
O R I G I N A L  R E S E A R C H

The Obesity Paradox: Effect of Body Mass Index and 
Waist Circumference on Post-Stroke Cognitive 
Impairment
Qi Liu 1, Xiaoling Liao1,2, Yuesong Pan2, Xianglong Xiang2, Yumei Zhang2,3

1Department of Neurology, Beijing Tiantan Hospital, Capital Medical University, Beijing, People’s Republic of China; 2China National Clinical Research 
Center for Neurological Diseases, Beijing, People’s Republic of China; 3Department of Rehabilitation Medicine, Beijing Tiantan Hospital, Capital 
Medical University, Beijing, People’s Republic of China

Correspondence: Yumei Zhang, Department of Rehabilitation Medicine, Beijing Tiantan Hospital, Capital Medical University, No. 119 South 4th Ring 
West Road, Fengtai District, Beijing, 100070, People’s Republic of China, Tel +86-10-59975531, Email zhangyumei95@aliyun.com 

Background: Obesity is a risk factor for dementia within the old population however not within the middle-aged population, that is 
referred to the “obesity paradox”. This study explored the association of body mass index (BMI) and waist circumference (WC) with 
post-stroke cognitive impairment (PSCI) in middle-aged (40–65 years) versus old population (≥ 65 years).
Methods: The current study enrolled 1735 individuals over the age of 40 who had their first ischemic stroke from the Impairment of Cognition 
and Sleep (ICONS) subgroup of the China National Stroke Registry-3 (CNSR-3). BMI and WC were used for the diagnosis of obesity and 
central obesity, respectively. PSCI was diagnosed according to the Montreal Cognitive Assessment (MoCA). The main clinical outcome was the 
incidence of PSCI assessed at three months after stroke. Multivariable regression analysis was performed to evaluate the association between 
obesity and three-month PSCI. Stratified analysis was also performed to explore the effect of age on the relationship between obesity and PSCI.
Results: In the general population, multivariable logistic regression found that the adjusted odds ratio (OR) with 95% confidence 
interval (CI) of general obesity was 1.45 (1.06–1.98) and that of central obesity was 1.54 (1.24–1.91) for the three-month incidence of 
PSCI. Stratified analysis by age showed that the adjusted OR with a 95% CI of general obesity was 1.84 (1.24–2.72) in middle-aged 
patients and 0.89 (0.52–1.54) in elderly patients (p-value for interaction = 0.05). Central obesity was associated with PSCI in all age 
groups: 1.57 (1.18–2.09) in middle-aged patients and 1.52 (1.08–2.15) in elderly patients (p-value for interaction= 0.93).
Conclusion: General obesity was related to an increased risk of PSCI in middle-aged but not elderly patients, whereas central obesity was 
associated with an increased risk of PSCI in all age groups, suggesting that the obesity paradox arises only obesity is outlined by BMI.
Keywords: post-stroke cognitive impairment, obesity paradox, ischemic stroke, middle-aged and elderly population, follow-up study

Introduction
Post-stroke cognitive impairment (PSCI) is a serious disability experienced by stroke survivors, and approximately one- 
third of stroke survivors develop cognitive impairment.1,2 Identifying and controlling risk factors for PSCI would play 
a pivotal role in prevention and intervention. The prevalence of obesity has risen rapidly in the past four decades and has 
been demonstrated to increase the risk of cognitive decline.3–5 However, some studies indicated that the impact of obesity 
on cognition varies by age6 In the middle-aged population, but not in the elderly population, overweight or obesity has 
been found to have a significant correlation with the heightened risk of experiencing cognitive decline.7,8 Contrary to 
common knowledge, some studies even found a positive effect of a higher body mass index (BMI) on cognition among 
elderly individuals.9–12 The unexpected phenomenon of improved cognitive function in individuals with obesity has been 
referred to as the “obesity paradox”, creating uncertainty regarding the impact of obesity on cognitive abilities.

Recently, several studies have explored whether stroke patients with obesity have impaired cognitive performance 
than normal weight patients.13,14 However, there is a lack of research on whether this relationship varies depending on 
age and whether the obesity paradox persists in patients with stroke. Additionally, previous studies have not explored the 
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effects of central obesity on cognitive function. To investigate the impact of aging on fat distribution, previous studies 
have suggested that waist circumference (WC) is a more effective marker of adiposity than BMI in the elderly 
population.15 Thus, this study evaluated general obesity and central obesity using BMI and WC as adiposity markers, 
respectively. We hypothesized that the effect of obesity on PSCI may differ based on age. This study aimed to investigate 
the association between high BMI and large WC with PSCI in middle-aged (40–65) versus elderly patients (≥ 65 years) 
with minor stroke or transient ischemic attack (TIA). The meaning of this study lies in its provision of evidence for 
obesity management in stroke patients of different ages to prevent the occurrence of PSCI.

Method
Study Design
Patients were recruited from the Impairment of Cognition and Sleep (ICONS) study of CNSR-3.16,17 Briefly, ICONS was 
launched in 2015 and is a multicenter prospective cohort study aimed at investigating the occurrence, variation trend and 
factors influencing cognitive impairment and sleep disorder in Chinese patients with acute ischemic stroke and transient 
ischemic attack (TIA). Inclusion criteria for the study were as follows: patients aged 18 years or older; diagnosed within 7 days 
of minor ischemic stroke (National Institute of Health stroke scale (NIHSS) ≤5) and TIA; with no history of a severe cognitive 
disorder before stroke; and without any concomitant disorders that could interfere with the cognitive evaluation. The study 
was approved by the Ethics Committees of Beijing Tiantan Hospital (No. KY2015-001-01) and all other participating 
hospitals, following the guidelines of the Helsinki Declaration. All participants gave written informed consent to the 
procedure, which had been approved by the ethics committee of Beijing Tiantan Hospital.

Clinical Assessment of Participants
Baseline information on patient demographics, risk factors for PSCI, and medical comorbidities was collected. The 
medical histories of diabetes mellitus, dyslipidemia, hypertension, coronary artery disease and the habit of smoking and 
drinking were considered as risk factors. The definition of hypertension included a new diagnosis at discharge, self- 
reported history, or any antihypertensive drug usage. The definition of diabetes mellitus included fasting blood glucose 
≥7.0 mmol/L, non-fasting blood glucose ≥11.1 mmol/L, self-reported history, and any glucose-lowering drug usage. The 
definition of dyslipidemia included low high-density lipoprotein levels (≤0.9 mmol/L), elevated levels of serum 
triglyceride (≥1.7 mmol/L) or total cholesterol (≥5.72 mmol/L), self-reported history and any lipid-lowering drug 
usage. Ischemic heart disease and myocardial infarction were included in the definition of coronary artery heart disease.

Obesity Diagnosis
BMI and WC were used to evaluate general obesity and central obesity at baseline, respectively. Participants measured 
their height and weight by an automatic height-weight scale, and then BMI was estimated by dividing weight (kg) by the 
square of height (m). WC was evaluated at the level of the omphalos by a tapeline. According to their BMI values, 
patients were divided into normal weight group (<23.9 kg/m2), overweight group (24.0–27.9 kg/m2), and obese group (≥ 
28.0 kg/m2).15 Central obesity was outlined as WC > 85 cm for males and > 80 cm for females.18

Outcome Measure
The primary clinical goal of this study was to identify the incidence of PSCI at three months follow-up. The Chinese 
version of the Montreal Cognitive Assessment (MoCA), a widely recognized cognitive screening instrument, was utilized 
to evaluate global cognitive state. This scale assessed the cognitive domains of attention and concentration, executive 
functions, memory, language, visuospatial skills, conceptual thinking, calculations, and orientation. It has been proven to 
have great sensitivity and specificity in identifying vascular dementia.19,20 The AUC of MoCA was 0.85 (95% CI (0.80 to 
0.95)) with good sensitivity (0.85) and specificity in detecting PSCI (0.88).20 The MoCA scores range from 0 to 30, with 
higher values indicating normal cognitive functioning. Based on previous research from this database, cognitive 
impairment was defined as a MoCA score of less than 25 for the purposes of this study.
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Statistical Analysis
All analyses were performed with SAS version 9.4 (SAS Institute, Cary, North Carolina, USA). Continuous variables are 
represented as the mean and standard deviation, or as medians with interquartile ranges. Proportions are used to represent 
categorical data. To compare the baseline clinical characteristics of patients stratified by age and obesity status, we 
utilized independent sample t-tests and Mann–Whitney U-tests for continuous variables and chi-squared tests for 
categorical variables. Continuous variables were presented as mean and standard deviation or medians with interquartile 
ranges, while categorical data were expressed as proportions. We applied independent sample t-tests and Mann–Whitney 
U-tests to analyze continuous variables, and chi-squared tests for categorical variables to compare the baseline clinical 
characteristics of patients stratified by age and obesity status. Obesity was categorized into two types: general obesity, 
which was defined by BMI, and central obesity, which was defined by WC. The association of obesity status with the 
three-month incidence of PSCI was assessed using multivariable logistic analysis. The association between obesity- 
related indices (BMI and WC) and the risk of PSCI was assessed through a regression analysis utilizing restricted cubic 
splines. We controlled for the following risk factors known to be associated with PSCI and obesity: age, sex, history of 
hypertension, diabetes mellitus, dyslipidemia, the habit of smoking and alcohol, and the baseline NIHSS. A stratification 
study was undertaken to investigate whether the effect of obesity on the incidence of PSCI differed by age. Statistical 
significance was determined for two-tailed p-values <0.05.

Results
Baseline Characteristics
From August 2015 to January 2018, a total of 2560 patients over the age of 40 were recruited in the current study. All 
patients completed BMI and WC measurements. A total of 498 patients were excluded because of a history of stroke, and 
327 patients were excluded because they were lost to follow-up. Finally, the analysis included 1735 patients (Figure 1 
and Supplementary Figure 1).

In the final analysis, the median age of the 1735 stroke patients included was 61.0 years, and 1241 (71.5%) were 
male. Of 1107 patients in the middle-aged group (40–65 years), 557 (50.3%) were overweight, and 188 (17.0%) were 
obese. Among elderly patients (≥65 years), 273 of 628 (43.5%) were overweight, and 77 (12.3%) were obese. A total of 

Figure 1 Flow chart showing patient selection from the impairment of Cognition and Sleep study of the China National Stroke Registry-3. 
Abbreviation: BMI, body mass index.
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760 (68.7%) middle-aged patients and 388 (61.8%) elderly patients had central obesity. Overall, regardless of obesity 
type and age status, patients with obesity exhibited greater cardiovascular risk factors, including diabetes mellitus, and 
dyslipidemia than normal weight patients (Table 1 and Supplementary Table 1). The obesity indices distribution using 
kernel density estimation showed that middle-aged patients seem to account for a higher proportion of patients with 
increased BMI and WC than elderly patients (Supplementary Figure 2).

Three-Month Incidence of PSCI Among Patients Stratified by Obesity-Related Indices 
and Age
Figure 2 shows the three-month incidence of PSCI stratified by obesity and age status. Regardless of obesity status, 
patients in the middle-aged group had a greater incidence of PSCI compared to their elderly counterparts (42.2 versus 
56.4%, p < 0.01). According to obesity status defined by BMI, the PSCI incidence showed a significant contrast among 
patients with normal weight, overweight and obesity in the middle-aged group (41.7 vs 31.9 vs 52.1%, p=0.01), while the 
relationship was not significant in the elderly group (57.2 vs 57.1 vs 50.7%, p=0.56). According to obesity status defined 
by WC, central obesity patients had a higher incidence of PSCI in both the middle-aged group (37.6 vs 44.2%, p=0.04) 
and elderly group (50.8 vs 59.8%, p=0.03).

Association of Obesity with Three-Month Incidence of PSCI
Obesity, whether in the form of general or central obesity, was found to be an independent risk factor for the 
incidence of PSCI. According to BMI, compared with normal weight, the adjusted odds ratios (OR) with 95% 
confidence interval (CI) were 1.00 (0.80–1.25) in overweight patients and 1.45 (1.06–1.98) in obese patients. 
According to WC, the adjusted OR with 95% CI of central obesity was 1.54 (1.24–1.91) for cognitive impairment 
after stroke (Table 2).

Tables 3 and 4 show the adjusted OR with 95% CI of obesity for PSCI incidence stratified by age. In middle- 
aged patients, the incidence of PSCI was independently linked with general obesity as measured by BMI: 1.84 
(1.24–2.72), whereas this relationship was not significant in elderly patients: 0.89 (0.52–1.54). The incidence of 
PSCI, however, was not associated with overweight status in either the middle-aged (0.94 (0.71–1.26)) or elderly 
(1.11 (0.78–1.59)) population. Additionally, the association between central obesity defined by WC and the 
incidence of PSCI was significant regardless of age. Compared with normal WC patients, the adjusted OR with 
95% CI of central obesity with PSCI were 1.57 (1.18–2.09) in middle-aged patients and 1.52 (1.08–2.15) in elderly 
patients (Table 4).

We conducted a logistic regression analysis with restricted cubic spline stratified by age and observed that in middle- 
aged patients, higher BMI was positively correlated with the incidence of PSCI. However, in elderly patients, this 
relationship was not statistically significant. Furthermore, a higher WC was linked to a higher incidence of PSCI in both 
middle-aged and elderly individuals (Figures 3 and 4).

Discussion
Obesity was linked to an elevated incidence of three-month PSCI in this nationwide cohort analysis of stroke 
patients. Stratification analysis by age showed that the effect of obesity defined by BMI on PSCI was only 
significant in middle-aged but not in elderly patients, indicating the obesity paradox on PSCI. However, central 
obesity as defined by WC was related with an elevated incidence of PSCI among middle-aged and elderly patients. 
As far as we know, this is the first national-level study to investigate the impact of obesity on PSCI incidence 
stratified by age.

In the multivariable analysis of our study, regardless of obesity type, patients with obesity showed a 1.5-fold 
greater incidence of three-month PSCI compared to those without obesity in the general population. Furthermore, we 
did not observe a significant difference in PSCI incidence between the overweight and normal weight groups, 
suggesting a possible dose-effect relationship between the severity of obesity and PSCI. Our findings are consistent 
with previous studies.13,14 Insulin resistance was hypothesized to be one possible mechanism.21,22 Obesity-induced 
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Table 1 Baseline Characteristics of Middle-Aged and Elderly Patients with Stroke According to Body Mass Index (BMI) Categories

Characteristics Middle-Aged (n=1107) Elderly (n=628)

Overall Normal Weight Overweight Obese Overall Normal Weight Overweight Obese

Age (year) 54.9±6.4 55.6±6.3 54.9±6.4 54.0±6.4 71.8±5.4 72.2±5.7 71.5±5.2 71.3±5.2
Male (n, %) 824(74.4) 276(76.2) 426(76.5) 122(64.9) 417(66.4) 188(67.6) 187(68.5) 42(54.6)

Education Level

Elementary or below 230(20.8) 80(22.1) 114(20.5) 36(19.2) 234(37.3) 112(40.3) 97(35.5) 25(32.5)
Middle school 435(39.3) 148(40.9) 217(39.0) 70(37.2) 208(33.1) 81(29.1) 96(35.2) 31(40.3)

High school or above 401(36.2) 125(34.5) 200(35.9) 76(40.4) 155(24.7) 70(25.2) 66(24.2) 19(24.7)

Unknown 41(3.7) 9(2.5) 26(4.7) 6(3.2) 31(4.9) 15(5.4) 14(5.1) 2(2.6)
BMI (kg/m2) 25.4±3.1 22.2±1.5 25.8±1.1 30.2±2.4 24.6±3.2 22.0±1.7 25.7±1.1 30.3±2.5

Waist (cm) 89.8±11.1 84.4±10.4 90.2±9.4 98.7±11.0 87.8±10.8 83.9±9.8 89.2±10.0 97.2±13.0

Smoking (n, %) 482(43.5) 170(47.0) 249(44.7) 63(33.5) 143(22.8) 67(24.1) 56(20.5) 20(26.0)
Drinking (n, %) 258(23.3) 81(22.4) 140(25.1) 37(19.7) 88(14.0) 44(15.8) 33(12.1) 11(14.3)

Medical History (n, %)

Hypertension 642(60.0) 174(48.1) 329(59.1) 139(73.9) 388(61.8) 155(55.8) 170(62.3) 63(81.8)
Diabetes 230(20.8) 63(17.4) 112(20.1) 55(29.3) 151(24.0) 60(21.6) 64(23.4) 27(35.1)

Dyslipidemia 114(10.3) 33(9.1) 59(10.6) 22(11.7) 41(6.5) 18(6.5) 19(7.0) 4(5.2)

Index event (n, %)
Minor stroke 1024(92.5) 338(93.4) 512(91.9) 174(92.6) 580(92.4) 253(91.0) 256(93.8) 71(92.2)

TIA 83(7.5) 24(6.6) 45(8.1) 14(7.5) 48(7.6) 25(9.0) 17(6.2) 6(7.8)

NIHSS on admission 2.0(1.0–4.0) 3.0(1.0–5.0) 2.0(1.0–5.0) 2.0(1.0–4.0) 3.0(1.0–5.0) 3.0(1.0–5.0) 3.0(1.0–4.0) 2.0(1.0–4.0)
Laboratory results

White blood count (10^9/L) 7.1±2.1 7.0±2.0 7.2±2.2 7.2±1.8 6.8±2.1 6.6±2.1 6.9±2.0 7.1±2.4
Fasting glucose (mmol/L) 6.4±2.6 6.1±2.5 6.5±2.8 6.7±2.4 6.4±2.4 6.1±2.4 6.4±2.1 7.2±3.1

HbA1C (%) 6.5±1.8 6.2±1.5 6.6±1.9 6.8±1.7 6.6±1.5 6.6±1.8 6.4±1.2 7.0±1.4

Total cholesterol (mmol/L) 4.0(3.3–4.7) 3.6(3.2–4.6) 4.0(3.2–4.6) 4.4(3.5–5.1) 3.9(3.3–4.6) 3.9(3.3–4.4) 4.0(3.3–4.7) 3.8(3.5–4.7)
LDL (mmol/L) 2.2(1.6–3.0) 2.1(1.6–3.0) 2.2(1.6–2.9) 2.5(1.6–3.4) 2.3(1.7–2.9) 2.2(1.7–2.9) 2.4(1.8–2.9) 2.4(1.8–2.8)

HDL (mmol/L) 0.9(0.8–1.1) 1.0(0.8–1.1) 0.9(0.8–1.1) 0.9(0.7–1.1) 1.0(0.8–1.2) 1.0(0.8–1.2) 1.0(0.8–1.2) 0.9(0.8–1.1)

TG (mmol/L) 1.5(1.1–2.0) 1.4(1.0–1.9) 1.4(1.1–2.1) 1.7(1.4–2.4) 1.3(1.0–1.7) 1.2(0.9–1.6) 1.4(1.0–1.8) 1.3(1.0–1.8)
Serum folate (ng/mL) 9.7(4.9–15.3) 9.7(4.9–15.4) 10.0(4.9–15.5) 9.8(5.0–14.4) 9.6(5.6–15.2) 9.4(5.4–15.8) 9.2(5.7–14.6) 11.6(7.0–16.4)

Hcy (μmol/L) 15.8(12.6–22.1) 15.8(12.6–22.6) 15.9(12.7–22.2) 15.2(12.3–20.6) 17.4(13.9–21.6) 17.4(13.7–21.2) 17.3(13.9–21.7) 17.6(14.7–20.3)

Abbreviations: BMI, body mass index; TIA, transient ischemic attack; NIHSS, National Institute of Health stroke scale; HbA1C, Hemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, Triglyceride; Hcy, 
homocysteine.
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hyperinsulinemia and insulin resistance in the periphery downregulate insulin receptor-mediated transport in the 
blood brain barrier (BBB), leading in hypoinsulinemia in the central nervous system and disruption of neurophy-
siological processes.23 Dysfunction in insulin metabolism impairs vasodilation via nitric oxide production in 
endothelial cells, reduces microvascular perfusion and induces cognitive disorders.24 In addition, a preclinical 
study investigated that larger amounts of white adipose tissue may aggravate systemic inflammation, harm the 
integrity of the BBB, and modify β-amyloid metabolism, which promote cognitive decline.25

In stratification analysis by age, patients with obesity defined by BMI showed a greater incidence of PSCI in the 
middle-aged group but a lower incidence in the elderly group compared to normal weight patients. The multivariable 
analysis illustrated that only middle-aged patients had an independent relationship between obesity and a higher risk 
of PSCI, which verified the existence of the obesity paradox on cognitive impairment following stroke. Although 

Table 2 Association of PSCI with Three-Month Onset by Body Mass Index (BMI) and 
Waist Circumference (WC) Categories in the Whole Population

Group N, % Odds Ratio (95% Confidence Interval) P value  
For Trend

Unadjusted Adjusted

BMI 0.06

Normal Weight 310(48.44) Ref. Ref.
Overweight 374(45.06) 0.87(0.71–1.07) 1.00(0.80–1.25)

Obesity 137(51.70) 1.14(0.86–1.52) 1.45(1.06–1.98)

Waist circumference <0.001
Normal 253(43.10) Ref. Ref.

Central obesity 568(49.48) 1.29(1.06–1.58) 1.54(1.24–1.91)

Notes: Adjustments made for age, sex, education, smoking, drinking, history of hypertension, diabetes, dyslipide-
mia, current or previous smoking, alcohol and the baseline NIHSS.

Figure 2 Rates of three-month incidence of post-stroke cognitive impairment (PSCI) among middle-aged and elderly patients according to waist and BMI categories. 
Abbreviations: BMI, body mass index; WC, waist circumference.
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obesity is a risk factor for neurocognitive disorders, adipose tissue can secrete several neuroprotective peptide 
hormones, such as leptin, to enhance hippocampal plasticity.26 An increased level of leptin is usually associated with 
ageing,27 which provides a plausible mechanism to explain this clinical phenomenon. Another explanation was that 
the ageing process implies a decrease in lean body mass and an increase in adipose tissue without weight gain, 
indicating that BMI may underestimate adiposity.28 Thus, the link between obesity and cognitive function may 
lessen in elderly patients who have more body fat compared to those of normal weight. Nevertheless, the limited 
number of elderly patients in our stratified study might be a potential reason for its reduced statistical power.

Few studies have investigated the association between central obesity and PSCI in different age groups. Our 
findings found that central obesity was significantly linked with a higher risk of PSCI in both middle-aged and 
elderly stroke patients. BMI represents the overall obesity level of an individual’s body, while WC represents 
visceral obesity. Consistent with previous studies,29,30 we indicated that visceral obesity was more strongly 
associated with cognitive dysfunction than whole-body or subcutaneous fat. The proposed explanation is that 
visceral obesity may induce more severe metabolic disturbance than general obesity by triggering a more vigorous 
inflammatory response and insulin resistance. In addition, WC measurement is less influenced by ageing, suggesting 
that WC might be a more salient predictor of PSCI than BMI in the elderly population.31

Our study has several limitations. First, a recent meta-analysis has shown ethnic differences in the impact of 
obesity on cognitive impairment.3 Because our study consisted solely of stroke patients from China, the result might 
have poor generalizable to other ethnicities. Second, BMI and WC were not measured at follow-up, and the 

Table 3 Stratification Analysis by Age According to Body Mass Index (BMI)

BMI Group N, % Odds Ratio (95% Confidence Interval) P value  
for Trend

Unadjusted Adjusted

40–65 0.01

Normal Weight 151(41.71) Ref. Ref.
Overweight 218(39.14) 0.90(0.69–1.18) 0.94(0.71–1.26)

Obesity 98(52.13) 1.52(1.07–2.17) 1.84(1.24–2.72)

≥65 0.96
Normal Weight 159(57.19) Ref. Ref.

Overweight 156(57.14) 1.00(0.71–1.40) 1.11(0.78–1.59)

Obesity 39(50.65) 0.77(0.46–1.27) 0.89(0.52–1.54)
P for interaction 0.09 0.05

Notes: Adjustments made for age, sex, education, smoking, drinking, history of hypertension, diabetes, dyslipide-
mia, current or previous smoking, alcohol.

Table 4 Stratification Analysis by Age According to Waist Circumference (WC)

Group N, % Odds Ratio (95% Confidence Interval) P value

Unadjusted Adjusted

40–65 <0.01
Normal 131(37.75) Ref. Ref.

Central obesity 336(44.21) 1.31(1.01–1.70) 1.57(1.18–2.09)
≥65 0.02

Normal 122(50.83) Ref. Ref.

Central obesity 232(59.79) 1.44(1.04–1.99) 1.52(1.08–2.15)
P for interaction 0.65 0.93

Note: Adjustments made for age, sex, education, smoking, drinking, history of hypertension, diabetes, dyslipidemia, 
current or previous smoking, alcohol.
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fluctuations in obesity-related indicators might influence the outcome. Third, we were constrained by the available 
data because this was a post-hoc study of an existing database, and we were unable to control several factors 
connected to obesity and cognition, such as insulin levels. Furthermore, previous study found that though being 
underweight may negatively affect global cognition post-stroke, obesity could induce frontal lobe dysfunctions, 
specifically phonemic and semantic word fluency.13 However, our study only evaluated global cognitive function, 
and future research should assess more specific cognitive domains to identify the effect of obesity on specific 
cognitive deficits after stroke.

Figure 3 Adjusted odds ratio for the incidence of post-stroke cognitive impairment according to body mass index. 
Notes: (A) In the whole population. (B) In middle-aged patients. (C) In elderly patients. The solid line indicates the adjusted odds ratio, and the dashed lines indicate the 
95% confidence interval bands. Data were fitted using a restricted cubic spline logistic model with 5 knots for BMI. The reference BMI was 24 kg/m2. 
Abbreviation: BMI: body mass index.
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Conclusion
This study revealed that the effect of obesity on PSCI may differ by age. General obesity was related with an increased 
risk of PSCI in middle-aged but not in elderly patients, while the association between central obesity and the incidence of 
PSCI was significant in any age group, suggesting that the obesity paradox exists only when obesity was defined by BMI. 
This study highlighted the importance of obesity management in preventing cognitive impairment after stroke of different 
ages and identified that WC might be a stronger predictor of PSCI than BMI in the elderly population. However, 
overinterpretation of these results should be avoided.

Figure 4 Adjusted odds ratio for the incidence of post-stroke cognitive impairment according to waist circumference. 
Notes: (A) In the whole male population. (B). In middle-aged male patients. (C) In elderly male patients. (D) In the whole female population. (E) In middle-aged female 
patients (F) In elderly female patients. The solid line indicates the adjusted odds ratio, and the dashed lines indicate the 95% confidence interval bands. Data were fitted using 
a restricted cubic spline logistic model with 5 knots for WC. The reference WC for males was 85 cm, and that for females was 80 cm. 
Abbreviation: WC, waist circumference.
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