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Abstract
Purpose  The rising proportion of elderly population in high-income societies has resulted in increasing number of subjects 
with chronic disabling diseases and nutritional deficiency. Elderly’s nutritional status is usually assessed through the mini-
nutritional assessment (MNA®). However, its effectiveness may be influenced by weight excess or obesity. We tested the 
performance of MNA® questionnaire in subjects aged ≥ 65 years from Northern Sardinia, Italy, according to overweight/
obesity, and we tried to identify the factors associated with malnutrition.
Methods  A modified version of MNA® (mMNA) test, not including BMI, was compared with the conventional MNA® 
(cMNA) test, and the overall test performance was assessed by calculating sensitivity, specificity and accuracy. In addition, 
indexes of cognitive health, disability, comorbidity and polypharmacy were compared between patients with concordant 
and discordant MNA tests.
Results  cMNA® sensitivity, specificity and accuracy were 67%, 99% and 84% compared with the mMNA test, due to mal-
nourished patients misclassified as normal because of excess weight. Predictors of malnutrition were: depression (p < 0.0001), 
disability (p < 0.0001) and polypharmacy (p < 0.0001). Interestingly, the average scores of the “global”, “subjective” and 
“dietary” components of the cMNA®, were significantly lower compared with the corresponding scores of the mMNA.
Conclusions  Excess of weight, a condition progressively rising in the elderly population, may reduce the performance of 
cMNA® test in detecting malnutrition.
Level of evidence  Level III, case‒control analytic study.

Keywords  Weight excess · sarcopenic obesity · Sardinia · Elderly

Introduction

The assessment of nutritional status in the elderly is a chal-
lenging task requiring the integrated use of disparate sources 
such as clinical examination, anthropometric measures [1], 

instrumental procedures [2], laboratory tests [3] and dietary 
survey [4]. An easy-to-administer questionnaire, the mini-
nutritional assessment (MNA®), has been available for dec-
ades as initial screening test of nutritional risk [5–8] and is 
still considered the “gold standard” tool to detect malnu-
trition in the geriatric field [9]. Its accuracy has been esti-
mated at around 92% when used by at least two nutritionists, 
and 98% when integrated with instrumental, biochemical 
and anthropometric measures [6]. The MNA® test was first 
proposed in 1989 at the conference of the International 
Association of Geriatrics and Gerontology in Acapulco, by 
Bruno Vellas from the Department of Geriatrics, Univer-
sity of Toulouse, France, and Yves Guigoz, researcher at 
the Nestlé Centre in Switzerland. The declared purpose of 
the two authors was to provide a fast and reliable tool for the 
evaluation of nutritional status similar to the Mini-Mental 
State Examination with a long-time availability for detect-
ing cognitive impairment in the elderly [7]. In 1994 MNA® 
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made its first appearance in a scientific publication [10] and 
was later validated in a cohort of patients with acute-onset, 
at the Toulouse hospital [7, 11]. As the test became popu-
lar, controversies had raised about its accuracy, especially 
when compared with alternative nutritional screening tools. 
Although MNA® sensitivity approaches 100%, its specific-
ity is low, with a positive predictive value of only 66.7%, 
implying a tendency to overestimate the risk of malnutrition 
[12]. On the other hand, cross-classification of MNA® and 
nutritional risk screening (NRS), another popular nutritional 
assessment tool, resulted in about 30% discrepancy. More 
specifically, MNA® would tend to classify a smaller num-
ber of patients as malnourished or at risk when compared 
with NRS [13]. To design a faster screening tool, shorter 
versions of the original MNA® have been developed over 
time. Among these, the most popular is the MNA®-Short 
Form (MNA®-SF) developed by Rubenstein et al. in 2001 
[5]. This version includes only six items and is administered 
in a two-step fashion i.e. the full MNA® score is adminis-
tered only when the MNA®-SF classifies the subject under 
examination at the risk of malnutrition. However, this short-
ened test version eliminates many of the subjective items, 
hence loosing valuable information on the patient’s actual 
nutritional status.

Among the potential factors able to impact MNA® perfor-
mance, there are overweight and obesity, which are increas-
ingly detected in the elderly population [14]. In fact, body 
mass index (BMI), which is a part of the “anthropometric” 
component of MNA®, can affect the total score up to 10%. 
However it must be taken into account that in the elderly, 
weight excess and malnutrition can exist simultaneously. 
This phenomenon, observed in developed countries and 
in some populations of emerging countries, was defined as 
“double burden” of malnutrition [15–17].

The main objectives of the present study were: (1) to test 
the performance of MNA® for nutritional screening in the 
presence of weight excess; (2) to depict the most sensitive 
area of the MNA® questionnaire in highlighting malnutri-
tion; and (3) to investigate the relationship between specific 
MNA® components and the overall functional status of the 
elderly under examination.

Materials and methods

Study design

This was a retrospective observational single-centre study 
carried out on sample of elderly subjects from Northern 
Sardinia. Study participants were outpatients referred by 
general practitioners or specialists to the Geriatric section 
of Clinica Medica, a teaching hospital of the University of 
Sassari, Italy.

Patients eligibility

Study participants were selected from an electronic data-
base of 1344 patients undergoing a geriatric evaluation 
in a clinical setting. Part of the database was previously 
utilized for a different purpose [18, 19]. Inclusion crite-
ria were: Sardinian origin of patients (to ensure genetic 
homogeneity) of age older than 64 years. Exclusion cri-
teria were unavailability of any of the following items: 
Mini-Nutritional Assessment, body mass index, smoking 
habits, comorbidity, basic and instrumental activities of 
daily living, cognitive function and depression status, 
monthly income, number of drugs taken.

Data collection

Patients were carefully interviewed by a trained geriatri-
cian to collect demographic and clinical information. In 
case of patients with moderate/severe dementia, family 
members had been interviewed especially for questions 
regarding disability.

Clinical records of all study participants reported the 
information about body height, measured using an elec-
tronic scale with an accuracy of up to 0.1 kg, as well as 
the body weight measured in centimeters using a stadi-
ometer, with the patient’s head aligned according to the 
Frankfurt horizontal plane [20]. All the measurements 
had been determined during the outpatient visit. Body 
mass index (BMI) was calculated as weight/height2 (kg/
m2). Nutritional status was evaluated by administering 
the 18-item (full) version of MNA® questionnaire [10] 
(Fig. 1). Overall functional state was evaluated through a 
multidimensional geriatric assessment (MGA) question-
naire [21]. To estimate the comorbidity, all pathological 
conditions were retrieved from patient clinical records 
and expressed as cumulative illness rating scale-geriatrics 
(CIRS-G) [22]. Functional disability in basic activities 
was measured through the activity of daily living (ADL) 
scale which assigned a progressive number to each inde-
pendent function, ranging between 0 (complete depend-
ence) and 6 (complete independence). Autonomy in activ-
ities that are physically and cognitively more demanding, 
but essential for an independent living, were evaluated by 
the instrumental activities of daily living (IADL) scale. 
More specifically, because in Latin culture males are 
rarely involved in household tasks such as cooking, laun-
dry and housekeeping, according to previous studies [23] 
a shorter version of IADL was used including the follow-
ing five items: ability to use telephone, handle finances, 
transportation, shopping and to take medications. A score 
of 5 corresponds to the ability to be self-sufficient. The 
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mini mental state examination (MMSE) test [24] was used 
to assess cognitive functions. The test explores conscious-
ness, attention, memory, language, calculation and writ-
ing. The overall score, adjusted for age, sex and educa-
tion ranges from 0 to 30 points [25]. A score lower than 
15 indicates a significant impairment of cognitive status; 
between 15 and 24 mild to moderate dementia, equal or 
greater than 25 a normal cognitive status. The presence 
of symptomatic depression was evaluated using a shorter 
version of the geriatric depression scale (GDS-15) [26]. 
This scale consists of 15 yes/no items scored as either 0 
or 1 . A score between 0 and 5 corresponds to no depres-
sion; between 6 and 10 to mild depression; and ≥ 11 to 
moderate/severe depression [27]. Each examination had 
been supervised by the same attending physician (P.T.) 
for all patients during all study periods.

Statistical analysis

The conventional 18-item- MNA® was scored as follow-
ing: ≥ 24 points: normal nutritional status; between 17 and 
23.5 points: risk of malnutrition; and < 17: overt malnutri-
tion. Scores from conventional MNA® (cMNA® including 
the BMI item) and modified MNA (mMNA, excluding the 
BMI from the “anthropometric” component) were cal-
culated. The mMNA score could reach at most 27 points 
instead of the original 30. To assess the impact of over-
weight/obesity on the performance of MNA®, the scores 
were compared and the sensitivity, specificity and accuracy 
of cMNA® were calculated. Body mass index was strati-
fied into four categories: < 18 (kg/m2), 18‒24.9 (kg/m2), 
25‒29.9 (kg/m2) and ≥ 30 (kg/m2). Monthly income was 
used as a proxy for socio-economic status and graded into 

Fig. 1   The four sections of 
MNA® test

Components of MNA®

Global Subjective Anthropometric Dietetic

Variable

Mobility (up to 2 
points)

Nutritional 
status 

self–evaluatio
n (up to 2 

points)

Body mass index 
(up to 3 points)

Mode of feeding (up 
to 2 points)

Psychophysical stress 
(up to 2 points)

Health status 
self–evaluatio

n (up to 2 
points)

Arm circumference 
(max 1 point)

Fluid (water, juice, 
coffee, tea, milk) 

intake (max 1 point)

Neuropsychologic 
problems

(up to 2 points)

Calf circumference 
(max 1 point)

Fruit and vegetable 
intake (max 1 point)

Institutionalization 
(max 1 point)

Weight loss (up to 
3 points)

Protein intake (max 
1 point)

Pharmacologic 
therapy (max 1 point)

Complete meals 
intake (up to 2 

points)

Pressure sores or skin 
ulcers (max 1 point)

Calorie drop

(up to 2 points)

Highest 
possible 
score

9/30 (30.0%) 4/30 (13.3%) 8/30 (26.7%) 9/30 (30.0%)
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four categories: < €400, €400‒600, €600‒1000 and more 
than €1000. According to smoking habit, patients were clas-
sified into those who had never smoked and those who were 
current or former smokers. Marital status was coded into: 
married, widowed and unmarried or divorced. Education 
was estimated by the total number of years spent at school. 
Polypharmacy was grouped according to the number of 
drugs currently used: 6 drugs or less; from 7 to 9 drugs; 10 
drugs or more [28].

Data collected by means of questionnaires were expressed 
through basic statistical indicators such as mean and stand-
ard deviations (SDs) for scalar variables, frequencies and 
percentages for categorical variables. Comparison between 
average values or percentages was performed by two-tailed 
Student’s t test for unpaired samples; in case of m × n con-
tingency tables, the analysis was performed using the χ2 test. 
The mMNA and cMNA® scores were compared and the true 
positives (TPs), false positives (FPs), true negatives (TNs), 
false negatives (FNs), sensitivity, specificity and accuracy 
were calculated with their 95% confidence intervals (CI). 
Cohen’s kappa was used to assess the agreement between the 
two tests, with κ = 1 for perfect agreement and κ = 0 for ran-
domness. Identification of malnutrition predictors was car-
ried out in the whole sample by logistic regression models 
using a dichotomized mMNA score as dependent variable: 
23 to 17 points risk of malnutrition; and less than 17 points 
overt malnutrition. The independent variables included in 
the regression analysis, retrieved from MGA, were sex, age, 
BMI, marital status, monthly income, education, comor-
bidity and functional capacity. Odds ratios (ORs) and their 
95%CIs were calculated by exponentiating the regression 
coefficients. All statistical analyses were done using SPSS 
software (version 16.0, Chicago, IL). A threshold value of 
P < 0.05 was considered to be statistically significant.

Results

Descriptive statistics

Data included in this study were extracted from an electronic 
database of 1344 geriatric patients evaluated in a teaching 
hospital of Northern Sardinia between January 2004 and 
December 2014 and partially used in previous studies [18].

A total of 646 clinical charts from patients aged ≥ 65 years 
were selected for the study (48.9% females). The major-
ity aged 70‒79 years, without significant differences in 
the mean age between sexes (75.27 ± 6.89 years versus 
76.84 ± 7.11 years). Nearly half (45.7%) of the studied 
samples consisted of outpatients while the remaining were 
hospitalized. Table 1 shows the demographic and clinical 
features of the study patients stratified by sex. Six hundred 
and ninety-eight patients were excluded because they were 

younger than 65, or for incomplete data. However, the total 
MNA® score was available for 646 patients, MNA® partial 
components were available only for 487 patients (Fig. 2).

Overall, 45% of patients were “at risk of malnutrition” 
and 23% displayed “overt malnutrition”, significantly higher 
in women than men (29.7% versus 17.6%; P < 0.0001) 
(Table  1). Underweight, overweight and frankly obese 
elderly were 4.8%, 36.4% and 31.1%, respectively, with a 
marginally significant (P = 0.045) weight excess in women. 
Mild to moderate dementia (adjusted MMSE score in the 
range of 15‒24) or moderate to severe dementia (MMSE 
score ≤ 15) were observed in approximately 45% of patients, 
with no significant sex differences. Symptomatic depression 
was detected in 46% of the studied samples, with a signifi-
cantly higher proportion in women (P < 0.0001). Comorbid-
ity, expressed as CIRS severity, was similar in both sexes 
(4.2 ± 1.7 in men versus 4.3 ± 1.8 in women).

According to the distribution of ADL and IADL scores, 
disability was greater in women, whereas no sex differ-
ence was found for education (average of 5.9 ± 3.4 years in 
men, and 5.1 ± 3.7 years in women) (Table 2). As expected, 
the percentage of former and current smokers, were sig-
nificantly higher in men (74%) compared to females (18%) 
(P < 0.0001). The majority of men (71%) were married, 
while this percentage dropped to 33% in women. The aver-
age monthly income exceeded € 1000 in nearly 10% of study 
participants and ranged € 600‒1000 in 38% of them, with a 
significant sex difference (P = 0.017) evidencing a women’s 
disadvantage. Patients taking less than 6 drugs were 37.8%; 
between 6 and 9 were 50.6% and the 10 or more drugs the 
remaining 11.6% (Table 1). Clinical and functional charac-
teristics of subjects according to BMI categories are reported 
in the supplementary material (Table 3). Overall, youngest 
subjects resulted significantly more obese compared to the 
oldest ones. Interestingly, among the obese,  there were 32 
(15.9%) malnourished, and 97 (48.3%) at risk of malnutri-
tion. Moreover, overweight subjects had less disability com-
pared with subjects in the other BMI categories and the trend 
was statistically significant. 

Performance of MNA® test

In 487 patients out of 646 the partial scores of MNA were 
available in addition to the total score. Table 2 shows 
the distribution of patients cross-classified according to 
the cMNA® (including BMI) and the mMNA (exclud-
ing BMI). The two scores were concordant in 87.3% and 
discordant in 12.7% of cases. Cohen’s kappa was 0.805 
revealing the substantial agreement. More specifically, 4 
patients classified “at risk of malnutrition”by the cMNA® 
were reclassified as “normal” by the mMNA, and 1 patient 
with “overt malnutrition” by the cMNA® was reclassi-
fied “at risk of malnutrition” by the mMNA. Fifty-seven 
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Table 1   Demographic and 
clinical features of patients in 
the original database and those 
selected for the study

Variables Study participants 

Men Women All P value

Number of records in the database 639 (47.5%) 705 (52.5%) 1344 ‒
Number of patients selected for analysis 330 (51.1%) 316 (48.9%) 646 ‒
Age (years, mean ± SD) 75.27 ± 6.89 76.84 ± 7.11 76.03 ± 7.04 0.005
Age decades (years)
 60‒69 78 (23.6%) 53 (16.8%) 131 (20.3%)
 70‒79 159 (48.2%) 151 (47.8%) 310 (48.0%) 0.059
 80‒89 84 (25.5%) 96 (30.4%) 180 (27.9%)
 ≥ 90 9 (2.7%) 16 (5.1%) 25 (3.9%)

Mini‒nutritional assessment (MNA)
 ≥ 24 (optimal nutrition) 130 (39.4%) 73 (23.1%) 203 (31.4%)
 17‒23 (risk of malnutrition) 142 (43.0%) 149 (47.2%) 291 (45.0%) < 0.0001
 < 17 (malnutrition) 58 (17.6%) 94 (29.7%) 152 (23.5%)

BMI (kg/m²)
 < 18.0 13 (3.9%) 18 (5.7%) 31 (4.8%)
 18.0‒24.9 85 (25.8%) 94 (29.7%) 179 (27.7%) 0.045
 25.0‒29.9 137 (41.5%) 98 (31.7%) 235 (36.4%)
 ≥ 30 95 (28.8%) 106 (33.5%) 201 (31.1%)

MMSE
 ≥ 27 (normal) 114 (34.5%) 100 (31.6%) 214 (33.1%)
 25‒26 (possible dementia) 77 (23.3%) 67 (21.2%) 144 (22.3%) 0.299
 15‒24 (slight/mild dementia) 132 (40.0%) 135 (42.7%) 267 (41.3%)
 < 15 (moderate/severe dementia) 7 (2.1%) 14 (4.4%) 21 (3.3%)

GDS-15
 0‒4 (normal) 212 (74.2%) 134 (42.7%) 346 (53.7%)
 5‒10 (moderate depression) 100 (30.3%) 131 (41.7%) 231 (35.9%) < 0.0001
 ≥ 11 (severe depression) 18 (5.5%) 49 (15.6%) 67 (10.4%)

CIRS Score 4.2 ± 1.7 4.3 ± 1.8 4.2 ± 1.7 0.679
Basic activities of daily living (BADL)
 0 6 (1.8%) 15 (4.9%) 21 (3.3%)
 1 11 (4.3%) 22 (7.2%) 33 (5.2%)
 2 12 (3.7%) 17 (5.6%) 29 (4.6%)
 3 21 (6.4%) 25 (8.2%) 46 (7.3%) < 0.0001
 4 24 (7.3%) 35 (11.4%) 59 (9.3%)
 5 75 (22.9%) 95 (31.0%) 170 (26.9%)
 6 178 (54.4%) 97 (31.7%) 275 (43.4%)

Instrumental activities of daily living (IADL)
 0 8 (2.4%) 14 (4.6%) 22 (3.5%)
 1 21 (6.4%) 49 (16.0%) 70 (11.1%)
 2 36 (11.0%) 41 (13.4%) 77 (12.2%)
 3 45 (13.8%) 70 (22.9%) 115 (18.2%) < 0.0001
 4 55 (16.8%) 48 (15.7%) 103 (16.3%)
 5 161 (49.5%) 84 (27.5%) 245 (38.9%)

Schooling (years) 5.9 ± 3.4 5.1 ± 3.7 5.5 ± 3.6 0.194
Smoking habits
 Never smoker 86 (26.1%) 259 (82.0%) 345 (53.4%)
 Former smoker 210 (63.6%) 43 (13.6%) 253 (39.2%) < 0.0001
 Current smoker 34 (10.3%) 14 (4.4%) 48 (7.4%)

Marital status
 Single/divorced 43 (13.0%) 48 (15.2%) 91 (14.1%)
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patients classified “at risk of malnutrition” by the cMNA® 
were relocated as “overtly malnourished” by the mMNA 
score. According to the 3 by 3 contingency table there 
were 188 TPs, at risk of malnutrition; and, 117 TPs, for 
overt malnutrition. There were 57 patients allocated at 
risk of malnutrition by the cMNA®, excluding the BMI 
classified as overt malnourished. The resulting sensitivity, 
specificity and accuracy of cMNA® were 100%, 97% and 
99% for the risk of malnutrition, and 67%, 99% and 84% 
for overt malnutrition, respectively.

In the supplementary material the data of Table 2 were 
stratified according to BMI categories. It is evident that the 
differential scoring of cMNA vs mMNA affects only 5% of 
patients in the underweight category while it affects 14% of 
patients in the obesity category. Thus, the cMNA will hardly 

underestimate the risk of under-weight, the difference being 
clearly skewed toward the obese patients.

The mean values of the individual components of MNA® 
for patients with concordant and discordant scores are 
shown in Table 4. Interestingly, the average scores of the 
“global”, “subjective” and “dietary” components obtained 
with cMNA®, were significantly lower when compared with 
patients reclassified according to the mMNA.

Identification of MNA® critical components to detect 
malnutrition

The results of multivariate logistic regression models are 
reported in Table 5. Symptomatic depression, disability 
and polypharmacy were significant predictors for both 
risk and overt malnutrition. A low monthly income was 

Table 1   (continued) Variables Study participants 

Men Women All P value

 Married 234 (70.9%) 107 (33.8%) 341 (52.8%) < 0.0001
 Widowed 53 (16.1%) 161 (50.9%) 214 (33.1%)

Monthly income (€)
 ≥ 1000 11 (3.3%) 56 (17.7%) 67 (10.4%)
 600‒999 84 (25.5%) 105 (33.2%) 189 (29.3%)
 400‒599 147 (44.5%) 102 (32.3%) 249 (38.5%) 0.017
 < 400 88 (26.7%) 53 (16.8%) 141 (21.8%)

Polypharmacy
 < 6 126 (38.2%) 118 (37.3%) 224 (37.8%)
 6‒9 164 (50.0%) 162 (51.3%) 327 (50.6%) 0.963
 ≥ 10 39 (11.8%) 36 (11.4%) 75 (11.6%)

Bold numbers are statistically significant
SD standard deviation, BMI body mass index, CIRS cumulative illness rating scale, MMSE mini-mental 
state examination, GDS geriatric depression scale, MNA mini nutritional assessment

Clinical records of geriatric 
pa�ents evaluated in the period 

Jan 2001 – Dec 2014

(n=1344)

Pa�ents included in the study

(n=646)

Subgroup of pa�ents in whom in 
addi�on of total MNA score, also 

par�al score was available 

(n=487)

Exclusion:

Age < 65

One of the following items 
missing: MNA, BMI,  smoking 

habits, comorbidity, ADL, IADL, 
MMSE, GDS, monthly income, 

drug assumed

Fig. 2   Flowchart of patient selection

Table 2   Patient classification based on the conventional and modified 
MNA® score with the exclusion of BMI

For the risk of malnutrition: sensitivity 0.97 (95%CI 0.94–0.99), 
specificity 1.00 (95%CI 1.00–1.00), PPV (95%CI 1.00–1.00), NPV 
0.98 (95%CI 0.96–0.99); for overt malnutrition: sensitivity 0.67 
(0.60–0.74), specificity 0.99 (0.98–1.00), PPV 0.99 (0.97–1.00), NPV 
0.77 (0.71–0.82)
Cohen’s kappa coefficient = 0.805, p < 0.0001

MNA including BMI score MNA excluding BMI score

Normal Risk of 
malnutri-
tion

Overt 
malnutri-
tion

Total

Normal 120 0 0 120
Risk of malnutrition 4 188 57 249
Overt malnutrition 0 1 117 118
Total 124 189 174 487
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Table 3   Clinical and functional characteristics of study patients according to BMI

Variables BMI (kg/m²)

< 18.0 18.0‒24.9 25.0‒29.9 ≥ 30 P value

Number of patients 31 (4.8%) 179 (27.7%) 235 (36.4) 201 (31.1)

Age (years, mean ± SD) 79.26 ± 8.89 76.35 ± 7.36 75.57 ± 6.85 75.79 ± 6.55 0.044
Age decades (years)
 60‒69 4 (12.9%) 36 (20.1%) 49 (20.9%) 42 (20.9%)
 70‒79 12 (38.7%) 79 (44.1%) 119 (50.6%) 100 (49.8%) 0.190
 80‒89 11 (35.5%) 56 (31.3%) 59 (25.1%) 54 (26.9%)
 ≥ 90 4 (12.9%) 8 (4.5%) 8 (3.4%) 5 (2.5%)

Mini-nutritional assessment (MNA)
 ≥ 24 (optimal nutrition) 2 (6.5%) 31 (17.3%) 98 (41.7%) 72 (35.8%)
 17‒23.5 (risk of malnutrition) 2 (6.5%) 80 (44.7%) 112 (47.7%) 97 (48.3%) < 0.0001
 < 17 (malnutrition) 27 (87.1%) 68 (38.0%) 25 (10.6%) 32 (15.9%)

MMSE
 ≥ 27 (normal) 6 (19.4%) 52 (29.1%) 87 (37.0%) 69 (34.3%)
 25‒26 (possible dementia) 8 (25.8%) 37 (20.7%) 55 (23.4%) 44 (21.9%) 0.276
 15‒24 (slight/mild dementia) 17 (54.8%) 81 (45.3%) 88 (37.4%) 81 (40.3%)
 < 15 (moderate/severe dementia) 0 (0.0%) 9 (5.0%) 5 (2.1%) 7 (3.5%)

GDS‒15
 0‒4 (normal) 10 (32.3%) 87 (48.6%) 146 (62.1%) 103 (51.2%)
 5‒10 (moderate depression) 12 (38.7%) 71 (39.7%) 70 (29.8%) 78 (38.8%) 0.001
 ≥ 11 (severe depression) 9 (29.0%) 21 (11.7%) 19 (8.1%) 20 (10.0%)

CIRS Score 3.0 ± 0.3 3.0 ± 0.5 3.0 ± 0.4 3.0 ± 0.3 0.892
Basic activities of daily living (BADL)
 0 3 (9.7%) 10 (5.6%) 3 (1.3%) 7 (3.6%)
 1 6 (19.4%) 6 (3.4%) 5 (2.1%) 16 (8.0%)
 2 2 (6.5%) 8 (4.5%) 8 (3.4%) 12 (6.0%)
 3 1 (3.2%) 16 (8.9%) 18 (7.7%) 15 (7.5%) 0.001
 4 5 (16.1%) 14 (7.8%) 21 (8.9%) 24 (11.9%)
 5 6 (19.4%) 44 (24.6%) 66 (28.1%) 55 (27.4%)
 6 8 (25.8%) 81 (45.3%) 114 (48.5%) 72 (35.8%)

Instrumental activities of daily living (IADL)
 0 6 (19.4%) 8 (4.5%) 5 (2.1%) 5 (2.5%)
 1 7 (22.6%) 21 (11.7%) 21 (8.9%) 26 (12.9%)
 2 5 (16.1%) 33 (18.4%) 18 (7.7%) 25 (12.4%) < 0.0001
 3 6 (19.4%) 28 (15.6%) 44 (18.7%) 39 (19.4%)
 4 3 (9.7%) 26 (14.5%) 40 (17.0%) 34 (16.9%)
 5 4 (12.9%) 63 (35.2%) 107 (45.5%) 72 (35.8%)

Schooling (years) 5.9 ± 3.4 5.1 ± 3.7 5.5 ± 3.6 5.5 ± 3.6 0.171
Smoking habits
 Never smoker
 Former smoker 15 (48.4%) 94 (52.5%) 128 (54.5%) 108 (53.7) 0.840 
 Current smoker 15 (48.4%) 73 (40.8%) 90 (38.3%) 75 (37.3%)

1 (3.2%) 12 (6.7%) 17 (7.2%) 18 (9.0%)
Marital status
 Single/divorced 8 (25.8%) 90 (50.3%) 134 (57.0%) 109 (54.2%)
 Married 17 (54.8%) 60 (33.5%) 71 (30.2%) 66 (32.8%) 0.061
 Widowed 6 (19.4%) 29 (16.2%) 30 (12.8%) 26 (12.9%)

Monthly income (€)
 ≥ 1000 2 (6.4%) 28 (15.6%) 27 (11.5%) 27 (13.4%)
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associated more to overt malnutrition, but not with the risk. 
As expected, underweight (BMI < 18 kg/m2) was a signifi-
cant predictor of overt malnutrition but not of the simple 
risk. Still, the positive association of overweight/obesity 
with malnutrition was confirmed.

Discussion

In this retrospective observational study, the performance of 
MNA® to assess nutrition status was tested in a sample of 
elderly patients. A striking feature of our sample is the high 
proportion of individuals with excess of body weight. Mean 
BMI values were 28.4 kg/m2 in subjects considered “well 
fed” and 27.8 kg/m2 in those at risk of malnutrition, higher 
than those previously reported [29, 30]. The proportion of 
patients with evidence of malnutrition (risk or overt malnu-
trition) detected by the cMNA® was comparable with data 
reported in the literature for Western populations [30–32] 
and was greater than Asian countries [33]. The findings 
observed in our series confirm the coexistence of malnutri-
tion and overweight, the so-called phenomenon of “double 
burden” [15–17] and naturally raised the question of whether 
this “protective” effect on malnutrition attributable to the 

BMI is an artefact in overweight patients,due to the inclu-
sion of the BMI value in the anthropometric component of 
cMNA®. In fact, when the cMNA® (including BMI) and 
the mMNA (excluding BMI but keeping the same cut-offs) 
scores were compared, 57 patients resulted falsely well fed, 
removing the protection of the BMI item. The resulting sen-
sitivity of cMNA® in detecting overt malnutrition was low 
(67%), whereas it was reasonably high (97%) in detecting 
the risk of malnutrition.

Additional factors, identified by the multivariable regres-
sion analysis, significantly associated with malnutrition in 
patients with concordant and discordant MNA scores, were 
low ADL score and symptomatic depression. According to 
previous studies, the disability was statistically significant in 
both sexes [34]. Also, the presence of symptomatic depres-
sion (GDS-15 score > 5) was identified as an independent 
predictor of malnutrition, although with different impact in 
the two sexes: in women it was associated to the simple risk 
of malnutrition while in men to overt malnutrition. Carpin-
iello et al. [35] and Cabrera et al. [36] reported a strong 
association between depression and malnutrition in women, 
while van’t Veer-Tazelaar et al. [37] found that the effect of 
sex on depressive symptoms was not significant after adjust-
ing for several confounding factors. However, despite these 

Bold numbers are statistically significant
SD standard deviation, BMI body mass index, CIRS cumulative illness rating scale, MMSE minimental state examination, GDS geriatric depres-
sion scale

Table 3   (continued)

Variables BMI (kg/m²)

< 18.0 18.0‒24.9 25.0‒29.9 ≥ 30 P value

Number of patients 31 (4.8%) 179 (27.7%) 235 (36.4) 201 (31.1)

 600‒999 11 (35.4%) 48 (26.8%) 55 (23.4%) 67 (33.3%)
 400‒599 8 (25.8%) 74 (41.4%) 95 (40.4%) 69 (34.3%) 0.042
 < 400 10 (32.3%) 29 (16.2%) 58 (24.7%) 38 (18.9%)

Polypharmacy
 < 6 17 (54.8%) 90 (50.3%) 130 (55.3%) 98 (48.8%)
 6‒9 6 (19.4%) 75 (41.9%) 87 (37.0%) 68 (33.8%) 0.001
 ≥ 10 8 (25.8%) 14 (7.8%) 18 (7.7%) 35 (17.4%)

Table 4   Average score of single components of the original MNA® score in concordant and discordant patients using a modified MNA without 
the BMI item

*p < 0.05, **p < 0.001

MNA score components 188 patients classified “risk of malnutrition” 
by both criteria

57 patients originally classified “at risk of malnutrition” 
and reclassified as overt malnutrition by excluding BMI

Global 4.96 ± 1.80 4.05 ± 1.18**
Subjective 2.40 ± 1.18 2.03 ± 0.99**
Anthropometric 6.13 ± 2.05 5.95 ± 1.33
Dietetic 6.70 ± 1.85 5.96 ± 1.46**
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discordant results, the influence of depression on nutritional 
status has been extensively demonstrated in the past in dif-
ferent settings: outpatients, institutionalized patients and in 
the community [29, 36]. Two additional factors identified in 
the multivariate models showed sex differences: age was a 
(weak) predictive factor only in women and polypharmacy 
only in men and for a number of drugs between 5 and 9, 
similar to previous observation [38]. Another factor associ-
ated with the risk of malnutrition was the monthly income, 
with greater significance for women, and only for average 
income 400–1000 euros per month, while for men it was a 
significant risk factor only in subjects with overt malnutri-
tion. As already observed, scarcity of financial resources 

is one of the causes of insufficient nutrition and/or of poor 
quality [39].The comparison analysis between the groups 
of patients classified concordantly or discordantly by the 
conventional and modified MNAs revealed that the lat-
ter patients were more frail than the original group; those 
reclassified as patients at risk of malnutrition have a higher 
prevalence of depression, disability and assumed a higher 
number of drugs; while patients reclassified as malnourished 
also have disability in the IADL, they are on average more 
depressed, with a prevalence of the female sex.

The reduced performance of cMNA® in overweight/obese 
patients might cause underestimation of the percentage of 
patients truly malnourished, jeopardizing them. It seems that 

Table 5   Logistic regression 
analysis for predicting 
malnutrition expressed by the 
Mini-Nutritional Assessment 
score in both sexes

Bold numbers are statistically significant

Characteristics Risk of malnutrition (MNA < 24) Overt malnutrition (MNA < 17)

OR (95%CI) p value OR (95%CI) P value

Age (years) 0.980 (0.949‒1.013) 0.229 1.008 (0.968‒1.049) 0.711
Sex (%)
 Men 1.000 0.194 1.000 0.842
 Women 1.376 (0.850‒2.227) 1.063 (0.586‒1.927)

Education (years) 0.981 (0.923‒1.042) 0.533 1.046 (0.965‒1.133) 0.276
Comorbidity 0.973 (0.854‒1.108) 0.680 1.138 (0.980‒1.321) 0.091
MMSE
 ≥ 27 (normal) 1.000 1.000
 26‒25 (possibile dementia) 0.888 (0.532‒1.482) 0.651 0.862 (0.388‒1.916) 0.716
 24–15 (dementia mild/moderate) 1.199 (0.740‒1.942) 0.462 1.762 (0.925‒3.358) 0.085
 < 15 (dementia moderate/severe) 0.851 (0.147‒4.923) 0.857 0.893 (0.221‒3.599) 0.873

GDS-15
 0‒4 1.000 1.000
 5‒10 2.444 (1.539‒3.882) < 0.0001 2.681 (1.516‒4.743) 0.001
 ≥ 11 4.812 (1.515‒15.281) 0.008 4.166 (1.859‒9.334) 0.001

ADL (range 0‒6) 0.574 (0.451‒0.730) < 0.0001 0.535 (0.438‒0.655) < 0.0001
IADL (range 0‒5) 0.807 (0.646‒1.007) 0.057 1.041 (0.813‒1.333) 0.752
Marital status
 Married 1.000 1.000
 Widowed 0.912 (0.538‒1.547) 0.733 1.332 (0.699‒2.540) 0.384
 Single/divorced 1.063 (0.581‒1.945) 0.843 0.932 (0.401‒2.167) 0.869

Polypharmacy
 0‒5 1.000 1.000
 6‒9 2.352 (1.517‒3.647) < 0.0001 2.027 (1.157‒3.551) 0.014
 ≥ 10 1.282 (0.615‒2.671) 0.507 0.678 (0.289‒1.589) 0.371

BMI (kg/m2)
 < 18.0 1.000 ‒ 1.000 ‒
 18.0‒24.9 0.161 (0.032‒0.815) 0.027 0.143 (0.073‒0.278) < 0.0001
 ≥ 25.0 0.140 (0.027‒0.718) 0.018 0.119 (0.059‒0.242) < 0.0001

Monthly income (€)
 ≥ 1000 1.000 ‒ 1.000 ‒
 600 ‒ 999 1.193 (0.714‒1.993) 0.500 2.299 (1.043‒5.068) 0.039
 400 ‒ 599 1.286 (0.700‒2.362) 0.418 2.667 (1.125‒6.324) 0.026
 < 400 0.436 (0.191‒0.996) 0.049 1.156 (0.363‒3.681) 0.806
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the MNA score that does not take into account the component 
of overweight/obesity might be more sensitive in detecting 
malnutrition in the elderly with excess of body weight. In our 
sample, the subgroup of patients taken as “well fed” accord-
ing to cMNA and reclassified as malnourished by the mMNA 
showed a worst overall performance. They were frailer, more 
depressed, and deficiencies were detected in all MNA® com-
ponents, not only in the anthropometric ones. This “protec-
tion” resulting from being overweight (BMI ≥ 24 kg/m2), arti-
ficially relocated patients into a lower nutritional risk category.

A study like the present one has strengths and limitations. 
Patients selected for the study were quite homogeneous both 
for socio-cultural aspects (origin from the same geographi-
cal area) and for the genetics (the Sardinian population has 
largely documented homogeneous genetic makeup [40]. A 
limitation of our study was that polypharmacotherapy was 
analysed only quantitatively (number of drugs taken daily) 
rather than qualitatively, without giving prominence to sin-
gle drugs known, for example, to induce selective nutritional 
deficits or drugs that alter the taste or decrease appetite.

In conclusion, our results show that excess weight may 
reduce the performance of cMNA® test in detecting malnu-
trition. Taken together the results of this study suggest the 
need for greater attention in identifying obese patients at risk 
of malnutrition, a condition related to increased morbidity 
and mortality.
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