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Objective. To examine the patterns of health care utilization by the elderly and test
the influence of functional decline.
Data Source and StudyDesign. We used the three regular waves of the SHARE sur-
vey to estimate the influence of frailty on health care utilization in 10 European coun-
tries. We controlled for the main correlates of frailty and unobserved individual effects.
Results. The frail elderly increase their primary and hospital care utilization before
the onset of disability. Multimorbidity moderates the effect of frailty on care utilization.
Conclusions. The prevalence of frailty is high in most countries and is expected to
increase. This renders frailty prevention and remediation efforts imperative for two
complementary reasons: to promote healthier aging and to reduce the burden on
health systems.
Key Words. Frailty, health care utilization, aging, Europe, prevention

Population aging is challenging the sustainability of health systems in
developed countries (Knickman and Snell 2002; World Health Organiza-
tion 2008; European Commission 2012). Growing consensus regards the
necessity to redesign care processes to better respond to the care needs of
the elderly (Giannakouris 2008), especially for complex patients, like the
frail subjects.

Frailty is a biological syndrome defined as a state of vulnerability result-
ing from progressive, cumulative physiological declines in reserve capacity
and fitness across multiple body systems (Fried et al. 2001). It cannot be
strictly separated from the natural process of aging and is a precursor of dis-
ability (Fried et al. 2004; Buchman et al. 2009). Frail individuals can hardly
cope with common acute stressors (e.g., hospitalization); thus, they are prone
to poor/adverse health outcomes (Morley 2006; Bortz 2010; Rochat et al.
2010; Xue 2011).
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The literature on the specific patterns of health care utilization for frail
patients is scarce (Hoeck et al. 2011). However, the topic is important because
health systems are striving to contain expenditures and accurate information
on care utilization by this cluster of patients might help to prioritize interven-
tions. Therefore, we attempt to fill this gap and use data from the Survey of
Health, Ageing and Retirement in Europe (SHARE) to estimate how care uti-
lization changes with functional decline, controlling for the main correlates of
frailty: disability and multimorbidity (Buchman et al. 2009; Heuberger 2011).
In addition, it is important to control for the effect of psychological factors
(Espinoza and Fried 2007), gender (Woods et al. 2005; Heuberger 2011),
socio-economic status, and behavioral risks (Woods et al. 2005; Espinoza and
Fried 2007).

STUDYOBJECTIVES, DATA, ANDMETHODS

This study addresses the question: “Is frailty significantly associated with
increased levels of health care utilization among the elderly, even after
accounting for all of its main correlates such as disability andmultimorbidity?”
To answer this question, we independently estimate the influence of frailty on
primary and hospital care utilization.

We employ data from the three regular panel waves of SHARE, as pub-
lished in releases 2.5.0 and 1.1.1 (B€orsch-Supan and J€urges 2005). Data collec-
tion ran in the periods 2004–2005, 2006–2007, and 2011–2012, respectively.
Two characteristics of the data led us to select the econometric approach: (1) the
dataset is longitudinal and thus the observations are not distributed indepen-
dently in time; and (2) the selected response variables are all limited variables.

Exploiting the panel structure of the data allows us to relax the homoge-
neity assumption and control for unobserved individual heterogeneity, as well
as for potential differences between waves. The longitudinal approach of the
study led us to retain only the 10 countries that participated in all three waves:
Denmark, Sweden, the Netherlands, Germany, France, Belgium, Switzerland,
Austria, Spain, and Italy. Our sample consists of 83,019 observations from
50,967 individuals. The resulting panel is unbalanced: 10,159 and 11,734
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individuals have been observed in all the three waves and in two waves,
respectively.

To ensure attrition does not affect our estimates, we ran variable addition
tests (Verbeek and Nijman 1996). Results reject the hypothesis of significant
correlation between the pattern of missing values and our health utilization
variables. We also ran the estimation on pooled data and on individual waves,
and verified the robustness of our results. Finally, we decided against using the
balanced longitudinal subsample because death and incapacity are likely to be
important sources of nonresponse in the SHARE data. Therefore, such a
restriction would introduce bias by eliminating the more frail individuals from
the analysis ( Jones et al. 2007).

The three dependent variables used are as follows: the number of doctor
visits, the number of general practitioner (GP) visits, and whether the individ-
ual has been admitted to a hospital in the 12 months prior to the study. We
used Poisson regression models for the count dependent variables and logistic
regression models for the binary response variable.

We adopted the phenotype definition of frailty (Fried et al. 2001), which
consists of assessing five dimensions: grip strength, energy, walking speed,
physical activity, and unintentional weight loss. An individual is frail if three
or more of the above dimensions are compromised, whereas s/he is robust
when none of these deficits are present. Intermediate situations are defined as
prefrailty. Santos-Eggimann et al. (2009) adapted this operationalization to
the SHARE dataset and Romero-Ortuno et al. (2010) validated it.

In addition to frailty and its two main correlates, multimorbidity and
disability—the latter measured as the number of activities of daily living
(ADL) limitations accumulated in the six dimensions of the ADL index
(Katz et al. 1970)—our models include three categories of control variables:
health status, socio-economic status, and behavioral risks (see Table 1).
Whenever possible, we control for country and time fixed effects and their
interactions.

For each dependent variable, we first estimate a pooled model with an
unstructured correlation matrix (Rabe-Hesketh and Skrondal 2008). We fur-
ther enrich the estimation by including individual unobserved effects. Two
alternative estimations are possible: the random effects and the fixed effects
estimator. The former is efficient under the assumptions of strict exogeneity of
the regressors, conditional on the unobserved effects and the mean indepen-
dence of the unobserved effects from the regressors. However, the fixed effects
estimator allows for causal inference if only the strict exogeneity assumption is
satisfied (Wooldridge 2010).
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The Durbin–Wu–Hausman test (Hausman 1978) and the joint Wald test
of significance, used to analyze the coefficients of the time-averaged regressors
included in the Mundlak random effects specifications (Wooldridge 2010),
indicated that the fixed effects estimator is the most appropriate (Tables 2 and
3). Therefore, we discuss only these estimates in the following section, but the
results of the pooled estimation and of the random effects specification are pre-
sented for comparison.

We used robust standard errors for the pooled estimates and bootstrap
estimation (with 300 iterations) for the random and fixed effects models. We
also reran the estimation using subsamples excluding extreme cases: compari-
sons confirm that our results are not driven by outliers.

We addressed the potential issue of overdispersion by verifying that the
coefficients and the levels of significance do not change considerably when a
negative binomial model is used (Long 1997). Finally, we confirm the stability
of the results obtained with the Gauss–Hermite adaptive quadrature with 8,
12, and 16 integration points (Stata Corp 2009).

RESULTS

The average prevalence of frailty was 10.3 percent in our sample, with a con-
stant increase across the waves. Approximately half of the individuals were
robust, and 40 percent of the observed individuals were classified as prefrail.
Frail subjects used approximately three times more health care services
(among the ones considered) as compared with robust individuals (Table 1).
Not surprisingly, the prevalence of multimorbidity and disability increased
with frailty.

Table 2 shows that frailty has a strong, positive impact on the number of
doctor visits: prefrail and frail individuals are expected to see a doctor 17 and
45 percent more times, respectively, than robust individuals. Multimorbidity
and disability are positively associated with the number of doctor visits. Every-
thing else equal, a multimorbid subject sees a doctor 23 percent more times
than a patient who does not suffer from the condition. In addition, every addi-
tional ADL limitation increases the expected number of visits per year by 3.7
percent.

We also found evidence of the interplay between the two conditions: the
interaction term for multimorbidity and the frailty indicator is statistically
significant; hence, the effect of frailty on the response variable is moderated
by the presence of multimorbidity. This finding is important because

310 HSR: Health Services Research 50:1 (February 2015)
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Table 3: Estimates for the Probability of Being Admitted to Hospital (Odds
Ratios)

Pooled Conditional Logit Random Effects-Mundlak

Frailty (ref. Robust)
Prefrail 1.373*** 1.234** 1.291***
Frail 1.964*** 1.895*** 1.770***

Multimorbidity 1.508*** 1.434*** 1.390***
Prefrail 9 Multimorbidity 0.949 1.027 0.959
Frail 9 Multimorbidity 0.840* 0.737* 0.844*
ADL limitations 1.062*** 1.087** 1.116**
Self-perceived health 1.431*** 1.393*** 1.415***
Long-term illness 1.330*** 1.172** 1.247***
Two or more symptoms 1.203*** 1.220*** 1.206***
Depression symptoms 1.039*** 1.059*** 1.054***
Age category (ref. 50–59)
60–69 1.132*** 1.059 1.153*
70–79 1.307*** 1.220 1.365**
80+ 1.230*** 1.296 1.302

Male 1.282*** 1.298***
Living with partner 0.988 1.240 1.248
Children 1.150*** 0.861 1.008
Education (ref. Primary)
Secondary 1.041 1.015 0.972
Tertiary 1.024 0.986 0.885

Hh. wealth (ref. 1st quartile)
2nd quartile 0.994 1.053 0.990
3rd quartile 0.934 0.971 0.923
4th quartile 1.124** 1.153 1.114

Fin. distress (ref. Great difficulty)
Some difficulty 1.025 1.197 0.998
Relative ease 1.020 1.083 0.961
Ease 1.073 1.097 0.984

Is socially active 1.040 0.882** 0.910
Is physically active 0.949 0.910 0.913
Has ever smoked 1.109*** 1.126***
Is a frequent drinker 0.943* 0.847* 0.896
Country dummies Yes No Yes
Wave dummies Yes Yes Yes
Country 9 Wave dummies Yes Yes Yes
Durbin–Wu–Hausman test
v2 (42) 79.38
p-value .000

Wald joint test (Ho: c = 0)
v2 (15) 34.97
p-value .002

Continued
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approximately 65 percent of multimorbid patients also suffer from functional
decline (47 percent are prefrail, and almost 18 percent are frail). The negative
coefficient means that the combined effect of frailty and multimorbidity on
doctor visits is lower than the sum of the impact associated with the two condi-
tions when they are observed separately.

The presence of long-term illness is also positively associated with the
number of doctor visits.

All health status variables considered are positively and significantly
associated with the number of doctor visits, while none of our socio-economic
or behavioral risk controls is significant after we controlled for individual
unobserved heterogeneity.

The estimates for the number of GP visits during the previous
12 months produce results that are strikingly similar to those of the general
analysis presented above (see Table 2).

Table 3 shows that, all else being equal, individuals who suffer from two
or more chronic conditions have 1.43 times greater odds of being admitted to
a hospital in a given year than do nonmultimorbid subjects. A worsening dis-
ability status also leads to higher probabilities of being hospitalized: for every
increase in the number of ADL limitations the odds ratio goes up by a factor
of 1.09.

The effect of frailty on hospital care utilization is considerably larger:
everything else equal, prefrailty is associated with 1.24 times greater odds of
hospital admission than with the robust reference category, and frailty nearly
doubles the same odds. The 89 percent increase in the odds associated with
frailty illustrates a relationship that is more than twice as strong as the associa-
tion between the probability of being hospitalized and self-assessed health sta-
tus (OR = 1.393) and four times as strong as the association between
hospitalization and the presence of two or more symptoms (OR = 1.221) or
depression symptoms (OR = 1.059).

Table 3. Continued

Pooled Conditional Logit Random Effects-Mundlak

LR test (H0: q = 0)
�v2ð02Þ 29.85
p-value .000

Observations 64,196 14,118 64,196
No. of individuals 48,995 5,521 48,995

Note. All results are based on bootstrapped standard errors. Coefficients for country and wave
dummies and their interactions can be provided upon request.
*p < .05, **p < .01, ***p < .001.
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Finally, none of the socio-economic control variables had a statistically
significant influence on the probability of hospitalization.

DISCUSSION

To the best of our knowledge, this is the largest, multinational study investigat-
ing the influence of frailty on access to health care. We show that functional
decline, together with chronic conditions and disability, explain health care
utilization in different care settings, after controlling for socio-economic and
health status, and behavioral risks.

We did not assess costs in our analysis. However, it is safe to assume that
the increasing prevalence of frailty, documented also in our dataset, would
generate a relevant burden for European health systems. In fact, Robinson
et al. (2011) conducted a study on a cohort of older adults with similar preop-
erative comorbidities and intraoperative variables. Compared to robust sub-
jects, frail patients had significantly higher hospital acute costs (about 2.75
times, on average) and from discharge to 6-month health costs (about 3.31
times, on average). Khandelwal et al. (2012), studying a cohort of 250 hospital-
ized elderly, found that frail subjects had a higher median hospital stay (about
1.75 times) compared to robust patients. In this respect, it would be interesting
to conduct further, large studies that could help predict accurately the influ-
ence of frailty on health care costs. Based on such information, policy makers
might envision potential cost savings associated with initiatives targeting frail
patients, as such interventions seem to be cost-effective (Melis et al. 2008).

The similarity of the results for GP and doctor visits likely stems from
the centrality of GPs in European health systems and their coordination role
in the care processes. Even in countries where GPs are not gatekeepers, they
are likely to treat and follow up with patients for longer periods than other
health providers. This suggests that GPs might be key partners to implement
successful initiatives aimed to target frail patients. For instance, GPs could lead
screening initiatives to detect early frailty in the elderly, thus enabling the
health system to target these individuals more effectively and avoid inappro-
priate frequent access to more expensive care settings and adverse outcomes.
In addition, GPs could represent a pillar of the coordination and adherence
necessary for the success of initiatives aimed to contrast frailty. The feasibility
of such an approach depends on GPs’ workload and technological equipment
(e.g., electronic health records) and varies by country. However, the
alternative of a (comprehensive) geriatric assessment calls for multidisciplin-
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ary resources, while less demanding methods should be tested in terms of
discriminative power. In this respect, primary care might have a role in foster-
ing the development of generally agreed-upon, sound methods. The current
lack of consensus on how frailty should be diagnosed and assessed (Espinoza
andWalston 2005) hinders appropriate care for frail individuals.

The moderating role of multimorbidity in the relationship between
frailty and care utilization is an interesting finding. Perhaps, the attention usu-
ally received by multimorbid patients from their primary care providers helps
address their functional decline, thus contrasting the increase in doctor visits.
As a consequence, for the 55 percent of the elderly population who are not
diagnosed with multimorbidity, the transition from robustness to frailty is
expected to lead to a large, unmitigated increase in care utilization.

Long-term diseases positively influenced doctor visits but less so than
functional decline or multimorbidity. We suggest that this is the case because
such illnesses are generally treated in specialized care settings. Therefore, they
are likely to have a greater impact on the level of home and long-term care uti-
lization, which we do not consider in this study.

Finally, our results confirm that frail patients are hospitalized more fre-
quently compared to robust individuals. This raises the question of the appro-
priateness of their care in the acute setting and the necessary coordination of
hospital professionals with the doctors who know the history and conditions
of such patients.

CONCLUSION

The pressure on health systems from functional decline in the older age
groups begins further upstream than is generally believed. In fact, regardless
of their disability and morbidity status, frail and prefrail subjects are frequent
users of primary and hospital care.

Although caution must be used when generalizing results, the accuracy
and robustness of our estimates, which are based on data from different institu-
tional settings and population characteristics (Santos-Eggimann et al. 2009),
give us the confidence to express general conclusions.

Frailty is a dynamic process characterized by frequent transitions
between states over time, a third of which are associated with functional
improvement (Fallah et al. 2011; Etman et al. 2012). Therefore, functional
decline is not irreversible and our findings will hopefully draw attention to
frailty as an important target for prevention.
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Interventions can attempt to identify the population at risk and/or reme-
diation among the frail group, which would help offset a probable decline into
worse health states (Lang, Michel, and Zekry 2009). The literature highlights
the importance of timely intervention and identifies the dimensions of frailty
that are most responsive to treatment (Knickman and Snell 2002; Fairhall
et al. 2011; Cameron et al. 2013; Smit et al. 2013). Aspects of paramount
importance are embedding assessment and intervention initiatives, the multi-
disciplinary and coordinated care approach (the frail elderly frequently move
between settings and receive multiple services in a single year), and the experi-
ence of health professionals in the care of older people. Flexible delivery and
focus on increasing adherence are also important because of the fluctuating
care needs of this cluster of patients (Fairhall et al. 2011).

ACKNOWLEDGMENTS

Joint Acknowledgment/Disclosure Statement: This article uses data from SHARE
wave 4 release 1.1.1, as of March 28, 2013 and SHARE wave 1 and 2 release
2.5.0, as of May 24, 2011. The SHARE data collection has been primarily
funded by the European Commission through the 5th Framework Programme
(project QLK6-CT-2001-00360 in the thematic programme Quality of Life),
through the 6th Framework Programme (projects SHARE-I3, RII-CT-2006-
062193, COMPARE, CIT5-CT-2005-028857, and SHARELIFE, CIT4-CT-
2006-028812), and through the 7th Framework Programme (SHARE-PREP,
No. 211909, SHARE-LEAP, No. 227822 and SHARE M4, No. 261982). Addi-
tional funding from the U.S. National Institute on Aging (U01 AG09740-13S2,
P01 AG005842, P01 AG08291, P30 AG12815, R21 AG025169, Y1-AG-4553-
01, IAG BSR06-11 andOGHA04-064) and the GermanMinistry of Education
and Research as well as from various national sources is gratefully acknowl-
edged (see www.share-project.org for a full list of funding institutions).

Disclosures: None.
Disclaimers: None.

REFERENCES

B€orsch-Supan, A., and H. J€urges. (Ed.). 2005. The Survey of Health, Aging, and Retirement
in Europe –Methodology, Mannheim, Germany: Mannheim Research Institute for
the Economics of Aging (MEA).

Frailty and Health Care Utilization by Elderly Europeans 317



Bortz, W. 2010. “Understanding Frailty.” The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences 65 (3): 255–6.

Buchman, A., R. Wilson, J. Bienias, and D. Bennett. 2009. “Change in Frailty and Risk
of Death in Older Persons.” Experimental Aging Research 35 (1): 61–82.

Cameron, I. D., N. Fairhall, C. Langron, K. Lockwood, N. Monaghan, C. Aggar, C.
Sherrington, S. R. Lord, and S. E. Kurrle. 2013. “AMultifactorial Interdisciplin-
ary Intervention Reduces Frailty in Older People: Randomized Trial.” BMC
Medicine 11 (65): 1–10.

Espinoza, S. E., and L. P. Fried. 2007. “Risk Factors for Frailty in theOlder Adult.”Clin-
ical Geriatrics 15 (6): 37–44.

Espinoza, S., and J. D. Walston. 2005. “Frailty in Older Adults: Insights and Interven-
tions.” Cleveland Clinic Journal of Medicine 72 (12): 1105–12.

Etman, A., A. Burdorf, T. J. M. Van der Cammen, J. P. Mackenbach, and F. J. Van Len-
the. 2012. “Socio-Demographic Determinants of Worsening in Frailty among
Community-Dwelling Older People in 11 European Countries.” Journal of Epide-
miology and Community Health 66 (12): 1116–21.

European Commission. 2012. The 2012 Ageing Report: Economic and Budgetary Pro-
jections for the 27 EU Member States (2010-2060) [accessed on April 13, 2013].
Available at http://ec.europa.eu/economy_finance/

Fairhall, N., C. Langron, C. Sherrington, S. R. Lord, S. E. Kurrle, K. Lockwood, N.
Monaghan, C. Aggar, L. Gill, and I. D. Cameron. 2011. “Treating Frailty—A
Practical Guide.” BMCMedicine 9 (83): 1–7.

Fallah, N., A. Mitnitski, S. D. Searle, E. A. Gahbauer, T. M. Gill, and K. Rockwood.
2011. “Transitions in Frailty Status in Older Adults in Relation to Mobility: A
Multistate Modeling Approach Employing a Deficit Count.” Journal of the Ameri-
can Geriatrics Society 59 (3): 524–9.

Fried, L. P., C. M. Tangen, J. Walston, A. B. Newman, C. Hirsch, J. Gottdiener,
T. Seeman, R. Tracy, W.J. Kop, G. Burke, and M.A. McBurnie. 2001. “Frailty in
Older Adults.” The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences 56 (3): M146–57.

Fried, L. P., L. Ferrucci, J. Darer, J. D. Williamson, and G. Anderson. 2004. “Untan-
gling the Concepts of Disability, Frailty, and Comorbidity: Implications for
Improved Targeting and Care.” Journal of Gerontology: Medical Sciences 59 (3):
255–63.

Giannakouris, K. 2008. Ageing Characterizes the Demographic Perspectives of the
European Societies [accessed on September 10, 2012]. Available at http://epp.
eurostat.ec.europa.eu

Hausman, J. A. 1978. “Specification Tests in Econometrics.” Econometrica 46 (6): 1251–
71.

Heuberger, R. A. 2011. “The Frailty Syndrome: A Comprehensive Review.” Journal of
Nutrition in Gerontology and Geriatrics 30 (4): 315–68.

Hoeck, S., G. Francois, J. Geerts, J. Van der Heyden, M. Vandewoude, and G. Van Hal.
2011. “Health-Care and Home-Care Utilization among Frail Elderly Persons in
Belgium.” European Journal of Public Health 22 (5): 671–7.

318 HSR: Health Services Research 50:1 (February 2015)



Jones, A. M., N. Rice, Bd. T., and S. Balia. 2007. Applied Health Economics. London:
Routledge.

Katz, S., T. D. Downs, H. R. Cash, and R. C. Grotz. 1970. “Progress in Development of
the Index of ADL.” The Gerontologist 10 (1): 20–30.

Khandelwal, D., A. Goel, U. Kumar, V. Gulati, R. Narang, and A. B. Dey. 2012.
“Frailty is Associated with Longer Hospital Stay and IncreasedMortality in Hos-
pitalized Older Patients.” Journal of Nutrition, Health and Ageing 16 (8): 732–5.

Knickman, J. R., and E. K. Snell. 2002. “The 2030 Problem: Caring for Aging Baby
Boomers.”Health Services Research 37 (4): 849–84.

Lang, P., J. Michel, and D. Zekry. 2009. “Frailty Syndrome: A Transitional State in a
Dynamic Process.”Gerontology 55 (5): 539–49.

Long, J. S. 1997. Regression Models for Categorical and Limited Dependent Variables. Thou-
sandOaks, CA: Sage.

Melis, R. J., E. Adang, S. Teerenstra, M. I. van Eijken, A. Wimo, T. van Achterberg, E.
H. van de Lisdonk, andM. G. Rikkert. 2008. “Cost-Effectiveness of a Multidisci-
plinary Intervention Model for Community-Dwelling Frail Older People.” The
Journal of Gerontology: Medical Sciences 38 (13): 1059–67.

Morley, J. E. 2006. “Frailty.” In Principles and Practice of Geriatric Medicine, Vol. 2, 4th
Edition, edited by X. Pathy, X. Sinclair, and X. Morley. Chichester, England:
Wiley.

Prince, M. J., F. Reischies, A. T. Beekman, R. Fuhrer, C. Jonker, S. L. Kivela, B. A.
Lawlor, A. Lobo, H. Magnusson, M. Fichter, H. van Oyen, M. Roelands,
I. Skoog, C. Turrina, and J. R. Copeland. 1999. “Development of the EURO-D
Scale – A European, Union Initiative to Compare Symptoms of Depression in
14 European Centers.” The British Journal of Psychiatry 174 (4): 330–8.

Rabe-Hesketh, S., and A. Skrondal. 2008. Multilevel and Longitudinal Modeling Using
Stata, 2d Edition. College Station, TX: Stata Press.

Robinson, T. N., D. S. Wu, G. V. Stiegmann, and M. Moss. 2011. “Frailty Predicts
Increased Hospital and Six-Month Cost Following Colorectal Surgery in Older
Adults.” The American Journal of Surgery 202 (5): 511–4.

Rochat, S., R. G. Cumming, F. Blyth, H. Creasey, D. Handelsman, D. G. Le Cou-
teur, V. Naganathan, P. N. Sambrook, M. J. Seibel, and L. Waite. 2010.
“Frailty and Use of Health and Community Services by Community-Dwell-
ing Older Men: The Concord Health and Ageing in Men Project.” Age and
Ageing 39 (2): 228–33.

Romero-Ortuno, R., C. D. Walsh, B. A. Lawlor, and R. A. Kenny. 2010. “A Frailty
Instrument for Primary Care: Findings from the Survey of Health, Ageing and
Retirement in Europe (SHARE).” BMCGeriatrics 10 (8): 1–12.

Santos-Eggimann, B., P. Cu�enoud, J. Spagnoli, and J. Junod. 2009. “Prevalence of
Frailty in Middle-Aged and Older Community-Dwelling Europeans Living in
10 Countries.” The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences 64 (6): 675–81.

Smit, E., K. M. Winters-Stone, P. D. Loprinzi, A. M. Tang, and C. J. Crespo. 2013.
“Lower Nutritional Status and Higher Food Insufficiency in Frail Older US
Adults.” British Journal of Nutrition 110 (1): 172–8.

Frailty and Health Care Utilization by Elderly Europeans 319



Stata Corp. 2009. Stata Longitudinal Data/Panel Data Reference Manual (Release 11). Col-
lege Station, TX: Stata Press.

Verbeek, M., and T. Nijman. 1996. “Testing for Selectivity Bias in Panel Data Models.”
International Economic Review 33 (3): 681–703.

Woods, N., A. Z. LaCroix, S. L. Gray, A. Aragaki, B. B. Cochrane, R. L. Brunner,
K. Masaki, A. Murray, and A. B. Newman. 2005. “Frailty: Emergence and
Consequences in Women Aged 65 and Older in the Women’s Health Initiative
Observational Study.” Journal of the American Geriatrics Society 53 (8): 1321–30.

Wooldridge, J. 2010. Econometric Analysis of Cross Section and Panel Data. Cambridge,
MA:MIT Press.

World Health Organization. 2008. The Global Burden of Disease: 2004 Update. Geneva,
Switzerland:WHO Press.

Xue, Q. 2011. “The Frailty Syndrome: Definition and Natural History.” Clinics in Geri-
atric Medicine 27 (1): 1–15.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.

320 HSR: Health Services Research 50:1 (February 2015)


