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Repetitive negative thinking is associated
with cognitive function decline in older adults:
a cross-sectional study
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Abstract

Background Psychological problems such as depression and anxiety increase the risk of cognitive impairment in
older adults. But mechanisms on the effect of psychological disorder on cognitive function is inconclusive. Repetitive
negative thinking (RNT) is a core symptom of a number of common psychological disorders and may be a modifiable
process shared by many psychological risk factors that contribute to the development of cognitive impairment. RNT
may increase the risk of cognitive impairment. However, there are fewer studies related to RNT and cognitive function,
and there is a lack of epidemiological studies to explore the relationship between RNT and cognitive function.

Methods A cross-sectional study of 424 older adults aged 60 years or over was performed form May to November
2023 in hospital. To investigate the RNT level by using the Perseverative Thinking Questionnaire (PTQ), and investigate
the cognitive function level by using the Montreal Cognitive Assessment Scale (MoCA). Multivariable linear regression
and subgroup analyses were used to explore the relationship between RNT and cognitive function.

Results We categorized the total RNT scores into quartiles. The multivariable linear regression analysis showed that
after adjusting for all covariates, the participants in the Q3 and Q4 groups exhibited lower cognition scores (Q3:3
=-0.180, 95%Cl -2.849~-0.860; Q4:3 =-0.164, 95% -2.611~-0.666) compared to the Q1 group. The results of the
subgroup analyses showed that individuals aged 60 ~ 79 years, junior high school and above are more prone to suffer
from cognitive impairment with a high RNT score.

Conclusion The study reveals a negative association between RNT and cognitive function in community-dwelling
older adults. However, multi-center and a longer time span cohort studies on the relationship between RNT and
cognitive function should be carried out to further explore the mechanisms involved.
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Introduction

In the context of a grim situation of population aging and
a prominent trend of advanced aging in China, cogni-
tive impairment has become one of the major diseases
that seriously endanger the health of the older adults and
affect the sustainable development of the society, which
has a negative impact on the physical and psychologi-
cal health as well as the quality of life of the older adults.
The onset of cognitive impairment begins with the age-
related declines in cognitive function, progresses to mild
cognitive impairment (MCI), and ends with dementia
[1]. The patients unable to live independently in the later
stages of the disease. Around 55 million people world-
wide currently suffer from dementia, with the figure
expected to reach 139 million by 2050 [2]. The prevalence
of dementia in China aged 60 years and over is 6.0%, and
the prevalence of MCI is 15.5% [3]. The prevalence of
cognitive disorders is increasing year by year, placing a
heavy burden on patients, families, and society. It is esti-
mated that the total annual cost of dementia disease in
China will reach $1.89 trillion in 2050 [4]. However, there
is no drug that can stop or reverse the progression of
dementia. Cognitive decline can be effectively prevented
or delayed by controlling risk factors at an early stage, so
it is important to identify, prevent, and treat risk factors
associated with cognitive impairment [5].

With the rapid development of society, the transforma-
tion of family structures, and the decline of physiologi-
cal functions brought about by aging, the psychological
health problems of the older adults have become increas-
ingly prominent [6, 7]. Anxiety and depression are the
most common psychological health problems among the
older adults, and the probability of suffering from depres-
sive symptoms is currently 22.6% and that of suffering
from anxiety symptoms is 22.11% in China [8, 9]. Vari-
ous physical illnesses caused by psychological problems
in older adults threaten their physical and psychological
health and the quality of existence. Psychological prob-
lems such as depression and anxiety have been found to
increase the risk of cognitive impairment in older adults
[10, 11]. But mechanisms on the effect of psychological
disorder on cognitive function is inconclusive [12, 13].

RNT includes rumination and worry. Rumination
refers to a maladaptive response style, which is charac-
terised by repeated and unconscious passive thinking
about the causes, consequences and effects of negative
life events, and a persistent preoccupation with negative
experiences rather than taking positive practical action
[14]. Worry describes repetitive thoughts about poten-
tial threats, uncertain events, and risky events in the
future [15]. The main difference between rumination and
worry is in time and content [16]. It has been found that
heightened levels of rumination and/or worry are pres-
ent in the most Axis I disorder, including 13 categories
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of psychological disorders such as depression, anxiety
disorders, sleep disorders, and post-traumatic stress
disorder [17-19]. Based on the widespread presence of
rumination and worry across disorders, is has been sug-
gested that RNT is a transdiagnostic process that shows
the same characteristics across disorders, whereby only
the content is disorder-specific [20]. RNT is the repeti-
tive thinking about one or more negative issues that are
difficult to control [21]. Research has shown that RNT is
a core symptom of depression, anxiety, and many other
common psychological illnesses. The higher levels of
RNT lead to increased susceptibility to a wide range of
mood disorders [22]. RNT as a common process in Axis
I disorder may be a common pathway for psychological
disorder leading to an increased risk of dementia. There-
fore, we propose that RNT may be a modifiable process
for many of the psychological risk factors that contribute
to cognitive decline and it increase the risk of cognitive
decline.

RNT has been found to correlate with dementia bio-
markers, global cognition, and subjective cognitive
decline in older adults [23, 24]. Although these studies
provide evidence of a relationship between RNT and
poorer objective and subjective cognition. Since differ-
ences in the study populations and assessment methods
of different studies may have an impact on the results,
we aimed to explore the association between RNT and
cognitive function in community-dwelling older adults in
China to provide evidence for the prevention of cognitive
decline.

Methods

Population

In this study, a cross-sectional study method was used to
select participants from community in Wuhan. The sam-
ple size was calculated using the formula of [Z*P(1-P)]/
d?, at level of significance at 0.05 and CI of 95% [25]. The
prevalence of cognitive disorder in the Wuhan was taken
at a level of 0.878 with a relative precision of 0.05 [26]. A
sample size of 190 participant was estimated to assess its
correlation with RNT with a potential a dropout rate of
15%. The questionnaire survey was conducted from May
2023 to November 2023 among 424 participants in the
community of Wuhan. The inclusion criteria for partici-
pants included: (1) age over 60 years; (2) a local residence
time > 6 months; (3) ability to communicate normal and
complete the questionnaire; and (4) signed informed
consent. Considering the impact of selected diseases on
the cognitive function, the exclusion criteria included:
(1) presence dementia such as Alzheimer’s disease, vas-
cular dementia, and other neurological diseases that can
cause brain dysfunction, which diagnosed by a medical
institution; (2) presence of severe heart, liver, and kid-
ney diseases and malignant tumours; (3) alcohol, drug
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abuse or dependence within the previous 2 years; (4)
have psychological disease diagnosed by a medical insti-
tution. Prior to both the interviews and examinations, all
participants provided informed consent. The study was
approved by the Ethics Committee of Hubei University
of Chinese Medicine (Approved No. of ethic committee:
2019-IEC-003).

Repetitive negative thinking assessment

RNT was assessed using the perseverative thinking ques-
tionnaire (PTQ). The scale consists of 15 items covering
three domains: core characteristics of RNT, unproduc-
tiveness, and psychological capacity captured. Each item
is rated on a 5-point Likert scale from 0 “never” to 4
“almost always’, with a total score ranging from 0 to 60.
The higher score of PTQ represents higher levels of RNT.
The Cronbach’s a of PTQ is 0.95 [20]. The questionnaire
is currently available in Chinese, German, English, Polish
and French. Good reliability and validity when applied to
the older adults, young people, children and women [27,
28].

Cognitive function assessment

Montreal Cognitive Assessment (MoCA) Test is a widely
used screening assessment tool for cognitive function
of older adults. Studies have shown that the MoCA test
has high sensitivity (80-100%) and specificity (50-76%)
in identifying MCI, and it is more accurate than the
Mini-Mental State Examination Scale in distinguishing
between normal and MCI (Grade A recommendation)
[29]. The MoCA test measures a wider range of cognitive
domains, including visuospatial abilities, executive func-
tions, attention, memory, concentration, language, verbal
abstraction, and orientation. There are a total of 11 test
entries with a total score of 30, with higher scores indi-
cating better cognitive function. One additional point
was given to patients having<12 years of education for
the MoCA scale. Cognitive function was assessed with
MoCA (Beijing version). The Cronbach’s a of MoCA is
0.818, which has a good measurement characteristic [30].

Covariates

In our study, covariates were used to mitigate potential
confounding influences on the relationship between RNT
and cognitive function, grounded on insights from prior
research literature. These covariates included gender, age,
occupation, marital status, living arrangement, educa-
tion level, monthly income, and number of chronic dis-
ease, family history of Alzheimer’s disease, and number
of hobbies.

Statistical analysis
Quantitative data are presented as mean + standard devi-
ation, while qualitative data are expressed as numbers
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(percentages). Data were tested for independence, nor-
mality, and homogeneity of the variances before statis-
tical analyses. Independent samples t-test was used to
compare the measurement data between the two groups.
Multi-group comparison was determined by the one-way
ANOVA or Welch’s test as appropriate. If p<0.05, the
data of the two groups were considered to have statisti-
cal differences. Associations between normally distrib-
uted variables were analyzed using Pearson correlation.
To examine the association between RNT and cognitive
function, a linear regression model was conducted. In
order to enrich the findings and provide clearer clinical
implications, total RNT score was categorized based on
quartiles (Q1: < 25th percentile, Q2: 25 to 50th percen-
tile, Q3: 50 to 75th percentile, Q4: > 75th percentile) with
Q1 as the reference category. Furthermore, subgroup
analyses were conducted based on factors such as age
and educational level to investigate whether these factors
influenced the relationship between RNT and cognitive
function. A P-value <0.05 was considered statistically sig-
nificant. SPSS 25.0 was used for statistical analysis in this
study. This was an exploratory analysis; thus, adjustment
for multiple comparisons was not made.

Results

Participants characteristics

Table 1 presents participant characteristics. This analysis
included 424 participants from Wuhan in Hubei Prov-
ince. Of these participants, 161 (37.97%) were male and
263 (62.03%) were female, and the weighted mean age
was 68.93+0.26 years. Different age, occupation, mari-
tal status, living arrangement, education level, monthly
income, and number of hobbies were significantly differ-
ent across the cognitive function.

Cognitive function scores for comparison among the RNT
quartiles
Table 2 presents the relationship between RNT and cog-
nitive function. The results of the Pearson correlation
analyses showed that RNT is associated with global cog-
nition and cognitive domains except language skills.
Table 3 presents the comparison of the cognitive func-
tion in RNT quartiles. The interquartile ranges of RNT
scores were 0 to 5, 6 to 12, 13 to 21.75, and 21.75 to 47,
respectively. After stratifying the RNT, MoCA scores
and cognitive domains score revealed differences in RNT
quartiles. Participants in the Q3 and Q4 groups exhibited
lower MoCA scores, visuospatial function score, naming
score, abstracting score, memory score (P<0.05).

Association between the RNT and cognitive function:
results of regression analysis

Table 4 presents the findings of multivariable linear
regression analysis on the association between RNT
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Table 1 Comparison of participant characteristics

Variables Overall, P
n=424 Value
(100.0%)
Age (year) <0.001
60~69 167(39.39)
70~79 177(41.75)
80~90 80(18.87)
Gender 0482
Male 161(37.97)
Female 263(62.03)
Occupation <0.001
Intellectual work 249(58.73)
Manual work 148(34.91)
Unemployed 27(6.37)
Marital status <0.001
Married 331(78.07)
Divorced, widowed, and unmarried 93(21.93)
Living arrangement 0.002
Living with spouse and children 101(23.82)
Living with spouse 195(45.99)
Living with children 75(17.69)
Living alone 53(12.50)
Education level <0.001
lliteracy 22(5.19)
Primary school 53(12.50)
Junior high school 115(27.12)
High school and above 234(55.19)
Monthly income (RMB) <0.001
>8000 16(3.77)
6000~ 41(9.67)
4000~ 125(29.48)
<4000 242(57.08)
Number of chronic diseases 0.408
0 76(17.92)
1 151(35.61)
2 114(26.89)
3 57(13.44)
>4 26(6.13)
Family history of Alzheimer’s disease 0.502
No 384(90.57)
Yes 40(9.43)
Number of hobbies <0.001
>4 8(1.89)
3 162(38.21)
2 151(35.61)
1 72(16.98)
0 31(7.31)

Note. Percentages have been rounded and may not sum 100

All data were normally distributed. Age, occupation, living arrangement,
education level, monthly income (RMB), number of hobbies didn’t satisfy the
homogeneity of variance, and were analyzed by Welch's test. The number
of chronic diseases satisfied the homogeneity of variance, and was analyzed
One-Way ANOVA. Gender, Marital status, and Family history of Alzheimer's
disease met independence, normality, and variance homogeneity, which were
determined by independent-Samples T tests.
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and cognitive function. All regressions passed indepen-
dence, normality test, and homogeneity of variances. Our
research indicated that RNT was negatively associated
with cognitive scores. The association remained statisti-
cally significant across all multivariate linear regression
models, even after controlling for various covariates such
as age, occupation, marital status, living arrangement,
education level, monthly income, and number of hobbies.
Age, education level, and RNT retained their statistical
significance when entered into the final regression model.
In Model 2, the participants in the Q3 and Q4 groups
exhibited lower cognition scores (Q3:p = -0.180, 95%CI
-2.849~-0.860; Q4:p = -0.164, 95% -2.611~-0.666) com-
pared to the Q1 group.

Subgroup analysis

The final variables included in Model 2 included the
variables age and education level in addition to RNT.
Therefore, we want to further explore whether there is
a correlation between RNT and cognition within dif-
ferent subgroups, including age (60~69 vs. 70~79 vs. >
80~90) and education level (Illiteracy vs. Primary school
vs. Junior high school vs. High school and above). The
covariates included were those that were meaningful in
the univariate analysis (age, occupation, marital status,
living arrangement, education level, monthly income,
and number of hobbies). The outcomes are displayed
in Table 5. After adjusting for potential confounders, it
was observed that RNT was negatively associated with
cognitive function in the 60~79, middle school, and
high school/technical school/secondary school groups.
Within these subgroups, higher RNT scores were related
to lower cognitive function scores. In contrast, RN'T was
not associated with cognitive function in the 80~ 90, pri-
mary school, and illiteracy.

Discussion

The present study suggested that the risk of cognitive
impairment increased with higher RNT scores among
older adults, and the robustness of the finding was con-
firmed through adjustment for various potential con-
founding variables. Additionally, individuals aged 60 ~79
years, junior high school and above were more prone to
suffer from cognitive impairment with a high RNT score.
However, the correlation between RNT and cognitive
function was not significant in older adults aged 80 to 90
years, or those in elementary school and below.

To date, there have been limited endeavors to explore
the correlation between RNT and cognitive function in
older adults. Marchant et al. conducted a cohort study in
2016 to find that RN'T was associated with decline in cog-
nition, including global cognition, immediate and delayed
memory [23]. In addition, the study found that increased
level of RNT was associated with cognitive decline and
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Table 2 The correlations between RNT and cognitive function

MoCA Visuospatial function Naming Attention Language skills Abstracting Memory orientation
RNT -0.261** —-0.178** —-0.255** —0.142** -0.034 —-0.178** —-0.149** -0.122*
All data passed normality test
Note. **p <0.01; *P<0.05
Table 3 Comparison of the cognitive function in RNT quartiles
Variables Q1 Q2 Q3 Q4 PValue

(0~5) (N=137) (6~12) (N=84) (13~21.75) (N=97) (21.76 ~47) (N=106)

MoCA 23.77 £4.482 23.23£3.622 21.59+4.138 21464378 <0.001
Visuospatial function 3.69+1413 3.77+1.123 328+1.344 320+1.348 0.003
Naming 2.66+0.635 2.52+0.702 2.25+0.890 225+0916 <0.001
Attention 571+1.677 571£1.564 541£1.712 524£1613 0.087
Language skills 1.73+£0.781 1.62+0.727 1.67+0.875 1.71+£0.828 0.778
Abstracting 1.36+0.706 1.33+£0.646 1.08+0.702 1.09+0.775 0.002
Memory 2.75+1.599 2.55+1.555 221+£1414 225+1.542 0.020
Orientation 576+0.576 5.61+0.581 557+0.762 558+0.742 0.093

Assumptions of normality and independence were met for all significant data. MoCA, Visuospatial function, Naming, Language skills, Abstracting, Memory, and
Orientation satisfied the homogeneity of variance and were analyzed by one-way ANOVA. Attention didn’t satisfy the homogeneity of variance and was analyzed

by Welch’s test

Table 4 3 values of RNT in linear regression models between RNT and cognitive scores after adjusting for different covariates

Model B B t 95%Cl PValue
Model 1
Total RNT -0.087 —0.207 -4.839 —0.123~-0.052 <0.001
Categories
Q1 1(reference) 1(reference) 1(reference) 1(reference)
Q2 -0.535 —0.049 -1.021 —1.564~0495 0.308
Q3 —2.006 —0.195 —3.994 —2.994~—1.019 <0.001
Q4 —-1.823 —-0.182 —3.687 —2.794~—-0.851 <0.001
Model 2
Total RNT —0.082 —0.194 —4.523 —0.117~—0.046 <0.001
Categories
Q1 1(reference) 1(reference) 1(reference) 1(reference)
Q2 -0.315 -0.029 —0.597 —1.351~0.721 0.551
Q3 —1.855 -0.180 —3.664 —2.849~-0.860 <0.001
Q4 —-1.638 -0.164 -3312 —2.611~—0.666 <0.001

Model 1: age and education level were adjusted. Model 2: age, occupation, marital status, living arrangement, education level, monthly income, and number of

hobbies were adjusted

Table 5 Subgroup analyses for RNT and cognitive function

Variable B B t PValue
Age
60~69 -0073  -0.196 -2883  0.004
70~79 -0.101 -0.241 —3.482 <0.001
80~90 -0.046 -0.097 -0.979 0.331
Education Level
llliteracy 0.000 —0.001 —-0.005 0.996
Primary school -009  -0274 1784  0.081
Junior high school -0079  -0203 -2.180  0.031
High school and above ~ -0.078  -0202  -3.182  0.001

neuroimaging biomarkers of Alzheimer’s disease (i.e.,
amyloid, tau). Another cross-sectional study found that
increased level of RNT was associated with worse sub-
jective cognition and increased memory complaints.

Consistent with previous studies, our data demonstrates
that higher level of RNT is related to worsecognitive
function. In addition to this, this study found RNT was
associated with cognitive domains except language skills.
When participants were stratified by age and educa-
tion level, a notable negative correlation was observed
between RNT and cognitive function among older adults
aged 60~69 years or junior high school and above. There
are reasons why RNT does not correlate with cognitive
function in older adults who are 80 to 90 years of age or
have elementary school or below as follows. Increased
brain aging in this age group may have altered the rela-
tionship between cognition and mood, or it may have
weakened the association. The limited ability of older
adults with low education level to perceive and express
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RNT resulted in a non-significant correlation between
RNT and cognitive function.

The underlying mechanisms linking psychological
disorder to cognitive function remain vague. One study
found that increased level of RNT was closely related
to gray and white matter structures in the brain, par-
ticularly in the dorso-lateral prefrontal cortex, anterior
cingulate cortex, the arcuate fasciculus, and superior lon-
gitudinal fasciculus [31]. These regions are related to cog-
nitive control, emotion processing and regulation [32].
Increased level of RNT may lead to changes in the brain’s
structural functions related to cognitive control, leading
to further cognitive decline. Cognitive debt theory sug-
gests that psychology disorder can lead to damage to the
hippocampus by increasing glucocorticoid levels and
inducing inflammation and vascular disease in the brain,
which impairs cognitive function [33]. RNT as a common
trait of many types of psychology disorder, can be initi-
ated and maintained without external triggers or aware-
ness and narrows the scope of attention to repeatedly
activated negative thoughts, thus provoking the individ-
ual to repeatedly experience physical and psychological
distress, leading to the onset of psychology disorders,
which in turn may increase the risk of cognitive impair-
ment. As a person adopts the habits of negative thinking
for a long-term, it constantly depletes the brain’s lim-
ited resources, leading to a decline in the brain’s ability
to attention, executive functions, and memory [34, 35].
Older adulthood is a special stage with more pressure
and stressful events. Along with the aging process, older
adults will face physiological changes such as reduced
self-care, frailty and the development of physical illnesses
[36—38]. At the same time, they will experience negative
stressful events such as a reduction in financial income,
a decline in social status, and the death of friends and
partners [39, 40]. These make older adults vulnerable to
RNT, which further can have a range of negative effects
on them.

Age is the biggest and uncontrollable risk factor for
cognitive decline [41]. Literature has indicated that MCI
incidence in China was 11.9% for older adults ages 60
to 69, 19.3% for 70 to 79, 24.4% for 80 to 89, 33.1% for
90 and above [3]. People over 80 are the fastest growing
demographic around the world and they are at higher
risk of developing cognitive impairment [42]. With the
aging process, the physiological of the older adults gradu-
ally decline with the structure and function of the brain
tissue gradual decline and the function of neural cell loss
[43]. In addition, the continued accumulation of health
risk factors increases the risk of chronic diseases such as
hypertension, diabetes and coronary heart disease [44].
This disease led to amyloid plaque deposition through
several mechanisms, such as increased oxidative stress,
promoting inflammatory reaction, caused metabolic
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disorders. These mechanisms increase the risk of cogni-
tive decline.

Education level is a more consistent influence on cog-
nitive function in most studies. Older adults with lower
levels of education generally have limited nutritional
conditions in early childhood or limited educational
resources, which may have an impact on cognitive func-
tion [45]. They are more likely to be engaged in manual
occupation and lack of exercise for brain, which leads
to premature degeneration of neurons in the brain, thus
reducing cognitive function [46]. In addition, older adults
with lower levels of education may lack such knowledge,
further increasing the risk of cognitive impairment [47].

This study offered multiple strengths. Firstly, in exam-
ining the association between RNT and cognitive func-
tion, the study eliminated as many bias-inducing factors
as possible to ensure more reliable results through pre-
vious research and by conducting in-depth analyses
that took into account a variety of possible potential
confounders. Secondly, the study investigated the rela-
tionship between RNT and cognitive function through
regression and subgroup analysis suggesting a nega-
tive association between RNT and cognitive function
in community-dwelling older adults. In the future, the
assessment of mental health can be incorporated into the
health screening of older adults to comprehensively eval-
uate their health status. Health professionals and carers
can enhance the assessment of RNT in older adults and
identify problems promptly. By developing interventions
to avoid further exacerbation of psychological problems
in the elderly and increased risk of other diseases such as
cognitive impairment.

However, there were limitations in the present study.
First, a definitive causal relationship between RNT and
cognitive function could not determine in this study since
this study was a cross-sectional design. Secondly, since
convenience sampling method was used in this study
and all the participants in our study were selected only
from Wuchan District and Hongshan District in Wuhan
city, which suffered short time span, small sample size,
and bad representativeness. In the future, multi-center
and a longer time span cohort studies on the relationship
between RNT and cognitive function should be carried
out to further explore the mechanisms involved. None-
theless, these findings have implications that are crucial
to interventions that promote cognitive function in older
adults.

Conclusion

In conclusion, this is the first study to investigate the rela-
tionship between RNT and cognitive function in Chinese
older adults. After adjusting for a range of confound-
ers, RNT is associated with cognitive function decline
in older adults. The assessment of RNT levels in older
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adults can be enhanced, and psychological interventions
and other measures can be taken to reduce RNT levels
and further prevent cognitive decline.
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