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Introduction 

Anxiety is one of the most common psychological problems 
in stroke patients and is a subjective experience for patients, 
such as nervous and worried thoughts, as well as physiological 
changes including sweating, dizziness, increased blood 
pressure and heart rate [1]. Several neurophysiological studies 
have shown that anxiety is highly correlated with cognitive 
performance [2-4]. A 1-year longitudinal study has also shown 

that anxiety has a detrimental effect on functional prognosis 
in a stroke population [5]. In addition, higher levels of anxiety 
increase the risk of stroke recurrence [6].

Cognitive impairment is a major cause of poststroke 
morbidity and mortality worldwide [7], and approximately 
half of patients have some degree of poststroke cognitive 
impairment (PSCI) [8]. Cognitive dysfunction may involve 
impairment in cognitive domains such as memory, attention, 
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executive function, or visual construction [9], and even in 
patients with mild stroke, cognitive impairment occurs in 
30-40% of patients after three months [10]. In China, ZHU et 
al. [11] prospectively investigated 104 patients 3-6 months 
after stroke and confirmed the occurrence of cognitive 
impairment (PSCI) in 63.46% of patients, with low cognitive 
function possibly leading to vascular dementia and possibly 
to Alzheimer’s disease.

Currently, there are more studies proving the correlation 
between depression and cognition [12-14], but the 
relationship between anxiety and cognition is complex and 
less studied, so it is necessary to study the correlation between 
anxiety and cognition. Regarding the relationship between 
anxiety and cognition, Gigi et al. [15] showed that anxiety is a 
risk factor for cognitive decline through a study of 50 patients. 
Nyberg et al. [16] showed an association between cognitive 
function and anxiety severity, while Gimson et al. [17] found 
a positive correlation between clinical anxiety and future 
dementia through a systematic evaluation, and Ma L et al. [18] 

concluded that anxiety is a possible risk factor for cognitive 
decline and progression to dementia through a systematic 
evaluation. In summary, previous studies have demonstrated 
that there is a strong relationship between anxiety and 
cognition and that early assessment of anxiety is important 
for the prognosis of patients. However, previous studies have 
not taken into account the nonlinear relationship during data 
analysis, as well as the lack of precise quantification of the 
relationship between anxiety levels and cognition, and the 
differences in study population and ethnicity. Therefore, we 
aimed to explore the precise relationship between anxiety 
and cognition in Chinese stroke patients.

Materials and methods

Study population

The present study was a cross-sectional study. We collected 
data on stroke patients admitted to the Department of 
Neurology, First Affiliated Hospital of Henan University 
of Science and Technology, China, from February 2022 to 
February 2023. The collection of information on these patients 
was nonselective as well as continuous. A total of 384 patients 
were included in this study when we are presenting (see 
Figure 1 for the final sample size). Inclusion criteria: (1) age 
≥18 years; (2) meeting the diagnostic criteria for cerebral 
hemorrhage and cerebral infarction in the Diagnostic Points 
for Various Types of Cerebrovascular Diseases adopted at the 
Fourth National Cerebrovascular Symposium in 1996 [19]; 
(3) being conscious and able to cooperate in completing the 
questionnaire; and (4) informed consent. Exclusion criteria: (1) 
patients with previous psychiatric diseases and Alzheimer’s 
disease; (2) those in critical condition or combined with other 
serious physical diseases. 

This trial was registered (registration number: 2022038004-
FS01) and approved by the Clinical Research Ethics Committee 

of the Second People’s Hospital of Shenzhen, China. The 
registration number of the Chinese Clinical Trials Registration 
Center is ChiCTR2200060103.

Materials

The questionnaire consisted of 3 parts: (1) a demographic 
characteristics questionnaire, designed by the researcher, 
which included gender, age, marital status, smoking, alcohol 
consumption, and whether hypertension or diabetes was 
combined. (2) Hamilton Anxiety Inventory (HAMA), developed 
by Hamilton [20] in 1959, includes 14 items. Each item is scored 
from 0 to 4 on a 5-point scale. The higher the total score, the 
more severe the anxiety, <7 means no anxiety symptoms, 
7-13 is mild to moderate anxiety, ≥14 has severe anxiety. 
The Cronbach’s alpha coefficient for this scale was 0.93 [21]. 
(3) The Montreal Cognitive Assessment (MoCA), designed by 
Nasreddine et al. [22], includes 8 cognitive domains such as 
attention, 11 items, and a total score of 30, with higher scores 
associated with better cognitive functioning. The scale has a 
Cronbach’s alpha coefficient of 0.782 and a retest reliability of 
0.972. The HAMA and MoCA have been widely used in clinical 
practice and research since their introduction, and they have 
high sensitivity and reliability [23,24].

Statistical analysis

Continuous variables are described as mean ± standard 
deviation (M ± SD), and categorical variables are described as 
number of cases (n) and percentage (%). We used χ 2 test to 
determine differences in categorical variables between groups 
and Student’s t test to determine differences in continuous 
variables between groups. Multiple linear regression analysis 
was used to determine the relationship between variables and 
perceptions. Unadjusted and adjusted models for multiple 
linear regression analysis are presented, and inflection 
point values for variables were calculated by threshold and 
saturation effect analysis. All analyses were conducted using 
the statistical packages R (http://www.r-project.org, The R 
Foundation) and Empower Stats ( http://www.empowerstats.
com, X&Y Solutions, Inc., Boston, MA). P values less than 0.05 
(two-sided) were considered statistically significant.

Results

A description of the participant screening process

The study initially included 405 patients with stroke. 
Eighteen patients with incomplete baseline information and 
three patients with combined Alzheimer’s disease (AD) were 
excluded, leaving 384 for the final data analysis, as detailed in 
the flow chart (Figure 1).

Description of baseline characteristics of participants

The baseline characteristics of the patients are listed in Table 
1. We grouped them according to HAMA scores: 0-6 in the no 
anxiety group, 7-13 in the mild and moderate anxiety group, 

http://www.r-project.org
http://www.empowerstats.com
http://www.empowerstats.com
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Figure 1. Description of the participant screening process.

Table 1. Characteristics of participants (n=384)

HAMA Team T1
<7

T2
≥7 to <14

T3
≥14 P-value

No. of participants 171 130 83

MoCA 20.37 ± 6.21 16.89 ± 6.50 16.26 ± 6.55 <0.001

Age (years) 58.04 ±15.50 61.98 ± 12.59 62.99 ± 12.89 0.010

Sex 0.003

Male 60 (35.09%) 49 (37.69%) 47 (56.63%)

Female 111 (64.91%) 81 (62.31%) 36 (43.37%)

Marital 0.927

Not married 8 (6.90%) 5 (6.10%) 4 (7.84%)

Married 108 (93.10%) 77 (93.90%) 47 (92.16%)

Smoke 0.800

Never smoke 75 (64.10%) 58 (70.73%) 37 (69.81%)

Quit smoke 11 (9.40%) 5 (6.10%) 5 (9.43%)

Smoke 31 (26.50%) 19 (23.17%) 11 (20.75%)

Alcohol 0.632

Never drink alcohol 78 (66.67%) 58 (70.73%) 41 (77.36%)

Quit drinking 10 (8.55%) 5 (6.10%) 4 (7.55%)

Drinking 29 (24.79%) 19 (23.17%) 8 (15.09%)
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and ≥14 in the severe anxiety group. After grouping, we 
observed the trend of the distribution of each variable among 
the different groups. The mean age of stroke patients was 60.7 
± 14.7 years, the prevalence of anxiety was 55.47% (213/384), 
the distribution of MoCA scores was statistically different 
between the different HAMA subgroups (all P values <0.05), 
and we also observed a statistically significant distribution of 
age and gender between the different subgroups (all P values 
<0.05). However, we did not observe statistically significant 

differences in marital status, smoking, alcohol consumption, 
combined hypertension, diabetes, or both hypertension and 
diabetes (all P values >0.05).

A description of the results for the linear relationship 
between HAMA and MoCA

Results of univariate analysis of HAMA and MoCA: 
The results of the univariate analysis are shown in Table 2. 

Comorbidities 0.146

None 52 (45.22%) 33 (40.24%) 21 (40.38%)

Hypertension 41 (35.65%) 38 (46.34%) 19 (36.54%)

Diabetes 21 (18.26%) 9 (10.98%) 8 (15.38%)

Suffering from high blood pressure and diabetes 1 (0.87%) 2 (2.44%) 4 (7.69%)

Abbreviations: HAMA: Hamilton Anxiety Scale; MoCA: Montreal Cognitive Assessment

Table 2. Univariate analysis for HAMA.

Statistics β/OR (95%CI) P-value

HAMA Team

 <7 171 (44.53%) reference

≥7 to <14 130 (33.85%) -3.48 (-5.10, -1.85)  <0.0001

≥14 83 (21.61%) -4.11 (-5.98, -2.25)  <0.0001

Age 60.66 ± 14.65 -0.19 (-0.24, -0.14)  <0.0001

Sex

 Male 183 (39.35%) reference

 Female 282 (60.65%) 3.36 (1.88, 4.84)  <0.0001

Marital

 Not married 20 (6.78%) reference

 Married 275 (93.22%) -6.59 (-10.21, -2.98)  0.0004

Smoke

 Never smoked 203 (68.12%) reference

 Quit smoking 27 (9.06%) 1.74 (-1.34, 4.81) 0.2693

 Smoking 68 (22.82%) 2.17 (0.12, 4.23) 0.0395

Alcohol

 Never drink alcohol 212 (71.14%) reference

 Quit drinking 25 (8.39%) 0.49 (-2.70, 3.67) 0.7644

 Drinking 61 (20.47%) 2.65 (0.54, 4.76) 0.0147

Comorbidities

 None 125 (42.66%) reference

 Hypertension 114 (38.91%) 1.00 (-0.95, 2.96) 0.3156

 Diabetes 45 (15.36%) 0.18 (-2.48, 2.85) 0.8939

Suffering from high blood pressure and diabetes 9 (3.07%) 4.11 (-2.18, 10.41) 0.2011

Abbreviations: CI: Confidence Interval. OR: Odds Ratio
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The results of the analysis showed that HAMA scores were 
negatively correlated with MoCA scores, and age, gender, 
marital status, smoking, and alcohol consumption were 
related to cognition. However, we also found that the type 
and number of comorbid chronic diseases were not related to 
cognition.

Results of multiple linear regression analysis of HAMA 
and MoCA

We observed the association between HAMA and MoCA 
through different covariate adjustment strategies and present 
the results in Table 2. In the unadjusted model, every 1-point 
increase in HAMA was associated with a 0.28-point decrease in 
MoCA (β=-0.28, 95% CI: -0.38 to -0.17). After adjusting for age, 
sex, MoCA decreased by 0.18 points for every 1-point increase 
in HAMA (β=-0.18, 95% CI: -0.28 to -0.07). When adjusting 
for age, sex, marital, smoking, alcohol, and comorbidities, 
we found that for every 1-point increase in HAMA, MoCA 
decreased by 0.16 points (β=-0.16, 95% CI: -0.29 to- 0.03). For 
the purpose of sensitivity analysis, we transformed HAMA 
scores into categorical variables by grouping and calculated P 
values for trend tests. The results showed that the results when 
HAMA was used as a continuous variable were not consistent 
with the results when HAMA was used as a categorical variable 
(see Table 3).

Non-linear correlation results between HAMA and MoCA

We observed the nonlinear association between HAMA and 
MoCA by smoothed curve fitting and a generalized summation 
model (GAM) with a log-likelihood ratio test with P less than 
0.05. This result suggests that a two-segment linear regression 
model should be used to fit the association between HAMA 
and MoCA. Our results showed (Figure 2) that the association 
between HAMA and MoCA showed a saturation effect after 
adjusting for age, gender. Using the two-piecewise linear 
model and the recursive algorithm, we calculated that the 
inflection point of HAMA was at the HAMA score of 9. On the 
left side of the inflection point, the cognitive score decreased 
by 0.54 points for every 1-point increase in anxiety (β=-0.54, 
-0.78to -0.30, P<0.01), i.e., the higher the HAMA score, the 
lower the MoCA score, and the lower the cognitive function. 
The lower the score of MoCA, the worse the cognitive function. 
To the right of the inflection point, no association was found 
between HAMA and MoCA (β=0.02, -0.14 to 0.17, P>0.05), i.e., 
at a HAMA score greater than or equal to 9, as the HAMA score 
increased, the MOCA score no longer changed significantly 
and was saturated, see Table 4.

A threshold, nonlinear association between HAMA and MoCA 
was found in a generalized additive model (GAM). A solid red 
line represents the smooth curve fit between variables. Blue 

Table 3. Relationship between HAMA and MoCA.

Exposure Crude Model
(β, 95%CI, P)

Adjust I
(β, 95%CI, P)

Adjust II
(β, 95%CI, P)

HAMA -0.28 (-0.38, -0.17) <0.0001 -0.18 (-0.28, -0.09) 0.0003 -0.16 (-0.29, -0.03) 0.0160

HAMA Team

<7 reference reference reference

≥7 to <14 -3.48 (-5.10, -1.85) <0.0001 -2.86 (-4.34, -1.38) 0.0002 -3.48 (-5.30, -1.66) 0.0002

≥14 -4.11 (-5.98, -2.25) <0.0001 -2.86 (-4.58, -1.14) 0.0013 -2.54 (-4.62, -0.45) 0.0180

P for trend <0.0001 0.0002 0.0043

Abbreviations: CI: Confidence Interval; 

Crude model: Did not adjust for other covariants

Adjust I model adjust for: age; sex

Adjust II model adjust for: age; sex; marital; smoke; alcohol; comorbidities

Table 4. Threshold Effect Analysis of HAMA and MoCA using Piece-wise Linear Regression.

Inflection point of HAMA Effect size (β) 95% CI P value

<9 -0.54 -0.78 to -0.30 <0.001

≥ 9 0.02 -0.14 to -0.17 0.817

P for log likelihood ratio 0.001

Effect: MoCA, Cause: HAMA
Adjusted: age, sex.
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bands represent the 95% confidence interval of the fit. All 
adjusted for age and sex.

Discussion

In the present study, our results are in line with the findings 
of Gigi [15], Nyberg [16] and Gallagher [25], who found anxiety 
to be a risk factor for cognitive decline in an experimental 
study of 50 community adults aged 59-82 years through 
a class of questionnaires. Gallagher surveyed 161 patients 
with cognitive impairment and concluded that anxiety was 
correlated with mild cognitive impairment and Alzheimer’s 
disease, and Nyberg showed an association between 
cognition and anxiety severity in a cross-sectional study that 
included 189 Swedish patients aged 18-65 years. This is the 
same result we found in a larger sample, but we targeted 
stroke patients in the Chinese population. The results were 
adjusted for a few more covariates, and we precisely calculated 
an inflection point value of 9 points for anxiety, and to the left 
of the inflection point, each 1-point increase in anxiety was 
associated with a 0.54-point decrease in cognitive function 
score (β=-0.54, -0.78to -0.30, P<0.01), the higher the HAMA 
score, the lower the MoCA score, i.e., the more anxious the 
patient, the worse the cognition. To the right of the inflection 
point, no association was found between HAMA and MoCA 
(β=0.02, -0.14 to 0.17, P>0.05), and at a HAMA score greater 
than or equal to 9, as the HAMA score increased, the MoCA 
score no longer changed significantly and was saturated, i.e., 
as anxiety increased, the cognitive level no longer decreased 
and was in a steady state.

Our results are inconsistent with those of Williams et al. [26] 
and Bierman EJ [27], who showed no association between 
cognition and anxiety in following patients six months after 
stroke. In a cross-sectional study, Bierman EJ investigated 
3,107 elderly people in the Netherlands and showed that 
severe anxiety symptoms were negatively associated with 
cognitive function. We speculate that the main reasons for the 
different results are: (1) inconsistency with the Williams et al. 

study, probably because the present study was conducted in 
hospitalized patients with stroke, and the suddenness of the 
stroke event hit the patients harder, while with discharge and 
later recovery, the patients’ anxiety decreased, so there was 
no significant association with cognition; and, furthermore, 
studies have demonstrated that stroke patients have a sharp 
decrease in cognitive function at the time of the event (2) 
and Bierman EJ [28], and it has also been demonstrated that 
approximately one third of stroke survivors are found to have a 
severe degree of cognitive impairment in the first few months 
after the event [29]. (2) Unlike the study by Bierman EJ et al., 
the reason may be that the mean age of the population in this 
study was 60.7 ± 14.7 years, an age group that is assuming 
important family and social responsibilities and where 
stroke events are more likely to cause anxiety and cognitive 
impairment in patients. (3) Our regression description studies 
were inconsistent in that they did not regress anxiety, whereas 
we performed regression analyses and adjusted for age, sex, 
marital, smoke, alcohol, and comorbidity variables; (4) The 
linear regression results of this study also showed a negative 
association between anxiety and cognition, but this study, for 
sensitivity reasons, targeted non-linear association with the 
generalized additive model (GAM).

The clinical value of this study is to speculate the precise 
relationship between anxiety and cognition, i.e., the precise 
point at which anxiety scores suggest early warning, timely 
intervention to reduce patient anxiety, identify and stop or 
mitigate the onset or progression of cognitive dysfunction 
earlier, and improve the quality of life of stroke patients.

The main strengths of this study are: (1) the sample size of 
this study is large (N=384 cases); (2) this study analyzes anxiety 
variance in 3 groups according to different anxiety levels, 
and the results are more stable; (3) this study uses sensitivity 
analysis and an algorithm that elucidates nonlinearity to 
better reflect the true relationship between anxiety and 
cognitive function.

 

  

Figure 2. Association between HAMA and MoCA.
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Limitations

Our study has some drawbacks, as follows: Patients with 
Alzheimer’s disease (AD) were excluded from this study. 
Therefore, future use of the findings of this study in the 
AD population requires caution; this study was a cross-
sectional study and, therefore, was inevitably confounded 
by confounders, but we rigorously adjusted for confounders 
and assessed the accuracy of the results by sensitivity analysis. 
Limited to the nature of observational studies, we could only 
observe associations and not assess causality; we could only 
adjust for measurable confounders but not for unmeasurable 
confounders; therefore, future clinical studies with higher 
levels of evidence in larger populations to validate our findings 
are warranted.

Conclusion

The relationship between anxiety and cognition is nonlinear; 
we speculate that when the HAMA score is less than 9, anxiety 
and cognition are negatively correlated, and when it is greater 
than or equal to 9, the cognitive score will no longer decrease 
and is saturated.
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