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Abstract
Summary The Ecuadorian hospital discharge system examined trends in hip fracture hospitalization rates among older adults. A
significant upward trend in hip fracture rates occurred in both genders over the study period.
Introduction Previous research has reported increasing hip fracture rates in Ecuador. Thus, this study aimed to extend previous
findings by examining the nationwide incidence of hip fractures among adults aged 65 years and older between 1999 and 2016. A
secondary objective was to compare hip fracture trends among older Ecuadorians with their counterparts in the United States
(U.S.).
Methods The National Hospital Discharge System and the Healthcare Cost and Utilization Project net were assessed to identify
older adults hospitalized with a principal diagnosis of hip fractures in Ecuador and the U.S., respectively. The Joinpoint
regression analysis software was used to examine the average annual percent change in hip fracture rates.
Results A total of 20,091 adults with a mean age of 82.3 (SD 8.1) years were hospitalized with a principal diagnosis of hip
fractures during the study period. After an adjustment for age, hip fracture rates increased annually on average by 4.6% (95% CI
3.8%, 5.4%) from 96.4/100,000 in 1999 to 173.1/100,000 persons in 2016. Between 1999 and 2014, hip fracture age-adjusted
rates decreased on average by − 2.5% (95% CI − 2.7%, − 2.3%) among older adults in the U.S. while hip fracture rates steadily
increased by 4.6% (95% CI, 3.6%, 5.7%) per year in their Ecuadorian counterparts.
Conclusions Hip fracture rates markedly increased among older adults in Ecuador. The present findings should alert public health
authorities to implement policies of osteoporosis awareness and prevention in Ecuador.
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Introduction

Hip fracture in older adults represents a major public health
burden associated with considerable morbidity, healthcare
costs, and increased mortality [1–3]. Although the incidence
of hip fracture in Ecuador was reported as one of the lowest
worldwide, hip fracture rates nationwide significantly in-
creased by 4.2 and 3.4% per year among women and men

aged 50 years and older between 1999 and 2008, respectively.
Notably, the increased hip fracture incidence during the study
period was attributed to upward trends in hip fracture rates,
particularly among those aged 80 years and older. Moreover, it
was projected that the number of hip fractures will increase
among older Ecuadorians over the next decades [4–6].

Previous population-based studies in North America have
reported that age-standardized hip fracture rates steadily de-
clined in Canada and among Medicare beneficiaries in the
United States (U.S.) between 1996 and 2005 [7, 8]. While
there is scarce data about the incidence of hip fractures in
Central and South America, increasing hip fracture rates were
documented inMexico and Barranquilla, Colombia [9–11]. In
Ecuador, life expectancy has gradually increased over the past
decades. For instance, Ecuadorians were expected to live
64.6 years in 1980–1985 and 75.6 years in 2010–2015.
Moreover, it is estimated that life expectancy will increase to
82.1 years by 2050–2055 [12]. These demographic changes
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along with a higher prevalence of falls and vitamin D deficien-
cy recently reported among older adults in the country may
increase the number of individuals at risk of hip fracture [13,
14]. The present study aimed to extend previous research
findings by examining hip fracture rate samong adults aged
65 years and older in Ecuador between 1999 and 2016.
Moreover, temporal trends hip fracture incidence rates in
South America have not been previously reported except for
Ecuador [9]. Therefore, a secondary objective was to compare
recent national hip fracture rates with their counterparts in the
U.S.

Methods

The National Hospital Discharge Surveillance System
(Anuario de Egresos Hospitalarios) is conducted annually by
the National Institute of Statistics and Census (INEC). It
covers discharges from private and public hospitals in
Ecuador. Data abstracted from hospital records contain items
relating to demographic, administrative information, length of
stay, discharge status, and a principal discharge diagnosis [15].
The discharge diagnoses have been coded according to the
International Classification of Diseases, tenth revision,
Clinical Modification (ICD-10-CM) since 1999 [16]. The data
selected for this study comprised subjects aged 65 years and
older hospitalized with a principal diagnosis ICD-10 code of
femoral neck (S72.0) or pertrochanteric (S72.1) hip fracture.
Estimates of the Ecuadorian population aged 65 years and
older and projections of the population by provinces of the
country were obtained from the Latin American and
Caribbean Demographic Center and National Information
System, respectively [17, 18]. Age-specific (65–69, 70–74,
75–79, and 80 years and older) hip fracture rates by gender
and regions of the country were calculated per 100,000 pop-
ulation. Subsequently, fracture rates were age adjusted using
the 2010 Ecuadorian Census as the standard population.

The Healthcare Cost and Utilization Project net
(HCUPnet), online query system sponsored by the Agency
for Healthcare Research and Quality (AHRQ), was assessed
to generate hip fracture data from the Nationwide Inpatient
Sample, which is representative of 20% of all U.S hospitals.
The ICD-9-CM codes 820.00–820.9 were selected to identify
individuals aged 65 years and older hospitalized with a prin-
cipal diagnosis of hip fracture between 1999 and 2014 [19].
Age-specific (65–75 and ≥ 85 years) hip fracture rates per
100,000 persons were calculated using the U.S. population
estimates [20]. Similarly, age-specific hip fracture rates were
calculated among older Ecuadorians during the study period.
Subsequently, to compare hip fracture rates between countries
over time, hip fracture rates were directly standardized by the
2010 Ecuadorian population to account for demographic
changes of the country’s population.

Statistical analysis

The Joinpoint regression program software, V.4.2.0.2 was used
to identify points where a statistically significant change occurred
in the linear slope of rates. The joinpoint regression detects points
at which significant changes in the direction and magnitude of
trends occur over time, assuming constant variance and uncorre-
lated errors [21]. The results are presented as the average annual
percent change (AAPC) with their corresponding 95% confi-
dence interval (95% CI). The AAPC in rates is a summary mea-
sure of the trend over a prespecified fixed interval. This measure
describes the average annual percent changes over a period of
multiple years, which is valid even if the joinpoint model indi-
cates that there were changes in trends during those years. The
AAPC is computed as a weighted average of the annual percent-
age change in rates from the joinpoint model, with the weights
equal to the length of the annual percent change interval [22].
The AAPC in age-specific and age-adjusted hip fracture rates by
gender and regions of the countrywas examined during the study
period. In the figures, the observed rates are represented by sym-
bols and the predicted trends from the joinpoint regressionmodel
are represented by dashed lines.

Results

A total of 20,091 adults with amean age of 82.3 (SD 8.1) years
were hospitalized with a principal diagnosis of hip fractures

Table 1 Trends in hip fracture rates among older adults in Ecuador,
1999–2016

Age groups
(years)

Number Ratesa AAPC (95% CI) P value

Men

65–69 580 23.8 1.6 (−0.7, 4.0) .205

70–74 745 41.8 0.6 (−0.8, 2.0) .563

75–79 1013 85.3 2.5 (1.1, 4.0)* < .001

≥ 80 3728 369.7 4.8 (3.6, 5.9)* < .0001

Women

65–69 986 36.9 5.1 (2.9, 7.3)* < .0001

70–74 1569 77.0 4.6 (2.9, 6.3)* < .0001

75–79 2238 153.5 3.9 (2.3, 5.5)* < .0001

≥ 80 9232 631.7 4.9 (4.1, 5.8)* < .0001

Total

65–69 1566 52.5 3.6 (2.3, 4.9)* < .0001

70–74 2314 60.6 3.2 (1.9, 4.5)* < .0001

75–79 3251 122.9 3.3 (2.1, 4.6)* < .0001

≥ 80 12,960 524.1 4.7 (3.8, 5.6)* < .0001

AAPC average annual percent change in rates

*The APPC is significantly different from zero at alpha = 0.05
a Rates per 100,000 persons
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between 1999 and 2016. Overall, women accounted for
69.8% of the cases. Notably, 13,739 (68.3%) hip fractures
occurred among older adults residing in the provinces of
Pichincha and Guayas, which are the most urbanized prov-
inces of the country. By region of the country, 55.0% of the
hip fractures were reported in the Andes Mountains, 42.9% on
the coast, and only 2.0% in the Amazon. Overall, hip fracture
in-hospital mortality was 4.9% in men and 3.7% in women
during the study period. However, up to 6.2% of the men aged
80 years and older died during hospitalization after a hip frac-
ture. Moreover, the mean length of stay after hip fracture hos-
pitalization was 10.2 (SD 7.8) days.

The total number of hip fractures increased from 575 in
1999 to 1950 in 2016. However, the estimated population of
Ecuadorians aged 65 years and older also increased from
573,000 in 1999 to 1 million in 2016. After adjustment for
age, hip fracture rates increased annually on average by
4.6% (95% CI 3.8%, 5.4%) from 96.4/100,000 in 1999 to
173.1/100,000 persons in 2016. As shown in Table 1, hip
fracture rates increased exponentially with advancing age
and were about twofold higher among women. In general,
the highest AAPC in fracture rates was seen among subjects
aged 80 years and older at 4.7% (95% CI, 3.8%, 5.6%) per
year. Moreover, after age adjustment, hip fracture rates in-
creased in men on average by 3.5% (95% CI 2.7%, 4.4%)
per year while the AAPC increase in hip fracture rates was

even higher in women at 4.7% (95% CI 3.8%, 5.6%) per
year (Fig. 1).

As shown in Fig. 2, age-adjusted hip fracture rates in-
creased in all regions of the country. However, hip fracture
rates markedly increased in the coastal region of the country
on average by 7.8% (95% CI, 6.0%, 9.6%) per year. In the
Andes Mountains, the rates increased on average by 1.9%
(95% CI, 0.5%, 3.3%) per year. However, a significant in-
crease in hip fractures was seen since 2009 onward by 5.7%
(95% CI, 2.8%, 8.8%) per year. As shown in Fig. 3, age-
adjusted hip fracture rates decreased on average by − 2.5%
(95%CI − 2.7%, − 2.3%) among older adults in the U.S. while
the AAPC in hip fracture rates significantly increased by 4.6%
(95% CI, 3.6%, 5.7%) among their Ecuadorian counterparts
between 1999 and 2014.

Discussion

The present findings indicate that hip fracture rates increased
among older adults in Ecuador between 1999 and 2016.
Moreover, upward trends in hip fracture were predominantly
attributed to a marked increase in fracture rates among men
and women aged 80 years and older during the study period.
Notably, after age adjustment, hip fracture rates gradually in-
creased on average by 3.5 and 4.6% per year in men and
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Fig. 1 Trends in age-adjusted hip fracture rates among older adults in Ecuador
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women, respectively. These results extend and are consistent
with those from a prior analysis describing an increase in hip
fracture age-adjusted rates among Ecuadorian men and wom-
en aged 50 years and older by 3.4 and 4.2% per year between
1999 and 2008, respectively [6]. While there is scarce data on
the epidemiology of hip fracture in South America, hip frac-
ture age-adjusted rates among Mexican men and women aged
50 years and older beneficiaries of the Mexican Institute of
Social Security increased by 1% per year during 2000–2006
[9, 10]. Similarly, previous studies have projected increasing
hip fracture rates in Ecuador and Colombia over the next de-
cades [6, 11]. Of interest, Ballane et al. in a study conducted to
examine the annual percentage change in age-adjusted hip
fracture rates worldwide demonstrated downward trends in
hip fracture rates in most Western countries and Oceania since
the mid-1990s. However, the same study reported geographic
differences in hip fracture trends in South East Asia. For in-
stance, increasing hip fracture rates occurred in Japan, China,
and South Korea, except in urbanized areas such as Hong
Kong and Taiwan, which are in agreement with the present
study results [9].

Notably, marked opposing hip fracture trends were seen
among older adults in Ecuador and the U.S. between 1999 and
2014.While the precise reasons for these findings are unknown,

there are possible explanations for the present results. The in-
creased hip fracture rates in Ecuador may reflect improved med-
ical care resulting in longer survival of frail elders at higher risk
of hip fracture [23]. Moreover, the use of specific osteoporosis
therapy has also been postulated as a contributor to the decreas-
ing fracture rates in many countries [9]. For instance, a signifi-
cant downward trend in hip fracture age-adjusted rates occurred
after 1995 in Canada and among Medicare beneficiaries the
U.S., which coincided with increasing use of bisphosphonates
[7, 8]. Of interest, a recent study among Medicare beneficiaries
suggested that the decline in hip fracture rates in the U.S. over
the past 15 years may be ending. In that particular study, hip
fracture rates in 2013 and 2014 were greater that the predicted
trends. Similarly, we found that hip fracture rates among older
Americans leveled off during the last 2 years of the study. As the
investigators concluded, possible explanations for this finding
may be related to fewer dual-energy X-ray absorptiometry
(DXA) scan performed since 2009 and consequently fewer
women diagnosed and treated for osteoporosis [24].

In Ecuador, a small cross-sectional study conducted among
53women aged 60 years and older in Riobamba, Chimborazo,
reported that the prevalence of osteoporosis and osteopenia
was 13.2 and 50.9%, respectively [25]. Overall, about 50%
of the participants used calcium supplements and were treated
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Fig. 2 Trends in age-adjusted hip fracture rates by region of the country
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with bisphosphonates. Of note, osteoporosis prevalence rates
among older women from this region of the country were
comparable to those reported among U.S. women aged 60–
69 years during 2005–2010 [26]. While it is unknown, the
number of DXA machines or the access to bone mineral den-
sity (BMD) testing in Ecuador, the Latin American regional
audit conducted in 2012 reported that the number DXA ma-
chines varies considerably in the region from 2 machines per
million population in Bolivia and Guatemala to 10 per million
in Chile and Brazil [27]. Despite these facts, a FRAX score
calculator was developed to estimate the 10-year probability
of hip or a major osteoporotic fracture in Ecuador. The FRAX
calculation tool was designed to assist clinicians in predicting
the 10-year probability of fracture with or without the addition
of femoral neck BMD [28].

Of relevance, a recent study described that overall, 67.8
and 21.6% of the adults aged 60 years and older had evidence
of vitamin D insufficiency and deficiency in Ecuador, respec-
tively. In addition, even higher vitamin D deficiency preva-
lence rates were present among older women, indigenous, and
those residing in the Andes Mountains region of the country.
For instance, up to 40.5 and 34.8% of older indigenous and
residents in the rural Andes Mountains had evidence of vita-
min D deficiency, respectively. Since vitamin D deficiency is a
well-known risk factor for secondary hyperparathyroidism,
osteoporosis, and increased risk of fractures, the higher

proportion of older Ecuadorians affected with this condition
may partly explain the increased incidence of hip fracture seen
in the present study [14]. Likewise, fall-related injuries repre-
sent an important public health problem affecting aging pop-
ulations. For instance, about 1–14% of the falls in women
result in hip fracture and over 90% of the hip fractures are
the result of a fall [29]. Previous population-based studies
indicate that 34.7 and 11.4% of the subjects aged 60 years
sustained falls or fall-related injuries requiring medical atten-
tion in Ecuador, respectively. Of those who had fallen, up to
30.6% reported a fall-related injury[13, 30]. Moreover, sub-
jects residing in the provinces of Guayas and Pichincha, the
most urbanized provinces of the country, had significantly
higher fall-related injuries as compared with other provinces
of the country [30]. Similarly, two thirds of hospitalizations
for hip fracture occurred in these provinces of the country.
Moreover, hip fracture age-adjusted rates differed by region
of the country with the highest rates found among residents in
the Andes Mountains. However, a marked annual increase in
hip fracture rates was seen predominantly among residents in
the coastal region exceeding those rates in the Andes
Mountains in 2016. Although we could postulate that hip
fractures occurred predominantly in urbanized areas of the
country, further studies are needed to examine urban vs. rural
differences in hip fracture rates in Ecuador. Consistent with
our results, previous studies have described that changes in

0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

R
a
t
e
s
 
p

e
r
 
1
0
0
,
0
0
0
 
p

o
p

u
l
a
t
i
o

n

years

U.S. rates ECU rates

Fig. 3 Hip fracture age-adjusted rates among older adults in U.S. and Ecuador
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lifestyle with urbanization as a possible explanation of in-
creasing hip fractures rates, particularly in Asia [9, 23].

The present study has several limitations. First, the diagno-
sis of hip fracture was not radiographically confirmed andmis-
classification of fractures may have occurred. In addition, no
previous study has validated the report of ICD-10 hip fracture
codes in Ecuador. Second, because the mechanism of injury
resulting in hip fractures is not reported by the National
Hospital Discharge Surveillance System, high-impact injuries
such as those related to motor vehicle accidents may have
overestimated the number of hip fractures. Third, comorbidi-
ties, medications, or lifestyle behaviors, which may increase
the risk of hip fracture, are not documented in this hospitaliza-
tion discharge survey. Fourth, the present findings may be
generalized only to populations with similar racial and geo-
graphic characteristics in Latin America.

In conclusion, hip fracture rates markedly increased among
older adults in Ecuador. The present findings should alert pub-
lic health authorities to implement policies of osteoporosis
awareness and prevention in Ecuador.
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