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Abstract

Background: Several studies have reported that diabetic persons have an increased risk for fractures than non-diabetes
patients. The association between proximal humerus fractures and type 2 diabetes (T2DM) is unclear and some studies
point to insulin treatment, hypoglycaemic episodes consequently to inadequate control of diabetes or, more recently, to
an alteration of trabecular bone. We examined trends in the incidence of proximal humerus fractures, surgical procedures
and outcomes among hospitalized patients aged ≥65 years, with and without T2DM in Spain, 2001–2013.

Methods: This retrospective, observational study was conducted using the Spanish National Hospital Discharge Database
to select all hospital admissions with proximal humerus fracture. We calculated incidences overall and stratified by
diabetes status, year and sex. We analyzed surgical procedures, comorbidities, length of stay, in-hospital complications
and in-hospital mortality.

Results: We identified 43,872 patients with proximal humerus fracture (18.3% had a T2DM diagnosis). Age-adjusted
incidence rates elevated steadily over the study period for men and women with and without T2DM, independently of
diabetes status, although we found a stable trend in the later years. Patients with T2DM had lower relative risk of proximal
humeral fracture incidence: 0.87 (95%IC 0.82–0.93) for men and 0.97 (95%IC 0.95–1.00) for women. In-hospital
complications were 4.0% of diabetic men vs. 2.6% in non-diabetic (p < 0.001) and 2.9% among T2DM women vs. 1.7% in
those without (p < 0.05). The use of open reduction of fracture with internal fixation and arthroplasty is increasing
overtime and closed reduction with internal fixation is decreasing. Presence of T2DM in women was associated with
higher in-hospital mortality (OR 1.67; 95%CI 1.29–2.15). Comorbidities, in-hospital complications and older age were
predictors of higher in-hospital mortality in both sexes.

Conclusions: The incidence of proximal humerus fractures seems to be increasing in Spain. The incidence is lower
among men with than without T2DM. T2DM is associated to higher in-hospital complications in both sexes. The use of
open reduction of fracture with internal fixation and arthroplasty is increasing overtime beside diabetes status. Women
with T2DM have higher in-hospital mortality than those without the disease.
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Background
It is well known that the incidence of diabetes mellitus is
growing steadily all around the world, especially in older
people and it is becoming a very important public health
problem [1, 2]. Several studies have reported that diabetic
persons have an increased risk for fractures than non-
diabetes patients; however the underlying mechanisms for
this difference in fracture risk are not clear [3].
The epidemiology and risk factors for proximal humerus

fracture (PHF) have been previously described. [4–14].
PHF represent 10% of all fractures in people age

65 years or over [4–6]. These are the third most fre-
quent fractures in patients ≥65 years, following wrist
and femoral neck fractures, which are all considered
pathologic fractures favored by osteoporosis [7, 8]. Some
studies have found higher mortality in PHF than in other
types of fractures [9, 10]. PHF show higher incidence
among women [4–7, 9–13]. Risk factors associated with
this type of fracture such as comorbidity, osteoporosis,
older age and falls, are found in >75% of these fractures
[7, 11]. Time trend analyses suggest that the incidence
of PHF is becoming stable over the last years [8, 14].
The association between PHF and type 2 diabetes

(T2DM) is unclear and some studies point to insulin treat-
ment, hypoglycaemic episodes consequently to inadequate
control of diabetes [1] or, more recently, to an alteration
of trabecular bone. All these factors may predispose to this
type of fracture despite normal or higher than normal
bone mineral density [15–17]. However, a randomized
trial did not find an association between inadequate con-
trol of diabetes and a higher risk of fractures [18].
Regarding the type of treatment used in PHF, several

factors are important in determining the choices of
treatment and include, among other, the pattern of the
fracture (i.e. the number of segments), the displacement
of these segments, patient characteristics (age, comor-
bidity, cognitive status, compliance), surgeon and im-
plant availability, local traditions and guideline. [19].
However, in our country, like overseas, the indications
are related to the nature and pattern of the fracture. 1
segment fractures are mostly non-operative treated. For
2 segments fractures treatment options include Closed
Reductions of fracture with Internal Fixation (CRIF) or
Open Reduction of fracture with Internal Fixation
(ORIF). 3 and 4 segments fractures are usually treated
with ORIF or Partial Shoulder Replacement (PSR).
Based on national hospital discharge data, we com-

pared trends in the incidence of PHF among hospitalized
elderly patients with and without T2DM in Spain from
2001 to 2013. We focused on trends in the type of surgi-
cal interventions and also described and analyzed patient
comorbidities, in-hospital complications, and in-hospital
outcomes such as: length of hospital stay (LOHS) and
in-hospital mortality (IHM).

Methods
We performed a retrospective, observational study using
the Spanish National Hospital Database (SNHDD) [20].
We analyzed data collected between January 1, 2001 and
December 31, 2013 for subject’s aged 65 and over.
The SNHDD database compiles all the public and

private hospital data, hence covering more than 95% of
hospital discharges [20].
The database includes patients’ variables (sex, date of

birth), date of admittance, date of discharge, type of ad-
mission (elective or emergency admission), discharge
destination (home, decease or other health/social institu-
tion), up to 14 discharge diagnosis, and up to 20 proce-
dures performed during the admission [20].
If patients has not been hospitalized for over 24 h in a

hospitalization ward it is not recorded in SNHDD [20].
Therefore, if patients are discharged from the emergency
room, beside how long the patient has been there, or
treated at out-patient clinic they are not included in the
SNHDD and in this study.
We selected all patients hospitalized with a primary

diagnosis of PHF (code ICD-9-CM: 812.xx). Only the
first PHF per patient was countedelected for analysis.
We classified as patients with T2DM those who had in

any diagnosis position the ICD-9-MC codes 250.×0 or
250.×2, patients with type 1 diabetes (T1DM) those who
had in any diagnosis position the ICD-9-MC codes 250.×1
or 250.×3, and patients without diabetes those who did
not have any of these codes in their discharge report. Pa-
tients with T1DM were excluded from the analysis.
Comorbidity was assessed by calculating the Charlson

comorbidity index (CCI), excluding diabetes as a disease
[21]. Patients were divided into three categories: CCI0
(patients with no previously recorded disease); CCI1,
(patients with one disease category; and CCI ≥ 2
(patients with two or more disease categories).
The SNHDD does not include information on the

characteristics of the fracture, such as one, two, three or
four segments neither the degree of displacement. The
only information is the procedures conducted according
to the ICD-9-CM classification.
Procedures considered in the data analysis included: total

shoulder replacement (TSR): ICD-9-CM code: 81.80
(replacement of right or left shoulder joint with autologous
tissue substitute, synthetic substitute, non-autologous
tissue substitute all using an open approach. This code in-
cludes all types of TSR, with or without tissue substitute,
and excludes reverse total shoulder replacement). PSR
ICD-9-CM code: 81.81. CRIF ICD-9-CM code: 79.11 (re-
position of the humeral head with internal fixation device
using percutaneous or endoscopic approach and the repos-
ition of the humeral shaft with internal fixation device
using percutaneous or endoscopic approach). ORIF ICD-9-
CM codes: 79.31 (reposition of the humeral head or the
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humeral shaft with internal fixation device using an open
approach).
TSR and PSR were combined in one variable “Arthro-

plasty”, as they were both prosthetic surgical procedures
with similar results with regard to trends and in hospital
outcomes.
If the patient did not have any of the previous was

considered to have a conservative non-operative treat-
ment (closed reduction and immobilization).
We analyzed adverse in-hospital events which included

the development of one or more of any of the following
in-hospital complications (IHC) recorded in any diagnosis
positions: pneumonia (ICD-9-CM codes: 997.39, 486),
sepsis (ICD-9-CM codes: 995.91, 995.92), acute renal fail-
ure (ICD-9-CM codes: 584, 584.5, 584.6, 584.7, 584.8,
584.9), surgical site infection (ICD-9-CM codes: 998.5,
998.51, 998.52, 998.53, 998.54, 998.55, 998.59, 998.50), iat-
rogenic pulmonary embolism and infarction (ICD-9-CM
codes: 415.11) (It includes the diagnosis of an infarction of
the lung after a iatrogenic pulmonary embolism. Possible
reasons for a iatrogenic pulmonary embolism include i)
Air embolism following infusion, transfusion and thera-
peutic injection, ii) embolism of cardiac prosthetic devices,
implants and grafts, iii) embolism of vascular prosthetic
devices, implants and grafts, iv) Complication of a vein or
an artery following a procedure), deep venous thrombosis
(ICD-9-CM codes: 453.4, 453.40, 453.41, 453.42), and
urinary tract infection (ICD-9-CM codes: 599.0), as
described previously [19].
The median LOHS and IHM were also calculated for

each year studied.

Statistical analysis
Age adjusted incidence rates of discharge after PHF were
calculated for men and women with and without T2DM
per 100,000 inhabitants using the methods and popula-
tion estimates described previously [22–24]. We also cal-
culated the Incidence Rate Ratios (IRR) of suffering a
PHF for T2DM versus non-diabetes for men and women
using Poisson Regression.
In order to identify the period in which trend changes in

PHF rates occurred by sex and diabetes status we used log
linear Joinpoint regression. We estimated the “annual per-
centage of change” in each of the periods delimited by the
points of change [25]. Joinpoint Regression Program, ver-
sion 4.0.4. was used for the analysis [26].
All study variables were described stratified according to

T2DM status and sex. Categorical variables are expressed
as proportions; continuous variables as means with their
standard deviation or as medians with their IRQ (p25-p75).
The bivariate analysis of trends was performed by year

using a χ2 linear trend test (proportions), ANOVA (means),
and Kruskal-Wallis test (medians), as appropriate.

To compare proportions between those with and
without T2DM we conducted logistic regression models
adjusted by age and year. Mean and medians were com-
pared with ANOVA and Kruskal-Wallis test respectively.
In the case of IHM, logistic regression analysis was

performed, with mortality as a binary outcome using
year of discharge, age, CCI, complications and type of
treatment as independent variables for patients with and
without T2DM, in men and women and for the popula-
tion as a whole to assess the influence of T2DM on
IHM. Statistical analysis was performed using Stata ver-
sion 10.1 (Stata, College Station, Texas, USA). Statistical
significance was set at p < 0.05 (2-tailed).

Results
From 2001 through 2013 we selected 43,872 patients
aged 65 years or older whose primary diagnosis on ad-
mission was PHF. The overall mean age was 76.17 years
(SD 6.78 years) and 83% were women. Among these pa-
tients we identified 8049 suffering T2DM (18.3%), mean
age of 76.21 years (SD 6.8 years) and 84.5% of them
women, and 35,823 patients without diabetes, mean age
was 75.98 years (SD 6.4 years) and 82.8% women.
Tables 1 and 2 show age adjusted incidence rates of

PHF and clinical characteristics among men and women
with and without T2DM. Incidence of PHF among men
without T2DM increased significantly (p < 0.001) from
14.24 cases per 100.000 inhabitants in 2001 to 23.28
cases in 2013. Among men with T2DM we observed a
significant (p < 0.001) increase from 11.47 cases per
100.000 inhabitants in 2001 to 20.30 cases in 2013.

Incidence of PHF among women increased signifi-
cantly among diabetic and non-diabetic along the study
period. For non-diabetic women it increased from 54.27
cases per 100,000 inhabitants in 2001 to 79.23 cases in
2013 (p < 0.001). Similarly, among women suffering
T2DM the incidence rose from 32.54 cases in 2001 to
87.42 cases in 2013 (p < 0.001).
The results of the Poisson regression yielded an IRR

for diabetic patients versus non-diabetic patients for suf-
fering a PHF of 0.87 (95%IC 0.82–0.93: p < 0.01) for men
and 0.97 (95%IC 0.95–1.00; p < 0.01) for women. This
means that over the entire period men with T2DM has a
lower incidence of PHF than those without T2DM after
adjusting by age. No significant differences were ob-
served among women.
The Joinpoint analysis showed that age-adjusted PHF

diagnosis in men without T2DM increased significantly
throughout this period by 4.51% (95%IC 3.2–5.8;p < 0.05)
each year (see Additional file 1: Figure S1). For men with
T2DM it increased significantly by 8.38% (95%IC 7.1–9.6;
p < 0.05) per year from 2001 to 2011 and from 2011 to
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2013 showed a slightly non-significant declining trend
−3.28%(95%IC -12.9-7.59) (see Additional file 2: Figure S2).
Among women without T2DM the Joinpoint analysis
showed that the incidence rate increased 4.94% (95%IC
4.2–5.7; p < 0.05) per year from 2001 to 2010 and from
2011 to 2013 kept a stable rate of −0.5% (95%IC -3.7-2.7)
(see Additional file 3: Figure S3).
In women suffering T2DM, incidence of PHF diagno-

sis showed an abrupt increase from 2001 to 2007 of
16.32% (95%IC 11.7–21.2; p < 0.05) per year. However,
from 2008 to 2013 there were no significant changes in
the incidence (see Additional file 4: Figure S4).
Regarding CCI values, they were higher for diabetic

than non-diabetic men (CCI ≥ 2, 10.1% vs 5.8% respect-
ively) and also for IHC, where we observed complica-
tions in 4.0% of diabetic men vs. a 2.6% in non diabetic
men (p < 0.001) (Table 1).
Again, we also observed higher values in CCI with two

or more comorbidities and IHC among women with
T2DM than women without diabetes (CCI ≥ 2, 4.1% vs.
2.0% and IHC 2.9% vs. 1.7%, p < 0.005) (Table 2) and
higher IHC (2.9% vs. 1.7%; p < 0.05).
Figure 1 shows the procedures and in-hospital outcomes

for men and women with a PHF, according to T2DM status
over the entire study period. The detailed description year
by year is shown in Additional file 5: Table S1.
We found that 36.1% of patients were treated non-

operatively whereas 63.9% of them had some type of

surgical procedure: ORIF 25.7%, CRIF 22.3%, TSR 4.3%
and PSR 11.6%. Non-surgical procedure were more fre-
quent in men (39.5% vs, 34.9%; p < 0.01), and these pa-
tients were significantly older than patients treated with
a surgical procedure [mean age 77.7 years (SD 7.2 years)
vs 75.3 years (SD 6.3 years)], had higher mortality (2.3%
vs 0.5%) and more IHC (3.2% vs 1.4%) and also had
higher values of CCI. Overall women were more fre-
quently treated with arthroplasty and men with non-
operative treatment beside diabetes status (all p < 0.01).
The most common surgical procedure used in all

groups was ORIF, followed by CRIF and arthroplasty. We
observed a significant increase in the use of ORIF; among
diabetic men, it increased from 9.5% in 2001 to 33.1% in
2013 (p < 0.01) and among those without the disease from
12.8% to 32.1% (p < 0.01). As is shown in Additional file 5:
Table S1, for both diabetic and non-diabetic men, while
ORIF increases in use during the study period, CRIF
decreases (p < 0.05).
The IHM among men with T2DM decreased signifi-

cantly over the study period, from 9.5% to 1.4% (p < 0.01).
However, in those without T2DM IHM did not show a
significant tendency (1.9% in 2001 to 1.3% in 2013). In
non-diabetic men the median LOHS decreased signifi-
cantly from 2001 to 2013.
ORIF was the most frequent procedure used for both

groups of women. As observed for men, there was a signifi-
cant increase in the use of ORIF, from 13.7% to 33.7% in

Fig. 1 Procedures and outcomes of PHF among men and women with and without T2DM (2001–2013). Arthroplasty: Total or partial humerus
replacement; ORIF: Open reduction of fracture with internal fixation; CRIF: Close reduction of fracture with internal fixation; IHM: In-hospital mortal-
ity; LOHS: Length of hospital stay
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non-diabetic women and from 15.2% to 31.6% in diabetic
women, during the study period (p < 0.01). The use of CRIF
decreased and the use of arthroscopy increased, in diabetic
and non-diabetic women over time (p < 0.05). (Additional
file 5: Table S1).
Diabetic women with PHF diagnosis reduceed their IHM

significantly from 1.7% in 2001 to 1.0% in 2013 (p < 0.05).
Over the 10-year study period, LOSH for women with and
without T2DM decreased significantly (p < 0.05).
When we compared hospitalization outcomes be-

tween diabetic men and women we found almost
double the crude IHM for men, compared to women,
in the total study population. Among women those
suffering T2DM had higher IHM than those without
(1.4% vs. 0.8%; p < 0.05).
Table 3 summarizes the results of the multivariate lo-

gistic regression analysis of time trends and factors asso-
ciated with IHM among men and women as a whole
and with and without T2DM hospitalized for a PHF.
Only factors with a clinical and statistical effect after the
analysis are shown. LOHS was removed from the model,
as it did not improve it.

Among men and women with T2DM, IHM was signifi-
cantly greater in older patients (OR 5.14; 95%CI, 1.89–
13.98 for men in the 85–89 age group and OR 7.72; 95%CI,
3.72–16.02 in ≥90 women age group compared with the
reference category 65–74 years).
IHM was significantly higher in diabetic men and

women with more comorbidities (OR 5.65; 95%CI, 2.10–
15.18 and OR 9.64; 95%CI, 5.42–17.17 for those with ≥2
comorbidities, respectively; p < 0.01) and in those with
in-hospital complications (OR 10.10; 95%CI, 4.21–24.25
and OR 6.20; 95%CI, 3.68–10.45, for men and women,
respectively: p < 0.01).
Arthroplasty, ORIF or CRIF were not associated to a

higher mortality risk in diabetic women. In diabetic men
the lower risk of mortality was not statistically signifi-
cant for any of the procedures analyzed (Table 3).
Time trend analysis showed a significant decrease in

mortality from 2001 to 2013 in diabetic men and women
(OR 0.82; 95%CI, 0.73–0.91 and OR 0.90; 95%CI, 0.85–
0.97; p < 0.05).
As can be seen in Table 3 the same variables were asso-

ciated to IHM among men and women without T2DM.

Table 3 Multivariate analysis of the factors associated with in hospital mortality for proximal humerus fracture among men and
women and stratified by type 2 diabetes in Spain. 2001–2013

Men In-hospital
mortality (OR)‡

Women In-hospital
mortality (OR)‡

Whole study population
In-hospital mortality (OR)

Total No T2DM T2DM No T2DM T2DM Men Women

Age groups (years) 65–74 1 1 1 1 1 1

75–79 1.45(0.86–2.43) 1.86(0.69–5.04) 2.07(1.24–3.46) 1.68(0.87–3.25) 1.56(0.98–2.47) 1.92(1.28–2.89)

80–84 1.08(0.60–1.95) 1.67(0.57–4.88) 3.25(1.99–5.31) 2.48(1.30–4.73) 1.19(0.71–2.01) 3.05(2.06–4.52)

85–89 3.73(2.22–6.26) 5.14(1.89–13.98) 5.40(3.31–8.82) 3.43(1.71–6.91) 4.25(2.67–6.78) 4.98(3.34–7.43)

>90 2.80(1.31–5.97) N/A 9.69(5.75–16.35) 7.72(3.72–16.02) 2.56(1.25–5.26) 9.90(6.44–15.21)

Charlson Comorbidity Index 0 1 1 1 1 1 1

1 2.71(1.77–4.15) 2.52(1.0–6.35) 3.51(2.59–4.75) 3.95(2.43–6.44) 2.79(1.90–4.10) 3.70(2.86–4.78)

≥ 2 6.29(3.85–10.28) 5.65(2.10–15.18) 6.7(4.47–10.10) 9.64(5.42–17.17) 6.66(4.30–10.32) 8.26(5.93–11.52)

In-hospital complications No 1 1 1 1 1 1

Yes 11.09(6.96–17.68) 10.10(4.21–24.25) 8.55(6.06–12.06) 6.20(3.68–10.45) 11.70(7.77–17.65) 8.21(6.15–10.96)

Arthroplasty Yes 1 1 1 1 1 1

No 9.36(2.88–30.42) 3.32(0.41–26.58) 3.16(1.81–5.54) 2.40(1.12–5.15) 7.14(2.57–19.83) 2.64(1.68–4.15)

ORIF Yes 1 1 1 1 1 1

No 5.72(2.73–11.96) 1.55(0.58–4.13) 4.51(2.58–7.89) 4.62(1.96–10.88) 3.67(2.07–6.52) 4.12(2.58–6.59)

CRIF Yes 1 1 1 1 1 1

No 2.46(1.45–4.19) 2.63(0.73–9.38) 2.08(1.42–3.04) 2.51(1.35–4.67) 2.44(1.5–3.98) 2.17(1.57–3.01)

Year of discharge 0.95(0.90–0.99) 0.82 (0.73–0.91) 0.93(0.90–0.97) 0.90(0.85–0.97) 0.92(0.88–0.97) 0.93(0.90–0.96)

T2DM status No NA NA NA NA 1 1

Yes NA NA NA NA 0.92(0.60–1.41) 1.67(1.29–2.15)

Arthroplasty: Total or partial humerus replacement, ORIF Open reduction of fracture with internal fixation, CRIF Closed reduction of fracture with internal fixation.
Calculated using logistic regression models, Odds Ratio (OR). The logistic regression multivariate model was built using as dependent variables “death (yes/no)”
and as independent variables year of discharge. Charlson comorbidity index. Complications. procedures and age
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When we performed logistic regression on our whole
study population to assess the influence of T2DM on
IHM and after adjusting for all covariates, being diabetic
and suffering a PHF was associated to higher IHM in
women (OR 1.67; 95%CI, 1.29–2.15; p < 0.05), but not in
men (OR 0.92; 95%CI, 0.60–1.41).

Discussion
We describe trends of incidence, in-hospital outcomes
and surgical procedures for patients with and without
T2DM with primary diagnosis of PHF admitted at Spanish
hospitals from 2001 to 2013. Age-adjusted incidence rates
increased steadily over the study period for men and
women, independently of T2DM status, although we
found a stable trend in the later years. Also we have found
that patients with T2DM admitted to hospitals had lower
IRR of PHF than non-T2DM patients hospitalized with
PHF. However, in our investigation, women and men suf-
fering T2DM showed a greater increase per year during
the study period. We also describe a different pattern in
treatment use over the time of study. ORIF shows an in-
creasing use, while CRIF kept a decreasing tendency.
However, total and partial arthroplasty use increased over
time, for all the years and is significantly more frequently
used in diabetic women than diabetic men. Regarding
IHM, CCI ≥ 1 and 2, IHC and older age groups are associ-
ated with higher mortality. Having a surgical procedure
was not associated to higher mortality.
Finally, presence of T2DM in women was associated

to higher mortality, but not in men.
Our results confirm the increasing incidence of this type

of fracture over time. This agrees with other authors [16,
27, 28]. Some of them predict a tremendous increase for
2030 (up to 50% comparing with 2008 incidence), partially
because of increase in population age [28]. However, our
results show a stable trend since 2007 in women and 2010
in men. This is consistent with results of some studies that
found a stable incidence in PHF from 1999 to 2005,
reporting, however, a 25% relative increase in the propor-
tion of PHF treated surgically [5]. Kannur et al. described
that among 80-year-old or older Finnish women the age-
adjusted fracture rate of low-trauma fractures of the
proximal humerus rose significantly from 1975 to 1995
and became stabilized from that year to 2015 [14].
The difference on sex incidence is described also by

many other researches [4–7, 9–13]. Women have almost
tripled the incidence of PHF as compared to men. This
fact may be related with the greater prevalence of osteo-
porosis in women than men. Osteoporosis is related to
more comminuted fracture pattern in which hemiarthro-
plasty is the preferred option [4, 16].
A possible explanation for the lower incidence of

PHF among men suffering T2DM would be that dia-
betic men have protective factors for PHF in a higher

frequency than non diabetic men. These factors in-
clude higher dietary calcium intake, higher use of
bone pharmacologic interventions, practicing more
physical exercise, less tobacco use and lower alcohol
consumption among others [29, 30]. As we lack infor-
mation on these variables further investigations are re-
quired to assess the effect of these uncontrolled
confounders on the association found.
Regarding diabetes status, few studies describe use and

outcomes of surgical procedures of humerus fracture re-
pair in patients with T2DM. In one study with 325 pa-
tients with PHF, only 21% were treated surgically, and
they found that only 10% had diabetes [9]. In our study
we found that 18.3% of patients hospitalized suffered
T2DM. Some studies describe higher risk of fracture in
T2DM, with firm evidence for hip fractures [31, 32],
however for PHF this is not so clear. It has been sug-
gested that these results may be confounded by the
higher fragility of diabetic persons, especially for women,
and those patients with limited mobility and poor vision
and therefore at greater risk of falling [32]. Diabetes is
associated with an increased risk of falling more than
once a year (OR 1.68 95%CI, 1.37–2.07) [32]. Moreover,
patients with PHF have a slightly different risk factors
pattern; for example obesity is described as a risk factor
for PHF, but it is regarded as protective for hip fractures
[33]. As we don’t have data on BMI we could not con-
trol this variable that could in part explain the lower in-
cidence among diabetic men.
IHM showed a decreasing trend for men and women

with T2DM, which was more significant than for non-
diabetic patients. This is consistent with another study,
which described a decreasing mortality rate, from 10.8%
for men and 7.0% in women in 2008, to 8.5% for men
and 6.4% for women in 2012 [11].
We have found two studies that analyze 30-day mor-

tality among patients who have suffered PHF [34, 35]. In
the US using the National Hospital Discharge Survey
(NHDS) among all adult patients who were admitted to
hospitals after fractures of the proximal humerus be-
tween 1990 and 2007 the in hospital mortality was 2.3%
[34]. In Denmark among 5853 patients who underwent
primary shoulder replacement, one-month mortality was
0.7% [35].
We found a higher IHM among diabetic men than dia-

betic women, which is compatible with other results that
found a standardized mortality ratio of 1.6 (95%CI, 1.2–
2.0) for women and 4.5 (95%CI, 3.3–6.1) for men [11].
However, another study found the same mortality rate in
both sexes [36]. The higher mortality for men could be
explained since diabetic women had significantly lower
values of CCI and IHC than diabetic men.
In our study same patients with severe comorbidities,

most frequently men, are considered for a non-operative
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treatment even if hospitalized. A possible explanation
for this may be that, as upper arm fractures in men usu-
ally appear in cases of multiple injuries and they present
higher mortality risk [11].
IHC and CCI values were higher among men and

women with T2DM, than in patients without T2DM. This
result agrees with others that state that diabetic patients
have more comorbidity and suffer more complications
during hospitalization [11, 37]. However, other authors
do not agree [36, 38], as they have found that dia-
betes was not a predictor of adverse events among
patients with PHF and reported a higher CCI as the
risk factor for mortality and complications [38].
Therefore, it may be the presence of other comorbidi-
ties, some of which are very associated to T2DM
(obesity), and not T2DM itself, the underlying reason
for higher incidence of IHC among T2DM patients
[33]. More studies are needed to clarify the effect of
possible confounders on the in-hospital complications
among diabetic patients.
Regarding the type of procedure used over the study

period, we describe changes in the treatment for these
fractures, in line with other studies. Most PHF are non-
displaced or minimally displaced and they were treated
non-operatively, but this pattern is clearly declining be-
cause of the technical and medical advantages of surgical
treatment, which has increased steadily and has cur-
rently reached a plateau in the last few years [5, 16, 38].
Our results are consistent with other studies regarding

the lower death risk seen in patients undergoing surgical
treatment [36], but other studies do not agree [39].
Though a systematic review and meta-analysis did not
find a significant difference between operative and non-
operative treatment in health related quality of life [37],
others did find a much higher risk of inpatient adverse
events for ORIF and CRIF (OR 4.4; 95%CI, 4.3–4.6 and
OR 2.7; 95%CI, 2.6–2.8, respectively) when compared to
non-operative treatment. However patients treated sur-
gically were less likely to be discharged to a long-term
facility than patients treated non-operatively [39, 40].
Other studies have found a tendency to use hemiarthro-

plasty of the humerus head and total shoulder replace-
ment to improve functional outcomes after treatment of
comminuted (three or four segments) fractures, this seems
to be also happening in Spain [6–9].
The advantage seen for surgical treatment with respect

to lower mortality risk, was not so clear for diabetic
men, which could be explained, as we stated previously,
by the more complex fractures seen in men. Another
explanation could be, as our results also have found,
non-operative treatment, even of marginally displaced
PHF in elderly people, is an important aspect of
treatment, which seems to be considered increasingly in
multimorbid patients. Our results showed that

hospitalized patients that did not receive surgical treat-
ment presented worse clinical characteristics, with
higher CCI values, more complications, were older and
they were more frequently men, resulting in significantly
higher in-hospital mortality. Further studies are needed
to clarify this point.
The strength of our investigation lies in its large sam-

ple size, its 13-year follow-up period and its standardized
methodology, which has previously been used to investi-
gate T2DM and its complications in Spain [22]. Never-
theless, our study is subject to a series of limitation.
Our data source was the CMBD, an administrative
database that contains discharge data for Spanish hos-
pitalizations and uses information the physician has
included in the discharge report. Coding practices, as
well as errors in coding may differ between individual
physicians and institutions. Thus our results are sub-
ject to several potential biases, including differences
in capture of adverse outcomes across hospitals or
even diabetes diagnosis along the study period.
Patients with T1DM were excluded because previous

reports have shown that they have a different pattern of
disease (disease duration, treatments, comorbidities) and
epidemiological characteristics than T2DM patients [41].
Furthermore, different fracture risks and different mech-
anism of fracture between type 1 and T2DM patients
have been reported [42, 43].
Other limitation is the lack of information on the

characteristics of T2DM therapy used, the control
reached, duration and other comorbid conditions that
could affect the results. The database that we used
contained no information about drugs treatments (i.e.
drugs for osteoporosis) and risk factors such as obes-
ity or smoke which may have affected our outcome
variables.
As commented in the methods section patients who

are treated at the emergency room or at out-patient
clinic are not recorded in the SHNDD and therefore
not included in our investigation. This may result in
a selection bias, as those patients with less comorbidi-
ties and undergoing a non-operative treatment
(immobilization) are more likely to be treated exclu-
sively in the emergency room or as out patients and
discharged without hospitalization. This can explain
the very high proportion of PHF treated operatively
(63.9%) in our study. However, it is also possible the
existence of a bias by indication that would appear if
the more advanced surgical treatment modalities were
reserved for the more fit patients and similarly, pa-
tients with severe comorbidities were treated non-
surgically.
Beside these limitations the quality and validity of our

dataset has been assessed and shown to be useful for
health research [44].
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Conclusions
The incidence of PHF seems to be increasing in Spain.
The incidence is lower among men with than without
T2DM. T2DM is associated to higher IHC in both sexes.
The use of ORIF and arthroplasty is increasing overtime
beside T2DM status. Women with T2DM have higher
IHM than those without the disease.

Additional files

Additional file 1: Figure S1. Joinpoint analysis of age-adjusted
proximal humeral fractures hospitalizations in men without T2DM (Spain
2001–2013). Graph showing the Joinpoint analysis of age-adjusted
proximal humeral fractures hospitalizations in men without T2DM (Spain
2001–2013). (TIFF 1794 kb)

Additional file 2: Figure S2. Joinpoint analysis of age-adjusted
proximal humeral fractures hospitalizations in men with T2DM (Spain
2001–2013). Graph showing the Joinpoint analysis of age-adjusted
proximal humeral fractures hospitalizations in men with T2DM (Spain
2001–2013). (TIFF 1897 kb)

Additional file 3: Figure S3. Joinpoint analysis of age-adjusted
proximal humeral fractures hospitalizations in women without T2DM
(Spain 2001–2013). Graph showing the Joinpoint analysis of age-adjusted
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