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BACKGROUND: The high mortality rates seen within the first postoperative year after hip frac-
ture surgery have remained relatively unchanged in many countries for the past 15 years. 
Recent investigations have shown an association between beta-blocker (BB) therapy and a 
reduction in risk-adjusted mortality within the first 90 days after hip fracture surgery. We hypoth-
esized that preoperative, and continuous postoperative, BB therapy may also be associated 
with a decrease in mortality within the first year after hip fracture surgery.
METHODS: In this retrospective cohort study, all adults who underwent primary emergency hip 
fracture surgery in Sweden, between January 1, 2008 and December 31, 2017, were included. 
Patients with pathological fractures and conservatively managed hip fractures were excluded. 
Patients who filled a prescription within the year before and after surgery were defined as hav-
ing ongoing BB therapy. The primary outcome of interest was postoperative mortality within 
the first year. To reduce the effects of confounding from covariates due to nonrandomization 
in the current study, the inverse probability of treatment weighting (IPTW) method was used. 
Subsequently, Cox proportional hazards models were fitted to the weighted cohorts. These 
analyses were repeated while excluding patients who died within the first 30 days postopera-
tively. This reduces the effect of early deaths due to surgical and anesthesiologic complications 
as well as the higher degree of advanced directives present in the study population compared 
to the general population, which allowed for the evaluation of the long-term association between 
BB therapy and mortality in isolation. Results are reported as hazard ratios (HR) with 95% con-
fidence intervals (CI). Statistical significance was defined as a 2-sided P value <.05.
RESULTS: A total of 134,915 cases were included in the study. After IPTW, BB therapy was asso-
ciated with a 42% reduction the risk of mortality within the first postoperative year (adjusted 
HR = 0.58, 95% CI, 0.57–0.60; P < .001). After excluding patients who died within the first 30 
days postoperatively, BB therapy was associated with a 27% reduction in the risk of mortality 
(adjusted HR = 0.73, 95% CI, 0.71–0.75; P < .001).
CONCLUSIONS: A significant reduction in the risk of mortality in the first year following hip frac-
ture surgery was observed in patients with ongoing BB therapy. Further investigations into this 
finding are warranted.  (Anesth Analg 2021;133:1225–34)

KEY POINTS
•	 Question: Is ongoing beta-blocker therapy associated with a reduction in mortality within the 

first postoperative year after hip fracture surgery?
•	 Findings: When adjusting for available confounders, beta-blocker therapy was associated with a 

statistically significant reduction in the risk of mortality within the first year after hip fracture surgery.
•	 Meaning: The results emphasize the importance of maintaining beta-blocker therapy in hip 

fracture patients throughout surgery and provide further evidence for the imperative nature of 
investigating the value of initiating beta-blocker therapy in this patient population.
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GLOSSARY
ASA = American Society of Anesthesiologists; ASD = absolute standardized difference; BB = beta-
blocker; BB+ = ongoing beta-blocker therapy; BB− = no beta-blocker therapy; CCI = Charlson Comorbidity 
Index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; 
IPTW = inverse probability of treatment weighting; IQR = interquartile range; IRR = Incidence rate ratio; 
N/A = not applicable; POISE = Perioperative Ischemic Evaluation; RR = relative risk; SD = standard 
deviation; STROBE = STrengthening the Reporting of OBservational studies in Epidemiology

Recent investigations have shown an associa-
tion between beta-blocker (BB) therapy and 
a reduction in risk-adjusted 90-day mortality 

after hip fracture surgery.1,2 These results are in line 
with several other studies showing the same positive 
effect between BB therapy and short-term mortality 
after major noncardiac surgery or severe traumatic 
injuries.3–10 This may be explained by the physiologi-
cal stress response induced by both the physical and 
surgical trauma associated with hip fractures. Trauma 
induces a hyperadrenergic state characterized by the 
activation of the sympathetic nervous system and 
the subsequent release of catecholamines.11,12 This 
increases the strain on the cardiovascular system 
and other vital organs, which results in damage and 
complications, such as arrhythmias or myocardial 
infarction, where patients with preoperative cardiac 
conditions are at higher risk for such adverse events.6 
It is therefore postulated that the protective effect is 
a result of BB therapy inducing a downregulation of 
the trauma- and surgically induced hyperadrenergic 
state.11–14

The incidence of hip fractures is expected to 
increase during the coming decades as the global 
population continues to age.15–18 Hip fractures pri-
marily occur in a subpopulation that is older and 
suffers from a high overall disease burden.1,2,19,20 The 
postoperative mortality rates within the first year 
for hip fracture surgery are reported to be as high 
as 27%, with the most common cause of death being 
cardiovascular events.15,20–25 Despite better overall 
health care, mortality rates in many countries have 
remained relatively unchanged for the last 15 years 
in this patient population.20 Several studies have indi-
cated a protective effect of BBs beyond the immediate 
postoperative period with better long-term survival 
after major noncardiac surgery.4,5,26 However, there is 
no study investigating the association between ongo-
ing perioperative BB therapy and long-term survival 
exclusively after hip fracture surgery. The purpose of 
the current study is to investigate if the association 
between BB therapy and survival extends beyond the 
immediate postoperative period after hip fracture sur-
gery. We hypothesized that ongoing preoperative BB 
therapy, which is continued postoperatively, is associ-
ated with a decrease in mortality within the first year 
after hip fracture surgery.

METHODS
Ethical approval was obtained from the Regional 
Ethical Review Authority of Uppsala/Orebro (refer-
ence 2019-02094). Due to the retrospective nature of the 
study, the need for informed consent was waived by 
the regional ethical review authority. The principles of 
the Declaration of Helsinki and the STrengthening the 
Reporting of OBservational studies in Epidemiology 
(STROBE) guidelines were adhered to while conducting 
this study.27 The study population was obtained from 
the prospectively collected National Quality Registry 
for Hip Fracture Patients in Sweden, Rikshoft.28 All 
adult cases (18 years or older) of primary emergency 
hip fracture surgery in Sweden, between January 1, 
2008 and December 31, 2017, were included. Patients 
with pathological fractures and conservatively man-
aged hip fractures were excluded from the analysis. 
Variables including date of hospital admission, age, sex, 
fracture type, American Society of Anesthesiologists 
(ASA) physical status, surgical method, date of surgery, 
and date of hospital discharge were retrieved from the 
National Quality Registry for Hip Fracture Patients. The 
selected cases were cross referenced with the Patient and 
Cause of Death registers maintained by the Swedish 
National Board of Health and Welfare to retrieve the 
date of death and comorbidity data. The comorbidity 
data were used to calculate the age adjusted Charlson 
Comorbidity Index (CCI) for each patient.29

Data concerning BB prescriptions (ATC codes 
C07AA, C07AB, C07AG) were obtained from The 
Swedish Prescribed Drug registry. The Swedish 
Prescribed Drug registry is a population-based data-
base that records all drug prescriptions issued by phy-
sicians in Sweden within both primary and secondary 
care facilities. Patients who filled a prescription within 
the year before and after surgery were defined as hav-
ing ongoing BB therapy. Patients who were only pre-
scribed to take BBs as needed were not included as 
having ongoing BB therapy. An inclusion period of 12 
months before and after surgery was selected since 
BBs are rarely discontinued once initiated and there-
fore commonly issued on a long-term basis covering 
up to a 1-year period with a single prescription.

Statistical Analysis
Patients were divided into 2 groups: ongoing BB 
therapy (BB+) and no BB therapy (BB−). Patient 



E  Original Clinical Research Report

November 2021 • Volume 133 • Number 5	 www.anesthesia-analgesia.org	 1227

demographics and clinical characteristics were com-
pared between the groups. Categorical variables are 
reported with percentages while continuous variables 
are reported as a mean and standard deviation (SD).

The primary outcome of interest was postoperative 
mortality within the first year after surgery. A second-
ary analysis was performed where patients who died 
within the first 30 days after surgery were excluded. 
Studying the association between BB use and mortal-
ity in the first year, conditional on patients surviving 
30 days or more after surgery, allowed for the evalua-
tion of the long-term association between BB therapy 
and mortality in isolation. This reduces the effect of 
early deaths due to surgical and anesthesiologic com-
plications as well as the higher degree of advanced 
directives present in the study population compared 
to the general population.

To reduce the effects of confounding from the 
covariates due to nonrandomization in the current 
observational study, the inverse probability of treat-
ment weighting (IPTW) method was used in our 
survival analysis. The probability of treatment was 
determined using a logistic regression model, which 
included BB therapy as the response variable, and age, 
sex, myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular disease, 
dementia, chronic obstructive pulmonary disease, 
connective tissue disease, peptic ulcer disease, liver 
disease, diabetes, hemiplegia, chronic kidney dis-
ease, local tumor, metastatic carcinoma, ASA physi-
cal status, type of fracture, type of surgery, and year 
of surgery as the predictors. The weights were calcu-

lated as 
1

probabilty of BB treatment+  for BB+ patients 

and 
1

1 − +probability of BB treatment  for BB− patients. 

These weights were converted from unstabilized to 
stabilized weights by multiplying the weights of BB+ 
patients by the proportion of patients who were BB+ 
and by multiplying the weights of BB− patients by 
the proportion of patients who were BB−. Differences 
between the cohorts, both before and after weighting, 
were evaluated using absolute standardized differ-
ences (ASD). An ASD <0.1 was considered balanced. 
Finally, Cox proportional hazards models were fitted 
to the weighted cohorts. As a sensitivity analysis, a 
multilevel survival model with a Weibull distribution 
(which is suitable for a proportional hazards model 
or an accelerated failure time model) and propen-
sity score matched pairs included as random effects 
was also fitted to the data (Supplemental Digital 
Content, Table 1, http://links.lww.com/AA/D597). 
Each of these steps were repeated separately with 
the dataset containing all patients as well as a dataset 
excluding patients who died within the first 30 days 

postoperatively. Results are reported as hazard ratios 
(HR) with 95% confidence intervals (CI). Statistical 
significance was defined as a 2-sided P value <.05.

As can be seen in Table  1, <2% of cases had any 
missing data. This is within the acceptable limits of 
what can be expected to be missing at random when 
dealing with a retrospective database. Multiple impu-
tation by chained equations was used to compensate 
for these missing values; logistic regression was used 
for sex, a proportional odds model for ASA physical 
status, as well as Bayesian polytomous regression for 
type of fracture and type of surgery. The variables 
included as predictors were 30-day mortality, 1-year 
mortality, follow-up time, the presence of right cen-
soring, BB therapy, age, sex, type of BB therapy, age, 
sex, myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular disease, 
dementia, chronic obstructive pulmonary disease, 
connective tissue disease, peptic ulcer disease, liver 
disease, diabetes, hemiplegia, chronic kidney disease, 
local tumor, metastatic carcinoma, CCI, ASA physi-
cal status, type of fracture, type of surgery, and year 
of surgery. This resulted in 5 imputed datasets con-
taining all patients and 5 imputed datasets excluding 
those who died within the first 30 days postopera-
tively. All imputations were performed before cal-
culating the probability of treatment. Analyses were 
performed using the statistical programming lan-
guage R (R Foundation for Statistical Computing).30

RESULTS
A total of 134,915 hip fracture cases met the inclusion 
criteria, of whom only 1187 (0.9%) were under the age 
of 50. Depicted in Table 1 are the distribution of sex, age, 
fracture, and surgery type within the groups. Metoprolol 
was the most common BB prescribed (57.4%), followed 
by bisoprolol (18.7%) and atenolol (13.5%). The BB+ 
group had more comorbidities (CCI ≥7: 23.8% vs 15.2%, 
ASD 0.271) and was less fit for surgery (ASA ≥3: 65.8% 
vs 52.1%, ASD 0.351). Dementia and metastatic carci-
noma were the only comorbidities included that were 
more common in the BB− group, while all other comor-
bidities were more prevalent in the BB+ group. After 
excluding patients who died within 30 days postop-
eratively, a total of 124,707 hip fracture cases remained. 
The differences observed in the full dataset remained 
unchanged after the exclusion (Table 1).

After performing IPTW, all the covariates used to 
calculate the weights were balanced with ASDs <0.1. 
The results from the imputed and weighted datasets 
are presented in Table 2.

Crude mortality within the first year postopera-
tively was lower in the BB+ group in the full dataset 
both before (19.3% vs 25.6%, ASD 0.152) and after 
IPTW (18.2% vs 28.6%, ASD 0.248; Table  3). Crude 
mortality within the first year postoperatively was also 

http://links.lww.com/AA/D597
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lower in the dataset that excluded patients who died 
within 30 days postoperatively both before (16.2% vs 
17.3%, ASD 0.029) and after IPTW (14.8% vs 19.8%, 
ASD 0.248; Table 3). No covariates were included in 
the Cox proportional hazards model since all avail-
able covariates were balanced after weighting. The 
risk of mortality within 1 year postoperatively was 

reduced by 42% in the BB+ group compared to the BB− 
group (adjusted HR = 0.58, 95% CI, 0.57–0.60; P < .001; 
Table 4; Figure 1). After excluding patients who died 
within the first 30 postoperative days, the risk of mor-
tality was 27% lower in the BB+ group compared to 
the BB− group (adjusted HR = 0.73, 95% CI, 0.71–0.75; 
P < .001; Table 4; Figure 2).

Table 1. Demographics and Clinical Characteristics in Patients With Ongoing Beta-Blocker Therapy and 
Without Ongoing Beta-Blocker Therapy Undergoing Surgery for Hip Fractures
Variable All patients Excluding 30-d postoperative mortality

 
BB+  
(N = 52,500)

BB−  
(N = 82,415) ASD

BB+  
(N = 50,567)

BB−  
(N = 74,140) ASD

Age, mean (SD) 82.8 (±8.5) 81.4 (±10.8) 0.144 82.6 (±8.6) 80.8 (±11.0) 0.183
Sex, n (%)   0.066   0.038
  Female 36,755 (70.0) 55,158 (66.9)  35,557 (70.3) 50,822 (68.5)  
  Male 15,738 (30.0) 27,250 (33.1)  15,003 (29.7) 23,311 (31.4)  
  Missing 7 (0.0) 7 (0.0)  7 (0.0) 7 (0.0)  
Type of beta-blocker, n (%)   N/A   N/A
  Metoprolol 30,143 (57.4) 0 (0.0)  28,997 (57.3) 0 (0.0)  
  Bisoprolol 9805 (18.7) 0 (0.0)  9497 (18.8) 0 (0.0)  
  Atenolol 7094 (13.5) 0 (0.0)  6859 (13.6) 0 (0.0)  
  Other 5458 (10.4) 0 (0.0)  5214 (10.3) 0 (0.0)  
Comorbidities, n (%)       
  Myocardial infarction 5496 (10.5) 2567 (3.1) 0.295 5146 (10.2) 1643 (2.2) 0.335
  Congestive heart failure 12,845 (24.5) 8252 (10.0) 0.390 11,934 (23.6) 5541 (7.5) 0.457
  Peripheral vascular disease 3041 (5.8) 2849 (3.5) 0.111 2897 (5.7) 2339 (3.2) 0.125
  Cerebrovascular disease 10,849 (20.7) 12,533 (15.2) 0.143 10,309 (20.4) 10,727 (14.5) 0.156
  Dementia 8477 (16.1) 18,827 (22.8) 0.170 7702 (15.2) 16,087 (21.7) 0.167
  COPD 6454 (12.3) 9123 (11.1) 0.038 6158 (12.2) 7775 (10.5) 0.053
  Connective tissue disease 3057 (5.8) 3430 (4.2) 0.076 2960 (5.9) 3076 (4.1) 0.078
  Peptic ulcer disease 1956 (3.7) 2372 (2.9) 0.047 1865 (3.7) 2053 (2.8) 0.052
  Liver disease 587 (1.1) 783 (1.0) 0.017 568 (1.1) 664 (0.9) 0.023
  Diabetes 10,251 (19.5) 9605 (11.7) 0.218 9831 (19.4) 8335 (11.2) 0.229
  Hemiplegia 1351 (2.6) 1560 (1.9) 0.046 1301 (2.6) 1414 (1.9) 0.045
  Chronic kidney disease 4018 (7.7) 2927 (3.6) 0.179 3742 (7.4) 2032 (2.7) 0.214
  Local tumor 5940 (11.3) 8620 (10.5) 0.027 5690 (11.3) 7418 (10.0) 0.040
  Metastatic carcinoma 937 (1.8) 2025 (2.5) 0.047 898 (1.8) 1600 (2.2) 0.028
Charlson Comorbidity Index, n (%)   0.271   0.325
  ≤4 19,449 (37.0) 40,162 (48.7)  19,163 (37.9) 38,471 (51.9)  
  5–6 20,542 (39.1) 29,705 (36.0)  19,748 (39.1) 25,985 (35.0)  
  ≥7 12,509 (23.8) 12,548 (15.2)  11,656 (23.1) 9684 (13.1)  
ASA physical status, n (%)   0.351   0.397
  I 881 (1.7) 5775 (7.0)  864 (1.7) 5672 (7.7)  
  II 16,128 (30.7) 32,136 (39.0)  15,877 (31.4) 30,630 (41.3)  
  III 29,687 (56.5) 37,170 (45.1)  28,546 (56.5) 32,311 (43.6)  
  IV 4833 (9.2) 5701 (6.9)  4356 (8.6) 4103 (5.5)  
  V 46 (0.1) 89 (0.1)  38 (0.1) 41 (0.1)  
  Missing 925 (1.8) 1544 (1.9)  886 (1.8) 1383 (1.9)  
Type of fracture, n (%)   0.064   0.070
  Nondisplaced cervical (garden 1–2) 6308 (12.0) 11,560 (14.0)  6146 (12.2) 10,694 (14.4)  
  Displaced cervical (garden 3–4) 19,654 (37.4) 30,518 (37.0)  18,905 (37.4) 27,343 (36.9)  
  Basicervical 1681 (3.2) 2799 (3.4)  1624 (3.2) 2502 (3.4)  
  Peritrochanteric (2 fragments) 10,668 (20.3) 16,191 (19.6)  10,240 (20.3) 14,535 (19.6)  
  Peritrochanteric (multiple fragments) 9708 (18.5) 14,785 (17.9)  9333 (18.5) 13,154 (17.7)  
  Subtrochanteric 4455 (8.5) 6533 (7.9)  4293 (8.5) 5885 (7.9)  
  Missing 26 (0.0) 29 (0.0)  26 (0.1) 27 (0.0)  
Type of surgery, n (%)   0.089   0.101
  Pins or screws 8167 (15.6) 15,291 (18.6)  7866 (15.6) 13,983 (18.9)  
  Screws or pins with sideplate 13,452 (25.6) 21,450 (26.0)  12,941 (25.6) 19,205 (25.9)  
  Intramedullary nail 13,024 (24.8) 18,968 (23.0)  12,514 (24.7) 16,982 (22.9)  
  Hemiarthroplasty 14,022 (26.7) 20,574 (25.0)  13,438 (26.6) 18,035 (24.3)  
  Total hip replacement 3809 (7.3) 6080 (7.4)  3783 (7.5) 5893 (7.9)  
  Missing 26 (0.0) 52 (0.1)  25 (0.0) 42 (0.1)  

Abbreviations: ASA, American Society of Anesthesiologists; ASD, absolute standardized difference; BB−, no beta-blocker therapy; BB+, ongoing beta-blocker 
therapy; COPD, chronic obstructive pulmonary disease; N/A, not applicable; SD, standard deviation.
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DISCUSSION
This is the first study investigating the association 
between BB therapy and mortality within the first year 
after hip fracture surgery. BB therapy was associated 

with a 42% reduced risk of mortality within the first 
postoperative year after adjusting for age, sex, comor-
bidities, ASA physical status, fracture, and surgery 
type. When excluding patients who died within the 

Table 2. Demographics and Clinical Characteristics in Patients With Ongoing Beta-Blocker Therapy and With-
out Beta-Blocker Therapy Undergoing Surgery for Hip Fractures, After Multiple Imputation and IPTW
Variable All patients Excluding 30-d postoperative mortality

 
BB+  
(N = 52,500)

BB−  
(N = 82,415) ASD

BB+  
(N = 50,567)

BB−  
(N = 74,140) ASD

Age, mean (SD) 82.3 (8.9) 82.1 (10.4) 0.017 81.9 (9.0) 81.7 (10.5) 0.014
Sex, n (%)   0.003   0.007
  Female 35,535 (68.1) 56,367 (68.0)  34,826 (69.4) 51,730 (69.1)  
  Male 16,646 (31.9) 26,578 (32.0)  15,381 (30.6) 23,176 (30.9)  
Comorbidities, n (%)
  Myocardial infarction 3207 (6.1) 5499 (6.6) 0.020 2794 (5.6) 4765 (6.4) 0.034
  Congestive heart failure 8356 (16.0) 13,655 (16.5) 0.012 7186 (14.3) 11,377 (15.2) 0.025
  Peripheral vascular disease 2375 (4.6) 3878 (4.7) 0.006 2192 (4.4) 3489 (4.7) 0.014
  Cerebrovascular disease 9256 (17.7) 14,704 (17.7) <0.001 8672 (17.3) 13,003 (17.4) 0.002
  Dementia 10,519 (20.2) 16,692 (20.1) 0.001 9565 (19.1) 14,227 (19.0) 0.001
  COPD 6120 (11.7) 9653 (11.6) 0.003 5712 (11.4) 8472 (11.3) 0.002
  Connective tissue disease 2531 (4.9) 3992 (4.8) 0.002 2454 (4.9) 3632 (4.8) 0.002
  Peptic ulcer disease 1720 (3.3) 2722 (3.3) 0.001 1633 (3.3) 2468 (3.3) 0.002
  Liver disease 562 (1.1) 860 (1.0) 0.004 526 (1.0) 769 (1.0) 0.002
  Diabetes 7825 (15.0) 12,481 (15) 0.001 7450 (14.8) 11,198 (14.9) 0.003
  Hemiplegia 1145 (2.2) 1814 (2.2) 0.001 1114 (2.2) 1679 (2.2) 0.002
  Chronic kidney disease 2791 (5.3) 4654 (5.6) 0.012 2389 (4.8) 3884 (5.2) 0.020
  Local tumor 5716 (11) 9045 (10.9) 0.002 5349 (10.7) 7968 (10.6) 0.001
  Metastatic carcinoma 1158 (2.2) 1807 (2.2) 0.003 1015 (2.0) 1485 (2.0) 0.003
Charlson Comorbidity Indexa, n (%)   0.028   0.033
  ≤4 22,524 (43.2) 36,487 (44.0)  22,720 (45.3) 34,259 (45.7)  
  5–6 19,744 (37.8) 30,271 (36.5)  18,719 (37.3) 26,879 (35.9)  
  ≥7 9913 (19.0) 16,186 (19.5)  8767 (17.5) 13,768 (18.4)  
ASA physical status, n (%)   0.008   0.015
  I 2518 (4.8) 4132 (5.0)  2536 (5.1) 3944 (5.3)  
  II 18,934 (36.3) 29,938 (36.1)  19,045 (37.9) 28,109 (37.5)  
  III 26,419 (50.6) 41,976 (50.6)  25,064 (49.9) 37,372 (49.9)  
  IV 4254 (8.2) 6813 (8.2)  3528 (7.0) 5437 (7.3)  
  V 55 (0.1) 85 (0.1)  33 (0.1) 45 (0.1)  
Type of fracture, n (%)   0.003   0.003
  Nondisplaced cervical (garden 1–2) 6873 (13.2) 10,925 (13.2)  6758 (13.5) 10,083 (13.5)  
  Displaced cervical (garden 3–4) 19,335 (37.1) 30,821 (37.2)  18,522 (36.9) 27,604 (36.9)  
  Basicervical 1718 (3.3) 2737 (3.3)  1643 (3.3) 2450 (3.3)  
  Peritrochanteric (2 fragments) 10,428 (20.0) 16,586 (20.0)  10,021 (20.0) 15,036 (20.1)  
  Peritrochanteric (multiple fragments) 9557 (18.3) 15,092 (18.2)  9152 (18.2) 13,598 (18.2)  
  Subtrochanteric 4270 (8.2) 6784 (8.2)  4110 (8.2) 6135 (8.2)  
Type of surgery, n (%)   0.003   0.004
  Pins or screws 9008 (17.3) 14,373 (17.3)  8723 (17.4) 13,066 (17.4)  
  Screws or pins with sideplate 13,545 (26.0) 21,512 (25.9)  12,986 (25.9) 19,423 (25.9)  
  Intramedullary nail 12,438 (23.8) 19,743 (23.8)  11,954 (23.8) 17,855 (23.8)  
  Hemiarthroplasty 13,444 (25.8) 21,323 (25.7)  12,724 (25.3) 18,859 (25.2)  
  Total hip replacement 3745 (7.2) 5995 (7.2)  3820 (7.6) 5704 (7.6)  
Year of surgery, n (%)   0.006   0.006
  2008 5230 (10.0) 8278 (10.0)  4527 (9.0) 6665 (8.9)  
  2009 5368 (10.3) 8503 (10.3)  4565 (9.1) 6770 (9.0)  
  2010 5374 (10.3) 8559 (10.3)  4991 (9.9) 7429 (9.9)  
  2011 5545 (10.6) 8893 (10.7)  5149 (10.3) 7671 (10.2)  
  2012 5551 (10.6) 8800 (10.6)  5105 (10.2) 7639 (10.2)  
  2013 5402 (10.4) 8606 (10.4)  5342 (10.6) 8033 (10.7)  
  2014 5105 (9.8) 8156 (9.8)  5382 (10.7) 8006 (10.7)  
  2015 5177 (9.9) 8294 (10.0)  5217 (10.4) 7806 (10.4)  
  2016 5230 (10.0) 8278 (10.0)  4929 (9.8) 7348 (9.8)  
  2017 5368 (10.3) 8503 (10.3)  4999 (10) 7541 (10.1)  

Counts and percentages are based on the stabilized weights. They will therefore not add up exactly to the number of patients in each cohort.
Abbreviations: ASA, American Society of Anesthesiologists; ASD, absolute standardized difference; BB−, no beta-blocker therapy; BB+, ongoing beta-blocker 
therapy; COPD, Chronic obstructive pulmonary disease; IPTW, inverse probability of treatment weighting; SD, standard deviation.
aCharlson Comorbidity Index was not used in the weighting since the individual comorbidities were used instead.
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first 30 days after surgery, BB therapy was associated 
with a 27% reduction in the risk of mortality.

Mortality within the first postoperative year after 
hip fracture surgery has been reported to be up to 
27%, with one-third of the deaths being of cardiovas-
cular origin.20,31,32 In a previous study by our research 
team, using the same patient population, a significant 
reduction in the incidence of all-cause mortality within 
first 30 days postoperatively was observed (adjusted 
incidence rate ratio [IRR] = 0.28, 95% CI, 0.26–0.29; P < 
.001). Furthermore, a 76% reduction in cardiovascular 
mortality was also detected in patients with ongoing 
BB therapy (adjusted IRR = 0.24, 95% CI, 0.22–0.26; P 
< .001).2 Consequently, we opted to exclude patients 
who died within the 30-day postoperative period in 
our secondary analysis to better study the association 
between BB therapy and long-term mortality.

Previous studies, including major general surgical 
procedures, have demonstrated a positive association 
between BBs and mortality beyond the immediate 
postoperative period.4,5,26 In a double-blinded ran-
domized, placebo-controlled trial conducted by 
Mangano et al,5 a reduced risk in 2-year all-cause 
mortality after noncardiac surgery was detected in 
patients receiving perioperative atenolol. The authors 
postulated that the protective long-term effect of aten-
olol is generated by an attenuation of the heart rate 
which lowers the strain on the heart and further lim-
its the development of ischemia, reducing long-term 

cardiac complications.5 Similar results were also seen 
in patients who underwent elective abdominal colon 
cancer resection surgery in a study conducted by Ahl 
et al.26 In that study, the authors detected that patients 
receiving regular BB therapy before admission had 
a 43% decrease in postoperative mortality within 
the first year (adjusted HR = 0.57, 95% CI, 0.52–0.63; 
P < .001). Maghami et al4 could also see a survival 
benefit after emergency laparotomy in geriatric (≥65 
years) patients, with a 35% reduction in the incidence 
of mortality 1 year postoperatively (adjusted IRR = 
0.65, 95% CI, 0.44–0.98; P = .04). Similar to the current 
study, these previous investigations included patient 
cohorts that consisted mainly of elderly patients bur-
dened by several comorbidities.4,5,26 Perioperative 
BB therapy has been viewed with caution since the 
Perioperative Ischemic Evaluation (POISE) study, a 
randomized controlled trial that assigned BB naive 
patients to receive extended release metoprolol 2 to 
4 hours before surgery.33 Patients who received meto-
prolol had a lower rate of myocardial infarction but a 
higher rate of stroke and 30-day mortality. The POISE 
study was criticized for its large, fixed dose of BBs, 
but the uncertainty around the benefit of BB therapy 
in perioperative care has continued,34 despite sev-
eral studies showing no increased risk of stroke and 
some even demonstrating a decrease in mortality in 
the intensive care setting or major abdominal sur-
gery.9,26,35–37 There are several differences between the 
POISE study and the current study that needs to be 
highlighted. In our epidemiological study, BB therapy 
was not initiated because the patient required surgery, 
but was already being administered due to a previous 
prescription. The POISE study included a potpourri 
of surgical patients, for example, vascular, orthopedic, 
and general surgery, without distinguishing between 
the surgical procedures. There are significant differ-
ences between these patient populations in terms 
of both their general condition and risk of adverse 
events. In contrast, the current study consists of a 
more homogenous patient population.

The apparent protective effect of BB therapy 
appears to be the greatest during the first 30 days 

Table 3. Crude Postoperative Outcomes in Patients With Ongoing Beta-Blocker Therapy and Without Beta-
Blocker Therapy Undergoing Surgery for Hip Fractures, Before and After IPTW
 All patients Excluding 30-d postoperative mortality
Outcome  
measure

BB+  
(N = 52,500)

BB−  
(N = 82,415) ASD RR (95% CI)

BB+  
(N = 50,567)

BB−  
(N = 74,140) ASD RR (95% CI)

Before IPTW, n (%)
  30-d mortality 1933 (3.7) 8275 (10.0) 0.254 0.37 (0.35–0.38) N/A N/A N/A N/A
  1-y mortality 10,138 (19.3) 21,115 (25.6) 0.152 0.75 (0.74–0.77) 8205 (16.2) 12,840 (17.3) 0.029 0.93 (0.91–0.96)
After IPTW, n (%)
  30-d mortality 1784 (3.4) 10,128 (12.2) 0.332 0.28 (0.27–0.29) N/A N/A N/A N/A
  1-y mortality 9477 (18.2) 23,706 (28.6) 0.248 0.64 (0.62–0.65) 7450 (14.8) 14,805 (19.8) 0.131 0.75 (0.73–0.77)

Abbreviations: ASA, American Society of Anesthesiologists; ASD, absolute standardized difference; BB−, no beta-blocker therapy; BB+, ongoing beta-blocker ther-
apy; CI, confidence interval; COPD, chronic obstructive pulmonary disease; IPTW, inverse probability of treatment weighting; N/A, not applicable; RR, relative risk.

Table 4. Hazard Ratios for BB Therapy for Mortality 
Within 1 y After Hip Fracture Surgery, Calculated 
Using a Cox Proportional Hazards Model With 
Weights Based on IPTW

Variable All patients
Excluding 30-d  
postoperative mortality

 
Adjusted HR  
(95% CI) P value

Adjusted HR  
(95% CI) P value

BB therapy
  No Ref.  Ref.  
  Yes 0.58 (0.57–0.60) <.001 0.73 (0.71–0.75) <.001

Cox proportional hazards models with weights are based on IPTW. No adjust-
ments were made for any covariates as all were balanced after IPTW, defined 
as an absolute standardized difference <0.1.
Abbreviations: BB, beta-blocker; CI, confidence interval; HR, hazard ratio; 
IPTW, inverse probability of treatment weighting.



E  Original Clinical Research Report

November 2021 • Volume 133 • Number 5	 www.anesthesia-analgesia.org	 1231

Figure 1. Kaplan Meier curve describing 1-y survival with and without beta-blocker therapy, after inverse probability of treatment weighting. 
BB+ = ongoing beta-blocker therapy; BB- = no beta-blocker therapy CI, confidence interval.

Figure 2. Kaplan Meier curve 
describing 1-y survival with and 
without beta-blocker therapy, 
excluding 30-d mortality, after 
inverse probability of treatment 
weighting. BB+ = ongoing beta-
blocker therapy; BB- = no beta-
blocker therapy; CI, confidence 
interval.
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after hip fracture surgery. This might be attributed 
to the recent trauma and subsequent surgery causing 
the largest release of catecholamines in the immedi-
ate aftermath of the initial injury; consequently, most 
deaths resulting from the hyperadrenergic state occur 
in this period. Since BBs are hypothesized to counter-
act the initial spike in catecholamines, a larger reduc-
tion in mortality would be expected to be seen during 
this period. However, when expanding the studied 
time span the effect of BB appears to decrease. A 
reason for this may be the presence of a number of 
comorbidities in the BB+ group, which start to take 
their toll as time passes by. As such, they may result 
in and contribute to deaths that BB therapy does not 
protect against. Nevertheless, the association between 
BB therapy and survival remains up to 1 year postop-
eratively for hip fracture patients.

The evidence presented emphasizes the importance 
of maintaining BB therapy in hip fracture patients. BB 
therapy remains significantly underused for a large 
proportion of surgical patients.38 With the evidence 
currently available, it is not possible to recommend 
initiating BB therapy in BB naive patients; however, 
the aspiration is that this study will provide further 
evidence for the imperative nature of investigating 
this possibility using an interventional study design. 
These findings also lend further credence to consider-
ing factors other than surgical variables when manag-
ing hip fracture patients.39

This investigation has the advantage of a large 
sample size from a nationwide database, rather than 
being limited to a single center. The Rikshoft regis-
try is used by all orthopedic departments in Sweden 
and is well known for its high case coverage, rang-
ing between 80% and 90%.40 Furthermore, limiting 
the study to patients treated in Sweden allows for a 
more homogenous patient management since there is 
a consensus on how hip fracture patients should be 
managed on a national level. Nonetheless, Sweden 
also differs slightly compared to the rest of the world 
since it has one of the highest incidences of hip frac-
tures globally.21 The study is limited by its retrospec-
tive nature, which restricts the data to the variables 
available in the registers. The authors acknowledge 
that individual patient’s compliance with their pre-
scribed BB therapy cannot be determined; neverthe-
less, a 2012 study found that the Swedish population 
is highly compliant regarding filling their prescrip-
tions.41 Consequently, we do not believe that this has 
had any significant effect on the outcomes of this 
study. Since Rikshoft is an orthopedic database, there 
was regrettably no data regarding anesthesiologic 
variables such as type of anesthesia, hemodynamic 
variables, fluid therapy, blood loss, and antiplatelet 
medication. However, since we have focused on a 
homogenous patient population, that is, isolated hip 

fracture patients, and also controlled for the year of 
operation when matching patients, it is highly unlikely 
that there are major differences in the anesthesiologic 
management between the cohorts. Furthermore, all 
the covariates included have been previously shown 
to be associated with an increased risk of postopera-
tive mortality in patients subjected to hip fracture 
surgery. No conclusions about a causal relationship 
could be made due to the retrospective nature of the 
study. Further research in the form of a randomized 
controlled trial is encouraged to answer the question 
of a causal relationship between BB therapy and post-
operative mortality in hip fracture patients. E

ACKNOWLEDGMENTS
The authors thank Dr Carol Peden, MB ChB, MD, 
MPH, FRCA, FFICM, Adjunct Professor of Clinical 
Anesthesiology, Keck Medicine of USC, Los Angeles, 
and Adjunct Professor of Anesthesiology at University 
of Pennsylvania, Philadelphia, for her critical review and 
suggested improvements to the manuscript.

DISCLOSURES
Name: Ahmad Mohammad Ismail, MD.
Contribution: This author helped with ideas concerning to the 
study design, data collection, analysis and interpretation of the 
data as well as drafting and revision of manuscript and criti-
cally reviewed and approved the submitted manuscript.
Name: Rebecka Ahl, MB BChir, PhD.
Contribution: This author helped with ideas concerning to the 
study design, analysis and interpretation of the data as well as 
drafting and revision of manuscript and critically reviewed and 
approved the submitted manuscript.
Name: Maximilian Peter Forssten, MD.
Contribution: This author helped with ideas concerning to the 
study design, analysis and interpretation of the data as well as 
drafting and revision of manuscript and critically reviewed and 
approved the submitted manuscript.
Name: Yang Cao, PhD.
Contribution: This author helped with ideas concerning to the 
study design, analysis and interpretation of the data and revi-
sion of manuscript and critically reviewed and approved the 
submitted manuscript.
Name: Per Wretenberg, MD, PhD.
Contribution: This author helped with interpretation of the 
data and revision of manuscript and critically reviewed and 
approved the submitted manuscript.
Name: Tomas Borg, MD, PhD.
Contribution: This author helped with ideas concerning to the 
study design, interpretation of the data as well as revision of 
manuscript and critically reviewed and approved the submit-
ted manuscript.
Name: Shahin Mohseni, MD, PhD.
Contribution: This author helped with ideas concerning to the 
study design, data collection, analysis and interpretation of the 
data as well as drafting and revision of manuscript and criti-
cally reviewed and approved the submitted manuscript.
This manuscript was handled by: Richard P. Dutton, MD.

REFERENCES
	 1.	 Mohammad Ismail A, Borg T, Sjolin G, et al. β-adrenergic 

blockade is associated with a reduced risk of 90-day 



E  Original Clinical Research Report

November 2021 • Volume 133 • Number 5	 www.anesthesia-analgesia.org	 1233

mortality after surgery for hip fractures. Trauma Surg Acute 
Care Open. 2020;5:e000533.

	 2.	 Ahl R, Mohammad Ismail A, Borg T, et al. A nationwide 
observational cohort study of the relationship between 
beta-blockade and survival after hip fracture surgery. Eur J 
Trauma Emerg Surg. Published online January 28, 2021. doi: 
10.1007/s00068-020-01588-7.

	 3.	 Nan Y, Jia F, Du X, Mei Z. Beta-blocker exposure for short-
term outcomes following non-cardiac surgery: a meta-anal-
ysis of observational studies. Int J Surg. 2020;76:153–162.

	 4.	 Maghami S, Cao Y, Ahl R, et al. Beta-blocker therapy is asso-
ciated with decreased 1-year mortality after emergency lap-
arotomy in geriatric patients. Scand J Surg. 2021;110:37–43.

	 5.	 Mangano DT, Layug EL, Wallace A, Tateo I. Effect of ateno-
lol on mortality and cardiovascular morbidity after noncar-
diac surgery. Multicenter Study of Perioperative Ischemia 
Research Group. N Engl J Med. 1996;335:1713–1720.

	 6.	 Lindenauer PK, Pekow P, Wang K, Mamidi DK, Gutierrez 
B, Benjamin EM. Perioperative beta-blocker therapy and 
mortality after major noncardiac surgery. N Engl J Med. 
2005;353:349–361.

	 7.	 Ahl R, Matthiessen P, Fang X, et al. β-blockade in rectal can-
cer surgery: a simple measure of improving outcomes. Ann 
Surg. 2020;271:140–146.

	 8.	 Bukur M, Lustenberger T, Cotton B, et al. Beta-blocker 
exposure in the absence of significant head injuries is asso-
ciated with reduced mortality in critically ill patients. Am J 
Surg. 2012;204:697–703.

	 9.	 Khalili H, Ahl R, Paydar S, et al. Beta-blocker therapy in 
severe traumatic brain injury: a prospective randomized 
controlled trial. World J Surg. 2020;44:1844–1853.

	10.	 Mohseni S, Talving P, Thelin EP, Wallin G, Ljungqvist 
O, Riddez L. The effect of β-blockade on survival after 
isolated severe traumatic brain injury. World J Surg. 
2015;39:2076–2083.

	11.	 Desborough JP. The stress response to trauma and surgery. 
Br J Anaesth. 2000;85:109–117.

	12.	 Moor D, Aggarwal G, Quiney N. Systemic response to sur-
gery. Surgery (Oxford). 2017;35:220–223.

	13.	 Friese RS, Barber R, McBride D, Bender J, Gentilello LM. 
Could beta blockade improve outcome after injury by mod-
ulating inflammatory profiles? J Trauma. 2008;64:1061–1068.

	14.	 Loftus TJ, Efron PA, Moldawer LL, Mohr AM. β-blockade 
use for traumatic injuries and immunomodulation: a 
review of proposed mechanisms and clinical evidence. 
Shock. 2016;46:341–351.

	15.	 Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl 
DA, Cooper C; IOF Working Group on Epidemiology and 
Quality of Life. A systematic review of hip fracture inci-
dence and probability of fracture worldwide. Osteoporos Int. 
2012;23:2239–2256.

	16.	 Lunenfeld B, Stratton P. The clinical consequences of an 
ageing world and preventive strategies. Best Pract Res Clin 
Obstet Gynaecol. 2013;27:643–659.

	17.	 Ageing well: a global priority. Lancet. 2012;379:1274.
	18.	 Wang X-Q, Chen P-J. Population ageing challenges health 

care in China. Lancet. 2014;383:870.
	19.	 Forssten MP, Mohammad Ismail A, Sjolin G, et al. The asso-

ciation between the revised cardiac risk index and short-
term mortality after hip fracture surgery. Eur J Trauma 
Emerg Surg. Published online September 17, 2020. doi: 
10.1007/s00068-020-01488-w.

	20.	 Gundel O, Thygesen LC, Gögenur I, Ekeloef S. 
Postoperative mortality after a hip fracture over a 15-year 
period in Denmark: a national register study. Acta Orthop. 
2020;91:58–62.

	21.	 Rapp K, Büchele G, Dreinhöfer K, Bücking B, Becker C, 
Benzinger P. Epidemiology of hip fractures. Z Gerontol 
Geriat. 2019;52:10–16.

	22.	 Schnell S, Friedman SM, Mendelson DA, Bingham KW, 
Kates SL. The 1-year mortality of patients treated in a hip 
fracture program for elders. Geriatr Orthop Surg Rehabil. 
2010;1:6–14.

	23.	 Panula J, Pihlajamäki H, Mattila VM, et al. Mortality and 
cause of death in hip fracture patients aged 65 or older: 
a population-based study. BMC Musculoskelet Disord. 
2011;12:105.

	24.	 Choi HG, Lee YB, Rhyu SH, Kwon BC, Lee JK. Mortality 
and cause of death postoperatively in patients with a hip 
fracture: a national cohort longitudinal follow-up study. 
Bone Joint J. 2018;100-B:436–442.

	25.	 Cher EWL, Allen JC, Howe TS, Koh JSB. Comorbidity as the 
dominant predictor of mortality after hip fracture surgeries. 
Osteoporos Int. 2019;30:2477–2483.

	26.	 Ahl R, Matthiessen P, Sjölin G, et al. Effects of beta-
blocker therapy on mortality after elective colon cancer 
surgery: a Swedish nationwide cohort study. BMJ Open. 
2020;10:e036164.

	27.	 WMA - The World Medical Association. WMA Declaration 
of Helsinki – Ethical Principles for Medical Research 
Involving Human Subjects. https://www.wma.net/poli-
cies-post/wma-declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-subjects/. Accessed 
September 21, 2020.

	28.	 Rikshoft. Swedish National Registry of hip fracture patient 
care. Accessed December 25 2020. https://www.xn--rik-
shft-e1a.se/om-oss. Accessed December 24, 2020. https://
www.xn--rikshft-e1a.se/om-oss.

	29.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new 
method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation. J Chronic Dis. 
1987;40:373–383.

	30.	 R Development Core Team. R: A Language and Environment 
for Statistical Computing. R Foundation for Statistical 
Computing. 2008. Accessed September 22, 2020. http://
www.R-project.org/.

	31.	 Cenzer IS, Tang V, Boscardin WJ, et al. One-year mortality 
after hip fracture: development and validation of a prog-
nostic index. J Am Geriatr Soc. 2016;64:1863–1868.

	32.	 Polischuk MD, Kattar N, Rajesh A, et al. Emergency 
department femoral nerve blocks and 1-year mortal-
ity in fragility hip fractures. Geriatr Orthop Surg Rehabil. 
2019;10:2151459319893894.

	33.	Devereaux PJ, Yang H, Yusuf S, et al; POISE Study 
Group. Effects of extended-release metoprolol succi-
nate in patients undergoing non-cardiac surgery (POISE 
trial): a randomised controlled trial. Lancet. 2008;371: 
1839–1847.

	34.	 Neuman MD, Bosk CL, Fleisher LA. Learning from mis-
takes in clinical practice guidelines: the case of periopera-
tive β-blockade. BMJ Qual Saf. 2014;23:957–964.

	35.	 Alali AS, Mukherjee K, McCredie VA, et al. Beta-blockers 
and traumatic brain injury: a systematic review, meta-anal-
ysis, and Eastern Association for the Surgery of Trauma 
Guideline. Ann Surg. 2017;266:952–961.

	36.	 Macchia A, Romero M, Comignani PD, et al. Previous pre-
scription of β-blockers is associated with reduced mortality 
among patients hospitalized in intensive care units for sep-
sis. Crit Care Med. 2012;40:2768–2772.

	37.	 Sanfilippo F, Santonocito C, Morelli A, Foex P. Beta-blocker 
use in severe sepsis and septic shock: a systematic review. 
Curr Med Res Opin. 2015;31:1817–1825.

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.xn--rikshft-e1a.se/om-oss
https://www.xn--rikshft-e1a.se/om-oss
https://www.xn--rikshft-e1a.se/om-oss
https://www.xn--rikshft-e1a.se/om-oss
http://www.R-project.org/
http://www.R-project.org/


1234     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

Beta-Blocker Therapy and Hip Fracture Mortality Up to 1 Year

	38.	 Hepner DL, Correll DJ, Beckman JA, et al. Needs analy-
sis for the development of a preoperative clinic proto-
col for perioperative beta-blocker therapy. J Clin Anesth. 
2008;20:580–588.

	39.	 Rogmark C. Further refinement of surgery will not neces-
sarily improve outcome after hip fracture. Acta Orthop. 
2020;91:123–124.

	40.	 Meyer AC, Hedström M, Modig K. The Swedish Hip 
Fracture Register and National Patient Register were valu-
able for research on hip fractures: comparison of two regis-
ters. J Clin Epidemiol. 2020;125:91–99.

	41.	 Weitoft GR, Ericsson O, Fastbom J. Prescription drugs: 
Health in Sweden: The National Public Health Report 2012. 
Chapter 18. Scand J Public Health. 2012;40:293–304.


