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Admission hyperglycaemia is associated with higher
mortality in patients with hip fracture
Riccardo Leto, Didier Desruelles, Jean-Bernard Gillet and Marc B. Sabbe

Objective To determine the proportion of hip-fracture

patients with admission hyperglycaemia, and, when

present, whether it was associated with a worse outcome

(i.e. increased length of hospital stay, admission to ICU,

or mortality).

Patients and methods Over a 2-year period, we

retrospectively analysed records of patients with a primary

diagnosis of hip fracture (ICD-9-CM 820.x). The records

were retrieved from an electronic hospital database.

Results An admission blood sugar level (aBSL) greater

than 140 mg/dl was observed in 34% of the patients

and was associated with a higher in-hospital mortality

(P = 0.042). ICU admissions and length of stay did not differ

for patients having an aBSL above or below the 140 mg/dl

cut-off.

Conclusion Hyperglycaemia is common in hip-fracture

patients. A high aBSL might serve as a prognostic indicator

in hip-fracture patients. To our knowledge, this is the first

report of hyperglycaemia-associated mortality in less

severely traumatised patients, who generally are not

admitted to an ICU. European Journal of Emergency

Medicine 22:99–102 Copyright �c 2015 Wolters Kluwer

Health, Inc. All rights reserved.
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Introduction
It is well known that severe illness is often accompanied

by changes in carbohydrate metabolism such as hypergly-

caemia and insulin resistance [1]. In 2001, van den Berghe

et al. [2] demonstrated in a surgical ICU population that

morbidity and mortality could be reduced significantly

with intensive insulin therapy that targets a blood sugar

level (BSL) of 80–110 mg/dl. This strongly suggests that

BSL is not just an epiphenomenon that marks severity of

illness, but that it plays a more direct role in abnormal

metabolic processes leading to cellular dysfunction and

subsequent morbidity and mortality. However, the exact

level that can be achieved safely remains unclear, as

intensive insulin therapy has a higher risk of hypoglycae-

mia, which in turn is associated with a higher mortality [3].

Admission hyperglycaemia is associated with a high

morbidity and mortality in critically ill trauma pa-

tients [4–6]. In a nonrandomized trial, Scalea et al. [7]

showed that achieving a BSL of 100–150 mg/dl significantly

reduced morbidity and mortality in critically ill trauma

patients. Admission hyperglycaemia has also been asso-

ciated with higher morbidity and mortality in a population

that includes less severely injured patients [8,9].

To our knowledge, no reports have shown how admission

hyperglycaemia specifically affects noncritically ill trauma

patients. It is reasonable to assume that less severe trauma

would result in less hyperglycaemia, and complications

would not be expected to be life threatening. Thus,

subsequent mortality in this heterogeneous group would

likely be low.

Hip fractures constitute a major disease burden on

society [10] and are associated with higher morbidity and

mortality compared with all other trauma, including trauma

seen in polytraumatized patients [11]. These patients are

often older, have high comorbidity [12], and die mostly of

postoperative complications [13].

In the present study, we addressed two research

questions: What proportion of hip-fracture patients is

hyperglycaemic? Is hyperglycaemia associated with a

worse outcome? We hypothesised that higher admission

blood sugar levels (aBSLs) are associated with higher

mortality, longer length of stay (LoS) in hospital, and

greater chance of ICU admission.

Patients and methods
Patient selection and outcome measures

After obtaining approval from the ethical committee, we

retrospectively selected patients admitted to the emer-

gency department (ED) of the University Hospitals of

Leuven between 1 January 2007 and 1 December 2008.

We selected only patients with a primary diagnosis of hip

fracture (ICD-9-CM 820.x). We extracted the following

information from the patient database: sex; date and time

of hospital admission and discharge; date of birth; if the

patient underwent surgery, the date and time of first

operation; known diabetes on admission; BSL with date
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of test; time and method of BSL determination, if

recorded; date and time of death, if known; and transfer

to an ICU.

Exclusion criteria were patients younger than 18 years,

patients with atraumatic fractures, polytraumatized

patients, end-stage palliative patients, and patients who

did not undergo surgery. A second hip fracture occurring

during hospital admission was not considered to be a new

case. If a second fracture occurred after discharge, the

patient was enrolled in the study twice. All electronic

medical records were reviewed to verify the acquired data

and to determine any comorbidity for each patient.

aBSL was the independent variable. It was arbitrarily

defined as the BSL taken within 6 h of arrival at the ED.

Admission hyperglycaemia was defined as an aBSL more

than 140 mg/dl. The primary outcome variables were

mortality, LoS, and ICU admission.

Eighty-five per cent of the aBSLs were measured in the

central hospital laboratory using venous blood samples.

The remaining 15% were measured using capillary blood

and an AccuCheckinform device (Roche, Mannheim,

Germany).

Statistical analyses

Student’s t-tests (independent samples) were used to

test interval-level variables that were normally distrib-

uted. Non-normally distributed variables were analysed

using Mann–Whitney U-tests. All tests were two-sided,

and significance was set at P value less than 0.05.

Descriptive statistics and analyses were performed using

SPSS 20.0 (IBM SPSS Statistics for Windows, version

20.0; IBM Corp., Armonk, New York, USA).

Results
A total of 629 hip fractures were identified in 603

patients. Forty-eight hip fractures were excluded from

the study for the following reasons: fractures in poly-

traumatized patients (n = 10); atraumatic fractures

(n = 5); readmissions for the same fracture (n = 7); a

second fracture occurring during the admission for the

first fracture (n = 7); fractures in end-stage palliative

patients (n = 5); fractures that for any reason were

treated conservatively (n = 14). There were 11 patients

who were enrolled twice. An aBSL was obtained in 278

patients. Thirty-four per cent of patients with an aBSL

measurement had admission hyperglycaemia. The pa-

tients were divided into two groups: those with a low

aBSL of 140 mg/dl or less and those with a high aBSL of

more than 140 mg/dl (Fig. 1).

Patient characteristics and comorbidity of the selected

group (i.e. those with a valid aBSL) and the entire group

(i.e. all patients regardless of BSL measurement status)

differed significantly on certain variables (Table 1).

Patients with an aBSL measurement, on average, were

1.5 years older than the entire group. The former also had

a significantly higher prevalence of diabetes mellitus

(DM) and a higher prevalence of acute coronary

syndromes in their history. As expected, the prevalence

of DM was significantly higher in the high aBSL group

than in the low aBSL group. In addition, cerebrovascular

accidents, peripheral vascular disease, and kidney failure

were more prevalent in the high aBSL group (Table 1).

An aBSL greater than 140 mg/dl was observed in 34% of

the patients and was associated with a higher in-hospital

mortality. No significant difference in LoS or ICU

admission was observed between the low and high groups

(Table 1).

Discussion
Our retrospective study of electronic records of hip-

fracture patients at our Department of Emergency

Medicine showed that admission hyperglycaemia is

associated with higher mortality. Specifically, when

patients had an aBSL greater than 140 mg/dl mortality

was significantly higher compared with patients with an

aBSL up to this cut-off. ICU admissions and hospital LoS

did not differ for hip-fracture patients having an aBSL

above or up to the 140 mg/dl cut-off. The prevalence of

admission hyperglycaemia in our study was 34%. This is

probably an overestimate as diabetic patients with a

higher overall BSL were over-represented in the aBSL

group. In the nondiabetic subgroup the prevalence was

25% (data not shown). While the aBSL might serve as a

prognostic measure, several considerations should be

mentioned.

Fig. 1
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Flow diagram showing the selection of hip-fracture patients using blood
sugar level (BSL) measurements. aBSL, admission blood sugar level.
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Retrospective studies have inherent limitations: selection

bias and unrecognized confounding factors. In the present

study, the computerized selection protocol might have

resulted in selection bias. There was no fixed protocol for

taking a BSL in the ED, and for hip-fracture patients this

was left to the discretion of the treating surgeon. This

resulted in an older aBSL group with a higher prevalence

of DM and acute coronary syndrome as compared with the

total group of hip-fracture patients. How this affects

the results obtained in this study is unclear. In addition,

there were several potential confounding factors such as

age. Age differences might partly explain the higher

mortality observed in the high aBSL group. However, this

is unlikely to account for such a big difference, as all-cause

mortality in Flanders in 2008 for people aged 78–84 years

was 5.03% [14], and the average age difference in our two

groups was only 1.5 years.

Disproportionate comorbidity could have also biased the

finding of higher mortality observed in the high aBSL group.

This factor most probably represents the biggest drawback

of this study. As expected, the prevalence of diabetes was

significantly higher in the high aBSL group. Besides

diabetes, cerebrovascular accidents, peripheral vascular

disease, and renal failure were more prevalent in the high

aBSL group than in the low aBSL group. This seems logical

as diabetes is a known risk factor for all of these

comorbidities. Subanalysis of our data demonstrated that

these comorbidities are indeed more present in patients

with previously diagnosed diabetes (data not shown).

Higher comorbidity, however, did not seem to affect

mortality. Among the diabetic patients (n = 75) with

a relatively high comorbidity, mortality was 4.8% in the

low aBSL group (n = 21; one died) and 11% in the high

aBSL group (n = 54; six died). Among the nondiabetic

patients with a relatively low comorbidity (n = 203),

mortality was 4.9% in the low aBSL group (n = 162; eight

died) and 12% in the high aBSL group (n = 41; five died).

Interestingly, a recent study by Kerby et al. [9] demon-

strated that, in a general trauma population (including both

critically ill and noncritically ill patients), diabetic hyper-

glycaemia is not associated with higher mortality but

stress-induced hyperglycaemia is. This means that, on the

basis of these results, we should have observed lower

mortality in the high aBSL group when diabetic patients

are included. However, we did not. Rather, we observed no

significant difference in mortality when diabetic patients

were included in or excluded from our analysis. One should

take into account that the cut-off level for hyperglycaemia

of our study differed from that of Kerby and colleagues

(140 vs. 200 mg/dl), and the study populations differed.

Moreover, as our study was statistically underpowered to

prove a difference in these subgroups, we were cautious in

drawing any strong conclusions. Our results do, however,

provide an argument for why diabetes and its associated

comorbidity might not have accounted for the higher

mortality we observed in the high aBSL group.

Another possible confounding factor is undiagnosed

diabetes. In a general trauma population in the USA,

the prevalence of undiagnosed or occult diabetes mellitus

(ODM) is as high as 4% [15]. In the study by Kerby

et al. [9], ODM was diagnosed in 2.7% of the study

population using HbA1c. These patients were included in

the diabetic group, and no increase in mortality was

observed. The differential effect of ODM and known DM

on the outcome of trauma patients is unclear, but studies

that included patients with ODM [4–8], as well as the

Table 1 Patient characteristics and outcome parameters

Populations
Total (n = 581)

[n (%)]
aBSL taken (n = 278)

[n (%)] P
aBSLr140 mg/dl (n = 183)

[n (%)]
aBSL > 140 mg/dl (n = 95)

[n (%)] P

Female 400 (69) 185 (67) 0.25 116 (63) 69 (73) 0.12
Mean age (years) 76.8 78.5 0.003 77.3 80.7 0.012
Mean days to surgery 2.43 2.49 0.87 2.39 2.69 0.47
Type of hip fracture

Trochanteric region 270 (46) 133 (48) 0.53 83 (45) 50 (53) 0.25
Head of femur 191 (33) 91 (33) 0.95 62 (34) 29 (31) 0.57
Neck 111 (19) 51 (18) 0.66 35 (19) 16 (17) 0.64
Other 9 (1.6) 3 (1.1) 0.38 3 (1.6) 0 (0) 0.21

Comorbidity
Known DM 98 (17) 75 (27) < 0.001 21 (11) 54 (57) < 0.001
ACS 110 (19) 63 (23) 0.028 39 (21) 24 (25) 0.46
CVA 88 (15) 46 (17) 0.37 23 (13) 23 (24) 0.013
Vascular disease 65 (11) 37 (13) 0.12 18 (10) 19 (20) 0.018
Heart failure 251 (43) 124 (45) 0.51 79 (43) 45 (47) 0.51
Lung disease 85 (15) 42 (15) 0.76 31 (17) 11 (12) 0.24
Kidney failure 62 (11) 36 (13) 0.089 17 (9.3) 19 (20) 0.012
Oncological disease 108 (19) 53 (19) 0.78 34 (19) 19 (20) 0.78

Outcome
Median BSL (min – max) (mg/dl) 113 (96–140) 177 (141–556) < 0.001
Median length of stay (days) 13.1 13.6 0.997
ICU admission 23 (12.6) 17 (17.9) 0.23
Mortality 9 (4.92) 11 (11.6) 0.042

aBLS, admission blood sugar level; ACS, acute coronary syndrome; BLS, blood sugar level; CVA, cerebrovascular accident; DM, diabetes mellitus.
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study of Kerby et al. [9], which excluded ODM patients,

showed an association between admission hyperglycaemia

and mortality.

Taken together, our data provisionally indicate that (i)

aBSL might serve as a prognostic indicator, identifying

patients at risk; (ii) the level of aBSL associated with

higher mortality seems to be lower than 200 mg/dl, as

shown in other studies. Both of these findings need

prospective validation using statistical correction, if

necessary, for uncontrollable confounding factors.

Acknowledgements
Conflicts of interest

There are no conflicts of interest.

References
1 Mizock BA. Alterations in carbohydrate metabolism during stress: a review of

the literature. Am J Med 1995; 98:75–84.
2 van den Berghe GW, Wouters P, Weekers F, Verwaest C, Bruyninckx F,

Schetz M, et al. Intensive insulin therapy in critically ill patients. N Engl J Med
2001; 345:1359–1367.

3 Finfer S, Liu B, Chittock DR, Norton R, Myburgh JA, McArthur C, et al.
NICE-SUGAR Study Investigators. Hypoglycemia and risk of death in
critically ill patients. N Engl J Med 2012; 367:1108–1118.

4 Laird AM, Miller PR, Kilgo PD, Meredith JW, Chang MC. Relationship of early
hyperglycemia to mortality in trauma patients. J Trauma 2004; 56:
1058–1062.

5 Sung J, Bochicchio GV, Joshi M, Bochicchio K, Tracy K, Scalea TM.
Admission hyperglycemia is predictive of outcome in critically ill trauma
patients. J Trauma 2005; 59:80–83.

6 Kreutziger J, Wenzel V, Kurz A, Constantinescu MA. Admission blood
glucose is an independent predictive factor for hospital mortality in
polytraumatised patients. Intensive Care Med 2009; 35:1234–1239.

7 Scalea TM, Bochicchio GV, Bochicchio KM, Johnson SB, Joshi M,
Anne Pyle A. Tight glycemic control in critically injured trauma patients.
Ann Surg 2007; 246:605–612.

8 Yendamuri S, Fulda GJ, Tinkoff GH. Admission hyperglycemia as a
prognostic indicator in trauma. J Trauma 2003; 55:33–38.

9 Kerby JD, Griffin RL, MacLennan P, Rue LW III. Stress-induced
hyperglycemia, not diabetic hyperglycemia, is associated with higher
mortality in trauma. Ann Surg 2012; 256:446–452.

10 Haentjens P, Lamraski G, Boonen S. Costs and consequences of hip
fracture occurrence in old age: an economic perspective. Disabil Rehabil
2005; 27:1129–1141.

11 Bergeron E, Lavoie A, Belcaid A, Ratte S, Clas D. Should patients with
isolated hip fractures be included in trauma registries? J Trauma 2005;
58:793–797.

12 Haleem S, Lutchman L, Mayahi R, Grice JE, Parker MJ. Mortality following
hip fracture: trends and geographical variations over the last 40 years. Injury
2008; 39:1157–1163.

13 Teixeira A, Trinquart L, Raphael M, Bastianic T, Chatellier G, Holstein J.
Outcomes in older patients after surgical treatment for hip fracture: a new
approach to characterise the link between readmissions and the
surgical stay. Age Ageing 2009; 38:584–589.

14 Death certificates of all deaths in 2008, region of Flanders. Available at: http:/
/www.zorg-en-gezondheid.be/Cijfers/Sterftecijfers/Algemene-sterftecijfers/
Sterftecijfers-per-leeftijd–sterfterisico-en-bevolkingspiramide/#piramide.
[Accessed 30 September 2013].

15 Kopelman TR, O’Neill PJ, Kanneganti SR, Davis KM, Drachman DA. The
relationship of plasma glucose and glycosylated hemoglobin A1C levels
among nondiabetic trauma patients. J Trauma 2008; 64:30–34.

102 European Journal of Emergency Medicine 2015, Vol 22 No 2

http://www.zorg-en-gezondheid.be/Cijfers/Sterftecijfers/Algemene-sterftecijfers/Sterftecijfers-per-leeftijd--sterfterisico-en-bevolkingspiramide/#piramide
http://www.zorg-en-gezondheid.be/Cijfers/Sterftecijfers/Algemene-sterftecijfers/Sterftecijfers-per-leeftijd--sterfterisico-en-bevolkingspiramide/#piramide
http://www.zorg-en-gezondheid.be/Cijfers/Sterftecijfers/Algemene-sterftecijfers/Sterftecijfers-per-leeftijd--sterfterisico-en-bevolkingspiramide/#piramide

