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Abstract

Purpose To analyse a wide set of routine laboratory parameters at admission to predict mortality within 30 post-operative days in
elderly patients with hip fracture, as well as calculate the critical values of those biomarkers.

Method Data of 994 patients older than 65 years with hip fracture were analysed of which 89 (8.2%) died within 30
post-operative days. Variables described in the literature with potential influence on early mortality were collected,
including demographics, fracture type, American Society of Anesthesiologists score, Charlson’s comorbidity index
and pre-operative Hodkinson’s mental test and the Katz index for activities of daily living. In addition, an exhaustive
collection of biomarkers from routine blood testing at admission was performed. Critical levels of biomarkers were
calculated by the method of area under ROC curve.

Results At admission, early mortality group had significantly higher Charlson’s index (p = 0.001) and lower the Katz index (p =

0.001). The surgical delay also was significantly longer in that group (p = 0.001). In univariate analyses, serum concentration at
admission of total protein (p = 0.004), albumin (p = 0.001), sodium (p = 0.001), and parathyroid hormone (PTH) (p = 0.001) were
significantly different between both groups. In multivariate analysis, serum albumin < 2.9 g/dL (p = 0.013), sodium < 127 mEq/L
(p=0.035) and PTH > 65 pg/mL (p = 0.005) were predictors of early mortality. The three biomarkers together accounted for 67%
of the variability in early mortality.

Conclusion The association of altered levels at admission of serum concentration of albumin, sodium and PTH was predictor of
early mortality following hip fracture surgery in elderly patients.

Keywords Early mortality - Biomarkers - Routine blood testing - Hip fracture - Elderly

Introduction following hip fracture surgery, especially demographic
factors and comorbidities, in addition to other factors

Hip fractures in elderly are associated with increased  such as surgical delay, type of surgery and anaesthesia,

morbidity and mortality despite advances in surgical
and anaesthetic techniques [1]. Numerous studies have
investigated clinical risk factors associated with mortality
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post-operative management and complications [2-5].
However, laboratory factors, especially biochemical,
have been few considered. Some studies have reported
influence on mortality of some biochemical parameters,
as low serum albumin [6] or high serum creatinine [7].
Likewise, several studies have analysed the value of rou-
tine blood testing to predict early mortality [8]. However,
only one study carried out a comprehensive analysis of
the biomarkers on routine laboratory analysis [9], and
none has reported the critical values of the biochemical
parameters influencing mortality.

The objective of this study was to analyse a wide set
of routine laboratory parameters at admission to predict
early mortality in elderly patients with hip fracture, as well
as calculate the critical values of those biomarkers.
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Material and methods

The study was approved by the institutional review board, and
informed consent was not required because it was considered
a department evaluation. Consecutive patients admitted at our
centre for hip fracture between January 2013 and December
2017 were prospectively evaluated. The inclusion criteria
were patients with age 65 years or older and low-trauma frac-
ture. The exclusion criteria were multiple trauma,
periprosthetic fracture and malignant condition. Patients who
received conservative treatment of their fractures were also
excluded. Conservative treatment was indicated for ASA-V
patients or decision to palliative care.

Patient management

A standardised protocol for co-management of these patients
between orthopaedic surgeons and a specific team of geriatrics
was used at our hospital from admission to discharge. Pre-
operative stabilisation, suitability of previous medical treat-
ments and patient control were performed by surgeons and
geriatrics from admission to death or discharge. After surgery,
ambulation with walker was authorised at second post-
operative day if they tolerated. All patients received antibiotic
prophylaxis with first-generation cephalosporin for 24 hours
(started 1 hour prior to skin incision) and thromboembolic
prophylaxis with low-molecular-weight heparin for 30 days.

Evaluations

Pre-operative and post-operative clinical evaluation and labo-
ratory data of the patients were standardised at our depart-
ment. Data were prospectively recorded in an electronic
database.

In each patient, 20 routine laboratory metabolic parameters
collected at admission were analysed: biochemistry (glucose,
urea, cholesterol, total serum protein, albumin); liver enzymes
(GGT gamma-glutamyl transferase, ALT alanine aminotrans-
ferase, ALP alkaline phosphatase, total bilirubin); electrolytes
(sodium, potassium, total calcium, phosphate, magnesium);
renal function (estimated glomerular filtration rate, creatinine,
urea); parathyroid hormone (PTH); thyroid-stimulating hor-
mone (TSH); and 25 (OH) vitamin D. Haematological param-
eters included haemoglobin, haematocrit, erythrocytes, white
blood cell count, neutrophils, platelets and haemostasis tests.
Clinical and demographic characteristics were also recorded.

Comorbidity at admission was assessed by the ASA score
[10] and Charlson’s comorbidity index (CCI) [11]. According
to the author, Charlson’s index was categorised into three
groups: absent or mild (0-2 points), moderate (3—4 points)
and severe (5 or more points). Mental status at admission
was measured by the Hodkinson’s abbreviated mental test
0—10 score [12], where 6 or less suggested dementia.
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Preinjury physical function was assessed using the Katz
Index [13] for activities of daily living (ADL), where full
independence was defined as the ability to do all six ADL
without assistance, partial dependence as the ability to do four
or five activities without assistance, and total dependence as
the ability to do three activities or fewer without assistance.
Time from admission to surgery was categorised as either less
than or more than 48 hours.

Statistical analysis

Statistical analyses were conducted with IBM-SPSS v.15 soft-
ware. Normal distribution was assessed by the Kolmogorov-
Smirnov test. For univariate analysis, categorical variables
were analysed by the chi-square test or the non-parametric
Fisher exact and Mantel-Haenszel tests, and continuous vari-
ables by Student ¢ test or Mann-Whitney U test. Multivariate
analysis was conducted by a logistic regression model with in-
hospital mortality as a dependent variable. An odds ratio (OR)
with 95% confidence interval for risk factors was used. The
coefficient of multiple determination (adjusted R?) was used
to indicate how much of the variability of the early mortality
was explained for by the dependent variables (0 poor, 100 the
best) in the multiple regression model.

The cut point of the biomarker levels with influence on
early mortality was calculated by the method of area under
the ROC curve (AUC), assuming that an AUC of 0.70 was
considered acceptable discrimination. The Youden index was
used to identify the best relationship between sensitivity and
specificity.

A p value less than 0.05 or was considered significant in all
tests.

Results

Among 1083 patients who met the inclusion criteria, 89
(8.2%) died within 30 post-operative days. Comparative char-
acteristics between survivor patients and those with early mor-
tality are shown in Table 1. Comparing the admission data
between groups, there were no significant differences between
groups in age (p =0.176), gender (p =0.112), place of resi-
dence (p=0.789) or BMI (p =0.581). Likewise, there were
no significant differences between groups in the mental test
(p = 0.055), but the preinjury physical function as assessed by
the Katz index was significantly lower in the mortality group
(p =0.001). The mean ASA score was not significantly differ-
ent (p =0.152). However, mean Charlson’s index was signif-
icantly higher in the mortality group (p =0.001). In the mor-
tality group, 22 (68.2%) patients had 3 or more active comor-
bidities at admission, while in the control group it was in 375
(52.0%) patients. The most common comorbidities in both
groups were hypertension history, diabetes, chronic



International Orthopaedics (SICOT) (2019) 43:2825-2829

2827

Table 1  Patient characteristics at admission

Mortality group ~ Survivor group  p

n=_89 n=99%4
Age (year) 85.0 (7.4) 83.1 (9.6) 0.176
Gender (F/M) 57/32 716/278 0.112
Residence (H/G) 66/23 748/246 0.789
BMI (gr/m2) 27.2 (3.9) 26.8 (4.2) 0.581
Mental test 5.6 (2.7) 6.6 (3.6) 0.055
Katz index 3.1(1.2) 4.2 2.7) 0.001
Charlson’s index 3.1 (1.7) 1.9 (1.4) 0.001
ASA score 3.7 (L.5) 33 (1.D) 0.152
Fracture type (C/T) 28/61 308/686 0.505
Time to surgery (days) 3.8 (1.8) 2.4 (1.6) 0.001

Continuous data are shown as mean (SD). Residence: home, geriatric;
fracture type: cervical, trochanteric

obstructive pulmonary disease and heart disease. There was
no difference in the type of fracture (p = 0.505). However, the
surgical delay was significantly longer in the in-hospital mor-
tality group (p =0.001).

Logistic regression models adjusted for hip fracture type,
age and gender were performed. All the clinical and laboratory
parameters with p < 0.10 in univariate analysis were included.
The final model (Table 2) identified independent factors asso-
ciated with early mortality low serum levels at admission of
albumin (OR 0.7; 95% CI 0.2-0.8; p=10.002) and sodium
(OR 0.6; 95% CI 0.2-0.9; p=0.012) and high PTH level
(OR 1.2; 95% CI 1.1-2.7; p=0.015). High Charlson’s index
was also a significant predictor (OR 1.3;95% C11.4-4.9;p=
0.023).

Using ROC curve analysis, the cut-off points for those
three biomarkers with influence on early mortality were

albumin <2.9 g/dL (AUC =0.74), sodium < 127 mEq/L
(AUC=0.77) and PTH > 65 pg/mL (AUC=0.72).
Categorising the biomarkers according to those cut-off points,
albumin <2.9 g/dL (OR 1.6; 95% CI 1.2-2.4; p=0.013),
sodium < 127 mEq/L (OR 1.4; 95% CI 1.1-2.4; p=0.035)
and PTH > 65 pg/mL (OR 1.3; 95% CI 1.0-3.4; p=0.005)
were significant predictors of early mortality. The three bio-
markers together accounted for 67% of the variability in early
mortality (adjusted R* = 0.674).

Discussion

The main finding of the present study was that the association
of low levels of serum albumin and sodium and high level of
PTH at admission was a significant predictor of early mortal-
ity within 30 days after surgery. To our knowledge, this is the
first study that describes this association as a risk factor of
early mortality. Some authors have previously reported the
levels of albumin [7, 14], sodium [15] and PTH [16, 17] as
independent predictors of early mortality. However, those
studies had not analysed the combined influence of these three
biomarkers. Moreover, the critical levels of those biomarkers
for early mortality in the elderly with hip fracture had not been
described.

Serum albumin concentration is the most commonly used
biomarker of malnutrition [14]. Lee et al. [18] reported that
hypoalbuminemia and low level of total serum protein were
significantly associated with pulmonary and heart complica-
tions within 30 days after hip fracture surgery. Bohl et al. [14]
reported that the risk of post-operative complication and death
in fracture hip patients was significantly and inversely associ-
ated with pre-operative serum albumin concentration. Another

Table 2 Independent predictors

of in-hospital mortality in multi- Mortality group ~ Survivor group  Univariate p value ~ Multivariate analysis

variate analysis adjusted for hip

fracture type, age and gender OR (5% CI) p
Charlson’s index 3.1(1.7) 1.9 (1.4) 0.001 1.3(1.449) 0.023
Mental test 5.6 (2.7) 6.6 (3.6) 0.055 0.8(04-7.6) 0.132
Katz score 3.1(1.2) 42(2.7) 0.001 12(0.6-19)  0.841
Surgical delay (days) 3.8(1.8) 2.4 (1.6) 0.001 1.1 (0.5-6.3)  0.069
Bs total protein (g/dL) 6.1 (1.2) 6.8 (2.3) 0.004 0.6 (0.1-8.5) 0.394
Bs albumin (g/dL) 3.7(0.5) 4.1 (0.9) 0.001 0.7 (0.2-0.8)  0.002
Bs albumin <3.5 g/dL  89% 68% 0.028 1.6 (1.2-2.4)  0.013
Bs PTH (pg/mL) 67.2(9.1) 54.6 (8.2) 0.001 1.2 (1.1-2.7)  0.015
Bs PTH > 65 pg/mL 80% 52% 0.001 1.3 (1.0-34)  0.005
Bs Na (mEq/L) 131.3 (14.7) 141.2 (12.6) 0.001 0.6 (02-0.9)  0.012
Bs Na < 135 mEq/L 71% 37% 0.001 14 (1.1-24) 0.035

Continuous variables as mean (SD). Bs, baseline; OR, odds ratio; CI, confidence interval. The logistic regression
models included all the clinical and laboratory parameters. Only variables with p < 0.10 in univariate analysis are

shown in the table
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study found that nutritional supplementation decreased post-
operative complication rate after hip fractures [9]. However, a
recent Cochrane review reported some evidence that oral nu-
tritional supplements in patients with hip fractures could pre-
vent complications but had no clear effect on mortality [19].
Like us, a recent study focused on the use of simple bio-
markers to predict early mortality [9] showed that serum albu-
min level <33 g/L and parathyroid hormone > 6.8 pmol/L
were significant predictors. However, these authors also re-
ported that a low level of serum vitamin D was a significant
predictor which was not found in our study. Menéndez-Colino
et al. [3] reported that secondary hyperparathyroidism associ-
ated with vitamin D deficiency was a predictor of one year
mortality.

On the other hand, anaemia and dehydration are also usu-
ally present in many of the elderly with hip fracture [20], and
serum sodium concentration is a good marker of dehydration.
However, the influence of hyponatremia on mortality has been
little studied. To our knowledge, only one study has also re-
ported the association between alterations in serum sodium
concentration and early mortality in hip fracture patients [15].

Other several factors have been suggested in the literature
to predict one year mortality following hip fracture surgery
[1], but there are many conflicts in the literature about the risk
factors for early mortality. Several studies have confirmed the
association between three or more active comorbidities and
early mortality after hip fracture surgery. Most authors agree
that ASA grade is greater than a three grade [21], renal insuf-
ficiency [21], cardiac disease [22] and cancer [5] are risk fac-
tors for early mortality. However, ASA score was not a pre-
dictive factor for early mortality in the present study, although
the presence of three or more major comorbidities was an
independent predictor of early mortality. Influence of the sur-
gery delay more than two days on mortality has been
established in several studies [22, 23]. However, we found
in a previous study that waiting time for hip fracture surgery
more than two days was not associated with higher complica-
tion or mortality rate if waiting was to stabilise patients with
active comorbidities at admission [24]. In a recent study,
Wong et al. [25] reported no increase in mortality rate at six
months and two years in patients having small delays in sur-
gery because of holidays.

In the present study, surgical delay was significantly asso-
ciated to early mortality in univariate analysis, but it was not a
significant predictor in multivariate analysis. Other studies
found that both multidisciplinary orthogeriatric models for
the treatment of these patients and informal caregivers were
effective in reducing time to surgery and mortality [26-28].

Strengths of the study were consecutive patients and the
number and exhaustive collection of variables studied, includ-
ing demographic, peri-operative and blood parameters. There
was no loss of patient data. In addition, the cut-off point for the
mortality risk of the biomarkers was calculated. Our study also
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has potential limitations. The variables analysed were mainly
those observed at admission, and other variables of interest
such as complications were not included. However, the study
was designed to determine the effect of baseline characteris-
tics, differentiating those from the effects of clinical course,
which can be confounding factors in a predictive analysis. On
the other hand, the significant risk predictors had adjusted
ORs with small wide of their 95% Cls. According to other
authors, this suggested that residual confounding was negligi-
ble [29, 30].

In conclusion, the present study demonstrated that the as-
sociation of altered levels at admission of serum concentration
of albumin, sodium and PTH was a predictor of early mortal-
ity following hip fracture surgery in elderly patients.
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