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A glimpse into the future: 
revealing the key factors for 
survival in cognitively impaired 
patients
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Jingyu Wang 2, Lianrui Guo 1 and Yongquan Gu 1*
1 Xuanwu Hospital, Capital Medical University, Beijing, China, 2 Renal Division, Peking University First 
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Background: Drawing on prospective data from the National Health and 
Nutrition Examination Survey (NHANES), our goal was to construct and validate 
a 5-year survival prediction model for individuals with cognitive impairment (CI).

Methods: This study entailed a prospective cohort design utilizing information 
from the 2011–2014 NHANES dataset, encompassing individuals aged 40  years 
or older, with updated mortality status as of December 31, 2019. Predictive 
models within the derivation and validation cohorts were assessed using logistic 
proportional risk regression, column-line plots, and least absolute shrinkage and 
selection operator (LASSO) binomial regression models.

Results: The study enrolled a total of 1,439 participants (677 men, mean age 
69.75 ±  6.71  years), with the derivation and validation cohorts consisting of 1,007 (538 
men) and 432 (239 men) individuals, respectively. The 5-year mortality rate stood at 
16.12% (n  =  232). We devised a 5-item column-line graphical model incorporating 
age, race, stroke, cardiovascular disease (CVD), and blood urea nitrogen (BUN). The 
model exhibited an area under the curve (AUC) of 0.772 with satisfactory calibration. 
Internal validation demonstrated that the column-line graph model displayed 
strong discrimination, yielding an AUC of 0.733, and exhibited good calibration.

Conclusion: To sum up, our study successfully developed and internally validated 
a 5-item nomogram integrating age, race, stroke, cardiovascular disease, and 
blood urea nitrogen. This nomogram exhibited robust predictive performance 
for 5-year mortality in individuals with CI, offering a valuable tool for prognostic 
evaluation and personalized care planning.
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Introduction

Cognitive functioning encompasses a wide array of functions, spanning verbal and non-verbal 
memory, attention, executive functioning, language, and motor skills, where impairments often 
manifest across multiple cognitive domains, affecting language, computation, judgment, memory, 
and executive functioning. These deficits can lead to behavioral, emotional, and personality 
abnormalities, ultimately diminishing work capacity and daily task performance, imposing 
significant financial and psychological strains on families and society (Gavelin et  al., 2021; 
Chehrehnegar et al., 2022; Huang et al., 2022).
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The repercussions of cognitive impairment (CI) extend beyond 
individual health, impacting independence, productivity, and 
necessitating substantial social, medical, and financial resources. With 
increasing life expectancies, age-related cognitive decline emerges as a 
pressing challenge for older individuals globally, underscoring the 
critical public health importance of cognitive well-being (Hebert et al., 
2013; Knapp and Wong, 2020). The early identification of high-risk 
individuals and timely interventions are pivotal in mitigating premature 
mortality among older persons with cognitive impairment. Therefore, 
the imperative lies in the development of mortality prediction models 
tailored to this demographic, an area where existing studies have been 
hindered by limited sample sizes, follow-up durations, and 
generalizability issues to the broader population of cognitively impaired 
individuals. Notably, a dearth of population-based research exists in 
constructing mortality risk prediction models for older individuals with 
cognitive impairment (Xing et  al., 2023). Nomogram is a visual 
statistical prognostic tool that is widely used in clinical prognostic 
evaluation by calculating scores for potential predictors (Hu et al., 2021).

This study aims to establish and validate a 5-year all-cause mortality 
prediction map for older individuals with CI based on a nationally 
representative U.S. population, furnishing a valuable reference for 
averting and managing adverse outcomes in this demographic. 
Moreover, to enhance the elucidation of the objectives and theoretical 
model outlined in this paper, a conceptual framework (Figure 1) was 
developed. This framework serves to visually represent the relationships 
and key components under investigation, providing a structured 
overview of the study’s aims and the hypothesized model being explored.

Methods

Study design and population

NHANES is an ongoing research project that provides estimates 
of the population’s nutrition and health status in the United States 
(Pan et al., 2024). It uses a stratified, multi-stage probability design to 

recruit a representative sample of the American population. Data is 
collected through structured interviews at home, health screenings at 
mobile health centers, and laboratory sample analysis (Pan et  al., 
2023). This study analyzed data from the National Health and 
Nutrition Examination Survey (NHANES) from 2011 to 2014, which 
includes information on cognitive function. After screening, a total of 
1,439 participants with CI were included. Figure 2 illustrates the flow 
chart of the study.

Assessment of cognitive performance

In the 2011–2014 NHANES survey, the assessment of cognitive 
function in participants aged 60 years or older was conducted through 
a series of tests. At the end of a private face-to-face interview at a 
mobile examination center (MEC interview) (Fillenbaum and Mohs, 
2023), trained interviewers administered these tests. Three tests were 
used to evaluate cognitive function: the Consortium to Establish a 
Registry for Alzheimer’s Disease Word List (CERAD W-L) subtest, 
which assesses immediate and delayed recall of new verbal information 
(Desai et al., 2022); the Animal Fluency Test (AFT), which measures 
categorical verbal fluency (Zhao et al., 2013); and the Digit Symbol 
Substitution Test (DSST), which evaluates processing speed, sustained 
attention, and working memory (Liu et al., 2021). These tests have 
been widely used in mass screening efforts and clinical studies (Walsh 
et al., 2022; Liang and Zhang, 2024). While cognitive assessments 
cannot replace a clinical diagnosis based on examination, they are 
valuable in study cognitive function in relation to various diseases and 
risk factors.

The CERAD W-L assesses immediate and delayed learning ability 
for new verbal information. This test involves three consecutive learning 
trials and a delayed recall test (Luck et al., 2018). During the learning 
trials, participants are asked to read aloud 10 unrelated words, presented 
one at a time. They are then asked to recall as many words as possible 
immediately after each presentation. The order of the words changes in 
each trial. Participants who cannot read are instructed to repeat each 

FIGURE 1

Framework diagram of the study.
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word after it is read out by the interviewer. The delayed recall test takes 
place after the other cognitive exercises, approximately 8–10 min from 
the start of the word learning trials (Casagrande et al., 2021).

The AFT assesses categorical verbal fluency, a component of 
executive function. It requires awareness of animal names, regardless 
of cultural context, and is not dependent on formal education (Prince 
et  al., 2003). The test has been shown to distinguish between 
individuals with CI and those with normal cognitive function. 
Participants are asked to name as many animals as possible in 1 min, 
and each named animal receives a point (Mcdonnell et al., 2020). 
NHANES participants first complete a practice test of naming three 
items of clothing. Those who cannot name three articles of clothing 
do not proceed with the Animal Fluency Test.

The DSST is a performance module of the Wechsler Adult 
Intelligence Scale (WAIS III). It is designed to assess processing speed, 
sustained attention, and working memory (Song et al., 2023). The 
exercise is conducted using a paper form that has a key at the top 
containing 9 numbers paired with symbols. Participants are given 
2 min to copy the corresponding symbols into the 133 boxes that are 
adjacent to the numbers (Jiang et al., 2023). The score is calculated 
based on the total number of correct matches. In NHANES, a sample 
practice test is administered prior to the main test, allowing 
participants to familiarize themselves with the task. Participants who 
were unable to correctly match the symbols with the numbers during 
the pretest practice were not continued.

In this study, the cognitive scores ranges for CERAD, AFT, and 
DSST were 0–30, 3–40, and 0–105, respectively. Due to the absence of 
a gold standard for identifying CI using these three tests, we conducted 
a comprehensive analysis of previous studies (Timmers et al., 2019; 
Dong et al., 2020; Shi et al., 2023). To minimize the influence of age 
on cognitive function, participants were divided into three age groups: 
60–69 years, 70–79 years, and 80 years or older. We utilized the lowest 
quartile of test scores in each group as the threshold for defining 
cognitive impairment. In these three age groups, the lowest quartiles 
of CERAD scores were 21, 20, and 17, respectively; for AFT, they were 
13, 11, and 11; and for DSST, they were 33, 27, and 25. Therefore, 
participants with CI were identified based on these criteria.

Assessment of covariates

Standardized questionnaires were collected on participants’ 
sociodemographic characteristics, smoking status, diabetes, 
hypertension, hypercholesterolemia, past diseases and aspirin use. 
Participants who smoke less than 100 cigarettes in their lifetime are 
classified as non-smokers, while those who previously smoked more 
than 100 cigarettes but did not quit are defined as current smokers 
(Pan et al., 2024). Former smokers were those who used to smoke 
more than 100 cigarettes but had already quit. Race/ethnicity is 
classified as Mexican American, other Hispanic, non-Hispanic white, 

FIGURE 2

Low chart for participant screening.
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non-Hispanic black, and other races. Education level in our research 
is classified as lower than high school (less than 9th grade), high 
school [include 9-12th grade (general educational development or 
equivalent)], or college or above (some college or Associate’s degree 
and college graduate or above) (Pan et al., 2023). Marital status is 
classified into three categories in our researchers, the first being 
married or living with partners, the second being married, divorced 
or separated, and the third being unmarried. Poverty income ratio 
(PIR) scores were defined as less 3, 1–3, and more than 3. It is 
calculated by dividing the household income by the poverty guidelines 
of a specific survey year (Song et al., 2023).

Statistical analysis

All statistical analyses were performed using R software (version 
4.3.1). The data collected from the NHANES database were randomly 
divided into training and validation cohorts at a ratio of 7:3, and the 
variables were compared. Non-normal data were presented as median 
(interquartile ranges). For categorical variables, the chi-square test or 
Fisher’s exact test was used in the univariate analysis, while the t-test 
or rank-sum test was used for continuous variables (Ning et al., 2023). 
In the training cohort, multivariate analysis was conducted using the 
least absolute shrinkage and selection operator (LASSO) logistic 
regression analysis to identify independent risk factors and construct 
a prediction nomogram for cognitive impairment. The performance 
of the nomogram was assessed using receiver operating characteristic 
(ROC) curve and calibration curve. Additionally, a decision curve 
analysis (DCA) was performed to determine the net benefit threshold 
of prediction. Results with a p-value of <0.05 were considered 
statistically significant.

Results

Baseline characteristics

A total of 1,439 participants were recruited based on predefined 
criteria, with 1,007 individuals allocated to the development group 
and 432 to the validation group. Table  1 presents baseline 
characteristics, including demographics, biochemical indices, 
co-morbidities, duration of hypertension, and medication use.

Predictive model

The candidate predictors initially considered in the model 
encompassed gender, age, race, education level, marital status, 
smoking status, diabetes, cardiovascular disease, PIR, 
hyperlipidemia, high-density lipoprotein levels, depression, sleep 
disorders, stroke, aspirin usage, along with certain hematological 
indicators. Through LASSO regression analysis conducted in the 
training cohort, these predictors were streamlined to 5 key 
variables. The coefficient profile is depicted in Figure 3A, while 
Figure  3B showcases a cross-validated error plot of the LASSO 
regression model. The final model, characterized by regularization 
and parsimony, identified 5 variables as significant predictors: race, 
cardiovascular disease (CVD), age, stroke, and blood urea nitrogen 

(BUN). This refined model, exhibiting a cross-validated error 
within one standard error of the minimum, underscores the 
predictive strength of these specific variables in the context of 
the study.

Development of nomogram

The ultimate logistic model integrated 5 independent predictors 
(race, CVD, age, stroke, BUN) and was transformed into an easily 
interpretable nomogram, visually depicted in Figure 4. This column 
chart comprises 8 axes, with axes 2–6 corresponding to each 
prognostic factor incorporated in the final model. Each predictor is 
assigned a distinct weighted score within the nomogram. Axes 7 and 
8 signify that as the total score increases, the 5-year risk of mortality 
in individuals with CI escalates accordingly.

Internal and external validation

Within the training cohort, the c-index value of 0.772 signifies 
that the model exhibits commendable discriminative capabilities, as 
illustrated in Figure 5A. The calibration curves, closely aligned with 
the diagonal, indicate a high level of concordance between the model’s 
predictions and the observed outcomes, as depicted in 
Figure  6A. Transitioning to the internal test cohort, the model 
maintains its robust discriminative performance, boasting a c-index 
of 0.733, as showcased in Figure 5B. Furthermore, the calibration plots 
demonstrate that the model offers a well-fitted representation of CI in 
the elderly population, as highlighted in Figure 6B.

The figure below exhibits the DCA curves associated with the 
nomogram. A high-risk threshold probability signifies the likelihood 
of notable disparities in the model’s predictions when clinicians 
confront significant shortcomings while employing the nomogram for 
diagnostic and decision-making tasks. This study underscores that the 
nomogram yields considerable net advantages for clinical utilization 
based on its DCA curve representations (Figures 7A,B).

Discussion

Our study aimed to construct and validate a predictive model 
for 5-year mortality risk among patients with CI using data from 
the NHANES in the United States. The results underscored the 
importance of developing targeted prognostic tools for this 
vulnerable population. The model was built on a cohort of 1,439 
participants aged 40 and above, revealing a 5-year mortality rate of 
16.12% and highlighting significant health risks associated with CI 
in older adults. Our approach employed logistic proportional 
hazards regression and innovative techniques such as bar-line plots 
and LASSO binary regression models to enhance prediction 
accuracy. Central to our predictive model were five key variables: 
age, race, history of stroke, CVD, and BUN. Through rigorous 
statistical analysis, these factors were identified as critical 
predictors of mortality risk among CI patients. The resulting 
nomogram visually represents these predictive factors, 
demonstrating robust performance with an AUC of 0.772, 
indicating good discriminative ability. Internal validation further 
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TABLE 1 Patient demographics and baseline characteristics.

Characteristic Cohort p-value

Training cohort, N =  1,007 Internal test cohort, N =  432

Male 538 (53.4%) 239 (55.3%) 0.508

Non-Hispanic White 362 (35.9%) 151 (35.0%) 0.718

Education level 0.305

  Less than highschool 393 (39.0%) 182 (42.1%)

  High school 253 (25.1%) 93 (21.5%)

  More than highschool 361 (35.8%) 157 (36.3%)

Marry status 0.610

  Married 532 (52.8%) 217 (50.2%)

  Widowed/Divorced 356 (35.4%) 158 (36.6%)

  Other 119 (11.8%) 57 (13.2%)

Poverty income ratio 0.986

  <1.0 238 (23.6%) 102 (23.6%)

  1.0–3.0 519 (51.5%) 221 (51.2%)

  >3.0 250 (24.8%) 109 (25.2%)

Smoke 0.775

  Never smoker 503 (50.0%) 207 (47.9%)

  Ever smoker 361 (35.8%) 162 (37.5%)

  Current smoker 143 (14.2%) 63 (14.6%)

Diabetes 308 (30.6%) 123 (28.5%) 0.422

Cardiovascular disease 200 (19.9%) 70 (16.2%) 0.103

Stroke 96 (9.5%) 42 (9.7%) 0.911

Hypertension 657 (65.2%) 280 (64.8%) 0.876

Hypercholesterolaemia 557 (55.3%) 233 (53.9%) 0.630

Depression 860 (85.4%) 367 (85.0%) 0.826

Sleep disorder 106 (10.5%) 50 (11.6%) 0.558

Use of aspirin 812 (80.6%) 347 (80.3%) 0.891

Age 69 (64, 76) 68 (64, 74) 0.062

Albumin 42.0 (40.0, 44.0) 42.0 (40.0, 44.0) 0.297

Alanine aminotransferase 19 (15, 25) 20 (16, 25) 0.194

Aspartate aminotransferase 23 (20, 27) 23 (20, 28) 0.797

Blood urea nitrogen 15 (12, 19) 14 (12, 19) 0.275

Serum Ca 2.35 (2.30, 2.40) 2.35 (2.30, 2.40) 0.548

Creatine Kinase 109 (74, 179) 104 (71, 168) 0.299

Alkaline phosphatase 67 (55, 82) 68 (57, 83) 0.304

Total cholesterol 185 (158, 215) 186 (158, 216) 0.715

Creatinine 86 (72, 103) 81 (68, 102) 0.087

Serum iron 14.0 (10.6, 17.7) 14.3 (10.7, 17.8) 0.678

Serum Phosphorus 1.20 (1.07, 1.32) 1.19 (1.07, 1.30) 0.380

Total bilirubin 10.3 (8.6, 13.7) 11.1 (8.6, 13.7) 0.164

Uric acid 5.60 (4.70, 6.63) 5.50 (4.58, 6.60) 0.153

Triglyceride 129 (89, 183) 121 (82, 179) 0.085

High density lipoprotein 50 (41, 61) 51 (43, 61) 0.163

Frequency (weighted percentages) was presented for categorical variables. Quantitative variables are expressed as median, 25th percentile and 75th percentile.
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confirmed the model’s reliability with an AUC of 0.733 and 
satisfactory calibration, affirming its applicability in clinical 
settings. This nomogram not only enhances risk stratification but 
also facilitates targeted interventions aimed at improving outcomes 
for individuals with CI, thereby contributing to more effective 
healthcare management strategies. Future research could further 
refine the model’s accuracy and explore additional factors to 
optimize its utility in clinical practice.

In recent years, nomograms have been increasingly used to 
diagnose and predict a variety of diseases, including cancer 
(Balachandran et al., 2015), myocardial infarction (Ye et al., 2023), 
and hypertension (Zhang et  al., 2022). The utilization of 
nomograms serves to simplify the interpretation of pertinent risk 
factors, aiding both clinicians and patients in navigating the 

challenges posed by diseases. With the escalating numbers of 
individuals affected by Alzheimer’s disease and hypertension, the 
development of a universal risk assessment tool tailored to this 
demographic becomes increasingly crucial. Despite this pressing 
need, previous research has not produced analogous nomograms. 
Hence, our study aimed to establish a prognostic nomogram 
encompassing demographic characteristics and standard laboratory 
parameters, furnishing essential insights to shape personalized 
intervention strategies and forecast 5-year mortality rates in 
patients with CI. A pivotal outcome of our investigation was the 
internal validation of our model. We observed that the nomogram 
exhibited a discriminative power exceeding 0.7 in predicting the 
five-year mortality rates of CI patients. Moreover, the predicted 
probabilities closely mirrored the actual probabilities along a 

FIGURE 4

Nomogram prediction model.

FIGURE 3

(A) LASSO regression coefficient path plot. (B) LASSO regression cross-validation plot.

https://doi.org/10.3389/fnagi.2024.1376693
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Wei et al. 10.3389/fnagi.2024.1376693

Frontiers in Aging Neuroscience 07 frontiersin.org

45-degree diagonal, underscoring the robustness and accuracy of 
our predictive model. These results serve to validate the efficacy and 
reliability of our prognostic tool.

According to our study, the mortality rate of older CI persons is 
positively correlated with age, which indicates that the older the age, the 
higher the mortality rate. Many studies have confirmed the effect of age 
on cognitive function, and although the mechanisms by which changes 
in brain structure and function occur with age are not clear, several 
studies (Schmeidler et al., 2019; Sprague et al., 2019) have shown that 
various brain functions are affected by a variety of factors, which can 
lead to cognitive decline. The rate of cognitive decline accelerates with 
age and can be detected already in middle age (45 to 55 years) (Kohler 
et al., 2023). In our study, in order to minimise age-related factors, 
we divided the included population into three different age groups and 

calculated the lowest quartile of cognitive test scores in each group. 
However, in our statistical analyses, we found that the effect of age on 
cognitive functioning could be observed despite the exclusion of some 
possible biases. Therefore, there is a need for routine screening of 
cognitive function in the older persons (Travis and Martin, 2020).

There is little research pointing to race on mortality in older CI 
patients, but studies on Alzheimer’s disease (AD) point to race/
ethnicity as a possible influence on life expectancy in AD patients. 
Schaffert evaluated 1,401 patients with AD, incorporating 21 
predictors, and found that white patients with AD possessed less life 
expectancy (Schaffert et al., 2022). Mehta conducted a retrospective 
study in which 30,916 AD patients were followed for a mean of 
2.4 years and concluded that African American and Latino Alzheimer’s 
disease patients may have longer survival compared to white 

FIGURE 6

Calibration curves. (A) training cohort, (B) internal test cohort.

FIGURE 5

ROC curves of the nomogram prediction model. (A) Training set ROC curve. (B) Internal validation set ROC curve.
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Alzheimer’s disease patients (Mehta et al., 2008). The above studies are 
generally similar to our conclusions, reflecting that more care and 
attention should be given to the white population.

Several earlier studies have proposed that cardiovascular disease 
and older CI persons interact with each other and contribute to their 
respective development. Ren conducted a prospective study aimed at 
revealing the relevance of CI in patients with heart failure and its 
prognosis, and found that new-onset dementia was independently 
associated with an increased risk of all-cause mortality in patients with 
CVD (Ren et al., 2023). Yono prospectively recruited 585 hypertensive 
patients, assessed cognitive functioning at baseline, and prospectively 
identified CVD events, and concluded that the prevalence of cognitive 
dysfunction was higher in patients with CVD events than in those 
without (Yano et al., 2014). dysfunction was more prevalent than in 
patients without CVD events, Van provided insight into the causes of 
death in dementia patients through a national cohort study 
(n = 59,201), which found that, although the prevalence of CVD was 
low (18.7% in men and 19.2% in women), it was also one of the 
leading causes of death in dementia patients (van de Vorst et al., 2016). 
The above study and our prediction model remind us that patients 
with CVD combined with CI should be followed up in a targeted 
manner to prevent bad outcomes.

Stroke is also a risk factor for death in older persons with CI. Rist 
conducted a cross-sectional study including 10 countries and 6,080 
patients and found that approximately 30% of ischaemic stroke 
survivors exhibited CI and that the risk of dementia was high over 
time, even in the absence of recurrent strokes, and should therefore 
be closely monitored for further cognitive decline (Rist et al., 2013). 
Gale designed a 20-year follow-up study of 921 older persons with CI 
and found that the relationship between cognitive function and risk 
of stroke death suggested that cerebrovascular disease is an important 
cause of cognitive decline (Gale et al., 1996).

Urea nitrogen is one of the main tests reflecting the conditions of 
renal function, which may be accompanied by renal insufficiency in 
most patients (Naz and Sulaiman, 2016). And the argument that 
chronic kidney disease (CKD) is associated with cognitive decline has 

been supported by some literature. Anatomically, both the kidney and 
the cranium are low vascular impedance systems that allow continuous, 
high volume blood perfusion (Tsai et al., 2017), which makes both 
vulnerable to damage from diseases that cause microvascular damage 
such as diabetes and hypertension. It has been demonstrated that 
patients with renal insufficiency are more prone to white matter injury, 
asymptomatic cerebrovascular haemorrhage and cranial microvascular 
haemorrhage (Wu et al., 2020). A German prospective study with a 
2-year follow-up found an association between moderate - severe renal 
impairment and dementia (Hiramatsu et al., 2020). To some extent, 
CKD is closely related to cognitive decline. Meanwhile, BUN is also an 
easily accessible indicator that can prevent the decline of life expectancy 
in older persons with CI in advance.

Limitations

Although our study used a large, representative sample of older 
Americans, and the NHANES database offers significant advantages 
in terms of survey methodology and quality control, this article still 
has some limitations. Firstly, the cohort is based on a population from 
the U.S. Centers for Disease Control and Prevention, which may not 
be  representative of the wider population, particularly those in 
low-income countries. Additionally, our model may include potential 
unmeasured confounders. Future studies should aim to externally 
validate our nomogram in different populations and settings.

Conclusion

To sum up, our study successfully developed and internally 
validated a 5-item nomogram integrating age, race, stroke, 
cardiovascular disease, and blood urea nitrogen. This nomogram 
exhibited robust predictive performance for 5-year mortality in 
individuals with CI, offering a valuable tool for prognostic evaluation 
and personalized care planning.

FIGURE 7

Decision curve analysis, (A) training cohort, (B) internal test cohort.

https://doi.org/10.3389/fnagi.2024.1376693
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Wei et al. 10.3389/fnagi.2024.1376693

Frontiers in Aging Neuroscience 09 frontiersin.org

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the National 
Center for Health Statistics Research Ethics Review Board. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

LW: Writing – original draft. DP: Writing – original draft. SW: 
Data curation, Investigation, Writing – review & editing. HW: Data 
curation, Software, Writing – original draft. JW: Conceptualization, 
Methodology, Writing – original draft. LG: Writing – review & editing. 
YG: Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 

supported by grants from National Key Research and Development 
Program of China (No. 2021YFC2500500). The funders had no role 
in the design and conduct of the study, in the collection, analysis, and 
interpretation of the data, or in the preparation, review, or approval of 
the manuscript.

Acknowledgments

We would like to thank the data collection team and NHANES 
administration for the related data available through the 
NHANES website.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Balachandran, V. P., Gonen, M., Smith, J. J., and Dematteo, R. P. (2015). Nomograms 

in oncology: more than meets the eye. Lancet Oncol. 16, e173–e180. doi: 10.1016/
S1470-2045(14)71116-7

Casagrande, S. S., Lee, C., Stoeckel, L. E., Menke, A., and Cowie, C. C. (2021). 
Cognitive function among older adults with diabetes and prediabetes, NHANES 
2011-2014. Diabetes Res. Clin. Pract. 178:108939. doi: 10.1016/j.diabres.2021.108939

Chehrehnegar, N., Shati, M., Esmaeili, M., and Foroughan, M. (2022). Executive 
function deficits in mild cognitive impairment: evidence from saccade tasks. Aging 
Ment. Health 26, 1001–1009. doi: 10.1080/13607863.2021.1913471

Desai, P., Dhana, K., Decarli, C., Wilson, R. S., Mcaninch, E. A., Evans, D. A., et al. 
(2022). Examination of neurofilament light chain serum concentrations, physical 
activity, and cognitive decline in older adults. JAMA Netw. Open 5:e223596. doi: 
10.1001/jamanetworkopen.2022.3596

Dong, X., Li, S., Sun, J., Li, Y., and Zhang, D. (2020). Association of coffee, 
decaffeinated coffee and caffeine intake from coffee with cognitive performance in older 
adults: national health and nutrition examination survey (NHANES) 2011-2014. 
Nutrients 12:840. doi: 10.3390/nu12030840

Fillenbaum, G. G., and Mohs, R. (2023). Cerad (consortium to establish a registry for 
Alzheimer's disease) neuropsychology assessment battery: 35 years and counting. J. 
Alzheimers Dis. 93, 1–27. doi: 10.3233/JAD-230026

Gale, C. R., Martyn, C. N., and Cooper, C. (1996). CI and mortality in a cohort of 
elderly people. BMJ 312, 608–611. doi: 10.1136/bmj.312.7031.608

Gavelin, H. M., Dong, C., Minkov, R., Bahar-Fuchs, A., Ellis, K. A., 
Lautenschlager, N. T., et al. (2021). Combined physical and cognitive training for older 
adults with and without cognitive impairment: a systematic review and network meta-
analysis of randomized controlled trials. Ageing Res. Rev. 66:101232. doi: 10.1016/j.
arr.2020.101232

Hebert, L. E., Weuve, J., Scherr, P. A., and Evans, D. A. (2013). Alzheimer disease in 
the United  States (2010-2050) estimated using the 2010 census. Neurology 80, 
1778–1783. doi: 10.1212/WNL.0b013e31828726f5

Hiramatsu, R., Iwagami, M., and Nitsch, D. (2020). Association between chronic 
kidney disease and incident diagnosis of dementia in England: a cohort study in 
clinical practice research datalink. BMJ Open 10:e033811. doi: 10.1136/
bmjopen-2019-033811

Hu, M., Shu, X., Yu, G., Wu, X., Välimäki, M., and Feng, H. (2021). A risk prediction 
model based on machine learning for CI among Chinese community-dwelling elderly 
people with normal cognition: development and validation study. J. Med. Internet Res. 
23:e20298. doi: 10.2196/20298

Huang, Y. Y., Chen, S. D., Leng, X. Y., Kuo, K., Wang, Z. T., Cui, M., et al. (2022). Post-
stroke cognitive impairment: epidemiology, risk factors, and management. J. Alzheimers 
Dis. 86, 983–999. doi: 10.3233/JAD-215644

Jiang, T., Li, Y., He, S., Huang, N., Du, M., Zhai, Q., et al. (2023). Reprogramming 
astrocytic ndrg2/nf-κb/c3 signaling restores the diabetes-associated cognitive 
dysfunction. EBioMedicine 93:104653. doi: 10.1016/j.ebiom.2023.104653

Knapp, M., and Wong, G. (2020). Economics and mental health: the current scenario. 
World Psychiatry 19, 3–14. doi: 10.1002/wps.20692

Kohler, I. V., Kämpfen, F., Bandawe, C., and Kohler, H. P. (2023). Cognition and 
cognitive changes in a low-income Sub-Saharan African aging population. J. Alzheimers 
Dis. 95, 195–212. doi: 10.3233/JAD-230271

Liang, K., and Zhang, X. (2024). Association between life's essential 8 and cognitive 
function: insights from NHANES 2011-2014. Front. Aging Neurosci. 16:1386498. doi: 
10.3389/fnagi.2024.1386498

Liu, H., Su, L., Chen, X., Wang, S., Cheng, Y., Lin, S., et al. (2021). Higher blood 
cadmium level is associated with greater cognitive decline in rural Chinese adults aged 
65 or older. Sci. Total Environ. 756:144072. doi: 10.1016/j.scitotenv.2020.144072

Luck, T., Pabst, A., Rodriguez, F. S., Schroeter, M. L., Witte, V., Hinz, A., et al. (2018). 
Age-, sex-, and education-specific norms for an extended cerad neuropsychological 
assessment battery-results from the population-based life-adult-study. Neuropsychology 
32, 461–475. doi: 10.1037/neu0000440

Mcdonnell, M., Dill, L., Panos, S., Amano, S., Brown, W., Giurgius, S., et al. (2020). 
Verbal fluency as a screening tool for mild cognitive impairment. Int. Psychogeriatr. 32, 
1055–1062. doi: 10.1017/S1041610219000644

Mehta, K. M., Yaffe, K., Pérez-Stable, E. J., Stewart, A., Barnes, D., Kurland, B. F., et al. 
(2008). Race/ethnic differences in ad survival in us Alzheimer's disease centers. 
Neurology 70, 1163–1170. doi: 10.1212/01.wnl.0000285287.99923.3c

Naz, M. Y., and Sulaiman, S. A. (2016). Slow release coating remedy for nitrogen loss 
from conventional urea: a review. J. Control. Release 225, 109–120. doi: 10.1016/j.
jconrel.2016.01.037

https://doi.org/10.3389/fnagi.2024.1376693
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1016/j.diabres.2021.108939
https://doi.org/10.1080/13607863.2021.1913471
https://doi.org/10.1001/jamanetworkopen.2022.3596
https://doi.org/10.3390/nu12030840
https://doi.org/10.3233/JAD-230026
https://doi.org/10.1136/bmj.312.7031.608
https://doi.org/10.1016/j.arr.2020.101232
https://doi.org/10.1016/j.arr.2020.101232
https://doi.org/10.1212/WNL.0b013e31828726f5
https://doi.org/10.1136/bmjopen-2019-033811
https://doi.org/10.1136/bmjopen-2019-033811
https://doi.org/10.2196/20298
https://doi.org/10.3233/JAD-215644
https://doi.org/10.1016/j.ebiom.2023.104653
https://doi.org/10.1002/wps.20692
https://doi.org/10.3233/JAD-230271
https://doi.org/10.3389/fnagi.2024.1386498
https://doi.org/10.1016/j.scitotenv.2020.144072
https://doi.org/10.1037/neu0000440
https://doi.org/10.1017/S1041610219000644
https://doi.org/10.1212/01.wnl.0000285287.99923.3c
https://doi.org/10.1016/j.jconrel.2016.01.037
https://doi.org/10.1016/j.jconrel.2016.01.037


Wei et al. 10.3389/fnagi.2024.1376693

Frontiers in Aging Neuroscience 10 frontiersin.org

Ning, Y., Pan, D., Guo, J., Su, Z., Wang, J., Wu, S., et al. (2023). Association of 
prognostic nutritional index with the risk of all-cause mortality and cardiovascular 
mortality in patients with type 2 diabetes: NHANES 1999-2018. BMJ Open Diab. Res. 
Care 11:e003564. doi: 10.1136/bmjdrc-2023-003564

Pan, D., Guo, J., Su, Z., Wang, J., Wu, S., Guo, J., et al. (2023). Association of the 
controlling nutritional status score with all-cause mortality and cancer mortality risk in 
patients with type 2 diabetes: NHANES 1999-2018. Diabetol. Metab. Syndr. 15:175. doi: 
10.1186/s13098-023-01138-2

Pan, D., Wang, H., Wu, S., Wang, J., Ning, Y., Guo, J., et al. (2024). Unveiling the 
hidden burden: estimating all-cause mortality risk in older individuals with type 2 
diabetes. J. Diabetes Res. 2024:1741878. doi: 10.1155/2024/1741878

Prince, M., Acosta, D., Chiu, H., Scazufca, M., and Varghese, M. (2003). Dementia 
diagnosis in developing countries: a cross-cultural validation study. Lancet 361, 909–917. 
doi: 10.1016/S0140-6736(03)12772-9

Ren, Q. W., Katherine, T. T., Tse, Y. K., Tay, W. T., Li, H. L., Tromp, J., et al. (2023). 
Incidence, clinical correlates, and prognostic impact of dementia in heart failure: a 
population-based cohort study. JACC Asia 3, 108–119. doi: 10.1016/j.jacasi.2022.09.016

Rist, P. M., Chalmers, J., Arima, H., Anderson, C., Macmahon, S., Woodward, M., et al. 
(2013). Baseline cognitive function, recurrent stroke, and risk of dementia in patients 
with stroke. Stroke 44, 1790–1795. doi: 10.1161/STROKEAHA.111.680728

Schaffert, J., Lobue, C., Hynan, L. S., Hart, J., Rossetti, H., Carlew, A. R., et al. (2022). 
Predictors of life expectancy in autopsy-confirmed Alzheimer's disease. J. Alzheimers 
Dis. 86, 271–281. doi: 10.3233/JAD-215200

Schmeidler, J., Mastrogiacomo, C. N., Beeri, M. S., Rosendorff, C., and Silverman, J. M. 
(2019). Distinct age-related associations for body mass index and cognition in cognitively 
healthy very old veterans. Int. Psychogeriatr. 31, 895–899. doi: 10.1017/S1041610218001412

Shi, Y., Wang, H., Zhu, Z., Ye, Q., Lin, F., and Cai, G. (2023). Association between exposure 
to phenols and parabens and cognitive function in older adults in the United States: a cross-
sectional study. Sci. Total Environ. 858:160129. doi: 10.1016/j.scitotenv.2022.160129

Song, L., Li, H., Fu, X., Cen, M., and Wu, J. (2023). Association of the oxidative balance 
score and cognitive function and the mediating role of oxidative stress: evidence from 
the national health and nutrition examination survey (NHANES) 2011-2014. J. Nutr. 
153, 1974–1983. doi: 10.1016/j.tjnut.2023.05.014

Sprague, B. N., Phillips, C. B., and Ross, L. A. (2019). Age-varying relationships 
between physical function and cognition in older adulthood. J. Gerontol. Ser. B-Psychol. 
Sci. Soc. Sci. 74, 772–784. doi: 10.1093/geronb/gbx126

Timmers, T., Ossenkoppele, R., Verfaillie, S., van der Weijden, C., Slot, R., 
Wesselman, L., et al. (2019). Amyloid pet and cognitive decline in cognitively normal 
individuals: the science project. Neurobiol. Aging 79, 50–58. doi: 10.1016/j.
neurobiolaging.2019.02.020

Travis, C. E., and Martin, C. M. (2020). Ada standards of medical care in diabetes: 
implications for older adults. Sr Care Pharm. 35, 258–265. doi: 10.4140/TCP.n.2020.258

Tsai, H. H., Yen, R. F., Lin, C. L., and Kao, C. H. (2017). Increased risk of dementia in 
patients hospitalized with acute kidney injury: a nationwide population-based cohort 
study. PLoS One 12:e0171671. doi: 10.1371/journal.pone.0171671

van de Vorst, I. E., Koek, H. L., Bots, M. L., and Vaartjes, I. (2016). Evaluation of 
underlying causes of death in patients with dementia to support targeted advance care 
planning. J. Alzheimers Dis. 53, 117–125. doi: 10.3233/JAD-150925

Walsh, C. E., Yang, Y. C., Oi, K., Aiello, A., Belsky, D., Harris, K. M., et al. (2022). Age 
profiles of cognitive decline and dementia in late life in the aging, demographics, and 
memory study. J. Gerontol. Ser. B-Psychol. Sci. Soc. Sci. 77, 1880–1891. doi: 10.1093/
geronb/gbac038

Wu, J. J., Weng, S. C., Liang, C. K., Lin, C. S., Lan, T. H., Lin, S. Y., et al. (2020). Effects 
of kidney function, serum albumin and hemoglobin on dementia severity in the oldest 
old people with newly diagnosed Alzheimer's disease in a residential aged care facility: 
a cross-sectional study. BMC Geriatr. 20:391. doi: 10.1186/s12877-020-01789-0

Xing, D., Chen, L., Zhang, W., Yi, Q., Huang, H., Wu, J., et al. (2023). Prediction of 3-year 
survival in patients with CI based on demographics, neuropsychological data, and 
comorbidities: a prospective cohort study. Brain Sci. 13:1220. doi: 10.3390/brainsci13081220

Yano, Y., Bakris, G. L., Inokuchi, T., Ohba, Y., Tamaki, N., Nagata, M., et al. (2014). 
Association of cognitive dysfunction with cardiovascular disease events in elderly 
hypertensive patients. J. Hypertens. 32, 423–431. doi: 10.1097/HJH.0000000000000025

Ye, Z., Xu, Y., Tang, L., Wu, M., Wu, B., Zhu, T., et al. (2023). Predicting long-term 
prognosis after percutaneous coronary intervention in patients with new onset ST-
elevation myocardial infarction: development and external validation of a nomogram 
model. Cardiovasc. Diabetol. 22:87. doi: 10.1186/s12933-023-01820-9

Zhang, H., Tian, W., and Sun, Y. (2022). Development, validation, and visualization 
of a web-based nomogram to predict 5-year mortality risk in older adults with 
hypertension. BMC Geriatr. 22:392. doi: 10.1186/s12877-022-03087-3

Zhao, Q., Guo, Q., and Hong, Z. (2013). Clustering and switching during a semantic 
verbal fluency test contribute to differential diagnosis of cognitive impairment. Neurosci. 
Bull. 29, 75–82. doi: 10.1007/s12264-013-1301-7

https://doi.org/10.3389/fnagi.2024.1376693
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1136/bmjdrc-2023-003564
https://doi.org/10.1186/s13098-023-01138-2
https://doi.org/10.1155/2024/1741878
https://doi.org/10.1016/S0140-6736(03)12772-9
https://doi.org/10.1016/j.jacasi.2022.09.016
https://doi.org/10.1161/STROKEAHA.111.680728
https://doi.org/10.3233/JAD-215200
https://doi.org/10.1017/S1041610218001412
https://doi.org/10.1016/j.scitotenv.2022.160129
https://doi.org/10.1016/j.tjnut.2023.05.014
https://doi.org/10.1093/geronb/gbx126
https://doi.org/10.1016/j.neurobiolaging.2019.02.020
https://doi.org/10.1016/j.neurobiolaging.2019.02.020
https://doi.org/10.4140/TCP.n.2020.258
https://doi.org/10.1371/journal.pone.0171671
https://doi.org/10.3233/JAD-150925
https://doi.org/10.1093/geronb/gbac038
https://doi.org/10.1093/geronb/gbac038
https://doi.org/10.1186/s12877-020-01789-0
https://doi.org/10.3390/brainsci13081220
https://doi.org/10.1097/HJH.0000000000000025
https://doi.org/10.1186/s12933-023-01820-9
https://doi.org/10.1186/s12877-022-03087-3
https://doi.org/10.1007/s12264-013-1301-7

	A glimpse into the future: revealing the key factors for survival in cognitively impaired patients
	Introduction
	Methods
	Study design and population
	Assessment of cognitive performance
	Assessment of covariates
	Statistical analysis

	Results
	Baseline characteristics
	Predictive model
	Development of nomogram
	Internal and external validation

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

