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Abstract 

Background  Cognitive function is a fundamental capacity essential for maintaining independence and performing 
complex tasks in daily life. Cognitive abilities gradually decline with age, potentially leading to dementia. Evidence 
suggests that female reproductive factors may influence cognitive function in later life through various mechanisms. 
However, the relationship between age at first birth (AFB) and cognitive function requires further investigation.

Methods  This study utilizes data from the 2011–2014 National Health and Nutrition Examination Survey (NHANES), 
including 1,057 female participants. AFB data are obtained from reproductive health questionnaire. Cognitive function 
is assessed using the CERAD Word Learning Test, Animal Fluency Test, and Digit Symbol Substitution Test. Multiple 
linear regression, smoothed curve fitting, threshold analyses, and subgroup analyses are conducted to evaluate 
the association between AFB and cognitive function.

Results  AFB is significantly and positively associated with cognitive function after adjusting for covariates. Women 
with AFB ≥ 20 years exhibit a 34% lower prevalence of cognitive impairment and significantly higher cognitive test 
scores compared to those with AFB < 20 years. A nonlinear relationship is observed, with the positive effect of increas-
ing AFB on cognitive function being more pronounced before age 21. The association between AFB and cognitive 
function is stronger among individuals without a history of stroke and those with moderate to high levels of waist-to-
height ratio (WHtR) and weight-adjusted waist index (WWI).

Conclusion  Later AFB is associated with a reduced prevalence of cognitive impairment and improved cognitive 
outcomes, particularly when the first birth occurs after age 21. Considering WHtR and WWI may further optimize 
the protective effects of AFB on cognitive health. These findings underscore the importance of reproductive timing 
for long-term cognitive health.
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Background
Cognitive function encompasses a range of mental pro-
cesses and abilities including information processing, 
thinking, learning and memory. It forms the basis for 
maintaining independence in daily activities, as well as 
a core competency necessary for adapting to the envi-
ronment and performing complex tasks. Therefore, 
cognitive health is essential for overall well-being and 
significantly influences quality of life. Previous research 
indicates that cognitive abilities gradually decline 
with aging [1]. Declining cognitive abilities eventu-
ally impair daily functioning, potentially progressing 
to dementia. Globally, dementia affects over 55 million 
individuals, with approximately 10 million new cases 
diagnosed annually [2]. Currently, the exact causes 
of dementia remain unclear, and there is no cure. In 
advanced stages, dementia patients experience a com-
plete loss of self-care ability, placing significant burdens 
on families and society. Therefore, identifying factors 
that may influence cognitive function is of paramount 
importance. A study of age-related endophenotypes in 
advanced maternal age points to a correlation between 
age at last reproduction and cognitive function [3]. 
This suggests that female reproductive age may influ-
ence cognitive function in later life through a variety of 
mechanisms, and that there may be a complex biologi-
cal link between female reproductive factors and cogni-
tive function.

An increasing body of research suggests that female 
reproductive factors are closely associated with wom-
en’s health. A study by Zuo et al. indicates that women 
who give birth for the first time at age 18 or older have 
a lower prevalence of depression compared to those 
whose first birth occurs before age 18 [4]. Furthermore, 
other studies demonstrate associations between female 
reproductive factors and various diseases, including 
cardiovascular disease, metabolic syndrome, and non-
alcoholic fatty liver disease [5–7]. Nevertheless, studies 
exploring the association between AFB and cognitive 
function are still scarce, and the connections between 
AFB and specific cognitive domains have yet to be 
clarified.

Therefore, this study employs a cross-sectional design 
using data from the 2011–2014 NHANES to investigate 

the relationship between a key milestone in the female 
reproductive cycle—age at first birth(AFB)—and cogni-
tive function, including its specific domains.

Methods
Study design and data sources
The National Health and Nutrition Examination Survey 
(NHANES), conducted by the National Center for Health 
Statistics (NCHS), is a comprehensive, long-term health 
survey providing demographic data, physical examina-
tions, laboratory tests, and questionnaire responses. It 
serves as a valuable resource for medical research. This 
study utilizes data from the 2011–2014 NHANES to 
explore the association between age at first birth and cog-
nitive function in women aged 60 years and older. Of the 
initial sample of 19,931 participants, 16,299 individuals 
under the age of 60 are excluded, along with 698 partici-
pants lacking complete cognitive function questionnaire 
data, 1,813 missing AFB information, and 64 missing 
covariate data on BMI, waist circumference (WC), dia-
betes and alcohol consumption. Ultimately, 1,057 women 
aged 60  years and older are included in the analysis 
(Fig.  1). All NHANES protocols receive approval from 
the NCHS Ethics Review Board, and informed consent is 
collected from participants during recruitment. Further 
information can be found on the NHANES official web-
site (https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm).

Age at first birth
Information on age at first birth is obtained from the 
reproductive health questionnaire. Notably, AFB refers 
specifically to the age at first live birth excluding miscar-
riages or stillbirths. In the NHANES database, 20  years 
is used as the threshold to differentiate adolescent and 
adult [8–10]. Accordingly, participants are categorized 
into two groups: those with an AFB of less than 20 years 
and those with an AFB of 20 years or older.

Cognitive function
Cognitive function in individuals aged 60 and older 
is evaluated in NHANES through three standardized 
tests: the Consortium to Establish a Registry for Alzhei-
mer’s Disease Word Learning subtest (CERAD-WL), 
the Animal Fluency Test (AFT), and the Digit Symbol 

(See figure on next page.)
Fig. 1  Flow chart. Presents a flowchart illustrating the screening process for the final study sample drawn from the 2011–2014 National Health 
and Nutrition Examination Survey (NHANES). The initial dataset comprises 19,931 participants. Of these, 16,299 participants who are younger 
than 60 years are excluded. Among the remaining 3,632 participants aged 60 years or older, 698 are excluded due to incomplete cognitive function 
data. Subsequently, 1,813 participants lacking information on age at first birth (AFB) are further excluded. Lastly, 64 participants with missing data 
on key covariates, including BMI, waist circumference (WC), alcohol consumption, hypertension, or diabetes, are excluded. After this screening 
process, the final eligible study sample consists of 1,057 participants

https://www.cdc.gov/nchs/nhanes/index.htm
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Fig. 1  (See legend on previous page.)
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Substitution Test (DSST). These assessments are admin-
istered either during in-home interviews or at mobile 
examination centers.

The CERAD-WL assesses both immediate and delayed 
memory for newly acquired verbal information. Previous 
studies demonstrate that the CERAD-WL is an effective 
tool for screening for cognitive impairment [11, 12]. The 
test includes three sequential learning trials and a delayed 
recall session (DRT). In the learning trials, participants 
read aloud a list of 10 unrelated words and immediately 
attempt to recall as many as they can. Delayed recall is 
conducted approximately 8–10  min, following the com-
pletion of other cognitive tasks. The CERAD-WL score is 
determined by adding the number of words recalled dur-
ing the three learning trials and the delayed recall phase, 
with a maximum possible score of 40.

The AFT is mainly used to evaluate categorical verbal 
fluency, which is an essential aspect of executive function 
[13]. Research indicates that AFT scores are effective in 
distinguishing between individuals with normal cogni-
tive function, those with mild cognitive impairment, and 
those with more severe cognitive deficits, such as Alzhei-
mer’s disease [14–16]. In the test, participants are asked 
to name as many animals as they can in one minute, 
earning one point for each correct answer.

The DSST, part of the Wechsler Adult Intelligence Scale 
(WAIS III), assesses processing speed, sustained atten-
tion, and working memory. It has been widely employed 
in large-scale screening, epidemiological studies, and 
clinical research [17–19]. During the test, participants 
are presented with nine symbols, each paired with a cor-
responding number. They are required to match as many 
symbols with their corresponding numbers as possible 
within two minutes. The participant’s score is determined 
by the total number of correct matches.

Overall cognitive function
To compare cognitive abilities across individuals, 
z-scores are calculated for each cognitive test. The 
z-scores is computed using the formula: z = (x - m) / σ 
where x denotes the individual’s raw score, m represents 
the population mean, and is the population standard 
deviation. The overall cognitive function score is derived 
by summing the z-scores of the CERAD-WL, AFT, and 
DSST, providing a composite measure of global cognitive 
function (CF). Cognitive impairment is characterized by 
a composite cognitive score that is one standard devia-
tion below the population mean [20–23].

Covariates
Based on previous literature [24–27], potential con-
founding factors that might influence the association 
between AFB and cognitive function are adjusted for. 

These covariates encompass demographic factors such 
as age, race, education level, and marital status, as well 
as health and lifestyle elements including BMI, smoking 
status, alcohol consumption, and engagement in moder-
ate recreational activities. In addition, common health 
conditions such as hypertension, diabetes, and stroke 
are also considered. It is important to note that although 
BMI is widely used as an indicator of obesity and associ-
ated health risks, it has inherent limitations. For example, 
BMI does not distinguish between muscle mass and fat 
mass, nor does it reflect the distribution of adipose tissue 
[28–30]. Given these limitations, two additional indices—
WHtR and WWI—are incorporated to better capture the 
accumulation of abdominal and visceral fat. These indi-
ces are calculated as follows: WHtR = WC (cm) / height 
(cm), and WWI = WC (cm) / square root of Weight (KG).

Participants are categorized into three age groups: 
60–69, 70–79, and ≥ 80 years. Race is classified as Mexi-
can American, other Hispanic, non-Hispanic White, 
non-Hispanic Black, and other. Educational attainment 
is divided into five levels: less than 9th grade, 9th–11th 
grade, high school graduate/GED or equivalent, some 
college or an AA degree, and college graduate or above. 
Marital status is categorized as married, widowed, 
divorced, separated, never married, or living with a part-
ner. BMI is grouped into underweight (< 18.5), normal 
(≥ 18.5, < 25), overweight (≥ 25, < 30), and obese (≥ 30). 
WHtR and WWI are categorized into quartiles. Alcohol 
consumption is defined as “yes” or “no” depending on 
whether participants consumed at least 12 alcoholic bev-
erages in the past year. Smoking status is similarly classi-
fied as “yes” or “no” based on whether participants have 
smoked at least 100 cigarettes in their lifetime. Hyperten-
sion, diabetes, and stroke status are determined based on 
whether a physician has informed the participant of these 
conditions, diabetes is further categorized as “yes”, “no”, 
or “borderline”. Engagement in moderate physical activity 
which defined as activities such as brisk walking, cycling, 
swimming, or golfing for at least 10 consecutive minutes 
is also recorded as “yes” or “no”. Additional information 
about the covariates is available on the official NHANES 
website (https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm).

Statistical analysis
To explore the relationship between AFB and cognitive 
function, this study initially uses chi-square tests and 
t-tests to compare the demographic characteristics of 
participants. Continuous variables are reported as means 
with standard deviations, while categorical variables are 
represented as percentages. Subsequently, three multiple 
linear regression models are then developed to clarify the 
relationship between AFB and cognitive function, with 
adjustments made for potential confounding factors. 

https://www.cdc.gov/nchs/nhanes/index.htm
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Model 1 is unadjusted, Model 2 adjusts for age and race, 
and Model 3 further adjusts for age, race, education level, 
marital status, BMI, smoking status, alcohol consump-
tion, engagement in moderate physical activity, hyperten-
sion, diabetes, and stroke. Additionally, AFB, originally 
considered as a continuous variable, is converted into a 
categorical variable based on adulthood status for trend 
analysis to evaluate its potential association with cogni-
tive function. Cognitive scores are also converted into 
categorical variables, and multiple logistic regression is 
performed to further explore the relationship between 
AFB and cognitive function. To compare the impact of 
different obesity indicators, BMI in Model 3 is replaced 
with WHtR and WWI, respectively, to evaluate differ-
ences in the association between AFB and cognitive 
function when different obesity measures are used as 
covariates. In terms of analytical methods, generalized 
sum model and smooth fitting curves are used to visual-
ize the nonlinear relationship between AFB and cognitive 
function, and threshold analysis is conducted to iden-
tify inflection points. In addition, stratified analyses and 
interaction tests are performed to compare differences 
among subgroups, with a p-value of < 0.05 considered sta-
tistically significant. All statistical analyses are conducted 
using R version 4.3.3 and Empowerstats version 2.0.

Results
Baseline characterization
Participants are divided into two groups based on adult-
hood status at first birth: the AFB < 20  years group 
(31.98%) and the AFB ≥ 20 years group (68.02%). Table 1 
presents the differences in demographic characteristics 
and health status between these groups (Table 1).

In terms of age, the mean age in the AFB < 20  years 
group is 68.48 ± 6.45  years, significantly lower than 
70.22 ± 6.89 years in the AFB ≥ 20 years group (p < 0.001). 
Although non-Hispanic Whites constitute a large propor-
tion in both groups, significant differences in racial com-
position are observed (p < 0.001). Regarding education, 
despite a high proportion of participants with some col-
lege or an AA degree in both groups, overall educational 
levels differ significantly (p < 0.001). Similarly, marital 
status differs significantly between groups, even though 
both are predominantly composed of married individu-
als (p < 0.001). Concerning health indicators, the AFB < 20 
group exhibits a significantly higher BMI (30.53 ± 6.63) 
compared to the AFB ≥ 20 group (29.16 ± 6.60, p = 0.003), 
and the WHtR is also notably higher in the AFB < 20 
group (0.64 ± 0.08 vs. 0.63 ± 0.09, p = 0.016). In addition, 
the proportion of smokers is higher in the AFB < 20 group 
(p < 0.001), whereas a greater proportion of participants 
in the AFB ≥ 20 group engage in moderate physical activ-
ity (p = 0.019). Significant differences are also observed in 

the prevalence of hypertension and diabetes: the AFB < 20 
group shows a hypertension prevalence of 71.30% com-
pared to 63.84% in the AFB ≥ 20 group (p = 0.017), and 
the diabetes prevalence is 28.40% in the AFB < 20 group, 
which is significantly higher than 18.78% in the AFB ≥ 20 
group (p = 0.001). No significant differences are observed 
between the two groups for WWI, alcohol consumption, 
or stroke.

Regarding cognitive function, the proportion of cog-
nitive impairment is 20.71% in the AFB < 20 group, 
which is significantly higher than the 13.77% observed 
in the AFB ≥ 20 group (p = 0.004). In specific cogni-
tive tests, scores in the AFB ≥ 20 group are significantly 
higher than those in the AFB < 20 group. Furthermore, 
the composite cognitive function score for the AFB ≥ 20 
group is 0.34 ± 2.42, which is significantly higher than the 
-0.49 ± 2.22 observed in the AFB < 20 group (p < 0.001). 
These results further indicate that a later AFB may be 
associated with better cognitive performance.

Association of AFB with cognitive function
To assess the relationship between AFB and the preva-
lence of cognitive impairment, the overall cognitive 
function score is dichotomized into a binary variable. In 
the unadjusted model, participants with AFB ≥ 20  years 
exhibit a 39% lower prevalence of cognitive impairment 
compared to those with AFB < 20 years [0.61 (0.44,0.86)]. 
After full adjustment, the prevalence of cognitive impair-
ment in the AFB ≥ 20  years group remains 34% lower 
compared to the AFB < 20  years group [0.66 (0.44,0.99)] 
(Table 2).

To further clarify the relationship between AFB and 
specific cognitive domains, as well as overall cognitive 
function scores, multiple linear regression analyses are 
conducted to explore the relationships between AFB and 
CERAD-WL, DRT, AFT, DSST, and CF. A strong posi-
tive correlation is observed between AFB and cognitive 
performance across all models, including unadjusted, 
partially adjusted, and fully adjusted models. In the 
unadjusted model, AFB as a continuous variable shows 
positive correlations with CERAD-WL [0.03 (0.02,0.05)], 
DRT [0.03 (0.02,0.04)]、AFT [0.04 (0.02,0.05)], DSST 
[0.05 (0.03,0.06)] and CF [0.11 (0.08,0.15)]. These posi-
tive associations persist in the fully adjusted model, with 
CERAD-WL [0.02 (0.01,0.04)], DRT [0.02 (0.01,0.03)], 
AFT [0.03 (0.01,0.04)], DSST [0.02 (0.01,0.04)] and CF 
[0.07 (0.04,0.10)] all demonstrating significant posi-
tive relationships. When AFB is categorized, further 
analyses reveal a robust association between AFB and 
cognitive function. In the fully adjusted model, par-
ticipants in the AFB ≥ 20  years group outperform those 
in the AFB < 20  years group across all cognitive meas-
ures, including CERAD-WL [0.22 (0.09,0.34)], DRT 
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Table 1  Baseline characteristics stratified by age at first birth (AFB)

Characteristics AFB < 20
n = 338(31.98%)

AFB > = 20
n = 719(68.02%)

P-value

Age 68.48 ± 6.45 70.22 ± 6.89  < 0.001

Race  < 0.001

  Mexican American 40 (11.83%) 63 (8.76%)

  Other Hispanic 45 (13.31%) 78 (10.85%)

  Non-Hispanic White 128 (37.87%) 397 (55.22%)

  Non-Hispanic Black 112 (33.14%) 110 (15.30%)

  Other Race—Including Multi-Racial 13 (3.85%) 71 (9.87%)

Education  < 0.001

  Less than 9th grade 55 (16.27%) 59 (8.21%)

  9-11th grade 91 (26.92%) 84 (11.68%)

  High school graduate/GED or equivalent 82 (24.26%) 180 (25.03%)

  Some college or AA degree 93 (27.51%) 240 (33.38%)

  College graduate or above 17 (5.03%) 156 (21.70%)

Marital  < 0.001

  Married 118 (34.91%) 368 (51.18%)

  Widowed 115 (34.02%) 204 (28.37%)

  Divorced 69 (20.41%) 101 (14.05%)

  Separated 13 (3.85%) 19 (2.64%)

  Never married 15 (4.44%) 17 (2.36%)

  Living with partner 8 (2.37%) 10 (1.39%)

  BMI 30.53 ± 6.63 29.16 ± 6.60 0.003

  WHtR 0.64 ± 0.08 0.63 ± 0.09 0.016

  WWI 11.64 ± 0.69 11.64 ± 0.72 0.857

Smoke  < 0.001

  Yes 159 (47.04%) 242 (33.66%)

  No 179 (52.96%) 477 (66.34%)

Drink 0.499

  Yes 173 (51.18%) 384 (53.41%)

  No 165 (48.82%) 335 (46.59%)

Hypertension 0.017

  Yes 241 (71.30%) 459 (63.84%)

  No 97 (28.70%) 260 (36.16%)

Diabetes 0.001

  Yes 96 (28.40%) 135 (18.78%)

  No 225 (66.57%) 554 (77.05%)

  Borderline 17 (5.03%) 30 (4.17%)

Stroke 0.762

  Yes 23 (6.80%) 44 (6.12%)

  No 315 (93.20%) 675 (93.88%)

Moderate Recreational Activities 0.019

  Yes 110 (32.54%) 288 (40.06%)

  No 228 (67.46%) 431 (59.94%)

Cognitive Impairment 0.004

  Yes 70 (20.71%) 99 (13.77%)

  No 268 (79.29%) 620 (86.23%)

CERAD-WL 25.04 ± 6.11 26.52 ± 6.51  < 0.001

DRT 5.99 ± 2.17 6.37 ± 2.29 0.004

AFT 15.63 ± 4.81 17.01 ± 5.43  < 0.001

DSST 43.62 ± 16.62 49.70 ± 16.99  < 0.001

CF -0.49 ± 2.22 0.34 ± 2.42  < 0.001

The baseline characteristics of women aged 60 years and older are categorized into two groups based on age at first birth (AFB): AFB < 20 years and AFB ≥ 20 years. 
These characteristics include age, race, education level, marital status, BMI, WHtR, WWI, smoking, alcohol use, engagement in moderate recreational activities, hyper-
tension, diabetes, stroke, and cognitive impairment. Additionally, p-values are provided for each characteristic to indicate the statistical significance of differences 
between the two groups
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[0.14 (0.01,0.26)], AFT [0.20 (0.07,0.32)], DSST [0.25 
(0.14,0.36)] and CF [0.66 (0.39,0.94)] (Table 3).

Due to the inherent limitations of BMI in measuring 
obesity, WHtR and WWI are used as alternative covari-
ates in Model 3. These indices more accurately reflect 
abdominal obesity and visceral fat accumulation compared 
with BMI. By comparing the relationship between AFB 
and cognitive function after adjusting for different obesity 
indicators, a more precise evaluation of the association 
between AFB and cognitive function is achieved. Table 4 
displays the associations between AFB and cognitive func-
tion across three models. The results indicate that when 
BMI is replaced with either WHtR or WWI, the associa-
tion between AFB and cognitive function remains essen-
tially unchanged. In other words, regardless of whether 
BMI, WHtR, or WWI is used as a covariate, a later AFB is 
consistently associated with better cognitive performance 
and a lower prevalence of cognitive impairment.

Nonlinear relationship between AFB and cognitive 
function
This study finds a positive association between AFB 
and cognitive function using multiple linear regres-
sion analysis. However, the model assumes a linear 
relationship between the independent and dependent 
variables. Therefore, to further investigate whether a 
nonlinear association exists between AFB and CF, this 
study employs a smoothing curve fitting method to 
explore potential nonlinear trends and assess the pres-
ence of threshold effects.

The results of the threshold effect analysis reveal signifi-
cant nonlinear relationships between AFB and DSST as 
well as AFB and CF (LLR < 0.001, LLR = 0.024) (Table 5). 
Specifically, when AFB is below 22  years, the positive 
association between AFB and DSST is more pronounced, 
while beyond 22  years, further increases in AFB have a 
negligible effect on DSST (Fig.  2D). Similarly, for CF, a 
positive trend is observed as AFB increases up to 21 years, 
but after 21 years, the influence of AFB on overall cogni-
tive function diminishes (Fig. 2E). These findings suggest 
that an earlier AFB may have a greater impact on women’s 
cognitive function, while the effect of AFB becomes less 
significant for those whose first birth occurs after the ages 
of 21 or 22. Specifically, cognitive processing speed, atten-
tion, memory, coordination, and overall cognitive ability 
are less influenced by AFB in women whose first birth 
occurs at a later age. Additionally, linear relationships are 
observed between AFB and CERAD-WL, DRT and AFT 
(Fig. 2A、B and C). These findings provide new perspec-
tives for understanding the complexity of the effects of 
AFB on women’s cognitive function and highlight that the 
timing of childbirth may have varying effects on cognitive 
function at different stages of life.

Subgroup analysis
To assess whether the relationship between AFB and 
cognitive function remains consistent across various 
populations, this study conducts a stratified analysis base 
on variables including age, race, marital status, engage-
ment in moderate physical activity, alcohol consump-
tion, smoking status, hypertension, diabetes, stroke, 
BMI, WHtR, and WWI. Interaction tests are performed 
to evaluate potential variations in the relationship 
between AFB and cognitive function across subgroups. 
The results indicate that, among individuals with a his-
tory of stroke, the association between AFB and CERAD-
WL is not statistically significant [-0.05 (–0.13, 0.02)], 
whereas among participants without a history of stroke, 
each unit increase in AFB is associated with a 0.03 point 
increase in the standardized CERAD-WL score [0.03 
(0.01, 0.04)]. This finding suggests heterogeneity in the 
relationship between AFB and verbal learning and mem-
ory across stroke status (P for interaction = 0.04). No 
significant differences are observed in the association 
between AFB and various cognitive domains or over-
all cognitive function across different BMI levels. How-
ever, when stratifying by WHtR, significant differences 
in the association emerge. In the Q1 (≥ 0.566) and Q2 
(> 0.566, ≤ 0.624) groups, the relationship between AFB 
and cognitive function is not significant, whereas in 
the Q3 (> 0.624, ≤ 0.687) and Q4 (> 0.687) groups, a sig-
nificant positive association is observed, particularly for 
DSST and CF. Further interaction tests reveal significant 

Table 2  Association between AFB and cognitive impairment

The association between AFB and cognitive impairment is described, including 
odds ratios (ORs) and 95% confidence intervals (CIs) for unadjusted (Model 1), 
partially adjusted (Model 2), and fully adjusted (Model 3) models. P-values are 
also provided to indicate the statistical significance of the findings

AFB Cognitive Impairment

Crude Model (Model 1)

Continuous 0.92 (0.88, 0.96) < 0.001

Categories

  < 20 Reference

  > = 20 0.61 (0.44, 0.86) 0.004

Partly adjusted Model (Model 2)

Continuous 0.93 (0.89, 0.98) 0.004

Categories

  < 20 Reference

  > = 20 0.60 (0.41, 0.88) 0.009

Fully adjusted Model (Model 3)

Continuous 0.94 (0.90, 0.99) 0.022

Categories

  < 20 Reference

  > = 20 0.66 (0.44, 0.99) 0.042
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heterogeneity in the association between AFB and both 
DSST (P for interaction = 0.010) and CF (P for interac-
tion = 0.011) between the Q3 and Q4 groups. Specifically, 
in the Q3 group, later AFB is significantly associated with 
better cognitive performance, whereas in the Q4 group, 
although the association remains statistically significant, 
its magnitude is somewhat attenuated. A similar pat-
tern is observed in the stratified analysis by WWI. For 
WWI, significant heterogeneity is found in the relation-
ship between AFB and AFT (P for interaction = 0.027). 
In the Q1 group (≤ 11.156), no significant association 
is detected between AFB and AFT, however, in the Q2 
(> 11.156, ≤ 11.658) and Q3 (> 11.658, ≤ 12.112) groups, 
a gradually stronger positive association is observed, 
which then weakens in the Q4 group (> 12.112). Overall, 
the positive impact of later AFB on cognitive function is 
most pronounced among individuals without a history of 
stroke and those with higher WHtR and WWI, whereas 
in other subgroups, these differences are not statistically 
significant (Table 6).

Discussion
This study aims to evaluate the relationship between AFB 
and cognitive function among women aged 60 years and 
older. In a cross-sectional study of 1,057 participants, a 

significant positive association is observed between AFB 
and several cognitive domains as well as overall cogni-
tive function. Further analyses reveal that the effect of 
AFB on different cognitive domains and overall cognitive 
function varies significantly among subgroups. Specifi-
cally, a linear relationship is observed between AFB and 
episodic memory, working memory, language fluency, 
cognitive flexibility, and information retrieval, indicating 
that later AFB is associated with stronger performance 
in these domains. In contrast, a nonlinear relationship 
is found between AFB and processing speed, sustained 
attention, executive function, and overall cognitive func-
tion, the positive association is significant before the age 
of 22 but loses statistical significance thereafter. Addi-
tionally, the association between AFB and overall cogni-
tive function is significantly positive before 21 years and 
gradually weakens with increasing AFB beyond this age. 
Furthermore, in participants without a history of stroke, 
the association between AFB and verbal learning and 
memory is stronger, whereas in those with a history of 
stroke, this association is absent. In groups with higher 
WHtR (Q3 and Q4) and WWI (Q2, Q3, and Q4), signifi-
cant associations are observed between AFB and process-
ing speed, executive function, overall cognitive function, 
as well as language fluency and cognitive flexibility. In 

Table 3  Association between AFB and cognitive scores

The associations between AFB and scores on various cognitive tests, including the CERAD-WL, DRT, AFT, DSST, and CF, are presented. The results include regression 
coefficients (β), 95% confidence intervals (CIs), and p-values for unadjusted (Model 1), partially adjusted (Model 2), and fully adjusted (Model 3) models

AFB CERAD-WL 
β(95% CI)
p-value

DRT
β(95% CI) p-value

AFT
β(95% CI) p-value

DSST
β(95% CI) p-value

CF
β(95% CI) p-value

Crude Model (Model 1)

  Continuous 0.94 (0.90, 0.99)
0.022

0.94 (0.90, 0.99) 0.022 0.94 (0.90, 0.99) 0.022 0.94 (0.90, 0.99) 0.022 0.94 (0.90, 0.99) 0.022

Categories

  < 20 Reference Reference Reference Reference Reference

  > = 20 0.66 (0.44, 0.99)
0.042

0.66 (0.44, 0.99) 0.042 0.66 (0.44, 0.99) 0.042 0.66 (0.44, 0.99) 0.042 0.66 (0.44, 0.99) 0.042

Partly adjusted Model (Model 2)

  Continuous 0.03 (0.02, 0.04)
 < 0.001

0.02 (0.01, 0.04) < 0.001 0.03 (0.02, 0.04) < 0.001 0.03 (0.02, 0.04) < 0.001 0.09 (0.06, 0.12) < 0.001

Categories

  < 20 Reference Reference Reference Reference Reference

  > = 20 0.26 (0.14, 0.39)
 < 0.001

0.18 (0.06, 0.31) 0.004 0.23 (0.11, 0.35) < 0.001 0.30 (0.19, 0.41) < 0.001 0.79 (0.52, 1.07) < 0.001

Fully adjusted Model (Model 3)

  Continuous 0.02 (0.01, 0.04)
 < 0.001

0.02 (0.01, 0.03) 0.006 0.03 (0.01, 0.04) < 0.001 0.02 (0.01, 0.04) < 0.001 0.07 (0.04, 0.10) < 0.001

Categories

  < 20 Reference Reference Reference Reference Reference

  > = 20 0.22 (0.09, 0.34)
 < 0.001

0.14 (0.01, 0.26) 0.033 0.20 (0.07, 0.32) 0.002 0.25 (0.14, 0.36) < 0.001 0.66 (0.39, 0.94) < 0.001
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contrast, these associations are not significant in groups 
with lower WHtR and WWI. Overall, these findings 
indicate that the impact of AFB on cognitive function is 
domain-specific and age-dependent, suggesting that a 
later AFB may confer cognitive benefits in later life.

Previous studies primarily examine the effects of men-
opause age and length of reproductive life on cognitive 
function in women, revealing the potential important 
role of female reproductive factors in cognitive health. 
Evidence from research on gender differences in cogni-
tive impairment indicates that postmenopausal women 
have a significantly higher risk of developing memory 
impairment than men. Moreover, varying levels of female 
reproductive factors are associated with differing degrees 
of increased risk for memory impairment [31]. These 
results suggest that female reproductive factors may par-
tially explain gender differences in cognitive impairment. 
Wedatilake et al.’s study of 5,314 Norwegian women sup-
ports this hypothesis, reporting that later menopause and 
a longer reproductive span are linked to a lower risk of 
dementia. Further analysis reveals that women with later 
age at menopause is significantly linked to lower risks of 
both Alzheimer’s disease and vascular dementia [32]. A 
study conducted in Taiwan further investigates the rela-
tionships between age at menarche, reproductive span, 

and the subdomains of the Mini-Mental State Exami-
nation (MMSE). It finds a negative association between 
age at menarche and the MMSE G2 and G5 subdomains, 
while no significant relationships are observed for other 
subdomains. Similarly reproductive span does not show 
significant associations with any of the MMSE subdo-
mains [33]. These findings, aligned with our results, 
strengthen the evidence for an association between 
female reproductive factors and cognitive function.

The positive association between AFB and cognitive 
function may involve multiple biological mechanisms. 
Previous studies indicate that estrogen plays a crucial 
role in regulating neuroplasticity. It stimulates the growth 
of neural progenitor cells in the subgranular zone of 
the hippocampal dentate gyrus, where the generation 
of new neurons in the dentate gyrus is believed to sup-
port associative learning and memory functions [34, 35]. 
Additionally, estrogen induces morphological plasticity 
by increasing the number of dendritic spines [36], and 
enhancing synaptic junctions, thereby facilitating the 
dynamic regulation of neural networks [37]. This process 
optimizes information processing pathways and pro-
vides robust support for cognitive flexibility and adapt-
ability. Collectively, these findings suggest that estrogen 
enhances and maintains cognitive function through 

Table 4  Relationship between AFB and cognitive function after controlling for different obesity indicators

This table presents the relationship between AFB and cognitive function after controlling for different obesity indicators, including BMI, WHtR, and WWI. Cognitive 
function is assessed using the CERAD-WL, DRT, AFT, DSST and CF. The results are reported as regression coefficients (β) with 95% confidence intervals (CIs) and 
corresponding p-values. Additionally, the association between AFB and cognitive impairment is evaluated using odds ratios (OR)

AFB CERAD-WL
β(95% CI) p-value

DRT
β(95% CI) p-value

AFT
β(95% CI) p-value

DSST
β(95% CI) p-value

CF
β(95% CI) p-value

Cognitive 
Impairment OR(95% 
CI) p-value

BMI as covariates

  Continuous 0.02 (0.01, 
0.04) < 0.001

0.02 (0.01, 0.03) 
0.006

0.03 (0.01, 
0.04) < 0.001

0.02 (0.01, 
0.04) < 0.001

0.07 (0.04, 
0.10) < 0.001

0.94 (0.90, 0.99)0.022

Categories

  < 20 Reference Reference Reference Reference Reference Reference

  > = 20 0.22 (0.09, 
0.34) < 0.001

0.14 (0.01, 0.26)0.033 0.20 (0.07, 0.32)0.002 0.25 (0.14, 
0.36) < 0.001

0.66 (0.39, 
0.94) < 0.001

0.66 (0.44, 0.99)0.042

WHtR as covariates

  Continuous 0.02 (0.01, 
0.04) < 0.001

0.02 (0.01, 0.03)0.008 0.03 (0.01, 
0.04) < 0.001

0.02 (0.01, 
0.04) < 0.001

0.07 (0.04, 
0.10) < 0.001

0.94 (0.90, 0.99)0.020

Categories

  < 20 Reference Reference Reference Reference Reference Reference

  > = 20 0.22 (0.09, 
0.34) < 0.001

0.14 (0.01, 0.26) 
0.034

0.20 (0.08, 0.32) 
0.002

0.25 (0.14, 
0.36) < 0.001

0.67 (0.39, 
0.94) < 0.001

0.66 (0.44, 0.98) 0.038

WWI as covariates

  Continuous 0.02 (0.01, 
0.04) < 0.001

0.02 (0.01, 0.03)0.007 0.03 (0.01, 
0.04) < 0.001

0.02 (0.01, 
0.04) < 0.001

0.07 (0.04, 
0.11) < 0.001

0.94 (0.89, 0.98)0.010

Categories

  < 20 Reference Reference Reference Reference Reference Reference

  > = 20 0.22 (0.10, 
0.35) < 0.001

0.14 (0.02, 0.27)0.026 0.21 (0.08, 0.33)0.001 0.25 (0.14, 
0.36) < 0.001

0.68 (0.41, 
0.95) < 0.001

0.62 (0.41, 0.92)0.018
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various pathways. Based on the results of this study, it is 
hypothesized that a later AFB may prolong the protec-
tive effects of estrogen to some extent. Typically, estro-
gen levels peak during the menstrual cycle just before 
ovulation [38]. Earlier childbearing means that women 
are exposed to abrupt hormonal fluctuations at a younger 
age, reducing the duration of stable high estrogen expo-
sure. In contrast, a later AFB allows women to experience 
more menstrual cycles before pregnancy, thus prolonging 
stable estrogen secretion and the period of high estrogen 
exposure. This extended exposure may have a positive 
impact on enhanced cognitive function. Furthermore, 
the observed threshold effect between AFB and cogni-
tive function suggests that the effect of AFB on cognitive 
function differed significantly before and after a specific 
age point. This effect may result from changes in overall 
health status or physiological burdens associated with 
delayed childbearing, which could partially offset its cog-
nitive benefits [39], leading to a saturation of protective 
effects. Therefore, reproductive decision-making at dif-
ferent ages should take into account the potential impacts 
of both age and health factors on cognitive function.

Furthermore, the study finds that the association 
between AFB and cognitive function varies significantly 
across subgroups defined by WHtR, WWI, and stroke 
history. WHtR and WWI are key indicators of abdominal 
obesity and visceral fat accumulation, which more accu-
rately capture the impact of central obesity than BMI. 
Previous studies have demonstrated a significant inverse 
relationship between WHtR and WWI and cognitive 
function, with evidence of threshold effects of WWI on 
AFT and DSST [24, 40, 41]. Golan et al. refine the classi-
fication of visceral fat and observe that increased pancre-
atic and hepatic fat is associated with reduced volumes 
in the hippocampus and inferior frontal gyrus, indicat-
ing cognitive decline, particularly in executive decision-
making [42]. Additional evidence suggests that obesity 
induces changes in brain microstructure [43], specifi-
cally, increased microglial activation in the hippocampus 
triggers a series of synaptic alterations, such as impaired 
hippocampal synaptic plasticity, reduced dendritic spine 

Table 5  Analysis of threshold and saturation effects

Threshold and saturation effects between AFB and cognitive test scores are 
analyzed. The analysis includes breakpoints (k-values) for individual tests, effect 
sizes across different k-value bands, differences in effects, and log-likelihood 
ratios (LLRs)

Outcome β(95% CI) p-value

CERAD-WL
Breakpoint (k) 21

 < k-segment effect 1 0.05 (0.01, 0.09) 0.022

 > k-segment effect 2 0.02 (-0.00, 0.04) 0.124

Difference in effect between 2 and 1 -0.03 (-0.08, 0.02) 0.256

Log likelihood ratio 0.251

DRT
  Breakpoint (k) 17

  < k-segment effect 1 -0.04 (-0.19, 0.12) 0.646

  > k-segment effect 2 0.02 (0.01, 0.04) 0.005

  Difference in effect between 2 and 1 0.06 (-0.10, 0.21) 0.473

  Log likelihood ratio 0.468

AFT
  Breakpoint (k) 29

  < k-segment effect 1 0.03 (0.01, 0.05) < 0.001

  > k-segment effect 2 -0.02 (-0.08, 0.05) 0.625

  Difference in effect between 2 and 1 -0.05 (-0.12, 0.03) 0.202

  Log likelihood ratio 0.197

DSST
  Breakpoint (k) 22

  < k-segment effect 1 0.07 (0.04, 0.10) < 0.001

  > k-segment effect 2 -0.01 (-0.03, 0.02) 0.617

  Difference in effect between 2 and 1 -0.08 (-0.12, -0.03) < 0.001

  Log likelihood ratio  < 0.001

CF
  Breakpoint (k) 21

  < k-segment effect 1 0.17 (0.08, 0.25) < 0.001

  > k-segment effect 2 0.04 (-0.01, 0.08) 0.103

  Difference in effect between 2 and 1 -0.13 (-0.24, -0.02) 0.026

  Log likelihood ratio 0.024

Fig. 2  Nonlinear relationship between AFB and scores on different cognitive tests. This figure illustrates the relationship between age at first 
birth (AFB) and scores on various cognitive functioning tests.The red trend line in each graph highlights the positive correlation between AFB 
and cognitive test scores, while the two blue lines represent the 95% confidence intervals. Together, these graphs visually present the relationship 
between age at first birth and cognitive function in later life. A Displays the relationship between AFB and CERAD-WL (Word Learning Test) 
scores. As AFB increases, CERAD-WL scores exhibit an upward trend, suggesting that a later age at first birth is associated with better immediate 
and delayed memory performance. B Depicts the relationship between AFB and DRT (Delayed Recall Session) scores. DRT scores rise as AFB 
increases, indicating that later childbearing is associated with enhanced delayed memory. C Shows the relationship between AFB and AFT 
(Animal Fluency Test) scores. AFT scores also increase with higher AFB, suggesting that a later age at first birth correlates with greater categorical 
verbal fluency. D Illustrates the relationship between AFB and DSST (Digit Symbol Substitution Test) scores. DSST scores increase with rising AFB, 
but the relationship plateaus beyond a certain age. E Demonstrates the relationship between AFB and CF (Comprehensive Cognitive Function) 
scores. CF scores increase with AFB, but, similar to DSST, the association flattens beyond a specific age

(See figure on next page.)
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density, and a decreased number of excitatory synapses, 
all of which contribute to cognitive decline [44]. These 
findings indicate that abdominal obesity and visceral fat 

accumulation may lead to structural brain changes that 
adversely affect cognitive function. Moreover, research 
indicates that abdominal obesity, particularly visceral fat 

Fig. 2  (See legend on previous page.)
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Table 6  Subgroup analysis of the association between AFB and cognitive scores

Subgroup CERAD-WL DRT AFT DSST CF

Age

  60–69 0.03 (0.01, 0.04) 0.02 (-0.00, 0.04) 0.04 (0.02, 0.06) 0.03 (0.01, 0.05) 0.10 (0.05, 0.14)

  70–79 0.03 (-0.00, 0.06) 0.02 (-0.00, 0.05) 0.01 (-0.01, 0.04) 0.02 (-0.01, 0.04) 0.06 (-0.01, 0.12)

  > = 80 0.03 (-0.01, 0.07) 0.02 (-0.02, 0.06) -0.01 (-0.05, 0.03) 0.02 (-0.02, 0.05) 0.04 (-0.05, 0.13)

P for interaction 0.976 0.929 0.072 0.490 0.380

Race

  Mexican American 0.02 (-0.02, 0.07) 0.00 (-0.04, 0.05) 0.05 (0.01, 0.09) 0.02 (-0.02, 0.06) 0.09 (-0.00, 0.19)

  Other HiXspanic -0.02 (-0.06, 0.03) -0.01 (-0.05, 0.04) 0.01 (-0.03, 0.06) 0.01 (-0.03, 0.05) 0.01 (-0.08, 0.11)

  Non-Hispanic White 0.03 (0.00, 0.05) 0.02 (-0.00, 0.04) 0.02 (0.00, 0.04) 0.02 (0.01, 0.04) 0.07 (0.03, 0.12)

  Non-Hispanic Black 0.02 (-0.01, 0.05) 0.01 (-0.02, 0.04) 0.04 (0.00, 0.07) 0.02 (-0.01, 0.05) 0.08 (0.01, 0.15)

  Other Race—Including 
Multi-Racial

0.07 (0.02, 0.12) 0.08 (0.02, 0.13) -0.00 (-0.05, 0.05) 0.05 (0.01, 0.10) 0.12 (0.01, 0.24)

P for interaction 0.117 0.137 0.496 0.660 0.585

Marital

  Married 0.03 (0.01, 0.05) 0.03 (0.01, 0.05) 0.02 (-0.00, 0.04) 0.03 (0.01, 0.04) 0.08 (0.03, 0.12)

  Widowed 0.03 (-0.00, 0.06) 0.02 (-0.01, 0.05) 0.04 (0.01, 0.06) 0.03 (0.00, 0.05) 0.09 (0.03, 0.15)

  Divorced 0.02 (-0.02, 0.05) 0.00 (-0.04, 0.04) 0.07 (0.03, 0.10) 0.04 (0.01, 0.07) 0.12 (0.04, 0.20)

  Separated -0.07 (-0.20, 0.07) -0.05 (-0.19, 0.08) -0.07 (-0.20, 0.06) -0.13 (-0.25, -0.02) -0.26 (-0.55, 0.02)

  Never married -0.03 (-0.21, 0.15) 0.04 (-0.14, 0.23) -0.06 (-0.24, 0.12) 0.06 (-0.10, 0.22) -0.03 (-0.43, 0.37)

  Living with partner 0.26 (-0.08, 0.60) 0.36 (0.01, 0.70) 0.02 (-0.32, 0.36) -0.04 (-0.33, 0.26) 0.25 (-0.49, 0.99)

P for interaction 0.381 0.221 0.072 0.116 0.166

Drink

  Yes 0.04 (0.02, 0.06) 0.03 (0.01, 0.05) 0.04 (0.02, 0.06) 0.03 (0.01, 0.05) 0.10 (0.06, 0.14)

  No 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) 0.02 (0.00, 0.04) 0.04 (-0.00, 0.09)

P for interaction 0.122 0.249 0.067 0.465 0.067

Hypertension

  Yes 0.03 (0.01, 0.05) 0.02 (0.00, 0.04) 0.02 (-0.00, 0.03) 0.03 (0.01, 0.04) 0.07 (0.03, 0.11)

  No 0.02 (-0.01, 0.04) 0.02 (-0.00, 0.04) 0.04 (0.02, 0.06) 0.02 (-0.00, 0.04) 0.08 (0.03, 0.13)

P for interaction 0.342 0.989 0.081 0.506 0.934

Diabetes

  Yes 0.04 (0.01, 0.08) 0.04 (0.01, 0.08) 0.03 (-0.00, 0.07) 0.03 (0.00, 0.06) 0.11 (0.03, 0.18)

  No 0.02 (0.01, 0.04) 0.02 (0.00, 0.03) 0.02 (0.01, 0.04) 0.02 (0.01, 0.04) 0.07 (0.03, 0.10)

  Borderline 0.06 (-0.00, 0.12) 0.03 (-0.03, 0.10) 0.06 (-0.01, 0.12) 0.05 (-0.00, 0.11) 0.17 (0.03, 0.31)

P for interaction 0.309 0.388 0.494 0.497 0.235

Smoke

  Yes 0.03 (0.01, 0.05) 0.03 (0.01, 0.05) 0.04 (0.02, 0.06) 0.03 (0.01, 0.05) 0.09 (0.05, 0.14)

  No 0.02 (0.00, 0.04) 0.01 (-0.00, 0.03) 0.02 (-0.00, 0.03) 0.02 (0.00, 0.04) 0.06 (0.02, 0.10)

P for interaction 0.579 0.344 0.145 0.474 0.230

Stroke

  Yes -0.05 (-0.13, 0.02) -0.04 (-0.11, 0.04) 0.03 (-0.04, 0.11) 0.03 (-0.03, 0.10) 0.02 (-0.15, 0.18)

  No 0.03 (0.01, 0.04) 0.02 (0.01, 0.04) 0.02 (0.01, 0.04) 0.02 (0.01, 0.04) 0.07 (0.04, 0.11)

P for interaction 0.040 0.120 0.789 0.771 0.484

Moderate Recreational Activities

  Yes 0.02 (-0.01, 0.04) 0.01 (-0.01, 0.04) 0.04 (0.02, 0.07) 0.03 (0.01, 0.05) 0.09 (0.04, 0.14)

  No 0.03 (0.01, 0.04) 0.02 (0.00, 0.04) 0.02 (0.00, 0.04) 0.02 (0.00, 0.03) 0.06 (0.03, 0.10)

P for interaction 0.559 0.606 0.128 0.350 0.428

BMI

  < 18.5 0.00 (-0.51, 0.51) 0.09 (-0.43, 0.60) 0.15 (-0.35, 0.65) 0.16 (-0.28, 0.60) 0.31 (-0.79, 1.42)

  > = 18.5, < 25 0.01 (-0.02, 0.04) 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05) 0.01 (-0.01, 0.04) 0.04 (-0.02, 0.10)

  > = 25, < 30 0.03 (0.01, 0.06) 0.03 (-0.00, 0.05) 0.03 (0.01, 0.06) 0.02 (-0.00, 0.04) 0.09 (0.03, 0.15)
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accumulation, is one of the core drivers of insulin resist-
ance [45, 46]. Compared with subcutaneous fat, visceral 
fat is more metabolically active [47]. Visceral fat acti-
vates the sympathetic nervous system, which enhances 
lipolysis and leads to the release of large amounts of 
free fatty acids into circulation. Simultaneously, visceral 
fat secretes various inflammatory cytokines, includ-
ing tumor necrosis factor-α (TNF-α), interleukin-6 (IL-
6), and monocyte chemoattractant protein-1 (MCP-1), 
which disrupt normal insulin signaling and exacerbate 
systemic inflammation, ultimately resulting in insulin 
resistance [48–50]. Insulin resistance not only negatively 
affects peripheral metabolism but also damages the cen-
tral nervous system. Insulin receptors are widely distrib-
uted in the brain, upon binding with insulin, they activate 
the PI3K/Akt/mTOR and Rac1 signaling pathways to 
promote dendritic spine formation and the development 
of excitatory synapses [51]. Moreover, the activation 
of insulin receptor signaling is critical for maintaining 
dendritic plasticity and proper synaptic function [52]. 
Consequently, when insulin resistance occurs, synaptic 
plasticity and function are compromised, leading to cog-
nitive decline. Integrating these findings with our results, 
we speculate that when WHtR and WWI are in the lower 
quartiles (Q1, Q2), visceral fat accumulation is minimal 
and the overall metabolic state remains relatively healthy. 
In this scenario, the positive association between AFB 
and cognitive function may not be fully manifested due 
to the favorable health status of the individuals. Con-
versely, when WHtR and WWI are in the moderate-
to-high range (Q3), the onset of chronic inflammation 
and insulin resistance renders the positive effect of later 

AFB more pronounced, likely due to prolonged expo-
sure to higher estrogen levels promoting fat redistribu-
tion, reducing visceral fat accumulation, increasing leptin 
secretion, and improving glucose metabolism [53–56]. 
Additionally, estrogen exerts antioxidative effects and 
directly inhibits the release of inflammatory cytokines 
such as TNF-α and IL-6, thereby mitigating neuronal 
damage and protecting cognitive function [57, 58]. How-
ever, when WHtR and WWI reach very high levels (Q4), 
although the positive effect of AFB on cognitive func-
tion remains significant, its strength is diminished. This 
attenuation may be attributed to the fact that individuals 
with excessive visceral fat accumulation often experience 
comorbidities. Elevated WHtR and WWI levels compro-
mise the beneficial effects of AFB on cognitive function 
through mechanisms including neuroinflammation and 
insulin resistance.

This study possesses several strengths. First, the data 
are sourced from the nationally representative NHANES 
database, which provides a large sample size. This not 
only establishes a solid foundation for the analysis but 
also markedly improves the precision and reliability of 
the statistical results. Second, potential confounding fac-
tors are thoroughly evaluated and adjusted for, thereby 
reducing their influence on the findings. Additionally, 
subgroup analyses are performed to examine variations 
in the relationship between AFB and cognitive func-
tion across diverse populations. These analyses facilitate 
a more detailed interpretation of the results, providing 
scientific evidence for detecting heterogeneous effects 
in specific subgroups and aiding the development of tar-
geted health intervention strategies.

Subgroup analyses are conducted to explore the associations between AFB and cognitive test scores across subgroups stratified by age, race, marital status, smoking, 
alcohol use, engagement in moderate recreational activities, hypertension, diabetes, stroke, BMI, WHtR and WWI levels. The results include regression coefficients (β) 
and p-values from interaction tests for each subgroup

Table 6  (continued)

Subgroup CERAD-WL DRT AFT DSST CF

  > = 30 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.03) 0.02 (0.00, 0.04) 0.03 (0.01, 0.05) 0.08 (0.03, 0.12)

P for interaction 0.618 0.781 0.784 0.556 0.650

WHtR

  Q1 0.02 (-0.01, 0.04) 0.02 (-0.01, 0.05) 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.04) 0.04 (-0.02, 0.11)

  Q2 0.02 (-0.01, 0.05) 0.01 (-0.01, 0.04) 0.00 (-0.03, 0.03) 0.00 (-0.03, 0.03) 0.02 (-0.05, 0.08)

  Q3 0.06 (0.03, 0.09) 0.05 (0.01, 0.08) 0.05 (0.01, 0.08) 0.06 (0.03, 0.09) 0.16 (0.10, 0.23)

  Q4 0.01 (-0.02, 0.03) -0.01 (-0.03, 0.02) 0.04 (0.01, 0.06) 0.03 (0.00, 0.05) 0.07 (0.01, 0.13)

P for interaction 0.068 0.097 0.124 0.010 0.011

WWI

  Q1 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05) -0.01 (-0.04, 0.02) 0.00 (-0.02, 0.03) 0.01 (-0.05, 0.08)

  Q2 0.02 (-0.01, 0.05) 0.00 (-0.03, 0.03) 0.03 (0.00, 0.06) 0.01 (-0.01, 0.04) 0.07 (0.00, 0.13)

  Q3 0.04 (0.01, 0.07) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.04 (0.01, 0.07) 0.12 (0.06, 0.19)

  Q4 0.03 (-0.00, 0.06) 0.02 (-0.01, 0.05) 0.04 (0.01, 0.07) 0.04 (0.01, 0.06) 0.10 (0.04, 0.16)

P for interaction 0.763 0.517 0.027 0.098 0.066
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Nevertheless, our study has several unavoidable limi-
tations. First, because the data are derived from a cross-
sectional survey, causal inferences between AFB and 
cognitive function cannot be established. Future research 
should include larger, prospective cohort studies to 
clarify the causal relationship and dynamic associations 
between AFB and cognitive function. Second, although 
NHANES is a nationally representative database estab-
lished by the NCHS, its data are primarily sourced from 
the U.S. population. Differences in cultural backgrounds 
and healthcare systems between the United States and 
other countries may limit the generalizability of our find-
ings. Therefore, caution is warranted when extrapolating 
our results to broader populations. To enhance the exter-
nal validity of our findings, we plan to integrate data from 
multicenter international cohorts in future studies. Third, 
due to database limitations, cognitive function is assessed 
using CERAD, AFT, and DSST tests. While we improve 
the reliability and validity of cognitive assessment by cre-
ating a composite cognitive score based on the Z-scores 
of these tests, the diagnostic criterion for cognitive 
impairment is defined as a composite score below one 
standard deviation from the mean. This approach differs 
from the more commonly used screening tools such as 
the MMSE and MoCA, potentially limiting the applica-
bility of our findings to other populations. Additionally, 
our study focused solely on the relationship between AFB 
and overall cognitive function without further exploring 
the association between AFB and specific dementia sub-
types. Finally, although multiple covariates are adjusted 
for, it remains challenging to entirely eliminate the influ-
ence of unmeasured confounding factors.

Conclusion
This study is based on data from the 2011–2014 NHANES 
database. After applying inclusion and exclusion criteria, a 
total of 1,057 eligible participants are included. The find-
ings indicate that a later AFB is associated with a lower 
prevalence of cognitive impairment and that the relation-
ship between AFB and cognitive function is nonlinearly 
positive. Controlling AFB to occur after the age of 21 may 
help reduce the prevalence of cognitive impairment. More-
over, the potential influence of WHtR and WWI should be 
considered when planning childbirth to optimize the pro-
tective effects on cognitive health.
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