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The Geriatric Nutritional Risk Index predicts mortality
in nonagenarians and centenarians receiving home care
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Background and Objectives: The increasing prevalence of malnutrition in old people is related to the risk of ill-
ness and death. A number of screening tools to detect malnutrition have been used in the elderly to assess nutri-
tional status and predict prognosis. The aim of the present study was to investigate the ability of the Geriatric Nu-
tritional Risk Index (GNRI) to assess nutritional status and predict mortality in very old home-care people by us-
ing a cross-sectional study of Chinese older people aged 90-105 years. Methods and Study Design: The present
study was based on a 4-year follow-up of mortality data from a previous cross-sectional study. The study was
conducted with a very elderly population with a mean age of 93.5+3.2 years (n=716; 230 men and 486 women).
In 2005, trained researchers performed face-to-face interviews and physical and geriatric assessments to obtain
information on sociodemographic factors, self-reported medical diseases, geriatric-specific conditions, anthropo-
metric factors, biochemical data, and the GNRI score. In 2009, vital status were requested from the local govern-
ment. Results: After 4 years of follow-up, 371 participants died (125 men and 246 women, 51.8%). The median
follow-up time was significantly worse in the nutritional risk group (GNRI <98) (30.26+15.80 vs 42.27+11.82
months, p<0.001). Activities of daily living (ADL) impairment (hazard ratio [HR]=1.414, 95% CI=1.121-1.783),
and GNRI score (HR=0.92, 95% CI=0.908-0.932) were associated with all-cause mortality according to a Cox
regression analysis. Conclusions: The GNRI, a nutrition-related risk index, can predict mortality in very old Chi-

nese home-care people.
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INTRODUCTION
The global elderly population (>65 years) has gradually
increased over the past few decades. Several studies have
revealed that older people are at risk of acute and chronic
diseases such as trauma, infection, and inflammation
which may alter metabolism, appetite, or absorption or
assimilation of nutrients, and consequently lead to malnu-
trition." Malnutrition also may increase the risk of illness,
prolong hospital stay and significantly contributes to
morbidity and mortality in the elderly.”’ A relatively low
prevalence of malnutrition was found in free-living elder-
ly (2-10%) and a considerably higher prevalence was
found in the hospitalized or institutionalized elderly (30—
60%).* A study corroborated that early nutritional screen-
ing improves recognition of malnourished patients in
hospitals and that nutritional therapy in such patients re-
sults in a shorter length of stay.” A number of screening
tools that identify patients who might benefit clinically
from nutritional support have been used in community,
nursing homes, and hospitals. For example, the European
Society for Clinical Nutrition and Metabolism and the
American Society for Parenteral and Enteral Nutrition
recommend the use of the Mini Nutritional Assessment
(MNA) and Subjective Global Assessment (SGA), re-
spectively, for elderly patients.®

Another screening tool, the Geriatric Nutritional Risk
Index (GNRI), was created by modifying the Nutritional

Risk Index (NRI).” Owing to the difficulties in establish-
ing usual body weight in the elderly, usual body weight in
the NRI was replaced with ideal body weight in the GNRI.
Cereda et al investigated the impact of the GNRI, length
of stay, and weight loss during hospitalization in elderly
patients® and found that the GNRI can predict all-cause
and cardiovascular mortality.” Sebastian et al found that
the GNRI can predict increased future healthcare costs
and higher risk of hospitalization in independent-living
older adults."” However, most of the literature regarding
the GNRI have focused on elderly inpatients. Very little
research has been conducted regarding the use of the
GNRI in home-care resident elderly, especially the very
old.

Thus, the aim of the present study was to investigate
the ability of the GNRI to assess nutritional status and
predict mortality in Chinese people aged 90-105 years
receiving home care by using a cross-sectional study.
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METHODS
Study design
The present study was based on mortality data from the 4-
year follow-up in a previous cross-sectional study of a
very elderly population from Dujiangyan (Sichuan Prov-
ince, Southwest China). In the summer of 2005, research-
ers from the Department of Geriatrics of Sichuan Univer-
sity conducted a cross-sectional study called the Project
of Longevity and Aging in Dujiangyan (PLAD). The aim
of the PLAD was to investigate the relationships among
environment, genetics, lifestyle, cognitive function, lon-
gevity, and age-related chronic conditions. A total of
1115 residents aged >90 years were screened, with a re-
markable “capture rate” of 870 residents (78%). In 2009,
after 4 years of follow-up, mortality data were requested
from local government registries for the period from the
summer of 2005 (original date of the PLAD study) to the
summer of 2009. Of the original 870 participants, 128 (39
men and 89 women) were excluded from the study owing
to lack of information regarding height, weight or albu-
min; 26 participants (10 men and 16 women) were ex-
cluded due to missing vital status, reasons for missing
vital status information included the change of the resi-
dence and the inability of the local government to com-
plete the search in the given time. The interview was con-
ducted with 716 people (230 men and 486 women).
Informed consent was obtained from all the partici-
pants or their legal proxies. The study was approved by
the Sichuan University Research Ethics Committee and
conformed to the provisions of the Declaration of Helsin-
ki in 1995.

Nutritional assessment

Anthropometry and biochemistry

Body weight, height, mid arm circumference (MAC) and
calf circumference (CC) were measured, and body mass
index (BMI) was calculated by using standard equa-
tions."" Venous blood samples were collected after an
overnight fast to measure the levels of plasma glucose,
plasma lipid, and serum albumin and other biochemical
indicators.

Geriatric Nutritional Risk Index

The risk of nutrition-related health complications was
assessed by using the GNRI.” This tool requires the eval-
uation of serum albumin level, weight, and height, and
the calculation of ideal body weight by using Lorentz’s
formula. The score is derived by using the following
equation: GNRI = (1.489 x albumin [g/L]) + (41.7 x
weight / ideal body weight).'> When weight exceeded the
ideal body weight, a score of 1 was assigned as the
weight-to-ideal body weight ratio. Then, the patients were
classified as at major risk (GNRI <82), moderate risk (82-
<92), low risk (92-98), and no risk (GNRI >98).” To
compare the subjects with low GNRI values with those
with normal GNRI, we merged the major-, moderate-,
and low-risk groups into the low GNRI group, by using a
cutoff score of 98.

Assessment of covariates
Covariates in the analyses included age, sex, education
level, and functional status, which was measured as activ-

ities of daily living (ADL) by using the Katz Index. Im-
paired ADL was defined as impairment in one or more of
the six basic ADLs (feeding, dressing, grooming, bathing,
walking, and toileting)."”® Cognitive status was measured
by using the Mini-Mental State Examination (MMSE).
The individuals were categorized as follows: possible
dementia (MMSE score, between 0 and 18), mild cogni-
tive impairment (between 19 and 24), and normal (be-
tween 25 and 30), according to educational level. Because
the MMSE relies heavily on visual and auditory abilities,
especially at advanced ages,'*'* the prevalence of visual
or hearing impairment is high among nonagenarians and
centenarians. In our study, only 51 subjects had scores
higher than 24 (37 in men and 14 in women, normal) and
229 subjects had scores between 19 and 24 (93 in men
and 136 in women, mild cognitive impairment). There-
fore, the cognitive impairment was defined as a score of
<19.'“"7 Visual impairment, hearing impairment, falls and
fractures in the past year were reported by participants or
an accompanying family member. In addition, major
chronic diseases and the number of chronic diseases that
could be potentially related with mortality were also as-
sessed by trained personnel by using a self-reported ques-
tionnaire. These diseases included osteoarthritis, gastroin-
testinal diseases, cardiovascular and cerebrovascular dis-
ease (CCVD; including hypertension, chronic heart fail-
ure, chronic heart disease, cerebrovascular disease, and
peripheral vascular disease), respiratory diseases, chronic
renal disease, cancer, and diabetes.

Statistical analysis

All of the statistical analyses were performed by using
SPSS version18.0 for Windows (IBM Corp, Armonk,
NY). Baseline characteristics were compared among the
groups (alive or deceased) by using the independent t
tests for continuous variables and Pearson Chi-Square
tests or Fisher exact tests (when an expected cell count
was <1) for categorical variables.

Kaplan-Meier curves were plotted by using the log-rank
test to demonstrate the association between survival and
nutritional risk (low GNRI scores). As age, sex, anthro-
pometry, chronic diseases, and geriatric conditions (ADL
impairment, cognitive impairment, hearing and visual
impairment, falls, and fractures) are viewed as general
factors closely related with mortality in old people, multi-
variable Cox regression models were used to estimate the
hazard ratios (HRs) to identify the independent predictors
of mortality.

RESULTS

Baseline characteristics

Among the 716 participants, the mean age was 93.5+£3.2
years (range, 90—105 years), and 42 residents were cente-
narians. The mean ages of the men and women were
93.14£3.0 and 93.743.3 years, respectively. 90% of the
participants lived in the countryside, 80.3% were farmers,
and 73% had no formal education. Impaired ADL and
cognitive impairment were present in 32.3% and 45.3%
of the participants, respectively. At least one chronic dis-
ease was present in 74% of the participants. The most
prevalent diseases were osteoarthritis (29.2%), gastroin-
testinal diseases (17.0%), and respiratory diseases
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(14.8%). The mean GNRI score was 98.9+8.3, without
significant difference between the men and women
(99.29+7.33 vs 98.70+8.80; p=0.147). The prevalence
rates of major, moderate, low, and no nutritional risks
were 2.2%, 16.9%, 25.3%, and 55.6%, respectively, and
the prevalence of overall nutritional risk is 44.4% in all
the participants.

Nutritional risk and mortality

Characteristics of participants

During the 4-year follow-up, 371 participants died (125
men and 246 women, 51.8%). The participants were clas-
sified according to survival status (Table 1). In the inde-
pendent t tests, age was the only sociodemographic varia-
ble that was significantly associated with mortality risk
(93.2443.21 vs 93.76+3.17 years; p=0.01). No significant
differences in sex, educational level, smoking, and drink
were found. A higher number of comorbidities were
found in deceased group (0.97+0.86 vs 1.12+0.92;
p=0.043). No significant differences in body weight,
height and BMI were observed in the living participants
(41.30+8.15 vs 41.13+8.52 kg, p=0.785; 146.43+10.53 vs
146.5649.72 cm, p=0.839; and 19.2643.16 vs 19.11£3.33
kg/m?, p=0.555). MAC and albumin level correlated neg-
atively to mortality (p<0.05). The prevalent geriatric con-
ditions were hearing problems (55.6%), falls (52.2%),
vision problems (43.6%), cognitive impairment (39.1%),
ADL impairment (32.1%), and fracture (9.8%). Only
ADL and cognitive impairments were significantly asso-
ciated with mortality risk. The GNRI, a nutritional varia-
ble, significantly differed between the living and de-
ceased groups (102.78+7.37 vs 95.26+7.55, p=0.007).
The prevalence rates of major, moderate, low, and no-
nutritional risks in the living group were 0.3%, 5.5%,
17.7%, and 76.5%, respectively. The prevalence in the
deceased group were 4.0%, 27.5%, 32.3%, and 36.1%,
respectively.

Nutritional risk and all-cause mortality

Survival curves were plotted by the Kaplan-Meier method
(Figure 1). The median follow-up time was significantly
worse in the nutritional risk group (GNRI <98) than in the
no-nutritional risk group (GNRI >98), (30.26£15.80 vs
42.27+11.82 months, p<0.001). In the adjusted Cox re-
gression analysis, only two variables were associated with
increased all-cause mortality as follows: ADL impairment
(HR=1.414; 95% CI, 1.121-1.783) and the GNRI
(HR=0.92; 95% CI, 0.908-0.932; Table 2). The other
variables were not associated with all-cause mortality
over the 4-year follow-up period

DISCUSSION

To the best of our knowledge, this is the first study that
describes the use of the GNRI, which enables the deter-
mination of the risk of malnutrition-related mortality, in a
long-lived community-dwelling population with mean
age of 93.5+3.2 years. With a GNRI score of <98 as the
nutrition-related risk index in the present study, the preva-
lence of nutritional risk was 42.7%. This was much high-
er than the nutritional risk of community-dwelling elderly
(26%) and nearly similar to the prevalence of hospitalized
patients (68.5%)."® The participants in our study were all
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Figure 1. Participants with nutritional risk (GNRI <98) had
significantly worse all-cause survival than participants without
nutritional risk (GNRI >98). Survival curves were plotted by
the Kaplan-Meier method. GNRI: Geriatric Nutritional Risk
Index.

nonagenarians and centenarians, and our study revealed
that age negatively affects nutritional status, which was
similar to previous study.'” Another study in Taiwan with
a representative cohort of elderly people aged >53 years
(n=4,440) also reported that the proportion of malnutri-
tional free-living elderly increased from 0.88% to 5.30%
with advancing age, from 53—60 to >80 years old, while
the proportion of the risk of malnutrition increased from
8.08% to 23.96%.

The prevalence of malnutrition is significant (15-60%)
in elderly patients who were hospitalized, living in nurs-
ing homes, or in home-care programs.'® In the past two
decades, a number of geriatric assessment instruments
have been developed for use in the diagnosis and treat-
ment high-risk elderly patients. The European Society of
Parenteral and Enteral Nutrition recommends the MNA as
the criterion standard in the identification of malnutrition
in elderly patients.’ It is economical and can be complet-
ed in about 15 min. However, because the participants in
the present study were very old (mean age, 93.5 years),
with hearing problems (55.6%), visual problems (43.6%),
and cognitive impairment (39.1%), they had difficulty
answering the questionnaire. Performing the GNRI takes
only a few min (for weight and height measurements and
blood sample collection) and has low participant bur-
den.?' Thus, GNRI can be used in very old participants,
especially those with cognitive, hearing, or visual im-
pairment. The relationship between GNRI score and mor-
tality is substantial in our research; the mean score was
approximately 8% (102.78+7.37 vs 95.26+7.55) higher in
the living group. Moreover, we merged the major-, mod-
erate- and low-risk groups into the low GNRI group by
using a cutoff score of 98. The mean survival time was
significantly worse in the participants with low GNRI
scores than in those with normal GNRI scores according
to the Kaplan-Meier survival curve and Cox regression
analysis. Furthermore, these associations were independ-
ent of other established correlates of mortality, including
socioeconomic characteristics, lifestyle factors, coexisting
chronic diseases, and geriatric conditions. Previous stud-



The GNRI predicts mortality 81

Table 1. Comparison of characteristics of Chinese nonagenarians and centenarians according to vital status after 4-
year follow-up

tor

Alive Deceased P . p
earson chi-square
Age, year 93.24+3.21 93.76+3.17 -2.176 0.01
Male/female 105/240 125/246 0.869 0.352
Education level 0.082 0.775
Illiteracy 248/342 271/369
Literacy 59/342 64/369
Primary school 26/342 24/369
Secondary school 7/342 7/369
>Secondary school 2/342 3/369
Alcohol intake 0.093 0.761
Current 94/339 90/366
Former 53/339 73/366
No 192/339 203/366
Smoking 0.902 0.343
Current 156/341 155/368
Former 70/341 79/368
No 115/341 134/368
Choronic diseases
Osteoarthritis 93/259 116/282 1.56 0.213
Cardiovascular disease 55/337 59/369 0.382 0.537
Respiratory diseases 40/223 66/251 4.779 0.029
Chronic renal disease 7/198 9/223 0.072 0.789
Gastrointestinal diseases 54/233 68/266 0.382 0.537
Cancer 3/221 4/249 0.049 0.824
Diabetes 1/203 7/228 3.934 0.048
Number of comorbidities 0.97+0.86 1.12+0.92 -2.031 0.043
Geriatric conditions
ADL impairment 94/341 136/371 6.761 0.01
Cognitive impairment 141/301 180/317 6.15 0.013
Vision problems 149/294 163/321 0.001 0.981
Hearing problems 182/296 216/333 0.768 0.381
Falls 176/333 198/358 0.418 0.518
Fractures 31/326 39/349 0.502 0.479
MAC, cm 23.43+3.62 22.90+3.57 1.972 0.049
CC, cm 25.88+3.39 26.24+3.65 -1.347 0.178
Albumin, g/L 43.30+3.51 42.45+3.41 3.291 0.001
Weight, kg 41.30+8.15 41.13+8.52 0.273 0.785
Height, m 146.43+£10.53 146.56+9.72 -0.177 0.839
BM]I, kg/m2 19.26+3.16 19.11+£3.33 0.591 0.555
Underweight (<18.5) 149/345 162/371
Normal (18.5-23) 161/345 168/371
Overweight (23-27) 32/345 37/371
Obesity (>27) 4/345 4/371
GNRI 102.78+7.37 95.26+7.55 2.718 0.007

MAC: mid arm circumference; CC: calf circumference; ADL: activities of daily living; GNRI: Geriatric Nutritional Risk Index.

"Baseline characteristics were compared between alive and deceased groups, using Pearson Chi-Square tests or Fisher exact test (where an
expected cell count was <5) for categorical variables and independent t test for continuous variables

"p<0.05 was considered to be statistically significant.

Table 2. The relation of mortality and geriatric conditions, nutritional and anthropometric variables according to Cox
multivariate regression analysis (adjusted HR and 95% CI)

B S.E. p HR 95% CI
GNRI -0.084 0.007 <0.001 0.92 0.908-0.932
ADL impairment 0.346 0.118 0.003 1.414 1.121-1.783

ADL: activities of daily living; GNRI: Geriatric Nutritional Risk Index

TAge, gender, ADL impairment, cognitive impairment and other variables that were significant at a p<0.05 in the unadjusted analyses
were entered into the Cox regression models

*p<0.05 was considered to be statistically significant.

ies have investigated the relationship between GNRI ing the GNRI tool.”

score and mortality. For example, Cereda et al reported In our study, the albumin level was 42.86+3.48 g/L
that all-cause and cardiovascular mortality were signifi- and did not significantly correlate with mortality. This
cantly associated with nutritional risk, as assessed by us- observation conflicts with the result of some previous
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studies that found that the albumin was a major measure
of malnutrition and a long-term predictor of mortality.*
However the population, which has a mean age of 74.6
years, was quite different from ours. Our study was con-
ducted in a long-lived community-dwelling population
with a mean age of 93.543.20 years, and 54.6% of the
participants reported to have chronic diseases. Previous
research studies showed that serum albumin level might
be related more with hydration or inflammation.”? This
may explain the lack of correlation between albumin level
and mortality in our study. As both extremes of BMI con-
fer increased risk of mortality in older persons, an invert-
ed U-shaped curve has been invoked as the model of sur-
vival according to BMI.**** However, no significant dif-
ference was observed in our study. The populations of
most previous studies were younger than that of our re-
search. Another important feature of our study is that the
mean BMI was 19.184+3.25 kg/m?, and only 9.8% of the
participants were overweight or obesity. Thus, the GNRI,
with the additional information for ideal weight, might
predict nutrition-related mortality better than albumin
level or BMI.

However, some limitations should be taken into ac-
count for the correct interpretation of data. Nowadays, a
number of screening tools have been used to identify the
nutritional status of the elderly. In our study, we used
only the GNRI as the nutritional screening tool and did
not compare GNRI with other commonly applied tools
such as MNA. In the future study, we will compare the
GNRI with other screening tools.

Conclusions

In conclusion, the GNRI is a nutrition-related risk index
that enables the prediction of mortality in elderly people,
who are often malnourished. Furthermore, because of its
convenience, it can be used in elderly patients who have
difficulty finishing a questionnaire.
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