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Objective: The aim of this study was to elucidate the relationship between specific body composition and the risk of Cognitive
Impairment (CI) in middle-aged Type 2 Diabetes Mellitus (T2DM) patients.

Methods: This cross-sectional study included 504 hospitalized patients with T2DM from the Department of Endocrinology and
Metabolism of the Tianjin Union Medical Center. Subjects were grouped by sex, and cognitive status was assessed using the Montreal
Cognitive Assessment (MoCA). The relationship between body composition and cognitive ability was investigated with the use of
linear regression analysis. The association between body composition and CI risk was determined by logistic regression analysis.
Results: The prevalence of CI was 39.3% in middle-aged T2DM patients. After adjusting for age, education, marriage status, carotid
atherosclerosis, cerebrovascular disease and hemoglobin, multiple linear regression analysis showed that lean mass index (LMI), body
mass index (BMI) and appendicular skeletal muscle index (SMI) were significant predictors for the MoCA scores in men (p < 0.05). In
addition, BMI (OR 0.913, 95% CI 0.840—0.992) and LMI (OR 0.820, 95% CI 0.682—0.916) were independent protective factors for CI
in males. After adjusted for age, education, marriage status, dietary control of diabetes and cerebrovascular disease, visceral obesity
(VO, OR 1.950, 95% CI 1.033-3.684) and abdominal obesity (AO, OR 2.537, 95% CI 1.191-5.403) were risk factors for CI in female
patients.

Conclusion: The results suggest that there may be different mechanisms underlying the relationship of body compositions and
cognitive performance between middle-aged male and female patients with T2DM. In addition, our finding of potential determinants
of cognitive impairment may facilitate the development of intervention programs for middle-aged type 2 diabetic patients.
Nevertheless, more large prospective studies looking at cognition and changes in body composition over time are needed in the
future to further support their association.
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Introduction

The number of people with diabetes is currently increasing due to significant lifestyle shifts in diet and physical activity.
The International Diabetes Federation estimates that by 2045, the global prevalence of diabetes will reach 12.2%,
affecting over 783.2 million people.' China is one of the countries with the fastest growing incidence of diabetes, and the
number of diabetic patients has exceeded 110 million.? Although people of all ages are likely to develop diabetes, the age
groups with the highest prevalence ranging from 12% to 25% are those younger than 65 years of age.’ Cognitive
impairment (CI) and dementia are now thought to be common complications of T2DM. Patients with mild CI often
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experience declines in memory, language, execution, attention and other cognitive areas, but they hardly affect patients’
basic daily activities.* Evidence from meta-analyses suggests that T2DM not only contributes to the development of CI
but also accelerates its progression to dementia.” The specific causes of cognitive decline in T2DM are complex. The
anaerobic metabolism caused by long-term chronic hyperglycemia aggravates acidosis and damages hypoxic brain cells
and central nervous system.® Severe and repeated hypoglycemia also disrupts the energy metabolism of the brain,
particularly the cerebral cortex and hippocampus, directly leading to neuronal cell death.” In addition, insulin resistance
in diabetic patients not only affects the energy supply of neurons by glucose metabolism but also impairs the regulation
of synaptic plasticity and neuronal growth and repair.® Given the lack of effective treatments for dementia, potentially
modifiable factors of CI must be identified and promptly addressed.

Due to poor dictary habits and a physically inactive lifestyle, people with T2DM often face obesity, especially in
relatively young patients.” Obesity has been linked to cognitive performance, but current research on the effects of
obesity on cognitive performance is conflicting. A large retrospective cohort study reports lower risk for dementia with
higher body mass index (BMI).'® In another prospective study with more than 20 years of follow-up, people with a BMI
over 30 kg/m? had an increased risk of dementia.'’ Indeed, as an obesity parameter used in most studies, BMI is not
reliable, because it can neither distinguish between fat and lean mass nor show the distribution of fat, which are important
indicators for many diseases, including hypertension, diabetes, cardiovascular and cerebrovascular diseases. Furthermore,
the body composition of patients with diabetes is altered compared with the general population, with lower muscle mass
and higher body fat mass.'? Therefore, BMI may not accurately and objectively reflect the degree of obesity in patients
with T2DM.

Body composition measurement can more accurately reflect the content of muscle and fat, as well as the local
accumulation of fat. Most studies on detailed measures of body composition and cognition have been conducted in the
elderly, with relatively few in younger populations. However, it is worth noting that changes in body composition are not
limited to old age, as the body starts to lose muscle mass at a rate of 0.8% per year around the age of 40."* Studies in
healthy young and middle-aged people have shown that body fat percentage is associated with poorer function in visual
areas in men'® and that visceral fat was significantly negatively associated with language learning and memory in
women,'” while lean body mass or muscle mass shows no clear association with cognitive function. However, the sample
sizes of these two studies were small, and the subjects were healthy people from a general population.

There are no studies on a comprehensive wide range of measures of body composition parameters and CI in middle-
aged people with T2DM. However, given the high prevalence of CI (33—59%) in middle-aged patients with T2DM and
the high likelihood of progressive cognitive decline in patients with diabetes, there are potentially modifiable risk factors
of CI that need to be specified in this population and to intervene early to delay the progression of cognitive decline.
Therefore, the aim of this cross-sectional study was to investigate the association between specific body composition and
CI risk in middle-aged patients with T2DM and to provide strategic support for early prevention and treatment of CI.

Methods

Study Population

We recruited 504 consecutive eligible patients with T2DM from hospitalized patients at the Department of
Endocrinology and Metabolism of the Tianjin Union Medical Center, between July 2018 and September 2021. Their
median age was 58 years old, including 279 males (55.4%) and 225 females (44.6%). T2DM was diagnosed using
American Diabetes Association (ADA) criteria:'® fasting plasma glucose (FPG) >7.0 mmol/L and/or postprandial plasma
glucose (PPG) >11.1 mmol/L or typical symptoms of hyperglycemia, event blood glucose level >11.1 mmol/L or
glycosylated hemoglobin (HbAlc) >6.5% of patients. All patients were diagnosed with T2DM by Oral Glucose
Tolerance Test (OGTT), so that transient elevated blood glucose could be excluded.

Inclusion criteria for this study were as follows: age 40-64 years, diagnosis of T2DM, capability to complete
neuropsychological tests independently. The midlife period is now commonly considered to begin at ages 35 to 45
and end at age 64, while those aged 65 and older are classified as elderly.'” Thus, we selected T2DM patients aged from
40 to 64 years as the study population. The exclusion criteria were as follows:' Inability to complete neuropsychological
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tests due to communication difficulties, physical disability, severe limitation of movement, or severe vision, hearing,
reading, language impairment, or for any other reasons.” Anemia (hemoglobin [Hb] <90 g/L), cachexia, liver insuffi-
ciency (alanine transaminase [ALT] >120 U/L), renal insufficiency (creatinine [Cr] >265 pmol/L), severe cardiopulmon-
ary insufficiency, thyroid dysfunction, and severe infection.” Parkinson’s disease, epilepsy, brain trauma, encephalitis,
brain tumors, schizophrenia, severe depression, diagnosed dementia, alcohol or drug addiction and long-term use of
drugs affecting cognitive function.

Screening Evaluation for ClI

The Montreal Cognitive Assessment (MoCA) is an effective mild CI screening tool with a sensitivity of up to 90% and
a specificity of 87%.'® It has been widely used in clinical practice. In this study, the Chinese version of MoCA was used
to evaluate the cognitive function of middle-aged subjects with T2DM.'" In a quiet environment, the MoCA was
conducted face-to-face by trained professionals in strict accordance with the guidelines. This cognitive test has a total
score of 30, with a range of <26 for MCI and a range of >26 for normal cognitive function (NCF).?’ Higher patient scores
represent better cognitive function. 1 point is added to the total MoCA score if the subject has been studied for less than
12 years.®® As a result, 504 participants were categorized as NCF group (n = 306 [60.7%]) and CI group (n =
198 [39.3%]).

Data Collection

Demographic characteristics and diabetes-related information were obtained through the hospitalization medical records.
The data collected included sex, age, marital status, education, history of smoking and drinking, a sedentary lifestyle, diet
control, duration of diabetes, hypoglycemic episodes in the recent 3 months, diabetic peripheral neuropathy (DPN),
diabetic microangiopathy, carotid atherosclerosis (CAS), low extremity atherosclerosis disease (LEASD), hypertension,
coronary heart disease (CHD), and cerebrovascular disease (CVD). It is important to note that the dietary restrictions
refer to the patients’ adherence to the diabetic dietary protocol for at least the past 3 months.?' A sedentary lifestyle is
defined as less than 150 minutes per week of moderate-intensity aerobic activity (50~70% of maximum heart rate).'
Diabetic microangiopathy included diabetic nephropathy and/or diabetic retinopathy. Cerebrovascular diseases included
hemorrhagic and/or ischemic strokes. Hypertension is defined as blood pressure >140/90 mmHg or use of antihyperten-
sive drugs.”?

After an overnight fast, a registered nurse drew blood from the vein in the early morning and analyzed the sample by
the central laboratory for the following indicators: white blood cell count (WBC), hemoglobin (Hb), fasting plasma
glucose (FPG), fasting plasma insulin (FINS), albumin (Alb), alanine transaminase (ALT), creatinine (Cr), urinary
albumin-to-creatinine ratio (ACR), uric acid (UA), total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), homocysteine (HCY), and HbAlc. Insulin resistance
was assessed by homeostatic model assessment for insulin resistance (HOMA-IR), which can be calculated as follows:
HOMA-IR = FPG*FINS/22.5.%

Body composition data were obtained by professional physicians using an InBody 720 quadrupole bioelectrical
impedance vector analysis (BIA). In the fasting state, the subjects wore light clothes and stood barefoot on the instrument
to ensure that the soles of both feet and palms were in full contact with the metal plate of the instrument. The patient’s
body remained stationary and upright during the test, and there was no contact between the limbs or between the limbs
and the trunk. Through this examination, we were able to obtain the following data: bone mineral density (BMD),
extracellular water (ECW), total body water (TBW), height, body mass index (BMI), body fat mass (BFM), percentage
of body fat (PBF), visceral fat area (VFA), waist-to-hip ratio (WHR), appendicular skeletal muscle (ASM), skeletal
muscle (SM), lean mass (LM), fat free mass (FFM). Fat mass index (FMI) is obtained by dividing BFM (kg) by height
squared (m?). Appendicular skeletal muscle index (SMI) was obtained by dividing ASM (kg) by height squared (m?).
Lean mass index (LMI) was obtained by dividing LM (kg) by height squared (m?). According to the Asia-Pacific criteria,
the BMI ranges for normal weight, overweight and obesity are 18.5 kg/m? < BMI < 24 kg/m?, 24 kg/m* < BMI < 28 kg/
m? and BMI > 28 kg/m?, respectively.**
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At the end of the patient’s breath expiration, use a graduated tape to measure waist circumference (WC [cm])
horizontally between the last rib and the hip bone. Abdominal obesity (AO) is defined as a WC >90 cm for men and
>85 cm for women. Visceral obesity (VO) is defined as a VFA >100 cm.?

Statistical Analysis

In this study, statistical data were analyzed using SPSS software (version 25.0; IBM Inc., Armonk, NY, USA). The
Kolmogorov—Smirnov test is used to check whether the measured data follow a normal distribution. For descriptive
statistics, normally distributed measurements are presented as mean =+ standard deviation (SD), and non-normally
distributed measurements are presented as median and interquartile range (P25, P75). Counting data are represented as
number (percentage). In the statistical analysis, the comparison of normally distributed data between two groups was
performed by Student’s #-test, and the comparison of non-normally distributed data was conducted by nonparametric
Mann—Whitney U-test. Use the chi-square test to compare counting data. Linear regression analysis was used to
investigate the correlations between body composition measures and cognitive scores of the MoCA. Logistic regression
analysis was used to determine the relationships between body composition and the CI risk. Interaction analysis was used
to examine the moderating effect of gender on the association between body composition and cognitive function. All tests
were two-tailed p < 0.05 meant the difference was statistically significant.

Results

Table 1 shows the sociodemographic and general clinical data of the subjects grouped by gender and cognitive ability.
Compared to individuals with NCF, age (p = 0.038 in males, p = 0.043 in females) and the proportions of participants
with cerebrovascular disease (p = 0.013 in males, p < 0.001 in females) were higher in patients with CI. In contrast,
education attainment (p < 0.001) and the MoCA scores (p < 0.001) in males and females and the proportions of
participants who were married (p = 0.001 in males, p = 0.017 in females) were lower in patients with CI. Men with CI
had a higher prevalence of carotid atherosclerosis than those with NCF (p = 0.032), while women with CI have a lower
proportion of individuals who used dietary control of diabetes (p = 0.010). In terms of the laboratory test results, men
with CI had a higher level of hemoglobin than those with NCF (p = 0.004). Other laboratory parameters did not show any
significant differences between groups (p > 0.05).

The body composition data are exhibited in Table 2. In males, patients with CI had lower BMI (p = 0.004), SMI (p =
0.021) and LMI (p = 0.012) than those with NCF. In female patients, CI group had a larger VFA than NCF group (p =
0.006). Women with CI have higher proportions of individuals who had AO (p = 0.005) and VO (p = 0.002), while no
differences were discovered in BFM, PBF, FMI, VFA, VO, WC, AO, WHR, ASM, SM, LM, FFM, BMD, ECW, TBW
and ETR across the participants with and without CI in males. No relationships were seen in BMI, BFM, PBF, FMI, WC,
WHR, ASM, SMI, SM, LM, LMI, FFM, BMD, ECW, TBW and ETR between two groups in females.

To further explore the association between body composition and cognition, we selected body composition indicators
with p < 0.05 in univariate analysis to enter the regression models. After adjusted for age, education, marriage status,
carotid atherosclerosis, cerebrovascular disease and hemoglobin, the results of multiple linear regression analysis showed
that LMI, BMI and SMI were significant predictors for the MoCA test in men (p < 0.05) (Table 3). On the other hand,
VFA was not a predictor of the MoCA scores in women after adjusted for age, education, marriage status, dietary control
of diabetes and cerebrovascular disease (p > 0.05).

We also found that BMI (OR 0.913, 95% CI 0.840-0.992) and LMI (OR 0.820, 95% CI 0.682-0.916) were
independent protective factors for CI in male patients by using the adjusted logistic regression models (Figure 1A),
but the association between SMI and CI disappeared after adjusting for several confounders (OR 0.685, 95% CI 0.467—
1.004). On the other hand, logistic regression analysis after adjusting for confounders showed that VO (OR 1.950, 95%
CI 1.033-3.684) and AO (OR 2.537, 95% CI 1.191-5.403) were independent risk factors for CI in female patients
(Figure 1B). Meanwhile, the association between VFA and CI was not relevant after adjustments (OR 1.007, 95% CI
0.996-1.018).

In addition, the interaction analysis indicated moderating effects of gender on the relationship between body
composition and cognition after adjusting for confounders (age, education, marriage status, carotid atherosclerosis,
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Table 1 General Clinical Data of Subjects According to Gender and Cognition

Variables Male (n = 279) Female (n = 225)

NCF (n = 166) Cl(n=113) P value | NCF (n = 140) ClI (n = 85) P value
Age (years) 57 [54, 61] 58 [55, 61] 0.038* 58 [54, 62] 60 [56, 62] 0.043*
Education (years) 129, 12] 919, 12] <0.001* 12[9, 12] 919, 12] <0.001*
Married 163 (98.2%) 101 (89.4%) 0.001* 134 (95.7%) 74 (87.1%) 0.017*
Current smoking 86 (51.8%) 56 (49.6%) 0.712 13 (9.3%) 11 (12.9%) 0.389
Current drinking 89 (53.6%) 61 (54.0%) 0.952 7 (5.0%) 4 (4.7%) 0.921
Sedentary lifestyle 52 (31.5%) 29 (25.7%) 0.292 37 (26.4%) 21 (24.7%) 0.775
Dietary control of diabetes 116 (70.3%) 67 (59.3%) 0.057 101 (72.1%) 47 (55.3%) 0.010*
Duration of diabetes (years) 411, 10] 500, 11] 0.726 51, 10] 51, 10] 0916
Hypoglycemic episode in 3 28 (17.0%) 28 (24.8%) 0.111 34 (24.8%) 22 (26.5%) 0.780
months
Diabetic microangiopathy 78 (47.3%) 56 (50.0%) 0.656 59 (42.1%) 32 (37.6%) 0.505
DPN 121 (73.3%) 85 (75.9%) 0.632 102 (72.9%) 65 (76.5%) 0.548
CAS 77 (46.7%) 67 (59.8%) 0.032* 63 (45.0%) 47 (55.3%) 0.134
LEASD 77 (46.7%) 65 (58.0%) 0.063 58 (41.4%) 41 (48.2%) 0319
CHD 43 (26.1%) 29 (25.9%) 0.975 41 (29.3%) 24 (28.2%) 0.866
CVvD 22 (13.3%) 28 (25.0%) 0.013* 16 (11.4%) 27 (31.8%) <0.001*
Hypertension 94 (57.0%) 68 (60.7%) 0.535 88 (62.9%) 55 (64.7%) 0.780
WBC (1079/L) 6.16 [5.27, 7.38] 5.95 [5.04, 7.10] 0.292 5.83 [4.97, 6.86] 6.22 [5.10, 7.45] 0.08|
Hb (g/L) 146.7 + 12.4 142.2 + 13.0 0.004* 1285 + 11.3 128.7 + 10.8 0.928
HbAlc (%) 8.65 [7.50, 10.70] | 8.60[7.20, 10.58] | 0.436 | 8.60 [7.45 10.30] | 8.50 [7.60, 10.20] 0.854
FPG (mmol/L) 8.88 [6.79, 10.65] | 885[7.10, 11.05] | 0593 | 837 [6.61,10.10] | 8.96[7.10, 11.09] 0212
FINS (mUIL) 9.96 [6.39, 14.88] | 10.74 [7.34, 1491] | 0506 | 12.86 [7.60,20.69] | 13.11 [8.76, 17.99] | 0.797
HOMA-IR 3.74 [2.56, 5.36] 3.68 [2.49, 6.55] 0.633 4,67 [2.96, 8.15] 5.40 [3.05, 7.90] 0.413
TC (mmol/L) 487 = 1.12 483 = |.15 0.753 5.10 £ 1.01 525+ 1.22 0.333
TG (mmoliL) 1.62[1.14, 2.61] 1.74 [1.17, 3.05] 0.870 1.82 [1.14, 2.47] 1.57 [1.23, 2.27] 0.403
HDL-C (mmol/L) .14 [1.00, 1.34] 1.13 [0.96, 1.30] 0.456 123 [1.10, 1.39] 1.21 [1.08, 1.41] 0.975
LDL-C (mmol/L) 2.88 +0.79 2.78 + 0.73 0.298 3.05£0.79 3.13 £ 0.90 0.470
THR 1.58 [0.99, 2.43] 1.53 [1.03, 2.81] 0.829 1.55 [0.85, 2.19] 1.29 [0.96, 2.02] 0.318
Alb (g/L) 41.1 £3.2 40.8 £ 3.4 0.354 40.1 = 3.6 403 35 0.647
ALT (U/L) 21.5 [15.4, 34.0] 19.7 [14.9, 32.0] 0.333 19.7 [14.9, 33.3] 20.6 [14.2, 38.6] 0.902
Cr (umol/L) 65.0 [58.0, 73.3] 65.1 [57.0, 75.0] 0.899 492 + 109 520+93 0.056
ACR (mg/g) 10.88 [5.90, 29.73] 12.74 [6.02, 43.72] 0.524 12.04 [6.02, 29.96] 16.19 [7.52, 34.56] 0.121
UA (umol/L) 304.0 [246.2, 334.5] | 305.8 [256.5, 368.0] 0.064 282.5 [231.8, 329.5] | 269.9 [214.4, 307.0] 0.081
HCY (umol/L) 1150 [9.73, 13.44] | 11.63[9.40, 14.14] | 0566 | 8.95[7.72, 10.52] 9.74 [7.95, 1.02] 0.114
MoCA 28 [27, 29] 24 [23, 25] <0.001* 27 [26, 28] 24 [22, 25] <0.001*

Notes: The measurement data are shown as mean * standard deviation (SD) or median and interquartile range [P25, P75], depending on the normality of data distribution.
Categorical data are presented as the number of cases (percentage) [n (%)]. *P < 0.05 was regarded as a significant difference.
Abbreviations: NCF, normal cognitive function; Cl, cognitive impairment; BMI, body mass index; WC, waist circumference; AO, abdominal obesity; DPN, diabetic
peripheral neuropathy; CAS, carotid atherosclerosis; LEASD, low extremity atherosclerosis disease; CHD, coronary heart disease; CVD, cerebrovascular disease (including
hemorrhagic and ischemic stroke); WBC, white blood cell count; Hb, hemoglobin; HbAlc, hemoglobin Alc; FPG, fasting plasma glucose; FINS, fasting plasma insulin;
HOMA-IR, homeostatic model assessment for insulin resistance; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; THR, triglyceride/high density lipoprotein cholesterol ratio; Alb, albumin; ALT, alanine transaminase; Cr, creatinine; ACR, urinary albumin-to-

creatinine ratio; UA, uric acid; HCY, homocysteine; MoCA, Montreal Cognitive Assessment.

dietary control of diabetes and cerebrovascular disease). Figure 2A shows that the relationship between BMI and

cognitive function differed between genders. Overweight women had worse cognitive function than normal-weight

and obese women, whereas higher BMI was associated with better cognitive function in men. Similar results were

present in the analysis of muscle metrics versus the MoCA score. Women with moderate SMI and LMI had the worst

MoCA score, while men’s muscle indexes were positively correlated with the MoCA score (Figure 2B and C). On the

other hand, abdominal adiposity indexes had diametrical opposite relationships with cognitive function in men and
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Table 2 Body Composition Parameters of Subjects According to Gender and Cognition

Parameters Male (n = 279) Female (n = 225)

NCF (n = 166) Cl(n=113) P value NCF (n = 140) Cl (n = 85) P value
BMI (kg/m?) 26.6 + 3.5 254 29 0.004* 264 + 4.0 26.5 + 3.4 0.857
BFM (kg) 20.6 [16.3, 25.4] 19.1 [15.6, 24.1] 0.080 24.0 [18.7, 28.2] 24.9 [20.7, 29.4] 0.256
PBF (%) 27.0 + 6.5 259 £ 5.9 0.136 356 + 6.0 368 + 6.0 0.144
FMI (kg/m?) 7.03 [5.43, 8.66] 6.22 [5.27, 8.27] 0.063 9.38 [7.44, 11.10] 9.69 [8.28, 11.31] 0.266
VFA (cm?) 942 [73.4, 1149] | 92.1 [78.6, 115.7] 0.975 100.1 [83.0, 119.5] I11.1[96.6, 129.1] 0.006*
VO 67 (40.4%) 41 (36.3%) 0.492 71 (50.7%) 61 (71.8%) 0.002*
WC (cm) 954+ 118 949 £ 9.5 0.726 917115 947 £ 103 0.051
AO 109 (65.7%) 78 (69.0%) 0.557 93 (66.4%) 71 (83.5%) 0.005*
WHR 0.95 [0.91, 1.00] 0.95 [0.92, 1.00] 0.606 0.95 [0.91, 1.00] 0.97 [0.93, 1.01] 0.081
ASM (kg) 242 +29 237 £28 0.147 175 +25 174 25 0.702
SMI (kg/m?) 8.16 + 0.73 7.97 + 0.64 0.021* 6.78 £ 0.72 6.74 + 0.68 0.662
SM (kg) 319+ 36 3.1 £ 36 0.101 23.6 £ 3.0 233 £ 3.1 0.388
LM (kg) 542 +57 53.1 £5.7 0.101 40.4 [38.0, 42.9] 40.4 [37.3, 44.5] 0.710
LMI (kg/m?) 183 % 1.5 178 = 1.4 0.012%* 15.9+1.4 15.8+1.3 0.598
FFM (kg) 574 + 6.1 56.2 + 6.0 0.102 438 £52 432 £ 5.1 0.412
BFM/FFM 0.36 [0.29, 0.44] 0.33 [0.29, 0.42] 0.142 0.56 + 0.14 0.59 £ 0.14 0.150
BMD (g/m?) 0.33 £ 0.04 0.33 £ 0.03 0.509 0.30 £ 0.04 0.29 £ 0.04 0.928
ECW (kg) 163 % 1.8 l6.1 £ 1.8 0.282 125+ 1.5 124 £ 1.5 0.749
TBW (kg) 422 + 45 41.6 £ 4.6 0.253 32.1 +38 319+ 38 0.633
ETR 0.39 [0.38, 0.39] 0.39 [0.38, 0.39] 0.443 0.39 £ 0.0l 0.39 £ 0.0l 0.300

Notes: The measurement data are shown as mean = standard deviation (SD) or median and interquartile range [P25, P75], depending on the normality of data
distribution. Categorical data are presented as the number of cases (percentage) [n (%)]. *P < 0.05 was regarded as a significant difference.
Abbreviations: NCF, normal cognitive function; Cl, cognitive impairment; BMI, body mass index; BFM, body fat mass; PBF, percentage of body fat; FMI, fat
mass index; VFA, visceral fat area; VO, visceral obesity (defined as VFA 2 100 cm?); WC, waist circumference; AO, abdominal obesity (defined as WC = 90 cm
in male; and WC 2 85 cm in female); WHR, waist-to-hip ratio; ASM, appendicular skeletal muscle; SMI, appendicular skeletal muscle index (ASM/heightZ); SM,
skeletal muscle; LM, lean mass; LMI, lean mass index (LM/height?); FFM, fat free mass; BMD, mean bone mineral density; ECW, extracellular water; TBW, total
body water; ETR, extracellular water-to-total body water ratio.

women. Females with AO and VO had lower cognitive abilities, whereas males with AO and VO had higher cognitive
abilities (Figure 2D and E).

Discussion

This cross-sectional study included 504 middle-aged T2DM inpatients, with a median age of 58 years, from a large
tertiary hospital in northern China. After adjusting for possible confounders, we found that the relationship between body
composition and cognitive function varied by sex in middle-aged patients with T2DM. BMI, SMI and LMI were
independent protective factors for cognitive function (measured by the MoCA) in men, and BMI and LMI were related
to a lower risk of CI. VO and AO were independent risk factors for CI in female subjects. In our study, the prevalence of
CI in middle-aged T2DM inpatients was 39.3%, which was consistent with a meta-analysis (33% to 59%).® This
prevalence of CI was much higher than that in the general population (3% to 22%).%’ Therefore, our study explored the
correlation between body composition and CI in middle-aged inpatients with T2DM and provided strategic support for
early prevention and treatment of CI.

Our findings suggest that BMI and LMI are independent protective factors for CI in middle-aged male inpatients with
T2DM. Although BMI is currently the most used index to measure obesity, due to its inherent limitations and the changes
in body composition in people with diabetes, including muscle loss and increased body fat,'*> BMI may not accurately
reflect obesity in this specific population. In turn, we used BIA to obtain a wide range of body composition parameters
and demonstrated that SMI and LMI are independent protective factors of cognitive function in men. From this, we
analyzed that this negative correlation between the nonspecific obesity parameter BMI and CI was mainly driven by LMI
and SMI. This is because only these two measurements were related to CI, but not fat mass. Our results illustrate that
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Table 3 Linear Regression Analysis of Body Composition and Cognitive Scores
in Different Genders

MoCA

B 95% ClI P value
Male (n = 279)
BMI (kg/m?)' 0.172 0.085, 0.260 < 0.001*
BMI (kg/m?)? 0.143 0.060, 0.227 0.001*
BMI (kg/m?)? 0.138 0.054, 0.223 0.001*
SMI (kg/m?)’ 0.684 0.267, 1.101 0.001*
SMI (kg/m?)? 0.594 0.201, 0.988 0.003*
SMI (kg/m?)® 0.580 0.186, 0.974 0.004*
LMI (kg/m?)' 0.335 0.136, 0.534 0.001*
LMI (kg/m?)? 0.291 0.103, 0.479 0.003*
LMI (kg/m?)® 0.283 0.094, 0.472 0.003*
Female (n = 225)
VFA (cm?)’ —0.010 (-0.021, 0.001) 0.071
VFA (cm?)? —0.006 (—0.016, 0.005) 0.283
VFA (cm?)? —0.005 (—0.016, 0.005) 0.308

Notes: LMI, BMI and SMI were significant predictors for the MoCA scores in male patients. BMI' /
SMI' / LMI' / VFA': unadjusted. BMI? / SMI? / LMI* adjusted for age, education, and married. BMI® /
SMI® / LMI* BMI? / SMI? / LMI? + carotid atherosclerosis, cerebrovascular disease, and hemoglobin.
VFAZ adjusted for age, education, married, and dietary control of diabetes. VFA3: VFA? + cerebro-
vascular disease. *P < 0.05 was regarded as a significant difference.

Abbreviations: MoCA, Montreal Cognitive Assessment; 3, coefficient; Cl, confidence interval; BMI,
body mass index; SMI, appendicular skeletal muscle index (appendicular skeletal muscle/height?); LMI,
lean mass index (lean mass/heightz); VFA, visceral fat area.

reduced lean mass may underlie the previously reported relationship between BMI and cognitive decline and highlight
the importance of assessing specific body composition measures.

We found independent protective effects of SMI and LMI on cognitive ability in middle-aged men with T2DM. In
line with this, a Japanese cross-sectional study reported that a higher percentage of muscle mass predicted better

A B
OR (95%Cl) . OR (95%Cl)
BMI' e | 0.895(0.828-0.967)*  VFA'A . 1.012 (1.002-1.021)*
BMI2 —— 0.906 (0.835-0.984)* VFA? : 1.007 (0.996-1.017)
BMI® 4 o 0.913 (0.840-0.992)* VFA® 4 ' 1.007 (0.996-1.018)
S | 0.658 (0.459-0.9941)* VO' : —  2.470 (1.387-4.398)"
sMmi2 4 i 0.683 (0.468-0.998)" VO? 4 4 2.007 (1.078-3.736)*
SMI* - 0.685 (0.467-1.004) VO? 4 1.950 (1.033-3.684)"
M1 4 ——— | 0.806 (0.680-0.956)"* AO'A g — 2.563 (1.309-5.019)*
LMz 4 — e 0.818(0.682-0.981)" AO?- ; —  2.298 (1.110-4.756)*
LMI? —_——— ! 0.820 (0.682-0.986)" AO® A : — 2.537 (1.191-5.403)*
: : : . : —
0.4 0.6 0.8 1.0 0 1 2 33 6

Figure 1 Odds ratios of body composition for cognitive impairment. BMI and LMI were independent protective factors for cognitive impairment in men (A), while VO and
AO were independent risk factors for cognitive impairment in women (B). BMI' / SMI' / LMI' / VFA' / VO' / AO": unadjusted. BMI? / SMI? / LMI* adjusted for age, education,
and married. BMI® / SMI* / LMI* BMI? / SMI? / LMI? + carotid atherosclerosis, cerebrovascular disease, and hemoglobin. VFA? / VO? | AO adjusted for age, education,
married, and dietary control of diabetes. VFA? / VO? / AO®: VFA? | VO? | AO? + cerebrovascular disease. *, **Represented P < 0.05, 0.0 respectively, and were regarded as
significant differences.

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; SMI, appendicular skeletal muscle index (appendicular skeletal muscle/height?); LMI, lean
mass index (lean mass/heightz); VFA, visceral fat area; VO, visceral obesity (defined as VFA 2 100 cmz); AO, abdominal obesity (defined as WC 2 90 cm in male; and WC 2
85 cm in female).
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Figure 2 The interactions of gender and body compositions on cognitive function. There were interactions between gender and BMI (A), SMI (B), LMI (C), abdominal
obesity (D) and visceral obesity (E) on the MoCA score.

Abbreviations: MoCA, Montreal Cognitive Assessment; BMI, body mass index; SMI, appendicular skeletal muscle index (appendicular skeletal muscle/height?); LMI, lean
mass index (lean mass/heightz), abdominal obesity: defined as WC 2 90 cm in male, and WC 2= 85 cm in female, visceral obesity: defined as VFA = 100 cm?

cognitive function.”® Another study also reported that lean body mass was positively correlated with cognitive perfor-
mance in older Canadian men.?’ Since the univariate analysis suggested that neither BMD nor level of body water was
significantly associated with CI and SMI was an independent protective factor of cognitive function (measured by
MoCA), it can be speculated that the correlation between LMI and cognitive ability may be mainly driven by muscle. In
fact, skeletal muscle has not only a motor function but it is also an endocrine organ. Previous studies have shown that
various myokines produced by skeletal muscle during contraction might affect the function of brain. Moon found that
exercise increased the expression level of the myokine cathepsin B in mice. Cathepsin B crossing the blood—brain barrier
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promoted neuronal production by enhancing the expression of brain-derived neurotrophic factor.>® On the other hand,
brain-derived neurotrophic factor can also protect cognitive ability by exerting its anti-inflammatory effects.>' Moreover,
the upregulation of PGCla in skeletal muscle cells after exercise has been shown to reduce neurotoxic kynurenine entry
into the brain, thereby protecting individuals from stress-induced brain damage.** Thus, working muscles exert beneficial
effects on the brain in several ways. Our study also showed that the association between body composition and cognitive
status in men was mainly dependent on SMI and LMI rather than fat mass. A previous study yielded similar results,
showing that reduced LM, but not fat mass, was related to brain atrophy involved in cognitive deficits in early
Alzheimer’s Disease patients.*® This may indicate that LM is a more sensitive body composition parameter than fat
mass in predicting cognitive function. In addition, Abellan found that fat mass was relevant to moderate or severe CI but
not mild CL.** In summary, different stages of cognitive decline seem to involve different changes in body composition,
with early cognitive deficits often associated with muscle mass and LM, while middle and late cognitive deficits are more
closely associated with fat mass.

Unlike men, we found that AO and VO were risk factors for CI in middle-aged female T2DM inpatients. Many
studies have demonstrated the positive relationship between central obesity and CI risk. Waist circumference is related to
cognitive decline and dementia risk in subjects with T2DM in a large longitudinal study with a mean follow-up of 5
years.>> Evidence from meta-analyses has also shown that AO, defined by waist circumference, is a risk factor for CI.*®
An epidemiological study in Singapore involving 8769 general community members showed that VO independently
predicted cognitive decline, and the results of Mendelian randomization analysis supported the causal association.”
Existing research evidence shows that VO may affect cognitive performance through the following pathways. First,
elevated visceral adiposity tissue can significantly reduce insulin sensitivity of T2DM patients.*® Insulin has an important
impact on regulating neurometabolism and triggering glucose uptake in the hippocampus and medial temporal lobe;
therefore, hippocampal insulin resistance impairs memory processing and learning.*° A low-grade systemic inflammatory
state in patients with central obesity, characterized by increasing inflammatory markers (interleukin-6, C-reactive protein
and so on), may be another reason.*” These inflammatory factors lead to hypoperfusion and hypoxia in the brain by
gradually promoting stiffening of cerebral vessels, which ultimately cause deterioration of cognitive function.*' Finally,
excess visceral fat affects circulating fatty acid levels and adipocytokines of human body. Dysregulated fatty acids and
adipocytokines crossing the blood-brain barrier could disrupt brain cell signaling, synaptic plasticity and memory
homeostasis.**

In addition, the interaction analysis suggested moderating effects of gender on the association between body
composition and cognitive function in middle-aged inpatients with T2DM. BMI, LMI and SMI were positively correlated
with cognitive scores in men, but not in women. Unlike men, AO and VO were associated with lower cognitive scores in
women. We analyzed that this may be caused in part by inconsistent changes in body composition with increasing age in
the two sexes. Although men have more muscle mass than women, men’s skeletal muscle begins to decline steadily after
the age of 30. However, skeletal muscle mass of women increases slowly until the age of 40 years, then remains largely
unchanged, and then slowly declines after the age of 60 years.*® Thus, the apparent decrease in total body muscle mass in
men compared with women may highlight its protective role in cognitive function. On the other hand, most women in
this study experienced a significant decline in estrogen levels after menopause (89.3% of women over 50 years old), and
because estradiol can mitigate the negative effects of visceral fat on cognition,** the significantly reduced estrogen in
women may lose its protective effect on cognitive function. Therefore, the adverse effect of VO on cognition in women
appears.

Our univariate analysis showed that there was no statistical difference in insulin resistance (IR) between middle-aged
T2DM patients in the CI and NCF groups. This negative result may seem surprising, given that IR in midlife has been
linked to decreased cognitive performance.**® One caveat, however, is that these studies involved people without
diabetes. On the other hand, evidence from a large cross-sectional study showed that IR index was not associated with
cognitive function in late-midlife type 2 diabetes.*” Therefore, we hypothesized that the relationship between peripheral
IR and cognitive performance might differ depending on the presence of diabetes. This has been supported by another
study in which higher HOMA levels were associated with worse cognitive performance in people without diabetes but
not in people with diabetes.*® Such inconsistent results may be due to the fact that peripheral and central insulin changes
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are not synchronized in patients with diabetes, because it has been proven that with the increase of IR, the amount of
insulin crossing the blood—brain barrier into the brain is reduced.*’ In addition, HOMA-IR is not the gold standard for
assessing IR, so the IR estimated by HOMA-IR has potential inaccuracy, which may also be one of the reasons for the
inconsistent results.

Given that most of the previous studies have focused on older or relatively healthy younger adults, one of the
strengths of this study is that it addresses the gap in middle-aged patients with T2DM. In addition, BIA was used to
obtain detailed and comprehensive body composition data, including body fat, visceral fat, muscle mass, lean mass, bone
mineral density, water content and so on. Nonetheless, this study has some limitations. First, it was a cross-sectional
study. Due to the restriction of the research design, a causal relationship between CI and the identified factors could not
be established. Second, although we adjusted for some traditional demographic and health-related characteristics, we
failed to adjust for other unmeasured potential confounding factors, such as f-Amyloid, hyper-phosphorylated Tau,
apolipoprotein €4 gene genotype and depression. Third, it should be noted that our study population was middle-aged
hospitalized patients with T2DM who had high overall blood glucose levels and a mean HbAlc level of 9.05%.
Therefore, our results may not be generalizable to all middle-aged persons with T2DM, including those with good
glycemic control. Finally, due to the limitations of experimental data, we were unable to determine the specific
mechanism of the correlation between certain body composition and cognition, so more in-depth studies are required
for more evidence.

In conclusion, we discovered that body composition affecting cognitive ability in middle-aged people with T2DM
differed by gender after adjustments. BMI and LMI were independent protective factors for CI in men, while AO and VO
were independent risk factors for CI in women. Also, higher LMI in men was associated with better cognitive
performance in the MoCA. These results suggest that there may be different mechanisms underlying the relationship
of lean mass and abdominal obesity with cognitive performance between middle-aged male and female inpatients with
T2DM. Our findings also contribute to a deeper understanding of the potential determinants of CI in middle-aged type 2
diabetic inpatients, which may facilitate the design of appropriate intervention programs. Despite this, more large
prospective studies looking at cognition and changes in body composition over time are needed in the future to further
support their association.
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