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Figure 1a: Comparison of percentage accurate predictions for weight-based compared with fat free mass (FFM)-
based resting energy expenditure predictive equations at hospital admission
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Figure 1b: Comparison of percentage accurate predictions for weight-and-height-based compared with weight-
only-based predictive equations at hospital admission
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The percentage accurate predictions when corrected with a range of illness factors for
measurements at hospital admission for the three best predicting equations is
presented in Figure 2. Adding an illness factor of 5% appeared to be sufficient to
optimize the percentage accurate prediction. After correction, the accuracy of the best
predicting equation (FAO/WHO incl. weight and height) increased from 40% to 47%.
Adding an illness factor at three months following discharge did not improve the
percentage accurate predictions.

The percentage accurate predictions for a broad range of fixed factors of kcal per kg
body weight at hospital admission and three months following discharge is presented in
Figure 3.

For the equations the prediction error ranged from 260 to 531 kcal at hospital admission
and from 183 to 422 kcal three months following discharge. For fixed factors the
prediction error ranged from 305 to 824 kcal at hospital admission and from 243 to 713
kcal three months following discharge.

All equations showed a negative percentage of bias at hospital admission as well as at
three months following hospital discharge, which means that all equation under
predicted the measured REE.

Bland-Altman plots for the three best prediction equations for REE (Lazzer, FAO/WHO
incl. weight and height, Owen) at hospital admission and three months following
hospital discharge are expressed in Figure 4. One patient was excluded from the figure
because of an outlying measured REE of 2774 kcal at the final measurement. The Bland-
Altman plot for FAO and all other predictive equations showed a proportional bias, with
overestimation of low REE values and underestimation of high REE values.
Retrospectively, this proportional bias was corrected, using regression analysis, which
resulted in the expected zero bias (Figure 5). However, no improvement of percentage
accurate predictions was obtained by this correction for all equations.
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Figure 2: Percentage accurate predictions of a range of illness factors for the three best predicting equations at
hospital admission
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Figure 3: Percentage accurate predictions of a range of kcal/kg body weight for measurements at hospital admission
(baseline) and three months following hospital discharge
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Figure 4: Bland-Altman plots for 3 selected resting energy expenditure (REE) prediction equations (Owen, FAO/WHO-
weight and height, Lazzer) at hospital admission (left) and three months following hospital discharge (right)
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Figure 5: Bland-Altman plots for resting energy expenditure (REE) prediction equation FAO/WHO-weight and height
prior to (left) and after (right) correction for the proportional bias by regression analysis

Discussion
Predictions of resting energy expenditure for malnourished hospitalized elderly patients

during admission to hospital appear to be subject to large errors, with the best thus far
developed prediction equations predicting only 40% of patients accurately. When
patients are reassessed three months following discharge, their body weight and health
status improved, the best equations predicted 66% of patients accurately. Our data
suggest that prediction accuracy is inversely related to poor nutritional status and
disease. However, even after (partial) recovery the prediction accuracy remains marginal.
Fixed factors (kcal/kg) or the use of fat free mass assessment do not improve the results.

Predictive equations have generally been developed in healthy populations or in
critically ill patients, on the basis of regression analysis of body weight, height, sex, and
age as independent variables and measured REE by indirect calorimetry as a dependent
variable. In healthy overweight and obese adults the best prediction equation showed
79% accuracy (26), and in an even more varied weight group from normal weight to
extreme obesity in women 71% accuracy could be reached(29).

In hospitalized underweight critically ill patients 42% accuracy could be reached(30).
However, severely underweight patients with body weight below 50 kg were very
difficult to predict accurately(31). Earlier we showed similar poor results for inpatients,
but not primarily due to underweight patients(14). Equations based on elderly are rather
scarce(21;22). In a review, specifically focussing on elderly, Gaillard et al.(24) concluded
that the Harris-Benedict and FAO/WHO predictive equations were the most accurate.
However, this conclusion was drawn based on the results of bias only, which is an
incomplete method of evaluating adequate predictions. Boullata et al.(32) evaluated
hospitalized adult patients (18-92 y), but included 36% ventilated intensive care patients
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(61% accurate prediction). Compher et al.(33) evaluated hospitalized elderly African
Americans, but this population is not comparable to ours (26% accurate predictions).
Melzer et al.(15) showed that healthy elderly (= 70 years) had 72% accurate predictions,
suggesting that being old per se is not the main cause of the poor accuracy.

For elderly Bosy-Westphal et al. (34) described that there was a proportionate decrease
in FFM, with no specific adaptations in organ mass energy expenditure. However, for
more acute weight loss, they describe variable loss of organ mass and an accompanying
broader range in energy expenditure. This might explain in part the very large range in
REE (641- 2325 kcal/24h) in the present study.

Our study demonstrated that a fixed factor (kcal/kg) was not better than other
equations. Within the range of fixed factors, 30 kcal/’kg performed best. This is slightly
higher than the 27.5 kcal/kg (= 21-22 kcal for REE + 30% stress/illness/activity factor)
suggested by Gailliard et al. and Alix et al.(23;24). The difference can possibly be
explained by the poorer health status and the poorer nutritional status of our patients.

Our population is heterogeneous and differed in nutritional status, age, medical
diagnosis, and health status. Prediction equations do not adjust for these differences.
Some examples: all patients were malnourished at time of the measurement of REE at
admission to the hospital. However, there was a wide variation in degree of malnutrition
as shown in the results. Some patients presented with chronic weight loss, while others
had acute weight loss. Overall this is a very representative group of patients the REE
predictive equations is needed for.

Another explanation in the broad range of REE could be found in the medical diagnoses.
Although most patients were admitted to the department of internal medicine, they
suffered from a wide range of medical diagnoses. Adding an illness factor of 5% only
slightly optimized the percentage accurate predictions. Inflammation was expected to
explain part of this illness factor. However, in post-hoc analyses REE's in patients with
elevated CRP levels were not higher than REE’s in patients with normal levels (data not
shown). The iliness factor can probably better be regarded as a correction factor for, for
instance, malnutrition.

The difference in accuracy of REE between three months following discharge compared
to hospitalisation is hypothesized to be due to an improved health state of our patients.
In an earlier study it was demonstrated that patients receiving a three months
nutritional intervention (containing extra energy, protein and vitamin D, supported by
dietetic counselling) significantly improved their body weight and significantly
decreased their functional limitations in the three months following discharge(35).
Recovery of body weight might have increased REE and recovery from illness might have
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decreased REE at the same time, thus explaining why we did not observe a difference in
REE between admission and three months following discharge(36). Adding an illness
factor to the prediction equations at three months did no longer improve the
percentage accurate predictions. At three months following discharge prediction
equations showed only a moderate accuracy of 63%. The majority of patients were still
in a suboptimal health, which may possibly explain the poor predictions.

Equations including data on fat free mass or height did not always improve the results.
Both measuring fat free mass and measuring height are unpractical and time consuming
measurements in this patient group; FFM because of the need of extra equipment and
height because of the ill, old, frail and frequently bed rested population. Although the
measurement of body composition can be valuable, it does not appear to be necessary
to improve REE predictions.

From literature it can be concluded that REE was measured after an overnight fast (Alix
et al.(23), Melzer et al.(15)), four-hour fast (Compher et al.(33)) or two-hour fast (Boullata
et al.(32)). In the present study patients were not fully post-absorptive prior to
measuring resting energy expenditure by indirect calorimetry. This could have increased
the resting energy expenditure compared to studies with measurements after overnight
fasting. On the other hand, this is daily practice. With only a few exceptions (16/196
baseline measurements) REE was measured more than 2 hours following oral dietary
intake.

Mean REE measurement of 1473 kcal/d (men: 1636 kcal/d, women: 1331 kcal/d) for
malnourished ill elderly patients in our study is quite similar to results by Alix et al. (total
group: 1560 kcal/d, men: 1748 kcal/d, women: 1430 kcal/d)(23), Compher et al. (total
group: 1391 kcal/d)(33), Melzer et al. (total group: 1370 kcal/d, men: 1462 kcal/d, women:
1262 kcal/d)(15) and Boullata et al. (total group: 1617 kcal/d)(32).

Most equations seemed to under predict REE. In malnourished patients this is

undesirable and hindering adequate recovery. Therefore, measuring body weight to
monitor adequacy of nutritional support is of major concern in these patients.
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Conclusion
From these results it can be concluded that REE prediction equations and fixed factor of

kcal/kg/d are not adequate for hospitalized malnourished elderly patients. Therefore,
the suggesting is made to always measure energy expenditure in this group of patients.
However, measuring resting energy expenditure by indirect calorimetry is hardly
feasible in most clinical settings, due to time consuming measurements, lack of trained
personnel, and expensive equipment. More effective and accurate, bedside equipment
to measure REE would therefore be welcome, but is not yet available. Meanwhile, a new
REE prediction equation for malnourished elderly patients could be developed.

For daily practice, it is strongly advised to monitor body weight after the start of
nutritional intervention, because this study demonstrates that prediction equations or
fixed factors of kcal/kg, are too small a basis for establishing reachable dietary goals.
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Abstract

Background

In our society offering extra nutritional support is a standard for malnourished patients
at admission to hospital. Whether malnourished, cognitively impaired, hospitalized,
elderly patients would also benefit from this regimen is unknown. This study assesses
their three- months and one-year survival. Prognostic characteristics predicting life-
expectancy are also studied.

Methods

This prospective cohort included malnourished, cognitively impaired, hospitalized,
elderly patients (group 1: dementia, 2: delirium and 3: combination dementia/delirium)
newly admitted to an acute hospital and receiving usual nutritional care. Data on
survival was completed until one year following patients’ admission to the hospital.
Possible prognostic characteristics predicting life-expectancy data were collected.

Results

A cohort of 116 malnourished, cognitively impaired, hospitalized, elderly patients is
described. Forty-nine patients were described to have dementia, 48 delirium and 19 a
combination of dementia and delirium. Mean age was 81.6 years (SD 8.3, range 60-99
years). Fifty-five patients (47.4%) died within one year following hospital admission, 36
of them (31%) died within three months following hospital admission. There were no
significant differences in survival between the three groups (p=0.672)

Patients with a malignancy or vascular disease were more likely to die within three
months following discharge.

Conclusion
Almost half of a cohort of malnourished, cognitive impaired, hospitalized, elderly
patients died within one year following hospital admission. Patients with a malignancy
or vascular disease were more likely to die early following discharge. It could be
defended that in these patients, extra nutritional support should no longer be offered as
a standard.
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Background

The incidence of people with dementia increases as the demographic profile of the
population shifts towards older people(1). In the western world, more than 5% of the
people over 60 years of age have some form of dementia(2-5).

Dementia is a disorder that is characterized by impairment of memory and at least one
other cognitive domain (aphasia, apraxia, agnosia and /or executive function). These
must represent a decline from previous level of function and be severe enough to
interfere with daily function and independence. Malnutrition is associated with
dementia and often even preceding dementia(6-8). Oral nutritional intake is often
inadequate due to impaired ability to complete motor and perceptual tasks required for
eating and often prevent the older adult from accepting help with feeding from
caregivers(9;10).

Mortality rates in patients with dementia (> 60 years of age) are more than three times
higher in the first year following diagnosis than in those without dementia(10;11).

In direct contrast to dementia, which is a chronic confusional state, delirium is an acute
confusional state and typically its duration is short. Delirium is characterized by four key
features: 1) disturbance of consciousness with reduced ability to focus, sustain, or shift
attention 2) a change in cognition or the development of a perceptual disturbance that
is not better accounted for by a pre-existing, established, or evolving dementia 3) the
disturbance develops over a short period of time (usually hours to days) and tends to
fluctuate during the course of the day and 4) there is evidence from the history, physical
examination, or laboratory findings that the disturbance is caused by a medical
condition, substance intoxication, or medication side effect(12).

Acutely hospitalized, elderly patients depict the highest delirium incidence and the
lowest delirium detection rate. Delirium is especially under-diagnosed in demented
patients, while dementia is the strongest risk factor for delirium(13;14).

In well-conscious, malnourished elderly patients, not terminally ill, standard nutritional
therapy would be considered if life expectancy would exceed three months(15;16).
Keeping in mind the increased mortality rates of cognitively impaired patients, the
question whether or not to start intensive nutritional therapy, e.g. oral nutritional
supplements or enteral tube feeding, for a longer period of time in these patients
remains yet to be answered. Research addressing this difficult issue is lacking. Therefore,
the aim of this study is to describe three-months and one-year survival in malnourished,
cognitively impaired (dementia, delirium or a combination of both), hospitalized, elderly
patients. In addition, possible prognostic characteristics predicting life-expectancy will
be studied. Most ideally, this would identify those who live longer or may have other
benefits (function, quality of life) if nutritional intervention is started.
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Methods

The present study was designed as a secondary analysis of a previously conducted study
which has been reported elsewhere(17). The present study describes the nutritional and
clinical status and the three-months and one-year survival of malnourished, cognitively
impaired, elderly patients acutely admitted to a hospital. In the parent study, a
randomized controlled trial, 575 elderly patients were identified as malnourished(17)
and eligible to be randomized to receive extra individualized nutritional support or usual
care(18). Hundred and sixteen (20%) of them were cognitively impaired (suffering from
dementia and/or delirium) and for that reason excluded from the parent trial, being
unable to answer the questions and to follow measurement assignments. They were
treated for their underlying medical diagnosis and offered standard nutritional care
according to best practices.

This secondary study focuses on these cognitively impaired patients. The study was
approved by the Medical Ethics Committee of the VU University Medical Center
Amsterdam.

Population

Men and women aged 60 and older and admitted to the VU University Medical Center
for at least two days at the specialties general internal medicine, gastroenterology,
nephrology, orthopaedics, traumatology and vascular surgery were eligible to
participate.

In this secondary study the prognosis of patients with a combination of 1) malnutrition
and 2) cognitive impairment is described.

Malnutrition

For the initial parent study, we screened 3291 patients for the presence of malnutrition.
Given the large number of patients to be screened, we chose a quick reference standard
for the definition of malnutrition: 1) Body Mass Index (BMI in kg/m?) < 20 and/or 2) = 5%
unintentional weight loss in the previous month and/or 3) = 10% unintentional weight
loss in the previous six months. Body weight was measured, with patients wearing light
indoor clothes and no shoes, on a calibrated electronic scale (Prior MD-1512, Seca,
Hamburg, Germany), with an accuracy of 0.1 kilogram. A correction factor for clothes
was made by deducting weight with 2.0 kilograms for men and 1.3 kilograms for
women(19). As measurement of height is often not feasible in this hospitalized, frail,
elderly population, data on height was derived from medical records or by proxy. BMI
was calculated as actual weight in kilograms divided by the square of height in meters.
As described, patients in this secondary study were excluded from the parent study due
to cognitive impairment. They received usual nutritional therapy during admission and
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post-discharge. Although some of the patients probably received additional nutritional
therapy, this was not provided systematically, not continued following discharge from
the hospital and not documented.

Cognitive impairment

Patients were clarified cognitively impaired if either dementia or delirium or a
combination of dementia and delirium was diagnosed by the treating physician or in a
referral letter from patient’s general practitioner or nursing home physician. As this
study was designed as a secondary analysis of a parent study, it was not possible to
prospectively collect data on neither the stage nor the type of dementia. Routinely used
screening, assessment and diagnostic tools, like MMSE or CAM were therefore not
available for the patients described in this study.

Survival

Post-discharge data on survival was completed until one year following patients’
admission to the hospital. The patient information system of the VU University Medical
Center was used and general practitioners were contacted for mortality dates.

Predictors of survival

To study possible prognostic characteristics predicting life-expectancy prospective data
were collected from the patients, their medical records and/or the department for
finance, health information management and health administration of the VU University
Medical Center.

Data on:

e general patient characteristics (gender and age),

e anthropometric measurements (body weight, height, BMI, weight change in the
last month and last six months),

e homes situation (i.e. living independently or nursed),

e given child birth,

e residence prior to admission and following discharge (living at home without
additional care, or nursed, living at nursing homes, homes for the elderly,
rehabilitation clinics or psychiatric hospitals),

e primary diagnosis at hospital admission,

e nature of cognitive impairment (dementia, delirium or a combination of
dementia and delirium),

e biochemical parameters at admission (albumin (g/L), CRP (mg/L), leukocyte
(*10°%/L), haemoglobin (mmol/L), calcium (mmol/L), kreatinin (umol/L)), systolic-
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and diastolic blood pressure (mmHg) at admission, body temperature (Celsius)
at admission and pulse rate (min) were collected at admission.

The 116 included patients were admitted to the hospital with 73 different medical
diagnoses. Based on medical expert’s opinion we categorized the medical diagnosis into
11 main categories (Table 1).

Table 1: Baseline and clinical characteristics
Characteristics
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T = £ 8 |2t
= $ 3 == R
£ g E E S
e a a Qs &£
Sex, no. females (%) 77 (66.4) 30(61.2) 37 (77.1) 10(52.6)  0.097
Age iny, mean (+ SD) 81.2(8.3) 79.8 (7.3) 81.5(10.1) 83.7 (4.9) 0.095
Home situation, no. (%) 0.202
Living alone 77 (67.5) 36 (75.0) 31 (66.0) 10 (52.6)
Living with partner/family 37 (32.5) 12 (25.0) 16 (34.0) 9(47.4)
Giving child birth, 86 (74.1) 35(71.4) 36 (75.0) 15(789) 0.636
no. > 1 child (%)
Residence preadmission, no. (%) 0.953
Independently 89 (76.7) 37 (75.5) 37(77.1) 15 (78.9)
Nursed 27 (23.3) 12 (24.5) 11(22.9) 4(21.1)
Residence following discharge, no. (%) 0.637
Living independently 43 (44.8) 21 (50.0) 15 (39.5) 7 (43.8)
Nursed 53 (55.2) 21 (50.0) 23 (60.5) 9 (56.3)
Duration of admission in days (+ SD) 16.16 (17.2) 14.4(13.1) 14.3(10.0) 25.5(32.6) 0.214
Body Mass Index in categories, no. (%) 0.671
BMI < 20 81 (69.8) 34 (69.4) 35 (72.9) 12 (63.1)
BMI 20-25 27 (23.3) 11(22.4) 10 (20.8) 6(31.6)
BMI > 25 8(6.9) 4(8.2) 3(6.3) 1(5.3)
Weight change last month, % (+ SD) -5.3(6.5) -5.9(7.1) -4.4 (6.3) -6.2 (5.6) 0.271
Weight change past 6 months, % (+ SD) -10.3 (8.3) -10.9 (6.6) -9.7(9.2) -104(9.4) 0.717
Medical specialty, no. (%) 0.074
Surgical 21(18.1) 7 (14.3) 13 (27.1) 1(5.3)
Nonsurgical 95 (81.9) 42 (85.7) 35(72.9) 18 (94.7)
Admission condition, no. (%) 0.706
Acute 83 (71.6) 35(71.4) 33 (68.8) 15(78.9)
Chronic 33 (28.4) 14 (28.6) 15(31.2) 4(21.1)
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Table 1: (continued)
Characteristics
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Primary diagnosis in categories, no. (%) 0.665
Infection 39(33.5) 16 (32.7) 14 (29.1) 9(47.3)
Heart failure 3(2.6) 3(6.1) - -
Vascular disease 6(5.2) 4(8.2) 1(2.1) 1(5.3)
Kidney insufficiency 5(4.3) 2(4.1) 2(4.2) 1(5.3)
Fractures, orthopaedic disorders 17 (14.7) 5(10.2) 12 (25.0) -
Malignant neoplasm 8(6.9) 4(8.2) 4(8.3) -
Chronic bowel disease 3(2.6) 1(2.0) 1(2.1) 1(5.3)
Diabetes mellitus 5(4.3) 1(2.0) 1(2.1) 3(15.8)
Bleeding in gastrointestinal tract 9(7.8) 6(12.2) 2(4.2) 1(5.3)
Liver, gall, and pancreas insufficiency 2 (1.7) - 2(4.2) -
Other 19 (16.4) 7 (14.3) 9(18.7) 3(15.7)
Albumin (g/L) 31(5.2) 31(5.1) 29 (5.2) 33 (4.3) 0.025
Leukocytes (x10%/L) 13.2(11.3) 12.1(7.1) 12.5(6.3) 17.6 (23.6) 0.776
CRP (mg/L) 82(97.2) 72(80.2) 88(99.9) 93(127.3) 0.814
Haemoglobin (mmol/L) 7.2(1.3) 7.1(1.4) 7.1(1.3) 7.9(0.9) 0.039
Calcium (mmol/L) 2.26 (0.2) 2.23(0.2) 2.22(0.3) 2.41(0.2) 0.002
Corrected calcium (mmol/L)* 2.43(0.2) 2.40(0.2) 2.41(0.3) 2.53(0.2) 0.030
Kreatinin (umol/L) 149.0 (127.9) 146.0 (130.7) 162.4(142.9) 119.8 (46.5) 0.744
Systolic BP (mmHg) 136 (27.2) 129.6 (27.2) 138(28.6) 148 (18.2) 0.072
Diastolic BP (mmHg) 76 (20.5) 76 (27.2) 76 (16.1) 74 (7.6) 0.613
Pulse rate (min) 91 (23.2) 96 (26.3) 86 (22.8) 89(11.3) 0.426
Temperature (° Celsius) 37.1(1.1) 37.3(1.1) 37.0(1.1) 37.0(1.1)  0.402

* Corrected calcium = measured calcium + 0.020 (40 - measured albumin)

Statistical analyses

Standard descriptive statistical methods were used to express means, standard
deviations, percentages, frequencies, changes in variables and minimum and maximum
values. Differences in patient characteristics between the three groups with
dichotomous variables, categorical variables and continues variables were analyzed by
chi-square tests, ANOVA tests and Kruskal-Wallis tests, respectively. Statistical
significance was defined at p < 0.05.

Kaplan-Meier curves were used to estimate the three-months survival and one-year
survival function for demented patients, patients with delirium and patients with a

135



Chapter 8

combination of dementia and delirium. Log rank tests were used to compare survival
curves for groups of patients with different patient characteristics.

For identifying the best combination of variables predicting survival, cox proportional
hazards analysis was conducted, with three months survival and one-year survival as
time variable, and three months and one year deceased as status variable and the
potential predictors as covariates. Statistical significance was defined at p < 0.1.
Statistical analyses were performed using the SPSS-system for Windows, version 17.0
(SPSS, Chicago, IL, USA).

Results

In total 116 malnourished cognitively impaired hospitalized elderly patients were
included in this study. Forty-nine patients were described to suffer from dementia, 48
from delirium and 19 from a combination of dementia and delirium. Mean age was 81.6
years (SD 8.3, range 60-99 years) and 66.4% of patients were female.

Baseline and clinical characteristics are presented in Table 1. P-values demonstrate the
differences between the three groups (dementia, delirium and the combination of
dementia and delirium). At baseline, no statistically significant differences in
characteristics between groups could be demonstrated, except for albumin (p=0.025),
haemoglobin (p=0.039), calcium (p=0.002) and corrected calcium (p=0.030). The most
common admitting diagnosis was infection (67%).

Survival

Thirty-six patients (31%) died within three months following hospital admission and 55
patients (47.4%) died within one year following hospital admission. Classifying for
dementia, delirium and the combination of dementia and delirium resulted in three-
month death rates of 12 patients (25%), 19 patients (40%) and 5 patients (26%),
respectively (NS, p=0.234). One year death rates were 21 patients (43%), 27 patients
(56%) and 7 patients (37%), respectively (NS, p=0.223). The accompanying Kaplan-Meier
curve to express one-year survival is presented in Figure 1.
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Figure 1: Kaplan-Meier curve expressing one-year survival in malnourished elderly patients with dementia, delirium
and a combination of dementia and delirium (p=0.223)

Predictors of death

The univariate associations between potential predictors of death at three months and
one year are shown in Table 2.

The multivariate Cox proportional hazard model including the identified potential
predictors of deceases ‘exploded’. This was caused by the high mortality rates of patients
with malignant disease (7/8 within three months and 8/8 within one year) and vascular
disease (4/6 within three months and 5/6 within one year).

Decision was therefore made to repeat the complete statistical analyses without the
primary medical diagnosis of the patient. Log rank test then revealed albumin (p=0.04),
age (p=0.085), BMI (BMI < 20 p=0.66; BMI 20-25 p=0.85 ; BMI > 25 p=0.46) and given child
birth (p=0.133) to be possible predictors of death after one year. In the multivariate Cox
proportional hazards only albumin remained significant.
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Table 2: Univariate association between potential predictors and death following three months and one year

Characteristics 3 months, p-value One year, p-value
Malignant neoplasm 0.003 0.002
Vascular disease 0.018 0.049
Fractures 0.022 0.003
Being a widow 0.030 0.043
Albumin 0.045 0.003
Living alone 0.056 if
Systolic blood pressure 0.059 i
Heart failure 0.061 f

Age 0.082 0.042
Given child birth f 0.074
BMI < 20 i 0.088
BMI 20-25 0.064
BMI > 25 0.100

' No potential predictor of death following three months or one year survival

Discussion

In this study, patients with a multi-morbidity consisting of malnutrition, cognitive
impairment, old age and an illness requiring hospitalisation were shown to have a high
mortality rate within three months and one year following admission to the hospital.
The clinical relevance of the decision whether or not to offer extra intensive nutritional
therapy to this specific group of patients is high since this applies to approximately
twenty percent of the malnourished hospital admitted elderly patient population(17;20).
In our society, offering extra nutritional therapy is a standard for all patients identified
malnourished at admission to hospital. This has even been defined a quality indicator by
the Dutch ministry of Health, Welfare and Sport. Earlier studies demonstrated that it
takes at least three months for nutritional therapy to be effective, probably even
longer(15). This was confirmed by our parent study including malnourished,
hospitalized, elderly patients without cognitive impairment(17). A significant decrease in
functional limitations, though not in other functional outcomes, was demonstrated
following three months of nutritional intervention, suggesting that the intervention had
probably not lasted long enough.

Good et al,, in their Cochrane review on medical nutrition in palliative care(16), suggest
that patients with a good performance status and medium to long-term prognosis
(months to years) might possibly benefit from extra nutritional intervention. However,
the evidence to support this suggestion is weak. For our specific study population with
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multi-morbidity and a relatively short life-expectancy, it could perhaps be defended that
extra, individualized nutritional therapy, in addition to usual nutritional care, should no
longer be offered as standard care(10).

This study shows that subgroups of patients with multi-morbidity were likely to die early
following discharge when receiving usual nutritional care. It is unsure whether optimal
nutritional therapy in this specific group of patients would have influenced other
endpoints, such as quality of life. Measuring quality of life in this group carries its
limitations because of the cognitive impairment. We doubt whether nutrition
intervention studies aiming at these endpoints will be designed in the near future. If we
would make the decision that optimal nutritional care is required for these specific
patient groups, tube feeding could be a solution to rely on. We would than have to face
the ethical question whether or not to give this type of nutritional support. Therefore,
according to the current scientific state, our suggestion would be to carefully re-consider
our standard regimen to offer intensive nutritional therapy, e.g. oral nutritional
supplements or tube feeding, to these patients.

Data are lacking to explain the early deaths in patients with a diagnosis of vascular
disease and malignancy. It could be hypothesized that these patients have a more
extensive medical history with several co-morbidities than others and that this
decreased survival in these patients.

This study had certain limitations. First of all, malnutrition was identified by a reference
standard of a reduced BMI and/or unintentional weight loss. Although the increased
mortality risk of low BMI values is well established for elderly people, cut-off points for
BMI in elderly people are debated. We chose a strict cut-off point of 20, to be sure of a
true risk of undernutrition.

In elderly people, malnutrition can be regarded as a geriatric syndrome, consisting of
multiple co-morbidities and risk factors on the somatic, mental, functional and social
domain. For that reason, one could argue that the MNA(21) would be a more
appropriate instrument for the risk screening. However, more than 3000 patients,
admitted to different medical wards, were initially screened. Applying the MNA was a
too time-consuming task. We chose a, in our opinion, second best alternative, i.e. BMI
and unintentional weight loss.

Secondly, dementia and delirium were not diagnosed or standardized by MMSE, CAM or
other screening or assessment tools. This study was designed as a secondary research
question. We observed a 20% exclusion rate from the parent study, due to cognitive
impairment, only after we had finished the initial study. However, neither dementia nor
delirium were systematically assessed. Classification based on referral letters is known to
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have a low sensitivity. In addition, many patients with either problem were probably not
included in the study (22;23) and one can expect those to be the healthiest group with
cognitive problems. Therefore, the findings of this study must be interpreted with great
caution.

Thirdly, classification of diseases is very difficult(24). The medical diagnosis malignancy
was beyond doubt, although it included different tumours and different stages. The
diagnosis vascular disease was even more controversial. To be able to study the effect of
disease on outcome, we had to categorise medical diagnoses (from 73 into 11
categories), which caused loss of information. On the other hand, differences were found
between clustered-diagnose-groups, in which it is harder to demonstrate differences
than in large single-diagnose-groups with wide confidence intervals.

Fourthly, we frequently missed data in patients’ medical record for specific parameters,
e.g. data on blood pressure, pulse and temperature was absent in 44, 47 and 49 patients,
respectively. Finally, this study was designed as a secondary study next to a parent
study. We described only a relatively small patient cohort. This study does, therefore, not
provide a strong level of evidence and conclusions should only be interpreted as
recommendations.

Conclusion

Despite these limitations, this study suggest that malnourished, cognitively impaired,
and acutely hospitalized elderly patients with a medical diagnosis of malignancy and
vascular disease are possibly to die early following hospital discharge. If this is indeed
the case, offering intensive nutritional therapy to these patients should perhaps not be
given highest priority. In other medical diagnosis nutritional support should be carefully
re-considered in the light of perceived benefits and health care costs in individual
patient circumstances.

This paper does not have the scientific value to draw sound conclusions, however, it may
open a door to discussion and to more research in this area. This would most ideally
provide us with tools to identify patients who have a higher probability of living longer
or benefiting from nutritional intervention.
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Chapter 9

Introduction

The aim of this research project was to study the effectiveness and cost-effectiveness of
post-discharge nutritional support in malnourished elderly patients, from hospital
admission up until three months following discharge.

This chapter summarizes the study results which are presented in this thesis.
Furthermore, the results will be discussed more deeply, methodological considerations
will be made and future recommendations for both research and clinical practice will be
provided.

Firstly, three studies assessed the effect of a post-discharge multi-component nutritional
intervention in malnourished ill and elderly patients on functional outcomes, falls and
immune function. Secondly, the cost-effectiveness of the nutritional intervention on
functional outcomes was studied. Thirdly, another study compared measured values of
resting energy expenditure to frequently used predictive equations. Finally, survival of
malnourished, cognitively impaired, ill and old patients was studied.

Summary of main findings

Effectiveness

Evidence shows that body weight increased more following a three month post-
discharge multi-component nutritional intervention than without; this was significant
for patients in the highest body weight category, but not significant in those with lower
body weight. Functional limitations decreased more in the intervention group than in
the control group. No statistically significant differences could be demonstrated for
physical performance, physical activities, fat-free mass, or handgrip strength (Chapter 3).
Patients in the intervention group increased their energy intake, protein intake and
serum 25-hydroxy vitamin D compared to patients in the control group. The number of
patients who had experienced falls and the mean number of fall incidents showed a
decrease in patients in the intervention group, compared to patients in the control
group (Chapter 5).

In an exploratory study on a malnourished, ill and elderly patient group, following a
three month nutritional intervention, we were unable to demonstrate differences in
immune markers, endocrine markers and a selection of micronutrients (Chapter 6).
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Cost-effectiveness

Alongside a significant decrease in functional limitations we were able to demonstrate
that the given nutritional intervention was cost neutral. There were no differences in
health care costs between groups. For functional limitations we found a 0.95 probability
that the intervention is cost-effective in comparison with usual care for ceiling ratios > €
6500. Cost-effectiveness could not be demonstrated for quality of life and physical
activities (Chapter 4).

Resting energy expenditure; predictive equations versus measurements

Predictions of resting energy expenditure for malnourished ill elderly patients during
hospitalization appeared subject to significant errors. The best developed prediction
equations, thus far, predicted only 40% of patients accurately. When patients were
reassessed three months following discharge, their body weight and health status
improved, showing that the best equations predicted 66% of patients accurately
(Chapter 7).

Survival in malnourished cognitively impaired patients

From a sub-analysis in malnourished, cognitively impaired, elderly, and acutely
hospitalized patients we concluded that patients with a medical diagnosis of
malignancy and vascular disease were possibly more likely to die early following hospital
discharge than those without these conditions (Chapter 8).

Methodological considerations and recommendations for
future research

Patients

Malnutrition is one of the factors that contribute to the progression of functional
decline. In later stages of this process towards disability, functional decline may on its
turn contribute to the development of poor nutritional status. Consequently, a vicious
circle might develop. To study if optimal nutritional care is (cost-)effective, a careful
selection of patients is desirable.

We tried to include a study population as homogeneous as possible by including
patients from only two wards of the VU University Medical Center in Amsterdam and by
excluding patients with malignancies and major bowel surgery, among with
accompanying treatments and risk of complications. In spite of that, patients’ medical
diagnosis, nutritional status, age and health status varied. In future, a trial including a
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more homogenous patient group would be preferable, however this would probably
need a multicenter approach.

Outcome measures

For this study we collected data from questionnaires, measurements and blood samples.
Unfortunately, we encompassed a problem, a lot of data that required a visit to the
hospital three months following discharge, i.e. the measurements of body composition,
function and blood samples, was missing. Although it was not required to provide a
reason for cancellation, most patients indicated that they were too ill or weak to visit the
hospital. Future studies could better anticipate on this problem by providing routine
visits to patients’ home.

We have planned to study differences in survival between the intervention group and
control group. Resulting from the above mentioned it will be interesting to study
whether patients without follow-up data were indeed the more severely ill patients, and
whether they will have higher mortality rates than patients with complete follow-up.

Due to patients’ frequently poor health status, it may be considered that the chosen
questionnaires were found not to be the most optimal for our study population. The
LASA questionnaires on functional limitations, physical activity and the measurements
on physical performance were developed in community-dwelling elderly and not in a
patient population.

On the one hand, recent literature suggests focussing on gait speed measurements(1;2)
as a measure of frailty and as an important prognostic parameter. This literature is
convincing, but on the other hand, the measurement has the same limitation in that it
will be difficult to perform this test among patients with poor health status.

Measurements on fat free mass sometimes revealed ‘errors’, resulting in lost data. From a
subjective view point we observed that these errors mostly occurred in the most
severely malnourished patients. Although no literature is available on these ‘errors’,
more research groups have faced this problem, very often in patients with an extreme
body composition, for example the severely malnourished or the well trained athletes
with low BMI's, We hypothesize that the modelling software in the equipment deranges
when body composition deviates too much from the standard. However, research is
necessary to study this hypothesis in more depth.

Malnutrition
In this study, malnourished patients were identified according to the following criteria: a
body mass index (BMI) < 20 kg/m? and/or = 5% unintentional weight loss in the previous
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month and/or = 10% unintentional weight loss in the previous six months(3;4). The cut-
off points for malnutrition were derived from the best available literature. After all,
nationally and internationally there is no consensus on the definition for malnutrition.
For BMI, we have chosen the lowest, most often in literature described cut-off point of
20, ensuring of a true risk of malnutrition(5). For weight loss we relied on studies that
revealed associations between percentage involuntary weight loss and poor
prognosis(6).

Recently, the Health Council of The Netherlands released a report on malnutrition in the
elderly. Factors which play an important role in defining malnutrition, such as BMI and
unintentional weight loss were discussed. There should be a causal relationship with a
negative prognosis, on for example mortality, to establish these measures as a gold
standard for malnutrition. The report also states that, according to the available
literature, no clear cut-off value for BMI to define malnutrition in elderly can yet be
determined. Other outcome parameters, such as functional outcomes, could be relevant,
but unfortunately, there is a lack of evidence in the literature on these outcomes.
Although weight loss is associated with a negative prognoses, illness is a major
confounder. Studies are lacking on the causal relation between low BMI, weight loss and
negative outcomes(7). Unfortunately, the report provides no implications for clinical
practice.

In a reaction, the Dutch geriatricians argued that malnutrition in the elderly is almost
always a result of a combination of diseases, which is better known as a ‘geriatric
syndrome’. Uncoupling malnutrition from disease is, according to these geriatricians,
impossible. Their advice is to regard and treat malnutrition as a geriatric syndrome,
having multiple causes and needing a multi-faceted treatment(8).

While most studies (including the ones in this thesis) have principally emphasized the
nutritional intervention, we believe that future studies among elderly people should
encompass a nutritional intervention in combination with interventions on the possible
risk factors and causes.

Intervention

Patients were randomly allocated to either the intervention group or the control group.
Patients in the intervention group received a multi-component nutritional intervention,
consisting of a combination of energy, protein, vitamin D and calcium. In addition
patients were counselled by a dietitian every second week. Patients in the control group
received usual care. Nutritional support was only prescribed by their physician or
dietitian. Generally it meant that no nutritional support was offered following discharge
from the hospital. However, prior to inclusion in this study, some patients in the control
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group were already using oral nutritional supplements or had consulted a dietitian. By
excluding these patients from analyses it did strengthen our results.

In contrast to other studies, our study demonstrated an adherence rate to the nutritional
intervention above 80%. This may explain the effects found, and the absence of these
effects in other studies. Previous studies have shown adherence rates of approximately
50% for oral nutritional supplements(9;10). In a similar study, adherence was only 38% in
the oral nutritional supplement group and 50% in the matched placebo group(11). Low
adherence rates have also been reported for vitamin D supplementation. According to a
meta-analysis, 21 of the 29 studies had an adherence rate of calcium (and vitamin D)
supplementation of less than 80%(12).

In contrast to most other studies, patients in this study were counselled by a dietitian.
The good adherence rate may be attributed to this extra counselling. This is supported
in a recent review by Baldwin et al. (13). Rifenacht et al.(14) published a study in which
patients receiving nutritional intervention combined with dietetic counselling gained
more weight compared with those without dietetic counselling.

Statistically significance was found in the nutritional intervention resulting in increased
energy intake, protein intake and serum 25-hydroxy vitamin D levels in the intervention
group. In contrast with some other studies, the nutritional intervention did increase the
total nutritional intake instead of replacing the normal diet with nutritional supplements
(15;16).

Our study was conducted using a relatively low dose of vitamin D (per day: 400 IU of
calcium-vitamin D supplementation and 176 IU of oral nutritional supplements). After
the start of this study in 2006, the advised dose of vitamin D supplementation by the
Health Council of The Netherlands for elderly people increased to 800 1U/day(17). We
hypothesize that a higher dose of vitamin D would further reduce the fall incidence.
Additional research is recommended to study a dose-response design.

This study does not supply an answer as to which specific nutritional component,
combination of components and/or counselling is responsible for the effects found. The
chosen multi-component intervention could be recommended since malnutrition in
these frail patients can be regarded as a geriatric syndrome, desiring a multi-factorial
approach.

Costs

Cost-effective studies are receiving a lot of attention. However, there is very limited
evidence of economic benefits of a nutritional intervention. Rypkema et al. concluded, in
a controlled study, that there were no statistically significant differences in costs
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between two different wards of geriatric patients(18). Quite recently Norman et al.(19)
published a trial with a study design very similar to our study. They concluded that a
three month intervention including oral nutritional supplements in the post-discharge
setting increased quality of life in malnourished patients and that this was also cost-
effective.

The number of studies based on post-discharge nutritional support and their cost-
effectiveness is minimal. As far as we know there is only one study to date(20) that
described the cost benefits, rather than the cost-effects. That study was unable to
demonstrate economic benefits of post-discharge nutritional support. Seventy percent
of the total costs incurred were due to hospital admission costs. This is in sharp contrast
to our study in which only 20% was caused by hospital admission costs.

Elia et al. (21) concluded in a review article that the costs of malnutrition are even higher
than the costs owing to obesity, and that the consequences of malnutrition are
responsible for 10% of the health care budget. They concluded that minimal savings
from a nutritional intervention could lead to substantial “absolute” cost savings in health
care. For the Dutch situation, Freijer et al. calculated that the total extra costs of
managing adult patients with disease related malnutrition was estimated to be € 1.9
billion in 2011 which equals 2.1% of the total Dutch national health expenditure (article
in press)(22). We conclude that there is a lack of cost-effective studies of nutritional
interventions and that our study is the first is this kind.

The results of our study demonstrate cost-effectiveness for functional limitations. In
terms of cost-effectiveness it could be important to deduce which component or
combination of components of the given nutritional intervention was responsible for
the effect found. An important point to be made here is that the costs of vitamin D
supplementation is much lower than counselling costs by a dietitian. Additionally, the
(non significant) increase in health care costs were mainly attributed to the use of an
expensive qualified university dietitian (150% more expensive than a dietitian in primary
care). By shifting nutritional support following discharge to primary care, costs could be
reduced. Also, hypothetically speaking, costs could be reduced by larger packages of
oral nutritional supplements (e.g. 500/1000 ml each package) along with cheaper forms
of distribution (e.g. supermarkets in stead of pharmaceutical service centres or
pharmacies). Possibly, health care costs could be reduced by a nutritional intervention
when studying the absenteeism among the younger working elderly population. Future
research is recommended to address the above mentioned.
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Outcomes

In this study we were unable to demonstrate statistically significant differences in quality
of life, physical activities and hand grip strength. We presume that the order of effects
would be firstly weight gain, then followed by improvement in physical activities, and
finally improvement in quality of life. However, in conformity with earlier studies, we
were unable to demonstrate effects on physical activities and quality of life in these old,
frail, and ill patients following just three months of nutritional intervention. Therefore,
we hypothesize that for such an intervention study to possibly have effects on other
relevant end points a minimum duration of six months is required. Besides, it is possible
that there was not enough power to demonstrate differences in these outcomes and the
distribution within the outcomes was too high.

Predictive equations and survival

We concluded that resting energy expenditure prediction equations and fixed factors
(kcal/kg/d) were inadequate for hospitalized malnourished elderly patients. Therefore,
we suggest always to measure energy expenditure in this group of patients. However,
measuring resting energy expenditure by indirect calorimetry is not very feasible in most
clinical settings, due to time consuming measurements, lack of trained personnel, and
the use of expensive equipment. Although not yet available, more effective and
accurate, bedside equipment for measure resting energy expenditure would be more
than welcome. A new resting energy expenditure prediction equation for malnourished
elderly patients could be developed. However, there is a proliferation in the
development of predictive equations, so we should be careful in developing another
one and creating appearance accuracy. Meanwhile, we should inform colleagues in the
field of work that resting energy expenditure predictive equations are not a reliable
source in predicting energy needs in malnourished elderly patients. They are potentially
too small foundation for establishing feasible dietary goals and need to be interpreted
with care. We strongly advise colleagues to monitor ones body weight during nutritional
intervention in daily practice.

In another group of patients, we could question ourselves whether or not it is beneficial
to initiate dietary goals to improve nutritional status. Malnourished cognitively impaired
patients, along with a medical diagnosis of malignancy and vascular disease seemed to
die earlier following discharge than other patients. The question arises as to whether or
not we should always offer intensive nutritional support to these patients, or perhaps it
would be better to prioritize their needs differently. In other medical diagnosis
nutritional support should carefully be re-considered in the light of perceived benefits
and health care costs in individual patient circumstances.
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Our study does not have enough scientific value to draw sound conclusions, however, it
opens a door to discussion and lays the foundation for further research in this field.
Developing tools which identify patients who have a higher probability of living longer
or could benefit from nutritional intervention would be helpful. Future research, should
systematically categorize patients with dementia and delirium as so many of these
patients with either problem were probably not included in the study to date, and as
one can expect those to be the healthiest group with cognitive problems.

Methods

From a meta-analysis published by the Cochrane Library 2009(23) and a systematic
review by Cawood et al. (24) we can conclude that effectiveness of oral nutritional
supplements has been proven in earlier studies. However, most studies had small
sample sizes, poor quality and/or design. Milne et al.(23) described that only 19 of the 62
included studies in the meta-analyses were performed with sample sizes of 100 people
or more. Also, only 19 of the studies were randomized controlled trials. Only 24 of the 62
studies were analysed according to the intention-to-threat principle. With this in mind,
these results should be interpreted with caution. Authors indicated a lack of studies with
outcomes other than body weight (e.g. quality of life, physical activities and functional
limitations). Our study addresses a number of the described short comings mentioned
above: intention-to-treat principle, sizable patient group, adequate randomization and
relevant endpoints.

However, there were some limitations in the study design. Firstly, both patients and
investigators were aware of the group assignment, due to the open study design. This
limitation was partially adjusted by blinding the researcher during the analyses.
However, socially desirable answers from patients could have biased the results.
Therefore, a double blind controlled design would have been more preferable. Secondly,
in our data, loss to follow-up accounted for 28%, probably as a result of the most ill
patients with the worst nutritional status. On the one hand, results found could be
underestimated due to the relatively healthy patients group. On the other hand, maybe
no effect could be realized in the most ill patients because of their worse condition.
Finally, we did not study mortality rates as an outcome measurement, but are planning
to study this in the near future.

Comparison to literature

When designing our study, no earlier studies evaluating post-discharge nutritional
intervention in malnourished elderly patients had been published to date. In December
2009, McMurdo et al.(11) published a study very similar to ours, but in comparison to our
study they were unable to demonstrate statistically significant differences between
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intervention and control patients. In their study, patients received oral nutritional
supplements, but received no additional counselling by a dietitian. Also, the adherence
was much lower (50%) compared to 80% in our study. We assume that combining oral
nutritional supplements with additional dietetic counselling played an important role in
the outcomes of our study.

Another study, by Edington et al.(20), concluded that in already malnourished elderly
individuals, it may be too late to expect improvement of function, quality of life or to
reduce health-care costs, simply by providing nutritional supplements following
hospitalization. The nutritional support in their study lasted for 8 weeks with a followed-
up period for 24 weeks. After the eight week nutritional intervention, they found
improvement of body weight and hand grip strength in the intervention group.
However, these results had diminished by the 24 weeks follow-up. We disagree with the
authors that the nutritional intervention was not effective and hypothesize that
individualized counselling is necessary to succeed nutritional intervention therapy and
to improve outcome. Our results support this hypothesis as during active nutritional
intervention we were able to demonstrate improved outcomes (in functional limitations
and falls). Unfortunately, we have no follow-up data in our study after the 12 weeks of
nutritional intervention.

Recently Feldblum et al.(25) published a randomized study on the effects of six months
post-discharge nutritional support by a dietitian, in malnourished elderly patients. They
concluded that patients in the intervention group had lower mortality rates and better
nutritional status than patients in the control group. They were unable to demonstrate
statistically significant differences in other outcomes (function, cognition, depression). In
their study there was also a high drop-out rate (26%). The authors also hypothesize that
these positive effects were possibly caused by the individualized nutritional
intervention.

After having reviewed the literature, we conclude that the effectiveness of nutritional
support on nutritional status (especially body weight) has been demonstrated by several
studies to date. However, there is a lack of other, more relevant, outcome parameters,
such as functional outcomes.

Additionally, since malnutrition is often related with somatic, psychological, functional
and social problems, researchers agree that a nutritional intervention needs a multi-
factorial approach, for example in combination with physical exercise. Recently,
following a European consensus meeting on sarcopenia, the conclusion was drawn that
physical interventions in elderly led to improved functional outcomes(26). Kortebein et
al.(27) discussed that 10 days of bed rest contributes to functional decline. However,
these studies mainly focussed on relatively healthy elderly in a normal nourished status.
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Studies addressing both malnutrition and poor physical functioning have not yet been
published.

Disturbance of the immune system is one of the causes of sarcopenia (28;29). Although
the nutritional modulation of immune function has attracted much attention recently,
predominantly by the use of immune-modulating agents, the presumed immune-
stimulating role of ‘regular’ macronutrients and micronutrients has, in comparison,
received only little attention. Since we found no improvement of immune markers by
the applied nutritional intervention (focus on macro- and micronutrients) in our
exploratory study, we may conclude that the improved outcomes probably were caused
by patients’ improved health status during time. Future research could focus on a
combined therapy of oral nutritional supplements and physical exercise in a larger
sample of relatively healthy, malnourished elderly.

Relevance and implications for public health and clinical
practice

At this moment, organized post-discharge nutritional support is limited. However, in a
diversity of forums this has not gone unnoticed. The Dutch General Practitioners Society
has developed and published a primary care collaboration agreement, in which the
responsibility of several disciplines on the approach of malnutrition is described(30). The
Dutch Steering Group Malnutrition is focussing on early recognition and adequate
treatment of malnourished people in all Dutch health care settings. Recently, clinical
geriatricians have published a guide on malnutrition in geriatric patients(31), in which
they also focus on post-discharge nutritional interventions in primary care.

However, all these post-discharge initiatives are still in early development. Here we
would stress the importance of nutritional support in malnutrition in primary care
because: 1) health care is shifting away from hospital towards primary care, 2)
malnutrition develops frequently in primary care and will be treated there too (after
treatment of the medical problem), 3) our population is aging, and 4) adequate
treatment of malnutrition will help maintain or rehabilitate self-reliance of the (frail)
elderly.

Evidence from well designed studies involving nutritional interventions are only slowly
gaining ground. However, this should not delay or stop quality improvement of
nutritional care.

There is growing evidence that malnourished elderly patients benefit from nutritional
support. A small increase in quality of life could have large effects in this vulnerable
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population. Besides, independent of proven effectiveness, it is unethical to withhold
sufficient nutrition and drinks from patients.

Possibly, cost-effectiveness studies are less applicable in this old and frail group, as
health care costs increase considerably in the final years of life(32).

For future research we would suggest a better construction for post-discharge
nutritional care in geriatric patients. Studies should focus on standard post-discharge
nutritional support accompanied by dietetic counselling. Newly developed specialized
elderly welfare centres could play an important role in managing these elderly patients.
Introducing standard screening on nutritional status in clinical and outpatient setting
could possibly prevent patients from developing malnutrition. Nutritional interventions
should be combined with physical activity and probably be given for a period of at least
six months and follow-up should last even longer.

Conclusion
We conclude that three months post-discharge nutritional support in malnourished ill

elderly patients decreases functional limitations, number of falls and increase body
weight. Additionally, we demonstrated cost-effectiveness for functional limitations. We
were unable to demonstrate statistically significant differences on quality of life, physical
activities, hand grip strength and immune markers.

Finally, we also explored new research areas, such as the accuracy of predictive
equations for malnourished elderly and the role of nutritional support in malnourished
and cognitively impaired elderly patients.
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Summary
Post-discharge nutritional support in malnourished ill elderly patients —
Effectiveness and cost-effectiveness

Introduction

This thesis describes the effectiveness and cost-effectiveness of post-discharge
nutritional support in 210 malnourished elderly patients. Patients were randomized into
an intervention group or a control group. Patients in the intervention group received an
energy and protein enriched diet, oral nutritional supplements, calcium-vitamin D
supplementation and were supported by dietetic counselling. Patients in the control
group received usual care.

Patients were included on hospital admission and follow-up continued untill three
months following hospital discharge. Primary outcome parameters were functional
limitations and physical activities.

This summary presents the main findings from this study.

Summary of main findings

Effectiveness

Firstly, a three month duration multi-component nutritional intervention (energy and
protein enriched diet, oral nutritional support, calcium-vitamin D supplementation
supported by dietetic counselling) in malnourished patients resulted in an increase in
body weight. This finding was statistically significant for patients in the highest body
weight category, but not significant in those with lower body weights.

Secondly, a statistically significant decrease was found in functional limitations in the
intervention group compared to the control group. Patients having received the
nutritional intervention, for example, were able to climb up a stairs and/or dress and
undress themselves, while patients in the control group could not. What is important
about this finding is that most patients are less concerned about an increase in their
body weight while a decrease in functional limitations can play an important role in their
independence. No statistical significant differences between groups could be
demonstrated for physical performance, physical activities, fat-free mass, and handgrip
strength.

Thirdly, a statistical significant increase was found among patients in the intervention
group on energy intake, protein intake and serum 25-hydroxy vitamin D compared to
patients in the control group. A study on fall incidence demonstrated that the number of
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patients who had experienced falls and the mean number of fall incidents considerably
decreased in patients in the intervention group, compared to patients in the control
group.

Finally, in an exploratory study on the effect of the nutritional intervention on a selection
of immune parameters, no statistical significant differences between groups in immune
markers, endocrine markers and a selection of micronutrients could be demonstrated.
The better health status of the selected group of patients could have played a part in the
results found.

Cost-effectiveness

Alongside a significant decrease in functional limitations we were able to demonstrate
that the given nutritional intervention was cost neutral. Both groups spent
approximately € 9000 on health related costs in the three months following discharge
from the hospital. This study concludes that an investment of € 6500 was needed to
create a 95 percent change to decrease functional limitations.

This study could not demonstrate cost-effectiveness for quality of life and physical
activities.

Survival of malnourished cognitively impaired patients

In a sub-analysis survival was studied in malnourished elderly patients with cognitive
impairment. Survival minimized among patients diagnosed with a malignancy or
vascular disease in addition to their malnutrition and cognitive impairment.

Resting energy expenditure; predictive equations versus measurements

This final study describes the resting energy expenditure of malnourished elderly
patients. Resting energy expenditure can be measured by indirect calorimetry. However,
this method is hardly feasible in most clinical settings, due to time consuming
measurements, lack of trained personnel and expensive equipment. In clinical practice,
predictive equations to determine resting energy expenditure are used as an alternative
to solve this problem. In this study 33 different equations were compared to the
measured values. Predictions of resting energy expenditure for malnourished ill elderly
patients during hospitalization were subject to significant errors. The best developed
prediction equations, thus far, predicted only 40% of patients accurately. Three months
following discharge was this increased to 66%.
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Conclusion

In conclusion, the studies in this thesis demonstrated that three months nutritional
intervention in malnourished elderly patients increases body weight, decreases
functional limitations and decreases falls. No effectiveness could be demonstrated for
hand grip strength, fat free mass, physical activities and physical performance.

Future studies could focus on standard post-discharge nutritional support accompanied
by dietetic counselling. Newly developed specialized elderly welfare centres could play
an important role in managing this kind of intervention. Promising possibilities are
nutritional interventions combined with physical activity, especially when provided for a
minimum period of six months.
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Samenvatting

Transmurale voedingszorg bij ondervoede zieke oudere patiénten -
Effectiviteit en kosteneffectiviteit

Inleiding

Dit proefschrift beschrijft de effectiviteit en kosteneffectiviteit van transmurale
voedingszorg bij 210 ondervoede oudere patiénten. De patiénten werden
gerandomiseerd in twee groepen waarbij de ene groep een energie- en eiwitverrijkt
dieet, drinkvoeding, calcium-vitamine D suppletie en consulten door een diétist kreeg
aangeboden en de andere groep de gebruikelijk zorg kreeg.

Patiénten werden gevolgd van opname in het ziekenhuis tot en met drie maanden na
ontslag. De belangrijkste uitkomstmaten van de studie waren functionele beperkingen
en lichamelijke activiteit.

Deze samenvatting is een korte weergave van de belangrijkste bevindingen

Effectiviteit

Het geven van een drie maanden durende voedingsinterventie (bestaande uit een
energie- en eiwitverrijkt dieet, drinkvoeding, calcium-vitamine D suppletie en consulten
door een diétist) aan ondervoede ouderen, leidde tot gewichtstoename. De gevonden
verschillen waren significant voor patiénten met het hoogste lichaamsgewicht
categorie, maar niet significant voor patiénten in de laagste lichaamsgewichtcategorie.
Daarnaast nam het aantal functionele beperkingen significant af bij patiénten in de
interventiegroep. Zij konden na de gegeven interventie bijvoorbeeld zelfstandig een
trap op- en aflopen en zichzelf aan- en uitkleden, terwijl patiénten in de controlegroep
dit niet konden. Deze bevinding is belangrijk, omdat de toename van het
lichaamsgewicht voor de meeste mensen niet zo veel betekent, terwijl een afname in
functionele beperkingen van groot belang kan zijn voor hun zelfstandigheid.

Voor de mate van lichamelijke activiteit, lichamelijke prestatie, vetvrije massa en
handknijpkracht hebben wij geen verschillen kunnen aantonen tussen de twee
onderzoeksgroepen.

Patiénten in de interventiegroep hadden na de interventie een significant hogere
energie- en eiwitinname en een significant hogere serum vitamine D spiegel dan
patiénten in de controlegroep. Een studie naar valincidentie liet zien dat het aantal
patiénten dat viel en het gemiddeld aantal valincidenten aanzienlijk lager was in de
interventiegroep.
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In een exploratieve studie naar het effect van de gegeven voedingsinterventie op een
selectie van immuunmarkers, endocriene markers en micronutriénten, konden geen
significante verschillen aangetoond worden tussen de twee onderzoeksgroepen. De
betere gezondheid van deze geselecteerde groep patiénten speelde hierin mogelijk een
rol.

Kosteneffectiviteit

Naast een significante afname van functionele beperkingen, heeft deze studie
aangetoond dat de gegeven voedingsinterventie koste neutraal is voor functionele
beperkingen. Beide onderzoeksgroepen maken ongeveer € 9000 aan gezondheid
gerelateerde kosten in de drie maanden na hun ontslag uit het ziekenhuis. Deze studie
concludeert dat een investering van € 6500 nodig was om een 95 procent kans te
hebben om te verbeteren in functionele beperkingen.

In deze studie kon geen kosteneffectiviteit worden aangetoond voor kwaliteit van leven
en lichamelijke activiteit.

Overleving van ondervoede patiénten met een cognitieve beperking.

In een subanalyse is bij ondervoede oudere patiénten met een cognitieve beperking de
overlevingsduur onderzocht. Wanneer patiénten naast ondervoeding en een cognitieve
beperking tevens een medische diagnose van vasculaire aandoening of maligniteit
hadden, bleek de overlevingsduur zeer gering.

Rustmetabolisme; formules versus meten

De laatste studie onderzocht het rustmetabolisme van ondervoede ouderen. Het
rustmetabolisme kan gemeten worden met behulp van indirecte calorimetrie. Maar
omdat deze methode veel tijd kost, duur is en er veel training nodig is voor diegene die
de meting uitvoert, wordt er in de praktijk veelvuldig gebruikt gemaakt van formules die
het rustmetabolisme benaderen. In deze studie werden 33 verschillende formules
vergeleken met het gemeten rustmetabolisme bij ondervoede ouderen. Geconcludeerd
kan worden dat de formules grote afwijkingen vertonen ten opzichte van de gemeten
waarden wanneer deze toegepast worden bij ondervoede ouderen. De beste formule
schat het energieverbruik bij ongeveer 40% van de patiénten correct in. Drie maanden
na ontslag uit het ziekenhuis is dat 60%.
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Conclusie

Concluderend tonen de studies binnen dit proefschrift aan dat het geven van een drie
maanden durende voedingsinterventie aan ondervoede oudere patiénten leidt tot een
toename in gewicht, een afname in functionele beperkingen en een afname in vallen. Er
kon geen effectiviteit worden aangetoond voor handknijpkracht, spiermassa,
lichamelijke activiteit en lichamelijke prestatie.

Toekomstige studies zouden zich kunnen richten op het standaard aanbieden van
transmurale voedingszorg, ondersteund door een diétist. Nieuw te ontwikkelen
consultatiebureaus voor ouderen kunnen een belangrijke rol gaan spelen in de zorg
voor deze alsmaar groter wordende groep ouderen. Mogelijk veelbelovend zijn
voedingsinterventies gecombineerd met lichamelijke activiteit, zeker wanneer deze
gegeven worden voor een periode van minimaal zes maanden.
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Dankwoord

Hoe toepasselijk is het om op het Kaapverdische eiland Boa Vista (‘mooi uitzicht’) even
op adem te komen van een hectische, maar enerverende periode en woorden van dank
te wijden aan iedereen die mij de afgelopen jaren heeft ondersteund, aangehoord,
gemotiveerd, bijgestuurd en geadviseerd. Mijn uitzicht is in vele opzichten mooi, nu het
zo ver is: mijn proefschrift is klaar. Met heel veel plezier heb ik er de afgelopen jaren aan
gewerkt en hoewel mijn naam op de kaft staat, is het tot stand gekomen dankzij de inzet
van en de samenwerking met vele collega’s. Hetgeen waarvoor ik dankbaar ben, is soms
concreet, zoals de geboden hulp bij de ingewikkelde statistische analyses, maar vaak
subtiel, zoals een kamergenoot die vraagt hoe een vergadering verlopen is. Voor alle
ontvangen hulp ben ik jullie allen bijzonder erkentelijk.

Geen onderzoek zonder patiénten. Daarom ben ik, in de eerste plaats, alle patiénten die
hebben deelgenomen aan dit onderzoek, zeer veel dank verschuldigd. Tijdens hun
ziekenhuisopname waren zij bereid een half uur als een soort astronaut een speciale kap
over hun hoofd te dragen, oneindig veel vragen te beantwoorden, zo hard mogelijk te
knijpen in een krachtmeter, vestjes aan- en uit te trekken voor de zogenaamde vesttest
en nog maar weer eens een paar extra buizen bloed te geven. Hadden ze dit allemaal
doorstaan, dan kwamen ze een paar maanden later - vrijwillig - terug om de hele
exercitie nog eens te herhalen. Al deze belangeloze bereidwilligheid heeft de
wetenschap zonder meer een stap verder gebracht.

Wat was ik begonnen zonder mijn toegankelijke, inspirerende en toegewijde collega’s
die mijn steun en toeverlaat waren bij het schrijven van dit proefschrift?

Dr. M.A.E. van Bokhorst - van der Schueren, copromotor. Beste Marian, dank voor het
grote vertrouwen dat je in mij had. Promoveren was voor mij geen vooropgezet plan,
maar jouw woorden dat een promotietraject best gecombineerd kon worden met een
gezinsleven, haalden mij over de streep. Wanneer ik door alle drukte soms door de
bomen het bos niet meer zag, zette jij me altijd weer op het juiste spoor. Doordat jij
iedereen vertelde dat onze data zo interessant waren, mocht ik vele presentaties geven.
Je ging zelfs zo ver dat je, vanwege een ESPEN-deadline, urenlang handmatig
impedantiedata voor mij invoerde. Toen niet, maar nu wel: bedankt daarvoor!

Dr. A. Thijs, copromotor. Beste Abel, jouw geduld, positivisme en flexibiliteit lijken
oneindig. Bedankt voor je briljante manier van uitleggen en je scherpe blik. Motiverende
woorden als “Je kan het!” schallend door de gang en het mooie ezelsbruggetje “IL-6 =
SNAQ”, zal ik nooit vergeten.
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Profdr.ir. J.C. Seidell, promotor. Beste Jaap, jouw analytische geest, eruditie,
helikopterview en leerzame kritiek hielpen mij vaak over een dood punt heen. Ik ben je
dankbaar voor onze prettige samenwerking en de tijd die je in dit proefschrift wilde
investeren.

Dr. J.E. Bosmans. Beste Judith, drie copromotoren was helaas één te veel maar ook jou
ben ik wel degelijk veel dank verschuldigd: je statistische hulp, het meeschrijven van
artikelen, je politieke adviezen, maar daarnaast ook je belangstelling voor en adviezen
over heel andere zaken.

Leden van de leescommissie, prof.dr. Martin den Heijer, prof.dr. Jos Schols, prof.dr.
Maurits van Tulder, prof. dr. Rudi Westendorp en leden van de promotiecommissie. Dank
voor de aandacht die u aan dit proefschrift en het voeren van de oppositie heeft willen
schenken.

Barbara, paranimf. Jij bent voor mij dé verpersoonlijking van veerkracht. ledere
tegenslag in het leven weet jij om te zetten in iets positiefs; ik bewonder je erom. Jou
ben ik daarnaast dankbaar voor je praktische hulp in Graphpad, je eerlijkheid en de
onvergetelijke jaren als kamergenoot. Ook al gaan we nu ieder ons eigen weg, wat mij
betreft zijn we vriendinnen voor het leven.

Jacqueline, paranimf. Jij bent een unieke melange van doorzettingsvermogen,
leergierigheid, belangstelling in anderen en relativeringsvermogen. Jouw wijze woorden
waren mij veelvuldig tot grote steun. Bij deze stel ik voor onze traditie van de Engelse
lunch op donderdag te continueren.

Maaike, ex-kamergenoot. Jouw vrolijkheid en gezelligheid binnen en buiten onze kamer
zijn van onschatbare waarde. Ik hoop dat wij nog heel lang vriendinnen blijven.

Trudeke, kamergenoot. Dat jij in de laatste jaren van je carriére nog steeds op zoek blijft
gaan naar nieuwe uitdagingen, is een inspiratiebron voor allen die nog aan het begin
daarvan staan. lk ben je dankbaar voor de rust op onze kamer, die ik, te midden van alle
hectiek, nodig had om dit proefschrift te schrijven.

Onderzoekscollega’s, lieve Barbara, Nicolette, Jacqueline, Ageeth, Eva en Suzanne B. Wij
staan allemaal voor dezelfde uitdaging binnen afzienbare tijd te promoveren. Nicolette,
jouw incasseringsvermogen en nooit aflatende belangstelling voor anderen zijn
bijzonder. Hinke en Gerdien, jullie gingen ons voor en hebben de lat hoog gelegd.
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Onderzoekscoordinatoren, Peter en Marian, ik hoop dat door jullie inzet patiéntenzorg,
onderzoek en onderwijs nog beter integreren.

Ons onderzoeksoverleg is voor mij uitermate zinvol geweest; de onderzoekssuggesties
in de opzetfase, het helpen bij kleine SPSS-vragen en het kritisch tegenlezen van
artikelen. lk koester warme herinneringen aan onze congresbezoeken in Nederland,
maar ook aan Istanbul, Nice, Florence, Vancouver en Gotenborg, waar er naast het geven
en volgen van presentaties ook altijd tijd gemaakt werd voor gezelligheid.

Ik ben trots op onze afdeling Diétetiek en Voedingswetenschappen. Liesbeth, als hoofd
van onze afdeling valt het niet altijd mee om aan zoveel - veelal eigenwijze -
onderzoekers leiding te geven. Ik waardeer de mogelijkheden die je mij biedt om me de
komende periode verder te ontplooien.

Collega’s D&V, het is in één woord inspirerend zoals wij met elkaar aan evidence-based
diétetiek werken. Jullie enthousiasme op de afdeling, belangstelling voor mijn
onderzoek en gezellige laatste-donderdag-van-de-maand-borrels zijn iedere keer weer
een bron van vreugde.

Onderzoeksassistenten, Geraldine en Suzanne, zonder jullie was ik nergens. Jullie
onvoorwaardelijke inzet, perfectionisme, overzicht en vriendelijkheid, zowel op de
afdeling als tegen patiénten hebben ervoor gezorgd dat we kunnen bogen op deze
dataset. Lisa, Monique en Evelien, ook jullie hebben daar een evidente bijdrage aan
geleverd.

Studenten, Patricia, Malou, Esther, Hanne, Merel, Sabine, Leonie, Anne-Lieke en Rosalien,
ik ben jullie veel dank verschuldigd voor jullie bijdrage aan de database en het
bestuderen van de literatuur.

Paul Lips, mede-auteur. Je bent in al je wijsheid een heel toegankelijke persoon wat de
samenwerking voor mij tot zeer prettig maakte.

Hetty Bontkes (immunologie), Petra Bonnet (immunologie), Jeany de Vries (klinische
chemie), Marieke Strik (klinische chemie), Peter Scheffer (metabool laboratorium) en
collega’s uit het LUMG; prof. dr. Moh Daha en Ngaisah Klar, jullie hulp was onmisbaar bij
het mij wegwijs maken in de immunologie, de analyses en de interpretatie van de
resultaten.

Sander Hougee en Aldwin Vriesema, Nutricia Advanced Medical Nutrition, Danone
Research, Centre for Specialised Nutrition. Bedankt voor de prettige samenwerking.
Catherine Combee, nurse practitioner. Je belangeloze inzet om dit proefschrift
leesbaarder te maken was voor mij van grote waarde.
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Marga Beentjes, zorgadministratie. Het was fijn erop te kunnen vertrouwen dat je steeds
weer op korte termijn de gevraagde patiéntgegevens voor mij kon verzamelen.

In mijn dank mogen de collega’s van de klinische afdelingen interne geneeskunde,
orthopedie en vaatchirurgie en de Clinical Research Unit zeker niet ontbreken: de
medische staf, artsen, verpleegkundigen, voedingsassistenten en ondersteunend
personeel.

Vrienden, vriendinnen en (schoon)familie; het was heerlijk om te weten dat ik bij jullie
altijd een luisterend oor vond voor het aanhoren van mijn tirades en gejubel. Vanaf nu
ga ik goed maken wat ik jullie de afgelopen jaren tekort heb gedaan.

Lieve papa, mama, Barbara en Jonas, we vormen een fijn gezin en het is bijzonder om
zo'n hechte band te hebben. Pap en mam, bedankt voor alle kansen die jullie mij
hebben geboden om te studeren, het leren doorzetten, alle praktische hulp in de
afgelopen jaren (van tegenlezen van artikelen tot oppassen op de kinderen) en het
vertrouwen dat jullie altijd in mij gesteld hebben. Of ook bij het schrijven van een
proefschrift het oud-Russische spreekwoord “lNepBbiii 6nnH Bceraa komom” opgaat, zal ik
wel nooit weten.

Liefste Aart, Meike en Jurre, wat jullie voor mij betekenen, is niet zomaar in een paar
woorden uit te drukken. Ik vertel het jullie liever zelf...
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