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abstract
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Mortality after hip fracture is a major problem in the Western world, but its mechanisms remain uncertain. This study assessed the 2-year mortality rate after hip fracture
in elderly patients by including hospital factors (eg, intervention type, surgical delay),
underlying health conditions, and, for a subset, lifestyle factors (eg, body mass index,
smoking, alcohol). A total of 828 patients (183 men) 70 to 99 years old experiencing
a hip fracture in 2009 in the province of Varese were included in the study. The risk
factors for death were assessed through Kaplan-Meier analysis and Cox proportional
hazards analysis. Hip fracture incidence per 1000 persons was higher in women (8.4
vs 3.7 in men) and in elderly patients (12.4 for 85-99 years vs 4.4 for 70-84 years).
The mortality rate after 1, 6, 12, and 24 months was 4.7%, 16%, 20.7%, and 30.4%,
respectively. For the province of Varese, sex (hazard ratio, 0.39 for women), age group
(hazard ratio, 2.2 for 85-99 years), and Charlson Comorbidity Index score (hazard ratio, 2.06 for score greater than 1) were found to be statistically significant. The 2-year
mortality rate in hip fractures is associated with sex, age, and comorbidities. Male sex,
age older than 85 years, and Charlson Comorbidity Index score greater than 1 are associated with a higher risk. Surgical delay was significant in the Kaplan-Meier survival
time analysis but not in the Cox hazard analysis, suggesting that early surgery reduces
risk in patients with numerous comorbidities.
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ip fractures are a major health
problem in Western countries.1
At the age of 65, the prevalence
of hip fractures is 1.6%; this increases to
8.9% for individuals older than 90 and
varies widely between countries, with
the highest rates in Scandinavia.2,3 With a
higher incidence in elderly patients and an
aging population, the burden of hip fractures on society will increase even more in
the near future.4-7 One-year mortality rates
after experiencing a hip fracture are 12%
to 36%, with the highest rates reported in
the first month after fracture.4,8-11 Several
studies were performed regarding risk
factors associated with higher mortality
levels in elderly patients sustaining hip
fractures and showed that although white
women older than 65 years have the highest risk of hip fracture, mortality rates are
highest in men.8,9,12-15
The influence of comorbidities on a patient’s chances of survival has been proven
to be significant. Liver, cardiovascular,
and respiratory diseases affect mortality
rate.9,12,14,15 In addition, comorbidities increase the incidence of postoperative complications that are proven to reduce survival rates.8,15 Unfortunately, none of these
studies gave a conclusive explanation for
the excessive mortality rate in elderly patients after a hip fracture.
The purpose of this study was to assess
the effects of hospital (fracture therapy
and surgical delay) and underlying health
(prior comorbidities) factors on mortality
after hip fracture.

Materials and Methods
Patient records from the SDO database–Provincia di Varese, which comprises all discharge records of the residents of the province of Varese, Italy
(population, 868,777), were retrospectively evaluated. This database was
linked to individual records of mortality.
The clinical records of 184 individuals
(37 men) treated at Circolo Hospital in
Varese were reviewed to verify the correspondence of some variables, such as
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sex, date of intake, and time in the hospital.
Inclusion and Exclusion Criteria
Patients between 70 and 99 years old
with ICD-9 codes 820.0 through 820.9
(diagnoses of femoral fracture) as a primary diagnosis were included. The study
included all patients admitted to the hospital with a hip fracture in 2009. Patients
who experienced a previous fracture of the
hip (either the same or contralateral side)
in the past 2 years and patients diagnosed
with a malignant tumor in the past 2 years
were excluded. Patients admitted to the
hospital with multiple traumas were also
excluded (patients with diagnosis-related
groups 484 through 487). The exclusion
criteria were based on the criteria used by
the Italian Ministry of Health for its National Health Survey.
The study cohort included 183 (22%)
men and 645 (78%) women with a mean
age of 83.3±6.2 years. Less than 1% (n=4)
of the patients were lost due to moving out
of the province of Varese.
Outcome Measure and Risk Factors
The primary outcome measure of the
study was the cumulative mortality and
proportional survival at 1, 6, 12, and 24
months after fracture, stratified over different risk factors. The following risk factors were included:
Age. There is substantial evidence to
prove the relationship between age and
risk of hip fracture. Older age increases
the incidence of sustaining a hip fracture
and its associated mortality.9,16
Sex. It has been extensively proven that
women have a higher risk of developing a
hip fracture, although mortality rates are
higher in men. The mechanisms behind
this phenomenon are not yet clear.8,9,13-15
Marital Status. It is well known that
marriage has a beneficial effect on health.
Marriage influences individuals to become more cautious about their health,
and it improves overall mental and physical health.17-20 Multiple studies have prov-

en that marriage is associated with a lower
incidence of hip fractures.2,21 The influence of marriage on mortality after hip
fracture has not been extensively studied.
Number of Comorbidities. Each patient’s number of comorbidities was taken
from the patient’s records of the previous
2 years. Only the comorbidities recommended by the Italian Ministry of Health
were included: diabetes mellitus, obesity,
blood diseases, dementia, Parkinson’s disease, hemiplegia or other paralyses, heart
conditions, hypertension, cerebrovascular
diseases, vascular diseases, chronic obstructive pulmonary disease, chronic nephropathy, chronic diseases, rheumatoid
arthritis, and osteoporosis.22
After considering the absolute number
of comorbidities, the Charlson Comorbidity Index score was calculated for each
patient. This score takes into account the
weight of a disease on the person’s health
and may be a more appropriate measure of
personal comorbidities.23
Type of Intervention. To investigate
whether there was a difference in mortality between the most common interventions, 3 groups were included in the
analysis: (1) those who received ICD-9
code 7935 (internal fixation of the femur);
(2) those who received ICD-9 code 8152
(partial substitution of the hip); and (3)
those who received other interventions.
Total Hospital Stay. In the United
States during the year 2003, average hospital stay after fracturing the hip was 7
days.24 This was counted from the day of
admission to the day of discharge.
Hospital of Admission. To investigate
any bias caused by the hospital performing treatment, the hospital of admission
was included in the analysis. The hospitals
were divided into the following groups:
north (Varese and Cittiglio), southeast
(Busto Arsizio, Tradate, and Saronno),
and southwest (Gallarate and Angera).
Considering that all inhabitants of the
province of Varese were included in the
study, some may have been admitted to
hospitals outside the province or to private
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clinics. For this reason, a group comprising other clinics was created.
Surgical Delay. Surgical delay is defined as the time from hospital admission
to surgery. Current British guidelines dictate that patients preferably be operated
on within 24 hours of trauma; however,
due to an unstable patient condition or a
hospital-specific work arrangement, this
is not always possible.25
There is no conclusive answer regarding if and how surgical delay could influence mortality after hip fracture. Some
studies found evidence of a negative effect, whereas others reported an increase
in mortality for delays longer than 4 days
or showed no significant effect.26-31
Orosz et al32 reported that surgical
delay is not related to a higher mortality
rate but is related to more complications.
The comprehensive literature review by
Leung et al28 showed that although there
is no conclusive evidence of the effect of
surgical delay on mortality rate, there is
evidence that early surgery improves a patient’s scoring on other variables, such as
morbidity, hospital stay, and pain.
Statistical Analysis
The data were assessed for normal
variation. Each variable was tested for
significant differences between the patients who died within 24 months and
those who survived. Categorical variables
were assessed with a chi-square test, and
continuous variables were assessed with a
Student’s t test.
To test variables for differences in
survival time and to construct survival
curves, the Kaplan-Meier method was
used. A log rank test separately assessed
the significance of the differences found
in survival time for each variable.
The variables found to have significant
differences in survival time were used in
a multivariate Cox proportional hazards
backward regression model. This analysis
gave the hazard ratio for each variable adjusted for the other variables in the model
and showed whether the included variables
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were predictors of
patient survival. Data
were analyzed using
SPSS for Windows
version 19 statistical
software (SPSS Inc,
Chicago, Illinois).

Table 1

Patient Characteristics
Surviveda

Dieda

Southeast

179 (72.5)

68 (27.5)

North

221 (69.5)

97 (30.5)

Southwest

127 (63.5)

73 (36.5)

Other clinics

53 (84.2)

10 (15.8)

Male

90 (49)

93 (51)

Female

490 (76)

155 (24)

82.4±5.9

85.5±6.1

70-84 y

365 (78)

104 (22)

85-99 y

215 (60)

144 (40)

Married

150 (65.8)

78 (34.2)

Living alone

364 (71.9)

142 (28.1)

Unknown

66 (70.2)

28 (29.8)

2.67±2.37

3±2.54

<48 h

330 (73.6)

118 (26.4)

>48 h

250 (65.8)

130 (34.2)

Mean hospital stay, d

12.7±7.27

13.63±9.78

.18

Mean No. of patients
with comorbiditiesb

1.17±1.55

1.91±2.05

<.001

0

250 (77.4)

73 (22.6)

1

173 (73.9)

61 (26.1)

>1

157 (57.9)

114 (42.1)

1.17±1.62

1.96±2.16

0

261 (77.9)

72 (22.1)

1

167 (72.9)

62 (27.1)

>1

152 (57.6)

112 (42.4)

ICD-9 code 7935

235 (66.9)

116 (33.1)

ICD-9 code 8152

224 (71.1)

91 (28.9)

Characteristic

Results
Cross-verification
of the tested variables
in a subset of clinical records at Circolo
Hospital in Varese
(sex, date of intake,
and hospital stay)
showed a complete
overlap between the
information in the
clinical files and the
digital databases.
The
incidence
of hip fracture varied greatly among
groups. The overall
incidence was 6.6
per 1000 individuals. For the younger
group (74-84 years),
the incidence was
4.4 per 1000, whereas for the older group
(85-99 years), it increased to 17.4 per
1000. Hip fractures
were more frequent
in men, with an incidence of 3.7 per
1000 vs 8.4 per 1000
in women. The incidence was calculated using the number
of residents in the
area 70 to 99 years
old (N=126,344). A
detailed overview
of the variables is
shown in Table 1.
For the hospital of admission,

P

Hospital, No. (%)

.01

Sex, No. (%)

Mean age, y

<.001
<.001

Age range, No. (%)
<.001

Civil state, No. (%)

Mean time to surgery, d

.24
.09

Surgical delay, No. (%)
.01

Comorbidities, No. (%)

Mean Charlson Index
Score

<.001
<.001

Charlson group, No. (%)
<.001

Intervention, No. (%)

Other
Mean No. of hospital
admissionsb

116 (80)

29 (20)

0.62±1.19

0.87±1.53

.01
.02

a

First 2 years after fracture.
In the past 2 years.

b
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Table 2

Time of Death
No. (%)
Characteristic

No.

<1 mo

<6 mo

<12 mo

<24 mo

Total

828

39 (4.7)

124 (15.0)

171 (20.7)

252 (30.4)

Male

183

21 (11.4)

54 (29.5)

68 (37.1)

93 (50.8)

Female

645

19 (2.9)

70 (10.8)

103 (15.9)

159 (24.7)

70-84

467

17 (3.6)

50 (10.7)

67 (14.3)

106 (22.7)

85-99

359

22 (5.8)

74 (20.6)

104 (29.0)

146 (40.7)

Sex

Age, y

a significant difference was only found
between the southwest hospitals and the
other clinics (such as private clinics or
hospitals outside the province of Varese).
In the hospitals within the province of Varese, no significant difference was found.
For surgical delay, the average number
of days patients waited for their intervention was 2.67 for surviving patients and 3
for deceased patients. This was not significantly different. However, when the patients were divided into those who waited
less than 48 hours and those who waited
more than 48 hours, a significant difference was found.
The number of comorbidities was significantly higher in deceased patients than
in surviving patients. Charlson Comorbidity Index scores were similar to the
absolute number of comorbidities, and
there was a significant effect to be found
here. When the 2 measurement scales (ie,
Charlson Comorbidity Index and absolute
number) were compared, no statistically
significant difference was found (P=.798).
Therefore, only the Charlson Comorbidity Index was used to assess each patient’s
underlying health.
Average age of deceased patients and
surviving patients after 2 years differed
significantly, with deceased patients being older than survivors. This significant
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effect was also demonstrated by dividing
the patients into 2 groups (70-84 years and
85-99 years).
The type of intervention showed a significant difference in mortality between
patients receiving ICD-9 code 7935 or
other interventions. There was no significant difference between patients receiving
ICD-9 code 7935 and 8152.
The number of prior admissions in the
past 2 years differed significantly between
the 2 groups: 0.62 times for surviving patients and 0.87 times for deceased patients.
At 1 month after admission, 39 (4.7%)
patients had died; after 6 months, this
number increased to 124 (15%). Twelve
months after fracturing the hip, 171
(20.7%) patients had died; at 2 years after
the incident, 252 (30.4%) had died (Table
2). Two-year mortality was higher for men
and at an older age.
Survival Time Analysis
Kaplan-Meier survival graphs were
constructed and log rank analyses were
performed to analyze the effect of the tested variable on survival time. These analyses showed that the difference in survival
time was significant only for sex, age (7084 years or 85-99 years), surgical delay,
and Charlson Comorbidity Index (divided
into 3 groups: 0, 1, or greater than 1).

Kaplan-Meier curve stratified for sex
showed that the cumulative chance of survival for women (0.76), who had an average of 620 days of survival, was higher
than that for men (0.492), who had an
average of 472 days of survival (log rank
analysis, P<.001) (Figure 1).
Kaplan-Meier curve stratified for age
group showed that the cumulative chance
of survival for the younger group (70-84
years) was 0.778, with an average survival
of 630 days. The older group (85-99) lived
an average of another 532 days and had
a cumulative chance of survival of 0.599.
The difference between the 2 groups was
significant (P<.001) (Figure 2).
Charlson Comorbidity Index score was
shown to be significantly different between
those with a score of 0 and those with a
score greater than 1 (P<.001). There was
no significant difference between patients
with a Charlson Comorbidity Index score
of 0 and those with a score of 1. These
2 groups had an average survival time of
634 and 598 days, respectively, whereas
those with a score of greater than 1 had
a mean survival of 520 days (Figure 3).
For surgical delay, 2 groups were
formed: less than 48 hours of delay and
more than 48 hours of delay. Mean survival
was 610 days for the first group and 562
days for the second group. The cumulative chance of survival was 0.737 for the
patients operated on within 48 hours and
0.658 for those waiting longer. This difference was significant (P=.01) (Figure 4).
Proportional Hazards Analysis
Multivariate Cox hazards analysis was
performed using the variables that were
found to be significant in the KaplanMeier analysis. Hazard ratio for sex, calculated with men as a reference, was 0.39
(95% confidence interval [CI], 0.2990.512). Hazard ratio for age group, calculated with the younger group as a reference, was 2.20 (95% CI, 1.679-2.852).
Hazard ratio for Charlson Comorbidity
Index score, calculated with 0 comorbidities as a reference, was 1.23 for a score

e197

n Feature Article

Figure 1: Survival curve for sex.

Figure 2: Survival curve for age group.

Figure 3: Survival curve for Charlson Comorbidity Index.

Figure 4: Survival curve for surgical delay.

of 1 (95% CI, 0.874-1.738) and 2.06 for
a score greater than 1 (95% CI, 1.5232.778).
The hazard ratio of 0.39 for sex indicated a protective influence against mortality
for women. Being older (85-99 years) also
led to a higher risk of mortality (hazard ratio, 2.2) when compared with the younger
group (70-84 years).
Comparison of those with a Charlson
Comorbidity Index score of 0 with those
with a score of 1 led to a hazard ratio of
1.23. This hazard ratio did not differ signif-
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icantly from the hazard ratio for those
with a Charlson Comorbidity Index score
of 0. The hazard ratio was significantly
different between those with a Charlson
Comorbidity Index score of 0 and those
with a score greater than 1 (hazard ratio,
2.06).

Discussion
In this study, the incidence of hip fracture was more than doubled for women
compared with men and was almost 4
times higher in those older than 85 years.

In 2011, the 1-month mortality rate for
those in Italy 65 years or older with hip
fractures was 5.91%; in the province of
Varese it was reported to be 3.31%.22 The
current study showed a mortality rate of
4.7% for those between 70 and 99 years in
the Province of Varese in 2009. These data
agree with those of a prospective study by
Paksima et al33 in 2008.
Although the incidence of hip fracture was higher for women, the 2-year
mortality rate was 50.8% for men, differing significantly from 24.7% for women
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(P<.001); these findings also agree with
those of Paksima et al.33 At 6 months,
half of the total patients who would be deceased by 2 years had already died.
Individual Kaplan-Meier analyses for
the Provincia database showed that sex,
age group, Charlson Comorbidity Index
score, surgical delay, number of prior recoveries, and type of intervention had a
significant influence on the average survival time of the included patients.
These variables were inserted in a
Cox proportional hazards analysis, which
concluded that sex (hazard ratio, 0.39 for
women), age group (hazard ratio, 2.2 for
older age group), and Charlson Comorbidity Index score (hazard ratio, 2.06 for
score greater than 1) were statistically
significant in influencing the survival time
for patients experiencing hip fracture.
Surgical delay was found to be significant in the Kaplan-Meier survival time
analysis but not in the Cox hazards analysis; this effect was explained by the Charlson Comorbidity Index score.
One of the main strengths of this study
is the large study sample (N=828) with a
long follow-up time (2 years).
The results are in line with findings in
the international scientific literature and
the Italian data. This shows that the use of
current databases and mortality archives
yields results similar to those achieved
with ad hoc surveys.
Surgical delay appeared to be longer if
patients had more comorbidities. Hospital
stay was not independent of surgical delay
or comorbidities. Also, the number of men
in the study was low.

Conclusion
Two-year mortality after hip fracture
is associated with sex, age, and comorbidities. Generally, male sex, age older
than 85 years, and Charlson Comorbidity Index score greater than 1 are associated with a higher mortality risk. Surgical
delay was found to be significant in the
Kaplan-Meier survival time analysis but
not in the Cox hazards analysis, likely
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indicating that early surgery reduces mortality risk only in patients with numerous
associated comorbidities.

References
1. Frassetto LA, Todd KM, Morris RC Jr,
Sebastian A. Worldwide incidence of hip
fracture in elderly women: relation to consumption of animal and vegetable foods.
J Gerontol A Biol Sci Med Sci. 2000;
55(10):M585-M592.
2. Fernández-Ruiz M, Guerra-Vales JM,
Trincado R, Medrano MJ, Benito-León J,
Bermejo-Pareja F. Hip fracture in three elderly populations of central Spain: data from
NEDICES study [published online ahead
of print November 23, 2011]. Intern Emerg
Med.
3. Kanis J, Johnell O, De Laet C, Jonsson B,
Oden A, Ogelsby AK. International variations in hip fracture probabilities: implications for risk assessment. J Bone Miner Res.
2002; 17(7):1237-1242.

ture: national analysis of comedications, comorbidity and survival. Age Ageing. 2010;
39(2):203-209.
13. Roberts SE, Goldacre MJ. Time trends and demography of mortality after fractured neck of
femur in an English population, 1968-98: database study. BMJ. 2003; 327(7418):771-775.
14. Roche JJ, Wenn RT, Sahota O, Moran CG.
Effect of comorbidities and postoperative
complication on mortality after hip fracture
in elderly people: prospective observational
cohort study. BMJ. 2005; 331(7529):1374.
15. Muraki S, Yamamoto S, Ishibashi H, Nakamura K. Factors associated with mortality
following hip fracture in Japan. J Bone Miner
Metab. 2006; 24:100-104.
16. Wallace WA. The increasing incidence of
fractures of the proximal femur: an orthopaedic epidemic. Lancet. 1983; 1(8339):14131414.
17. Duncan GJ, Wilkerson B, England P. Cleaning up their act: the effect of marriage and
cohabitation on licit and illicit drug use. Demography. 2006; 43(4):691-710.

4. Kannus P, Niemi S, Parkkari J, Palvanen M,
Vuori I, Järvinen M. Hip fractures in Finland
between 1970 and 1997 and predictions for
the future. Lancet. 1999; 353(9155):802-805.

18. Ross CE, Mirowsky J, Goldsteen K. The impact of the family on health: the decade in
review. Journal of Marriage and the Family.
1990; 52(4):1059-1078.

5. Cooper, C. Campion G, Melton LJ III. Hip
fractures in the elderly: a world-wide projection. Osteoporos Int. 1992; 2(6):285-289.

19. Koball HL, Moiduddin E, Henderson J,
Goesling B, Besculides M. What do we
know about the link between marriage and
health? Journal of Family Issues. 2010;
31(8):1019-1040.

6. Boyce WJ, Vessey MP. Rising incidence of
fracture of the proximal femur. Lancet. 1985;
1(8421):150-151.
7. Pillai A, Eranki V, Shenoy R, Hadidi M. Age
related incidence and early outcomes of hip
fractures: a prospective cohort study of 1177
patients. J Orthop Surg Res. 2011; 6:5.
8. Marottoli RA, Berkman LF, Leo-Summers
L, Cooney LM Jr. Predictors of mortality and institutionalization after hip fracture:
the New Haven EPESE cohort. Established
Populations for Epidemiologic Studies of
the Elderly. Am J Public Health. 1994;
84(11):1807-1812.
9. González-Rozas M, Pérez-Castrillón JL,
González-Sagrado M, Ruiz-Mambrilla M,
García-Alonso M. Risk of mortality and predisposing factors after osteoporotic hip fracture: a one-year follow-up study. Aging Clin
Exp Res. 2012; 24:181-187.
10. Grønskag AB, Romundstad P, Forsmo S,
Langhammer A, Schei B. Excess mortality
after hip fracture among elderly women in
Norway: the HUNT study. Osteoporos Int.
2012; 23:1807-1811.
11. Wolinsky FD, Fitzgerald JF, Stump TE. The
effect of hip fracture on mortality, hospitalization, and functional status: a prospective study.
Am J Public Health. 1997; 87(3):398-403.
12. Kannegaard PN, van der Mark S, Eiken P,
Abrahamsen B. Excess mortality in men
compared with women following a hip frac-

20. Wickrama KA, Lorenz FO, Conger RD,
Elder GH Jr, Todd Abraham W, Fang SA.
Changes in family financial circumstances
and the physical health of married and recently divorced mothers. Soc Sci Med. 2006;
63(1):123-136.
21. Farahmand BY, Persson PG, Michaëlsson
K, et al. Socioeconomic status, marital status and hip fracture risk: a population based
case-control study. Osteoporos Int. 2000;
11(9):803-808.
22. Ministry of Health and Hygiene. National
program outcomes (PNE) 2000. http://www.
sanita.regione.lombardia.it. Accessed December 20, 2012.
23. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis.
1987; 40(5):373-383.
24. Department of Health and Human Services,
Centers for Disease Control and Prevention.
QuickStats: average length of hospital stay
for persons with hip fractures, by year—
United States, 1990-2003. http://www.cdc.
gov/mmwr/preview/mmwrhtml/mm5409a4.
htm. Accessed December 20, 2012.
25. National Institute for Health and Care Excellence. Hip fracture: the management of hip
fracture in adults. http://publications.nice.

e199

n Feature Article

org.uk/hip-fracture-cg124/key-priorities-forimplementation. Accessed December 20,
2012.
26. Bottle A, Aylin P. Mortality associated with
delay in operation after hip fracture: observational study. BMJ. 2006; 332(7547):947–
951.
27. Weller I, Wai EK, Jaglal S, Kreder HJ. The
effect of hospital type and surgical delay
on mortality after surgery for hip fracture. J
Bone Joint Surg Br. 2005; 87(3):361-366.

e200

28. Leung F, Lau TW, Kwan K, Chow SP, Kung
AW. Does timing of surgery matter in fragility hip fractures? Osteoporos Int. 2010;
21(4):529-534.

31. Smektala R, Endres HG, Dasch B, et al. The
effect of time-to-surgery on outcome in elderly patients with proximal femoral fractures.
BMC Muscoskeletal Disord. 2008; 9:171.

29. Bredahl C, Nyholm B, Hindsholm KB,
Mortensen JS, Olesen AS. Mortality after hip
fracture: results of operation within 12 h of
admission. Injury. 1992; 23(2):83-86.

32. Orosz GM, Magaziner J, Hannan EL, et
al. Association of timing of surgery for hip
fracture and patient outcomes. JAMA. 2004;
291(14):1738-1743.

30. Moran CG, Wenn RT, Sikand M, Taylor AM.
Early mortality after hip fracture: is delay
before surgery important? J Bone Joint Surg
Am. 2005; 83(3):483-489.

33. Paksima N, Koval KJ, Aharanoff G, et al.
Predictors of mortality after hip fracture: a
10-year prospective study. Bull NYU Hosp Jt
Dis. 2008; 66(2):111-117.

ORTHOPEDICS | Healio.com/Orthopedics

