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Introduction

From the age of 50, the risk of hip fractures increases 
exponentially1. As a result of a global increase in older 
people2, the number of hip fractures are predicted to grow 
substantially in the coming decades3. Hip fractures have 
major consequences for the individual patient as well as 
for the society in general4, since they cause substantial 
functional disability, loss of independency, decreased quality 
of life, and have a high mortality5. It is therefore of much 
importance to assess factors potentially associated with hip 
fractures.

The majority of hip fractures in older adults are caused 
by a fall6. The risk of fall related injury is multifactorial 
and, in some cases, reducible. An important risk factor 
is the intake of Fall Risk Increasing Drugs (FRIDs). The 
recent published World guidelines for falls prevention and 
management for older adults highlight the importance of 

conducting a medication review for FRIDs as part of the 
multifactorial approach, issuing strong recommendations to 
health care workers assessing older patients. In the newly 
developed STOPPFall tool, several medication classes are 
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listed as FRIDs, one of them being drugs with anticholinergic 
properties (DAP)7,8.

Potential adverse effects of DAP include increased 
heartrate, blurred vison, sedation, confusion, and delirium9. 
Consequently, use of DAP in older patients may be 
associated with negative outcomes such as falls10 and fall-
related fractures11. Age related change in pharmacokinetics 
is suspected to cause this apparent vulnerability. However, 
treatment of common geriatric conditions often relies on 
DAP12, adding to the importance of further studies on the 
adverse effects in this specific age group. Prior studies have 
shown that the Anticholinergic Cognitive Burden (ACB) scale 

is a feasible tool to assess the cumulative effect of DAP 
systematically13.

Studies on falls and fall-related injuries such as hip 
fractures in older patients are complicated by the presence 
of multiple co-risk factors including but not limited to 
age, osteoporosis, polypharmacy in general and FRIDs 
specifically, comorbidity, mobility, and functional level7. 
Often, data on all factors are not available in the same 
dataset e.g. due to either lack of relevant registers to assess 
data on medications or morbidity or due to lack of objective 
measurements like functional level14. One way to assess 
daily function is by assessing Activities of Daily Living (ADL). 

Figure 1. Anticholinergic drugs prescribed in the cohort. Data extracted from the Danish National Database of Reimbursed Prescriptions. [] = 
Number of patients; () = Anatomical Therapeutic Chemical (ATC) code. Abbreviations: ACB, Anticholinergic Cognitive Burden.
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ADL has a non-linear association with increased risk of falls, 
fall-related fractures, and mortality in geriatric patients15-17, 
yet only a small number of studies on DAP have adjusted for 
this in their analysis10,14,18. When older patients are admitted 
to a geriatric department in Denmark, ADL is addressed 
routinely upon admission17. Furthermore, Denmark is well 
known for its high standard national registers including data 
on medications and comorbidities19 and in addition holds 
some of the highest rates of hip-fractures internationally20, 
which makes it an ideal place to study risk factors for hip 
fractures.

The aim of this study was to examine if the use of DAP 
according to ACB-score was associated with an increased 
future hip fracture risk in acutely hospitalized Danish 
geriatric patients while adjusting for relevant confounders 
including ADL.

Methods
Data sources, Study population, and Variables of Data sources, Study population, and Variables of 
interestinterest

This was a nationwide register-based cohort study. 
The study setting and design have been described in detail 
previously17. In brief summary, this study analyses data 
from four Danish population based health registries: The 
Danish National Database of Geriatrics21, The Danish 
Civil Registration System22, The Danish National Patient 
Registry23, and The Danish National Database of Reimbursed 
Prescriptions24. The ten-digit social security number given to 
citizens at birth or immigration was used to link data across 
registers.

The study population included all patients ≥65 years of 
age registered in the Danish National Database of Geriatrics21 
due to geriatric ward admission between January 2005 and 
December 2014. Primary outcome of interest was first hip 
fracture within 2 years after index admission (ICD10 codes: 
S72.0, S72.1, or S72.2). Patients were followed 2 years 
from time of admission, and were censored after either 
death, emigration, or hip fracture.

Height, weight, and admission assessment of ADL were 
gathered from the Danish National Database of Geriatrics. 
Barthel Index-100 is utilized routinely in Danish geriatric 
departments to summarize ADL of older patients. We 
calculated body mass index (BMI) as weight in kilograms 
divided with height in meters squared. Vital-, civil-, and 
residency status was obtained from the Danish Civil 
Registration System, along with birthdate and –sex. Hospital 
admissions and ICD-10 diagnoses 10 years prior to index 
were collected from the Danish National Patient Registry, 
including fractures and chronic illnesses. Individual Charlson 
Comorbidity Index (CCI) scores were calculated from data on 
19 different comorbid diseases25. Fractures prior to index 
admission and current fractures at index were included 
using the following ICD-10 codes: S22.x (fracture of rib, 
sternum, and thoracic spine), T08.x (fracture of spine, level 
unspecified), S42.x (fracture of shoulder and upper arm), 

S52.x (fracture of forearm), and S72.x (fracture of femur/
hip). Data on all redeemed prescriptions of reimbursed 
medication, including prescribed DAP, were extracted from 
the Danish National Database of Reimbursed Prescriptions. 
The ACB scale assigns individual DAP a score of 1, 2, or 3. A 
score of 1 indicates a possible anticholinergic effect, whereas 
2 and 3 indicate a definite anticholinergic effect26. Data on 
DAP were extracted from the Danish National Database of 
Reimbursed Prescriptions, and drugs were identified by their 
ATC code (See Figure 1 for list of medications).

Additionally, data on prior anti-osteoporotic treatment 
was deduced from the following redeemed prescriptions using 
Anatomical Therapeutic Chemical (ATC) codes: M05BA08 
(zoledronic acid) (prior 12 months); M05BX04 (Denosumab), 
and M05BX06 (Romosozumab) (prior six months); 
and G03XC01 (Raloxifene), H05AA02 (Teriparatide), 
H05AA03 (Preotact), M05BA (Bisphosphonates: Etidronate, 
Clodronate, Pamidronate, Alendronate, Tiludronate, 
Ibandronate, or Risedronate), M05BB (Bisphosphonate 
combinations: Etidronate & calcium, Risedronate & calcium, 
Alendronate & colecalciferol, Risedronate & colecalciferol, 
Alendronate & calcium & colecalciferol, Alendronate & 
alfacalciferol, Risedronate & colecalciferol, or Zoledronate 
& calcium & colecalciferol), or M05BX (Strontiumranelat or 
Strontiumranelat & colecalciferol) (prior four months).

Data are reported according to STROBE (Strengthening 
the Reporting of Observational studies in Epidemiology) 
guidelines28.

Statistical analysis

Descriptive statistics are reported as mean or median 
including standard deviations (SD) or interquartile range 
(IQR) as appropriate, depending on normal or skewed 
distribution inspected graphically. Univariable and 
multivariable analyses was performed using Cox regression. 
The multivariable model 1 adjusted for Barthel Index, age, 
marital status, year of admission, BMI, prior or current 
fracture, number of previous admissions, dementia, and 
anti-osteoporotic medicine. Model 2 adjusted for variables 
in Model 1 and Charlson Comorbidity Index (CCI). These 
covariates were selected based on clinical reasoning and 
well-stablished associations with falls- or hip fracture risk in 
older people (ADL measured by Barthel, age, marital status, 
BMI, fracture history, dementia, and anti-osteoporotic 
medications). Also, a marker for vulnerability not addressed 
in the other variables but available in the registries were 
included (number of previous admissions) as well as a factor 
taking potential time trend into account (year of admission). 
Finally, since DAP are prescribed to treat relevant diseases 
CCI was included in the final model to address potential 
impact of comorbidity. Quantitative variables (age, BMI, 
BI, ACB, CCI, and hospital admissions) were treated as 
continuous variables in the analysis and results reported as 
hazard ratios (HR), including corresponding 95% confidence 
intervals. Imputation methods were not used27. If patients 
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Total cohort N=74,589 Women N=46,815 Men N=27,774

Age (years), median (IQR) 83 (77-88) 84 (79-89) 81 (76-86)

Any medication, median (IQR) 6 (4-9) 6 (4-9) 6 (3-9)

ACB-score, median (IQR)‡ 1 (0-2) 1 (0-2) 1 (0-2)

0, n (%) 27,971 (37.5) 17,744 (37.9) 10,227 (36.8)

1, n (%) 19,791 (26.5) 12,431 (26.6) 7,360 (26.5)

2, n (%) 11,201 (15.0) 6,874 (14.7) 4,327 (15.6)

3, n (%) 7,384 (9.9) 4,612 (9.8) 2,772 (10.0)

4, n (%) 3,908 (5.2) 2,473 (5.3) 1,435 (5.2)

≥5, n (%) 3,125 (4.2) 2,010 (4.3) 1,115 (4.0)

Missing, n (%) 1,209 (1.6) 671 (1.4) 538 (1.9)

Barthel Index, median (IQR) 54 (29-77) 55 (30-77) 52 (26-77)

BMI (kg/m2), mean (SD) 23.9 (5.1) 23.6 (5.3) 24.5 (4.7)

CCI, median (IQR) * 2 (1-3) 2 (1-3) 2 (1-4)

Hospital admissions past year (IQR) 0 (0-1) 0 (0-1) 1 (0-2)

Fracture past 10 years, n (%) 28,988 (33.2) 18,654 (39.8) 6,142 (22.1)

Current fracture, n (%) 3,271 (4.4) 2,225 (4.8) 1,046 (3.8)

Marital status

Unmarried, n (%) 4,851 (6.5) 2,733 (5.8) 2,118 (7.6)

Married, n (%) 21,639 (29.0) 8,268 (17.7) 13,371 (48.1)

Divorced, n (%) 9,204 (12.3) 5,763 (12.3) 3,441 (12.4)

Widowed, n (%) 38,881 (52.1) 30,044 (64.2) 8,837 (31.8)

Missing, n (%) 14 (0.0) 7 (0.0) 7 (0.0)

Notes: ‡ All redeemed prescriptions were included, except from the following ATC codes: B05x (Blood substitutes and perfusion solutions), 
B06x (Other hematological agents), D09x (Medicated dressings), J07x (Vaccines), N01x (Anesthetics) and Vx (Various). ACB-score calculated 
according to Figure 1. * The CCI were calculated based on hospital discharge diagnoses during 10 years before baseline. Normal distributed 
data are presented with mean ±SD. Abbreviations: ACB, Anticholinergic Cognitive Burden; ATC, Anatomical Therapeutic Chemical; BI, Barthel 
Index; BMI, Body mass index; CCI, Charlson Comorbidity Index; DAP, Drugs with Anticholinergic Properties; IQR, Interquartile Range; SD, Standard 
Deviation.

Table 1. Baseline characteristics of included patients (n = 74,589).

ACB-score Total cohort, IR (95% CI) Women, IR (95% CI) Men, IR (95% CI)

0 90.8 (87.8-93.9) 104.3 (100.2-108.4) 66.3 (62.0-70.8)

1 82.4 (78.9-86.0) 90.0 (85.5-94.8) 68.0 (62.7-73.7)

2 75.1 (70.6-79.8) 83.2 (77.4-89.6) 60.5 (53.9-67.8)

3 74.0 (68.6-79.9) 81.0 (74.0-88.7) 61.1 (53.1-70.4)

4 73.8 (66.5-81.9) 76.3 (67.3-86.5) 68.9 (57.1-83.1)

≥5 71.9 (63.9-80.9) 78.7 (68.5-90.3) 58.7 (46.9-73.5)

Abbreviations: ACB, Anticholinergic Cognitive Burden; CI, Confidence Interval; IR, Incidence Rate.

Table 2. Incidence rates of hip fractures per 1,000 person years according to ACB-score.
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had missing data on one or more of the included variables 
in the multivariable models they were excluded. In this way, 
the multivariable analyses were conducted as complete case 
analyses. Analyses were stratified by sex at birth according 
to the health registers. Analyses was performed using 
STATA (Stata, OP, College Station, TX, USA). A p-value of 
0.05 indicated statistical significance.

Results

A total of 74,589 patients were included (62.8% 
women) with a median (IQR) age of 83 (77-88) years. Table 
1 summarizes the baseline demographic characteristics of 
the study population. At baseline, 33.2% of the population 
had experienced a prior fracture and 4.4% of patients were 
admitted with a fracture on index date. Multi-complexity 
was prevalent among the study population with 82% of 
patients living with ≥1 co-morbidity condition, median CCI of 
2, and a median (IQR) number of prescribed medications of 
6 (4-9) with 19.9% of patients receiving ≥10 medications 
(Table 1). 

The mean ACB-score at baseline was 1.3 with 63.5% 
of patients (n = 46,618) receiving ≥1 DAP. The majority 
(89%) of anticholinergic medications prescribed to the 
studied population scored 1 on the ACB scale (Figure 1). Of 
these patients, 45% received Furosemide (ACB = 1), 29% 
Metoprolol (ACB = 1), and 17% Digoxin (ACB = 1). 

Hip fractures during follow-upHip fractures during follow-up

The 2-years follow-up resulted in 94,513 person-years. 
At the end of the study, 7,861 patients (72% women) had 
experienced a hip fracture, 31,351 patients had died, and 
38,263 patients were alive with no hip fracture. In the total 
cohort, the incidence rates (IR) per 1,000 person years in 
the 2-year follow-up period was highest when ACB = 0 (IR 
90.8; 95% CI 87.8-93.9) and decreased with increasing 
ACB-score in both sexes with the most prominent decrease 
seen in women (Table 2). The cumulative hazard for 2-year 
hip fracture according to ACB-score was between 15.3% 
(ACB = 0) and 11.7% (ACB ≥ 5) in the total cohort. The 
highest cumulative hazard of 17.8% was seen for ACB = 0 
in women and the lowest cumulative hazard of 9.2% for ACB 
≥ 5 in men (Figure 2).

Association between drugs with anticholinergic Association between drugs with anticholinergic 
properties and hip fractureproperties and hip fracture

Data on the regression coefficients, HR (95% CI), and 
statistical significance for each of the included covariates in 
relation to hip fractures are shown in Supplementary Table 1. 
Use of DAP was not associated with an increased risk 
of hip fractures. This was true for the total cohort in both 
the univariable and the multivariable analysis and when 
assessing women and men separately (Table 3). In the 
univariable analysis, increasing ACB-score was associated 
with lower hip fracture risk (HR (95% CI)) in the total cohort 
with the lowest risk seen in the category ACB ≥ 5 (HR 0.76 

Figure 2. Cumulative hazard for 2-year hip fracture according to ACB-
score in a) Total cohort, b) Women, and c) Men. Abbreviations: ACB, 
Anticholinergic Cognitive Burden. 
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(0.67-0.86)). This was driven by a lower risk seen in women 
(ACB ≥ 5 (HR 0.73 (0.63-0.84) whereas a non-significant 
association was found in men with the highest ACB-score 
(ACB ≥ 5 (HR 0.84 (0.67-1.06). In the multivariable 
analysis, the trend remained the same in both models. In the 
fully adjusted model, the association with hip fracture was 
slightly smaller in both the total cohort (ACB ≥ 5 (HR 0.83 
(0.73-0.66) and in women (ACB ≥ 5 (HR 0.77 (0.65-0.90). 
In men, there was a slightly non-significant increased risk of 
hip fracture for all ACB categories (Table 3). 

Sensitivity analysisSensitivity analysis

In a sensitivity analysis, dichotomizing patients into 
whether they received no DAP (ACB-score = 0 (reference)) 
or DAP with an individual score of ≥2 points showed that the 
association with 2-year hip fracture risk (HR (95% CI)) in the 

multivariable analysis got attenuated in the total cohort (0.91 
(0.84-0.99)) and in women (0.88 (0.80-0.97)) whereas  
no association was found in men (0.98 (0.84-1.14)) 
(Supplementary Table 2). In further analysis, dichotomizing 
patients into whether they received no DAP or DAP with an 
individual score of 3 points showed that the association got 
even less in the total cohort (0.92 (0.84-1.00)) and women 
(0.87 (0.79-0.97)) and stayed non-significant in men (1.04 
(0.88-122)) (Supplementary Table 3).

Discussion

In this national register-based study of older geriatric 
patients, increasing ACB-score at time of hospital admission 
was not significantly associated with an increased risk of hip 
fracture during 2-years follow-up. 

Total cohort

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

1 0.88 (0.83-0.93) 0.91 (0.86-0.97) 0.94 (0.88-1.00)

2 0.78 (0.73-0.84) 0.88 (0.81-0.95) 0.92 (0.85-1.00)

3 0.78 (0.72-0.85) 0.84 (0.76-0.92) 0.86 (0.79-0.95)

4 0.78 (0.70-0.87) 0.82 (0.72-0.93) 0.85 (0.75-0.96)

≥5 0.76 (0.67-0.86) 0.80 (0.70-0.92) 0.83 (0.73-0.96)

Women

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

1 0.84 (0.79-0.90) 0.87 (0.81-0.93) 0.89 (0.83-0.96)

2 0.77 (0.70-0.83) 0.85 (0.78-0.93) 0.88 (0.81-0.97)

3 0.75 (0.68-0.83) 0.78 (0.70-0.87) 0.80 (0.72-0.90)

4 0.71 (0.62-0.81) 0.76 (0.66-0.88) 0.79 (0.68-0.91)

≥5 0.73 (0.63-0.84) 0.74 (0.63-0.87) 0.77 (0.65-0.90)

Men

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

1 0.98 (0.88-1.09) 1.05 (0.93-1.19) 1.09 (0.96-1.23)

2 0.85 (0.74-0.97) 0.99 (0.85-1.15) 1.03 (0.89-1.20)

3 0.87 (0.74-1.01) 1.01 (0.85-1.21) 1.05 (0.88-1.25)

4 0.96 (0.79-1.17) 1.00 (0.79-1.27) 1.04 (0.82-1.32)

≥5 0.84 (0.67-1.06) 0.98 (0.76-1.27) 1.01 (0.78-1.31)

Notes: Model 1: Barthel Index, age, marital status, year of admission, BMI, prior or current fracture, number of previous admissions, dementia, 
osteoporotic medicine. Model 2: Model 1 + Charlson Comorbidity Index. Abbreviations: ACB, Anticholinergic Cognitive Burden; CI, Confidence 
Interval; HR, Hazard Ratio.

Table 3. Univariable and multivariable HRs (95% CI) for hip fracture using Cox regression analysis according to ACB-score. Data are reported for 
total cohort, women, and men separately.
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In general, ACB-score is associated with several adverse 
outcomes in older people29 including mortality that was 
revealed in a recent study on the same cohort as our current 
study showing a dose-response relationship between higher 
ACB-score at hospital admission and mortality30. However, 
when it comes to the association between ACB-score and hip 
fractures data seems more divergent. A prior meta-analysis 
reported an association between ACB-score and fracture-
risk11 but these data are in contrast with our results. A 
partial explanation for that is the opportunity to adjust for 
several important confounders in our study including fracture 
comorbidities and objective measurements like BMI and ADL 
whereas the meta-analysis reported high heterogeneity 
and lacked adjustment for fracture-history. Furthermore, a 
study on community-dwelling older Canadians showed initial 
fracture-risk increase with use of DAP but this was no longer 
present after adjusting for frailty and bone mineral density31. 
In our study, less fall related hip fractures according to 
higher ACB-score was seen in women. This is in line with 
another study, which addressed the association between use 
of DAP and self-reported falls and found an increased risk 
in men only32.The underlying mechanism of this is unclear 
and further research is needed to address this sex-specific 
difference to guide preventive measures most efficiently.

Authors of the original ACB scale define a sum of ≥3 as 
clinically relevant26, but when it comes to hip fracture risk 
the cutoff is less well established. In our cohort, 89% of DAP 
prescribed had an ACB-score = 1 and as such, only qualified 
as ‘possible’ anticholinergic. In the few patients with an 
ACB-score ≥3 we were not able to find any increased hip 
fracture risk including our sensitivity analysis only including 
drugs with high ACB-score. Also, in a recent large Taiwanese 
register-based study on ACB-score and clinical outcomes for 
geriatric patients they assessed fracture-specific hospital 
admissions and found that data on cumulative ACB-score was 
inconsistent: Patients receiving one drug with ACB-score = 2 
had higher risk of fracture than patients receiving two drugs 
with ACB-score = 1 or even one drug with ACB-score = 3 14. 
Similarly, a retrospective cohort study of older adults with 
mild cognitive impairment reported that the combination of 
one drug with ACB-score = 2 and one drug with ACB-score = 
3 was the most potent FRID-prescription33. 

ImplicationImplication

Fall prevention guidelines recommend considering 
deprescribing anticholinergic medication in general7. As of 
now, most studies have used ACB-score when assessing DAP. 
However, the mentioned prior research on the association 
between cumulative ACB-score and hip fractures combined 
with data from our study implies that maybe more focus 
should be applied on the individual specific anticholinergic 
drug and/or specific combinations of DAP when assessing 
hip fracture risk in geriatric patients. Furthermore, DAP is a 
cornerstone in the treatment of multiple comorbidities seen 
in older people. This suggests an important area of future 

research with the aim of developing an anticholinergic burden 
score specifically aimed at fall related fractures, which needs 
to take into account the pro’s and cons’ of prescribing/
deprescribing DAP to older patients using shared decision 
making. 

Strengths and limitationsStrengths and limitations

Our study had several strengths. This was a nationwide 
cohort study in which we were able to combine data from 
many national Danish health registers, all known for their 
high standard and reliability19. This allowed us to adjust for a 
wide array of confounding risk factors, including ADL. Also, 
since no patients were lost to follow-up this further increase 
the validity of our results.

Our study also had some limitations. First, our dataset 
did not hold information on important co-factors that 
contribute to the risk of falls and hip fractures such as 
over-the-counter DAP, frailty, bone mineral density, 
smoking, or muscle mass. In this way, we were not able 
to account for these factors in our analyses. Conversely, 
all of the covariates that was included in the analyses 
(Barthel Index, age, marital status, year of admission, 
BMI, prior or current fracture, number of previous 
admissions, dementia, and anti-osteoporotic medicine) 
were associated with hip fractures. Not surprisingly, prior 
fracture history was the single factor with the highest HR. 
However, we did not explore these individual covariates 
further, since this was outside the scope of the current 
paper. Second, our data on DAP originates from the time of 
admission to a geriatric ward. Since DAP are known to have 
several negative outcomes important for older patients9 
geriatricians in charge of patients might have performed 
DAP deprescribing as part of their general medication 
review or as part of identification of potential FRIDs. 
Consequently, the index admission to a Danish geriatric 
ward may have acted as an intervention for specific 
patients – possibly the patients at the highest risk of 
injurious falls. However, our dataset holds no information 
on changes in medication during hospitalization and we 
can therefore not assess the potential impact of this. 
Furthermore, prior studies using the same cohort as 
in our study have demonstrated associations between 
admission data (ADL, DAP, or polypharmacy) and 
mortality30,34,35, despite being subjected to the same 
intervening. Third, the ACB-score was not adapted to the 
medications used in a Danish setting since no validated 
Danish lists of DAP exists. Finally, prior studies in older 
people have shown that some of the drugs included on 
the ACB list have a specific association with decreased 
fracture risk like digoxin36 or reduced risk of falls like 
selective beta-blocker metoprolol37 representing 17% 
and 29% of DAP prescribed in our cohort, respectively. In 
this way, including these prevalent potentially preventive 
hip fracture drugs in the cumulative ACB-score might 
have diminished any positive associations. 
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Conclusion

Increasing cumulative anticholinergic burden assessed 
by ACB-score was not associated with an increased risk of 
hip fractures in this nationwide register-based cohort study 
of geriatric patients. Additional analysis of the impact of 
DAP with the highest anticholinergic burden did not alter 
the results. Our study emphasizes the importance of further 
research on the impact of individual DAP on hip fracture risk 
and development of anticholinergic burden scores specifically 
aimed at fall related fractures to support evidence-based 
recommendations in clinical practice.
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Covariate
Univariable model Multivariable model 1 Multivariable model 2

Coefficient (b) HR [exp(b)] 95% CI P-value Coefficient (b) HR [exp(b)] 95% CI P-value Coefficient (b) HR [exp(b)] 95% CI P-value

ACB-score

0 (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A

1 -0.128 0.88 (0.83-0.93) <0.001 -0.091 0.91 (0.86-0.97) 0.004 -0.064 0.94 (0.88-1.00) 0.044

2 -0.243 0.78 (0.73-0.84) <0.001 -0.126 0.88 (0.81-0.95) 0.002 -0.082 0.92 (0.85-1.00) 0.043

3 -0.248 0.78 (0.72-0.85) <0.001 -0.177 0.84 (0.76-0.92) <.001 -0.145 0.87 (0.79-0.95) 0.003

4 -0.252 0.78 (0.70-0.87) <0.001 -0.200 0.82 (0.72-0.93) 0.002 -0.163 0.85 (0.75-0.96) 0.011

≥5 -0.272 0.76 (0.67-0.86) <0.001 -0.217 0.81 (0.70-0.92) 0.002 -0.182 0.83 (0.73-0.96) 0.010

Barthel Index -0.012 0.99 (0.99-0.99) <0.001 -0.010 0.99 (0.99-0.99) <0.001 -0.011 0.99 (0.99-0.99) <0.001

Age 0.015 1.01 (1.01-1.02) <0.001 0 1 (1.00-1.00) 0.859 -0.001 1 (0.99-1.00) 0.453

Marital status 

Married 0.119 1.13 (1.02-1.24) 0.015 -0.026 0.97 (0.87-1.09) 0.636 -0.042 0.96 (0.86-1.07) 0.461

Unmarried (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A

Divorced 0.001 1 (0.93-1.08) 0.982 -0.067 0.94 (0.86-1.02) 0.134 -0.073 0.93 (0.85-1.02) 0.104

Widow 0.154 1.17 (1.11-1.23) <0.001 0.023 1.02 (0.96-1.09) 0.476 0.013 1.01 (0.95-1.08) 0.683

Year of admission 0.029 1.03 (1.02-1.04) <0.001 0.041 1.04 (1.03-1.05) <0.001 0.042 1.04 (1.03-1.05) <0.001

BMI -0.044 0.96 (0.95-0.96) <0.001 -0.029 0.97 (0.97-0.98) <0.001 -0.028 0.97 (0.97-0.98) <0.001

Prior/current fracture

No (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A

Yes 1.337 3.81 (3.63-3.99) <0.001 1.303 3.68 (3.48-3.89) <0.001 1.292 3.64 (3.45-3.85) <0.001

Previous admissions -0.079 0.92 (0.91-0.94) <0.001 -0.076 0.93 (0.91-0.95) <0.001 -0.061 0.94 (0.92-0.96) <0.001

Dementia 

No (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A

Yes 0.213 1.24 (1.15-1.33) <0.001 -0.003 1 (0.91-1.09) 0.953 0.029 1.03 (0.94-1.12) 0.516

AOM

No (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A (0.000) (1.00) N/A N/A

Yes 0.128 1.14 (1.05-1.23) 0.001 -0.145 0.87 (0.80-0.94) 0.001 -0.147 0.86 (0.79-0.94) 0.001

CCI -0.079 0.92 (0.91-0.94) <0.001 N/A N/A N/A N/A -0.051 0.95 (0.94-0.96) <0.001

Abbreviations: ACB, Anticholinergic Cognitive Burden; AOM, Anti-osteoporotic medicine; BMI, Body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; N/A, not applicable

Supplementary Table 1. Univariable hazard ratios (95% CI) for hip fracture in the total cohort using separate Cox regression analysis for each covariate and multivariable hazard ratios (95% CI) using Cox 
regression analysis incorporating all covariates besides comorbidity in model 1 and all covariates including comorbidity in model 2.
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Total cohort

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

≥2 0.93 (0.87-1.01) 0.91 (0.84-0.99) 0.91 (0.84-0.99)

Women

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

≥2 0.89 (0.82-0.97) 0.88 (0.80-0.97) 0.88 (0.80-0.97)

Men

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

≥2 1.03 (0.90-1.18) 0.98 (0.84-1.15) 0.98 (0.84-1.14)

Model 1: Barthel Index, age, marital status, year of admission, BMI, prior or current fracture, number of previous admissions, dementia, 
osteoporotic medicine. Model 2: Model 1 + Charlson Comorbidity Index (CCI).

Supplementary Table 2. Univariable and multivariable HRs (95% CI) for hip fracture using Cox regression analysis after dichotomizing patients 
into whether they received individual drugs with anticholinergic properties with a score of 0 (reference) or ≥2 points. Data are reported for total 
cohort, women, and men separately. 

Total cohort

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

3 0.93 (0.86-1.00) 0.92 (0.85-1.01) 0.92 (0.84-1.00)

Women

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

3 0.88 (0.80-0.96) 0.87 (0.79-0.97) 0.87 (0.79-0.97)

Men

ACB Univariable model, HR (95% CI) Multivariable model 1, HR (95% CI) Multivariable model 2, HR (95% CI)

0 1.00 1.00 1.00

3 1.04 (0.90-1.20) 1.04 (0.89-1.23) 1.04 (0.88-1.22)

Model 1: Barthel Index, age, marital status, year of admission, BMI, prior or current fracture, number of previous admissions, dementia, 
osteoporotic medicine. Model 2: Model 1 + Charlson Comorbidity Index (CCI).

Supplementary Table 3. Univariable and multivariable HRs (95% CI) for hip fracture using Cox regression analysis after dichotomizing patients 
into whether they received individual drugs with anticholinergic properties with a score of 0 (reference) or 3 points. Data are reported for total 
cohort, women, and men separately.


