
-RXUQDO RI $ϱHFWLYH 'LVRUGHUV ��� ������ ���²���

$YDLODEOH RQOLQH �� 1RYHPEHU ����
����������� ���� 7KH $XWKRUV� 3XEOLVKHG E\ (OVHYLHU %�9� 7KLV LV DQ RSHQ DFFHVV DUWLFOH XQGHU WKH && %<�1&�1' OLFHQVH
�KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�QF�QG�������

Research paper 

Cause-specific life years lost in individuals with treatment-resistant 
depression: A Danish nationwide register-based cohort study 

Kathrine Bang Madsen a,b,c,*, Oleguer Plana-Ripoll a, Katherine L. Musliner a,b, 
Jean-Christophe Philippe Debost a,b,d, Liselotte Vogdrup Petersen a,b,1, Trine Munk-Olsen a,b,c,1 

a National Centre for Register-based Research, Department of Economics and Business Economics, Aarhus University, Denmark 
b iPSYCH, the Lundbeck Foundation Initiative for Integrative Psychiatric Research, Denmark 
c MOODSTRATIFICATION- EU project 754740 
d Aarhus University Hospital, Department of Neurology, Denmark   

A R T I C L E  I N F O   

Keywords: 
Treatment-resistant depression 
Antidepressants 
Mortality 
Life years lost 
Suicide 

A B S T R A C T   

Background: Depression is associated with excess mortality, but it is not known how treatment-resistance in-
fluences life expectancy. We estimated cause-specific excess mortality and Life Years Lost (LYL) in patients with 
treatment-resistant depression (TRD). 
Methods: The population included all individuals born and living in Denmark who redeemed their first pre-
scription for an antidepressant at age 18–69 years between 2005 and 2012, identified in the Danish National 
Prescription Registry. TRD was defined as at least two additional and different antidepressant trials within two 
years. Mortality rate ratios (MRRs) were estimated with Cox regression adjusted for age at first prescription, 
calendar year and comorbidity. Differences in life expectancy were estimated by the Life Years Lost (LYL) 
method. 
Results: The cohort included 154,513 first-time pharmacologically treated patients with depression, of whom 
8,294 (5.4%) were identified as having TRD. Patients were followed for 1,032,245 person-years during which 
9,795 deaths occurred. Men and women with TRD had significantly higher mortality than non-TRD (aMRR: 1.34, 
95% CI 1.18–1.52 and aMRR: 1.39, 95% CI 1.19–1.63, respectively). Life expectancy for men and women with 
TRD was 1.21 (95% CI 0.36–2.44) and 1.24 (95% CI 0.35–2.34) years shorter than in all patients with depression. 
Suicide accounted for the majority of excess LYL, with 1.10 (95% CI 0.46–1.61) years in men and 0.82 (95% CI 
0.44–1.27) years in women with TRD. 
Limitations: Using redeemed prescriptions to define TRD may increase the risk of misclassification. 
Conclusions: Patients not responding adequately to several treatment trials are at increased risk for premature 
death, particularly suicide.   

1. Introduction 

Major depressive disorder (MDD) is associated with excess mortality: 
studies have reported about a twofold mortality rate ratio in people with 
a previous MDD diagnosis compared to the general population, and 
reduced life expectancy has been estimated at 14 years in men and 10 
years in women (Cuijpers et al., 2014; Laursen et al., 2016). 

Studies suggest that many patients respond well to treatment with 
antidepressant medications (Cipriani et al., 2018), however for some 
patients, symptoms do not remit even after several treatment trials 

(DiBernardo et al., 2018). This condition is referred to as 
treatment-resistant depression (TRD) (Otte et al., 2016; Ruh!e et al., 
2012). TRD has been defined in multiple ways; from failure to respond to 
a single trial of antidepressant medication to several treatment attempts, 
including augmentation and combination therapies (Conway et al., 
2017; Fekadu et al., 2009). Although different TRD definitions have 
been applied, the most common is the failure of at least two adequate 
dose-duration antidepressants (Conway et al., 2017; Gaynes et al., 
2019). When applying this definition, two recent Nordic register-based 
cohort studies found that 13–14% of patients with a first-time contact 
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to specialized psychiatric care for MDD could be defined as 
treatment-resistant (Gronemann et al., 2018; Reutfors et al., 2018). Es-
timates of treatment resistance among MDD patients treated in primary 
care range from 6.6% in a US study based on commercial claims data to 
12–28% in a Canadian study based on physician case reports (Kubitz 
et al., 2013; Rizvi et al., 2014). 

Prior studies of outcomes in TRD have predominantly been con-
ducted for economic evaluation (Corey-Lisle et al., 2002; Kubitz et al., 
2013; Olchanski et al., 2013), or have been restricted to clinical cohorts 
with limited sample size and follow-up time (DiBernardo et al., 2018; 
Fekadu et al., 2012; Mrazek et al., 2014; Rush et al., 2006; Souery et al., 
2007). As such, they may have been subject to selection bias. Studies on 
mortality have focused on comparing different treatments for TRD 
(Bergfeld et al., 2018; Olin et al., 2012), and only recently have com-
parisons with non-TRD samples been conducted. These two studies 
investigated the mortality of TRD using Swedish registers and US claims 
databases and found an increased all-cause mortality of 35% and 29%, 
respectively, compared with patients with a hospital diagnosis of MDD 
(Li et al., 2019; Reutfors et al., 2018). In addition, the study by Reutfors 
found that the increased mortality was mainly driven by suicides and 
accidents (Reutfors et al., 2018). However, as these studies only include 
patients seen in specialized care, they overlook the vast majority of 
depressive patients who are seen almost exclusively by general practi-
tioners and thus identified and first treated in primary care (Musliner 
et al., 2019; Ohayon et al., 1999). Furthermore, estimates for 
cause-specific mortality and reduction in life expectancy due to 
treatment-resistance in individuals with depression have never been 
reported. 

In the current nationwide population-based study, we report the 
differences in all-cause and cause-specific mortality rates and differ-
ences in life expectancy, estimated by mortality rate ratios and Life Years 
Lost, in a population of first-time antidepressant treated patients with 
and without TRD. 

2. Methods 

2.1. Study population 

All individuals born in Denmark who filled their first prescription for 
an antidepressant drug (ATC-code N06A) with the indication “for 
depression” or “for prevention of depression” (indication code 168 and 
270) aged 18–69 years between January 1, 2005 and December 31, 
2012 were identified in the Danish National Prescription Registry (N !
175,650) (Kildemoes et al., 2011). 

To capture only incident (first-time) cases of TRD we applied a set of 
exclusion criteria: we excluded individuals who filled a prescription for 
a potential add-on medication for depression including lithium 
(N05AN01), risperidone (N05AX08), olanzapine (N05AH03), aripipra-
zole (N05AX12) and quetiapine (N05AH04) before their first prescrip-
tion for an antidepressant drug (n ! 430). In addition, we linked each 
individual to the Danish Psychiatric Central Research Registry (Mors 
et al., 2011) and the Danish National Patient Registry (Lynge et al., 
2011), and excluded individuals (n ! 2991) who had a hospital in- or 
outpatient contact before redeeming their first antidepressant pre-
scription with Organic, including symptomatic, mental disorders 
(ICD-10: F00–09, ICD-8: 290.09, 290.10, 290.11, 290.18, 290.19, 292. 
x9, 293.x9, 294.x9, 309.x9), Schizophrenia, schizotypal and delusional 
disorders (ICD-10: F20–29, ICD-8: 295.x9, 296.89, 297.x9, 
298.29–298.99, 299.04, 299.05, 299.09, 301.83), and Bipolar disorders 
(ICD-10: F30–31, ICD-8: 296.19, 296.39, 298.19) (available since 1969) 
(Pedersen et al., 2014). Patients with a hospital in- or outpatient contact 
with a diagnosis of single or recurrent depressive episode (ICD-10: F32, 
F33, ICD-8: 296.09, 296.29, 298.09, 300.49) prior to their first antide-
pressant prescription were excluded if the contact was more than 30 
days before first prescription (n ! 3374); otherwise they were included 
in the sample with follow-up beginning on the date of their first pre-
scription. We also excluded individuals if their first treatment trial lasted 
less than four weeks (n ! 14,331). Finally, we excluded individuals who 
emigrated before their first prescription (n ! 11) using information from 
the Danish Civil Registration System, because of lack of information on 
redeemed prescriptions (Pedersen, 2011). The final study population 

Fig. 1. Classification of patients with treatment-resistant and treatment-responsive depression (non-treatment-resistant).  
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included 154,513 individuals with depression. 

2.2. Definition of treatment-resistant depression (exposure) 

Treatment-resistant depression was defined a priori based on the 
established definition of at least two shifts in treatment trials (Conway 
et al., 2017; Gaynes et al., 2019). Shifts were identified and defined as: 
A) Medication shift out of class, including augmentation (add-on 
medication with other psychotropic drugs; lithium, risperidone, olan-
zapine, aripiprazole and quetiapine) or combination (two different an-
tidepressant drug classes at the same time); B) In- or outpatient contact 
with the diagnoses F32–33; and C) Shifts had to occur within the same 
episode (definition of episode is defined below). Patients were classified 
with TRD on the date that these criteria were met (Fig. 1). Median 
duration to TRD from the first prescription was 643 days. For the main 
analyses, classification as treatment-resistant was restricted to those 
who met criteria within two years from first prescription (Kubitz et al., 
2013). The non-TRD group consisted of patients who had been pre-
scribed antidepressants and had a maximum of one shift in treatment 
trials (medication or hospital contact) during the same episode. 

We conducted several sensitivity analyses to evaluate the impact of 
our choices regarding the definition of TRD. First, we restricted the TRD 
criteria to one or three years instead of two to explore if variations in the 
defined time period for TRD influenced results. Second, we excluded 
those who met criteria for TRD within four weeks from first prescription. 

2.3. Definition of episode from dispensed prescriptions 

The Danish National Prescription Registry contain information on 
the patient, drug, indication and time of dispensing (Kildemoes et al., 
2011). Prescriptions are registered with dosage information via WHO’s 
Defined Daily Dose (DDD), “which is the assumed average maintenance 
dose per day for a drug that is used for its main indication in adults” 
(Tanskanen et al., 2014). The data on dispensed prescriptions for anti-
depressants were first transformed into treatment trials with each of the 
different drug classes (ATC class: N06AA (TCA), N06AB (SSRI), N06AX 
(SNRI), N06AF/N06AG (MAOI)) and after that into episodes of drug use, 
making it possible to see if each patient had a shift in medication. We 
used each patients’ purchase pattern to estimate the duration of treat-
ment trials for each ATC class using the median time (days) between 
fills. When there were fewer than ten prescriptions within an ATC class, 
the duration was estimated based on the DDD multiplied by number of 
packs per fill to avoid overestimating the duration of medical treatment. 
Stockpiling was taken into account by using the cumulative stock to 
calculate days in each episode. Each prescription fill of the same ATC 
class was allowed a grace period of 28 days (Tanskanen et al., 2014). 

Episodes were defined as continuous prescription fills with medica-
tion gaps no longer than 100 days. If medication gaps of more than 100 
days occurred, we assumed that the individual had stopped the treat-
ment and treatment after that was considered a new episode. Informa-
tion on medication use during hospital admission was not available, 
hence, the duration of the episode was prolonged with the number of 
days hospitalized, as was done in the studies by Reutfors et al. and 
Gronemann et al. (Gronemann et al., 2018; Reutfors et al., 2018). 

2.4. Mortality and causes of death (outcome) 

Information on date and primary cause of death was obtained from 
the Danish Register of Causes of Death until December 31, 2015 (Hel-
weg-Larsen, 2011). All deaths were categorized in 10 non-overlapping 
groups according to ICD-10 codes: infectious diseases (A00-B99), neo-
plasms (C00-D09), diabetes mellitus (E10-E14), diseases of the circula-
tory system (F03.9, I00-I25, I27, I30-I52, I60-I84, I86-I99, R54), 
respiratory diseases (J00-J99), digestive diseases (K00-K69, K71-K93), 
alcohol misuse (F10, I85, K70), suicide (X60-X84, Y87.0), accidents 
including homicide (V01-X59, X85-Y09, Y10-Y86, Y87.1, Y87.2, 

Y88-Y89) and all other causes of death (all remaining ICD-10 codes). 
These causes were further dichotomized into ‘external’ causes 
(including suicide and accidents); and ‘natural’ causes (deaths from 
diseases and medical conditions, including all other causes). 

2.5. Covariates 

Other covariates included somatic comorbidity measured using the 
updated Charlson Comorbidity Index (uCCI) by Quan et al. (Quan et al., 
2011). The uCCI was constructed from primary and secondary diagnoses 
in the Danish National Patient Registry (Lynge et al., 2011) before the 
date of first prescription of antidepressants. Psychiatric comorbidity 
obtained from the Danish Psychiatric Central Research Registry was 
measured as in- or outpatient hospital contact before the date of first 
prescription of antidepressants with Mental and behavioral disorders 
due to psychoactive substance abuse (ICD-10: F10–19, ICD-8: 291.x9, 
294.39, 303.x9, 303.20, 303.28, 303.90), Neurotic, stress-related, and 
somatoform disorders (ICD-10: F40–48, ICD-8: 300.x9 [excluding 
300.49], 305.x9, 305.68, 307.99), Eating disorders (ICD-10: F50, ICD-8: 
305.60, 306.50, 306.58, 306.59), Specific personality disorders (ICD-10; 

Table 1 
Cohort characteristics for patients with and without treatment-resistant 
depression (TRD) (N ! 154,513).   

TRD n ! 8294 
(5.4%) n (%) 

Non-TRD* n !
146,219 (94.6%) n 
(%) 

Year of first AD prescription 
2005–2006 1934 (24) 36,580 (25) 
2007–2008 2077 (25) 37,594 (26) 
2009–2010 2349 (28) 40,620 (28) 
2011–2012 1934 (23) 31,425 (21) 
Age at first AD prescription (years) 
18–29 3044 (37) 38,446 (26) 
30–49 3495 (42) 62,352 (43) 
50–69 1755 (21) 45,421 (31) 
Sex 
Female 4938 (60) 85,522 (58) 
First contact   
Primary care 7735 (93) 143,777 (98) 
Specialized care 559 (7) 2442 (2) 
Psychiatric comorbidity 
0 7112 (86) 132,116 (90) 
1 947 (11) 10,929 (8) 
"2 235 (3) 3174 (2) 
Mental and behavioral disorders due to 

psychoactive substance abuse 
205 (3) 3395 (2) 

Neurotic, stress-related, and somatoform 
disorders 

808 (10) 8788 (6) 

Eating disorders 59 (0.7) 823 (0.6) 
Specific personality disorders 236 (3) 2851 (2) 
Mental retardation 23 (0.3) 259 (0.2) 
Pervasive developmental disorders 15 (0.2) 235 (0.2) 
Behavioral and emotional disorders with 

onset usually occurring in childhood 
and adolescence 

117 (1) 1451 (1) 

The updated Charlson Comorbidity Index (uCCI) 
0 7254 (87) 124,680 (85) 
1 598 (7) 9935 (7) 
2 310 (4) 7644 (5) 
"3 132 (2) 3959 (3) 
Educational level the year of first 

prescription   
Low 3357 (41) 51,822 (36) 
Medium 4552 (55) 85,375 (59) 
High 312 (4) 7556 (5) 
Missing 73 1466  

* The non-TRD group consists of individuals with redeemed prescriptions for 
antidepressant medication and a maximum of one shift in treatment trials 
(medication or admission to hospital) within two years of first AD prescription. 
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F60, ICD-8: 301.x9 [excluding 301.19], 301.80, 301.81, 301.82, 
301.84), Mental retardation (ICD-10: F70–79, ICD-8: 311.xx, 312.xx, 
313.xx, 314.xx, 315.xx), Pervasive developmental disorders (ICD-10: 
F84, ICD-8: 299.00, 299.01, 299.02, 299.03) and Behavioral and 
emotional disorders with onset usually occurring in childhood and 
adolescence (ICD-10: F90–98, ICD-8: 306.x9, 308.0x). Calendar year of 
first antidepressant prescription was obtained from the Danish National 
Prescription Registry and collapsed into the intervals 2005–2006, 
2007–2008, 2009–2010, 2011–2012. Date of birth, sex and migration 
status were obtained from the Danish Civil Registration System (Ped-
ersen, 2011). Finally, we obtained information from the Danish Edu-
cation Registers on the highest educational level achieved as of the year 
of first antidepressant prescription. This was categorized in three 
groups; low (primary and lower secondary school), medium (upper 
secondary school, short- and medium-cycle higher education), high 
(long-cycle higher education) (Jensen and Rasmussen, 2011). 

2.6. Statistical analyses 

Patients were followed from the date of first antidepressant pre-
scription until emigration, death or December 31, 2015, whichever 
came first. Any individual who, after their first prescription and within 
two years, had a hospital contact with the ICD-10 diagnoses Organic, 
including symptomatic, mental disorders (F00–09), Schizophrenia, 
schizotypal and delusional disorders (F20–29), Manic episode (F30), 
and Bipolar disorder (F31) were censored on the date of admission. TRD 
was treated as a time-varying variable, meaning that an individual 
moved from the unexposed (non-TRD) to the exposed group (TRD) when 
they fulfilled the requirements for the definition of TRD. 

Mortality rates were age-standardized in 5-year intervals with the 
TRD group as reference. Mortality rates were compared between those 
with and without TRD using Cox proportional hazards regression and 

presented as mortality rate ratios (MRR). Models were adjusted for age 
at first prescription, calendar year, somatic comorbidity (uCCI), psy-
chiatric comorbidity and number of psychiatric comorbidities to control 
for potential confounders and secular trends. 

LYL in patients with TRD were estimated in excess of the total sample 
of patients using the Life Years Lost method (Andersen 2017; Plana-R-
ipoll et al., 2019a). For the TRD group the LYL measure quantifies the 
average remaining life expectancy from the age at TRD subtracted from 
the set reference age of 80 years (i.e. the number of years they lose 
before reaching age 80 years). For the total sample, the LYL measure 
quantifies the average remaining life expectancy subtracted from 80 
years for subjects alive at ages corresponding to the age at TRD for those 
with TRD. The difference in LYL between the two samples is denoted 
excess LYL and is interpreted as the number of years that patients with 
TRD lose in excess of that found in the total sample of antidepressant 
users. LYL and excess LYL were decomposed into specific causes of death 
through a competing risks model and confidence intervals were ob-
tained using non-parametric bootstrap with 1000 simulations. Results 
are presented for each sex. 

Statistical analyses were performed in Stata 15.1 (StataCorp, College 
Station, TX, USA) and in R (R Foundation for Statistical Computing, 
Vienna, Austria) with the R package ‘lillies’ (Plana-Ripoll et al., 2019a). 

2.7. Ethics 

According to Danish law, informed consent is not required for 
register-based studies. The Danish Data Protection Agency and the 
Danish Health Data Authority approved the current study. For the 
conducted analyses all data were de-identified and not recognizable at 
an individual level. 

Table 2 
Cause-specific mortality for patients with and without treatment-resistant depression.   

TRD Non-TRD   

Number of 
deaths 

Mortality rate per 1000 
person-years* 

Number of 
deaths 

Mortality rate per 1000 
person-years* 

Mortality rate ratios 
(95% CI)** 

Mortality rate ratios 
(95% CI)*** 

MEN 

All deaths 256 12.30 5564 11.42 1.25 (1.10; 1.42) 1.34 (1.18;1.52) 
Neoplasms 78 3.75 2202 4.38 1.03 (0.82; 1.29) 1.17 (0.93;1.47) 
Diseases of the 

circulatory system 
35 1.68 896 1.76 1.07 (0.76;1.50) 1.12 (0.80; 1.58) 

Respiratory diseases 17 0.82 340 0.65 1.40 (0.86; 2.28) 1.50 (0.92; 2.44) 
Digestive diseases 5 0.24 143 0.29 0.90 (0.37; 2.21) 0.95 (0.39; 2.32) 
Alcohol misuse 23 1.11 571 1.24 1.02 (0.67; 1.54) 1.03 (0.67; 1.56) 
Suicide 39 1.87 304 0.74 3.11 (2.22; 4.34) 3.06 (2.19; 4.28) 
Accidents 23 1.11 250 0.61 2.17 (1.41; 3.33) 2.17 (1.42; 3.34) 
All other causes 36 1.73 858 1.75 1.11 (0.79; 1.55) 1.15 (0.82; 1.61) 
Natural 194 9.32 5010 10.07 1.07 (0.93; 1.24) 1.16 (1.00; 1.34) 
External 62 2.98 554 1.35 2.68 (2.06; 3.48) 2.65 (2.03; 3.45) 
WOMEN 

All deaths 163 5.03 3812 4.27 1.34 (1.15; 1.57) 1.39 (1.19; 1.63) 
Neoplasms 64 1.98 2062 2.28 1.01 (0.79; 1.29) 1.09 (0.85; 1.40) 
Diseases of the 

circulatory system 
17 0.52 447 0.48 1.20 (0.74; 1.96) 1.22 (0.75; 1.98) 

Respiratory diseases 7 0.22 296 0.29 0.78 (0.37; 1.66) 0.79 (0.37; 1.68) 
Digestive diseases 8 0.25 109 0.12 2.26 (1.09; 4.63) 2.29 (1.12; 4.73) 
Alcohol misuse 10 0.31 200 0.24 1.49 (0.79; 2.82) 1.54 (0.81; 2.93) 
Suicide 24 0.74 88 0.14 6.94 (4.39; 10.95) 7.06 (4.47; 11.17) 
Accidents 7 0.22 91 0.13 1.96 (0.91; 4.24) 1.99 (0.92; 4.31) 
All other causes 26 0.80 519 0.59 1.50 (1.01; 2.23) 1.50 (1.01; 2.23) 
Natural 132 4.08 3633 3.99 1.16 (0.97; 1.37) 1.20 (1.01; 1.43) 
External 31 0.96 179 0.27 4.40 (2.99; 6.47) 4.44 (3.02; 6.53)  

* Age standardized in 5-year intervals. 
** Adjusted for age at first prescription and calendar year. 
*** Adjusted for age at first prescription, calendar year, the updated Charlson Comorbidity Index, psychiatric comorbidities, number of psychiatric comorbidities and 

educational level. 
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3. Results 

The study cohort included 154,513 patients who redeemed their first 
antidepressant prescription at ages 18–69 in the period from 2005 to 
2012. Of the total sample, 8294 (5.4%) met our defined criteria for TRD 
(Fig. 1). Of those who met criteria for treatment resistance, the vast 
majority did so in either their first (93%) or second (6%) pharmaco-
logically treated episode. Demographic data for the sample is shown in 
Table 1. Patients with TRD were younger at first prescription, with mean 
(SD) age of 37 (14) years compared to non-TRD patients with mean (SD) 
age 42 (14) years. For psychiatric comorbidity, more patients in the TRD 
group had one or more psychiatric diagnoses (14%) than in the non-TRD 
group (10%). In terms of somatic comorbidity, 15% and 13% of the non- 
TRD and the TRD groups, respectively, had a uCCI of one or more. 

The study cohort was observed for 1032,245 person-years (TRD: 
53,199 person-years), in which there were 9795 deaths overall and 419 
deaths in TRD patients. The all-cause mortality rates per 1000 person- 
years for men with and without TRD were 12.30 and 11.42, respec-
tively. For women, the corresponding values were 5.03 and 4.27 
(Table 2). As a consequence, adjusted and age-standardized mortality 
rates were 34% higher for men and 39% higher for women with TRD 
compared to those without (aMRR: 1.34, 95% CI 1.18–1.52 for men and 
1.39, 95% CI 1.19–1.63 for women). The adjusted cause-specific MRR 
were highest for suicide in both men (aMRR: 3.06, 95% CI 2.19–4.28) 
and women (aMRR: 7.06, 95% CI 4.47–11.17) (Table 2). Infectious dis-
eases and Diabetes mellitus were included in the “All other causes” cate-
gory because of too few observations (!5) in the TRD group. 

Estimated LYL for men with TRD were 11.17 years compared with 
9.95 years in the entire cohort of men with depression at same age, 
resulting in a reduction in life expectancy of 1.21 years (95% CI 
0.36–2.44). For women with TRD, LYL was 7.68 years, while it was 6.43 
among women in the reference population, resulting in a reduction of 
1.24 years (95% CI 0.35–2.34). The excess LYL for men with TRD were 
mainly due to suicide (1.10 years, 95% CI 0.46–1.61) and accidents 
(0.42 years, 95% CI 0.10–0.87), while LYL due to neoplasms were 
smaller than in the total sample (#0.48 years, 95% CI:#1.11–0.25). In 
women, suicide (0.82 years, 95% CI 0.44–1.27) was also responsible for 
the largest share in excess LYL followed by ‘all other causes’ of death 
(0.35 years, 95% CI #0.14–0.81) (Table 3). 

LYL were estimated as an average LYL taking into consideration that 
particular observed age at being defined as a TRD case. In Fig. 2, an 
example is shown for those becoming TRD before age 40. We found a 
higher mortality beyond the age of 40 years for men and women with 
TRD compared to the total sample. Among those alive at age 40 years, 
remaining life expectancy before age 80 was 28.12 years for men with 
TRD compared with 29.33 years in men from the total sample of patients 
with depression. For women alive at age 40 years, remaining life ex-
pectancy was 32.11 years for those with TRD and 33.35 for the total 
sample of women with depression. 

3.1. Sensitivity analyses 

Restricting the TRD definition to two additional treatment trials in a 
period of one or three years (and not 2 years as the presented results 
above), resulted in lower (3.70%) and higher (6.58%) prevalence of 
TRD, respectively. Excluding those who became treatment-resistant 
within the first four weeks since first prescription (n ! 409), resulted 
in a prevalence of 5.12%. Note that none of these restrictions influenced 
the patterns of association (results are shown in supplements eTable 1 
and 2). 

4. Discussion 

To our knowledge, this is the first study to investigate excess mor-
tality in a sample of patients with TRD both identified and treated in 
primary and/or specialized care, and to quantify which causes of death 
contributed to the excess LYL. In our study, TRD was identified in 5.4% 
of the depressed patients and having TRD was associated with signifi-
cant excess mortality: men and women with TRD had 34% and 39% 
increased mortality rates, respectively, compared to the rest of the 
sample. This corresponded to life expectancies that were 1.21 and 1.24 
years shorter for men and women, respectively. It is important to keep in 
mind that the increased mortality in patients with TRD reported here is 
in excess of the already increased mortality associated with depression 
with a reduced life expectancy of more than 10 years compared to the 
general population (Laursen et al., 2016). 

Treatment resistant depression has been reported to affect at least 
13% of patients with depression in specialized psychiatric care (Gro-
nemann et al., 2018; Reutfors et al., 2018). As expected, we found a 
lower prevalence (5.4%) due to the inclusion of a much larger popula-
tion first identified in primary care, and our estimates are consistent 
with prior findings from US claims data (Kubitz et al., 2013). Differences 
in the way TRD was defined in this study could also have contributed to 
the lower prevalence estimate compared to prior studies. Unlike prior 
studies (Gronemann et al., 2018; Reutfors et al., 2018), we chose not to 
include medication switches within the same class (e.g. from one SSRI to 
another SSRI) to avoid misclassifying patients as treatment-resistant 
when in fact the switch was made in response to side effects (Boyce 
et al. 2020). Our choice to restrict the definition of TRD to patients who 
met criteria within 2 years of their first prescription also played a role in 
the prevalence estimates, although sensitivity analyses suggested that it 
did not impact the mortality estimates. 

Interestingly and despite the different methodology used, 

Table 3 
Life Years Lost and excess Life Years Lost by cause of death in patients with 
treatment-resistant depression.   

MEN WOMEN 

Life Years Lost before age 80 Life Years Lost before age 80 

TRD Total 
sample 

Excess 
Life Years 
Lost 
(95% CI) 

TRD Total 
sample 

Excess Life 
Years Lost 
(95% CI) 

All causes 11.17 9.95 1.21 
(0.36; 
2.44) 

7.68 6.43 1.24 
(0.35;2.34) 

Neoplasms 3.30 3.77 #0.48 
(#1.11; 
0.25) 

3.14 3.42 #0.28 
(#0.99; 
0.56) 

Diseases of 
the 
circulatory 
system 

1.49 1.56 #0.06 
(#0.46; 
0.49) 

0.81 0.74 0.07 
(#0.27; 
0.56) 

Respiratory 
diseases 

0.80 0.59 0.20 
(#0.17; 
0.57) 

0.33 0.50 #0.17 
(#0.27; 
0.56) 

Digestive 
diseases 

0.22 0.26 #0.03 
(#0.21; 
0.18) 

0.35 0.19 0.16 
(#0.02; 
0.54) 

Alcohol 
misuse 

1.04 1.08 #0.05 
(#0.28; 
0.62) 

0.50 0.35 0.15 
(#0.18; 
0.38) 

Suicide 1.76 0.66 1.10 
(0.46; 
1.61) 

1.01 0.18 0.82 (0.44; 
1.27) 

Accidents 0.92 0.50 0.42 
(0.10; 
0.87) 

0.31 0.16 0.15 
(#0.06; 
0.41) 

All other 
causes 

1.65 1.53 0.12 
(#0.42; 
0.71) 

1.24 0.89 0.35 
(#0.14; 
0.81) 

Natural 8.49 8.79 #0.30 
(#1.00; 
0.92) 

6.36 6.09 0.27 
(#0.50; 
1.30) 

External 2.68 1.16 1.52 
(0.87; 
2.10) 

1.32 0.34 0.98 (0.54; 
1.45)  
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comparable estimates of the all-cause mortality in both men and women 
were found in the study by Reutfors et al., and similarly that the excess 
mortality mainly was due to suicide and accidents (Reutfors et al., 
2018). As an extension, our study estimated that the excess LYL due to 
suicide was 1.10 (for men) and 0.82 (for women) years; the largest 
contributor to LYL for both men and women. Mortality in depression is 
often associated with suicide and suicide incidence has even been re-
ported to be as high as 0.47 per 100 person-years in a clinical sample of 
patients with TRD (Bergfeld et al., 2018). Our results emphasize the 
unsettling high mortality rates due to suicide among individuals who do 
not adequately respond to pharmacological treatment. 

We found only a small increase in excess mortality from natural 
causes in patients with TRD, but decomposed into disease categories 
some differences were found for women, but not for men. For women 
with TRD, increased mortality was found due to ‘all other causes’, 
mainly diseases of the nervous system such as Alzheimer disease and 
multiple sclerosis. For men, the TRD group lost fewer years of life due to 
natural causes, especially neoplasms, than men in the total population, 
although this difference was not statistically significant. This finding is 
likely driven by the fact that men with TRD have even higher rates of 
dying of suicide or accidents, which ends up precluding them from dying 
of neoplasms (Plana-Ripoll et al., 2019b). 

It is worth noting that the definition of treatment resistance used 
here and in other studies could be confounded by increased duration of 
sub-optimally treated depression. Clinicians cannot predict in advance 
which medications will work best for which patients, therefore the 
process of medication management is dictated in part by trial and error 
(Boyce et al. 2020). An individual who meets the criteria for treatment 

resistance outlined here and in other research studies will by definition 
have spent up to two full years with clinically relevant depressive 
symptoms that are not being properly managed (Kubitz et al., 2013; 
Malhi et al., 2019). Prior research has shown that longer duration of 
untreated depression is associated with poor outcomes such as lower 
rate of remission, higher risk of chronicity and higher number of re-
currences (Ghio et al., 2015). The increased mortality associated with 
TRD in this study could consequently reflect a difference in the under-
lying severity of the disorder, or it could be due to the increased duration 
of debilitating depression symptoms experienced by individuals in the 
TRD group. Future research is needed to determine the exact mechanism 
through which treatment resistance leads to increased mortality. 

4.1. Strengths and limitations 

One major strength of our study was the use of nationwide register 
data which is collected on a uniform basis and without any loss to 
follow-up. The few nationwide studies that have been conducted on TRD 
investigate populations of patients who were all diagnosed with 
depression in specialized care, which includes only the most severe cases 
(Gronemann et al., 2018; Reutfors et al., 2018). Although this restriction 
might increase the validity of the diagnosis, it reduces generalizability to 
the majority of depressive patients. Our study included all first-time 
pharmacologically treated depressive patients, including those who 
never had contact to specialized care, improving the generalizability to 
the broader population of individuals with depression. Another strength 
was the use of differences in life expectancy in addition to mortality 
rates with both measures focusing on all-cause mortality as well as 

Fig. 2. Probabilities of survival and deaths from different causes for men and women with TRD and the total sample alive at age 40 years and followed until age 
75 years. 
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cause-specific mortality. 
Limitations of the study, including limitations inherent in any 

register-based study, should also be acknowledged. It was not possible to 
evaluate the reasons for shifts in medical treatment. However, restrict-
ing the first treatment trial to minimum four weeks, limited the possi-
bility that patients who shifted treatment because of adverse side effects 
were classified as non-responders. Each patients’ dose was not available 
in the registers. Instead we used each patients’ purchase pattern to es-
timate the individual duration of trials as described by (Tanskanen et al., 
2014). 

When using redeemed prescriptions to define TRD, there is inevi-
tably a risk of misclassification. We reduced the possibility that in-
dividuals with more severe psychopathology were included in the 
sample by excluding individuals who had a diagnosis of organic mental 
disorder, severe mood disorder or schizophrenia before the inception of 
our study, and censoring individuals who received the diagnoses after 
start of follow-up. 

In summary, TRD contributes to increased mortality in patients with 
depression, who already have a higher mortality relative to the general 
population. Suicide is responsible for the largest share of reduction in 
life expectancy relative to patients with depression. Considering the 
clinical implications of our study, our findings could suggest the need for 
prevention of suicides in individuals with depression who do not 
respond adequately to treatment. 
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