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Recently we introduced a modified Mini Nutritional Assessment (MNA) Short Form (MNA-SF) and Long
: Form (MNA-SF) with operationalization of the ‘mobility’ and ‘neuropsychological problems’ items of

© the MNA using scores on Barthel Index mobility item and Mini Mental State Examination and Geriatric

. Depression Scale scores. We have now evaluated the abilities of this modified MNA-SF and MNA-LF

: to predict mortality in comparison with the standard MNA-SF and MNA-LF and the Nutritional Risk

© Screening 2002 (NRS 2002) and the Malnutrition Universal Screening Tool (MUST). A prospective

- analysis was performed in 240 hospitalised geriatric patients aged > 65 years. Malnutrition and/or

: malnutrition risk were assessed using the modified MNA-SF and MNA-LF, the standard MNA-SF and

: MNA-LF, and the NRS 2002 and MUST. The modified MNA-SF and MNA-LF and the standard MNA-SF

© and MNA-LF assessments (all p < 0.05), but not NRS 2002 or MUST (all p > 0.05), predicted six-month

: and/or one-year mortality. Prediction of six-month and/or one-year mortality by the modified MNA-SF
. was comparable with predictions by the standard MNA-SF and MNA-LF (all p > 0.05). The modified

' MNA-LF showed better prediction of six-month and one-year mortality than the standard MNA-SF and
: MNA-LF (all p < 0.05). The modified MNA-LF (all adjusted p < 0.05), but none of the other instruments
©(all adjusted p > 0.05), predicted six-month and one-year mortality independently of age, sex, frailty,

: comorbidity and ADL disability burden. The modified MNA-SF and MNA-LF emerged as potentially

. valuable tools for predicting mortality in patients hospitalised on geriatric wards.

: Malnutrition is an acute, subacute or chronic state of overnutrition or undernutrition which can include an
. inflammatory component and impacts body composition and function'?. Malnutrition is often found in indi-
© viduals with impairments to body functions such as dysphagia®, immobility*, depression®, limited perception of
. hunger and thirst, polypharmacy®’, and acute and chronic diseases’®. Patients on geriatric wards frequently show
. ahigh prevalence of malnutrition or are at high risk of malnutrition”*-!!. Malnourished patients have higher risks
© of sarcopenia'®'?, frailty'*!°, morbidity®'® and mortality®!¢-%. Previous analysis has shown that malnourished
© geriatric patients experience clinical endpoints, including mortality, more often or, strictly speaking, earlier than
. well-nourished people of the same age®!®'”. There are therefore advantages in detecting malnutrition and the risk
: of malnutrition early to drive timely dietary interventions in patients on geriatric wards.

: Several different screening tools for malnutrition and/or the risk of malnutrition have been introduced.
. These include the Mini Nutritional Assessment (MNA) Short Form (MNA-SF)**> and Long Form (full MNA or
. MNA-LF)*, the Nutritional Risk Screening 2002 (NRS 2002)**?%, and the Malnutrition Universal Screening Tool
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(MUST)?, among others. Of these, the MNA?!-%* and in particular the MNA-SF*"*> may be the instruments of
choice in all geriatric healthcare settings, including patients on geriatric wards”. However, one drawback is that
some items on the MNA-SF and MNA-LE, particularly ‘mobility’ and ‘neuropsychological problems, depend on
subjective interpretation by the examiner®. This suggests that from the clinical point of view a more standardized
and objective implementation of these two MNA items would be advantageous?.

In Germany, patients hospitalised for acute care on geriatric wards are routinely evaluated in relation to 5
dimensions of a comprehensive geriatric assessment (CGA?) by the multidisciplinary geriatric team®. These
five dimensions are cognition, emotion, mobility, activities of daily living (ADL), and social situation®. The
Mini Mental State Examination (MMSE), Geriatric Depression Scale (GDS), the Timed Up and Go Test (TUG),
Barthel Index, and a 5-item questionnaire addressing the patient’s social situation are frequently applied as assess-
ment instruments®. As the prevalence or risk of malnutrition in patients hospitalised on geriatric wards is high,
ever more geriatricians in Germany prefer to include evaluation of nutritional status in their assessments. With
the aim of providing an objective and efficient approach to evaluating the nutritional status of older in-patients on
geriatric wards, there may be value in using results from the mobility item of the Barthel Index and MMSE and
GDS scores to operationalize the ‘mobility’ and ‘neuropsychological problems’ items in parallel with the other
standard items of the MNA-SF and MNA-LF*.

We have recently introduced a modified MNA in which the ‘mobility’ and ‘neuropsychological problems’
items of the MNA are operationalized on the basis of results from the mobility item of the Barthel Index and
MMSE and GDS scores®®. We have reported evaluation of the completion rate, prevalence, and agreement with
respect to categorisation of nutritional status determined using the modified MNA-SF and MNA-LF in compar-
ison with the NRS 2002 instrument in geriatric inpatients in a cross-sectional analysis?®. However, there are no
data on the predictive ability of the modified MNA-SF and MNA-LF for adverse clinical outcomes such as mor-
tality. Of note, the standard MNA-SF and MNA-LF have repeatedly been found to have predictive power for mor-
tality®'-*¢. The ability to predict mortality can therefore be regarded as a characteristic feature of the MNA-SF and
MNA-LE We therefore believe there is value in determining whether or not the modified MNA-SF and MNA-LF
also have predictive power for mortality and whether or not the hypothesised predictive power for mortality of
the modified MNA-SF and MNA-LF is comparable to that of the standard MNA-SF and MNA-LE.

In the study presented here, we now aimed to analyse the abilities of the modified MNA-SF and MNA-LF? to
predict six-month and one-year mortality in hospitalised geriatric patients. Moreover, we aimed to compare the
predictive abilities of the modified MNA-SF and MNA-LF? for mortality in comparison with those of the stand-
ard MNA-SF and MNA-LF?'-%, NRS 2002%#?> and MUST? in this group of patients.

Materials and Methods

Study design and population. The study was a prospective longitudinal analysis in patients hospitalised on
the geriatric wards of the Department of Internal Medicine III (Medicine of Ageing), Malteser Waldkrankenhaus
St. Marien, Erlangen, Germany. The study population consisted of 240 patients. Patients were enrolled in the
study programme between October 2015 and March 2016. Inclusion criteria were age > 65 years, willingness and
provision of consent for all relevant medical data to be held after baseline examination, even should death occur,
and provision of consent to contact relatives, legal guardians, general practitioners, and the local town authority
for residents/inhabitants to obtain information on current place of residence and living status (alive/deceased).
Patients were evaluated in relation to malnutrition and risk of malnutrition by a single trained investigator (LB)
during hospital stays on geriatric wards (baseline examination). Comprehensive geriatric assessment was per-
formed in all 240 study participants by the geriatric team (including physical therapists, psychologists, occupa-
tional therapists, speech therapists nurses, and others) by applying routine comprehensive geriatric assessment
instruments (Mini Mental State Examination®’, Geriatric Depression Scale®®, Timed Up and Go Test*’, Barthel
Index, social situation assessment using a 5-item questionnaire*, frailty phenotype*?, Cumulative Illness Rating
Scale for Geriatrics*, and others). Patients were followed up six months and one year after baseline examination.
Patients, patients’ relatives or legal guardians, and general practitioners were contacted by telephone six months
and one year after baseline examination to obtain pertinent follow-up data relating to medical endpoints such as
death due to any cause (including exact date of death). The study was approved by the Ethics Committee of the
Friedrich-Alexander University, Erlangen-Nuremberg, Germany and complied with currently applicable laws.
Informed written consent by the participant or a legal guardian was obtained before inclusion of patients into
the study.

Malnutrition screening tools.  Standard mini nutritional assessment short form (MNA-SF) and mini nutri-
tional assessment long form (MNA-LF). In the early 1990s Guigoz et al. developed and introduced the 18-item
MNA (full MNA, or MNA-LF) as a malnutrition screening instrument®. In 1996, Rubenstein et al. developed
and validated a short form (MNA-SF) including only six of the 18 items of the MNA-LF?!. In 2009, Kaiser et al.
showed that the ‘Body Mass Index (BMI)’ item of the MNA-SF and MNA-LF could be replaced by calf circumfer-
ence when BMI could not be determined??. The six items of the standard MNA-SF were: ‘decline of food intake
over the past three months’ (item A), ‘weight loss during the last three months’ (item B), ‘mobility’ (item C),
‘psychological stress or acute disease during the last three months’ (item D), ‘neuropsychological problems’ (item
E), and ‘Body Mass Index’ (item F1), replacing BMI with ‘calf circumference (CC) in cm’ when BMI could not be
determined (item F2)*?2, The items in the standard MNA-LF included the six items of the MNA-SF, along with
twelve additional items: ‘independent living situation (not living in nursing home)’ (item G), ‘intake of more than
3 prescription drugs per day’ (item H), ‘pressure sores or skin ulcers (item I), ‘number of full daily meals’ (item
]), ‘consumption markers for protein intake’ (item K), ‘consumption of two or more portions of fruit or vegetables
per day’ (item L), “fluid intake’ (item M), ‘mode of feeding’ (item N), ‘self-assessment of nutritional status’ (item
0), ‘self-assessment of health status in comparison with people of the same age’ (item P), ‘mid- arm circumference
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(MAC) in cm’ (item Q), and ‘calf circumference (CC) in cm’ (item R)?3. Patients’ nutritional status in the standard
MNA-SF and MNA-LF was classified as ‘normal nutritional status, ‘at risk of malnutrition, and ‘malnutrition’ on
the basis of criteria described in detail elsewhere?-23.

Modified mini nutritional assessment short form (MNA-SF) and mini nutritional assessment long form
(MNA-LF). Inthe modified MNA-SF and MNA-LE item C ‘mobility’ of the standard MNA-SF and MNA-LF
was operationalized on the basis of the score on the mobility item of the Barthel Index. In brief, the categories
“bed or chair bound”, “able to move in the ward” and “able to leave the ward” of item C, ‘mobility’, of the standard
MNA-SF and MNA-LF were operationalized in the modified MNA-SF and MNA-LF using scores of 0, 5 to 10,
and 15 points on the mobility item of the Barthel Index respectively?. Item E, ‘neuropsychological problems, of
the modified MNA-SF and MNA-LF was operationalized on the basis of Mini Mental State Examination (MMSE)
and Geriatric Depression Scale (GDS) scores®®. Thus, the categories “severe dementia or depression”, “mild
dementia’, and “no psychological problems” of item E, ‘neuropsychological problems, of the standard MNA-SF
and MNA-LF were operationalized in the modified MNA-SF and MNA-LF based on an MMSE score of <20 or
a GDS score of 10-15 points, an MMSE score of 20-26 points or a GDS score of 6-9 points, and an MMSE score
of 27-30 points or a GDS score < 6 points respectively?. In addition, the modified MNA-SF and/or MNA-LF
also included A, B, D, and F-R of the standard MNA-SF and/or MNA-LE, using the standard implementation and
scoring of these items of the standard MNA-SF and MNA-LF?'-228, Like the standard MNA-SF and MNA-LF, the
modified MNA-SF and MNA-LF classified patients’ nutritional status into ‘normal nutritional status, ‘at risk of

malnutrition, and ‘malnutrition?'-2328,

Nutritional risk screening 2002 (NRS 2002). 'The NRS 2002 consists of a prescreen and a final screen. The pre-
screen includes four questions: I) ‘is BMI < 20.5kg/m*?, II) ‘has the patient lost weight within the last three
months?’; IT) ‘has the patient had a reduced dietary intake in the last week?’; and IV) ‘is the patient severely ill
(i.e., in intensive therapy)?, which have yes/no answers?*. If the prescreen is positive, i.e., at least one of the four
prescreening questions generates a ‘yes’ answer, a final and more comprehensive screening is performed and
includes three dimensions: I) ‘nutritional, anthropometric and clinical status’; IT) ‘disease severity; and III) ‘age
of 70 years or older’>*?. Patients are identified as ‘no risk for malnutrition’ or ‘at risk of malnutrition’ on the NRS
2002, as described in detail elsewhere?*?.

Malnutrition universal screening tool (MUST). 'The MUST addresses three items: ‘body mass index;, ‘undesired
weight loss between the last three to six-months, and ‘acute disease causing fasting for more than five days%44,
Patients are identified as at low risk, ‘medium risk; or ‘high risk of malnutrition’ on the MUST, as described in
detail elsewhere?4,

Statistical analysis. Data were analysed in SPSS version 24 (IBM SPSS Statistics, Armonk, NY, USA).
Results are presented in the text and/or tables as mean = standard deviation and/or percentages. Groups of
patients, i.e., patients who had died/survived to follow-up at six months and one year, were compared using the
Mann-Whitney U-test or the chi-squared test as appropriate. The six-month and one-year mortality rates for the
different categories defined by the malnutrition screening instruments were analysed by Kaplan Meier analysis.
The log-rank test was used to differentiate the predictive power of the different categories defined by the malnu-
trition screening instruments in relation to six-month and one-year mortality. Cox proportional hazard models
were run to analyse the hazard ratios for six-month and one-year mortality of each increment in category on the
various malnutrition screening instruments. Hazard ratios (HRs) for six-month and one-year mortality of the
various malnutrition screening instruments were adjusted for potential confounding factors (i.e., sex, age, frailty
status, Cumulative Illness Rating Scale — Geriatrics (CIRS-G), and Barthel-Index score) and were considered both
separately and together. Receivers operating characteristic (ROC) curves were used to estimate the area under
the curves (AUC) for the various malnutrition screening tools, analysed as categorical variables, in relation to
six-month and one-year mortality. The abilities of the various malnutrition screening tools to predict six-month
and one-year mortality were compared by comparing the AUC of the malnutrition screening tools for six-month
and one-year mortality using the Hanley and McNeil method®. Statistically significant differences were identified
at p <0.05.

Results

Clinical characteristics of the study cohort.  The study cohort consisted of 240 patients hospitalised on
geriatric wards (159 female and 81 male). The clinical characteristics of the overall study cohort and individuals
stratified by death/survival at six months and one year are shown in Table 1. Follow-up data at six months were
not available for one person. Of the remaining 239 for whom follow-up data were available at six month follow-up,
28 individuals (11.7%) had died. Among these 239 patients, 67.4% were female. Mean age was 82.5 & 6.1 years,
mean BMI was 24.8 £ 8.1 kg/m?, mean weight was 66.6 & 22.3kg, and mean height was 158.0 £30.7 cm. A total
of 51.9% of these patients described weight loss of >4.5kg in the last year, 76.2% had had falls, 36.0% had heart
failure, 10.5% had myocardial infarcts, 21.8% had stroke, 17.6% had cancer, 34.3% had diabetes mellitus, 25.9%
had pulmonary disease, 41.8% had kidney disease, 11.3% had constipation, 61.9% had urinary incontinence or
bladder catheter, 16.3% had bowel incontinence, and 96.2% received more than 5 medications. Mean MMSE was
25.6+ 3.9 points, GDS was 4.4 2.7 points, Barthel Index was 68.8 - 19.6 points, CIRS-G was 18.4 £+ 5.4, 77.4%
were frail on the Frailty Phenotype, and 65.3% had TUG > 19 sec or were unable to perform the TUG. Follow-up
data at one year were not available for four persons, including the individual from whom follow-up data were not
available at six months. Of the remaining 236 patients for whom follow-up data were available at one-year, 49
individuals (20.8%) had died. These 236 patients included 67.8% females, had an average age of 82.5£ 6.1 years,
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Persons who died | Persons who survived Persons who died | Persons who survived
All person | during 6 month of | during 6 month of during 1 year of | during 1 year of
Clinical characteristics (n=240) follow-up (n=28) | follow-up (n=211) P-value | follow up (n=49) | follow up (n=187) P-value
Age (years) mean (SD) 82.5+6.1 834+38.1 82.4+5.8 0.136 829+7.6 82.4+5.7 0.329
Women, % (n) 67.5(162) 50.0 (14) 69.7 (147) 0.037 55.1(27) 71.1 (133) 0.033
Height (cm) mean (SD) 158.0£31.0 | 153.0+£44.0 159.04+29.0 0.772 159.04+35.0 158.04+30.0 0.274
Weight (kg) mean (SD) 66.5+22.0 | 68.2+20.0 66.4+23.0 0.720 70.0£23.0 65.9+22.0 0.244
BMI (kg m~2), mean (SD) 24.8+8.1 242+84 249481 0.629 249+83 249479 0.930
Weight loss > 4,5kg in last year (%), (n) 51.7 (124) 64.3 (18) 50.2 (106) 0.006 61.2 (30) 48.7 (91) 0.035
Falls (%), (n) 75.8 (182) 71.4 (20) 76.8 (162) 0.533 69.4 (34) 78.1 (146) 0.203
Heart failure (%), (n) 36.3 (87) 57.1(16) 33.2(70) 0.013 51.0 (25) 31.6 (59) 0.011
Myocardial infarction (%), (n) 10.4 (25) 14.3 (4) 10.0 (21) 0.481 10.2 (5) 10.2 (19) 0.993
Stroke (%), (n) 21.7 (52) 17.9 (5) 22.3 (47) 0.594 | 18.4(9) 22.5 (42) 0.536
Cancer (%), (n) 17.9 (43) 35.7 (10) 15.2(32) 0.007 32.7 (16) 12.8 (24) 0.002
Diabetes mellitus (%), (n) 342(82) |32.1(9) 34.6 (73) 0797 | 38.8(19) 33.7(63) 0.506
Pulmonary disease (%), (n) 26.3 (63) 35.7 (10) 24.6 (52) 0.209 26.5(13) 25.7 (48) 0.902
Kidney disease (%), (n) 41.7(100) | 64.3(18) 38.9(82) 0.010 |57.1(28) 38.0 (71) 0.015
Constipation (%), (n) 11.7 (28) 7.1(2) 11.8 (25) 0.460 6.1(3) 12.8 (24) 0.189
Urinary incontinence or bladder catheter (%), (n) 62.1 (149) 75.0 (21) 60.2 (127) 0.129 73.5(36) 58.3 (109) 0.052
Bowel incontinence (%), (n) 16.7 (40) 32.1(9) 14.2 (30) 0.016 28.6 (14) 11.8 (22) 0.004
More than 5 medications (%), (n) 96.3 (231) 96.4 (27) 96.2 (203) 0.954 98.0 (48) 95.7 (179) 0.467
Mini- Mental State Examination, mean (SD) 25.6+4.0 26.0£3.2 25.5+4.0 0.778 26.0£3.15 25.5+4.1 0.660
Geriatric Depression Scale, mean (SD) 4.4+27 57+3.3 42426 0.028 51429 42426 0.049
Barthel Index Score, mean (SD) 66.8+£20.0 |48.9+20.0 69.2+18.2 <0.001 | 54.6+£19.2 70.5+18.0 <0.001
Timed Up and Go Test > 19 seconds/ unable (%), (n) | 65.4 (157) 92.9 (26) 61.6 (130) 0.001 91.8 (45) 57.8 (108) <0.001
Institutionalized (%), (n) 16.7 (40) 28.6 (8) 14.7 (31) 0.142 24.5(12) 13.9 (26) 0.199
Frail by Frailty Phenotype (%), (n) 77.5(186) | 92.9 (26) 75.4 (159) 0.114 | 91.8 (45) 73.3 (137) 0.022
Cumulative Illness Rating Scale, mean (SD) 18.4+54 224+46 17.9+53 0.519 21.3+58 17.6+5.1 0.340

Table 1. Clinical characteristics (baseline examination) of the study cohort and the two patient subgroups by
using Mann- Whitney U-test or chi-squared test.

a mean BMI of 24.9 + 8.0 kg/m’, a mean weight of 66.7 - 22 kg, and a mean height of 158.0 4 30.8 cm. A total of
51.3% of these 236 patients described weight loss >4.5kg in the last year, 76.3% had had falls, 35.6% had heart
failure, 10.2% had myocardial infarcts, 21.6% had stroke, 17.4% had cancer, 34.7% had diabetes mellitus, 25.8%
had pulmonary disease, 41.9% had kidney disease, 11.4% had constipation, 61.4% had urinary incontinence or
were catheterised, 15.3% had bowel incontinence, and 96.2% took more than five medications. Mean MMSE was
25.6 £ 4.0 points, GDS was 4.4 2.7 points, Barthel Index was 67.2 4 19.4 points, CIRS-G was 18.4£5.4, 77.1%
were frail on the Frailty Phenotype, and 64.8% of the patients had a TUG > 19 sec or were unable to perform the
TUG. A total of 16.1% of these 236 patients were institutionalised.

Assessment on both the modified MNA-SF and standard MNA-SF categorised 98.8% of the 240 study par-
ticipants as “malnourished or at risk of malnutrition”. The proportions classified as malnourished and at risk for
malnutrition differed: the modified MNA-SF identified 51.7% of individuals as “malnourished” and 47.1% as “at
risk of malnutrition,” whereas the standard MNA-SF identified 56.7% of study participants as “malnourished” and
42.0% as “at risk of malnutrition.” The modified MNA-LF and standard MNA-LF categorised 97.5% and 97.9%
patients as “malnourished or at risk of malnutrition”. The modified MNA-LF identified 37.5% as “malnourished”
and 60.0% as “at risk of malnutrition”, while the standard MNA-LF classified 37.1% as “malnourished” and 60.8%
as “at risk of malnutrition”

Comparison of mortality rates at six-month and one-year follow-up stratified by nutritional
status as determined with the various malnutrition screening instruments. Mortality rates at
six-month and one-year follow-up stratified by nutritional status on the various malnutrition screening instru-
ments are given in Table 2 and Figs 1 and 2. Patients with adverse malnutrition status on the modified MNA-SF
and MNA-LF and the standard MNA-SF and MNA-LF had higher mortality rates than individuals with better
nutritional status (all p <0.05) (see Table 2). Mortality rates for six-month mortality showed no statistically signif-
icant differences between patients with different malnutrition status on the NRS 2002 (p > 0.05), though one-year
mortality was higher in patients with adverse malnutrition status than in individuals with better nutritional status
(all p < 0.05). Mortality rates showed no statistically significant differences between patients with different malnu-
trition status on the MUST for either six-month and/or one-year mortality (all p >0.05) (see Table 2)

Prediction of six-month and one-year mortality. The abilities of the various malnutrition screening
instruments to predict six-month and one-year mortality are shown and compared in Table 3. The modified
MNA-SF and MNA-LF and the standard MNA-SF and MNA-LF, but not the NRS 2002 or the MUST, were able to
predict six-month and one-year mortality (see Table 3). The ability of the modified MNA-SF to predict six-month
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Six-month mortality

modified MNA- SF 0.0% (0) 5.4% (6) 17.7% (22) 0.010
modified MNA-LE | 0.0% (0) 4.9% (7) 23.3% (21) <0.001
MNA- SF 0.0% (0) 6.0% (6) 16.2% (22) 0.046
MNA- LF 0.0% (0) 6.9% (10) 20.2% (18) 0.006
NRS 2002 5.6% (2) 12.8% (26) — 0.212
MUST 8.5% (10) 9.1% (5) 19.4% (13) 0.070
One-year mortality

modified MNA- SF 0.0% (0) 14.4% (16) 27.0% (33) 0.040
modified MNA-LE | 0.0% (0) 11.3% (16) 20.8% (33) <0.001
MNA- SF 0.0% (0) 14.0% (14) 26.3% (35) 0.048
MNA- LF 20.0% (1) 13.9% (20) 32.2% (28) 0.004
NRS 2002 8.3% (3) 23.0% (46) — 0.046
MUST 16.2% (19) 20.4% (11) 29.2% (19) 0.117

Table 2. Mortality rates at six-month and one-year of follow- up according to the nutritional status of the
different malnutrition screening instruments by using Kaplan Meier analyses.
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Figure 1. Kaplan-Meier estimated survival function of patients stratified by nutritional status as evaluated
using the Modified Mini Nutritional Assessment Short Form, Log- Rank test: x?=7.1, p-value 0.029.

mortality was better than that of the NRS 2002 but showed no differences compared with the modified MNA-LF,
standard MNA-SE, MNA-LF and MUST. The ability of the modified MNA-SF to predict one-year mortality
showed no difference compared with the standard MNA-SE, MNA-LE, NRS 2002, and MUST and was worse than
that of the modified MNA-LE. With the exception of the modified MNA-SE, the modified MNA-LF yielded better
predictions of six-month mortality than all other malnutrition screening instruments evaluated in this study.
The modified MNA-LF gave better prediction of one-year mortality than all other malnutrition screening tools
evaluated here.

Hazard Ratios and adjusted Hazard ratios for each increment in category on the various malnu-
trition screening tools in relation to six-month and one-year mortality. Unadjusted and adjusted
HR for each increment in category on the different malnutrition screening instruments are given in Table 4. Each
increment in category on the modified MNA-SF and MNA-LF and the standard MNA-SF and MNA-LF and
the MUST, but not the NRS 2002, increased the risk for six-month and one-year mortality (see Table 4). In an
adjusted model taking age and sex taking into account, each increment in category of the modified MNA-SE, the
modified MNA-LE, the standard MNA-SF, the standard MNA-LF, and the MUST, but not NRS 2002, was associ-
ated with an increased risk for six-month and one-year mortality (see Table 4). In a further adjusted model taking
several potential confounding factors into account (age, sex, frailty status according to the frailty phenotype,
Cumulative Illness Rating Scale for Geriatrics (CIRS-G), and Barthel Index score), each increment in category
on the modified MNA-LE, but not on the modified MNA-SF, standard MNA-SF, standard MNA-LF, NRS 2002, or
MUST, was associated with an increased risk for six-month and one-year mortality (see Table 4).
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Figure 2. Kaplan-Meier estimated survival function of patients stratified by nutritional status as evaluated
using the Modified Mini Nutritional Assessment Long Form, Log- Rank test: x*>=26.9, p-value < 0.001.

Six-month mortality

1. Modified MNA-SF | 0.653 (0.553-0.753) | 0.009 — 0.115 0.249 0.472 0.038 0.184
2. Modified MNA-LF | 0.715(0.617-0.813) | <0.001 |0.115 — 0.022 <0.001 0.006 0.033
3. MNA-SF 0.624 (0.522-0.726) | 0.033 0.252 0.023 — 0.253 0.125 0.383
4. MNA-LF 0.657 (0.550-0.764) | 0.007 0.472 <0.001 0.253 — 0.058 0.211
5.NRS 2002 0.545 (0.437-0.652) | 0.441 0.038 0.006 0.085 0.058 — 0.164
6. MUST 0.607 (0.491-0.723) | 0.066 0.184 0.033 0.383 0.211 0.164 —
One- year mortality

1. Modified MNA-SF | 0.601 (0.515-0.688) | 0.029 — 0.016 0.457 0.300 0.208 0.352
2. Modified MNA-LF | 0.695 (0.612-0.778) | <0.001 | 0.016 — 0.005 <0.001 0.006 0.010
3. MNA-SF 0.597 (0.511-0.684) | 0.036 0.457 0.005 — 0.243 0.208 0.400
4. MNA-LF 0.626 (0.535-0.716) | 0.007 0.300 <0.001 0.243 — 0.121 0.210
5. NRS 2002 0.558 (0.472-0.643) | 0.215 0.197 0.008 0.204 0.121 — 0.296
6. MUST 0.585 (0.494-0.676) | 0.067 0.352 0.012 0.366 0.210 0.300 —

Table 3. Ability and comparison of the ability of the different malnutrition screening tools to predict six-month
and one-year mortality by analysing Receivers operating characteristic (ROC).

Discussion

The major finding in the present study was that the modified MNA-SF and the standard MNA-SF did not differ in
the ability to predict six-month and one-year mortality in our cohort of hospitalised geriatric patients. This indi-
cates that the power of the modified MNA-SF to predict six-month and one-year mortality may be comparable
with that of the standard MNA-SF in this group of patients. Thus, the modified MNA-SF emerges as a potentially
valuable tool for predicting mortality in those hospitalised geriatric patients in whom the mobility item of the
Barthel Index, MMSE and GDS is routinely applied during standard comprehensive geriatric assessments.

A further major finding of this study is that the modified MNA-LF displayed better prediction of six-month
and one-year mortality than the standard MNA-LE This indicates that the modification of the two items - ‘mobil-
ity’ and ‘neuropsychological problems’ - in the modified MNA-LF may improve the ability of this malnutri-
tion screening instrument to predict mortality in hospitalised geriatric patients. Moreover, with the exception
of the modified MNA-SF (the modified MNA-LF and modified MNA-SF did not differ in the ability to predict
six-month mortality), the modified MNA-LF yielded better predictions of six-month and one-year mortality
than all other malnutrition screening instruments evaluated here. Similarly, Kiesswetter et al. reported that the
MNA-LF gave better prediction of one-year mortality than the MNA-SF in a cohort of 309 older adults aged > 65
years receiving home care®'. In a study of 246 institutionalised individuals aged 76.5 + 11 years, the MNA-LF had
higher predictive value for survival of well-nourished participants then the other malnutrition screening instru-
ments (MNA-SE NRS 2002 and MUST)?2. In contrast, a Taiwanese prospective cohort study of 2872 participants
aged > 65 years demonstrated that the MNA-SF was comparable or even marginally superior than the MNA-LF
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Malnutrition Adjusted HR* (95% Adjusted HR**
screening tool HR (95% CI) P-Value | CI) P- Value | (95% CI) P- Value

Six-month mortality
Modified MNA- SF | 3.642 (1.489-8.908) 0.005 3.382(1.380-8.292) 0.008 1.803 (0.676-4.812) | 0.239
Modified MNA- LF | 5.441 (2.332-12.692) | <0.001 5.451 (2.335-12.725) | <0.001 2.928 (1.1149-7.643) | 0.024

MNA- SF 2.940 (1.206-7.168) | 0.018 |2.631(1.076-6.434) | 0.034 | 1.206(0.437-3.328) | 0.718
MNA- LF 3318(1.550-7.101) | 0.002 | 3.146 (1.469-6.739) | 0.003 | 1.508 (0.635-3.581) | 0.352
NRS 2002 2412(0.573-10.163) | 0230 | 2.391(0.567-10.077) | 0235 |1.787(0.415-7.691) |0.436
MUST 1.582(1.030-2.429) | 0.036 | 1.605 (1.041-2.475) | 0.032 | 1.434(0.925-2.221) | 0.107

One-year mortality
Modified MNA- SF | 2.179 (1.212-3.916) 0.009 2.047 (1.137-3.685) 0.017 1.198 (0.629-2.282) | 0.582
Modified MNA- LF | 4.161 (2.309-7.497 <0.001 4.179 (2.318-7.534) | <0.001 2.644 (1.388-5.035) | 0.003
( )
( )

)
MNA- SF 2.159 (1.176-3.965) 0.013 2.011 (1.095-3.693) 0.024 1.111 (0.564-2.187 0.760
MNA- LF 2.446 (1.412-4.239) 0.001 2.365 (1.365-4.097) 0.002 1.349 (0.731-2.490 0.338
)
)

NRS 2002 3.015(0.938-9.696 0.064 3.017 (0.938-9.702) 0.064 2.565(0.790-8.328) | 0.117
MUST 1.418 (1.028-1.957 0.033 1.427 (1.032-1.974) 0.032 1.353 (0.974-1.879) | 0.072

Table 4. Hazard Ratios and adjusted Hazard ratios for each increment in category of the different malnutrition
screening tools in relation to six-month and one-year mortality. *Cox proportional hazard model considering
age and sex. **Cox proportional hazard model considering age, sex, Frailty Phenotype, CIRS-G and Barthel
Index Score.

in predicting four-year mortality**. However, and of relevance in the busy clinical setting at geriatric wards, it is of
note that administration of the modified MNA-LF is more time-consuming than the modified MNA-SE.

In the present study, all the different MNA versions, i.e., the modified MNA-SE, modified MNA-LE, standard
MNA-SF, and standard MNA-LF, were able to predict six-month and one-year mortality. In contrast, in this
study the NRS 2002 and the MUST, did not reveal such an ability to predict six-month and or one-year mortality.
Diekmann et al. previously reported that the MNA had greater predictive power than the NRS 2002 and MUST
for survival in a prospective longitudinal analysis with a follow-up period of up to one year in 200 nursing-home
residents®. Koren-Hakim et al. reported that the MNA-SF, but not the NRS 2002 or MUST, was able to pre-
dict mortality during a 36-month follow-up period with measurement of nutritional status in 215 older people
undergoing hip fracture surgery, with a mean age of 83.9 & 6.09 years*. Donini et al. reported that the MNA-LF
and MNA-SF had higher predictive value for mortality than the NRS 2002 and MUST in a study cohort of 246
institutionalised participants aged 76.5 + 11 years®. In contrast, a Brazilian study of a cohort of 705 participants,
which included 169 geriatric patients aged > 65 years, found that the abilities of the MNA-SF and NRS 2002 to
predict complications, prolonged hospital stay, and mortality in older patients were comparable®. Holst et al.
studied a cohort of 233 hospitalised geriatric patients and found that neither the MNA-LF, nor the NRS 2002, nor
the MUST was able to predict one-year mortality*®.

Among the different malnutrition screening instruments evaluated here, only the modified MNA-LF dis-
played independent predictive value for six-month and one-year mortality after adjustment of the analysis for
potential confounding factors, including age, sex, frailty status, comorbidity, and ADL disability burden. There
might be an interaction between age, sex, frailty status, comorbidity and ADL disability on the one hand and mal-
nutrition and the risk of malnutrition on the other in hospitalised geriatric patients with, along with each of these
conditions, a potential impact on the mortality risk. Among the malnutrition screening instruments evaluated
here, the modified MNA-LF may be the most objective and complex, and probably allows the predictive value
of malnutrition and risk for malnutrition to be discriminated from the contributions of age, sex, frailty status,
comorbidity and ADL disability to prediction of mortality. Nevertheless, with the exception of the NRS 2002, all
the malnutrition screening instruments evaluated here had predictive power for six-month and one-year mor-
tality after adjustment of the analysis for age and sex only. In line with the findings reported here, several other
authors have reported that malnutrition has independent predictive value for mortality in different settings. Jiang
et al. reported studies of a cohort of 437 patients with a median age of 81.0 (74.5-84.0) years in an acute geriat-
ric ward showing that malnutrition as defined by the European Society for Clinical Nutrition and Metabolism
(ESPEN) criteria, but not by the MNA, was an independent predictor of three-year mortality?’. In a study of 131
patients aged > 60 years, the Geriatric Nutritional Risk Index (GNRI) predicted three- and six-month mortality
independent of potential confounding factors, including age, sex, and cancer*®. In a retrospective study of 1170
participants aged > 60 years living in a community dwelling setting, malnutrition was found to be an independ-
ent risk factor for seven-year mortality®. A prospective cohort study of 164 emergency department patients
aged > 75 years showed that malnutrition was a strong independent risk factor for short-term mortality in geri-
atric patients®. Liu et al. reported a prospective observational study including diabetes patients aged > 65 years
with a 2.8-year follow-up which showed that malnutrition was an independent predictor of mortality’!. Another
study of a cohort of 1306 participants aged > 75 years showed that malnutrition as assessed on the MNA-SF was
independently related to six-month mortality®?. Correia et al. also noted that malnutrition was an independent
risk factor of mortality'®. Lilamand et al. reported that the MNA-SF predicted one-year mortality independently
of potential confounding factors in a nursing home setting in a study of 773 older people with a mean age of
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86.2 £ 7.5 years™. It should be noted that the setting on hospital geriatric wards may not be comparable to the
setting in the community/home or nursing homes.

The six-month and one-year mortality rates in the present study in hospitalised geriatric patients-11.7%
and 20.8% - are in line with mortality rates reported from other studies by ourselves and other authors in hos-
pitalised geriatric patients. We have previously reported that 15.4% of 306 study participants died during the
first six-month post-baseline examination in a cohort of hospitalised geriatric patients>»*. Dent et al. found a
six-month mortality rate of 16% in 172 hospitalised geriatric patients®. A study by Drame et al. of 1306 acute
hospitalised study participants aged > 75 years found that a six-month mortality rate of 24.4%2. One of our own
earlier studies yielded a one-year mortality of 20.3% in 304 hospitalised geriatric patients®”*%. A study of 2033
geriatric in-patients recorded a one-year mortality of 24.9%. Holst ef al. reported a one-year mortality rate of
27% in 233 hospitalised geriatric patients*.

The mortality rates of individuals with malnutrition or at risk for malnutrition as evaluated by the modified
MNA-SF and modified MNA-LF in the present study are similar to those in our previous studies using the mal-
nutrition screening instruments identified above in hospitalised geriatric patients?.

This study has a number of strengths. It is the first prospective longitudinal analysis dissecting the ability of the
modified MNA (modified MNA-SF and modified MNA-LF) as compared with the standard MNA-SE, MNA-LE,
NRS 2002 and MUST to predict six-month and one-year mortality. Furthermore, we adjusted the analysis for
potential confounding factors to analyse whether malnutrition as classified by the different screening instruments
has independent predictive value for six-month and/or one-year mortality. Follow-up data were obtained at two
time points (six months and one year post-baseline). The rate of loss to follow-up was very low. Only 0.4% of the
240 study participants could not be reached at the six-months and 1.7% at one year. Previous studies showed
comparable percentages of loss to follow up at six months or one year®*>7-5%60,

On average it takes 5-10 minutes to perform the MNA-SF and 10-20 minutes to perform the MNA-LF
depending on individual patient characteristics. In the case the MMSE, GDS and Barthel Index are routinely
applied in terms of the comprehensive geriatric assessment at the geriatric ward the assessor can save approxi-
mately up to five minutes by using the score of the MMSE, GDS and mobility item of the Barthel Index to oper-
ationalize the modified MNA-SF and modified MNA-LE. Clearly, in the case the MMSE, GDS and Barthel Index
are not routinely applied in terms of the comprehensive geriatric assessment at the geriatric ward it would take
longer to operationalize the modified MNA-SF and modified MNA-LF in comparison to the standard MNA-SF
and standard MNA-LF as the MMSE, GDS and mobility item of the Barthel Index have to be performed in
addition.

The study also has some limitations. The caring geriatric teams were not blinded to the results of all these
scores of the comprehensive geriatric assessment tools at the time of admission and may have altered their care
plans on the basis of these data. This may have altered mortality risk potentially confounding the observed results.
It was a single-centre study of hospitalised patients on geriatric wards. It may therefore be misleading to extrap-
olate the findings to the geriatric wards of any other hospital or other clinical setting. All study participants were
Caucasian, so the study results may not be transferable to other ethnic groups.

In conclusion, the modified MNA-SF and standard MNA-SF showed comparable abilities to predict six-month
and one-year mortality in hospitalised geriatric patients. With the exception of the modified MNA-SF (there were
no differences in the abilities of the modified MNA-LF and modified MNA-SF to predict six-month mortality),
the modified MNA-LF gave better predictions of six-month and one-year mortality than all the other malnutri-
tion screening instruments evaluated here. The various MNA versions evaluated in this study, i.e., the modified
MNA-SF and MNA-LF and the standard MNA-SF and MNA-LF, and the MUST, but not the NRS 2002, were
able to predict six-month and one-year mortality after adjustment of the analysis for age and sex. The modified
MNA-LE but none of the other malnutrition screening instruments evaluated here, had independent predictive
value for six-month and one-year mortality after adjustment of the analysis for age, sex, frailty status, comorbidity
and ADL disability burden. The modified MNA-SF and modified MNA-LF therefore emerge as potentially valu-
able tools for predicting mortality in hospitalised geriatric patients in whom the Barthel Index, MMSE and GDS
are routinely applied in the course of standardised comprehensive geriatric assessment.

Data Availability
The datasets generated and/or analysed during the current study are available from the corresponding author on
reasonable request.
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