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Abstract

Hyponatremia is a common and under-recognized adverse drug reaction of citalopram.
This study aims to determine the incidence of hyponatremia and to identify risk factors in a
large, population-based cohort initiating new prescriptions for citalopram.

Following approval from the ethics review board, data were obtained from Alberta
Information Network databases to identify patients with new citalopram prescriptions from
2010-2017, inclusive. Hyponatremia was defined as serum sodium level <135 mmol/L.
Associations were determined by performing Cox regression with time-varying covariate
analysis, with the development of hyponatremia as the dependent variable.

This is the first large-scale, population-based study to explore risk factors, based solely
on laboratory serum data, for the development of hyponatremia in patients initiating citalopram
therapy. We report a 16.7% incidence of hyponatremia after starting citalopram treatment and
significant risk factors include lower baseline sodium, concurrent thiazide diuretic use, older age,

and male sex.
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Chapter One: Introduction
1.1 Hyponatremia and SIADH Defined

The preservation of electrolyte homeostasis is crucial for optimal physiological
functioning, with hormonal and renal mechanisms regulating the extracellular and intracellular
concentrations of each specific electrolyte. Sodium is one of the primary dietary electrolytes with
a large influence on the maintenance of blood pressure and fluid equilibrium, plus additional
roles in blood pH balance and neuron action potential propagation. While hypernatremia is
usually a consequence of dehydration or nephron depletion due to age or disease [1], a reduction
in serum sodium is equally detrimental to the health of the individual.

Three classifications of hyponatremia exist and are distinguished on the basis of serum
osmolality. Isotonic and hypertonic hyponatremia occur due to the presence of plasma proteins
or other osmotically-active solutes that reduce the fraction of plasma water in the total plasma
volume [2]. Since sodium is water-soluble, the proportion of sodium in terms of total plasma
volume is decreased even if the plasma water concentration of sodium is unchanged. True
hyponatremia is an electrolyte deficiency defined as a serum sodium concentration less than 135
mmol/L and occurs with the condition of low serum osmolality (hypotonic hyponatremia) [3, 4].
The symptoms of mild to moderate hyponatremia (<132 mmol/L and <128 mmol/L serum
sodium, respectively) include nausea, fatigue, confusion, cramping, unsteadiness, dizziness, and
depressed reflexes while severe hyponatremia (<125 mmol/L serum sodium) can result in
delirium, seizures, coma, and death [5]. Furthermore, the development of hyponatremia in
hospitalized patients results in increased mortality, which is correlated with the severity of

plasma sodium depletion [6]. Clinical consequences of hyponatremia include an increased



incidence of hospitalization, length of hospital stay, and an increased financial burden on the
healthcare system [5].

It is important to determine the etiology of hyponatremia in order to administer effective
treatment and reduce continued exposure to suboptimal electrolyte conditions. The etiology of
reduced sodium levels is divided into three conditions: hypovolemic, hypervolemic, and
euvolemic hyponatremia. Hypovolemic hyponatremia occurs alongside the loss of water via
renal or other mechanisms, including vomiting, diarrhea, or diuretic use, while hypervolemic
hyponatremia is suggestive of heart or renal failure. Euvolemic hyponatremia may indicate
primary polydipsia or hypothyroidism, but most notably arises as a result of the syndrome of
inappropriate anti-diuretic hormone (SIADH) [3].

SIADH, the increased production of antidiuretic hormone (ADH), may be caused by a
multitude of malignant and non-malignant conditions. ADH, synthesized by the hypothalamus, is
normally released by the posterior pituitary gland in response to osmolality changes. It then
binds to the kidney vasopressin receptor 2 (V2R) and increases water reabsorption in the
collecting ducts of the kidney. Cancerous tumors may induce ADH secretion via paraneoplastic
secretion while central nervous system (CNS) disorders, pulmonary diseases and infections may
provoke ADH stimuli unrelated to osmotic homeostasis [7, 8]. In terms of adverse drug effects,
certain medications may cause hyponatremia through SIADH, or may heighten the V2R
response to ADH, which is classified as the nephrogenic syndrome of antidiuresis [9].
Hyponatremia due to SIADH is a known side effect of antidepressants, including that of

serotonin selective reuptake inhibitors (SSRI).



1.2 Serotonin Selective Reuptake Inhibitors

In the past two decades, worldwide use of antidepressants has increased, though the
frequency of antidepressant use in Canada has stabilized over the past 5 years [10]. A recent
study among older adults in Manitoba, Canada reports an overall decrease in the incidence of
new antidepressant prescriptions in the last decade, although the use of newer antidepressants is
prevailing over older classes [11]. SSRI are one of the newer classes of antidepressants that
contain some of the most commonly prescribed drugs for the treatment of depressive and anxiety
disorders. As described by its name, the SSRI mechanism of action in the brain involves binding
to the presynaptic serotonin reuptake transporter. This binding decreases the affinity of the
transporter for serotonin, thereby extending the presence of the neurotransmitter in the synaptic
cleft. As a result of the specificity for the serotonin pathway, SSRI have reduced effects on
dopamine and norepinephrine activity, which is a marked advantage over older antidepressants
that caused effects on a variety of pathways involving many different neurotransmitters.

Significant differences in depression rates between women and men exist and may be
explained by sex differences in the serotonin system. Women have twice the rate of depression,
as well as higher rates of recurring depression in comparison with men [12, 13]. Higher
concentrations of the serotonin metabolite 5-hydroxyindole-3-acetic acid (5-HIAA) were found
in the cerebral spinal fluid of female rats than male rats [14], and postmortem studies in humans
also confirm higher 5-HIAA presence in female hypothalamus, lobus occipitalis, and
hippocampus tissues [15]. Positron Emission Topography (PET) studies using radioligands for
the 5-hydroxytryptamine (SHT) receptor SHT1A and the serotonin reuptake transporter revealed
higher SHT1A receptor binding and lower serotonin reuptake transporter binding in depressed
women than in men [16]. Women have lower levels of serotonin synthesis, confirmed with

another PET study [17], which may also result in the internalization of the serotonin reuptake



transporter [18].

The downstream effect of serotonin is dependent on the receptor type present in the
postsynaptic membrane. Among the different subtypes of the SHT receptor, the SHT1A and the
SHT?2 receptors have the largest influence on mood and anxiety [19]. It is thought that serotonin
mediation elevates the concentration of circulating ADH to increase the reabsorption of water,
regardless of declining sodium levels [5, 6, 9]. Extensive studies on rats show that serotonin
stimulates ADH secretion from the posterior pituitary [19-24]. SHT receptors present on
neurohypophyseal tissue facilitate ADH secretion into the hypophyseal portal system and also
into the peripheral circulation upon serotonergic stimulation. The action of serotonin on ADH is
mediated by brain angiotensin in the CNS. Since SSRI antidepressants increase the amount of
serotonin present in the synapse, the effect is a similar increase in ADH secretion [20, 23].

1.3 Citalopram

Citalopram, one of the six SSRI antidepressants, had the most significant increase in use
among older adults in Canada from 1997 to 2013 [11]. The prevalence of citalopram use over
other SSRIs is presumably a result of fewer drug interactions and side effects [11], although its
use has been implicated in QT interval prolongation [25]. Citalopram exists as a racemic mixture
of two enantiomers, (R)-(-)-citalopram and (S)-(+)-citalopram, which attach to two different
binding sites on the serotonin reuptake transporter and induce the internalization of the
transporter. S-citalopram, otherwise known as escitalopram, binds to the high-affinity orthosteric
binding site while R-citalopram binds to the low-affinity allosteric site on the transporter and
noncompetitively inhibits S-citalopram action on the high-affinity binding site [26, 27].
Cytochrome P450 enzymes in the liver metabolize the citalopram enantiomers, but the
breakdown and excretion of R-citalopram occurs at a slower rate than that of its racemic

counterpart [26, 28].



A differential response in citalopram treatment efficacy exists due to age, the severity of
the depressive disorder, comorbidities, and several pharmacogenomic factors. Differences
between variants in the liver CYP2C19 and CYP2D6 genes result in altered citalopram
clearance, which has a direct influence on the efficacy and toxicity of the citalopram treatment
[29]. The down regulation of SMA-and MAD-related protein 7 (SMAD 7) and sialic acid-
binding immunoglobulin-like lectin, pseudogene 3 (SIGLECP3) genes and the up regulation of
interferon regulatory factor 7 (IRF7) gene seem to have a beneficial effect on citalopram
treatment [30, 31]. Polymorphisms in the SHTR1Dp gene is suggested to cause agitation in
children treated with citalopram [32] and a RS17135437 single-nucleotide polymorphism in the
EMID?2 gene is also significantly correlated with visual and auditory side effects of citalopram
treatment [33], to name just a few of the genes implicated in citalopram treatment and adverse
effects.

1.4 Existing Research

Existing research is mostly comprised of individual case studies detailing the
hospitalization, diagnosis, and subsequent treatment of a hyponatremic patient on citalopram
[34-38]. In these case studies, the patient was either admitted to hospital, or already an inpatient
who presented symptoms of hyponatremia within two weeks of initiating citalopram treatment.
Following formal hyponatremia diagnosis, electrolyte infusion and cessation of citalopram
successfully restored serum sodium concentrations to pre-antidepressant levels within one week.

A handful of retrospective, population-based cohort studies studying antidepressant-
induced hyponatremia reinforce the trends seen in the case studies. In a Swedish study of adults
admitted to the hospital, a correlation between new antidepressant treatment and the likeliness of
hospitalization for hyponatremia was found [39] and several studies have compared the

incidence of hyponatremia between antidepressant classes, with varying results [5, 39-41].



However, research examining an entire adult population based primarily on laboratory serum
data rather than International Classification of Diseases, Tenth Revision (ICD-10) codes is
scarce.

1.5 Study objectives

This study explores the relationship between the initiation of citalopram use and the
development of hyponatremia in the adult population of Calgary, Canada. The first part of this
thesis includes an update on the incidence of hyponatremia among all adult age groups and the
identification of risk factors for the development of hyponatremia following new citalopram
treatment. An investigation of current hyponatremia rates stemming from citalopram or SSRI
treatment, along with information from existing literature, is given in Chapter 2.

The second part of this study considers the application of risk factor analysis with
potential expansion into personalized medicine. A discussion into the risk factors that can be
analyzed to determine patterns useful in establishing precision health is given in Chapter 3, with
emphasis on geo-mapping and the creation of clinical guidelines. These preventative medicine
techniques are intended for physician, administrative, and hospital use for improved patient care

and, thus, a reduction in hospitalizations due to SIADH.



Chapter Two: Risk Factors for Hyponatremia in Patients Newly Prescribed Citalopram: a
Retrospective Observational Study

2.1 Abstract

Hyponatremia is a common and under-recognized adverse drug reaction of SSRI
antidepressants. Despite its clinical importance, there are few large-scale studies on the risk
factors associated with this adverse reaction. This study aims to determine the incidence of
hyponatremia and to identify risk factors in a large, population-based cohort initiating new
prescriptions for citalopram.

Following approval from the ethics review board, data were obtained from an Alberta
Health Pharmacy database to identify new citalopram prescriptions from 2010-2017, inclusive.
Patients with new prescriptions were linked with Calgary Laboratory Services data to identify
patients who developed hyponatremia following prescription initiation. Hyponatremia was
defined as serum sodium level <135 mmol/L. Associations were determined by performing Cox
regression with time-varying covariate analysis, with the development of hyponatremia as the
dependent variable.

A total of 19,679 patients with new prescriptions were identified; 12,842 females and
6,837 males. The mean age was 55.48 years with a standard deviation of 21.35 years. 3,250
(16.5%) of these patients developed hyponatremia, 1996 (15.5% of) females and 1254 (18.3%
of) males. Cox regression showed significant associations of hyponatremia with lower baseline
sodium (HR = 0.788), older age (HR = 1.029), diuretic use (HR = 1.141) and male sex (HR =
1.168). Pharmaceutical manufacturer or strength of citalopram did not have significant effects on
the development of hyponatremia.

This is the first large-scale, population-based study to explore risk factors, based solely

on laboratory serum data, for the development of hyponatremia in patients initiating citalopram



therapy. We report a 16.7% incidence of hyponatremia after starting citalopram treatment, and
significant new findings include a higher incidence in males. This is the first published incidence
of hyponatremia following the initiation of citalopram treatment across all ages in Canada.

2.2 Introduction

The global increase in antidepressant use over the last two decades has been attributed to
the rise in SSRI antidepressants, of which citalopram is the most prevalent [9, 11, 39, 42].
Antidepressant use increased over all age groups from the 1990s to the 2000s in the United
States, United Kingdom, and the Netherlands [43-45]. In each case, the increase was mainly due
to the rise in SSRI use, particularly among the elderly [42, 45]. Despite the global increase in
antidepressant use, the frequency of antidepressant treatment in Canada has stabilized over the
last five years [10], with the exception of citalopram, which quadrupled in use [11]. Additionally,
citalopram is the most common SSRI used in Sweden, Denmark, and American nursing homes
[9, 39, 44]. The dominance of citalopram over other SSRIs and non-SSRI antidepressants is
presumably a result of fewer drug interactions and side effects [46], although its use has been
implicated in QT interval prolongation and hyponatremia [18, 47].

Hyponatremia occurs as a result of disease or adverse drug reactions, and impacts patient
health and healthcare systems. Hyponatremia is an electrolyte deficiency defined as serum
sodium concentration <135 mmol/L. While a reduction in serum sodium can arise from
preexisting medical conditions, most notably congestive heart failure and chronic kidney disease,
hyponatremia is also a common side effect of SSRI antidepressants. The development of
hyponatremia in hospitalized patients results in increased mortality, correlated with the severity
of plasma sodium depletion [6]. The symptoms of mild to moderate hyponatremia, <132 mmol/L

and <128 mmol/L serum sodium, respectively, include nausea, fatigue, confusion, cramping,



unsteadiness, dizziness, and depressed reflexes while severe hyponatremia, <125 mmol/L serum
sodium, can result in delirium, seizures, coma, and death [5]. The clinical consequences of
hyponatremia include increased incidence of hospitalization, longer length of hospital stay, and
larger financial burden on the healthcare system [5].

Despite the clinical importance of citalopram and other SSRI antidepressants, there are
few large-scale studies on the risk factors for hyponatremia. Existing research is mostly
comprised of individual case studies detailing the hospitalization, diagnosis, and subsequent
treatment of a hyponatremic patient on citalopram treatment [34-38]. These studies reported that
the risk of hyponatremia was greater in females and also increased with age and thiazide diuretic
use [5]. Naturally, those with lower baseline serum sodium levels were at a higher risk for
hyponatremia on citalopram treatment as well [5]. Symptoms of renal, cardiac, or metabolic
disease, such as hypertension, hypothyroidism, or the use of calcium channel blockers or other,
non-thiazide diuretics, have also been significantly associated with the risk of hyponatremia [5].
A handful of retrospective, population-based cohort studies assessing antidepressant-induced
hyponatremia reinforce the trends seen in the case studies, but are either partially or wholly
based on ICD-10 codes instead of concrete serum data, characterize instances of hyponatremia
between different antidepressants, and tend to focus on adults over the age of 65 instead of the
whole population [5, 9, 39-41].

The goal of this study is to provide the incidence of hyponatremia and to identify risk
factors in a large, population-based cohort with new prescriptions for citalopram. This study is
based on patient data from 2010-2017 collected at hospitals and patient service centres in
Calgary, Alberta. Analysis was limited to the Calgary Metropolitan Area (CMA) population of

over 1.3 million residents.



2.3 Study Design
2.3.1 Ethics Statement

Ethics approval for this study was obtained from the University of Calgary Conjoint
Research Ethics Board (REB 16-2538).
2.3.2 Source of Data

Data were obtained from the Alberta Health Pharmacy Information Network (PIN)
database to identify all new citalopram prescriptions from 2010-2017, inclusive. A handful of
databases linked by a unique patient identifier, the Alberta Provincial Health Number (PHN),
were used to generate the patient demographics and collect diagnostic laboratory data. The PIN
database, part of the Alberta Netcare Electronic Health Record system, provided access to patient
medication profiles and basic demographic information. The PHN was matched to the postal
code using the Provincial registry, for use as a geographical control. Lastly, access to Cerner
Millennium, the software used by Calgary Laboratory Services, provided diagnostic data on
blood tests collected within the established time frame. Calgary Laboratory Services is a
regionalized laboratory providing diagnostic services to Calgary and surrounding area in
Southern Alberta.
2.3.3 Case Inclusion

Inclusion of patient data was restricted to those residing in the Calgary Metropolitan Area
with a new prescription for citalopram, regardless of strength, dosage, or Drug Identification
Number (DIN) from 2010 to 2017. A new prescription was defined as no previous antidepressant
treatment six months prior to citalopram initiation. Patients with new prescriptions were linked
with Calgary Laboratory Services data to identify those who developed hyponatremia following

citalopram treatment. Hyponatremia was defined as a serum sodium level <135 mmol/L. A

10



baseline serum sodium concentration, to a maximum of six months pre-treatment, was required.
The baseline values were compared to serum laboratory data collected up to 365 days after the
start of citalopram treatment. The first instance of a serum sodium level <135 mmol/L was
considered a hyponatremic event, in cases with multiple, sequential serum laboratory collections.
2.3.4 Statistical Analyses

Summary statistics were performed to measure baseline characteristics, such as means
and proportions. Associations were then determined by performing Cox regression with time-
varying covariates with the development of hyponatremia as the dependent variable. Sex, age,
baseline sodium, pharmaceutical manufacturer, citalopram strength, and thiazide diuretic use
were the covariates examined. Thiazide diuretic use was defined as treatment with thiazide
diuretics within six months before starting the citalopram prescription. All data analyses and
calculations were done in R Studio [48] using R version 3.5.1 [49].
2.4 Results

We identified 19,679 patients with new citalopram prescriptions from 2010 — 2017 who
met the inclusion criteria for this study (Figure 2-1). The baseline characteristics of the study
population are described in Table 2-1. Citalopram users were predominantly female, with an
average age (standard deviation) of 54.63 (21.94) years. Thiazide diuretic use was documented
in 2,327 cases (11.8%), and the average age of diuretic users was 69.38 (14.33) years, compared
to that of non- diuretic users, which was 53.61 (21.45) years old. Baseline sodium measurements
were similar between females and males, and were also similar between diuretic and non-diuretic
users, 138.78 (3.70) mmol/L and 139.52 (3.07) mmol/L, respectively.

Of patients on new citalopram treatment, 3,250 (16.5%) developed hyponatremia: 1996

(15.5% of) females and 1254 (18.3% of) males. The average age of those who developed
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hyponatremia was 67.75 (18.74) years, greater than the average age of 53.05 (20.99) years in
those who did not. 662 (28.4% of) patients on concurrent thiazide diuretic use developed
hyponatremia, as compared to 2,588 (14.9% of) patients who developed hyponatremia but were
not using diuretic medications. The baseline sodium levels averaged 136.76 (4.16) mmol/L in
those that developed hyponatremia, lower than the baseline sodium levels for those who did not
develop hyponatremia was 139.96 (2.62) mmol/L.

Pharmascience, Sanis, Actavis, Apotex, and Mint manufactured the most common
citalopram formulations, with at least 1,000 prescriptions per company. Several formulations
were less frequently prescribed, with less than 500 prescriptions for 10 of the manufacturers.
Although more than 20% of ECL and Acceleron citalopram formulations resulted in
hyponatremia, the results were not statistically significant (p>0.05).

The 20mg strength of citalopram was the most common strength prescribed and was
dispensed to more than 13,000 patients. Fewer than 6,000 patients were prescribed citalopram
10mg, with the 40mg and 30mg strengths only treating less than 700 and 100 patients,
respectively. Since so few individuals were treated by the 30mg strength, these patients were
grouped together with those on 40mg citalopram for subsequent analyses. Almost 20% of
patients on citalopram 10mg developed hyponatremia, however this result was not statistically
significant (p>0.05).

Results from the risk factor analysis are summarized in Table 2-2, with a total cumulative
hazard risk shown in Figure 2-2. Baseline sodium and age violated the proportional hazard
assumption and were corrected to satisfy the global goodness-of-fit. Sex, diuretic use, age, and
baseline sodium were all significant risk factors for the development of hyponatremia (p<0.05),

further illustrated in the respective hazard curves (Figures 2-2 to 2-6). Males and concurrent
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diuretic use had hazard ratios of 1.168 [95% CI 1.088 — 1.254] and 1.141 [95% CI 1.045 —
1.246], respectively. Age had a hazard ratio of 1.029 [95% CI 1.027 — 1.032] for the
development of hyponatremia and baseline sodium level (mmol/L) had a hazard ratio of 0.788
[95% CI 0.780 — 0.796]. The strength of citalopram was not a significant risk factor for
hyponatremia events (p>0.05). The manufacturer Pharmascience was chosen as the reference
group for the manufacturer analysis since the highest proportion of the population (5,747/19,679
[29%]) was treated with a pms-citalopram formula. The only manufacturers with a significant
risk of hyponatremia on citalopram treatment compared to Pharmascience were Jamp and
Ranbaxy, although relatively few patients were treated with Jamp-citalopram or Ran-citalopram,

221 and 492, respectively.
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Table 2-1. The baseline characteristics of patients on citalopram treatment. Age and baseline

sodium are represented as mean (S.D), and thiazide diuretic use is expressed as a percentage of

the population.
Sex Total (n=19,679)
Female (n = 12,842) | Male (n = 6,837)

Age (years) 54.63 (21.94) 57.08 (20.10) 55.48 (21.35)

Thiazide diuretic use
(percentage)

12.3

10.9

11.8

Baseline sodium (mmol/L)

139.39 (3.15)

139.52 (3.19)

139.43 (3.16)
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Table 2-2. Risk factors for the development of hyponatremia in patients starting a new

citalopram prescription.

Covariate Hazard ratio 95% Confidence Interval Probability
Sex (Male) 1.168 1.088 — 1.254 <0.000*
Age 1.029 1.027 - 1.032 <0.000*
Diuretic Use 1.141 1.045 - 1.246 0.003
Baseline Sodium 0.788 0.780 — 0.796 <0.000*
= 20mg 0.929 0.835-1.034 0.180
en
f:’ 40mg 1.056 0.853 —1.306 0.619
)
Acceleron 1.063 0.900 — 1.256 0.469
Actavis 1.083 0.951-1.233 0.232
Apotex 1.028 0.893 -1.183 0.702
Celexa 0.839 0.634-1.110 0.219
Ecl 1.924 0.959 —3.360 0.065
5 Jamp 1.524 1.094 —2.122 0.013*
2 Marcan 0.781 0.292 —2.088 0.623
8 Mint 0.949 0.827 —1.090 0.460
2 Mylan 1.133 0.905 - 1.418 0.278
S Natco 0.653 0.271-1.572 0.342
Ran 1.303 1.043 — 1.629 0.020*
Sandoz 1.025 0.734 —1.431 0.886
Sanis 0.995 0.862 — 1.148 0.941
Septa <0.000 <0.000 —>9999 0.970
Sivem 1.138 0.847 —1.529 0.390
Sunovion 0.875 0.479 — 1.599 0.664
Teva 1.076 0.866 — 1.336 0.509
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220,941
Total patients on Citalopram
F: 144,656 M: 76,290

|

169,155
New citalopram users
F: 109,081 M: 60,078

|

43,688
Patients with sodium tests
F: 28,424 M: 15,279

19,679
Patients with no prior antidepressant use
F: 12,842 M: 6,837

Figure 2.1. Case selection. Cases were limited to residents of the Calgary Metropolitan Area from

2010-2017, inclusive.
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Figure 2-2. The total cumulative hazard of hyponatremia following citalopram treatment over

time.
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Figure 2-3. The cumulative hazard of hyponatremia following citalopram treatment over time,

stratified by sex.
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Figure 2-4. The cumulative hazard of hyponatremia following citalopram treatment over time,

stratified by diuretic use.
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Figure 2-5. The cumulative hazard of hyponatremia following citalopram treatment over time,

stratified by baseline sodium categories (mmol/L).
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Figure 2-6. The cumulative hazard of hyponatremia following citalopram treatment over time,

stratified by age (years).
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2.5 Discussion

This study is the first to provide population-based incidence data and risk factor analysis
for the development of hyponatremia using serum laboratory data, following the initiation of
citalopram treatment, inclusive of all ages. The reported prevalence of hyponatremia after SSRI
use ranged between 0.06 — 40% in existing literature, however this incidence range was based on
case reports and case-controlled studies of less than 1000 individuals [50]. Additionally, older
case studies defined hyponatremia as a serum sodium level <130 mmol/L, while more recent
studies use serum sodium levels of 135 mmol/L as the cutoff diagnostic value [50-55].

Repeating the analysis using 130 mmol/L as the definition of hyponatremia resulted in an
incidence of 4.8%, with only age and baseline sodium as significant risk factors.

The significance of age as a risk factor for the development of hyponatremia is a well-
documented outcome, based on the increased likelihood of physiological deficits and disease
with age. Existing studies are predominantly focused on elderly populations [5, 40, 41, 51, 56,
57], since hyponatremia is more prevalent in aging populations [5, 58]. Older individuals tend to
have more comorbid conditions and are generally treated with a higher number of prescriptions,
which may favour the event of an adverse drug reaction [5, 57]. Physiological changes associated
with age, such as kidney volume loss and a decreased ability to regulate electrolyte
concentration, result in a reduced ability to cope with the stress of drug-induced hyponatremia [5,
57, 59]. It is important to note that the risk of hyponatremia may not be equal in all elderly
patients, with possible influence from genetic polymorphisms in the cytochrome P450 enzymes
[55].

Unsurprisingly, lower baseline serum sodium levels were associated with a greater risk of
hyponatremia since a smaller reduction in serum sodium was required to reach hyponatremic

levels [59]. Although hyponatremia is the most common electrolyte disorder, with an even
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higher prevalence in older and hospitalized groups [58], it is often under-reported [60]. The
clinical features of low serum sodium are often nonspecific, ranging from nausea and cramping
to confusion and delirium, and can easily be mistaken for symptoms of the underlying illness [5].
However, even pre-existing, asymptomatic hyponatremia is associated with changes in mental
status and mortality, especially in the elderly population [59], and the long-term risks of
undiagnosed, asymptomatic hyponatremia are unknown.

Simultaneous thiazide diuretic use on citalopram treatment was another expected risk
factor in the development of hyponatremia, since the pathway of thiazide-induced hyponatremia
is well understood. Diuretic use, even without concurrent citalopram treatment, has a reported
incidence of hyponatremia ranging between 4-14%, with risk factors including age and female
sex as well [61]. Thiazide-induced increases in fluid ingestion and impaired water excretion,
mediated by ADH or urea mechanisms, are known to result in hyponatremia [61]. Although the
exact mechanism of SSRI-stimulated hyponatremia are not confirmed, it is thought that serotonin
mediation elevates the concentration of circulating ADH to increase the reabsorption of water,
regardless of declining sodium levels [5, 6, 9]. In terms of hyponatremia, a synergistic effect
hinging on inappropriate ADH release may exist between thiazide diuretics and SSRIs [62].

The increased risk of hyponatremia on citalopram in males, in comparison to females, is
unique to this study and unsupported in the literature. Although some studies did not find an
association between sex and the risk of hyponatremia, the majority of research identified female
sex as a significant risk factor [40, 50-55]. However, these findings were either based on a
review of case reports or small, case-controlled studies, and thus had a limited number of
patients eligible for inclusion in the analysis. Since the majority of citalopram users were elderly
and female, the instances of hyponatremia in the smaller studies may inadvertently bias the risk

analysis reviews. The prevalence of female antidepressant use is possibly due to a greater
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willingness to perceive and explore treatment for depression from their physicians, or the longer
life expectancy of females, as compared to men [63]. The large patient population included in
this study, coupled with robust statistical analysis, circumvented the problem of inclusion bias
present in analyzing case reports and smaller case-control studies and may more accurately
reflect the increased risk of hyponatremia in males.

The mechanism behind the difference in risk between sexes is unknown, but likely
related to the still-uncertain mechanism of citalopram-induced hyponatremia. The average serum
sodium level is lower in females than in men, except for those aged 50-70 [64], and potential
differences in intracellular sodium pathways and metabolism is thought to increase the risk of
hyponatremia for females [5]. Sexual dimorphism in renal transporters were reported in mice and
resulted in differences in water and electrolyte homeostasis [65]. Females also tend to have lower
body weight, which is another published risk factor for the development of hyponatremia on
SSRI treatment [50, 51, 55]. Since males experience greater serotonin reuptake transporter
binding than depressed women [16], it is possible that differences in the serotonin pathway itself
may contribute to the increased burden of hyponatremia seen in males. Nevertheless, further
insight into the pathway(s) responsible for drug-induced hyponatremia may yield information on
the differences seen between sexes.

The increased hyponatremia risk of Jamp and Ranbaxy formulations, as compared to the
Pharmascience reference group, cannot be conclusive considering the variance in treatment size
and an unexplored effect on the pharmaceutical manufacturer on adverse drug effects in the
literature. Since five companies, Pharmascience, Sanis, Actavis, Apotex, and Mint, treated the
vast majority of the population, a comparison with much less frequent formulations may be
skewed. The manufacturer results depended on which pharmaceutical company was chosen as

the reference group, suggesting a more complicated relationship between generic and brand
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citalopram forms. Although all forms of citalopram are considered bioequivalent at each
respective strength, the Food and Drug Administration accepts a bioavailability range of 80-
125% compared with the original Celexa formula [66]. Additionally, variations between
product batches have been reported in cases of adverse drug reactions [66].

The dose of citalopram treatment did not have significant effects on the risk of
developing hyponatremia, which may be a result of the wide therapeutic range of citalopram and
clinical dose titration. The therapeutic efficacy of citalopram ranges from 10mg/day to 60mg/day
[67]. Since plasma serotonin concentrations are significantly decreased at 4 and 8 weeks of
therapy [68], any therapeutic and adverse effects are likely to occur in that time. Dose titration is
not essential for SSRI use, however clinicians may choose to gradually increase the dose to
effective levels in order to reduce the incidence of adverse reactions [67].

A selection bias in this study exists since the incidence and risk factor analysis was based
on the patients that complete more frequent diagnostic laboratory testing. Overall, females
represent the majority of tested population in Calgary [69]. If an increased rate of testing in
males had been observed, it may have offered an explanation for the higher incidence of
hyponatremia compared to that of females. However the proportion of patients with sodium tests
within the new citalopram user population was about 25% for both males and females (Figure 2-
1). The frequency of diagnostic laboratory testing increases with age, since the likelihood of
comorbidity and polypharmacy also increase with age. Older patients tend to have more contact
with their healthcare providers, and thus are more likely to complete laboratory testing than
those younger in age [70]. Polypharmacy further increases the risk of adverse drug interactions;
therefore patients on high-risk medications, and also those on thiazide diuretics, are significantly
more likely to complete regular testing as well [70, 71]. However, new medication users are less

likely to complete ordered tests, and a study on elderly hypertensive patients without
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comorbidities revealed that two-thirds of the patients had no serum electrolyte measurements
before or after therapy initiation [71]. Since the older patients, especially those on thiazide
diuretics, were more likely to complete regular laboratory testing, the incidence rate of
hyponatremia may overestimate the true occurrence. However, since only 25% of the total
number of new citalopram users in our study had baseline and follow-up sodium tests (Figure 2-
1), the instance of hyponatremia may have been missed in the majority of patients. Given the
high incidence rate of hyponatremia provided by this study, and the low percentage of patients
with regular serum sodium values available, regular sodium testing on patients starting
citalopram treatment should be considered by healthcare practitioners.

The limitations of this study include the lack of patient clinical data on the details of
citalopram or thiazide treatment and other concomitant causes of hyponatremia. Changes in
citalopram or thiazide diuretic treatment, such as dose increase, decrease, or cessation, may
impact the occurrence of hyponatremia. Existing research has identified other possible risk
factors of hyponatremia on citalopram treatment, such as low body weight and psychosis [40, 50,
51, 54], the data for which were not available for this study. Preexisting conditions or diseases
that may independently induce hyponatremia were not identified in our patient population and
may skew the results — especially for those patients presenting with a hyponatremic serum
baseline value.

Future studies into the risk of hyponatremia with compliant citalopram use, as well as
other SSRIs and concurrent use of other diuretic classes, may provide insight into an adverse
drug reaction of two, highly prevalent treatments. Particular focus should be given to the risk
factors associated with escitalopram use, given its enantiomeric relationship with citalopram.
Although not a major finding in this study, quantifying the difference in risks between

pharmaceutical manufacturers may be significant in understanding the etiology behind
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hyponatremia and other adverse drug reactions. Lastly, analysis into the mechanism behind
citalopram-induced hyponatremia and the effect of sex on the pathway should be explored,
especially since the results of this study contradict existing literature.
2.6 Conclusion

This is the first large-scale, population-based study to explore the incidence and risk
factors, based solely on laboratory serum data, for development of hyponatremia in patients
initiating citalopram therapy. We report a 16.5% incidence of hyponatremia after starting
citalopram treatment and significant new findings, including a higher incidence in males. The
risk factors identified by previous research were largely confirmed in this study, with a notable
exception in the effect of sex. Knowledge of the risk factors of hyponatremia following the
initiation of citalopram will aid in the prevention of undiagnosed hyponatremia and improve the

safety of antidepressant treatment.
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Chapter Three: Applications of Risk Factor Analysis
3.1 Risk Factor Analysis

Adverse drug reactions exist as a subset of drug-related problems, which also
encompasses medication errors [72]. In Europe, up to 63% of hospital patients discharged with a
prescription experienced a drug-related problem [72] and half of prescription-related hospital
admissions were preventable [72]. The preventability of adverse drug reactions, one of the
leading causes of death in the USA [73], highlights the importance of risk factor analysis for
adverse drug reactions.

The risk factors for adverse drug reactions can be categorized into those relating to the
patient, disease, genetic, health-service, and drug [73], though this schema can be applied to
study other unfavorable conditions as well. Among patient-related risk factors, age and gender
are the most commonly considered, along with certain lifestyle factors such as alcohol or
smoking habits [73]. In terms of disease- and genetic-related factors, patients with comorbidities,
especially those suffering from genitourinary, circulatory, and immune disorders carry the
highest number of risk factors and genetic mutations in the major histocompatibility complex
(MHC) class I, ATP-binding cassette (ABC) transporter, and cytochrome P450 genes are the
most frequently studied [73]. Insufficient information transfer and cost barriers to healthcare
access are important health-service-related risk factors, and the use of cardiovascular or CNS
medications have a higher risk of adverse drug reactions [72, 73]. However, polypharmacy is the
most reported risk factor for an adverse drug reaction and carries the greatest risk, since it

increases the potential for harmful drug interactions [73-75].
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3.2 Prevention of Adverse Drug Reactions

It is important to identify the risk factors for adverse drug reactions in order to enact and
improve preventative measures. By recognizing avoidable risk factors, such as lifestyle factors or
the number of concurrent medications, and unavoidable factors, such as age or genetic markers,
methods in the administration and supervision of medication therapy can be tailored to the
individual patient. An assortment of interventions, ranging from personal to institutional, may
then be implemented to direct patient action and enable effective clinical procedures in reducing
risk factors for adverse drug reactions.

The individual patient usually has a significant amount of control over lifestyle factors
and treatment compliance that, when managed effectively, may reduce the risk factors for
disease and adverse drug reactions. However, many patients perpetuate behaviour, such as an
unhealthy diet, lack of physical activity, or treatment noncompliance, even after receiving
education about the significance of healthy changes on the reduction of their risk factors [76].
Self-management programs are aimed at bridging the gap between sharing information and
achieving behavioural change. These programs directly involve the patient in the improvement
of behavioural habits over time through a system of education, empowerment, and support [76].
In a study on stroke prevention, self-management interventions had a significant effect on
improving lifestyle behaviour risk factors, most notably in medication adherence, and reducing
the overall risk of stroke [76]. Useful in the management of chronic illnesses as well, the skills
learned through self-management programs promote the sustainability of healthy lifestyle
changes by focusing on patient-centred needs and care [76, 77].

Improvements in the communication between healthcare providers and patients can be

facilitated by regular medical history and medication reviews. In the hospital, patients are not
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always able to quickly and accurately relay their long-term medical and medication history,
which may hide relevant risk factors for further treatment [72]. Similarly, patients may be
discharged with a change in medication treatment without adequate communication to the patient
and their primary healthcare provider [72]. This can negatively impact patient care by increasing
the number of concurrent medications, a drug-related risk factor, and promoting confusion
regarding the treatment [72]. Periodic medication and history reviews with the patient, either by
a medication manager or a pharmacist, are recommended by several studies [72, 73, 75]. In an
analysis of risk factors in critically ill patients, the inclusion of a pharmacist in the intensive care
unit rounds decreased preventable adverse drug reactions by 66% [75]. The medication and
medical history review can identify the risk factors present in each case and consider the possible
adverse drug reactions, with an emphasis on patient comprehension of their condition and
treatment plan [72, 73].

At an organizational level, risk factor analysis can be used to create and modify clinical
guidelines for patient screening techniques. Patients at risk for a specific adverse drug reaction or
disease may be identified by clinicians and then informed of the risk with monitoring for
symptoms, or offered alternative treatment options. Such a risk-assessment pattern is used to
screen for patients at high risk for primary cutaneous melanoma and provides follow-up
guidelines for lesion monitoring [78]. However, high-risk patients should not be the only
consideration for screening guidelines; surprising trends can emerge when analyzing the
population for risk factors. While increasing age is usually associated with the risk factors for
cardiovascular disease, a German population study actually discovered a high incidence of
unreported hypertension and high low-density lipoprotein (LDL) levels in a young cohort, aged

30-39.” [79]. Diligent monitoring of abnormal diagnostic values, both through manual or
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algorithmic methods, is also effective in preventing adverse drug reactions, and can be
implemented to catch new trends in population risk factors [75]. Population-level risk analysis in
Spain determined that a high proportion of adults aged 40-65 years were likely at a moderate risk
for cardiovascular disease [80]. Since most cardiovascular events occurred in patients with
moderate risk factors, due to the large size of the risk-group, the modification of public
prevention strategies, which preferentially targeted high-risk individuals, were recommended
[80]. Patients at a high risk for disease or adverse drug reactions should certainly be targeted by
risk factor analysis for clinical guidelines, however comprehensive clinical guidelines, inclusive
of possible risk factors and risk-levels, may best manage the occurrence of adverse drug
reactions.

3.3 Geo-mapping Population Risk Factors

The distribution of risk factors likely varies over space and time, since populations are
rarely static and evenly dispersed. Differences between regions may be explored by visually geo-
mapping risk factor patterns within the population. Mapping risk factors may also supplement
personalized medicine by detecting environmental and socioeconomic factors for adverse events.
Furthermore, public health authorities may use this information for the creation of tailored
strategies to mitigate the risk factors of affected communities.

Typically used to elucidate national and international health trends, geo-mapping has the
potential to determine geospatial patterns in the risk factors of local populations. The
characterization of regional risk factors may provide more detailed, and useful information for
local health institutions in establishing trends in adverse reactions. Likewise, mapping the rates
of abnormal conditions or disease may identify relevant nonclinical, or patient-related, risk

factors for the respective conditions. A Canadian study combined public census and secondary
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laboratory data within a city population to visually represent statistically significant geographic
differences in abnormal estimated glomerular filtration rate (¢GFR), a measure of chronic kidney
disease [81]. Sociodemographic risk factors were then inferred from the census data, confirming
significant associations through statistical analysis [81]. A risk factor analysis and visual
representation of vitamin D status in Dublin, Ireland was achieved using similar geo-mapping
techniques [82]. Additionally, Laird ef al. determined significant seasonal changes in vitamin D
status among age, district, and sex groups [82].

The identification of population-level risk factor trends is necessary to ascertain the
underlying contributions to health, particularly those that relate to social and environmental
aspects. Many patterns are based on known, patient-related risk factors, such as older age, low
income, and low educational level, and tend to cluster in low socioeconomic status individuals
[83]. Regions of social economic disadvantage had higher rates of vitamin D deficiency [82] and
abnormal eGFR [81], in their respective studies. Individuals with low socioeconomic status also
have reduced access to healthcare and healthier lifestyle alternatives, possibly due to poor
neighborhood environment and an unequal opportunity for quality healthcare [83].

Public health divisions can use the information gained by geo-mapping risk factors to
enact targeted community interventions. Increased screening and treatment services in areas with
a greater proportion of risk factors may reduce the instance of disease or adverse reactions [83].
The collaboration of health, social, and educational sciences may serve to address the needs of
disadvantaged communities, lessening the number or severity of patient-related risk factors [83].
In fact, the combination of clinical and nonclinical data best predicted re-hospitalization or death
in patients with acute heart failure, further supporting the use of risk factor analysis for

preventative medicine [84]. As an expansion of risk factor analysis, geo-mapping may become a
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useful tool in modifying public health policies to effectively manage regional differences in risk

and predict temporal changes in the likeliness of adverse reactions.
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Chapter 4: Summary and Conclusion
4.1 Summary of Findings

The main objective of this thesis was to investigate the relationship between the initiation
of citalopram use and the development of hyponatremia in the adult population of Calgary,
Canada. The incidence of hyponatremia, among adults, in the first year following initial
citalopram use was 16.5%. Of the covariates examined, male sex (HR = 1.168), older age (HR =
1.029), lower baseline sodium (HR = 0.788), and concurrent thiazide diuretic (HR = 1.141) were
significant risk factors for the development of hyponatremia following new citalopram treatment.
Pharmaceutical manufacturer or citalopram strength did not have significant associations with
hyponatremia. The risk factors identified by previous research were confirmed except for that of
male sex, which is a novel finding unique to this thesis.

The secondary goal of this study was to consider the application of risk factor analysis in
personalized and preventative medicine. The classification of risk factors could be used in a
variety of programs that direct patient action, based on patient-centred needs, and create effective
clinical guidelines for the screening and treatment of patients. Expansion of spatial and temporal

risk analysis, using geo-mapping, can further promote targeted interventions.

4.2 Strengths

Access to the regionalized pharmacy and diagnostic laboratory services provided the
patient medication profiles and basic demographic information of almost 20,000 patients that
started citalopram treatment from 2010-2017. The wide range of reported hyponatremia
incidence following SSRI use in existing literature, 0.06 — 40%, was based on case reports and
case-controlled studies of less than 1000 individuals [50]. Additionally, the identification of

female sex as a significant risk factor in the literature was based on reviews of the same case
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reports and small, case-controlled studies mentioned above [40, 50-55]. The large population
sample studied in this thesis, coupled with the robust Cox regression with time-varying covariate
analysis, was able to provide updated and accurate information regarding the incidence and risk
factors of hyponatremia on citalopram treatment. The use of concrete laboratory serum values,
rather than ICD-10 codes, better captured the incidence of even mild hyponatremia.
4.3 Limitations

Several limitations of this thesis were worth considering. The patient data for some
published risk factors for the development of hyponatremia upon initiating citalopram treatment,
such as low body weight and psychosis [40, 50, 51, 54], were not available for analysis.
Additionally, preexisting conditions or diseases that may have independently induced
hyponatremia, such as renal failure, were not identified in our patient population. Data on the
temporal changes in citalopram or thiazide diuretic use, such as dose modification,
noncompliance, or treatment cessation, were also not available in the databases used.
4.4 Future Direction

Research into the risk of hyponatremia with compliant citalopram use, especially with
regular serum sodium level monitoring, might be useful in determining more reliable rates of
hyponatremia as well as defining the timeline of adverse events. The incidence and risk factors
of hyponatremia following the use of other SSRIs, replicating the methods of this thesis, should
be examined and compared to citalopram. Particular focus should be given to the risk factors
associated with escitalopram use, given its enantiomeric relationship with citalopram and
therapeutic differences. Analysis into the biochemical pathway of citalopram-induced
hyponatremia may provide insight into the observed incidence levels and the effect of sex on the

mechanism, especially since the results of this study contradict existing literature. Lastly, clinical
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researchers and practitioners should consider risk factor studies as a relatively easy method of
expanding the awareness of factors that may affect patient health and treatment.
4.5 Conclusion

Risk factor analysis is crucial in maintaining patient health by reducing the likeliness of
adverse drug reactions. This is especially important considering increase in global antidepressant
use and the prevalence of citalopram as an SSRI treatment. Awareness gained from this thesis
may aid in the prevention of undiagnosed hyponatremia and improve the safety of antidepressant

treatment.
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