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a b s t r a c t

Objective: This study aimed to investigate the relationships between three different nutritional in-
dicators and poststroke depression (PSD) and to analyze the performance of these nutritional indicators
in predicting the occurrence of PSD in older adults with ischemic stroke to provide a reference for nurses
to identify high-risk patients with PSD early, optimize stroke management, and improve patient
prognosis.
Methods: This cohort study prospectively included 239 older adults with ischemic stroke in the
Department of Neurology of a hospital in Shenzhen from September 2022 to May 2023. The nutritional
status of the patients were evaluated by laboratory indicators, the Mini Nutritional Assessment Short
Form (MNA-SF), and the Geriatric Nutrition Risk Index (GNRI). The Hospital Anxiety and Depression
Scale-Depression (HADS-D) was used to evaluate PSD. A self-designed questionnaire was used to collect
demographic information and disease-related information. Binary logistic regression analysis was per-
formed to analyze factors related to PSD, and receiver operating characteristic curve analysis was also
used to compare the performance of these nutritional indicators.
Results: A total of 239 older adults with ischemic stroke were included; the mean age was 71.10 ± 7.41
years, and 66.5% (159/239) were males. The incidence of PSD was 32.6% (78/239). The incidence of PSD in
the low-value group was significantly greater than that in the high-value group according to the different
nutritional indices, and the difference was statistically significant (all P < 0.05). Binary logistic regression
analysis revealed that the albumin (ALB) level (OR ¼ 0.681; 95% CI, 0.508e0.913; P ¼ 0.010), GNRI score
(OR ¼ 1.238; 95% CI, 1.034e1.483; P ¼ 0.020), and MNA-SF score (OR ¼ 0.708; 95% CI, 0.614e0.815;
P < 0.001) were influencing factors for PSD in this population (P < 0.05). Combined with the ALB, GNRI,
and MNA-SF, the area under the ROC curve for predicting the incidence of PSD in older adults with
ischemic stroke was the largest and had a high degree of differentiation (AUC, 0.738; sensitivity, 75.6%;
specificity, 60.9%).
Conclusion: The nutritional indices ALB, GNRI, and MNA-SF can be used as auxiliary tools to predict the
risk of PSD in older adults with ischemic stroke malnutrition. Further validation by nurses in a more
diverse patient population is needed to demonstrate the accuracy of the predictions.
© 2024 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Index (GNRI), and the Mini Nutritional Assessment Short Form
(MNA-SF). These indicators are highly variable, have good
sensitivity and specificity, and could be used as an auxiliary tool
to predict the risk of PSD in malnourished older adults with
ischemic stroke.

� Early identification of high-risk patients with PSD can help
clinical nurses optimize stroke management and improve pa-
tient outcomes.
1. Introduction

Stroke is the second leading cause of death globally [1] and the
leading cause of disability [2]. Ischemic stroke accounts for
approximately 70% of the incidence of stroke [3]. This disease is
characterized by a high morbidity rate, high disability rate, high
mortality rate, high recurrence rate, and high economic burden
rate, which seriously affects the quality of life of patients and places
a heavy burden on individuals, families, and society [4]. According
to the 7th National Census report of the National Bureau of Statis-
tics in 2021, there are 264 million people over 60 in China, ac-
counting for 18.7% of the total population, and the aging trend of
China’s population is an increasing concern [5]. Older adults are the
main group affected by stroke [6]. Poststroke depression (PSD) is an
important complication after stroke and a common poststroke
psychological disorder in older adults with stroke, mainly man-
ifested as apathy and fatigue symptoms, which not only affect
functional recovery and lead to a decline in quality of life but are
also closely related to high mortality [7]. It is estimated that
approximately 1/3 of older adults suffering from ischemic stroke
will experience mental and psychological problems, which greatly
affect the quality of life and social function of patients [8]. There-
fore, exploring the risk factors for PSD is necessary to help identify
high-risk patients and intervene early.

Malnutrition is a common complication of stroke patients.
Studies have shown that 6.1%e62.0% of stroke patients suffer from
malnutrition, and the incidence of malnutrition varies greatly [9].
Moreover, 66.1% of older adults with stroke are malnourished
during hospitalization [10]. Yuan et al. showed that malnutrition
was common in older Chinese adults with ischemic stroke and was
associated with increased mortality [11]. Nutrition management
has received increasing attention with the extensive development
of stroke units and improvements in stroke management. Malnu-
trition increases the length of hospital stay and the risk of related
complications in patients with ischemic stroke, which is not
conducive to the recovery of neurological function [12,13]. Previous
study have shown that nutrient metabolism is closely related to
PSD and stroke [14]. Malnutrition can be a cause of depression, and
improving nutritional status is beneficial to both physical and
mental health [15]. On the one hand, nutritional supplements and
neuroprotective diets may be associated with better poststroke
rehabilitation and neurological function recovery [16]. On the other
hand, PSD can reduce the appetite of patients and affect the intake
of nutrients, and a lack of nutrients will aggravate PSD, which leads
to a negative prognosis, thus forming a vicious cycle [17]. Theremay
be interactions between nutritional status and PSD. However, the
relationship betweenmalnutrition and PSD has not been consistent
across studies. Some studies have shown that malnutrition (and
risk) is an independent risk factor for PSD during the acute phase of
stroke [18]. Other study has reported that there is no significant
relationship between malnutrition and post-ischemic stroke
depression [19]. Currently, there is a lack of clinical evidence on
whether baseline malnutrition predicts PSD. The association be-
tween malnutrition and PSD in older adults with ischemic stroke is
unclear and needs further study.
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At present, there is no uniform standard for the diagnosis of
malnutrition, and existing studies assess malnutrition in hospital-
ized patients using several clinical indicators or screening tools,
such as Albumin (ALB) [16], the Malnutrition Universal Screening
Tool (MUST), the Mini Nutritional Assessment (MNA) [20], and
Body Mass Index (BMI) [21], Geriatric Nutritional Risk Index (GNRI)
[19] et al. These nutritional indicators or tools have different
application scopes and focus, have advantages and disadvantages,
and can be selected according to the applicable scope of the study
population. ALB can reflect protein storage in the body and is one of
the most commonly used clinical nutrition evaluation indicators
[22]; it is also associated with depression after stroke in older
adults [23]. The Mini Nutritional Assessment Short Form (MNA-SF)
is one of the main screening tools recommended by the Global
Leadership Initiative on Malnutrition (GLIM) for the nutritional
status of older adults [24]. The GNRI is a simple index used to
comprehensively and objectively measure the nutritional status of
hospitalized older adults [25]. These indicators can represent the
nutritional status of older adults with stroke to a certain extent and
are subjective and objective indicators that are easy to obtain
through assessment, simple to calculate, and representative of
nutrition in nurses’ clinical work. However, other nutritional status
indicators include diet, muscle mass, and the need to use bioelec-
trical impedance analysis (BIA) methods, CT or MRI, etc. [26], have
several drawbacks: they are inconvenient and require specialized
equipment that is time-consuming and expensive, which may limit
their application in clinical care settings. In addition, few studies
have compared the differential performance of different nutritional
indicators (ALB, GNRI, and MNA-SF) in predicting PSD in older
adults with ischemic stroke.

The purpose of our study was to investigate the relationship
between these nutritional indicators and PSD and to analyze the
ability of nutritional indicators to predict the occurrence of PSD in
older adults with ischemic stroke. We hypothesized that exploring
and comparing the performance of these nutritional indicators
could help nursing staff use these indicators to identify the risk of
malnutrition in patients and take targeted nutritional intervention
measures early to prevent the occurrence of PSD, thereby
improving the prognosis and rehabilitation of patients and opti-
mizing the management of stroke care. The following questions
guided this study: a) What is the relationship between nutritional
assessment indicators and PSD in older adults with ischemic
stroke? b) How do different nutritional assessment indicators
predict PSD performance?

2. Methods

2.1. Study design and participants

This is a cohort study that prospectively collected data on older
adults with ischemic stroke who were hospitalized at a Class A
tertiary hospital in Shenzhen, Guangdong Province, China, from
September 2022 to May 2023. The inclusion criteria for this study
were as follows: 1) met the diagnostic criteria for ischemic stroke,
confirmed by CT or MRI; 2) were �60 years old [5]; 3) patients and
their family members provided informed consent and voluntarily
participated in and cooperated with this study. The exclusion
criteria were as follows: 1) incomplete clinical data or case data; 2)
a history of serious medical conditions, including malignant tu-
mors, heart failure, renal insufficiency, cardiogenic cirrhosis, or
chronic obstructive pulmonary disease; and 3) a history of
depression or other mental illness. A total of 18 dependent variable
indicators were included in our study. According to the principle
that the sample size is 10e15 times the number of covariates [27],
180e270 cases are planned to be included. With a loss rate of 10%,
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the sample size was 198e297 patients. This study initially included
243 patients and ultimately included 239 patients after screening.

2.2. Measurements

Data collection was conducted by professionally trained data
collectors who completed paper versions of case report forms by
consulting the hospital’s electronic medical records system and
surveying patients face-to-face. Review the general demographic
data, nutrition-related assessment indicators investigated in the
previous literature [11,28], and the ease of access considerations
when collecting data in our hospital. The following data were
collected from older adults with ischemic stroke as follows: 1) on
the day of admission, age (years), gender, marital status, smoking
history, drinking history, educational level, personal monthly in-
come, BMI, dysfunction, the National Institutes of Health Stroke
Scale (NIHSS) score, Barthel Index (BI) score, GNRI score, MNA-SF
score, total protein (TP), ALB, globulin (GLB), the albumin/globulin
ratio (A/G) and hemoglobin (HB) were collected; 2) The HADS-D
subscale of the HADS was used to evaluate the depressive symp-
toms of the patients on the 7th day of hospitalization. The Chinese
Stroke Report 2019 showed that patients with ischemic stroke had
a hospital stay of between 7 and 13 days [29], while the average
hospital stay of the 239 patients surveyed in this study was 8.97
days. Therefore, PSD was assessed on the seventh day.

2.2.1. National Institutes of Health Stroke Scale for neurological
impairment

The NIHSS was created by the National Institutes of Health in
1989 to assess the neurological impairment of stroke patients upon
admission [30]. The revised version of the NIHSS published in 1994
was used in our study and has been widely used in clinical practice
[31], with 11 items and 15 scoring items ranging from 0 to 42
points. The greater the NIHSS score is, the more severe the
neurological impairment. 0 was classified as none, 1 to 5 as mild, 6
to 20 as moderate, and 21 to 42 as severe.

2.2.2. Barthel index for Activities of Daily Living
The BI for Activities of Daily Living (ADL), developed by Maho-

ney and Barthel in 1965, is the most widely used method for
evaluating daily living activities. The scale includes 10 items, such
as eating, bathing, dressing, going up and down stairs, bowel
movements, urinating, toilet use, flat walking, bed chair movement,
bathing, and grooming, with a total possible score of 100. The
higher the score is, the better the daily living ability [32]. The
Cronbach’s a coefficient of the Chinese version of the BI is 0.92,
indicating that the BI has high internal consistency [33].

2.2.3. Nutritional assessment tool
The GNRI, developed by Bouillanne et al., in 2005, is a malnu-

trition risk scoring tool for older patients. The scoring formula was
1.489 � ALB (g/L)þ 41.7 � actual body weight (kg)/ideal body
weight. Ideal weight was calculated using the Lorentz formula:
men’s height (cm) - 100 - ([height (cm) - 150]/4), women’s height
(cm) - 100 - ([height (cm) - 150]/2.5). When the actual weight ex-
ceeds the ideal weight, the actual weight/ideal weight ratio is 1. The
lower the score is, the greater the risk of malnutrition. According to
the GNRI, the patients were divided into two nutritional risk
groups: no malnutrition (GNRI �100) and malnutrition (GNRI
<100) [34].

We used a revised version of the MNA-SF developed by Kaiser
et al., in 2009 [35], based on the version developed by Guigoz et al.,
in 1996 [36] and Rubenstein et al., in 2001 [37]. The MNA-SF
evaluates the nutritional status of older adults based on six
items: swallowing and digestion, disease stress, bed rest, mental
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health, and BMI (which can be replaced by calf circumference). The
scoring criteria were as follows: a total score of 14 points, 12 to 14
points indicating good nutritional status, 8 to 11 points indicating
underlying malnutrition, and 0 to 7 points indicating malnutrition.
The Cronbach’s a coefficient for theMNA-SF in this studywas 0.812,
demonstrating high reliability.

2.2.4. Hospital Anxiety and Depression Scale-depression for PSD
The HADS was developed by Zigmond et al., in 1983 [38]. It is

mainly used for screening for anxiety and depression in inpatients
in general hospitals. There are 14 items in the HADS, seven of which
assess depression and seven of which assess anxiety. Scores of 0e7
indicate no symptoms; scores of 8e10 indicate suspicious symp-
toms; scores of 11e21 indicate significant symptoms. Existing
studies have used the HADS to evaluate hospitalized stroke pa-
tients, and the results are good [39]. In our study, we used the
HADS-D subscale of the Chinese version of the HADS to assess
depressive symptoms among patients, and these authors reported
that a cutoff value of 9 had the greatest effect on depression [40].
Therefore, we divided the patients into two groups: 0 to 8 without
PSD and 9 to 21with PSD. The Cronbach’s a coefficient of the HADS-
D in this study was 0.820, indicating high reliability.

2.3. Data collection

Potential participants were identified by ward nurses using
established inclusion and exclusion criteria. A nursing graduate
student (S. Hu) and a supervisor (registered nurse, RN) conducted
the survey after two training days. Those who agreed to participate
confirmed a signed written informed consent form. The question-
naire data were collected through one-on-one, face-to-face surveys
and asked individually. During the survey, nursing graduate stu-
dents (S. Hu and M. Gao) were primarily responsible for data
collection, while RN supervised the work to ensure coordination
and standardization of the survey process. Each survey was con-
ducted at the patient’s bedside and took approximately 15e20 min
to complete. During this process, participants rested freely to
reduce possible physical discomfort. In the case of unclear re-
sponses to the questionnaire, participants were asked to clarify or, if
necessary, seek the help of a caregiver to clarify the participants’
responses. A total of 243 participants completed the face-to-face
questionnaire, four (1.7%) of whom were excluded for missing
five or more answers; four older adults had missing laboratory data
(TP, ALB, GLB, A/G, and HB), and one lacked both laboratory data (TP,
ALB, GLB, A/G, and HB) and body weight data. Overall, 239 ques-
tionnaires were available for the final analysis, with a response rate
of 98.3%.

2.4. Statistical analysis

SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) was used for the
data analysis. Normally distributed quantitative data were
expressed as the mean, standard deviation, and an independent
sample t-test was used. Qualitative data were represented by the
number of cases, and percentages (%) and Chi-square test were
calculated. Binary logistic regression analysis was used, and the
area under the receiver operating characteristic (ROC) curve was
used to evaluate the predictive value of nutritional indicators (ALB,
GNRI, and MNA-SF) in older adults with ischemic stroke. P < 0.05
was considered to indicate statistical significance.

2.5. Ethical considerations

The study protocol was approved by the Ethics Committee of the
Second People’s Hospital of Shenzhen (No. 20220708001). Only
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when accompanied by qualified internal staff did the investigators
have access to the participants’ medical records and contact with
the participants. Coded sequential numbers replaced the names of
the participants, and only the investigators had access to the list. All
participants provided oral or written consent.
3. Results

3.1. Characteristics of the participants

The average age of the participants was (71.10 ± 7.41) years,
ranging from 60 to 96 years. Most participants were male (66.53%,
159/239). There were differences in ADL, ALB level, A/G ratio, GNRI,
and MNA-SF score between the two groups (P < 0.05) (Table 1).
3.2. Comparison of the incidence of PSD in the different nutritional
indicators groups

PSD occurred in 78 of 239 patients (32.6%). In the ALB, A/G,
GNRI, and MNA-SF groups, the incidence of PSD in the low-value
group was 51.9% (14/27), 56.7% (17/30), 40.4% (55/136) and 62.2%
(23/37), respectively. The incidence of PSD in the high-value group
was 30.2% (64/212), 29.2% (61/209), 22.3% (23/103) and 16.0% (14/
88), and there was a significant difference in the incidence of PSD
among the four groups (c2 ¼ 5.11, P < 0.05; c2 ¼ 9.00, P < 0.05;
Table 1
Comparison of study population characteristics and clinical data between the two group

Variables Without PSD (n ¼ 161)

Age (years) 70.63 ± 7.57
Gender

Female 55 (68.8)
Male 106 (66.7)

Marital status
Married 144 (67.3)
Unmarried\divorced\widowed 17 (68.0)

Degree of education
Primary and below 47 (61.8)
Junior high\secondary\high school 77 (73.3)
Junior college\undergraduate or above 37 (63.8)

Personal monthly income (RMB)
<5,000 84 (65.1)
�5,000 77 (70.0)

Smoking
No 88 (69.9)
Yes 73 (64.6)

Drinking
No 92 (69.7)
Yes 69 (64.5)

Dysfunction
No 22 (81.5)
Yes 139 (65.6)

ADL 86.48 ± 19.22
NIHSS

0 67 (72.0)
1e5 84 (65.6)
6e20 10 (55.6)

Nutritional assessment indicators
BMI (kg/m2) 24.18 ± 2.92
TP (g/L) 65.69 ± 4.84
ALB (g/L) 39.29 ± 3.91
GLB (g/L) 26.34 ± 4.34
A/G (Ratio) 1.54 ± 0.26
HB (g/L) 129.98 ± 15.10
GNRI 99.35 ± 6.14
MNAeSF 10.89 ± 2.39

Note: Data areMean ± SD or n(%). ADL ¼ Activity of Daily Living. NIHSS ¼ National Institut
GLB¼ globulin. A/G¼ albumin/globulin ratio. HB¼ hemoglobin. GNRI¼ Geriatric Nutritio
depression.
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c2 ¼ 8.75, P < 0.05; c2 ¼ 26.45, P < 0.001) (Table 2).
3.3. Binary logistic regression analysis of PSD

Independent variables with differences in the univariate anal-
ysis were included in the multivariate binary logistic regression
model, and the analysis results showed that the ALB level, GNRI,
and MNA-SF score were independent risk factors for PSD (P < 0.05)
(Table 3).
3.4. The clinical value of nutritional status in predicting PSD in
older adults with ischemic stroke

Patients with PSD were positive, and those without PSD were
negative. ALB, the GNRI, and the MNA-SF were used to predict PSD.
ROC curve analysis revealed that the areas under the ROC curves for
the ability of the ALB level, GNRI, and MNA-SF score to predict PSD
in older adults with ischemic stroke were 0.371, 0.394, and 0.294,
respectively. These findings suggest that the ALB level, GNRI, and
MNA-SF scores are not able to predict PSD. Combined with the ALB
level, GNRI, and MNA-SF score, the area under the ROC curve for
predicting PSD in older adults with ischemic stroke reached 0.738,
the sensitivity was 75.6%, the specificity was 60.9%, the Joden index
was 0.365, and the best decision value was approximately 0.279. It
has been suggested that the combined prediction of PSD in older
s.

PSD (n ¼ 78) t/c2 P

72.06 ± 7.02 �1.40 0.162

25 (31.2) 0.11 0.746
53 (33.3)

70 (32.7) 0.01 0.005
8 (32.0)

29 (38.2) 3.09 0.213
28 (26.7)
21 (36.2)

45 (34.9) 0.64 0.422
33 (30.0)

38 (30.1) 0.74 0.388
40 (35.4)

40 (30.3) 0.73 0.393
38 (35.5)

5 (18.5) 2.76 0.097
73 (34.4)
77.31 ± 26.63 2.72 0.008

26 (28.0) 2.24 0.326
44 (34.4)
8 (44.4)

23.80 ± 2.92 0.93 0.354
64.42 ± 6.39 1.55 0.123
37.68 ± 4.44 2.87 0.005
26.76 ± 5.43 �0.59 0.556
1.46 ± 0.31 2.09 0.039
130.94 ± 17.10 �0.44 0.659
96.82 ± 7.57 2.76 0.006
9.05 ± 2.52 5.48 <0.001

es of Health Stroke Scale. BMI¼ body mass index. TP¼ total protein. ALB¼ albumin.
nal Risk Index. MNA-SF¼Mini Nutritional Assessment Short Form. PSD¼ poststroke



Table 2
Comparison of the incidence of PSD in the ALB, A/G, GNRI and MNA-SF groups (n ¼ 239).

Variables n ALB A/G GNRI MNA- SF

<40 40e55 <1.2 1.2e2.4 <100 �100 �7 8e11 12e14

Without PSD 161 13 (48.1) 148 (69.8) 13 (43.3) 148 (70.8) 81 (59.6) 80 (77.7) 14(37.8) 73 (64.0) 74 (84.0)
PSD 78 14 (51.9) 64 (30.2) 17 (56.7) 61 (29.2) 55 (40.4) 23 (22.3) 23 (62.2) 41 (36.0) 14 (16.0)

c2 5.11 9.00 8.75 26.45
P 0.024 0.003 0.003 <0.001

Note: Data are n(%). ALB ¼ albumin. A/G ¼ albumin/globulin ratio. GNRI ¼ Geriatric Nutritional Risk Index. MNA-SF ¼ Mini Nutritional Assessment Short Form.
PSD ¼ poststroke depression.

Table 3
Binary logistic regression analysis of PSD (n ¼ 239).

Variables b Wald c2 OR 95% CI P

ADL �0.005 0.450 0.995 0.981e1.009 0.502
ALB �0.384 6.607 0.681 0.508e0.913 0.010
A/G �0.470 0.554 0.625 0.181e2.155 0.457
GNRI 0.214 5.396 1.238 1.034e1.483 0.020
MNA- SF �0.346 23.005 0.708 0.614e0.815 <0.001

Note: ADL ¼ Activity of Daily Living. ALB ¼ albumin. A/G ¼ albumin/globulin ratio.
GNRI ¼ Geriatric Nutritional Risk Index. MNA-SF ¼ Mini Nutritional Assessment
Short Form. PSD ¼ poststroke depression.
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adults with ischemic stroke has a high degree of differentiation
(Table 4 and Fig. 1).
Fig. 1. ROC curve of nutritional status for predicting PSD in older adults with ischemic
stroke. ALB ¼ albumin. GNRI ¼ Geriatric Nutritional Risk Index. MNA-SF ¼ Mini
Nutritional Assessment Short Form. ROC ¼ receiver operating characteristic. PSD ¼
poststroke depression.
4. Discussion

Our study revealed that the incidence of PSD in older adults with
ischemic stroke was 32.6%, which was similar to the findings of
clinical reports [19]. At present, there are endogenous and exoge-
nous hypotheses about the pathogenesis of PSD [41], and Klimova
et al. systematically reviewed the effects of nutrition and the gut
microbiota on depression in older adults and showed that nutrient
intake, the gut microbiota, and the central nervous system are
associated with depression; the gut can receive regulatory signals
from the central nervous system, and transmit signals to the central
nervous system that are received by the brain; this two-way reg-
ulatory channel is called the “gut-brain axis” [42]. When the
physiological state is stable, the gut-brain axis system is in a dy-
namic balance. If the microorganisms in the gut overgrow and the
body suffers from insufficient nutrition, the balance may be dis-
rupted, resulting in gastrointestinal disorders, malnutrition, etc.,
which may lead to a seemingly unrelated central nervous system
disease, such as depression [14]. PSD, as a kind of emotional dis-
order, not only affects the recovery of neurological function but also
causes social function deficits, which can increase the risk of suicide
and death in patients to a certain extent [43]. Therefore, early
prevention and early treatment of PSD can promote the recovery of
neurological function and improve the quality of life of older adults
with ischemic stroke.

The results of Table 2 of our study showed that the incidence of
Table 4
The clinical value of nutritional status in predicting PSD in older adults with ischemic st

Variables Statistical value S

AUC (95% CI) P

ALB 0.371 (0.294e0.449) 0.001 0
GNRI 0.394 (0.316e0.472) 0.008 0
MNA-SF 0.294 (0.226e0.363) <0.001 1
ALB þ GNRI þ MNA-SF 0.738 (0.671e0.806) <0.001 0
GNRI þ MNA-SF 0.712 (0.643e0.781) <0.001 0
ALB þ MNA-SF 0.718 (0.649e0.787) <0.001 0

Note: ALB ¼ albumin. GNRI ¼ Geriatric Nutritional Risk Index. MNA-SF ¼ Mini Nutritiona
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PSD in the low-value group was greater than that in the high-value
group according to the different nutritional indices, and the dif-
ference was statistically significant (all P < 0.05), indicating that
older adults with ischemic stroke and a greater nutritional risk level
had a greater incidence of PSD at seven days of hospitalization.
However, the relationship between malnutrition and PSD has not
been consistent across studies. A study of 307 ischemic stroke pa-
tients (mean age 63 years) showed that low serum prealbumin
levels at admission were associated with PSD one month after
stroke onset [44]. Malnutrition (and risk) is an independent risk
factor for PSD in the acute stage of stroke, and its risk is 3.990 times
that of normal people with nutritional status [18]. A recent Chinese
study revealed that there was no significant relationship between
the GNRI score and PSD in older adults [19]. Currently, few studies
have reported that depression occurs as a result of malnutrition.
Depression is often considered a risk factor for malnutrition in
stroke patients [16,45]. It could be that stroke survivors with
depression have less activity and energy intake. Some studies have
also confirmed a strong correlation between nutritional status and
roke (n ¼ 239).

ensitivity, % Specificity, % Youden index Cutoff

.038 0.981 0.019 44.900

.064 0.963 0.027 106.843

.000 0.006 0.006 2.500

.756 0.609 0.365 0.279

.821 0.516 0.337 0.256

.449 0.925 0.374 0.466

l Assessment Short Form. AUC ¼ area under the curve. PSD ¼ poststroke depression.
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depression [46,47]. We believe that regardless of whether malnu-
trition in older adults with stroke is significantly associated with
PSD, we should pay more attention to patients’ nutritional and
psychological status.

Based on the previous studies, this study collected nutritional
assessment indicators, such as laboratory indicators, subjective and
objective nutritional assessment tools, and explored the relation-
ships between the ALB level, GNRI, and MNA-SF score and PSD in
older adults with ischemic stroke. The results showed that the ALB
level, GNRI, and MNA-SF score at admission were found to be in-
dependent influencing factors for PSD in older adults with ischemic
stroke after seven days of hospitalization. The ALB level, GNRI, and
MNA-SF score alone have a low predictive effect on PSD in older
adults with ischemic stroke, but the combination of the ALB level,
GNRI, and MNA-SF score has a better predictive effect on PSD. The
combination of these three indicators can be used as a potential
predictor of PSD in older adults with ischemic stroke. These find-
ings can be used as a valuable reference for the early identification
of high-risk patients who may develop PSD after malnutrition in
older adults with ischemic stroke for clinical practice, thus
providing an important reference for optimizing stroke manage-
ment, reducing complications, and improving prognosis. Few
studies have been conducted to predict PSD in older adults with
ischemic stroke using a combination of nutritional indicators or
tools.

In our study, there may be many reasons for the low predictive
validity of ALB, GNRI, and MNA-SF. Just older adults with ischemic
stroke who were hospitalized were enrolled, and the average
length of hospitalizationwas approximately 8.97 days. Only the ALB
level, GNRI, and MNA-SF score on the day of admission were
collected. The ALB level reflects nutritional status and is affected by
factors such as inflammation or disease stress. Therefore, the pre-
dictive effect of using ALB alone may be limited, and our ROC
analysis results confirmed that the AUC of ALB is less sensitive.
Other nutritional assessment tools (NSTs) are recommended for
stroke patients unless accompanied by an assessment of edema and
inflammatory status and to rule out conditions causing hypo-
albuminemia [48]. The GNRI is a simple index used to compre-
hensively and objectively measure nutrition based on blood
biochemistry and BMI in patients with malignant tumors and car-
diovascular diseases [25]. Originally used to estimate the risk of
malnutrition-related complications in aging populations, the GNRI
is the tool of choice for screening the nutritional status of hospi-
talized older adults. However, the AUC of the GNRI alone in our
study was only slightly greater than that of the ALB level and the
MNA-SF score, which were far less than 0.7, although the difference
was statistically significant (P < 0.05). The GNRI can be regarded as
a complementary indicator to improve diagnostic accuracy and
reduce joint nutritional prediction and evaluation limitations.
Similarly, in our study, the predictive ability of theMNA-SF was also
poor, with an AUC of 0.294, although the difference was statistically
significant (P < 0.05). A lower cutoff point for the MNA-SF may be
more appropriate for stroke patients because some of the tool’s
cutoff point categories, such as mobility or neuropsychological
problems, may be reduced by the after effects of stroke itself, such
as hemiplegia or aphasia [49]. However, in the multivariate analysis
of this study, there was no significant difference in the incidence of
PSD between patients with low ADL scores and poststroke sequelae
and patients with high ADL scores and no poststroke sequelae
(P > 0.05). The possible reason is that the disease severity of the
subjects included in this study was relatively mild, and only 7.5%
had NIHSS scores greater than five. Other studies have shown that
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the MNA-SF and GNRI have comparable simultaneous validity in
stroke patients [48]. Previous studies have shown that BMI is an
independent predictor of poststroke malnutrition [21]. However, in
our study, BMI and the occurrence of PSD in older adults with
ischemic stroke were not significantly different, and we did not
explore the relationship between BMI and malnutrition in patients,
which is a shortcoming of the present study. However, few studies
have further explored the relationship between BMI and the inci-
dence of PSD, which we believe is necessary.

To determine the total predictive value of the combination of the
ALB level, GNRI, and MNA-SF score, the variables of the ALB level,
GNRI, and MNA-SF score were simultaneously included in bivariate
logistic regression fitting, and logit (P) was returned as the pre-
dictive probability and as an independent predictor for ROC anal-
ysis. We found that the AUC of the combination of the ALB level,
GNRI, and MNA-SF score was the largest among all variables, with
statistically significant differences (P < 0.05). In addition, the
combined use of the ALB level, GNRI, and MNA-SF score can
improve the sensitivity and specificity compared with the use of a
single indicator, suggesting that in clinical practice, the combina-
tion of the ALB level, GNRI, and MNA-SF score can achieve a greater
ability to predict the incidence of PSD in older adults with ischemic
stroke. However, few studies have been conducted to predict PSD in
older adults with ischemic stroke using a combined nutritional
assessment tool.

Kris-Etherton et al. showed that adopting a healthy diet pattern
that meets nutritional requirements to ensure adequate physical
nutrition plays an important role in preventing, slowing, or man-
aging the progression of depressive symptoms and promoting
mental health [50]. According to the National Health and Nutrition
Examination Survey (NHANES) from 2005 to 2014, increasing the
intake of dietary antioxidants (such as vitamin A, vitamin C, vitamin
E, zinc, selenium, and carotenoids), as well as the complex dietary
antioxidant index (CDAI), can prevent depressive symptoms and
improve outcomes in stroke patients [51]. The Mediterranean diet,
with olives as the main dietary component, has been reported to
avoid and improve neurological abnormalities. Regular intake of
olivoroside appears to be associated with a reduced risk of neuro-
logical diseases, including Alzheimer’s disease, Parkinson’s disease,
stroke, depression, anxiety, and epilepsy [52]. Malnutrition and PSD
in stroke patients often lead to more serious adverse outcomes,
increasing the burden on patients’ families and nurses [53]. Nursing
practice guidelines for enteral nutrition in patients with stroke in
China recommend multidisciplinary nutrition management, and
team members should include neurologists, nurses, dietitians,
rehabilitation therapists, and psychological counselors to form an
efficient cooperation model [54]. Nurses who spend more time in
contact with patients in clinical work should play an important role
in improving the nutritional status of stroke patients. Through the
establishment of a complete nutritional nursing management
system, norms, and processes; the implementation of training and
testing for nutrition management team members; the imple-
mentation of nutritional risk screening and assessment; the
implementation of correct, effective, and individualized nutritional
care; and the evaluation of the effect of nutritional nursing, the
quality of nutritional care should be continuously improved to
improve the nutritional status of patients and promote their
rehabilitation.

Our research findings can help clinical nurses use these nutri-
tional indicators to identify the risk of malnutrition in older adults
with ischemic stroke at an early stage and take targeted nutritional
intervention measures together with multidisciplinary nutrition
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management teams to prevent the occurrence of PSD to improve
the prognosis and rehabilitation of patients and optimize stroke
nursing management.
5. Limitations

This study has several limitations. First, the small sample size of
our study may affect the statistical efficiency. In the future, we need
to expand the research scope and increase the sample size to verify
our results. Second, due to the limited length of hospital stay, we
collected outcome indicators on the seventh day of hospitalization
and did not assess long-term PSD, which may lead to bias in the
analysis and affect the generalizability of the study results. The next
step in our study will be long-term follow-up of patients for
nutrition and depression status. Due to the heterogeneity of the
study population, we only collected the values of albumin, GNRI,
and MNA-SF once, and the direction of a causal relationship be-
tween them and post-stroke depression may be uncertain. In the
future studies, the nutritional status of patients should be
dynamically evaluated, and confounding variables should be
adjusted in statistical analysis to improve the study's persuasive
conclusion. Despite these limitations, we believe that the data are
valid in presenting associations between in-hospital malnutrition
and PSD in older adults with ischemic stroke assessed jointly by the
ALB, GNRI, and MNA-SF.
6. Conclusions

In summary, our study revealed an independent relationship
between a lower ALB level, GNRI, and MNA-SF score at admission
and PSD in older adults with ischemic stroke after seven days of
hospitalization, suggesting that a higher nutritional risk grade at
baseline may imply a greater risk of PSD. ALB, the GNRI, and the
MNA-SF alone were not better at distinguishing the occurrence of
PSD. When the ALB level, GNRI, and MNA-SF scores are combined,
their predictive power for PSD may be stronger. Further validation
by nurses in a more diverse patient population is needed to
demonstrate the accuracy of the predictions.
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