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ABSTRACT

Background: Reduced physical function and polypharmacy (PPha) are two highly prevalent negative effects of aging, which are expected to increase more, since demographic aging is expected to grow rapidly within the next decades. Previous research suggests that polypharmacy (PPha) is a predictor of poor physical function and vice versa in older adults and therefore we conducted a systematic review of the literature to summarize and critically analyze the relationship between physical function and PPha and vice versa in older adults, in order to provide recent scientific evidence.
Methods: We searched MEDLINE and EMBASE from their inception to 19th October 2018 for english-language observational studies or trials assessing the effect of PPha on physical function and vice versa in older adults. Two investigators independently extracted study data and assessed the quality of the studies, after having screened the available studies from the literature search. Any disagreement was resolved by consensus. 
Results: Eighteen observational studies met the inclusion criteria. Eight studies assessed the impact of physical function on PPha and ten studies assessed the impact of PPha on physical function. Regarding the studies with PPha measurements as the outcome, all of them, except for one, found that better physical function is associated with lower risk of PPha. Likewise, all the studies with physical function measurements as the outcome, except for one, suggested that PPha is associated with lower physical function.
Discussion: Evidence examining the effect of PPha on physical function and vice versa in older adults suggests a strong bidirectional association between these two factors and clinicians should be aware of this strong relationship. The limitations of our study include the high variability in PPha definitions and physical function measures, and the treatment of PPha and physical function as constant instead of time-varying variables in the studies’ analyses.


















Introduction
Demographic aging is expected to grow rapidly within the next decades (1) and as a consequence the proportion of older adults (aged 65 or older) who are at increased risk for adverse health outcomes, including hospitalization, multimorbidity and mortality, is expected to increase (percentage change of older adults from 11.7% in 2013 to 21.1% in 2050).  
Reduced physical function and polypharmacy (PPha) are two common negative effects of aging and both are highly prevalent in this population. The prevalence of PPha, usually defined as receiving five or more medications (2), ranges between 27% to 59% in primary care patients and between 46% and 84% in hospitalized patients (3), while the involuntary loss of skeletal muscle mass, strength and function leads to sarcopenia and frailty (4), which are two common pathological features characterizing the majority of older adults.
PPha and reduced physical function frequently co-occur, increasing the risk of adverse clinical outcomes especially among those who suffer from multiple chronic diseases. Prior studies in the elderly found that exposure to PPha has been associated with impaired physical function and functional decline, increased risk of falls and mortality (5). On the other side, a growing body of data also suggested that low physical function and low levels of physical activity are inversely and independently associated with PPha risk even after adjusting for potential confounders. Thus, it seems that a strong bidirectional association between these two factors exists and as far as we know, no systematic review has been done on this topic. 
Therefore, we summarized and critically analyzed the existed literature on the relationship between physical function and PPha and vice versa in older adults in order to provide recent scientific evidence.

Methods
Data Sources and Searches
The review has adopted the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (6). The literature search was composed to answer the question, “Is there an association between PPha and physical function among individuals older than 65 years of age?”. The electronic databases of published biomedical literature were searched via the databases MEDLINE and EMBASE (OvidSP 1946 to October Week 2 2018). The keywords inserted in the search query of OvidSP were related to the research question and the relevant inclusion and exclusion criteria of our review.  Every term was searched as a MeSH term, if available and also as a free text word in order to also retrieve “In Process” and “publisher-supplied citations” as they are not indexed with MeSH. Apart from using terms derived from the hierarchically-organized terminology for indexing and cataloging, we also used synonyms of these keywords, especially for PPha and physical function, because both these keywords do not have strict definitions. Search of the reference lists of all the studies, which met the inclusion criteria, was also conducted in order to retrieve articles relevant to the research question of the review. The exact combination of keywords that was put in the search query of the OvidSP databases is shown in the Table 1. 


Study Selection
Αll studies measuring medication use either as a continuous or as a categorical variable consisting of different groups according to the number of these medications were included. This is justified since there is no general agreement about the definition of PPha in the scientific literature. Only studies investigating populations covering an age range that also included individuals older than 65 years were selected. Given the broad range of determinants and instruments to measure physical function, there was no limitation regarding the instruments utilized by the studies to assess the physical function of the participants. Additionally, only such studies were included that applied adjustment in their statistical analysis for at least demographical data and comorbidity or specific diseases like diabetes, congestive heart failure and ischemic heart disease, since they are strong confounders of the association between physical function and PPha. The date range of the literature search was from the inception of the databases until 19th October 2018, there was no restriction regarding the type, the geographical region of the study, the context of living of individuals (e.g. community or institutions) and only English-language studies were included.
[bookmark: _Hlk513823592]We excluded studies, in which the study population comprised of individuals with a specific disease, such as cancer, as our research question was not referring to a specific disease group of older people. Studies, which were only examining the association of Drug Burden Index, specific drugs or classes of drugs and components of suboptimal prescribing except PPha, were excluded, because the main interest of our review was to investigate the association between the number of drugs used and physical function and not the one between specific drugs and physical function. Finally, observational studies other than cross-sectional, case-control or cohort studies, were not included in our search strategy.

Data Extraction and Quality Assessment
Two investigators (A. K, K. V.) independently screened the titles and abstracts of articles yielded from the literature search. Then, they assessed the full text publications of potentially relevant articles for complying or not with the inclusion criteria. Disagreements were resolved by consensus. For every study that met the inclusion criteria the same two researchers extracted the main elements, characterizing the studies. These include the main author, the country and the year, in which the study was published, the design, the follow-up period, the sample size and the population characteristics of the study, the measures of PPha and physical function, which were used and finally the main results of the study. 
The quality of the studies was assessed by same two investigators through the Newcastle-Ottawa Scale (NOS) for cohort and case-control studies, and a modified version of NOS for cross-sectional studies, which was described in a previous study (7). Any discrepancies were resolved by consensus. The maximum score was nine for cohort and case-control studies and ten for cross-sectional studies. Studies with scores of six or more were considered of moderate or good quality. 

Data Synthesis and Analysis
We created evidence tables with studies’ main results and characteristics in order to summarize the current literature. Since, we considered studies with poor quality (NOS score of less than six) to lack validity we summarized only studies of moderate and good quality. Moreover, we grouped studies into two groups; a first one with PPha measures as the outcome and a second one with physical function measures as the outcome. Finally, given the high heterogeneity of the studies in terms of population and methodological characteristics, definition of PPha and measurement of physical function, we decided to summarize studies qualitatively and that meta-analysis was not recommended.

Results
Identification of studies
In total 1,853 nonduplicated studies were yielded from the medical database search (Figure 1). After the initial screening of titles, 204 studies were selected for reading the abstract; after abstract reading 19 were chosen for full-text reading. Only 14 met the inclusion criteria and in addition, 4 studies identified from reference lists, were included, resulting to a total number of 18 articles.

Studies characteristics
All the studies were observational and specifically, nine were prospective-cohort studies (8-16) eight were cross-sectional studies (17-24) and one was a case-control study (25). Six studies were conducted in the U.S. (10-12, 17-19), two each in Germany (21, 24), Japan (22, 23), Italy (13, 15), and the United Kingdom (16, 25), and one study each in Australia (20), Taiwan (8) and Finland (9). One study (14) was a multi-center cohort study, which was conducted in 50 European (seven countries) and seven Israeli facilities. The study size ranged between 294 and 29,544 individuals and for most of the studies the sample consisted of community-dwelling individuals who were surveyed, interviewed or assessed while living at their home. In two studies (13, 15), the population of interest was older patients admitted to the geriatric and internal medicine acute wards of specific hospitals and in two studies (12, 14), the study sample comprised of institutionalized individuals. The lower limit of age of the population in most of the studies was 65 years except for two studies (9, 21), which included people older than 70 years old, one study with a lower limit of age being 50 years (25) and two studies without age restriction (14, 18). For most of the studies, investigating the association between PPha and physical function was defined as a primary objective (8-19, 21, 22, 24, 25) and in two studies (20, 23), examining this association was a secondary objective.

Measures of Medications
Despite the fact that the most commonly reported definition of PPha across studies (8, 11, 12, 14, 16, 19, 21, 23) was the numerical definition of five or more medications being used on a regular basis, there were also a variety of other definitions, using cut-offs of four, six, eight, nine, ten and eleven medications to differentiate between PPha and non- PPha groups. Three studies (10, 17, 20) used a continuous measure of medications and one (25) categorized the number of medications into 4 groups. Major, hyper or excessive PPha groups were defined in four studies, with the cut-offs being nine and ten medications, respectively in each study (8, 9, 14, 15) and two studies (13, 19) used also an alternate cut-off to define PPha, in order to further confirm their results. Regarding the type of medications, most of the studies measured the number of prescriptions and OTCs as medications (9-13, 17-19, 21, 22). The data associated with measurement of medication use in individuals were acquired mostly through face-to-face or telephone interviews, medical assessments, questionnaires or postal surveys. 

Measures of Physical Function
The most common measurement of physical function was derived from the use of basic ADL and instrumental ADL scales. In total, 9 studies (8-10, 12, 14, 15, 17, 18, 20-22) used scales of ADLs: Barthel index (30), Lawton – Brody IADL scale (8, 9, 12), Katz index of ADLs (8, 15, 20), Minimum Data Set ADL Hierarchy scale (14), OARS scale of ADLs (10), all of them resulting in a numerical total score, which evaluated ADL. Four of these studies (9, 17, 18, 21), did not report the scale of ADLs they used. Only one study (10) used the continuous outcome for statistical analysis. The rest transformed the outcome, into a categorical variable with two or more groups. The groups were either formed depending on the score or depending on the existence of at least one dependency problem at ADLs. Four studies used objective measures of physical fitness, like walking speed  (13, 16, 19), grip strength (16, 24), walking while talking speed (19), chair rise speed (16), standing balance time (16) and change in lower extremity physical function (11), as continuous measurements. The rest of the studies used the physical functioning score of SF-36 (23) and the 3-year change in the physical component summary of SF-12 questionnaire as continuous variables. In the statistical analyses, grip strength was categorized into simple (13) or gender specific tertiles (24) or was used as numerical variable (13, 16), walking speed was categorized into tertiles (13) or used as numerical variable (16, 19), the 3-year change in the physical component summary of SF-12 questionnaire was dichotomized in two groups of negative or positive change (25), walking while talking speed was used as numerical outcome and the physical functioning score of SF-36 was categorized into three groups of high, mid and low function.

Quality of the studies
All studies included in the review had scores higher than 6, and thus considered as of moderate or good quality (online appendix Table 1). The median quality score for cohort and case-control studies was 7 with a range of 6-9 and for cross-sectional studies it was 8 with a range of 7-9. All the included studies adjusted for the strong potential confounders age, sex and comorbidity or specific diseases.

PPha as the outcome variable      
Eight studies (8, 13, 17, 18, 21-24) used PPha measurements as the outcome and all of them, except for one (24), found that better physical function is associated with lower risk of PPha (Table 2). Six of them were of cross-sectional nature (17, 18, 21-24) and two were prospective cohorts (8, 13). Six of them (8, 13, 17, 18, 21, 22, 24) showed that older adults in lower physical function groups were more likely to have PPha or excessive PPha compared to people in the higher physical function groups. Tsuji-Hayashi et al. (23) also showed that the odds of having PPha gets higher with every one-unit increase in the physical function score of SF-36 survey. This was not the case in the study of Volaklis et al. (24), where although they found a significant association between physical activity and PPha, the association between grip strength and PPha was not significant.   


Physical function as the outcome variable
Ten studies incorporated the physical function variable, as the outcome in their statistical analysis (9-12, 14-16, 19, 20, 25) and all of them, except for one (14), found that PPha is associated with lower physical function (Table 3). Seven of them were prospective cohort studies (9-12, 14-16), two of them were cross-sectional studies (19, 20) and one was a case-control study (25). Seven of them (9, 11, 12, 15, 16, 19, 25) showed that older adults in the PPha or excessive PPha group had lower physical function compared to people in the non- PPha group. Magaziner et al. (10) and Gnjidic et al. (20) also showed that physical function of older adults gets worse with every medication added to their medical therapy. On the contrast, Vetrano et al. (14) reported that PPha is not associated with functional decline over one year, in older nursing home residents.

Discussion
To our best knowledge, this is the first systematic review to investigate the relationship between PPha and physical function and according to our results a strong bidirectional association between these two factors exists. Specifically, PPha negatively influences the majority of physical function outcomes, while on the other hand, the lower the physical function or the physical activity level of older adults the higher the likelihood of them to be on PPha. 

Effects of PPha on physical function
Several conceptual schemes about the process of functional impairment and disability have been proposed, with the disablement process being one of the most multi-faceted (26). According to that scheme, one of the essential extra-individual factors, which controls the natural way of a disease to functional impairment is medications. In that sense, drug use does not only imply protective effects but also negative ones for the physical function status, usually derived from drug-drug and drug-disease interactions, side effects and/or inappropriate dosages of medications. For example, statin usage can induce severe side effects such myalgia or rhabdomyolysis (27), beta‐blockers modifies local muscular metabolic properties and impairs endurance exercise (28) while several other types of drugs including corticosteroids and chemotherapy drugs are associated to muscle weakness and wasting (29-31). The accumulation of concurrent diseases in older persons increases the complexity of creating an optimized prescription of medications and requires their number and potential benefit to be balanced with their adverse outcomes. As a result, the probability of functional impairment of individuals gets higher as the number of medications they use increases.
Apart from the complexity of balancing positive and adverse effects of medications, also the pharmacodynamics of specific drugs may act as mediators of the adverse impact of multiple drug use on physical function. Specific classes of medications, like drugs which depress the central nervous system, have been more correlated with decreased physical and mental functioning in older people than other classes and hence the Drug Burden Index (DBI) was introduced (32). DBI quantifies the drug burden of sedative and anticholinergic drug use of individuals and their impact on functioning. Therefore, even if the association between DBI and PPha has not been investigated yet, it is possible for DBI to describe a mediator function of the adverse effects of PPha on physical function, since with the use of an increased number of medications, the probability of using sedative and anticholinergic drugs increases.  
Effects of physical function on PPha
During the last decades low physical function has been recognized as a risk factor for various chronic diseases (33-38), exercise training and many drugs have been shown to have comparable effectiveness regarding their mortality reduction in several chronic diseases (39-41), whereas it has also been established that among individuals with cardiovascular and metabolic diseases systematic exercise reduces the medications needed for disease treatment (42-44).
Moreover, it is known that one of the main determinants of physical function is the clinical condition of individuals, which mainly consists of the cognitive and neuromuscular function, orthopedic problems and symptoms, like fatigue, pain and shortness of breath of the individual (45). Impairment in physical function of individuals, which occur due to attenuation of their clinical condition, usually follows a proper medication treatment, with the intention to restore, as far as possible, their health state back to normal. This justifies why the concurrent diseases or clinical status of an individual is the main determinant for drug needed and even more for PPha (46). 
Based on this scientific background it seems that physical function has the potential to influence PPha risk indirectly, by changing the risk of chronic diseases and multimorbidity, and directly, by acting as a predictor of the clinical condition of individuals.

Clinical implications
[bookmark: _Hlk527399180]Both, physical function and PPha are modifiable factors, which are susceptible to interventions through healthcare providers. Quality of pharmacotherapy of older people has the potential to be improved; lowering the number of subjects on PPha in the population (47) and optimization on drug prescribing (48) are ways to achieve that. One well-established approach for improving the physical function of older adults is commitment in physical activity (49). Several studies (50, 51) have revealed, that moderate and even small amount of physical activity can confer protection from functional limitations and adverse health outcomes in older adults. Therefore, physicians and other health care professionals should encourage patients to enhance their level of physical activity in order to counteract the age-related decline in several physiologic functions, protecting by this way against chronic diseases and thus against PPha. Moreover, the implementation of physical function improvement interventions in community settings is cost-effective (52) and can affect a large number of older adults. In conjunction with amelioration of the quality of pharmacotherapy, harmful loops of dysfunction can be discontinued and adverse health outcomes can be prevented among older adults. 

Strengths and limitations 
Multimorbidity is associated with both deterioration of physical function and increased number of medications (53-56), thus it is one of the strongest confounders regarding the associations between the exposures and outcomes we tried to address. The fact that all the selected studies included an index of multimorbidity or specific chronic diseases as covariates in their statistical analysis, means that they resulted in associations, which are closer to the real ones and that is a particular strength of the study. Furthermore, the fact that all studies included several other confounders in their final adjustment models, strengthens our results even more.    
Taking into account that a consensus for the definition of PPha does not exist in the literature (2), a diverse range of different cut-offs in the total number of medications exists. Given the fact that, the optimal cut-off point of total medications in relation with physical function is 5.5 (20), most of the studies could have generated stronger associations, if they had used five or more medications as the definition of PPha. Still though, most studies, found statistically significant results, meaning that the association between PPha and physical function remains strong, even after the attenuating effect of not choosing the optimal cut-off point.
Another limitation refers to the different instruments, which were used among the studies, for measuring the physical function outcomes. Taking into consideration the variety of elements that constitute physical function, it is obvious that one measure that comprises all areas does not exist. Apart from this, only four studies used objective measures of physical function and all the studies used a one-item measurement, which covers one specific domain of physical function and is not as robust as a multidimensional instrument. In addition, some of the studies used self-administered questionnaires to measure physical function of the individuals, which could have introduced self-reporting bias (57).
All studies used one or both of the exposure and outcome variables as constant variables over time. Of course, the number of medications being used by an individual fluctuates over time, e.g. due to an imperfect adherence to prescribed medication or the occurrence of new diseases. The situation is similar with respect to physical function, which has the potential to change over time in individuals. Finally, despite the inclusion of multiple synonyms of PPha and physical function in our search query, the heterogeneity of definitions and nomenclature of these concepts, could possibly have affected the results of our search strategy


Conclusion
In summary, this systematic review provides clear evidence of a bidirectional association between PPha and physical function. As the population gets older, both the burden of PPha and impairments in physical function are increasing. As both factors are potentially modifiable, health care providers could take the chance and develop effective measures to improve the health situation of older individuals by improving both conditions. A quality check of combined drug use and physical function measurements in older patients could be implemented in clinical practice, for improvement of the clinical evaluation of older patients. However, a causal relationship cannot be proven based on the current literature, but possible physiological mechanisms support our findings. Therefore, future studies, especially randomized clinical trials, applying objective measures of physical function and PPha are needed, to establish the causal relationships between these two factors.
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Figure 1 Flow-chart of the selection strategy of the studies















1




Table 1 Search Strategy 19/10/2018
	Step
	Searches
	Results

	1
	exp physical fitness/
	34,725

	2
	exp activities of daily living/
	78,258

	3
	exp muscle strength/
	53,962

	4
	exp gait/
	46,697

	5
	exp health status/
	207,825

	6
	exp mobility limitation/
	10,060

	7
	(physical fitness or activit* of daily living or muscle strength or gait or health status or mobility limitation).tw.
	202,461

	8
	(((physical or function*) adj (performance or capacity or ability or disability)) or physical function*).tw.
	91,882

	9
	1 or 2 or 3 or 4 or 5 or 6 or 7 or 8
	504,237

	 10
	exp polypharmacy/ or (polymedication or polypharmacy).tw.
	17,035

	11
	((multip* or concomitant* or concurrent* or suboptim* or excess*) adj (medicin* or medicat* or prescrib* or prescription* or drug*)).tw.
	24,026

	12
	10 or 11
	39,796

	13
	9 and 12
	1,958

	14
	limit 13 to "all aged (65 and over)"
	1,895



Table 2 Characteristics and results from included studies with polypharmacy as the outcome
	[bookmark: _Hlk517538669]Author, Country, Year
	Study design, Follow-up, Sample size
	Population
	Measures of PPha (medications)
	Measures of Physical Function
	NOS
	Results describing the risk of PPha use by measures of physical function (95% CI)

	Tsuji-Hayashi et al., Japan, 1999 (23)  
	Cross-sectional, n=491
	Nationally representative sample of Japanese population, age ≥ 65 
	PPha ≥ 5, (only Rx) 
	Physical function score of SF-36 survey ranging from 0 to 100
	8/10
	OR of PPha: 0.980 (0.968-0.992) per 1 unit increase in physical function

	Kuzuya et al., Japan, 2006 (22)
	Cross-sectional, n=1,875
	Community dwelling people eligible for long-term care insurance in Nagoya City, Japan, age ≥ 65
	PPha ≥ 6 (OTCs and Rx) 
	Summary score of the rating of seven ADL divided in three categories low (≤ 11), mid (12-17) vs high function (≥18)
	9/10
	OR of PPha:  1.35 (1.03-1.79) mid vs high function group, 1.38 (0.99-1.89) low vs high function group

	Junius-Walker et al., Germany, 2006 (21)
	Cross-sectional, n=466
	Systematically-selected   patients from 67 randomly selected practices in Leipzig and Hannover, age ≥ 70
	PPha ≥ 5 (OTCs and Rx) 
	Dependency problems vs independency in IADLs 
	7/10
	OR of PPha:  1.91 (1.03-3.56) dependency problems vs independency in IADLs

	Chan et al., Taiwan, 2009 (8)
	Propsective cohort, 1 year, n=11,788
	Nationally representative sample of disabled Taiwanese, age ≥ 65
	Major PPha ≥ 10, PPha ≥ 5, Persistent PPha ≥ 5 for ≥ 181 days (only Rx) 
	3 groups: IADL impairments only, ADL impairments vs independent
	8/9
	OR of Major PPha: 1.48 (1.27-1.72) ADL impairments vs independent, 1.35 (1.11-1.64) IADL impairments only vs idependent.
OR of PPha: 1.66 (1.40-1.96) ADL impairments vs independent, 1.26 (1.01-1.57) IADL impairments only vs idependent.
OR of Persistent PPha: 2.11 (1.75-2.54) ADL impairments vs independent, 1.76 (1.41-2.19) IADL impairments only vs independent

	Dwyer et al., USA, 2010 (18)
	Cross-sectional, n=13,403
	Nationally representative sample of US nursing home residents, no restriction in age
	PPha ≥ 9 (Rx and OTCs) 
	Number of ADLs ≤ 4 vs all 5 requiring assistance by nursing home staff based on face-to-face interview 
	9/10
	OR of PPha: 0.68 (0.62-0.74) all 5 vs ≤ 4 ADLs requiring assistance

	Crentsil et al., USA, 2010 (17)
	Cross-sectional, n=803
	Population-based, random sample of community-dwelling disabled woman, age ≥ 65
	Continuous (Rx and OTCs)
	Self-reported IADL in difficulty in shopping vs no-difficulty 
	7/10
	Ratio of Total: 1) Medications 1.07 (0.98-1.18)
2) Prescriptions 1.20 (1.06-1.35)
3) OTCs 0.85 (0.72-0.99) 
between difficulty in shopping vs no-difficulty

	Sganga et al., Italy, 2014 (13)
	Prospective cohort, length of stay in hospital, n=1,123
	Patients admitted to the geriatric and internal medicine wards of seven Italian hospitals in Italy, age ≥ 65
	PPha ≥10 and PPha≥8 (alternative cut-off, Rx and OTCs) 
	Tertiles (intermediate, good, unable vs poor performers) and continuous scale of Walking speed (WS) and of Grip Strength (GS) 
	6/9
	OR of PPha: Walking speed, 0.58 (0.35 – 0.96) good vs poor performers, 0.77 (0.60-0.98) for 1 SD increment.
OR of PPha: Grip Strength, 0.55 (0.36-0.84) good vs poor performers, 0.71 (0.56-0.90) for 1 SD increment
(only the first cut-off results are presented)

	Volaklis et al., Germany, 2017 (24)
	Cross-sectional, n=711
	Random sample from KORA-Age study (follow up study of 4 surveys in Augsburg population), 65 ≤ age ≤ 94
	PPha ≥ 4 (only Rx)
	Gender specific tertiles of grip strength measured in kilograms (kg) using a hand-held dynamometer
	8/10
	OR of PPha: NS

	NOS: Newcastle-Ottawa Scale. CI: Confidence Intervals. PPha: Polypharmacy. OR: Odds Ratio. SF-36: 36-Item Short Form Survey. OTCs: Over-the-counter drugs. Rx: Prescriptions. ADL: Activities of Daily Living. CHF: Congestive Heart Failure. CHD: Coronary Heart Disease. DM: Diabetes Mellitus. HT: Hypertension. IADL: Instrumental Activities of Daily Living. COPD: Chronic Obstructive Pulmonary Disease. OA: Osteoarthritis. MMSE: Mini Mental State Examination. PPSS: Physical Performance Summary Score. PAD: Peripheral Arterial Disease. MI: Myocardial Infarction. IHD: Ischemic Heart Disease. HF: Heart Failure. SD: Standard deviation. KORA: Cooperative Health Research in the Region Augsburg. CRP: C-reactive protein. NS: Not Significant.







Table 3 Characteristics and results from included studies with physical function as the outcome.
	Author, Country, Year
	Study design, Follow-up, Sample size
	Population
	Measures of PPha
	Measures of Physical Function
	NOS
	Results describing the level of physical function by PPha groups (95% CI)

	Magaziner et al., USA, 1989 (10)
	Prospective cohort, 1 year, n=609
	Population-based, random sample from community-dwelling women residing in 20 contiguous Zip Code areas in Baltimore, Maryland, age ≥ 65
	Continuous (OTCs and Rx)  
	Score for IADLs and PADLs (0: independent individual, 1: needs help, 2: unable to do any activity)
	7/9
	Change in IADL score (standardized coefficients) per 1-unit increase of prescriptions: 0.12 (N of Rx prescriptions, p<0.001)
Change in PADL score per 1-unit increase of prescriptions: -0.10 (N of prescriptions), 0.26 (N2 of prescriptions, p<0.001),
Changes in PADL per 1-unit increase of OTCs: -0.14 (N of OTCs) and 0.27: (N2 of OTCs, p<0.001)

	Pugh et al., USA, 2007 (11)
	Prospective cohort, 7 years, n=1,682
	Regional probability sample of community dwelling Mexican-Americans, age ≥ 65 
	PPha ≥ 5 (OTCs and Rx) 
	Rate of change in LEFL 
	7/9
	Mean difference in rate of change in LEFL: 0.014 (p=0.004) PPha vs non-PPha group

	Jyrkkä et al., Finland, 2011 (9)
	Prospective cohort, 3 years, n=294
	Population-based, random-sample of people from Kuopio, Finland, age
≥ 75
	 PPha 6-9, Excessive PPha >9 (OTCs and Rx)
	Self-reported IADL (significant difficulty 0-6 vs high-functionality 6-8 score)  
	7/9
	OR of high functionality: -0.53 (-0.81 to -0.26) Excessive PPha vs non-PPha,
 -0.29 (-0.47 to -0.10) PPha vs non-PPha

	Kadam et al., UK, 2011 (25)
	Case-control, n=4,506
	Population-based, postal survey at baseline and at 3-year follow-up in 6 general practice populations of individuals, age ≥ 50 with 5-year linkage to their drug prescription data 
	Category 4; ≥ 12, category 3; 8-11, category 2; 5-7 vs category 1; 1-4 (only Rx)
	DIchotomised change of 3-year follow-up score of physical and psychological component summary of SF-12 questionnaire (4 groups: controls had better physical and psychological health)
	7/9
	OR of worse physical health: 1.64 (1.2-2.3) category 4, 1.42 (1.1-1.9) category 3, 1.24 (0.97-1.6) category 2 vs category 1.
OR of worse physical and psychological health:  2.91 (2.0-4.2) category 4, 2.25 (1.7-3.1) category 3, 1.55 (1.2-2.1) category 2 vs category 1

	Gnjidic et al., Australia, 2012 (20)
	Cross-sectional, n=1,705
	Random sample of community-dwelling men, age ≥ 70  
	Continuous (only Rx) 
	Self-reported disability in at least one ADL vs no-disability 
	8/10
	OR of disability in ADLs: 1.080 (1.000-1.115) for one-unit increase in number of medications

	Rosso et al., USA, 2013 (12)
	Prospective cohort, 3 years, n=29,544
	Community-based, recruitment of community-dwelling free of disability in ADLs women, age ≥65
	PPha ≥5 (OTCs and prescriptions) 
	Incident disability in at least one from four ADLs 
	8/9
	RR of incident disability: 1.95 (1.54-2.46) ≥5 vs 0-5 medications

	George et al., USA, 2017 (19)
	Cross-sectional, n=482
	Community-dwelling, English speaking, ambulatory individuals, age ≥ 65 
	PPha ≥ 5 and PPha ≥ 8 (alternate cut-off, OTCs and Rx) 
	Velocity measured during steady state walking speed (WS) and walking while talking speed (WWT) (gait performance)
	8/10
	Mean Difference of WS: -4.6 cm/s (-9.0 - -0.16) PPha (≥ 5) vs 0-4 medications, -9.4 cm/s (-16 - -2.8) PPha (≥) 8 vs 0-7 medications
Mean Difference of WWT: NS, PPha ≥ 5 vs 0-4 medications, -7.9 cm/s (-15.3 - -0.47) PPha ≥ 8, vs 0-7 medications

	Vetrano et al., Europe and Israel, 2018 (14)
	Prospective cohort, 1 year, n=3,234
	Nursing home residents from 57 facilities, no restriction in age
	PPha 5-9, Excessive PPha ≥ 10 (only Rx)
	ADL Hierarchy scale ranging from 0 (no impairment) to 6 (total dependence)
	8/9
	NS

	Fabbietti et al., Italy, 2018 (15)
	Prospective cohort, 3 months, n=733
	Patients admitted to the geriatric and internal medicine wards of seven Italian hospitals in Italy age ≥ 65
	Hyper PPha > 10 vs (only Rx)
	Functional decline defined as loss of independency in at least one ADL after 3 months from hospital discharge
	6/9
	OR of functional decline: 2.2 (1.11 – 4.37) Hyper PPha vs 0-9 medications

	Rawle et al, UK, 2018 (16)
	Prospective cohort, 5 to 9 years, n=2,122
	Population sample from the NSHD, age=69 at the end of the follow-up
	PPha ≥ 5 (only Rx)
	Chair rise speed, standing balance time, walking speed, and grip strength
	7/9
	PPha vs non-PPha mean differences in:
1) Chair rise speed (stands/min): –2.4 (–3.6 to –1.2) 
2)Walking speed (m/s): –0.1 (–0.1–0.0) 
3)Standing balance time (log seconds): –0.1 (–0.2–0.0) 
4)Grip strength (kg): –1.9 (–2.9 to –0.9) 

	NOS: Newcastle-Ottawa Scale. CI: Confidence Intervals. OTCs: Over-the-counter drugs. Rx: Prescriptions. PADL: Physical Activities of Daily Living. OARS: Older Americans Resources and Services. N: Number. NS: Not Significant. p: p-value. PPha: Polypharmacy. LEFL: Lower Extremity Functional Limitation. MMSE: Mini Mental State Examination. CESD: Center for Epidemiological Studies Depression. IADL: Instrumental Activities of Daily Living. FCI: Functional Comorbidity Index. SF-12: 12-Item Short Form Survey. OR: Odds Ratio. ADL: Activities of Daily Living. RR: Risk Ratio. BMI: Body Mass Index. HT: Hypertension. CHF: Congestive Heart Failure. DM: Diabetes Mellitus. MI: Myocardial Infarction. IHD: Ischemic Heart Disease. COPD: Chronic Obstructive Pulmonary Disease. GDS: Geriatric Depression Score. NSHD: Medical Research Council National Survey of Health and Development



