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Abstract 

Background Malnutrition is linked to a higher risk of unfavorable outcomes in various illnesses. The present investi-
gation explored the correlation between inadequate nutritional condition and outcomes in older individuals diag-
nosed with hyperlipidemia.

Methods The geriatric nutritional risk index (GNRI) was used to evaluate the nutritional status. All patients were 
divided into two groups according to GNRI. A Kaplan-Meier analysis was used to assess the survival rates of differ-
ent groups at risk of malnutrition. In addition, GNRI was used in COX proportional risk regression models to evalu-
ate its predictive effect on both overall mortality and cardiovascular mortality among patients with hyperlipidemia. 
Furthermore, the study employed restricted cubic splines (RCS) to examine the nonlinear correlation between GNRI 
and mortality.

Results The study included 4,532 elderly individuals diagnosed with hyperlipidemia. During a median follow-up 
duration of 139 months, a total of 1498 deaths from all causes and 410 deaths from cardiovascular causes occurred. 
The Kaplan-Meier analysis demonstrated significantly poorer survival among individuals at risk of malnutrition, 
as indicated by the GNRI. In the malnutrition risk group, the modified COX proportional hazards model revealed 
that a decrease in GNRI was associated with a higher risk of all-cause mortality (HR=1.686, 95% CI 1.212-2.347) and car-
diovascular mortality (HR=3.041, 95% CI 1.797-5.147). Furthermore, the restricted cubic splines revealed a non-linear 
association between GNRI and both all-cause mortality and cardiovascular mortality (p-value for non-linearity = 
0.0039, p-value for non-linearity=0.0386).

Conclusions In older patients with hyperlipidemia, lower levels of GNRI are associated with mortality. The GNRI could 
potentially be used to predict all-cause mortality and cardiovascular mortality.
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Introduction
Hyperlipidemia is characterized by abnormal levels of 
blood lipids or lipoproteins caused by issues in lipid 
metabolism or functions, such as eating disorders, obe-
sity, inherited conditions like familial hypercholester-
olemia (FH), or other diseases like diabetes [1]. The 
condition has been proven to be strongly associated with 
various cardio-metabolic disorders, including hyperten-
sion, coronary heart disease, cancer, chronic kidney dis-
ease [2–4] . In the United States, over 100 million adults, 
or approximately 53% of the population, exhibit high 
LDL-C levels [5]. Furthermore, approximately 31 million 
American adults possess total cholesterol levels surpass-
ing 240 mg/dL, which approximately doubles the risk of 
ASCVD compared to individuals with cholesterol levels 
within the suggested range [6]. Hyperlipidemia, both in 
the general population and among individuals with ather-
osclerotic CVD, has consistently been linked to poor out-
comes such as high mortality, cardiovascular events, and 
the onset of heart failure [7, 8]. Therefore, hyperlipidemia 
has emerged as a pressing health issue.

Malnutrition is also a worldwide health problem that 
is worsening as the global population structure changes 
[9, 10]. A systematic review revealed that malnutrition, 
as detected by nutritional assessment, is associated with 
longer stays in the ICU, higher rates of readmission to 
the ICU, elevated infection rates, and increased mortality 
during hospitalization [11]. Numerous studies have indi-
cated that malnutrition is associated with the advance-
ment of cardiovascular disorders [12–15], including 
inflammation, atherosclerosis, and arterial calcification 
[16]. A number of factors contribute to malnourishment 
in people with heart failure, including impaired metabo-
lism, increased body expenditure, gastrointestinal dys-
function, and others [17]. Consequently, undernourished 
individuals are at a higher risk of vascular endothelial 
cell damage, which increases the risk of cardiovascular 
incidents.

In recent years, the Geriatric Nutritional Risk Index 
(GNRI) has gained recognition as a crucial tool for 
assessing the nutritional status of the elderly [18]. The 
GNRI is an enhanced iteration of the Nutritional Risk 
Index, which takes into account the weight, stature, and 
plasma albumin levels. It is employed to evaluate the 
nutritional condition of elderly individuals under patho-
logical conditions [19]. Compared to previous nutri-
tional assessment indicators, the GNRI provides a more 
objective method to evaluate the nutritional status of 
older adults. According to recent research, the GNRI is 
strongly associated with various conditions, including 
chronic heart failure [20], hypertension [21], diabetes 
[22], chronic kidney failure [23], and cirrhosis [24]. Our 
study aimed to investigate the association between GNRI 

and overall mortality and cardiovascular mortality in 
individuals with hyperlipidemia.

Methods
Study design and study population
Information was obtained from ten consecutive cycles 
of the National Health and Nutrition Examination Sur-
vey (NHANES) from 1999 to 2018. The NHANES dataset 
was created and maintained by the National Center for 
Health Statistics of the Centers for Disease Control and 
Prevention [25], utilizing hierarchical, multilevel, and 
probabilistic clustering methods. To carry out physical 
examinations and gather blood samples, a mobile exami-
nation center (MEC) was utilized. The data included 
demographic information, dietary surveys, laboratory 
analyses, and assessments, which were carried out by 
qualified personnel [26]. In this study, 14,309 hyperlipi-
demia patients over 60 years old with eligible follow-up 
data were included. Afterward, participants with incom-
plete data such as albumin, height, weight, covariates, 
fasting subsample weight, and follow-up time exceeding 
168 months were removed, leading to a total sample size 
of 4,532. The comprehensive details regarding the sam-
pling procedure and criteria for exclusion are displayed 
in Fig. 1. All participants provided written informed con-
sent to participate in the NHANES research, which was 
approved by the NCHS Research Ethics Review Commit-
tee (Clinical Trial Number ID: NCT00005154).

Covariates
Clinical experience and previous literature were the cor-
nerstone of the selection of covariates [27]. Demographic 
features, physical examination, and laboratory tests were 
considered as covariates in this study. Socio-demographic 
characteristics and medical history were evaluated using 
standard surveys. The demographic attributes comprised 
age, sex, educational background, race/ethnicity (Mexi-
can American, non-Hispanic White, non-Hispanic Black, 
or other race), level of physical activity, smoking habits, 
usage of antihyperlipidemic medications, and alcohol 
consumption habits. Height (cm), weight (kg), and blood 
pressure (mmHg) were measured at the mobile examina-
tion centers (MECs). Participants were required to fast 
for a minimum of 8.5 hours, but no more than 24 hours, 
before blood sample collection. The blood tests included 
neutrophils, lymphocytes, serum creatinine, uric acid, 
and glycated hemoglobin (HbA1c). Individuals who 
claimed to have smoked less than 100 cigarettes through-
out their entire life were categorized as individuals who 
have never smoked. Those who have smoked more than 
100 cigarettes in their lifetime but stopped were consid-
ered former smokers. Individuals who have smoked over 
100 cigarettes during their lifetime and have smoked on 
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certain days or daily were categorized as present smok-
ers. The drinking status was divided into different cat-
egories: non-drinker (consumed less than 12 drinks in 
their lifetime), former drinker (consumed 12 or more 
drinks in one year but did not drink last year, or did not 
drink last year but consumed 12 or more drinks in their 
lifetime), mild drinker (females who consume at least 1 
drink per day, males who consume at least 2 drinks per 
day), moderate drinker (females who consume at least 
2 drinks per day, males who consume at least 3 drinks 
per day or engage in binge drinking at least 2 days per 
month), or heavy drinker (females who consume at least 
3 drinks per day, males who consume at least 4 drinks per 
day or engage in binge drinking [at least 4 drinks on the 
same occasion for females, at least 5 drinks on the same 
occasion for males] on 5 or more days per month) [28]. 
Furthermore, the physical activity levels were evaluated 
based on the suggested amount of moderate to vigor-
ous activity per week, including (1) insufficient, meaning 
fewer than 150 minutes per week; (2) adequate, meaning 
150 to 300 minutes per week; and (3) exceeds, meaning 
more than 300 minutes per week [29]. CVD status was 
determined by asking the individuals whether a physician 
or other healthcare professional ever diagnosed them 
with congestive heart failure, coronary heart disease, 
angina pectoris, heart attack, or stroke). The Glomeru-
lar filtration rate (eGFR) was determined based on the 

KDIGO 2021 Clinical Practice Guideline for Glomeru-
lar Diseases management [30]. Chronic kidney disease 
(CKD) was characterized by irregularities in the struc-
ture or functioning of the kidneys, persisting for a dura-
tion exceeding three months and having consequences 
for one’s well-being. Chronic kidney disease (CKD) was 
defined by a calculated eGFR below 60 ml/min/ 1.73 m2 
[30]. Diabetes mellitus was recorded based on any of the 
following criteria: receiving a diagnosis of diabetes from 
a physician and utilizing diabetes medication or insulin.

Diagnosis of hyperlipidemia
Hyperlipidemia was defined by elevated triglyceride (TG) 
levels of 150 mg/dl (1.7 mmol/L) or higher, or total cho-
lesterol (TC) levels of 200 mg/dl (5.18 mmol/L) or higher, 
along with increased low-density lipoprotein (LDL) lev-
els of 130 mg/dl (3.37 mmol/L) or higher, or high-density 
lipoprotein (HDL) below 40 mg/dl (1.04 mmol/L) in men 
and under 50 mg/dl (1.30 mmol/L) in women [31]. More-
over, individuals who admitted to taking cholesterol-low-
ering drugs were considered hyperlipidemic.

Assessment of nutritional status
The GNRI is a widely utilized and dependable tool to 
assess malnutrition in different clinical settings. The 
GNRI was developed to evaluate the nutritional risk of 
every participant and was computed using the formula 

Fig. 1 Flow chart of study population
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GNRI = [1.489×serum albumin (g/L)] + [41.7×(actual 
weight (kg) / ideal weight (kg)]. The Lorenze equa-
tion (WLo) was used to calculate the optimal weight, 
which was H-100-[(H-150)/4] for males, and H-100-
[(H-150)/2.5] for females. When the patient’s weight 
exceeded the ideal weight, the ratio of weight to ideal 
weight was adjusted to 1 [32]. The participants enrolled 
in this research were categorized into two cohorts: the 
no-risk cohort (GNRI ≥ 98) and the risk cohort (GNRI 
< 98).

Ascertainment of mortality
In the follow-up study, participant survival status was 
determined using the publicly available mortality files 
from the survey date to December 31, 2018. This involved 
connecting the National Center for Health Statistics 
(NCHS) with the National Death Index (NDI) using a 
probability matching algorithm [33]. Death from any 
cause was used to define overall mortality. To determine 
deaths related to cardiovascular diseases, the I00–I09, 
I11, I13, and I20–I51 codes of the International Statistical 
Classification of Diseases, 10th Revision (ICD-10) were 
used [34].

Statistical analysis
Based on the NHANES analytical guidelines, the calcula-
tions were adjusted for the uneven selection probabilities, 
the oversampling of certain subgroups, and nonresponse 
in the analyses with sampling weights, strata, and pri-
mary sampling units [33]. The following formula was 
used to calculate sampling weights. The fasting subsam-
ple 10-year weight was determined by multiplying the 
fasting subsample 4-year weight by 2/10 for the period of 
1999-2002, and the fasting subsample 2-year weight by 
1/10 for the period of 2003-2018. All analyses were con-
ducted using the statistical software package R (version 
4.3.1). Data extraction and analysis were performed using 
the ’nhanesR’ package. The initial patient characteristics 
were evaluated by dividing the sample into two categories 
according to the GNRI thresholds, namely the no-risk 
cohort and the risk cohort. Weighted t-tests were carried 
out to compare the means and proportions of the base-
line characteristics. Continuous variables were expressed 
as weighted mean (standard error). In addition, Rao-
Scott’s χ2 test was used to compare categorical variables, 
which were presented as weighted frequencies and per-
centages. The reference group (GNRI > 98) was catego-
rized as normal. Both crude and adjusted models were 
used for these analyses. Model 1 was constructed after 
adjusting for BMI, age, Neu, Lyn, UA, Scr, and HbA1c. In 
Model 2, ethnicity, gender, levels of education, smoking 
habits, and physical exercise were adjusted in addition to 
the covariates from Model 1. Moreover, alcohol intake, 

medications for high cholesterol, CVD, CKD, DM, and 
the covariates from Model 2 were adjusted in Model 3. 
The Cox proportional hazard regression model and 95% 
confidence interval (CI) were employed to examine the 
association between GNRI and the occurrence of car-
diovascular and all-cause mortality. Malnutrition-risk 
groups were analyzed using Kaplan-Meier survival analy-
sis. After adjusting for multiple variables, a cox restricted 
cubic spline regression model was used to evaluate the 
nonlinear link between GNRI and all-cause mortality and 
cardiovascular mortality. Additionally, a further analysis 
was carried out based on subgroups including age, gen-
der, education levels, smoking status, ethnicity, physical 
activity, alcohol consumption, CVD, DM, and CKD. In all 
of these analyses, statistically significant differences were 
characterized by a two-tailed p-value less than 0.05.

Results
Participant characteristics according to malnutrition risk
This study included 4,532 elderly with hyperlipidemia. In 
our sample, approximately 33,594,599 older Americans 
with hyperlipidemia were represented by the weight cal-
culations. Out of the total 4,532 participants, 2,200 were 
males and 2,312 were females. The median duration of 
follow-up was 139 months. Based on GNRI levels, the 
baseline characteristics was displayed in Table  1. The 
majority of the participants were identified as non-His-
panic white. Furthermore, in terms of statistical signifi-
cance, differences were observed in age, BMI, serum uric 
acid, gender, smoking, and physical activity between the 
two groups classified by GNRI (P<0.05). Older individu-
als, particularly females and those with lower body mass 
index (BMI), reduced uric acid levels, current smokers, 
inactive lifestyle, cardiovascular disease, and chronic 
kidney disease patients, were exposed to a higher risk 
of malnutrition. However, no differences in the risk of 
malnutrition were found with respect to ethnicity, level 
of education, alcohol consumption, use of antihyperlipi-
demic drugs, neutrophil count, lymphocyte count, serum 
creatinine, glycated hemoglobin, and diabetes. The fol-
lowing table summarizes the fundamental characteristics 
of the participants.

Association between GNRI and all-cause mortality and 
cardiovascular mortality

During the follow-up period, 1498 (33.1%) patients 
passed away. Based on the basic, all-multivariate model 
(Table 2), the risk group exhibited a higher mortality rate 
than the no-risk group. According to the COX propor-
tional hazard regression model, a positive correlation was 
observed between GNRI and the risk of all-cause mor-
tality and cardiovascular mortality. The basic model did 
not include any variables that needed to be adjusted. As 
well as mortality risk, a higher GNRI had a marginally 
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Table 1 Baseline characteristics of the older adults with hyperlipidemia population by GNRI groups

Variables Total (n=4532) No-risk group (n=4402) Risk group (n=130) p-value

BMI (kg/m2) 29.12(0.14) 29.34(0.14) 20.26(0.26) < 0.0001

Age (years) 70.05(0.16) 69.98(0.16) 73.08(0.99) 0.002

Gender 0.005

 Female 2312(51.02) 2238(55.23) 74(70.5)

 Male 2220(48.98) 2164(44.77) 56(29.5)

Race-ethnicity 0.15

 Mexican-American 582(12.84) 570(3.80) 12(2.92)

 Non-Hispanic Black 748(16.5) 724(7.61) 24(10.01)

 Non-Hispanic White 2456(54.19) 2386(79.58) 70(73.64)

 Other race 746(16.46) 722(9.01) 24(13.43)

Education level 0.54

 Below HS 773(17.06) 750(9.18) 23(10.66)

 College Gard & High 880(19.42) 859(25.76) 21(28.69)

 HS Degree 1749(38.59) 1690(37.09) 59(40.16)

 Some College/AA 1130(24.93) 1103(27.97) 27(20.49)

Smoking <0.0001

 Never 2175(47.99) 2132(48.61) 43(40.58)

 Former 1795(39.61) 1758(40.91) 37(25.97)

 Current 562(12.4) 512(10.48) 50(33.44)

Physical activity < 0.001

 Insufficient 2591(57.17) 2501(52.73) 90(73.72)

 Exceeds 1358(29.96) 1329(34.13) 29(19.67)

 Adequate 583(12.86) 572(13.14) 11 (6.61)

Alcohol intake 0.46

 Never 813(17.94) 796(15.48) 17(12.89)

 Former 1193(26.32) 1152(22.64) 41(29.99)

 Mild 1761(38.86) 1715(44.77) 46(42.03)

 Moderate or heavy 765(16.88) 739(17.11) 26(15.09)

ATHP 0.08

 No 2320(51.19) 2243(48.99) 77(60.01)

 Yes 2212(48.81) 2159(51.01) 53(39.99)

DM 0.12

 No 3378(74.54) 3273(78.11) 105(84.89)

 Yes 1154(25.46) 1129(21.89) 25(15.11)

CKD 0.26

 No 2798(61.74) 2727(66.71) 71(60.06)

 Yes 1734(38.26) 1675(33.29) 59(39.94)

CVD 0.19

 No 3317(73.19) 3231(73.20) 86(65.80)

 Yes 1215(26.81) 1171(26.80) 44(34.20)

Laboratory

 UA (umol/L) 342.04(1.79) 342.84(1.79) 309.27(10.82) 0.002

 Scr (umol/L) 86.56(0.86) 86.36(0.85) 94.73(7.08) 0.24

 Lyn (10^9/L) 1.92(0.03) 1.92(0.03) 1.82(0.10) 0.35

 Neu (10^9/L) 4.05(0.03) 4.04(0.04) 4.31(0.21) 0.22

 HbA1c(mmol/L) 5.96(0.02) 5.96(0.02) 5.88(0.13) 0.51
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reduced impact on cardiovascular disease and mortal-
ity from any cause (HR= 0.984, 95% CI 0.973, 0.995 and 
HR= 0.981, 95% CI 0.975, 0.988), respectively. Similar 
results were observed in adjusted Models 1, 2, and 3. In 
model 3, after making all necessary adjustments, every 
increment in GNRI was linked to a 3% decline in the risk 
of overall mortality (HR=0.971, 95% CI 0.958, 0.985) and 
a 5% drop in cardiovascular mortality (HR=0.951, 95% CI 
0.929, 0.974). When GNRI was employed as a categori-
cal factor, the unadjusted model demonstrated an asso-
ciation between the risk of malnutrition and the risk of 
mortality from any cause, and cardiovascular mortality 
(HR= 2.500, 95% CI 1.810, 3.452 and HR = 2.771, 95% 
CI 1.360, 5.646), respectively. After adjusting for the 

entire model (Table 2), the multifactorial COX regression 
analysis revealed that GNRI was also significantly linked 
to the risk of all-cause mortality and cardiovascular mor-
tality, with hazard ratios of 1.686 (95% CI 1.212-2.347) 
and 3.041 (95% CI 1.797-5.147) respectively. The Kaplan-
Meyer survival rates for overall mortality and cardiovas-
cular death exhibited a obvious difference between the 
risk and no-risk groups (p < 0.05) (Fig. 2A and B).

Subgroup analyses
In subgroup analyses (Table  3), the correlation between 
GNRI and all-cause mortality, as well as cardiovascular 
mortality, was explored. The results indicated that GNRI 
interacted with gender, education level, and physical 

Table 2 Correlation between GNRI and all causes and cardiovascular mortality in older individuals with hyperlipidemia

Basic Model: no adjustment

Model1: Adjusted for BMI, age, NEU, Lyn, UA, Scr, HbA1c

Model2: Adjusted for BMI, age, NEU, Lyn, UA, Scr, HbA1c, ethnicity, gender, education level, smoking, physical activity

Model3: Adjusted for BMI, age, NEU, Lyn, UA, Scr, HbA1c, ethnicity, gender, education level, smoking, physical activity, CKD, CVD, DM, alcohol intake, ATHP

Basic model Model 1 Model 2 Model 3

Subgroups HR(95%CI) P-value HR(95%CI) P-value HR(95%CI) P-value HR(95%CI) P-value

All-cause mortality

 GNRI 0.981(0.975,0.988) <0.0001 0.965(0.951,0.979) <0.0001 0.967(0.954,0.981) <0.0001 0.971(0.958,0.985) <0.0001

GNRI(Category)

 No-risk Ref Ref Ref Ref

 Risk 2.500(1.810,3.452) <0.0001 2.032(1.503,2.747) <0.0001 1.721(1.252,2.366) <0.001 1.686(1.212,2.347) 0.002

 P for trend <0.0001 <0.0001 <0.001 0.002

Cardiovascular mortality

 GNRI 0.984(0.973,0.995) 0.003 0.953(0.930,0.977) <0.001 0.952(0.932,0.973) <0.0001 0.951(0.929,0.974) <0.0001

GNRI(Category)

 No-risk Ref Ref Ref Ref

 Risk 2.771(1.360,5.646) 0.005 2.340(1.193,4.592) 0.013 2.343(1.237,4,438) 0.009 3.041(1.797,5.147) <0.0001

 P for trend 0.005 0.013 0.009 <0.0001

Fig. 2 Kaplan–Meier survival rates for mortality among different GNRI groups with older hyperlipidemia. A all-cause mortality; B cardiovascular 
mortality
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activity in terms of overall mortality. There were inter-
actions between the GNRI and education level, alcohol 
intake, and cardiovascular disease with respect to cardio-
vascular disease mortality. Furthermore, GNRI showed 
no correlation with overall mortality and cardiovascular 
mortality among elderly hyperlipidemia populations of 
other race and with a university degree (P > 0.05).

Non-linear relationship between GNRI and mortality 
from all causes and cardiovascular diseases.

In a fully adjusted restricted cubic spline regression 
model (RCS) that accounted for confounding factors, 
higher GNRI in elderly individuals with hyperlipidemia 
was linked to a decreased likelihood of mortality from 
any cause and cardiovascular mortality. However, both 

Table 3 Correlation between GNRI and mortality from all causes as well as cardiovascular disease in subgroups

All-cause mortality p-value P for interaction Cardiovascular mortality p-value P for interaction

Characteristics NO-Risk Risk group Risk group

Gender 0.034 0.112

 Female Ref 2.210(1.501,3.254) <0.0001 2.213(0.889,5.510) 0.088

 Male Ref 3.962(2.685,5.845) <0.0001 6.330(2.762,14.506) <0.0001

Age 0.182 0.166

 60-69 Ref 2.880(1.393,5.954) 0.004 0.641(0.113,3.635) 0.615

 70-79 Ref 2.019(1.339,3.044) <0.001 4.114(1.165,14.532) 0.028

 80- Ref 1.461(1.010,2.113) 0.044 1.713(0.837,3.509) 0.141

Race-ethnicity 0.167 0.209

 Non-Hispanic White Ref 2.871(2.071,3.980) <0.0001 4.436(2.122,9.272) <0.0001

 Non-Hispanic Black Ref 3.801(2.206,6.550) <0.0001 1.158(0.178,7.526) 0.878

 Mexican American Ref 3.086(1.114,8.548) 0.03 1.780(0.316,10.035) 0.513

 Other race Ref 1.376(0.529,3.581) 0.512 1.936(0.404,9.278) 0.409

Education level 0.021 0.022

 Below HS Ref 2.575(1.270,5.220) 0.009 4.854(1.225,19.235) 0.025

 College Gard & High Ref 1.765(0.630,4.947) 0.28 1.631(0.306,8.697) 0.567

 HS Degree Ref 1.944(1.404,2.691) <0.0001 1.910(0.831,4.392) 0.128

 Some College/AA Ref 5.824(3.880,8.741) <0.0001 16.484(7.325,37.096) <0.0001

Smoking 0.488 0.386

 Never Ref 2.083(1.039,4.173) 0.039 1.754(0.513,6.001) 0.37

 Former Ref 2.132(1.292,3.519) 0.003 3.005(1.154,7.823) 0.024

 Current Ref 3.010(2.011,4.506) <0.0001 4.862(1.913,12.360) <0.001

Physical activity 0.004 0.162

 Insufficient Ref 1.844(1.295,2.625) <0.001 1.933(0.880,4.245) 0.101

 Exceeds Ref 4.115(2.092,8.094) <0.0001 12.719(2.158,74.971) 0.005

 Adequate Ref 4.867(2.775,8.535) <0.0001 4.394(1.162,16.618) 0.029

Alcohol intake 0.052 <0.001

 Never Ref 0.920(0.304,2.783) 0.882 0.048(0.005,0.461) 0.008

 Former Ref 2.379(1.495,3.788) <0.001 5.592(2.119,14.754) <0.001

 Mild Ref 3.696(2.391,5.714) <0.0001 5.253(2.428,11.366) <0.0001

 Moderate or heavy Ref 2.834(1.234,6.509) 0.014 1.306(0.352,4.841) 0.69

CVD 0.539 0.025

 No Ref 2.382(1.604,3.536) <0.0001 1.866(0.742,4.695) 0.185

 Yes Ref 2.773(1.792,4.292) <0.0001 6.755(3.059,14.914) <0.0001

DM 0.102 0.973

 No Ref 2.400(1.690,3.408) <0.0001 2.930(1.327,6.469) 0.008

 Yes Ref 4.617(2.595,8.213) <0.0001 3.043(0.604,15.326) 0.177

CKD 0.732 0.551

 No Ref 2.423(1.537,3.820) <0.001 2.987(1.192,7.486) 0.02

 Yes Ref 2.701(1.723,4.233) <0.0001 4.685(1.883,11.653) <0.001
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outcomes exhibited non-linear patterns (p = 0.0039 for 
non-linearity and p = 0.0386 for non-linearity, respec-
tively), as shown in Fig. 3.

Discussion
In this retrospective cohort study, we conducted a nutri-
tional assessment of 4,532 older adults with hyperlipi-
demia using the GNRI. In hyperlipidemia patients with 
varying nutritional risks, overall mortality and cardio-
vascular mortality were analyzed using Kaplan-Meier 
simulation. Moreover, the COX proportional hazard 
regression models revealed that GNRI could potentially 
act as a novel marker for both overall and cardiovascular 
mortality among elderly individuals with hyperlipidemia. 
Furthermore, according to the restricted cubic spline 
regression models, a significant association was found 
between GNRI and cardiovascular mortality and overall 
mortality. Moreover, subgroup analyses demonstrated 
that GNRI was linked to mortality risk in various sub-
groups of elderly individuals with hyperlipidemia, indi-
cating that malnutrition may be a modifiable risk factor.

Nutritional status plays an essential role in predicting 
the mortality of various diseases [35, 36]. Long-lasting, 
enduring illnesses such as diabetes can result in malnour-
ishment, exacerbate the advancement of the disease, and 
affect patient prognosis [37]. Malnutrition, resulting from 
insufficient, excessive, or unbalanced intake of energy 
or nutrients, is linked to physical and cognitive decline, 
diminished quality of life, increased illness, and higher 
mortality in older adults [38, 39]. Additionally, a grow-
ing number of studies suggest that undernourishment 
may cause oxidative stress, impaired insulin release [40], 
breakdown of fats, and oxidation of lipids [41], negatively 
impacting tissues, diabetes, and fatty liver [42]. Albumin 
and BMI are fundamental components of the GNRI [32]; 
low levels of albumin and underweight are indicative of 

malnutrition. Research has shown that both immedi-
ate and long-term inflammation play a role in reducing 
albumin levels, and a low body mass index (BMI) could 
be a significant sign of malnourishment. This is consist-
ent with our results. Additionally, a decrease in albumin 
levels and a decrease in BMI could indicate a reduction 
in both muscle and adipose tissue [43, 44]. Initially devel-
oped to assess the likelihood of complications associated 
with malnutrition in elderly individuals, the GNRI has 
been proven to be a valuable measure for various medical 
conditions. Recent studies have demonstrated the GNRI 
has significant  implications for the nutritional condition 
and forecasting of individuals with ischemic cardiac fail-
ure, chronic renal disease, hemodialysis, and diabetes [22, 
45–47]. The GNRI can be calculated without any particu-
lar requirement such as patient participation or nutrition 
specialist guidance, highlighting its practical value. Cur-
rently, research on the association between GNRI and 
mortality in people with hyperlipidemia is lacking. How-
ever, our study demonstrated that GNRI could potentially 
be a valuable predictive marker for elderly individuals 
diagnosed with hyperlipidemia.

Hyperlipidemia, a prevalent metabolic condition, poses 
a risk for cardiovascular conditions. An increased risk for 
cardiovascular disease or the presence of non-alcoholic 
steatohepatitis is indicated by moderately raised levels 
of plasma or serum triglycerides (2-10 mmol/L). Moreo-
ver, triglyceride levels that are considerably higher than 
10 mmol/L suggest a greater likelihood of developing 
pancreatitis and lipemia retinalis [48, 49]. Elevated lev-
els of cholesterol in the blood are linked to heightened 
oxidative stress, neurotoxicity, and Alzheimer’s disease 
[50, 51]. In addition, hyperlipidemia has been shown 
to increase the likelihood of non-ischemic heart fail-
ure, while lowering serum lipid levels can reverse car-
diac dysfunction. Furthermore, hyperlipidemia not only 

Fig. 3 Restricted cubic splines of GNRI and mortality in older adults with hyperlipidemia. A All-cause mortality. B Cardiovascular mortality. Adjusted 
for BMI, age, NEU, Lyn, UA, Scr, HbA1c, ethnicity, gender, education level, smoking, physical activity, CKD, CVD, DM, alcohol intake, ATHP)
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indirectly impacts cardiac function by facilitating the 
growth of atherosclerosis but also directly influences 
cardiac systolic function and cardiac electrophysiologi-
cal reactions [52, 53]. These effects could be attributed to 
the gradual buildup of cardiac lipids, leading to systemic 
oxidative stress, a pro-inflammatory condition, and mito-
chondrial dysfunction [54]. Meanwhile, serum uric acid 
(SUA) could serve as a significant antioxidant compound, 
constituting half of the body’s overall antioxidant capac-
ity [55]. Research has shown that decreased SUA levels 
has  been  linked  to a decline in the ability to eliminate 
free radicals, potentially resulting in increased vascular 
endothelial cell damage, and ultimately raising the risk 
of cardiovascular-related death [56]. Moreover, a recent 
investigation revealed that inadequate nutrition signifi-
cantly increases the risk of cardiovascular disease-related 
death in elderly individuals with reduced uric acid lev-
els [27]. Consistently, studies have discovered a correla-
tion between low levels of uric acid in the blood and a 
low body mass index (BMI) below 18.5 kg/m2, as well as 
increased rates of weight reduction [57]. Several stud-
ies have suggested a U-shaped correlation between BMI 
and mortality, as indicated by previous research [58, 59]. 
However, a high BMI does not necessarily imply suffi-
cient nourishment [60]. On the other hand, the buildup 
of fat and being overweight can indirectly lead to further 
nutritional imbalances as a result of changes in metabo-
lism and overall body composition. Moreover, obesity 
may promote the emergence of both short-term and 
long-term illnesses that negatively affect nutritional well-
being [61]. Likewise, our ongoing investigation revealed 
that people with a low body mass index (BMI) faced an 
increased risk of reduced uric acid levels in their blood, 
suggesting a potential sign of inadequate nutrition.

This observational study suggested the challenge 
behind precisely elucidating the relationship between 
malnutrition and cardiovascular and overall mortality in 
hyperlipidemia patients. Still, the following mechanisms 
may be involved. Malnutrition associated with diseases 
can stimulate the sympathetic nervous system, immune 
system, and hypothalamic-pituitary-adrenal axis [62]. 
This involves the secretion of pro-inflammatory proteins 
like IL-6, IL-1, and TNF-α, leading to reduced appetite, 
muscle degradation, and insulin insensitivity [63]. In 
addition, malnutrition can be accompanied by specific 
deficiencies in micronutrients, such as vitamin D. Vita-
min D supplementation has been shown to modulate 
adipose tissue function. According to Farhangi MA’s 
research, vitamin D consumption increases the activity of 
antioxidant enzymes SOD and GSH-Px in adipose tissue, 
hence decreasing the TNF-α levels and improving oxida-
tive stress and inflammatory factors in the adipose tissue 
of obese rats [64]. In addition, an extended elevation in 

circulating fatty acids and triglycerides and the buildup 
of pericardial adipose tissue may initiate inflammatory 
signaling in the heart. This results in cardiac impairment 
in metabolic disorders, characterized by mitochondrial 
dysfunction and heightened ROS and NFB activity [65]. 
Consequently, individuals suffering from hyperlipidemia 
are at an increased risk of complications, leading to a 
greater mortality and morbidity rate.

Nevertheless, the limitations of the study should be 
acknowledged. Uncovering the precise mechanisms 
underlying the influence of malnutrition on overall mor-
tality and cardiovascular mortality was challenging. Fur-
thermore, since the NHANES study gathered information 
at a single time point, essential nutritional details were 
only documented once for every participant, overlooking 
their fluctuations over time. This could potentially intro-
duce some bias in GNRI. Therefore, longitudinal clinical 
trials involving multiple centers should be conducted to 
confirm our discoveries and conduct extended monitor-
ing to explore the precise influence of nutrition levels on 
the advancement and growth of hyperlipidemia in elderly 
individuals.

Conclusions
Through a nationwide cross-sectional study, this research 
revealed a notable correlation between diminished GNRI 
levels and the occurrence of hyperlipidemia among 
elderly individuals. This study examined a representa-
tive sample of an entire nation, indicating that low GNRI 
levels were associated with the occurrence of hyperlipi-
demia in elderly individuals. GNRI can also serve as an 
indicator for predicting the risk of hyperlipidemia in 
older adults.
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