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Abstract
Background The purpose of this study was to evaluate the relevance of a commonly used morbidity prognostic tool, the 
Charlson comorbidity index (CCI), in determining the survival rate of patients with isolated proximal humeral fractures 
(PHFs) and to determine the impact of surgical treatment according to previous comorbidities (measured with CCI).
Materials and methods All patients who were treated for a single PHF in our institution for 29 consecutive months were 
included in this retrospective study, with a minimum follow-up of 24 months (mean 52.8 months). Two groups were estab-
lished according to the type of treatment received (surgical versus non-surgical). Preinjury comorbidities were identified, and 
the age-adapted CCI was calculated. All complications and mortality rates were prospectively recorded over the complete 
follow-up period.
Results Patients with elevated preinjury comorbidities (CCI > 5) demonstrated a significant increase in mortality (HR = 4.64) 
compared to those with CCI ≤ 5. In addition, patients with high comorbidities (CCI > 5) who underwent surgical treatment 
demonstrated a statistically significant increase in mortality (HR = 6.92) compared to patients with similarly high comorbidi-
ties (CCI > 5) who underwent non-surgical treatment.
Conclusions Patients with high preinjury comorbidities (CCI > 5) experienced an increased mortality risk if they underwent 
surgical treatment for isolated PHFs. The use of a morbidity prognostic tool, such as the CCI, can help predict the outcome 
(particularly mortality) in these patients and may aid in making decisions in terms of operative versus non-operative treat-
ment to minimize patient mortality.
Level of evidence Level III; Retrospective Comparative Study; Treatment Study.
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Introduction

Proximal humeral fractures (PHFs) are the third most com-
mon fracture type in patients older than 65 years, behind 
only the proximal femur and distal radius [1–3].

Many papers have studied how comorbidities influence 
the final state of health in patients suffering from hip and 
pelvic fractures and how the choice of treatment influences 
the development of adverse effects and mortality [4]. There-
fore, in hip and pelvic fractures, there is high homogeneity in 
treatment choice (surgical versus non-surgical) and little var-
iability in the type of surgical technique that is performed. 
Although PHFs are often due to fragility, the situation is 
completely different because there is no consensus on which 
determining factors should be considered when choosing 
the treatment (surgical versus non-surgical) [5]. Therefore, 
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PHF treatment continues to be the subject of investigation 
and controversy.

In the last few years, the incidence of PHFs has increased, 
and the rate of surgical treatment has increased, which 
has led to an increase in postoperative complications and 
a higher rate of re-operation [6–8]. This trend has been 
enhanced by the widespread use of locking plates and the 
success of total reversed arthroplasty in elderly patients [9, 
10]. There is a marked regional variation in the rates of sur-
gical treatment, which highlights the need for a consensus 
regarding optimal treatment of PHF [11].

Many fractures in the proximal humerus are osteoporotic 
and mostly affect elderly patients, who usually have higher 
comorbidities. Several publications show that osteoporo-
tic fractures increase mortality, with the exception of dis-
tal radius fractures [12]. Fracture in osteoporotic patients 
imparts a stress that could precipitate this outcome. Addi-
tionally, the surgical procedure, which also involves a greater 
risk, may increase mortality and complications according to 
the patient’s previous comorbidities.

Several comorbidity indices have been described in the 
literature to assess how chronic diseases influence mortality. 
Among them, the Charlson comorbidity index (CCI) [13] 
is one of the most commonly used [4, 14, 15]. The CCI is 
a predictive method for mortality that takes into account 
19 comorbid conditions, in which each condition receives a 
score of 1–6 based on an adjusted risk of mortality associ-
ated with each comorbidity (Table 1). The higher the CCI is, 
the more likely it is that the result is predictive of a patient’s 
mortality. This study aims to evaluate the relevance of a 
commonly used morbidity prognostic tool, the CCI, in deter-
mining the survival rate of patients with isolated PHFs and 
the impact of surgical treatment according to the previous 
comorbidities in those patients.

Materials and methods

A retrospective study was conducted with the prospectively 
collected data considering all patients who were treated for 
an isolated fracture between January 1, 2013, and December 
31, 2016, in our institution. Our hospital is the reference 
hospital for trauma patients in the region, with a population 
of almost 315,000 habitants.

Inclusion criteria Patients aged 18 years and older who 
were seen in our emergency department with an acute and 
isolated PHF were treated and who had a minimum fol-
low-up of 24 months in our hospital were candidates for 
inclusion.

Exclusion criteria Patients who had a concomitant 
fracture, underage patients, pregnant women, polytrauma 
patients and those who did not have follow-up at our hospi-
tal were excluded from the study.

All patients received surgical or conservative treatment 
in accordance with the decision made based on the pro-
tocol and criteria adopted by the shoulder unit. Surgical 
treatment was indicated when fractures were displaced 
by more than 50% or when the difference between the 
normal physiological head–shaft angle of 130° and the 
fracture angle varied by more than 20°–45°. All patients 
who underwent surgery were admitted to the hospital and 
were operated on under general anaesthesia and regional 
block. This treatment included open reduction and internal 
fixation (ORIF) with an osteosuture, a locking plate or 
an intramedullary locking nail and shoulder arthroplasty 
(hemiarthroplasty and reverse total shoulder arthroplasty 
[RTSA]). Non-surgical treatment consisted of sling immo-
bilization for 3 weeks and a progressive physiotherapy 
programme, with most of these patients treated as outpa-
tients. Both groups (surgical and conservative) were fol-
lowed by a rehabilitation treatment programme.

Prefracture comorbidities that were collected included 
diabetes, cardiopathy, neurologic disease, neoplasia, demen-
tia, and history of alcohol and/or drug abuse, and age-
adapted CCI values were calculated. We also included sex, 
affected side, anteroposterior and axial radiographs, labora-
tory analysis and medical evaluations.

Mortality rate and all complications (systemic and local 
complications) were recorded. During follow-up, mortality 
and complications were documented in a digitized history 

Table 1  Charlson comorbidity index: the total score is obtained by 
adding the relative weight of each comorbidity [13]

Relative 
weight assign-
ment

Diabetes 1
Mild liver disease 1
Ulcer disease 1
Connective tissue disease 1
Chronic pulmonary disease 1
Dementia 1
Cerebrovascular disease 1
Peripheral vascular disease 1
Congestive heart failure 1
Myocardial infarct 1
Leukaemia 2
Lymphoma 2
Neoplasia (any tumour) 2
Diabetes with end organ damage 2
Moderate to severe renal failure 2
Hemiplegia 2
Moderate to severe liver disease 3
AIDS 6
Metastatic solid tumour 6
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that registers all health events that occur in any hospital or 
primary care centre in our region.

PHFs were rated according to the Neer classification 
[16]. A single researcher was in charge of classifying the 
fractures, determining CCI scores and data collection and 
analysis. This researcher did not participate in therapeutic 
decision-making or in clinical follow-up.

A descriptive analysis was performed in which the quali-
tative variables were expressed as frequencies and percent-
ages, and the continuous variables were expressed as the 
means ± standard deviations. Parametric or nonparametric 
tests were performed to determine the potential associations 
among the variables of the study (Chi-square test, Fisher’s 
exact test and Student’s t test). Global and specific survival 
studies were performed and are expressed as hazard ratios 
(HRs) and 95% confidence intervals (CIs). Finally, Cox 
regression models were executed. We considered statisti-
cally significant differences as those with p < 0.05, and all 
analyses were performed using SPSS 22.0.

Results

A total of 354 patients met the inclusion criteria. The mean 
age was 71.4 (± 14.8) years, and most of the patients were 
female (279, 78.8%). One hundred eighty-one patients 
(51.1%) had fractures of the left shoulder. A total of 232 
(65.5%) patients had a fracture in 3 or more fragments, with 
37 fractures (10.5%) associated with dislocation. Surgical 
treatment was performed on 114 patients (32.2%), 81 of 
them with ORIF (48 locking plates, 24 intramedullary lock-
ing nails and 9 osteosutures) and 33 of them with shoulder 
arthroplasty (2 hemiarthroplasty and 31 reverse total shoul-
der arthroplasty).

The most frequent comorbidities were heart disease in 
82 patients (23.2%), diabetes mellitus in 63 (17.8%), a his-
tory of neoplasia in 52 (14.7%) and a history of neurologic 
disease in 47 (13.3%), of whom 39 (11%) had dementia. In 
addition, 22 patients (6.2%) were chronic alcoholics, 2 of 
them also had a history of drug addiction.

Comparing the baseline characteristics of patients at the 
beginning, the non-surgical group was older and had more 
comorbidities (heart disease and dementia). In addition, the 
CCI score was significantly higher (p = 0.030) in the non-
surgical group (Table 2).

The mean follow-up was 4.4 years (95% CI [4.3–4.5]).
Compared to 10% of those in the non-surgical group, 35 

patients in the surgical group (30.7%) developed complica-
tions that required hospital readmission (p < 0.001). Mortal-
ity was also higher in the surgical group (14%, mean survival 
time 4.3 years, 95% CI [4.1–4.6], compared to 10% in the 
non-surgical group (median survival time: 4.5 years, 95% CI 
[4.3–4.6], p = 0.262)).

Patients with CCI > 5 had a greater mortality risk 
(HR = 4.6, 95% CI [2.4–9.0]) than patients with CCI ≤ 5; the 
risk was even higher if the high-CCI patients also belonged 
to the surgical group (HR = 6.9, 95% CI [2.5–19.1], 
p < 0.001) compared to those in the non-surgical group 
(HR = 4.1, 95% CI [1.7–9.9], p = 0.002) (Fig. 1). That is, 
patients with high comorbidities before the injury (CCI > 5) 
experienced an increase in mortality rate if they underwent 
surgical treatment.

Discussion

Several papers have shown that surgical treatment has good 
functional results, but also a percentage of complications, 
both local and systemic, which, according to the literature, 

Table 2  Descriptive analysis 
at the beginning of the study 
according to the study group

p value: Chi-square test. *Fisher’s exact test + Student’s t test for independent samples

Variable Global
N = 354

Non-surgical
N = 240

Surgical
N = 114

p value

Sex (female) 279 (78.8%) 189 (78.8%) 90 (78.9%) 0.966
Age 71.4 (± 14.8) 73.4 (± 14.8) 67.1 (± 13.8) < 0.001+

Laterality (left) 181 (51.1%) 125 (52.1%) 56 (49.1%) 0.603
Alcoholism 22 (6.2%) 10 (4.2%) 12 (10.5%) 0.021
Diabetes mellitus 63 (17.8%) 43 (17.9%) 20 (17.5%) 0.932
Dementia 39 (11.0%) 36 (15.0%) 3 (2.6%) < 0.001*
Neoplasia 52 (14.7%) 40 (16.7%) 12 (10.5%) 0.127
Neurologic disease 47 (13.3%) 35 (14.6%) 12 (10.5%) 0.293
Heart disease 82 (23.2%) 63 (26.3%) 19 (16.7%) 0.046
CCI 4.4 (± 2.6) 4.62 (± 2.5) 3.9 (± 2.8) 0.030+

CCI > 5 117 (33.1%) 93 (38.8%) 24 (21.1%) 0.001
Haemoglobin 13.1 (± 1.5) 13.3 (± 1.5) 13.5 (± 1.4) 0.363+
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varies from 20% to close to 40% [10, 17]. However, other 
studies question whether surgical treatment obtains better 
functional results. The latest Cochrane review [18] states 
that there is high- or moderate-quality evidence suggesting 
that, compared with non-surgical treatment, surgery does not 
result in a better outcome at one and 2 years after injury and 
is likely to result in a greater need for subsequent surgery. 
The PROFHER trial [19] concluded that there are no differ-
ences in the functional results or in patient-related outcome 
measures between surgical and conservative treatments. A 
paper by Roberson et al. [20] compares the results of patients 
treated conservatively and those who underwent operation 
with reversed arthroplasty, concluding that there were no dif-
ferences and questioning surgical indication. These authors 
consider that the functional benefit achieved by operative 
treatment is at least in doubt; therefore, the risk of the surgi-
cal procedure itself should be analysed.

In recent decades, a large number of publications on 
PHFs have studied and defined the different fracture patterns 
[21, 22] and functional results of the different surgical tech-
niques and implants. These investigations have been very 
important, and their conclusions are very valuable for ortho-
paedic surgery to establish the current criteria of treatment 
for PHF. Different fixation methods, such as plates versus 
nails, and two types of arthroplasties, such as partial versus 
total reversed arthroplasty, have also been compared with 
conservative treatment [23, 24]. In these studies, treatment 
choice is monopolized by the type of fracture, and in some 

cases, age is also taken into account, but a patient’s previous 
comorbidities are not taken into account. However, only a 
few authors have investigated how patients’ prior comorbidi-
ties and treatment choice influence the rate of complications 
and mortality and what tools we could use to better treat 
patients according to their comorbidities and thus prevent 
aggressive treatment, which can further weaken the patient 
and may have fatal consequences.

Neuhaus et al. [25] show that operative treatment (ORIF 
in particular) is an independent risk factor for inpatient 
adverse events and mortality in older-aged patients admit-
ted to the hospital with an isolated fracture of the proximal 
humerus and affirm that surgical treatment should perhaps 
be offered more cautiously.

Other studies have assessed complications and mortal-
ity in patients undergoing shoulder arthroplasty, showing 
that complications, functional results and mortality rates are 
worse in patients who undergo surgery (hemiarthroplasty or 
RTSA) for fracture compared to those who undergo primary 
shoulder replacement [26, 27].

Some systematic reviews of randomized controlled trials 
suggest no difference in outcomes between non-operative 
treatment and ORIF in older patients with 3- and 4-part frac-
tures [28, 29].

In our study, patients who had a high comorbidity level 
prior to fracture, as measured by CCI (CCI > 5), also had a 
higher mortality risk and systemic complications, regard-
less of the treatment performed (conservative or surgical), 

Fig. 1  Kaplan-Meier plot of survival as a function of the two strata of the Charlson Comorbiduty Index, ≤ 5 and > 5, and the treatment choice 
(surgical versus non-surgical)
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according to the literature. The association of CCI with mor-
tality after trauma agrees with prior studies in which higher 
in-hospital mortality was found in patients with higher CCI 
scores [14, 25]. However, the most important finding in 
our study was that if these patients with high comorbidity 
were also operated on, the mortality risk was much higher 
(HR = 6.9) than that for patients with the same comorbidity 
index who received conservative treatment (HR = 4.1).

This finding suggests that surgical treatment itself 
increases mortality and systemic complications in patients 
who, prior to fracture, had high comorbidity (CCI > 5). 
Therefore, we conclude that comorbidity should be taken 
into account and quantified in the same way that we clas-
sify fractures according to their pattern and assign a number 
based on comorbidity that corresponds to severity to help us 
in therapeutic decisions. In this way, we could include the 
degree of comorbidity of the patient as one more item to be 
taken into account when deciding whether the patient should 
be treated surgically or conservatively to avoid deaths due 
to aggressive treatment in patients with high comorbidity.

Our study included 239 patients, with a minimum follow-
up of 24 months. The main strength is that the follow-up 
of every patient was exhaustive because any adverse health 
event suffered by the patient was recorded in a single, digi-
tized medical history, regardless of the medical specialty of 
the staff recording the event, the hospital or primary care 
centre or the city in which a patient was treated. This level 
of recordkeeping has been possible because 100% of our 
reference population enjoys complete health coverage.

Other papers on this topic have a large sample size, but 
the data for each patient and the follow-up are very scarce in 
general, with most of these data being collected from state 
registries of admitted patients, so patients who are treated 
conservatively and in an outpatient setting are not taken into 
account, while they are the majority (up to 80% of PHFs), 
and the adverse effects and mortality of patients are not 
recorded once discharged [25, 30].

In our study, we considered this population of conserva-
tively treated patients, and the medical follow-up of outpa-
tients and admitted patients was equally exhaustive.

This study has limitations that must be considered. It is 
retrospective in design and has a limited sample size.

Conclusions

Comorbidities should be considered in the management of 
patients with PHFs.

Patients with high preinjury comorbidities (CCI > 5) 
experienced an increased mortality rate if they underwent 
surgical treatment for an isolated PHF.

The use of a morbidity prognostic tool such as the CCI 
can help us predict the outcome (particularly mortality) in 

patients suffering from an isolated PHF and may aid in mak-
ing decisions in terms of surgical versus non-surgical treat-
ment to minimize patient mortality.
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