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Abstract

Objectives: Severe protein energy malnutrition results in muscle wasting and loss of subcutaneous
tissue and has serious implications for health, recovery from illness or surgery, and hospital costs;
however this condition is often underestimated and considered as one of the aspects of aging. We
measure the incidence of malnutrition and its consequences on general health, physical and men-
tal performance in a cohort of elderly patients. Study Design: This is a cross-sectional study con-
ducted in a geriatric inpatient unit. Three hundred patients admitted to the clinic who fulfilled the
inclusion criteria were enrolled. Main Outcome Measures: Nutritional status was evaluated by
Mini Nutritional Assessment (MNA) questionnaire, macro and micronutrients intake, anthropo-
metric measures and biochemical parameters. Physical and mental performances were recorded
by questionnaires. Muscular strength was measured by a hand dynamometer and clinical out-
comes were recorded. Results: Patients with poor nutritional status have lower physical and men-
tal performance as respect to well nourished patients. Undernourished patients have longer hos-
pitalization and worst outcomes. We observe a high prevalence of severe hypovitaminosis D and
the intake of various micronutrients was severely unbalanced. The incidence of malnutrition was
25% (75 patients); 39% (119 patients) were at risk of malnutrition. MNA was inversely related
with the length of hospital stay (R = -0.25, p = 0.012) and with Geriatric Depression Scale (GDS) (R
= -0.56, p = 0.000), whereas directly related with cognitive performance measured through Mini
Mental State Examination (MMSE) (R = 0.5, p = 0.000) and hand grip strength (R = 0.35, p = 0.000).
Conclusions: Malnutrition significantly reduced quality of life, physical and mental performance
and worsened patients’ prognosis.
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1. Introduction

Malnutrition is a disorder of nutritional status due to reduced nutrient intake or impaired metabolism; it com-
prises a broad spectrum of clinical conditions from mild to very severe [1]. Malnutrition has been frequently de-
scribed among the elderly in hospital patients [1]-[3]; this condition is often underestimated and considered as
one of the aspects of aging.

Incidence of malnutrition in hospitalized patients ranges between 20% and 50% [1]-[3], and in community
dwelling elderly between 5% and 10% [4].

Severe protein energy malnutrition has serious implications for health, recovery from illness or surgery, and
hospital costs [3] [5]-[8].

Elderly people are at high risk of malnutrition; a variety of factors including sensory losses, anorexia, chew-
ing and swallowing problems, chronic and acute diseases and multi-medication may compromise dietary intake
and lead to nutritional deficiencies and malnutrition [9] [10].

Very often protein-caloric malnutrition presents together with inadequate micronutrient intake: the most dif-
fuse are inadequate intake of calcium [11], vitamin D [1] and iron. Vitamin D deficiency is also attributable to
lifestyle: outdoor activities and sun exposition that are generally reduced in the elderly population, furthermore
vitamin D cutaneous synthesis is reduced by aging [12]. These peculiar dietary deficiencies are implied in the
reduction of muscular strength [13] [14], increased risk of fractures [1] [15] [16] and chronic anaemia that often
present together in the frail elderly.

The purposes of this study are to measure the incidence of protein-caloric and micronutrient malnutrition in a
population of elderly patients hospitalized with acute or chronic disease recurrence in the Geriatric Unit of our
hospital and to correlate malnutrition with patients’ quality of life, physical and mental performance and health
outcomes. We further evaluate the role of micronutrients deficiency in determining muscular force.

2. Materials and Methods

The study was approved by the “Clinical Study Review Committee” of our Hospital; informed consent from all
the participants was obtained. We enrolled all the patients hospitalized from December 2009 to May 2011 in our
unit, according to the following criteria:

2.1. Inclusion Criteria

Mini Mental State Examination (MMSE) > 18;
Community dwelling.

2.2. Exclusion Criteria

MMSE < 18;

Major chronic illness that affect nutritional status:

Severe heart failure (NYHA 1I-1V);

Chronic renal disease (glomerular filtration rate (Cockroft-Gault) < 30 ml/min);

Hepatic insufficiency (Child-Pugh score B-C);

Known malignancy.

Patients living in nursing homes:

Patients living in nursing homes were excluded because we assume their dietary intake and lifestyle may be
altered compared to general elderly population, and hence overestimate the incidence of malnutrition [2] [3].

2.3. Malnutrition Assessment

We assessed malnutrition by Mini Nutritional Assessment (MNA) questionnaire [17]. The MNA includes 18
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items and the score is calculated using an assigned weighted score for each item. Items include questions about
appetite and weight loss, mobility, recent acute illness and stress, nutritional habits and grade of dependence,
perceived nutrition; moreover the score evaluates number of medications, presence of sores and anthropometric
parameters. Possible final scores range from 0 to 30. Older persons with scores higher than 23.5 are classified as
having a “normal” nutritional status, those with scores from 17 to 23 are classified as “at risk of malnutrition”,
and those with scores less than 16 are classified as experiencing “malnutrition” [18].

Dietary intake was recorded and calculated using the PROGEO software (Progeo s.r.l. Italy) as average
weekly intake. Macro and micro-nutrients intake was recorded.

We measured blood levels of albumin, total proteins and pre-albumin, serum iron, transferrin, ferritin, serum
vitamin B12 and folic acid, serum 25 OH vitamin D, serum calcium and phosphate and level of PTH with stan-
dard methods.

Percentage of saturated transferrin was calculated with the formula: serum iron/(transferrin x 1.42) x 100.

2.4. Anthropometric Evaluation

In all patients we assessed body composition through the measurement of:

-Body mass index (BMI): patients were weighed with precision scale and their height was recorded with an
altimeter wall, the BMI was measured as weight in kg/height in meters squared.

-Body fat mass through the use of a plicometre (Mahr GMBH Esslingen), the Pollock, Schmidt and Jackson’s
formula on three sites (triceps, subscapular and abdomen) was applied [19]-[21].

-Brachial circumference, waist/hip ratio [22] were recorded, the brachial measure was taken with patients
standing at average distance between the top of the shoulder and the elbow with the arm relaxed along the side.

2.5. Measurements of Performance

In order to evaluate how malnutrition affects physical and psychological performances we measured:

-Muscular force through the measurements of hand grip strength of dominant hand, by a hydraulic hand dy-
namometer (MSD, Europe) [23]. In each evaluation, three attempts of maximal isometric effort held for 6 sec-
onds and with a range of 2 minutes between them were conducted in order to avoid accumulated muscle fatigue.
The average of the three assessments was recorded. In all assessments, a standardized position was adopted: the
subject remained comfortably seated, shoulder adducted with no rotation: forearm flexed to 90 degrees and in
neutral position, wrist position ranging from 0 and 30 degrees of extension was used. The patients received ver-
bal guidance and encouragement “one, two, three, NOW! ... STRENGTH! ... STRENGTH! ... STRENGTH! ...
THAT’S IT! ... RELAX...” issuing in a vigorously manner, in order to guarantee a maximum force during the 6
seconds of each test.

After each attempt, results were recorded for later statistical analysis.

-The Activities of Daily Living (ADL) by a validated questionnaire.

-To evaluate mood level we used the geriatric depression scale (GDS), GDS higher 7 defines depression
mood [24].

-Patient’s health perception was evaluated through the SF 36 questionnaire [25] and the osteo-articular pain
was measured by a Verbal Numeric Scale (VNS: 0 = no pain and 10 = maximum pain).

2.6. Health Outcomes

We recorded the presence of pressure and vascular sores, the length of hospitalization and the discharge mode.

2.7. Statistical Analysis

The normal distribution of measured parameter was determined with kurtosis.

Patients were considered as undernourished, at risk of malnutrition and with normal nutritional status accord-
ing to MNA, these categories were compared by means of one way ANOVA with Bonferroni post hoc test for
continuous Gaussian variables, by Kuskal-Wallis test for continuous non-Gaussian variables or by chi square
test for non continuous variables after weighting cases for age.

MNA was correlated with clinical outcome and performance status with partial correlation after correction for

age and hand grip strength.
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Microelements intake was correlated to hand grip strength with Pearson R Test for continuous Gaussian vari-
ables and Rho Spearman for non-Gaussian variables, correction for MNA was performed. Macronutrients intake
was correlated to hand grip strength after correction for age.

The SPSS 20.0 software package was used to process the data with p < 0.05 as the significance cut-off.

3. Results

Three hundred patients (age 80 + 6 yrs) were enrolled in the study (136 males and 164 females): males were on
average younger than females (79 £ 7 yrs vs 82 + 7, p = 0.003).

The incidence of malnutrition according to MNA was 25% (75 patients), 39% (119 patients) were at risk of
malnutrition, whereas 36% (106 patients) did not have nutritional problems.

Malnourished patients were older, more likely women, had a lower BMI, and lower body fat percentage,
worst nutritional index, as shown in Table 1; these data confirm the good ability of MNA to detect malnutrition
as previously demonstrated [18].

3.1. Malnutrition Influences Health Outcomes and Physical Performance

As undernourished patients were older the analyses of outcomes and performances amongst MNA categories
was corrected for age. Our results show that the performance status, articular pain, presence of vascular or pres-
sure sores, length of hospital stay and mortality were adversely influenced by malnutrition and risk of malnutri-
tion regardless of age.

Patients with worst nutritional status perform poorlyas respect to patients at risk of malnutrition for all the
analysed variables, articular pain was significantly higher in patients both undernourished and at risk of malnu-
trition as respect to subjects with normal nutritional status (Table 3).

Table 1. Patients’ characteristic according to nutritional status. Means and standard deviations are shown for Gaussian vari-
ables, median and 25", 75" percentiles are shown for non Gaussian variables (indicated by *), percentages are shown for non

continuous variables. p values are shown.

Malnourished (75) At risk of malnutrition (119) Normal nutritional status (106) p
Age (yrs) 85+7 807 78+7 0.000
Female (%) (number) 68 (51) 49.6 (59) 51 (54) 0.027
BMI 21.5(20- 23.5) 24 (21.8-26.8) 25.4(24.4-27.8) 0.000"
Fat mass (%) 28.1+6.8 311577 33771 0.000
Brachial circumference (cm)” 23.5 (21 - 26) 26.5 (25 - 28) 28 (26 - 29) 0.000
waist/hip ratio 0.96 + 0.07 0.99 +0.07 0.99 +0.06 0.004
Pre-albumin (mg/dL) 16.34+6.4 18.71+7.3 18.7 £6.14 0.033
Albumin (g/dL) 3.38+0.44 3.49+047 3.6+0.38 0.004
Total protein (g/dL)" 6 (5.7-6.6) 6.2 (5.8-6.6) 6.2(5.9-6.7) NS
Iron (pg/dL)" 36 (31 - 44) 38 (31-52) 40 (30 - 52.3) NS
Ferritin (ng/mL)” 110 (68 - 212) 111 (61 - 220) 116 (68.3 - 191) NS
Transferrin (mg/dL) 231.7+£83 240.9 £ 76 2622+ 74 0.022
Saturated transferrin (%)" 3.1(25-4.3) 3.2(27-4.3) 36(29-4.4) NS
25 OH vitamin D (nMol/L)" 11.5(3.8-18) 11.2(7.8-18) 12.95 (8.1-20.2) NS
Serum calcium (mMol/L)" 2.15(2.07-2.27) 217 (2.11-2.24) 22(2.1-229) NS
Serum phosphate (mMol/L)" 0.92 (0.81-1.02) 0.95 (0.88 - 1.08) 0.98(0.9-1.1) 0.02
PTH (pg/mL) " 16.3 (10.2 - 42) 19.3 (10.5 - 34) 19 (105 - 32) NS
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As regards the perceived health status, undernourished patients had worst perceived physical performances
and worst mood level (Figure 1).

Malnutrition significantly influences discharge mode independently from age: undernourished patients
showed higher risk of death and were more likely to be discharged in a nursing home (Figure 2).

In order to evaluate if the severity of malnutrition influences the analysed variables we carried on partial cor-
relations between MNA and the analysed variables after adjustment for age; MNA was inversely related with
the length of hospital stay (R = —0.25, p = 0.012), with GDS (R = —0.56, p = 0.000) and with articular pain (R =
—0.21, p = 0.041), whereas directly related with MMSE (R = 0.5, p = 0.000) and hand grip strength (R = 0.35, p
=0.000).
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Figure 1. Malnutrition influences perceived quality of life. Bars show mean
and standard deviation for each item of the SF 36 questionnaire amongst un-
dernourished, at risk of malnutrition and patients with normal nutritional
status, the items are grouped into physical and mental performances. p values
calculated with one way ANOVA after weighting cases for age are shown.
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Figure 2. Malnutrition influences discharge mode. Bars show the discharge mode in
percentage according to nutritional status. p and y square values calculated with y
square test with or without correction for age are shown.
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3.2. Malnutrition and Micronutrients Deficiency

As regards dietary intake it is interesting to point out that the main differences in dietary intake amongst differ-
ent MNA categories were the caloric intake and the micro-nutrient intake, whereas there was no significant dif-
ference in the distribution of macronutrients (Table 2).

We analysed the intake of various micronutrients (minerals and vitamins): it was significantly lower in mal-
nourished patients as shown in Table 2. The calcium and vitamin D intake were greatly below the recommended
threshold in all the categories, whereas the iron intake was below the recommended level only in undernourished

Table 2. Macro and micronutrients daily intake in malnourished, at risk for malnourishment and well nourished patients.
Means and standard deviations are shown for Gaussian variables, mean + SD, median and 25", 75" percentiles are shown for
non Gaussian variables (indicated by *), percentages are shown for non continuous variables. p values were calculated by one
way ANOVA for Gaussian variables, by Kruskal Wallis test for non-Gaussian variables and by y square test for non-con-
tinuous variables.

Macronutrients

Malnourished (75) At risk of malnutrition (119) Normal nutritional status (106) p
Caloric intake (Kcal/day) 13455 +328.3 1596.9 =376 1717 + 353 0.000
Protein intake (g/Kg weight) 1+0.27 1+0.25 1+0.18 NS
Carbohydrate intake (g/Kg weight) 361 34+09 34+0.8 NS
Lipid intake (g/Kg weight) 0.75+0.23 0.69 +0.24 0.71+0.19 NS

Microelements

Malnourished (75) At risk of malnutrition (119) Normal nutritional status (106) p

Copper” (mg) 12(1-14) 14(1.2-1.6) 14(1.2-16) 0.000
Pantotenic acid” (mg) 2.8(24-32) 3.3(27-41) 3.45(3.07-3.92) 0.000
Biotin" (mcg) 222(17.2-271) 27.9(21.4-331) 29 (24.75 - 33.92) 0.000
Vitamin A" (mcg) 867.5 (600.1 - 1 209) 1064.6 (808.4 - 1454.9) 1091.55 (916.8 - 1359.17) 0.014
Vitamn B1" (mg) 0.8 (0.6 - 0.9) 0.8(0.7-1.2) 0.9 (0.7-1.1) 0.010
Vitamin D* (mcg) 2.6 (15-4.2) 3.3(1.8-46) 35 (2.17 - 4.72) 0.019
Calcium (mg) 687.21 + 236.82 750.16 + 269.55 816.76 + 261.64 0.004
Chrome (mg) 148.03 + 53.76 204.46 + 83.61 233.4£86.77 0.000
Iron (mg) 7.86+291 10.2+3.33 1052 +2.71 0.000
Phosphate (mg) 924.44 + 255.52 1081.59 + 282.87 1151.69 + 284.51 0.000
Magnesium (mg) 219.79 £ 67.57 266.84 + 68.52 276.34 £ 67.78 0.000
Manganese (mg) 1.97+0.85 252+0.89 2.63+1.06 0.000
Molybdenum (mcg) 2744 £14.71 34.28 £17.25 34.22 £15.44 0.007
Potassium (mg) 2119.73 + 566.86 2516.96 + 642.33 2647.77 +575.99 0.000
Selenium (mcg) 43.77 £20.28 50.72 + 22.86 55.17 + 26.26 0.006

Sodium (mg) 1675.68 + 1050.97 2010.68 +1238.47 2104.67 £ 1246.49 NS
Zinc (mg) 7.93+2.63 8.98 £ 2.67 9.72+2.61 0.000
Folic acid (mcg) 164.34 + 64.93 224.36 + 71.67 230.55 + 61.66 0.000
Niacine (mg) 12.43 +4.09 14.61+4.388 1473 +3.79 0.001

(=)
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patients. Levels of serum 25 OH vitamin D were defined as severe hypovitaminosis (<50 nMol/L), vitamin D
insufficiency (between 50 and 75 nMol/L) and acceptable (>75 nMol/L), according to Bischoff-Ferrari [26]. In
our population serum levels of 25 OH vitamin D showed 99.7% (299) of patients with hypovitaminosis, none
had vitamin D insufficiency (0%) and only 1 patient (0.3%) had acceptable vitamin D levels.

In order to evaluate the role played by micronutrient deficiency in determining muscular strength, we ana-
lysed the correlation between these variables after correction for MNA. The intake of iron (R = 0.234, p =
0.014), magnesium (R = 0.221, p = 0.027), manganese (R = 0.202, p = 0.034) and vitamin E (R = 0.292, p =
0.002) were directly although weakly correlated to grip strength even after correction for MNA. These data
suggest a direct effect of these nutrients rather than general malnutrition in muscular force. The macronutrients
intake pro Kilogram does not correlate with muscular force after correction for age.

4. Discussion

Criteria used to define malnutrition vary greatly amongst the studies; here we used MNA [18], and confirmed
the data obtained using anthropometric measurements, biochemical parameters and dietary intake questionnaire
in a cohort of patients being hospitalized and coming from their home. A wide range of pathological conditions
could influence nutritional status in the elderly, here we report data obtained from a population with no indica-
tion of major acute or chronic illness that affect nutritional status: patients with known malignancies, severe
heart failure, severe renal impairment (clearance < 30 ml/min) or hepatic cirrhosis were excluded.

The incidence of malnutrition and risk of malnutrition is considerably high (64.7%) as compared to other in
hospital patients’ studies: this could be due to the different methods used to asses this condition.

This study shows that undernourished patients have a normal BMI and this could lead to under diagnosis of
their condition as BMI is the most frequently used parameter for nutritional assessment (see Pauly et al. for a re-
view [10]), whereas MNA considered BMI values together with other features to define malnutrition. We also
show that the main difference in dietary intake amongst MNA categories is the caloric intake, significantly re-
duced in undernourished patients, whereas the intake of macronutrients as percentage of caloric intake was not
significantly different in the three groups.

Some studies suggest that hand grip strength is an independent predictor of performance status and health
outcomes [23] [27]. Loss in muscle function is an early sign of protein under-nutrition since muscles are the
body’s largest protein reserve, and hand grip is a validated method for the evaluation of voluntary muscle
strength.

Vitamin A, B1 and D intake is significantly lower in malnourished patients, vitamin D intake was signifi-
cantly different in the three groups, but all the patients were affected by hypovitaminosis D and the vitamin D
intake was greatly below the RDA regardless MNA. The reduction in iron intake is evident by the increased
level of saturated transferrin, whereas the reduction in vitamin D and calcium intake is reflected by reduced
level of serum phosphate in undernourished patients, even if phosphate remains in the normal range this is a
clear index of augmented PTH. This datum confirms our previous work on postmenopausal osteoporotic women
[28] in which we found a significant reduction in phosphate serum level directly related to PTH levels. In this
study we cannot measure an increase in PTH; this could be due to assays problems.

Several micronutrient intakes were severely unbalanced by malnutrition and magnesium, manganese and vi-
tamin E assumption are directly correlated with muscle performance regardless to MNA. Vitamin E and vitamin
C have a role in scavenging reactive oxygen species (ROS), component of the stress response that may contrib-
ute to muscle damage during exercise. Vitamin E is an antioxidant compound and may have a role in preventing
muscle damage by scavenging ROS [29]. On the other hand, magnesium is required for energy production
pathway in mitochondria and ATP production, and also acts as an antioxidant against free radical damage of the
mitochondria [30]. We did not observe any correlation between Vitamin D intake and muscular performance.
Even though it is well known that hypovitaminosis D can influence physical performance [13] [14] [31]-[33], in
our population almost all the patients have hypovitaminosis D and we could not compare our patients with a
control population with normal Vitamin D levels.

Malnutrition influences physical and mental performance regardless of age also in patients not yet malnour-
ished, but at risk for malnutrition (Table 3). In particular malnutrition significantly influences the depression
mood and the mental performance, even in absence of dementia; malnutrition also reduced the perceived mental
health of the patients and is significantly related with loss of independency in the ADL.

(=)
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Table 3. Malnutrition and patients performance and health outcomes. Comparison between patients found undernourished, at
risk of malnutrition and with normal nutritional status for physical and mental performance and clinical outcomes after cor-
rection for age. Means and standard deviations are shown for continuous Gaussian variables (indicated by *), median and 25™,
75™ percentiles are shown for continuous non Gaussian variables, percentages are shown for non continuous variables. p
values are shown.

Malnourished (75) At risk of malnutrition (119)  Normal nutritional status (106) p

ADL 3.98+19 18+0.2 0.72+0.02 0.000

GDS 7.95+33 547+35 299+25 0.000

MMSE 212+29 234+29 246+26 0.000

Osteo articular pain (VNS) 41+£28 38+29 27+20 0.000

Hand grip strength (Kg) 38+0.1 13.7+9.9 19.7+11.7 0.000

Length of hospital stay (days)” 10 (8 - 15) 10 (5 - 16) 8(5-12) 0.000
Death (%) (number) 6.7 (5) 1.7 (2) 28(3) 0.000

Patients with pressure sores (%) (number) 28 (21) 5.8(7) 09 (1) 0.000
Patients with vascular sores (%) (number) 9(7) 11.6 (14) 2.8 (3) 0.000

Undernourished patients have reduced physical performance both perceived and measured through hand grip
strength. Epidemiological studies have demonstrated that low hand grip strength in healthy adults predicts in-
creased risk of functional limitations and disability in older age as well as all-cause mortality [23] [27]. As mus-
cle function reacts early to nutritional deprivation, hand grip strength has also become a popular marker of nutri-
tional status [23]; in this study we confirm that hand grip strength has to be considered not an independent pre-
dictor of health outcomes, but it is strictly correlated to malnutrition. In particular loss of muscular force is due
to micronutrient malnutrition rather than general reduction in caloric and macronutrient intake.

As regards health outcomes undernourished patients have a higher incidence of death during hospitalization,
tend to stay longer in hospital and have higher incidence of sores. In particular we observe a higher incidence of
pressure and vascular ulcers, these data confirms the literature for pressure sores, in fact it is known that nutri-
tional intervention may accelerate the healing of these lesions [34] [35]; whereas there are no data in literature
on vascular sore. These observations are important in order to suggest an early evaluation of nutritional status of
elderly patients and an early intervention to reduce the effect of malnutrition on health outcomes.

Our results show that severe hypovitaminosis D is present in nearly 100% of our cohort, regardless to dietary
intake and severity of malnutrition, as hypovitaminosis D has been associated with poor health outcomes and
increased mortality [31] [32] [36] [37], it is important to increase physicians’ attention towards this problem.

The shortcomings of this study are the limited cohort enrolled and the lack of information about muscular
performance other than hand grip test. Further studies on general healthy community dwelling population may
be useful to assess malnutrition incidence.

5. Conclusion

In conclusion we show that malnutrition has an important role in determining elderly independence, physical
and mental performance and in predicting health outcomes, hence the hospital team have to pay great attention
to this problem even in community dwelling elderly.
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