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Abstract

Background Older people are more likely to develop nutritional problems and timely diagnosis of malnutrition is crucial to
prevent hazardous consequences following poor nutrition.

Aims To evaluate the efficacy of Geriatric Nutritional Risk Index (GNRI) to assess nutritional status among non-hospitalized
elderly, compared to mini nutritional assessment (MNA) among Iranian seniors.

Methods One hundred and sixty-four subjects, aged > 65 years old were recruited to our cross-sectional study from various
districts of Tabriz (Tabriz, Iran). Anthropometric and biochemical measurements were performed, short- and long-form
MNAs and GNRI were assessed in our study subjects. Sensitivity, specificity and predictive values of the three indices,
agreement between them, and their correlation with anthropometric and biochemical parameters were evaluated. Receiver-
operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off point for GNRI in our study
population.

Results GNRI had lower sensitivity (50, 57%), but optimal specificity (94, 93%) and lower negative predictive value (NPV;
68, 71%) compared to MNA-LF and MNA-SF, respectively. We found a moderate agreement between GNRI and MNA-SF
(K=0.52) and MNA-LF (K=0.46) scores. Significant correlations were observed between re-categorized MNAs as well
as GNRI scores, and age, weight, MAC, CC, WC, albumin, and pre-albumin. The cut-off point of 110.33 was obtained for
GNRI, according to the ROC curve.

Conclusions Although GNRI may not be an efficient tool for screening malnutrition due to its lower sensitivity, it is mod-
erately correlated with MNAs and also more useful when limited funding needs to target the truly malnourished seniors.

Keywords Elderly - Geriatric Nutritional Risk Index (GNRI) - Mini nutritional assessment (MNA) - Sensitivity -
Specificity

Introduction

Aging has become a global concern due to its rapid growth;
it is predicted that the number of the elderly will triple by
the year 2050 compared to 2000 [1]. Iran is not an exception
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Good nutrition is critical for healthy aging [4]; older
people are more likely to develop nutritional problems
due to altered function of gastrointestinal system, chronic
diseases, polypharmacy, loneliness, depression, poor oral
hygiene, and recurrent admissions [5—7]. Protein-energy
malnutrition (PEM) has been reported to have an approxi-
mate prevalence of 20-78% among the elderly worldwide;
in Iran, malnutrition was found to be the leading health
issue suffered by the elderly, with a prevalence of 68.3%
[8]. Malnutrition in the elderly results in higher mortality
rate, increased risk of infections, and admissions [9]. It is
noteworthy that malnutrition usually remains undiagnosed
in older people, since its symptoms are very similar to the
changes accompanying the aging process [10].

Studies have shown that timely diagnosis of malnutri-
tion and subsequent proper nutritional care in these sen-
iors is crucial to the improvement of their current health
problems and their prognosis as well as prevention of some
hazardous consequences following poor nutrition [11-15].
There are many methods for assessment of nutritional
status in the elderly; mini nutritional assessment (MNA),
recommended by the European Society of Parenteral and
Enteral Nutrition (ESPEN) is the most widely used assess-
ment which identifies the malnourished and at risk elderly.
Validity and reliability of the translated MNA question-
naire have been confirmed by the studies conducted in
Iran [16-18]. However, this assessment is not applicable in
those who have communication or functional problems, or
memory loss; also, its application requires close coopera-
tion of the elderly to complete the MNA forms correctly
[19]. Due to these shortages, Geriatric Nutritional Risk
Index (GNRI) which is a new “prognostic index of nutri-
tional status-related complications” was developed to be
applied in hospital settings. Since GNRI has been shown
to have significant correlations with anthropometric and
biochemical measures, it is lately adopted in non-institu-
tionalized subjects, along with MNA, to assess nutritional
status as well [20-22]. Most geriatrics give regular blood
tests as required by their physicians to monitor their blood
sugar or lipids; this means that GNRI calculation should
not be regarded as an invasive and thus unethical means
of nutritional assessment. It facilitates diagnosis of mal-
nutrition using the same blood sample provided for the
other checkups.

To the best of our knowledge, no study in Iran has used
GNRI to assess nutritional status of non-hospitalized
elderly. Therefore, the aim of the present study was to
evaluate the efficacy of GNRI to detect malnutrition in
non-hospitalized elderly living in Northwest of Iran, in
comparison with a well-validated tool, MNA (both its
long and short forms)—Persian versions (MNA-LF and
MNA-SF).
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Materials and methods
Participants

This cross-sectional study was conducted between April
2015 and June 2015, on the elderly residing in Tabriz, IR.
Iran. One hundred and sixty-four subjects aged > 65 years
old were recruited to the study from various settings in
Tabriz (mosques, parks, organizations offering activities
for older people, and advertisements) based on the follow-
ing criteria: willingness and capability to participate in the
study. The exclusion criteria were affliction with severe
physical or mental illnesses, diagnosis of end-stage liver
or kidney diseases, edema, varicosis, chronic inflammatory
diseases and amputations, smoking or drinking alcoholic
beverages.

Study procedures

Demographic characteristics of the subjects were obtained
through a face-to-face interview and studying medical
records. Anthropometric measurements including weight,
height, mid-arm circumference (MAC), calf circumfer-
ence (CC) and waist circumference (WC) were performed
according to the standard protocols, in the morning and after
urinating, with the least clothes and no shoes on. Standing
height of the elderly was measured by a tape to the nearest
0.1 cm; if a subject could not stand straight, a sliding broad-
blade caliper (Ross Laboratories, OH, USA) was used to
measure knee height (KH) to the nearest 0.1 cm and esti-
mate the height, using the following equations taken from
Chumlea et al. [23]:

For men : H(cm) = [2.02 X KH(cm)] — [0.04 X age(y)] + 64.19
(H

For women : H(cm) = [1.83 X KH(cm)] — [0.24 X age(y)] + 84.88.
(2

Body mass index (BMI) was calculated as weight (Kg)
divided by squared height (m?). Weight was measured by a
calibrated Seca scale (Seca, Germany) with the precision

of 0.1 Kg. Ideal body weight (Kg) was calculated using the
Lorentz equation (WLo) [24]:

Ideal Body Weight (males) = Height — 100 — ((height — 150)/4)
(3

Ideal Body Weight (females) = Height — 100 — ((height — 150)/2.5).
“

A metric tape with a precision of 0.1 cm was used to
measure MAC (at the mid-point between acromion pro-
cess of scapula and olecranon process), CC (at the level
of the largest circumference of the left calf of the subject
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while sitting on a chair with his legs hanging, or at supine
position with the leg bent at 90°) and WC (at mid-point
between the lowest rib and the hip bone).

To perform biochemical assays, 5 ml of blood was
drawn between 7:00-8:00 AM, after a 12-h-overnight fast
at supine position. The sera of the blood samples were
obtained by centrifugation at 3500 rpm for 10 min at room
temperature, and frozen at — 80 °C until assay. Albumin
was measured using the standard enzymatic colorimetric
method by commercial kits (Pars Azmoon Inc., Tehran,
Iran) with a Hitachi 917 autoanalyser, Japan (CV inter-
assay: < 0.1%). Enzyme-linked immunosorbent assay
(ELISA) was used to quantify high sensitivity C-reactive
protein (hs-CRP) concentrations using commercial kits
(Monobind Inc., USA). Pre-albumin was analyzed using
nephelometry by the Minineph ™ Human kits (Birming-
ham, UK).

Dietary intakes of the study participants were assessed
by 3-day food records (two working days and 1 weekend).
Subjects or their care givers were provided with necessary
instructions on household measures, portion sizes and how
to fill in the forms, prior to the commencement of the study.
Moreover, a small food scale was handed over to allow
for weighing of the foods consumed. A second visit was
arranged by a trained dietitian to check for the accuracy and
completeness of the information recorded. Dietary intakes
of the elderly were converted to grams and subsequently
analyzed using Nutritionist IV (Axxya Systems, Stafford,
TX) software.

MNA-Short Form (MNA-SF) was completed for the par-
ticipants and the scores were categorized as follows: malnu-
trition (< 7), at risk for malnutrition (8—12) and good nutri-
tion (12-14) [25]. The translated and validated Persian form
[26] of MNA-Long Form (MNA-LF) [19] questionnaire
was also used to classify nutritional status of the elderly;
scores lower than 17 were indicative of “malnutrition”,
scores 17-23.5 showed the state “at risk of malnutrition”,
and subjects who had scores higher than 24 were considered
“well-nourished”.

GNRI was calculated for the participant using the equa-
tion below [24]:

GNRI = [1.489 X Albumin (g/L)| + [41.7 x (weight/WLo)]
o)

Nutritional risk categories are originally defined as:
severe risk (GNRI < 82), moderate risk GNRI: 82-92, low
risk (GNRI: 92-98); no risk (GNRI > 98) [20]. Based on
these original cut-off points for GNRI, all the patients fell
into either “no risk” or “low risk” categories in our study
population, therefore, we needed to determine a new cut-off
point to more properly discriminate between the subjects
with varying degrees of malnutrition risk.

Statistical analyses

To check for the normality of the data distribution, the Kol-
mogorov—Smirnov test and histograms were used. Data were
expressed as frequency (%) for categorical variables and mean
(standard deviation, SD) for continuous variables. Chi-square
test or Fisher’s exact test was used to compare categorical data.
Independent samples t test or Mann—Withney U test was per-
formed to determine the significance of differences between
groups, as appropriate. Correlations between two quantitative
variables were also carried out using Pearson’s or Spearman’s
correlation coefficient tests. The area under the receiver operat-
ing curve (ROC) analysis was performed to calculate the cut-
off value of GNRI, based on MNA-LF. The internal validity of
GNRI to predict malnutrition was determined by calculating
the sensitivity and specificity, and the external validity was
calculated by positive predictive value (PPV) and negative pre-
dictive value (NPV). The cut-off points of validity were set as
proposed by Van Bokhorst-de van der Schueren MA et al. [27]:
sensitivity and specificity >80%, good validity; sensitivity or
specificity < 80% but both > 50%, fair validity; sensitivity or
specificity < 50%, poor validity.

The agreement of GNRI with both MNAs was determined
with kappa test (k) statistics. The cut-off points of reliabil-
ity were set as suggested by Landis and Koch [28]: x:< 0,
no agreement; 0.00-0.20, poor agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, sub-
stantial agreement; and 0.81-1.00, almost perfect agreement.
We utilized the new cut-off point for GNRI, obtained from
the ROC analysis as “malnourished/ at risk for malnutrition”
and “well-nourished”. We re-categorized both MNA scores
as for GNRI, using their own international cut-offs (score of
12 for MNA-SF and score of 24 for MNA-LF; the other two
categories of each tool were merged). SPSS for Windows
ver.17.0 (SPSS Inc., Chicago, IL, USA) was used for statisti-
cal analysis. All primary hypotheses were examined using
two-tailed tests with a 0.05 significance level.

Ethics

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the ethics com-
mittee of Tabriz University of Medical Sciences (Ethics
code: TBZMED.REC.1394.24). Written informed consent
was obtained from all subjects.

Results
The study consisted of 104 (63.4%) women and 60 (36.6%)

men, aged > 65 years old (mean=73.99 years), resid-
ing in Tabriz, Northwest of Iran. Table 1 presents the
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Table 1 Characteristics of the study participants

Variables Study participants (n=164)
Mean (SD)
Age (years) 73.99 (8.30)
Sex (female), n (%) 104 (63.41)
Weight (Kg) 65.24 (15.45)
WLo (Kg) 54.58 (7.62)
Weight/WLo 1.20 (0.26)
Height (cm) 147.56 (9.76)
BMI (Kg/m?) 26.74 (5.85)
MAC (cm) 28.66 (4.01)
CC (cm) 33.38 (5.22)
WC (cm) 94.99 (13.64)
hs-CRP (mg/L) 5.61 (2.30, 13.56)
Albumin (g/L) 40.54 (4.62)
Pre-albumin (mg/dl) 0.018 (0.07)
MNA-SF score 12.03 (2.39)
MNA-LF score 25.61 (3.44)
GNRI score 110.91 (13.88)
Weight loss during last 6 months, n (%) 20 (12.19)
Poor appetite, n (%) 20 (12.19)
Calorie intake 1263.33 (399.73)
Protein intake 49.39 (18.30)
Fat intake 29.09 (11.25)
Carbohydrate intake 204.74 (74.36)

WLo Lorenz weight, BMI body mass index, MAC mid-arm circumfer-
ence, CC calf circumference, WC waist circumference, hs-CRP high
sensitivity C-reactive protein, MNA-SF mini nutritional assessment-
short form, MNA-LF mini nutritional assessment-long form, GNRI
Geriatric Nutritional Risk Index

characteristics of the study participants. Forty-five subjects
(27.4%) aged 65-74 years old, 64 (39.0%) were 6877 years
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old, and 55 (35.5%) had 78-95 years of age. Only 20 sub-
jects (12.2%) had diploma or higher educational statuses;
others were either illiterate or undergraduate. The major-
ity of the elderly in our study were home-maids, unem-
ployed or workers (71.3%), retired teachers or employees
and self-employed, making up the rest of the study popula-
tion. Among the study subjects, 20.1% had diabetes, 3.0%
were diagnosed with chronic obstructive pulmonary disease
(COPD), and 40.9% were afflicted by cardiovascular dis-
eases. Oral diseases, gastrointestinal disorders, osteoporosis
and osteoarthritis affected 2.5, 12.8, 3.1 and 16.0% of the
subjects, respectively. Depression was observed in 11% of
the participants. 22.2% of the women and 21.1% of the men
had anemia. As obtained from the data produced by Nutri-
tionist IV, the study subjects consumed approximately 60%
(62.34 + 18.30) of the RDA for their caloric needs (calcu-
lated based on the individuals’ age and sex) on average, and
57.1% of them had protein intakes lower than the RDA (0.8
gr/Kg).

Figure 1 presents the prevalence of malnutrition based
on GNRI, MNA-SF, and MNA-LF in our population. GNRI
scores were re-categorized into three subgroups: no risk,
low—medium risk, and high risk, for better comparison
between the three indices.

As mentioned in research method, the three assessment
tools were re-categorized into two classes. Re-categorized
MNA-SF and MNA-LF revealed that 67.1 and 72% of the
subjects were well-nourished, respectively; between-sex
differences were only significant for the latter (p =0.032).
Based on ROC curve analysis, the score of 110.33 was
obtained as the cut-off point for GNRI in our study (Fig. 2).
Based on this cut-off point, 53.2% of the subjects were well-
nourished, and between-sex differences remained insignifi-
cant (p=0.104).

i Well-nourished

67.1

O At risk for malnutrition

M Malnourished

MNA-SF

MNA-LF

Nutrition assessment indices
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Fig.2 Receiver operating curve
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Table 2 presents either mean (SD) or median (percentiles Discussion

25, 75) for age, anthropometric and biochemical variables as
well as MNA-SF, MNA-LF, and GNRI scores within each
subgroup of the nutritional assessment indices; correlations
between the above-mentioned parameters and the nutritional
indices are also shown. Subjects in the two classification
of the re-categorized GNRI were significantly different in
terms of age, weight, WLo, weight/WLo, BMI, MAC, CC,
WC, albumin, pre-albumin, and MNA-LF as well as GNRI
scores; however, the differences in WLo, hs-CRP, and calo-
rie intake were not significant between the two groups. Simi-
lar results were obtained in case of re-categorized MNA-LF
and MNA-SF. Except for hs-CRP and calorie intake, signifi-
cant correlations were found between the above-mentioned
parameters and MNA-SF, MNA-LF, and GNRI. Age had
a negative moderate correlation with GNRI (r = — 0.333,
p <0.001), while it showed only a weak correlation with
MNA-SF and MNA-LF.

Among the three indices, GNRI had the strongest cor-
relation with body weight (r=0.765) and BMI (r=0.877);
Albumin and pre-albumin also had a stronger correlation
with GNRI, compared to MNA-SF and MNA-LF. These
two latter indices had a strong positive correlation with
each other (r=0.905), but a moderate correlation with GNRI
(r=0.617 and r=0.650, respectively, p <0.001 for both).

GNRI had a very high specificity, but fair sensitivity,
compared to MNA-LF and MNA-SF (Table 3). Likewise,
GNRI had lower NPV, decreasing likelihood of mistaken
classification of well-nourished subjects as malnourished. A
moderate agreement of GNRI was also found with MNA-SF
(K value =0.52) and MNA-LF (K=0.46; Table 3).

In the present cross-sectional study, GNRI was found to
have moderate agreement with MNA-SF and MNA-LF. We
defined a new cut-off point (110.33) for GNRI in our study
population, based on MNA-LF; we also found significant
correlations of re-categorized MNAs as well as GNRI with
age, weight, MAC, CC, WC, albumin, and pre-albumin.
Moreover, the three indices correlated well with each other.

Although we observed a significant correlation between
GNRI and MNA scores, the agreement between these scores
was only moderate in our subjects. These discrepancies were
also reflected in the prevalence of malnutrition among the
participants as assessed by the three indices; GNRI was
found to classify less elderly as being malnourished. Our
finding was in agreement with that of Abd-El-Gawad et al.
[29] who reported much lower kappa values (K ~20% and
K=~10% for MNA-LF and MNA-SF, respectively) despite
the moderate correlations between GNRI and the two MNAs.
MNA was more likely to detect subnormal nutritional status
in subjects, when compared to GNRI, as presented by sen-
sitivity value. Similar results were also obtained by Cereda
et al. [30] and Alert et al. [10].

In our investigation, GNRI had lower sensitivity, but opti-
mal specificity, compared to both MNA results. GNRI is
an adaptation of NRI in seniors [31] and a previous study
showed that NRI had low sensitivity (43.1%), but high speci-
ficity (89.3%) [32]. Another research reported the sensitivity
and specificity of GNRI to be low (66.0%) and high (92.1%),
respectively, as well [31], which indicated lower screening
power of malnutrition by GNRI. Kang et al. [33] also found

@ Springer
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Table 3 Statistical evaluation of the GNRI score compared to MNA-
LF and MNA-SF scores

MNA-LF MNA-SF

Sensitivity (95% CI)
Specificity (95% CI)
PPV (95% CI)

NPV (95% CI)
Kappa value (SE)

0.50 (0.38-0.61)
0.94 (0.87-0.97)
0.89 (0.75-0.95)
0.68 (0.58-0.76)
0.46 (0.06)

0.57 (0.45-0.68)
0.93 (0.85-0.97)
0.88 (0.75-0.94)
0.71 (0.62-0.80)
0.52 (0.06)

GNRI Geriatric Nutritional Risk Index, MNA-LF mini nutritional
assessment-long form, MNA-SF mini nutritional assessment-short
form, PPV positive predictive value, NPV negative predictive value

a lower sensitivity (54.5-68.0%) and relatively higher speci-
ficity (67.7-71.1%) for GNRI in their study. Our results were
in accord with these studies and may lead us to conclude that
according to lower NPV, GNRI may be more useful tool for
nutritional assessment in cases of restricted funding sources;
however, this should be noted with caution since the stand-
ard method used to validate GNRI was different among the
aforementioned studies and may impact our judgment about
the most applicable tool in a target population. For instance,
Bacek et al. [34] reported a high sensitivity (95.2%) and mod-
erate specificity (67.1%) for GNRI using a combined index
as the standard tool for nutritional assessment; compared to
this index, MNA had higher sensitivity (100%) than GNRI
in detecting malnourished elderly.

As mentioned above, a new cut-off point (110.33) was
used for GNRI among our study participants according to
ROC analysis. Some studies have also applied GNRI cut-off
points other than the original ones, with regard to their study
aims [33, 35]. Although MNA is a useful tool for assessment
of malnutrition among the elderly, it cannot be regarded as
gold standard for nutritional diagnosis in these subjects [36].
In addition, it was shown to have low specificity, despite its
high sensitivity, leading to overestimation of malnutrition
rate among the elderly [37, 38]. Moreover, GNRI had low
sensitivity in detecting those with malnutrition, compared to
MNA. The nutritional status of our subjects was also more
satisfactory (71.9% well-nourished) than those reported by
others [8]. All these findings together might explain why the
cut-off point for GNRI in our study (compared to MNA) was
higher compared to the original ranges that indicated only
scores lower than 98 as malnutrition risk [34].

All the three indices in our study had a negative corre-
lation with age. This was in concord with most previous
studies [29, 30, 39, 40]; however, some studies reported no
significant between-group differences for the nutritional
indices, regarding age [41]. In agreement with our results,
many studies have found significant differences for BMI,
body weight, and albumin between the elderly at no risk
of malnutrition and those at risk, or suffering from it [11,
29, 30, 34, 35, 40, 41]. GNRI had a stronger correlation

with these parameters in our study; only a few studies have
reported the correlation for all the three indices, and this
prevents appropriate comparison of the findings from mul-
tiple studies. Our results were concordant with findings of
Abd-El-Gawad et al. [29], Cereda et al. [30] and Dent et al.
[11] studies, in this respect.

Aging is accompanied with decreased serum albumin [42,
43]. In addition, low-level inflammation which results in
immune-related diseases can affect diet and nutritional status
of the elderly and eventually lead to diminished albumin lev-
els [44, 45]. Catabolic state of body due to the inflammatory
mediators also adds on to depletion of albumin reserves, in
one hand and muscle catabolism, on the other [16, 46]. All
these together may justify the correlation between age, albu-
min levels as well as anthropometric measures, and GNRI.

Our study had some limitations; GNRI was only assessed
in comparison with MNA indices and further nutritional
assessment tools could not be applied due to limited fund-
ing sources. Moreover, we were unable to follow our partici-
pants to study their different nutritional outcomes. A major
drawback of our study was that, despite the great importance
of sarcopenia assessment while studying malnutrition in the
elderly, we failed to perform the relevant measurement in our
subjects, because of the funding limitations. However, the
present research owns some strength as follows. First, most
of the previous GNRI studies were on hospitalized elderly,
whereas we studied on non-hospitalized elderly. Second, it
had enough power due to higher sample size.

Conclusion

Although GNRI had lower sensitivity compared to MNAs
and might not be an efficient tool in screening malnutrition
in an Iranian society, it had moderate correlation with both
MNAs and also anthropometric and biochemical parameters,
highly related to nutritional status. In addition, GNRI might
be a more applicable tool when the elderly are incapable of
independent participation in MNA assessments or the aim
is to direct the limited funding sources to genuinely mal-
nourished elderly. Further studies are warranted to confirm
these results.
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