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Background: We aimed to explore the association between the Geriatric 
Nutritional Risk Index (GNRI) and the risk of low cognitive functions among 
older adults in the United States (US).

Methods: Utilizing data from the National Health and Nutrition Examination 
Study (NHANES) database, a cross-sectional analysis was conducted. The GNRI 
served as a tool for evaluating the nutritional status of participants, who were 
categorized into two groups based on their initial GNRI scores: those with 
scores >98 indicating normal nutrition, and those with scores ≤98 indicating 
malnutrition. Cognitive function was assessed using the Consortium to Establish 
a Registry for Alzheimer’s disease word list learning test (CERAD W-L), the 
Digit Symbol Substitution Test (DSST), the Animal Fluency Test (AFT), and the 
composite-z score which was calculated by summing the z scores of individual 
tests, respectively. Weighted multiple logistic regression models were used to 
evaluate the association between GNRI and cognitive function. Interaction and 
stratified analyses were conducted.

Results: Among a sample of 2,925 individuals aged 60  years or older, 51.3% 
were women. Among these individuals, 233 were identified as malnourished. 
Weighted multivariate logistic regression analyses indicated that individuals with 
malnutrition had an increased risk of low cognitive function, as evidenced by 
lower CERAD W-L scores (OR:1.68, 95%CI 1.19–2.36, p  =  0.003), AFT scores 
(OR: 1.74, 95%CI 1.26–2.41, p  =  0.009), DSST scores (OR:1.63, 95%CI 1.11–
2.38, p  =  0.012), or composite z-scores (OR:1.87, 95%CI 1.29–2.71, p  =  0.001). 
According to the variables evaluated, the interaction effects between low GNRI 
level and the elderly and stroke in specific cognitive domains were significant 
(P interaction  <  0.05).

Conclusion: Lower GNRI level is associated with significantly low cognitive 
function among older adults, particularly among those who have experienced a 
stroke or the elderly (aged 70  years and older) population.
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1 Introduction

Along with the increasing global elderly population, the 
population suffering from age-related cognitive impairment is 
growing at a rapid rate (1). Cognitive impairment encompasses a 
spectrum of conditions that includes Alzheimer’s disease (AD), 
vascular dementia, and other types. According to statistics, up to 
12 million people in the United States (US) suffer from cognitive 
impairment. By 2060, this is expected to be double the size it was in 
2020 (2). This trend underscores the urgent public health significance 
of cognitive impairment on a global scale (3). On this note, nutrition 
has been recognized as a modifiable factor that plays a major role in 
cognitive function. It is imperative to understand the relationship 
between nutrition and cognition so strategies that prevent and manage 
cognitive decline can be improved.

Research has shown a high prevalence of malnutrition among 
older adults with cognitive impairment (4–6). The majority of studies 
have investigated this relationship through the utilization of the Mini 
Nutritional Assessment (MNA) (7, 8) or Mini Nutritional Assessment 
Short-Form (MNA-SF) (9, 10). It is important to acknowledge that 
both MNA and MNA-SF rely on subjective questionnaires to evaluate 
nutritional status, lacking objective biological markers that exhibit 
significant variability. A widely accepted definition of malnutrition is 
“a state of nutrition, which characterized by a deficiency or excess of 
energy, protein, and micronutrients resulting in measurable negative 
effects on tissue or body form (body shape, size, and composition), 
function, and clinical outcomes (11). The Geriatric Nutritional Risk 
Index (GNRI), developed by Bouillanne et al. (12), utilizes serum 
albumin levels, weight, and height as objective measures to evaluate 
malnutrition. It has been acknowledged as a straightforward and 
effective method for assessing the nutritional status of elderly 
individuals aged 65 years and older (13), and has demonstrated 
efficacy in various countries (14–16). Previous studies have shown that 
the GNRI is a better indicator of nutrition-related risk than albumin 
or BMI alone (17, 18). The GNRI has been identified as a more 
appropriate tool for assessing the nutritional status of elderly 
individuals compared to the MNA or MNA-SF (14, 19). While existing 
research has indicated a significant correlation between GNRI levels 
and cognitive impairment, these studies are few and limited to China 
(13, 20–22). There remains a lack of research investigating the 
relationship between GNRI and cognitive functions in older adults 
within the United States.

Therefore, the objective of our study was to examine the 
association between malnutrition, as determined by the GNRI, and 
low cognitive function in US adults aged 60 years and older using data 
from the National Health and Nutrition Examination Survey 
(NHANES) for the years 2011–2012 and 2013–2014.

2 Methods

2.1 Study design and participants

Participants from the NHANES were included in this cross-
sectional study. NHANES is a biennial survey administered by the 
National Center for Health Statistics (NCHS) that gathers health 
examination data from a representative sample of the US population 
(23–25). This data is utilized for the analysis of the nation’s health and 

nutritional status. All NHANES data was de-identified, and 
participants provided written informed consent. The NCHS Research 
Ethics Committee granted approval for all study procedures (25). The 
Ethics Committee of BenQ Hospital at Nanjing Medical University 
determined that this secondary analysis of de-identified, publicly 
available data did not involve human subjects.

The data of NHANES cycles were combined for analysis, resulting 
in a total of 19,931 participants. Only the 2011–2012 and 2013–
2014 cycles contained both baseline information on the GNRI and 
cognitive testing among older adults. However, only individuals aged 
60 years and older underwent cognitive testing, leading to the 
exclusion of 16,299 participants outside of this age range. After 
excluding individuals who did not complete all four cognitive tests, 
the sample size was further reduced to 2,934 participants. 
Subsequently, participants without GNRI information were excluded, 
resulting in a final sample size of 2,925 participants for analysis. The 
process of participant inclusion and exclusion is illustrated in Figure 1.

2.2 Group

In our study, the exposure of interest was the GNRI, utilized for 
the evaluation of nutritional status. The GNRI is calculated using an 
individual’s height (in meters), weight (in kilograms), ideal weight, 
and serum albumin levels (in g/L). The formula for calculating GNRI 
is as follows: GNRI = 1.489 × albumin (g/L) + 41.7 × (weight/ideal 
weight) (12), ideal weight = 22 × height (m) × height (m). In cases 
where the actual weight exceeded the ideal weight, the set weight/ideal 
weight was 1 (12, 26). Participants were divided into two groups 
according to their baseline GNRI levels: the normal nutrition group 
(GNRI ≥98) and the malnutrition group (GNRI <98). Based on 
previous studies, the GNRI has been shown to be valid and reliable 
(12, 22, 27).

2.3 Cognitive function tests

Cognitive tests were conducted at the start of private interviews 
that occurred face-to-face by trained interviewers. The NHANES uses 
the Consortium to Establish a Registry for Alzheimer’s Disease word 
list learning test (CERAD W-L), the Animal Fluency test (AFT), and 
the Digit Symbol Substitution test (DSST) to assess different cognitive 
domains, which were validated in previous publications (28, 29).

The CERAD W-L subtest assesses immediate and delayed learning 
ability for new verbal information, a component of the memory 
sub-domain (30). The test includes 3 consecutive learning trials 
(CERAD Trial 1 Recall, CERAD Trial 2 Recall, and CERAD Trial 3 
Recall) and 1 delayed recall trial. During the learning trial phase, 
participants were required to read 10 unrelated words aloud and then 
were instructed to immediately recall as many words as possible. The 
order of the 10 words was different in each learning trial. The delayed 
word recall was performed after the completion of the other two 
cognitive tests (AFT and DSST). In this study, we summarized the 
score of the CERAD W-L Test immediate and delayed learning ability 
for new verbal information as the total CERAD W-L score. The score 
range of each trial was from 0 to 10, and the total CERAD W- L score 
is the sum of three consecutive learning trials and one delayed recall 
trial (31). The AFT is a measure of categorical verbal fluency, with 
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scores ranging from 3 to 39, and assesses executive function (31, 32). 
Participants were asked to say the names of animals as many as 
possible during 1-min trials. The DSST, with scores ranging from 0 to 
105, assesses psychometric speed and attention (29, 33, 34). 
Participants filled in an array of symbols that corresponded to 
specified digits during 120-s trials. Details on each cognitive test can 
be found in the 2011–2012 and 2013–2014 NHANES questionnaire 
data files. Based on methods previously published, we used means and 
standard deviations of the cognitive test scores to calculate test-
specific z-scores for the CERAD W-L, the AFT, and the DSST, 
respectively (35, 36). Global cognition composite z-score was then 
calculated by averaging all test-specific z-scores. This composite 
z-score was then used to evaluate the overall cognitive function of the 
study participants. Higher scores on all measures indicate better 
cognitive performance.

Although there was no uniform definition of low cognitive 
function, previous studies have defined low cognitive function as 
falling within the lowest quartile on the cognitive tests (37–40). 
Therefore, based on methods previously published, we determined the 
cutoff at the 25th percentile, or lowest quartile, for each respective test 
(41).The cutoff values identified were as follows: for CERAD W-L 
scores was set at <20; for AFT scores was <13; for DSST scores was 
<33, and composite z-score was < −1.7. Based on these thresholds, 
participants were subsequently categorized into two groups: low 
cognitive function (LC) group and normal cognitive function (NC) 
group (37).

2.4 Covariates

We obtained variables by virtue of a standardized self-reported 
questionnaire including age, sex, race (Mexican American, 
non-Hispanic White, non-Hispanic Black and other race), marital 
status (married, widowed, divorced, separated, never married, and 
living with partner), poverty income ratio (PIR) and educational level 
(less than high school, high school, college or higher), smoking status, 
alcohol consumption, history of diseases [diabetes, hypertension, 
stroke, Parkinson’s disease (PD), cardiovascular disease (CVD)], 
moderate to vigorous work activity (yes/no), moderate to vigorous 
physical activity (yes/no), sleep duration, albumin level (≥35 g/L 
or < 35 g/L) and depression score from the NHANES database. 
Additionally, the family’s PIR was divided into two categories (<1 
or ≥ 1) to reflect house income. Higher ratios indicate better financial 
conditions for families. In our study, participants were classified as 
having diabetes based on HbA1c levels of 6.5% or more and/or current 
use of insulin or diabetic pills. Hypertension was defined as having a 
SBP ≥140 mmHg or a DBP ≥ 90 mmHg and/or currently using 
antihypertensive medication. This study assessed depression using the 
9-item Patient Health Questionnaire (PHQ-9). The scores of each item 
range from 0 (not at all) to 3 (nearly every day), yielding a maximum 
score of 27. Subjects with PHQ-9 score ≥ 10 were identified as 
depression (42). In our study, PD cases were characterized as taking 
any of the following PD-specific medications: benztropine, levodopa, 
carbidopa, methyldopa, ropinirole, entacapone, or amantadine (22, 

FIGURE 1

Flowcharts illustrating sample selection from NHANES 2011–2014. NHANES, the National Health and Nutrition Examination Survey.
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43). Self-reported CVD included congestive heart failure, coronary 
heart disease, angina, and heart attack. During the in-person interview, 
participants of the National Health Interview Survey were requested 
to report their engagement in moderate- and vigorous-intensity 
physical activities. Trained medical personnel employed a series of 
questions, derived from the Global Physical Activity Questionnaire, to 
gather information regarding physical activities related to work, 
transportation, and leisure time. The activity classifications 
encompassed five types: vigorous work activity, vigorous leisure 
activity, moderate work activity, moderate leisure activity, and 
transportation-related activity (44). Participants of the National Health 
Interview Survey provided self-reported data on sleep duration during 
in-person interviews by responding to the question: “On average, how 
many hours of sleep do you obtain in a 24-h period?” Sleep duration 
of fewer than 7 h per day was classified as insufficient (45–47).

2.5 Statistical analysis

To account for the complicated design of NHANES, primary 
sampling units (clusters), stratification, and sample weights were 
accounted for in the analysis based on the NHANES analysis course. 
Since we merged data from both cycles (2011–2012 and 2013–2014), 
we utilized the original sample weights, WTMEC2YR, when divided 
by two as the new sample weights.

Participants were categorized into two groups by baseline GNRI 
levels, established by a previous study (48, 49): the group with normal 
nutrition (GNRI ≥98) and the group with malnutrition (GNRI <98). 
Numbers (N) and percentages (%) were expressed according to 
categorical variables, and the comparisons between groups were made 
using χ2 tests. We described continuous variables as weighted means 
(SE) or median (P25, P75) and categorical variables as weighted 
frequencies (%). One-way ANOVA was performed if the data were 
normally distributed, and when not, the Kruskal-Wallis test was used.

The study examined the association between baseline GNRI levels 
and cognitive function, utilizing total CERAD W-L score, AFT, DSST, 
and composite z-score as dichotomous variables to categorize 
participants into LC and NC groups. Weighted univariate and 
multivariate logistic regression models were employed to analyze the 
relationship. Three models were constructed: the first model was 
unadjusted, the second model was adjusted for age, sex, race, 
education, marital status, and PIR, and the third model was adjusted 
for all baseline variables. In addition, we used curve-fitting to visualize 
the relationship between GNRI and low cognitive function.

We also performed a sensitivity analysis by restricting participants 
without stroke and Parkinson’s disease. Additionally, we performed 
interaction and stratified analyses based on age categories (60–69, 
70–79, and ≥ 80 years), gender (male/female), educational attainment 
(less than high school/high school/college/higher), PIR (<1 or ≥ 1), 
smoking habits (never/former/current), alcohol consumption, histories 
of disease (diabetes, hypertension, stroke, CVD, Parkinson, depression), 
and moderate to vigorous work activity. All statistical analyses were 
carried out using the R software package1 and EmpowerStats. p values 
less than 0.05 (2-sided) were considered significantly different.

1 http://www.R-project.org, The R Foundation

3 Results

3.1 Study population characteristics

The weighted distribution of participants is described in Table 1. 
A total of 2,925 patients (1,425 male and 1,500 female) aged 60 years 
and older were eligible for this study. Of those, 45.6% (weighted 
proportion) were male. Based on the presence of nutritional status, 
participants were divided into two groups: the normal nutritional 
group (GNRI >98, n = 2,692) and the malnutrition group (GNRI ≤98, 
n = 233) following a previous study. Baseline participant characteristics 
stratified by baseline GNRI levels (> 98 and ≤ 98) were set out in 
Table 1. Compared to the normal nutritional group, participants in the 
malnutrition group were more likely to be  older, had a higher 
proportion of non-Hispanic White; had a lower prevalence of 
moderate to vigorous work activity and a higher risk to develop 
comorbidities, such as hypertension and stroke (all p < 0.05). 
Participants who had malnutrition also scored lower in cognitive 
function, including the CERAD W-L, DSST, AFT and composite 
z-score.

Taking into account clinical significance and defining low 
cognitive function as the lowest quartile of the cognitive test according 
to the NHANES database (37), each cognitive function test score was 
divided into a binary variable (normal and low cognitive function) for 
further analysis. Regardless of the cognitive assessment method used, 
the proportion of all participants in the LC group with malnutrition 
was significantly higher than that in the NC group (p < 0.05) (Table 2).

3.2 Multiple logistic regression analyses of 
GNRI and cognitive functions

Next, we used weighted multiple logistic regression to assess the 
relationship between GNRI and cognitive functions. Three logistic 
regression models were generated to characterize the association 
between GNRI and cognitive functions (Table  3). The GNRI 
level ≥ 98 was taken as a reference in accordance with a previous 
study. In the crude model (unadjusted for covariates), the risk of low 
cognitive function was increased in subjects with malnutrition, as 
determined by total CERAD W- L score (OR: 2.05, 95%CI 1.55–2.70, 
and p < 0.001), AFT (OR: 2.13, 95%CI 1.62–2.79, and p < 0.001), 
DSST (OR: 2.19, 95%CI 1.66–2.88, and p < 0.001), or composite 
z-score (OR: 2.39, 95%CI 1.81–3.14, and p < 0.001), respectively, 
compared with the normal nutrition group. In model 1 (adjusted for 
age, sex, race, education, marital status, PIR), the results did not differ 
from those obtained in the crude analysis, and it indicated that 
malnutrition was associated with low cognitive functions. The results 
for placement in the LC group according to each test were as follows: 
total CERAD W- L score (OR: 1.77, 95%CI 1.28–2.44, and p = 0.001), 
AFT (OR: 1.78, 95%CI 1.30–2.42, and p < 0.001), DSST (OR: 1.65, 
95%CI 1.15–2.36, and p = 0.006), or composite z-score (OR: 1.90, 
95%CI: 1.34–2.70, and p < 0.001). In the fully adjusted model 
(adjusted all variables listed in Table 1), total CERAD W- L score 
(OR: 1.68, 95%CI 1.19–2.36, and p = 0.003), AFT (OR: 1.74, 95%CI 
1.26–2.41, and p = 0.009), DSST (OR: 1.63, 95%CI 1.11–2.38, and 
p = 0.012), or composite z-score (OR: 1.87, 95%CI 1.29–2.71, and 
p = 0.001). When included as a continuous variable, yielding 
consistent results, as GNRI levels increase, the risk of low cognitive 
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TABLE 1 Weighted characteristics and measured data from NHANES 2011–2014 participants aged 60  years and over according to GNRI (High >98 
Versus Low ≤98).

Variables All Nutritional status p- value

Normal (GNRI  >  98) Malnutrition (GNRI  ≤  98)

Unweighted N 2,925 2,692 233

Age, median (IQR) 69.2 (6.5) 69.0(6.6) 70.9 (6.9) 0.058

Age group, n (%) 0.047

  60–69 1,462 (51.6) 1,366 (52.2) 96(42.8)

  70–79 930 (31.9) 855(32.0) 75(30.7)

  ≥80 533 (16.5) 471(15.8) 62(26.5)

Sex, n (%) 0.471

  Male 1,425 (45.6) 1,307 (48.6) 118 (41.9)

  Female 1,500 (54.4) 1,385 (51.4) 115 (58.1)

Race, n (%) < 0.001

  Mexican-American 257 (3.4) 242 (9) 15 (3.1)

  Non-Hispanic White 1,397 (79.5) 1,308 (48.6) 89 (68.8)

  Non-Hispanic Black 695 (8.4) 611 (22.7) 84 (15.9)

  Other Race 576 (8.7) 531 (19.7) 45 (12.0)

Marital status, n (%) 0.639

  Married 1,612 (62.2) 1,499 (55.7) 113 (58.2)

  Widowed 572 (17.0) 518 (19.3) 54 (21.7)

  Divorced 166 (4.3) 155 (5.8) 11 (3.2)

  Separated 415 (12.7) 380 (14.1) 35 (12.6)

  Never married 78 (1.2) 68 (2.5) 10 (1.5)

  Living with partner 78 (2.6) 70 (2.6) 8 (2.8)

PIR (%) 0.059

  <1 457 (9.1) 407 (16.5) 50 (13.2)

  ≥1 2,220 (90.9) 2061 (83.5) 159 (86.8)

Education, n (%) 0.405

  Less than high school 744 (15.9) 667 (24.8) 77 (20.5)

  High school 684 (22.2) 636 (23.6) 48 (23.4)

  College or higher 1,494 (61.9) 1,387 (51.6) 107 (56.1)

Smoking status, n (%) 0.265

  never 1,440 (49.6) 1,332 (49.5) 108 (47.4)

  former 1,112 (39.4) 1,015 (37.7) 97 (44.5)

  now 371 (11.0) 343 (12.8) 28 (8.0)

Alcohol consumption, n (%) 0.365

  never 450 (13.0) 411 (15.6) 39 (15.1)

  former 801 (23.2) 725 (27.4) 76 (28.8)

  moderate 281 (11.7) 263 (10) 18 (10.2)

  middle 1,124 (46.1) 1,052 (39.8) 72 (40.1)

  heavy 209 (5.9) 192 (7.3) 17 (5.8)

History of diseases, n (%)

  Diabetes, n (%) 971 (27.0) 901 (33.5) 70 (29.1) 0.467

  Hypertension, n (%) 2081 (67.1) 1905 (70.8) 176 (75.7) 0.048

  Stroke, n (%) 212 (6.8) 186 (6.9) 26 (12.2) 0.023

(Continued)
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function is significantly decreased. These results indicated that GNRI 
was an independent risk factor for low cognitive functions. 
Additionally, smoothed curve fitting analyses indicated linear 
relationships between GNRI values and as determined by low total 
CERAD W- L score, low AFT score, low DSST score or composite 
z-score, respectively (Figure  2). Similar results were observed in 
sensitivity analyses (online Supplementary Table S1). When 
excluding individuals who suffered stroke (n = 205) or Parkinson’s 
disease (n = 52), GNRI (≤ 98) was still positively associated with low 
total CERAD W- L score (OR: 1.79; 95% CI: 1.24,2.59; p < 0.001), low 
AFT score (OR: 1.49; 95% CI: 1.05,2.11; p = 0.026), low DSST score 
(OR: 1.48; 95% CI: 1.01,2.16; p = 0.044) and low composite z-scores 
(OR: 1.53; 95% CI: 1.01,2.28; p  = 0.046) in adjusted model 2. 
Moreover, the GNRI was analyzed as quartiles, indicating that a low 
GNRI level was associated with low cognitive functions in all 
participants (p for trend <0.001), yielding consistent results (online 
Supplementary Table S2).

Overall, our findings consistently demonstrate the positive 
relationship between GNRI levels and cognitive function scores across 
multiple measures, suggesting that higher GNRI levels are associated 
with better cognitive performance.

3.3 Subgroup analysis

To further decide how GNRI affects low cognitive functions, 
we performed a series of subgroup analyses, including age group 
(60–69, 70–79, and ≥ 80 years), gender, education level (less than 
high school, high school, college, or higher), PIR (<1or ≥1), 

smoking status, alcohol consumption, histories of disease (diabetes, 
hypertension, stroke, CVD, Parkinson, depression), and moderate 
to vigorous work activity. In participants given total CERAD W- L 
score, there was no interaction between GNRI and low cognitive 
functioning based on the above subgroups (all p for interaction 
>0.05). In participants given AFT scores, significant interactions 
were observed in the medical history of stroke status (p for 
interaction = 0.020). Lower GNRI was significant associated with 
low cognitive function (OR: 5.92, 95%CI 1.80–19.49) in participants 
with stroke. In participants given DSST scores, significant 
interactions were observed for age status (p for interaction = 0.041) 
and stroke subgroup (p for interaction = 0.005). Lower GNRI was 
significantly associated with low cognitive function in participants 
70–79 years old (OR: 2.50, 95%CI 1.22–5.11) and older than 80 years 
old (OR: 1.81, 95% CI 0.89–3.69), respectively. Lower GNRI was 
significant associated with low cognitive function (OR: 9.73, 95%CI 
2.32–40.77) in participants with stroke. In participants administered 
composite z-score, significant interactions were also observed for 
age status (p for interaction = 0.004). Lower GNRI was also 
associated with low cognitive function in participants 70–79 years 
old (OR: 2.84, 95%CI 1.41–5.71) and older than 80 years old (OR: 
2.91, 95%CI 1.42–5.98) but not in participants with age less than 
70 years old. And in participants with stroke, lower GNRI was 
significant associated with low cognitive function (OR: 11.34, 
95%CI 2.58–49.86). In participants administered AFT score, DSST 
score, or composite z-score, no interactions were observed for sex, 
education level, smoking status, medical history of diabetes, 
Parkinson, CVD, depression, or hypertension (all p for interaction 
>0.05) (Figure 3).

TABLE 1 (Continued)

Variables All Nutritional status p- value

Normal (GNRI  >  98) Malnutrition (GNRI  ≤  98)

  CVD, n (%) 642 (22.0) 590 (21.9) 52(22.3) 0.890

  Parkinson, n (%) 52 (1.9) 46 (1.7) 6 (3.3) 0.264

Moderate to vigorous work activity, n (%) 0.007

  No 2042 (65.5) 1860 (69.1) 182 (75.8)

  Yes 882 (34.5) 831 (30.9) 51 (24.2)

Moderate to vigorous physical activity, n (%) 0.615

  No 1,385 (47.4) 1,271 (47.2) 114 (48.9)

  Yes 1,540 (52.6) 1,421 (52.8) 119 (51.1)

PHQ score, median (IQR) 1.0 (0,4) 1.0 (0,4) 2.0 (0,4) 0.057

Sleep duration (h), mean (SE) 7.1 ± 2.8 7.1 ± 2.9 7.1 ± 1.6 0.911

Albumin level < 0.001

  ≥35 g/L 2,879 (98.4) 2,657 (98.7) 222 (95.3)

  <35 g/L 46 (1.6) 35 (1.3) 11 (4.7)

DSST score, mean (SE) 52.1 (16.8) 52.6 (16.6) 44.0 (17.6) <0.001

AFT score, mean (SE) 18.1 (5.7) 18.2 (5.6) 17.1 (6.6) 0.043

CERAD total score, mean (SE) 26.0 (6.4) 26.1 (6.4) 24.6 (6.9) 0.030

Composite z-score, median (IQR) 0.4 (−0.3, 1.1) 0.5 (−0.2, 1.1) 0.03 (−0.8, 0.6) < 0.001

In the NHANES study, the reporting of age in single years for adults 80 years and older was determined to be a disclosure risk. All responses of participants aged 80 years and older are coded as 
‘80’. Mean (SE), median (IQR), or n (%). SE, standard error of mean; IQR, interquartile range; PIR, poverty-income ratio; CVD, cardiovascular disease; DSST, Digit Symbol Substitution Test; 
AFT, Animal Fluency Test; CERAD, consortium to Establish a Registry for Alzheimer’s Disease; The composite-z score was calculated by summing the z scores [(test score - mean score)/SD] 
of the three individual tests.
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4 Discussion

This study conducted a cross-sectional analysis to investigate the 
association between malnutrition, as assessed by the GNRI, and 
cognitive function. The results indicated that individuals identified as 
malnourished by the GNRI were more likely to experience low 
cognitive function events compared to those with normal nutrition. 
Participants with malnutrition had poorer cognitive performance, 
especially in the elderly (≥70 years old) and a medical history of stroke.

The GNRI was an objective, reliable, and simple tool for efficiently 
screening the nutritional status of elderly individuals, requiring only 
weight, height, and serum albumin levels to calculate the score and 
does not depend on the patient’s cooperation (12). Moreover, GNRI 
recognizes malnutrition with higher sensitivity compared to MNA or 
MNA-SF (14, 19). The correlation between GNRI and cognitive 
function was reported in previous studies (13, 20–22). These findings 
are partially consistent with our findings, in which lower GNRI levels 
were significantly associated with a higher risk of cognition 

TABLE 2 Presence of low cognitive function in adults ≥60  years old from NHANES 2011–2014 according to GNRI (High >98 Versus Low ≤98).

Outcome All Nutritional status p- value

Normal (GNRI  >  98) Malnutrition (GNRI  ≤  98)

Unweighted N 2,925 2,692 233

Total CERAD W-L score

NC, n (%) 2,192 (80.5) 2050 (81.1) 142 (72.2) 0.016

LC, n (%) 733 (19.5) 642 (18.9) 91 (27.8)

AFT score

NC, n (%) 2039 (78.5) 1914 (79.3) 125 (67.7) 0.004

LC, n (%) 886 (21.5) 778 (20.7) 108 (32.3)

DSST score

NC, n (%) 2,166 (85.1) 2030 (86.0) 136 (71.3) <0.001

LC, n (%) 759 (14.9) 662 (14.0) 97(28.7)

Composite z-score

NC, n (%) 2,180 (84.9) 2047 (85.9) 133 (69.4) <0.001

LC, n (%) 745 (15.1) 645 (14.1) 100 (30.6)

NC, normal cognitive function group; LC, low cognitive function group; DSST, Digit Symbol Substitution Test; AFT, Animal Fluency Test; CERAD, consortium to Establish a Registry for 
Alzheimer’s Disease; The composite-z score was calculated by summing the z scores ((test score - mean score)/SD) of the three individual tests. Low total CERAD W-L score, low AFT score, 
low DSST score and low comprehensive z score were, respectively, evaluated for low cognitive function.

TABLE 3 Unadjusted and adjusted associations between GNRI and Low cognitive function assessed by low CERAD W-L score, AFT score, DSST score 
and composite z-score.

Outcome (LC) GNRI Crude Model Model 1 Model 2

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

Low CERAD W-L 

score
GNRI (continuous) 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001

GNRI >98 1 (Ref) 1 (Ref) 1 (Ref)

GNRI ≤98 2.05 (1.55,2.70) <0.001 1.77 (1.28,2.44) 0.001 1.68 (1.19,2.36) 0.003

Low AFT score GNRI (continuous) 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001

GNRI >98 1 (Ref) 1 (Ref) 1 (Ref)

GNRI ≤98 2.13 (1.62,2.79) <0.001 1.78 (1.30,2.42) <0.001 1.74 (1.26,2.41) 0.009

Low DSST score GNRI (continuous) 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001 0.99 (0.98,0.99) <0.001

GNRI >98 1 (Ref) 1 (Ref) 1 (Ref)

GNRI ≤98 2.19 (1.66,2.88) <0.001 1.65 (1.15,2.36) 0.006 1.63 (1.11,2.38) 0.012

Low Composite 

z-score
GNRI (continuous) 1.01 (1.01,1.02) <0.001 1.01 (1.00,1.02) <0.001 1.01(1.01,1.02) <0.001

GNRI >98 1 (Ref) 1 (Ref) 1 (Ref)

GNRI ≤98 2.39 (1.81,3.14) <0.001 1.90(1.34,2.70) <0.001 1.87 (1.29,2.71) 0.001

OR: Odd ratio; 95%CI: 95% confidence intervals; LC, low cognitive function group; In sensitivity analysis, GNRI were converted from continuous variables (1-unit increase) to categorical 
variables (> 98 or ≤ 98); Low CERAD W-L score, low AFT score, low DSST score and low Composite z-score were, respectively, evaluated for low cognitive function. Crude Model was adjusted 
for none. Model 1 was adjusted for age, sex, race, education, marital status, PIR. Model 2 was adjusted for age, sex, race, education, marital status, PIR, smoking status, drinking, work activity, 
depression, history of diseases (hypertension, stroke, diabetes, Parkinson, CVD).
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FIGURE 2

Relationship between GNRI and low cognitive functions. (A) Relationship between GNRI and low CERAD W-L score. (B) Relationship between GNRI 
and low AFT score; (C) Relationship between GNRI and low DSST score; (D) Relationship between GNRI and low composite z-score; All results were 
detected after adjusting for variables listed in Model 3. X-axis, the level of GNRI; Y-axis, the probability of low cognitive functions score; Solid line 
represents the smooth curve fit between variables. Bands present the 95% CI.

impairment. In a study screening for malnutrition and frailty in 740 
older adults, conducted at West China University in Sichuan, China, 
a high risk of cognitive impairment was found in individuals with 
lower GNRI scores (13). He et al. also discovered that the lower GNRI 
showed a significant correlation with AD in cognitive centers of 
neurology at Beijing Tiantan Hospital (20). A longitudinal cohort 
study in the Chinese elderly without cerebrovascular and mental 
illness diseases reported that the GNRI was significantly associated 
with cognitive function (21). Lee et  al. (22), showed that a lower 
baseline GNRI level was associated with an increased likelihood of 
future Post-Stroke Cognitive Impairment development in ischemic 
stroke patients, which was in line with our study.

Examining subgroup analyses is essential for a scientific 
investigation. Unfortunately, the above published papers only 
performed subgroup analyses and they did not test for interactions, 

which inhibits the exploration of the true relationship between GNRI 
and low cognitive function. In our current study, we utilized age group 
(60–69, 70–79, and ≥ 80 years), gender, education level (less than high 
school, high school, college, or higher), PIR (<1or ≥1), smoking status, 
alcohol consumption, histories of disease (diabetes, hypertension, 
stroke, cardiovascular disease, Parkinson, depression), and moderate 
to vigorous work activity as stratification variables and conducted 
interaction tests. Sun et al. (21), found that a strong link was discovered 
between moderate-to-severe malnutrition and cognitive performance 
in individuals aged 90 years and older, as well as in illiterate women. 
Our findings suggest a strong link between malnutrition and low 
cognitive function in individuals aged 70 years and older. In the above 
study, the average age of the study population was 85 years old, with the 
average age of their moderately and severely malnourished cohort 
being over 90 years. In contrast, the average age of our study population 
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was about 69 years. This phenomenon could be attributed to differences 
in the study population and research design, which might have 
contributed to this result. This suggests a similar trend of increasing 
risk of malnutrition and decline in cognitive performance with 
increasing age. Hence, we  further explored this age-related 
phenomenon and suggested that the lack of a significant correlation 
between GNRI and cognitive decline in participants under 70 years of 
age may be  attributable to several factors. For example, younger 
individuals may have a greater cognitive reserve, which can buffer 

against cognitive decline (50, 51). Research suggests that factors such 
as education, mental stimulation, and social engagement play 
significant roles in maintaining cognitive function in younger 
populations (52–54). Additionally, participants under 70 years old may 
exhibit a wider variability in health status. Many individuals in this age 
group might not yet exhibit the phenotypic expressions of cognitive 
decline, leading to a dilution of the GNRI-cognitive decline 
relationship. The GNRI may have a more pronounced effect in older 
adults due to age-related changes in metabolism, nutritional needs, and 

FIGURE 3 (Continued)
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FIGURE 3 (Continued)

the impact of malnutrition on cognitive function (55, 56). This finding 
may be  explained by the observed differences between older and 
younger individuals. However, the exact mechanisms of these 
age-related changes require further investigation.

In addition, this study also found that the history of stroke is one of 
the main factors that affects cognitive functions and malnutrition. Lee 
et al. (22), reported that a lower GNRI was associated with post-stroke 
cognitive impairment, which was consistent with this study. Several 
reasons may explain this phenomenon, such as malnutrition negatively 

impacting brain plasticity and hindering proper protein synthesis and 
glucose utilization in the ischemic penumbra (57). This can result in a 
more severe stroke and worsening symptoms. Malnutrition was found 
to be linked to a higher risk of white matter high signal, microbleeds, 
and medial temporal lobe atrophy in individuals with mild cognitive 
impairment or dementia (58). Additionally, stroke survivors may 
experience dysphagia or respiratory infections, which can further 
worsen malnutrition. The association between malnutrition and 
cognitive function is unclear, but the GNRI validated the use of serum 
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albumin and weight reduction in this examination to explore the 
connection instead of relying solely on a solitary biomarker. However, 
the exact role of the age, and history of stroke in mediating the 
relationship between malnutrition and low cognitive function 
likelihood still needs to be confirmed by large-scale studies.

This study has several strengths. Firstly, this study used a 
nationally representative sample of the US population based on 
the NHANES database. Secondly, we  also used appropriate 
NHANES sample weights to analyze the data and used different 
cognitive tests, ensuring that the results were reliable and 

FIGURE 3 (Continued)
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FIGURE 3

Effect size of GNRI on low CERAD W-L score (A), low AFT score (B), low DSST score (C) and composite z-score (D) in exploratory subgroups. The 
model was adjusted, if not stratified, for age, sex, race, education, marital status, PIR, smoking status, drinking, work activity, depression, history of 
diseases (hypertension, stroke, diabetes, Parkinson, CVD). (PIR, poverty-income ratio; CVD: cardiovascular disease); %*: the number of malnutrition as a 
percentage of the total number of participants.

generalizable. In addition, we employed sensitivity analyses and 
subgroup analysis models to improve further the reliability of our 
evaluation of the relationship between the GNRI and low 
cognitive functions.

However, it is important to acknowledge the limitations of this 
study. First, the cross-sectional design cannot provide causality. 
Secondly, the use of baseline GNRI data from the NHANES study may 

underestimate the relationship between GNRI and cognitive 
impairment due to the lack of long-term follow-up data. Thirdly, the 
generalizability of these findings is limited as the analysis primarily 
includes individuals aged 60 and above from the United  States. 
Fourthly, the database from NHANES 2012–2014 does not distinguish 
between types of cognitive impairment. And this may affect the 
clinical significance of GNRI. Future research should consider 
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conducting larger cohort studies in diverse populations to further 
explore these associations.

5 Conclusion

This study suggested that a low GNRI level is an independent risk 
factor for low cognitive function among US adults aged 60 years or 
older. This was especially prevalent among the stroke population and 
the elderly in the DSST and psychometric speed and attention 
domains. Further cohort studies are required to clarify the cause-and-
effect relationship between nutrition and cognitive impairment.
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