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AIMS 
1. Investigate medication  prescription  patterns  among  LTCF residents

2. Evaluate  the prevalence  of DDIs 

3. Identify  the prevalence  and appropriateness  of modified  SODF 

administration

4. Assess medication  adherence  and compliance  among   LTCF residents  

5. Evaluate  the impact of polypharmacy  management on nursing 

workload  

6. Collect  evidence  to establish  specific  best -practice  for medication  

administration  in LTCFs, integrating  Italian  general recommendations  on 

handling  of solid oral  pharmaceutical  forms

Malara A. et al. Aging  Clinical  and Experimental  Research  (2025) 37:291 



MINIMUM DATA SET

1) RESIDENT CHARACTERISTICS

2) MEDICATIONS

3) FACILITY CHARACTERISTICS & NURSING WORKLOAD

Malara A. et al. Aging  Clinical  and Experimental  Research  (2025) 37:291 



üICD-10 codes used  to record dementia  diagnosis  and 
subtype .

üDementia  severity  assessed using the Clinical  Dementia  Rating 
Scale (CDR)

üBehavioral  and Psychological  Symptoms  of Dementia  
(BPSD)evaluated  using the Neuropsychiatric  Inventory (NPI)

ANCILLARY DATA COLLECTION (Residents with Dementia )



3.400 residents

 acute conditions

centres with <5 participants

Final analysed  sample: 3.174 residents



1) RESIDENT CHARACTERISTICS

ü Mean  age : 84.7 years  (95% CI: 

84.0ð85.3); 73.7% women

üFunctional  impairment : 96.2% 

had  Ó1 ADL limitation

üFrailty (FRAIL-NH Ó 8):49.7%

üMean  of 4.4 chronic  

diseases (95% CI: 4.1ð4.7)

Malara A. et al. Aging  Clinical  and Experimental  Research  (2025) 37:291 



1) RESIDENT CHARACTERISTICS
üMost  frequent  chronic  conditions :

    Hypertension : 55.5%

    Dementia : 48.2%

    Cerebrovascular  disease : 27.2%

    Diabetes : 19.7%

    Depression : 19,1 %

üSwallowing  issues:

    Dysphagia : 15.5%

    NG tube/PEG: 1.1%

Malara A. et al. Aging  Clinical  and Experimental  Research  (2025) 37:291 

ü13.6% (95% CI: 9.7ð18.9) were  

classified  as having  severe 

dementia  (CDR levels 4ð5).



2. MEDICATIONS

24.701 drug  prescriptions

invalid  or missing ATC codes

duplicate prescriptions  (same  resident , drug  
name , dosage , and formulation

Final analysed  sample: 23.780 drugs



ü Medications  were  evaluated  using the Anatomical  

Therapeutic  Chemical  (ATC) classification  system.

ü Exact  ATC codes  were  retrieved  through  a structured  

query  using the NCBI BioPortal  API to ensure  correct  drug  

identification  and classification .

MEDICATIONS ASSESSMENT

Prescription Day LTFS 2024_unpublished data



üATC Level 1 ð Anatomical  group  (Identifies  the main  anatomical  system on 

which  the drug  acts (e.g. Nð Nervous  system)

üATC Level 2 ð Therapeutic  group . Groups  drugs  according  to their main  

therapeutic  use

(e.g. N05ð Psycholeptics )

üATC Level 3 ð Pharmacological  subgroup . Defines pharmacological  or 

therapeutic  subgroups  (e.g. N05A ð Antipsychotics ; N05Bð Anxiolytics )

üATC Level 4 ð Chemical  subgroup  Identifies  drugs  based  on chemical  or 

mechanistic  similarities(e.g. N05AH ð Diazepines ; N05BAð Benzodiazepine 

derivatives )

üATC Level 5 ð Active substance  Specifies  the individual  chemical  substance  

(e.g. N05AH04 ð Quetiapine ; N05BA01ð Diazepam )

ATC CLASSIFICATION SYSTEM (LEVELS 1т5)

WHO Collaborating  Centre for Drug Statistics  Methodology , 2025.



ATC HIERARCHICAL PRESCRIBING PATTERNS
Hierarchical  distribution  of drug  prescriptions  across  ATC levels (1ð5)

Prescription Day LTFS 2024_unpublished data





The most  represented  ATC Level 1

üNervous  system

üAlimentary  tract  and metabolism

üCardiovascular  system

üBlood Forming  Organs

DRUG DISTRIBUTION
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Inappropriatezza in PD24

Deýnizione del campione:

rm(list = ls())

l i br ar y (tidyverse)

## ωω Attaching core tidyverse packages ωωωωωωωωωωωωωωωωωωωωωωωω tidyverse 2.0.0 ωω

## Ṋ dplyr     1.1.4     Ṋ readr     2.1.5

## Ṋ forcats   1.0.0     Ṋ stringr   1.5.1

## Ṋ ggplot2   3.5.2     Ṋ tibble    3.2.1

## Ṋ lubridate 1.9.4     Ṋ tidyr     1.3.1

## Ṋ purrr     1.0.4     

## ωω Conflicts ωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωωω tidyverse_conflicts() ωω

## Ṍ dplyr::filter() masks stats::filter()

## Ṍ dplyr::lag()    masks stats::lag()

## ᴩ Use the conflicted package (<http://conflicted.r-lib.org/>) to force all conflicts to become errors

df        <- readRDS( "../data cleaning/full_base_NODRUG_v1b.rds" )

df_drug   <- readRDS( "../data cleaning/drug_long_v1b.rds" )

df_drug0  <- df_drug 

df$AKU.other <- NULL

init.sample = nrow(df)

to.excl_AKU = which(rowSums(df[,grep( "AKU" ,names(df))], na.rm = TRUE) > 0)

n.AKU = length(to.excl_AKU)

df <- df[-to.excl_AKU,]

to.excl_low   <- df %>% 

                  count(centro_arruolamento) %>% 

                  filter(n < 5)

n.low = which(df$centro_arruolamento % i n% to.excl_low$centro_arruolamento)

df = df[-n.low,]

Esclusione di:

sample iniziale: 3400

ESCLUSI: con condizioni acute = 211

ESCLUSI: da centri con meno di 5 partecipanti = 5 centri (15 partecipanti)

Sample analizzato: 3174

Terapia farmacologica

df_drug <- df_drug[df_drug$record_id % i n% df$record_id,]

init.drugs = nrow(df_drug)

n.NONvalid = which(df_drug$VALID_ATC == 0 | is.na(df_drug$VALID_ATC) | is.na(df_drug$pd24_mf_drug.name))

df_drug <- df_drug[-n.NONvalid,]

df_drug %>% 

  distinct(record_id, pd24_mf_drug.name, pd24_mf_form, pd24_mf_dosage, .keep_all = TRUE) %>% 

  nrow() -> non.dupl.rows

excl.dupl = nrow(df_drug) - non.dupl.rows

df_drug %>% 

  distinct(record_id, pd24_mf_drug.name, pd24_mf_form, pd24_mf_dosage, .keep_all = TRUE) -> df_drug

Esclusione di:

numero iniziale di farmaci: 24701

ESCLUSIONE: ATC non valido = 913

ESCLUSIONE: duplicati = 8

Totale farmaci inclusi = 23780

Caratteristiche del campione analizzato

sour ce ( "../../../funzioni R/rnd_table_1.R" )

df$time_in_GE12months = ifelse(df$base_time_in_nh == "24+ m"  | df$base_time_in_nh == "12-24 m" , 1, 0)

df$sum_diseases = rowSums(df[,grep( "CHR.D" ,names(df))])

df$ADLlost_GE1 = ifelse(df$ADL_lostNum >= 1, 1, 0)

df$frailtyNH_GE8 = ifelse(df$frailtyNH_nCriteria >= 8, 1, 0)

df$CDR_4_5 = ifelse(df$cdr_lvl4 == 1 | df$cdr_lvl5 == 1, 1, 0)

df$CDR_4_5[is.na(df$CDR_4_5) & df$CHR.D_dementia == 0] = 0

df$dysph_table = ifelse(df$nutr.dysphagia == "No" , 0, 1)

df$lowAdh = ifelse(df$othcond_drug_adherence == 0, 1, 0)

df$lowCompl = ifelse(df$othcond_drug_compliance == 0, 1, 0)

m.vars <- c( "age_at_PDay24" , "base_sex" , "time_in_GE12months" , "sum_diseases" , "ADL_lostNum" , "ADLlost_GE1" , "frailtyNH

_nCriteria" , "frailtyNH_GE8" , "CDR_4_5" , "dysph_table" , "BPSD_burden" , "BPSD_num", "NDRUG_uniqueActPrinc" , "NDRUG_un

iqueATC" , "lowAdh" , "lowCompl" ,names(df)[grep( "CHR.D" ,names(df))])

fct.vars = c( "base_sex" , "time_in_GE12months" , "ADLlost_GE1" , "frailtyNH_GE8" , "CDR_4_5" , names(df)[grep( "CHR.D" ,nam

es(df))], "dysph_table" , "lowAdh" , "lowCompl" )

tb1 = rnd_table1(vars = m.vars,

                 fct_vars = fct.vars,

                 data = df,

                 cluster = "centro_arruolamento" ,

                 icc = FALSE,

                 na_action = "na.omit" )

tb1$mean = NA

tb1$sd = NA

tb1$count = NA

tb1$missing = NA

f or  (i i n  1:nrow(tb1))

{

  var.vect = df[[tb1$variable_name[i]]]

  

  i f  (tb1$level_name[i] == "" )

  {

    tb1$mean[i] = mean(var.vect, na.rm = TRUE)

    tb1$sd[i] = sd(var.vect, na.rm = TRUE)

  } el se  {

    tb1$count[i] = sum(var.vect == tb1$level_name[i],na.rm = TRUE)

  }

  tb1$missing[i] = sum(is.na(var.vect))

}

tb1 %>% 

  filter(level_name != "0" ) %>% 

  filter(level_name != "M" ) %>% 

  mutate(name = ifelse(level_name == "" ,

                       variable_name,

                       paste0(variable_name, " = " ,level_name)),

         estimate = ifelse(level_name == "" ,

                           paste0(round(beta, 2), " (" ,

                                  round(LB, 2), "-" ,

                                  round(UB, 2), ")" ),

                           paste0(round(beta* 100 , 1), "% (" ,

                                  round(LB* 100 , 1), "%-" ,

                                  round(UB* 100 , 1), "%)" )),

         empirical = ifelse(level_name == "" ,

                            paste0(round(mean, 2), " (" ,round(sd, 2), ")" ),

                            paste0(count, " (" ,round(count/(nrow(df)-missing)* 100 , 1), "%)" ))) %>% 

  dplyr::select(name,estimate,empirical,missing)

name

<chr>

estimate

<chr>

empirical

<chr>

missing

<int>

age_at_PDay24 84.77 (84.14-85.39) 85.19 (8.55) 0

base_sex = F 74.1% (71.8%-76.3%) 2339 (73.9%) 7

time_in_GE12months = 1 72% (67.8%-75.9%) 2239 (70.6%) 3

sum_diseases 4.4 (4.07-4.72) 4.41 (2.33) 0

ADL_lostNum 4.4 (4.25-4.55) 4.44 (1.7) 594

ADLlost_GE1 = 1 96% (94.3%-97.2%) 2440 (94.6%) 594

frailtyNH_nCriteria 6.57 (6.29-6.84) 6.57 (3.04) 752

frailtyNH_GE8 = 1 48.5% (43.1%-54%) 1178 (48.6%) 752

CDR_4_5 = 1 14.7% (10.7%-19.8%) 646 (22.1%) 247

dysph_table = 1 14.7% (11.9%-18%) 564 (18.7%) 156

1-10 of 45 rows

Valutazione terapia farmacologica:

Tramite contatto con lôAPI di NCBI Bioportal ¯ stata effettuata una query per i nomi esatti degli ATC

ATC_defin = readRDS( "../Paper 2/ATC_translated_df.rds" )

ATC_defin$pd24_mf_active = ATC_defin$code

ATC_defin$ATC_5_dscr = ATC_defin$name

ASA.rf = df_drug[df_drug$pd24_mf_active == "B01AC06" ,c( "ATC_1" , "ATC_2" , "ATC_3" , "ATC_4" , "pd24_mf_active" ,

          "ATC_1_dscr" , "ATC_2_dscr" , "ATC_3_dscr" , "ATC_4_dscr" ,

          "pd24_mf_drug.name" , "pd24_mf_drugbankID" )][ 1,]

df_drug[df_drug$pd24_mf_active == "D01AE12"  |

        df_drug$pd24_mf_active == "S01BC08"  |

        df_drug$pd24_mf_active == "N02BA01" ,

        c( "ATC_1" , "ATC_2" , "ATC_3" , "ATC_4" , "pd24_mf_active" ,

          "ATC_1_dscr" , "ATC_2_dscr" , "ATC_3_dscr" , "ATC_4_dscr" ,

          "pd24_mf_drug.name" , "pd24_mf_drugbankID" )] <- ASA.rf

df_drug = left_join(df_drug,

                    ATC_defin[,c( "pd24_mf_active" , "ATC_5_dscr" )],

                    by = "pd24_mf_active" )

df.ATC = df_drug %>% 

  distinct(record_id,ATC_5_dscr,pd24_mf_dosage,pd24_mf_form, .keep_all = TRUE)

df_atc_summary <- df.ATC %>%

  group_by(ATC_1_dscr,ATC_2_dscr,ATC_3_dscr,ATC_4_dscr,ATC_5_dscr) %>%

  summarise(

    n_prescriptions   = n(),

    n_participants    = n_distinct(record_id),

    .groups = "drop"

  )

l i br ar y (stringr)

l i br ar y (sunburstR)

## Warning: package 'sunburstR' was built under R version 4.5.2

df_sunburst <- df.ATC %>%

  mutate(

    across(

      c(ATC_1_dscr, ATC_2_dscr, ATC_3_dscr, ATC_4_dscr, ATC_5_dscr),

      ~ .x %>%

        str_replace_all( "-" , " " ) %>%        # r emove i nt er nal  " - "  t o avoi d conf l i ct  wi t h sep

        str_replace_all( "[[:space:]]+" , "_" ) %>%  # spaces - > " _"

        str_replace_all( "[^[:alnum:]_]" , "" )      # dr op punct uat i on

    )

  ) %>%

  group_by(ATC_1_dscr, ATC_2_dscr, ATC_3_dscr, ATC_4_dscr, ATC_5_dscr) %>%

  summarise(n_prescriptions = n(), .groups = "drop" ) %>%

  mutate(

    path = paste(

      ATC_1_dscr, ATC_2_dscr, ATC_3_dscr, ATC_4_dscr, ATC_5_dscr,

      sep = "-"

    )

  )

sunburst(

  df_sunburst %>% select(path, n_prescriptions),

  count = TRUE,

  width = 900 ,

  height = 900

)

La valutazione precedente, volta a valutare la tassonomia dei farmaci, si basa su ATC. Il numero totale di prescrizioni, considerando i singoli

principi attivi, ¯ di 23780 mentre quella basata su codici ATC ¯ di 23321.

Alcune tabelle singole:

ATC lvl 5:

df.ATC %>% 

  group_by(ATC_1_dscr, ATC_2_dscr, ATC_3_dscr, ATC_4_dscr, ATC_5_dscr) %>%

  summarise(n_prescriptions = n(),

            n_participants = length(unique(record_id)),

            .groups = "drop" ) %>% 

  mutate(p_prescriptions = n_prescriptions/sum(n_prescriptions),

         p_participants = n_participants/nrow(df)) %>% 

  arrange(-p_participants) %>% 

  mutate(prescriptions = paste0(n_prescriptions, " (" ,

                              round(p_prescriptions* 100 , 1), "%)" ),

         participants = paste0(n_participants, " (" ,

                               round(p_participants* 100 , 1), "%)" )) %>% 

  dplyr::select(ATC_5_dscr,prescriptions,participants)

ATC_5_dscr

<chr>

prescriptions

<chr>

participants

<chr>

furosemide 1050 (4.5%) 1050 (33.1%)

paracetamol 888 (3.8%) 888 (28%)

pantoprazole 883 (3.8%) 883 (27.8%)

bisoprolol 788 (3.4%) 788 (24.8%)

quetiapine 740 (3.2%) 740 (23.3%)

macrogol 649 (2.8%) 649 (20.4%)

colecalciferol 646 (2.8%) 646 (20.4%)

trazodone 628 (2.7%) 628 (19.8%)

acetylsalicylic acid 582 (2.5%) 582 (18.3%)

lansoprazole 525 (2.3%) 525 (16.5%)

1-10 of 621 rows

ATC lvl 4:

df.ATC %>% 

  group_by(ATC_1_dscr, ATC_2_dscr, ATC_3_dscr, ATC_4_dscr) %>%

  summarise(n_prescriptions = n(),

            n_participants = length(unique(record_id)),

            .groups = "drop" ) %>% 

  mutate(p_prescriptions = n_prescriptions/sum(n_prescriptions),

         p_participants = n_participants/nrow(df)) %>% 

  arrange(-p_participants) %>% 

  mutate(prescriptions = paste0(n_prescriptions, " (" ,

                              round(p_prescriptions* 100 , 1), "%)" ),

         participants = paste0(n_participants, " (" ,

                               round(p_participants* 100 , 1), "%)" )) %>% 

  dplyr::select(ATC_4_dscr,prescriptions,participants)

ATC_4_dscr

<chr>

Proton pump inhibitors

Osmotically acting laxatives

Sulfonamides, plain

Beta blocking agents, selective

Diazepines, oxazepines, thiazepines and oxepines

Anilides

Other antidepressants

Platelet aggregation inhibitors excl. heparin

Vitamin D and analogues

Benzodiazepine derivatives

1-10 of 326 rows | 1-1 of 3 columns

ATC 3:

df.ATC %>% 

  group_by(ATC_1_dscr, ATC_2_dscr, ATC_3_dscr) %>%

  summarise(n_prescriptions = n(),

            n_participants = length(unique(record_id)),

            .groups = "drop" ) %>% 

  mutate(p_prescriptions = n_prescriptions/sum(n_prescriptions),

         p_participants = n_participants/nrow(df)) %>% 

  arrange(-p_participants) %>% 

  mutate(prescriptions = paste0(n_prescriptions, " (" ,

                              round(p_prescriptions* 100 , 1), "%)" ),

         participants = paste0(n_participants, " (" ,

                               round(p_participants* 100 , 1), "%)" )) %>% 

  dplyr::select(ATC_3_dscr,prescriptions,participants)

ATC_3_dscr

<chr>

prescriptions

<chr>

participants

<chr>

DRUGS FOR PEPTIC ULCER AND GASTRO-OESOPHAGEAL REFLUX DISEASE (GORD) 1840 (7.9%) 1831 (57.7%)

ANTITHROMBOTIC AGENTS 1593 (6.8%) 1518 (47.8%)

ANTIPSYCHOTICS 1846 (7.9%) 1459 (46%)

ANTIDEPRESSANTS 1472 (6.3%) 1287 (40.5%)

DRUGS FOR CONSTIPATION 1420 (6.1%) 1263 (39.8%)

HIGH-CEILING DIURETICS 1078 (4.6%) 1077 (33.9%)

BETA BLOCKING AGENTS 1063 (4.6%) 1062 (33.5%)

OTHER ANALGESICS AND ANTIPYRETICS 1117 (4.8%) 1040 (32.8%)

VITAMIN A AND D, INCL. COMBINATIONS OF THE TWO 753 (3.2%) 746 (23.5%)

ANXIOLYTICS 710 (3%) 673 (21.2%)

1-10 of 161 rows

ATC 2:

df.ATC %>% 

  group_by(ATC_1_dscr, ATC_2_dscr) %>%

  summarise(n_prescriptions = n(),

            n_participants = length(unique(record_id)),

            .groups = "drop" ) %>% 

  mutate(p_prescriptions = n_prescriptions/sum(n_prescriptions),

         p_participants = n_participants/nrow(df)) %>% 

  arrange(-p_participants) %>% 

  mutate(prescriptions = paste0(n_prescriptions, " (" ,

                              round(p_prescriptions* 100 , 1), "%)" ),

         participants = paste0(n_participants, " (" ,

                               round(p_participants* 100 , 1), "%)" )) %>% 

  dplyr::select(ATC_2_dscr,prescriptions,participants)

ATC_2_dscr

<chr>

prescriptions

<chr>

participants

<chr>

PSYCHOLEPTICS 3128 (13.4%) 1991 (62.7%)

DRUGS FOR ACID RELATED DISORDERS 1886 (8.1%) 1844 (58.1%)

ANTITHROMBOTIC AGENTS 1593 (6.8%) 1518 (47.8%)

PSYCHOANALEPTICS 1622 (7%) 1369 (43.1%)

DRUGS FOR CONSTIPATION 1420 (6.1%) 1263 (39.8%)

ANALGESICS 1448 (6.2%) 1207 (38%)

DIURETICS 1421 (6.1%) 1188 (37.4%)

BETA BLOCKING AGENTS 1073 (4.6%) 1072 (33.8%)

AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM 996 (4.3%) 988 (31.1%)

VITAMINS 763 (3.3%) 755 (23.8%)

1-10 of 79 rows

ATC 1:

df.ATC %>% 

  group_by(ATC_1_dscr) %>%

  summarise(n_prescriptions = n(),

            n_participants = length(unique(record_id)),

            .groups = "drop" ) %>% 

  mutate(p_prescriptions = n_prescriptions/sum(n_prescriptions),

         p_participants = n_participants/nrow(df)) %>% 

  arrange(-p_participants) %>% 

  mutate(prescriptions = paste0(n_prescriptions, " (" ,

                              round(p_prescriptions* 100 , 1), "%)" ),

         participants = paste0(n_participants, " (" ,

                               round(p_participants* 100 , 1), "%)" )) %>% 

  dplyr::select(ATC_1_dscr,prescriptions,participants)

ATC_1_dscr

<chr>

prescriptions

<chr>

participants

<chr>

NERVOUS SYSTEM 7095 (30.4%) 2760 (87%)

ALIMENTARY TRACT AND METABOLISM 5776 (24.8%) 2717 (85.6%)

CARDIOVASCULAR SYSTEM 4948 (21.2%) 2372 (74.7%)

BLOOD AND BLOOD FORMING ORGANS 2355 (10.1%) 1823 (57.4%)

SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX HORMONES AND INSULINS 567 (2.4%) 545 (17.2%)

MUSCULO-SKELETAL SYSTEM 535 (2.3%) 501 (15.8%)

VARIOUS 503 (2.2%) 493 (15.5%)

RESPIRATORY SYSTEM 388 (1.7%) 317 (10%)

GENITO URINARY SYSTEM AND SEX HORMONES 371 (1.6%) 304 (9.6%)

SENSORY ORGANS 341 (1.5%) 287 (9%)

1-10 of 14 rows

Le forme erano le seguenti:

df.ATC %>% 

  count(pd24_mf_form) %>% 

  mutate(proportion = n/sum(n)) %>% 

  arrange(-proportion)

pd24_mf_form

<chr>

n

<int>

proportion

<dbl>

tablet 15648 0.6709832340

drops 2089 0.0895759187

vial 1159 0.0496976974

sachet 1090 0.0467389906

capsule 844 0.0361905579

other 661 0.0283435530

syrup 592 0.0253848463

410 0.0175807212

orodispersible tablet 321 0.0137644183

inhalation powder 179 0.0076754856

1-10 of 17 rows

Prescizioni inappropriate (DDI)
Numero di prescrizioni inappropriate

df.drug <- df_drug

sour ce ( "DDI_definition.R" )

l i br ar y (scales)

## 

## Attaching package: 'scales'

## The following object is masked from 'package:purrr':

## 

##     discard

## The following object is masked from 'package:readr':

## 

##     col_factor

df$total_DDIs = rowSums(df[,grep( "DDI_" ,names(df))], na.rm = TRUE)

centre_ddi <- df %>% 

  group_by(centro_arruolamento) %>% 

  count(total_DDIs) %>% 

  mutate(

    centre_total = sum(n),

    p = n / centre_total

  ) %>% 

  ungroup()

# Over al l  di st r i but i on

overall_ddi <- df %>%

  count(total_DDIs) %>%

  mutate(p = n / sum(n))

overall_ddi

total_DDIs

<dbl>

n

<int>

p

<dbl>

0 1835 0.5781348456

1 864 0.2722117202

2 350 0.1102709515

3 73 0.0229993699

4 23 0.0072463768

5 14 0.0044108381

6 12 0.0037807183

7 3 0.0009451796

8 rows

# Publ i cat i on col or s ( subt l e,  gr ayscal e + accent )

col_centre <- "grey40"

col_overall <- "#D55E00"    # a cl ean,  st r ong col or bl i nd- saf e or ange

ggplot() +

  # Cent r e- l evel  j i t t er ed pr opor t i ons

  geom_jitter(

    data = centre_ddi,

    aes(

      x = factor(total_DDIs),

      y = p,

      size = centre_total

    ),

    width = 0.25 ,

    alpha = 0.2 ,

    color = col_centre

  ) +

  

  # Over al l  di st r i but i on ( poi nt s)

  geom_point(

    data = overall_ddi,

    aes(x = factor(total_DDIs), y = p),

    color = col_overall,

    size = 3

  ) +

  

  # Over al l  di st r i but i on ( l i ne)

  geom_line(

    data = overall_ddi,

    aes(x = factor(total_DDIs), y = p, group = 1),

    color = col_overall,

    linetype = "dashed" ,

    linewidth = 0.7

  ) +

  

  scale_size_continuous(

    range = c( 1, 6),

    name = "Centre size"

  ) +

  

  scale_y_continuous(labels = percent_format(accuracy = 1)) +

  

  labs(

    x = "Total DDIs" ,

    y = "Proportion"

  ) +

  

  theme_minimal(base_size = 13) +

  theme(

    legend.position = "bottom" ,

    panel.grid.minor = element_blank()

  )

Tipo di prescrizioni inappropriate:

p_DDI = proporzione sul totale delle DDIs riscontrate

p_part = proporzione sul totale di partecipanti

Solo quelle con % di partecipanti >= 1% sono visualizzate

l i br ar y (dplyr)

l i br ar y (tidyr)

l i br ar y (ggplot2)

l i br ar y (scales)

l i br ar y (tibble)

ddi_labels <- tribble(

  ~DDI_num, ~DDI_label,

  1,  "Digoxin + amiodarone" ,

  2,  "Digoxin + verapamil/diltiazem" ,

  3,  "Digoxin + propafenone" ,

  4,  "Digoxin + quinidine" ,

  5,  "Digoxin + macrolide" ,

  6,  "Digoxin + thiazide/loop diuretic" ,

  7,  "VKA + fibrate" ,

  8,  "VKA + cimetidine" ,

  9,  "VKA + metronidazole" ,

  10, "VKA + amiodarone" ,

  11, "Oral anticoagulant + NSAID" ,

  12, "Oral anticoagulant + antiplatelet" ,

  13, "VKA + TMP/SMX" ,

  14, "VKA + quinolone" ,

  15, "VKA + macrolide" ,

  16, "Dabigatran + P-gp inhibitor" ,

  17, "Edoxaban + P-gp inhibitor" ,

  18, "Rivaroxaban + P-gp/CYP3A4 inhibitor" ,

  19, "Apixaban + P-gp/CYP3A4 inhibitor" ,

  20, "Antiplatelet + NSAID" ,

  21, "Ó2 K-sparing drugs" ,

  22, "ACEi/ARB/K-sparing + K supplement" ,

  23, "ACEi/ARB + NSAID" ,

  24, "Diuretic + NSAID" ,

  25, "Statin + gemfibrozil" ,

  26, "Statin + verapamil/diltiazem" ,

  27, "Simvastatin + amlodipine" ,

  28, "Statin + amiodarone" ,

  29, "Statin + macrolide" ,

  30, "CCB + CYP3A4 inhibitor" ,

  31, "Disopyramide + macrolide" ,

  32, "ǰ-blocker + verapamil/diltiazem" ,

  33, "Procainamide + amiodarone" ,

  34, "Procainamide + trimethoprim" ,

  35, "Furosemide + etacrynic acid" ,

  36, "Ó3 centrally acting drugs" ,

  37, "Benzo/Z-drug + CYP3A4 inhibitor" ,

  38, "SSRI + serotonergic drug (Ñ tramadol)",

  39, "NSAID + SSRI/SNRI" ,

  40, "Fluoxetine + TCA" ,

  41, "Lithium + NSAID" ,

  42, "Lithium + diuretic" ,

  43, "Lithium + ACEi/ARB" ,

  44, "MAOI + sympathomimetic" ,

  45, "MAO-A/non-selective + levodopa" ,

  46, "MAOI + certain opioids" ,

  47, "MAOI + antidepressant (esp. SSRI)" ,

  48, "Carbamazepine + verapamil/diltiazem" ,

  49, "Carbamazepine + macrolide" ,

  50, "AChE inhibitor + HR-lowering drug" ,

  51, "Theophylline + cimetidine" ,

  52, "Theophylline + quinolone" ,

  53, "Theophylline + macrolide" ,

  54, "Theophylline + fluvoxamine" ,

  55, "Thiopurine + allopurinol" ,

  56, "Corticosteroid + NSAID" ,

  57, "Ó2 anticholinergic drugs" ,

  58, "Ciclosporin + rifampicin" ,

  59, "Ergot alkaloid + macrolide" ,

  60, "Methotrexate + trimethoprim" ,

  61, "PDE5 inhibitor + nitrate" ,

  62, "Tamoxifen + VKA" ,

  63, "Tamoxifen + citalopram/escitalopram" ,

  64, "Tamoxifen + paroxetine/fluoxetine/bupropion" ,

  65, "Ó2 K-lowering drugs" ,

  66, "SSRI + loop/thiazide diuretic"

)

## - - - - -  Over al l  DDI  f r equenci es - - - - -

DDI_overall <- df %>% 

  select(record_id, starts_with( "DDI_" )) %>% 

  pivot_longer(

    cols      = -record_id,

    names_to  = "DDI_var" ,

    values_to = "n"

  ) %>% 

  mutate(

    DDI_num = as.integer(gsub( "DDI_" , "" , DDI_var))

  ) %>% 

  left_join(ddi_labels, by = "DDI_num" ) %>% 

  group_by(DDI_num, DDI_label) %>% 

  summarise(

    n = sum(n, na.rm = TRUE),

    .groups = "drop"

  ) %>% 

  mutate(

    p_DDI  = n / sum(n),

    p_part = n / nrow(df)

  ) %>% 

  # cut of f :  keep DDI s wi t h Ó1% of  par t i c i pant s

  filter(p_part >= 0.01 ) %>% 

  arrange(desc(p_part)) %>% 

  mutate(

    DDI_label = factor(DDI_label, levels = DDI_label)

  )

DDI_overall

DDI_num

<dbl>

DDI_label

<fct>

n

<dbl>

p_DDI

<dbl>

p_part

<dbl>

36 Ó3 centrally acting drugs 1054 0.51717370 0.33207309

57 Ó2 anticholinergic drugs 225 0.11040236 0.07088847

38 SSRI + serotonergic drug (Ñ tramadol) 129 0.06329735 0.04064272

21 Ó2 K-sparing drugs 112 0.05495584 0.03528670

22 ACEi/ARB/K-sparing + K supplement 57 0.02796860 0.01795841

24 Diuretic + NSAID 57 0.02796860 0.01795841

20 Antiplatelet + NSAID 47 0.02306183 0.01480781

50 AChE inhibitor + HR-lowering drug 42 0.02060844 0.01323251

6 Digoxin + thiazide/loop diuretic 41 0.02011776 0.01291745

23 ACEi/ARB + NSAID 35 0.01717370 0.01102710

1-10 of 11 rows

## - - - - -  Cent r e- l evel  DDI  f r equenci es - - - - -

## - - - - -  Cent r e- l evel  DDI  f r equenci es - - - - -

DDI_centre <- df %>% 

  select(record_id, centro_arruolamento, starts_with( "DDI_" )) %>% 

Legend
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Next1 2Previous

  select(record_id, centro_arruolamento, starts_with( "DDI_" )) %>% 

  group_by(centro_arruolamento) %>% 

  mutate(n_centro = n()) %>% 

  ungroup() %>% 

  pivot_longer(

    cols      = -c(record_id, centro_arruolamento, n_centro),

    names_to  = "DDI_var" ,

    values_to = "n"

  ) %>% 

  mutate(

    DDI_num = as.integer(gsub( "DDI_" , "" , DDI_var))

  ) %>% 

  left_join(ddi_labels, by = "DDI_num" ) %>% 

  group_by(centro_arruolamento, DDI_num, DDI_label) %>% 

  summarise(

    n        = sum(n, na.rm = TRUE),

    n_centro = first(n_centro),

    .groups  = "drop"

  ) %>% 

  mutate(

    p_part = n / n_centro

  ) %>% 

  # keep onl y DDI s t hat  passed t he 1% over al l  cut of f

  semi_join(DDI_overall %>% select(DDI_num), by = "DDI_num" ) %>% 

  mutate(

    DDI_label = factor(DDI_label, levels = levels(DDI_overall$DDI_label))

  )

col_centre  <- "grey40"

col_overall <- "#D55E00"    # col or bl i nd- saf e accent

ggplot() +

  # cent r e- l evel  j i t t er ed pr opor t i ons

  geom_jitter(

    data = DDI_centre,

    aes(

      x    = DDI_label,

      y    = p_part,

      size = n_centro

    ),

    width  = 0.20 ,

    alpha  = 0.20 ,

    color  = col_centre

  ) +

  

  # over al l  pr eval ence ( poi nt s onl y)

  geom_point(

    data = DDI_overall,

    aes(x = DDI_label, y = p_part),

    color = col_overall,

    size  = 3

  ) +

  

  scale_size_continuous(

    range = c( 1, 6),

    name  = "Centre sample size"

  ) +

  

  scale_y_continuous(

    labels = percent_format(accuracy = 1),

    expand = expansion(mult = c( 0, 0.05 ))

  ) +

  

  labs(

    x = NULL,

    y = "Participants with DDI (%)"

  ) +

  

  theme_minimal(base_size = 13) +

  theme(

    legend.position   = "bottom" ,

    panel.grid.minor  = element_blank(),

    axis.text.x       = element_text(angle = 45, hjust = 1, vjust = 1),

    axis.title.x      = element_blank()

  )

Stratiýcazione di tabella uno per livello di numero di DDIs (0,1,2+)

df$categor_DDI = ifelse(df$total_DDIs == 0, "0" ,

                        ifelse(df$total_DDIs == 1 , "1" , "2+" )) %>% 

  factor(.,levels = c( "0" , "1" , "2+" ))

m.vars <- c( "age_at_PDay24" , "base_sex" , "time_in_GE12months" , "sum_diseases" , "ADL_lostNum" , "ADLlost_GE1" , "frailtyNH

_nCriteria" , "frailtyNH_GE8" , "CDR_4_5" , "dysph_table" , "BPSD_burden" , "BPSD_num", "NDRUG_uniqueActPrinc" , "NDRUG_un

iqueATC" , "lowAdh" , "lowCompl" ,names(df)[grep( "CHR.D" ,names(df))])

fct.vars = c( "base_sex" , "time_in_GE12months" , "ADLlost_GE1" , "frailtyNH_GE8" , "CDR_4_5" , names(df)[grep( "CHR.D" ,nam

es(df))], "dysph_table" , "lowAdh" , "lowCompl" )

tb_0 = rnd_table1(vars = m.vars,

                  fct_vars = fct.vars,

                  data = df[df$categor_DDI == "0" ,],

                  cluster = "centro_arruolamento" ,

                  icc = FALSE,

                  na_action = "na.omit" )

tb_0$level_cat = "0"

tb_1 = rnd_table1(vars = m.vars,

                  fct_vars = fct.vars,

                  data = df[df$categor_DDI == "1" ,],

                  cluster = "centro_arruolamento" ,

                  icc = FALSE,

                  na_action = "na.omit" )

tb_1$level_cat = "1"

tb_2 = rnd_table1(vars = m.vars,

                  fct_vars = fct.vars,

                  data = df[df$categor_DDI == "2+" ,],

                  cluster = "centro_arruolamento" ,

                  icc = FALSE,

                  na_action = "na.omit" )

## boundary (singular) fit: see help('isSingular')

## boundary (singular) fit: see help('isSingular')

## boundary (singular) fit: see help('isSingular')

## boundary (singular) fit: see help('isSingular')

tb_2$level_cat = "2+"

bind_rows(tb_0, tb_1, tb_2) %>% 

  mutate(estimate = case_when(level_name == ""  ~ paste0(round(beta, 2), " (" ,round(LB, 2), "-" ,round(UB, 2), ")" ),

                              level_name != ""  ~ paste0(round(beta* 100 , 1), "% (" , round(LB* 100 , 1), "%-" , round(UB* 1

00, 1), "%)" ))) %>% 

  filter(level_name != "M"  & level_name != 0) %>% 

  mutate(var_name = ifelse(level_name == "" , variable_name,

                           paste0(variable_name, "=" ,level_name))) %>% 

  dplyr::select(var_name, estimate, level_cat) %>% 

  pivot_wider(id_cols = var_name,

              names_from = level_cat,

              values_from = estimate)

var_name

<chr>

0

<chr>

1

<chr>

2+

<chr>

age_at_PDay24 85.51 (84.86-86.15) 84.02 (83.09-84.95) 83.48 (82.4-84.56)

base_sex=F 73.9% (71.3%-76.3%) 73.9% (70.4%-77.1%) 75.2% (70.2%-79.5%)

time_in_GE12months=1 70.7% (66.6%-74.6%) 73.6% (68.4%-78.2%) 71.6% (66.6%-76.1%)

sum_diseases 4.27 (3.95-4.59) 4.44 (4.08-4.81) 4.7 (4.28-5.13)

ADL_lostNum 4.38 (4.2-4.56) 4.39 (4.2-4.57) 4.35 (4.15-4.55)

ADLlost_GE1=1 95.4% (93.2%-96.9%) 96.2% (93.3%-97.9%) 98.8% (93.4%-99.8%)

frailtyNH_nCriteria 6.58 (6.28-6.89) 6.47 (6.14-6.8) 6.44 (6.01-6.87)

frailtyNH_GE8=1 49.2% (43.3%-55.1%) 47.5% (42.7%-52.4%) 45.6% (37.4%-54%)

CDR_4_5=1 17.1% (12.7%-22.7%) 16.9% (12.8%-22%) 16.2% (11.5%-22.3%)

dysph_table=1 15.9% (12.6%-19.8%) 13.7% (10.1%-18.3%) 12.9% (9.1%-17.9%)

1-10 of 45 rows

Il campione contiene 1835 partecipanti senza DDI, 864 con 1 DDI e 475 con 2+ DDI

Analisi alternativa:

Analisi univariabile dellôassociazione tra le caratteristiche dei partecipanti e il numero di DDI. La modelizzazione avviene tramite mixed model e

poisson. Cô¯ over-dispersione, ma ¯ lieve-moderata. Sensitivity (non mostrata) modellizzata con negative-binomial: risultati sovrapponibili. Tutte le

variabili continue sono scalate (Z).

l i br ar y (lme4)

## Loading required package: Matrix

## 

## Attaching package: 'Matrix'

## The following objects are masked from 'package:tidyr':

## 

##     expand, pack, unpack

results = data.frame(nome_var = character(length(m.vars)),

                     lvl_var = character(length(m.vars)),

                     beta = numeric(length(m.vars)),

                     se = numeric(length(m.vars)))

counter = 0

f or  (v i n  m.vars)

{

  counter = 1+ counter

  i f  (v % i n% fct.vars)

  {

    fx = paste0( "total_DDIs ~ " , v,

              "+ (1|centro_arruolamento)" ) %>% as.formula

  } el se  {

    fx = paste0( "total_DDIs ~ scale(" , v,

              ")+ (1|centro_arruolamento)" ) %>% as.formula

  }

  

  mod = glmer(fx,

              data = df,

              poisson(link = "log" ))

  

  results$nome_var[counter] = v

  results$lvl_var[counter] = ifelse(v % i n% fct.vars, unique(df[[v]])[ 2], "" )

  results$beta[counter] = fixef(mod)[ 2] %>% as.numeric

  results$se[counter] = sqrt(diag(vcov(mod)))[ 2] %>% as.numeric

}

results %>% 

  mutate(LB = beta - 1.96 *se,

         UB = beta + 1.96 *se) %>% 

  mutate(estim = paste0(round(beta, 2),

                        " (" ,

                        round(LB, 2), "-" ,

                        round(UB, 2), ")" )) %>% 

  arrange(-abs(beta)) %>% 

  dplyr::select(nome_var, estim)

nome_var

<chr>

estim

<chr>

NDRUG_uniqueATC 0.59 (0.54-0.63)

NDRUG_uniqueActPrinc 0.58 (0.54-0.62)

CHR.D_malnutrition -0.42 (-0.72--0.13)

CHR.D_depression 0.41 (0.31-0.51)

CHR.D_autoimmune_dis 0.38 (0.13-0.63)

CHR.D_sleep_problems 0.36 (0.19-0.53)

CHR.D_obesity 0.35 (0.19-0.51)

CHR.D_struct_heart_diseas 0.29 (0.2-0.39)

CDR_4_5 -0.24 (-0.36--0.12)

CHR.D_femur_fract_less3months 0.22 (-0.17-0.6)

1-10 of 45 rows

A livello di centro
Il primo problema ¯ come riassumere il numero di DDI per centro

df %>% 

  group_by(centro_arruolamento) %>% 

  summarise(n_enrolled= n(),

            mu = mean(total_DDIs),

            p50 = median(total_DDIs),

            p75 = quantile(total_DDIs, probs = .75 ),

            p_GE1 = sum(total_DDIs >= 1) / n(),

            p_GE2 = sum(total_DDIs >= 2) / n()) -> by_centre

by_centre

centr o_arruolamento

<dbl>

n_enr olled

<int>

mu

<dbl>

p50

<dbl>

p75

<dbl>

p_GE1

<dbl>

p_GE2

<dbl>

60 29 1.6896552 1.0 2.00 0.79310345 0.48275862

61 50 0.6800000 0.0 1.00 0.38000000 0.12000000

65 67 0.7910448 1.0 1.00 0.50746269 0.22388060

68 26 1.3461538 1.0 2.00 0.80769231 0.46153846

69 101 0.6732673 0.0 1.00 0.40594059 0.15841584

71 27 0.3703704 0.0 0.50 0.25925926 0.07407407

72 16 0.3125000 0.0 0.25 0.25000000 0.06250000

73 24 0.9583333 1.0 2.00 0.54166667 0.29166667

75 47 0.5744681 0.0 1.00 0.40425532 0.14893617

76 7 0.0000000 0.0 0.00 0.00000000 0.00000000

51-60 of 77 rows

by_centre %>% 

  pivot_longer(-c(centro_arruolamento,n_enrolled),

               names_to = "metric" ,

               values_to = "val" ) %>% 

  group_by(metric) %>% 

  summarise(coef_var = sd(val)/mean(val),

            min = min(val),

            max = max(val),

            p33 = quantile(val, probs = .33 ),

            p67 = quantile(val, probs = .67 ))

metric

<chr>

coef_var

<dbl>

min

<dbl>

max

<dbl>

p33

<dbl>

p67

<dbl>

mu 0.6640975 0 3.00 0.40000000 0.7992836

p50 1.5138621 0 2.50 0.00000000 0.4600000

p75 0.7000940 0 4.25 1.00000000 1.0000000

p_GE1 0.4579478 0 0.90 0.30000000 0.4981818

p_GE2 0.8304316 0 0.70 0.07300926 0.1762923

5 rows

by_centre %>% 

  mutate(cut_pGE2 = ifelse(p_GE2 < .1 , "< 10%" ,

                           ifelse(p_GE2 >= .2 , ">= 20%" , "10%-20%" )) %>% 

           factor(., levels = c( "< 10%" , "10%-20%" , ">= 20%" ))) %>% 

  dplyr::select(centro_arruolamento,cut_pGE2, n_enrolled) -> by_centre

linkage con info centri

l i br ar y (readxl)

df.centro <- read_excel( "../Prescription Day 2024_Centri.xls" )

df.centro %>% 

  dplyr::select(Reg, Tipo_strut_breve, CDI, AD_nucleoum, Riab, resp_medico_who_class, Beds_total,

                Beds_available, centro_arruolamento, `ip mattina/20`,`ip pome/20`,`ip notte/20`, Profession_withi

n_according_law) %>% 

  mutate(

    across(c(CDI, AD_nucleoum, Riab), ~ replace_na(., 0)),

    geriatra = if_else(

      str_detect(as.character(Profession_within_according_law), "\\bGeriatra\\b" ),

      1L, 0L

    ),

    Ed_pro = if_else(

      str_detect(as.character(Profession_within_according_law), "\\bEducatore professionale\\b" ),

      1L, 0L

    ),

    Psic = if_else(

      str_detect(as.character(Profession_within_according_law), "\\bPsicologo\\b" ),

      1L, 0L

    ),

    MMG = if_else(

      str_detect(as.character(Profession_within_according_law), "\\bMedico di base\\b" ),

      1L, 0L

    )

  ) %>% 

  left_join(.,by_centre, by = "centro_arruolamento" ) %>% 

  filter(!is.na(cut_pGE2)) -> df.centro

m.var = names(df.centro)

m.var = m.var[!(m.var % i n% c( "cut_pGE2" , "centro_arruolamento" , "Profession_within_according_law" ))]

cnt.var = c( "Beds_total" , "Beds_available" , "ip mattina/20" , "ip pome/20" , "ip notte/20" , "n_enrolled" )

l i br ar y (tableone)

tb1 <- CreateTableOne(

  vars       = m.var,

  strata     = "cut_pGE2" ,

  addOverall = TRUE,

  factorVars = m.var[!(m.var % i n% cnt.var)],

  data       = df.centro,

  test       = FALSE

)

tb1_df <- print(

  tb1,

  nonnormal   = cnt.var,

  quote       = FALSE,

  noSpaces    = TRUE,

  printToggle = FALSE

)

l i br ar y (knitr)

l i br ar y (kableExtra)

## Warning: package 'kableExtra' was built under R version 4.5.1

## 

## Attaching package: 'kableExtra'

## The following object is masked from 'package:dplyr':

## 

##     group_rows

tb1_df %>%

  kable(format = "html" ) %>%

  kable_styling(

    full_width       = FALSE,

    bootstrap_options = c( "striped" , "hover" , "condensed" )

  )

Overall < 10% 10%-20% >= 20%

n 75 31 25 19

Reg (%)

Calabria 20 (26.7) 9 (29.0) 6 (24.0) 5 (26.3)

Campania 3 (4.0) 1 (3.2) 2 (8.0) 0 (0.0)

Emilia Romagna 12 (16.0) 3 (9.7) 5 (20.0) 4 (21.1)

Friuli Venezia Giulia 2 (2.7) 1 (3.2) 1 (4.0) 0 (0.0)

Lazio 7 (9.3) 1 (3.2) 3 (12.0) 3 (15.8)

Liguria 1 (1.3) 0 (0.0) 0 (0.0) 1 (5.3)

Lombardia 22 (29.3) 12 (38.7) 7 (28.0) 3 (15.8)

Piemonte 3 (4.0) 0 (0.0) 0 (0.0) 3 (15.8)

Puglia 2 (2.7) 1 (3.2) 1 (4.0) 0 (0.0)

Sicilia 2 (2.7) 2 (6.5) 0 (0.0) 0 (0.0)

Toscana 1 (1.3) 1 (3.2) 0 (0.0) 0 (0.0)

Tipo_strut_breve (%)

CP 6 (8.0) 2 (6.5) 1 (4.0) 3 (15.8)

CRA 9 (12.0) 2 (6.5) 3 (12.0) 4 (21.1)

CRA + CP 1 (1.3) 0 (0.0) 1 (4.0) 0 (0.0)

Riab_estensiva 1 (1.3) 1 (3.2) 0 (0.0) 0 (0.0)

RSA 41 (54.7) 16 (51.6) 16 (64.0) 9 (47.4)

RSA + CP 2 (2.7) 2 (6.5) 0 (0.0) 0 (0.0)

RSA med 10 (13.3) 4 (12.9) 3 (12.0) 3 (15.8)

RSA med + RSA 5 (6.7) 4 (12.9) 1 (4.0) 0 (0.0)

CDI = 1 (%) 1 (1.3) 0 (0.0) 1 (4.0) 0 (0.0)

AD_nucleoum = 1 (%) 16 (21.3) 7 (22.6) 4 (16.0) 5 (26.3)

Riab = 1 (%) 3 (4.0) 2 (6.5) 0 (0.0) 1 (5.3)

resp_medico_who_class (%)

1 29 (38.7) 16 (51.6) 9 (36.0) 4 (21.1)

2 5 (6.7) 1 (3.2) 1 (4.0) 3 (15.8)

3 11 (14.7) 3 (9.7) 6 (24.0) 2 (10.5)

4 25 (33.3) 11 (35.5) 7 (28.0) 7 (36.8)

5 5 (6.7) 0 (0.0) 2 (8.0) 3 (15.8)

Beds_total (median [IQR]) 62.00 [25.00, 104.00] 62.00 [27.50, 111.50] 60.00 [24.00, 119.00] 65.00 [35.00, 75.00]

Beds_available (median [IQR]) 0.00 [0.00, 39.50] 0.00 [0.00, 9.00] 0.00 [0.00, 9.00] 5.00 [0.00, 67.00]

ip mattina/20 (median [IQR]) 1.00 [0.60, 1.00] 1.00 [0.50, 1.00] 1.00 [1.00, 2.00] 1.00 [0.50, 1.00]

ip pome/20 (median [IQR]) 1.00 [0.50, 1.00] 0.80 [0.50, 1.00] 1.00 [0.80, 1.10] 1.00 [0.50, 1.00]

ip notte/20 (median [IQR]) 0.30 [0.08, 1.00] 0.30 [0.09, 1.00] 0.50 [0.10, 1.00] 0.20 [0.00, 0.65]

geriatra = 1 (%) 30 (40.0) 13 (41.9) 10 (40.0) 7 (36.8)

Ed_pro = 1 (%) 53 (70.7) 24 (77.4) 17 (68.0) 12 (63.2)

Psic = 1 (%) 45 (60.0) 19 (61.3) 11 (44.0) 15 (78.9)

MMG = 1 (%) 18 (24.0) 6 (19.4) 5 (20.0) 7 (36.8)

n_enrolled (median [IQR]) 30.00 [19.00, 49.00] 28.00 [19.00, 46.00] 40.00 [20.00, 55.00] 24.00 [18.00, 47.00]

Valutazioni no crush lists
df.drug %>% 

  filter(pd24_mf_cpr_triturata == 1 |

        pd24_mf_cps_aperta == 1) %>% 

  distinct(pd24_mf_drug.name, pd24_mf_dosage, pd24_mf_form, .keep_all = TRUE) -> modified_drugs

Note metodologiche
Ho preso tutti i farmaci che riportavano una modiýca dal database dei farmaci. Ho estratto codice ATC, nome del farmaco, dosaggio e forma

farmaceutica, creando un database di 1174 combinazioni di principio attivo e dosaggio. Queste sono state casualmente divise tra una

specializzanda di Brescia e specializzande/dottorande di Ferrara, che avevano il compito di r evisionarle manualmente.

La revisione consisteva nellôapplicare ai farmaci riportati linee guida SIFO, no crush FVG e no crush list TRC. Un overlap casuale di 100 farmaci ¯

stato introdotto per valutare la coerenza della revisione.

La coerenza si ¯ dimostrata piuttosto bassa, soprattutto nel deýnire lôesistenza di alcuni dei farmaci riportati. Discreta nellôapplicazione dei criteri

FVG e TRC. Minore nellôapplicazione di SIFO.

Come ñarbitroò, ho risolto i conþitti.

Ho quindi creato due variabili: - NoCrush_SEVERO vale 1 se il farmaco risulta non modiýcabile in almeno 1 dei criteri valutati ( triturabilit¨ SIFO,

triturabilit¨/apertura FVG, presenza in TRC) - NoCrush_BLANDO vale 0 se il farmaco risulta modiýcabile in almeno 1 dei criteri valutati oppure se

non ci sono informazioni

nocrush <- readRDS( "NoCrush_df.rds" )

nocrush %>% 

  distinct(pd24_mf_active,pd24_mf_drug.name,pd24_mf_form,pd24_mf_dosage, .keep_all = TRUE)

pd24_mf_active

<chr>

pd24_mf_drug.name

<chr>

pd24_mf_dosage

<chr>

pd24_mf_form

<chr>

Existing_dosage

<chr>

Divisibile_SIFO

<chr>

N02BE01 Acetaminophen 1000 mg tablet Si

N02BE01 Acetaminophen 1000MG tablet Si

N02BE01 Acetaminophen 1000 MG tablet Si

N02AJ06 Acetaminophen 30 mg/500 mg tablet Si

N02BE01 Acetaminophen 1 gr tablet Si

N02AJ17 Acetaminophen 5 mg+325 mg tablet Si No

N02AJ17 Acetaminophen 10 mg + 650 mg tablet No

N02BE01 Acetaminophen 1 tablet No

G01AD02 Acetic acid 100 mg tablet No

V03AB23 Acetylcysteine 600 mg tablet Si

1-10 of 1,339 rows | 1-6 of 13 columns

df.drug %>%  

  left_join(.,

            nocrush %>% 

              dplyr::select(starts_with( "pd24_mf" ),starts_with( "NoCrush" )),

            by = c( "pd24_mf_drug.name" , "pd24_mf_dosage" , "pd24_mf_form" , "pd24_mf_active" )) -> df.drug

mod_tablet = which(df.drug$pd24_mf_cpr_triturata == 1)

mod_caps = which(df.drug$pd24_mf_cps_aperta == 1)

all_mod = c(mod_tablet, mod_caps)

df.drug$drug_modified = 0

df.drug$drug_modified[all_mod] = 1

Il numero totale di prescrizioni ¯ 23780: di queste 21100 era per os. 15927 era compresse e 851 capsule. 4785 erano compresse modiýcate e

234 capsule perte

Sul totale dei modiýcati, questa la situazione di inappropriatezza:

mod_tablet = which(df.drug$pd24_mf_cpr_triturata == 1)

mod_caps = which(df.drug$pd24_mf_cps_aperta == 1)

all_mod = c(mod_tablet, mod_caps)

df.drug$drug_modified = 0

df.drug$drug_modified[all_mod] = 1

df.drug[all_mod,] %>% 

  filter(pd24_mf_form == "tablet"  | pd24_mf_form == "capsule" ) %>%   

  group_by(pd24_mf_form) %>% 

  summarise(n = n(),

            drug_modified = sum(drug_modified),

            inappr_blando = sum(NoCrush_BLANDO, na.rm = TRUE),

            inappr_severo = sum(NoCrush_SEVERO, na.rm = TRUE))

pd24_mf_form

<chr>

n

<int>

drug_modiýed

<dbl>

inappr_blando

<dbl>

inappr_sever o

<dbl>

capsule 234 234 72 162

tablet 4784 4784 791 2987

2 rows

Farmaci pi½ frequentemente modiýcati in modo inappropriato
(sec. ñblandoò)

df.drug[all_mod,] %>% 

  filter(pd24_mf_form == "tablet"  | pd24_mf_form == "capsule" ) %>% 

  filter(!is.na(ATC_5_dscr)) %>% 

  group_by(ATC_5_dscr) %>% 

  summarise(n_modificate =n(),

            n_inapr = sum(NoCrush_BLANDO,na.rm = TRUE),

            p_inapr = n_inapr/n_modificate) %>% 

  ungroup %>% 

  mutate(p_suTotModificati = n_modificate/sum(n_modificate)) %>% 

  filter(p_suTotModificati > .005  & p_inapr > 0) %>% 

  arrange(-p_inapr) -> tab_drg

df.drug %>% 

  filter(pd24_mf_form == "tablet"  | pd24_mf_form == "capsule" ) %>% 

  filter(!is.na(ATC_5_dscr)) %>% 

  group_by(ATC_5_dscr) %>% 

  summarise(n_prescritti =n()) -> tot.drug

tab_drg %>% 

  left_join(.,tot.drug, by = "ATC_5_dscr" ) %>% 

  select(-p_suTotModificati)  

ATC_5_dscr

<chr>

n_modiýcate

<int>

n_inapr

<dbl>

p_inapr

<dbl>

n_pr escritti

<int>

pantoprazole 238 238 1.00000000 843

lansoprazole 136 127 0.93382353 343

trazodone 131 109 0.83206107 299

potassium chloride 60 38 0.63333333 128

ferrous sulfate 53 20 0.37735849 153

levodopa and decarboxylase inhibitor 44 12 0.27272727 107

valproic acid 29 7 0.24137931 110

bisoprolol 233 46 0.19742489 769

olanzapine 58 11 0.18965517 170

amlodipine 94 16 0.17021277 354

1-10 of 14 rows

Farmaci pi½ frequentemente modiýcati in modo inappropriato
(sec. ñseveroò)

df.drug[all_mod,] %>% 

  filter(pd24_mf_form == "tablet"  | pd24_mf_form == "capsule" ) %>% 

  filter(!is.na(ATC_5_dscr)) %>% 

  group_by(ATC_5_dscr) %>% 

  summarise(n_modificate =n(),

            n_inapr = sum(NoCrush_SEVERO,na.rm = TRUE),

            p_inapr = n_inapr/n_modificate) %>% 

  ungroup %>% 

  mutate(p_suTotModificati = n_modificate/sum(n_modificate)) %>% 

  filter(p_suTotModificati > .005  & p_inapr > 0) %>% 

  arrange(-p_inapr) -> tab_drg

df.drug %>% 

  filter(pd24_mf_form == "tablet"  | pd24_mf_form == "capsule" ) %>% 

  filter(!is.na(ATC_5_dscr)) %>% 

  group_by(ATC_5_dscr) %>% 

  summarise(n_prescritti =n()) -> tot.drug

tab_drg %>% 

  left_join(.,tot.drug, by = "ATC_5_dscr" ) %>% 

  select(-p_suTotModificati)  

ATC_5_dscr

<chr>

n_modiýcate

<int>

n_inapr

<dbl>

p_inapr

<dbl>

n_pr escritti

<int>

omeprazole 67 67 1.00000000 283

pantoprazole 238 238 1.00000000 843

potassium chloride 60 60 1.00000000 128

paracetamol 307 306 0.99674267 798

bisoprolol 233 231 0.99141631 769

ferrous sulfate 53 52 0.98113208 153

quetiapine 285 279 0.97894737 728

ramipril 120 117 0.97500000 387

zolpidem 68 66 0.97058824 190

acetylsalicylic acid 239 229 0.95815900 819

1-10 of 34 rows

Partecipanti
ñblandoò

df.drug[all_mod,] %>% 

  group_by(record_id) %>% 

  summarise(tot_dr = n(),

            n_inapprBL = sum(NoCrush_BLANDO,na.rm = TRUE),

            n_inapprSE = sum(NoCrush_SEVERO, na.rm = TRUE)) %>%

  filter(tot_dr != 0) %>% 

  select(-tot_dr) %>% 

  left_join(df,.,by= "record_id" ) -> df

  

df %>% 

  mutate(n_inapprBL = ifelse(is.na(n_inapprBL), 0 , n_inapprBL),

         n_inapprSE = ifelse(is.na(n_inapprSE), 0 , n_inapprSE)) -> df

df %>% 

  count(n_inapprBL)

n_inapprBL

<dbl>

n

<int>

0 2554

1 418

2 167

3 29

4 6

5 rows

ñseveroò

df %>% 

  count(n_inapprSE)

n_inapprSE

<dbl>

n

<int>

0 2140

1 220

2 244

3 209

4 155

5 109

6 57

7 22

8 13

9 3

1-10 of 12 rows

centre_ddi <- df %>% 

  group_by(centro_arruolamento) %>% 

  count(n_inapprSE) %>% 

  mutate(

    centre_total = sum(n),

    p = n / centre_total

  ) %>% 

  ungroup()

# Over al l  di st r i but i on

overall_ddi <- df %>%

  count(n_inapprSE) %>%

  mutate(p = n / sum(n))

overall_ddi

n_inapprSE

<dbl>

n

<int>

p

<dbl>

0 2140 0.6742281033

1 220 0.0693131695

2 244 0.0768746062

3 209 0.0658475110

4 155 0.0488342785

5 109 0.0343415249

6 57 0.0179584121

7 22 0.0069313170

8 13 0.0040957782

9 3 0.0009451796

1-10 of 12 rows

# Publ i cat i on col or s ( subt l e,  gr ayscal e + accent )

col_centre <- "grey40"

col_overall <- "#D55E00"    # a c l ean,  st r ong col or bl i nd- saf e or ange

ggplot() +

  # Cent r e- l evel  j i t t er ed pr opor t i ons

  geom_jitter(

NA

NA

NA

NA

NA

NA

NA

NA

NA

DRUGтDRUG INTERACTIONS (DDI)

Prescription Day LTFS 2024_unpublished data



FACTORS ASSOCIATED WITH DDI

üDrug -related  factors

üClinical  conditions  

    higher  DDIs

ÅDepression

ÅSleep disorders

ÅAutoimmune diseases

ÅObesity

Lower DDIs

ÅMalnutrition

ÅSevere cognitive impairment  (CDR 

4ð5)

Prescription Day LTFS 2024_unpublished data



REGIONAL DISTRIBUTION OF CENTRES

üLombardy : 29.3% of centres (22/75)

üCalabria: 26.7% (20/75)

üEmilia-Romagna: 16.0% (12/75)

üLazio: 9.3% (7/75)

Prescription Day LTFS 2024_unpublished data



Intermediate -impact centres (10 ð20%)
ÅLombardy : 28.0%

ÅEmilia-Romagna: 20.0%

ÅCalabria: 24.0%

ÅLazio: 12.0%

High impact (Ó20%)
ÅCalabria 26.3%

ÅEmilia-Romagna 21.1%

ÅLombardy 15.8%

ÅLazio 15.8%

ÅPiedmont 15.8% (only  in this group )

INTER-CENTRE VARIABILITY IN  DDI 
Centre impact categories

Low impact (<10%)
ÅLombardy 38.7%

ÅCalabria 29.0%

Prescription Day LTFS 2024_unpublished data



FACILITY TYPE BY CENTRE IMPACT CATEGORY

üR2> represent  the majority  of 

centres across  all  impact 

categories , accounting  

for about  half  or more of 

centres in each  group .

üR3> less frequent  overall  but  

show a relatively  higher  

presence  among  high -impact 

centres.

üR1>rare and mainly  observed  

among low -impact centres .

Prescription Day LTFS 2024_unpublished data



STRUCTURAL AND STAFFING CHARACTERISTICS 
BY IMPACT LEVEL

Prescription Day LTFS 2024_unpublished data



INTER-CENTRE VARIABILITY

This variability  was not  explained by :

üpatient  characteristics

ücentre size

ügeographic  region

DDI appear  to be driven  by how  

drugs  are prescribed , 

rather  than where or to whom !!!
Prescription Day LTFS 2024_unpublished data



PRESCRIBING CULTURE AS A  MODIFIABLE 
?EÑEÅ~f   Ñв

Prescribing  cultures  and decision -making  habits  

include:

ü therapeutic  preferences

ü risk perception

ü use of decision -support  tools

ά

If variation  is culturalé 

éit is also preventable !



MODIFIED SOLID ORAL DOSAGE FORMS 
(SODF)

13/12/24, 12:18Preliminari Prescript ion Day 2024

Pagina 4  di 5ht tps://rstudio- pubs- stat ic.s3.amazonaws.com/1252727_24b6892bdd5a4d77b059c98e3de15284.html

Dei 852 farmaci in forma di capsula, 248 vengono aperti.

Di seguito i 10 farmaci (tra quelli prescritti almeno allô 2% del campione)

pi½ frequenti somministrati in forma modificata (cp triturate o cps aperte)

drug_name prev prop.modif ied

trazodone 0.0201362 0.4781341

paracetamol 0.0453211 0.4170984

quetiapine 0.0490783 0.4162679

levothyroxine sodium 0.0241282 0.3673966

folic acid 0.0288834 0.3252033

bisoprolol 0.0452624 0.3177691

ramipril 0.0222496 0.3087071

pantoprazole 0.0459082 0.2992327

furosemide 0.0619350 0.2976303

acetylsalicylic acid 0.0323471 0.2940109

Dei 22085 farmaci di cui erano disponibili informazioni circa lôutilizzo di

ausili alla somministrazioni (liquidi, solidi, altro), 10398 venivano

somministrati con ausili.

Seguono i 10 farmaci pi½ frequentemente somministrati con ausili (tra

quelli prescritti almeno al 2% del campione).

drug_name tot aux prev prop.ausili

paracetamol 864 485 0.0391216 0.5613426

quetiapine 835 459 0.0378085 0.5497006

macrogol 859 457 0.0388952 0.5320140

trazodone 722 373 0.0326919 0.5166205

lansoprazole 533 274 0.0241340 0.5140713

colecalciferol 619 315 0.0280281 0.5088853

pantoprazole 773 380 0.0350011 0.4915912

acetylsalicylic acid 622 302 0.0281639 0.4855305

folic acid 494 232 0.0223681 0.4696356

bisoprolol 762 340 0.0345031 0.4461942

furosemide 1045 457 0.0473172 0.4373206

üFrequent  manipulation  of oral  
medications

ü30.0% of tablets  were  crushed

ü27.5% of capsules  were  
opened before  administration

üUse of administration  aids

üAmong 22,85 administrations , 
aids ( liquids / solids/ other ) were  
used  in 47.1% of cases



NO CRUSH LIST

1.Manuale SIFO

2.Do not  crush VFG 

3.Therapeutic  Research  
Centerõlist  (2025 )


