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Abstract

Background: The number of centenarians is rapidly increasing in Europe. In Portugal, it has almost tripled over the
last 10 years and constitutes one of the fastest-growing segments of the population. This paper aims to describe
the health and sociodemographic characteristics of Portuguese centenarians as given in the 2011 census and to
identify sex differences.

Methods: All persons living in Portugal mainland and Madeira and Azores islands aged 100 years old at the time
of the 2011 census (N = 1,526) were considered. Measures include sociodemographic characteristics and perceived
difficulties in six functional domains of basic actions (seeing, hearing, walking, cognition, self-care, and
communication) as assessed by the Portuguese census official questionnaires.

Results: Most centenarians are women (82.1 %), widowed (82 %), never attended school (51 %), and live in private
households (71 %). The majority show major constraints in seeing (67.4 %), hearing (72.3 %), and particularly in their
mobility (83.7 % cannot/have great difficulties in walking/climbing stairs and 80.7 % in bathing/dressing). In general,
a better outcome was found for reported memory/concentration and understanding, with 39.1 % and 42.5 %
presenting no or mild difficulty, respectively. Top-level functioning (no/mild difficulties in all dimensions concurrently)
was observed in a minority of cases (5.96 %). Women outnumber men by a ratio of 4.6, and statistically significant
differences were found between men and women for all health-related variables, with women presenting a higher
percentage of difficulties.

Conclusion: Portuguese centenarians experience great difficulties in sensory domains and basic daily living activities,
and to a lesser extent in cognition and communication. The obtained profile, though self-reported, is important in
considering the potential of social and family participation of this population regardless of their functional and sensory
limitations. Based on the observed differences between men and women, gender-specific and gender-sensitive
interventions are recommended in order to acknowledge women’s worse overall condition.
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Background
Although centenarians still represent a small proportion
of the total world population, their number is projected to
increase rapidly from approximately 441,000 in 2013 to
3.4 million in 2050 and 20.1 million in 2100 [1]. The rise
in the number of centenarians has attracted research
interest all over the world, particularly for the last two de-
cades, in which several centenarian studies have been con-
ducted in Europe following the examples of long-term
centenarian studies conducted in the US and Japan [2].

Collectively, international studies have presented
wide-ranging information about centenarians’ sociode-
mographic characteristics [3], longevity patterns from
a psychosocial and health perspective [4], and need for
and use of health care services [5, 6], to name a few of
the research focus areas. In Portugal, although the
number of centenarians has almost tripled over the last
10 years from 589 in 2001 [7] to 1,526 in 2011 [8] and
the first population-based study has been recently
established, the PT100 Oporto Centenarian Study [9],
no large-scale information has been made available on
this age group, particularly on their overall health
status.
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This study aims to present the main sociodemographic
characteristics of Portuguese centenarians based on data
from last National Census, and to provide a first overview
of their elementary health profile in terms of sensory func-
tions (hearing, vision), functional status (walking/climbing
stairs and bathing/dressing), cognition (memory/concen-
tration), and communication (understanding/being under-
stood). This set of questions has been developed by the
Washington Group on Disability Statistics and is consist-
ent with the International Classification of Functioning,
Disability, and Health (ICF) [10]. Sex differences are also
investigated.

Methods
The present study is based on information provided by
Statistics Portugal (INE) and collected within the frame-
work of the 2011 census [11, 12]. It considers information
about people aged 100 years or more at the moment of
census data collection: gender (male or female), marital
status (married, single, widowed, or divorced), number of
years of education completed (illiterate, 4 years, 6 years,
9 years, 12 years, or higher education), income (pension,
family support, properties or business, social support,
other), religion (Catholic, other, without religion, or not
available), and self-reported disability, which was assessed
by a general question about having difficulties doing cer-
tain activities due to health problems or aging: difficulty
seeing, even with glasses; difficulty hearing, even if using a
hearing aid; difficulty walking or climbing steps; difficulty
remembering or concentrating; difficulty with self-care
such as washing all over or dressing; difficulty communi-
cating (understanding or being understood by others).
Each of these questions had three response categories: (1)
No difficulty or some difficulty; (2) A lot of difficulty; (3)
Cannot do it at all.
Information about type of residence (community or insti-

tution) and geographical mobility was also collected. An
exploratory analysis was performed in order to characterize
Portuguese centenarians. Differences between men and
women were examined using chi-square test or Fisher’s
exact test (if assumptions of application of chi-square test
were not checked). A significance level of α = 0.05 was
considered.

Results
In 2011, the number of centenarians in Portugal mainland
and Madeira and Azores islands was 1,526, of which 1,253
(82.1 %) were females. Women outnumber men by a ratio
of 4.6. The majority of the population was widowed
(1,251, 82.0 %), followed by singles (172, 11.3 %), married
(86, 5.6 %) and divorced (17, 1.1 %). As for educational
level, 940 (61.6 %) centenarians were illiterate, 436
(28.6 %) had completed up to four years of school, and
121 (7.9 %) had completed between 6 and 9 years of

school. About half of them (51 %) never attended school
(of these, 52.6 % know how to read and write and 47.4 %
do not know how to read and write), and only a small mi-
nority had higher education (29, 1.9 %).
The great majority (1,084, 71.0 %) lived in private house-

holds, and 29 % (442) lived in institutions (e.g., nursing
homes). Most centenarians (57 %) were born in the place
they currently live (37.5 % in the same town, and 19.5 %
in the same council, different town). Monthly income
came mostly from their own pension (1,444, 94.6 % of the
centenarians), with a minority (4.5 %) relying on their
family as the main source of economic support. The ma-
jority was Catholic (1,316, 86.2 %).
With regard to the centenarians’ sensory functions,

functional status, cognition, and communication (Fig. 1),
most reported having great difficulties in seeing (58.2 %)
and hearing (63.4 %). Understanding others/being under-
stood was the dimension with a higher percentage of indi-
viduals presenting no/mild difficulties (649, 42.5 %), and
walking/climbing stairs was the dimension with a lower
percentage (248, 16.3 %). On the other hand, almost half
of the 1,526 centenarians (710, 46.5 %) mentioned being
totally unable to take a bath/dress by themselves. Vision
and hearing were the dimensions with a lower percentage
of total limitation, with 140 (9.2 %) and 136 (8.9 %) cente-
narians, respectively.
Gender analysis is presented in Table 1. With the excep-

tion of income source, all other sociodemographic charac-
teristics of centenarians vary according to gender. Marital
status and gender were associated (p < 0.001), standing
out a high percentage of married males (21.6 %) compared
to married females (2.2 %). Analyzing education level, also
associated with gender (p < 0.001), there was a higher per-
centage of illiterate females (65.0 %) when compared to
males (45.8 %). In both sexes, the majority of centenarians
lived in the community; however, an association between
sex and type of residence was also observed, with a higher
percentage of males living in the community (78.8 % for
males and 69.4 % for females, p = 0.002). Although the
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religious profile was similar for males and females, sex
and religion were associated (p = 0.007), with a slightly
higher percentage of males without religion (4.0 % for
males and 1.1 % for females).
The comparison of sexes according to sensory func-

tions, functional status, cognition, and communication
revealed statistically significant differences for all the di-
mensions under analysis. Overall, females recurrently
present greater difficulties in performing activities due to
health problem or aging: 10.5 % could not see at all,
whereas only 2.9 % of the males were in this situation (p
< 0.001); being totally unable to hear was reported by
9.6 % of the females and by only 5.9 % of the males (p =
0.049); 41.1 % of the females could not walk/climb stairs,
a situation reported by 21.2 % of the males (p < 0.001);
being unable to memorize/concentrate was mentioned
by 24.8 % of females and only 8.8 % of males (p < 0.001);
half of females reported being totally unable to bathe/
dress by themselves, whereas this happened in 31.1 % of
the male population (p < 0.001). In the communication
dimension, 20.1 % and 7.3 % of females and males, re-
spectively, mentioned being totally unable to understand
others/being understood (p < 0.001).
When combined, only 38 (2.49 %) centenarians showed

no capacity in all considered dimensions (sensory func-
tions, functionality, cognition, and communication). Of
these, most were women (35, representing 2.29 % of the
total number of centenarians and 2.79 % of all female cen-
tenarians). On the contrary, 91 (5.96 %) centenarians were
at the top level of functioning, i.e., presented no/mild diffi-
culties in all considered dimensions concurrently. Most
were females (62, 4.06 % of the total centenarians, and
4.95 % of all female centenarians), but within the group of
male centenarians there were up to 29 (10.62 %).

Table 1 Sociodemographic characteristics, sensory functions,
cognition, communication, and functionality of Portuguese
centenarians by sex

Sex p

Female Male

Sociodemographic
characteristics

n % n %

Marital status

Married 27 2.2 59 21.6 <0.001

Single 152 12.1 20 7.3

Widowed 1061 84.7 190 69.6

Divorced 13 1.0 4 1.5

Education (years completed)

Illiterate 815 65.0 125 45.8 <0.001

4 years 327 26.1 109 39.9

6 years 33 2.6 9 3.3

9 years 39 3.1 10 3.7

12 years 20 1.6 10 3.7

Higher education 19 1.5 10 3.7

Residence

Community 869 69.4 215 78.8 0.002

Institution 384 30.6 58 21.2

Income source

Pension 1183 94.4 261 95.6 0.056

Family support 39 3.1 2 0.7

Properties or business 11 0.9 3 1.1

Social support 8 0.6 1 0.4

Other 12 1.0 6 2.2

Religion

Catholic 1088 86.8 228 83.5 0.007

Other 19 1.5 6 2.2

Without religion 13 1.1 11 4.0

Not available 133 10.6 28 10.3

Sensory functions, cognition,
communication and
functionality

Vision

No/Mild difficulty 382 30.5 116 42.5 <0.001

Great difficulty 739 59.0 149 54.6

Can not 132 10.5 8 2.9

Hearing

No/Mild difficulty 335 23.7 88 32.2 0.049

Great difficulty 798 63.7 169 61.9

Can not 120 9.6 16 5.9

Walk/Climb stairs

No/Mild difficulty 176 14.0 72 26.4 <0.001

Great difficulty 562 44.9 143 52.4

Table 1 Sociodemographic characteristics, sensory functions,
cognition, communication, and functionality of Portuguese
centenarians by sex (Continued)

Can not 515 41.1 58 21.2

Memory/Concentration

No/Mild difficulty 456 36.4 141 51.6 <0.001

Great difficulty 486 38.8 108 39.6

Can not 311 24.8 24 8.8

Bathing/Dressing

No/Mild difficulty 207 16.5 87 31.9 <0.001

Great difficulty 421 33.6 101 37.0

Can not 625 49.9 85 31.1

Understand others/Being
understood

No/Mild difficulty 497 39.7 152 55.7 <0.001

Great difficulty 504 40.2 101 37.0

Can not 252 20.1 20 7.3
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Discussion
This is the first descriptive large-scale health profile of
Portuguese centenarians ever conducted. Overall, along
with the expected constraints in sensory functions and
the presence of great difficulties in basic daily living
activities (viz., mobility) and cognition (memory/concen-
tration), a significant proportion of centenarians was
found to have no/mild difficulty in understanding others
and being understood. Although subjectively measured,
these health-related dimensions provide an important
basic health profile with implications for service pro-
gramming. First, it reveals that most centenarians do not
generally present a positive outlook and may potentially
be in a frail condition; second, it discloses the need to
pay attention to this population’s care-provision needs,
namely to the maintenance of their capacity to express
their wills (ultimately their autonomy) regardless of the
reported sensory constraints and functional difficulties.
In being able to understand others/being understood

(42.5 %), the capacity of centenarians to express personal
resolutions about their own lives according to personal
rules and preferences must be acknowledged. This is a
crucial aspect of mental health in advanced ages. Consid-
ering that centenarians often present high prevalence of
diseases and chronic conditions that put them at risk of
experiencing limited or restricted participation in society,
being able to communicate with no/mild difficulties (ex-
pressing wishes, goals, and preferences) ought to be of
crucial importance and must therefore be incentivized by
care providers, particularly when difficulties in other
domains (e.g., functionality, sensory, mobility) may limit
independent living or social integration if appropriate ac-
commodations are not made.
In addition to centenarians’ care provision needs (and

arguably their health service utilization, though that can-
not be inferred from our results), equal attention must
be given to their living arrangements, housing condi-
tions, and provision of informal care. Considering that
the great majority of centenarians live in private house-
holds (71 %), most probably with their immediate family,
having a deeper insight into the flows of care provision
in multigenerational households is imperative. Encour-
aging and sustaining family- and community-based care
for the elderly is likely to be more cost-effective than
residential and nursing care placements, and it is cer-
tainly a traditional scenario for Portugal due to the
strong tradition of familism that characterizes southern
European countries [13], but it raises important ques-
tions on the circumstances in which the care is provided.
How to care for a very old relative while the caring
family members themselves are in advanced age, and
how to organize affordable care and medical services
that meet the needs of the very old and their families
are just two of the currently recognized challenges

within centenarian studies [14] that must be taken
into account when further analyzing the health cir-
cumstances of this population.
As for the second goal of this paper, identifying sex

differences, our findings are globally in line with previ-
ous studies suggesting that very old men are a minority
and tend to present better outcomes than women. Fe-
males live longer but suffer a higher level of morbidity,
and this has been shown in several studies with the most
elderly (e.g., Danish studies [15]) and particularly within
centenarian studies from around the world (e.g., China
[16], Greece [17]). For instance, in a recent population-
based cohort study of centenarians using electronic
health records conducted in the UK, authors found that
fewer men than women reached the age of 100, and that
women had greater multiple morbidity than men, as well
as greater likelihood of having multiple geriatric syn-
dromes [18].
In Portugal, we found that centenarian women substan-

tially outnumber men and present an overall worse health
status; but we also found that examining the data for
women reveals a more vulnerable social condition. Signifi-
cant differences were found for marital status, educational
level, and living arrangements, indicating that on these do-
mains men present a more favorable situation (i.e., having
a spouse alive, being non-institutionalized, and having a
higher educational level). These findings are easily under-
stood within sociocultural and historical circumstances
and can be framed within a gender lens that characterizes
this cohort’s life (e.g., men tending to marry younger
women, marital status being determined by the mortality
rates of spouses, remarriage rates which are more socially
acceptable to men). Men and women differ in their life
expectancy (shorter for men) and health condition along
life (worse for women, on average), and considering the
observed differences in the current cohort of centenarians,
gender-specific and gender-sensitive approaches to the
understanding of health care service needs in very ad-
vanced age is to be cautioned.
The feminization of aging is thought to have impact on

health outcomes and services, and several authors have ar-
gued for a greater focus on the unique needs of women, a
gendered approach to policy and intervention develop-
ment, and the promotion of health across the life span
[19]. It is our conviction that such focus ought to include
the most elderly population. Particularly in the Portuguese
scenario, there is strong evidence of inequity in health
against women, and also of the existence of a “gender ef-
fect” in health care use [20]. On average Portuguese
women report a worse health condition than men, a
higher number of disability days, and are more likely to
suffer from longstanding illness. The way these conditions
link to their socioeconomic status and access to treatment
in very old age deserves further attention. Following the
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trends observed in recent research with centenarians in
the Mediterranean that focus on both quantitative and
qualitative measures in order to explore perspectives on
longevity [21], the study of gender differences and its de-
terminants and consequences should also be conveniently
addressed in further studies with this population.
Finally, it is important to highlight a specific sociodemo-

graphic aspect of the obtained profile of Portuguese cente-
narians – the percent of illiteracy/very low educational
level. Regardless of the observed differences between men
and women on this aspect (more favorable for men), most
centenarians never attended school, which is due to socio-
historical reasons (long dictatorship period with scarce ac-
cess to education). Bearing in mind further research with
the Portuguese most elderly population, namely those
grouped as “near centenarians,” the use of complex assess-
ment protocols is to be used with caution.
The analysis of the current study relied on a dataset lim-

ited to the information available for centenarians, which
did not allow for analysis on the trajectory of prevalence
and the sex pattern of disability in the most elderly (i.e.,
beyond 85 years old). This is a weakness of this paper that
would be important to overcome in future studies. Such
analysis of disability, separately for males and females,
should be done to place the analysis of centenarians’
health in perspective.

Conclusions
This study provides important information about the
current sociodemographic profile of Portuguese centenar-
ians and describes their elementary subjective health pro-
file as given by national census data. The high proportion
of centenarians presenting great difficulties in sensory do-
mains, basic daily living activities, and to a lesser extent in
cognitive (memory/concentration) and communication
capacities (understanding others/being understood) reveal
the need for more information regarding this population’s
specific care needs, their current arrangements of both
formal and informal care, and how this may differ from
those of younger cohorts of older people. The Wash-
ington Group on Disability Statistics’ questions consid-
ered in the Portuguese census were designed to provide
comparable data cross-nationally and outline a set of
domains that were selected using the criteria of simpli-
city, brevity, universality, and comparability [10]. In be-
ing able to capture persons with similar problems
across countries, relevant further research will be to
compare data on this population (centenarians and
most elderly in general) at an international level consid-
ering that the WG short set of questions has already
been used in a few censuses. Another step will be to
analyze the prevalence trajectory of difficulties by age,
nationally and cross-nationally. This would provide im-
portant information on the population at higher risk

for limitations in the ability to fully participate in soci-
ety due to functional limitations in core domains.
As for the fact that most Portuguese centenarians are

living in the community, this finding brings attention to
informal caregiving dynamics (and service needs for both
care-receivers and caregivers) that might be present in
multigenerational households. Finally, the predominance
of women among the centenarians and the observed sex
differences reaffirm the importance of recognizing gender
as a cross-cutting determinant for personal healthy aging
trajectories [22]. Differences in health outcomes by sex are
common throughout the life-course, but large population-
based studies reporting trends in incidence and the health
of centenarians are still scarce and should be conducted
due to their pivotal role for planning adequate care.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
OR and LA conceived the study and participated in its design and coordination.
OR, LA, and LT performed the statistical analysis and data interpretation. OR
wrote the manuscript. CP critically revised the manuscript for important
intellectual content. All authors read and approved the final manuscript.

Acknowledgments
Statistics Portugal (INE) for providing the data and for assistance in a first
analysis of the data coding system. This research was partially presented in
2014 at the International Centenarian Consortium in Osaka University, Japan,
and at the 22nd Nordic Congress of Gerontology in Gothenburg, Sweden.

Author details
1Institute of Biomedical Sciences Abel Salazar (UNIFAI and CINTESIS),
University of Porto, Rua Jorge Viterbo Ferreira, 228, 4050-313 Porto, Portugal.
2Polytechnic Institute of Viseu (ESEV and CI&DETS) , Rua Maximiano Aragão,
3504 - 501 Viseu, Portugal.

Received: 24 July 2015 Accepted: 6 April 2016

References
1. United Nations, Department of Economic and Social Affairs, Population

Division. 2013. New York: World Population Ageing 2013. ST/ESA/SER.A/348.
2. Poon L, Cheung SLK. Centenarian research in the past two decades. Asian J

Gerontol Geriatr. 2012;7:8–13.
3. Wilkinson T, Sainsbury R. A census-based comparison of centenarians in

New Zealand with those in the United States. JAGS. 1998;46:488–91.
4. Richmond RL, Law J, Kay-Lambkin F. Physical, mental, and cognitive

function in a convenience sample of centenarians in Australia. JAGS. 2011;
59:1080–6.

5. Rochon PA, Gruneir A, Wu W, et al. Demographic characteristics and
healthcare use of centenarians: a population-based cohort study. JAGS.
2014;62:86–93.

6. Wastesson JW, Parker MG, Fastbom J, Thorslund M, Johnell K. Drug use in
centenarians compared with nonagenarians and octogenarians in Sweden:
a nationwide register-based study. Age Ageing. 2012;41(2):218–24.

7. Instituto Nacional de Estatística, INE. População residente por Local de
residência, Sexo e Grupo etário (Decenal). 2001. http://www.ine.pt/xportal/
xmain?xpid=INE&xpgid=ine_
indicadores&indOcorrCod=0002192&contexto=bd&selTab=tab2. Accessed
September 6, 2014.

8. Instituto Nacional de Estatística, INE População residente por Local de
residência, Sexo e Grupo etário (Decenal). 2011. http://www.ine.pt/xportal/
xmain?xpid=INE&xpgid=ine_
indicadores&indOcorrCod=0006368&contexto=bd&selTab=tab2. Accessed
September 6, 2014.

Ribeiro et al. Population Health Metrics  (2016) 14:13 Page 5 of 6

http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0002192&contexto=bd&selTab=tab2
http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0002192&contexto=bd&selTab=tab2
http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0002192&contexto=bd&selTab=tab2
http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0006368&contexto=bd&selTab=tab2
http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0006368&contexto=bd&selTab=tab2
http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0006368&contexto=bd&selTab=tab2


9. Ribeiro O, Araújo L, Teixeira L, Brandão D, Duarte N, Paúl C. Oporto
Centenarian Study. In: Pachana NA, editor. Encyclopedia of Geropsychology,
doi 10.1007/978-981-287-080-3_141-1.

10. Madans JH, Loeb ME, Altman BM. Measuring disability and monitoring
the UN Convention on the Rights of Persons with Disabilities: the work
of the Washington Group on Disability Statistics. BMC Public Health.
2011;11 Suppl 4:S4.

11. Instituto Nacional de Estatística. INE Censos 2011 – Preparação, metodologia
e conceitos. Lisboa: INE; 2013a.

12. Instituto Nacional de Estatística. INE Inquérito de Qualidade dos Censos
2011 – Metodologia e Resultados. Lisboa: INE; 2013b.

13. Lopes A. New approaches to familism in the management of social policy
for old age in Portugal. In: Troisi J, Von-Kondratowitz H, editors. Ageing in
the Mediterranean. Chicago: Policy Press; 2013. p. 215–34.

14. Jopp D, Boerner K, Ribeiro O. & Rott C. Life at 100: An international research
agenda for centenarian studies. J Aging Soc Policy. (in press)

15. Christensen K, Thinggaard M, Oksuzyan A, Steenstrup T, Andersen-Ranberg
K, Jeune B, McGue M, Vaupel JW. Physical and cognitive functioning of
people older than 90 years: a comparison of two Danish cohorts born 10
years apart. Lancet. 2013;382:1507–13.

16. Yi Z, Yuzhi L, George LK. Gender differentials of the oldest old in China. Res
Aging. 2003;25:65–80.

17. Tigani X, Artemiadis AK, Alexopoulos EC, et al. Gender differences in Greek
centenarians. A cross-sectional nation-wide study, examining multiple socio-
demographic and personality factors and health locus of control. BMC
Geriatr. 2011;11:87.

18. Hazra NC, Dregan A, Jackson S, Gulliford MC. Differences in health at age
100 according to sex: Population-based cohort study of centenarians using
electronic health records. JAGS. 2015. doi:10.1111/jgs.13484.

19. Davidson P, DiGiacomo M, McGrath S. The feminization of aging: how will
this impact on health outcomes and services? Health Care Women Int.
2011;32:1031–45.

20. Fernandes A, Parelman J, Mateus C. Health and Health Care in Portugal.
Does Gender Matter? Lisbon: Instituto Nacional de Saúde Doutor Ricardo
Jorge; 2010.

21. Darviri C, Pelekasis P, Galanakis M, Tigani X. Demographic and
anthropometric variables related to longevity: results from a Greek
Centenarians’ study. J Basic Appl Sci. 2015;11:381–8.

22. World Health Organization. Active Aging: A Policy Framework. Geneva:
WHO; 2002.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ribeiro et al. Population Health Metrics  (2016) 14:13 Page 6 of 6

http://dx.doi.org/10.1007/978-981-287-080-3_141-1
http://dx.doi.org/10.1111/jgs.13484

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

