, n (%)

Never use 18 064 (81) 363 669 (82)

Ever use 4229 (19) 82 191 (18)

Long-term use (>3 years) 1367 (6.1) 27 712 (6.2)

Other medication use, n (%)

SNRI 197 (0.88) 3555 (0.80)

TCA 1778 (8.0) 30 764 (6.9)

Clozapine 26 (0.12) 445 (0.10)

Lithium 84 (0.38) 2247 (0.50)

Comorbidities, n (%)

Solid cancer 2668 (12) 45 663 (10)

Autoimmune disease 2783 (12) 45 663 (10)

COPD 4352 (20) 75 721 (17)

Alcohol-related disorders 832 (3.7) 13 737 (3.1)

Affective disorders 358 (1.6) 7108 (1.6)

Psychotic disorders 54 (0.24) 1099 (0.25)

Educational level, n (%)

Short 8095 (36) 158 838 (36)

Medium 8468 (38) 167 748 (38)

Long 4579 (21) 96 608 (22)

Unknown 1151 (5.2) 22 666 (5.1)

Myeloid malignancy, n (%)

Myelodysplastic neoplasms 5960 (27) —

Myeloproliferative 
neoplasms

12 022 (54) —

Acute myeloid leukaemia 4311 (19) —

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile 
range; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective 
serotonin reuptake inhibitor; TCA, tricyclic antidepressants.
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and long-term use of lithium were, however, associated with 
a decreased risk of myeloid malignancy (ever use: OR, 0.70 
[95% CI, 0.56–0.87], long-term use: OR, 0.70 [95% CI, 0.51–
0.97]), but with no evidence of a dose–response trend (p for 
trend = 1.00) (Figure 5).

DISCUSSION

In this large nationwide registry-based study, we found no 
evidence of an increased risk of myeloid malignancy with 
SSRI use. Serotonin and SSRIs stimulate HSPC proliferation 

F I G U R E  3   Association between SSRI use and risk of myeloid malignancy compared with never use. CI, confidence interval; DDD, defined daily 
dose; OR, odds ratio; SSRI, selective serotonin reuptake inhibitor. aAdjusted for age, sex, calendar time and other covariates (see Section 2.5).

Exposure group Cases, n Controls, n Adjusted OR
(95% CI)

a

SSRI

Never use

Ever use

Long−term use

Cumulative dose (DDD)

   =182

   183–365

   366–730

   731–1095

   1096–2190

   2191–4379

   =4380

   P−value for trend

18,064

4,229

1,367

1,507

524

509

322

527

461

379

363,669

82,191

27,712

27,537

10,245

10,453

6,244

10,464

9,394

7,854

1.00 (ref.)

0.98 (0.94–1.01)

0.92 (0.86–0.97)

1.05 (0.99–1.10)

0.97 (0.89–1.07)

0.92 (0.84–1.01)

0.97 (0.87–1.09)

0.95 (0.87–1.04)

0.92 (0.84–1.01)

0.89 (0.80–0.99)

<0.01
0.80 0.90 1 1.10 1.25

Adjusted OR (95% CI)

F I G U R E  4   Association between long-term SSRI use and risk of myeloid malignancy compared with never use by patient characteristics. CI, 
confidence interval; OR, odds ratio; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic 
antidepressants. aAdjusted for age, sex, calendar time and other covariates (see Section 2.5). bObtained by adding an interaction term between long-term 
SSRI use and the subgroup variable.

Subgroup Cases, n Controls, n
Adjusted OR
(95% CI) P � valueb

All

Sex

Age group

Myeloid subtype

Comorbidities

Men

Women

<65

=65

Myelodysplastic neoplasms

Myeloproliferative neoplasms

Acute myeloid leukaemia

No previous solid cancer

No autoimmune disease

No use of TCA, SNRI or clozapine

1,367

510

857

409

958

381

719

267

1,185

1,124

818

27,712

10,509

17,203

7,310

20,402

7,512

15,093

5,107

24,252

23,981

18,019

0.92 (0.86–0.97)

0.89 (0.81–0.98)

0.94 (0.87–1.01)

1.04 (0.93–1.16)

0.87 (0.81–0.94)

0.91 (0.81–1.02)

0.89 (0.82–0.97)

1.03 (0.90–1.18)

0.93 (0.87–1.00)

0.93 (0.87–0.99)

0.87 (0.80–0.93)

−

0.72

−

0.002

−

0.24

0.70

a

0.75 0.85 1 1.15 1.33
Adjusted OR (95% CI)
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and bone marrow regeneration,3–6 and while such stimula-
tion could theoretically promote malignant transformation, 
our results indicate that this effect does not translate into a 
clinically meaningful increase in myeloid malignancy risk at 
the population level.

The major strength of this study is the use of high-quality 
nationwide Danish registries, ensuring comprehensive can-
cer diagnoses across the entire Danish population while 
limiting the risk of selection bias. The use of prescription 
data ensured an unbiased assessment of SSRI exposure prior 
to diagnosis, thereby eliminating recall bias. The large size 
and complete, long follow-up allowed detailed analyses by 
myeloid subtype and cumulative dose of SSRI use and pro-
vided precise estimates of the association between SSRI use 
and myeloid malignancy risk. Further, linkage of registries 
enabled adjustment for several important confounders, in-
cluding socioeconomic parameters, comorbidities and use of 
other medications.

Despite these strengths, some limitations should also 
be considered. First, non-differential misclassification of 
SSRI use cannot be entirely excluded and would bias esti-
mates towards the null: patients with depression may have 
lower adherence to prescribed treatment than individ-
uals without depression,23 but as exposure was based on 
filled prescriptions—which patients must actively collect 
and pay for—we believe misclassification to be minimal, 
particularly for long-term users of SSRIs. We defined ever 
users as individuals with at least one filled prescription, 
which may overestimate true use. However, our cumu-
lative dose–response analyses did not indicate any clear 

associations, suggesting that such misclassification is 
unlikely to have inf luenced the results. Second, we used 
COPD and alcohol-related diseases as proxies for heavy 
smoking and heavy alcohol consumption, both of which 
are associated with SSRI use. However, residual confound-
ing cannot be excluded, as direct information on these fac-
tors was unavailable. Third, diagnostic criteria for myeloid 
malignancies were revised in 2008 and 2016,24,25 and the 
implementation of cancer patient pathways, covering both 
diagnostic workup and treatment, during 2009 and 2010 
increased diagnostic activity.26 These changes may have 
contributed to rising incidence, but as cases and controls 
were matched within the same calendar period, they are 
unlikely to have biased the observed associations. Finally, 
depression may be associated with reduced self-care and 
lower symptom reporting, and long-term users are gener-
ally monitored less closely than newly treated patients. For 
example, laboratory tests and electrocardiograms are typ-
ically performed at treatment initiation but not routinely 
during maintenance therapy, which could allow some 
long-term users to remain undiagnosed with myeloid 
malignancy for longer periods. Individuals with mental 
illness are less likely to participate in cancer screening 
compared with the general population,27 and health care 
providers might overlook symptoms of malignancy in this 
patient group, contributing to lower diagnostic activity 
and delayed diagnosis. Conversely, frequent healthcare 
contact among new antidepressant users could theoret-
ically increase the likelihood of earlier detection of my-
eloid malignancies during treatment initiation, but such 

F I G U R E  5   Association between the use of TCA and lithium and risk of myeloid malignancy compared with never use. CI, confidence interval; 
DDD, defined daily dose; OR, odds ratio; TCA, tricyclic antidepressant. aAdjusted for age, sex, calendar time and other covariates (see Section 2.5). ‘(−)’ 
indicates that it was not possible to estimate the number in the model.

Exposure group Cases, n Controls, n
Adjusted OR
(95% CI)

a

TCA

Lithium

Never use
Ever use
Long−term use
Cumulative dose (DDD)
   =182
   183–365
   366–730
   731–1095
   1096–2190
   2191–4379
   =4380
   P−value for trend

Never use
Ever use
Long−term use
Cumulative dose (DDD)
   =182
   183–365
   366–730
   731–1095
   1096–2190
   2191–4379
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a mechanism would be expected to bias estimates towards 
increased risks, which we did not observe.

Analyses of other psychotropic medications were included 
to explore potential residual confounding. When examining 
TCA use, we observed no increased risk and no dose–re-
sponse relationship. In contrast, lithium use was linked to 
a decreased risk of myeloid malignancy; however, we do not 
interpret this as a sign of significant residual confounding 
in the main analysis: Lithium has been linked to potential 
antitumor effects, inhibiting cancer cell proliferation and 
migration and inducing apoptosis,28 and for this reason, 
lithium was perhaps not a suitable negative control. This ap-
parent protective effect of lithium should be interpreted with 
caution, as lithium was included only as a negative control, 
and the analysis was not designed to evaluate its potential 
effects on cancer risk. The observed association may repre-
sent a chance finding arising from multiple comparisons or 
may reflect differences in the underlying patient population. 
A dedicated study with an appropriate design would be re-
quired to assess any potential association between lithium 
use and myeloid malignancy risk.

To our knowledge, this is the first study to specifically 
evaluate the association between SSRI use and myeloid ma-
lignancy risk using real-world data. The only other available 
report, a recent rapid analysis from the non-peer-reviewed 
Epic Research programme, suggested a reduced risk of hae-
matological cancers overall among long-term SSRI users.29 
The lack of peer review and limited methodological infor-
mation limits direct comparisons with the present study; 
however, it is apparent that the Epic Research analysis re-
quired continuous SSRI use for at least 3 years, defining the 
index date 3 years after initiation, thereby excluding both 
short-term users and cancers occurring earlier in follow-up. 
This approach likely introduced immortal time bias, poten-
tially explaining the observed protective effect. Given that 
haematopoietic cancers are generally thought to have shorter 
induction periods than most solid tumours,21,30 including 
only long-term users could exclude relevant cases and un-
derestimate potential risks.

In conclusion, this large nationwide study found no ev-
idence that SSRI use is associated with a clinically mean-
ingful increase in the risk of myeloid malignancy. These 
findings provide no support for a causal link between SSRI 
use and myeloid malignancy and are reassuring for the 
safety of long-term SSRI treatment in this regard.
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