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Resumo Alargado 

 

Com a industrialização e os avanços tecnológicos e científicos na área da saúde, tem-se 

assistido a um aumento substancial do envelhecimento da população a nível mundial, e 

Portugal não é exceção. De facto, em Portugal, a esperança média de vida está a 

aumentar e, consequentemente, o número de idosos. Além disso, a proporção de 

doentes idosos com múltiplas comorbilidades está a aumentar, o que, por sua vez, leva 

a um aumento no uso de medicamentos e a um acréscimo do risco de reações adversas 

a medicamentos (RAMs). Na verdade, as RAMs em idosos podem ser consideradas um 

problema de saúde pública, com custos elevados, pois são uma causa relevante de 

hospitalização e mortalidade.  

A farmacovigilância é a ciência que se centra na deteção, análise, avaliação, 

compreensão e prevenção de RAMs. É uma área fundamental para a monitorização 

contínua da segurança dos medicamentos, especialmente relevante nos períodos 

iniciais da comercialização alargada de novos fármacos, devido à escassez relativa de 

informação de segurança disponível no momento da autorização de introdução no 

mercado, a qual advém, nesta fase, essencialmente dos ensaios clínicos conduzidos 

durante a fase de pré-comercialização. A farmacovigilância permite a identificação de 

problemas relacionados com o uso de medicamentos, frequentemente detetados apenas 

na fase de pós-comercialização. Isso é essencial para prevenir e minimizar os riscos 

iatrogénicos potenciais para a saúde dos doentes. Portanto, monitorizar a 

iatrogenicidade dos medicamentos, a qual afeta de uma forma mais marcada os doentes 

idosos, é fundamental para maximizar a informação de segurança dos mesmos nesta 

população especial. Além disso, há uma prevalência crescente de doentes idosos com 

quadros clínicos de multipatologia, incluindo a presença de diabetes mellitus e doenças 

músculo-esqueléticas, sendo importante o conhecimento gerado a partir dos dados de 

farmacovigilância obtidos em contexto de vida real para minimizar os riscos 

decorrentes do uso de medicamentos nestas condições.  

O objetivo central deste trabalho consistiu na caraterização do perfil de RAMs em 

doentes idosos, em Portugal, notificadas espontaneamente ao Sistema Nacional de 

Farmacovigilância (SNF). Adicionalmente, esta tese contemplou também a 

caracterização das RAMs em doentes idosos diabéticos e a avaliação da segurança dos 

fármacos anti-inflamatórios não esteroides (AINEs) nesta faixa etária. Para tal, em 

primeiro lugar, foram avaliadas todas as RAMs comunicadas ao SNF de 2013 a 2017. 

No entanto, considerando o objetivo deste estudo, as RAMs referentes a doentes com 

65 ou mais anos foram analisadas detalhadamente e comparadas com as que foram 
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notificadas em adultos não idosos. Em segundo lugar, foi realizada uma análise 

retrospetiva das notificações de suspeitas de RAMs submetidas ao SNF entre 2008 e 

2018, envolvendo doentes com idade ≥65 anos com diabetes mellitus. Por fim, foi 

realizada uma revisão compreensiva da literatura sobre a segurança dos AINEs em 

doentes idosos e, em paralelo, considerando o mesmo período de tempo (i.e., 2008-

2018) foram analisadas as suspeitas de RAMs relacionadas com este tipo de 

medicamentos, manifestadas em indivíduos com 65 ou mais anos e notificadas para o 

SNF. 

As notificações foram analisadas relativamente ao género dos doentes envolvidos, 

gravidade e tipo de RAMs, de acordo com a terminologia 

“Classe de Sistemas e Órgãos” do dicionário médico para a atividade regulamentar. Nos 

casos com desfecho fatal, foi realizada uma análise mais aprofundada em termos do 

“Termo Preferencial” para cada caso. Na análise geral das notificações espontâneas em 

idosos, as RAMs mais frequentes enquadraram-se nas categorias de distúrbios gerais e 

perturbações no local de administração e afeções da pele e do tecido subcutâneo. Em 

relação aos grupos terapêuticos envolvidos, os medicamentos antineoplásicos foram os 

mais comumente implicados. Além disso, os medicamentos antineoplásicos e 

antitrombóticos foram os grupos farmacoterapêuticos mais representados entre os 

medicamentos suspeitos envolvidos na morte de doentes. 

Mediante análise das RAMs em doentes idosos diabéticos, as mais frequentes foram a 

hipoglicémia e a acidose láctica, sendo os medicamentos especificamente indicados 

para o controlo glicémia os mais frequentemente envolvidos. 

Finalmente, tendo em conta a revisão da literatura realizada referente à segurança de 

AINEs em doentes idosos, a maioria dos estudos concluiu que o risco de um evento 

adverso gastrointestinal é inferior com o uso de AINEs seletivos para a isoenzima 

cicloxigenase-2 (COX-2) do que com o uso de AINEs convencionais. Mais 

especificamente, entre os AINEs, o celecoxib foi considerado o fármaco mais seguro. No 

entanto, o risco de eventos gastrointestinais em doentes com idade ≥75 anos a tomar 

AINEs seletivos para COX-2 foi maior que o observado em doentes mais jovens. Além 

disso, o diclofenac foi associado a eventos adversos renais relevantes em doentes com 

75 ou mais anos, bem como naqueles com algum grau de insuficiência renal. Em 

relação aos eventos adversos cardiovasculares, a sua incidência foi menor com os 

coxibes do que com os AINEs convencionais, e o celecoxib levou a uma incidência 

menor desses eventos quando comparado ao etoricoxib. Em resultado da análise 

realizada aos dados do SNF, foi possível constatar que a maioria das suspeitas de RAMs 

envolveu o diclofenac. As suspeitas de RAMs mais frequentemente relatadas 

enquadraram-se nas categorias de afeções da pele e do tecido subcutâneo. As RAMs 
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gastrointestinais graves ocorreram principalmente em doentes a tomar mais que um 

AINE e/ou outro medicamento concomitante, o que aumenta a incidência desses 

eventos, na ausência de gastroproteção. A maioria das RAMs graves relacionadas com 

distúrbios renais ou distúrbios cardíacos ocorreram em doentes com história clínica de 

distúrbios renais ou diabetes mellitus e de hipertensão arterial, respetivamente. 

Todos os estudos realizados com os dados do SNF que suportam esta tese concluíram 

que a maioria das RAMs eram graves, ocorreram predominantemente em mulheres e 

eram expetáveis. A identificação exata de RAMs, especialmente a deteção de RAMs 

evitáveis, é um ponto de partida importante para melhorar a segurança dos 

medicamentos em idosos. Portanto, estudos direcionados para a população geriátrica 

são necessários para melhorar a informação de segurança desses medicamentos nesta 

população especial, considerando as suas múltiplas condições médicas, destacando-se 

assim a importância da farmacovigilância ativa. Nesse contexto, é importante enfatizar 

que as bases de dados de farmacovigilância são ferramentas importantes para avaliar 

questões relacionadas com a segurança dos medicamentos em idosos, possibilitando 

aprimorar o conhecimento sobre o perfil de segurança de medicamentos nestes 

doentes. 
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Reações adversas a medicamentos; Segurança; Sistema Nacional de Farmacovigilância. 
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Abstract 

 

As a result of the industrialisation and technological and scientific advances in 

healthcare, there has been a substantial increase in aging of the population worldwide, 

and Portugal is no exception. In fact, in Portugal, the average life expectancy is 

increasing and therefore the number of elderly people. Additionally, the proportion of 

elderly patients with multiple comorbidities is rising, which in turn leads to an increase 

in medication use and in the risk of adverse drug reactions (ADRs). In fact, ADRs in 

elderly can be considered a public health problem, having high costs and being a 

relevant cause of hospitalization and mortality.  

Pharmacovigilance is the science concerned with the detection, analysis, evaluation, 

understanding, and prevention of ADRs. It is a fundamental area for the continuous 

monitoring of the safety of medicines, particularly relevant in the initial periods of the 

widespread marketing of new drugs, due to relative scarcity of drug safety information 

available at the time of marketing authorization, which arises, at this stage, essentially 

based on pre-marketing clinical trials. Pharmacovigilance allows the identification of 

problems related to the use of drugs, which are often detected in the post-marketing 

phase. This is essential to prevent and minimize potential iatrogenic risks to the health 

of patients. Therefore, monitoring the iatrogenicity of medication that particularly 

affects elderly patients is fundamental to maximize the safety information of medicines 

in this special population. Additionally, there is an increasing prevalence of elderly 

patients with diabetes mellitus and musculoskeletal diseases, whereby is important the 

knowledge generated from real-world pharmacovigilance data to minimize the risk of 

harm that may occur with drugs used for the treatment of these conditions.  

The central aim of this work was to characterize the ADRs profile in elderly patients 

spontaneously reported to the Portuguese Pharmacovigilance System (PPS). 

Additionally, this work also intended to characterize the ADRs in elderly diabetic 

patients and to evaluate the safety of non-steroidal anti-inflammatory drugs (NSAIDs) 

in this age group. For this propose, firstly, all spontaneous ADRs reported to the PPS 

from 2013 to 2017 were examined. However, considering the aim of this study, ADRs 

referring to patients aged 65 and over were analysed in higher detail and compared 

with those reported in non-elderly adults. Secondly, a retrospective analysis of 

suspected ADRs reports from PPS between 2008 to 2018 was performed, involving 

patients aged ≥65 years with diabetes mellitus. Finally, it was carried out a 

comprehensive literature review of NSAIDs safety in elderly patients and, in parallel, 

considering the same period of time (i.e., 2008-2018), the suspected ADRs related to 
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these drugs reported to a database of pharmacovigilance, for people aged ≥65, were 

analysed.  

Reports were analysed in terms of gender of the involved patients, seriousness and type 

of ADRs, according to the “System Organ Class” from the Medical Dictionary for 

Regulatory Activities terminology. In the reports with fatal outcome a deeper analysis 

in terms of “Preferred Term” for each report was performed. In the general analysis of 

spontaneous reports in the elderly, the most frequent suspected ADRs fall within the 

categories of general disorders and administration site conditions, and skin and 

subcutaneous tissue complaints. Regarding the therapeutic agents involved, the 

antineoplastic drugs were the most commonly implicated. In addition, the 

antineoplastic and antithrombotic drugs were the most represented 

pharmacotherapeutic groups of suspected drugs involved in patient’s death.  

In the analyses of ADRs in elderly diabetic patients, the most frequent were 

hypoglycaemia and lactic acidosis, and the drugs specifically indicated for glycaemic 

control were the most frequently involved. 

Finally, in the literature review performed on NSAIDs safety in elderly patients, most 

studies concluded that the risk of a gastrointestinal adverse event with the use of 

cyclooxygenase-2 (COX-2)-selective NSAIDs seems to be lower when compared with 

conventional NSAIDs. In addition, celecoxib was considered the safest of all other 

NSAIDs. However, the risk of gastrointestinal events in patients aged ≥75 years taking 

selective COX-2 inhibitors was higher when compared with younger patients. 

Additionally, diclofenac was associated with relevant renal adverse events in patients 

aged 75 years or older as well as in those with some renal impairment. Regarding 

cardiovascular events the incidence was lower with coxibs than with conventional 

NSAIDs and celecoxib led to a lower incidence of these events when compared with 

etoricoxib. In the analysis performed in PPS data most of suspected ADRs had 

diclofenac as suspected drug. The suspected ADRs most frequently reported fall within 

the categories of skin and subcutaneous tissue disorders. Serious gastrointestinal ADRs 

occurred mostly in patients taking more than one NSAID and/or another concomitant 

drug that increases the incidence of these events, in the absence of gastroprotection. 

The majority of serious ADRs related to renal and cardiac disorders occurred in 

patients with history of renal disorders or diabetes mellitus and hypertension, 

respectively. 

All the studies performed with the data belonging to PPS concluded that the majority of 

ADRs were serious, occurred predominantly in female and were expected. Hence, an 

accurate identification of ADRs, especially the detection of preventable ADRs, is an 

important starting point to improve drug safety in elderly. Therefore, studies targeting 
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elderly patients are needed to improve the safety information of these drugs in this 

special population, considering their multiple medical conditions, thus highlighting the 

importance of active pharmacovigilance. In this context, it is important to emphasize 

that pharmacovigilance databases are important tools to evaluate issues related to the 

safety of drugs in older people, enabling to improve the knowledge on the safety profile 

of medicines in these patients. 
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Adverse Drug Reactions; Diabetes mellitus; Elderly; Non-steroidal anti-inflammatory 

drugs; Pharmacovigilance; Portuguese Pharmacovigilance System; Safety. 
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Chapter I - General Introduction 
 

 

The elderly population is increasing over the years [1,2]. In fact, there has been a 

significant increase in average life expectancy and, consequently, in several health-

related problems affecting the quality of life of older people, such as cataracts and 

refractive errors, chronic obstructive pulmonary disease, depression, dementia, 

cardiovascular diseases, diabetes mellitus and musculoskeletal conditions [3]. 

Accordingly, the number of drugs prescribed to this special population is also 

increasing. As a result, there are often concerns regarding the potential negative 

outcomes associated with medication, which can not only aggravate some of the already 

existing pathological conditions, but also lead to an increased expenditure of health 

resources, thus having a high economic impact at individual and societal levels.  

 

 

I.1 Aging of the Population 
 
The changes that constitute and influence aging are complex. Biologically, aging 

involves a variety of molecular and cellular changes. Over the time, these changes lead 

to a gradual loss of physiological reserves, an increased risk of developing various 

diseases, and a general decline in the intrinsic capacity of the individual. By the age of 

60, disabilities are mainly due to hearing loss, age-related eye disorders, as well as 

heart disease, stroke, chronic respiratory disease, cancer, and dementia [1]. 

Population aging is a global phenomenon. Globally, the proportion of the population 

aged 65 and over has increased in the last years [4]. Older people represent a growing 

demographic group in society and account for more than one-fifth of the population in 

17 countries. United Nations projections for the end of the century show that by 2100 

this will be the case in 155 countries, representing the majority (61%) of the world's 

population [5]. In addition, women tend to live longer than men [5]. Nevertheless, 

nowadays, there is no globally accepted definition of the age at which a certain 

individual is considered elderly. The phenomenon of demographic aging itself shows 

high heterogeneity in different regions of the world, which has consequences in 

administrative differences such as a different retirement age, demographic differences 

and different life expectancy at birth [1,4]. Therefore, the definition of elderly has been 

considered dynamic and has varied between countries over the time, reflecting in many 
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instances the current political and economic situation of each country [4,6]. In general, 

it is associated with the age at which one can begin to receive pension benefits [7]. 

The United Nations define older persons as those who are 60 or 65 years of age or older 

[5]. In developing countries, an older person is considered to be someone who is 60 

years or older. In developed countries, the age ranges up to 65 years. Conventionally, 

“elderly” has been defined as a chronological age of 65 years or older, while those from 

65 through 74 years old are referred to as “early elderly” and those over 75 years old as 

“late elderly” [8]. Although there are different ways to classify this population, some 

studies have classified elderly adults between the ages of 65 and 74 years as youngest-

old, those between ages 75 and 84 years as middle-old, and those aged ≥85 years as 

oldest-old [9].  

 

 

I.1.1 Aging in the World and in Europe 

 
Demographic aging reflects changes in age distribution of a population, expressed as a 

higher proportion of older people, a trend that can be observed in Europe and around 

the world. In this context, it is relevant to define Aging Index, which is the ratio 

between the elderly population and the young population, usually defined as the 

quotient between the number of people aged 65 and over and the number of people 

aged between 0 and 14 years [10]. Among the countries of the European Union (EU), 

Italy was the country that showed the highest Aging Index in 2019, followed by 

Portugal and Germany (figure I.1). 

 

      

 

Figure I.1: European Union countries with the highest Aging Indices in 2019: top ten 

(Source: Pordata [10]) 
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In 2019, there were 703 million people worldwide who were 65 years and older. The 

number of older people is expected to double to 1.5 billion by 2050. Overall, the 

proportion of the population aged 65 and over has increased from 6% in 1990 to 9% in 

2019. This proportion is expected to rise further to 16% by 2050, by which time one in 

six people in the world will be aged 65 or over. Between 2019 and 2050, the proportion 

of older people is expected to at least double in four regions: North Africa and West 

Asia, Central and South Asia, Latin America and Caribbean, and Eastern and Southeast 

Asia [5], (table I.1).  

 

 

Table I.1: Population aged 65 years or over in the World, in 2019 and 2050 (Source: United 

Nations, Department of Economic and Social Affairs, Population Division, 2019 [5]).  

Region Number of persons aged 65 or 

over in 2019 (millions) 

Number of persons aged 65 

or over in 2050 (millions) 

World 702.9 1548.9 

Sub-Saharan Africa 31.9 101.4 

Northern Africa and 

Western Asia 

29.4 95.8 

Central and Southern Asia 119.0 328.1 

Eastern and South-

Eastern Asia 

260.6 572.5 

Latin America and the 

Caribbean 

56.4 144.6 

Australia and New 

Zealand 

4.8 8.8 

Oceania, excluding 

Australia and New 

Zealand 

0.5 1.5 

Europe and Northern 

America 

200.4 296.2 
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Analysing life expectancy by sex, women tend to live longer than men. At the global 

level, in the period 2015-2020, women’s life expectancy at birth exceeds that of men by 

4.8 years. Projections indicate that in 2050 women will comprise 54% of the global 

population aged 65 or over [5]. 

Overall, populations are living longer, which is also leading to a higher prevalence of 

chronic diseases in older people, with associated individual, social, and economic costs. 

This will lead to challenges for health and social support structures of older population, 

with significant implications for government policy and attitudes. In this context, 

World Health Organization (WHO) considers spending on the aging population as an 

investment rather than a cost; not only because it is an investment that promotes 

people's well-being, but also because in the long term it will help people with a 

significant loss of capacity to live a decent life [1].  

 

 

I.1.2 Aging in Portugal 

 

Portugal, such as other countries in the EU, has shown a significant increase in the 

number of elderly people [11], as it can be observed in figure I.2. 

 

 

 

Figure I.2: Portuguese resident population according to the 2021 Census (Note: 2021 pro 

means that the date is still provisional; Source: Pordata [11]) 
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According to the United Nations, in 2019 the older people in Portugal represented 

22.4% of the entire population and it is expected that in 2030 it will increase to 27.1% 

[5]. In 1961 Portugal had an aging index of 27.5%, but in 2019 it was 161.3% [10]. The 

projections of the National Institute of Statistics in Portugal estimate that the aging 

index can almost double between 2018 and 2080, i.e. from 159 to 300 elderly people 

for every 100 young people [12]. Population aging is seen as a challenge in various 

policy, social and health action areas. The changes observed in the population living in 

Portugal show that an accelerated demographic aging has occurred in recent years, as 

has happened in most developed countries. As result of the decline in birth rate and the 

increase in life expectancy, there has been a decline in the young population and in the 

working age population in Portugal. The proportion of older people in the population 

has increased and this trend is expected to continue. The number of older people has 

long exceeded the number of young people in Portugal, with the aging rate reaching 140 

older people for every 100 young people in 2015 [12], (table I.2).  

 

 

Table I.2: Demographic projections for the Portuguese population (adapted from Relatório 

de Portugal - Terceiro Ciclo de Revisão e Avaliação da Estratégia de Implementação 

Regional do Plano Internacional de Ação de Madrid sobre o Envelhecimento [12]) 

 2010 2015 2030 2060 

Resident population 

(in millions) 

0-14 

15-64 

≥65  

10.6 

 

1.6 

7.0 

2.0 

10.3 

 

1.5 

6.7 

2.1 

9.9 

 

1.1 

6.0 

2.7 

8.6 

 

1.0 

4.5 

3.0 

Longevity index 

(80+/65+) 

25.9 29.3 30.5 46.7 

Aging Index     

(65+/0-14) 

125.0 140.0 242.6 306.5 

Life expectancy at 

age 65 

Man 

Woman 

18.84 

 

16.94 

20.27 

19.19 

 

17.32 

20.67 
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The demographic projections are that the longevity index [ratio of the number of oldest 

old persons (aged 75 and over) to the number of elderly persons of an age when they 

are generally economically inactive (aged 65 and over [13])], should also raise over the 

years [12].  

In Portugal, as in other EU countries, life expectancy for women is increasing. The 

gender gap in life expectancy is significant: women lived 6.2 years longer than men in 

2017, which is over the EU average (5.2 years) [12]. 

Since 2000, the increase in life expectancy in Portugal is mainly due to a decrease in 

mortality rate from cardiovascular diseases, with particular relevance to stroke and 

ischaemic heart disease [14]. However, these conditions still remain the main causes of 

death in Portugal. Diabetes mellitus mortality rate also remains very high in Portugal, 

with a mortality rate of 38.7 per 100,000 population compared to an EU average of 

22.2 in 2016 [14]. In addition, about half of people aged 65 and over in Portugal (53%) 

report having at least one chronic illness, with many of them reporting two or more 

chronic conditions - a situation similar to the EU average [15]. Moreover, there is an 

increasing prevalence of elderly patients with musculoskeletal conditions [6]. These are 

non-fatal diseases but lead to an increase in non-steroidal anti-inflammatory drugs 

(NSAIDs) use. Similarly to EU, Portugal has also about 17% of the population over 65 

years with some limitations in basic activities of daily living, such as dressing and 

bathing [15]. These limitations have been related to the clinical conditions commonly 

associated to age. 

 

 

I.2 Physiological Changes Associated with Aging and its 
Impact on Drugs 
 

Aging is associated with multiple morbidities that frequently require drug therapy to 

control symptoms, prolong life, and maintain functional independence. With advancing 

age, changes in body composition occur, namely manifested by a decrease in the 

proportion of lean mass (i.e., water, muscle, bone and viscera) and an increase in the 

proportion of fat mass, particularly in the abdomen region [6] (table I.3). The 

physiological and functional capacity of the body is also gradually reduced, affecting the 

processes of absorption, distribution, metabolism, and excretion of drugs, as well as 

their pharmacodynamics, which may affect the drug efficacy and safety [16]. These 

physiological alterations can compromise treatments and makes older people more 

vulnerable to adverse drug reactions (ADRs), drug interactions, and other medication-

related problems [16].  
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Table I.3: Physiological changes associated with aging with potential impact on drug 

therapy (Adapted from Veríssimo 2014 [6], Coleman 2014 [17], Kane et al 2004 [18] and 

Masoro 2003[19]) 

Organ System Alteration 

Body composition Decreased in total body water 

Decreased serum albumin 

Increased body fat 

Increased α1-acid glycoprotein 

Cardiovascular Decreased myocardial sensitivity to β-adrenergic stimulation 

Decreased baroreceptor activity 

Decreased cardiac output 

Increased total peripheral resistance 

Gastrointestinal Decreased gastrointestinal blood flow 

Increased gastric pH 

Delayed gastric emptying 

Slowed intestinal transit 

Liver Decreased hepatic size 

Decreased hepatic blood flow 

Renal Decreased glomerular filtration rate 

Decreased renal blood flow 

Decreased tubular secretory function 

Decreased renal mass 

Increased filtration fraction 
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I.2.1 Pharmacokinetics 

 

Pharmacokinetics is the pharmacology branch involved in the study of drugs fate in the 

body, focusing particularly on the processes of absorption, distribution, metabolism 

and excretion of drugs and their metabolites. Nowadays, it is well-known that ageing is 

characterized by a progressive decline in the functional reserve of multiple organs and 

systems (table I.3), which can influence the pharmacokinetic processes and drug 

disposition.  

 

Absorption 

Older people have a delayed gastric emptying, a decreased intestinal motility and a 

decreased splanchnic blood flow, which can slow drug absorption for  

orally administered medicines [16]. With aging, gastric pH may increase due to an 

increase in achlorhydria, which may lead to changes in the bioavailability of drugs with 

pH-dependent solubility and ionization [6,16,20]. However, in practice, few drugs have 

significantly delayed rates of absorption. This is probably due to the fact that rate-

limiting factors in the small intestine (such as surface area and luminal pH) are not 

critically changed with aging [20]; additionally, most drugs are absorbed via passive 

diffusion and age-related physiologic changes appear to have little influence on the 

bioavailability of drugs transported by passive mechanisms [21].  

It is widely recognized that liver plays a central role in the systemic bioavailability of 

drugs. Indeed, after drugs absorption from the gut, a fraction of the dose may be 

eliminated by the liver before reaching the systemic circulation. This pre-systemic or 

first pass hepatic elimination can be reduced by aging, which can affect the plasma 

concentration of some drugs. More specifically, regarding this issue, the bioavailability 

of most polar or water-soluble drugs is not usually affected because they are not highly 

extracted by the liver; however, for lipophilic drugs, the first pass effect through the 

liver is frequently accompanied by marked drug extraction (sometimes over 90%), so 

that only 5% to 10% of the dose enters the systemic circulation, which can significantly 

reduce the plasma concentration of drugs such as propranolol [20].  

Although oral route is the most frequently used for drug administration, as well as the 

most convenient and economic, there are age-dependent changes that can influence the 

rate and/or extent of drug absorption. For instance, aging-related changes may impair 

the absorption of drugs administered by intramuscular route, particularly due to the 

reduced peripheral blood flow and increased connective tissue [22]. 
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Distribution 

In the elderly, the relative percentage of adipose tissue increases from about 18% to 

36% in men and from 33% to 45% in women, and total body water is reduced by about 

10% [16]. Besides, the blood flow and plasma protein binding are often altered with 

aging, which may also have implications in drug distribution in elderly, with potential 

clinical consequences. Thereby, the volume of distribution of water-soluble drugs 

decreases, increasing the risk of toxicity associated with these drugs [23]; hence, some 

hydrophilic drugs may require a dose adjustment [16]. On the contrary, fat-soluble 

drugs, such as benzodiazepines, have a higher volume of distribution, resulting in a 

slower excretion and prolonged drug action, which may require an extension of the 

dosing interval [16,17,20]. In this context, serum albumin levels decrease with age, 

which may have clinical implications for drugs with a small volume of distribution and 

narrow therapeutic index. Therefore, it is necessary to adjust the dosage of these drugs, 

because with the decrease in serum albumin levels there will be a greater free fraction 

of a drug, increasing its pharmacological activity (including adverse effects). In 

contrast, α1-acid glycoprotein levels increase with age, leading to a decreased free 

fraction of basic drugs, as lidocaine, such that a higher dose is required to obtain the 

desired therapeutic effect [20]. 

 

Metabolism 

Aging is associated with a 40% reduction in hepatic blood flow and 30% reduction in 

liver mass [24]. Although some drugs are eliminated directly by the kidneys in 

unchanged form, many drugs undergo metabolism in the body, mainly in the liver. The 

drug metabolism by the liver depends on the activity of hepatic enzymes and blood 

flow, which determines the rate of drug delivery to the liver. A decrease in liver 

metabolism has been associated with a decrease in liver volume and hepatic blood flow. 

Apparently, the decline in phase I metabolism observed in elderly is more likely the 

result of the reduced hepatic volume than the reduced enzymatic activity [21]. With 

advancing age,  phase I reactions, mediated primarily by cytochrome P450 isoenzymes, 

tend to be reduced, decreasing hepatic drug metabolism, contributing subsequently to 

reduce the total body clearance of drugs, prolonging their half-lives [19]. This may 

increase the plasma concentrations and effects of drugs that are extensively cleared by 

the liver [16]. Phase II reactions remain relatively unchanged in the elderly. However, 

in frail elderly, after injury or surgery, all enzyme activity may be significantly 

decreased, leading to higher drug concentrations in the blood and an increased risk of 

ADRs [16,17,19,25]. An example of a class of drugs affected by aging are the 

benzodiazepines because their metabolism may involve phase I followed by phase II 
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reactions. Diazepam, for example, despite suffering phase I and II metabolic reactions, 

is highly metabolised oxidatively (phase I) and is partially converted to an active 

metabolite, desmethyldiazepam, which has a half-life of up to 220 h in the elderly [19]. 

However, other benzodiazepines, such as lorazepam, are conjugated in the liver, and 

their metabolism is not significantly changed by age [17]. 

 

Excretion 

In elderly, both renal function and renal reserve decline. Structural changes include 

decreased renal weight, thickening of the intrarenal vascular intima, decreased number 

of glomeruli with increasing sclerosis in the remaining glomeruli, and infiltration by 

chronic inflammatory cells and fibrosis in the stroma [18,19]. Altered renal tubule 

function may also lead to impaired water, sodium, and glucose handling in the elderly. 

The glomerular adaptation rate steadily decreases. Drug clearance may be decreased 

even in patients with normal serum creatinine concentrations because the production 

of creatinine (i.e., a biomarker of kidney function) decreases with age [16,26]. The loss 

of renal parenchyma in conjunction with a decrease in renal plasma flow determines a 

progressive decline in glomerular filtration rate [26,27]. At least 0.4 ml/min of 

glomerular filtration rate is lost per year in Caucasian persons and this decline is also 

associated with an age-related prolongation in the half-life of different drugs eliminated 

with a first-order kinetics [26,27]. Therefore, many drugs that depend on the kidney 

function for excretion can reach toxic concentrations when given to the elderly at the 

usual dose. Moreover, the reduction in excretion of active metabolites of certain drugs 

may increase the risk of toxicity, especially in very elderly patients [17]. In addition to 

physiological changes, some diseases such as hypertension or diabetes, and the use of 

nephrotoxic drugs, e.g. NSAIDs, may cause a decline in renal function, affecting the 

excretion of drugs [16].  

 

 

I.2.2 Pharmacodynamics 

 
The pharmacological actions of drugs can also be affected with aging, leading to 

variations in therapeutic response, particularly due to changes in receptor sensitivity 

and drug tolerance [16]. Table I.4 summarizes pharmacodynamics changes in some 

drugs associated with aging.  
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Table I.4: Examples of  pharmacodynamic changes with aging (adapted from Massoud et al 

2017 [28],  Ryan et al 2016 [29] and Mangoni et al 2003 [27]) 

Drug Pharmacodynamic effect Age-related change 

Adenosine Heart rate response No significant change 

Diazepam Sedation, postural sway Increase 

Diltiazem Acute and chronic antihypertensive effect 

Acute PR interval prolongation 

Increase 

Decrease 

Verapamil Acute and chronic antihypertensive effect 

Acute PR interval prolongation 

Increase                                 

Decrease 

Isoprenaline Chronotropic effect Decrease 

Furosemide Peak diuretic response Decrease 

Heparin Anticoagulant effect No significant change 

Warfarin Anticoagulant effect Increase 

Morphine Analgesic effect 

Respiratory depression 

Increase 

No significant change 

Propranolol Antagonism of chronotropic effects Decrease 

Temazepam Postural sway Increase 

 

 

In fact, changes in drug-receptor interaction (e.g., affinity and/or number of receptors) 

and changes in post-receptor signalling may occur in elderly. Altered homeostatic 

protective mechanisms may increase the risk of ADRs. Brain mass and the number of 

neurons and synapses decrease with age, and the blood-brain barrier becomes more 

permeable to xenobiotics, including drugs. Therefore, the adverse effects of central 

nervous system (CNS)-active drugs (e.g., confusion, sedation, and extrapyramidal 

effects) increase with age. Drug classes with a higher risk of adverse CNS effects are 

opioids, benzodiazepines, anaesthetics, antimuscarinics, and antipsychotics [17]. 

Additionally, the number of neurons and cholinergic receptors involved in cognitive 

functions can also be reduced. A decrease in the cell proliferation with aging can be 

attributed to defects in receptors of growth factors and signal transduction mechanisms 
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[30]. The mechanisms that contribute to functional changes in the brain associated 

with aging include: altered concentration of neurotransmitters and/or receptors; 

hormonal changes, particularly in sex and growth hormones; and the impaired glucose 

metabolism or decreased availability of glucose and oxygen with decline in 

cerebrovascular function [31].  

As aforementioned, with aging occurs a decrease of function baroreceptors and in the 

peripheral venous tone [32], resulting in postural hypotension episodes. Additionally, 

with advancing age, adrenergic receptors become less sensitive to agonists and 

antagonists. Thus, older people experience a lesser bronchodilator response to β2-

adrenergic receptor agonists and a lower reduction in blood pressure to β-adrenergic 

receptor blockers than younger people [16,17,27,29]. Relatively to α-receptors, there is 

no relevant decrease in its sensitivity with aging. In this context, angiotensin-

converting enzyme inhibitors do not show age-related differences in elderly patients 

[31].  

 

 

I.3 Main Medical Conditions Affecting Older People 
 
The International Conference on Harmonization considers older people a ‘special 

population’ as they differ from younger adults in terms of comorbidity, polypharmacy, 

pharmacokinetics, pharmacodynamics and vulnerability to ADRs [33]. In general, 

elderly patients have multiples comorbidities. According to the definition, 

multimorbidity refers to the co-occurrence of two or more medical or psychiatric 

conditions, which may or may not directly interact with each other within the same 

individual [34].  

The prevalence of multimorbidity according to a systematic review that attempted to 

measure it in a primary care setting in people aged 65 years and older was 95.1% [34]. 

The most frequent patterns of multimorbidity included osteoarthritis together with 

cardiovascular and/or metabolic conditions [3,5,34,35]. In a Scottish study of primary 

care patients aged over 75 years the most prevalent conditions were hypertension 

(61.9%), ischaemic heart disease (31.2%), pain (23.6%) and chronic kidney disease 

(18.5%) [36]. Depression, diabetes mellitus, constipation, stroke, thyroid disease and 

hearing loss made up the top 10 of the most prevalent conditions, according the WHO 

[35].   

Considering the degree of disability, the most common and important causes are 

sensory impairment (particularly in low- and lower-middle-income countries), back 

and neck pain, chronic obstructive pulmonary disease (particularly in low- and lower-
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middle-income countries), depressive disorders, falls, diabetes mellitus, dementia and 

osteoarthritis [35]. A study analysed the disability adjusted life years for people aged 60 

years and older and concluded that 23% of the total global burden of disease is 

attributable to disorders in persons aged 60 years and over [2], (table I.5 and table I.6). 

In this study the data of global burden of disease were estimated by the Institute of 

Health Metrics and Evaluation, and by WHO (2004 update with projections to 2030) 

[2].  

 

 

Table I.5: Numbers and proportion (%) of Disability Adjusted Life Years (DALYs) 

attributable to particular causes, for people aged 60 years and older in 1990, 2010, and 

2004 with projections to 2030, by the Institute of Health Metrics and Evaluation (IHME)  

and World Health Organization (WHO) (adapted from Prince et al [2]) 

 

 

1990 

IHME GBD 

2010 IHME 

GBD 

Change 

1990–

2010 (%) 

2004 WHO 

GBD 

Change 

2004- 

2030 (%) 

General 

Population aged ≥60 

years (millions) 

487·5 754·9 ·· 658·7 ·· 

DALYs per 1000 

population 

891·9 760·9 ·· 684·5 ·· 

Chronic disease categories 

Cardiovascular diseases 137·3(31·6%) 173·9 (30·3%) +26·7% 157·4(34·9%) +40·6% 

Cancer 64·4 (14·8%) 87·0 (15·1%) +35·1% 65·3 (14·5%) +69·2% 

Chronic respiratory 

diseases 

54·9 (12·6%) 54·3 (9·5%) −1·1% 41·0 (9·1%) +84·3% 

Digestive diseases 15·8 (3·6%) 19·4 (3·4%) +22·8% 15·2 (3·4%) +15·8% 

Mental, behavioural, and 

neurological disorders 

22·2 (5·1%) 38·0 (6·6%) +71·2% 31·0 (6·9%) +79·5% 

Sensory impairment 12·3 (2·8%) 18·0 (3·1%) +46·3% 43·9 (9·7%) +82·0% 

Musculoskeletal 27·9 (6·4%) 43·3 (7·5%) +55·2% 12·1 (2·7%) +70·3% 

GBD: global burden of disease. Disability Adjusted Life Years (DALYs) - One DALY represents the loss of 

the equivalent of one year of full health. DALYs for a disease or health condition are the sum of the years of 

life lost to due to premature mortality and the years lived with a disability due to prevalent cases of the 

disease or health condition in a population [37]. 
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Table I.6: Numbers and proportion (%) of Disability Adjusted Life Years (DALYs) 

attributable to particular chronic diseases for people aged 60 years and older in 1990, 2010, 

and 2004 with projections to 2030, by the Institute of Health Metrics and Evaluation 

(IHME)  and World Health Organization (WHO) (adapted from Prince et al [2]) 

 

 

1990 IHME 

GBD 

2010 IHME 

GBD 

Change 

1990–

2010 (%) 

2004 WHO 

GBD 

Change 

2004 to 

2030 

(%) 

Chronic diseases 

Ischaemic heart disease 60·7 (14·0%) 77·7 (13·5%) +28·0% 67·6 (15·0%) +34·7% 

Cerebrovascular disease 54·5 (12·5%) 66·4 (11·6%) +21·8% 55·4 (12·3%) +44·4% 

Diabetes mellitus 12·6 (2·9%) 22·6 (3·9%) +79·4% 13·9 (3·1%) +95·7% 

Chronic obstructive 

pulmonary disease 

44·7 (10·3%) 43·3 (7·5%) −3·1% 33·1 (7·3%) +88·7% 

Dementia 4·7 (1·1%) 10·0 (1·7%) +112·8% 18·8 (4·2%) +82·6% 

Vision impairment 7·0 (1·6%) 10·4 (1·8%) +48·6% 30·9 (6·8%) +86·3% 

Hearing impairment 5·3 (1·2%) 7·5 (1·3%) +41·5% 13·0 (2·9%) +70·6% 

GBD: global burden of disease. Disability Adjusted Life Years (DALYs) - One DALY represents the loss of 

the equivalent of one year of full health. DALYs for a disease or health condition are the sum of the years of 

life lost to due to premature mortality and the years lived with a disability due to prevalent cases of the 

disease or health condition in a population [37]. 

 

 

In addition to comorbidities, elderly is predisposed to the occurrence of several specific 

conditions with potential impact on their well-being and quality of life due to all the 

physiological changes associated with aging. These conditions are known as geriatric 

syndromes and include gait instability with the occurrence of falls, immobility, urinary 

and faecal incontinence, cognitive latency and iatrogenic drug-induced diseases [6].  

Frequently associated to the elderly also appears the term frailty. Frailty is a common 

clinical syndrome in older adults that carries an increased risk for poor health 

outcomes including falls, incident disability, hospitalization, and mortality [38]. Frailty 

syndrome requires at least 3 of the following 5 characteristics: unintentional weight 

loss, muscle weakness, physical slowness, weak endurance, and low physical activity 

[38,39]. Frailty seems to be secondary to several conditions. Biological (e.g., 

inflammation, hormone loss), clinical (e.g., osteoporosis), as well as social (e.g., 
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isolation, financial situation) factors are involved in the process of vulnerability [40]. 

However, frailty status seems to be more strongly associated with altered 

pharmacokinetic responses than chronological age [41]. In frail elderly the benefit–risk 

balance of a drug can be different when compared with the general population and 

therefore the risk of ADRs increase in these patients [41,42]. Additionally, it is 

necessary to consider that practice guidelines are often based on the results of clinical 

trials, in which frail, elderly and comorbid people have been mostly excluded, making it 

difficult to reliably predict from the 'real world' the prevalence and types of ADRs that 

might be expected in this population [43].  

In addition to the disabilities caused by the diseases themselves, elderly patients are 

usually taking medications that must be used with caution as they are more prone to 

develop ADRs. In this context, mental, behavioural, and neurological diseases 

characterized by mild short-term memory loss, word-finding difficulty, and slower 

processing speed are normal parts of aging that are often noticeable by age 85. The 

rates of dementia also increase with age [44]. In addition to the decline in ability to 

perform daily activities associated with the disease itself, some medications can 

exacerbate this decline. An example of these medications that are commonly prescribed 

are benzodiazepines. In a study, 14% of adverse drug events were found to be related to 

the use of benzodiazepines [45]. These events are related to changes in 

pharmacokinetics and pharmacodynamics that increase the risk for falls and memory 

loss in the elderly associated to short- and long-acting benzodiazepines [46,47]. 

Antidepressants, especially tricyclics, and antipsychotics are also related to falls in this 

special population [48]. Drugs with anticholinergic properties are common 

contributors to confusion, urinary retention, constipation, among others; these include 

tricyclic antidepressants, certain serotonin reuptake inhibitors, some antihistaminic, 

and anti-spasmodic agents [17,49].  

Regarding cancer, one of the main causes of death in older adults, the treatments are 

highly variable and depend on the type of cancer. These patients suffer, in general, 

more frequent and serious ADRs due to the intrinsic biologic toxicity of antineoplastic 

agents, their narrow therapeutic ranges, and the high doses and rigid timing of 

therapeutic regimens. The most prevalent types of cancers in the elderly are lung, 

colorectal, prostate, stomach and breast cancer [50]. The treatment for cancer includes 

surgery, radiotherapy, and/or systemic medications (chemotherapy, endocrine therapy, 

and/or biologic therapy with targeted agents). Several classes of drugs are used in 

cancer treatment, for example, alkylating agents, antimetabolites, platinum‑containing 

compounds, hormonal agents, and monoclonal antibodies [51,52]. Moreover, cancer 

treatment can be more challenging and complicated for older adults due to 
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comorbidities, polypharmacy and variability in pharmacokinetics and 

pharmacodynamics comparatively to young adults, making them more susceptible to 

suffer drug-related problems [44,51–54]. Therefore, for each elderly patient, a special 

attention should be given to the benefit-risk relationship of cancer treatments.  

In older adults, the cardiovascular diseases continue to be one of the leading causes of 

death. This category of diseases includes chronic ischemic heart disease, congestive 

heart failure, hypertension and cardiac arrhythmias [55]. Ischemic heart disease may 

be underdiagnosed in the elderly [44,55]. Hypertension, a major contributor to 

atherosclerosis, is the most common chronic disease in older adults [56]. Commonly 

prescribed antihypertensive medications, particularly angiotensin-converting enzyme 

inhibitors and α-blockers, have been associated with syncope and orthostatic 

hypotension in the elderly [57]. Diuretics have also been associated with falls and are 

more likely to cause hyponatremia in elderly than in younger patients because of 

impaired renal function. Altered pharmacokinetics in the elderly, combined with 

altered physiology of the cardiovascular and renal systems, make this population more 

susceptible to the effects of common antihypertensive agents, including calcium 

channel blockers, especially in patients with comorbidities such as heart failure or 

previous syncope [28]. Statins are used to reduce cardiovascular risk in the elderly, who 

often have comorbidities such as diabetes mellitus and hypertension [58]. Although 

cardiovascular risk reduction is important, the use of statins also increases the risk of 

myopathy with loss of muscle mass, especially in the elderly, and decline in liver 

function [59]. 

Additionally, other highly prevalent diseases in the elderly are type 2 diabetes mellitus 

(T2DM) and musculoskeletal disorders. T2DM has increased with age, constituting a 

major risk factor for cardiovascular diseases, especially in the elderly. Diabetes mellitus 

is also associated with peripheral arterial disease and peripheral neuropathy, 

contributing to diabetic foot ulcers and amputations [44]. Management approaches in 

diabetes mellitus should be individualized considering the risk of hypo-glycaemia 

associated with the medication and the characteristics of this vulnerable population 

[60,61].  

Regarding musculoskeletal disorders, they are debilitating conditions that significantly 

impair the state of health and patients’ quality of life. Approximately 1.71 billion people 

suffer from some type of musculoskeletal disorder worldwide [62]. Musculoskeletal 

conditions are typically characterized by pain (often persistent) and limitations in 

mobility, dexterity and overall level of functioning, reducing people’s ability to work. It 

increases the risk of falls and fractures, resulting from loss of mobility and physical 

independence, which can be particularly devastating in the elderly [63]. Additionally, to 
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manage the  associated chronic pain, NSAIDs are commonly prescribed for long 

periods of time, often leading to gastric and duodenal ulcers, as well as other common 

and characteristic ADRs [49]. 

According to the WHO,  the main causes of mortality in older people are heart disease, 

stroke, and chronic lung disease [35]. In 2004, the leading causes of death among 

Americans aged 65 and older were: heart disease (1,418 deaths per 100,000 people), 

cancer (1,052 per 100,000), stroke (346 per 100,000), chronic lower respiratory 

diseases (284 per 100,000), Alzheimer’s disease (171 per 100,000), diabetes mellitus 

(146 per 100,000) and influenza infection and pneumonia (139 per 100,000) [64]. In 

2019, according to the Institute of Health Metrics and Evaluation, the leading causes of 

death for people with 70 years or older continues to be  cardiovascular diseases (12.17 

million) followed by cancer (4.91 million), respiratory diseases (2.87 million), such as 

chronic obstructive pulmonary disease and asthma (excluding infectious respiratory 

diseases), Alzheimer's disease and other dementias (1.51 million), lower respiratory 

infections (1.23 million), digestive diseases (1.06 million) and diabetes mellitus 

(843,598) [65]. 

Concerning the Portuguese reality, a cross-sectional study concluded that the most 

pathologies diagnosed were osteoarthritis, arterial hypertension and dementia, being 

that this last disease also considered a frequent factor for disability, along the stroke 

and the fracture of the femur [66]. In Portugal, arterial hypertension is one of the 

cardiovascular risk factors affecting 36% of people aged 25-74 years, with a higher 

prevalence in men than in women, and increasing with age, affecting more than 71% of 

Portuguese people aged 65-74 years. T2DM affects 10% of the Portuguese population 

between 25 and 74 years, especially men and older age groups (23.8% of people 

between 65 and 74 years) [67]. In this context, it is important to mention that the 

number of diabetic patients in Portugal is increasing. Diabetes mellitus, isolated, is the 

tenth leading cause of death, but it is the second leading cause of disability [68]. 

Regarding musculoskeletal disorders, although they are not usually fatal, they are one 

of the groups of medical conditions that most contribute to the disease burden in the 

world population, with Portugal being no exception. For instance, due to the suffering 

they cause, musculoskeletal disorders are responsible for many absences from work 

[67,68]. 

Hence, bearing in mind the high prevalence of diabetes mellitus and musculoskeletal 

disorders in Portugal [68], safety data of drugs used in the management of these 

conditions were studied in more detail in this thesis. Therefore, a more detailed 

description of diabetes mellitus and musculoskeletal diseases, as well as the drugs 

usually used for their treatment is provided below. 
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I.3.1 Diabetes Mellitus 

 
The global diabetes prevalence in 2021 was 10.5% (figure I.3), being expected to rise to  

12.2% by 2045 [69]. Among adults aged 75–79 years, diabetes prevalence was 

estimated to be 24.0% in 2021 and is expected to rise to 24.7% in 2045 [69]. 

The total number is predicted to rise to 643 million (11.3%) by 2030 and to 783 million 

(12.2%) by 2045.  
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Figure I.3: Number of people with diabetes in World (Source IDF DIABETES ATLAS 10th 

edition 2021 [69]) 

 

 

The three main types of diabetes are type 1 diabetes mellitus (T1DM), T2DM, and 

gestational diabetes mellitus. For T2DM, which accounts for approximately 90% of the 

total cases, its rising trend can be attributed to aging and increasingly sedentary 

lifestyle in younger adults [69–71]. 

In Portugal, the prevalence of diabetes has increased. In addition, Portugal is one of the 

European countries with the highest prevalence, corresponding to 13.6% of the 

Portuguese population in 2018 [72]. 

T2DM is a metabolic disease with high prevalence in elderly population [73]. It is 

associated with high levels of mortality and morbidity, polypharmacy, and cognitive 

and functional decline in this population [74]. In general, T2DM is a metabolic 

regulatory disorder characterized by chronic hyperglycaemia. The underlying causes 

include impaired insulin production, resistance to its action, and/or often a 
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combination of both [6]. In the elderly, the main factors leading to hyperglycaemia are 

decreased insulin secretion with age and increased insulin resistance caused by changes 

in body composition (there is an increase in visceral adipose tissue) and sarcopenia 

(with age, muscles lose strength and mass, and this phenomenon is called sarcopenia) 

[75]. The sensitivity of pancreatic β-cells to incretins (group 

of metabolic hormones that stimulate a decrease in blood glucose levels) decreases, 

leading to lower postprandial insulin levels and to a weaker suppression of glucagon 

secretion [74]. There is also dysregulation of the hypothalamic-pituitary-adrenal axis, 

leading to an increase in cortisol levels. Cortisol, as a catabolic hormone, is responsible 

for proteolysis, and its higher levels lead to a decrease in muscle mass. In addition, 

cortisol conduces to insulin resistance [76]. Moreover, obesity, decreased adrenergic 

activity, a decline in renal function and the use of potentially diabetogenic medications 

(e.g. some diuretics, β-adrenolytics, corticosteroids, psychotropic drugs, amiodarone) 

often further promote impaired glucose metabolism and diabetes in the elderly [75]. 

Chronic hyperglycaemia leads to microvascular complications, causing sequelae mainly 

in the eyes, kidneys, and nervous system, and also leads to macrovascular 

complications mainly in the heart, brain, and peripheral arteries [77]. In this context, 

elderly diabetics have a higher risk of suffering microvascular and macrovascular 

complications [6]. Consequently, diabetes is associated with higher rates of 

amputation, myocardial infarction, vision loss, kidney disease, and death from hypo- or 

hyperglycaemia in this age group [78]. Additionally, this condition is associated with 

increased mortality and risk of institutionalization [79]. Considering all these reasons, 

it is important to improve diabetes control in this growing subpopulation, either for 

health or economic reasons.  

The goal of diabetes treatment is to maintain adequate glucose levels. In this context, it 

is important to mention that the risk of hypoglycaemia increases with age as does the 

risk of associated complications, including worsening of cognitive impairment, falls, 

and decreased quality of life in general [6]. Any occurrence of hypoglycaemia increases 

the risk of cardiac death and may worsen cognitive function or exacerbate dementia 

[75]. It is also necessary to take into account that the clinical manifestation of 

hypoglycaemia in elderly patients may occur at lower blood glucose levels when 

compared to younger people [60,80]. Probably due to the atypical symptoms, patients 

are often unaware of hypoglycaemia. Warning signs caused by stimulation of the 

adrenergic system, such as sweating, tremor, or hunger, may not occur. Moreover, the 

counter-regulatory response of glucagon secretion is often limited and insufficient in 

elderly patients [75]. In addition, impaired renal and hepatic function, which is 

common in this population, may impair drug metabolism and excretion, contributing 

https://en.wikipedia.org/wiki/Metabolic
https://en.wikipedia.org/wiki/Hormone
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to an increased risk of hypoglycaemia [74,78]. Impaired renal function can also lead to 

hyperglycaemia due to dehydration, which also increases the risk of delirium [6,75,78]. 

In fact, the control of blood glucose levels is critical in the management of diabetes. 

However, to achieve the recommended goals, the risk of hypoglycaemia is also 

increased. 

Therefore, in these patients, it is important to consider an individualised approach of 

treatment that takes into account life expectancy, patient involvement in the treatment 

process, ability to use injections and self-monitoring of blood glucose levels, and the 

presence of frailty and other coexisting conditions. Pharmacological treatment must 

also consider a high frequency of ADRs and drug interactions due to polypharmacy. 

Metformin has been considered the first-line therapy for T2DM, which may be 

beneficial for elderly due to its low risk of causing hypoglycaemia in monotherapy, 

although gastrointestinal intolerance and weight loss may be detrimental [60,75]. This 

biguanide mainly acts by increasing the liver sensitivity to insulin, suppressing 

gluconeogenesis, and also stimulating glucose uptake and its use by muscle and adipose 

tissue [61]. Nevertheless, this drug has some limitations when used in seniors. In fact, it 

is not recommended for individuals suffering from renal failure (glomerular filtration 

rate of 30 ml/min/1.73 m2), heart failure (New York Heart Association class III and IV) 

and chronic respiratory failure [60,61]. 

Sulfonylureas constitute another group of oral antidiabetic drugs used to treat T2DM. 

These drugs are effective in lowering blood glucose levels, have a relatively good 

tolerability, and are often added to metformin or used as monotherapy. The main 

concern associated with the use of these drugs is the increased risk of hypoglycaemia 

when compared with other blood glucose-lowering agents [80–82]. This risk is 

increased in the presence of renal or hepatic impairment, as well as with concomitant 

use of drugs that potentiate the effects of sulfonylureas, such as salicylates, 

acenocoumarol or fibrates [83]. Among sulfonylureas, gliclazide is safer than 

glimepiride because it is metabolised to inactive metabolites, resulting in a lower risk of 

hypoglycaemia in the event of declined renal function [75,83]. Due to the risk of 

hypoglycaemia, the use of short-term sulfonylureas is more beneficial and safer than 

long-term sulfonylureas in the elderly [78].  

α-Glucosidase inhibitors (e.g., acarbose) delay intestinal monosaccharide absorption 

and prevent complex carbohydrate breakdown, lowering postprandial hyperglycaemia. 

These drugs present a low risk to induce hypoglycaemia, which would be expected 

considering their mechanism of action. However, the gastrointestinal intolerance that 

they can cause may be a limiting factor in the elderly [78]. 
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Meglitinides, which also stimulate insulin secretion, are administered before meals. 

Their short half-life is useful for controlling postprandial hyperglycaemia and are 

associated to a lower risk of hypoglycaemia compared with sulfonylureas [61].   

Gliptins - dipeptidyl peptidase-4 (DPP-4) inhibitors - are a relatively new group of 

drugs that have been successfully used in the elderly. DPP-4 increases the levels of 

endogenous incretin inhibitors, mainly glucagon-like peptide-1 (GLP-1), which 

increases insulin secretion and inhibits glucagon release. These drugs have a safer 

profile and good efficacy and tolerability [75].   

GLP-1 analogues are another group of drugs that effectively reduce blood glucose while 

reducing the risk of hypoglycaemia. They have been associated to a beneficial effect on 

the cardiovascular system [84].  

Thiazolidinediones, due to their action on peroxisome proliferator activated receptors, 

affect the transcription of numerous genes, leading to an improvement in insulin 

sensitivity in peripheral tissues, especially in adipose tissue. They also have a beneficial 

effect on lipid profile. However, they can cause fluid retention (being contraindicated in 

patients with heart failure), decrease bone mineral density and increase the risk of bone 

fractures [85].  

Sodium-glucose cotransporter-2 (SGLT2) inhibitors, the newest class of oral 

pharmacological agents used to treat diabetes mellitus, inhibit glucose reuptake in the 

proximal renal tubule, resulting in an increased urinary glucose excretion. This 

mechanism of action results in decreased blood glucose levels and caloric loss. 

Therefore, there is a low risk of hypoglycaemia. However, these drugs can induce 

glycosuria and increase the risk of genitourinary system infections [75,86,87].  

It is also important to mention that, due to progressive loss of β-cell function and 

insulin sensitivity, most patients with T2DM eventually require human insulin or 

insulin analogues to control hyperglycaemia [88]. In fact, some insulin analogues (e.g., 

glargine or detemir) are usually added to oral therapy when it becomes inadequate, and 

rapid-acting insulin analogues (lispro, aspart, glulisine) can also be used to control 

postprandial glycaemic peaks in the elderly [88]. Insulin analogues offer a better 

pharmacokinetic profile, are more convenient, and lead to a lower variation in 

glycaemic control than human insulin. Long-acting basal insulin therapy is usually the 

first choice for insulin therapy in older adults because of their efficacy, simplicity, and 

once-daily administration [89]. They provide a prolonged, nearly 24-hour duration 

action similarity to physiological basal insulin secretion [89,90]. Insulin analogues tend 

to have less intraindividual variability in their time-action profiles and may be 

associated with a lower risk of hypoglycaemia than human insulin [91]. However, in 

older adults with dementia or others comorbidities, who have unpredictable eating 
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habits, rapid-acting analogues are a more favourable therapeutic option because they 

can be administered immediately after a meal reducing the risk of hypoglycaemia 

[92,93]. 

 

 

I.3.2 Musculoskeletal Diseases 

 

With aging, a gradual decline in the function, strength, and regenerative capacity of 

several tissues and organs occurs. Thus, a decrease in muscle strength, motor 

coordination, and cognitive function are characteristics of advancing age, also 

increasing the risk of falls. Additionally, there is also a progressive loss of bone mass 

promoting the occurrence of fractures and fragility [6]. Due to changes in the immune 

system, the prevalence of rheumatic diseases is also higher in the elderly. In summary, 

musculoskeletal diseases are widespread and have a critical impact on the quality of life 

of older people. They are usually chronic and non-fatal diseases [4]. 

The most common osteoarticular diseases in the elderly are osteoarthritis, rheumatoid 

arthritis and osteoporosis. They have been considered a reason for the high prevalence 

of chronic pain and impairment of functionality, muscle strength, balance, motor 

coordination, and daily living activities, causing pain and stiffness and affecting 

patients' quality of life [94–96]. 

Osteoarthritis is a painful complex disease that affects millions of people worldwide, 

being common in older people [97,98]. Osteoarthritis is a disease of the whole joint, 

which involves many pathophysiological processes that result in dysregulation of the 

function of cytokines and growth factors, prostaglandins, cartilage matrix fragments, 

neuropeptides, reactive oxygen intermediates, proteolytic enzymes and protease 

inhibitors. Dysregulation of these factors triggers a cycle of degeneration of cartilage, 

bone, ligaments and synovium that coincides with an inflammatory response and 

peripheral and CNS sensitization [97]. The osteoarthritis clinical symptoms are pain 

and functional impairment that includes joint stiffness and dysfunction [99]. Current 

treatments for osteoarthritis include acetaminophen, opioids, NSAIDs and intra-

articular hyaluronic acid or steroid injections [97–99]. 

Rheumatoid arthritis is a chronic, inflammatory autoimmune disease characterized by 

joint inflammation that can lead to destruction of articular and periarticular tissues 

[100]. It causes pain, deformity, and bone and cartilage destruction [101]. Treatment 

includes disease-modifying antirheumatic drugs, as well as analgesics and anti-

inflammatory drugs for pain and inflammation relief [100]. Commonly used 

conventional disease-modifying antirheumatic drugs include methotrexate, 
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leflunomide, hydroxychloroquine, and sulfasalazine [102]. Biologic disease-modifying 

antirheumatic drugs are also usually prescribed after the failure of conventional 

disease-modifying antirheumatic drug therapy. Some biological agents include 

infliximab, adalimumab, etanercept, rituximab, abatacept, rituximab, tocilizumab, 

among others [102]. 

Osteoporosis is characterized by reduced bone mass and deterioration of bone tissue, 

which affects its quality and strength and increases the risk of fractures [103]. As the 

population ages, the osteoporosis incidence and resulting osteoporotic fractures is 

increasing. Although osteoporosis is more common in women than in men, the 

incidence in men is increasing [104]. Reduction of potentially modifiable risk factors, 

along with exercise, calcium and vitamin D supplementation constitutes an important 

adjunct to pharmacological treatment. Drugs such as alendronate and risedronate (or 

other bisphosphonates) and raloxifene are available to prevent the risk of bone fracture 

[105,106]. The chronic pain associated to these musculoskeletal diseases is one of the 

most frequent complaints in older adults and is related with significant disability [107]. 

Chronic pain in older adults limits mobility, is associated with depression and anxiety, 

and can disrupt family and social relationships [108]. NSAIDs are widely used  for 

symptomatic control of pain and inflammation, but other drug classes, such as 

antidepressants, anticonvulsants, muscle relaxants and opioids can also be used to treat 

these painful conditions [109]. Pharmacological agents should be selected based on 

pharmacokinetic and pharmacodynamic considerations in elderly, including the risk of 

ADRs and potential drug interactions due to polypharmacy. 

Pain is frequently associated with inflammatory events and processes in various organs, 

but it can also occur without apparent inflammatory signs. Pain and hyperalgesia are 

common features of the inflammatory process. Part of the pain arises as an immediate 

sensation after tissue injury due to direct stimulation of sensory nerve endings. The 

pain results from a combination of chemical stimulation due to vascular changes 

inherent to the inflammatory process and direct chemical stimulation by pain-

producing substances [108,110].  

It is not the purpose to address here the central components or psychological aspects of 

pain or to analyse in detail the physiopathological aspects of pain transmission. It will 

only be addressed the involvement of chemical mediators in the initiation of 

inflammatory pain to explain the analgesia caused by anti-inflammatory agents. 

Conventionally, the inflammatory process is characterized as the passive result of tissue 

injury and the production of mediators that cause biochemical, cellular, and vascular 

changes to restore homeostasis [111]. This process is initiated by an acute phase in 

which there is an increase in blood flow and vascular permeability, stimulating 
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leukocyte migration and activation, and the production of pre- and post-injury 

mediators. If the aggressive stimulus persists, the process becomes chronic, being 

associated to other characteristics controlled by humoral and cellular responses with 

high specificity and immunologic memory [112].  

Acute inflammation is primarily driven by mediators released by resident cells, 

including preformed mediators (as histamine, serotonin, and heparin) and postformed 

mediators (as lipid mediators, cytokines, and reactive oxygen species). These mediators 

increase vascular permeability and blood flow to facilitate leukocyte migration and 

plasma protein extravasation. Cytokines such as interleukin-1, interleukin-6 and tumor 

necrosis factor α play a fundamental role in this phase [112]. Upon return to 

homeostasis, multiple mediators act in an organized and sequential manner to promote 

the resolution of the inflammatory response. Firstly, mast cells release preformed 

mediators such as histamine and serotonin [113]. As a result, vasodilation and 

increased endothelial permeability occur, allowing leakage of a protein-rich fluid 

through changes in hydrostatic pressure. This results in a high concentration of red 

blood cells and allows leukocytes to migrate to the peripheral layer of the circulation, 

initiating the process of leukocyte marginalization, followed by diapedesis and 

migration. In this phase, adhesion molecules and chemokines play a crucial role [114]. 

Leukocytes are the first cells to be targeted at the site of tissue injury, followed by 

monocytes. During this process, activation of platelets, interleukin-8, complement 

factor 5a and integrins also occurs [115]. Still associated with preformed mediators, 

activated leukocytes release bioactive amines as well as lysosomal enzymes that cause 

additional tissue damage. In addition, activation of these leukocytes stimulates 

biochemical pathways involved in the production of postformed mediators such as 

reactive oxygen species, lipid mediators, and protein mediators such as cytokines, 

chemokines, and adhesion molecules [116]. 

Eicosanoids (e.g., prostaglandins and leukotrienes) are among the most important 

mediators of inflammatory hyperalgesia and are mainly formed from arachidonic acid 

by the activity of cyclooxygenases and lipoxygenases enzymes. Prostaglandins act 

through a series of second messenger-coupled receptors [110,117]. Although 

prostaglandins are normally produced by the cyclooxygenase constitutive form, 

cyclooxygenase-1 (COX-1), and mediate a number of physiological functions [117,118], 

prostaglandin formation during inflammation is enhanced by induction of another 

isoform of the enzyme, cyclooxygenase-2 (COX-2) [110]. 

Although it can be considered a physiological process, increased inflammation can 

cause additional tissue damage and produce adverse effects such as pain. In this sense, 

NSAIDs are among the most used drugs for the treatment of algesic and/or 
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inflammatory diseases [108]. NSAIDs have anti-inflammatory, analgesic and 

antipyretic properties and their action results from the inhibition of the prostaglandins 

synthesis by inhibition of the enzymes COX-1 and COX-2 [119]. 

Most NSAIDs reversibly inhibit cyclooxygenases, with the exception of acetylsalicylic 

acid, which is a non-selective and irreversible inhibitor [119]. Therefore, the duration of 

acetylsalicylic acid action depends on the novo synthesis of cyclooxygenases [109,119]. 

Overall, NSAIDs are well absorbed in the stomach and intestine, are extensively bound 

to plasma proteins, and are excreted by renal filtration and tubular secretion. NSAIDs 

can be classified based on their chemical and pharmacological properties, and 

cyclooxygenase  selectivity [119]. 

On the basis of their chemical structure, they can be classified as presented below 

[120,121]: 

 Salicylic acid derivatives: acetylsalicylic acid (aspirin), diflunisal 

 Indole and indene acetic acids: indomethacin, etodolac, acemetacin, 

proglumetacin 

 Aryl- and heteroaryl acetic acids: diclofenac, ketorolac, aceclofenac, bendazac 

 Aryl- and heteroarylpropionic acids: ibuprofen, ketoprofen, flurbiprofen, 

naproxen, dexketoprofen, dexibuprofen 

 Anthranilic acids:  etofenamate 

 Enolic acids (oxicams): piroxicam, tenoxicam, meloxicam 

 Alkanones: nabumetone 

 Sulfanylamides: nimesulide 

 Diarylheterocycles (selective COX-2 inhibitors): celecoxib, parecoxib, etoricoxib. 

 

The COX-1 isoform, present in most tissues, is a constitutive enzyme that promotes 

homeostasis and produces prostaglandins responsible for multiple physiological 

actions (e.g., gastrointestinal cytoprotection). The COX-2 is an enzyme that produces 

prostaglandins, which are responsible for the perception of pain and inflammation and 

is essentially present in the CNS, kidneys, and endothelium. Both are directly involved 

in prostaglandins production, which play a notorious role in the maintenance of 

homeostasis. Thus, inhibition of these enzymes impairs the regulation of these organs, 

leading to functional alterations [107,119]. 

In this context, despite their therapeutic efficacy, the main side effects induced by 

NSAIDs include gastrointestinal complications, cardiovascular events and renal toxicity 

[122]. In table I.7 are presented the most common adverse effects associated to 

NSAIDs. 
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Table I.7: Adverse effects profile associated to non-steroidal anti-inflammatory drugs 

(adapted from Wongrakpanich et al 2018 [122], Pilotto et al 2010 [123] and Harirforoosh et al 

2009 [124]) 

Organ toxicity Adverse effects 

Gastrointestinal toxicity 

 

Dyspepsia  

Gastroduodenal ulcers  

Gastrointestinal bleeding and perforation 

Cardiovascular adverse effects Edema  

Hypertension  

Congestive heart failure 

Myocardial infarction  

Stroke and other thrombotic events 

Nephrotoxicity Electrolyte imbalance 

Sodium retention  

Edema  

Reduce glomerular filtration rate 

Nephrotic syndrome  

Acute interstitial nephritis  

Renal papillary necrosis  

Chronic kidney disease 

 

 

Non-selective NSAIDs increase the risk of side effects because they inhibit both COX-1 

and COX-2 isoforms. Their inhibition is the main cause of the higher incidence of 

gastrointestinal ulceration and gastrointestinal tract perforation and bleeding 

associated with their use [107]. Therefore, selective COX-2 inhibitors can improve the 

gastrointestinal safety profile, but there is an increased cardiovascular risk 

[107,119,125]. Other side effects unrelated to the therapeutic target may occur, namely 

hepatic, immunological and CNS effects [107]. The renal toxicity occurs in 5% of 

patients taking these agents [126]. Older adults may be at higher risk for renal toxicity 
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than younger patients. Non-selective and selective COX-2 inhibitors have been shown 

to cause renal dysfunction and it is recommended that NSAIDs should be avoided in 

patients with a creatinine clearance lower than 30 ml/minute [109]. Concerning 

cardiovascular risks, studies have shown that selective and non-selective NSAIDs 

increase the risk of heart failure and worsen the symptoms of this condition [127].  

NSAIDs are a major cause of drug-associated morbidity in elderly [107]. Their use, 

especially the chronic use, increases with age and it is estimated that a large proportion 

of people over 65 years take NSAIDs daily [119]. Thus, elderly is a population especially 

vulnerable to ADRs induced by these drugs, highlighting the gastrointestinal, 

cardiovascular, renal, hepatic and cerebrovascular events [128].  

 

 

I.4 Polypharmacy in Elderly and Clinical Consequences 
 
In the elderly population, as mentioned above, multiple clinical conditions and chronic 

diseases that may require a high number of medications are prevalent. Therefore, the 

existence of polypharmacy, that  is often defined as the concurrent use of five or more 

different drugs, is common in the elderly  [17].  

There are several reasons for polypharmacy in the elderly. Firstly, as mentioned earlier, 

the prevalence of many diseases is age-dependent, and several may coexist in the same 

patient. Secondly, it may not be possible to achieve an adequate therapeutic response 

with a single drug. Thirdly, there is a need to neutralize or minimize the risk of 

occurrence of an adverse drug event. The difficulty in distinguishing drug-induced 

symptoms from a definitive medical diagnosis often results in the addition of another 

drug to treat the symptoms, which increases the risk of drug-drug interactions and 

ADRs – a phenomenon  known as the “prescribing cascade” [17,129]. 

Patients aged ≥65 years use an average of four prescribed medications [16,130]. This is 

relevant because patients taking more than five medications are approximately three 

times more likely to be using an inappropriate medication, with higher risk of ADRs 

and drug-drug and drug-disease interactions [16,20,124,131,132]. In table I.8 and table 

I.9 some examples of drug-disease interactions and drug-drug interactions, 

respectively, are presented. 
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Table I.8: Some prescribed drugs and potential drug–disease interactions (adapted from 

Burrage et al 2014 [16],  Vandraas et al 2010 [131], Lavan et al 2016 [132] and Harirforoosh et 

al 2009 [124]) 

Class of drugs Effect on comorbid disease 

Angiotensin-converting enzyme 

inhibitors 

May exacerbate hyperkalaemia and acute kidney injury 

Non-steroidal anti-inflammatory 

drugs 

May exacerbate asthma, cardiac failure and chronic kidney disease 

 

Opioid analgesia (including weak 

opioids like codeine) 

May exacerbate constipation, cognitive impairment or dementia 

and falls 

Antimuscarinics May exacerbate arrhythmias or tachycardia, confusion or dementia, 

heart failure, hypertension, hyperthyroidism and glaucoma 

Benzodiazepines May exacerbate cognitive impairment or dementia, falls and 

respiratory failure 

Bisphosphonates May exacerbate dysphagia and gastro-oesophageal reflux disease 

Diuretics May worsen hyponatraemia and dehydration 

 

 

As a result of these interactions, some drugs may aggravate a disease already present in 

the patient or increase or decrease the effect of a drug used to treat a disease. 

Thus, when evaluating the balance of benefits of medications taken by the elderly, the 

number  and drug classes of medications should be considered [16,17,20].  
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Table I.9: Some drug-drug interactions with potential clinical significance (adapted from 

Mann 2002 [20], Tesfaye et al 2017 [133], and Snowden 2016 [134]) 

First drug Second drug Effect of Interaction 

ACE inhibitors NSAIDs Hyperkalaemia, reduced renal 

function 

Antidepressants (tricyclic) Cytochrome P450 enzyme 

inhibitors (e.g., cimetidine) 

Increased effect of 

antidepressants (tricyclic) 

Antihypertensive agents Vasodilators (e.g., nitrates for 

angina), antipsychotics and some 

antidepressants 

Postural hypotension 

Acetylsalicylic acid (low dose) NSAIDs Peptic ulceration 

Carbamazepine Cytochrome P450 enzyme 

inhibitors (e.g., verapamil) 

Increased effect of 

carbamazepine 

Corticosteroids (oral) NSAIDs (including ASA) Peptic ulceration 

Digoxin Amiodarone, diltiazem, verapamil, 

diuretics (loop and thiazides) 

Increased effect of digoxin 

Diuretics (potassium sparing) ACE inhibitors, potassium 

supplements 

Hyperkalaemia, impaired renal 

function 

Quinolones NSAIDs Seizures 

Antihypertensives (e.g., ACE 

inhibitors, thiazides and β-

adrenoceptor antagonists (β-

blockers)) 

NSAIDs Reduced effect of 

antihypertensives 

Calcium antagonists Cytochrome P450 enzyme inducers Reduced effect of calcium 

antagonists 

Thyroxine Cytochrome P450 enzyme inducers Reduced effect of thyroxine 

ACE inhibitors: angiotensin-converting enzyme inhibitors; ASA: Acetylsalicylic acid; NSAIDs: non-

steroidal anti-inflammatory drugs  
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I.4.1 Potentially Inappropriate Medication in Older People 
Population 
 

Considering the increase of number of drugs used by this special population, inevitably 

rises the risk of use of potentially inappropriate medications (PIMs) [135]. PIMs are 

considered a global health problem that leads to an increase in associated ADRs, which 

enhancers the rate of hospitalization and consequently healthcare costs [136,137]. 

According to the literature, adverse events associated to PIMs occur in ˃15% of the 

elderly population and are considered preventable [138].  

The drugs most frequently associated with PIMs are antiplatelet agents and 

benzodiazepines in long term use [139]. In Portugal, a study carried out in 

institutionalized people found an average of 15 drug-related problems per patient [140]. 

PIM-related ADRs were observed in some studies, with digoxin, benzodiazepines, and 

imipramine being the most common drugs involved. In hospitalized elderly patients, 

NSAIDs inducing upper gastrointestinal bleeding were the most common PIMs. 

Benzodiazepines inducing falls with fractures and depressed mental status and digoxin 

0.125 mg/day inducing cardiac arrhythmias and visual disturbances due to digoxin 

intoxication are also common in the hospital setting [141–143].   

Given the pharmacoeconomic impact that polypharmacy can have, the British 

Geriatrics Society recommends a medication review based on the principles of geriatric 

assessment for all older people identified with indicators of higher frailty (falls, 

delusions, immobility) using an evidence-based checklist, such as the STOPP 

(Screening Tool of Older Person's Prescriptions) and START (Screening Tool to Alert 

doctors to Right Treatment) criteria [144]. The STOPP/START criteria were originally 

developed in Ireland using the Delphi method and based on physiological systems 

[145]. They were published in 2008 and were revised in 2014 [146]. The STOPP criteria 

intended to identify PIMs and the START criteria intended to identify potentially 

prescribing omissions (PPOs) [146]. The use of this tool has shown to reduce PIMs, 

associated adverse events and healthcare costs, as well as the rate of iatrogenic 

hospitalizations [147].  

There are other criteria for medication review, such as the American Geriatric Society 

Beers criteria, which were originally published in 1991 and have received several 

updates using the Delphi method, being the latest version of 2019 [57]. These criteria 

were created to support clinical prescribing in older people over the age of 65. In 

addition to allow detecting PIMs, this criteria also present information on drugs to be 

used with caution in elderly, as well as a summary of potentially clinically important 

drug-drug interactions to be avoided in older adults and a list of medications that 

should be avoided or their dosage reduced based on kidney function [57,148]. In the 
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same scope, in 2015, 27 experts from 7 European countries came together to develop a 

European list of potentially inappropriate drugs. This resulted in the EU[7]-PIM list 

with 6282 drugs from 34 pharmacological classes, including for each drug the rationale 

for its inadequacy, as well as dose adjustments/special use considerations [when 

applicable] and possible alternatives to that drug [149]. In this context, a study 

performed in Portugal with these tools, detected a high prevalence of PIMs, and 

showed that the prevalence was different depending on the tool selected; therefore, it is 

necessary to have care in the choose of the tool to be used for medication review 

(appendix 2) [150]. 

In addition to these tools, there are many others with similar objectives: to reduce the 

number of medications and to increase the appropriateness of the medication regimen. 

Although all these screening tools can be helpful, they will never replace clinical 

assessment and evaluation. However, they can be used as a systematic approach to 

improve prescribing practices in older populations and, consequently, reducing the 

negative impact of PIMs. 

 

 

I.4.2 Adverse Drug Reactions in Elderly and their Impact 

 
According to European Medicines Agency (EMA) guideline on good pharmacovigilance 

practices (GVP) VI, an ADR is a response to a harmful and unintended drug and may 

result from use of the product within or outside the terms of the marketing 

authorization (including off-label use, overdose, misuse, abuse and medication errors) 

or from occupational exposure [151]. An adverse reaction, in contrast to an adverse 

event, is characterized by a presumed causal relationship between a drug and an event 

[151]. 

Age-related changes in pharmacokinetics and pharmacodynamics, along with a higher 

burden of disease and specific problems in older adults (e.g., instability, prostatism, 

cognitive impairment) put older patients at higher risk for ADRs such as falls, 

confusion, and urinary retention, with a subsequent worsening of morbidity when such 

events occur. In addition, elderly often experience non-specific ADRs that may mimic 

underlying disease processes, such as generalized functional deterioration similar to 

dementia [129].  
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ADRs can be classified into six types  

1-Type A reactions (dose-related) 

 They result from the exaggerated pharmacological action of the drug administered at 

the indicated dose. Pharmacokinetic or pharmacodynamic factors have been shown to 

be responsible for these ADRs. They are predictable, common, dose-dependent, cause 

significant morbidity but low mortality and can be minimized by reducing the dose or 

drug withdrawal. Some examples are nephrotoxicity caused by aminoglycosides and 

anticholinergic effects of tricyclic antidepressants [152,153].  

 

2-Type B reactions (non-dose related) 

These adverse reactions are bizarre and unpredictable, unrelated to the dose or 

pharmacological action of the drug and are frequently allergic in nature. The effects 

have been noted in a marginal number of patients and are often sensitive or 

idiosyncratic adverse reactions. In addition, type B ADRs can be classified as non-

immunological ADR's and immunological ADRs. The non-immunological ADR's, 

normally, are idiosyncratic reactions resulting from mechanisms that are not fully 

understood and affect patients that may have particular genetic differences in the way 

their body responds to specific drugs. The immunological ADRs occur due to 

immunoglobulin E-dependent drug reactions, immune complex-dependent drug 

reactions, cytotoxic drug-induced reactions, and cell-mediated reactions. They are rare 

but often severe and cause high mortality. Examples of type B reactions include 

penicillin-induced urticaria and anticonvulsant hypersensitivity syndrome reaction 

[152,153]. 

 

3-Type C reactions (dose-related and time-related) 

These adverse reactions are chronic (long term) and are related to the cumulative dose. 

Particularly, type C reactions were considered to have chronic effects related to long-

term drug use, such as analgesic nephropathy or extrapyramidal effects. These 

reactions were found to be related to the cumulative toxic effects of a drug taken over a 

long period of time, in which the adverse effects gradually increase. In addition, the 

adjustment on discontinuation of the drug can be associated to abstinence syndrome. 

As an example, it can be referred the suppression of the hypothalamic-pituitary-adrenal 

axis by corticosteroids [152–154]. 
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4-Type D reactions (time-related) 

These adverse reactions are delayed (i.e., have a lag time) after the use of a drug. The 

development of secondary cancers in patients treated with alkylating agents such as 

cyclophosphamide is probably the best example of type D adverse reactions [152–154]. 

 

5-Type E reactions (withdrawal) 

These adverse reactions occur soon after the end of use (i.e., withdrawal) and are 

uncommon. The examples of these reactions include withdrawal seizures on 

terminating anticonvulsant therapy and adrenocortical insufficiency subsequent to 

glucocorticoids termination [152–154].  

 

6-Type F reactions (unexpected failure of efficacy) 

These adverse reactions occur when there is a failure of efficacy [152–154].  

 

The type A - Augmented reactions, represent almost 80% of all ADRs in older patients 

and type B - Bizarre, represent approximately 20% of all ADRs in older patients. Drugs 

associated with type A reactions usually have a low therapeutic index and are often 

used in elderly patients. Therefore, most ADRs in this age group are type A reactions, 

with a predictable pharmacologic effect [143,152,154]. 

However, ADRs can be difficult to diagnose in older patients as they often originate 

nonspecific symptoms, namely falls, fatigue, cognitive decline, or constipation, all of 

which can have different aetiologies [132]. 

Considering the factors that determine the risk of ADRs, in general, in elderly, it is 

important to consider both metabolic and non-metabolic effects. Age-related changes 

in pharmacokinetics, pharmacodynamics, chronic inflammation (to which has recently 

been attributed an important role in pharmacokinetics and pharmacodynamics 

changes related with age) and interindividual variability in drug response should be 

considered [22,143,155,156]. Additionally, geriatric conditions (i.e., a set of clinical and 

functional problems, partly constitutive and partly related to frailty), a history of falls, 

and loss of independence in daily living activities seem to define a condition of 

particular susceptibility of elderly patients to ADRs [20,22,157]. The sex of the patient 

can also be considered. In fact, female patients have a 1.5- to 1.7-fold higher risk of 

developing an ADR, including adverse skin reactions, compared with male patients. 

The reasons for this increased risk are not entirely clear, but include gender differences 

in pharmacokinetics, immunological and hormonal factors, and differences in drug use 

by females compared to males [158,159]. 
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It is important to mention that ADRs in older population constitute an important 

healthcare problem, resulting in significant morbidity, healthcare consumption, and 

high costs. The nursing home residents and frail elderly patients in general are at 

higher risk of ADRs [29,41,42,160,161]. One in 30 urgent hospital admissions of 

patient’s ≥65 years is due to ADRs. These ADRs can be as serious and potentially fatal 

as any other acute illness that warrants urgent hospitalization. Most cases involve 

patients exposed to polypharmacy and result from known reactions to some commonly 

used drugs [162]. The reports of ADRs received in Portugal, between 2018-2020, by age 

group, are presented in figure I.4, and it is possible to observe the high number of 

ADRs reports occurring in the elderly [163], as had already been observed in a study 

carried out by us, between 2013-2017, which is presented later in of this thesis [164]. In 

2020, there was a reversal of the increasing trend in the number of reports, probably as 

a result of the COVID-19 pandemic, but the number of reports of suspected ADRs 

continued to be high in the elderly [165].  

 

 

 

Figure I.4: Reports of adverse drug reactions received in Portugal, between 2018-2020, by 

age group (Source: INFARMED [163]) 

 

 

The mostly involved drugs are antibiotics, anticoagulants, digoxin, diuretics, 

hypoglycaemic agents, anticancer drugs, and NSAIDs. Most of these ADRs are 

predictable and dose-dependent  [166–168]. A smaller number of more serious ADRs 

are idiosyncratic hypersensitivity reactions (e.g., hepatotoxicity with flucloxacillin or 

amoxicillin and clavulanic acid, anaphylactic shock with penicillins). Anticholinergic 

effects (namely caused by tricyclic antidepressants, antiparkinsonian agents and 
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smooth muscle relaxants) may cause delirium or worsen cognitive function, especially 

in older patients with pre-existing cognitive impairment [29,162]. 

The most common ADRs leading to hospitalization in this age group are related to 

gastrointestinal complications (gastrointestinal bleeding, peptic ulcer, erosive gastritis, 

nausea, vomiting), cardiovascular disease (hypotension, bradycardia, falls, 

arrhythmias), metabolic/endocrine complications (hypoglycaemia), renal and urinary 

disorders (renal failure), electrolyte disorders (hypokalaemia, hyperkalaemia, 

hyponatremia) and central nervous system disorders (impaired consciousness, mental 

status changes) [143,169].  

The ADRs are responsible for 6.5% of hospital admissions in the United Kingdom, 

0.15% of deaths and 72% of them were considered preventable. Patients admitted with 

ADRs were significantly older (median 76 years, interquartile range 65-83) than 

patients without ADRs (66 years, 46-79) [170]. 

A prospective study was conducted over a 6-month period in the medical department of 

a hospital in Greece, comparing ADR- and non-ADR-related admissions [120]. In this 

study, authors concluded that the mean number of medications and age were 

significantly higher in patients admitted for an ADR [120]. Another study concluded 

that most patients with ADRs leading to urgent hospitalization (86%) were exposed to 

polypharmacy, and drug-drug interactions were suspected in 49% of ADRs [162]. In 

addition, a study concluded that at least one drug interaction explain nearly 40% of the 

ADRs classified as "serious requiring hospitalization" [171]. 

Many of the ADRs are generally considered preventable due to inadequate prescribing 

and/or due to an inappropriate use of the drugs [17,167,172]. On the other hand, an 

important risk factor for the development of ADRs is their earlier occurrence. Re-

exposure to the offending drug due to poor documentation may result in the patient 

experiencing the same ADR again. Therefore, it is important to emphasize the need for 

accurate documentation of an ADR at the time of the event and to provide the patient 

with relevant information about the ADR to prevent recurrence or ensure appropriate 

monitoring [17] .  

In addition to the morbidity and mortality caused by ADRs in the elderly, it is necessary 

to highlight the economic impact that they cause, not only through health care visits 

but also through hospitalizations. In fact, ADRs cause a significant burden on the 

health care system. They account for 6.5% of hospital admissions and are responsible 

for the death of 0.15% of hospitalized patients [143]. A study about the direct costs of 

ADRs in Germany concluded that the incidence of hospital admissions due to at least 

"possible" serious ADRs was 3.25% and the average treatment cost of a single ADR was 

€2250, translating a total cost of €434 million per year in Germany [168]. The same 
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study concluded that 20.1% of the cases were preventable with a potential saving of €87 

million per year [168]. 

In Portugal, a retrospective observational study assessing the frequency of adverse 

event in inpatients in Mainland Portuguese public hospitals from 2000 to 2015 

concluded that 5.8% of all Portuguese hospitalizations had at least one adverse event 

registered. Hospitalizations with registered adverse events had a median length of stay 

of 8 days, median hospitalization costs of 3060.7 euros, and an in-hospital mortality of 

6.7% [173].  

All these data show that adverse events are common in hospitalized patients and have 

an important clinical and economic impact. In this context, the knowledge of their 

occurrence in the real world provides additional information about their characteristics 

as well as the associated risks, which help to prevent them. Therefore, it is important to 

have studies that focus on these events. 

 

 

I.5 Pharmacovigilance 
 
During the development process of a drug, it is not possible to identify all the adverse 

reactions associated with it, because the number of people exposed in clinical trials is 

limited, as is their duration. Therefore, the rare ADRs and those that only occur after a 

long-term exposure are difficult to identify. In this context, it is essential to 

continuously monitor the effects of drugs once they are on the market. The science and 

activities concerned with the detection, assessment, understanding and prevention of 

adverse reactions or other problems associated with medicines are called 

pharmacovigilance [174].   

Worldwide, in the 1960s, after the tragedy caused by the administration of thalidomide 

to pregnant women, the need to establish Pharmacovigilance Systems was recognized. 

As a result of what became known as "Thalidomide Disaster", a pilot project, 

coordinated by WHO was launched in 1968 to create an international 

pharmacovigilance system. To manage and coordinate this international program, a 

Drug Monitoring Center was established, operating since 1978 in Uppsala, Sweden, 

under the name Uppsala Monitoring Center (UMC) [175,176]. Supported by a global 

network, member countries submit reports of suspected ADRs to the VigiBase database 

(the name of the WHO global database) [175].  In the EU, it is EMA that coordinates the 

pharmacovigilance system and operates pharmacovigilance support services and 

processes [174,176]. EMA is responsible for the development, maintenance and 
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coordination of EudraVigilance, a system for reporting suspected ADRs cases, and 

communication of such information to the UMC [176].  

In Portugal, the National Pharmacovigilance System, called in this work as Portuguese 

Pharmacovigilance System (PPS), was created in 1992, according to the normative 

Regulation No. 107/92 of 27 June [177], and subsequently decentralized and 

distributed throughout the country in 2000 with the creation of Regional 

Pharmacovigilance Units. It is coordinated by the National Authority and Health 

Products (INFARMED), and becomes part of the European pharmacovigilance network 

[163,176]. Until the end of 2016 the PPS included four regional units (North, Midlands, 

Lisbon and Tagus Valley, and South). These were overseen by the Medicines Risk 

Management Department which was also responsible for processing reports from the 

archipelagos of Azores and Madeira islands. In 2017 INFARMED decided to increase 

the number of regional units, with the aim of developing pharmacovigilance activities 

closer to professionals, to widen population catchment areas and to reduce 

geographical dispersion and, additionally, to allow INFARMED to fulfil its 

commitments with the EMA [178,179]. Nowadays, there are 10 pharmacovigilance 

regional units, which contribute to a more dynamic PPS [163]. The PPS (as well as 

those of other European countries) acts mainly based on spontaneous reporting of 

suspected ADRs. The evolution of ADRs reports received in PPS between 1992 and 

2020 is presented in figure I.5 [163], with a clear increase after the creation of more 

regional units in 2017. In 2020 there was a slight decrease, but that is very likely due to 

the COVID-19 pandemic [165]. 
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Figure I.5: Evolution of adverse drug reactions (ADRs) reports received in Portuguese 

Pharmacovigilance System between 1992 and 2020 (Source: INFARMED [163]) 
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As a result of the changes introduced in 2012 in the European Pharmacovigilance 

legislation, consumers can directly report suspected ADRs, in addition to healthcare 

professionals and Marketing Authorisation Holders (MAHs) [176,179]. Additionally, 

the Pharmacovigilance Risk Assessment Committee (PRAC) was created to play a 

central role in pharmacovigilance. PRAC is responsible for all aspects of risk 

management, including the identification, assessment, minimisation, and reporting of 

all aspects related to human medicines [179,180]. 

The objectives underlying EU pharmacovigilance legislation are essentially to prevent 

harm from adverse reactions resulting from the use of medicinal products authorized 

within or outside the terms of the marketing authorisation or occupational exposure, to 

promote the safe and effective use of medicinal products and to contribute to the 

protection of public health and patients [176,178] . 

The information gathered through adverse event reporting is critical to ensure 

continuous and effective monitoring of the safety of marketed medicines. They allow 

the identification of potential unknown adverse reactions, the quantification and/or 

better characterization of already identified adverse reactions, and the implementation 

of measures to minimize the risk of their occurrence [176]. This method allows the 

monitoring of all drugs on the market throughout their life cycle, in all patients, does 

not interfere with prescribing habits, allows the identification of new ADRs and rare 

and unexpected ADRs in groups and scenarios not studied and also allows the 

identification of risk factors [143,176]. However, there are also limitations, namely the 

presence of underreporting and the quality of reporting, the difficulty of detecting 

reactions with a long latency period and reactions with clinical pictures that occur very 

frequently, the lack of knowledge of the number of exposed individuals and the fact that 

it is based on the subjective criterion of the reporter [181,182].  

Concerning the underreporting, some of the known barriers to spontaneous reporting 

were [183]: 

 Ignorance – belief that only severe ADRs need to be reported; 

 Diffidence – fear of appearing ridiculous for reporting merely suspected ADRs; 

 Lethargy – an amalgam of procrastination, lack of interest or time to report the 

ADRs, and other excuses; 

 Indifference – belief that one case might not contribute to medical knowledge; 

 Insecurity – belief that it is nearly impossible to determine whether or not a 

drug is responsible for a particular adverse reaction; 

 Complacency – belief that only safe drugs are allowed on the market; 

 Fear – fear of possible involvement in litigation or investigation of prescribing 

costs by health departments; 
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 Guilt – guilt at having administered treatment that may have harmed a patient; 

 Ambition – ambition to compile and publish a personal case series. 

 

Indeed, each of the notifications is an important source of information regarding the 

risk of marketed medicines and can per se contribute to the generation of a safety 

signal. According to the definition proposed by guideline on GVP XI, a signal is the 

information arising from one or more sources [184]. The sources include observations 

and experiments, that suggest a new potentially causal relationship or a new aspect of a 

known relationship between an intervention and an event or series of associated events, 

either adverse or beneficial, that are judged sufficiently likely to warrant review action 

[184–186]. Beyond the spontaneous reports, safety signals can be detected from clinical 

studies and scientific literature. The evaluation of them is part of routine 

pharmacovigilance and is essential to ensuring that regulatory authorities have the 

most up-to-date information on a medicine's benefits and risks [185]. 

Signal management involves several steps [176]:  

1. Signal detection - identification process of data from any source; 

2. Validation of signal analysis - preliminary analysis process to verify that the 

documentation contains evidence showing a potential new causal relationship 

or a new aspect of a known relationship; 

3. Confirmation and prioritization - aims to identify signs that indicates risks with 

potential impact on patient health;  

4. Signal evaluation - previously validated signal evaluation process that aims to 

determine if there are new risks or if the known risks for these drugs have 

changed; 

5. Action - PRAC recommended action resulting from the signal evaluation. It may 

be directly enforceable by MAHs or by regulatory action. In the last case, they 

must be submitted by the Committee for Medicinal Products for Human Use or 

Coordinating Group for Mutual Recognition and Decentralized Human 

Procedures for approval. 

 

Signal management is extremely important in pharmacovigilance, as it contributes to 

the identification of new risks associated with medicines or to the development of 

knowledge about already identified risks. 

In this context, serious ADRs have a higher importance, which according to guideline 

on GVP VI, are ADRs that cause death, endanger life, motivate or prolong 

hospitalization, motivate disability, and/or cause congenital anomalies [151]. 
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Causality of an ADR is a critical issue that requires linking of an adverse event to a drug 

or other cause. If a particular symptom occurs after the administration of a drug, it 

does not necessarily mean that the drug is responsible. Numerous other possibilities 

may be responsible for the adverse event. Sometimes, for example, a certain drug was 

not taken for a certain period of time and an adverse event occurred in the period 

thereafter and it is not always possible to exclude the drug as the cause of the event. 

Therefore, several associations are important to support the causality between a drug 

and an event adverse. 

The following associations support the causal relationship between a drug and a 

suspected adverse event [187]: 

 Strength of the association - if the probability of an observed event is known and 

high, the case for causality is strengthened; 

 Consistency of the observed evidence - if a drug and an ADR have an association 

that has been consistently demonstrated over years of clinical practice, causality 

becomes more likely; 

 Temporality of the relationship - the closer the association between the 

administration of the drug and the occurrence of the ADR, the more likely it is 

that the drug is the actual cause of the reaction. However, this temporality is not 

always a true indication, as some adverse events may occur several days or 

weeks after administration of the causative drug; 

 Dose-response relationship - often, an adverse event occurs as a function of the 

dose administered. The higher the dose of the drug, the more likely an ADR is a 

result of the administered drug. A lower dose results in a corresponding 

decrease of the likelihood of a causal link with an ADR. However, this 

relationship cannot be true in all circumstances, as very low doses of some 

drugs (e.g., penicillin) can cause severe anaphylactic reactions; 

 Confounding factors - minimizing confounding factors is important in 

determining causality. Confounding factors such as administration of other 

medications, foods, and beverages may be responsible for the observed events. 

The presence of concurrent diseases and infections may also cause certain 

observed effects, making it difficult to distinguish them from the suspected 

drug. Environmental factors, such as air pollutants, weather conditions, and 

exposure to allergens, may also play a role. 

 

In this context, several methods of causality assessment have been proposed, which can 

be divided into three groups: methods based on probability calculations; methods 

based on algorithms; and the method of global introspection. In terms of methods 
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based on probability calculations, these are complex methods that require the use of 

computer programmes. These methods express the probability of a drug will cause an 

adverse event, before and after determining factors. Methods based on algorithms 

consist of a sequence of questions with an associated qualification scale, and at the end 

it is possible to determine causality using categories. Examples include the Naranjo 

Algorithm, which is simple and fast, but has several parameters whose acquisition has a 

higher degree of difficulty; the Jones Algorithm, which consists of a decision tree 

evaluated by only six questions and the Karch-Lasagna Algorithm, which evaluates five 

items and assigns a score to each item, resulting in different degrees of probability 

[176,188,189]. One of the disadvantages of the algorithm method is that there is a wide 

variety of ADRs and it is difficult to adapt an algorithm that corresponds to all of them. 

Global introspection, the method used by the PPS, refers to an assessment made by a 

team of experts that takes into account the information related to the case and includes 

several factors, such as [176,189,190]: 

 Temporal relationship between the intake of the drug and the occurrence of the 

ADR; 

 Result of the suspension of the drug; 

 Pharmacological plausibility; 

 Alternatives that explain the occurrence of ADR; 

 Prior knowledge of the existence of similar ADR. 

 

In practice, few adverse reactions are ‘certain’ or ‘unlikely’ and the majority are 

somewhere between these extremes, i.e. ‘possible’ or ‘probable’. In an attempt to solve 

this problem, WHO developed a structured and harmonised assessment of causality. It 

is basically a combined assessment taking into account the clinical-pharmacological 

aspects of the case history and the quality of the documentation of the observation. 

According to WHO recommendations, by analysing different characteristics of the 

reported episode, ADRs are rated as definitive, probable, possible, unlikely, 

conditional, or unclassifiable [176,191]. The causality categories by the WHO Uppsala 

Monitoring Centre, Uppsala, Sweden are presented in table I.10. 
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Table I.10: Causality assessment categories by the World Health Organization Uppsala 

Monitoring Centre, Uppsala, Sweden [191]. 

Category of causality 

 

Assessment criteria 

Definitive (Certain) A clinical event or laboratory change that occurs with a plausible temporal 

relationship and cannot be explained by concomitant diseases or other 

medications. The response to discontinuation of the drug must be 

clinically plausible. The event must be convincing from a pharmacologic or 

phenomenologic perspective, using re-exposure data as appropriate. 

Probable A clinical event or laboratory change that occurs within an acceptable 

temporal context, for which the causal relationship with concomitant 

disease or other medications is unlikely, and for which the course after 

discontinuation of the drug is clinically acceptable. Information on the 

outcome of re-exposure is not required to assign this probability level. 

Possible A clinical event or laboratory change that occurs in an acceptable temporal 

context, but that can also be explained by concomitant diseases or other 

medications. Information on post-discontinuation trends may be 

unavailable or inconclusive. 

Unlikely A clinical event or laboratory change with a temporal association that 

makes a causal relationship with the drug unlikely and for which an 

association with other drugs or concomitant diseases is a plausible 

explanation. 

Conditional/Unclassifiable A clinical event or laboratory change that has been reported as an adverse 

event but for which additional information is needed to adequately assess 

causality or for which the assessment process has not yet been completed. 

Unclassifiable A report that is suggestive of an adverse reaction but for which a causality 

assessment is not possible because the information is insufficient or 

contradictory and cannot be completed or confirmed. 

 

 

In addition to spontaneous notification, there are other methods of pharmacovigilance, 

namely active pharmacovigilance, which have been developed through subsequent 

studies of drug authorization, publications in the medical literature, systematic 

database searches of suggestive events, and others. These methods have the same basic 

objective, which is to identify unknown adverse effects, generate alerts and suggest 

public health measures to reduce their frequency, and inform prescribers, other health 

professionals and regulatory authorities to take corrective actions [176].  
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I.5.1 Pharmacovigilance in Older People 

 
Monitoring medications for ADRs in the geriatric population is imperative due to 

polypharmacy. Follow-up studies after post-authorization drugs to monitor ADRs are 

essential to improve the quality of life of this special population. This may reduce 

hospital readmissions, which in turn may reduce the economic burden on patients and 

society [42,156,158]. The majority of ADRs are preventable, highlighting the 

importance of improving the periodic review of medications and the study of ADRs, 

particularly in more vulnerable populations such as the elderly and patients with 

multiple comorbidities [132,167,172,192]. A strong pharmacovigilance system can 

conduct safety surveillance with processes, tools, and experts to monitor ADRs in 

medications taken by elderly patients. During this post-authorization surveillance, 

safety risks can be detected, especially in patients with comorbidity and polypharmacy 

who suffer from physiological changes associated with aging [20,143,156]. In addition, 

pharmacovigilance studies provide real-world insights into the use and safety of 

medications. 

For all the reasons already mentioned, and due to the underrepresentation in clinical 

trials, the use of drugs in elderly has been considered a public health challenge. In 2011, 

EMA adopted several strategies aimed at improving benefit-risk assessment of drugs 

for this age group. Recognizing that older people are the main users of medicines, 

regulatory frameworks have been established to ensure that the use of newly approved 

medicines for this population is supported by relevant risk-benefit data. Additionally, it 

considers that the availability of information to patients and prescribers should be 

improved to support safer use of medicines. This is because, depending on patients' 

frailty and disability status, desirable outcomes and treatment options may vary. In 

fact, different patients assign different values to benefits and risks [161,193].  Therefore, 

relevant information on the safety profile, how risks can be avoided or minimized and 

how knowledge on the safety and efficacy of a particular medicinal product will be 

promoted must be included in the risk management plans submitted to the regulatory 

authorities when applying for a marketing authorisation. The development of this 

document is intended to provide an understanding of the safety issues in older adults 

and to plan how to reduce the possibility of suffering an ADR [143]. 

Thus, according to EMA, it is important to [193]: 

 Provide clear information on interactions in the summary of product 

characteristics (SmPC) text for encouraging periodic medication review in 

chronic treatments; 

 Inform on data available from elderly population; 
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 Provide specific information material for patients with cognitive/functional 

impairment; 

 Encourage and improve reporting of ADR. 

 

To improve the safety of medicines for this age group, EMA has also set up a Geriatric 

Expert Group to advise the agency and its Committee for Medicinal Products for 

Human Use on issues related to the elderly and to provide scientific advice to medicine 

developers [193]. 

 

 

I.5.2 Clinical Trials in Elderly 

 
On average, older people are associated to 60% of the national burden of disease, but 

represent only 32% of participants in phase II and III clinical trials [143,194]. Elderly 

are typically excluded from phase I and II trials because they are at higher risk for 

unexpected toxicity [143].  

Typically, older adults have a combination of barriers, including comorbidities, 

advanced age, economic constraints, communication problems (e.g., hearing difficulties 

that interfere with telephone interviews and visual impairment that interferes with 

survey writing), and physical immobility that limits transportation options [195]. Other 

barriers related to the patient include: non-understanding the benefits of the clinical 

trial, fear of adverse reaction, fear of losing the ability to make decisions about their 

treatment, no information about the availability of clinical trials [196]. In clinical trials, 

there are also barriers related to the investigator and the clinical trial to consider, such 

as fear of toxicities and lack of data on treatment tolerability, limited expectations for 

benefits, time needed to enrol and follow-up (e.g., to explain informed consent, 

perform follow-up visits for patients with cognitive, visual, hearing, speech, mobility 

impairment) [195,197]. In this context, the fear related to a possible ineligibility of the 

clinical trial due to comorbidities, cognitive impairment, physical disability and/or 

organ dysfunction and lack of funding for studies in elderly population, also can be a 

barrier [161,195].  

For all these reasons, older adults remain underrepresented in clinical studies. Thus, 

the relative lack of data on efficacy and safety of many available medications in this 

population, particularly in frail older adults with multiple comorbidities, inevitably 

leads to off-label prescriptions [198].  

Age-related biases in clinical research thus lead to uncertainty about the risks and 

benefits of new treatments for the elderly [199]. According to Herrera, et al. in phase I 
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trials, it is not essential to represent older adults with high-risk complications. 

However, adequate recruitment of older adults is essential in phase II and III clinical 

trials, as the goal is to confirm dosing, safety, adverse effects, and efficacy [195]. 

The 1994 E7 International Conference on Harmonisation guideline provided 

recommendations that apply to the geriatric population, with the guiding principle: 

“Medications should be studied in all age groups, including the elderly for whom they 

will have significant benefit. Patients enrolled in the clinical trial should be reasonably 

representative of the population that will later be treated with the drug” [33]. According 

to this guideline geriatric patients should be included in the phase III clinical trials (and 

in phase II at the choice of the sponsor) because only by including older patients in 

clinical trials is it possible to examine the presence of age-related differences, such as in 

adverse event rates, efficacy, and dose-response [33]. As this population is 

underrepresented in clinical trials, particularly those aged 75 or above, this guideline 

recommends having a significant number of older participants in trials (which can be 

estimated using epidemiological studies that target the disease that the drug is 

intended to treat) to assess the benefit-risk ratio of the drug in this age group. In fact, it 

is recommended to avoid excluding patients with concomitant diseases and patients in 

the older age range, 75 and above, when it is possible. How older the population likely 

to take the drug, more important it is to include the very old people in clinical trial 

[33,200]. 

When evaluating marketing authorisation applications, the Committee for Medicinal 

Products for Human Use considers that specific activities related to aspects such as 

comorbidities and monitoring of specific ADRs associated with elderly patients should 

be included in the risk management plan or as post-authorisation measures [201]. 

Thus, according to the International Council for Harmonization of Technical 

Requirements for Pharmaceuticals for Human Use, clinical trials should be directed 

primarily to new molecular entities that are likely to have significant use in the elderly. 

This is important, either because the disease to be treated is characteristically a disease 

of old age (e.g., Alzheimer's disease) or because the population to be treated is known 

to include a substantial number of geriatric patients (e.g., hypertension). New 

formulations and new combinations of drugs should also be considered if there is a 

specific reason to believe that certain conditions common to the elderly (e.g., renal or 

hepatic failure, impaired cardiac function, concomitant diseases, or concomitant 

medications) are not already addressed in the current labelling. In cases of progressive 

impairment of renal or hepatic function or drug interactions, adequate assessment of 

pharmacokinetic profiles and pharmacodynamic endpoints is required [200]. 
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The design of a clinical trial must also consider age-appropriate points, as 

inappropriate formulations and packaging can contribute to poor adherence, 

medication errors, and problems with safety and efficacy. In addition, considering the 

entire elderly population, the need for ease of administration, possible dose reduction, 

the impact of visual and motor impairments, and the likelihood of polypharmacy 

should be considered. If this is the case, protocols should also be designed to assess 

patients' ability to self-manage their medications [161].  

Overall, the design of clinical trials and analysis should be tailored to the research 

objectives with outcomes for this specific population. A comprehensive geriatric 

assessment can be used as a criterion for randomization and outcomes in clinical trial 

design with specific endpoints such as effects on cognitive function, balance and falls, 

urinary incontinence, and/or weight loss, as appropriate. Patients participating in 

clinical trials must be reasonably representative of the population that will later be 

treated with the drug [161,194,195]. 

 

 

I.6 Strategies to Improve Elderly Patient Safety 
 

Various types of interventions targeting patients, providers, or care systems have been 

used to reduce the risk of drug-related harm in older people. These interventions have 

gone using specialist professionals (through geriatric services, multidisciplinary teams 

or specialist drug reviews), different types of educational interventions, technological 

approaches (computerized decision support) and multi-layered approaches. One of the 

techniques used is medication reconciliation, a strategy used to identify discrepancies 

in prescribed medication regimens across care settings or at different times to inform 

prescribing decisions and prevent medication errors. This reconciliation is used to 

prevent medication errors such as omissions, duplications, dosing errors, or drug 

interactions and must be performed at each care transition (including changes in 

setting, service, professional, or level of care) when new medications are requested or 

existing orders are overwritten [17,20]. 

It was also considered the deprescribing (process of discontinuing medications), which 

should be done at the individual level when medications are no longer effective or 

useful, or when safer alternatives exist. It can be achieved in older people and may be 

associated with improved health outcomes without long-term negative effects. The 

deprescription process of discontinuation can involve any medication. The use of a 

validated tool or algorithm can assist in the implementation and execution of the 

deprescribing process [202]. It is important to minimize inappropriate prescribing and 
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unnecessary polypharmacy. A comprehensive geriatric assessment and the use of 

explicit prescribing criteria can be helpful in this regard [203]. 

To support ADR risk, a number of prediction tools have been published, three of which 

specifically related to ADRs: the GerontoNet ADR risk score [204], the Predicting 

adverse drug reactions in the hospitalised elderly [205], and the Development of a Risk 

Model for Adverse Drug Events in the Elderly [206]. The other tool titled “Risk factors 

for adverse drug events in hospitalized elderly patients: A geriatric score” was related to 

any adverse event [207]. However, any of these is universally accepted and any is 

routinely used in clinical practice [208]. All ADR prediction tools had weaknesses in 

terms of predictor definition and treatment variables [208].  

In general, clinicians should consider potential ADRs as part of any differential 

diagnosis. New medications should be prescribed with a clear therapeutic goal in mind. 

Figure I.6 illustrates the principles to be considered in prescribing for this special 

population and the impact that they have in the choose of a drug. In addition, it is 

imperative to involve patients in decisions about their therapy, educate them about 

important ADRs and what to do if they occur [153].  

In this scope, pharmacovigilance plays a key role in providing information about drug 

safety, improving patient care and safety in relation to the use of medicines and all 

medical and paramedical interventions. Additionally, it has a fundamental role in 

public health.  
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Figure I.6: Principles to be considered in prescribing for older patients and their impact 

 

 

I.7 Aims of this Thesis 
 
In Portugal, similarly to that is occurring in other countries, there has been an increase 

in average life expectancy and, consequently, in the number of elderly people. Given the 

role of pharmacovigilance in medicines safety, and as in Portugal there are still not 

many studies published in this area, for this population, it was considered to be 

opportune to characterize the suspected ADRs on elderly reported to the PPS. 

Pharmacovigilance allows the identification of problems related to drugs use, which are 

often only detected in the post-marketing phase. This is essential to prevent and 

minimize potential risks to patient’s health. This work, through the study of ADRs, 

aims to minimize the risk of harms that may occur and prevent drug-related hospital 

admissions as well as the morbidity and mortality associated with drugs used in elderly, 
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contributing to reduce the impact of the global health problem related to ADRs and 

their consequences on the quality of life of geriatric population.  

After a general study on the elderly suspected ADRs profile, and because diabetes 

mellitus, mostly type 2, is a common disease and its prevalence is expected to increase 

considerably in the future, in Portugal and in the World, it was considered important to 

perform a study for this specific older population. Particularly, elderly diabetic patients 

have been associated to a higher mortality and its complications are an important cause 

of morbidity and a reduced life expectancy. Consequently, the knowledge of ADRs and 

drugs involved in this population can contribute to minimize the risk of drug-related 

problems in elderly diabetic patients, and hospital admissions as well.  

Additionally, the prevalence of rheumatic conditions is also increasing and, 

consequently, the use of NSAIDs as a drug therapy to relief pain associated to these 

conditions. Despite their good efficacy, NSAIDs must be used with caution in older 

people because of a high risk of potentially serious and life-threatening side effects. In 

this sense, it was also considered fundamental to monitor the NSAIDs safety profile in 

elderly people. 

Therefore, the specific aims outlined for the implementation of this work were the 

following: 

 

  To characterize the most prevalent suspected ADRs in elderly, in Portugal, 

spontaneously reported to PPS. The analysis was performed with the aim to 

understand the demographic data (age, sex), reported ADRs and whether or not 

they are expected, seriousness, evolution of cases, type of reporter and 

suspected drugs. In addition, in the cases with fatal outcome, ADRs involved 

and attributed causality were also analysed.  

 

 To identify and analyse the suspected ADRs occurring in elderly diabetic 

patients. Similarly to the mentioned in the first point, the analysis was 

performed with the aim to understand the demographic data (age, sex), reported 

ADRs and whether or not they are expected, seriousness, evolution of cases, 

type of reporter and suspected drugs involved. 

 

 To analyse the NSAIDs safety profile in elderly based on scientific evidence 

considering the data obtained through a comprehensive literature review of 

clinical trials and observational and interventional clinical studies that report 

data on NSAIDs safety in the elderly. In addition, it was performed an analysis 

of suspected ADRs sent to PPS. The aim was to conclude about the safety of 
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marketed NSAIDs in elderly, considering the studies available in the literature 

and the safety data collected in real world through the PPS.  
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Chapter II - Adverse Drug Reactions in 

Elderly: a Five-year Review of Spontaneous 

Reports to the Portuguese Pharmacovigilance 

System 

 

 

The content of this chapter is included in the following publication: 

 

Monteiro C, Duarte AP, Alves G. Adverse drug reactions in elderly: a five-year review of 

spontaneous reports to the Portuguese pharmacovigilance system. Expert Opin Drug 

Saf. 2021; 20(1):109-118. doi: 10.1080/14740338.2020.1849137 

 

 

II.1 Introduction 
 
In Portugal, as in other developed countries, there has been an increase in the average 

lifespan and, consequently, in the number of elderly people. In 2017, in Portugal, the 

aging index [i.e. the ratio of the number of elderly persons of an age when they are 

generally economically inactive (aged 65 and over) to the number of young persons 

(from 0 to 14)] was 155.4% [209].  

Undoubtedly, in a population progressively older, the rate of elderly patients with 

multiple co-morbidities increases, which in turn leads to an increase of medication use 

and adverse drug reactions (ADRs) [129,210]. In 1993 the International Conference on 

Harmonization already considered older people as a ‘special population’ due to 

comorbidity, polypharmacy, markedly modified pharmacokinetics and higher 

vulnerability to ADRs [33]. Actually, ADRs can be considered a major healthcare 

problem with high costs in elderly, and it is a common cause of hospital admission and 

an important factor for morbidity and mortality [162,211–213]. A meta-analysis of eight 

observational studies reported that the proportion of hospital admissions related to 

ADRs in the elderly was four times higher than in younger persons [172]. In addition, 

due to the declining reserve capacity of many organs, the hospital admission of elderly 

patients may be more complex than the admission of the younger ones [172]. A review 

focusing on ADRs epidemiology in Europe indicates that approximately 3.6 % of all 
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hospital admissions are caused by ADRs, and up to 10 % of patients experience an ADR 

during their hospital stay [214]. A study based on an institutional database of the 

pharmacovigilance programme of Bellvitge University Hospital (Barcelona, Spain) 

concluded that one out of every 30 urgent hospital admissions of patients aged 65 years 

or more is related to ADRs [162]. Moreover, a meta-analysis performed to assess the 

relationship between ADRs and hospital admissions in the elderly, concluded that one 

in ten hospital admissions are due to ADRs [167]. Thus, given the data reported on this 

subject, it is indisputable that ADRs are a serious public health concern in the elderly. 

With the purpose of knowing the Portuguese reality, we performed an analysis of the 

suspected ADRs spontaneously reported to the Portuguese Pharmacovigilance System 

(PPS) during a 5-year period, focusing mainly on those involving elderly patients, thus 

enabling the knowledge of the ADRs profile in this vulnerable population. In addition, a 

special emphasis was given to the cases of ADRs that led to a fatal outcome and to those 

that reported the appearance of unexpected ADRs.  

 

 

II.2 Methods 

II.2.1 Study Type, Setting and Data Source 

 
The PPS was created in 1992 and is coordinated by INFARMED; since 2000 several 

regional pharmacovigilance units were created, which are also part of the PPS. They are 

responsible for collecting and processing spontaneous ADRs reports received from 

healthcare professionals, patients/consumers and marketing authorization holders. 

This was a retrospective study in which the spontaneous ADRs reports submitted to the 

PPS between 1 January 2013 and 31 December 2017 by healthcare professionals and 

patients/consumers (considered as direct reports) and also by marketing authorization 

holders (considered as indirect reports) were obtained and analysed. Although the 

main focus of this work was the analysis of the ADRs involving elderly patients, to 

provide a more complete overview of the spontaneous reporting rate to the PPS and to 

enable some comparisons all the reports received during the target study period were 

considered, which were then stratified, where appropriate, according to several 

variables such as age [young people (aged ≤ 17), adults (aged 18-64), older people (aged 

≥ 65) and those where the age was not defined in the database], sex, and seriousness, 

and type of ADR. It should also be noted that, before data analysis, all duplicate and 

annulled reports, as well as the case studies identified, were discarded. Duplicate 



 

 

 53 

reports were already identified by the authority according to the Guideline on Good 

Pharmacovigilance Practices, Module VI Addendum I [215]. 

 

II.2.2 Variables used of Analysis 

 
As demographic variables, age and sex of the patients were those analysed most 

exhaustively. Regarding age, the groups defined were as follows: adults (aged 18-64) 

and elderly people (aged ≥ 65), with the last age group to be stratified into the three 

usual elderly subgroups (i.e. aged 65-74, aged 75-84, and aged 85 and over [162]). The 

cases were also stratified according to their seriousness and type of reporter. According 

to the definition of GVP, Module VI [151], a serious ADR is any untoward medical 

occurrence that at any dose results in death, is life-threatening, requires hospitalization 

or prolongation of existing hospitalization, results in persistent or significant disability 

or incapacity, or in a congenital anomaly/birth defect. We analyzed all cases with a fatal 

outcome, and the relationship between drug exposure and death following the criteria 

adopted by PPS, and the World Health Organization-Uppsala Monitoring Centre 

(WHO-UMC) system for standardised case causality assessment [216]. According to 

this method, which considers the clinical-pharmacological aspects of the case history 

and the quality of the documentation, reported cases were classified as certain, 

probable, possible, unlikely, conditional or unclassifiable [216]. 

The terminology used to code suspected ADRs was based on the Medical Dictionary for 

Regulatory Activities (MedDRA®). In this dictionary, medical terms are coded 

according to the Systems Organ Classes (SOC) affected. If in the same report there was 

more than one ADR belonging to the same SOC, that SOC was counted only once. It 

was also checked whether or not suspected ADRs found in our study were described in 

the Summary of Product Characteristics (SmPC) of the respective medicine. Suspected 

ADRs with fatal outcome were studied according to the Preferred Term (PT) belonging 

to the Important Medical Event (IME) terms list. The IME list is based on PT level 

coding in MedDRA dictionary [217]. The medicines involved were categorized by 

therapeutic group according to the WHO Anatomical Therapeutic Chemical (ATC) 

classification system [218]. As a given report may have more than one suspected drug 

involved, the total number of ATC codes considered may be greater than the number of 

reports analysed. 

Data were analysed by means of descriptive statistics, using the Microsoft® Office® 

Excel® 365 software. 
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II.3 Results 
 

II.3.1 Reporting Trends – Annual Evolution of Adverse Drug 

Reactions Reports 

 
During the period studied (2013-2017), a total of 25572 ADRs reports were received by 

the PPS. Of these, 7.9 % (2008) occurred in young people (aged ≤ 17), 35.3 % (9037) in 

adults aged 18-64 and 16.4% (4204) were identified in elderly (aged ≥ 65); in addition, 

40.4 % of the total number of ADRs reports received by PPS in this 5-year period did 

not mention the age of the patient (Figure II.1). 
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Figure II.1: Total number of suspected Adverse Drug Reactions (ADRs) reports versus ADRs 

reports in different age groups spontaneously reported to the Portuguese 

Pharmacovigilance System from 2013 to 2017, as well as those in which age was not 

mentioned. 

 

 

II.3.2 Source of Adverse Drug Reactions Reports 

 

Globally, during the target study period (2013-2017), 51.5 % of the reports were sent to 

the PPS by marketing authorization holders (indirect reports). Regarding the direct 

reports, the physicians were the healthcare professionals who submitted the highest 

number of suspected ADRs reports (20.7 %), followed by pharmacists (14.9 %) and 
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nurses (5.6 %) (Figure II.2). At this point, it should be noted that the ADRs reports 

submitted by consumers or other non-healthcare professionals already represent 4.1% 

of the total number of reports (Figure II.2). 

 

 

 

Figure II.2: Source of total suspected Adverse Drug Reactions reports spontaneously 

reported to the Portuguese Pharmacovigilance System from 2013 to 2017. 

 
 
 

II.3.3 Demographic Data 

 
For a deeper study of these ADRs reports in elderly and aiming to compare 

demographic data we also analysed the ADRs reports for adults aged 18-64. Thus, we 

started with 9073 reports and after discarding the duplicated and annulled reports we 

finalized with 8343 reports in the adults aged 18-64. Considering the age of 65 years 

and above, we started with 4204 notifications and after data cleaning the duplicates 

3692 cases of suspected ADRs reports involving older people were considered as the 

total number of reports for analysis, which included a total of 13922 suspected ADRs 

associated. 

In adults (aged 18-64), 61.1 % of the reports referred to female. A deep analysis of the 

serious ADRs independently of the age showed that the female sex was the most 

affected. In the group aged ≥ 65, most of suspected ADRs reported (58.1%) were 

observed in females (n=2145), 41.1% (n=1519) occurred in males and in 0.8% (n=28) of 

them the sex was not mentioned (Table II.1). Taking into account the different 

subgroups in which older people are usually stratified, approximately 55.3% (n=2040) 

of the ADRs reports analysed belong to the age subgroup of 65 to 74 years, followed by 

35.3% (n=1305) belonging to the age subgroup of 75 to 84 years and 9.4% (n=347) 

referring to individuals aged 85 and over.  
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Table II.1:  Number of Adverse Drug Reactions (ADRs) reports versus serious/non serious 

ADRs by age group and sex spontaneously reported to the Portuguese Pharmacovigilance 

System from 2013 to 2017 

 Age group 

 

Sex 

18-64 ≥65 

Serious 

n 

Non-serious 

n 

Serious 

n 

Non-serious 

n 

Female 3239 1857 1398 747 

Male 2061 955 1040 479 

Not identified 223 8 20 8 

Total 5523 2820 2458 1234 

 

 

Globally, regarding the occurrence of a fatal outcome, the male sex was the one with the 

most cases of suspected ADRs [51.0% (n=73) for people aged ≥ 65 and 47.1% (n=81) for 

adults aged 18-64]. However, in the subgroups aged 75-84 and aged 85 and above, 

female was the sex with most fatal outcome (Table II.2). 

 

 

Table II.2: Number of Adverse Drug Reactions reports with fatal outcome by age group 

spontaneously reported to the Portuguese Pharmacovigilance System from 2013 to 2017 

 Age group 

Sex 18-64 

n (%) 

65-74 

n (%) 

75-84 

n (%) 

≥ 85 

n (%) 

Female 75 (43.6%) 33 (44.6%) 28 (50.0%) 7 (53.8%) 

Male 81 (47.1%) 41 (55.4%) 26 (46.4%) 6 (46.2%) 

Not identified 16 (9.3%) 0 (0%) 2 (3.6 %) 0 (0%) 

Total 172 74 56 13 
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II.3.4 Elderly Patients: Data Analysis 

II.3.4.1 Adverse Drug Reactions Seriousness and Outcome 

 
Overall, 66.6% (n=2458) of the reports were considered serious ADRs in elderly 

patients (aged ≥ 65). Figure II.3 shows all suspected ADRs reports versus the serious 

cases per year in the elderly. 
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Figure II.3: All suspected Adverse Drug Reactions (ADRs) reports versus the serious cases 

per year spontaneously reported to the Portuguese Pharmacovigilance System from 2013 to 

2017 for people aged 65 years or older. 

 

 

Among the 2458 cases of serious ADRs reported, 837 (34.0%) led to hospitalization and 

in 143 (5.8%) of them a fatal outcome occurred. Considering the total of 3692 cases, the 

majority of the patients recovered completely (56.7%, n=2092) and only 0.6% (n=23) 

recovered with sequelae. 

 

 

II.3.4.2 System Organ Class Involved in Adverse Drug Reactions 

 
Among the 3692 cases of suspected ADRs reported in older people, we found 7169 SOC 

involved. Most of the reported ADRs referred to general disorders and administration 

site conditions (15.3%) and to the skin and subcutaneous tissue complaints (15.0%) 

(Figure II.4). 
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Figure II.4: System Organ Classes affected by suspected Adverse Drug Reactions (ADRs) 

spontaneously reported to the Portuguese Pharmacovigilance System from 2013 to 2017 for 

people aged 65 years or older: the five most frequent. 

 
 
The suspected ADRs most associated with a fatal outcome belong to general disorders 

and administration site conditions (18.5%) and infections and infestations (11.6%). 

Among the 143 cases with a fatal outcome, we found 227 ADRs that included MedDRA 

terms belonging to the IME list. Cardio-respiratory arrest, pneumonia, sepsis, and 

pancytopenia were the most reported ADRs of the IME list. Table II.3 shows the 

suspected ADRs with fatal outcome belonging to the IME list and the corresponding 

SOC. 

 

 

Table II.3:  Suspected Adverse Drug Reactions (ADRs) with fatal outcome belonging to the 

Important Medical Events (IME) list and corresponding System Organ Class (SOC) 

spontaneously reported to the Portuguese Pharmacovigilance System from 2013 to 2017 for 

people aged 65 years or older 

SOC n ADRs (number) belonging to the IME list 

General disorders 

and 

administration 

site conditions 

67 Multiple organ dysfunction syndrome (n=3), Sudden death (n=1) 

Infections and 

infestations 

42 Bacterial sepsis (n=1), Brain abscess (n=1), Bronchopulmonary aspergillosis 

(n=1), Cerebral aspergillosis (n=1), Cryptococcosis (n=2), Infected skin ulcer 
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(n=1), Meningococcal sepsis (n=1), Oesophageal candidiasis (n=1), 

Pneumonia (n=9), Pneumonia bacterial (n=1), Pneumonia viral 

(n=1),Progressive multifocal leukoencephalopathy (n=2), 

Pseudomembranous colitis (n=2), Pulmonary toxicity (n=1), Respiratory 

tract infection (n=4), Scedosporium infection (n=1), Sepsis (n=7), Septic 

arthritis staphylococcal (n=1), Septic shock (n=2), Strongyloidiasis (n=1), 

Urosepsis (n=1) 

Nervous system 

disorders 

29 Altered state of consciousness (n=3), Cerebellar haematoma (n=1), Cerebral 

artery occlusion (n=2), Cerebral haemorrhage (n=2), Cerebrovascular 

accident (n=2), Coma (n=2), Depressed level of consciousness (n=1), 

Encephalopathy (n=1), Epilepsy (n=1), Haemorrhagic stroke (n=2), 

Hemianopia (n=1), Hemiparesis (n=2), Hydrocephalus (n=1), Hypoxic-

ischaemic encephalopathy (n=1), Intraventricular haemorrhage (n=1), 

Ischaemic cerebral infarction (n=1), Ischaemic stroke (n=2), Neuroleptic 

malignant syndrome (n=1), Posterior reversible encephalopathy syndrome 

(n=3), Serotonin syndrome (n=1), Subarachnoid haemorrhage (n=1) 

Respiratory 

thoracic and 

mediastinal 

disorders; 

25 Acute respiratory distress syndrome (n=1), Acute respiratory failure (n=1), 

Cyanosis central (n=1), Epiglottic oedema (n=1), Haemothorax (n=1), 

Hypoxia (n=1), Interstitial lung disease (n=2), Laryngeal oedema (n=1), 

Pneumonia aspiration (n=1), Pulmonary embolism (n=1), Pulmonary 

haemorrhage (n=1), Pulmonary hypertension (n=1), Pulmonary infarction 

(n=1), Respiratory arrest (n=1), Respiratory depression (n=1), Respiratory 

distress (n=2), Respiratory failure (n=4) 

Cardiac disorders 23 Acute coronary syndrome (n=1), Acute myocardial infarction (n=1), Atrial 

fibrillation (n=2), Bradycardia (n=1), Cardiac arrest (n=2), Cardiac failure 

(n=2), Cardio-respiratory arrest (n=10), Congestive cardiomyopathy (n=1), 

Endocarditis noninfective (n=1), Myocardial infarction (n=1), Pericardial 

effusion (n=1), Prinzmetal angina (n=1) 

Blood and 

lymphatic system 

disorders 

22 Agranulocytosis (n=1), Bone marrow failure (n=1), Febrile neutropenia 

(n=3), Leukopenia (n=2), Neutropenia (n=2), Pancytopenia (n=6), 

Thrombocytopenia (n=2) 

Gastrointestinal 

disorders 

22 Ascites (n=3), Diarrhoea haemorrhagic (n=1), Duodenal perforation (n=1), 

Haematemesis (n=2), Haematochezia (n=2), Intra-abdominal haematoma 

(n=3), Melaena (n=2), Oedematous pancreatitis (n=1), Peritoneal 

haemorrhage (n=1), Retroperitoneal haematoma (n=3), Small intestinal 

haemorrhage (n=1), Upper gastrointestinal haemorrhage (n=1) 

Vascular disorders 18 Abdominal wall haematoma (n=1), Deep vein thrombosis (n=1), 

Haemorrhage (n=2), Hypovolaemic shock (n=2), Retroperitoneal 

haematoma (n=1), Shock (n=4), Shock haemorrhagic (n=1) 
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Injury, poisoning 

and procedural 

complications 

16 Femoral neck fracture (n=1), Subdural haematoma (n=2) 

Renal and urinary 

disorders 

14 Acute kidney injury (n=2), Anuria (n=2), Hydronephrosis (n=2), 

Pyelonephritis (n=1), Ureteric stenosis (n=1), Urogenital haemorrhage (n=1), 

Renal impairment (n=3), Chronic kidney disease (n=2), Renal failure (n=2), 

Renal injury (n=1) 

Neoplasms 

benign, malignant 

and unspecified 

(incl cysts and 

polyps) 

11 Acute myeloid leukaemia (n=1), Chondrosarcoma (n=1), Hepatic neoplasm 

(n=1), Lung adenocarcinoma (n=1), Lung neoplasm malignant (n=1), 

Metastatic malignant melanoma (n=1), Rectal cancer (n=1), Squamous cell 

carcinoma of lung (n=1), Thyroid cancer (n=1) 

Metabolism and 

nutrition 

disorders 

8 Hyperkalaemia (n=1), Lactic acidosis (n=2) 

Skin and 

subcutaneous 

tissue disorders 

8 Angioedema (n=2), Drug reaction with eosinophilia and systemic 

symptoms(n=1), Toxic epidermal necrolysis (n=1) 

Immune system 

disorders 

7 Anaphylactic reaction (n=2), Anaphylactic shock (n=4) 

Psychiatric 

disorders 

7 Dependence (n=1) 

Hepatobiliary 

disorders 

6 Acute hepatic failure (n=1), Hepatic failure (n=1), Hepatic mass (n=1), 

Hepatitis toxic (n=1), Hepatocellular injury (n=1) 

Eye disorders 2 Pupil fixed (n=1) 

n=number of occurrences related to the SOC 

 

 

II.3.4.3 Drugs Involved in Adverse Drug Reactions 
 

In the 3692 cases of suspected ADRs reported in people aged ≥ 65, we found 4241 ATC 

codes involved. Figure II.5 shows the five most frequent ATC codes. Antineoplastic 

agents were the most represented group of drugs (n=578, 13.6%) followed by the 

antibacterials for systemic use (n=397, 9.4%). 

In the cases with a fatal outcome, antineoplastic and antithrombotic agents were the 

most represented pharmacotherapeutic groups of suspected drugs involved (25.0% and 
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13.6% respectively) (Table II.4). In the group of antineoplastic agents, the other 

antineoplastic agents (43.6%) and the alkylating agents (23.6%) were the 

pharmacological subgroups most represented. Regarding the antithrombotic agents, 

those belonging to the heparin group (36.7%) and the direct factor Xa inhibitors 

(36.7%) were the most frequently involved.  
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Figure II.5: Anatomical Therapeutic Chemical (ATC) Classification System code involved in 

suspected Adverse Drug Reactions (ADRs) spontaneously reported to the Portuguese 

Pharmacovigilance System from 2013 to 2017 for people aged 65 years or older: the five 

most frequent. 
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Table II.4: Anatomical Therapeutic Chemical (ATC) Classification System code and the 

chemical substance involved in a fatal outcome (frequency ≥ 10), spontaneously reported to 

the Portuguese Pharmacovigilance System from 2013 to 2017 for people aged 65 years or 

older 

ATC code Chemical substance Number of 

occurrences 

L01 antineoplastic agents cyclophosphamide, temozolomide, bortezomib, 

vincristine, doxorubicin, azacitidine, decitabine, 

pemetrexed, fluorouracil, cisplatin, cabazitaxel, docetaxel, 

paclitaxel, trabectedin, bevacizumab, carboplatin, 

erlotinib, everolimus, idelalisib, pazopanib, oxaliplatin, 

rituximab, sorafenib, sunitinib, topotecan, vismodegib, 

ibrutinib, fludarabine, chlorambucil 

55 

B01 antithrombotic agents clopidogrel, enoxaparin, rivaroxaban, warfarin, dabigatran 

etexilate, acetylsalicylic acid, apixaban 

 

30 

H02 corticosteroids for 

systemic use 

prednisolone, dexamethasone, methylprednisolone, 

prednisone 

17 

L04 immunosuppressants adalimumab, alemtuzumab, golimumab, methotrexate, 

pirfenidone, tocilizumab, mycophenolic acid, ciclosporin, 

etanercept 

17 

J05 antivirals for systemic 

use 

sofosbuvir and ledipasvir, ribavirin, ritonavir atazanavir, 

ganciclovir, tenofovir 

12 

J01 antibacterials for 

systemic use 

cefazolin, meropenem, ceftazidime, sulfamethoxazole and 

trimethoprim, levofloxacin, vancomycin 

11 

 

 

II.3.4.4 Fatal Outcome and Causality Assessment 

 
According to the WHO system for standardized case causality assessment [216], only 2 

cases were classified as certain and the drugs involved were ketamine and 

temozolomide. Among the remaining reports, 25 were classified as probable, 50 as 

possible, 10 as unlikely, 1 as unclassified, and 55 cases had not causality attributed.  
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II.3.4.5 Causality Assessment for the Adverse Drug Reactions Non-

described in the Summary of Product Characteristics 

 
In our study most of the ADRs reported were expected (97.4%), since they were 

described in the respective SmPC of the suspected medicine. In the sequence of a deep 

analysis of the ADRs non-described in the SmPC, in terms of causality assessment, it 

was found that 49.4% were classified as probable, 33.6% as possible, 8.3% as 

unclassifiable, 5.1% as unlikely and 3.6% as certain. 

 

 

II.4 Discussion 
 
Many studies available in the literature have analysed the risk of ADRs in the elderly 

and their seriousness, but retrospective studies on spontaneous ADRs reported using 

national pharmacovigilance databases are few for this age group [219–222].   

During the 5-year period covered by our analysis, reporting of suspected ADRs in the 

elderly showed a slight tendency to increase and represents nearly 16.4% of all collected 

ADRs reports. This slight increase also occurred in other age groups (Figure II.1). These 

results perhaps reflect an increasing awareness of the reporters and the efforts 

performed by the pharmacovigilance system, as well as the demographic distribution of 

the Portuguese population [223]. Despite the increasing number of elderly people, the 

number of adults remains higher than that of the elderly, which explains the difference 

between the numbers of reports in the different age groups. On the other hand, a high 

number of reports the age of the patient is not defined, which may help to explain the 

value found for ADRs reports in the elderly. 

Most cases were reported by healthcare professionals, and similarly to other countries, 

medical doctors are the main reporters [224–227]. 

The studies concerning ADRs have shown that women are affected twice more than 

men [159], which can be due to a combination of pharmacokinetic and 

pharmacodynamic factors [228]. On the other hand, the higher reporting rate for 

females can also be explained by a higher use of drugs in the female population when 

compared to the male population and by the fact that women are more prone to seek 

healthcare services [229]. For these reasons, their ADRs might potentially be detected 

earlier. However, male ADRs reports are usually more seriousness than female ADRs 

[229], which is in agreement with our results. In fact, in our study, the majority of 

ADRs involved women, but in the cases where a fatal outcome occurred the number of 

suspected ADRs observed was similar for both male and female, with 73 and 68 cases 
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respectively. On the other hand, a study in Portugal showed that the chronic use of 

medications was more prevalent in older people and in women [230]. In addition, 

women tend to live longer than men [223]. These facts may explain why we detected 

more ADRs reported for women. The advanced age and the comorbidity were other risk 

factors for ADRs and ADRs-related admissions in hospital [169]. Elderly' age was 

mostly between 65 and 74 years old, reflecting the demographic data in Portugal [223]. 

Overall, 66.6% (n=2458) of the reports were serious ADRs, and this may be partially 

explained because until 22 November 2017 the Marketing Authorization Holders only 

had to submit to the regulatory authorities the serious ADRs reports [151]. Moreover, 

healthcare professionals seem to be particularly sensitive to report serious adverse drug 

events, which may also explain the high incidence of serious cases that we found [231]. 

The results were similar to those of other studies from Tunisian National Centre of 

Pharmacovigilance, which evidenced that ADRs are frequent in older persons and are 

often serious [219,220]. In developed countries, ADRs are frequently a cause of 

hospitalization, morbidity and mortality [129,158]. Elderly patients often have high 

comorbidity, requiring many drugs and staying particularly vulnerable to ADRs [167], 

which also explains our data. Additionally, the poor quality or incomplete reports [232] 

explain the distribution of causality assessment. In fact, it is essential to describe as 

precisely as possible all clinical information about the patient, allowing the expert to 

make the most correct possible evaluation of the case. In pharmacovigilance, there is 

not just one possible cause for an adverse effect but several; each cause must be 

evaluated in the given context for probability [233]. In our study, most of the reported 

ADRs were expected, since they are described in SmPC. These results may be related to 

some of the reasons presented for the under-reporting, such as uncertainty about the 

drug causing the ADR or the fact that most of the healthcare professionals believe that 

serious reactions were well documented [232]. However, of the 2.6 % of the unexpected 

ADRs, almost half of them were considered by the authority as probable; thus, it was 

unlikely that they were attributed to diseases or other drugs, and there was a 

reasonable time relationship between the drug intake and the onset of the ADR. This 

information is very important because it allows the authority to evaluate the presence 

of possible safety signals in this population. 

The most frequently reported ADRs were related to general disorders and 

administration site conditions, skin and subcutaneous tissue reactions and 

gastrointestinal disorders, as observed in other studies performed based on the 

Tunisian National Centre of Pharmacovigilance [220]. These results can be explained 

by the fact that those ADRs are adverse events that in general are more easily identified 

by patients and healthcare professionals [231]. In cases of fatal outcomes, the general 

https://www.ema.europa.eu/en/glossary/safety-signal
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disorders and administration site conditions were the SOC most identified in reported 

ADRs, but infections and infestations were also frequently identified. These results may 

be related to the fact that elderly presents a progressive decrease in immune function 

and, consequently, increased susceptibility to infectious diseases [234]. Cardio-

respiratory arrest, pneumonia, sepsis, and pancytopenia were the most reported ADRs 

of the IME list in our study. Infections and subsequent sepsis are an increasing cause of 

hospital admission and critical illness in the elderly with the mortality risk from sepsis 

increasing with age [235]. In this context, a study showed that the most common 

diseases diagnosed by emergency physicians were pneumonia [236]. Community-

acquired pneumonia is a major public health problem in the elderly, being associated 

with high rates of readmission, morbidity, and mortality, with sepsis being a frequent 

complication [237]. Another study showed that if elderly patients suffer a 

cardiorespiratory arrest, the chance of survival and the functional outcome after in-

hospital cardiopulmonary resuscitation is low to moderate [238], which may explain 

our results. In pancytopenia-ADR, one of the possible causes is the administration of 

antineoplastic agents. In our study, the suspected drugs associated with this specific 

ADR were cyclophosphamide, temozolomide, doxorubicin, and idelalisib. The 

immunosuppressant methotrexate and the antithrombotic agent rivaroxaban were the 

suspected drugs in other two cases. This ADR (pancytopenia) was described in 

corresponding SmPCs, except for rivaroxaban, being therefore an expected reaction. 

Several studies showed that antibiotics, anticoagulants, digoxin, diuretics, 

hypoglycaemic agents, antineoplastic agents and nonsteroidal anti-inflammatory drugs 

(NSAIDs) are responsible for a high number of ADRs leading to hospital admission 

[234,235,239,240]. In an Italian spontaneous reporting database study, the ADRs with 

fatal outcome were associated with systemic anti-infective drugs followed by 

antineoplastic and immunomodulating agents, and nervous system drugs [225]. A 

study performed using the FDA Adverse Event Reporting System database showed that 

antineoplastic drugs were those more frequently reported as being associated with 

death [241]. Other studies, showed that antithrombotic agents, NSAIDs and contrast 

media were also involved [171,225,242]. An analysis of Italian Spontaneous Reporting 

Database concluded that the drugs most frequently involved in fatal outcomes were 

those with a narrow therapeutic range [225]. In our study, we found that antineoplastic 

agents were the most represented group of drugs (13.6%) associated with ADRs, 

followed by antibacterials for systemic use (9.4%). With a fatal outcome, antineoplastic 

and antithrombotic agents were the most represented pharmacotherapeutic groups of 

suspected drugs involved. These results are very similar to other reported studies 

[162,225,241,243–245]. On the other hand, to the best of our knowledge, the majority 
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of studies of ADRs in the elderly were performed in patients who have been 

hospitalized, making these results not directly comparable. However, the results with 

fatal outcome were similar to other studies that also showed that the antithrombotic 

agents and the antineoplastic agents are involved in serious ADRs [162,225,246]. 

Anticoagulants were the most frequently involved in spontaneous fatal reports in a 

German spontaneous reporting system [243] and in a Swedish study performed in the 

national database SWEDIS (Swedish Drug Information System) [244]. In an US study, 

antineoplastic and immunosuppressive agents were the drugs most frequently 

suspected in spontaneously reported death [245]. These are drugs generally with a low 

therapeutic index and they are included in lists of medicines most likely to be used in 

the elderly, and thus likely to be associated with ADRs [240]. It must also be taken into 

account the fact that the increase of life expectancy has augmented the incidence of 

cancer in elderly patients over the last few decades, and a wide range of side effects can 

be expected from systemic chemotherapy. The physiopathological changes that occur 

with aging (e.g. renal failure, cardiovascular impairment, metabolic problems) also 

make older persons more vulnerable to ADRs [246]. 

Despite some limitations, this study showed the importance of studying ADRs in the 

elderly based on the information available in pharmacovigilance databases. The main 

weaknesses involve the general under-reporting of ADRs, problems with assessment of 

ADRs and their seriousness. As proven by several studies, under-reporting is a general 

problem intrinsic to all spontaneous pharmacovigilance systems. It is estimated that 

less than 5–10% of ADRs are reported and sometimes the reports are of poor quality or 

incomplete [232]. On the other hand, the data related to the mortality must be carefully 

interpreted because a fatal outcome does not necessarily mean a causal relationship to 

the suspected medicinal product. 

 

 

II.5 Conclusion 
 
The physiological changes and comorbidities associated with aging change the response 

to drugs and the risk of adverse reactions. In fact, we found a considerable number of 

older people with ADRs and most of them were considered as serious, even being 

expected. Antineoplastic and antithrombotic agents were the suspected drugs most 

frequently associated with a fatal outcome. Therefore, in an attempt to improve ADRs 

recognition in older persons, the medication review should routinely be a part of the 

health care provided to these patients. In this context, the detection of preventable 

ADRs is an important starting point to improve drug safety in elderly. The fact that half 
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of the unexpected ADRs were considered as probably being related to the suspected 

drug, highlights the importance of reporting all ADRs, thus allowing the authorities to 

evaluate the presence of possible safety signals in this special subpopulation (i.e., in 

elderly). 
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Chapter III - Assessment of Suspected 

Adverse Drug Reactions in Elderly Patients 

with Diabetes Mellitus based on a Portuguese 

Spontaneous Reporting Database: Analysis of 

Reporting from 2008 to 2018 

 

 

 

The content of this chapter is included in the following publication: 

 

Monteiro C, Silvestre S, Duarte AP, Alves G. Assessment of suspected adverse drug 

reactions in elderly patients with diabetes mellitus based on a Portuguese spontaneous 

reporting database: analysis of reporting from 2008 to 2018. Expert Opin Drug Saf. 

2021; 20(7):845-853. doi: 10.1080/14740338.2021.1928072.  

 

 

III.1 Introduction 
 
Diabetes mellitus, mostly type 2, is one of the most common chronic diseases and its 

prevalence is expected to increase considerably in the future, especially in developing 

countries [75]. In fact and as example, it is estimated that the prevalence of type 1 and 

type 2 diabetes mellitus (T2DM) between 2015 and 2030 in America will increase by 

54%, with a rise of deaths and costs of 38% and 53% (to more than $622 billion of costs 

in 2030), respectively [247]. In addition, a projection of T2DM burden in Germany 

showed that case numbers will grow from 5 million (2.8 million diagnosed) in 2010 to a 

maximum of 7.9 million (4.6 million diagnosed) in 2037. In this study, it was also 

predicted that the annual costs of diabetes care will increase by 79% from €11.8 billion 

in 2010 to €21.1 billion in 2040 (€9.5 billion to €17.6 billion for diagnosed cases) [248]. 

In Portuguese population, the estimated prevalence of diabetes (type 2 and type 1) 

between the ages of 20 and 79 (7.7 million individuals) in 2018 was 13.6%. Therefore, 

more than 1 million Portuguese in this age group and over a quarter of people aged 60-

79 have diabetes mellitus [73,249]. In fact, older adults are at higher risk for the 

development of diabetes mellitus, mainly T2DM, due to combined effects of increased 

insulin resistance and reduced pancreatic islet function with aging [250]. Moreover, 
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these patients have an increased risk of acute and chronic microvascular and 

macrovascular complications [250]. Therefore, diabetes mellitus in elderly patients is 

related to a higher mortality and its complications are an important cause of morbidity 

and of a reduced life expectancy [250,251]. 

Additionally to non-pharmacological measures, there are several drug classes and 

combinations of some of these that can be used to control blood glucose levels, such as 

biguanides, sulfonylureas, thiazolidinediones, acarbose, glucagon-like peptide-1 (GLP-

1) agonists, dipeptidyl peptidase 4 (DPP-4) inhibitors, sodium glucose cotransporter 2 

(SGLT-2) inhibitors, as well as different pharmaceutical forms of human insulin and its 

analogues [252]. 

In addition to T2DM, polypharmacy, usually defined as the use of five or more drugs 

[253], is also more common in older population, which increases the probability of 

occurrence of drug-induced side effects and drug-drug interactions. In this context, 

age-related changes in pharmacokinetics (in particular reduced hepatic and renal 

elimination) and pharmacodynamics (e.g. increased sensitivity to some drugs) are 

responsible for the higher predisposition of elderly to drug-related adverse events 

[250].  

In individuals using glucose-lowering medications the incidence of hypoglycaemia, the 

most common adverse event of these drugs, increases with age. In fact, polypharmacy, 

the delay of drug metabolism commensurate with renal failure, cognitive dysfunction 

and the diminished awareness of hypoglycaemia caused by a lack of autonomic signs, 

such as sweating and/or tachycardia, are responsible for severe hypoglycaemia in older 

adults and increased risk of death [254,255].  

Clinical evidence for medication use in elderly patients is poor because many clinical 

trials exclude elderly population or they are underrepresented, either due to age or to 

the presence of one or more confounding comorbidities [250]. Therefore, medical 

decisions, including in diabetes mellitus therapy, are often made using evidence 

extrapolated from younger patients [250].  

Due to the limited evidence to justify clinical decisions regarding optimal therapy in 

older patients and to minimize or prevent adverse drug reactions (ADRs) in this 

population, studies to analyse suspected ADRs in older patients are of high importance. 

Therefore, many studies in this scope can be found in the literature, involving, for 

instance, antidiabetic drugs [75,157,256]. However, retrospective studies on 

spontaneously reported ADRs using national pharmacovigilance data are very scarce 

and usually cover diabetic patients belonging to all age groups [251,257,258]. In fact, 

the knowledge of the most common medications and ADRs induced in elderly patients 

with diabetes is important to increase the safety of their use. For this, the databases 
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used in pharmacovigilance are important tools to increment this knowledge, and 

consequently to increase the drug’s safety, having the advantage of identifying hazards 

associated with medicinal products used in real world context. Thus, this study 

intended to analyse the suspected ADRs in older patients with diabetes mellitus 

reported to the Portuguese Pharmacovigilance System (PPS) in an eleven-year period. 

In addition, it was assessed if they were known and preventable, the drugs mostly 

involved and the outcome of each case. With this type of knowledge, generated from 

real-world pharmacovigilance data, we intend to minimize the risk of harm that may 

occur and prevent drug-related hospital admissions as well as the morbidity and 

mortality associated to drugs used by elderly patients with diabetes. 

 

 

III.2 Methods 

III.2.1 Study Type, Setting and Data Source 

 
An observational and retrospective analysis of suspected ADR reports in patients aged 

65 years or older with diabetes mellitus received by PPS was performed.  

PPS is coordinated by the Portuguese authority, INFARMED - National Authority of 

Medicines and Health Products, I.P. (Lisbon, Portugal). The present study analysed the 

reports received between 1 January 2008 and 31 December 2018 in which patients 

were taking at least one glucose lowering drug (concomitantly taken drugs were also 

considered). As there was no access to diagnosis data, it was assumed the presence of a 

glucose lowering drug as a proxy for diabetes. In this study, we included all the reports 

performed by healthcare professionals and patients (considered as direct reports) as 

well as by marketing authorization holders (considered as indirect reports) with the 

identified age range of 65 years or higher. After a deeper analysis of each report 

(searches based on similarities in patient, adverse reaction and medicinal product 

data), all duplicated and annulled reports were eliminated as well as the reports where 

the age of the patient was not defined (in some reports only the age range was defined). 

Duplicated reports were  identified by the authority according to the Guideline on Good 

Pharmacovigilance Practices, Module VI Addendum I [215]. 
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III.2.2 Parameters Used for Analysis 

 
The reports were analysed in terms of sex and age groups of the involved patients, type 

of reporter, seriousness and type of ADRs according to the Preferred Term (PT) and 

System Organ Class (SOC) from the Medical Dictionary for Regulatory Activities 

(MedDRA®) terminology. If in the same report was detected more than one ADR 

belonging to the same SOC, that SOC was counted only once, as performed by other 

authors in a similar work [231]. 

Patient demographics concerning age were analysed using the following groups: 65-74, 

75-84 and equal to or higher than 85 [162]. A serious adverse reaction, according to the 

definition of Good Pharmacovigilance Practices, Module VI [151], is any untoward 

medical occurrence that at any dose results in death, is life-threatening, requires 

hospitalization or prolongation of existing hospitalization, results in persistent or 

significant disability or incapacity, or in a congenital anomaly/birth defect. In this 

context, we also analysed all the reports with a fatal outcome and the relationship 

between exposure and death according to the criteria adopted by PPS and the World 

Health Organization-Uppsala Monitoring Centre (WHO-UMC) system for standardized 

case causality assessment [216]. According to this method, reports are classified as 

certain, probable, possible, unlikely, conditional or unclassifiable [216]. 

The medicines involved were categorized according to the WHO Anatomical 

Therapeutic Chemical (ATC) Classification system [218]. Each report corresponds to a 

single individual, but each individual report may correspond to more than one 

suspected ADR and more than one suspected drug. Therefore, the total number of ATC 

and ADRs may be higher than the number of reports. It was also checked whether or 

not suspected ADRs of our study were described in the Summary of Product 

Characteristics (SmPC) of the respective medicinal product. Finally, a more in-depth 

analysis of the MedDRA terms belonging to the Important Medical Event (IME) terms 

list [217] involving drugs used in diabetes was also performed. 

Data were analysed by means of descriptive statistics, using the software Microsoft® 

Office® Excel® 365. 
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III.3 Results 

III.3.1 Annual Evolution of Adverse Drug Reaction Reports (2008-

2018) 

 
During the eleven-year period studied, a total of 787 reports in elderly involving the use 

of drugs for diabetes mellitus were received by the PPS. After removal of all duplicated 

and annulled reports as well as reports with no defined age, we achieved 751 cases and 

a total of 2134 ADRs, with an average of 2.84 (range 1-14, Standard Deviation 2.32) 

ADRs per report and a median of 2 (Inter Quartile Range 1-4). In general, with the clear 

exception of 2017, there was an increase in reporting over the years (figure III.1). 
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Figure III.1: Number of Adverse Drug Reactions (ADRs) reports versus serious ADRs 

spontaneously reported to the Portuguese Pharmacovigilance System from 2008 to 2018 

for people aged 65 years or older with diabetes mellitus 

 

 

III.3.2 Sources of Adverse Drug Reactions Reports 
 

Pharmacists were the health professionals that submitted the highest number of 

notifications (n=314, 41.8%), followed by physicians (n=234, 31.2%), marketing 

authorization holders (n=121, 16.1%), consumers (n=54, 7.2%), nurses (n=19, 2.5%) 

and other healthcare professionals (n=9, 1.2%). In our study, most of the reported 

ADRs were expected (85.1%), since they were described in the SmPC of the 

corresponding suspected drug involved. In addition, table S.1.1 in the appendix 1 
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described the ADRs according to PT classification classified as ‘not-labelled’ according 

to the SmPC. 

 

 

III.3.3 Demographic Data 

 

The majority of suspected ADRs were observed in females (n=393, 52.3%), 45.7% 

(n=343) of the cases refer to males and in 2% (n=15) of cases the gender was not 

identified. Near 54.0% (n=405) of the reports analysed belong to the age group of 65 to 

74 years, followed by 36.7% (n=276) of the age group of 75 to 84 years and 9.3% (n=70) 

concerned patients aged 85 years or older.  

 

 

III.3.4 Seriousness and Outcomes of Adverse Drug Reactions 

 

Most of the reports were classified as serious (n=439, 58.5%). In Figure III.1 are 

indicated the serious cases and the number of ADRs per year. Among the 439 serious 

cases of suspected ADRs, 199 (45.3%) led to hospitalization and in 19 (4.3%) of them 

occurred a fatal outcome. However, the majority of patients completely recovered 

(63.9%, n=480).  

 

 

III.3.5 Fatal Outcome and Causality Assessment 

 

The causality assessment attributed by the regulatory authority was analysed in the 19 

cases with fatal outcome. According to the WHO system for standardized case causality 

assessment [216], only 2 cases were classified as certain and the drugs involved were 

digoxin and levothyroxine; in the first case an elevated plasmatic digoxin level was 

reported, and in the second case phlebothrombosis and retroperitoneal haematoma 

was ascribed to levothyroxine. It is important to mention that these two fatal cases 

where not caused by drugs used to treat diabetes. Among the remaining reports, 3 were 

classified as probable and the other 14 were classified as possible, as unlikely, or had no 

causality attributed. 
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III.3.6 System Organ Class and Preferred Term involved in the 

Adverse Drug Reactions 

 
In 751 cases, it was found 1517 involved SOC. Most of the reported ADRs referred to 

gastrointestinal disorders (13.7%) and to general disorders and administration site 

conditions (13.1%) (figure III.2). 

 

 

 

Figure III.2: System Organ Class affected by Adverse Drug Reactions (ADRs), spontaneously 

reported to the Portuguese Pharmacovigilance System from 2008 to 2018 for people aged 

65 years or older with diabetes mellitus: the five most frequent 

 

 

 Hypoglycaemia, lactic acidosis and diarrhoea were the most frequent ADRs reported in 

the total of the analysed reports (table III.1). Given the high diversity of ADRs we only 

considered in table III.1 the occurrences higher than 1%. 
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Table III.1: Suspected Adverse Drug Reactions most frequently reported (frequency ≥ 1%) 

according to Preferred Terms classification spontaneously reported to the Portuguese 

Pharmacovigilance System from 2008 to 2018 in people aged 65 years or older with 

diabetes mellitus. 

Preferred terms Number of occurrences % 

Hypoglycaemia 57 2.67% 

Lactic acidosis 56 2.62% 

Diarrhoea 55 2.58% 

Vomiting 50 2.34% 

Nausea 45 2.11% 

Dizziness 40 1.87% 

Pruritus 34 1.59% 

Fatigue 31 1.45% 

Malaise 24 1.12% 

Abdominal pain 22 1.03% 

Dyspnoea 22 1.03% 

Hypotension 22 1.03% 

Others 1676 78.54% 

Total 2134 100.00% 

 

 

 

III.3.7 Drugs Involved in Adverse Drug Reactions 

 
In 751 cases, we found 947 ATC codes (2nd level, therapeutic subgroup) involved in 

suspected ADRs. The five most frequent are presented in Figure III.3. 

 

 



 

 

 77 

 

Figure III.3: Anatomical Therapeutic Chemical (ATC) code involved (2nd level, therapeutic 

subgroup) in Adverse Drug Reactions, spontaneously reported to the Portuguese 

Pharmacovigilance System from 2008 to 2018 for people aged 65 years or older with 

diabetes mellitus: the five most frequent 

 

 

Drugs used in diabetes mellitus were the most represented group (n= 334, 35.3%), 

followed by antibacterials for systemic use (n=75, 5.9%), antithrombotic drugs (n=56, 

5.9%), agents acting on the renin-angiotensin system (n=38, 4.0%) and 

psychoanaleptics (n=35, 3.7%). The mostly reported therapeutic subgroup was also that 

corresponding to drugs used in diabetes, with 157 cases classified as serious. In this 

subgroup, metformin was considered the suspected drug in 76 cases (table III.2), with 5 

fatal outcomes associated to it. In addition, metformin was the drug most associated to 

lactic acidosis. In 20 reports of hypoglycaemia insulin glargine was the only suspected 

drug involved and in additional 13 reports a sulfonylurea was the suspected drug. 

In the 5 reports with fatal outcome associated to metformin, the suspected ADRs 

reported according to PT classification were lactic acidosis (n=4), renal failure (n=1), 

blood pH decreased (n=1), shock (n=2), respiratory failure (n=1), fatigue (n=1), 

metabolic acidosis (n=2), neurological symptom (n=1), toxicity to various agents (n=1), 

renal injury (n=1), hyperlactacidaemia (n=1), blood lactic acid increase (n=1), acute 

kidney injury (n=1) and hyperkalaemia (n=1). According to the WHO system for 

standardized causality assessment [216], the reports had not causality attributed. 
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Table III.2: Chemical substances belonging to A10 Anatomical Therapeutic Chemical group, 

considered the only suspected drug, and the number of occurrences, spontaneously 

reported to the Portuguese Pharmacovigilance System from 2008 to 2018 for people aged 

65 years or older with diabetes mellitus 

Pharmacological 

subgroup 

Chemical subgroup Chemical substance (number of 

occurrences) 

Insulins and 

analogues 

Insulins and analogues for 

injection, fast-acting  

Insulin glulisine (5), Insulin human (2) 

Insulins and analogues for 

injection, intermediate-acting 

combined with fast-acting 

Insulin aspart (3), Insulin human (5) 

Insulin lispro (2) 

Insulins and analogues for 

injection, long-acting  

Insulin glargine (25), Insulin detemir (2) 

Blood glucose 

lowering drugs, 

excl. insulins 

Biguanides Metformin (76) 

Sulfonylureas Gliclazide (10), Glimepiride (4) 

Glibenclamide (2) 

Combinations of oral blood 

glucose lowering drugs 

Metformin and sitagliptin (14), 

Metformin and vildagliptin (11), 

Glibenclamide and metformin (5), Metformin 

and alogliptin (3), Glimepiride and 

pioglitazone (1), 

Metformin and dapagliflozin (1) 

Metformin and pioglitazone (1) 

Alpha-glucosidase inhibitors Acarbose (2) 

Thiazolidinediones Pioglitazone (4) 

Dipeptidyl peptidase 4 

inhibitors 

Linagliptin (6), Sitagliptin (6), Vildagliptin (5), 

Saxagliptin (2) 

Glucagon-like peptide-1 

analogues 

Exenatide (6), Liraglutide (4), Dulaglutide (2) 

Sodium-glucose co-

transporter 2 inhibitors 

Dapagliflozin (9), Empagliflozin (2) 

Canagliflozin (1) 

https://www.whocc.no/atc_ddd_index/?code=A10AB
https://www.whocc.no/atc_ddd_index/?code=A10AB
https://www.whocc.no/atc_ddd_index/?code=A10AC&showdescription=no
https://www.whocc.no/atc_ddd_index/?code=A10AC&showdescription=no
https://www.whocc.no/atc_ddd_index/?code=A10AD
https://www.whocc.no/atc_ddd_index/?code=A10AE&showdescription=no
https://www.whocc.no/atc_ddd_index/?code=A10AE&showdescription=no
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Considering the IME list of the reported drugs from A10 ATC group, we found 137 

ADRs belonging to the referred list and in 21 of these we found two or more A10 

chemical substances involved (table III.3). The most reported ADR was lactic acidosis 

(n=48), with 44 reports associated to metformin. Concerning the renal system, we 

found 8 reports of acute kidney injury (5 of them associated with metformin as 

suspected drug), 4 of renal injury and 2 of renal failure, with metformin also involved. 

In addition, in 7 cases of urosepsis, metformin was considered the suspected drug in 6 

of them (table III.3). 

 

 

Table III.3: Suspected Adverse Drug Reactions (ADRs) belonging to the Important Medical 

Events (IME) list, corresponding System Organ Class (SOC), and chemical substance 

belonging to A10 Anatomical Therapeutic Chemical group, as the only suspected drug 

involved, spontaneously reported to the Portuguese Pharmacovigilance System from 2008 

to 2018 for people aged 65 years or older with diabetes mellitus.  

SOC ADRs (number) belonging 

to the IME list 

Chemical substance, number of 

occurrences 

Cardiac disorders Aortic valve incompetence (1) Insulin glargine (1) 

Cardiac arrest (1) Metformin (1) 

Cardiac failure (1) Metformin (1) 

Gastrointestinal 

disorders 

Autoimmune pancreatitis (1) Metformin + Sitagliptinb (1) 

Haematochezia (1) Metformin (1) 

Pancreatitis acute (3) Sitagliptin (1), Empagliflozin (1), Linagliptin (1) 

Pancreatic failure (1) Metformin + Sitagliptinb (1) 

General disorders 

and administration 

site conditions 

Terminal state (1) Insulin lispro + Sitagliptinb (1) 

Hepatobiliary 

disorders 

Hepatitis (1) Acarbose (1) 

Immune system 

disorders 

Anaphylactic reaction (3) Insulin (human) (1), Liraglutide (1), Exenatide 

(1) 

Type I hypersensitivity (1) Insulin detemir + Insulin (human)b (1) 
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Infections and 

infestations 

Bacteraemia (1) Insulin lispro + Sitagliptinb (1) 

Bacterial pyelonephritis (1) Insulin lispro + Sitagliptinb (1) 

Escherichia urinary tract 

infection (1) 

Insulin lispro + Sitagliptinb (1) 

Infected skin ulcer (1) Insulin lispro + Sitagliptinb (1) 

Kidney infection (1) Dapagliflozin (1) 

Parotid abscess (1) Linagliptin (1) 

Pneumonia aspiration (1) Insulin lispro + Sitagliptinb (1) 

Pyelonephritis acute (1) Metformin (1) 

Urosepsis (7) Dapagliflozin (1), Metformin (6) 

Injury, poisoning 

and procedural 

complications 

Craniocerebral injury (1) Metformin (1) 

Femoral neck fracture (1) Glibenclamide (1) 

Metabolism and 

nutrition disorders 

Diabetic ketoacidosis (1) Dapagliflozin (1) 

Diabetes mellitus inadequate 

control (1) 

Metformin (1) 

Euglycaemic diabetic 

ketoacidosis (1) 

Dapagliflozin (1) 

Hyperkalaemia (5) Metformin (2), Vildagliptin (1), Metformin + 

Sitagliptin + Dapagliflozin + Insulin (human)b 

(1), Dapagliflozin (1) 

Lactic acidosis (48) Metformin and sitagliptin (1), Metformin and 

sitagliptina + Metformin b (1), Metformin + 

Metformin and alogliptina b(1), Metformin (44), 

Metformin and vildagliptina (1) 

Neoplasms benign, 

malignant and 

unspecified (incl. 

cysts and polyps) 

Bladder cancer recurrent (1) Pioglitazone (1) 

Bladder transitional cell 

carcinoma (1) 

Pioglitazone (1) 

Inflammatory myofibroblastic 

tumour (1) 

Metformin (1) 
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Nervous system 

disorders 

Altered state of consciousness 

(3) 

Glibenclamide (1), Gliclazide + Sitagliptinb (1), 

Metformin and sulfonylureasa (1) 

Cerebrovascular accident (1) Insulin (human) + Insulin glargineb (1) 

Depressed level of 

consciousness (2) 

Linagliptin + Insulin detemirb (1), Metformin 

Diabetic coma (1) Glibenclamide (1) 

Hemiparesis (1) Metformin (1) 

Loss of consciousness (2) Metformin (1), Gliclazide (1) 

Neuropathy peripheral (1) Insulin (human) + Insulin glargine b (1) 

Seizure (1) Glimepiride (1) 

Renal and urinary 

disorder 

Acute kidney injury (8) Metformin (5), Metformin and sitagliptin a (2), 

Metformin and vildagliptin a (1) 

Anuria (1) Metformin and vildagliptina (1) 

Prerenal failure (1) Metformin (1) 

Pyelonephritis acute (1) Metformin (1) 

Renal failure (2) Metformin (2) 

Renal injury (4) Dapagliflozin (1), Metformin (2), Metformin 

and sitagliptina (1) 

Urinary retention (1) Pioglitazone (1) 

Respiratory, 

thoracic and 

mediastinal 

disorder 

Acute pulmonary oedema (1) Insulin glargine (1) 

Pneumonia aspiration (1) Insulin lispro + Sitagliptinb (1) 

Pulmonary oedema (1) Metformin and vildagliptina (1) 

Respiratory distress (1) Metformin (1) 

Respiratory failure (3) Metformin (1), Metformin and vildagliptina (1), 

Insulin lispro + Sitagliptinb (1) 

Skin and 

subcutaneous 

tissue disorders 

Dermatitis bullous (2) Linagliptin (1), Metformin and vildagliptina (1) 

Erythema multiforme (1) Metformin (1) 
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Infected skin ulcer (1) Insulin lispro + Sitagliptinb (1) 

Lipodystrophy acquired (4) Insulin glargine (1), Insulin (human) (1), 

Insulin detemir (1), Insulin lispro + Insulin 

(human) b (1) 

Pemphigoid (3) Vildagliptin (1), Metformin and vildagliptina 

(1), Linagliptin (1) 

Skin necrosis (1) Insulin lispro + Sitagliptinb (1) 

Vascular disorders Shock (2) Metformin (2) 

a Fixed combinations of blood glucose lowering drugs (patient taking only a medication) 

b Combinations of two or more different medications (patient taking different medication each one 

containing a chemical substance) 

 

 

III.4 Discussion 
 
Aiming to improve the knowledge on ADRs in older diabetic patients in real world 

context we performed an analysis of the reports sent to PPS during 11 years. In this 

study, most of the suspected ADRs were reported as serious and associated to drugs 

used in diabetes mellitus, despite being analysed all drugs taken by these patients. The 

majority of these ADRs, such as hypoglycaemia, are preventable. During the period of 

this study there was a trend toward an increase in reporting suspected ADRs in elderly 

with diabetes. This situation was expected considering that the prevalence of diabetes 

has also been increasing all over the world, including in Portugal [77,210]. Additionally, 

in developed countries, there has been an increase in the average lifespan and, 

consequently, in the number of elderly people [259]. Besides, the increase of reports 

perhaps also reflects an increasing awareness of reporters and the efforts performed by 

the national authority responsible for coordinating pharmacovigilance activities. 

Between 2016 and 2017 occurred a decrease of reports, however the number of reports 

does not necessarily reflect the frequency of a given ADR, because PPS does not receive 

reports for every adverse reaction that occurred [232].  

Most ADRs were considered as serious and mainly involved females and individuals 

aged 65-74 years. Even though the prevalence of diabetes in Portugal in 2018 in men is 

significantly superior to women (16.4% versus 11.1%) [77], the studies concerning ADRs 

showed that women are affected twice more than men, which is due to a combination of 

pharmacokinetic and pharmacodynamic factors [159,228]. This may explain the fact 

that the majority of the reports of the present study involved female patients. 
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Additionally, these results are in agreement with others performed in Portugal, in 

which the majority of ADRs involved women and are serious [164,260,261]. In this 

context, it is important to mention that health professionals seem to be particularly 

sensitive to report only serious ADRs, which explains the high number of serious cases 

reported (58.5%) [231]. Most cases were reported directly by healthcare professionals, 

particularly pharmacists and physicians, similarly to which occurred in other studies 

[164,231,241,261].  

A deeper analysis of all ADRs allowed concluding that most of the reported ADRs were 

expected because they are described in SmPC. In contrast, a study performed by Torre 

et al found a higher proportion of unlabelled ADR associated to DPP-4 inhibitors group 

[262]. However under-reporting is a general problem in pharmacovigilance [232], and 

unlabelled ADR they are not always reported, due to the doubts concerning the 

relationship with the drug. For this reason, intensive monitoring, in our perspective, 

allows the detection of these cases, which are not always reported to the PPS. 

The most frequently reported ADRs were related to gastrointestinal disorders and to 

general disorders and administration site conditions. In many cases, the ADRs are 

related to antidiabetic therapy, aiming at achieving a strict glycaemic control. Of these, 

hypoglycaemia, lactic acidosis, diarrhoea, vomiting and nauseas were the most frequent 

ADRs reported in the total of the reports analysed, and were considered expectable. In 

fact, gastrointestinal adverse events are common with the use of oral antidiabetic drugs 

[75,263]. In addition, hypoglycaemia is a reaction associated to most drugs used in 

diabetes, and the risk of this event is elevated among elderly patients with this 

condition [75]. Actually, hypoglycaemia remains a critical concern to glycaemic control 

in elderly patients with diabetes. Thus, the predisposing factors to hypoglycaemia such 

as cognitive and renal impairment must be considered when setting glycaemic goals 

and eventually individualizing therapy in the elderly. Although elderly patients can 

reach glycaemic control with lifestyle modification, oral antidiabetic drugs and insulins 

are usually required due to the progression of the disease, and their use increases the 

risk of hypoglycaemia [74,80]. Additionally, changes in renal function are common in 

elderly and may affect drug elimination [80]. In fact, a decreased kidney function may 

lead to an increase of plasmatic concentrations of the glucose-controlling drugs with 

renal excretion. Furthermore, the loss of body mass connected with age and frailty 

syndrome can also lead to a relevant decrease on needed doses of antidiabetic 

medications [264]. In this context, ultra-long-acting basal insulins may present a lower 

risk of hypoglycaemia than the currently available basal insulin analogues, and 

therefore would be especially advantageous in elderly patients [264]. Despite this, in 

our study, we found several cases of hypoglycaemia associated to insulin glargine, a 
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long-acting insulin analogue. However, to more correctly evaluate a patient with 

diabetes it is necessary to take into account not only their chronological age, but also 

their biological age, physical fitness, intellectual capacity, occurrence of other chronic 

diseases, as well as the patient’s motivation and support from family and friends [264], 

because it is important that the patient strictly fulfils the drug posology to control its 

glycaemic level. Unfortunately, these data are absent in the analysed cases. Other drugs 

associated to hypoglycaemic events found in our study were sulfonylureas, which were 

the only suspected drug class associated to 13 cases of this adverse event. This is a low-

cost class of drugs, however the risk of hypoglycaemia with these agents may be 

problematic for older patients [250]. Alpha-glucosidase inhibitors, specifically 

targeting postprandial hyperglycaemia, have low hypoglycaemia risk, which makes 

them theoretically attractive for older patients. However, their relatively low efficacy as 

glucose-lowering agents and gastrointestinal intolerance may be limiting [250]. 

Reducing the risk of hypoglycaemia is particularly important in older patients who are 

at higher risk of hypoglycaemia unawareness or hypoglycaemia-associated 

complications such as falls and related fractures, or acute cardiovascular events [264]. 

In fact, a doubled rate of emergency department visits due to hypoglycaemia was 

observed on elderly when compared with the general population with diabetes [253]. 

When analysing the drugs potentially involved with lactic acidosis, metformin was 

found to be the most suspected. Actually, metformin constitutes the first line drug 

therapy for T2DM, which may partially explain our results. However, a review on 

metformin and its association with lactic acidosis showed that this drug rarely induces 

lactic acidosis when liver and kidneys are able to correctly process lactate [265]. In this 

review the authors emphasised that it is almost impossible to distinguish between lactic 

acidosis in a context of metformin accumulation (i.e. in acute kidney failure and 

voluntary intoxication) and lactic acidosis caused by systemic conditions (sepsis, 

cardiac failure, haemorrhage, etc.) in a patient taking metformin [265]. Kidneys have 

an important function in lactate homeostasis. Hence, impaired renal function can have 

a negative impact on lactate clearance, particularly when hepatic gluconeogenesis and 

lactate uptake by hepatocytes are also impaired, which explain the cases of 

hyperlactacidaemia [265]. In fact, the doses of this drug should be reduced if estimated 

glomerular filtration rate is 30–60 mL/min and it should not be used if estimated 

glomerular filtration rate is 30 mL/min or lower [266]. Therefore, as it was not possible 

to obtain information on the renal function, our results were inconclusive in this point. 

In this context, a study analysed lactic acidosis occurrences associated with metformin 

reported to the Australian Therapeutic Goods Administration and showed that the 

other underlying clinical conditions (such as renal impairment) or medications also 
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associated with risk of lactic acidosis were frequently reported in metformin-associated 

lactic acidosis (MALA) cases [257]. For this reason, metformin might also be unfairly 

implicated in these cases [257]. Even though high serum lactate levels are associated 

with increased mortality in septic shock patients, the mortality rate appeared to be 

significantly lower in those who were treated with metformin [266]. However, as lactate 

levels were not included in the ADRs analysed, it was not possible to relate this 

situation with deaths caused by septic shock in the present work. Additionally, diabetes 

is also associated to several complications such as suppression of cellular immunity, 

nephropathy, and fatty liver disease, which can lead to death, as shown in a study 

performed in United States from 1990 through 2010 [266]. Thus, the renal and urinary 

disorders found in this study may be the result of diabetes inappropriately controlled in 

elderly patients.  

Another important drug used in diabetes is pioglitazone, which, in our study was 

identified in two reports of bladder tumours (recurrent bladder cancer and bladder 

transitional cell carcinoma). Concerning the association of pioglitazone and bladder 

cancer, a previous study showed the association between this drug use and the referred 

cancer [251]. The authors analysed this association through a spontaneous adverse 

event reporting system for antidiabetic drugs and they found a definite signal between 

pioglitazone and bladder cancer [251]. 

Considering the sodium-glucose co-transporter-2 inhibitors (SGLT2-Is), we found that 

dapagliflozin was associated to urosepsis, kidney infection, diabetic ketoacidosis, 

hyperkalaemia and euglycaemic diabetic ketoacidosis ADRs. In this context, a study 

showed that among antidiabetic drugs, SGLT2-Is are associated to a higher reporting of 

infections as well as metabolism, renal and reproductive adverse events, corroborating 

clinical trial evidence [258].    

Evidence indicates that dipeptidyl peptidase-4 inhibitors are highly effective and safe in 

the elderly and that in the presence of mild, moderate and severe renal failure they 

improved glycaemic control with low risk of hypoglycaemia [267]. However, their use 

was associated to an increased risk of urinary tract infection in older patients [268]. 

This fact is in agreement with our results, since sitagliptin was connected to an 

Escherichia urinary tract infection, a bacterial pyelonephritis, a pneumonia aspiration, 

a bacteraemia, and an infected skin ulcer. However, it is important to take into account 

that infectious diseases are more frequent and/or serious in patients with diabetes 

mellitus, because the hyperglycaemic environment favours immune dysfunction (e.g., 

lead to damage of neutrophil function, reduction of antioxidant defences and humoral 

immunity) [269]. Diabetes is also responsible for micro- and macroangiopathies, 

neuropathy, for decreasing the antibacterial activity of urine, gastrointestinal and 
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urinary dysmotility and lead to a higher number of medical interventions in these 

patients [269]. Older adults with diabetes also have the highest rates of myocardial 

infarction, visual impairment, and end-stage renal disease of any age-group [270].  

Overall, this research work showed the importance of studying ADRs in the elderly 

based on the information available in pharmacovigilance databases, including in 

patients with diabetes mellitus. However, it has some limitations, namely the fact that 

this study is descriptive and the ADRs are spontaneously reported; consequently, the 

true incidence of ADRs cannot be determined using these data. As proven by many 

studies, under-reporting is a general problem in pharmacovigilance [232], so we can 

speculate that a relevant number of ADRs is not reported to the PPS. Another 

limitation is the poor quality or incomplete reports, being more difficult to establish a 

definite relationship between the suspected drugs and the ADRs [216]. This fact 

explains the distribution of causality assessment. Hence, it is essential to describe as far 

as possible all clinical information concerning the situation, to allow the expert to 

perform a more correct evaluation of the case. Other limitations of this study are 

related to lack of other clinical information, including the confirmation of a definitive 

diagnosis of T2DM. However, as the main indication for these studied drugs is T2DM, 

and as this condition has higher prevalence in older patients, we can speculate that 

these drugs are being used for this condition.  

 

 

III.5 Conclusion 
 
The general prevalence of diabetes mellitus is increasing over the years and older adults 

are at higher risk for the development of this disease, mainly T2DM. Consequently, 

improvements in efforts to reduce the annual incidence of morbidities and premature 

deaths related to diabetes are urgent, particularly in elderly. This requires a 

comprehensive management of multiple health measures, including an increase in 

knowledge of safety and efficacy of antidiabetic drugs. However, studies in older 

individuals with diabetes are limited, but prescription drugs are a necessary component 

of the treatment of this disease. Therefore, the occurrence of ADRs, particularly the 

serious cases, must always be evaluated to establish more clearly the benefit-risk 

balance of the medication for each patient. With this purpose, in the present study it 

was performed a retrospective analysis of suspected ADRs in older patients with 

diabetes reported to the PPS. Hypoglycaemia, lactic acidosis and diarrhoea were the 

most frequent ADRs reported in the total of the analysed reports. 
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The majority of the suspected ADRs were serious and associated to hypoglycaemic 

drugs, being metformin the mostly reported. As most ADRs are preventable, preventive 

measures are important to minimize their occurrence. Therefore, the accurate 

identification of ADRs is an important starting point to improve drug safety in elderly. 

In this context, spontaneous reports are a key component of post marketing 

surveillance and a valuable resource that supports ongoing efforts to understand the 

public health burden of ADRs. More studies with the purpose of evaluating the safety of 

antidiabetics drugs in the older people should be performed, namely with metformin. 
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Chapter IV - Safety of Non-Steroidal Anti-

Inflammatory Drugs in the Elderly: An 

Analysis of Published Literature and Reports 

Sent to the Portuguese Pharmacovigilance 

System 

 

 

The content of this chapter is included in the following publication: 

 

Monteiro C, Silvestre S, Duarte A.P, Alves G. Safety of Non-Steroidal Anti-

Inflammatory Drugs in the Elderly: An Analysis of Published Literature and Reports 

Sent to the Portuguese Pharmacovigilance System. Int J Environ Res. Public Health 

2022; 19(6):3541. doi: 10.3390/ijerph19063541  

 

 

IV.1 Introduction 
 

The use of non-steroidal anti-inflammatory drugs (NSAIDs) for a wide range of 

rheumatic conditions and other musculoskeletal disorders is increasing. This is in part 

due to the growing number of elderly patients who constitute the main users of these 

drugs [122,271]. Despite their relevant efficacy, NSAIDs must be used with caution in 

older people due to the high risk of potentially serious and life-threatening adverse 

effects [122]. NSAIDs constitute a group of therapeutic agents with diverse structural 

and pharmacological profiles but similar mechanism of action. They inhibit the 

cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes that are involved in 

biosynthesis of inflammatory mediators such as prostaglandins, which also play a 

protective role in multiple physiological functions involving the gastrointestinal, renal 

and cardiovascular systems, among others [122,272]. Therefore, it is not surprising that 

NSAIDs trigger some important deleterious effects, and in older people they have been 

implicated in 23.5% of hospital admissions due to adverse drug reactions (ADRs) [273]. 

Although these drugs are generally associated with mild gastrointestinal adverse events 

on short-term use, more serious adverse events such as gastrointestinal ulceration or 

bleeding may arise under long-term use [274]. In fact, gastrointestinal toxicity can 



 

 

 90 

occur with all NSAIDs, which may be of particular concern when treating older 

patients. However, gastrointestinal adverse events may be reduced by taking a 

concomitant gastroprotective agent [271]. In addition, older patients have usually other 

comorbidities, mostly cardiovascular diseases and/or decline in renal function, and for 

these reasons they frequently need to use other drugs that can potentially interact with 

NSAIDs and consequently increase the risk of cardiovascular, hematologic, and renal 

adverse events [271]. The main problematic drugs in this context include selective 

serotonin reuptake inhibitors, corticosteroids, digitalis glycosides, diuretics, beta-

blockers, calcium antagonists, angiotensin converting enzyme inhibitors, clopidogrel, 

low-dose acetylsalicylic acid, warfarin, and other anticoagulant agents [122,131].  

With the goal of reducing serious gastrointestinal adverse effects ascribed to 

conventional (i.e., COX-2-nonselective) NSAIDs, highly selective COX-2 inhibitors, 

called as coxibs, were introduced into clinical practice about 20 years ago. However, 

they have only limited benefit in reducing these untoward effects. In fact, the risk of 

serious cardiovascular and renal adverse effects remains as a major concern [63,122]. 

Consequently, it is important to perform a continuous monitoring of the safety of these 

drugs in older population by means of pharmacovigilance or other post-authorisation 

safety studies. In this context, the identification of preventable ADRs is an important 

starting point to improve drug safety in elderly [164]. Moreover, due to the 

comorbidities they often present, elderly patients do not always participate in clinical 

trials, and therefore treatment recommendations for this special population are usually 

based on the extrapolation of evidence obtained from clinical trials conducted in 

healthy and younger subjects [275,276]. Currently, there are already several recent 

reviews addressing the use of NSAIDs in elderly [123,277–280]; however, it is 

important to continue monitoring the NSAIDs safety in this special population, 

gathering real world evidence on the occurrence of serious ADRs, the impact of 

concomitant drugs, and the effect of gastroprotection use. For all these reasons, we 

intended to integrate the evidence from the most recent clinical studies and the reports 

of suspected ADRs received in a pharmacovigilance database. 

In this context, we carried out a comprehensive literature review of clinical trials and 

observational and interventional clinical studies that report data on NSAIDs safety in 

the elderly. In addition, we intended to characterize in elderly patients the suspected 

ADRs associated with NSAIDs reported to the Portuguese Pharmacovigilance System 

(PPS) from 2008 to 2018. The overall aim was to conclude about the safety of NSAIDs 

in the elderly, considering in an integrated manner the available scientific literature 

and the real-world evidence obtained from pharmacovigilance activities. Secondarily, 
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we intended to compare the extent to which the drug safety documented in the 

literature is reflected in the safe use of these drugs by this population. 

 

 

IV.2 Methods 

IV.2.1 Comprehensive Review 
 

A bibliographic search was performed in different databases (Pubmed, Web of 

Knowledge, Medline and Cochrane Collection Plus) to identify studies addressing the 

safety of NSAIDs in older patients (age ≥65). This search considered the period 

between January 1, 2005 to January 23, 2020 and was performed using the following 

terms: (adverse reaction OR adverse event OR safety OR pharmacovigilance) AND 

(non-steroidal anti-inflammatory) AND (elderly OR older people OR older patient OR 

older person OR geriatric OR older adult) AND (Humans [Mesh]) and the filters age 

≥65 and articles related with clinical studies were applied. In the process to select the 

studies to be included in the review, the exclusion of all studies referring to NSAIDs 

that had already been removed from the market was considered. In fact, the objective 

of using only NSAIDs currently on the market and the fact that several reviews on this 

subject have already been published [122,131,271,274], were the reasons for the 

selection of the time period referred to. Thus, studies focused on rofecoxib and 

lumiracoxib were excluded [281,282].  

Other criteria of exclusion were: review articles, pre-clinical in vivo studies, studies that 

did not describe drug-safety, studies with ambiguous design or methods, studies in 

which the analysed population included people under 65 years or the results were not 

presented by specific age (i.e., studies that involved young adults and elderly, but the 

results were presented in terms of average age), studies with ocular formulations, and 

studies where the results were not separated by specific drug. 

Observational and interventional studies were considered. Only studies published in 

English were included.  

The outcomes considered were related to the safety of NSAIDs in older people, with the 

description of ADRs associated, and the conclusion about which drug is safer in the 

older people. 
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IV.2.2 Analysis of Adverse Drug Reactions Reports Sent to 

Portuguese Pharmacovigilance System 

 
An observational and retrospective analysis of suspected ADRs reported to the PPS was 

performed. The PPS is coordinated by the National Authority of Medicines and Health 

Products, I.P. (INFARMED).  

In this analysis, it was considered only the reports involving one or more NSAIDs as 

suspected drug(s) in patients aged 65 or over, between the period of 2008 to 2018. 

Duplicates and reports that did not present the necessary information for ADRs 

characterization were excluded, namely those that did not mention age. The reports 

referring to eye drops or acetylsalicylic acid as antiplatelet agent were excluded. It is 

also important to note that each notification concerns a single case, but for each 

notification more than one suspected ADR and more than one implicated drug may be 

associated.  

Initially, 367 reports were considered, of which 49 were duplicated, 6 did not mention 

age, 5 referring to eye drops and 46 involving acetylsalicylic acid at a low dosage, acting 

as an antiplatelet agent. Thus, 261 spontaneous reports involving patients aged ≥65 

were included for analysis. 

The suspected ADRs reports were grouped in terms of System Organ Class (SOC) of 

Medical Dictionary for Regulatory Activities (MedDRA) [283]. A deeper analysis of the 

SOCs gastrointestinal, renal and cardiac disorders considering the Preferred Term 

reactions (PT) of the MedDRA dictionary was performed; in addition, suspected ADRs 

that resulted in life-threatening, caused patient hospitalization or prolonged 

hospitalization were also analysed in detail. Concerning, these serious outcomes the 

concomitant drugs were analysed for gastrointestinal events occurred. In the reports 

with a fatal outcome, a deeper analysis in terms of each ADR was also performed. The 

relationship between exposure and death followed the criteria adopted by the PPS, and 

the World Health Organization-Uppsala Monitoring Center (WHO-UMC) system for 

case causality assessment [284]. According to this method, which considers the 

clinical-pharmacological aspects of the reported history and the quality of the 

documentation reported, the causality is classified as certain, probable, possible, 

unlikely, conditional or unclassifiable [284].  

Considering the seriousness, the reports were grouped as serious or not serious. 

According to the Guidelines on Pharmacovigilance for Medicinal Products for Human 

Use, a serious ADR is defined as an adverse reaction that results in death or is life-

threatening, causes patient hospitalization or prolonged hospitalization, permanent or 

significant disability, or birth defect(s) [151].  
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The descriptive statistical analysis of the data was performed using Microsoft Office 

Excel 365 Pro Plus. 

 

 

IV.3 Results 

IV.3.1 Comprehensive Review 
 

From the literature we identified only 14 articles which were considered eligible for our 

analysis according to the criteria described in the methods. The years of the selected 

studies were 2019 (n=1), 2018 (n=2), 2017 (n=1), 2014 (n=1), 2013 (n=1), 2012 (n=3), 

2010 (n=1), 2009 (n=1), 2008 (n=1), 2007 (n=1) and 2006 (n=1). Of the 14 studies 

included in the review, 9 were clinical trials and involved the NSAIDs naproxen, 

diclofenac, celecoxib and etoricoxib, and the other 5 were observational studies and 

included several NSAIDs. One of these studies showed the results for elderlies with 

more than 75 years old. Table IV.1 shows the type of study, the drugs involved, the 

number of patients and the outcomes for each study. 
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Table IV.1: Studies evaluating the safety of non-steroidal anti-inflammatory drugs (NSAIDs) in the elderly 

Reference Study design Study 

population  

Number of 

patients with 

≥ 65 years old 

Number of 

patients with 

<65 years old 

Drugs compared/ 

route of 

administration 

Outcomes 

Dillon et al 

2019 

[272] 

Retrospective 

observational study 

for AE reported to 

Food and Drug 

Administration’s 

Adverse Events 

Reporting System 

Patients with an 

NSAID as the 

primary suspect 

for an AE 

n=1347 n= 0 Acetylsalicylic acid 

(ASA), naproxen, 

ibuprofen, 

diclofenac, 

celecoxib or other 

NSAID; oral 

 72.5 % of the AEs were associated to 

acetylsalicylic acid; 

 Predictors of gastrointestinal bleed:  

 ASA 

 Rivaroxaban  

 Concurrent NSAID  

Couto et al 

2018 

[285]  

Four multicenter, 

multidose, 

randomized, 

parallel, double-

blind, placebo-

controlled studies 

Patients with OA n=229, placebo 

n=231  

n=180, placebo 

n=178 

Naproxen/placebo; 

oral 

 Rate of AEs and gastrointestinal events 

comparable in the naproxen sodium and 

placebo groups (26% and 24% of 

patients, and 13% vs 10%, respectively); 

 Most common AEs were related to the 

gastrointestinal system and similar in 

two groups (dyspepsia, nausea, and 

diarrhea) 

Chelly et al 

2018 

[286] 

Three phase III 

trials (2 were 

randomized, 

placebo- and active 

controlled trials and 

1 was open-label, 

multiple-dose safety 

Patients with 

Acute Moderate-

to-Severe 

Postoperative 

Pain 

n= 411 

 

n=878 One or more doses 

of HPbCD-

diclofenac or 

placebo; injectable  

 Incidence of AE similar in the groups;   

 Gastrointestinal disorders were the most 

common AE; 

 Higher incidence of acute renal failure in 

those aged ≥75 years (3.9%) than was 

observed in those aged <65 years (0.1%) 

or 65–74 years (0.4%)                            



 

 

 95 

study) 

Bakhriansyah 

et al 2017 

[287] 

Case–control study 

with data obtained 

from the Dutch 

PHARMO Record 

Linkage System 

Patients with a 

first hospital 

admission for 

risk of 

gastrointestinal 

perforation, 

ulcers, or 

bleeding (PUB)  

Age ≥ 75 

n=2890, control 

2184 

18-74 n= 1504, 

control 2890 

Conventional 

NSAIDs or selective 

COX-2, alone or 

combined with PPI; 

route of de 

administration 

unknown 

 Selective COX-2 inhibitors combined 

with PPIs had the lowest risk of PUB 

followed by selective COX-2 inhibitors 

and conventional NSAIDs with PPIs;  

 Risk of PUB was lower for those aged 

≥75 years taking conventional NSAIDs 

with PPIs compared with younger 

patients with conventional NSAIDs; 

 Risk of PUB, for those aged ≥75 years 

taking selective COX-2 inhibitors, was 

higher compared with younger patients  

Hirayama et 

al 2014 

[288] 

Prospective, 

nonblinded, non-

randomized, 

comparative 

observational study 

performed in 

hospitals and 

general practice 

clinics 

Patients with OA 

or RA  

Celecoxib 

(n=5591), other 

NSAIDs 

(n=5057) 

 

 

Celecoxib 

(n=1767), other 

NSAIDs 

(n=1692) 

Celecoxib/ Others 

NSAIDS 

(Loxoprofen, 

Etodolac, 

Meloxicam, 

Lornoxicam, 

Diclofenac, 

Zaltoprofen, Other); 

route of 

administration 

unknown 

 No apparent increase in cardiovascular 

risk in the celecoxib group compared 

with the conventional NSAID group.    
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Chelly et al 

2013 

[289] 

Multicenter, open-

label, repeated dose, 

multiple-day, 

single-arm safety 

study 

Patients with 

acute moderate-

to-severe pain 

following major 

surgery  

n=367 n=604 HPbCD diclofenac; 

injectable 

 Elevated incidences of renal AEs (acute 

renal failure, decreased urinary output) 

in patients >75 years of age and   in 

those with significant pre-existing renal 

impairment.  

Kellner et al 

2012 

[290] 

Prospective, double 

blind, randomized, 

parallel-group, 

multicenter, 

international study 

Patients with OA 

and/or RA 

n=2446 n=0 Celecoxib or 

diclofenac slow 

release 75 mg plus 

omeprazole 20 mg 

once a day; route of 

administration 

unknown 

 Incidence of gastrointestinal events in 

the celecoxib group was lower compared 

with the diclofenac group; 

 Incidence of moderate-to-severe 

abdominal symptoms and 

discontinuation of treatment due to 

gastrointestinal AEs were lower in the 

celecoxib group; 

 Celecoxib was shown to be superior to a 

conventional NSAID plus a PPI in 

reducing the risk of clinical outcomes 

across the entire gastrointestinal tract. 

Roth et al 

2012 

[291] 

Seven multicenter, 

randomized, 

blinded, Phase 

III clinical trials 

Patients ≥75 

years with a 

primary 

diagnosis of OA 

in the knee or 

hand 

n=280 n=0 TDiclo solution 

1.5% [w/w] in 

45.5% dimethyl 

sulfoxide; placebo 

(topical lotion 

consisting of 2.33% 

or 4.55% dimethyl 

sulfoxide); and 

control (topical 

 Skin or subcutaneous tissue were the 

most AE reported;  

 Few patients (18%) reported 

gastrointestinal AE (constipation, 

diarrhoea, and nausea were the most 

common AE); 

 Cardiovascular and renal/urinary AE 

were rare, and group differences were 

not detected.  
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lotion consisting of 

45.5% dimethyl 

sulfoxide); topical 

Baraf et al 

2012 

[292] 

Five randomized, 

double-blind, 

placebo-controlled 

trials 

Patients with 

mild to 

moderate OA of 

the knee and 

hand  

n=538 

 

n=888  Diclofenac sodium 

gel (DSG) or 

placebo (vehicle 

gel); topical 

 Similar and low rates of AEs in DSG-

treated patients aged ≥ 65 and <65 years 

Laine et al 

2010 

[293] 

Three double-blind 

randomized trials 

Patients OA or 

RA 

n=14227 n=20474 Etoricoxib or 

diclofenac; oral 

 Predictors of clinical events and 

complicated events: 

 age ≥65  

 prior event  

 low-dose ASA  

 corticosteroid  

 Predictors of discontinuation due to 

dyspepsia: 

 prior dyspepsia  

 prior event  

 age ≥ 65 years   

 No significant difference for etoricoxib 

vs. diclofenac in the complicated upper 

gastrointestinal events    
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Turajane et al 

2009 

[294] 

Hospital-based 

retrospective cohort 

study 

Patients with 

knee OA 

n=1030 

 

 

n=0 Conventional 

NSAIDs (diclofenac, 

diflunisal, sulindac, 

piroxicam, 

indomethacin, 

loxoprofen, 

meloxicam, 

nimesulide, and 

naproxen) or two 

coxibs (celecoxib 

and etoricoxib); oral 

 Incidence of gastrointestinal and 

cardiovascular events was lower for 

coxibs than for conventional NSAIDs;  

 Patients with advanced age and higher 

drug exposure time had a significantly 

increased risk of gastrointestinal events; 

 The use of gastroprotective agents 

significantly decreased gastrointestinal 

risks; 

 Factors that significantly increase the 

risk of cardiovascular events:  

 females  

 age > 80 years 

 drug exposure time 

Laine et al 

2008 

[295] 

Three randomized, 

double-blind, 

clinical trials 

Patients with OA 

or RA 

n=14396 n=20305 Etoricoxib) or 

diclofenac; oral 

 There is not a statistically significant 

decrease in lower gastrointestinal 

clinical events with the COX-2 selective 

inhibitor etoricoxib versus the 

traditional NSAID diclofenac 

 The major risk factors of lower 

gastrointestinal events are: 

 a prior gastrointestinal event  

 age >65 years  

Rahme et al 

2007 

[296] 

Retrospective 

cohort study using 

Quebec government 

Patients ≥65 

who filled a 

prescription for 

n=332491 n=0 Conventional 

NSAID only, 

celecoxib only, 

 Celecoxib without ASA was less likely 

than conventional NSAID without ASA 

to be associated with gastrointestinal 
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databases celecoxib or a 

conventional 

NSAID  

conventional 

NSAID and low-

dose ASA, celecoxib 

and ASA; oral 

hospitalization  

 Celecoxib and ASA was also less likely to 

be associated with gastrointestinal 

hospitalization than conventional 

NSAID and ASA  

 Gastrointestinal hospitalization rates 

were similar for celecoxib and ASA and 

conventional NSAID without ASA  

Cannon et al 

2006 

[297] 

Three randomised, 

double-blind 

clinical trials 

Patients with OA 

or RA 

n=14396 n=20305 Etoricoxib or 

diclofenac; oral 

 Rates of thrombotic cardiovascular 

events are similar for etoricoxib and for 

diclofenac  

 Rates of upper gastrointestinal clinical 

events (perforation, bleeding, 

obstruction, ulcer) were lower with 

etoricoxib than with diclofenac  

 Rates of complicated upper 

gastrointestinal events were similar for 

etoricoxib and diclofenac 

AE: adverse event; ASA: acetylsalicylic acid; COX-2: cyclooxygenase-2: DSG: diclofenac sodium gel; HPbCD-diclofenac: hydroxypropyl-b-cyclodextrin-diclofenac; 

NSAID: non-steroidal anti-inflammatory drug; NSAIDs: non-steroidal anti-inflammatory drugs; OA: osteoarthritis; PPI: proton pump inhibitor; PUB: gastrointestinal 

perforation, ulcers, or bleeding; RA: rheumatoid arthritis; TDiclo: diclofenac sodium topical solution 1.5% (w/w) in 45.5% dimethyl sulfoxide
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IV.3.1.1 Main Points Evidenced by the Literature Review 
 

A summary analysis of the studies collected by the search strategy applied in this 

comprehensive review is presented in Table IV.1.  

Overall, the studies analysed showed that patients treated with COX-2-selective 

NSAIDs had a lower risk of adverse gastrointestinal events than those treated with 

conventional NSAIDs [286], and the concomitant use of gastroprotective agents also 

lowered the possibility of suffering from the referred adverse effects [287,290]. 

However, it was also demonstrated that the risk of gastrointestinal events was higher in 

persons aged ≥75 years taking COX-2-selective NSAIDs when compared with younger 

patients [287]. On the other hand, a study comparing etoricoxib with diclofenac in 

patients with osteoarthritis or rheumatoid arthritis showed that there was no 

significant difference between etoricoxib and diclofenac in the development of 

complicated upper gastrointestinal events [293]. However, a prior lower 

gastrointestinal tract event and older age significantly increase this risk [293,295]. 

Advanced age (aged ≥75) and patients with pre-existing renal impairment also rise the 

incidence of relevant renal adverse events, such as acute renal failure or decreased 

urinary output [286,289]. 

Additionally, the concomitant use of other drugs by older individuals can increase the 

risk of gastrointestinal bleeding, mainly those controlling haemostasis, such as 

acetylsalicylic acid (ASA), rivaroxaban, clopidogrel and warfarin [272]. However, the 

use of low-dose ASA for cardiovascular protection was less likely to be associated with 

hospitalization when concomitantly taken with celecoxib than with conventional 

NSAIDs [296].  

A study concluded that the rates of thrombotic cardiovascular events in patients with 

arthritis taking etoricoxib are similar to those in patients on diclofenac after long-term 

use of these drugs [297]. However, for the same drugs the rates of upper 

gastrointestinal events were lower with etoricoxib than with diclofenac, but similar for 

complicated upper gastrointestinal tract events [297]. 

The incidence of gastrointestinal and cardiovascular adverse events was lower with 

coxibs than with conventional NSAIDs and celecoxib was associated to a lower 

incidence of these events than etoricoxib. Despite the advanced age and drug exposure 

time can increase cardiovascular events [294], a study concluded that there was no 

apparent rise in cardiovascular risk in the celecoxib group when compared with the 

conventional NSAID group in patients with rheumatoid arthritis or osteoarthritis 

[288].  
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On the other hand, and as expected, it was evidenced that a topical formulation of 

diclofenac is well tolerated in persons aged 75 years or older [291,292]. 

 

 

IV.3.2 Adverse Drug Reactions Reports Sent to Portuguese 

Pharmacovigilance System 

 
In our study we found 261 reports associated to NSAIDs, for people aged 65 years or 

older. The number of reports associated to NSAIDs, are presented in Figure IV.1.  
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Figure IV.1: Single non-steroidal anti-inflammatory drugs (NSAIDs) involved in suspected 

Adverse Drug Reactions (ADRs) reports spontaneously reported to the Portuguese 

Pharmacovigilance System from 2008 to 2018 for people aged 65 years or older: the top five 

 

 

The mostly reported NSAIDs as a single suspected drug associated to ADRs were 

diclofenac (39 reports) followed by etoricoxib (23 reports).  

In 180 reports (69.0%) only one NSAID was referred as the suspected drug, but in 71 

reports (27.2%) a NSAID was associated to other drug classes, and in 10 reports (3.8%) 

associations between NSAIDs were detected. Most suspected ADRs occurred in females 

(64.7%, n=169) and a high percentage the suspected ADRs were serious (71.3%, 

n=186). Nearly 59.8% (n=156) of the reports analysed belong to the age group of 65 to 

74 years, followed by 31.8% (n=83) of the age group 75 to 84 years and 8.4% (n=22) 

concerned patients aged 85 years older. The SOC “skin and subcutaneous tissue 
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disorders” was the mostly reported, followed by “general disorders and administration 

site conditions” and “gastrointestinal disorders” (figure IV.2). 
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Figure IV.2: System Organ Classes affected by suspected Adverse Drug Reactions (ADRs) 

reports spontaneously reported to the Portuguese Pharmacovigilance System from 2008 to 

2018 for people aged 65 years or older: the top five  

 

 

A deeper analysis of the SOC “gastrointestinal disorders” showed that 66.2% (n=47) 

reports were serious, 1 resulted in death, 6 were life-threatening and 11 caused patient 

hospitalization or prolonged hospitalization. Among the reports associated to life-

threatening adverse events that caused patient hospitalization or prolonged 

hospitalization, gastrointestinal haemorrhage mainly occurred in patients who had 

taken 2 or more NSAIDs and/or anticoagulant agents. Ibuprofen and diclofenac were 

the drugs most commonly associated with gastrointestinal events (Table IV.2). The 

gastroprotection only was presented in 5 reports, but in 5 reports the concomitant 

drugs were unknown. 
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Table IV.2: Non-steroidal anti-inflammatory drugs and other drug classes associated with 

serious gastrointestinal events that resulted in life-threatening adverse events, caused 

patient hospitalization or prolonged hospitalization 

Suspected 

drugs 

Number of 

occurrences 

Preferred terms Concomitant drugs 

Aceclofenac 1 Melaena, Duodenal ulcer, Gastric 

ulcer 

Unknown 

Acetylsalicylic 

acid + 

diclofenacb 

1 Gastrointestinal haemorrhage Unknown 

Dabigatran 

etexilate + 

etoricoxib + 

amiodarone b 

1 Melaena, Haematochezia Furosemide + glyceryl 

trinitrate + tramadol and 

paracetamola, b 

Dexketoprofen 1 Vomiting Paracetamol + tramadol + 

etoricoxib + pregabalin b 

Diclofenac 2 Tongue oedema, Diarrhoea, 

Melaena, Gastric haemorrhage, 

Erosive oesophagitis 

Unknown 

Diclofenac + 

colchicine b 

1 Diarrhoea, Nausea, Dyspepsia, 

Vomiting, Abdominal pain upper 

Salbutamol 

Escitalopram + 

ibuprofen b 

1 Gastric ulcer, Rectal injury, 

Abdominal pain, Decreased 

appetite, Rectal haemorrhage, 

Haematemesis 

Metamizole + acetylsalicylic 

acid + sucralfate + pravastatin 

and fenofibratea + citicoline + 

furosemide + etoricoxib + 

ferrous sulfate + midazolam + 

spironolactone b 

Etoricoxib 1 Abdominal distension Amiodarone + pantoprazole + 

diazepam + levomepromazine 

b 

Ibuprofen + 

nimesulide b 

1 Haematochezia Omeprazole + alprazolam + 

pravastatin + amitriptyline + 

acetylsalicylic acid 100 mg + 

gabapentin + potassium 

clorazepate + metamizole b 

Ibuprofen 1 Lip oedema Unknown 
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a Fixed combination of drugs (patient taking only a medication) 

b Combinations of two or more different medications (patient taking different medication each one 

containing a chemical substance) 

 

 

From a deeper analysis of the SOC “renal and urinary disorders” identified in 19 

reports, it was found that 17 were serious, 1 resulted in death, 2 in life-threatening 

adverse events and 7 caused patient hospitalization or prolonged hospitalization. In 

these reports, only 2 patients were aged <74 years. Ibuprofen and naproxen were the 

drugs most associated with renal injury or renal failure, but 3 of these patients were 

diabetic. The patient that suffered aggravated chronic kidney disease associated to 

diclofenac had clinical history of chronic kidney disease (Table IV.3). The SOC “cardiac 

disorders” only had 7 reports associated, but 6 were serious, 2 resulted in death, 1 was 

life-threatening and 1 led to hospitalization (Table IV.3). A deeper analysis of the 

reports of these 2 patients (1 was life-threatening and 1 was hospitalized) allowed to 

conclude that they had clinical history of arterial hypertension.  

 

 

Imidapril + 

ketoprofen b 

1 Tongue oedema Cobamamide + lansoprazole + 

atorvastatin + furosemide + 

finasteride + gliclazide + 

acetylsalicylic acid 100mg + 

allopurinol + rilmenidine + 

idebenone b 

Indomethacin 1 Gastrointestinal haemorrhage Ibuprofen +clopidogrel b 

Metformin and 

vildagliptina + 

acemetacin b 

2 Vomiting, Diarrhoea Simvastatin + furosemide 

+perindopril + amlodipine 

and indapamidea + sertraline 

+ trazodone + codeine + 

lorazepam + omeprazole + 

magnesium + allopurinol b 

Proglumetacin 

+ metamizole b 

1 Diarrhoea, Nausea Pregabalin 

Ribavirin + 

sofosbuvir and 

ledipasvira + 

ibuprofen b 

1 Duodenal ulcer haemorrhage Unknown 
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Table IV.3: Non-steroidal anti-inflammatory drugs and other classes of drugs associated to 

serious renal events and cardiac disorders where occurred adverse reactions that resulted 

in life-threatening adverse events, caused patient hospitalization or prolonged 

hospitalization 

System Organ 

Classes   

Preferred term Suspected drugs 

Renal and 

urinary 

disorders 

Acute renal failure Etoricoxib + ciprofloxacin b 

Tubulointerstitial nephritis Ibuprofen 

Renal injury Metformin + ibuprofen b 

Renal failure chronic aggravated Diclofenac + colchicine b 

Haematuria Warfarin + diclofenac b 

Renal failure acute Ibuprofen 

Chronic kidney disease Naproxen 

Acute renal insufficiency Naproxen + metformin and 

vildagliptina, b 

Tubulointerstitial nephritis Carvedilol + ibuprofen + allopurinol 

+ carvedilol b 

Cardiac 

disorders 

Tachycardia, blood pressure increased Etofenamate + diclofenac + 

thiocolchicoside b 

Cardio-respiratory arrest Acetylsalicylic acid 

a Fixed combination of drugs (patient taking only a medication) 

b Combinations of two or more different medications (patient taking different medication each one 

containing a chemical substance) 

 

 

A deeper analysis of the serious reports with fatal outcome was also performed. The 

patients died in 7 cases and the drugs involved were naproxen and dabigatran etexilate, 

strontium ranelate and etoricoxib, ASA, diclofenac and ibuprofen, diclofenac and 

thiocolchicoside and diclofenac combinations and allopurinol (Table IV.4). 
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Table IV.4: Adverse Drug Reactions (ADRs) and suspected drugs associated with a fatal 

outcome 

Drugs ADR Preferred Term (PT) 

Naproxen + dabigatran 

etexilate b 

Melaena, Gastrointestinal haemorrhage 

Strontium ranelate + 

etoricoxib b 

Fatigue, Pulmonary hypertension, Pneumonia, Respiratory failure 

Acetylsalicylic acid Cerebrovascular accident 

Acetylsalicylic acid Hypotension, Acute respiratory failure, Tracheobronchitis, Cardiac failure, 

Prinzmetal angina 

Diclofenac + ibuprofen b Acute kidney injury 

Diclofenac + 

thiocolchicoside b 

Blood pressure immeasurable, Bronchospasm, Respiratory distress, 

Hypotension, Hypoxia, Oxygen saturation decreased, Sinus tachycardia, 

Rash, Hyperhidrosis 

Diclofenac combinations 

+ allopurinol b 

Thermal burn 

b Combinations of two or more different medications (patient taking different medication each one 

containing a chemical substance) 

 

 

Only in two of these reports a single NSAID was involved as suspected drug and in the 

remainder reports the NSAID was associated to another drug. However, after 

evaluation of the reports according to the WHO system for standardised causality 

assessment of cases as described in methods, melaena and gastrointestinal 

haemorrhage were considered as probably related to the use of dabigatran etexilate. In 

the other reports, only the combination of strontium ranelate and etoricoxib and the 

combinations of diclofenac and thiocolchicoside were considered as possible causative 

agents of the respective adverse reaction. For the remaining reports, the causality 

assessment was not presented. 

 

 

IV.4 Discussion 
 
Considering the analysis of data obtained from the literature review and from the 

suspected ADRs reported to PPS in order to assess the safety use of NSAIDs in older 
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patients we concluded that, in general, coxibs showed to be safer than conventional 

NSAIDs [272,287,290,294,298]; however, clinical monitoring of the risks and potential 

adverse events (mainly gastrointestinal effects) should be mitigated with reduction of 

concomitant drugs use, if possible, and use of gastroprotection. Regarding the reports 

sent to the PPS, in 69.0% of them only a single NSAID was the suspected drug, and the 

majority of reports were considered serious, associated to the female gender and 

belonging to the age group of 65 to 74 years, similar to the observed in other analogous 

studies [164,260,261]. Even though etoricoxib was one of the 5 most reported drugs to 

the PPS, the more classical diclofenac, naproxen, ibuprofen and nimesulide remained 

the mostly reported drugs. Despite ASA was not in the five most reported, we found two 

fatal outcomes associated to this drug, and in one of them the patient suffered a 

cerebrovascular accident. In this context, a meta-analysis demonstrated a trend 

towards increased risk of haemorrhagic stroke and a 50% relative risk increase of major 

gastrointestinal bleeding in ASA users [299]. In addition, the gastrointestinal bleeding 

risk increased when taking ASA and rivaroxaban with other NSAIDs. Therefore, it is 

important to reduce NSAIDs use by older adults, especially ASA, and avoid rivaroxaban 

in older persons taking NSAIDs [272].  

Additionally, the concomitant use of NSAIDs and proton pump inhibitor (PPIs) 

reduced the gastrointestinal perforation, ulcers, or bleeding [287]. In fact, when 

compared with the use of isolated conventional NSAIDs, the risk of gastrointestinal 

perforation, ulcers, or bleeding was lower for those aged ≥75 years taking conventional 

NSAIDs with PPIs [287]. Another study concluded that the incidence of gastrointestinal 

events was lower for coxibs than for conventional NSAIDs and that celecoxib was 

associated to a lower incidence than etoricoxib [294]. However, patients with advanced 

age and higher drug exposure time had a significantly increased risk of gastrointestinal 

events, which can be reduced with the use of gastroprotective agents [294]. In general, 

the discontinuation of the treatment due to adverse events is higher with conventional 

NSAIDs [290]. Prior dyspepsia or upper gastrointestinal events and age ≥65 years were 

associated to an increased risk of developing dyspepsia, severe enough to led to NSAIDs 

discontinuation [293]. In fact, a study showed that the risk of an upper gastrointestinal 

clinical event with NSAID use is not statistically significant when comparing the COX-

2-selective inhibitor etoricoxib with the traditional NSAID diclofenac, but this risk 

increases with a prior gastrointestinal event [295]. Our analysis of the reports showed 

that the drug with most reports was a conventional NSAID and the SOC 

“gastrointestinal disorders” was one of the most reported. Additionally, the 

gastrointestinal haemorrhage (which includes the cases of melaena reported) occurred 

in patients with concomitant treatments and not all patients had appropriate 
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gastroprotection. Despite it was already clearly demonstrated that antiplatelets, 

anticoagulants and the concomitant use of NSAIDs increase the risk of gastrointestinal 

bleeding [122,123,277], we found in our study that several patients were taking 

combinations of these drug families. In this context, ibuprofen, which is considered 

safe in this population due to its short half-life, in some reports was associated with 

other drugs that increase gastrointestinal adverse events [277]. Indeed, it is 

recommended to prescribe gastroprotective agents to older patients taking NSAIDs 

[279]. In fact, the STOPP/START criteria, used for medication review in the elderly, 

considered that NSAID with concurrent antiplatelet agent(s) without PPI prophylaxis 

increased the risk of peptic ulcer disease [146], so it is essential that these patients take 

gastroprotective agents in certain specific circumstances, and in real-world, this is not 

always the case. 

Among elderly arthritis patients, the incidence of gastrointestinal intolerability was 

lower with celecoxib than with naproxen, ibuprofen, or diclofenac. In general, the 

elderly patients that discontinued NSAIDs use due to gastrointestinal intolerability 

were using naproxen or ibuprofen [300]. In fact, analysing the reports to the PPS, the 

drugs most reported were diclofenac, naproxen, ibuprofen and nimesulide. In this 

context there were, also, reported to PPS associated to these drugs diarrhoea, nausea, 

vomiting and abdominal pain, as non-serious ADRs, and serious ADRs, as 

gastrointestinal haemorrhages. 

Gastrointestinal events, including bleeding and ulceration, increase in frequency and 

seriousness with increasing age [301]. Old patients receiving NSAIDs are also more 

susceptible to renal side effects, including renal vasoconstriction and increased tubular 

sodium reabsorption that may cause fluid retention, oedema and worsening of 

congestive cardiac failure [301]. In this context, most NSAIDs can also contribute to 

worsening of chronic renal failure, particularly in patients with co-existing renal 

damage or patients taking diuretics or angiotensin converting enzyme inhibitors [301]. 

Concerning our data, the patients that suffered renal disorders were diabetics, a major 

risk factor for kidney disease [302] or had clinical history of chronic renal failure and 

the majority also had age ≥74. The results were in agreement with the literature that 

refer that advanced age (aged ≥75) and patients with pre-existing renal impairment rise 

the incidence of relevant renal adverse events [286,289]. Despite this, in our study, the 

estimated glomerular filtration rate is not available. However, the STOPP/START 

criteria consider that the use of NSAID’s if estimate glomerular filtration rate < 50 

ml/min/1.73m2 increase the risk of deterioration in renal function [146].  

In our study using data from PPS, the reports with fatal outcome (Table IV.4) 

associated to diclofenac users included blood pressure immeasurable and hypotension. 
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Despite these ADRs were associated to the diclofenac and thiocolchicoside, the adverse 

events are in agreement with three phase III clinical trials that studied one or more 

doses of hydroxypropyl-b-cyclodextrin-diclofenac or placebo in older patients with 

acute moderate-to-severe postoperative pain [286]. These authors concluded that the 

incidences of postoperative anaemia, constipation, and hypotension increased 

significantly across the age groups [286]. In fact, it was evidenced that NSAIDs 

administration may produce an increase in a mean arterial blood pressure of 5 mmHg 

[303]. Also, with respect to diclofenac, the relative risks were similar in the diclofenac 

and placebo groups for all studied SOC categories and preferred terms [286]. The SOC 

category of ‘Gastrointestinal disorders’ were the most common, and this was driven 

predominantly by cases of nausea and constipation [286]. In our study we also found 

acute kidney injury in one report associated to this drug. In this context, Chelly et al. 

found a significantly higher incidence of acute renal failure in those aged ≥75 years 

[286]. Other study showed that intravenous (IV) hydroxypropyl-b-cyclodextrin-

diclofenac is safe and well tolerated, however elevated incidences of relevant renal 

adverse events (acute renal failure, decreased urinary output) were again observed in 

patients >75 years as well as in those with significant pre-existing renal impairment 

[289]. A meta-analysis performed by Ungprasert et al. demonstrated that exist an 

elevated acute kidney injury risk in patients taking conventional NSAIDs [125]. 

A study performed by Couto et al. concluded that naproxen can be relatively safe in 

younger and older patients [285]. The ADRs most described for this drug were related 

to the gastrointestinal system, but the study also showed that there was no significant 

differences in adverse event between groups, regardless of age [285]. In our analysis of 

ADR reported to PPS, in the fatal outcome associated to this drug, the patient suffered 

melena and haemorrhage, which is expected due to its mechanism of action [274]. 

However, the patient was also taking dabigatran etexilate, whereby the authority 

considered that the ADRs reported were related to this drug. Despite dabigatran is 

considered an anticoagulant with a good safety profile, its use also requires 

considerable caution, particularly in elderly, high bleeding risk patients, patients with 

decreased renal function and those on complex drug regimens [299]. Among patients 

receiving antithrombotic therapy after myocardial infarction, the use of NSAIDs was 

associated with an increased risk of bleeding and thrombotic events, even after short-

term treatment [304]. Another study concluded that in elderly patients receiving 

cardiovascular protection with low-ASA and pain control with NSAIDs, celecoxib may 

be safer with regards to gastrointestinal toxicity than conventional NSAIDs [296].  

Concerning the cardiovascular risk for serious adverse events (such as myocardial 

infarction, angina pectoris heart failure) a study showed that there was no apparent 
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increase in cardiovascular risk in the celecoxib group when compared with the NSAID 

group in patients with rheumatoid arthritis or osteoarthritis with a higher risk of 

cardiovascular disease [288]. In addition, a retrospective cohort study concluded that 

the incidence of serious cardiovascular events was lower for coxibs than for NSAIDs 

and celecoxib was associated to a lower incidence than etoricoxib [294]. However, the 

female gender, advanced age, and drug exposure time significantly affected 

cardiovascular events [294]. Another study for etoricoxib versus diclofenac for cardiac 

events, cerebrovascular events, and peripheral vascular events did not show any 

discernible difference between treatment groups [297]. The same study concluded that 

the rates of thrombotic cardiovascular events in patients with arthritis on etoricoxib are 

similar to those in patients on diclofenac with long-term use of these drugs [297]. The 

most serious cardiovascular disorders, in our study, were found in patients who were 

taking other drugs and had clinical history of hypertension, so most predisposed for 

these events. 

Although topical NSAIDs are considered safer and well-tolerated in older patients than 

oral NSAIDs (fewer severe gastrointestinal events), a substantial proportion of older 

adults reports systemic adverse events with topical agents [280]. The most common 

adverse event for topical diclofenac involved the skin or subcutaneous tissue [291]. 

Actually, the SOC most reported to the PPS was skin disorders. In fact, NSAIDs use are 

one of the leading causes of hypersensitivity reactions to drugs by nonspecific or by 

specific immunological mechanisms [305]. In fact, these drugs may be responsible for 

exacerbated respiratory disease, cutaneous disease, urticaria/angioedema or 

anaphylaxis [306], which can explain the ADRs associated to the fatal outcome for 

diclofenac and for ASA and the fact that the SOC “skin and subcutaneous” was the 

mostly reported.  

Concerning the fatal outcome associated to strontium ranelate and etoricoxib, where 

the ADRs reported were fatigue, pulmonary hypertension, pneumonia, respiratory 

failure we only suspect that they maybe be related with other comorbidities. In this 

context an increased risk for cardiac events with strontium ranelate was also described 

[307]. However, the fatigue can be explained by other diseases. It is also important to 

mention that elderlies present a progressive decrease in immune function and, 

consequently, increased susceptibility to infectious disease, namely pneumonia [234]. 

Despite some limitations, this study performed an assessment of the safety of NSAIDs 

in the elderly. The main weakness refers to the diversity of different studies selected for 

the review, which difficult the comparisons between them. Data were obtained from 

clinical trials or observational studies where patients had different inclusion and 

exclusion criteria. Different doses of NSAID were tested, and not all studies had a 
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placebo group. The outcomes measured in each trial were also different, which may 

bias the results. Additionally, data related to the PPS must be interpreted cautiously, as 

a fatal outcome does not necessarily imply a causal relationship with the suspected 

drug. The lack of information in most reports, makes it is impossible to perform a 

correct causality assessment and attribute an ADR to a drug. It is also important to 

mention that several health professionals believe that if the ADR is known for some 

drug it is not necessary to report it [183,308]. This point can explain the few reports 

associated to NSAIDs in the PPS and also the relatively low number of reports with 

gastrointestinal events. 

 

 

IV.5 Conclusion 
 
The use of NSAIDs as a drug therapy for a wide range of conditions is increasing, in 

part due to the increase of elderly population, raising the risk of adverse events. 

Therefore, a selection of an appropriate NSAID taking in consideration the risk-benefit 

factors is very important in the elderly. The advanced age and the use of other 

concomitant drugs were associated to an increased risk of adverse events. In addition, 

the use gastroprotective agents, that can decrease some of these risks, is not always 

observed in real-world. For all NSAIDs it is important an evaluation of the renal 

function because with age ≥75 it was observed an increase of acute renal failure 

occurrences, increasing the adverse events risk.  

The results showed, that even the NSAID toxicity is well understood, their safe use need 

to be monitored in clinical practice, so it is urgent to increase the appropriateness of the 

medication regimen to improve the quality of pharmacotherapy of this special 

population. 
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Chapter V - General Discussion 
 

 

Considering that each of the chapters presented in this thesis that involve research 

work have already been discussed in each specific chapter, this section has been 

prepared with the aim of discussing in an integrated and comprehensive manner the 

various topics dealt with in the previous chapters. Therefore, this section provides a 

critical overview of the main topics that comprise the general research conducted to 

achieve the main objectives proposed in the work plan leading to this thesis. 

In Portugal, as in many other countries, the average life expectancy is increasing, 

whereby the challenge is to ensure that elderly can live with the highest possible life 

quality [309]. Overall, with increasing age, the number of comorbidities also increases, 

which leads to a higher consumption of medicines and, consequently, to a higher 

prevalence of drug-related problems. In order to improve the knowledge in this field 

and thus contribute to the safety of medicines, we conducted some studies focused on 

elderly Portuguese population, which were included in the present thesis. 

In a study carried out by us in elderly residents of a nursing home or outpatients 

(Appendix 2), it was possible to note that most patients actually had multiple 

comorbidities, with diseases of the circulatory system being the most common, 

followed by endocrine, nutritional and metabolic diseases, as well as mental and 

behavioural disorders. Hypertension, dyslipidaemia, and dementia were found to be 

the most prevalent diseases, which is consistent with those referred to this age group 

[3,5,35]. Several elderly diabetic patients were also found in this study. In two studies 

conducted in Belgrade related to the most common diseases, diabetes mellitus was the 

eighth along with diseases of the circulatory system and diseases of the mental and 

behavioural systems [310,311]. When evaluating the number of medications that each 

consumer took, the average number of drugs prescribed was 7.6, with the majority of 

elderly taking more than 5 drugs. This was expected given the fact that polypharmacy is 

associated with this age group. In Germany, polypharmacy currently affects 

approximately 42% of people over 65 years, and the trend continues to increase [312]. 

In a study conducted in Portugal, polypharmacy was present in 62.3%, with an average 

of 5.5 ± 2.7 drugs per user [313]. 

With polypharmacy, multiple drug-related problems can occur, namely ADRs and/or 

use of PIMs. In the aforementioned study carried out by our team (Appendix 2), due to 

lack of information on clinical records, it was not possible to evaluate the ADRs 

associated with the medication use. However, we were able to evaluate the presence of 

PIMs and we found polymedicated patients with multiple comorbidities and with a 
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high number of PIMs, similarly to other studies [140,314,315]. In fact, most elderly 

patients evaluated were taking at least one or more PIMs, as described in other 

countries [140,316–320]. Despite the relatively small sample size of our study, these 

findings are important because, according to the literature, PIMs, ADRs and 

polypharmacy are frequently observed in patients discharged from hospital and 

increase the risk of unplanned readmission to hospital [315]. Therefore, with a 

reduction in the number of PIMs, it is possible not only to reduce the number of 

hospital readmissions, but also to reduce health care costs [321,322].  

In fact, a retrospective matched cohort study concluded that PIMs led to an increase of 

health care costs and it is influenced by the number of prescribed drugs [321]. Another 

study involving a comprehensive geriatric assessment concluded that with a reduction 

of polypharmacy prevalence, PIMs decreased and the monthly saved total per capita 

cost of PIMs was US$12.8  [323].  

In a study conducted at the Gerontology Center Belgrade, in addition to 

benzodiazepines as the most common PIMs, sulfonylureas and non-selective NSAIDs 

were also found as PIMs and frequently associated with adverse events in the same 

patients [310]. Other studies found an association between PIMs and NSAIDs 

[311,324]. In fact, in a cross-sectional study with 400 elderly patients of a geriatric 

center, the use of PIMs was high, with NSAIDs being the most commonly used drugs 

and diclofenac was the drug associated with a higher number of PIMs [325]. In this 

study, a high percentage of patients were also taking oral hypoglycaemic agents [325].  

In this scope, it is important to emphasize that ADRs are closely associated with 

inappropriate prescribing and polypharmacy in the elderly. Therefore, by reducing the 

number of PIMs, it can be possible to improve the safety profile of medication in this 

age group. In general, ADRs are a serious and growing public health concern, especially 

in the elderly [207,326]. ADRs can be clinically and economically significant because 

there is a causal relationship between adverse drug events and serious negative 

outcomes, especially hospitalizations and mortality. In this ambit, hospitalizations of 

older adults due to ADRs are a growing problem [207,326]. In fact, approximately one 

in four patients admitted to hospital has at least one PIM prescribed, and up to 20% of 

all inpatient deaths are attributed to potentially preventable ADRs [327]. In addition, 

one in three community-dwelling older people taking at least five medications 

experience an ADR, 95% of which are predictable and approximately 28% are 

preventable [158,327]. These adverse effects include postural hypotension, delirium, 

immobility, and falls leading to fractures, which are associated with significant 

mortality and morbidity. Several studies have identified independent risk factors for 

adverse effects in elderly patients: specific drug classes (cardiovascular drugs, opioids, 



 

 

 115 

anti-inflammatory drugs, anticoagulants, antibiotics, diuretics, antineoplastics, 

antidepressants, sedative-hypnotics, cardiac glycosides, steroids); disease states (heart 

failure, chronic lung disease, diabetes, cancer, renal failure, liver disease, dementia); 

patient characteristics (advanced age, female gender, multiple comorbidities, 

noncompliance, alcohol abuse); and factors of healthcare system (multiple prescribers 

and poor communication between prescribers, among others) [327–330]. 

Considering the available literature, the studies of this thesis were made to understand 

the reality in Portugal, contributing to increase the knowledge about the use of drugs in 

elderly. First, through a general study of reported ADRs to the PPS in elderly, and then 

specifically in elderly people with diabetes mellitus. Diabetes has increased in Portugal 

and these patients have a higher risk of suffering from adverse side effects [72,249]. 

Given the high prevalence of patients with musculoskeletal disorders and the fact that 

several studies have associated the use of NSAIDs with PIMs [122,325,331,332], it was 

considered to acquire a higher level of information about the safer NSAIDs for this age 

group, based on the scientific evidence and results of suspected ADRs reported to PPS 

[164]. In fact, several studies reported that most ADRs are serious and lead to 

hospitalisation or prolonged hospitalisation, which in turn leads to an increase in 

health care costs. Therefore, it is urgent to take measures to prevent its occurrence 

[157,162,173,239]. 

In our studies using data from PPS, most ADR reports were serious. The results are 

similar to those of other studies, namely from the Tunisian National Centre of 

Pharmacovigilance, showing that ADRs are frequent in the elderly and are often serious 

[219,220]. The most frequently reported ADRs were those related to general disorders 

and administration site conditions, skin and subcutaneous tissue reactions, and 

gastrointestinal disorders, as observed in other studies [25,220]. Among the fatal cases, 

general disorders and administration site conditions were the SOC most reported, but 

infections and infestations were also frequently identified. These results may be related 

to the fact that elderly patients have a progressive decline in immune function and 

consequently an increased susceptibility to infectious diseases [234]. Cardio-

respiratory arrest, pneumonia, sepsis, and pancytopenia were the most reported ADRs 

of the IME list in our study. Infections and subsequent sepsis are an increasing cause of 

hospitalisation and critical illness in the elderly, with the risk of death from sepsis 

increasing with age [235]. In pancytopenia ADR, one of the possible causes is the 

administration of antineoplastic agents. Several studies have shown that antibiotics, 

anticoagulants, digoxin, diuretics, hypoglycaemic agents, antineoplastic agents, and 

NSAIDs are responsible for a high number of ADRs leading to hospitalisation 

[42,235,239–241]. In an Italian spontaneous reporting database study, adverse effects 
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with fatal outcomes were associated with anti-infectives agents for systemic use, 

followed by antineoplastic and immunomodulatory agents as well as CNS system drugs 

[225]. In general, the drugs most frequently involved in fatal outcomes were those with 

a narrow therapeutic range [225]. These studies corroborate the results of our first 

study performed with data of the PPS, where the antineoplastic agents were the most 

represented group of drugs (13.6%) associated with ADRs, followed by antibacterial 

agents for systemic use (9.4%). In the reports with a fatal outcome, antineoplastic and 

antithrombotic agents were the most represented pharmacotherapeutic groups of 

suspected drugs. These results are largely consistent with the findings of other studies 

[162,225,241,243–246]. Overall, these are drugs with a low therapeutic index, which 

are included in the lists of drugs most likely to be used in the elderly and therefore 

likely to be associated with ADRs [240]. It must also be considered that the increase of 

life expectancy has increased the incidence of cancer in elderly patients in recent 

decades and a wide range of side effects can be expected with systemic chemotherapy. 

In addition, it is important to consider that in diseases such as cancer, the risk-benefit 

ratio on drug use must always be considered. The drugs used have many known risks, 

but the benefit in disease evolution is higher than the risk for most patients. In our 

initial analysis, analgesics were among the top 5 ATC groups involved, but in the overall 

analysis of fatal outcome cases, they were not the most reported suspected drugs. 

In our study performed in diabetic elderlies, most of the suspected adverse effects 

associated with drugs used in diabetes mellitus were also serious, although all drugs 

taken by these patients were analysed. In addition, most ADRs induced by those drugs, 

such as hypoglycaemia, are preventable. This is a concern given the therapeutic goals 

for glycaemic control. In elderly, diabetes is associated with a high comorbidity burden 

and an increased prevalence of geriatric syndromes in addition to vascular 

complications [78]. Due to the heterogeneity of older people with diabetes and the 

differences in their functional status, comorbidities, and life expectancy, therapeutic 

interventions and glycaemic targets should be individualised considering each patient 

[78,333]. In frail elderly patients, the presence of competing comorbidities also means 

that life expectancy and quality of life may be reduced and older people with diabetes 

and dementia may have difficulty of performing self-care tasks [78]. In fact, diabetes 

self-care (taking diabetes medications, exercising regularly, following a recommended 

diet plan, measuring blood glucose, and inspecting feet) has been shown to worsen 

once dementia develops [78,334]. In this context, all these aspects can be considered in 

these patients to prevent the risk of hypoglycaemia associated with these medications. 

Therefore, the initial diagnostic assessment should be comprehensive and include 

screening for these syndromes, especially cognitive and physical dysfunction. Because 
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of the heterogeneity of older adults with diabetes, treatment plans must be 

individualized, with varying glycaemic goals. Globally, quality of life must be the focus 

of treatment plans. 

The most frequently reported ADRs in diabetic patients were related to gastrointestinal 

disorders and general disorders and administration site conditions. In many cases, the 

adverse effects were related to antidiabetic therapy aimed at tight control of blood 

glucose levels. Of these, hypoglycaemia, lactic acidosis, diarrhoea, vomiting, and nausea 

were the most frequent ADRs reported in all reports analysed and were expected. 

Indeed, gastrointestinal adverse events are common when taking oral antidiabetic 

drugs [75,263]. In addition, hypoglycaemia is a reaction associated with most 

medications used in diabetes, and the risk for this event is increased in elderly patients 

with this condition [75]. Therefore, predisposing factors for hypoglycaemia such as 

cognitive and renal impairment must also be considered when setting glycaemic targets 

and eventually the individualized therapy in elderly can be required. Although elderly 

patients can achieve glycaemic control through lifestyle modification, progression of 

the disease usually requires oral antidiabetic drugs and insulin therapy, the use of 

which increases the risk of hypoglycaemia [74,80]. Moreover, changes in renal function 

are common in elderly and may interfere with drugs excretion [80]. Furthermore, the 

loss of body mass associated with age and frailty syndrome may also lead to a relevant 

reduction in the required doses of antidiabetic drugs [264]. Reducing the risk of 

hypoglycaemia is particularly important in elderly patients, who are at higher risk of 

not perceiving hypoglycaemia or suffering hypoglycaemia-related complications such 

as falls and associated fractures or acute cardiovascular events [264]. In fact, 

hypoglycaemia is a frequent reason of the hospital admissions observed in the elderly 

[75,83,264,335]. 

In this context, in the analysis of drugs potentially associated with lactic acidosis, 

metformin was the most frequently involved suspected drug. However, a review on 

metformin and its association with lactic acidosis showed that this drug rarely induces 

lactic acidosis when the liver and kidneys are able to correctly process lactate [265]. 

Since it was not possible to obtain information on renal function in our study, this type 

of relationship was not assessed. However, the changes in renal function associated 

with age should be considered when prescribing metformin. In fact, the dose of this 

drug should be reduced if the estimated glomerular filtration rate is 30-60 mL/min, 

and it should not be used if the estimated glomerular filtration rate is 30 mL/min or 

less [266]. 

Additionally, diabetes mellitus is also associated with various complications such as 

suppression of cellular immunity, nephropathy, and fatty liver disease, which can lead 
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to death, as shown in a study conducted in the United States from 1990 to 2010 [266]. 

Thus, renal and urinary tract diseases found in our study could be the result of an 

inadequate control of diabetes in elderly patients. However, it is important to consider 

that infectious diseases are more frequent and/or severe in patients with diabetes 

mellitus, since the hyperglycaemic environment favours immune system dysfunction 

(e.g., by damaging neutrophil function, reducing antioxidant defences and humoral 

immunity) [269]. Diabetes is also responsible for microangiopathies, 

macroangiopathies, neuropathy, reduction in urinary antibacterial activity, 

gastrointestinal and urinary dysmotility, and leads to a higher number of medical 

interventions in these patients [269]. Older adults with diabetes also have the highest 

rates of myocardial infarction, visual impairment, and end-stage renal disease of any 

age-group [270]. However, in order to better evaluate a patient with diabetes, it is 

necessary to consider not only their chronological age, but also their biological age, 

physical fitness, intellectual abilities, the presence of other chronic diseases, as well as 

the patient's motivation and support from family and friends [264]. Moreover, it is 

important that the patient strictly adheres to the prescribed medication regimen to 

control its blood glucose levels. 

Given the high prevalence of patients with musculoskeletal disorders that lead to the 

use of NSAIDs it was considered fundamental to characterize the NSAIDs safety profile 

in elderly. Considering the analysis of data obtained from the literature review and 

from the suspected ADRs reported to PPS, we concluded that coxibs are generally safer 

than conventional NSAIDs [272,287,290,294,298]. Regarding the reports sent to PPS, 

in 69.0% of the reports, only one NSAID was the suspected drug, and the majority of 

reports were classified as serious, similarly to that has been observed in other studies 

[164,260,261]. The NSAIDs most reported were diclofenac, etoricoxib, naproxen, 

ibuprofen, and nimesulide. The incidence of gastrointestinal events was lower for 

coxibs than other NSAIDs, and celecoxib was associated with a lower incidence than 

etoricoxib [294]. However, patients with advanced age and prolonged drug use had a 

significantly increased risk of gastrointestinal events (even for the coxibs), but this can 

be reduced by the use of gastroprotective agents [294]. The risk of a gastrointestinal 

clinical event with NSAID use appears to be high, mainly in patients with a previous 

gastrointestinal event and in older patients [295]. In fact, gastrointestinal events, 

including bleeding and ulceration, increase in frequency and severity with age [301]. In 

the analysis performed in the PPS database, the gastrointestinal haemorrhage (which 

includes the cases of melaena reported) occurred in patients with concomitant 

treatments and not all patients had appropriate gastroprotection. Despite it was already 

clearly demonstrated that antiplatelets, anticoagulants and the concomitant use of 
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NSAIDs increase the risk of gastrointestinal bleeding [122,123,336], we found in our 

study that several patients were taking combinations of these drug classes. Indeed, it is 

recommended to prescribe gastroprotective agents to older patients taking NSAIDs 

[279]. In fact, the STOPP/START criteria, used for medication review in the elderly, 

consider that the use of a NSAID with concurrent antiplatelet agent(s) without PPI 

prophylaxis increased the risk of peptic ulcer disease [146], so it is essential that these 

patients take gastroprotective agents in certain specific circumstances, and in real-

world, this is not always the case. 

Considering that renal dysfunction, including renal vasoconstriction and increased 

tubular sodium reabsorption, can lead to fluid retention and edema, worsening the 

congestive heart failure [301], it should also be highlighted that most NSAIDs may 

contribute to the worsening of chronic renal insufficiency, especially in patients with 

concomitant renal impairment or in patients taking diuretics or angiotensin-converting 

enzyme  inhibitors [301]. For this reason, the STOPP/START criteria consider that the 

use of NSAIDs increases the risk of deterioration in renal function if the estimated 

glomerular filtration rate is < 50 ml/min/1.73m2 [146].  

In addition, it is important to consider that the use of NSAIDs is one of the main causes 

of hypersensitivity reactions to drugs through nonspecific or specific immunological 

mechanisms [305]. In fact, these drugs may be responsible for the exacerbation of 

respiratory diseases, skin diseases, urticaria/angioedema, or anaphylaxis [306], and in 

our study SOC skin and subcutaneous have been reported most frequently for this kind 

of drugs.  

In general, advanced age and use of other concomitant medications were associated 

with an increased risk of gastrointestinal events. With all NSAIDs, it is important to 

monitor renal function because the incidence of acute renal failure increases with age 

≥75 years, which increases the risk of adverse events. Several studies suggested that 

celecoxib may be a drug of choice for this population, as the gastrointestinal and 

cardiovascular events were lower with this drug compared to etoricoxib or conventional 

NSAIDs [287,290,294,296,298]. 

In all studies conducted for this thesis, we found a higher prevalence of adverse effects 

in women compared to men. This is  because women tend to live longer and are more 

prone to physical or psychological complaints [223,320]. In fact, a study in Portugal 

showed that chronic medication use is more common in the elderly and in women 

[230]. The studies on ADRs have shown that women are affected twice as often as men 

[159], which may be due to a combination of pharmacokinetic and pharmacodynamic 

factors [228]. Additionally, the higher reporting rate in women can also be explained by 

the fact that they usually take more medicines and are more likely to seek medical care 
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compared to the male population [229]. For these reasons, their ADRs may also be 

detected earlier. However, ADRs reported by men tend to be more serious than those 

reported by women [229], which is consistent with our results.  

Even though the prevalence of diabetes mellitus in Portugal in 2018 was higher in men 

than in women (16.4% versus 11.1%) [77], the studies on ADRs showed that women are 

affected twice as often as men [159,228].  

In general, most of the reported ADRs were expected as they are described in the 

SmPC. These results could be related to some of the reasons given for underreporting, 

such as uncertainty about the drug causing the ADR [232]. In this context, it is 

important to mention that healthcare professionals seem to be particularly concerned 

about reporting only serious ADRs, which explains the high number of serious cases 

reported [231]. Most cases were reported directly by healthcare professionals, 

particularly pharmacists and physicians, similarly to what was found in other studies 

[164,231,241,261]. In addition, unlabelled ADRs are not always reported due to doubts 

about the association with the drug and the adverse events, therefore some ADRs are 

not always reported to PPS, being a limitation. Another limitation is that our study was 

descriptive and the ADRs were reported spontaneously, consequently, the true 

incidence of ADRs cannot be determined from these data [164,337,338] . 

Despite this, studies with spontaneously reported data provide us with real-world 

information and allow scientists and professionals to consider comorbidities and 

concomitant medications that are not always present in clinical trials. However, lack of 

reporting, poor quality or incomplete reports difficult in establishing a clear 

relationship between suspected drugs and the suspected ADRs [216]. In addition, the 

lack of other clinical information, namely confirmation of a definitive diagnosis and 

renal function information, such as creatinine clearance values, contributes to the fact 

that it is not always possible to establish a definitive causal relationship between the 

drug and the ADR that occurred. Moreover, poor quality or incomplete reports [232] do 

not allow the expert to evaluate the case as correctly as possible. In pharmacovigilance, 

there is not only one possible cause of an adverse effect, but several; each cause must be 

evaluated for its probability in the given context [233].  Therefore, it is important to 

mention that all clinical information is useful because it allows the authority to evaluate 

the presence of possible safety signals. 

Finally, mortality data must be interpreted carefully, because a fatal outcome does not 

necessarily imply a causal relationship with the suspected drug. 
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Chapter VI - Conclusion & Future 
Perspectives 
 

 

The high prevalence of polymedication and ADRs in elderly patients is a major public 

health concern and, therefore, it is urgent to improve the instructions for a safer use of 

medications in this special population and to reduce, as far as possible, the complexity 

of pharmacotherapeutic regimens. For this, it is important to have reports with high 

quality clinical information and concomitant medications to allow a consistent 

assessment of causality and to identify and address safety signals. As most ADRs are 

serious and expectable, medication review should be a part of routine healthcare 

interventions targeting these patients, in order to detect ADRs as soon as possible, or 

even prevent them. Prevention should be considered the only way to improve 

medication safety in the elderly. It is important to give a special attention to drugs with 

a narrow therapeutic index, such as antineoplastic and antithrombotic agents. In 

diabetics, the use of hypoglycaemic drugs should be regularly monitored mainly due to 

the risk of hypoglycaemia. On this point, information on renal function should be also 

provided in all reports. 

In summary, the most relevant key findings brought from all the research work carried 

out in the scope of the present thesis were: 

 Most of the suspected ADRs reported were serious and expected, so can be 

preventable, whereby preventives measures are important to minimize their 

occurrence. 

 The majority of the suspected ADRs reported in elderly patients with diabetes 

were serious and associated with hypoglycaemic drugs, being metformin the 

most implicated. 

 The pharmacovigilance data analysed also showed that the monitoring of 

NSAIDs use in elderly remains essential to mitigate the associated risks, 

especially in those patients with comorbidities and under polytherapy. Although 

the NSAIDs toxicity is well understood, serious gastrointestinal ADRs occurred 

mostly in patients taking more than one NSAID and/or another concomitant 

drug that increases the incidence of these events. So, the safe use of NSAIDs 

needs to be monitored in clinical practice.  

 

Hence, it is important to raise awareness among the general population and especially 

among healthcare professionals to report any suspected ADR, but also to provide the 
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maximum level of clinical information about the patient who suffered the adverse 

event. 

Moreover, prescribing medicines in the future is likely to become an act supported by 

screening tools to inform doctors of PIMs and clinically relevant ADRs. As EMA 

intends, there is an urgent need to specify in the SmPC the adverse effects to which 

elderly patients are more susceptible. 

Despite some limitations, all studies in this thesis have shown the importance of 

investigating adverse effects in the elderly based on the information available in 

pharmacovigilance databases, including in patients with diabetes mellitus and in the 

older patients taking NSAIDs. In the future, similar studies should be performed with 

focus on other relevant medical conditions and/or other important drug classes. Thus, 

the work described in this thesis represents a relatively small but important 

contribution to the drug safety in the elderly and highlights the importance of ADRs 

reporting and the role of pharmacovigilance. 
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Appendices 
 

 

Appendix 1 
 
Table S.1.1: Suspected Adverse Drug Reactions according to Preferred Terms classification, 

classified as ‘not-labelled’ according to the Summary of Product Characteristics 

Chemical substances Preferred terms Number of 

occurrences 

Acenocoumarol Melaena  1 

Acetylsalicylic acid 

 

Haemoglobin decreased 

Metabolic acidosis 

1 

1 

Acyclovir Abnormal faeces 

Faeces discoloured 

1 

1 

Allopurinol  

 

Odynophagia 

Hypotension 

Sepsis 

Odynophagia 

Delirium 

1 

1 

1 

1 

1 

Amantadine Livedo reticularis 

Ischaemia 

1 

1 

Aminophylline  Chest pain 

Hypertensive crisis 

1 

1 

Amiodarone  Phlebitis 4 

Amitriptyline  

 

Dysphagia 

Oromandibular dystonia 

2 

2 

Amlodipine+atorvastatin+metformin+clopidogrel

+pantoprazoleb 

Aortic aneurysm 1 

Amlodipine+metformin+olmesartan medoxomilb Venous aneurysm 

Aneurysm 

1 

1 

Amoxicillin Pleural effusion 

Pyrexia 

Blood lactic acid 

Acidosis 

1 

1 

1 

1 
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Amphotericin B Cyanosis 1 

Anastrozole 

 

Hot flush 

Lacrimation increased 

Eye pruritus 

Ocular hyperaemia 

Feeling hot 

Dysgeusia 

Hyperhidrosis 

1 

1 

1 

1 

1 

1 

1 

Azilsartan medoxomil and diuretics a 
 

Joint swelling 

Musculoskeletal stiffness 

1 

1 

Apixaban Haematuria 1 

Atorvastatin Diarrhoea haemorrhagic 1 

Azithromycin  Weight decreased 

Amnestic disorder 

1 

1 

Betahistine 

 

Dizziness 

Diarrhoea 

Disorientation 

Memory impairment 

Body temperature fluctuation 

2 

1 

1 

1 

1 

Bicalutamide 

 

Urinary incontinence 

Hot flush 

Musculoskeletal pain 

Pain in extremity 

Vertigo 

1 

1 

1 

1 

1 

Bisoprolol Rhinorrhoea 2 

Bosentan Abdominal pain upper 1 

Carbamazepine  Drug reaction with 

eosinophilia and systemic 

symptoms 

1 

Celecoxib Ageusia 

Weight decreased 

1 

1 

Ciprofloxacin  Gingival bleeding 1 

Cobamamide Head discomfort 

Muscular weakness 

1 

1 

https://www.whocc.no/atc_ddd_index/?code=C09DA09
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Malaise 

Nausea 

Palpitations 

Fatigue 

Vertigo 

1 

1 

1 

1 

1 

Dabigatran etexilate 

 

Hypotension 

Haematuria 

1 

1 

Dapagliflozin 

 

Blood glucose increased 

Feeling hot 

Uterine prolapse 

Hyperkalaemia 

Renal injury 

Fatigue 

Somnolence 

Arthralgia 

Genital tract inflammation 

Dehydration 

Nausea 

Vomiting 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Deferasirox Melaena 1 

Denosumab Aggression 

Decreased appetite 

Asthenia 

Dysphagia 

Insomnia 

Fatigue 

Malaise 

1 

1 

1 

1 

1 

1 

1 

Dexamethasone and anti-infectivesa Retinal detachment 1 

Diazepam  Somnolence 

Pyrexia 

Dehydration 

1 

1 

1 

Diclofenac Semen discolouration 1 

Digoxin  

 

Renal failure 

Diet refusal 

1 

1 

Dulaglutide Myalgia 

Headache 

1 

1 

Empagliflozin Pancreatitis acute 1 
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Empagliflozin+ rosuvastatin and ezetimiba Diarrhoea haemorrhagic 1 

Erdosteine Dizziness 

Disorientation 

1 

1 

Ertapenem 

 

Cardio-respiratory arrest 

Hypoxia 

1 

1 

Escitalopram Colitis ulcerative 

Melaena 

Pus in stool 

1 

1 

1 

Exenatide 

 

Increased appetite 

Arthralgia 

Renal pain 

Myalgia 

Asthenia 

1 

1 

1 

1 

1 

Fenofibrate Weight increased 1 

Fentanyl Blood pressure increased 1 

Ferrous sulfate Paraesthesia 

Pain in extremity 

1 

1 

Fluconazole  Polyuria 

Urine output decreased 

1 

1 

Flunarizine Anal incontinence 

Piloerection 

Pain 

1 

1 

1 

Gliclazide 

 

Melanosis 

Haematoma 

1 

1 

Glyceryl trinitrate Dyspnoea 1 

Hidrosmin Hepatitis toxic 1 

Imatinib 

 

Tooth loss 

Dementia 

Neurodegenerative disorder 

1 

1 

1 

Indacaterol and glycopyrronium bromidea Hypertension 

Increased appetite 

Gynaecomastia 

Blood prolactin increased 

1 

1 

1 

1 
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Indapamide 

 

Glossitis 

Dyspepsia 

Malaise 

1 

2 

2 

Influenza, inactivated, split virus or surface 

antigen 

Diabetes mellitus 

Hyperglycaemia 

1 

1 

Insulin (human) Blood glucose increased 1 

Insulin (human) +insulin glargineb Hyperglycaemia 

Malaise 

Cerebrovascular accident 

1 

1 

1 

Insulin (human)+insulin glargine b Blood glucose increased 1 

Insulin aspart Hyperglycaemia 1 

Insulin glargine 

 

Disease progression 

Aortic valve incompetence 

Acute pulmonary oedema 

1 

1 

1 

Insulin lispro Blood glucose increased 1 

Insulin lispro+sitagliptinb Respiratory failure 

Pneumonia aspiration 

Anaemia 

1 

1 

1 

Irbesartan Decreased appetite; 2 

Iron, parenteral preparations 

 

Vision blurred 

Seizure 

Anxiety 

Hypoaesthesia 

1 

2 

1 

1 

Lamivudine Nervousness 

Thinking abnormal 

1 

1 

Lamivudine and abacavira Haematuria 

Joint swelling 

Palpable purpura 

Vasculitis 

1 

1 

1 

1 

Lercanidipine Ear discomfort 

Agitation 

1 

1 

Levodropropizine Choluria 

 Faeces pale 

1 

1 
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Levofloxacin  Urinary incontinence 1 

Levothyroxine sodium  Venous thrombosis 

Retroperitoneal haematoma 

1 

1 

Linagliptin 

 

Insomnia 

Neutrophilia 

Blood creatinine increased 

Blood urea increased 

C-reactive protein increased 

Renal function test abnormal 

Ear pain 

Nasal congestion 

Nausea 

Eye pain 

Ear pruritus 

Eye pruritus 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Magnesium compounds Feeling jittery 

Vision blurred 

1 

1 

Meropenem Hepatitis toxic 2 

Metamizole sodium  Abdominal pain 

Gastrointestinal sounds 

abnormal 

Constipation 

Anxiety 

Hallucination 

Incoherent 

Vomiting 

1 

1 

 

1 

1 

1 

1 

1 

Metformin 

 

Cardiac failure 

Urosepsis 

Inflammatory Myofibroblastic 

tumour 

Craniocerebral injury 

Paraesthesia 

Hyperlactacidaemia 

Hyperhidrosis 

Haematochezia 

Oedema peripheral 

Septic shock 

Murphy's sign positive 

Pyelonephritis 

1 

5 

1 

 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Feeling cold 

Cold sweat 

Fatigue 

Hemiparesis 

Pyelonephritis acute  

Dizziness 

Tremor 

Hyperglycaemia 

Hypertension 

Swollen tongue 

Tongue discolouration 

Plicated tongue 

Oral dysaesthesia 

Tongue dry 

Tongue ulceration  

Leukocytosis 

Malaise 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Metformin and alogliptina Visual impairment 

Vision blurred 

1 

1 

Metformin and sitagliptina 

 

Blood urea increased 

Hyperglycaemia 

White blood cell count 

increased 

Blood glucose increased 

Haemoglobin decreased 

Blood creatinine increased 

Dizziness 

Balance disorder 

2 

1 

1 

 

1 

1 

1 

1 

1 

Metformin and vildagliptina Blood glucose increased 2 

Metformin+furosemide+metformin and 

sitagliptinba 

Cardiac arrest 1 

Metformin+amlodipine+olmesartan medoxomilb Aneurysm 1 

Metformin+lisinoprilb Ischaemic stroke 1 

Metformin+perindoprilb Overlap syndrome 

Autoimmune disorder 

1 

1 

Metformin+ramipril+tamsulosinb Sweat gland tumour 1 

Metformin+vildagliptin+gliclazideb White blood cell count 

increased 

1 
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Mirabegron Onychomadesis 

Malaise 

1 

1 

Olmesartan medoxomil and diureticsa Blood pressure increased 2 

Pantoprazole  Tachycardia 2 

Pantoprazole+dabigatran etexilateb Inflammatory marker 

increased 

1 

Phenytoin Hypervolaemia 

Hyponatraemia 

1 

1 

Piperacillin and enzyme inhibitora Myalgia 

Tremor 

1 

1 

Piribedil Headache 

Tinnitus 

1 

1 

Polystyrene sulfonate Myalgia 2 

Pravastatin and fenofibratea Anxiety 2 

Propylthiouracil Cough 2 

Quetiapine 

 

Inappropriate antidiuretic 

hormone secretion 

Hypokalaemia 

Fall 

Paraesthesia oral 

1 

 

1 

1 

1 

Rilmenidine Gynaecomastia 2 

Rivaroxaban Dry mouth 2 

Simvastatin Gingival swelling 1 

Sitagliptin 

 

Blindness 

Confusional state 

Faeces discoloured 

Chromaturia 

Insomnia 

Night sweats; 

1 

1 

1 

1 

1 

1 

Sitagliptin +corticosteroids (unspecified)b Blindness 

Sudden visual loss 

Temporal arteritis 

1 

1 

1 
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Optic ischaemic neuropathy 1 

Sofosbuvir and ledipasvira 

 

Aphthous ulcer 

Muscle spasms 

Peripheral swelling 

2 

1 

1 

Tamsulosin Peripheral swelling; 1 

Tapentadol Dysgeusia 2 

Terbinafine Dysarthria 

Dry mouth 

2 

2 

Ticagrelor Acute myocardial infarction 1 

Ticagrelor+warfarin+acetylsalicylic acidb Hypovolaemic shock 1 

Tramadol, combinations Blood pressure increased 1 

Trazodone Vision blurred 

Eyelid ptosis 

1 

1 

Venlafaxine Hyponatraemia 1 

Vildagliptin 

 

Polyuria 

Asthenia 

Blood creatinine increased 

Headache 

Hyperkalaemia 

Malaise 

Blood urea increased 

1 

1 

1 

1 

1 

1 

1 

Vinorelbine Swelling 

Pain 

2 

2 

Warfarin 

 

Abdominal pain lower 

Hallucinations, mixed 

1 

1 

a Fixed combinations of blood glucose lowering drugs (patient taking only a medication) 

b Combinations of two or more different medications (patient taking different medication each one 

containing a chemical substance) 
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Appendix 2 
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