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Abstract

Background In the general population, metabolic syndrome (MetS) is associated with increased risk of cognitive
impairment, including global and specific cognitive domains. These associations are not well studied in patients
undergoing hemodialysis and were the focus of the current investigation.

Methods In this multicenter cross-sectional study, 5492 adult hemodialysis patients (3351 men; mean age:

544 +15.2 years) treated in twenty-two dialysis centers of Guizhou, China were included. The Mini-Mental State
Examination (MMSE) was utilized to assess mild cognitive impairment (MCl). MetS was diagnosed with abdominal
obesity, hypertension, hyperglycemia, and dyslipidemia. Multivariate logistic and linear regression models were used
to examine the associations of MetS, its components, and metabolic scores with the risk of MCI. Restricted cubic
spline analyses were performed to explore the dose-response associations.

Results Hemodialysis patients had a high prevalence of MetS (62.3%) and MCI (34.3%). MetS was positively associ-
ated with MCl risk with adjusted ORs of 1.22 [95% confidence interval (Cl) 1.08-1.37, P=0.001]. Compared to no

MetS, adjusted ORs for MCl were 2.03 (95% Cl 1.04-3.98) for 22.51 (95% Cl 1.28-4.90) for 3, 2.35 (95% Cl 1.20-4.62) for
4,and 2.94 (95% Cl 1.48-5.84) for 5 components. Metabolic syndrome score, cardiometabolic index, and metabolic
syndrome severity score were associated with increased risk of MCl. Further analysis showed that MetS was negatively
associated with MMSE score, orientation, registration, recall and language (P <0.05). Significant interaction effect of
sex (P for interaction =0.012) on the MetS-MCl was observed.

Conclusion Metabolic syndrome was associated with MCl in hemodialysis patients in a positive dose-response
effect.
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Background

Cognitive impairment is a common and critical health
issue in patients with end-stage kidney disease (ESKD)
receiving hemodialysis, the prevalence of different
extents of cognitive impairment ranged from 70-80%
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prevalent in hemodialysis than the general population [7].
Previous studies have showed that MClI is positively asso-
ciated with a high risk of progressing to dementia, and is
still more likely to be improved or maintained cognitive
function, compared to dementia [8]. The latest guideline
recommends MCI as the proper therapeutic window [8],
highlighting the importance of screening modifiable risk
factors for early identification and targeted interventions
to delay onset and progression.

Metabolic disturbance can cause a direct insult to
endothelium and smooth muscle of the cerebral vascula-
ture, which leads to cerebral vasoconstriction and hypop-
erfusion, and also disrupt key hemostatic processes in
the brain, eventually contributing to cognitive deficits
[9]. Metabolic syndrome (MetS) is a cluster of metabolic
disturbances, including abdominal obesity, hypertension,
hyperglycemia, and atherogenic dyslipidemia (increased
triglycerides, and decreased high-density lipoprotein
cholesterol levels) [10]. Current evidence suggests that
one quarter of the world population suffer from MetS
[11], which is much higher in hemodialysis patients, with
the prevalence of 40-74.5% [12, 13]. As a constellation
of cardiovascular risk factors, MetS has been proven to
increase the risk of cardiovascular disease, mortality and
other adverse health outcomes in hemodialysis patients
[14, 15]. More importantly, there is growing evidence
suggesting an association between MetS and ischemia
brain changes, accelerated cognitive decline, cognitive
impairment and dementia [16—20]. Recent studies have
demonstrated that MetS is a risk factor for cognitive
impairment among general population [16], no matter
young [17], middle-aged [18] or elderly individuals [19,
20]. In addition, several novel metabolic indices, such as
metabolic syndrome (siMS) score [21], cardiometabolic
index (CMI) [22] and metabolic syndrome severity score
(MetSSS) [23], have been demonstrated to be promising
indicators for predicting and quantifying MetS and its
severity, with relatively high sensitivity and specificity.
However, these associations between these indices and
MCI are yet unknown.

Considering the high prevalence of MetS and cogni-
tive impairment in hemodialysis patients, we suspected a
potential association between these two critical compli-
cations. However, few studies have been reported among
the specific population. The aim of this study was to
investigate the associations of MetS, its components and
severity scores with MCI among hemodialysis patients.

Methods

Ethics statement

This study followed the Declaration of Helsinki,
and was reviewed and approved by the Institutional
Review Board of Guizhou Provincial People’s Hospital
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[Approval Number: (2020)208]. All participants pro-
vided written informed consent.

Study design and participants

This multicenter, cross-sectional study included
patients who undergo maintenance hemodialysis in
twenty-two dialysis centers of Guizhou Province,
China between June 2019 and September 2021. All the
patients performed hemodialysis, a process in which
blood is drained outside the body through a circula-
tory line, exchanged through a dialyzer composed of
essential electrolyte concentrations under the stand-
ard temperature (35.5-36.5 °C), and the purified
blood is returned to the body, with the proper vascu-
lar access, such as fistulas, and catheters. Participants
aged >18 years old, undergoing hemodialysis for at
least three months, twice or trice per week, and those
completed biochemical, anthropometric measurements
and questionnaire records were included. Participants
with prior receipt of dialysis or organ transplant, pre-
viously diagnosed with severe mood and psychotic
diseases, missing data that was essential for MetS diag-
nostic criteria and cognitive function were excluded.

Measurements and assessment of covariates

Standard questionnaires at the baseline visit evaluated
demographic characteristics, including age, sex, edu-
cational status (low:<12th grade; high:>12th grade),
smoking status (yes or no), alcohol status (yes or no),
living status (living alone or not), and medical, medi-
cation history. Diabetes mellitus was diagnosed as
HbAlc>6.5%, random blood glucose>11.1 mmol/L,
fasting blood glucose>7.0 mmol/L, or self-reported,
or a medical record of responding diagnosis or medica-
tion (yes or no). Hypertension was diagnosed as systolic
blood pressure > 140 mmHg and/or diastolic blood pres-
sure>90 mmHg, or self-reported, or a medical record
of responding diagnosis or medication (yes or no). The
following information of HD therapy was also recorded:
HD vintages, dialysis frequencies (twice/thrice per week),
dialysis modality, including hemodialysis, hemodialysis
combined with hemofiltration (HD + HF), hemodialysis
combined with hemoperfusion (HP, a modality for blood
purification by binding molecules to adsorbent materi-
als with HP cartridges, HD+HP), hemodialysis com-
bined with HDF, HP (HD+HF+HP). Anthropometric
measurements, including standing height, weight, waist
circumference (WC), hip circumference (HC), systolic
blood pressure (SBP), and diastolic blood pressure (DBP)
were performed by two trained nephrologists before the
initiation of hemodialysis.
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Biochemical measurements

All participants provided venous blood samples and
were collected before the initiation of hemodialysis
therapy, after fasting for 8—10 h. Fasting blood glu-
cose, total cholesterol, triglyceride (TG), high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, and other biochemical indicators
were measured using the biochemistry analyzer.

Assessment of cognitive impairment

Cognitive function was assessed using the Mini Men-
tal State Examination (MMSE) questionnaire by pro-
fessional doctors at one hour of dialysis treatment, in
order to eliminate the influence of hemodialysis [24].
The MMSE contains five subscales: orientation to time
and space, 0-10 points; registration, 0—3 points; atten-
tion and calculation, 0-3 points; recall, 0-3 points; and
language, 0—11 points. The total MMSE score is calcu-
lated as the sum of the subscales, and ranges from 0 to
30 points. with lower scores denoting worse cognitive
function. A score of 30-27 points means no cognitive
dysfunction, a score<27 on the MMSE can be diag-
nosed as mild cognitive impairment (MCI) [25].

Assessment of MetS

MetS was identified by the Chinese Guidelines for the
Prevention and Treatment. of Type 2 Diabetes (2020
Edition) [26], the revised National Cholesterol Educa-
tion Program Adult Treatment Group (ATPIII) [27].
The diagnostic criteria in China (2020 Edition), wherein
three or more can be considered MetS, are as follows:
(1) abdominal obesity (central obesity): WC >90 cm for
men and >85 cm for women; (2) hyperglycemia: fast-
ing blood glucose >6.1 mmol/L or 2 h blood glucose
after sugar load > 7.8 mmol/L and those who have been
diagnosed with diabetes and treated; (3) hypertension:
blood pressure>130/85 mmHg (1 mmHg=0.133 kPa)
and (or) confirmed hypertension and treated; and (4)
fasting triglycerides (TG)>1.70 mmol/L, (5) fasting
HDL-C<1.04 mmol/L. According to the definition of
NCEP-ATPIII, MetS requires at least 3 of 5 components:
(i) central obesity (WC:>90 cm in men and >80 c¢m in
women); (ii) elevated TG (TG >1.7 mmol/L); (iii) low
HDL-C (HDL-C: < 1.03 mmol/L in men, <1.29 mmol/L
in women); (iv) elevated blood pressure (systolic/dias-
tolic >130/85 mmHg, or use antihypertensive drugs);
and (v) hyperglycemia (FPG > 5.6 mmol/L or previously
diagnosed with diabetes).
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Calculation of metabolic-related indices

siMS score was calculated as [28]:

siMS score =2 X waist/height + fasting glucose/5.6 + TG
/1.7+SBP/130— HDL/1.02 (male) or 1.28
(female).

CMI was calculated as [29]:

CMI=TG/HDL-C x WHtR.

MetSSS was calculated as [23]:

MetSSS= — 8.2939+0.0126 X FPG +0.0063 X SBP+0.0382
X WC— 0.0210x HDL-c 0.8432 X In(TG) (if male).
MetSSS= —  7.5210+0.0156 X FPG +0.0073 X SBP+0.0292

XWC—
female).

0.0207xHDL-c  0.9065xIn(TG) (if

Statistical analysis

Characteristics of participants were presented as mean
(standard deviation, SD) and median (interquartile
range, IQR), respectively, for continuous variables that
were normally and non-normally distributed by Kol-
mogorov—Smirnov test and numbers and proportions
for categorical variables. Comparisons between groups
were performed using Student’s ¢-test, chi-square test or
Mann—-Whitney U test when appropriate.

Univariate and multivariate binary logistic regression
analyses were conducted to determine the relationship
between MetS (2020 Edition), its components and related
indices and the prevalence of MCI. Univariate and mul-
tivariate linear regression analyses were performed to
explore the associations with MMSE score and five cog-
nitive domains. Data were summarized as odds ratios
(ORs), unstandardized coefficient (B), and regression
coefficients (95%Cls), respectively. The adjustments were
made for patients age, sex, educational level, smoking his-
tory, alcohol history, living alone, dialysis vintage, dialysis
modality, dialysis access, and hemoglobin levels. In order
to further examine the independent association between
each MetS component and MCI, a mutually adjusted
model was created by including other 4 MetS compo-
nents as continuous variables as well as the covariates
in Model 3, respectively. We also carried out restricted
cubic spline analysis to detect the nonlinear dose—
response relationship between three metabolic scores
and the risk of MCI, with three knots placing at the 10th,
50th, and 90th percentiles. We further conducted sensi-
tivity analyses by diagnosing MetS with ATPIII criteria
on the full multivariable logistic and linear regression
models. Subgroup analysis was conducted by age (<65
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or > 65 years), sex (male or female), educational level (low
or high), smoking history (yes or no), alcohol history (yes
or no), living alone (yes or no), and dialysis modality (HD,
HD + HDF, HD + HP, or HD + HDF + HP), and the poten-
tial interactions were evaluated.

All statistical analyses were performed by IBM SPSS
Statistics (version 22.0, Chicago, USA) the statistical
packages R (The R Foundation; http://ww.r-project.org;
version 4.0.1). A two-sided P value <0.05 was considered
statistically different.

Results
Characteristics of study participants
As demonstrated in the flow chart (Fig. 1), a total of
5492 hemodialysis patients with available information
on MetS and cognitive function were included in the
final analyses. Of the included participants, the mean
age was 54.4+15.2 years old, 3351 (61.0%) were men.
71.6% (3933) patients undergo hemodialysis in a com-
bined modality of HD, HDF, and HP, 86.2% (4733) dia-
lyzed with fistula as the access, with the median dialysis
vintage was 37.0(15.0,70.0) months. The mean number
of MetS component was 2.8+1.1, and the prevalence
of MetS (three components and more) was 57.6%. The
mean MMSE score was 26.9+ 3.8, and the prevalence of
MCI (MMSE < 27) was 34.3%. The patients were stratified
into two groups according to Normal cognition group
(n=3609, 65.7%) or MCI group (n=1883, 34.3%).

A comparison of the clinical characteristics between
two groups is shown in Table 1. Compared to the patients

Patients undergoing hemodialysis between
June, 2019 and September, 2021
n= 6266

Y

Study population in the present study
n=5492

Fig. 1 Flowchart of this study. HD, hemodialysis
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with normal cognition, those with MCI were older, more
likely female, with alcohol history, lower educational
level, less likely living alone, higher prevalence rates of
diabetes mellitus and hypertension, lower DBP levels,
higher waist, hip circumference, higher fasting glucose
levels, and lower hemoglobin, creatinine levels. Regard-
ing MetS related parameters, the patients with MCI had
higher prevalence of MetS, abdominal obesity, hypergly-
cemia, and higher levels of siMS score, CMI and MetSSS
(all P<0.05).

Associations of MetS and severity scores with MMSE,

and specific cognitive function domains

The associations between MetS (2020 Edition) and
MMSE score in linear regression analyses are shown
Table 2. After adjusting age, sex, educational level, smok-
ing history, alcohol history, living alone, dialysis vintage,
dialysis modality, dialysis access, and hemoglobin levels,
MetS were significantly associated with lower MMSE
score (P<0.001). Regarding three metabolic sever-
ity scores, siMS score (P=0.002), CMI (P=0.001) and
MetSSS (P<0.004) were all associated with lower MMSE
score.

The relationships between MetS (2020 Edition) and five
specific cognitive function domains were also evaluated
in this study (Table 2). The results found that orienta-
tion (P=0.020), registration (P=0.036), recall (P=0.021),
and language (P<0.001) domains were inversely related
with the prevalence of MetS, but there was no association

774 patients were excluded:
Aged<18 years: n=18
Receiving HD less than 3 months: n=67
Prior receipt of dialysis or organ transplant: n=31
Without MMSE data: n=215
‘Without waist circumference data: n= 61
Without fasting blood glucose data: n=58
Without triglycerides/high density lipoprotein
cholesterol data: n=419
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Characteristics All (n=5492) Normal cognition (n=3609) MCI (n=1883)

MMSE score 269+38 292411 227426 <0.001
Age (year) 5444152 5244150 582+149 <0.001
Female sex (n, %) 2141(39.0%) 1309(26.3%) 832(44.2%) <0.001
Smoking history (n, %) 1533 (27.9%) 1021 (28.3%) 512 (27.2%) 0.392
Alcohol history (n, %) 485 (8.8%) 291 (8.1%) 194 (10.3%) 0.006
High educational level (n, %) 2205 (40.1%) 1527 (42.3%) 678 (36.0%) <0.001
Living alone (n, %) 4152 (75.6%) 2876 (79.7%) 1276 (67.8%) <0.001
Diabetes mellitus (n, %) 1512 (27.5%) 906 (25.1%) 606 (32.3%) <0.001
Hypertension (n, %) 4336 (79.0%) 2777 (76.9%) 1559 (82.8%) <0.001
Dialysis vintage (months) 37.0(15.0,70.0) 37.0(15.0,72.0) 37.0(15.0,67.0) 0.356
Dialysis modality (n, %) 0334
HD 490 (8.9%) 2 (8.6%) 178 (9.5%)

HD +HDF 678 (12.3%) 462 (12.8%) 216 (11.5%)

HD+HP 391 (7.1%) 249 (6.9%) 142 (7.5%)

HD +HDF +HP 3933 (71.6%) 2586 (71.7%) 1347 (71.5%)

Dialysis access, Fistula (n, %) 4733 (86.2%) 3139 (87.0%) 1594 (84.7%) 0.108
SBP (mmHg) 138.1+206 138.1+20.2 13824212 0.844
DBP (mmHg) 786+13.6 976+13.6 7674135 <0.001
Body height (cm) 161.0+82 161.8+8.1 159.5+83 <0.001
Body weight (kg) 4744198 4994192 428+20.0 <0.001
Waist circumference (cm) 83.3+108 828+10.7 843+108 <0.001
Hip circumference (cm) 89.5+8.1 89.3+8.1 89.8+8.1 0.025
Fasting glucose (mmol/L) 75+38 7437 7.7+40 0.012
Hemoglobin (g/L) 1084+20.6 109.0+£204 107.5+£21.0 0.011
TG (mmol/L) 1.51(1.06, 2.31) 1.49(1.05,2.29) 1.55(1.07,2.36) 0.060
Cholesterol (mmol/L) 3.90+0.96 3.88+0.97 3.93+0.96 0.059
HDL-c (mmol/L) 1.11(0.91,1.35) 1.11(0.91, 1.35) 1.09 (0.90, 1.35) 0.556
LDL-c (mmol/L) 2.08(1.63,2.60) 2.07(1.63,2.59) 2.10(1.63,263) 0.236
MetS (2020 Edition) (%) 3161 (57.6%) 1996 (55.3%) 1165 (61.9%) <0.001
MetS component 28+1.1 27411 29411 <0.001
Abdominal obesity (n, %) 8 (33.1%) 2 (30.8%) 706 (37.5%) <0.001
Hypertriglyceridemia (n, %) 2384 (43.4%) 1533 (42.5%) 851 (45.2%) 0.055
Low HDL-c (n, %) 2346 (42.7%) 1524 (42.2%) 822 (43.7%) 0315
Hyperglycemia (n, %) 3550 (64.6%) 2259 (62.6%) 1291 (68.6%) <0.001
High blood pressure (n, %) 7 (94.3%) 3388 (93.9%) 1789 (95.0%) 0.087
siMS score 3.52+1.28 347+1.24 262+1.37 <0.001
CMI 0.70 (044, 1.21) 0.68 (043, 1.18) 0.75 (0.44, 1.26) 0.004
MetSSS 0.83(0.08,1.70) 0.75(0.05,1.62) 0.98 (0.19, 1.88) <0.001

P<0.05 was considered statistically significant. Values were expressed as mean = SD, median (25th-75th percentile), or frequency (percentage) as appropriate.

MCI Mild cognitive impairment, MMSE Mini-mental state examination, HD Hemodialysis, HDF Hemofiltration; HP Hemoperfusion, SBP Systolic blood pressure, DBP
Diastolic blood pressure, TG Triglyceride, HDL High density lipoprotein, LDL Low density lipoprotein, MetS Metabolic syndrome, siMS Metabolic syndrome score, CMI

Cardiometabolic index, MetSSS Metabolic syndrome severity score

between attention and calculation domain and MetS
(P=0.550), after adjusting clinical covariates. Orienta-
tion, and language domains were also associated with
siMS score, CMI and MetSSS (all P<0.05); Attention and
calculation domain, and recall domain were not associ-
ated with three severity scores, and only registration was
positively related with MetSSS (P=0.042).

Association of MetS, its components, numbers and severity
scores with the prevalence of MCI

This study further explored the association between
metabolism and the prevalence of MCI (Table 3).
The results demonstrated that MetS (2020 Edition),
abdominal obesity, and hyperglycemia had higher risk
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Table 2 Association of MetS (2020 Edition) and metabolic scores with MMSE score, and specific cognitive domains using linear
regression analysis among hemodialysis patients

Characteristics Model 1 Model 2 Model 3
B (95%Cl) P B (95%Cl) P B (95%Cl) P
MetS (2020 Edition)
MMSE score —0496( 0.700, — 0.292) <0.001 —-0317(-=0517,-0.117)  0.002 —0.324 (- 0.523,—-0.125) <0.001
Orientation 08 (—0.172,—0.044)  0.001 —0.074(-0.138,—-0.011) 0022 —0.075(-0.139,-0.012) 0020
Registration —0.039(-0.063,—0014) 0002 —0.026 (- 0.051,—0.001)  0.040 —0.026 (- 0.051,—0.002) 0.036
Attention and calculation —0.068 (- 0.150,0.014) 0.102 —0.015 (= 0.096, 0.066) 0.712 —0.025 (- 0.105, 0.056) 0.550
Recall 0.091 (= 0.139, — 0.042) <0001  —0.056 (- —0.007) 0024 —0.056 (- 0.104,—0.008)  0.021
Language —0.188 (= 0.257,—0.119) <0.001 43 (- 0211,-0.074) <0.001 41 (- 0209, — 0.072) <0.001
siMS score
MMSE score 92(=0270,—-0.113)  <0.001 26 (= 0.203,-0.049) 0001 23 (- 0.199,— 0.046) 0.002
Orientation —0.055 (= 0.080, — 0.030) <0.001 —0.042 (- 0.066, — 0.017) 0.001 —0.041 (= 0.065,— 0.016) 0.001
Registration —0013(=0.023,-0.004) 0.007 —0.009 (- 0.018,0.001) 0.073 —0.009 (- 0.018,0.001) 0.078
Attention and calculation — 0.036 (— 0.068, — 0.005) 0.025 —0.011 (= 0.042,0.020) 0476 —0.012 (= 0.043,0.019) 0434
Recall —0.021 (- 0.040, — 0.003) 0.025 —0.012 (- 0.031,0.006) 0.194 —0.011 (- 0.030,0.007) 0.227
Language —0.059 (- 0086,—0033) <0001 —0046(—0072,—0019)  0.001 —0.044 (- 0.071,—0018)  0.001
CMmI
MMSE score —0213(=0312,—-0.114) <0001  —0.166 (—0.263, - 0.070)  0.001 —0.160 (- 0.256, — 0.065)  0.001
Orientation —0.076 (— 0.107, — 0.045) <0.001 —0.066 (— 0.097, — 0.036) <0.001 — 0.066 (— 0.096, — 0.036) <0.001
Registration —0.012 (- 0.024, 0.000) 0.050 —0.009 (- 0.073, — 0.023) <0.001 —0.008 (- 0.020, 0.004) 0.168
Attention and calculation  — 0.024 (— 0.064, 0.015) 0.229 —0.008 (— 0.047,0.031) 0.685 — 0.006 (— 0.045,0.032) 0.750
Recall —0.016 (= 0.039, 0.008) 0.184 —0.009 (- 0.032,0.015) 0.469 —0.007 (- 0.030,0.017) 0579
Language —0.080 (— 4,—0047) <0001 —=0070(=0.103,—-0.037) <0001 —0069(-0.102,—0.036)  <0.001
MetSSS
MMSE score —0.231 (- 0.303, - 0.159) <0.001 —0.106 (— 0.180,-0.033) 0.005 —0.107 (- 0.180, — 0.034)  0.004
Orientation —0.054 (— 0.076, — 0.031) <0.001 —0.027 (- 0.050,— 0.004)  0.022 —0.027 (- 0.050,— 0.004) 0.023
Registration —0.018(-=0.026,—0009) <0001  —0.009 (- 0.018,0.000) 0.043 —0.009 (- 0.019,—0.0000 0.042
Attention and calculation —0.064 (- 0.093, — 0.035) <0.001 —0.011 (= 0.040,0.019) 0474 —0.014 (- 0.043,0.016) 0.355
Recall —0.028 (- 0.045,—0.011)  0.001 —0.016 (- 0.033,0.001) 0.067 —0.013 (- 0.031,0.004) 0.132
Language —0.064 (- 0.087, — 0.039) <0.001 —0.040 (- 0.065, — 0.015)  0.002 —0.039 (- 0.064, — 0.014)  0.002

Model 1, crude model; Model 2, adjusted for age, sex; Model 3, adjusted for age, sex, educational level, smoking history, alcohol history, living alone, dialysis vintage,
dialysis modality, dialysis access, and hemoglobin levels. MetS Metabolic syndrome, MMSE Mini-mental state examination, 8 Unstandardized coefficient, C/ Confidence
interval, siMS Metabolic syndrome score, CMI Cardiometabolic index, MetSSS Metabolic syndrome severity score

of MCI with multivariate-adjusted ORs of 1.22 (95%
CI 1.08-1.37, P=0.001), 1.14(1.01-1.28, P=0.039),
and 1.17(1.04-1.33, P=0.011), respectively. However,
hypertriglyceridemia (P=0.089), low HDL-cholesterol
(P=0.079) and high blood pressure (P=0.093) were not
associated with MCL. Further, after adjusting other MetS
components, only the significant association between
abdominal obesity and MCI was still observed (OR,
1.15; 95% CI 1.01-1.30; P=0.031). Compared with those
without MetS components, patients with 2, 3, 4, 5 MetS
components had 2.03-fold (95% CI 1.04-3.98), 2.51-fold
(1.28-4.90), 2.35-fold (1.20-4.62), and 2.94-fold (1.48—
5.84) risk of MCI, respectively (all P<0.05).

We also found that siMS score, CMI, and MetSSS
were associated with higher risk of MCI with

multivariate-adjusted ORs of 1.06 (95% CI 1.02-1.11,
P=0.008), 1.08(1.02—1.14, P=0.009), and 1.06(1.02-1.11,
P=0.006), respectively. In the cubic spline models, no
departure from linearity was found for the relationship
between three metabolic scores and the risk of MCI (P
for nonlinearity=0.731 for siMS score; P for nonlinear-
ity=0.750 for CMIL and P for nonlinearity=0.904 for
MetSSS; Fig. 2).

Subgroup analyses of association between MetS

and incident MCI

A stronger association between MetS (2020 Edition)
and incident MCI was found among female patients
(OR 1.30, 95% CI 1.08-1.57, P=0.012), aged <65 years
(OR 1.29, 1.12-1.48, P<0.001), low educational level
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Table 3 Association of MetS (2020 Edition), its components, number and metabolic scores with incident MCl using logistic regression
analysis among hemodialysis patients

Characteristics Model 1 Model 2 Model 3 Mutual model
OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P
MetS (2020 Edition) 1.31(1.17,147) <0.001 1.21(1.08,1.36) 0.001 1.22(1.08,1.37) 0.001 -
MetS component
Abdominal obesity (%) 1.35(1.20,1.51) <0.001 1.14(1.01,1.29) 0.032 1.14(1.01,1.28) 0.039 1.15(1.01, 1.30) 0.031
Hypertriglyceridemia (%) 1.12(0.99,1.25) 0.054 1.10(0.98,1.23) 0.105 1.11(0.99,1.24) 0.089 1.09 (0.97,1.23) 0.145
Low HDL-c (%) 1.06 (0.95,1.19) 0311 1.11(0.99,1 24) 0.088 1.11 (0.99, 1.25) 0.079 1.04 (0.85,1.27) 0.695
Hyperglycemia (%) 30(1.16,1.47) <0.001 1.18(1.04,1.33) 0.010 1.17(1.04,1.33) 0.011 28(0.98, 1.68) 0.070
High blood pressure (%) 24(0.97,1.59) 0.087 1.24(0.96, 1.59) 0.099 1.24(0.96, 1.60) 0.093 09(0.97,1.22) 0.168
Number of MetS components -
0 References References References
1 1.73 (0.88, 3.40) 0.115 1.79(0.90, 3.55) 0.098 1.86(0.93,3.71) 0.078
2 99 (1.03,3.87) 0.041 1.93 (0.99,3.76) 0.055 2.03(1.04,3.98) 0.039
3 256 (1.32,4.95) 0.005 2.36(1.21,4.60) 0.012 2.51(1.28,4.90) 0.007
4 2.60 (1.34,5.05) 0.005 2.24(1.15,4.38) 0018 2.35(1.20,4.62) 0013
5 3.52(1.79,6.91) <0.001 2.78(1.40,5.51) 0.003 294 (1.48,5.84) 0.002
siMS score 09 (1.05,1.14) <0.001 06(1.02,1.11) 0.007 06 (1.02, 1.11) 0.008
CMI 0(1.04,1.16) 0.001 08(1.02,1.14) 0.006 08(1.02,1.14) 0.009
MetSSS 2(1.08,1.16) <0.001 06(1.02,1.11) 0.007 06 (1.02,1.11) 0.006

Model 1, crude model; Model 2, adjusted for age, gender; Model 3, adjusted for age, gender, educational level, smoking history, alcohol history, living alone, dialysis
vintage, dialysis modality, dialysis access, and hemoglobin levels. Mutual Model, adjusted for other MetS components as continuous variables based on Model 3,
respectively. MetS Metabolic syndrome, MC/ Mild cognitive impairment, OR Odds ratio, C/ Confidence interval, HDL High density lipoprotein, siMS Metabolic syndrome
score, CMI Cardiometabolic index, MetSSS Metabolic syndrome severity score

A B C
3.0
2.0
20
251
o O, o
215 x 20 X 15
3 3 3
X [ X
(o) o o

25 5.0 75 10.0 0.0 25 5.0 75 0.0 25 5.0 75
siMS Score CMI MetSSS
Fig. 2 The dose-response relationship between siMS score, CMI, MetSSS and the risk of MCI for hemodialysis patients. Point estimates (solid
line) and 95% confidence intervals (dashed lines) were estimated by restricted cubic splines analysis with knots placed at the 10th, 50th, and
90th percentile. Model was adjusted for age, sex, educational level, dialysis vintage, dialysis access, dialysis modality, smoking, alcohol history, and
hemoglobin levels. siMS Metabolic syndrome score, CMI Cardiometabolic index, MetSSS Metabolic syndrome severity score

(OR 1.24, 1.07-1.44, P=0.004), living alone (OR 1.24, the MetS-MCI was observed (P for interaction=0.012).
1.08-1.42, P=0.002), non-smoking (OR 1.26, 1.10-1.44, Detailed information is shown in Fig. 3 and Additional
P=0.001), and HD as dialysis modality (OR 1.51, 1.02— file 1: Table S1.

2.23, P=0.042). Significant interaction effect of sex on
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OR(95%Cl) P-value
Sex
Female 1.30(1.08,1.57) 0.005
Male 1.15(0.99,1.52) 0.061
Age
Under 65 years 1.29(1.12,1.48) <0.001
65 years and over 1.23(0.99,1.52) 0.061
Educational level
Low 1.24(1.07,1.44) 0.004
High 1.17(0.96,1.52) 0.112
Living alone
No 1.15(0.91,1.45) 0.238
Yes 1.24(1.08,1.42) 0.002
Smoking history
No 1.26(1.10,1.44) 0.001
Yes 1.14(0.91,1.42) 0.269
Alcohol history
No 1.21(1.07,1.36) 0.003
Yes 1.26(0.86,1.87) 0.241
Dialysis modality
HD 1.51(1.02,2.23) 0.042
HD+HDF 1.40(0.99,1.99) 0.057
HD+HP 0.88(0.56,1.38) 0.572
HD+HDF+HP 1.20(1.05,1.38) 0.010
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P for interaction

o 0.012
_._.__ 0.064
__:__ 0.784

_: 0.553
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Fig. 3 Subgroup analyses of association between MetS and MCl. Model was adjusted for age, sex, educational level, dialysis vintage, dialysis access,
dialysis modality, smoking, alcohol history, and hemoglobin levels. OR Odds ratio, C/ Confidence interval, HD Hemodialysis, HDF Hemofiltration, HP

Hemoperfusion

Sensitivity analysis

To further evaluate our findings, this study tested
whether MetS, diagnosed with ATPIII criteria, was also
associated with MCI. First, baseline characteristics of
MetS (ATPIII) is shown in Additional file 1: Table S2.
As expected, MetS (ATPII) had similar relationships
with MMSE score and the cognitive domains in the full
adjusted linear regression model (all P<0.05, Additional
file 1: Table S3). Results were also comparable to the
main analyses in logistic regression models, expect that
there was independently significant association between
high blood pressure and MCI (OR 1.30, 95% CI 1.10-
1.53, P=0.002) (Additional file 1: Table S4). Finally, the
subgroup analyses were also performed and found that
not only sex (P for interaction=0.023), but also smoking
history (P for interaction=0.040) has significant interac-
tion effects on the association between MetS (ATPIII)
and MCI risk (Additional file 1: Table S5).

Discussion

The main findings of this current study indicated that
MetS, abdominal obesity, and hyperglycemia were
associated with increased risk of MCI in hemodialysis
patients. Metabolic severity scores, including metabolic
syndrome score, cardiometabolic index, and metabolic
syndrome severity score, were also significantly associ-
ated with increased risk of MCI. We found evidence of
a dose-dependent association, with MCI risk increasing
the number of components involved, up to 2.9-fold risk

for 5 components. Further analysis showed that MetS
was negatively associated with MMSE score, orientation,
registration, recall and language. Each standard devia-
tion increase of MetS was associated with a 32.4% lower
MMSE score hazard. There was significant interaction
effect of sex on the association between MetS and MCL
These associations between MetS and MCI, MMSE score
were robust in the sensitivity analyses.

The first important finding of this study is that MetS
and its components were risk factors for incident MCI
risk in hemodialysis patients. Regarding the associa-
tion with continuous MMSE score, it was approximately
in accordance with above results. These results are in
accordance with previous studies [16—20]. A cross-sec-
tional study conducted in China reported that MetS was
associated with cognitive impairment which was assessed
by MMSE [30]. The French Three-City Study demon-
strated that MetS was inversely associated with global
cognitive decline assessed by a lower MMSE score [31]. A
Taiwan large-scale study including 28486 elderly partici-
pants also explored the similar association between MetS
(ATPIII) and cognitive impairment (MMSE < 24) [20].

The possible mechanisms underlying the association
between MetS and impaired cognitive function could be
as below. First, the brief exposure to MetS disturbances,
such as hyperglycemic, and hyperlipidemic conditions,
increases contractility of cerebral vascular smooth mus-
cle cells [32], causes systemic and localized perivascu-
lar adipose tissue inflammation [33]. The changes lead
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to structural and functional changes of the brain, and
cerebral hypoperfusion potentially precipitating cogni-
tive dysfunction [34]. Second, MetS triggers a series of
microvascular dysfunction, such as worse local insulin
resistance, increased serum free fatty acids and low nitric
oxide levels [35, 36]. These changes induce cerebrovascu-
lar vasoconstriction, cerebral blood flow reduction, and
increase oxidative stress, which cause cerebral hypop-
erfusion, damage blood-brain barrier integrity, lead-
ing to cognitive dysfunction [37]. Third, one of common
complications in MetS is the perturbance of neuronal
homeostatic processes through the activation of various
inflammatory signaling pathways, including autophagy,
apoptosis, and neurogenesis, which leads to cognitive
deterioration [36, 38, 39].

This study also found that abdominal obesity, and
hyperglycemia were the main MetS components which
were associated with MCI. This is consistent with previ-
ous findings supporting a greater impact of specific risk
factor contributors in the association between MetS and
cognitive impairment [30, 40-42]. Although distinct
results were seen when the association between individ-
ual components of MetS and cognitive impairment were
investigated, abdominal obesity, and hyperglycemia are
acknowledged factors for cognitive impairment in the
general population [43]. Hemodialysis population share
most of these same risk factors for cognitive impairment.
In addition, this current study found that central obesity
was the only independent risk factor for the MCI when
evaluating MetS with diagnostic criteria in China (2020
Edition), even adjusting for other MetS components. This
finding takes our pinpointing of amenable factors for
MCI a step further in more precise populations, which
may be useful for early prevention and control of MCI
progression among hemodialysis patients.

We examined the associations of novel metabolic
related scores with cognitive function. The findings
demonstrated that siMS score, CMI and metSSS are all
associated with increased risk of MCI and lower MMSE
score. These scores have been proven optimal methods
for quantification of MetS, and the severity [21-23]. Pre-
vious studies reported that they were associated with
increased risk of stroke, cardiovascular diseases, all-cause
mortality [44—47]. To our best knowledge, no studies
have focused on the associations with cognition. This
was the first study to assess the predictive effects of these
scores on cognitive impairment. It implies that continu-
ous metabolic score may be a convenient option for pre-
dicting cognitive decline for hemodialysis in clinics.

The second important finding of this study is that
MetS was negatively associated with not only global
cognitive function but also almost all specific functions.
MetS significantly predicted poor orientation, memory,
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and language performance, even after controlling for
traditional risk factors. A prospective cohort study
including 2880 middle-aged community-dwelling
adults found that MetS is associated with worse cog-
nition mainly in domains of verbal memory and ver-
bal fluency [18], which verified our results. Przybyien
et al. also found that MetS had a negative cross-sec-
tional association of MetS with global cognition and
memory [19]. The following clinically relevant links
can explain our results: cognitive function is related to
the orbitofrontal cortex, temporal lobe and hippocam-
pus, which are essential of cognitive maintenance on
the memory, language and orientation [48-50]. On the
flip side, frontal cortex and hippocampus are potential
target cerebral regions which are rich in insulin recep-
tors [51]. Hyperglycemia, as the MetS component, may
affect amyloid processing and increase brain intraneu-
ronal b-amyloid deposition [52] and tau hyperphos-
phorylation [53] in target regions, which is a sign of
cognitive impairment. In addition, a previous study
found that individuals with abdominal obesity had a
significantly lower density of gray matter in the frontal
lobe, post-central gyrus, and middle frontal gyrus [54],
which exacerbates cognitive impairment. These find-
ings underscore the importance of metabolism in main-
taining healthy cognitive function domains.

The third important finding of this study is that the
number of MetS components increased with higher prev-
alence of MCI, with a positive dose—response effect. Sim-
ilar results were found in a Chinese longitudinal study,
which demonstrated that the count of metabolic factors
was associated with worse declines in cognition [19].
Another study demonstrated that rather than the diag-
nose of the MetS itself, the count of the MetS risk fac-
tors was more useful in discriminating risk of cognitive
impairment in aging adults [55]. This current study found
that compared with those without MetS components,
patients with only two components of MetS had 2.03-fold
increased risk of MCI, even they did still meet MetS cri-
teria, and the OR in the multivariate logistic regression
models significantly increased according to the number
of MetS components, until with 5 components, patients
had 2.94-fold increased risk of MCI. These results sug-
gest that individual small effects of single MetS compo-
nents are amplified when occurring together in the same
patients as the MetS. Hence, early prevention and inter-
vention of each component of MetS is very essential to
reduce the risk of MCI prevalence, even if MetS has not
yet been diagnosed. On the other hand, clinical physi-
cians should also spare no effort to improve each abnor-
mal component and decrease the total number of MetS
components for patients who have been diagnosed as
MetS.
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Finally, the fourth important finding of this study is that
sex have the interaction on the association between MetS
and MCI. Cognitive function of women declined faster
than those of men as growing old, sex-specific differ-
ences have been found in previous studies [56, 57], which
is similar with our results. This finding emphasizes the
effect of sex on MCI in the specific population.

The strengths of our study included the following: it
is the first multicenter large-scale study to examine the
relationship between MetS, metabolic scores and MCI,
confirm the dose—response relationship among hemo-
dialysis patients. Secondly, the study assessed the asso-
ciation between MetS and metabolic scores and specific
cognitive function domains in hemodialysis patients.
Thirdly, most recognized confounders were taken into
account in regression models to analyze the independ-
ent association of MetS and MCI in this study. However,
some limitations also exist. First, all participants in the
present study come from a province of Southwestern
China, which means that this study has a certain degree
of regional limitation. Second, this study is based on a
cross-sectional design, so it is not possible to determine
causal relationships. To clarify this issue, a further lon-
gitudinal study is needed to be carried out to verify the
relationship between MetS and MCI. Third, this study
measured cognitive function only with the MMSE test-
ing, and specific cognitive domains were not meas-
ured by corresponding test tools. Finally, despite a great
quantity of potentially confounding factors having been
adjusted, and the nature of all observational studies,
some undetected and unmeasured confounders still can-
not be excluded, such as the use of hypoglycemic drugs,
lipid regulators and nutraceuticals, which may impact the
risk of MetS components, and the family history of emo-
tional, mental diseases or cognitive impairment, consid-
ering that they may have a certain genetic tendency.

Conclusion

MetS and severity scores were associated with MCI,
specific cognitive domains in hemodialysis patients, and
there was a positive association between MetS com-
ponents and MCI with a positive dose—response effect.
Generally, our findings give us some inspiration on how
to manage MetS and interfere with MCI in hemodialysis
patients.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513098-023-01080-3.

Additional file1: Table S1. Subgroup analyses of the association between
MetS (2020 Edition) and MCl among hemodialysis patients. Table S2.
Baseline characteristics of MetS (ATPIIl) in hemodialysis patients according

Page 10 of 12

to cognitive function. Table S3. Association of MetS (ATPIII) with MMSE
score, and specific cognitive domains using linear regression analysis
among hemodialysis patients. Table S4. Association of MetS (ATPIII), its
components, number with incident MCl using logistic regression analysis
among hemodialysis patients. Table S5. Subgroup analyses of the asso-
ciation between MetS (ATPIIl) and MCl among hemodialysis patients.

Acknowledgements
Thanks to all HD centers and all the patients included in the study.

Author contributions

Conceptualization, YY and YZ; Methodology, YY and QL; formal analysis, YL and
JY; data curation, QL and YL; writing-original draft preparation, YY; writing-
review and editing, JY and YZ. All authors had final responsibility for approving
the published version. All authors read and approved the final manuscript.

Funding

The work was funded by the National Natural Science Foundation under Grant
(Grant Number 82160144); and Guizhou high-level innovative talents program
under Grant (Grant Number QKHPTRC(2018)5636).

Availability of data and materials
The datasets generated during the current study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participant

This study followed the Declaration of Helsinki, and was reviewed and
approved by the Institutional Review Board of Guizhou Provincial People’s
Hospital (Approval number: (2020)208). All participants provided written
informed consent.

Consent for publication
Not applicable.

Competing interests
All the authors declared no competing interests.

Received: 28 March 2023 Accepted: 8 May 2023
Published online: 23 May 2023

References

1. Murray AM. Cognitive impairment in the aging dialysis and chronic
kidney disease populations: an occult burden. Adv Chronic Kidney Dis.
2008;15(2):123-32. https://doi.org/10.1053/j.ackd.2008.01.010.

2. van Zwieten A, Wong G, Ruospo M, Palmer SC, Barulli MR, lurillo A, et al.
Prevalence and patterns of cognitive impairment in adult hemodi-
alysis patients: the COGNITIVE-HD study. Nephrol Dial Transplant.
2018;33(7):1197-206. https://doi.org/10.1093/ndt/gfx314.

3. GrivaK, Stygall J, Hankins M, Davenport A, Harrison M, Newman SP. Cog-
nitive impairment and 7-year mortality in dialysis patients. Am J Kidney
Dis. 2010;56(4):693-703. https://doi.org/10.1053/j.ajkd.2010.07.003.

4. Kurella Tamura M, Covinsky KE, Chertow GM, Yaffe K, Landefeld CS,
McCulloch CE. Functional status of elderly adults before and after initia-
tion of dialysis. N Engl J Med. 2009;361(16):1539-47. https://doi.org/10.
1056/NEJM0a0904655.

5. McAdams-DeMarco MA, Daubresse M, Bae S, Gross AL, Carlson MC, Segev
DL. Dementia, Alzheimer’s disease, and mortality after hemodialysis Initia-
tion. Clin J Am Soc Nephrol. 2018;13(9):1339-47. https://doi.org/10.2215/
CIN.10150917.
van Zwieten A, Wong G, Ruospo M, Palmer SC, Teixeira-Pinto A, Barulli
MR, et al. Associations of cognitive function and education level
with all-cause mortality in adults on hemodialysis: findings from the


https://doi.org/10.1186/s13098-023-01080-3
https://doi.org/10.1186/s13098-023-01080-3
https://doi.org/10.1053/j.ackd.2008.01.010
https://doi.org/10.1093/ndt/gfx314
https://doi.org/10.1053/j.ajkd.2010.07.003
https://doi.org/10.1056/NEJMoa0904655
https://doi.org/10.1056/NEJMoa0904655
https://doi.org/10.2215/CJN.10150917
https://doi.org/10.2215/CJN.10150917

Yang et al. Diabetology & Metabolic Syndrome

20.

21.

22.

23.

(2023) 15:108

COGNITIVE-HD study. Am J Kidney Dis. 2019;74(4):452-62. https://doi.
0rg/10.1053/}.ajkd.2019.03.424.

Sarnak MJ, Tighiouart H, Scott TM, Lou KV, Sorensen EP, Giang LM, et al.
Frequency of and risk factors for poor cognitive performance in hemo-
dialysis patients. Neurology. 2013;80(5):471-80. https://doi.org/10.1212/
WNL.0b013e31827f0f7f.

Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss D,
et al. Practice guideline update summary: Mild cognitive impairment:
report of the guideline development, dissemination, and implementa-
tion subcommittee of the american academy of neurology. Neurology.
2018;90(3):126-35. https://doi.org/10.1212/WNL.0000000000004826.
Fakih W, Zeitoun R, AlZaim |, Eid AH, Kobeissy F, Abd-Elrahman KS, et al.
Early metabolic impairment as a contributor to neurodegenerative dis-
ease: mechanisms and potential pharmacological intervention. Obesity.
2022;30(5):982-93. https://doi.org/10.1002/0by.23400.

Lusis AJ, Attie AD, Reue K. Metabolic syndrome: from epidemiology to
systems biology. Nat Rev Genet. 2008;9(11):819-30. https://doi.org/10.
1038/nrg2468.

. Saklayen MG. The global epidemic of the metabolic syndrome. Curr

Hypertens Rep. 2018;20(2):12. https://doi.org/10.1007/511906-018-0812-z.
Vogt BP, Ponce D, Caramori JC. Anthropometric indicators predict
metabolic syndrome diagnosis in maintenance hemodialysis patients.
Nutr Clin Pract. 2016;31(3):368-74. https://doi.org/10.1177/0884533615
601849.

Song P, ZhaoY, Zhang H, Chen X, Han P, Fang C, et al. Comparison of
inflammatory markers in the diagnosis of metabolic syndrome in hemo-
dialysis patients: a multicenter observational study. Diabetes Metab Syndr
Obes. 2022;4(15):1995-2002. https://doi.org/10.2147/DMS0O.S370835.
Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the
international diabetes federation task force on epidemiology and preven-
tion; national heart, lung, and blood institute; American heart association;
world heart federation; international atherosclerosis society; and interna-
tional association for the study of obesity. Circulation. 2009;120(16):1640-
5. https://doi.org/10.1161/CIRCULATIONAHA.109.192644.

Sanguankeo A, Upala S. Metabolic syndrome increases mortality risk in
dialysis patients: a systematic review and meta-analysis. Int J Endocrinol
Metab. 2018;16(2):e61201. https://doi.org/10.5812/ijem.61201.

Strong J, Fonda JR, Grande L, Milberg W, McGlinchey R, Leritz E. The role
of cognitive reserve in the relationship between metabolic syndrome
and cognitive functioning. Neuropsychol Dev Cogn B Aging Neuropsy-
chol Cogn. 2021;28(5):717-32. https://doi.org/10.1080/13825585.2020.
Angoff R, Himali JJ, Maillard P, Aparicio HJ, Vasan RS, Seshadri S, et al.
Relations of metabolic health and obesity to brain aging in young to
middle-aged adults. J Am Heart Assoc. 2022;11(6):e022107. https://doi.
org/10.1161/JAHA.121.022107.

Dintica CS, Hoang T, Allen N, Sidney S, Yaffe K. The metabolic syndrome is
associated with lower cognitive performance and reduced white matter
integrity in midlife: the CARDIA study. Front Neurosci. 2022;16:942743.
https://doi.org/10.3389/fnins.2022.942743.

Przybycien-Gaweda PM, Gwee X, Gao Q, Chua DQL, Fam J, Ng TP. Meta-
bolic syndrome and cognition: follow-up study of Chinese over-55-year-
olds. Dement Geriatr Cogn Disord. 2020;49(2):129-37. https://doi.org/10.
1159/000509124.

Huang SH, Chen SC, Geng JH, Wu DW, Li CH. Metabolic syndrome and
high-obesity-related indices are associated with poor cognitive function
in a large Taiwanese Population study older than 60 years. Nutrients.
2022;14(8):1535. https://doi.org/10.3390/nu14081535.
Dimitrijevic-Sreckovic V, Petrovic H, Dobrosavljevic D, Colak E, Ivanovic

N, Gostiljac D, et al. siMS score- method for quantification of metabolic
syndrome, confirms co-founding factors of metabolic syndrome. Front
Genet. 2023;4(13):1041383. https://doi.org/10.3389/fgene.2022.1041383.
QiuY,YiQ LiS, SunW, Ren Z, Shen', et al. Transition of cardiometa-

bolic status and the risk of type 2 diabetes mellitus among middle-

aged and older Chinese: a national cohort study. J Diabetes Investig.
2022;13(8):1426-37. https://doi.org/10.1111/jdi.13805.

Jang YN, Lee JH, Moon JS, Kang DR, Park SY, Cho J, et al. Metabolic syn-
drome severity score for predicting cardiovascular events: a nationwide
population-based study from Korea. Diabetes Metab J. 2021;45(4):569-77.
https://doi.org/10.4093/dmj.2020.0103.

24,

25.

N

27.

28.

29.

30.

31

33

34.

35.

36.

37.

6.

Page 11 of 12

Murray AM, Pederson SL, Tupper DE, Hochhalter AK, Miller WA, Li Q, Zaun
D, et al. Acute variation in cognitive function in hemodialysis patients: a
cohort study with repeated measures. Am J Kidney Dis. 2007;50(2):270-8.
https://doi.org/10.1053/j.ajkd.2007.05.010.

Drew DA, Tighiouart H, Rollins J, Duncan S, Babroudi S, Scott T, et al.
Evaluation of screening tests for cognitive impairment in patients receiv-
ing maintenance hemodialysis. J Am Soc Nephrol. 2020;31(4):855-64.
https://doi.org/10.1681/ASN.2019100988.

Chinese Elderly Type 2 Diabetes Prevention and Treatment of Clinical
Guidelines Writing Group; Geriatric Endocrinology and Metabolism
Branch of Chinese Geriatric Society; Geriatric Endocrinology and
Metabolism Branch of Chinese Geriatric Health Care Society; Geriatric
Professional Committee of Beijing Medical Award Foundation; National
Clinical Medical Research Center for Geriatric Diseases (PLA General
Hospital). Clinical guidelines for prevention and treatment of type 2
diabetes mellitus in the elderly in China (2022 edition). Zhonghua Nei Ke
Za Zhi. 2022;61(1):12-50. https://doi.org/10.3760/cma.j.cn112138-20211
027-00751 (Chinese).

Expert Panel on Detection Evaluation and Treatment of High Blood Cho-
lesterol in Adults. Executive summary of the third report of the national
cholesterol education program (NCEP) expert panel on detection, evalua-
tion, and treatment of high blood cholesterol in adults (adult treatment
panel Ill). JAMA. 2001,285(19):2486-97. https://doi.org/10.1001/jama.285.
19.2486.

Soldatovic I, Vukovic R, Culafic D, Gajic M, Dimitrijevic-Sreckovic V. siMS
score: simple method for quantifying metabolic syndrome. PLoS ONE.
2016;11(1):0146143. https://doi.org/10.1371/journal.pone.0146143.
Wakabayashi I, Daimon T. The, ‘cardiometabolic index” as a new marker
determined by adiposity and blood lipids for discrimination of diabetes
mellitus. Clin Chim Acta. 2015;1(438):274-8. https://doi.org/10.1016/j.cca.
2014.08.042.

Wang X, Ji L, Tang Z, Ding G, Chen X, Lv J, et al. The association of
metabolic syndrome and cognitive impairment in Jidong of China: a
cross-sectional study. BMC Endocr Disord. 2021;21(1):40. https://doi.org/
10.1186/512902-021-00705-w.

Raffaitin C, Féart C, Le Goff M, Amieva H, Helmer C, Akbaraly TN, et al.
Metabolic syndrome and cognitive decline in French elders: the three-
city study. Neurology. 2011;76(6):518-25. https://doi.org/10.1212/WNL.
0b013e31820b7656.

. LiT,Yang GM, Zhu Y, Wu Y, Chen XY, Lan D, et al. Diabetes and hyper-

lipidemia induce dysfunction of VSMCs: contribution of the meta-

bolic inflammation/miRNA pathway. Am J Physiol Endocrinol Metab.
2015;308(4):E257-69. https://doi.org/10.1152/ajpendo.00348.2014.
Alaaeddine R, Elkhatib MAW, Mroueh A, Fouad H, Saad El, El-Sabban ME,
et al. Impaired endothelium-dependent hyperpolarization underlies
endothelial dysfunction during early metabolic challenge: increased ROS
generation and possible interference with NO function. J Pharmacol Exp
Ther. 2019;371(3):567-82. https://doi.org/10.1124/jpet.119.262048.
Horimatsu T, Patel AS, Prasad R, Reid LE, Benson TW, Zarzour A, et al.
Remote effects of transplanted perivascular adipose tissue on endothelial
function and atherosclerosis. Cardiovasc Drugs Ther. 2018;32(5):503-10.
https://doi.org/10.1007/510557-018-6821-y.

de Jongh RT, Serné EH, ljizerman RG, de Vries G, Stehouwer CD. Free fatty
acid levels modulate microvascular function: relevance for obesity-asso-
ciated insulin resistance, hypertension, and microangiopathy. Diabetes.
2004;53(11):2873-82. https://doi.org/10.2337/diabetes.53.11.2873.
Dwaib HS, AlZaim |, Eid AH, Obeid O, El-Yazbi AF. Modulatory effect of
intermittent fasting on adipose tissue inflammation: amelioration of car-
diovascular dysfunction in early metabolic impairment. Front Pharmacol.
2021;12:626313. https://doi.org/10.3389/fphar.2021.626313.

Clinton LK, Blurton-Jones M, Myczek K, Trojanowski JQ, LaFerla FM. Syner-
gistic Interactions between Abeta, tau, and alpha-synuclein: acceleration
of neuropathology and cognitive decline. J Neurosci. 2010;30(21):7281-9.
https://doi.org/10.1523/JNEUROSCI.0490-10.2010.

Li ZL, Woollard JR, Ebrahimi B, Crane JA, Jordan KL, Lerman A, et al.
Transition from obesity to metabolic syndrome is associated with altered
myocardial autophagy and apoptosis. Arterioscler Thromb Vasc Biol.
2012;32(5):1132-41. https://doi.org/10.1161/ATVBAHA.111.244061.

Park HR, Park M, Choi J, Park KY, Chung HY, Lee J. A high-fat diet impairs
neurogenesis: involvement of lipid peroxidation and brain-derived


https://doi.org/10.1053/j.ajkd.2019.03.424
https://doi.org/10.1053/j.ajkd.2019.03.424
https://doi.org/10.1212/WNL.0b013e31827f0f7f
https://doi.org/10.1212/WNL.0b013e31827f0f7f
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1002/oby.23400
https://doi.org/10.1038/nrg2468
https://doi.org/10.1038/nrg2468
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1177/0884533615601849
https://doi.org/10.1177/0884533615601849
https://doi.org/10.2147/DMSO.S370835
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.5812/ijem.61201
https://doi.org/10.1080/13825585.2020
https://doi.org/10.1161/JAHA.121.022107
https://doi.org/10.1161/JAHA.121.022107
https://doi.org/10.3389/fnins.2022.942743
https://doi.org/10.1159/000509124
https://doi.org/10.1159/000509124
https://doi.org/10.3390/nu14081535
https://doi.org/10.3389/fgene.2022.1041383
https://doi.org/10.1111/jdi.13805
https://doi.org/10.4093/dmj.2020.0103
https://doi.org/10.1053/j.ajkd.2007.05.010
https://doi.org/10.1681/ASN.2019100988
https://doi.org/10.3760/cma.j.cn112138-20211027-00751
https://doi.org/10.3760/cma.j.cn112138-20211027-00751
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1371/journal.pone.0146143
https://doi.org/10.1016/j.cca.2014.08.042
https://doi.org/10.1016/j.cca.2014.08.042
https://doi.org/10.1186/s12902-021-00705-w
https://doi.org/10.1186/s12902-021-00705-w
https://doi.org/10.1212/WNL.0b013e31820b7656
https://doi.org/10.1212/WNL.0b013e31820b7656
https://doi.org/10.1152/ajpendo.00348.2014
https://doi.org/10.1124/jpet.119.262048
https://doi.org/10.1007/s10557-018-6821-y
https://doi.org/10.2337/diabetes.53.11.2873
https://doi.org/10.3389/fphar.2021.626313
https://doi.org/10.1523/JNEUROSCI.0490-10.2010
https://doi.org/10.1161/ATVBAHA.111.244061

Yang et al. Diabetology & Metabolic Syndrome

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

(2023) 15:108

neurotrophic factor. Neurosci Lett. 2010;482(3):235-9. https://doi.org/10.
1016/j.neulet.2010.07.046.

Mallorqui-Bagué N, Lozano-Madrid M, Toledo E, Corella D, Salas-Salvado
J, Cuenca-Royo A, et al. Type 2 diabetes and cognitive impairment in an
older population with overweight or obesity and metabolic syndrome:
baseline cross-sectional analysis of the PREDIMED-plus study. Sci Rep.
2018;8(1):16128. https://doi.org/10.1038/541598-018-33843-8.

Zhao'Y, Song P, Zhu C, Zhang L, Chen X, Zhang H, et al. Relationship
between physical performance and mild cognitive impairment in elderly
hemodialysis patients is modified by the presence of diabetes: a multi-
center cross-sectional study. Front Endocrinol. 2022;13:897728. https://
doi.org/10.3389/fendo.2022.897728.

Dye L, Boyle NB, Champ C, Lawton C. The relationship between obesity
and cognitive health and decline. Proc Nutr Soc. 2017;76(4):443-54.
https://doi.org/10.1017/50029665117002014.

DeCarli C. The role of cerebrovascular disease in dementia. Neurologist.
2003;9(3):123-36. https://doi.org/10.1097/00127893-200305000-00001.
Cai X, Hu J, Wen W, Wang J, Wang M, Liu S, et al. Associations of the
cardiometabolic Index with the risk of cardiovascular disease in patients
with hypertension and obstructive sleep apnea: results of a longitudinal
cohort study. Oxid Med Cell Longev. 2022;23(2022):4914791. https://doi.
org/10.1155/2022/4914791.

Li FE, LuoY, Zhang FL, Zhang P, Liu D, Ta S, et al. Association between
cardiometabolic index and stroke: a population- based cross-sectional
study. Curr Neurovasc Res. 2021;18(3):324-32. https://doi.org/10.2174/
1567202618666211013123557.

Higashiyama A, Wakabayashi |, Okamura T, Kokubo Y, Watanabe M,
Takegami M, et al. The risk of fasting triglycerides and its related indices
for ischemic cardiovascular diseases in japanese community dwellers: the
Suita study. J Atheroscler Thromb. 2021,;28(12):1275-88. https://doi.org/
10.5551/jat.62730.

Tang X, Wu M, Wu S, Tian Y. Continuous metabolic syndrome sever-

ity score and the risk of CVD and all-cause mortality. Eur J Clin Invest.
2022;52(9):13817. https://doi.org/10.1111/eci.13817.

Zeng Q Luo X, Li K, Wang S, Zhang R, Hong H, et al. Distinct spontane-
ous brain activity patterns in different biologically-defined Alzheimer’s
disease cognitive stage: a preliminary study. Front Aging Neurosci.
2019;17(11):350. https://doi.org/10.3389/fnagi.2019.00350.

Liu L, Roquet D, Ahmed RM, Hodges JR, Piguet O, Irish M. Examining pre-
frontal contributions to past- and future-oriented memory disturbances
in daily life in dementia. Cortex. 2021;134:307-19. https://doi.org/10.
1016/j.cortex.2020.11.003.

CuiL, Zhang Z, Zac Lo CY, Guo Q. Local functional MR change pattern
and its association with cognitive function in objectively-defined subtle
cognitive decline. Front Aging Neurosci. 2021;13:684918. https://doi.org/
10.3389/fnagi.2021.684918.

Craft S. Insulin resistance and Alzheimer’s disease pathogenesis: poten-
tial mechanisms and implications for treatment. Curr Alzheimer Res.
2007;4(2):147-52. https://doi.org/10.2174/156720507780362137.
Wakabayashi T, Yamaguchi K, Matsui K, Sano T, Kubota T, Hashimoto T,

et al. Differential effects of diet- and genetically-induced brain insulin
resistance on amyloid pathology in a mouse model of Alzheimer’s
disease. Mol Neurodegener. 2019;14(1):15. https://doi.org/10.1186/
$13024-019-0315-7.

SunY, Xiao Q, Luo C, Zhao Y, Pu D, Zhao K, et al. High-glucose induces tau
hyperphosphorylation through activation of TLR9-P38MAPK pathway.
Exp Cell Res. 2017;359(2):312-8. https://doi.org/10.1016/j.yexcr.2017.07.
032.

Pannacciulli N, Del Parigi A, Chen K, Le DS, Reiman EM, Tataranni PA. Brain
abnormalities in human obesity: a voxel-based morphometric study.
Neuroimage. 2006;31(4):1419-25. https://doi.org/10.1016/j.neuroimage.
2006.01.047.

Kesse-Guyot E, Julia C, AndreevaV, Fezeu L, Hercberg S, Galan P. Evidence
of a cumulative effect of cardiometabolic disorders at midlife and subse-
quent cognitive function. Age Ageing. 2015;44(4):648-54. https://doi.org/
10.1093/ageing/afv053.

LiH, Huang Z, Gao Z, Zhu W, LiY, Zhou S, et al. Sex difference in general
cognition associated with coupling of whole-brain functional connectiv-
ity strength to cerebral blood flow changes during Alzheimer’s disease
progression. Neuroscience. 2023;15(509):187-200. https://doi.org/10.
1016/j.neuroscience.2022.12.001.

Page 12 of 12

57. JinY,Hong C, LuoYY. Sex differences in cognitive aging and the role of
socioeconomic status: Evidence from multi-cohort studies. Psychiatry
Res. 2023;321:115049. https://doi.org/10.1016/j.psychres.2023.115049.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.neulet.2010.07.046
https://doi.org/10.1016/j.neulet.2010.07.046
https://doi.org/10.1038/s41598-018-33843-8
https://doi.org/10.3389/fendo.2022.897728
https://doi.org/10.3389/fendo.2022.897728
https://doi.org/10.1017/S0029665117002014
https://doi.org/10.1097/00127893-200305000-00001
https://doi.org/10.1155/2022/4914791
https://doi.org/10.1155/2022/4914791
https://doi.org/10.2174/1567202618666211013123557
https://doi.org/10.2174/1567202618666211013123557
https://doi.org/10.5551/jat.62730
https://doi.org/10.5551/jat.62730
https://doi.org/10.1111/eci.13817
https://doi.org/10.3389/fnagi.2019.00350
https://doi.org/10.1016/j.cortex.2020.11.003
https://doi.org/10.1016/j.cortex.2020.11.003
https://doi.org/10.3389/fnagi.2021.684918
https://doi.org/10.3389/fnagi.2021.684918
https://doi.org/10.2174/156720507780362137
https://doi.org/10.1186/s13024-019-0315-7
https://doi.org/10.1186/s13024-019-0315-7
https://doi.org/10.1016/j.yexcr.2017.07.032
https://doi.org/10.1016/j.yexcr.2017.07.032
https://doi.org/10.1016/j.neuroimage.2006.01.047
https://doi.org/10.1016/j.neuroimage.2006.01.047
https://doi.org/10.1093/ageing/afv053
https://doi.org/10.1093/ageing/afv053
https://doi.org/10.1016/j.neuroscience.2022.12.001
https://doi.org/10.1016/j.neuroscience.2022.12.001
https://doi.org/10.1016/j.psychres.2023.115049

	Associations of metabolic syndrome, its severity with cognitive impairment among hemodialysis patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Ethics statement
	Study design and participants
	Measurements and assessment of covariates
	Biochemical measurements
	Assessment of cognitive impairment
	Assessment of MetS
	Calculation of metabolic-related indices
	Statistical analysis

	Results
	Characteristics of study participants
	Associations of MetS and severity scores with MMSE, and specific cognitive function domains
	Association of MetS, its components, numbers and severity scores with the prevalence of MCI
	Subgroup analyses of association between MetS and incident MCI
	Sensitivity analysis

	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


