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Abstract
Background Recent studies have drawn attention to the association between preserved ratio impaired spirometry 
(PRISm) and cognitive function decline. High systolic blood pressure (SBP) is a known risk factor for both PRISm and 
dementia. This study aimed to investigate whether elevated SBP may mediate the relationship between PRISm and 
cognitive function in older adults.

Methods This study analyzed 732 participants aged ≥ 60 years who had completed spirometry and cognitive 
function tests in the National Health and Nutrition Examination Survey (NHANES) 2011–2012. Multivariable linear 
regression was employed to assess the relationship between PRISm and cognitive function, as measured through 
the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) Word Learning sub-test, the Animal Fluency 
test (AFT), the Digit Symbol Substitution test (DSST), and global cognition tests. All cognitive tests were modeled 
as z-scores, and global cognition was calculated as the sum of the z-scores of the CERAD, AFT, and DSST. Mediation 
analyses were conducted to test the mediating effect of SBP on the association between PRISm and cognitive 
function.

Results Participants with PRISm had lower AFT (β = -0.300; 95% confidence interval [CI] = -0.479 to -0.122; 
p = 0.001), DSST (β = -0.157; 95% CI = -0.309 to -0.004; p = 0.044), and global cognition scores (β = -0.211; 95% CI = 
-0.369 to -0.053; p = 0.009) than those with normal spirometry, after adjusting for all potential confounders. SBP was 
considerably associated with AFT (β = -0.084; 95% CI = -0.162 to -0.005; p = 0.038) and DSST (β = -0.132; 95% CI = 
-0.207 to -0.057; p < 0.001), mediating 7.9% and 18.0% of the association of PRISm with cognitive function, respectively. 
Furthermore, SBP mediated 17.1% of the association of PRISm with global cognition.

Conclusions The findings suggested the potential role of SBP as a mediator of associations between PRISm and 
cognitive decline in older adults.
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Introduction
Dementia, a group of symptoms affecting memory, think-
ing, and social abilities interferes with daily activities, 
thus leading to death and disability among older adults 
[1]. With the worldwide increase in population aging, 
cognitive impairment is likely to become a public health 
disaster [2]. According to the World Health Organiza-
tion’s Global Dementia Observatory report, the num-
ber of patients with dementia is expected to increase to 
139  million by the year 2050 [3]. Vascular risk factors, 
including hypertension, play a crucial role in the patho-
physiology of dementia, with up to 50% of patients with 
Alzheimer’s disease (AD) exhibiting mixed pathology, 
including cerebrovascular lesions, after postmortem 
examination [4].

Hypertension is a modifiable primary risk factor for 
all-cause dementia, especially vascular cognitive impair-
ment [5]. Long-term elevation of blood pressure has 
profound effects on the cerebral vasculature and brain 
parenchyma, substantially increasing the risk of demen-
tia in individuals with hypertension [6]. Hypertension 
promotes the development and accumulation of ath-
erosclerotic plaques in the extracranial arteries, reduces 
nitric oxide signaling, accelerates inflammation and 
immune cell accumulation, and increases the risk of cog-
nitive decline [7]. A previous study on blood pressure and 
dementia indicated that higher systolic blood pressure 
(SBP) could predict a 5-year risk of all-cause dementia 
[8]. Consistent with this research, several other studies 
have suggested that elevated SBP in older was adults is 
associated with faster cognitive decline and an increased 
risk of dementia and that its impact becomes more sub-
stantial with advancing age [9]. Additionally, evidence 
from randomized clinical trials has shown that control-
ling SBP to a target of 120 mmHg could reduce the risk of 
mild cognitive impairment [10]. Therefore, reducing SBP 
to lower the risk of cognitive impairment may be a cru-
cial measure for preventing dementia.

Previous studies have indicated that chronic lung dis-
ease and impaired lung function are potential risk factors 
for dementia or cognitive impairment [11]. Preserved 
ratio impaired spirometry (PRISm) has been demon-
strated to be associated with an increased incidence of 
metabolic syndrome, obesity, congestive heart failure, 
type 2 diabetes, and coronary artery disease [12]. PRISm 
is characterized by a reduced forced expiratory volume in 
1 s (FEV1 ≤ 80% of predicted value) and a preserved FEV1 
to forced vital capacity (FVC) ratio (FEV1/FVC) greater 
than 0.7, previously known as restrictive pulmonary 
function impairment, or unclassified/nonspecific chronic 
obstructive pattern [13]. The prevalence of PRISm in 
older adults ranges from 3–20% [14]. Recent studies sug-
gested that the overall cognition of patients with PRISm 
was poorer than that of those with normal spirometry 

[15], and the risk of developing all types of dementia 
increased [11]. Compared to other impaired lung func-
tion patterns, such as COPD (FEV1/FVC < 0.70), PRISm 
is considered to indicate a potentially reversible preclini-
cal state, that can be reversed to a state with normal spi-
rometry [16]. Therefore, early identification and clinical 
intervention for PRISm may be an effective means to 
reduce the incidence of dementia.

In summary, both elevated blood pressure and impaired 
pulmonary function (including PRISm) are associated 
with dementia. Additionally, studies have shown a sig-
nificant negative correlation between FEV1 and SBP [17]. 
However, it is still unclear whether SBP mediates the 
potential association between PRISm and cognitive func-
tion. Therefore, the primary objective of this study was 
to examine the association between PRISm and cogni-
tive impairment using data from the National Health and 
Nutrition Examination Survey (NHANES) dataset. The 
secondary objective was to determine the role of blood 
pressure in mediating this association.

Methods
Study design and population
This cross-sectional study used a public data set of spi-
rometry and cognitive function tests collected from 
the NHANES 2011–2012. NHANES, conducted by the 
National Center for Health Statistics (NCHS), is a con-
tinuous initiative designed to evaluate the health and 
nutritional well-being of both adults and children across 
the United States. The survey integrates both interviews 
and physical assessments obtained from a stratified, mul-
tistage probability sample of noninstitutionalized civil-
ians residing in the United States [18]. The data collected 
in the NHANES underwent review and approval by the 
Research Ethics Review Board of the NCHS. Addition-
ally, all participants provided written consent prior to 
their participation in the study. This study analyzed only 
data from publicly accessible databases, thus obviating 
the need for additional ethical review. We followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) criteria to report our study.

Our study used only data from the NHANES 2011–
2012 survey because only this survey included partici-
pants who completed both spirometry and cognitive 
function assessments. The following participants were 
excluded: (1) those with incomplete cognitive function 
data (n = 8069); (2) those with missing spirometry data 
(n = 408); (3) those with missing blood pressure data 
(n = 282); and (4) those with a FEV1/FVC < 0.7 (n = 265). 
Due to the limited number of participants in the 
NHANES 2011–2012 survey who completed both cog-
nitive assessment questionnaires and spirometry, the 
response rate was only 7.5%. Finally, 732 participants 
were included in this study (Fig. 1).
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Assessment of spirometry
Spirometry was conducted with participants standing 
upright during NHANES 2011–2012, employing spirom-
eters (Ohio 822/827; Ohio Medical Instrument Company, 
OH, USA). The process adhered to the standardized pro-
tocol endorsed by the American Thoracic Society (ATS) 
[19]. The participants were subjected to multiple tests 
to ensure acceptable and reproducible spirometry. Par-
ticipants who failed after 8 tests were excluded, and the 
3 highest values were recorded for each participant. The 
raw data from FEV1, FVC, and FEV1/FVC of each partici-
pant were used for subsequent analysis. The calculation 
of FEV1% predicted and FVC% predicted used reference 
equations provided by the Global Lung Function Initia-
tive (GLI) [20]. Subsequently, we divided the actual val-
ues by the predicted values to compute the percentage 
predicted for both FVC and FEV1. PRISm was defined as 
FEV1 < 80% predicted and FEV1/FVC ratio ≥ 0.70, whereas 
normal spirometry was defined as FEV1 ≥ 80% predicted 
and FEV1/FVC ratio ≥ 0.70 [21].

Cognitive function assessment
In the NHANES 2011–2012 survey, participants aged 
60 years and older underwent 3 cognitive assessments, 
which encompassed the Consortium to Establish a Reg-
istry for Alzheimer’s Disease (CERAD), the animal flu-
ency test (AFT), and the Digit Symbol Substitution Test 
(DSST). Higher scores on all cognitive function tests 
indicate improved cognitive performance.

The CERAD word learning assessment was used to 
assess immediate and delayed verbal memory through 
3 successive learning sessions and a subsequent delayed 
recall task [22, 23]. During the learning trials, partici-
pants vocalized 10 unconnected words before attempting 
to recall as many words as they could. Delayed recall fol-
lowed the completion of the AFT and DSST. The scores 
of the 3 trials and delayed recall were aggregated to 
obtain the total CERAD score for each participant [24].

The AFT was used to examine categorical verbal flu-
ency, which is a facet of executive function [25]. The 
participants were instructed to enumerate as many ani-
mals as possible within a duration of 1  min. One point 

Fig. 1 Flow diagram of participants included for the analysis in the NHANES 2011–2012 data set. NHANES, National Health and Nutrition Examination 
Survey
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was assigned for each named animal, and the sum of 
the number of named animals constituted the total AFT 
score of the participant.

The DSST, an integrated version of the Wechsler Adult 
Intelligence Scale, was used to evaluate processing speed, 
sustained attention, and working memory [26, 27]. The 
participants were asked to match symbols to numbers 
within 133 boxes in 2  min, and the score reflecting the 
total number of accurate matches ranged from 0 to 133.

Considering individual differences between various 
cognitive tests, we calculated a global cognitive score for 
each participant [28]. In this study, global cognition was 
generated by aggregating the standardized Z scores from 
each assessment (CERAD, AFT, and DSST) [29]. The cal-
culation was performed as described in a previous study 
[24].

Mediator and covariate assessment
The blood pressure levels were measured by trained cli-
nicians using a mercury sphygmomanometer and an 
appropriately sized cuff. After a period of quiet rest 
while seated for 5  min, three successive blood pressure 
measurements were taken once the maximum inflation 
level for the participant was established. The average of 
all obtainable measurements was used to determine the 
levels of SBP and diastolic blood pressure (DBP). Qual-
ity control and physician training in the NHANES study 
have been described in detail previously [4]. This study 
used continuous SBP as the mediator, with the change in 
SBP being 1 mmHg for the blood pressure estimates.

Various variables were selected as potential confound-
ers that might influence blood pressure and cognitive 
function. These covariates included the following: (1) 
demographic data (age, sex, race, and education level); 
(2) examination data (weight and standing height) and 
body mass index (BMI), which was calculated by divid-
ing weight in kilograms by the square of measured height 
in meters; (3) laboratory data (total cholesterol, high-
density lipoprotein [HDL] cholesterol, low-density lipo-
protein [LDL] cholesterol, triglyceride, glycohemoglobin, 
white blood cell count, neutrophil count, and lympho-
cyte count); and (4) questionnaire data (smoking status, 
pack-years of smoking, alcohol intake, hypertension, dia-
betes mellitus, stroke, heart failure, and coronary artery 
disease).

Statistical analysis
Data analyses were conducted using SPSS (version 26.0, 
SPSS Inc., IL, USA) and R software (version 4.3.2). A Kol-
mogorov–Smirnov test was used to explore whether the 
continuous variables accorded with normal distribution. 
Continuous variables with a normal distribution were 
expressed as mean values with their standard deviations 
(SD), whereas categorical variables were expressed as 

numbers with their corresponding percentages. Differ-
ences between participants with normal spirometry or 
PRISm were evaluated using the independent samples t 
tests (for continuous variables) or chi-square tests (for 
categorical variables). Linear regression models were uti-
lized to compute the β-coefficient (95% confidence inter-
val [CI]) illustrating the impact of PRISm on cognitive 
function (the Z-scores of CERAD, AFT, DSST, and global 
cognition) under various conditions (Model 0: adjusted 
for age, sex, and race; Model 1: adjusted for variables in 
Model 0 plus education level, smoking status, pack-years 
of smoking, and BMI; and Model 2: adjusted for vari-
ables in Model 1 plus HDL cholesterol, glycohemoglobin, 
white blood cell count, neutrophil count, hypertension, 
diabetes mellitus, stroke, heart failure, and coronary 
artery disease).

Mediation analyses were performed to assess the medi-
ating effect of SBP on the relationship between PRISm 
(normal spirometry as a reference) and cognitive func-
tion. All continuous variables underwent z-transforma-
tion to reduce bias when performing mediation analysis 
[30]. Three pathways (a, b, and c) were employed to eval-
uate mediation with the process modeling framework 
delineated by Hayes (PROCESS macro v4.2) [31]. Path a 
evaluated the link between PRISm (exposure) and SBP 
(mediator). Path b gauged the relationship between SBP 
(mediator) and cognitive assessment (outcome). Path c, 
representing the total effect, quantified the direct asso-
ciation between PRISm (exposure) and cognitive assess-
ment (outcome). The mediated proportion was calculated 
using the following formula: 𝛽indirect effect/𝛽total effect × 100% 
[32]. All p-values were computed as two-tailed, with sta-
tistical significance defined as p < 0.05.

Results
Characteristics of study populations
Participants with PRISm were predominantly female, 
younger, had a higher prevalence of current smokers, 
lower educational background, and an increased preva-
lence of diabetes compared with those with normal spi-
rometry (Table 1). Furthermore, participants with PRISm 
demonstrated elevated SBP values (137.1 mmHg vs. 131.5 
mmHg, p = 0.001), but there was no significant difference 
in DBP values (70.9 mmHg vs. 71.1 mmHg, p = 0.856) 
compared with those with normal spirometry. The spi-
rometric values, including FEV1% predicted (69.7% vs. 
98.7%, p < 0.001), FVC% predicted (68.9% vs. 95.2%, 
p < 0.001), and FEV1/FVC (76.7% vs. 78.1%, p = 0.001), 
were markedly lower in participants with PRISm than in 
those with normal spirometry. Similarly, cognitive func-
tion evaluated using the AFT test (p < 0.001), the DSST 
test (p = 0.004), and the global cognitive score (p = 0.003) 
showed a significant decrease in participants with PRISm.
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Lung function and cognition
Table  2 depicts the associations between lung function 
and cognitive assessment after adjustments. In Model 
0, participants with PRISm exhibited negative associa-
tions with three cognitive function tests and global cog-
nition compared with those with normal spirometry. Of 
these associations, the impact magnitude in the CERAD 
test was relatively minor (β = -0.166; 95% CI = -0.331 to 
-0.001; p = 0.049). In the multivariate adjusted Model 
1 (adjusted for Model 0 plus education level, smoking 

status, pack-years of smoking, and BMI), participants 
with PRISm had substantially poorer verbal fluency 
(AFT: β = -0.410; 95% CI = -0.712 to -0.108; p = 0.008), 
poor processing speed (DSST: β = -0.213; 95% CI = -0.355 
to -0.072; p = 0.003), and global cognition (β = -0.403; 
95% CI = -0.710 to -0.095; p = 0.011). Similar trends were 
noted in the multivariable models adjusted for all covari-
ates (Model 2). Participants with PRISm were nega-
tively associated with AFT (β = -0.300; 95% CI = -0.479 
to -0.122; p = 0.001), DSST (β = -0.157; 95% CI = -0.309 

Table 1 Baseline characteristics of the study population
Normal spirometry
(n = 563)

PRISm
(n = 169)

P value

Continuous variables, mean (SD)
Age (year) 66.9 (5.4) 65.6 (4.8) 0.003
Body mass index (kg/m2) 29.5 (6.4) 31.1 (7.0) 0.006
Systolic blood pressure (mmHg) 131.5 (18.0) 137.1 (19.5) 0.001
Diastolic blood pressure (mmHg) 71.1 (12.1) 70.9 (16.1) 0.856
Total cholesterol (mmol/L) 5.8 (3.9) 5.7 (4.3) 0.921
HDL cholesterol (mmol/L) 1.4 (0.4) 1.3 (0.4) 0.001
LDL cholesterol (mmol/L) 3.0 (0.9) 2.8 (1.0) 0.149
Triglyceride (mmol/L) 7.8 (2.2) 7.5 (2.8) 0.467
Glycohemoglobin (%) 6.0 (1.2) 6.4 (1.2) < 0.001
White blood cell count (103/µL) 6.5 (2.8) 7.1 (3.0) 0.019
Neutrophil count (103/µL) 3.8 (1.5) 4.1 (1.8) 0.022
Lymphocyte count (103/µL) 2.0 (1.9) 2.3 (2.1) 0.142
FVC (%, predicted) 95.2 (13.0) 68.9 (9.2) < 0.001
FEV1 (%, predicted) 98.7 (12.5) 69.7 (8.4) < 0.001
FEV1/FVC (%) 78.1 (5.1) 76.7 (4.9) 0.001
CERAD 24.8 (6.2) 24.6 (6.0) 0.719
Animal fluency test 17.2 (5.6) 15.2 (5.5) < 0.001
Digit symbol substitution test 49.0 (18.6) 44.9 (15.7) 0.004
Global cognition score 0.3 (2.5) -0.3 (2.2) 0.003
Categorical variables, n (%)
Female 299 (53.1) 99 (58.6) 0.210
Race or ethnicity < 0.001
 Non-Hispanic White 206 (36.6) 25 (14.8)
 Non-Hispanic Black 150 (26.6) 91 (53.8)
 Others 207 (36.8) 53 (31.4)
Education level 0.066
 ≤High school 263 (46.7) 96 (56.8)
 College 157 (27.9) 40 (23.7)
 > College 143 (25.4) 33 (19.5)
Smokinga 243 (43.2) 85 (50.3) 0.102
Pack-years of smoking 17.5 (1.9) 24.6 (4.1) 0.118
Alcohol intake ≥ 12 drinks/year 376 (66.8) 105 (62.1) 0.264
Hypertension 304 (54.0) 118 (69.8) < 0.001
Diabetes mellitus 107 (19.0) 58 (34.3) < 0.001
Stroke 28 (5.0) 13 (7.7) 0.178
Heart failure 18 (3.2) 21 (12.4) < 0.001
Coronary artery disease 42 (7.5) 37 (21.9) < 0.001
aSmoking: ever smoking and current smoking were considered to have a smoking status and never smoking was thought to have a non-smoking status

Data are presented as mean (SD) or frequency (%). All P values were calculated with a two-sided significance level of 0.05. CERAD, Consortium to Establish a Registry 
for Alzheimer’s Disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HDL, high density lipoprotein; LDL, low density lipoprotein; PRISm, preserved 
ratio impaired spirometry; SD, standard deviation



Page 6 of 10Ouyang et al. BMC Geriatrics          (2024) 24:870 

to -0.004; p = 0.044) and the global cognition score (β = 
-0.211; 95% CI = -0.369 to -0.053; p = 0.009).

Mediation analysis
PRISm was significantly associated with AFT (β = -0.357; 
95% CI = -0.547 to -0.167; p < 0.001), DSST (β = -0.234; 
95% CI = -0.418 to -0.050; p = 0.013), and global cognition 
score (β = -0.277; 95% CI = -0.460 to -0.093; p = 0.003) 
when adjusted for potential confounders (Table 3). After 
adjustment for covariates and lung function, SBP had an 
inverse association with verbal fluency (AFT: β = -0.084; 
95% CI = -0.162 to -0.005; p = 0.038), processing speed 
(DSST: β = -0.132; 95% CI = -0.207 to -0.057; p < 0.001), 
and global cognition (β = -0.112; 95% CI = -0.179 to 
-0.004; p = 0.001). The mediation analysis revealed that 
SBP mediated 7.9% of the association between PRISm 
and verbal fluency, 18.0% of the association with process-
ing speed, and 17.1% of the association with global cogni-
tion (Table 3; Fig. 2).

Discussion
Our primary findings revealed that participants with 
PRISm were associated with measures of global cognitive 
performance and executive function (AFT and DSST), 
but not with memory function (CERAD). Moreover, 
SBP might partially mediate these associations (17.1% 
for global cognition score, 7.9% for AFT, and 18.0% for 
DSST).

Although the relationship between chronic obstruc-
tive pulmonary disease (COPD) and the risk of dementia 
remains controversial, an increasing number of prospec-
tive cohort studies have indicated a direct association 
between COPD and neurofunctional impairment as well 
as cognitive decline [33, 34]. PRISm is a subset of pre-
clinical COPD characterized by a proportional reduc-
tion in FEV1% and FVC%. A UK Biobank study involving 
350,000 participants revealed that PRISm status was cor-
related with an increased risk of developing respiratory 
difficulty and cardiovascular disease and experiencing 

Table 2 The associations between PRISm and cognitive functions
β coefficient (95% CI)
Model 0 Model 1 Model 2

CERAD
Normal spirometry 0 [reference] 0 [reference] 0 [reference]
PRISm -0.166 (-0.331, -0.001) * -0.145 (-0.430, 0.140) -0.069 (-0.243, 0.105)
Animal fluency test
Normal spirometry 0 [reference] 0 [reference] 0 [reference]
PRISm -0.439 (-0.612, -0.267) *** -0.410 (-0.712, -0.108) ** -0.300 (-0.479, -0.122) **
Digit symbol substitution test
Normal spirometry 0 [reference] 0 [reference] 0 [reference]
PRISm -0.341 (-0.505, -0.176) *** -0.213 (-0.355, -0.072) ** -0.157 (-0.309, -0.004) *
Global cognition score
Normal spirometry 0 [reference] 0 [reference] 0 [reference]
PRISm -0.391 (-0.557, -0.225) *** -0.403 (-0.710, -0.095) * -0.211 (-0.369, -0.053) **
Model 0: adjusted for age, sex, and race; Model 1: adjusted for Model 0 plus education level, smoking status, pack-years of smoking, and body mass index; Model 2: 
adjusted for Model 1 plus HDL cholesterol, glycohemoglobin, white blood cell count, neutrophil count, hypertension, diabetes mellitus, stroke, heart failure, and 
coronary artery disease

* p<0.05, ** p<0.01, *** p<0.001. CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; PRISm, preserved ratio impaired spirometry; SE, standard error

Table 3 Mediation effects of systolic blood pressure on the association between PRISm and cognitive functiona

β coefficient (95% CI) CERAD AFT DSST Global cognition
Mediator: Systolic blood pressure
Path a 0.335 (0.145, 0.526) *** 0.335 (0.143, 0.528) *** 0.319 (0.127, 0.511) ** 0.342 (0.150, 0.535) ***
Path b -0.099 (-0.177, -0.022) * -0.084 (-0.162, -0.005) * -0.132 (-0.207, -0.057) *** -0.112 (-0.179, -0.044) **
Path c (total effect) -0.094 (-0.280, 0.092) -0.357 (-0.547, -0.167) *** -0.234 (-0.418, -0.050) * -0.277 (-0.460, -0.093) **
Path c’ (direct effect) -0.061 (-0.248, 0.126) -0.329 (-0.520, -0.137) *** -0.192 (-0.376, -0.008) * -0.230 (-0.413, -0.046) *
Indirect effect -0.033 (-0.069, -0.005) * -0.028 (-0.063, -0.002) * -0.042 (-0.079, -0.011) -0.047 (-0.087, -0.014) *
Proportion mediated NA 7.9% 18.0% 17.1%
aX: treating lung function as ordinal variables (0 = normal spirometry, 1 = PRISm); M: systolic blood pressure level; Y: CERAD, AFT, DSST, and global cognition scores

Path a evaluated the link between PRISm (exposure) and SBP (mediator). Path b gauged the relationship between SBP (mediator) and cognitive assessment (outcome). 
Path c, representing the total effect, quantified the association between PRISm (exposure) and cognitive assessment (outcome). The mediated proportion was 
calculated using the following formula: 𝛽 indirect effect/𝛽 total effect × 100%

* p<0.05, ** p<0.01, *** p<0.001. All continuous variables were analyzed after the z transformation. All models were adjusted for age, sex, race, education level, 
smoking status, pack-years of smoking, body mass index, HDL cholesterol, glycohemoglobin, white blood cell count, neutrophil count, hypertension, diabetes 
mellitus, stroke, heart failure, and coronary artery disease. AFT, animal fluency test; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; DSST, digit 
symbol substitution test; NA, not applicable; PRISm, preserved ratio impaired spirometry; SE, standard error
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all-cause mortality [21]. These findings were confirmed 
by community-based cohort studies conducted in the 
United States [35], Rotterdam [14], and Canada [36], 
which indicated that compared to patients with normal 
spirometry, patients with PRISm had increased mortality 
rates and were at greater risk of experiencing adverse car-
diovascular and respiratory outcomes. Recent research 
has focused on the relationship between PRISm and cog-
nitive impairment, including its extreme manifestation, 
dementia. The results of two substudies based on the 
Rotterdam population suggested that compared to those 
with normal spirometry, participants with impaired base-
line lung function had a 2.7-fold greater risk of develop-
ing cognitive decline [11, 15]. Our results were consistent 
with previous research results, establishing a substan-
tial negative association between PRISm status and the 
scores on the AFT, DSST, and global cognitive function 
tests, even after adjusting for all potential influencing 
covariates.

The precise mechanisms responsible for the association 
between PRISm and cognitive decline remain unclear. 
Potential explanations for this association include shared 
pathogenic factors, systemic inflammation, and comor-
bidity risks. First, environmental pollution and inhala-
tion exposure are correlated with the risk of PRISm [37], 
which is also a crucial risk factor for the development 
of dementia [38]. Heavy metal pollutants such as lead 
and mercury, when accumulated in serum, can not only 
damage alveolar type II epithelial cells and elastic fibers 
but also disrupt the blood-brain barrier and inhibit the 

aggregation of brain microtubule proteins, ultimately 
impairing the central nervous system [39]. Second, the 
comorbidities of PRISm, including obesity, diabetes, and 
metabolic syndrome, are also common risk factors for 
dementia. Previous studies have emphasized a remark-
able association between the PRISm spirometry pattern 
and the risk of developing type 2 diabetes [40, 41]. Diabe-
tes may increase the risk of neurodegeneration through 
tau-mediated mechanisms [42]. Additionally, elevated 
levels of inflammatory markers in PRISm may further 
induce glucose metabolism disturbances and insulin 
resistance, increasing the risk of dementia development 
[43]. Despite adjusting for these confounding factors in 
our models, a remarkable association between PRISm 
and cognitive impairment was still observed. Third, 
PRISm is strongly correlated with the occurrence of vari-
ous cerebrovascular complications, including strokes and 
lacunar infarctions [15]. Cerebrovascular diseases may 
disrupt the homeostasis of amyloid proteins, leading to 
the deposition of insoluble amyloid proteins, the aggre-
gation of tau proteins within neurons, and the formation 
of neurofibrillary tangles, ultimately resulting in neuronal 
dysfunction [44].

Identifying mediating factors, particularly those with 
adjustable characteristics, can aid in policy implementa-
tion and enhance intervention measures in both clini-
cal and public health practices. The mediation analysis 
results indicated that the association between PRISm and 
cognitive decline (AFT by 7.9%, DSST by 18.0%, global 
cognition score by 17.1%) can be partially explained by 

Fig. 2 Mediation analysis for PRISm, SBP and cognitive function. Path a: the relationship between PRISm (exposure) and SBP (mediator). Path b: the 
relationship between SBP (mediator) and cognitive function score (outcome). Path c: the relationship between PRISm (exposure) and cognitive function 
score (outcome). Path c’: SBP mediation models of the relationship between PRISm (exposure) and cognitive function score (outcome). Mediation analy-
ses were performed for CERAD (panel A), AFT (panel B), DSST (panel C), and global cognition (panel D) separately. p value<0.05, * p<0.05, ** p<0.01, *** 
p<0.001. AFT, animal fluency test; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; DSST, digit symbol substitution test; PRISm, preserved 
ratio impaired spirometry; SBP, systolic blood pressure
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SBP. Vascular risk factors, including high blood pressure, 
are crucial in the pathogenesis of dementia, with more 
than half of patients with AD exhibiting mixed pathologic 
features, including cerebrovascular lesions upon autopsy 
[45]. Lipid deposition in vessel walls and microvascular 
fibrinoid necrosis are important underlying mechanisms 
of microvascular damage in patients with hypertension, 
and microvascular rarefaction may exacerbate preexist-
ing cerebral white matter lesions with already low vas-
cular density [46]. In addition to structural damage to 
cerebral vessels, hypertension is closely associated with 
the risk of developing cerebral vascular dysfunction. 
Studies have suggested that hypertension may decrease 
cerebral blood flow autoregulation through alterations 
in the structure of the cerebral vascular system, thus 
increasing the risk of developing cerebral ischemia [47]. 
Moreover, our results are supported by recent random-
ized clinical trials, which indicated that maintaining SBP 
below 120 mmHg effectively reduces the risk of develop-
ing mild cognitive impairment [10].

Disruption of the blood-brain barrier has long been 
considered a central mechanism of cerebral small vessel 
disease and an early biomarker of cognitive impairment 
[48], with previous research linking hypertension status 
with disruption of the blood-brain barrier [49]. Addition-
ally, hypertension-induced deposition of amyloid-beta 
peptide, mediated by angiotensin II, can increase the risk 
of cerebral hemorrhage and accelerate cognitive decline 
[50]. Although the exact cellular and molecular mecha-
nisms involved remain unclear, inflammation and oxi-
dative stress may be key common factors in PRISm and 
hypertension-induced cerebral vascular changes and cog-
nitive impairment. Considering our findings highlight-
ing the mediating role of SBP in the relationship between 
PRISm status and the risk of developing cognitive 
decline, early identification of individuals at risk of devel-
oping cognitive impairment has emerged as a critical 
preventive strategy. Although the exact mechanisms and 
influencing factors remain unclear, PRISm is a reversible 
impaired lung function pattern, with studies indicating 
that it can be reverted to normal spirometry [51]. There-
fore, the potential beneficial effects of early identification 
and intervention for PRISm on the risk of developing 
dementia could indicate PRISm as a modifiable risk fac-
tor that does not require measuring brain pathology and 
can be used for dementia prevention in memory clinics 
[52]. Controlling PRISm and SBP might have a synergis-
tic effect on preventing cognitive decline or dementia. 
Managing associated risk factors can prevent or delay up 
to 40% of dementia cases [53], underscoring the impor-
tance of routine screening for PRISm and careful moni-
toring of blood pressure among older adults.

The main strength of this study was the use of unique 
resources from the NHANES database to examine the 

association between baseline PRISm and cognitive func-
tion tests in older adults. This study was novel because 
of the evaluation of the potential mediating role of blood 
pressure. Other strengths included the use of a large sam-
ple, the use of rigorous measurements of lung function, 
the use of multiple cognitive tests, and the use of adjust-
ment models for various potential confounders. Never-
theless, this study also had several limitations. First, the 
NHANES survey included only US citizens, necessitat-
ing further research to establish the association between 
PRISm status and the risk of developing cognitive decline 
in Asians or other populations. Second, similar to most 
previous studies [16, 35], our study defined PRISm using 
pre-bronchodilator lung function values, and the defini-
tion of PRISm without considering post-bronchodilator 
lung volume measurements might have overlooked indi-
viduals with considerable bronchodilator responsive-
ness. Third, this is a cross-sectional study, and its ability 
to make causal inferences is limited. Before the results 
of the current study can be translated into practice, the 
directionality of the association between PRISm sta-
tus and cognition status needs to be validated through 
long-term longitudinal research. Additionally, as a cross-
sectional study, recall and selection bias may limit the 
generalizability of our conclusions. Finally, due to the low 
response rate, participants with missing spirometry and 
blood pressure data were excluded, which may have led 
to some degree of attrition bias.

Conclusions
In summary, our study suggested that PRISm status was 
associated with cognitive decline in older adults in the 
United States and that SBP potentially played a mediat-
ing role in the impact of PRISm on cognitive impairment. 
Early identification and management of PRISm, even the 
reversal of normal lung function, may reduce the patho-
logical impact of hypertension on the progression of cog-
nitive decline to dementia.
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