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Introduction

The Latin American population is aging rapidly, which 
implies that the prevalence and incidence of chronic diseases, 
disability and dependence is also increasing (1–3). The 
assessment of nutritional status is essential for the health of 
older adults, both individually and collectively. Among the 
indicators of nutritional status, the easiest data to obtain are 
anthropometric measurements, hence, the widespread use 
of body mass index (BMI) (3–5) and waist circumference: 
the latter as an indicator of metabolic risk (6). Among the 
instruments to measure the risk of malnutrition in older adults 
is the Mini Nutritional Assessment (MNA), which is widely 
used in older populations worldwide. This instrument was 
developed in the 1990s by Guigoz, Vellas and Garry (7) to 
assess nutritional status and rapidly diagnose malnutrition 
in fragile older adults (8–11). The MNA is a tool to estimate 
the nutritional risk of malnutrition in older people, which is 
essential in a context such as Latin America where older people 
comprise a group with high socio-economic vulnerability (3, 
12, 13). It has been validated and used as a screening tool for 
malnutrition in countries in North America (8, 11, 14), Europe 
(15–17), Asia (18), Africa (19) and Latin America. In Latin 
America, the instrument has been used in Brazil (20), Chile 
(21), Cuba (22) and Mexico (23).

In 2001, the same group that authored the original 
instrument (7, 8, 14) developed and validated an abbreviated 
version of the MNA (MNA-SF) (24, 25) consisting of six 

questions. The MNA-SF has two variants, depending on the 
anthropometric measure, that incorporate BMI (MNA-SF1) or 
calf circumference (CC) (MNA-SF2). CC is a simple, easy and 
inexpensive anthropometric measure to determine, is useful 
when BMI is not available or cannot be determined, and does 
not require any effort from the older adult. Considering the 
usefulness of this measurement for population studies, elderly 
or bedridden people, or anyone with functional limitations, 
the fundamental objective of this study is to validate the two 
variants of the short-form of the MNA in people aged 60 years 
or more in five cities in Latin America (12) using the MNA as 
the gold standard.

Methods

Study population
A cross-sectional study using secondary data from the 

Health, Wellbeing and Aging study (SABE in Spanish) 
was carried out in seven cities in Latin America and the 
Caribbean: Bridgetown, Buenos Aires, Havana, Mexico City, 
Montevideo, Santiago and Sao Paulo from 1999–2001. SABE 
is a probabilistic, household survey, with stratified multistage 
sampling. The study design has been previously described (26). 
The study evaluated various aspects of health and well-being in 
the population of people aged 60 years or more in the selected 
cities. The information was collected simultaneously in all 
cities using standardised procedures, with a common protocol 
allowing comparative analyses. All subjects were interviewed 
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face to face in their homes, socio-demographic information 
was obtained, the MNA and Mini-Mental State Examination 
(MMSE), were completed, and information on chronic diseases, 
disability and functional limitations, among others, was self-
reported.

The sample consisted of 5526 adults aged 60 years or 
more (age range: 61–99 years) residing in the community 
in five Latin American cities: Sao Paulo (Brazil), Havana 
(Cuba), Santiago de Chile (Chile), Mexico City (Mexico) 
and Montevideo (Uruguay). The original sample consisted 
of 8,046 subjects, of whom, 2,520 were eliminated from the 
study because of inconsistent or missing data on the MNA or 
anthropometric measurements.  The sample was distributed as 
follows: 

• 1,449 subjects Sao Paulo, Brazil (loss: 29%)
• 1,220 subjects Havana, Cuba (loss: 33.9%)
• 1,160 subjects Santiago de Chile, Chile (loss: 9.6%)
• 817subjects Mexico DF, Mexico (loss: 32.6%)
• 880 subjects Montevideo, Uruguay (loss: 36.1%)

Anthropometric measurements
Anthropometric measurements were carried out by 

paramedical personnel specially trained for this study. The 
anthropometric variables considered were height, weight, CC 
and waist circumference. Weight and height were used to 
calculate BMI (BMI = total weight in kg/height2 in meters).  
Height was measured with a portable Harpenden stadiometer 
(Holtain Ltd., Croswell, UK), with the subject standing 
barefoot with heels together, arms at their sides, legs straight, 
shoulders relaxed and head aligned in the Frankfort horizontal 
plane with heels, buttocks, shoulder blades and the back of 
the head supported against a straight vertical wall or door. 
Measurements were recorded in cm. Weight was measured 
using a SECA platform scale graduated to 0.1 kg with the 
subject barefoot and standing on the platform.

The waist and CC were measured with a flexible steel tape 
to the nearest 0.1 cm. The waist circumference was measured 
with the subject standing, immediately above the iliac crest in a 
circle parallel to the floor. CC was measured at the centre of the 
fullest part of the calf.

MNA and MNA-SF
The MNA is a screening instrument consisting of 18 items 

incorporating anthropometric measurements (BMI, mid-
arm circumference and CC), questions regarding weight 
loss, dietary intake and dietary parameters (daily servings of 
milk, poultry or fish, legumes or eggs, fruit or vegetables and 
liquids), global components (living independently, taking more 
than three medications, having an acute illness, mobility issues, 
neuropsychological problems, skin ulcers) and self-assessment 
(if they believe they are well nourished, what they think their 
health status is relative to others their age, etc.). The maximum 
score for the MNA is 30 points; the subjects were classified as 
normal or well nourished (≥24 points), at risk for malnutrition 

(17–23.5 points) and experiencing malnutrition (<17 points).
The MNA-SF, developed by Rubenstein (24, 25), is a 

short questionnaire consisting of six items, which correspond 
to questions on decreased food consumption, weight loss, 
mobility, presence of acute disease, neuropsychological 
problems and anthropometry, with two variants. One variant 
uses BMI, and the other replaces BMI with CC. The scores of 
the items are the same except for the questions following: have 
you suffered from acute stress or an acute disease in the past 
few months, and CC. In the first, instead of 1, a score of 2 is 
given, and the second, instead of 1, a score of 3 is given for CC 
≥31 cm. In both, we assigned the same score to CC <31 cm and 
BMI <19 kg/m2, and the same score to CC ≥31 cm or BMI >23 
kg/m2.

The maximum score of the MNA-SF in any of its variants 
is 14 points. The subjects were classified as normal or well-
nourished if the score was ≥12 points, at nutritional risk if the 
score was 8–11 points, and malnourished if ≤7 points.

Ethical approval for the conduction of the survey was 
obtained from the Pan American Health Organization Ethical 
Review Committee and the institutional review board in each 
city.

Statistical analysis
A descriptive analysis of the variables of interest was 

performed. Results are expressed as mean ± standard deviation, 
95% confidence intervals (95% CI) and relative frequencies 
expressed as percentages (%). For comparisons of socio-
demographic and anthropometric variables by country and sex, 
a t-test, an analysis of variance (ANOVA) parametric or non-
parametric and Pearson-Chi2 were used. Receiver-operating 
characteristic (ROC) curves were performed to validate the cut-
off point of the CC, using a BMI less than 19 kg/m2 as the gold 
standard. Cohen’s Kappa coefficient was calculated to assess 
the agreement between the MNA and the MNA-SF for both 
variants. Logistic regressions were also performed to analyse 
the association between studied variables and the presence or 
absence of malnutrition or risk of malnutrition obtained by the 
MNA and the two variants of the MNA-SF. 

The criterion-related and predictive validation of the 
MNA-SF was performed in the Chilean sample to compare 
appendicular skeletal muscle mass (ASM), handgrip strength 
and physical performance in well-nourished and malnourished 
subjects according to the MNA and MNA-SF. ASM was 
estimated using the mean of a prediction equation obtained 
and validated in Chile (27). The other cities’ samples did not 
have measures of handgrip strength. Physical performance was 
measured using the time for five chair stands and one leg stand 
for ten seconds (best time of any leg).

All statistical analyzes were performed using STATA 
software version STATA 14.0 (StataCorp. 2013. Stata 
Statistical Software: Release 13. College Station, TX: 
StataCorp LP).
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Results

Descriptive statistics of the sample, by country, are 
presented in Table 1. Women predominate in all the samples, 
ranging from 60.7% in Brazil to 66.6% in Uruguay. Mexico 
had the lowest mean age (69.7±7.6 years) and Brazil had 
the highest average age (73.3 ± 8.4 years, 95% CI: 72.8-

73.7 years).  The average ages in Chile, Cuba and Uruguay 
were similar (p>0.1).  Regarding the self-perception of good 
nutrition, the country that reported the highest percentage was 
Uruguay, while Cuba presented the lowest (93.9% vs. 74.1%). 
There were also significant differences in educational levels; 
Cuba had the highest educational level, followed by Uruguay, 
Chile, Mexico and Brazil (average education years: 7.1, 6.5, 
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Table 1
Socio-demographic and health characteristics of the studied samples by country 

Brazil n=1449 Chile n=1160 Cuba n=1220 Mexico n=817 Uruguay n=880
Women1 **                      % 60.7 65.3 66.1 62.1 66.6

    95% CI 58.2-63.3 62.4-68.0 63.4-68.8 58.6-65.4 63.4-69.7
Age2 ***           Mean ±SD 73.3 8.4 71.5 8.0 72.0 8.78 69.7 7.6 71.2 7.3

95% CI 72.8-73.7 71.0-71.9 71.5-72.5 69.2-70.3 70.7-71.6
Self-rate good                  % 93.7 89.8 74.1 80.9 93.9
nutrition1 ***         95% CI 92.3-94.9 87.9-91.5 71.6-76.5 78.1-83.6 91.9-95.1
Education1***         
<8 years                          % 92.6 78.6 65.6 82.7 73.2

95% CI 91-2-93.9 76.2-81.0 62.9-68.3 80.0-85.2 70.1-76.2
8-11 years                        % 3.3 10.3 18.1 7.0 11.5

95% CI 2.5-4.4 8.7-12.3 16.0-20.3 5.4-9.0 9.6-13.8
≥ 12 years                        % 4.1 11.1 16.4 10.3 15.3

95% CI 3.2-5.3 9.4-13.1 14.4-18.6 8.4-12.6 13.1-17.8
Living alone1**               % 16.1 12.8 11.2 10.1 19.4

95% CI 14.3-18.1 11.0-14.9 9.5-13.1 8.2-12.4 16.9-22.1
Smoking1***
Never                              % 55.0      55.6      51.0 59.4 59.3      

95% CI 52.5-57.6  52.7-58.5 48.2-53.8 56.0-62.7 56.0-62.5
Before smoke                   % 32.4 32.7 21.5 24.4 29.4

95% CI 30.0-34.8 30.0-35.4 19.3-23.9 21.5-27.5 26.5-32.4
Smoke                              % 12.6 11.8 27.5 16.2 11.3

95% CI 11.0-14.4 10.0-13.8 25.1-30.1 13.8-18.9 9.4-13.5
Chronic disease***
None                                % 20.8 27.4 13.3 25.2 19.4

                   95% CI 18.8-23.0 24.8-30.0 11.5-15.3 22.3-28.3 16.9-22.1
One                                  % 34.5 39.1 33.6 39.6 38.5
                                95% CI 32.0-36.9 36.3-42.0 31.0-36.3 36.2-43.0 35.5-41.7
Two                                 % 31.3 23.9 35.0 26.3 29.7
                                95% CI 28.9-33.8 21.4-26.4 32.3-37.7 23.3-29.4 26.7-32.7
3+                                    % 13.4 9.7 18.1 9.0 12.4
                                95% CI 11.7-15.3 8.0-11.5 16.0-20.4 7.1-11.1 10.4-14.7
MMSE ***   median (IQR) 17 (3) 17 (3) 17 (3) 16 (4) 18 (3)
                                95% CI 17-17 16-17 17-17 16-16 17-18
SD: standard deviation; CI: Confidence interval; 1. Pearson Chi2; 2. ANOVA test: *p<0.05; **p<0.01;***p<0.0001
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Table 2
Nutritional and anthropometric characteristics of the studied samples by sex and city 

Brazil Chile Cuba México Uruguay
Men n=569 n=403 n=413 n=310 n=294
Calf  circumference1***                 
(cm)                             Mean ±SD 35.3±3.6 36.1±3.5 33.6± 3.7 35.1±3.8 35.1  5.8

95% CI           35.1-35.6 35.7-36.4 33.2-34.0 34.7-35.5 34.8 –35.5
BMI1**(kg/m2)            Mean ±SD

95% CI 25.0±4.1 27.0±4.2 23±4.3 26.9±3.9 26.4  4.8
24.7-25.3 26.5-27.4 22.6-23.3 26.5-27.3 25.9-26.9

Nutritional status2***  
<18.5 kg/m2                              % 4.6 1.5 17.0 0.7 2.3

 95% CI      3.1-6.7 0.5-3.2 13.7-21.1 0.2-2.7 0.9-5.6
18.5-24.9 kg/m2                        % 46.6 30.6 50.8 31.6 38.5

 95% CI      42.7-50.8 26.3-35.5 46.0-55.7 26.6-37.1 33.2-44.3
25-29.9 kg/m2                           % 39.2 45.2 25.7 48.1 38.2

 95% CI      35.3-43.2 40.4-50.3 21.8-30.3 43.5-53.8 32.9-44.0
≥30 kg/m2                                  %                                 9.6 22.7 6.5 19.6 21.0

 95% CI      7.5-12.4 18.7-27.0 4.4-9.4 15.4-24.4 16.7-26.1
Waist circumference1***                          
 (WC) (cm)                  Mean ±SD 95.2±11.5 94.4-96.0 98.4±9.9 97.4-99.3 90.8±11.6

95% CI 89.9-91.7 96.8±9.3 95.9-97.7 96.7±13.5 95.4-97.9
Abdominal obesity2***            %            25.8 32.3 16.7 24.0 27.2
(WC>102 cm)                  95% CI           22.3-29.5 27.7-37.1 13.3-20.6 19.4-29.2 22.4-32.6
Women n=880 n=757 n=807 n=507 n=586
Calf  circumfernce2***                 
(cm)                              Mean ±SD 35.4±4.0 35.2-35.7 34.8±4.0 34.5-35.1 34.0±4.4
                                          95% CI           33.7-34.3 34.1±3.7 33.8-34.4 33.3±5.8 32.8-33.7
BMI1***(kg/m2)          Mean ±SD 27.3±5.2 28.3±5.4 25.3±5.47 28.7±5.1 30.0±6.6

95% CI 26.9-27.6 27.9-28.7 24.9-25.6 28.3-29.1 29.5-30.4
Nutritional status2***  
<18.5 kg/m2                               % 3.3 1.7 10.4 1.0 0.5

 95% CI      2.3-4.7 0.9-2.9 8.4-12.7 0.4-2.5 0.2-1.6
18.5-24.9 kg/m2                        % 31.2 25.3 39.9 24.8 24.2

 95% CI       28.3-34.3 2.3-28.6 36.6-43.4 21.2-28.7 20.9-27.8
25-29.9 kg/m2                           % 37.5 39.2 32.9 37.4 31.8

 95% CI      34.4-40.7 35.8-42.8 29.8-36.2 33.2-41.7 28.2-35.7
≥30 kg/m2                                 %                                 28.0 33.8 16.8 36.9 43.6

 95% CI       25.2-31.1 30.6-37.4 14.4-19.6 32.9-41.3 39.7-47.6
Waist circumference1***                          
 (WC) (cm)                 Mean ±SD 94.0±13.7 93.1-94.8 93.0±11.8 92.2-93.9 88.5±13.3

95% CI 87.7-89.3 95.0±11.3 94.1-95.9 90.4±12.6 89.6-91.3
Abdominal obesity2***             %                      65.0 65.7 50.2 72.7 57.3
(WC>88 cm)                     95% CI 61.9-68.2 62.2-69.1 46.9-53.7 68.7-76.5 53.3-61.3
SD: standard deviation; CI: Confidence interval; 1. Pearson Chi2; 2. ANOVA test
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5.7, 4.6, 3.3 years; respectively; p<0.0001). Uruguay had a high 
percentage of older people living alone (19.4%), and Mexico 
had the lowest percentage (10.1%). With regard to smoking, 
a high percentage of older people smoked in Cuba (27.5%), 
representing almost twice as many older adults who smoked 
in Mexico (16.2%), and more than double the rest of the cities, 
with Uruguay being the country with the lowest proportion of 
smokers (11.3%) (p<0.0001). 

Cuba presented a high percentage of older people with 
three or more chronic diseases, followed by Brazil, Uruguay, 
Chile and Mexico (18.1%, 13.4%, 12.4%, 9.7% and 9%; 
respectively).

Figure 1
ROC Curve for the total sample

Area under the ROC curve = 0.88

Figure 2
Prevalence of malnutrition and risk of malnutrition by gender 

and city, using MNA (design-based)

Men: Pearson Design-based F (4.77, 9482.43) =    7.8694;     p < 0.0001; Women: Pearson 
Design-based F (4.74, 16769.11) =   13.1475;    p < 0.0001  

The median scores on the MMSE of Chile, Cuba and Brazil 
were similar (18): Uruguay had the highest score (28) and 
Mexico  had the lowest score (20) (Kruskal-Wallis Test: 
p<0.0001).

Table 2 shows the anthropometric characteristics of the 
sample by city and gender. In all cities, the average BMI was 
higher in women than in men (t -test; p<0.0001), as was obesity 
and abdominal obesity (Pearson Chi2 test; p<0.0001). A high 
percentage of overweight and obese people of both sexes was 
observed in all the cities with the exception of Cuba, which 

Table 3
Area under the ROC curve, sensitivity, specificity and % of 
subjects correctly clasificated according BMI using the calf 

circumference (CC) cut-off point of 31 cm 

Cities Area under the 
curve

Sensitivity Specificity Correctly

CC=31 cm (95% CI) (%) (%) Clasificated (%)

Brazil 0.95 94.4 72.6 93.3

(0.92-0.97)

Chile 0.92 90.8 80.0 90.6

(0.84-0.99)

Cuba 0.87 84.5 73.4 82.8

(0.84-0.89)

Mexico 0.89 87.8 77.8 87.6

(0.80-0.98)

Uruguay 0.89 74.6 100.0 75.0

(0.80-0.99)

Table 4
Logistic regressions for malnutrition and risk of malnutrition 
assessed by MNA and by the short version of MNA (MNA-

SF1 y MNA-SF2)

MNA MNA-SF1 MNA-SF2

OR (95% CI) OR (95% CI) OR (95% CI)

Smoking 1.72 (1.38-2.15)*** 1.26 (1.01-1.58)* 1.25 (0.99-1.58)+

Education          

       < 8 years 1.61 (1.34-1.94)*** 1.29 (1.09-1.55)** 1.45 (1.20-1.75)***

Chronic disease

               1 1.05 (0.84-1.24) 1.00 (0.82-1.22) 0.92 (0.75-1.14)

                       2 1.49 (1.20-1.84)*** 1.28 (1.04-1.57)* 1.30 (1.05-1.61)*

3+ 1.98 (1.52-2.59)*** 1.52 (1.17-1.99)** 1.54 (1.17-2.02)**

MMSE (< 13) 4.20 (3.19-5.52)*** 5.1 (3.76-6.68)*** 6.08 (4.56-8.10)***

Men 0.89 (0.75-1.04) 0.73 (0.62-0.85)*** 0.85 (0.73-1.01)

Age groups               

70-79 years 1.28 (1.08-1.51)** 1.46 (1.24-1.72)*** 1.48 (1.25-1.75)***

≥ 80 years 2.15 (1.74-2.66)*** 2.73 (2.21-3.37)*** 2.50 (2.02-3.10)***

Notes: OR = odds ratios; CI: Confidence intervals; References: Education ≥12 years; 
Chronic disease none; MMSE≥13; Age group 60-69 years; +p=0.06; *p <0.05; **p<0.01; 
***p<0.0001; Hosmer-Lemeshow Test: p = 0.12; 0.33 & 0.50; respectively
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had 6.5% obese men and 25.7% overweight men. Chile had the 
highest percentage of obese men (22.7%), and Mexico had the 
highest percentage of overweight men (48.1%). With respect 
to women, 16.8% were obese in Cuba, followed by Brazil, 
Chile, Mexico and Uruguay (28%, 33.8%, 36.9% and 43.6%, 
respectively). Uruguay was the country with the highest BMI 
average, followed by Chile, Mexico, Brazil and Cuba (28.8, 
28.0, 27.9, 26.9, 24.5 kg/m2, respectively). CC for men and 
women was similar in Brazil, Cuba and Uruguay, unlike Chile 
and Mexico, where it was higher in men than in women (t test, 
p<0.0001). The average waist circumference in the Cuban 
sample was significantly lower than in the rest of the countries 
(Bonferroni test, p<0.0001), and the average CC of Uruguay 
was higher than in Cuba or Mexico, where it was significantly 
lower than the rest for men and women (Bonferroni test, 

p<0.0001). 
Table 3 shows the values of the area under the ROC curve 

for a BMI <19 kg/m2 and CC. The validation of the cut-off 
point of 31 cm for CC with a BMI in all cities had a high 
sensitivity (74.6–94.4%) and specificity (72.6–100%), and very 
good precision (0.87–0.95), being significant in all cases. The 
percent of older subjects correctly classified varied between 
75.0% and 93.3%, and Uruguay had the lowest percentage.

Figure 1 shows the ROC curve obtained for the total sample.   
The sensitivity (88.1%), specificity (70.5%) and accuracy (area 
under ROC curve = 0.88) were high for the cut-off point of 31 
cm, with 87.1% of subjects well classified.

There was good agreement between MNA, MNA-SF1 and 
MNA-SF2 for identifying persons with malnutrition or a risk 
of malnutrition in the five cities (Kappa coefficient: Brazil = 

Table 5
Handgrip strength, appendicular skeletal muscle mass and physical function in Chilean older people with Malnutrition or risk of 

malnutrition diagnosed with MNA, MNA-SF1 and MNA -SF2 in the Chilean sample

MNA MNA-SF1 MNA-SF2

Normal Malnutrition or 
risk of malnutrition

Normal Malnutritionor risk 
of malnutrition

Normal Malnutritionor risk 
of malnutrition

Men n=403 n=354 n=49 n=312 n=91 n=270 n=88

Handgrip strength (kg)                 
mean±SD

33.7±8.2 26.2± 8.9**** 34.2± 8.2 28.1±8.5**** 34.3± 8.0 27.2±8.7****

95% CI 32.9-34.6 23.6- 28.6 33.3-35.1 26.4-29.8 33.4-35.2 25.4- 29.1

ASM (kg)         mean±SD 20.3 ±2.4 18.5±2.5**** 20.6±2.1 18.3±2.8**** 20.5±2.2 18.6±2.6****

95% CI 20.1-20.6 17.8-19.2 20.4-20.8 17.7-18.9 20.3-20.8 18.1-19.2

SMI (kg)          mean±SD 7.5±0.7 6.9±0.7**** 7.6±0.6 6.9±0.8**** 7.6±0.6 6.9±0.8****

95% CI 7.4-7.6 6.7-7.1 7.5-7.6 6.7-7.1 7.5-7.6 6.8-7.1

Sit and stand 5 times 
(seg)             mean±SD

10.7±2.7 12.3±5.3** 10.7±2.7 11.8±4.1** 10.7±2.7 11.7±4.1*

95% CI 10.5-11.0 10.4-14.3 10.4- 11.0 10.8- 12.8 10.4-11.0 10.7-12.7

Balance        mean±SD 8.9±2.6 8.5±2.9 9.0±2.4 8.0±3.4** 9.0±2.4 8.1±3.2**

(seg)                95% CI 8.6-9.2 7.3-9.6 8.8-9.3 7.1-8.8 8.7-9.3 7.3-8.9

Women n=757 n=628 n=129 n=503 n=254 n=487 n=270

Handgrip strength (kg)                 
mean±SD

19.7±5.6 14.9± 5.7**** 20.0±5.6 16.6± 5.8**** 20.0± 5.6  16.6±5.8****

95% CI 19.3-20.1 14.0-15.9 19.5-20.5 15.9-17.4 19.5-20.5 15.9-17.4

ASM (kg)         mean±SD 13.8±2.1 12.1±2.6**** 14.1±2.0 12.4±2.4**** 13.9±2.1 12.6±2.4****

95% CI 13.6-13.9 11.7-12.6 13.9-14.3 12.1-12.7 13.8-14.1 12.3-12.9

SMI (kg)             mean±SD  6.1±0.8 5.5±1.0**** 6.2±0.7 5.6±0.9**** 6.2±0.7 5.7±0.9****

      95% CI 6.0-6.2 5.3-5.7 6.1-6.3 5.5-5.7 6.1-6.2 5.5-5.8

Sit and stand 5 times

(seg)             mean±SD 12.3±3.6 15.0±5.3**** 12.0±3.3 14.0±4.8**** 12.1±3.3 13.9±4.9****

95% CI 12.0-12.5 13.9-16.2 11.7- 12.3 13.3- 14.6 11.8-12.4 13.2-14.6

Balance        mean±SD 8.0±3.2 6.8±3.7** 8.1±3.1 7.0±3.7*** 8.1±3.1 7.1±3.7**

(seg)                95% CI 7.7-8.2 5.9-7.8 7.8-8.4 6.4-7.6 7.8-8.4 6.5-7.7

Two-sample mean-comparison test : paired (NS) and  unpaired (malnutrition vs normal nutrition : *p<0,05; **p<0,01; ***p<0,001;****p<0,00001) ; SD: standard deviation; CI: 
confidence intervals; SMI (Appendicular skeletal muscle mass index ) = ASM/height2; Balance: standing balance on right or left leg
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0.7852; Chile = 0.6626; Cuba = 0.7222; Mexico = 0.6611; 
Uruguay = 0.6193) (29). 

Figure 2 shows the design-based prevalence of malnutrition 
and risk of malnutrition by city and gender, with Chile having 
the lowest prevalence of malnutrition and Cuba having the 
highest prevalence (1.1% and 12.4%, respectively). The 
prevalence of malnutrition was higher in women than in men 
according to the MNA (Pearson Chi2, p<0.0001). 

Table 4 shows the results of the logistic regression models 
for malnutrition and risk of malnutrition, applying the MNA 
and the two short-forms (MNA-SF1 and MNA-SF2). No 
association was found between malnutrition and living alone in 
any of the three models, so it was removed from the analysis. 
The adjustment in the three models was good (Hosmer-
Lemeshow test, p>0.12). The variables that were associated 
with the presence of malnutrition or risk of malnutrition as risk 
factors were currently or previously smoking (p<0.06), having 
fewer than eight years of schooling (p<0.0001), having two 
or more chronic diseases (p<0.01), low MMSE scores (<13 
points) and being 70 years-of-age or more (p<0.0001), adjusted 
for sex. It was observed that the odds ratios were similar in the 
three models.

Table 5 shows that normal or well-nourished Chilean 
older adults had higher handgrip strength, ASM and physical 
function than adults suffering from malnutrition or those at risk 
of being malnourished when considering the MNA, MNA-SF1 
and MNA-SF2 scores. 

Discussion

In this study, we showed that the two short-forms of the 
MNA (MNA-SF1 and MNASF2) are valid. They presented 
high sensitivity and specificity, and good accuracy (0.88) with 
the MNA in the total sample and by city, proving to be good 
tools for screening for malnutrition or risk of malnutrition in 
Latin American older adults. We demonstrated the validity of 
the cut-off of 31 cm for CC (MNA-SF2) in relation to BMI 
<19 kg/m2 (MNA-SF1) in five cities in Latin America. This 
cut-off had a high sensitivity (74.4–94.5%) and specificity 
(72.9–100%) and good accuracy, given by the high area under 
the ROC curve values obtained (0.86 to 0.95) using BMI 
<19 kg/m2 as the gold standard. We also obtained a good 
agreement between MNA and the two versions of the MNA-
SF for identifying persons with malnutrition or those at risk 
of malnutrition in the five cities (Kappa coefficient: 0.6193-
0.7852). 

The MNA has been validated and used extensively and 
successfully to screen for malnutrition; however, to our 
knowledge, the short versions have not been validated in Latin 
America.  In a study conducted in Japan by Kuzuya et al (18), 
the MNA and the MNA-SF were validated in a sample of 226 
Japanese aged 60 years or more, with the authors finding a 
high percentage of malnutrition (19.9%). In Taiwan, Tsai et al 
(30) used a modified version of the MNA with specific cut-off 

points for arm and waist circumference in adults aged 60 years 
or more living in the community, eliminating the need for BMI 
(31).

In our study, the MNA-SF1 better assessed the risk of 
malnutrition than the MNA-SF2, which was similar to results 
obtained in a study conducted in Poland (32). However, when 
BMI is not available, the MNA-SF2 is accurate enough to 
screen for malnutrition or risk of malnutrition. 

In a study in Spain, the two short versions of the MNA were 
used in nursing home residents. The authors found that both 
versions were capable of screening for malnutrition or risk of 
malnutrition, and recommended using the MNA-SF2 if BMI 
was not available (33). 

Our results show lower rates of malnutrition in both men 
(1.5 to 5.1%) and women (1.3 to 8.7%) in all the cities studied; 
Chile had the lowest rate of malnutrition and Cuba had the 
highest. This result coincides with the findings of Morillas 
et al (34) in Spain, where the prevalence of malnutrition 
ranged between 3% and 5% among older people living in the 
community. The prevalence of the risk of malnutrition was 
high, reaching about a third (29.9 to 38.6%) of the studied 
population, with the exception of Santiago de Chile, where only 
14% of the sample was at risk. With the SABE survey data, in 
Mexico, Franco-Álvarez et al (23) studied some determinants 
of malnutrition and found that there were multiple factors that 
influenced malnutrition in the elderly, including depression, 
socio-economic conditions, social support and nutrition (23). 

Gonzalez et al (22) estimated rates of malnutrition with the 
MNA in older Cuban adults in three different scenarios and 
found that the instrument was useful for detecting nutritional 
problems (22). 

It is known that malnutrition is a risk factor in the elderly, 
which has been widely discussed as a cause of mortality. It 
has also been shown that the MNA is a useful tool to detect 
malnutrition in hospitals (35–37). Woo et al (37) developed and 
validated a tool based on the MNA for nutritional purposes for 
elderly Chinese institutionalised individuals, which can be used 
to identify those with a normal nutritional status; however, in 
other cases, nutritional status should be evaluated in more detail 
(37). 

In a study in Mexico, 69% of patients upon hospital 
admission were at risk of malnutrition or under-nutrition 
according to the MNA and, according to the MNA-SF, 73% of 
patients were at risk of being malnourished, showing moderate 
agreement between the two versions of the instrument (Kappa 
coefficient = 0.43) (35). 

A good criterion-related validity of the MNA, MNA-
SF1 and MNA-SF2 was demonstrated in the Chilean sample 
showing that normal or well-nourished Chilean older adults 
had higher muscle mass and function than subjects with 
malnutrition or risk of malnutrition as diagnosed with the MNA 
and MNA-SF. 

The main limitation of the study was its cross-sectional 
design; however, this design is widely used for diagnostic 
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and longitudinal research. Both the MNA-SF1 and MNA-SF2 
estimate slightly higher values  of malnutrition and a lower risk 
of malnutrition than the MNA, although both versions showed 
high sensitivity and specificity with respect to the MNA.

Among the strengths of the study is its large probabilistic 
sample that includes five Latin American cities, all of which 
followed the same protocol. This validates the use of the 
measures in population studies in Latin America, allowing the 
tool to be used to screen for nutritional risk, as it is valid, safe, 
simple to apply and low in cost to administer.  It is known that 
the population aged 60 years or more is growing along with the 
prevalence of malnutrition, hence, the need for a user-friendly 
application that can be used to screen for malnutrition and risk 
of malnutrition.

In conclusion, the MNA-SF1 and MNA-SF2, using CC 
or BMI, are reliable screening tools for assessing the state 
of nutrition in the elderly population; they are easy to use, 
inexpensive and fast to administer, and are accurate when 
assessing malnutrition and risk of malnutrition in Latin 
American older people. 
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