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Abstract 



Introduction: The polypharmacy is common in ambulatory care, hospital and nursing home patients. Over the last 20-30 years, problems related to aging, multi morbidity, and polypharmacy have become a prominent issue in global healthcare. In the developed countries around 3-4% of the people could be identified as chronic complex patient and they are increasingly at risk of polypharmacy. The main objective of this study we as to evaluate the association of polypharmacy and mortality risk.

Materials and Methods: We carried out a multicenter and prospective cohort study of mortality incidence from 01.01.2013 to 30.09.2016 among 825 adult patients registered in the electronic health record of Primary Care as Chronic Complex Outpatient. To predict hazard ratios, mean survival time, and survival probabilities used a multivariate Cox regression.

Results: 932 CCP cases were included (52.3% women). Average age was 82.5 yr (CI95% 81.8-83.2). 91.6% CCP had ≥4 and the 42.9% CCP had ≥10 active medication. The mean number of medications used by participants was 9.0±3.6 daily medications. Proton pump inhibitors (68.5%), statins (45.5%), hypnotics (45.3%), anti aggreggants (41.5%) and SSRIs (30.1%) were the most commonly used medications. The patients with fall risk or Barthel score <60 associated to polypharmacy >10 active medications had higher mortality. We observed a strong association that persisted even after adjustment for known mortality risk factors: age [HR 1.04 CI95 1.02-1.05, p < 0.001], Charlson score [HR 1.21 CI95 1.12-1.30, p<0.001] and Barthel [HR0.	988 CI95 0,985-0.992, p<0.001].

Conclusion: This study confirms the polypharmacy (≥ 10) was associated with increased risk of mortality if there was associated risk of falling or functional disability (Barthel score<60) and they are a useful indicator to identify subjects eligible for preventive measures in public health strategies.
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Abbreviations:   CCP: Chronic and Complex Patient; HR: Hazard Risk; IDIAP: Primary Care Research Institute Jordi Gol I Gurina; PIIC: Shared Individual Intervention Plan [Pla d'intervencio individualitzat compartit (PIIC)]; SD: Standart Deviation; SSRI: Serotonin Reuptake Inhibitor; TTR: Time in Therapeutic Range 







Introduction

We face an epidemic of multi-morbidity and rising complexity of health needs [1,2] resulting from changing demographics and global circumstances. In the developed countries around 3-4% of the people could be identified as chronic complex patient and they are increasingly at risk of polypharmacy due to the need to treat the various disease states that develop as a patient ages. The polypharmacy is common in ambulatory care, hospital and nursing home patients [3]. Over the last 20-30 years, problems related to aging, multimorbidity, and polypharmacy have become a prominent issue in global healthcare.

Unfortunately, there are many negative consequences associated with polypharmacy. Specifically, the burden of taking multiple medications has been associated with greater health care costs and an increased risk of adverse drug events, drug- interactions, medication non-adherence, reduced functional capacity and multiple geriatric syndromes. The prevention of these negative effects is of major importance because they engender significant morbidity and mortality. Nowadays the polypharmacy among older people are major issues for health and social care providers [4-7].

The goals of this research were 


(i)	To provide a description of the epidemiology of polypharmacy and mortality risk among people registered as chronic complex outpatients and

(ii)	To explore risk factors differences in the association of outcome factors on mortality. We hypothesized that, given the high burden of multi morbidity in Chronic Complex Patients (CCP), polypharmacy would be associated with a higher risk of death. This review discusses how primary care might tackle these new challenges of the aging population.




Materials and Methods

We carried out a multicenter and prospective cohort study of mortality incidence from 01.01.2013 to 30.09.2016 among out-ofhospital patients over 65 years old attending primary care teams in the Terres de l'Ebre health area in Catalonia (Spain). All people included were managed by the Public Health System in Catalonia. The overall number of CCP registered was 3,490 people. We included a randomized sample of 825 adult patients registered in the electronic health record of Primary Care as Chronic Complex Outpatient (CCP) in the periode 01/01/2013-31/12/2014. Patients were excluded if they resided in a long-term institutional setting. Alpha Risk=0.05; Precision=0.03.

Patient outcome was followed until death or study end (30.09.2016) since date of report as CCP in the electronic health record. Data included demographics, functional, comorbidity, cognitive and social assessment, and were collected directly from the Shared Individual Intervention Plan [Pla d’intervencio individualitzat compartit (PIIC)] written and managed by Nursing service in Primary care. In the PIIC, determinants related to the personal factors, social and physical environment are described as well a tailored personal approach according the patient's preferences in case of hospital readmission o emergency use, and main caregiver. The report is updated automatically to ensure that relevant information is shared across the electronic health record. Currently 82% of people registered as CCP have this basic information in their PIIC.



Definitions

Chronic Complex Patient (CCP) definition: Those who meet at least four of the next criteria: Age (≥65 year-old). Chronic comorbidities (≥4) Psychosocial disorders (cognitive impairment or psychological disorder with functional disability). Geriatric conditions such as functional disability (Barthel score <55, living to assisted living, nursing home, or in-home caregivers) or recurrent falls or fall risk. Previous high health care utilization (two hospitalizations no programmed for exacerbation of chronic pathologies or three emergency department visits in last year). Number of active medications last six months (≥;4 active medications). Living alone or with caregiver ≥75 year-old. "They defined the "Chronic Complex Patient” [7] as those who have chronic illness and also complex clinical situations which make their management significantly far more difficult.


There are problems in defining falls risk as many studies fail to specify an operational definition, leaving room for interpretation. A fall is an unintentional event that results in the person coming to rest on the ground or another lower level (W19.9 code in the electronic health record). A fall was defined as the result of any event that caused the patient to end up on the ground against their will, according to the WHO definition [8]. We used "the report clinical in the the electronic health record that a person had falls risk or previous recurrent falls with or without any serious injury” If a patient is thought to be high by medical or nursing staff, allied health, or carers such patients will be identified as "fall risk” in the PIIC. This might include mention of the patient s level of orientation and cognition, gait and balance, continence status, and number and types of prescribed medications, as well as number of diagnosis.




Variables



A.	Sex: woman (0) man (1)

B.	Age: <80 year-old (1), ≥80 year-old (2).

C.	Number CCP criteria: <4 (0) ≥4 (1). Charlson comorbidity index [9]. Short version.

D.	Polypharmacy (defined as four or more daily medications): <5 (0), entre 5-9 (1), and ≥10 (2).

Oral anticoagulants (acenocumarol or warfarina) con TTR ≥60% (1), si TRT <60% (2) or New Oral Anticoagulants NOACs (0). Antidepressants and/or, sedating or other drugs affecting the neurologic.

E.	system: man (1), woman (2).

F.	Recurrent falls or fall risk: no (0), yes (1).

G.	Hypertension not controlled by therapy (≥ 160/90 mmHg): no (0), yes (1).

H.	Alcoholism abuse vs dependence: no (0), yes (1)

I.	Presence de cognitive impairment [10]: a disease-specific diagnosis of cognitive impairment, without specification of subtype or severity, was used and mesured by Pfeiffer test [2]: [0-2 errors]=Intact Intellectual Functioning (1); [≥3 errors]=Mild to severe Intellectual Impairment (2)].

J. Presence de disability: score in [Barthel ≥60 (1) <60 (2)] or in [Rankin <4 (1) 5 (2)]

K. Socio familiar risk: score in Gijon [11] scale 10-14 (1) ≥15(2)]


We conducted descriptive analysis to examine participants' baseline characteristic. Demographic data were summarized using mean and SD or median and quartiles for continuous variables and percentages for categorical data. Data analysis information extracted was the adjusted risk estimates and 95% confidence intervals (CI). Statistical tests of homogeneity were performed using Cochran's Chi-squared test for homogeneity (Q) and the percentage of total variation across studies attributable to heterogeneity (I2). Using univariate linear regression analysis with medication count as a continuous outcome variable, we identified explanatory variables that had significant (p≤0.05) univariate linear associations with medication count.

Using stepwise multiple linear regression analysis with medication count as the outcome variable and significant explanatory variables from univariate linear regression analysis, we identified factors that remained significantly and independently associated with medication count. To predict hazard ratios, mean survival time, and survival probabilities used a multivariate Cox regression. The variables were included in a multivariable model Cox to identify their influence on the mortality. In the survival analyses of risk factors for death, follow-up began at the start of the study, and patients were censored when follow-up ended for reasons other than death. A graphical presentation of the survival of fallers versus non fall risk was made using an adaptation of the Kaplan-Meier product-limit estimator (Table 1). 




 Table 1:      Basal Characteristics CCP by sex.
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Ethics approval was granted by Ethics Commitee Research Institut Primary Care Jordi Gol i Gurina (IDIAP), Health Department, Generalitat de Cataluña.

Results and Discussion

932 CCP cases were included (52.3% women). The basal characteristics are showed in table 1. Average age was 82.5 yr (CI95% 81.8-83.2). Average number of CCP criteria was 3.83 (CI 95% 3.753.92). The mean number of medications used by participants was 9.0±3.6 daily medications. Proton pump inhibitors (68.5%), statins (45.5%), hypnotics (45.3%), anti aggreggants (41.5%) and SSRIs (30.1%) were the most commonly used medications. The women were older age, lower in Barthel score, more cognitive impairment and more prescription of SSRIs and sedative drugs. The global mortality was 32, 5% (n=257), higher among men. The average survival time was 1,032.13 days (DS 2022.0; IC95% [890.861173.40]). In the survival analyses of risk for death it seems that should be added more factors, the outcome independent factors were: age [HR 1.04 CI95% 1.02-1.05, p <0.001], the genre [HR 0.61 CI95% 0.48-0.78, p<0.001], the Charlson score [HR 1.19 CI95% 1.	09-1.29, p <0.001], the Barthel score [HR 0.98 CI95% 0.98-0.99, p <0.001].

876 (93.4%) cases had ≥4 active medications (Table 2) and were less aged, with multiple cardiovascular chronic conditions and less cognitive impairment. At baseline participants who took ≥4 concurrent medications compared with those who took <4 concurrent medications were more likely to: be women, be less aged (82.3±SD 9.6, p<0.001), have more CCP criteria (3.9±SD1.1, p<0.001) and higher Charlson score (2.6±SD 1.3, p<0.001), lower score in Pfeiffer test (2.9±SD3.2, p<0.012), higher score in Barthel risk (19.5 vs 30.4%, p 0.041), and the long term survival was not index (67.0±SD31.3, p<0.001)with lower baseline burden of different (Figure 1). functional dependence in one or more daily activities, lower fall risk (19.5 vs 30.4%, p 0.041), and the long term survival was not different (Figure 1).



 Table 2:   Baseline characteristics participants ≥ 4 concurrent medications vs < 4
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Figure 1:    Survival CCP and polypharmacy (≥ 4 vs >4).





[image: ]

Figure 2:    Survival CCP and polypharmacy (≥ 10 vs >10).




 Table 3:    Baseline characteristics participants ≥10 concurrent medications vs <10.
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400 (42.9%) cases had ≥10 active medications (Table 3). At baseline participants who took ≥10 concurrent medications compared with those who took<10 concurrent medications were more likely to: be less Older, with multiple cardiovascular chronic conditions and less cognitive impairment. At baseline participants who took ≥10 concurrent medications compared with those who took <10 concurrent medications were more likely to: be less aged (81.2±SD 9.1, p <0.001); and have more higher Charlson score (2.8±SD 1.4, p <0.001), lower score in Pfeiffer test (2.4±SD2.8, p <0.001), higher score in Barthel index (71.7±SD28.4, p<0.001) with lower baseline burden of functional dependence in one or more daily activities, lower fall risk (17.3 vs 22.4%, p 0.032), and and the long term survival was lower (Figure 2).
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Figure 3:    Survival CCP with fall risk and polypharmacy (≥ 10 vs <10).
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Figure 4:    Survival CCP with Barthel score <60 and polypharmacy (≥ 10 vs <10).




The overall mortality among the CCP people with fall risk was 38.5%. The average survival time was 880.5±357.7 days. In unadjusted analysis, patients who had fall risk were at a significantly higher risk of death if were older ≥80 year-old (42.5% vs 23.3%, p 0.042), ≥4 active medications (52.0% vs 25.0%, p 0.002), cognitive impairment (52.3% vs 26.9%, p 0.002), or Barthel score <60 (53.2% vs 20.4%, p<0.001). The patients with fall risk (Figure 3) or Barthel score <60 (Figure 4) associated to polypharmacy ≥10 active medications had higher mortality, but not with cognitive impairment (Figure 5). We observed a strong association that persisted even after adjustment for known mortality risk factors: age [HR 1.04 CI95 1.02-1.05, p<0.001], Charlson score [HR 1.21 CI95 1.12-1.30, p < 0.001] and Barthel [HR 0.988 CI95 0,985-0.992, p<0.001]. Routine clinical questioning about previous falls may, thus, be a key strategy to identify at-risk individuals, and therefore, preventive interventions can be introduced.
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Figure 5:    Survival CCP with Cognitive Impairment and polypharmacy  (≥ 10 vs <10).



We have found higher percentage of CCP with selective serotonin reuptake inhibitor among with fall risk, but without differences (p 0.2211) in mortality risk. The Isolation and loneliness has been shown to be a risk factor for falls. The percentage in our study was 22.3% among people ≥75 year-old.



Discussion


The average use of 9.0 daily medications by our study participants is consistent with existing literature [12,13], but is higher and concerning. This study identified some attributes of the elderly groups most vulnerable to polypharmacy prescribing. On one hand, the clinical status of older individuals with multimorbidity can be further complicated by concomitant geriatric syndromes. The coexistence of chronic diseases and geriatric syndromes has been extensively described in the literature [14] and makes difficult considering one condition at a time. Unfortunately, there is no standard cut point with regard to the number of medications that is agreed upon for the definition of polypharmacy. To operationalize this definition, researchers have arbitrarily chosen various cut points. The 91.6% CCP had ≥4 active medications, 52.4% between 4-9, and 32.9% ≥10. Many studies in ambulatory care define polypharmacy as a medication count of five or more medications.

On the other hand, polypharmacy is not just the use of multiple medications but also and/or the administration of more medications than are clinically indicated, representing unnecessary drug use [15,16]. For this definition, medications that are not indicated, not effective, or constitute a therapeutic duplication would be considered polypharmacy. Although this definition is more clinically relevant, it does necessitate a clinical review of medication regimens. In our study, the therapeutic groups most used are coincident with those commonly involved in inappropriate prescription: treatment of peptic ulcer, cardiovascular medications, antidepressants, and hypnotics [17]. These medications have not coincidence with the cardiovascular conditions more prevalent. We can consider, regardless of the definition of polypharmacy, an increased risk of inappropriate drug use. Future research should document more evidence regarding the adverse impact on total health care costs and patient health outcomes associated to medication errors, poor adherence, drug-drug and drug-disease interactions and, most importantly, adverse drug reactions. The prevalence of inappropriate prescribing in primary care according to the Medication Appropriateness Index (MAI) is about 39.5% of the medications.

Also this study is one of the few prospective studies to examine the significance of polypharmacy and their association with mortality among elderly individuals identified as CCP. In the analyses of risk for death it seems that, it becomes a factor of higher mortality, but it doesn't happen with the cognitive impairment (Long Rank 0.240). A diagnosis of fall risk or Barthel <60 in people with polypharmacy confers a high risk for mortality. This study confirms the polypharmacy added to conditions as Barthel score <60 or fall risk is associated to increased mortality risk in community and they are a useful indicator to identify subjects eligible for preventive measures in public health strategies. It has been described [18] that these patients are older and suffer poorer functional status at baseline and functional deterioration which could explain the higher mortality. The Barthel score may be useful clinically because it provides a dynamic, integrated assessment of mobility. However, some studies suggest a U-shaped association, that is, the most inactive and the most active people are at the highest risk of falls [19]. 55.2% of CCP with fall risk scored Barthel<60 (moderate dependence). Unfortunately, longitudinal data on functional changes were not measured as part of this study

The decision to prescribe a drug is often based on a specific disease and closely related comorbidities, but has many limitations in older patients, because it fails to take into account age-related changes in pharmacokinetics and pharmacodynamics, coexistence of other acute or chronic diseases, use of multiple drugs, risk of drug-drug or drug-disease interactions, cognitive status, and disability [20,21]. The dosages and effects of medications, beneficial or adverse, are definitely different in the elderly than in younger patients, the latter population being typically and almost exclusively enrolled in randomized clinical trials designed for drug licensing. However, current medical practice guidelines often require multiple medications to treat each chronic disease state for optimal clinical benefit. Therefore, an elderly patient with at least two disease states, such as heart failure and chronic obstructive pulmonary disease, will usually exceed this arbitrary threshold of >five medications. Limited evidence was found of increased health care utilization and poorer quality of life resulting from inappropriate drug use in the elderly.

The method used to define "fall risk" can be little clear. Epidemiological research into falls and fall-related injuries has been effected by a series of conceptual and methodological problems. Clinicians are often unaware of the many existing scales for identifying fall risk and are uncertain about how to select an appropriate one. The fall may simply be an isolated event and most non-injurious falls (75%-80%) are never reported to health professionals [22]. Given that the majority of falls do not come to the attention of any medical service, the use of the evaluation of the fall risk in the community could improve knowledge translation of into clinical practice. The WHO reported falls account for 40% of all injury deaths [8]. Unfortunately, there are no national bench marks to compare our fall rates. Eventually for risk factor assessment to make a difference, all risk factors identified on the risk assessment need to be addressed in the care plans, and the care plans need to be acted on [23].

Eventually, the antidepressants have long been associated with an increased risk for falls. In our study there was not difference in mortality between patients receiving and those not receiving SSRIs [24], but reducing the number of medications, particularly those that contribute to postural hypotension or sedation, is most often reported as target area for fall reduction. The coordination among clinicians and caregivers and the periodic critical review of all the medications taken, a close relationship with the family, primary care physician and social workers are essential. Well-coordinated information should be provided to the family, spouse, caregiver and all the persons involved in a patient's care, without undermining the patient's autonomy and right to make informed choices





Conclusion

In summary, the 91.6% CCP had ≥4 and the 42.9% CCP had ≥10 active medications and it was associated with a increased risk of mortality if there was associated risk of falling or functional disability (Barthel score <60). The inappropriate prescribing relates to specific therapeutic groups and criteria, which should be targeted in future interventions.

In the coming years it is hopeful that increased research funding will become available for the study of new and innovative interventions to reduce unnecessary drug use. Given the cooccurrence of polypharmacy with poor performance status and multi-morbidity, multi-dimensional interventions are needed to improve health outcomes.
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