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Abstract
Summary The mortality of elderly hip fracture patients is high. Eighty-five percent of all patients were followed until death. 
The three most protective factors for 1-year survival were ASA class; BMI; and age, and the four most protective factors for 
14-year survival were age; BMI; ASA class; and subtrochanteric fracture type.
Objective Hip fractures are associated with increased mortality. The purpose of this study was to evaluate the protective 
preoperative factors regarding the survival of short-term (1 year) and long-term (14 years) follow-up in a hip fracture cohort 
in Finland.
Methods A total of 486 patients, operated on in 2005 and 2006, were retrospectively evaluated. Survival was analyzed using 
Bayesian multivariate analysis and relative survival with the life table method. All patients were followed for a minimum 
of 14 years.
Results We analyzed 330 women and 156 men, whose mean ages were 82.4 and 72.0 years, respectively. The overall mortal-
ity rate was 7% at 1 month, 22% at 12 months, and 87% at 14 years. Protective factors against mortality at 1 year were ASA 
class (1–3), BMI ≥ 20 kg/m2, age < 85 years, alcohol involvement, Alzheimer’s disease, no comorbidities, certain operative 
methods, and female sex. Factors promoting survival at 14 years were age < 75 years, BMI ≥ 20 kg/m2, ASA class (1–2), 
subtrochanteric fracture, certain operative methods, alcohol involvement, and no comorbidities.
Conclusions Protective factors for 1-year survival in order of importance were ASA class, BMI, and age, and, correspond-
ingly, for 14-year survival, age, certain operative methods, BMI, and ASA class. The relative survival of hip fracture patients 
was lower than that of the general population.

Keywords Hip fracture · Short-term survival · Long-term survival · Excess mortality

Introduction

Hip fractures are the most common fractures requiring surgi-
cal treatment among adults. The highest incidences of hip 
fractures around the world have been observed in Northern 
Europe and the USA [1]. The age-standardized incidence of 
hip fractures in women is roughly twice as high as that in 
men, with some variability across the world [1]. In recent 
decades, the age-adjusted incidence of hip fractures has 
continuously decreased in high-incidence countries [2, 3]. 
According to a recent report from the four-decade Framing-
ham Heart Study with 10,552 participants, the main reason 
for the observed decrease in hip fractures was a reduction in 
smoking and heavy drinking, which were important risk fac-
tors for fractures [4]. However, due to the increased number 
of hip fractures in developing countries [1], the worldwide 
overall annual number of hip fractures is still rising. It has 
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been estimated that, by the year 2050, a staggering 6.3 mil-
lion hip fractures worldwide will occur annually [5].

Several studies have reported that mortality among 
elderly hip fracture patients is higher than that of the age-
adjusted general population and also higher among males 
than females [6, 7]. The mortality is increased during the 
first postoperative year, and it remains high for the follow-
ing years [8]. Hip fractures are associated with increased 
short-term and long-term mortality. The post-hip-fracture 
mortality is 7–8% at 30 days [9, 10], 16–24% at 1 year [11, 
12], 32–56% at 5 years [13, 14], and 80% at 10 years [15]. 
Reports evaluating survival beyond 10 years are scarce [16, 
17].

The reasons for the increased mortality and morbidity in 
low-energy hip fracture patients entail several pre-fracture 
conditions: older age, male sex, pre-fracture comorbidities, 
poor preoperative walking capacity and activities of daily 
living, fracture type, low body mass index (BMI), high ASA 
class, and non-multidisciplinary postoperative rehabilita-
tion [8, 10, 11, 18]. Alcohol consumption is associated with 
higher hip fracture risk and postoperative complications [4, 
15].

The aim of this study was to identify patient-specific fac-
tors affecting postoperative short- and long-term survival, to 
study the survival in relation to the mortality in the reference 
population, and to analyze the mortality of the patients over 
a period of 14 years.

Patients and methods

The study was approved by the local ethics committee. 
We retrospectively analyzed all patients with a hip frac-
ture (n = 506) requiring operative treatment at Päijät-Häme 
Central Hospital in Southern Finland (61° N) from January 
1, 2005, to December 6, 2006 (Supplementary Fig. 1). The 
exclusion criteria were a pathological fracture, age under 
18 years, non-operative treatment, and an undefined time of 
the fracture (Supplementary Fig. 1). The data were collected 
from electronic medical records.

All hip fracture patients had a low-energy fracture as a 
result of slipping, tripping, or falling from standing height 
or lower, as documented in the medical records. Fractures 
caused by high-energy injuries were excluded.

A low-energy hip fracture was identified as one of the 
following diagnosis codes: femoral neck fractures (S72.0), 
pertrochanteric fractures (S72.1), or subtrochanteric frac-
tures (S72.2). Adult patients with new low-energy hip frac-
tures who underwent one of the following procedures were 
analyzed: NFB10 (uncemented hemiarthroplasty); NFB20 
(cemented hemiarthroplasty); NFJ50 (osteosynthesis of the 
neck with cannulated screws); NFJ52 (osteosynthesis of 
the proximal femur with a DHS or Medoff plate); NFJ54 

(osteosynthesis with an intramedullary nail); NFJ64 (osteo-
synthesis with additional screws or wires); NFB30 (unce-
mented primary total hip arthroplasty); NFB40 (hybrid total 
arthroplasty); or NFB50 (cemented primary total hip arthro-
plasty). The surgical procedure codes were collected accord-
ing to the Nordic Medico-Statistical Committee’s classifi-
cation of surgical procedures (NOMESCO). The medical 
records of all patients were checked manually (R.T.).

The baseline characteristics of patients are shown in 
Table 1. Patient-specific variables included the patient’s 
personal ID number, sex, age, date of injury, American Soci-
ety of Anesthesiologists (ASA) class [19], body mass index 
(BMI; kg/m2), selected comorbidities, fracture type, date of 
operation, type of operation and implant, date of discharge, 
and death. BMI was divided into four groups: < 20, 20–24.9, 
25–29.9, and > 30 kg/m2. Pre-existing selected comorbidi-
ties increasing the risk of falling were identified from the 
medical records individually (alcohol involvement [AI], 
Alzheimer’s disease, dementia, stroke, Parkinson’s disease, 
previous intracranial hemorrhages [ICH], transient ischemic 
attack [TIA], and severe psychiatric diseases with ongoing 
medication [e.g., schizophrenia]).

In this study, alcohol involvement (AI) denotes that the 
patient was under the influence of alcohol when attended 
to at the emergency department for a hip fracture. This 
information was documented in the medical records of the 
patient. Furthermore, no alcohol-related disease, such as 
alcohol dependence, alcoholic liver disease, or alcoholic 
psychoses, was documented. The medical records of all 
patients were checked manually (R.T.).

The patient’s age at the time of injury was recorded. 
Patients were divided into six age groups: ≤ 59.9, 60–69.9, 
70–79.9, 80–85.9, 86–89.9, and ≥ 90 years.

We defined short-term and long-term mortality as death 
occurring within 12 months after a hip fracture and as 
death occurring more than 12 months after a hip fracture, 
respectively.

Fracture classification

The type of hip fracture was analyzed from the preoperative 
radiographs by the study group (RT, JPK). The fractures 
were classified as femoral neck fractures (S72.0), pertro-
chanteric fractures (S72.1), and subtrochanteric fractures 
(S72.2). Femoral neck fractures were further classified 
according to the Garden classification [20]. The type of 
trochanteric (S72.1) and subtrochanteric (S72.2) hip frac-
tures was graded according to the AO classification [21]. 
We also evaluated the number of basicervical hip fractures 
[22]. Basicervical fractures were classified as pertrochan-
teric fractures (S72.1). One radiograph in group S72.1 and 8 
radiographs in group S72.2 were missing for AO classifica-
tion (Supplementary Table 1).
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Hip fracture treatment protocol

Femoral neck fractures were operated on using total hip 
arthroplasty (THA), hemiarthroplasty (HA), or cannulated 
screws. Trochanteric hip fractures were operated on with 
intramedullary nail (IMN) or dynamic hip screw (DHS) 
systems. Some trochanteric fractures were stabilized with 
a DHS and a lateral buttress plate or a DHS and cannulated 
screws. Subtrochanteric fractures were operated on using 
IMNs. A single-dose antibiotic prophylaxis cefuroxime 
3 g i.v. (or 1.5 g i.v. for patients < 50 kg) was administered 
30–60 min prior to the incision. Low molecular weight hepa-
rin (enoxaparin 40 mg once a day s.c., starting at 6 h after 
the operation) for 3 weeks was administered to all patients 
for antithrombotic prophylaxis. Mobilization and weight 
bearing were allowed according to the surgeon’s evaluation, 

and all patients were mobilized under the supervision of a 
physical therapist.

Survival

Dates of death were collected from the national adminis-
trative register, the Causes-of-Death Register of Statistics 
Finland, using the unique personal identification numbers 
of the patients.

The survival follow-up time was from January 1, 2005, 
to September 9, 2021. All patients were followed for a mini-
mum of 14 years. The variables explaining survival were 
assessed at 1 and 14 years after the index fracture. In addi-
tion, the variables explaining mortality at 14 years among 
AI patients were assessed.

Table 1  Baseline characteristics 
in 486 hip fracture patients

ASA, American Society of Anesthesiologists; BMI, body mass index

Men
n (%)

Women
n (%)

Total
n (%)

Variable 156 (32.1) 330 (67.9) 486 (100) Statistic

Age (years)
   Mean (SD) 72.0 (14.8) 82.4 (8.9) 79.0 (12.1) F-test 129.45, p < 0.0001
   Median 76.6 83.9 82.1

Age group (years) n (%) n (%) n (%)
    ≤ 59 36 (23) 11 (3) 47 (10)
   60–69 26 (17) 19 (6) 45 (9)
   70–79 33 (21) 72 (22) 105 (22) Wilcoxon = 6.769
   80–89 47 (30) 174 (53) 221 (46) p < 0.0001

    ≥ 90 14 (9) 54 (16) 68 (14)
BMI (kg/m2)
    < 20 15 (10) 48 (15) 63 (13)
   20.24.9 64 (41) 110 (33) 174 (36)
   25.0–29.9 28 (18) 65 (20) 93 (19)

    ≥ 30 7 (4) 23 (7) 30 (6) n.s
   Missing data 42 (27) 84 (25) 126 (26)

ASA class
   1 8 (5) 5 (2) 13 (3)
   2 45 (29) 55 (17) 100 (21)
   3 78 (50) 229 (69) 307 (63) Wilcoxon = 2.01
   4 25 (16) 41 (12) 66 (14) p < 0.05

Comorbidity
   None 76 (49) 204 (62) 280 (58)
   Alzheimer’s disease 6 (5) 43 (13) 49 (10)
   Alcoholism 35 (22) 4 (1) 39 (8)
   Dementia 17 (11) 46 (14) 63 (13)
   Previous stroke 15 (10) 22 (7) 37 (8)
   Parkinson’s disease 1 (1) 2 (1) 3 (1)
   Schizophrenia 3 (2) 3 (1) 6 (1)
   TIA 1 (1) 2 (1) 3 (1) χ2 = 70.17, p < 0.00001
   Previous brain injury 2 (1) 1 (0) 3 (1)
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Statistical methods

Differences between two groups were tested with chi-
squared (χ2) test, Fisher’s exact test, or the Wilcoxon rank 
test, and between three groups with the Kruskal–Wallis 
test. Differences in mean values between groups were 
tested using two-way analysis of variance (ANOVA).

In the univariate analyses, likelihood ratios (LR) were 
calculated for all classes of each variable and compared 
with each other within the variable. In univariate analy-
sis on the mortality of AI patients vs other patients, ORs 
(odds ratios) were calculated. Statistical dependency 
within each variable was analyzed using the chi-squared 
(χ2) or Wilcoxon signed rank test.

Multivariate analysis was performed using an optimiz-
ing stepwise procedure based on the Bayesian approach 
to determine posterior probabilities and likelihood ratios 
and to ascertain the sensitivity and specificity of the rule 
[23]. The optimizing procedure has been developed mainly 
for categorized variables and it does not need a perfect 
variable matrix. Following a heuristic approach, the proce-
dure selects the combination of variables that best explains 
the selected outcome variable. The Bayesian approach is 
applied by calculating posterior probability ratios for each 
combination. The aim is to find an optimal set of variables 
that provides a better explanation than all of the variables 
together. The relationship between the true positives and 
true negatives was expressed as the area under the curve 
(AUC) that approximately describes the explanatory power 
of the model.

Survival and excess mortality

Furthermore, survival was analyzed according to sex and 
the involvement of alcohol in relation to the reference pop-
ulation using the life table method [24]. In this method, the 
observed survival rates of the groups were compared with 
the survival rates based on age-, sex-, and time-specific life 
tables for the entire population of Finland (reference popu-
lation). The calculated survival of the reference population 
is 1.00. If the survival curve of the study group remains 
below the survival of the reference population, there is 
excess mortality in the study group.

We performed the univariate analyses and multivariate 
analyses for 1-year and 14-year survival for the following 
seven variables: sex, age, ASA class, BMI, comorbidity, 
fracture type, and operation method, including the type of 
implant. In addition, we performed the univariate analy-
ses and multivariate analyses for 14-year mortality among 
patients with AI for the following preoperative factors: 
age, sex, ASA class, and fracture type.

Results

During the study period, a total of 486 patients with a 
new low-energy hip fracture were enrolled in the study 
(Supplementary Fig.  1). Table  1 and Supplementary 
Table 1 list the patient characteristics. Of the patients, 
67.9% were women, with a mean age of 82.4 years (SD 
8.9 years, range: 49–102 years). The mean age of men was 
72.0 (SD 14.8, range: 36–99 years). In cases where alcohol 
was involved (AI; n = 39, 8%), the patients differed signifi-
cantly from the other patients regarding age, ASA class, 
and comorbidities, but not regarding the type of fracture. 
Most of the patients with AI (n = 35/39; 90%) were men 
(age range: 35–69 years). The age range in the four women 
with AI, correspondingly, was 56–73 years.

When analyzing the age differences among AI patients 
and non-AI patients according to the different age groups 
(40 years; 50 years; 60 years; 70 years; 80 years; and 
90 + years), we found that the patients with AI were sig-
nificantly younger than the non-AI patients (Wx =  − 9.40, 
p < 0.001). The mean age of all patients with AI was 55.7 
(SD 8.3) years and that of all patients 79.0 (SD 12.1) years. 
Patients with AI mainly had an ASA class of 1–2 (67%), 
whereas the non-AI patients mainly had an ASA class 
of 3–4 (80.5%; Kruskal–Wallis 113.3, d.f.2, p < 0.001). 
Patients with AI also had fewer comorbidities (χ2 = 27.83, 
p < 0.05). No association was found between BMI catego-
ries and ASA scores (Kruskal–Wallis 2.13, d.f.3, n.s.). 
The hip fractures were distributed as follows: 59% were 
femoral neck fractures, 36% pertrochanteric fractures, and 
5% subtrochanteric fractures (Supplementary Table 1).

Mortality

The mortality of both sexes in all patients (n = 486) during 
the 14-year follow-up time is shown in Table 2. There were 
no differences in the mortality between different fracture 
types (χ2 = 1.16, n.s.). In addition, we studied the mortal-
ity of hip fracture patients who were sober (n = 447, 326 
females, 121 males) and of those with AI (n = 39) (Sup-
plementary Table 2). At the end of the survival follow-up 
period (14 years), 11% of the patients who were sober 
(50/447) and 33% (13/39) of the patients with AI were 
alive; out of the overall study cohort, 13% (63/486) of the 
patients were alive.

After 4  years, over half of the patients with no AI 
(235/447) had died. A statistically significant difference 
in mortality between the sexes in the non-AI group was 
noticed between the first and fifth year and at 14 years, 
and during the 14 postoperative years, the mortality among 
patients with AI was lower than among the other patients 

Page 4 of 13107



Archives of Osteoporosis (2022) 17:107

1 3

(Supplementary Table 2). Patients who survived were 
approximately 19.5 years younger than those who died 
during the 14-year follow-up: 62 (SD 13.3) vs 81 (SD 9.7) 
years.

Survival and excess mortality

The 1-year and 14-year univariate analyses are shown in 
Tables 3 and 4, respectively. Two out of the 63 (3.1%) 
patients with a BMI of < 20 kg/m2 and 47 out the of 297 
(15.8%) patients with a BMI of ≥ 20  kg/m2 were alive 
at 14  years postoperatively (Fisher’s exact p = 0.0007) 
(Tables 3 and 4). The multivariate analysis (Table 5) dem-
onstrated that ASA class (1–3) at the time of fracture was the 
most important factor explaining 1-year survival, followed 
by BMI ≥ 20 kg/m2; age under 85 years; no comorbidity; AI; 
and Alzheimer’s disease; operative methods NFB20, NFJ54, 
NFJ50, or NFB30-50; as well as female sex (Table 5). In the 
multivariate analysis regarding 14-year survival, age under 
75 years at the time of fracture was the most protective fac-
tor, followed by BMI ≥ 20 kg/m2, ASA class (1–2), fracture 
type (S72.2), operative method (NFJ50, NFJ54, or NFB30-
50), and no comorbidity or AI (Table 5).

The 1-year model correctly predicted 76% of the cases, 
and the 14-year model, correspondingly, predicted 88% of 
the cases. The optimum results of the multivariate survival 
models at 1 and at 14 years are shown in Supplementary 
Table 3. The kappa (κ) value for the 1-year survival model 
was 0.39 (95% CI 0.29–0.49; fair), and the AUC was 0.78. 

The κ for the 14-year survival model was 0.56 (moderate; 
95% CI 0.45–0.66), and the AUC was 0.90.

In the mortality analyses on patients with AI vs other 
patients, the most important factors were age < 54 years and 
male sex, followed by ASA class (1–2) and trochanteric frac-
tures (Supplementary Tables 4 and 5).

In the total population, the excess mortality was higher 
among men than women during the first 10 years. After 
10 years, the excess mortality was nearly equal in both sexes. 
In men, excess mortality subsided and remained steady after 
7.5 years (Fig. 1). However, the lowest excess mortality was 
among patients (90% men) with AI because of their sig-
nificantly lower mean age compared to the mean age of the 
other male patients.

Discussion

Increased mortality following hip fractures during the 
first postoperative year is well documented [25]. In our 
study, the statistically significant preoperative variables in 
the univariate analysis that predicted significantly higher 
survival at 12  months after hip fracture surgery were 
female sex, age < 85 years, ASA class 1–3, BMI ≥ 20 kg/
m2, preoperative comorbidities (no comorbidity, AI, or 
Alzheimer’s disease), certain fracture types (femoral 
neck or subtrochanteric fracture), and certain operative 
methods (cemented hemiarthroplasty, osteosynthesis of 
the neck with cannulated screws, osteosynthesis with an 

Table 2  Mortality of both sexes 
in the total data (n = 486) during 
the 14-year follow-up time

d, day; m, month; y, year; 1Fisher’s exact test

Men (n = 156) Women (n = 330) Women/men Total (n = 486)

Follow-up n (%) n (%) p1 n (%)
30 d 14 (9.0) 22 (6.7) n.s 36 (7.4)
90 d 26 (16.7) 40 (12.1) n.s 66 (13.6)
6 m 32 (20.5) 55 (16.7) n.s 87 (17.9)
1 y 39 (25.0) 69 (20.9) n.s 108 (22.2)
2 y 58 (37.2) 94 (28.5) p = 0.035 152 (31.5)
3 y 67 (42.9) 128 (38.8) p = 0.153 195 (40.1)
4 y 82 (52.6) 164 (49.7) n.s 246 (50.6)
5 y 90 (57.7) 189 (57.3) n.s 279 (57.4)
6 y 99 (63.5) 212 (64.2) n.s 312 (64.2)
7 y 104 (66.7) 227 (68.8) n.s 331 (68.1)
8 y 109 (69.9) 240 (72.7) n.s 349 (71.8)
9 y 113 (72.4) 255 (77.3) n.s 368 (75.7)
10 y 116 (74.3) 270 (81.8) p = 0.058 386 (79.4)
11 y 117 (75.0) 278 (84.2) p = 0.011 395 (81.2)
12 y 124 (79.5) 290 (87.9) p = 0.012 414 (85.2)
13 y 126 (80.8) 293 (88.8) p = 0.013 419 (86.2)
14 y 126 (80.8) 297 (90.0) p = 0.004 423 (87.0)
Alive > 14 y 30 (19.2) 33 (10.0) p = 0.004 63 (13.0)
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intramedullary nail, or total arthroplasty). According to 
a Swedish national data register from January 2014 to 
December 2016, including 10,548 patients with trochan-
teric and subtrochanteric fractures, there were no signifi-
cant differences in the 1-year mortality between simple 
(26%), multifragmented (27%), and reverse oblique and 

subtrochanteric fractures (24%) [26]. The more complex 
fractures did not affect the survival at 1 year.

In a Swedish retrospective registry-based cohort study 
(n = 1493) regarding 1-year mortality, results similar 
to our present study were found [10]. Mortality was sig-
nificantly associated with age, male sex, and ASA class 

Table 3  Univariate analysis of 7 
variables in relation to survival 
data at 1 year after the index 
fracture (n = 4 86)1

LR, likelihood ratio; χ2, chi-squared test; Wx, Wilcoxon rank test; 1all classes of the variables are compared 
with each other within the variable; 2in 126 patients, information on BMI was missing

Variable Negative Positive Total LR 95% CI Statistic

Sex
   Male 117 39 156 1.18 0.77–1.78
   Female 261 69 330 0.93 0.66–1.30 x2 = 1.026, n.s

Age
   –59 44 3 47 0.24 0.08–0.72
   60–64 15 3 18 0.70 0.20–2.45
   65–69 25 2 27 0.28 0.07–1.10
   70–74 26 6 32 0.81 0.33–2.01
   75–79 62 11 73 0.62 0.32–1.22
   80–84 95 24 119 0.88 0.54–1.45
   85–89 67 35 102 1.83 1.16–2.89
   90– 44 24 68 1.91 1.12–3.26 Wx = 4.606 p < 0.0001

ASA class
   1 13 0 13 0.14 0.01–1.51
   2 90 10 100 0.39 0.20–0.76
   3 244 63 307 0.90 0.64–1.28
   4 31 35 66 3.95 2.39–6.53 Wx = 5.462, p < 0.0001

BMI (kg/m2)1

   –19.99 36 27 63 2.63 1.55–4.46
   20–24.99 143 31 174 0.76 0.49–1.18
   25–29.99 81 12 93 0.52 0.28–0.98
   30– 28 2 30 0.25 0.07–0.96
    Missing1 90 36 126 1.40 0.90–2.18 χ2 = 26.138, p < 0 .0001

Fracture type
   S72.0 231 53 284 0.80 0.56–1.16
   S72.1 126 51 177 1.42 0.96–2.09
   S72.2 21 4 25 0.67 0.23–1.97 χ2 = 6.216, p < 0.05

Operative method
   NFB20 191 45 236 0.83 0.56–1.22
   NFJ52 104 43 147 1.45 0.96–2.19
   NFJ54 43 10 53 0.81 0.40–1.67
   NFJ50 22 4 26 0.64 0.22–1.87
   NFB10 15 6 21 1.40 0.53–3.68
   NFB30-50 3 0 3 0.58 0.03–11.23 χ2 = 5.774, n.s

Comorbidity
   None 220 60 280 0.96 0.67 – 1.36
   Alcoholism 33 6 39 0.64 0.26 – 1.55
   Alzheimer’s disease 42 7 49 0.58 0.26 – 1.33
   Dementia 42 21 63 1.75 0.99 – 3.07
   Previous stroke 28 9 37 1.13 0.52 – 2.45
   Other 13 5 18 1.35 0.47 – 3.84 χ2 = 7.859, n.s
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3–5, but the type of fracture or operation method did not 
affect the mortality estimates [10]. Different results have 
also been reported. A recent Finnish prospective study on 

home-dwelling hip fracture patients (n = 538) showed no 
sex-related differences in mortality at 4 and 12 months 
postoperatively [27]. Furthermore, one opposite result had 

Table 4  Univariate analysis of 7 
variables in relation to survival 
data at 14 years after the index 
fracture (n = 486)1

LR, likelihood ratio; χ2, chi-squared test; Wx, Wilcoxon rank test; ASA, American Society of Anesthesi-
ologists; BMI, body mass index; S72.0, femoral neck fracture; S72.1, pertrochanteric fracture; S72.2, sub-
trochanteric fracture; NFB20, cemented hemiarthroplasty; NFJ52, osteosynthesis with dynamic hip screws 
or Medoff plate; NFJ54, osteosynthesis with intramedullary nail; NFJ50, osteosynthesis with cannulated 
screws; NFB10, uncemented hemiarthroplasty; NFB30-50, uncemented, hybrid, cemented total arthroplasty
1 All classes of the variables are compared with each other within the variable
2 BMI < 20 kg/m2 vs BMI ≥ 20 kg/m2 (missing cases excluded); Fisher’s exact p = 0.00089

Variable Negative Positive Total LR 95% CI Statistic

Sex
   Male 30 126 156 0.63 0.39–1.01
   Female 33 297 330 1.34 0.86–2.09 χ2 = 8.00, p < 0.01

Age
   –59 27 20 47 0.11 0.06–0.19
   60–64 8 10 18 0.19 0.08–0.45
   65–69 8 19 27 0.35 0.15–0.82
   70–74 7 25 32 0.53 0.22–1.27
   75–79 9 64 73 1.06 0.51–2.20
   80–84 3 116 119 5.76 2.02–16.4
   85– 1 169 170 25.17 6.51–97.3 Wx = 9.84, p < 0.0001

ASA class
   1 10 3 13 0.05 0.02–0.12
   2 27 73 100 0.40 0.24–0.67
   3 24 283 307 1.76 1.08–2.86
   4 2 64 66 4.77 1.29–17.56 Wx = 6.00, p < 0.0001

BMI (kg/m2)2

   –19.99 2 61 63 4.54 1.22–16.87
   20–24.99 24 150 174 0.93 0.56–1.54
   25–29.99 17 76 93 0.67 0.37–1.20
   30– 6 24 30 0.60 0.24–1.50
   Missing 14 112 126 1.19 0.65–2.20 χ2 = 7.45, n.s

Fracture type
   S72.0 36 248 284 1.03 0.67–1.57
   S72.1 22 155 177 1.05 0.63–1.75
   S72.2 5 20 25 0.60 0.22–1.63 χ2 = 1.16, n.s

Operative method
   NFB20 23 213 236 1.38 0.83–2.28
   NFJ52 19 128 147 1.00 0.83–1.22
   NFJ54 9 44 53 0.73 0.34–1.56
   NFJ50 11 15 26 0.20 0.10–0.43
   NFB10 0 21 21 5.00 0.57–43.5
   NFB30-50 1 2 3 0.30 0.03–2.90 χ2 = 21.67, p < 0.001

Comorbidity
   None 41 239 280 0.87 0.57–1.33
   Alcohol involvement 13 26 39 0.30 0.15–0.59
   Alzheimer’s disease 1 48 49 7.15 1.28–39.9
   Dementia 1 62 63 9.23 1.78–47.9
   Previous stroke 4 33 37 1.23 0.42–3.57
   Other 3 15 18 0.75 0.21–2.63 χ2 = 23.70, p < 0.001
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been published—in an earlier prospective study (n = 106) 
from Finland, the 1-year mortality was higher in women 
than in men (34% vs 28%), although the difference was not 
significant [28].

Furthermore, a Norwegian study (n = 942, mean age 
81.2 years) reported that the elevated mortality at 1 year 
and 5 years postoperatively was significantly associated with 
male sex and age over 80 years [7]. The overall mortality 
after the first year was 21% and after 5 years 59% [7]. In the 
present study (mean age 79 (SD 12.1 years), the correspond-
ing results were similar, 22% and 57%, respectively.

A Danish national register study [17] showed that the 
postoperative mortality after hip fractures varied between 

2000 and 2013 but did not decline. The mortality rate was 
10% at 30 days, 16% at 90 days, and 27% at 1 year [17]. 
In Denmark, the median length of the postoperative acute 
hospital stay in 2014 (8 days) [17] was similar to that of our 
study (9 days).

A Spanish study (n = 359) reported an overall in-hospital 
mortality rate of 6% and an overall mortality rate of 27% 
at 1 year after the index fracture (38% in men and 24% in 
women) [29]. In the present study, the 30-day mortality 
was 7%, the 90-day mortality 14%, and the 1-year mortality 
22%, and there were no significant differences between the 
sexes during the first year or between 4 and 9 years postop-
eratively. However, the mortality was significantly higher 

Table 5  The most important factors explaining survival at 1 year and at 14 years after index fracture in the mortality data (n = 486). (Variables in 
italics do not include in the optimum result)

RR limit False negative count Sensitivity % Specificity % κ Added variable

0.91 73 32.4 91.8 0.281 ASA class 1–3
2.07 63 41.7 87.6 0.309 BMI ≥ 20 kg/m2

1.82 46 57.4 81.7 0.364 Age < 85 years
At 1 post-fracture year 1.54 43 60.2 80.7 0.372 Comorbidity (none; alcohol abuse; Alzheimer’s 

disease)
1.56 40 63.0 79.9 0.383 Operative method (NFB20; NFJ50; NFJ54; 

NFB30-50)
1.50 39 63.9 79.9 0.390 Sex (female)

33 69.4 76.2 0.384 Fracture type (S72.0; S72.2)
RR limit False negative count Sensitivity % Specificity % κ Added variable
0.19 30 92.9 55.6 0.478 Age < 75 years
0.24 33 92.4 61.9 0.516 BMI ≥ 20 kg/m2

At 14 post-fracture years 0.39 38 91.0 69.8 0.539 ASA class 1–2
0.40 39 90.8 71.4 0.545 Fracture type (S72.2)
0.40 43 89.8 73.0 0.535 Operative method (NFJ50; NFJ54; NFB30-50)
0.41 43 89.8 76.2 0.555 Comorbidity (none; alcohol abuse)

55 87.0 79.4 0.517 Sex (male)

Fig. 1  Relative survival of hip 
fracture patients during the 
14-year follow-up
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among men during the  2nd and  3rd postoperative years. How-
ever, during the  10th–14th postoperative years, the mortality 
was significantly higher among women. When the mortality 
during the first 14 postoperative years was analyzed only 
among patients without alcohol involvement (n = 447), there 
was a significant difference between women and men at the 
first to fifth postoperative year. The corresponding mortal-
ity rates among patients with AI (39/486, 8%) at 30 days, at 
90 days, and 1 year were lower: 5%, 10%, and 15%, respec-
tively. The difference was not significant.

An earlier Finnish hip fracture study (n = 221) showed 
that the survival at 11 years postoperatively was better 
among men than women according to the concomitant use 
of prescribed calcium plus vitamin D and anti-osteoporotic 
drugs. A similar result was observed among non-users (men 
vs women) [14].

In the literature on low-energy hip fractures, all hip frac-
ture patients are usually included in the study reports with-
out separately analyzing the consumption of alcohol before 
the injury (10, 17, 30). However, the age distribution of 
patients with acute alcohol intoxication differed from other 
hip fracture patients [31], as was shown in our present data. 
In this study, the mean age of patients under the influence of 
alcohol (8% of total) at the time of presenting at the emer-
gency department was significantly lower than that of the 
other patients.

The relative survival among patients with AI in the pre-
sent study (90% male patients) during the 14-year follow-
up was quite similar to that of female patients, although 
slightly higher. A large American study showed an opposite 
result: the 1-year post-fracture mortality among hip fracture 
patients with an alcohol-related disease was significantly 
higher than that of hip fracture patients with no history of 
alcohol abuse [32]. However, that study included hip fracture 
patients with alcohol-related diseases: alcohol dependence 
(59%), alcoholic liver disease (17%), alcoholic psychoses 
(10%), and chronic alcohol abuse (10%) [32]. Their ASA 
class was higher, at least class 3. In the present study, the 
patients with AI had no alcohol-related diseases, and their 
ASA class was mainly 1–2.

According to a recent European analysis carried out in 22 
countries, the mean 1-year mortality was 23.3% (SD 6.3%, 
median 23.4%) [30], which is similar to our study.

Longer follow-up studies suggesting that the excess mor-
tality associated with hip fractures may persist for several 
years are scarce [16, 33]. Opposite results have also been 
published. A study from the USA (1116 hip fracture cases 
with 4464 age-matched controls) showed that the mortality 
risks for fracture and non-fracture participants were gener-
ally similar after the first year [34].

In the present study, male sex, age < 75 years, some 
operative methods (osteosynthesis with intramedullary nail, 
with cannulated screws, total arthroplasty), preoperative 

comorbidities (no comorbidities, AI), a subtrochanteric frac-
ture, ASA class 1–2, and BMI ≥ 20 kg/m2 explained survival 
at 14 years. The reasons for the better survival of patients 
with AI in the present study were their significantly lower 
age and significantly fewer comorbidities compared to the 
other patients. The third reason was that two-thirds of them 
had an ASA class of 1–2. However, relatively young male AI 
patients with a good preoperative condition had the highest 
mortality risk at 14 years.

According to an earlier study with the same patients, 34% 
of all reoperations occurred during the first postoperative 
months and roughly 73% during the first postoperative year. 
The observed survival of the reoperated women was higher 
than that of the non-reoperated women during a 10-year 
follow-up [15]. At the end of the 10-year follow-up, 37% of 
the reoperated patients were alive and only 17% of the non-
reoperated patients were alive [15].

Previously, in a 10-year follow-up study from Estonia, 
a number of factors, such as advanced age, male sex, poor 
health status, and preoperative comorbidities, were associ-
ated with excess mortality following hip fractures [35]. The 
excess risk of death was highest within 3–6 months after 
fracture and persisted for the full 10-year follow-up period 
[35]. The immediate excess risk of death was high in older 
age groups (≥ 80 years), and there was a gradually accumu-
lating excess risk in younger age groups (50–79 years) [35].

The present results differ from several other studies [6, 
7] in which men had a higher overall mortality rate than 
women. The univariate analysis in the present study showed 
that male sex explained higher survival at 14 years postoper-
atively. The present study indicated that a low BMI (< 20 kg/
m2) was an inverse factor for long-term survival. At 14 years, 
the mortality of patients with a low BMI (< 20 kg/m2) was 
six-fold compared to those with a BMI of ≥ 20 kg/m2. Sim-
ilarly, in a Swiss study, hip fracture patients with a BMI 
of < 22 kg/m2 had seven-fold mortality compared to those 
with a BMI of > 25 kg/m2 at 1 year postoperatively [36]. 
Malnutrition is very prevalent among older people with hip 
fractures, and it negatively influences functional recovery 
during rehabilitation. Postoperative nutritional assessments 
and the treatment of malnutrition improve the functional 
recovery and decrease mortality [37].

According to the present results, the excess mortality was 
higher among men during the first 9 years, but it was nearly 
equal in both sexes after 10 years. At the end of the follow-
up time, the excess mortality in both sexes remained quite 
stable. A similar result was found in a Norwegian 5-year 
follow-up study (n = 942) [7]. An over 12-year follow-up 
study on eight cohorts in Europe and the USA (n = 122,808) 
showed that hip fracture patients had the highest risk of 
dying during the first year after the fracture and an almost 
two-fold increase in mortality, which persisted even 8 years 
or more after the injury [38]. However, the sex-related 
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difference in excess mortality was minimal in this study 
[38]. In a Swedish 22-year follow-up study (n = 1013), the 
survival among women was better than among men, and the 
excess mortality was higher over two decades of follow-up 
compared to the control population [39].

A Danish national register study (n = 113,721) conducted 
over 15 years from 2000 to 2014 reported that male sex, 
increasing age, a higher Charlson Comorbidity Index, a per- 
and subtrochanteric fracture, and an operation type other 
than total hip arthroplasty were independently associated 
with postoperative mortality [17]. The results were in line 
with those of the present study regarding age under 75 years, 
some comorbidities, and total hip arthroplasty. However, in 
the present study, the univariate analysis showed that male 
sex, subtrochanteric fractures, and some operative methods, 
such as osteosynthesis with an intramedullary nail or osteo-
synthesis of the femoral neck with screws, were associated 
with better survival at 14 years postoperatively.

Several studies indicate that heavy alcohol consumption 
is associated with an increased risk of hip fractures due to an 
increased tendency to fall [40–42]. According to an earlier 
Finnish study on male femoral neck fracture patients with 
alcohol dependence syndrome (ICD 10 code F10.2; mean 
age 64 years, range 29–94 years), approximately 50% of the 
patients were under 70 years old. The survival rate was 62% 
at 1 year and 49% at 2 years [42].

The Finnish national hip fracture database study revealed 
a higher risk of an early readmission due to surgical compli-
cations among patients with alcohol abuse issues [43]. Our 
previous 10-year follow-up study on hip fracture patients 
showed that over a third of the patients with recorded alco-
hol involvement needed reoperations after their primary 
operation [15].

In Finland, the incidence of hip fractures among elderly 
individuals has declined during the twenty-first century [3]. 
However, because of the rapid aging of the Finnish popula-
tion, the burden of hip fractures leads to an increase in the 
absolute number of hip fractures. Efforts to prevent low-
energy fractures, such as the prevention of falls and the treat-
ment of osteoporosis at least after the first fragility fracture, 
are cost-effective [44]. The treatment of malnutrition is also 
important among elderly hip fracture patients [41].

Strengths and limitations

The strength of this study is the long follow-up, reporting 
the survival and excess mortality of hip fracture patients. 
The study consists of detailed patient-specific data, with 
a large number of consecutive patients treated at a sin-
gle hospital. All medical records and radiographs were 
reviewed by one of the authors (R.T.). A strength also is 
the Bayesian multivariate method, which takes into account 

all factors available. Furthermore, we were able to compare 
the patients’ survival to that of the age- and sex-adjusted 
population in Finland.

The present study is representative for Finland. In 2006, 
the population of the hospital district in question was 
approximately 210,000, which represented 4% of the Finnish 
population (5256 million) and 4.2% of the Finnish popula-
tion aged ≥ 50 years (Statistics Finland). The rate of hip frac-
tures (n = 486; 68% females) in the present study represented 
4.2% of the total number of hip fractures in Finland in 2005 
and 2006 (n = 11,662; 68% females). The mean age of these 
patients nationally was 79 years, as in the present study. 
The national rate of femoral neck fractures was 63%, of tro-
chanteric fractures 31%, and of subtrochanteric fractures 
6% [45, 46]. In the present study, the corresponding rates 
were 58%, 36%, and 5%. The first Finnish National Care 
Guidelines on hip fracture patients were published in Janu-
ary 2006. However, the operative treatment of hip fractures 
in Finland was already carried out in the beginning of 2000 
according to the first guidelines and the operative treatment 
has not significantly changed in the two revised guidelines 
in 2011 and 2017 [47]. Thus, the hip fracture treatment in 
the present study is still up to date. Although some surgical 
methods have been improved since our data, the choice of 
surgical methods does not seem to affect mortality after hip 
fractures. According to a recent Finnish dissertation, there 
was no statistically significant difference in mortality for 
cemented or uncemented hemiarthroplasty at 1 year post-
operatively (national register data: n = 25,174) [48]. The 
dissertation also showed that the more expensive intramed-
ullary implants did not lead to better clinical outcomes than 
extramedullary implants for the treatment of trochanteric 
fractures (national register data: n = 14,915) [48]. Also, the 
choice of implant in femoral neck fractures (total hemiar-
throplasty or hemiarthroplasty) does not affect the mortality 
of these patients [49].

The retrospective study design can be regarded as a limi-
tation of the study; however, all required patient-specific 
data were available due to standardized treatment protocols 
and the short patient enrolment period.

In the present study, we did not ask the patients whether 
they used calcium and/or vitamin D supplementation and/
or anti-osteoporotic drugs on a daily basis before the injury 
or postoperatively. Neither did we measure the serum level 
of 25-hydroxyvitamin D after admission to the hospital. 
Economic reasons related to the study group restricted such 
measurements, as well as the use of the national prescription 
database maintained by the Social Insurance Institution to 
obtain data on the use of anti-osteoporotic drugs. Moreover, 
for the present study, the use of vitamin D and calcium sup-
plements could not be obtained from the national prescrip-
tion register because, since 2006, these supplements have 
been available over the counter in Finland.
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Conclusions

In this comprehensive study on survival after hip fractures 
among the elderly, we followed 85% of the patients until 
their death. The three most protective factors for 1-year 
survival in order of importance were ASA class, BMI, and 
age, and the four most protective factors for 14-year survival 
were age, BMI, ASA class, and a subtrochanteric fracture 
type. The study showed an elevated mortality risk among hip 
fracture patients compared with that of the general popula-
tion during the 14 post-fracture years.

Finally, the first SARS-CoV-2 virus infection in Finland 
was reported on January 19, 2020. The first death due to 
SARS-CoV-2 virus in Finland occurred on March 20, 2020. 
A total of 558 (1% of all deaths) persons, with a median 
age of 84 years, died of a SARS-CoV-2 viral infection in 
Finland in 2020 (Statistics Finland). The mortality and life 
table analyses did not reveal any sudden decrease in survival 
rates in this cohort in 2020 and in 2021.
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