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Background: The European Society of Clinical Nutrition and Metabolism (ESPEN) has developed a
consensus definition of malnutrition. This study aimed to determine the prevalence of malnutrition
according to the ESPEN definition in otherwise healthy community-dwelling older women and to
explore its value for predicting long-term mortality in this population.
Methods: This prospective population-based cohort study included 181 women (age �75 years) from a
subsample of the EPID�emiologie de l'OSt�eoporose (EPIDOS) study participants from Toulouse. Inclusion
criteria were the availability of the data on variables required to apply the ESPEN definition and survival
after 7 years of follow-up. Primary outcome was mortality at 12-year follow-up; main covariates were
malnutrition assessment according to the ESPEN consensus and its components (unintentional weight
loss, BMI, and FFMI). Body composition was assessed by dual-energy X-ray absorptiometry at baseline
and at 7-year follow-up. Kaplan-Meier survival curves and adjusted Cox regressions were performed.
Analysis was adjusted for age, hypertension, diabetes mellitus, and coronary heart disease as potential
confounders.
Results: Complete data were available for 179 of the 181 women in the EPIDOS-Toulouse cohort
(83.1 ± 2.2 years) and 13 (7.3%) fulfilled the ESPEN definition for malnutrition at 7-year follow-up.
Malnutrition was associated with increased risk of mortality (adjusted HR ¼ 4.4 [95%CI: 1.7e11.3]).
Among the ESPEN components, only BMI was associated with increased mortality (adjusted HR¼0.6 [95%
CI: 0.4e0.9]).
Conclusions: Although malnutrition prevalence according to the ESPEN definition was relatively low
(7.3%) in this sample of otherwise healthy community-dwelling older French women, malnutrition was
associated with 4.4-fold higher mortality risk at 12-year follow-up.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Malnutrition is an independent prognostic factor for disability
[1], hospitalization and readmissions [2], institutionalization [3],
and death in the short and medium term [4]. Malnutrition and
nutrition-related conditions, such as sarcopenia and frailty, are
reversible when effective therapeutic approaches are applied [5,6].
The sooner these interventions are administered, the more benefits
are obtained [7]. Therefore, an early identification of older pop-
ulations at risk might be suggested as a priority in geriatric medi-
cine, with special emphasis in healthy older populations living
independently at homewhomay receive greater benefit in terms of
avoiding hospitalization and increasing their years of life free of
diseases and better quality of life [7,8].

However, accuracy in malnutrition screening and diagnosis
varies depending on the method used and the target population
[9]; to date, no single tool has been able to provide an interna-
tionally validated nutritional diagnosis in addition to predicting
clinical adverse outcomes in the long term [10]. Therefore,
malnutrition and nutrition-related conditions often remain
underrecognized, underdiagnosed, and undertreated [11,12].

The European Society of Clinical Nutrition and Metabolism
(ESPEN) developed a consensus for malnutrition diagnosis,
designed to improve the recognition of malnutrition and nutrition-
related conditions [5,6], establish prevalence, allow comparisons
between settings, and support coding purposes as a diagnosis
accepted by the World Health Organization (WHO) and the Inter-
national Classification of Diseases (ICD) [13]. Given that malnutri-
tion varies in different settings and populations, and that the
prognostic value of malnutrition as defined by the ESPEN
consensus, has not yet been well established, the present study
aimed to determine the prevalence of malnutrition according to the
ESPEN consensus in otherwise healthy, community-dwelling, older
women from a subsample of the EPID�emiologie de l'OSt�eoporose
study (EPIDOS), the EPIDOS-Toulouse cohort, and to assess its po-
tential value to predict long-term mortality.
2. Methods

2.1. Design

Post-hoc analysis of the EPIDOS-Toulouse study; the EPIDOS is
an observational prospective multicenter national cohort designed
to evaluate the risk factors for hip fracture among otherwise
healthy, community-dwelling, older women in France.
Fig. 1. Timeline of the study: EPIDOS baseline, o
2.2. Participants

From 1992 to 1994, the EPIDOS recruited 7598 women aged 75
years and older from electoral lists in five French cities (Amiens,
Lyon, Montpellier, Paris, and Toulouse), excluding those subjects
who were not able to walk independently and those with a history
of hip fracture or bilateral hip replacement. Sampling and data
collection procedures have been described in detail elsewhere
[14e16]. Study participants had a full medical examination, which
consisted of structured questionnaires, information about chronic
diseases, and a clinical examination. Body mass index (BMI) and
fat-free mass index (FFMI), variables required to apply the ESPEN
definition [5], were only available in a subsample of 179 women of
the EPIDOS-Toulouse cohort at 7-year follow-up (Fig. 1).
2.3. Long-term mortality

The main outcome was long-term mortality in the EPIDOS-
Toulouse cohort during a 12-year follow-up. Data were collected
by phone call and/or a search of the French national death registry,
C�epiDC [Centre d'�epid�emiologie sur les causes m�edicales de d�ec�es],
up to October 1, 2010; in addition INSERM (Institut National de la
Sant�e et Recherche M�edicale) was searched for vital status data in
October 2010) [16].
2.4. Malnutrition as defined by the ESPEN consensus

The ESPEN consensus recommends identification of subjects at
nutritional risk as a first screening step [6]. The ESPEN criteria offer
two alternative ways to diagnose malnutrition: 1) body mass index
(BMI) < 18.5 kg/m2 and 2) unintentional weight loss (>10% in the 7-
year follow-up period) combined with age-related BMI (<20 kg/m2

in patients younger than 70 years and <22 kg/m2 in those aged�70
years) or fat-free mass index (FFMI) (<17 kg/m2 in men and <15 kg/
m2 in women) [5]. In the present study, fat-free mass (FMM) was
assessed by dual-energy X-ray absorptiometry (DEXA) (Lunar DPX-
Plus, GE Lunar Corp., Madison, WI) at baseline and after 7 years
(1999e2000) of follow-up (QDR 4500 W Hologic, Waltham, MA).
Detailed description of characteristics of the DEXA measurements,
assessments, and calibration have been published previously
[14,17]. FFMI was obtained by dividing the fat-free mass (kg) by the
square of the height in meters.

Demographic and clinical characteristics included age, sex,
cognitive status (Mini-Mental Status Examination, maximum
score ¼ 30), instrumental activities of daily living (IADL) [15], gait
ur subanalysis baseline, and survival time.
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speed (in m/s), and presence of hypertension, diabetes mellitus,
and coronary heart disease.

National and international research ethics guidelines were fol-
lowed [18], including the Deontological Code of Ethics, Declaration
of Helsinki (1983), and the EPIDOS study was approved by the local
ethics committee. All participants gave written informed consent.
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) Statement for reporting observational research
cohorts were followed [19] (See Additional File 1).

2.5. Statistical analysis

Characteristics of quantitative variables were expressed asmean
and standard deviation (SD). These characteristics were shown for
the whole sample and according to presence of malnutrition.
ManneWhitney was applied to compare quantitative characteris-
tics between the two groups. Analysis of mortality by malnutrition
status was assessed first by KaplaneMeier survival curves. Differ-
ences we rechecked with log-rank test followed by crude and
adjusted Cox regressions. Adjusted analyses for cognition and
function variables were performed. The same analyses were
repeated after adjustment for each component of the ESPEN defi-
nition (BMI, unintentional weight loss, and FFMI category, using
15 kg/m2 as cut-off point). All adjusted analyses included age as a
confounder, along with hypertension, diabetes mellitus, and coro-
nary heart disease as potential confounders. Proportional hazards
assumptions were checked for each model and results were
considered statistically significant at p-value< 0.05. Statistical
analysis was performed using STATA 15.0 software (Stata Corp.;
College Station, Texas, USA).

3. Results

From the 181 otherwise healthy, community-dwelling, older
women included in the EPIDOS-Toulouse cohort at baseline, 179
(aged 83.1 ± 2.2 years) met the inclusion criteria for this analysis.
Baseline clinical characteristics of the sample are detailed in Table 1.
The specific components of the ESPEN definition were applied: 99
women had lost weight; this weight loss was unintentional and
>10% in 12 cases (12.1%). Malnourishedwomen did not differ in age,
cognitive status, gait speed, and calcium and protein intakes.
Thirteen participants (7.3%) fulfilled ESPEN basic diagnosis criteria:
8 (4.5%) had BMI<18.5 kg/m2, 5 (2.8%) reported unintentional
weight loss combined with low age-related BMI, and 6 (3.4%) par-
ticipants had unintentional weight loss and FFMI< 15 kg/m2

(Fig. 2). Figure 3 shows the overlap of the malnourished patients
according to the specific components of the ESPEN definition.
Table 1
Clinical characteristics of participants (n ¼ 179).

EPIDOS-Toulouse cohort (n ¼ 179)

Age, years 83.1 ± 2.2
MMSE score (/30) 27.7 ± 2.6
Body mass index, kg/m2 24.3 ± 3.7
Fat-free mass, kg/m2 35.1 ± 4
Fat-free mass index, kg/m2 15.1 ± 1.6
Hypertension (n, %) 67 (37.4%)
Diabetes mellitus (n, %) 6 (3.4%)
Coronary heart disease (n, %) 23 (12.9%)
Gait speed, m/s 1 ± 0.6
Calcium intake, mg/24h 858.3 ± 267.1
Protein intake, mg/kg/24h 67.2 ± 13.8
Mortality at 12-year follow-up 106 (59.2%)

MMSE: Mini-Mental State Examination. Data presented as mean ± standard deviation un
participants with and without malnutrition as defined by ESPEN consensus was based o
(<0.05) indicated in bold.
Mean age of death was 85.9 ± 3.3 years. Survival curves differed
significantly between the malnourished and non-malnourished
groups (p-value for log-rank test <0.001) (Fig. 4). Mortality was
92.3% in the group of malnourished women (only one of the 13
malnourished women according to ESPEN criteria survived to the
end of follow-up), compared to 56.6% mortality in the 166 women
without malnutrition (p ¼ 0.016) (Table 1).

A more detailed analysis by proportional hazard models is
provided in Table 2. The crude analysis showed a significant
increasedmortality risk according to malnutrition status as defined
by the ESPEN consensus: HR 2.7; 95% CI: 1.5e5.0). Mortality dif-
ferences were consistent regardless of the adjusted model: HR 4.4
(95% CI: 1.7e11.3) when adjusted for cognition and functioning
variables. The multivariate analysis that included the ESPEN com-
ponents showed an inverse association between mortality and
BMI; this association was significant when the components BMI,
unintentional weight loss, and FFMI <15 kg/m2were included (HR:
0.6; 95% CI: 0.4e0.9), as well as after adjustment for cognition and
function variables (HR: 0.5; 95% CI: 0.3e0.9). In a further step,
adjusting these models by hypertension, diabetes mellitus, and
coronary heart disease, these results were also consistent, showing
a significant association with malnutrition as defined by the ESPEN
consensus (Table 3).

4. Discussion

In this post-hoc analysis, use of the ESPEN malnutrition defini-
tion to predict long-term mortality in the EPIDOS-Toulouse cohort
was associated with a 4.4-fold higher mortality risk in healthy
community-dwelling older women, which remained after adjust-
ment for covariables. Results of the present study showed a rela-
tively low prevalence of malnutrition (7.3%) in the EPIDOS-Toulouse
cohort, supporting the clinical value of the ESPEN definition of
malnutrition as a predictor of long-term mortality in otherwise
healthy community-dwelling older women. The observed preva-
lence of malnutrition agreed with previous studies conducted in
geriatric outpatients using the ESPEN consensus definition (6.3%)
[20], but was much lower than has been reported in acute diabetic
inpatient settings (21%) [3] or in postacute care (19e20%) [21].

The effects of malnutrition and nutrient deficiencies on clinical
adverse outcomes and short-termmortality is long-established and
well-described in older adults, mainly in patients with comorbid-
ities [3,4,22]. Recent studies have analyzed the capability of the
ESPEN definition of malnutrition to predict short-term mortality,
reporting a nearly three-fold increased risk of mortality at 6 and 9
months in malnourished patients with chronic obstructive pul-
monary disease [22] and in patients discharged from acute geriatric
Malnutrition (n ¼ 13) No malnutrition (n ¼ 166) p-value

84.2 ± 4.1 83.1 ± 2.8 0.212
27.8 ± 2.3 26.1 ± 5.2 0.547
18.9 ± 2.4 24.8 ± 3.4 <0.001
33.2 ± 3.6 35.2 ± 4 0.061
13.7 ± 1.1 15.2 ± 1.5 <0.001
7 (53.9%) 60 (36.1%) 0.240
0 (0%) 6 (3.6%) 1.000
0 (0%) 23 (13.9%) 0.380
0.9 ± 0.2 1 ± 0.6 0.496
951.9 ± 289.0 851.0 ± 264.9 0.764
67.1 ± 14.2 67.2 ± 13.8 0.764
12 (92.3%) 94 (56.6%) 0.016

less otherwise indicate as absolute numbers and percentages. Comparisons between
n independent samples t-test or Chi-square test, as appropriate; significant p-value



Fig. 2. Malnutrition as defined by the ESPEN consensus in the EPIDOS-Toulouse cohort (n ¼ 179).

Fig. 3. Overlap of the new ESPEN consensus definition of malnutrition and the indi-
vidual diagnostic criteria in community-dwelling healthy older women from the
EPIDOS-Toulouse cohort (n ¼ 179).

Fig. 4. Survival curve according to malnutrition as defined by the ESPEN criteria.
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wards [4]. In addition, malnutrition increases the hospital stay and
the probability of in-hospital death by a factor of 2.7, and decreases
the probability of being discharged home rather than to an insti-
tution in acute diabetic older inpatients [3]. Our study adds insight
to the association between malnutrition as defined by the ESPEN
consensus and mortality over time. To our knowledge, this is the
longest follow-up period reported to date, showing 92.3% mortality
in malnourished women, significantly higher (p ¼ 0.016) than the
56.6% mortality observed in non-malnourished patients.

The ESPEN consensus includes weight loss among its subscores;
this is one of the strongest indicators of health status in older
people due to its prognostic value and because it can be easily
assessed in all populations worldwide [13]. The scientific commu-
nity agrees that this indicator is the cornerstone of nutritional
assessment, and should be considered independently of the rate,
amount, and etiology of weight loss. However, there is a lack of
consensus about the exact amount and rate of weight loss that
should be defined as the cut-off to indicate clinical implications
[13,23]. Our study analyzed time-independent weight loss of >10%,
considered relevant for chronic conditions by the ESPEN consensus
[5], without considering acute illnesses (due to lack of data). This is
a limitation of our study. A predictive value for mortality risk was
observed despite using just one of the amounts and time periods of
weight loss proposed by the ESPEN consensus [5]. Further analysis
of prospective cohorts with a closer follow-up is recommended.

Specifically, we found that only low BMI was associated with
long-term mortality. BMI was incorporated into the consensus
because its predictive value for mortality is well established [24], as
confirmed by the present study results. The controversial rela-
tionship between BMI, frailty, and clinical adverse events (falls, hip
fractures, hospital admissions, and all-cause mortality) has been
recently assessed in the EPIDOS cohort, showing a protective effect
of overweight and obesity [25]. This is in linewith previous findings
from EPIDOS, as lower BMI had been related to mortality in a 17-
year follow-up [24]. However, J-shaped (but not linear) relation-
ships between for BMI and higher risk of death also have been
described [26]. As BMI is one of the subscores of the ESPEN
consensus, further analysis in larger samples may be needed.



Table 2
Hazard ratios of mortality (dependent variable) according tomalnutrition as defined by the ESPEN consensus and according to its specific components (independent variables)
(n ¼ 179).

Mortality according to ESPEN definition of malnutrition
Crude analysis Adjusted analysis
HR 95%CI p-value HR 95%CI p-value

Malnutrition as defined by ESPEN consensus 2.7 [1.5 to 5] 0.001 4.4 [1.7 to 11.3] 0.002
Age 1.1 [1 to 1.2] 0.145
Gait speed 0.9 [0.8 to 1] 0.087
MMSE score 0.2 [0 to 1.3] 0.093
IADL score 0.5 [0.3 to 0.8] 0.011

Components of ESPEN definition Mortality according to specific components of ESPEN definition of malnutrition
Crude analysis Adjusted analysis
HR 95%CI p-value HR 95%CI p-value

Unintentional weight loss 1.4 [0.7 to 2.9] 0.334 2.2 [0.8 to 5.6] 0.108
Body mass index 0.6 [0.4 to 0.9] 0.029 0.5 [0.3 to 0.9] 0.019
Fat-free mass index <15 kg/m2 1 [0.6 to 1.5] 0.909 0.8 [0.4 to 1.4] 0.372
Age 1.1 [1 to 1.2] 0.119
Gait speed 0.9 [0.8 to 1] 0.123
MMSE score 0.2 [0 to 1.1] 0.058
IADL score 0.4 [0.2 to 0.8] 0.004

HR: hazard ratio; CI: Confidence interval; Adjusted analysis: adjustment for age, gait speed at baseline, MMSE at 7-year follow-up, IADL index at 7-year follow-up; significant
HR p < 0.05) indicated in bold.

Table 3
Hazard ratios of mortality (dependent variable) according tomalnutrition as defined by the ESPEN consensus and according to the specific components of the ESPEN definition
(independent variables), both adjusted for confounders (n ¼ 179).

Mortality according to presence of malnutrition, adjusted for confounders
Crude analysis Adjusted analysis
HR 95%CI p-value HR 95%CI p-value

Malnutrition as defined by the ESPEN consensus 3.1 [1.7 to 5.8] 0.000 4.6 [1.7 to 12.0] 0.002
Age 1.1 [1.0 to 1.3] 0.089
Gait speed 1.0 [0.1 to 2.5] 0.368
MMSE score 0.9 [0.8 to 1.0] 0.046
IADL score 0.6 [0.3 to 1.0] 0.060
Hypertension 1.1 [0.7 to 1.6] 0.712 1.5 [0.9 to 2.7] 0.119
Diabetes mellitus 1.7 [0.6 to 4.6] 0.322 1.3 [0.3 to 5.4] 0.749
Coronary heart disease 2.3 [1.4 to 3.9] 0.002 2.7 [1.3 to 5.7] 0.011

Components of ESPEN definition Mortality according to specific components of the ESPEN definition, adjusted for confounders
Crude analysis Adjusted analysis
HR 95%CI p-value HR 95%CI p-value

Unintentional weight loss 1.5 [0.7 to 3.1] 0.259 1.9 [0.8 to 5.0] 0.196
Body mass index 0.6 [0.4 to 0.9] 0.015 0.5 [0.3 to 0.8] 0.003
Fat-free mass index <15 kg/m2 0.9 [0.6 to 1.5] 0.802 0.7 [0.3 to 1.3] 0.195
Age 1.1 [1 to 1.3] 0.049
Gait speed 0.3 [0.1 to 1.9] 0.203
MMSE score 0.9 [0.8 to 1.0] 0.070
IADL score 0.5 [0.3 to 0.9] 0.026
Hypertension 1.1 [0.7 to 1.7] 0.628 2.0 [1.1 to 3.6] 0.023
Diabetes mellitus 1.9 [0.7 to 5.4] 0.220 2.0 [0.4 to 8.9] 0.372
Coronary heart disease 2.3 [1.4 to 3.9] 0.002 2.6 [1.2 to 5.5] 0.015

HR: hazard ratio; CI: Confidence interval; Adjusted analysis: adjustment for age, gait speed at baseline, MMSE at 7-year follow-up, IADL index at 7-year follow-up, hyper-
tension, diabetes mellitus, and coronary heart disease; HR significant (i.e. p < 0.05) indicated in bold.
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The use of BMI alone may have limited value to diagnose
malnutrition, as obese individuals may exhibit malnutrition, illus-
trated by lower FFMI [27]. The inclusion of the FFMI in the ESPEN
definition is supposed to improve its predictive value by mini-
mizing the effect of sex-based differences in body composition, as
women have lower FFMI (and higher fat mass index) than men
[5,28]. In addition, the FFMI has been shown to be the most
powerful indicator of malnutrition, sarcopenia, frailty, and cachexia
in post-acute patients [29]. FFMI is also consistently associatedwith
disease severity among inpatients with chronic obstructive pul-
monary diseases [22], and with survival in patients with stable
chronic obstructive pulmonary disease and in general population
[30]. Unexpectedly, FFMI alone was not associated to long-term
mortality in our work; this issue merits further research. FFMI
has been highlighted as one of the most important predictors for
mortality not just for patients with a diagnosis of malnutrition but
also for sarcopenia and cachexia, being the common component in
all three definitions [22,31]. A potential explanation of this lack of
association in our study might be the limited sample size and
limited statistical power, as previously reported when no associa-
tion was between cognitive decline and body composition [14].
Although FFMI was not a predictor, malnutrition as defined by
ESPEN did have prognostic value, as the sum of the parts is stronger
than the effect of each separate component [31]; this is an addi-
tional strength of the ESPEN definition.

In addition to mortality risk, the ESPEN definition of malnutri-
tion may be of interest in older adults to screen for risk of poor
health trajectories. For instance, malnutrition diagnosed with the
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ESPEN definition has been associated with worse functional prog-
nosis in older patients during and after post-acute rehabilitation
care [29]. In some previous studies, the relationships between
ESPEN malnutrition diagnosis and nutrition-related conditions
such as frailty, cachexia, and sarcopenia were cross-sectionally
established [21,29]. Further longitudinal studies are needed to
clarify the clinical prognostic value of the ESPEN diagnosis to pre-
dict other adverse clinical outcomes, such as hospital readmissions
or falls. In addition, it would be timely to apply the consensus in
other community-based cohorts to better understand the re-
lationships between clinical biomarkers, aging, inflammation, and
ESPEN malnutrition diagnosis among older adults. Our study
highlights the need to apply emerging research findings in clinical
settings to improve geriatric care [32].

Some further limitations of the study should be taken into
consideration. First, the study cohort was restricted to women and
included otherwise healthy participants who may have been more
motivated and interested in health issues than the general popu-
lation of older adults who live in independent senior living envi-
ronments. Therefore, the studied sample might not be
representative of all community-dwelling older adults and our
findings should be interpreted with caution. Secondly, due to the
post-hoc design of the present analysis, most EPIDOS participants
could not be included due to lack of information on unintentional
weight loss, BMI, FFMI, or vital status; our analysis was limited to
the EPIDOS-Toulouse cohort [14], a subsample that provided the
information needed to apply the ESPEN criteria. Finally, charac-
teristics of populations change over time. Therefore, the results and
conclusions obtained from EPIDOS data may not be transferable to
a more recent cohort. In addition, malnutrition might not have the
same prognostic impact in the late nineties and in present times;
applying ESPEN criteria in a larger, updated cohort could provide
additional information about the value of ESPEN criteria to predict
clinical outcomes.

Weight loss is clearly the most difficult ESPEN component to
obtain, due to poor accuracy in self-reporting among older adults
[33], which encourages the systematic measurement of anthropo-
metric variables as part of the comprehensive health assessment of
older people [11]. In our study, the availability of data on objective
measurement of participants' weight loss, even for a 7-year inter-
val, was a strength of our analysis. Althoughwewere able to control
for many characteristics that may have modified the results, re-
sidual potential confounders might still be present.
5. Conclusions

Malnutrition, diagnosed by the ESPEN basic definition in 7.3% of
this cohort of otherwise healthy community-dwelling French
women aged 75 or older, was associated with 4.4-fold increased
risk of mortality after 12 years of follow-up. This main result
strengthens the long-term prognostic value of the ESPEN definition
and encourages clinicians to use this tool in their daily practice in
otherwise healthy, community-dwelling, older adults. Further
research is needed to better elucidate the possible relationships
and interactions between ESPEN malnutrition, inflammation,
frailty, and sarcopenia, and to determine their specific impact on
long-term life and health trajectories.
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