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Popular science summary of the thesis 
Chronic kidney disease (CKD) affects over 10% of adults worldwide. Mental health is an important yet 
under-recognized issue in patients with CKD. Depression is common and related to poor prognosis in 
CKD patients, but previous research has primarily focused on dialysis patients, leading to an insufficient 
understanding of depression in earlier stages of CKD. In addition, there is a notable lack of knowledge 
about less common but severe mental illnesses, such as bipolar disorder and schizophrenia, in CKD. 
Antidepressants, the main pharmacological treatment for depression, are widely used in CKD patients. 
However, there are uncertainties about the risks and benefits of antidepressants in the CKD population, 
along with whether the drug dosage is appropriately adjusted based on patients’ kidney function. This 
thesis aims to address these knowledge gaps by investigating the prevalence and impact of mental 
illnesses, as well as examining the utilization and safety of antidepressants in patients with CKD.  

Our study indicated that depression, bipolar disorder, and schizophrenia were more common in patients 
with CKD than the general population. CKD patients with these mental illnesses faced adverse health 
outcomes and potential disparities in healthcare access. Among patients with CKD and depression, those 
who initiated antidepressants experienced a higher occurrence of short-term adverse events such as hip 
fracture and upper gastrointestinal bleeding, but not long-term mortality, cardiovascular, and kidney 
outcomes. Importantly, selecting an appropriate type and dosage of antidepressants could improve 
treatment safety. However, in routine clinical practice, prescribers seemed not to adequately consider 
patients’ kidney function when prescribing antidepressants, resulting in suboptimal implementation of 
dose adjustments and potentially increasing the risk of adverse drug reactions. 

In summary, this thesis reveals the commonness and negative impact of mental illness in patients with 
CKD, pointing to the need for recognition and effective management. Furthermore, it contributes real-
world evidence regarding the prescribing and safety of antidepressants in the CKD population, offering 
insights for informed treatment decision-making.





 

 

Abstract 
Chronic kidney disease (CKD) is a common yet heterogeneous condition, covering a wide spectrum of 
disease severity ranging from mildly decreased kidney function to kidney failure. Patients with CKD 
can often encounter mental health conditions that are related to poor prognosis. Depression is the most 
studied mental illness, while previous research has primarily focused on patients with kidney failure 
undergoing dialysis. Antidepressant medications are the main pharmacological approach for treating 
depression, with selective serotonin reuptake inhibitors (SSRIs) being the most frequently prescribed 
type. Notably, antidepressants may have different risk-benefit profiles in CKD patients, for whom dose 
adjustments are recommended. However, the implementation of SSRI dose adjustment in routine care 
is largely unknown. Despite the widespread use, there remains uncertainty about the efficacy and safety 
of antidepressants in the CKD population due to limited clinical evidence, whereas a few observational 
studies have reported several adverse health outcomes associated with antidepressant use in patients 
with CKD. In addition, little is known about the burden of bipolar disorder and schizophrenia, less 
common but severe mental illnesses, in patients with CKD. 

This thesis aims to expand existing knowledge about the prevalence and impact of mental illnesses, as 
well as the utilization and safety of antidepressants in patients with CKD. 

Study I evaluated to what extent patients’ kidney function influences SSRI dosing in routine practice. 
We found that a lower estimated glomerular filtration rate (eGFR) was moderately associated with being 
prescribed SSRIs with a reduced initial or maintenance dose. Nonetheless, two-fifths of patients with 
severely decreased eGFR received SSRI prescriptions without proper dose reduction, potentially 
exposed to a higher risk of adverse drug reactions. 

Study II examined the association between an incident diagnosis of depression and adverse clinical 
outcomes in patients with non-dialysis CKD. We found significant associations between incident 
depression and hospitalization, CKD progression, major adverse cardiovascular events, and all-cause 
mortality in patients with non-dialysis CKD. The association with CKD progression became more 
evident one year after the depression diagnosis, while the associations with the other outcomes were 
more pronounced within the first year after diagnosis. 

Study III investigated the comparative safety of antidepressant treatment in patients with CKD and 
incident depression, using the target trial emulation framework. We found that compared with non-
initiation, initiation of antidepressants was associated with a higher risk of short-term adverse events 
such as hip fracture and upper gastrointestinal bleeding, but was not associated with long-term 
outcomes, including all-cause mortality, major adverse cardiovascular events, CKD progression, and 
suicidal behavior. Selection of the appropriate type and dosage of antidepressants is crucial to improve 
treatment safety. Initiating mirtazapine versus SSRIs was associated with a lower risk of upper 
gastrointestinal bleeding but a higher risk of mortality. Initiating SSRIs with a reduced dose versus a 
standard dose was associated with lower risks of upper gastrointestinal bleeding and CKD progression 
but a higher risk of cardiac arrest. 

Study IV described the prevalence of three severe mental illnesses (i.e., depression, bipolar disorder, 
and schizophrenia) and examined their impact on clinical outcomes in patients with CKD. In a 
nationwide cohort of nephrologist-referred CKD patients, we estimated a prevalence of 5.4% for 
depression, 1.9% for bipolar disorder, and 0.5% for schizophrenia, amounting to an overall prevalence 



of 7% for any of these disorders, which was 60% higher than the general population. We found that 
each of the disorders was associated with a higher mortality rate and bipolar disorder was also associated 
with a faster eGFR decline. Nevertheless, CKD patients with bipolar disorder or schizophrenia exhibited 
a lower rate of initiating kidney replacement therapy, suggesting potential inequities in access to this 
life-sustaining treatment. 

In conclusion, the present thesis highlights the commonness and negative impact of mental illness in 
patients with CKD and provides real-world evidence on the prescribing and safety of antidepressants in 
the CKD population.  
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1 INTRODUCTION 
Chronic kidney disease (CKD) affects more than 10% of the global population, totaling over 800 million 
people.1 CKD is a progressive condition, and kidney failure represents the most advanced stage, with a 
prevalence of 0.1%2 yet accounting for 2–4% of total health care expenditures.3 Thus, targeting the 
prevention of CKD and its major causes, as well as effective management of CKD and its complications 
at the earlier stages, holds the potential to achieve favorable health outcomes and greatly reduce the 
societal burden. 

Patients with CKD can frequently encounter psychological distress and mental health conditions. 
Depression is one of the most common mental illnesses associated with adverse outcomes in CKD 
patients, including low quality of life, hospitalization, and death.4 However, existing studies have 
predominantly centered on patients with kidney failure treated with dialysis, who represent only the tip 
of the iceberg of the entire CKD population; whether prior findings are applicable to the overwhelming 
majority is uncertain. In addition, there is a significant lack of knowledge about the prevalence and 
impact of less common but severe mental illnesses, such as schizophrenia and bipolar disorder, in 
individuals with CKD.5 

Antidepressants are the main pharmacological approach for treating depression, with a modest effect in 
alleviating depressive symptoms in the general adult population.6 Despite their usage in 10–20% of 
patients with CKD,7-9 the efficacy and safety of antidepressants in this population, who are typically 
excluded from clinical trials, remain uncertain.10, 11 To mitigate the risk of adverse drug reactions, 
adjustments in drug dosing are often necessary for patients with CKD.12, 13 Although dose reduction is 
recommended for antidepressant treatment in CKD patients, how these recommendations are followed 
in clinical practice and whether this dose adjustment regimen enhances drug safety is largely unclear. 
Effective treatment of depression to improve patients’ mental health has been identified as one of the 
priorities in CKD research by patients, caregivers, and health care professionals.14-16 Real-world data 
are needed to address the knowledge gaps about the drug utilization, safety, and treatment outcomes of 
antidepressants in routine care for patients with CKD, ultimately providing evidence to support 
treatment decision-making. 

This thesis endeavors to 1) examine the prevalence and impact of three severe mental illnesses — 
depression, bipolar disorder, and schizophrenia — on clinical outcomes in patients with CKD, 2) 
investigate how patients’ kidney function influences the prescribed dose of antidepressants, and 3) 
evaluate the safety of antidepressant treatment in the CKD population.
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2 LITERATURE REVIEW 

2.1 Chronic kidney disease 

The kidney plays a key role in the maintenance of whole-body homeostasis, through regulating fluid 
osmolality and electrolyte concentrations, maintaining acid-base balance, and removing excess fluid, 
waste products, and toxins. Characterized by a gradual loss of kidney function, CKD is a common but 
heterogeneous condition, with diverse etiologies, disease severity, and clinical courses.17 Most affected 
individuals are asymptomatic at the early stages, but as the condition progresses towards kidney failure, 
it can lead to significant health and economic burdens.18 Developing and implementing a comprehensive 
action plan that encompasses primary prevention, early detection and diagnosis, and effective 
management is paramount to addressing the rising global burden of CKD.19  

2.1.1 Identification of CKD 

2.1.1.1 Evaluation of kidney function 

Accurate assessment of kidney function is a prerequisite for well-informed clinical decision-making in 
several aspects, including detecting and staging CKD, determining drug dosage, and predicting the risk 
of kidney failure or cardiovascular disease.20 Glomerular filtration rate (GFR) is accepted as the best 
overall index of kidney function, which is ideally measured by plasma or urinary clearance of an 
exogenous filtration marker such as inulin or iohexol.21 However, direct measurement of GFR is 
cumbersome, expensive, and invasive, making it impractical for routine clinical use.22 The Kidney 
Disease: Improving Global Outcomes (KDIGO) 2012 Clinical Practice Guideline recommends using 
serum creatinine and a GFR estimating equation for initial assessment of kidney function.23  

Specifically, the 2012 KDIGO guideline recommends using the 2009 Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) creatinine equation to report the estimated GFR (eGFR) in 
adults,23 which has shown better accuracy than alternative creatinine-based estimating equations like 
the Modification of Diet in Renal Disease Study equation.24 The 2009 CKD-EPI equation incorporates 
demographic information on age, sex, and race, to account for variations in non-GFR determinants of 
serum creatinine (e.g., muscle mass and diet), thereby minimizing systematic errors and improving the 
accuracy of GFR estimation.25 However, inclusion of race in the equations has been criticized for its 
potential to exacerbate racial disparities in health care,26, 27 as it is a social rather than biologic construct. 
In response to this concern, new eGFR equations without race (i.e., the 2021 CKD-EPI equations) have 
been developed, which are deemed sufficiently accurate for clinical practice in the US context.28 
Nevertheless, the new equation does not outperform the 2009 equation in the European populations,29 
which predominantly comprise individuals of White ethnicity. Currently, European nephrology is not 
advised to adopt the 2021 CKD-EPI equation.30 

2.1.1.2 Definition and classification of CKD 

According to the KDIGO guideline, CKD is defined as abnormalities of kidney structure or function, 
present for >3 months, with implications for health.23 Functional abnormalities are indicated by a 
decreased GFR, while structural abnormalities can be detected by various markers of kidney damage, 
including increased albuminuria and abnormalities in the urine sediment, histology, and imaging.31 A 
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decreased GFR of <60 mL/min/1.73 m2 based on serum/plasma creatinine tests, and/or increased 
albuminuria indicated by urinary albumin-to-creatinine ratio ≥30 mg/g using a spot or 24-hour 
collection urine sample, constitute the main diagnostic criteria for CKD. 

Based on the level of GFR, CKD is classified into five stages (Figure 2.1), with subdivision of stage 3 
into categories G3a and G3b: G1 (normal or high), GFR ≥90 mL/min/1.73 m2; G2 (mildly decreased), 
GFR 60–89 mL/min/1.73 m2; G3a (mildly to moderately decreased), GFR 45–59 mL/min/1.73 m2; G3b 
(moderately to severely decreased), GFR 30–44 mL/min/1.73 m2; G4 (severely decreased), GFR 15–29 
mL/min/1.73 m2; G5 (kidney failure), GFR <15 mL/min/1.73 m2.23 The associations of lower eGFR 
levels with increased risks of adverse kidney, cardiovascular, and mortality outcomes are well 
established.32-34 When progressing into kidney failure, kidney replacement therapy (KRT) including 
maintenance dialysis and kidney transplantation is the essential life-sustaining treatment option. 

 

Figure 2.1 Prognosis of CKD by GFR and albuminuria categories23 

(Reproduced with permission from Elsevier) 

2.1.2 Epidemiology of CKD 

CKD has been recognized as a major public health issue that is related to adverse health outcomes and 
substantial health care costs.35, 36 When defined by decreased eGFR and/or increased albuminuria, CKD 
is estimated to affect over 10% of the adult population worldwide.2, 37 In 2017, the global prevalence of 
CKD by eGFR category was 5.0% for G1–2, 3.9% for G3, 0.16% for G4, and 0.07% for G5.2 In 
addition, the prevalence of maintenance dialysis and kidney transplantation was 0.041% and 0.011%, 
respectively.2 CKD is one of the most rapidly growing chronic diseases, with its global prevalence and 
mortality rising by 30% and 40% respectively from 1990 to 2017.2, 38 Alarmingly, the global burden of 
CKD is projected to further increase by 2040, at which time it is forecasted to be the fifth leading cause 
of years of life lost.39 

The prevalence of CKD increases substantially with age. For example, among US adults, CKD is much 
more common in people aged ≥65 years (34%), compared with people aged 45–64 years (12%) and 18–
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44 years (6%).40 Given the stable age-standardized prevalence, the growing burden of CKD is mainly 
driven by population growth and aging.41 There exist sex differences in the development and 
progression of CKD. Whereas CKD is slightly more prevalent in women, the incidence rate of kidney 
failure and the mortality rate of CKD are higher in men,2, 42 possibly explained by a faster disease 
progression among men than women.43 Other major risk factors for CKD include lifestyle (e.g., obesity, 
smoking, and unhealthy diet), cardiometabolic (e.g., hypertension, dyslipidemia, and diabetes mellitus), 
socioeconomic (e.g., lower education and income), genetic (e.g., APOL1 gene and family history), and 
environmental factors (e.g., certain medications and herbs with nephrotoxicity).44 

The epidemic of CKD has been observed in not only developed countries such as Australia,45 North 
America,46, 47 and Europe,48, 49 but also low- and middle-income countries such as China and India.50-52 
In the meantime, the reported prevalence of CKD varied considerably across countries and regions. For 
instance, the prevalence estimates of CKD in the European population varied from 3.3% in Norway to 
17.3% in northeast Germany.53 When comparing CKD prevalence across populations, it is essential to 
consider the heterogeneity in sample selections and evaluation of CKD, including CKD definitions, 
laboratory methods, and eGFR equations.54, 55 After further accounting for the influence of age, sex, and 
metabolic risk factors (e.g., obesity, hypertension, and diabetes), the geographic variations in CKD 
prevalence may reflect regional differences in genetic, lifestyle, and social determinants.53  

Despite having been acknowledged as a significant global health concern, patient-level and provider-
level awareness of CKD remains unacceptably low.56 Fewer than 10% of patients with CKD are aware 
of their conditions, both in developed and developing countries.52, 57 Population-based studies found that 
<5% of individuals with CKD G3a and about 15% of those with CKD G3b had a documented CKD 
diagnosis.58, 59 

2.2 Mental illness in patients with CKD 

Mental health conditions are more prevalent in patients with CKD than in the general population.60 The 
coexistence of mental illness and CKD is probably explained by a combination of biological, 
pharmacological, behavioral, and psychosocial factors.4, 5 Comorbid mental illness in CKD patients is 
associated with poorer health outcomes and may impact access to kidney transplantation.60 However, 
the mental health needs of patients with CKD remain to be under-recognized.  

2.2.1 Depression 

2.2.1.1 Diagnosis and prevalence 

Depression is a common mental disorder characterized by persistent sadness and a lack of interest or 
pleasure in previously rewarding or enjoyable activities.61 It is estimated that globally 5% of adults 
suffer from depression,62 and one in six people (16.6%) will experience depression at some time in their 
life.63 Among patients with CKD, depression is one of the most commonly reported and studied 
psychiatric comorbidities.64 However, assessment of depression in patients with CKD is complicated 
by the fact that underlying medical conditions can manifest some similar symptoms to depression. 

Two major classification systems — the Diagnostic and Statistical Manual of Mental Disorders and the 
International Classification of Diseases (ICD) form the basis for the diagnosis of mental disorders.65, 66 
Structured interviews based on the diagnostic criteria are typically viewed as the gold standard for 
diagnosing depression, while a variety of self-reported questionnaires are used in research for screening 
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of depressive symptoms.67 However, a distinction should be made between a clinical diagnosis of 
depression and the presence of depressive symptoms.68 Patients with CKD frequently report symptoms 
like fatigue, sleep disturbance, poor appetite, and weight loss,69 which also constitute the diagnostic 
criteria for depression. Because of the considerable overlap between somatic symptoms of depression 
and symptoms related to CKD, clinicians may fail to recognize the presence of depression, leading to 
underdiagnoses of depression in routine care. On the other hand, patients classified as depressed using 
self-report questionnaires may not be ascertained as clinical depression by structured interviews.70 

A comprehensive meta-analysis of 249 study populations reported an overall prevalence of depressive 
symptoms as high as 34.0%, while the estimates varied by the assessment tools and stages of CKD.71 
When adjudicated by clinical interview, depression affected approximately one-quarter of patients with 
CKD. The prevalence of depressive symptoms was markedly higher when using self- or clinician-
administered questionnaires, suggesting that self-rating scales can overestimate the prevalence of 
depression in CKD. The prevalence of interview-based depression in dialysis patients was 22.8% (95% 
confidence interval [CI], 18.6–27.6). Data were sparse for CKD stages G1–5, resulting in a less precise 
estimate based on only four studies (prevalence, 21.4%; 95% CI, 11.1–37.2). Compared to the general 
population, the prevalence of depression is two to three times more common in patients with CKD. The 
complex interactions between depression and CKD have not been elucidated yet. Shared risk factors 
(e.g., unhealthy lifestyles, diabetes, and low socioeconomic status) and common biological mechanisms 
may contribute to this comorbidity.4 

2.2.1.2 Impact on clinical outcomes 

Depression has been related to increased morbidity and mortality in patients with CKD. Notably, most 
previous research focused on patients with kidney failure on dialysis, who only represent a small fraction 
of the overall CKD population.2 This might be attributed to the fact that patients reaching this advanced 
stage experience disproportionately greater health and economic burdens.2, 72 However, CKD covers a 
wide spectrum of disease severity ranging from mild decline to near-total loss of kidney function. There 
exist important distinctions between non-dialysis CKD and kidney failure in terms of the diagnosis, 
epidemiology, and management of depression.73 Understanding these differences may help prevent or 
slow the progression of CKD at the earlier stages. 

Existing literature has linked depression to poor prognosis in patients with kidney failure.74-88 Meta-
analyses have identified depression/depressive symptoms as an independent risk factor for premature 
death in dialysis patients, with a 40–50% higher risk, but also noticed substantial heterogeneity in the 
assessment tools for depression.89, 90 Research has also shown that depression is associated with several 
adverse events, including suicidal ideation,79, 81 low quality of life,78, 79 hospitalization,74-76 and dialysis 
withdrawal.74, 82, 84 Although cardiovascular disease is the leading cause of death in dialysis patients,91 
the association between depression and cardiovascular disease remains uncertain because of insufficient 
data.77, 83, 87, 89  

In contrast, there is less compelling evidence regarding the relationship between depression and clinical 
outcomes in individuals with earlier stages of CKD.68, 92-100 Prior studies in non-dialysis CKD patients 
have generally indicated that depression is associated with a higher rate of hospitalization,68, 95, 99 but are 
inconclusive about its impact on mortality due to limited statistical power.68, 92, 93, 95-100 A meta-analysis 
of four studies yielded a non-statistically significant pooled estimate for the association of depression 
with all-cause mortality in patients with CKD G1–5 (relative risk, 1.34; 95% CI, 0.92–1.97), although 
it was similar to the estimate in patients receiving dialysis (relative risk, 1.40; 95% CI, 1.23–1.45).89 
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A few studies demonstrated that depression was related to worse kidney outcomes in patients with non-
dialysis CKD, despite the heterogeneity in the definition for both study exposure and outcome.68, 93-95, 98 
Initiation of dialysis was the most often used kidney outcome, but the effect size ranged from 1.1 to 3.5. 
Moreover, one study found that participants with higher depressive symptom scores exhibited a faster 
decline in kidney function, as indicated by a steeper eGFR slope.95 Although a bidirectional relationship 
between depression and cardiovascular disease has been suggested,101 and the risk of developing 
cardiovascular disease surpasses the risk of reaching kidney failure in patients with CKD,102 the 
association between depression and cardiovascular disease in these patients has been rarely investigated. 
A study conducted in African Americans with hypertensive CKD showed that depressive symptoms 
were associated with an elevated risk of a composite of cardiovascular hospitalization and death.93 

2.2.2 Schizophrenia and bipolar disorder  

Bipolar disorder is a severe affective disorder marked by unusual mood swings that can range from 
extreme highs (mania or hypomania episode) to extreme lows (depressive episode).103 Schizophrenia is 
a severe psychotic disorder characterized by abnormalities in the perception or expression of reality, 
involving symptoms such as delusions, hallucinations, and disorganized thinking.104 Schizophrenia and 
bipolar disorder typically manifest in late adolescence or early adulthood. According to the Global 
Burden of Disease 2019 Study, the age-standardized prevalence was 0.3% for schizophrenia and 0.5% 
for bipolar disorder.105  

There is a notable lack of knowledge about the prevalence of schizophrenia and bipolar disorder among 
patients with CKD.5 A study based on administrative data from Alberta, Canada, reported a prevalence 
of 1.2% for schizophrenia in adults with CKD.106 Another study that used Scottish primary care data 
showed that the prevalence of schizophrenia and bipolar disorder combined was 1.5% among 
individuals with a recorded diagnosis of CKD.107 It is important to note that both studies employed a 
composite definition, such as additional inclusion of other psychotic disorders and lithium use. There is 
a need to better characterize the prevalence of schizophrenia and bipolar disorder in CKD patients.  

Limited research in the CKD population indicated that comorbid schizophrenia and/or bipolar disorder 
was associated with higher rates of hospitalization and mortality,108-110 but these studies have important 
limitations, including the absence of data on non-dialysis CKD patients,108, 110 reliance on inpatient 
diagnoses,108, 109 or grouping these two disorders together.108, 109 There is a lack of investigation into their 
impact on kidney outcomes. A cross-sectional study observed that CKD patients with schizophrenia 
had a lower proportion of receiving KRT.111 Understanding these inequalities remains a priority to offer 
appropriate support and promote overall well-being for individuals with CKD and coexisting severe 
mental illness. 

2.3 Treatment of depression in patients with CKD 

A variety of treatment options are available for the management of depression, encompassing both 
pharmacologic treatment and non-pharmacologic therapies, such as psychotherapy, complementary and 
alternative medicine, and exercise.112 Systematic reviews demonstrate similar efficacy between second-
generation antidepressants and cognitive behavioral therapy in the general population.113, 114 Based on 
current evidence, the American College of Physicians recommends monotherapy with either cognitive 
behavioral therapy or second-generation antidepressants for the treatment of moderate to severe 
depression.115 Importantly, the choice of treatment should be personalized based on potential treatment 
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benefits and harms, cost, feasibility, patients’ symptoms, comorbidities, concomitant medication use, 
and patient preferences.115 

2.3.1 Pharmacological treatment of depression 

Antidepressant medications are the primary pharmacological approach for treating depression. Certain 
antidepressants have also been used to treat other neuropsychiatric conditions, such as anxiety disorders, 
insomnia, and chronic pain.116 Classified by their mechanisms of action, the four main classes of 
antidepressants are tricyclic antidepressants, monoamine oxidase inhibitors, serotonin-norepinephrine 
reuptake inhibitors, and selective serotonin-reuptake inhibitors (SSRIs). The latter two classes, along 
with other newer drugs that selectively target neurotransmitters, are referred to as second-generation 
antidepressants. Because of their effectiveness, wide availability, and ease of use, second-generation 
antidepressants are often the preferred option for initial treatment in clinical practice.117   

A large body of literature demonstrates that antidepressant medications are effective treatments 
compared with placebo in the general adult population. The most comprehensive network meta-analysis 
to date, which compared 21 antidepressants with placebo, found that all the included antidepressants 
were more efficacious than placebo for the acute treatment of depression in adults, whilst the summary 
effect sizes were mostly modest.6 Though head-to-head comparisons revealed certain variability in 
efficacy, there is no compelling evidence that warrants the choice of one antidepressant over another 
based solely on superior efficacy.6  

Most approved antidepressants are considered safe in general. In terms of acceptability, as indicated by 
all-cause dropout rates, the network meta-analysis showed that all the included antidepressants were 
generally well tolerated in comparison with placebo, albeit with greater variability in head-to-head 
comparisons.6 Newer antidepressants, relative to tricyclic antidepressants, have improved tolerability 
and reduced lethality in overdose.118, 119 Commonly reported adverse events of second-generation 
antidepressants include gastrointestinal symptoms (e.g., nausea, vomiting, and diarrhea), central 
nervous system disturbances (e.g., dizziness, headache, and tremor), sweating, fatigue, sexual 
dysfunction, and weight gain.119, 120 However, the occurrence of specific events varies depending on 
individual agents. Rare but serious adverse events, such as suicidality, seizures, serotonin syndrome, 
and cardiovascular events, have also been reported in clinical trials, but the comparative risks of 
antidepressants could not be assessed due to insufficient data.120 

Current clinical practice guidelines for depression recommend SSRIs as first-line medications for 
moderate to severe depression in adults,121 because they are equally effective as other antidepressants 
and have a favorable risk-benefit profile. SSRIs have been the most frequently prescribed type of 
antidepressants in many countries.122-124 Given the widespread and increasing use of SSRIs, potential 
harms associated with long-term treatment with SSRIs should be cautioned, particularly in vulnerable 
populations. In 2004, the US Food and Drug Administration issued a “black box” warning concerning 
all antidepressants for the risk of suicidality in children and adolescents, and expanded the warning in 
2007 to young adults aged up to 25 years.125 In 2011, the European Medicines Agency reduced the 
maximum doses for citalopram and escitalopram because of the risk of QT interval prolongation, and 
recommended a lower dose in patients aged over 60 years.126 Meta-analyses of observational studies 
have reported associations of SSRI use with several adverse events including falls,127 fractures,128 
stroke,129 and upper gastrointestinal bleeding.130 Large cohort studies using the UK primary care 
database suggested that compared with tricyclic antidepressants, SSRI use was associated with an 
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increased risk of fracture in people aged 20–64 years,131 and increased risks of falls and hyponatremia 
in people aged over 65 years.132 

2.3.2 Special considerations in CKD 

The risk-benefit profile of antidepressant use in patients with CKD may differ from that in the general 
population, due to altered drug clearance, the presence of somatic diseases, and an increased risk of 
drug-drug interactions.12 However, participants with impaired kidney function are frequently excluded 
from clinical trials out of safety concerns,133 and consequently, data on the pharmacokinetics, efficacy, 
and safety of antidepressants in CKD patients are scarce.13, 134, 135 

Antidepressants typically undergo hepatic metabolism, while certain agents have active metabolites 
excreted by the kidneys, leading to potential accumulation in patients with CKD. Pharmacokinetics 
studies found that drug clearance of certain antidepressants was markedly reduced in patients with CKD, 
including several second-generation antidepressants such as venlafaxine, desvenlafaxine, milnacipran, 
bupropion, and reboxetine.13 With respect to SSRIs, while individual drugs within this class have 
different pharmacokinetic properties, existing data suggest that reduced kidney function and the process 
of hemodialysis do not considerably alter the pharmacokinetic profiles of SSRIs.13, 136 

There are only a small number of randomized controlled trials (RCTs) evaluating the efficacy and safety 
of antidepressants in the CKD population. One meta-analysis which identified only four RCTs as of 
2016 and involved a total of 170 participants undergoing dialysis, concluded that the relative benefits 
and harms of antidepressants in dialysis patients remained unknown and highlighted a great need for 
further research.10 Later on, two RCTs both comparing sertraline with placebo were published in 2017. 
One trial that enrolled 30 patients undergoing hemodialysis indicated no significant difference between 
the two groups in terms of improvement of depressive symptoms, but dropout due to adverse events 
was greater in the sertraline group.137 Another trial involving 201 patients with CKD stages G3–5 not 
requiring dialysis similarly found that sertraline compared with placebo did not lead to significantly 
improved depressive symptoms and quality of life, whereas patients treated with sertraline experienced 
a higher incidence of gastrointestinal adverse events (e.g., nausea, vomiting, and diarrhea).138 

Despite uncertainty about the efficacy of antidepressants in patients with CKD, antidepressant drugs are 
used in as many as 10–20% of these patients.7, 8 This raises concerns that CKD patients treated with 
antidepressants, especially those on long-term treatment, may be exposed to undesired side effects.134 
Patients with CKD often bear a substantial burden of comorbidities and require concomitant use of 
multiple medications.139 Multimorbidity and polypharmacy predispose these patients to increased risks 
of drug-disease and drug-drug interactions.140 For example, drug-induced QT prolongation and bleeding 
risk can be of particular concern when SSRIs are used in CKD patients.141 However, real-world studies 
evaluating the safety of antidepressants in patients with CKD are still lacking. A few observational 
studies have reported several short-term adverse health consequences related to SSRI use in patients 
with CKD, including gastrointestinal bleeding, hip fracture, and sudden cardiac death,142-144 but the long-
term safety of SSRIs has not been established. Furthermore, the safety profile of other commonly used 
non-SSRI antidepressants remains unevaluated. 

Drug dose adjustment for patients with reduced kidney function is a generally accepted standard of 
practice.145 Inappropriate prescribing, occurring when drug dose or frequency is not adequately adapted 
to the patient’s kidney function, may result in adverse drug events.146 Although the pharmacokinetics of 
SSRIs do not substantially change in the setting of CKD, some SSRIs such as fluoxetine, paroxetine, 
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and sertraline have a moderate to strong inhibitory effect on cytochrome P450 isoenzymes.147 Adverse 
effects of SSRIs and potential drug-drug interactions with concurrent use of medications can still be 
clinically relevant, particularly among elderly adults.148, 149 To mitigate the risk of adverse drug reactions, 
expert opinions and clinical guidelines recommend dose reduction for SSRI treatment in patients with 
CKD.12, 13, 150-152 For example, the European Renal Best Practice guideline recommends halving the dose 
of sertraline for patients with CKD G5.13 Other prescribing guidelines propose initiating escitalopram 
with a lower dose in CKD G4–5,150, 151 and experts in nephrology advise a 50% lower initial dose of 
citalopram.12 However, whether this dose adjustment regimen enhances drug safety is unclear, and the 
extent to which these recommendations are followed in routine clinical care is largely unknown. A prior 
study using UK primary care data noted comparable initial doses of antidepressants between patients 
with and without CKD.8 

2.4 Real-world evidence 

2.4.1 Utility of real-world data 

Real-world data (RWD) are data relating to patient health status or the delivery of health care routinely 
collected from various sources outside typical clinical research settings,153 for instance, electronic health 
records, claims and billing data, product and disease registries, and data from other sources such as 
digital health technologies. The clinical evidence about the usage and potential benefits or risks of a 
medical product derived from analysis of RWD is termed real-world evidence (RWE).153 In the era 
of increasing accessibility to big data in healthcare, the use of RWD/RWE in medical research and 
regulatory decision-making has gained substantial attention, given its great potential to advance the 
development of therapeutic products and strengthen regulatory oversight.154, 155 Pharmacoepidemiology, 
in this context, provides valuable methodologies for studying the utilization, safety, and effectiveness 
of drugs through the analysis of RWD.  

Drug utilization research aims to quantify, understand, and evaluate the processes of prescribing, 
dispensing, and consumption of medicines, and test interventions to enhance the quality of these 
processes.156 This discipline is closely intertwined with pharmacovigilance, health outcomes research, 
and health economics. It has numerous applications, such as describing and comparing prescription 
patterns, identifying determinants of drug prescription, and assessing drug adherence.157 In this thesis, 
one research question of interest is how the prescribed dose of SSRIs varies by patients’ eGFR level, as 
an indication of to what extent physicians consider patients’ kidney function when prescribing SSRIs in 
routine clinical care. 

Indeed, much excitement about RWE arises from the expectation that access to emerging data sources 
of adequate quality, coupled with the advancement of more robust methods, will enable broader use of 
observational treatment comparisons to draw causal inferences about the effects of medical products.158 
RCTs are the ideal study design for causal inference and undoubtedly remain the gold standard in 
generating scientific evidence on the efficacy and safety of medical interventions. Nevertheless, the 
internal validity achieved in these trials often comes at the expense of uncertainty about generalizability, 
and it is not always feasible or appropriate to conduct RCTs in certain patient groups or for specific 
outcomes, due to ethical, time, and financial considerations. RWE studies can timely and efficiently 
complement knowledge obtained from traditional clinical trials in several ways, which include offering 
insights into the natural disease course or usual care, assessing long-term effects or rare outcomes, 
serving as an external comparator for single-arm trials, or being integrated into a pragmatic trial 



 

 11 

design.159 The great value of RWE has been widely recognized by multiple stakeholders, including the 
pharmaceutical industry, academia, healthcare providers, payers, and regulatory authorities.160 
Emerging frameworks and guidance have been proposed to facilitate the design, analysis, and reporting 
of reproducible RWE studies,161-163 as well as to evaluate the fitness of RWE for supporting regulatory 
decisions.164, 165  

2.4.2 Potential bias in RWE studies 

Making inferences on treatment effects from observational studies requires careful scrutiny owing to 
the inherent methodological limitations.166 In RCTs, random treatment assignment results in groups of 
patients that are balanced with respect to both measured and unmeasured risk factors. Consequently, a 
comparison of the incidence of targeted outcomes between treatment groups has a causal interpretation. 
By contrast, observed treatment status in RWE studies is affected by a multitude of factors, including 
patients’ disease severity, health status, medical history, sociodemographic characteristics, personal 
preferences, and physician’s clinical judgment. Patients prescribed a medication may well be inherently 
different from those who are not prescribed or who are prescribed another medication. Termed as 
confounding by indication in pharmacoepidemiology,167 it is an often intractable threat to the validity 
of observational studies because the possibility for unmeasured variables to explain an observed 
association cannot be ruled out. However, given the aforementioned limitations of RCTs and advantages 
of RWE, there is a growing consensus that RCTs and RWE can complement each other, so that both 
types of evidence have to be considered to better inform clinical decision-making.168, 169  

In addition to confounding bias, two types of bias related to study design, namely, prevalent user bias 
and immortal time bias, require particular attention as they are commonly present in prior 
pharmacoepidemiological studies and may contribute to the randomized-observational discrepancy.170 
Prevalent users refer to individuals who initiated the treatment some time before the start of follow-up. 
A comparison of prevalent users with nonusers can induce selection bias because, by definition, 
prevalent users have survived under treatment.171 If treatment increases the risk of the outcome, patients 
susceptible to adverse events are depleted, and prevalent users consist of more resilient patients as 
compared with nonusers. Analogously, if treatment decreases the risk of the outcome, prevalent users 
consist of patients who are more responsive or more adherent to the treatment. In both scenarios, the 
treated group is granted an unfair advantage. Moreover, inclusion of prevalent users complicates the 
adjustment for potential confounders, as these factors are plausibly affected by the treatment itself.171 

Immortal time bias typically arises when information on treatment after the start of follow-up is used to 
determine individuals’ treatment strategy,170 which can be induced by flawed research designs in various 
forms.172 As an example, if incorrectly defining the treatment group based on whether an individual 
receives any prescription during follow-up, those considered as treated must, by design, be event-free 
during the period between cohort entry and the first prescription, thereby introducing the so-called 
immortal time. Such inappropriate designs would systematically underestimate the event rate in the 
treated group and/or overestimate the event rate in the untreated group, creating a spurious protective 
association between the treatment and the outcome. Indeed, the two types of bias described above can 
be collectively summarized as the misalignment of time zero, eligibility, and treatment assignment 
(Figure 2.2), which indicates a deviation from RCT principles. But unlike unmeasured confounding, 
they can be avoided by rigorous designs in observational RWE studies.170  
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Figure 2.2 Examples of failures of emulation of a target trial using observational data170 

(Reproduced with permission from Elsevier) 

2.4.3 Emulation of a target trial 

A causal analysis of observational data can be viewed as an attempt to emulate a hypothetical pragmatic 
randomized trial, referred to as the target trial.163 Closely emulation using observational data would yield 
similar effect estimates as the hypothetical trials had they been conducted.173 Conversely, discrepancies 
between results from RCTs and their observational counterparts can often be attributed to the violation 
of trial design principles in previous naive observational analyses.174, 175 Therefore, even though 
randomization may at best be approximated in observational studies, target trial thinking helps to avoid 
ill-defined causal questions, as well as apparent design flaws and common biases such as immortal time 
bias, adjustment for mediators, and reverse causality.176 

Target trial emulation is a two-step process:177 first, articulate a well-defined causal question in the form 
of the protocol of a hypothetical randomized trial, which details eligibility criteria, treatment strategies, 
treatment assignment, follow-up period, outcomes, causal contrasts, and analysis plan;163 second, 
explicitly emulate the protocol components using the observational data. 

A basic principle for a successful emulation of a target trial is to align eligibility criteria, treatment 
assignment, and start of follow-up. The choice of a study design is informed by the specific research 
question. The active comparator new-user design is used to compare the effect of initiating different 
active treatments by emulating head-to-head trials, which can not only avoid prevalent user bias but also 
mitigate confounding by indication and healthy user bias.178, 179 The sequential trial design can be 
applied when eligibility criteria are met multiple times, leading to an improvement in statistical 
efficiency.180 The clone-censor-weight design is useful for allowing a grace period while preventing 
immortal time bias,181 as well as enabling the estimation of the effect of sustained static strategies or 
dynamic treatment strategies.182 

Once ruling out other common sources of bias by rigorous study designs, attention can be focused on 
minimizing confounding. The target trial emulation framework is paired with advanced analytical tools 
to address confounding and estimate causal treatment effects. Traditional epidemiological approaches 
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to control for confounding, such as stratification, matching, and multivariable-adjusted regression, 
endeavor to achieve conditional exchangeability between study groups. By integrating expert 
knowledge with rich data, this assumption is expected to be at least approximately true. If the other two 
identifiability assumptions—consistency and positivity—are also deemed fulfilled, an observational 
study can be conceptualized as a conditionally randomized experiment.183 Propensity score methods 
have gained popularity in pharmaco-epidemiological research, which attempt to control for confounding 
by adjusting for the probability of receiving a certain treatment via matching, stratification, covariate 
adjustment, or weighting. Their key advantages over traditional multivariable outcome modeling 
include the separation of study design and analysis, the ability to clearly define the target population, 
and the flexibility to generate and utilize the propensity score.184, 185 Specifically, inverse probability 
weighting is a versatile technique based on the propensity score, whose applications extend beyond 
addressing baseline confounding and include handling time-varying confounding in the presence of 
treatment-confounder feedback,186, 187 reducing selection bias (e.g., missing data and informative 
censoring),188, 189 and conducting generalizability or transportability analyses.190 
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3 RESEARCH AIMS 
The overarching aim of this thesis is to advance the understanding of mental illness and antidepressant 
treatment in patients with CKD, with the following specific aims:  

Study I: To evaluate the extent to which underlying kidney function influences SSRI dosing in routine 
clinical practice;  

Study II: To examine the association between incident depression and adverse clinical outcomes in 
patients with CKD; 

Study III: To investigate the short-term and long-term comparative safety of antidepressant treatment 
in patients with CKD;  

Study IV: To investigate the prevalence and impact of severe mental illness in patients with CKD. 
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4 MATERIALS AND METHODS 

4.1 Overview 

Table 4.1 provides an overview of the data source, study design, study population, main measures 
(exposures and outcomes), and statistical methods used in each constituent study of the thesis. 
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4.2 Data sources 

All four studies included in the thesis were register-based research. Study I, II, and III were based on 
the Stockholm CREAtinine Measurements (SCREAM) project; study IV was based on the Swedish 
Renal Registry. Using the unique personal identification number assigned to each Swedish resident,191 
laboratory data were linked to several regional and national health registers. 

4.2.1 Stockholm CREAtinine Measurements project  

The SCREAM project undergoes periodic updates. The first three studies in the thesis utilized the 
SCREAM databases covering the years 2006–2019, which contained healthcare information of all 
residents in the Stockholm region during this timeframe (about 3 million people), enriched with a wide 
array of laboratory measurements for individuals who had creatinine or albuminuria testing taken (about 
1.8 million people).192  

Stockholm regional healthcare data warehouse 

The Stockholm regional healthcare data warehouse includes healthcare contact data within the region’s 
universal tax-funded healthcare system.193 It contains information on all consultations in primary care 
since 2003, as well as in outpatient and inpatient care since 1997. Each healthcare visit is documented 
with details such as the visit date, the center accessed and the medical department involved, the 
therapeutic or surgical procedures undertaken, and the established diagnoses. This database also 
provides demographic information including sex, birth date, and immigration to or emigration from 
Stockholm. 

Laboratory data 

Another key component of SCREAM is a central repository of laboratory data. The sole criterion for 
inclusion in this laboratory repository is the presence of at least one creatinine or albuminuria 
measurement during the period of data extraction.192 The vast majority (>96%) of clinical chemistry 
laboratory tests within this region are performed by three laboratory companies. A wide variety of 
laboratory tests were extracted by the laboratory providers for all eligible individuals who had taken 
these measurements. Each laboratory test is documented with details such as the date and time of 
measurement, units, method used, reference interval, and source laboratory. 

4.2.2 Swedish Renal Registry 

The Swedish Renal Registry is a nationwide register collecting longitudinal information on patients 
attending nephrologist care, with non-dialysis CKD or undergoing KRT.194 The register’s primary 
enrollment criterion is an eGFR <30 mL/min/1.73 m2 (i.e., CKD stages G4–5) during nephrology visits, 
but it also encourages the inclusion of patients with earlier stages of CKD. Nearly all nephrology clinics 
in Sweden report to the Swedish Renal Registry. The estimated national coverage is >75% for patients 
with CKD G4–5 and >95% for patients on dialysis.194 This register collects clinical and biological data 
on outpatient nephrology visits until death or emigration. All patients are informed about their 
participation in the Swedish Renal Registry and can decline participation or withdraw consent at any 
time. 
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4.2.3 Swedish national registers 

National Patient Register  

The Swedish National Patient Register contains information on hospital admissions since 1964 and 
outpatient specialist consultations since 2001.195 Data from 1997 onwards were extracted, coinciding 
with the implementation of the ICD-10 coding system in Sweden. 

Cause of Death Register 

The Swedish Cause of Death Register records all deaths in Sweden since 1952, including the date of 
death and the underlying cause of death based on ICD codes.196  

Prescribed Drug Register  

The Swedish Prescribed Drug Register provides data on all prescribed drugs dispensed at Swedish 
pharmacies since July 2005,197 including details such as date of prescribing and dispensing, the drug’s 
identity, amount, and dosage, and the prescriber’s practice and profession. All drugs are classified 
according to the Anatomical Therapeutic Chemical (ATC) classification system. 

Longitudinal Integrated Database for Health Insurance and Labor Market Studies 

The Longitudinal Integrated Database for Health Insurance and Labor Market Studies covers the adult 
Swedish population aged ≥16 years since 1990,198 which provides information on education level, 
marital status, and disposable income. 

4.3 Main measures 

4.3.1 Definition of CKD and eGFR category 

For all studies in the thesis, the 2009 CKD-EPI creatinine equation without the race coefficient was used 
to calculate the eGFR.25 Creatinine was measured using either the enzymatic or the corrected Jaffe 
method in clinical laboratories, which was traceable to isotope dilution mass spectroscopy standards. 
We excluded inpatient creatinine measurements and extreme values (<25 or >1500 μmol/L).  

There are several considerations on how to define the CKD population. Using diagnostic coding to 
define the CKD cohort has a high specificity but a low sensitivity and can result in a notable delay in 
identification. Therefore, a laboratory-based definition of CKD is preferred when available. A previous 
study found that different laboratory-based algorithms can produce cohorts with varying sample sizes 
yet similar prognoses.199 In study II and study III, we defined the non-dialysis CKD population using 
a single eGFR <60 mL/min/1.73 m2, but excluded individuals whose all subsequent eGFR were ≥60 
mL/min/1.73 m2. In study IV, we included individuals with an eGFR <45 mL/min/1.73 m2 or those 
undergoing KRT when they first enrolled in the Swedish Renal Registry. 

eGFR categories were classified according to the KDIGO criteria.23 In study I, eGFR as the study 
exposure was categorized into ≥105, 90–104, 60–89, 45–59, 30–44, and <30 mL/min/1.73 m2, with the 
eGFR category of 90–104 mL/min/1.73 m2 as the reference group, based on previous evidence showing 
minimal health risk in this category.32 In study IV, eGFR level, combined with KRT status, was used 
to define subpopulations, including four categories 30–44, 15–29, <15 mL/min/1.73 m2, and receiving 
KRT. 
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4.3.2 Progression of CKD 

When defining kidney outcomes, using diagnostic codes for more severe stages of CKD or death due 
to CKD similarly suffers from low sensitivity and delayed identification. Initiation of KRT is an 
important and frequently used hard endpoint. A sustained (30%, 40%, 50%, or 57%) decline in eGFR 
is more powerful and also more relevant for the prevention of CKD progression. Using a linear mixed 
model to estimate longitudinal eGFR decline allows for “borrowing” information across individuals and 
offers certain statistical advantages. These models enable the incorporation of individuals with only one 
eGFR measurement, enhance the stability for individuals with only a few measurements, and address 
informative missingness under specific conditions.200  

In study II and study III, we defined CKD progression as a composite of >40% decline in eGFR, 
initiation of KRT, and death due to CKD (ICD–10 codes: N18–N19). In study IV, we opted to use a 
>30% decline in eGFR due to the substantially lower average eGFR in this study, and we considered 
the three kidney outcomes separately, instead of as a composite outcome, because each severe mental 
illness might be associated with individual kidney outcomes in different ways.  

4.3.3 Other clinical outcomes 

Other clinical outcomes considered in the thesis included all-cause hospitalization, all-cause mortality, 
major adverse cardiovascular event (MACE), hip fracture, upper gastrointestinal bleeding, sudden 
cardiac arrest, and suicidal behavior, which were defined using diagnostic information from healthcare 
visits and/or death records. 

4.3.4 Diagnosis of mental illness 

In study II and study III, individuals with incident depression were identified using diagnostic codes 
(ICD-10 codes: F32–F33) from primary care or specialist (inpatient or outpatient) care. In study IV, 
lifetime diagnosis of depression (F32–F33), bipolar disorder (F30–F31), and schizophrenia (F20) was 
ascertained via diagnostic codes from inpatient and outpatient specialist care but not primary care. 

4.3.5 Antidepressants and SSRI dose 

All antidepressants (ATC code: N06A) licensed for sale in Sweden were included when identifying the 
incident prescription of antidepressants, which were classified into tricyclic antidepressants (N06AA), 
SSRIs (N06AB), serotonin-norepinephrine reuptake inhibitors (N06AX16 and N06AX21), and other 
antidepressants (all other N06A drugs, including mirtazapine [N06AX11]). In study I, we investigated 
to what extent patients’ eGFR influences the dosage of SSRIs they were prescribed. In study III, we 
examined the safety of antidepressants in patients with CKD and depression, by comparing initiation of 
antidepressants versus non-initiation, initiation of mirtazapine versus SSRIs, and initiation of SSRIs 
with a reduced dose versus the standard dose. 

In study I and study III, prescribed SSRI dose was first estimated from free-text prescriptions using a 
validated machine learning algorithm,201 and then converted from the number of pills to defined daily 
doses. Based on current dosing recommendations,202 a threshold of <1 defined daily dose per day was 
used to define a reduced dose of SSRIs, while the remainder was classified as the standard dose. The 
most commonly prescribed daily dose was 0.5 defined daily dose for the reduced dose group and 1.0 
defined daily dose for the standard dose group, with both percentages exceeding 95%. 
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4.4 Study designs 

4.4.1 Cross-sectional study 

A cross-sectional study is a common type of observational study design that examines data from a 
population at one specific time point. All variables including exposures and outcomes are usually 
measured at the same time. Cross-sectional studies can be descriptive or analytical, depending on the 
research aims.203 They are valuable for providing statistics on the prevalence of diseases or medication 
use and are also useful for generating hypotheses, which can inform subsequent studies. In study IV, 
we used the descriptive cross-sectional design to estimate the prevalence of severe mental illness in a 
nationwide cohort of nephrology-referred CKD patients. In study I, we employed a variant of the 
analytical cross-sectional design, where we defined the exposure as the most recent eGFR measurement 
before the incident prescription of SSRIs, leading to a clear temporal relationship between eGFR and 
prescribed SSRI dose. 

4.4.2 Cohort study 

Cohort design is a fundamental component of analytical observational studies, which is extensively used 
to investigate the exposure-outcome association. In a typical cohort study, individuals free of certain 
diseases are initially classified into two or more groups based on their baseline exposure status, and then 
followed over a period of time to compare the incidence of outcomes among groups with a different 
level or type of exposure. Using the cohort design, we examined the association of incident depression 
(study II) and prevalent severe mental illness (study IV) with the clinical outcomes in patients with 
CKD. Specifically, directed acyclic graphs204 were used to depict our understanding of the potential 
biological and behavioral pathways relevant to each specific research question, which guided variable 
selection and multivariable adjustment strategies. In study II, incident depression was treated as a time-
varying exposure to prevent immortal time bias. 

4.4.3 Target trial emulation 

Target trial emulation framework is increasingly used for causal inference with observational data,177 
which has been shown to considerably enhance the quality of pharmacoepidemiological studies that 
examine the treatment effects. Two types of study designs were applied in study III to investigate the 
comparative safety of antidepressants (including drug initiation, type, and dosage) in patients with both 
CKD and depression. 

The cloning-censoring-weighting design181 was used to allow a 3-month grace period for the initiation 
of antidepressant treatment following the incident diagnosis of depression, which meanwhile can 
prevent immortal time bias. A graphical depiction of this approach is shown in Figure 4.1. Briefly, in 
the cloning step, each eligible individual is simultaneously assigned to all treatment strategies that are 
compatible with their observed data at time zero, which eliminates immortal time bias. Duplicates are 
artificially censored when they deviate from their assigned treatment strategy after time zero. The 
censoring step ensures that people follow the assigned strategy but introduces selection bias, which is 
adjusted for using inverse probability weighting. In the weighting step, uncensored duplicates receive a 
weight equal to the inverse of their probability of being uncensored.  
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Figure 4.1 A schematic representation of the cloning, censoring, and weighting method  

 

The active comparator new-user design179 was used to investigate the comparative safety of initiating 
different types of antidepressants (mirtazapine versus SSRIs) and different starting doses of SSRIs 
(reduced dose versus standard dose). Figure 4.2 provides an illustration of comparing mirtazapine with 
SSRIs using the active comparator new-user design. This design reduces confounding by indication as 
it compares different treatment strategies with a similar indication. 

 

Figure 4.2 Illustration of comparing mirtazapine with SSRIs using the active comparator new-user design  

 

 



 

 23 

4.5 Statistical methods 

A statistical model is a mathematical representation of data that embodies a set of assumptions about 
the underlying data-generating process. In practice, it is generally specified as a mathematical 
relationship between one dependent variable and other explanatory variables. Statistical modeling is 
guided by the research purpose (i.e., description, prediction, or causal explanation),205 the nature of data 
(e.g., data type [discrete, continuous, or time-to-event], censoring, and missingness), and the statistical 
assumptions (e.g., probability distribution and functional relationship). 

4.5.1 Logistic regression 

Logistic regression is the most commonly used model for binary dependent variables (e.g., SSRI dose 
reduction in study I), which is a type of generalized linear model with a logit (or log-odds) link function. 
In a logistic regression model, the dependent variable is assumed to be generated from a binomial 
distribution. More specifically, the log odds of an event (ln 𝑝

1−𝑝
) is modeled as a linear combination of 

a set of independent variables, which often include an exposure of interest and other covariates that are 
controlled for. The adjusted odds ratio (OR) obtained from multivariable logistic regression model is a 
measure of association between the exposure and the outcome,206 which represents the ratio of the odds 
of the event in the exposed group to the odds of the event in the unexposed group, while holding all 
other variables constant. 

4.5.2 Negative binomial regression 

Negative binomial regression is used for modeling count variables, mostly for over-dispersed count 
outcomes (e.g., number of hospitalized days in study II), where the variance exceeds the mean. A key 
assumption of the Poisson regression is that the conditional variance of the dependent variable equals 
the conditional mean. In the presence of over-dispersion, using a standard Poisson regression model 
will underestimate the standard errors, leading to an overestimation of the statistical significance.207 
Negative binomial regression can be considered as a generalization of Poisson regression with an 
additional free parameter, which loosens the highly restrictive “equidispersion” assumption and may 
provide a better model fit. In medical research, negative binomial regression is an approach to analyze 
recurrent event data,208 such as hospital readmissions, where events occurring within an individual may 
not be independent and there is often an over-dispersion problem. When dealing with different lengths 
of follow-up among individuals, this model provides estimates of rate ratio (RR), the ratio of the event 
rate in the exposed group versus the unexposed group, in the context of a dichotomous exposure. 

4.5.3 Cox proportional hazards model 

Cox proportional hazards models are the most frequent choice for analyzing time-to-event data (e.g., 
all-cause mortality in study II). Cox models are semi-parametric models in the sense that they combine 
a non-parametric estimation of the baseline hazard with a parametric model for the effect of the 
covariates on the hazard function. The proportional hazards assumption in Cox models implies that the 
hazard ratios (HRs) associated with each covariate are constant over time. For a binary time-constant 
exposure, the HR is defined as the hazard in the exposed group divided by the hazard in the unexposed 
group, which can be roughly interpreted as the incidence rate ratio for practical purposes.209 The 
flexibility and “ease of interpretation” of the Cox model contribute to its great popularity in survival 
analysis; nevertheless, some caveats should be noted. First, in case of non-proportionality, the overall 
HR should be interpreted as a weighted average of the period-specific HRs throughout the follow-up.209 
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Alternatively, time-varying coefficients can be directly modeled by introducing an interaction term 
between the exposure and time.206 Second, the choice of time scale may have a non-negligible impact 
on the estimates of association. It is advised to prioritize the time scale that is perceived to be a strong 
confounder for the exposure-outcome association. Age is recommended as the underlying time scale in 
most epidemiologic cohort studies of chronic diseases, while time-on-treatment is the natural time scale 
in clinical trials.210 Third, competing risks need to be taken into account when the occurrence of a 
competing event precludes the occurrence of the primary event of interest. The Cox models provide 
cause-specific hazards which may be more appropriate when disease etiology is the focus, whereas 
subdistribution hazards, usually obtained from the Fine-Gray models, are linked to the cumulative 
incidence functions that are more relevant for the purpose of risk prediction.211 Fourth, using the HR for 
causal inference is challenging, due to the time-varying effects commonly present in clinical research 
and its built-in selection bias as a result of differential depletion of susceptibles.209 Alternative effect 
measures (e.g., survival differences) or models (e.g., accelerated failure time models) are suggested to 
overcome this shortcoming. 

4.5.4 Inverse probability weighting 

Inverse probability weighting (IPW) is an alternative approach for confounding adjustment that is 
increasingly used in observational studies, particularly in the field of pharmacoepidemiology. IPW 
consists of two main steps.189 First, the probability of receiving a treatment conditional on patient 
characteristics is estimated using a propensity score model, typically with logistic regression. Second, 

weights are calculated as the inverse probability of receiving the observed treatment, that is, 1
𝑝
 in the 

treated and 1

1−𝑝
 in the untreated group. Several other propensity score based weighting methods can be 

utilized depending on the targeted inference.185 Applying these weights to the original study population 
creates a pseudo-population wherein measured confounders are equally distributed between the two 
groups. In practice, the weights can be incorporated into an outcome model, such as weighted Cox 
regression for a time-to-event outcome, to obtain estimates adjusted for confounders. IPW can also be 
applied to address informative censoring, for example, due to treatment noncompliance, in a 
conceptually similar manner that creates a pseudo-population that would have been studied if all patients 
complied with their treatment strategy. In addition, IPW can validly estimate the effect of a time-varying 
treatment while appropriately handling time-varying confounding in the presence of treatment-
confounder feedback, in which case conventional adjustment methods can introduce bias.187 

4.6 Ethical considerations 

The thesis work consists of four observational studies using the linkage of laboratory and register-based 
data. These studies were conducted following the four principles of medical ethics (i.e., autonomy, 
beneficence, non-maleficence, and justice) and adhered to the Declaration of Helsinki. Study I, II, and 
III based on the SCREAM project were approved by the Regional Ethical Review Board in Stockholm 
(reference number: 2017/793-31); study IV based on the Swedish Renal Registry was approved by the 
Swedish Ethical Review Authority (reference number: 2018/1591-31/2 and 2022-04594-02). Further 
details on ethical considerations are provided below. 

Informed consent is generally waived for pseudonymized register-based research according to Swedish 
law.212 In particular, all patients are informed about their participation in the Swedish Renal Registry 
and have the possibility to refuse participation or opt out at any time. In accordance with the Swedish 
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Data Protection Act and the European General Data Protection Regulation, personal data were linked 
and pseudonymized by the Swedish Authority before being transmitted to the researchers. These data 
are securely stored on encrypted servers at the Department of Medical Epidemiology and Biostatistics, 
Karolinska Institutet. To maintain confidentiality, we presented summary statistics during the statistical 
analyses that precluded the possibility of tracing back to the original individuals. 

We used real-world data to fill the knowledge gaps about the prevalence and impacts of severe mental 
illness, as well as the utilization and safety of antidepressants in patients with CKD. Accordingly, we 
anticipate that our research findings would contribute to raising awareness among healthcare providers 
about recognizing and managing these devastating mental health conditions in CKD patients, and would 
also assist in making well-informed decisions concerning antidepressant treatment in this population. 
As an important note, during the drafting of our manuscripts, we made concerted efforts to present a 
balanced discussion that covered both the implications and limitations of our studies. 

The regional or national representativeness of our study populations ensures that our findings are largely 
applicable to the entire patient population in the Stockholm region (for study I, II, and III) or Sweden 
(for study IV). Our finding that CKD patients with schizophrenia or bipolar disorder exhibited a lower 
rate of initiating kidney replacement therapy indicates potential disparities in access to this essential but 
resource-constrained treatment, highlighting the need to reduce stigma related to severe mental illness 
and promote equity in healthcare access.  
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5 RESULTS 

5.1 Kidney function and prescribed SSRI dose (Study I) 

Patient characteristics 

In this study, we identified 101,409 individuals aged ≥50 years residing in Stockholm who redeemed 
an incident prescription of antidepressants between July 2006 and December 2019 and had taken at least 
one creatinine test in the preceding 12 months. The mean age was 70.3 years (SD: 12.3) and 59,910 
(59.1%) were women. The median eGFR was 81 mL/min/1.73 m2 (interquartile range [IQR]: 66–93); 
11.4% of the individuals had an eGFR 45–59 mL/min/1.73 m2 (corresponding to CKD stage G3a), 5.3% 
had an eGFR 30–44 mL/min/1.73 m2 (G3b), and 2.0% had an eGFR <30 mL/min/1.73 m2 (G4–5).  

Most individuals (60.8%) received their antidepressant prescriptions from primary care. The most 
frequently prescribed antidepressant was citalopram (28.3%), followed by amitriptyline (20.7%) and 
mirtazapine (19.9%). SSRIs accounted for about half (51.6%) of the total prescriptions, and one-third 
of the SSRI prescriptions involved dose titration.  

Kidney function and SSRI dose reduction 

Approximately 54.1% of incident SSRI users were prescribed a reduced initial dose (i.e., <1 defined 
daily dose per day), and 34.1% received a reduced maintenance dose (Figure 5.1). The proportion of a 
reduced SSRI dose was higher in the lower eGFR categories, both for initial and maintenance doses. 
But even in patients with an eGFR <30 mL/min/1.73 m2, the proportion of dose reduction was 65.4% 
for the initial dose and 56.3% for the maintenance dose. Compared with the eGFR category of 90–104 
mL/min/1.73 m2, the adjusted OR (95% CI) in those with an eGFR <30 mL/min/1.73 m2 was 1.18 (1.03, 
1.36) for reduced initial dose and 1.49 (1.29, 1.72) for reduced maintenance dose. 

 

Figure 5.1 eGFR and SSRI dose reduction 

(Reproduced from the original publication under the CC BY license) 
Abbreviations: eGFR, estimated glomerular filtration rate; SSRIs, selective serotonin reuptake inhibitors. 
Models were adjusted for age, sex, psychiatric diagnosis, and other central nervous system medications. 
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Women and older patients (≥65 years) exhibited a higher proportion of dose reduction compared with 
men and middle-aged patients (50–64 years) (Figure 5.2). However, after adjusting for covariates, the 
associations between lower eGFR and SSRI dose reduction were stronger among individuals aged 50–
64 years than those aged ≥65 years (P for interaction <0.001). 

Figure 5.2 eGFR and reduced maintenance dose of SSRIs, by sex and age groups 

(Reproduced from the original publication under the CC BY license) 
Abbreviations: eGFR, estimated glomerular filtration rate; SSRIs, selective serotonin reuptake inhibitors. 
Models were adjusted for age, psychiatric diagnosis, and other central nervous system medications.  
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5.2 Incident depression and clinical outcomes in CKD (Study II) 

Patient characteristics 

The study cohort included 157,398 adults with CKD G3–5 who were not treated with KRT and had no 
previous diagnosis of depression. The median age at baseline was 75 years (IQR: 67–83), and 83,719 
(53.2%) were women. A vast majority (82.9%) of individuals had stage G3a CKD, 12.4% had stage 
G3b, and the remaining 4.7% had stage G4–5 CKD. The most prevalent physical comorbidities were 
hypertension (74.5%), cancer (20.7%), and diabetes (19.1%), while dementia (4.7%) and anxiety 
disorders (4.4%) were the most common neuropsychiatric comorbidities. During a median follow-up of 
5.1 years (IQR: 2.3–8.5), 12,712 (8.1%) patients with CKD received an incident diagnosis of depression. 
Individuals who developed depression during the follow-up were more likely to be female, had a lower 
socioeconomic status, and had comorbid anxiety disorders at baseline. 

Incident depression and clinical outcomes 

A total of 4,600,935 hospitalized days, 42,866 MACEs, and 66,635 deaths were recorded during the 
follow-up, along with 9795 individuals meeting the criteria for CKD progression. Following an incident 
diagnosis of depression, patients with CKD experienced higher rates of hospitalized days, CKD 
progression, MACE, and mortality (Table 5.1). After adjusting for the potential confounders, incident 
depression was statistically significantly associated with a higher rate of hospitalized days (RR: 1.77; 
95% CI: 1.71, 1.83), as well as a higher hazard of CKD progression (HR: 1.38; 95% CI: 1.28, 1.48), 
MACE (HR: 1.22; 95% CI: 1.18, 1.27), and all-cause mortality (HR: 1.41; 95% CI: 1.37, 1.45). 

Table 5.1 Association between incident depression and clinical outcomes in patients with CKD 

Outcome 
No depression period  Depression period Adjusted RR/HR† 

(95% CI) No. of events Incidence rate*  No. of events Incidence rate* 

Hospitalized days 4,177,673 5073.9  423,262 8445.8 1.77 (1.71, 1.83) 

CKD progression 9011 12.5  784 19.1 1.38 (1.28, 1.48) 

MACE 40,193 54.0  2673 66.3 1.22 (1.18, 1.27) 

All-cause mortality 61,221 74.4  5414 108.0 1.41 (1.37, 1.45) 

(Reproduced from the original publication under the CC BY-NC license) 
Abbreviations: CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events; RR, rate 
ratio. 
*Incidence rate was presented per 1000 person-years. 
†RR was reported for hospitalized days, and HR was reported for the other clinical outcomes. Models were adjusted 
for age, year of cohort entry, sex, education, marital status, disposable income, eGFR, albuminuria, prior healthcare 
utilization, nursing home care, tobacco-related disorders, alcohol-related disorders, physical comorbidities, 
neuropsychiatric comorbidities, and concurrent use of medications at baseline. 

 

The effect sizes for the associations between incident depression and hospitalized days, MACE, and all-
cause mortality were larger within the first year following a depression diagnosis but remained 
significant beyond one year (Table 5.2). In contrast, the association with CKD progression was only 
statistically significant after one year following the incident depression. 



 

30 

Table 5.2 Association between incident depression and clinical outcomes within or beyond 1 year 

Outcome 

No depression period  <1 year after incident depression  ≥1 year after incident depression 

Incidence rate* 
 Incidence 

rate* 

Adjusted RR/HR† 

(95% CI) 

 Incidence 

rate* 

Adjusted RR/HR† 

(95% CI) 

Hospitalized days 5073.9  12,806.0 1.77 (1.71, 1.83)  7168.8 1.16 (1.12, 1.20) 

CKD progression 12.5  14.2 1.08 (0.91, 1.27)  20.7 1.47 (1.36, 1.59) 

MACE 54.0  83.1 1.50 (1.39, 1.61)  61.1 1.13 (1.08, 1.19) 

All-cause mortality 74.4  129.8 1.69 (1.60, 1.78)  101.6 1.32 (1.28, 1.37) 

(Reproduced from the original publication under the CC BY-NC license) 
Abbreviations: CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events; RR, rate 
ratio. 
*Incidence rate was presented per 1000 person-years. 
†RR was reported for hospitalized days, and HR was reported for the other clinical outcomes. Models were adjusted 
for age, year of cohort entry, sex, education, marital status, disposable income, eGFR, albuminuria, prior healthcare 
utilization, nursing home care, tobacco-related disorders, alcohol-related disorders, physical comorbidities, 
neuropsychiatric comorbidities, and concurrent use of medications at baseline. 

 

5.3 Comparative safety of antidepressants in CKD (Study III) 

Baseline characteristics 

In this study, a total of 7798 individuals with CKD G3–5 and incident depression diagnosis were 
included. At baseline, the median age of the study population was 80 years (IQR: 72–86), and 61.1% 
were female. Among physical comorbidities, hypertension (84.1%) was the most prevalent, followed 
by stroke (26.0%), cancer (24.7%), and diabetes (23.4%). For neuropsychiatric comorbidities, anxiety 
disorders, insomnia, and chronic neuropathic pain all had a prevalence exceeding 10%. Additionally, 
concurrent use of renin-angiotensin system inhibitors (50.4%), beta-blockers (46.7%), and anxiolytics, 
hypnotics, and sedatives (50.3%) was highly common. 

Initiation of antidepressants versus non-initiation  

Of the 7798 eligible individuals, 5743 (73.6%) patients initiated, while 1820 patients (23.3%) did not 
initiate antidepressant treatment within three months after the incident diagnosis of depression (i.e., 
grace period). The remaining 235 (3.0%) patients died or emigrated without antidepressant use, who 
did not violate either treatment strategy and therefore contributed events to both treatment groups to 
prevent immortal time bias. 

Compared with non-initiation, initiation of antidepressants was associated with non-statistically 
significantly higher hazards of hip fracture (HR: 1.23; 95% CI: 0.88, 1.74) and upper gastrointestinal 
bleeding (HR: 1.38; 95% CI: 0.82, 2.31) within one-year of follow-up, while was not associated with 
all-cause mortality (HR: 1.01; 95% CI: 0.92, 1.11), MACE (HR: 1.08; 95% CI: 0.97, 1.21), CKD 
progression (HR: 1.03; 95% CI: 0.86, 1.25), or suicidal behavior (HR: 0.81; 95% CI: 0.56, 1.18) over a 
five-year follow-up period (Table 5.3). 
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Table 5.3 Association between antidepressant initiation and health outcomes in patients with CKD and 

incident depression 

Outcome 
Weighted 

events 

Weighted 

person-years 

Incidence 

rate 

Hazard ratio 

(95% CI) 

Absolute risk, % 

(95% CI) 

Risk difference, % 

(95% CI) 

Short-term outcomes (1-year) 

Hip fracture       

Non-initiation 51 1897 27.1 Reference 2.5 (1.8, 3.5) Reference 

Initiation 186 5566 33.5 1.23 (0.88, 1.74) 3.1 (2.7, 3.6) 0.6 (-0.3, 1.5) 

Upper gastrointestinal bleeding 

Non-initiation 19 1910 10.0 Reference 0.9 (0.6, 1.5) Reference 

Initiation 77 5619 13.6 1.38 (0.82, 2.31) 1.3 (1.0, 1.6) 0.3 (-0.2, 0.9) 

Cardiac arrest       

Non-initiation 24 1913 12.4 Reference 1.2 (0.7, 1.9) Reference 

Initiation 72 5648 12.7 0.99 (0.58, 1.69) 1.2 (0.9, 1.5) 0.0 (-0.6, 0.6) 

Long-term outcomes (5-year) 

Death       

Non-initiation 693 6227 111.4 Reference 40.8 (37.9, 43.7) Reference 

Initiation 2067 18,137 114.0 1.01 (0.92, 1.11) 42.1 (40.6, 43.6) 1.3 (-1.9, 4.6) 

MACE       

Non-initiation 502 5737 87.4 Reference 31.3 (28.5, 34.3) Reference 

Initiation 1575 16,443 95.8 1.08 (0.97, 1.21) 34.4 (33.0, 35.9) 3.1 (-0.1, 6.4) 

CKD progression       

Non-initiation 170 6111 27.9 Reference 12.4 (10.5, 14.7) Reference 

Initiation 515 17,683 29.1 1.03 (0.86, 1.25) 13.1 (12.0, 14.3) 0.7 (-1.7, 3.1) 

Suicidal behavior       

Non-initiation 43 6166 7.0 Reference 3.4 (2.4, 4.7) Reference 

Initiation 103 17,972 5.7 0.81 (0.56, 1.18) 2.6 (2.1, 3.2) -0.8 (-2.0, 0.5) 

(Reproduced from the original publication with permission from Wolters Kluwer) 
Abbreviations: CI, confidence interval; MACE, major adverse cardiovascular event. 
Incidence rate was presented per 1000 person-years.  
All analyses were adjusted through inverse probability weighting for age, sex, education, marital status, disposable 
income, calendar year, duration of CKD, nursing home care, prior healthcare utilization, eGFR, comorbidities, and 
concurrent use of medications. Valid 95% CIs were derived using non-parametric bootstrap with 500 replicates. 
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Initiation of mirtazapine versus SSRIs 

Among 5743 initiators of antidepressants, 1598 (27.8%) initiated mirtazapine while 3950 (68.8%) 
initiated SSRIs. Compared with SSRIs, initiation of mirtazapine was associated with a statistically 
significantly lower hazard of upper gastrointestinal bleeding (HR: 0.52; 95% CI: 0.29, 0.96), but a 
higher hazard of mortality (HR: 1.11; 95% CI: 1.00, 1.22) (Table 5.4). 

Table 5.4 Association between antidepressant type and health outcomes in patients with CKD and 

incident use of SSRIs or mirtazapine 

Outcome 
Weighted 

events 

Weighted 

person-years 

Incidence 

rate 

Hazard ratio 

(95% CI) 

Absolute risk, % 

(95% CI) 

Risk difference, % 

(95% CI) 

Short-term outcomes (1-year) 

Hip fracture       

SSRIs 123 3502 35.1 Reference 3.4 (2.8, 4.0) Reference 

Mirtazapine 40 1380 29.2 0.83 (0.59, 1.17) 2.9 (2.1, 3.7) -0.5 (-1.5, 0.5) 

Upper gastrointestinal bleeding 

SSRIs 53 3538 14.9 Reference 1.4 (1.0, 1.9) Reference 

Mirtazapine 11 1397 7.8 0.52 (0.29, 0.96) 0.8 (0.4, 1.1) -0.7 (-1.3, -0.1) 

Cardiac arrest       

SSRIs 45 3559 12.6 Reference 1.2 (0.8, 1.7) Reference 

Mirtazapine 18 1402 12.5 0.99 (0.56, 1.75) 1.2 (0.7, 1.8) 0.0 (-0.7, 0.7) 

Long-term outcomes (5-year) 

Death       

SSRIs 1374 12,219 112.4 Reference 42.3 (40.6, 44.0) Reference 

Mirtazapine 583 4680 124.5 1.11 (1.00, 1.22) 46.6 (43.3, 50.0) 4.3 (0.6, 8.0) 

MACE       

SSRIs 1028 11,011 93.3 Reference 34.7 (32.9, 36.6) Reference 

Mirtazapine 412 4173 98.7 1.05 (0.93, 1.18) 36.8 (33.2, 40.5) 2.1 (-1.8, 6.0) 

CKD progression       

SSRIs 335 11,933 28.1 Reference 13.0 (11.6, 14.4) Reference 

Mirtazapine 141 4538 31.0 1.10 (0.88, 1.39) 14.6 (11.7, 17.4) 1.5 (-1.7, 4.7) 

Suicidal behavior       

SSRIs 61 12,131 5.0 Reference 2.5 (1.9, 3.2) Reference 

Mirtazapine 26 4627 5.6 1.12 (0.59, 2.14) 2.6 (0.8, 4.5) 0.1 (-1.9, 2.1) 

(Reproduced from the original publication with permission from Wolters Kluwer) 
Abbreviations: CI, confidence interval; MACE, major adverse cardiovascular event; SSRIs, selective serotonin 
reuptake inhibitors. 
Incidence rate was presented per 1000 person-years.  
All analyses were adjusted through inverse probability weighting for age, sex, education, marital status, disposable 
income, calendar year, duration of CKD, nursing home care, prior healthcare utilization, eGFR, comorbidities, 
concurrent use of medications, and source of antidepressant prescription. Valid 95% CIs were derived using non-
parametric bootstrap with 500 replicates. 
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Initiation of SSRIs with a reduced versus standard dose 

Among 3950 initiators of SSRIs, 2716 (68.8%) started with a reduced dose while 1234 (31.2%) started 
with a standard dose. Compared with the standard dose, initiation of SSRIs with a reduced dose was 
associated with non-statistically significantly lower hazards of upper gastrointestinal bleeding (HR: 
0.68; 95% CI: 0.35, 1.34) and CKD progression (HR: 0.80; 95% CI: 0.63, 1.02), but a higher hazard of 
cardiac arrest (HR: 2.34; 95% CI: 1.02, 5.40) (Table 5.5). 

Table 5.5 Association between SSRI starting dose and health outcomes in patients with CKD and incident 

use of SSRIs 

Outcome 
Weighted 

events 

Weighted 

person-years 

Incidence 

rate 

Hazard ratio 

(95% CI) 

Absolute risk, % 

(95% CI) 

Risk difference, % 

(95% CI) 

Short-term outcomes (1-year) 

Hip fracture       

Standard dose 43 1108 39.2 Reference 3.8 (2.6, 5.4) Reference 

Reduced dose 79 2452 32.2 0.82 (0.53, 1.26) 3.1 (2.5, 3.9) -0.6 (-2.2, 0.9) 

Upper gastrointestinal bleeding 

Standard dose 21 1116 19.0 Reference 1.8 (1.1, 3.1) Reference 

Reduced dose 32 2475 13.0 0.68 (0.35, 1.34) 1.3 (0.8, 1.9) -0.6 (-1.7, 0.5) 

Cardiac arrest       

Standard dose 6 1128 4.9 Reference 0.5 (0.2, 1.0) Reference 

Reduced dose 29 2487 11.5 2.34 (1.02, 5.40) 1.1 (0.8, 1.6) 0.6 (0.1, 1.2) 

Long-term outcomes (5-year) 

Death       

Standard dose 393 4003 98.1 Reference 38.5 (35.2, 41.7) Reference 

Reduced dose 866 8971 96.5 0.98 (0.88, 1.10) 38.2 (36.2, 40.3) -0.2 (-3.9, 3.4) 

MACE       

Standard dose 321 3576 89.7 Reference 34.5 (30.9, 38.1) Reference 

Reduced dose 654 8152 80.2 0.90 (0.78, 1.03) 31.1 (29.1, 33.0) -3.4 (-7.4, 0.5) 

CKD progression       

Standard dose 121 3912 30.8 Reference 14.0 (11.2, 16.7) Reference 

Reduced dose 217 8748 24.8 0.80 (0.63, 1.02) 11.9 (10.3, 13.4) -2.1 (-5.2, 1.0) 

Suicidal behavior       

Standard dose 20 3973 5.0 Reference 2.7 (1.3, 4.0) Reference 

Reduced dose 47 8893 5.3 1.05 (0.57, 1.94) 2.7 (1.8, 3.5) 0.0 (-1.6, 1.6) 

(Reproduced from the original publication with permission from Wolters Kluwer) 
Abbreviations: CI, confidence interval; MACE, major adverse cardiovascular event; SSRIs, selective serotonin 
reuptake inhibitors. 
Incidence rate was presented per 1000 person-years. 
All analyses were adjusted through inverse probability weighting for age, sex, education, marital status, disposable 
income, calendar year, duration of CKD, nursing home care, prior healthcare utilization, eGFR, comorbidities, 
concurrent use of medications, source of antidepressant prescription, and type of SSRIs. Valid 95% CIs were 
derived using non-parametric bootstrap with 500 replicates. 
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5.4 Prevalence and impact of SMI in CKD (Study IV) 

Baseline characteristics 

The study cohort consisted of 48,907 patients with CKD G3b–5 or undergoing KRT. The mean age was 
68.7 years (SD: 14.3) and 17,770 (36.3%) were women; the mean (SD) eGFR was 25 ± 9 mL/min/1.73 
m2 and 17.0% were on KRT. Compared with CKD patients without severe mental illness (SMI), those 
with any SMI were younger and more likely to be female. The underlying cause of kidney disease varied 
by specific SMI. Lithium nephropathy was rarely observed in patients without SMI (0.1%), whereas it 
was recorded as the primary cause of kidney disease in 50.6% of patients with bipolar disorder, 12.1% 
of patients with schizophrenia, and 6.2% of patients with major depressive disorder.  

Prevalence of SMI 

The overall prevalence of any SMI in the full CKD cohort was 7.0% (Figure 5.3). The observed number 
of SMI cases in CKD patients was 60% higher than the expected number from the general population 
(standardized prevalence ratio: 1.60; 95% CI: 1.55, 1.66). The standardized prevalence ratio was slightly 
higher in women than men and largely similar across CKD stages. 

Regarding each specific SMI, the prevalence was 5.4% for major depressive disorder, 1.9% for bipolar 
disorder, and 0.5% for schizophrenia. Compared with the general population, the standardized 
prevalence ratio (95% CI) for major depressive disorder, bipolar disorder, and schizophrenia among 
patients with CKD was 1.42 (1.37, 1.48), 3.28 (3.07, 3.50), and 1.34 (1.17, 1.53), respectively. The 
prevalence and standardized prevalence ratio of specific SMI were generally higher in women than in 
men. Among patients on KRT, there was a lower standardized prevalence ratio for bipolar disorder 
while a higher estimate for major depressive disorder. 

SMI and clinical outcomes 

A total of 30,103 patients with incident non-dialysis CKD were included in this analysis. Over a median 
follow-up of 3.8 (IQR: 2.0–6.2) years, 8465 individuals experienced a sustained 30% decline in eGFR, 
7304 individuals initiated KRT, and 14,864 deaths were recorded. Each specific SMI was consistently 
associated with a higher rate of all-cause mortality, whereas different association patterns were found 
for individual kidney outcomes (Table 5.6). 

Major depressive disorder was neither associated with 30% decline in eGFR (HR: 1.01; 95% CI: 0.91, 
1.12) nor with initiation of KRT (HR: 0.95; 95% CI: 0.85, 1.06), while it was associated with a 
significantly higher rate of death due to CKD (HR: 1.54; 95% CI: 1.17, 2.02).  

Bipolar disorder was significantly associated with a higher rate of 30% decline in eGFR (HR: 1.47; 95% 
CI: 1.29, 1.67) and death due to CKD (HR: 1.64; 95% CI: 1.10, 2.46), but a lower rate of KRT initiation 
(HR: 0.79; 95% CI: 0.67, 0.94). 

Schizophrenia was not associated with 30% decline in eGFR (HR: 0.92; 95% CI: 0.65, 1.29), while it 
was significantly associated with a higher rate of death due to CKD (HR: 5.48; 95% CI: 2.91, 10.32), 
but a notably lower rate of KRT initiation (HR: 0.56; 95% CI: 0.39, 0.80).  
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Figure 5.3 Lifetime prevalence of SMI and standardized prevalence ratio in patients with CKD 

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 
KRT, kidney replacement therapy; SMI, severe mental illness. 
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Table 5.6 Association between severe mental illness and clinical outcomes in patients with incident non-

dialysis CKD 

 Presence of SMI  Absence of SMI  Hazard ratio (95% CI) 

 
No. of 

events 

Incidence 

rate  

 No. of 

events 

Incidence 

rate 

 Age- and sex-

adjusted 

Multivariable 

adjusted* 

Major depressive disorder         

30% decline in eGFR 416 78.1  8049 84.4  0.86 (0.78, 0.95) 1.01 (0.91, 1.12) 

Initiation of KRT 409 74.7  6895 67.8  0.94 (0.85, 1.04) 0.95 (0.85, 1.06) 

Death due to CKD 67 10.0  941 7.6  1.90 (1.48, 2.44) 1.54 (1.17, 2.02) 

All-cause mortality 789 117.6  14,075 113.3  1.38 (1.28, 1.48) 1.09 (1.00, 1.17) 

Bipolar disorder         

30% decline in eGFR 244 106.7  8221 83.5  1.25 (1.10, 1.43) 1.47 (1.29, 1.67) 

Initiation of KRT 140 50.7  7164 68.6  0.69 (0.58, 0.82) 0.79 (0.67, 0.94) 

Death due to CKD 26 8.2  982 7.7  1.77 (1.20, 2.63) 1.64 (1.10, 2.46) 

All-cause mortality 270 84.7  14,594 114.2  1.01 (0.89, 1.13) 1.13 (1.00, 1.28) 

Schizophrenia         

30% decline in eGFR 33 85.4  8432 84.1  0.87 (0.62, 1.23) 0.92 (0.65, 1.29) 

Initiation of KRT 30 74.3  7274 68.2  0.80 (0.56, 1.15) 0.56 (0.39, 0.80) 

Death due to CKD 10 20.3  998 7.6  7.74 (4.12, 14.55) 5.48 (2.91, 10.32) 

All-cause mortality 72 146.3  14,792 113.4  2.47 (1.95, 3.11) 2.12 (1.68, 2.68) 

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 
KRT, kidney replacement therapy; SMI, severe mental illness. 
*Models were adjusted for age, sex, calendar year, baseline eGFR, prior healthcare use, physical comorbidities, 
neuropsychiatric comorbidities, and concurrent medications.
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6 DISCUSSION 

6.1 Mental illness in patients with CKD 

In study II, we observed that 8.1% of CKD patients received an incident diagnosis of depression during 
the follow-up. In study IV, we reported a prevalence of 5.4% for depression, 1.9% for bipolar disorder, 
and 0.5% for schizophrenia, which was 42%, 228%, and 34% higher, respectively, compared with the 
general population. In patients with non-dialysis CKD, a meta-analysis estimated the prevalence of 
depression to be around 20%,71 while the few available studies indicated a prevalence of 1.2% for 
schizophrenia106 and 1.5% for schizophrenia or bipolar disorder.107 Our studies confirmed the relative 
commonness of mental health conditions in patients with CKD,60 and study IV contributed to this 
understanding by providing prevalence estimates for bipolar disorder and schizophrenia, for which data 
was notably scarce. 

In study II, we found significant associations between an incident diagnosis of depression and 
hospitalization, CKD progression, MACE, and all-cause mortality in patients with non-dialysis CKD, 
expanding upon previous research that primarily focused on patients undergoing dialysis.77, 86, 89, 90 In 
study IV, we found a preexisting diagnosis of depression to be associated with higher mortality, but not 
with eGFR decline or KRT initiation. A plausible explanation for the contrasting findings is the episodic 
nature of depression, characterized by fluctuations in the severity and duration of symptoms. In the 
analysis of prevalent depression, individuals may have achieved remission or recovery at baseline or 
may develop depression during the follow-up, both of which can result in exposure misclassification 
and attenuate the association observed in study IV.  

Schizophrenia and bipolar disorder, unlike depression, typically manifest in early adulthood, preceding 
the development of CKD, and are more perceived as lifelong conditions requiring ongoing care.103, 104 
In study IV, both schizophrenia and bipolar disorder were associated with a higher rate of mortality, 
but a lower rate of initiating KRT, indicating barriers in access to this lifesaving treatment. A previous 
cross-sectional study observed a lower proportion of receiving KRT in CKD patients with 
schizophrenia.111 In addition, we observed a faster eGFR decline for bipolar disorder. Lithium, the 
mainstay of pharmacological treatment for bipolar disorder, could be an important contributor to CKD, 
as recent evidence suggests long-term use and supra-therapeutic serum level are associated with the 
development and progression of CKD.213, 214 

The complex relationship between SMI and CKD is likely to be influenced by a combination of 
biological, behavioral, pharmacological, and psychosocial determinants,5 and may vary by specific 
SMI. Several general pathways to consider include: (1) adverse physiological disturbances (e.g., 
inflammation and immune system dysfunction) and high rates of comorbidities (e.g., hypertension, 
diabetes, and cardiovascular disease);215 (2) medical nonadherence and unhealthy lifestyles such as 
smoking, poor diet, and physical inactivity;216 (3) adverse effects of psychotropic medications such as 
lithium and antipsychotics;215, 217 (4) lack of social support and disparities in health care,218 including 
inadequate pre-dialysis care such as fewer nephrology care visits and suboptimal prescriptions.110, 219 

6.2 Kidney function and prescribed SSRI dose 

Study I found that individuals with lower eGFR were more likely to be prescribed SSRIs with a reduced 
dose, compared to those with normal kidney function. Nonetheless, two-fifths of patients with CKD 
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G4–5 received SSRI prescriptions without proper dose reduction, potentially being placed at an 
increased risk of adverse drug reactions. 

The association between lower eGFR and SSRI dose reduction was of modest magnitude, indicating 
that prescribers may not consistently take patients’ kidney function into account when prescribing 
SSRIs. The suboptimal implementation of SSRI dose adjustment in routine practice possibly reflects 
prescribers’ insufficient awareness of patients’ kidney function and/or the necessity of making such 
adjustments. Furthermore, it might be rooted in the lack of evidence in the field to support this practice. 
Clinical guidelines for the treatment of depression generally recommend clinicians to pay careful 
attention to kidney function among older patients.220, 221 However, there are inadequate and inconsistent 
dosing recommendations for antidepressants,202 owing to a substantial paucity of evidence on the 
pharmacokinetics, effectiveness, and safety of antidepressants in the CKD population. 

An accompanying finding was that only a small fraction of individuals with normal kidney function 
received a sufficient SSRI dose that was able to elicit a maximum antidepressant effect, which has also 
been highlighted by previous studies.123, 222 Taken together, optimal prescribing of SSRIs requires 
individualized treatment strategies tailored to patients’ profiles and needs, in which kidney function 
should be one important factor to be considered, leveraging the commonness of creatinine tests in 
routine clinical practice. 

6.3 Comparative safety of antidepressants in CKD 

In study III, we applied the target trial emulation framework to evaluate the comparative safety of 
antidepressants in patients with CKD and incident depression. Our findings indicated that initiation of 
antidepressants, compared with non-initiation, was associated with a higher risk of short-term adverse 
events such as hip fracture and upper gastrointestinal bleeding, but was not associated with long-term 
outcomes, including all-cause mortality, MACE, and progression of CKD. Furthermore, our study 
underscored the importance of carefully choosing the type and dosage of antidepressants to enhance 
treatment safety. Initiating mirtazapine, compared with SSRIs, was associated with a lower risk of upper 
gastrointestinal bleeding but a higher risk of mortality. Initiating SSRIs with a reduced dose, compared 
with a standard dose, was associated with lower risks of upper gastrointestinal bleeding and CKD 
progression. 

Study III provided real-world evidence on the safety of antidepressants in the CKD population. Our 
finding that antidepressant use in CKD was associated with greater short-term risks of hip fracture and 
upper gastrointestinal bleeding aligned with previous studies.142, 143 Study II observed a higher rate of 
mortality, MACE, and CKD progression following incident depression in patients with CKD, whereas 
our subsequent investigation suggested that antidepressant treatment did not alleviate these depression-
related adverse outcomes. But to put it another way, the results did not provide evidence supporting the 
long-term risks of such treatment. Current clinical evidence on this topic has not demonstrated clear 
efficacy of antidepressants in alleviating depressive symptoms but has indicated a higher occurrence of 
symptomatic adverse effects.10, 134, 135 Nevertheless, it is important to note the limitations of existing 
clinical trials, which primarily investigated the use of sertraline in dialysis patients, typically involving 
a sample size of <100 participants and a follow-up period of ≤12 weeks. 

We found that SSRI use, relative to mirtazapine, was associated with higher risks of hip fracture and 
upper gastrointestinal bleeding in patients with CKD, which is in line with previous research142, 143 and 
reflects guideline recommendations.220, 221, 223 To reduce drug-drug interactions, clinical guidelines 
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recommend avoiding the concomitant use of SSRIs with certain medications, such as antiplatelet drugs 
and non-steroidal anti-inflammatory drugs,220, 221, 223 and recommend prescribing antidepressants with a 
lower propensity for these interactions (e.g., mirtazapine and mianserin).221 However, mirtazapine, 
compared with SSRIs, was associated with a slightly higher mortality risk in patients with CKD, similar 
to findings in the general elderly population,132, 224 which warrants caution and further investigations. 

Moreover, we found that a reduced starting dose of SSRIs, as compared to the standard dose, was 
associated with a lower risk of adverse drug reactions like upper gastrointestinal bleeding and 
progression of CKD, providing support for the recommendation of SSRI dose adjustment in patients 
with CKD, as illustrated in study I.  

6.4 Strengths and limitations 

6.4.1 Strengths 

The key strength of this thesis lies in the availability of creatinine tests and accessibility of multiple 
health registers. The availability of creatinine tests is paramount to CKD research, as it is essential to 
define and stage CKD, as well as to ascertain the progression of CKD. Multiple health registers provided 
abundant data, with minimal missingness and virtually complete follow-up. In addition, the application 
of some novel methodologies helped mitigate various sources of bias. 

Based on the SCREAM project, study I, II, and III leveraged the unique linkage of laboratory tests 
with population-based health registers, covering the universal tax-funded healthcare, including primary 
care, in the Stockholm region. The commonness of creatinine tests in routine care ensured regional 
representativeness. Using data from the Swedish Renal Registry, study IV included a nationwide cohort 
of nephrologist-referred CKD patients, with recorded creatinine tests. Almost all nephrology clinics in 
Sweden report to the Swedish Renal Registry, with an estimated national coverage of >75% for patients 
with CKD G4–5 and >95% for patients on dialysis.194 

Study I and study III used a previously developed machine-learning algorithm201 to estimate the 
prescribed SSRI dose from free-text prescription information, thereby reducing misclassification that 
can arise from oversimplified assumptions (e.g., one pill per day). 

Study II and study IV employed directed acyclic graphs to illustrate possible relationships among the 
exposure, measured covariates, unmeasured factors, and the outcome, which informed our covariates 
adjustment strategy. Study III utilized the target trial emulation approach, a state-of-the-art method 
designed to clarify research questions and avoid common biases in observational studies. 

6.4.2 Limitations 

Misclassification bias was an inherent limitation in several aspects. First, we used a single serum 
creatinine measure to define and stage CKD. However, a Danish register-based study demonstrated that 
applying several different laboratory-based algorithms resulted in CKD cohorts with varying sample 
sizes but similar prognoses.199 There were also unavoidable errors in the ascertainment of CKD 
progression. Second, we used diagnostic codes to identify depression, bipolar disorder, and 
schizophrenia, which was more likely to identify severe cases that required clinical consultations. The 
course of these illnesses cannot be captured by register data. Third, all our measures of drug utilization 
were based on dispensing data from the Prescribed Drug Register, while information on drug prescribing 
and actual drug consumption was unavailable. We also lacked information on the underlying indications 
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for the dispensed antidepressants. Moreover, misclassifications of the prescribed daily dose of 
antidepressants were inevitable, although the algorithm used for the estimation showed a high accuracy. 

Some important variables were not available in the register data. For lifestyle behaviors such as 
smoking, alcohol drinking, and obesity, we had to rely on proxy measures derived from clinical 
consultations. As unmeasured confounding cannot be eliminated in observational studies, in the thesis 
we were only able to demonstrate associations rather than prove causality. Nevertheless, it would be 
helpful to recognize the different tasks (description, prediction, or counterfactual prediction)225 aimed 
at by each study within the thesis. 

Study I, II, and III reflected clinical practice in the Stockholm region, while study IV reflected clinical 
practice in Sweden. Population characteristics, clinical practice related to disease diagnosis and drug 
prescribing, as well as healthcare policies can vary substantially across regions/countries. Thus, 
generalization of our results to other contexts should be made with caution. 

Limitations specific to each study are described below. 

In study I, around 30% of new antidepressant users were excluded owing to a lack of recent creatinine 
measurements. These excluded individuals were likely to be younger and healthier than those included, 
so the findings may not be generalizable to a younger population. On the other hand, this high percentage 
of individuals lacking recent creatinine tests may serve as a reminder for prescribers to evaluate their 
patient’s kidney function and consider this message when prescribing SSRIs. Additionally, about 10% 
of prescriptions were excluded due to missing information on the prescribed daily dose. Assuming 
missing completely at random, the observed associations would have been attenuated. 

In study II, patients were defined as exposed once receiving an incident diagnosis of depression. Prior 
research has indicated that defining depression via administrative codes has moderate sensitivity and 
high specificity, with greater validity for moderate to severe depression.226 We obtained consistent 
results through several sensitivity analyses with regard to the sensitivity and specificity of the diagnosis, 
as well as the type, severity, and duration of depression. The validity of creatinine-based eGFR may be 
affected by non-GFR determinants such as low muscle mass, especially in a predominantly elderly and 
frail population. Albuminuria status was only available in less than half of our study cohort as it was not 
universally tested in routine care; nevertheless, we observed consistent findings among those with or 
without albuminuria tests, as well as after applying multiple imputation for missing albuminuria. The 
proportional hazards assumption was not fulfilled by all the Cox regression models in our analyses; in 
case of non-proportionality, the overall HR could be interpreted as a weighted average of the period-
specific HRs throughout the follow-up.209 

In study III, we had no available measures of depressive symptoms and our results mainly pertained to 
CKD patients who probably had moderate to severe depression that warranted clinical attention. It is 
noteworthy that in clinical practice the decision to initiate or choose an antidepressant is non-random 
but influenced by a multitude of factors, including patient-level (e.g., patients’ depressive symptoms, 
comorbidities, and concomitant medications), provider-level (e.g., clinicians’ judgments), and practice-
level factors (e.g., availability of non-pharmacological treatment options). To better signify potential 
safety concerns when interpreting the results, both the statistical significance and strength of association 
have been considered, without making multiple testing corrections. We were not able to perform 
subgroup analyses due to limited statistical power. Therefore, further studies are required to validate our 
findings and to explore the potential heterogeneity in treatment effects. 
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In study IV, we ascertained severe mental illness by relying on ICD-10 codes without access to primary 
care data. Consequently, this study captured diagnoses made at hospitals or specialist (e.g., psychiatry) 
outpatient care, which can lead to under-ascertainment and in part explain the relatively lower 
prevalence of depression in patients with CKD than that reported in previous studies. Because the 
probability of false-positive discovery increased due to multiple comparisons, findings from our 
analyses should be interpreted as exploratory. Currently, the Swedish Renal Registry does not routinely 
enroll patients with CKD G1–3a; future studies are needed to determine whether our findings can be 
extended to earlier stages of CKD. 
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7 CONCLUSIONS 
In this thesis, we endeavor to advance the understanding of several mental illnesses and antidepressant 
treatment in patients with CKD. The main conclusions drawn from this thesis indicate that 1) not only 
depression, but also bipolar disorder and schizophrenia were more prevalent in patients with CKD, in 
comparison with the general population; 2) depression, bipolar disorder, and schizophrenia were 
associated with poorer prognosis in patients with non-dialysis CKD, whereas CKD patients with bipolar 
disorder or schizophrenia experienced a lower rate of initiating kidney replacement therapy, suggesting 
potential disparities in access to this lifesaving treatment; 3) despite the recommendation to prescribe a 
reduced dose of SSRIs to patients with CKD, prescribers did not adequately consider patients’ kidney 
function when determining SSRI dosing; and 4) antidepressant treatment was associated with short-
term adverse outcomes but not long-term outcomes in people with CKD and depression, while selection 
of appropriate antidepressant type and dosage should be emphasized to improve treatment safety. These 
findings highlight the importance of recognizing and managing comorbid mental illnesses in patients 
with CKD and provide real-world evidence for optimizing antidepressant treatment.  
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8 POINTS OF PERSPECTIVE 

8.1 Clinical implications 

8.1.1 Severe mental illness in patients with CKD 

Depression has somatic symptoms (e.g., sleep disturbance, appetite disturbance, and fatigue) that 
overlap with CKD, while bipolar disorder and schizophrenia are relatively rare and there is a notable 
lack of prior knowledge in patients with CKD. These mental illnesses, especially depression, in CKD 
patients can be under-recognized by healthcare providers who may not have a sufficient understanding 
and tend to prioritize somatic conditions. This thesis provides evidence that depression, bipolar disorder, 
and schizophrenia are more prevalent in patients with CKD compared with the general population, and 
these conditions are associated with a poorer prognosis. Our findings should raise awareness about 
recognizing these conditions in CKD patients and prompt further research into their effective 
management. 

Specifically, CKD patients with schizophrenia or bipolar disorder exhibited a significantly lower rate 
of initiating kidney replacement therapy, suggesting unequal access to this life-sustaining treatment. 
Nevertheless, there is little rationale for precluding patients with schizophrenia or bipolar disorder from 
dialysis or transplantation based solely on their psychiatric diagnosis.5 Instead, identifying the presence 
of severe mental illness provides the dialysis and transplant centers with an opportunity to offer or 
recommend appropriate treatment and additional support to address these potential barriers and optimize 
health outcomes.227 

With respect to the treatment of bipolar disorder, prevention and management of renal side effects of 
lithium is a complicated but crucial issue. Recent research found that individuals with bipolar disorder 
at a higher risk of subsequent eGFR decline may be identified before initiating lithium treatment by a 
simple prediction model based on age, sex, and baseline eGFR.228 Clinicians should carefully balance 
the potential risks and benefits when contemplating lithium treatment, and ensure adequate monitoring 
and management of comorbidities for patients treated with lithium. 

8.1.2 Antidepressant treatment in patients with CKD 

This thesis sheds light on optimizing the management of depression in patients with CKD. Although 
we found that antidepressant treatment was associated with short-term adverse outcomes but not long-
term outcomes in people with CKD and depression, combining existing clinical evidence and expert 
opinions,134 it is reasonable to consider initiating SSRI therapy among CKD patients to evaluate the 
improvement of depressive symptoms. Importantly, the selection of appropriate antidepressant type and 
dosage should be emphasized to minimize adverse events. Overall, treatment decisions should be 
individualized by taking into account various factors such as drug response and safety, patients’ 
characteristics, medical history, kidney function, and concomitant medications.  

Our studies reveal discrepancies between clinical guidelines and routine practices. For instance, over 
30% of CKD patients initiated SSRIs without dose reduction, highlighting suboptimal implementation 
of SSRI dose adjustment in routine care. Concurrent use of SSRIs and non-steroidal anti-inflammatory 
drugs or antiplatelet drugs, though not recommended by guidelines,220, 221, 223 was common. Clarifying 
the underlying reasons and addressing these issues may ultimately promote the quality of care and 
improve treatment outcomes. 
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8.2 Future perspectives 

8.2.1 Burden of neuropsychiatric conditions in patients with CKD 

The present thesis focuses on three mental illnesses — depression, bipolar disorder, and schizophrenia. 
However, for future research, it would be essential to incorporate a broader range of neuropsychiatric 
conditions to comprehensively assess their burden in patients with CKD. Several conditions or 
behaviors that are highly relevant but have been understudied in CKD patients warrant special attention, 
including anxiety disorders, dementia, chronic pain, and suicidal behavior.64 In addition to providing 
basic statistics regarding the prevalence or incidence rates of neuropsychiatric conditions, more 
sophisticated analyses, such as identifying comorbidity patterns and characterizing how the burden of 
these conditions evolves as kidney disease progresses, could yield valuable insights for understanding 
and managing these conditions in patients with CKD.  

8.2.2 Real-world effectiveness of antidepressants in patients with CKD 

Current evidence from clinical trials regarding antidepressant treatment in patients with CKD has not 
demonstrated a clear efficacy of antidepressants in alleviating depressive symptoms but has indicated a 
higher occurrence of symptomatic adverse effects.10, 134, 135 We have evaluated the comparative safety 
of antidepressants in patients with CKD, but the absence of longitudinal measurements of depressive 
symptoms in our register data precluded us from directly assessing the comparative effectiveness of 
antidepressants. While suicidal behavior has been analyzed as one of the study outcomes, it is not an 
optimal approximation because active suicidality is relatively rare among depressed people. Moreover, 
the impact of antidepressants on suicidality is complex. If certain data sources include measures of 
depressive symptoms among CKD patients, it could offer valuable real-world evidence on the 
effectiveness of antidepressants within this population. Alternatively, we may consider better proxies 
for antidepressant treatment outcomes or other clinically relevant events that can be defined using health 
registers, such as acceptability and psychiatric hospital contacts.229, 230 Acceptability of treatment is 
measured as all-cause treatment dropout, which can be defined as discontinuation (cessation of the index 
antidepressants), switching (switching to another antidepressant), or augmentation (adding another 
antidepressant, a mood stabilizer, or an antipsychotic).229 This measure encompasses both the 
effectiveness of the treatment and its tolerability (i.e., treatment dropout due to side effects). Some 
researchers made subtle distinctions between these potential treatment outcomes, suggesting that 
discontinuation and switching of antidepressants can possibly indicate intolerability, augmentation and 
psychiatric hospital contacts may reflect insufficient treatment benefits, while psychiatric hospital 
contacts, falls, cardiovascular events, and mortality reflect various side effects.230 Real-world benefits 
and risks of antidepressants in patients with CKD could be more thoroughly investigated by future 
studies.  

8.2.3 Heterogeneity of treatment effect 

Heterogeneity of treatment effect implies nonrandom variation in the magnitude or direction of a 
treatment effect across subpopulations, which should be expected for nearly every medical treatment.231, 

232 This concept is central to personalized treatment as it enables the identification of patient subgroups 
that are more like to benefit from certain treatment, or conversely at a higher risk of adverse effects. 
Assessing heterogeneity of treatment effect is an important next step after generating a valid estimate 
of the overall effect among all patients, both for studies using trial data and real-world data. There are 
different methods to evaluate treatment effect heterogeneity, each with its own merits and caveats. 
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Traditional subgroup analysis examines one variable at a time, which is easy to perform but is prone to 
both false-negative and false-positive discoveries due to low statistical power, multiple testing, and 
limited prior knowledge.231 Predictive approaches to assess treatment effect heterogeneity that can 
address some of these limitations are therefore preferred. In particular, data-driven effect modeling 
represents an intersection between causal inference and machine learning,233 and has emerged as a 
promising approach to predict individualized treatment effects.232 There have already been a few 
applications of these innovative methodologies in medical research.234-236 With the ongoing 
development of these techniques, further exploration and refinement of the applications are necessary 
to harness their full potential in the era of precision medicine. 
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