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Background and Objective: Insomnia has various adverse effects on middle-aged and older adults. Improving insomnia by
adjusting diet has attracted attention. This study investigated the relationship between soy product intake and insomnia in middle-
aged and older adults and explored the role of inflammatory factors.

Methods: The study included 877 middle-aged and older adults aged >45 years which from general patients who made an
appointment or were admitted to the cardiology department at Wenling Hospital in Taizhou City. The proportion of female participants
is 35.01%. Soy product intake was assessed using the Food Frequency Questionnaire (FFQ), sleep was quantified using the Insomnia
Severity Index (ISI). The median (IQR) of soy product intake is <1 time per week (<1 time per week, 2—6 times per week) and the
mean/SD value of insomnia score is 5.43/5.13.

Results: In Chinese middle-aged and older adults, soy product intake was negatively correlated with insomnia (|rjs > 0.117, ps <
0.001), C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a)) and triglyceride (TG) levels (adjusted B: —0.139, 95% CI:
—0.265 to —0.012; B: —0.049, 95% CI: —0.091 to —0.006; B: —0.043, 95% CI: —0.085 to —0, respectively). There was no significant
correlation between soy product intake and White Blood Cell (WBC), Absolute Neutrophil Count (GRAM), Platelet Count (PLT),
Interleukin-1f (IL-1p), Interleukin-2 (IL-2), Interleukin-6 (IL-6), Hemoglobin (Hb), Red Blood Cell (RBC), Low-Density Lipoprotein
Cholesterol (LDL-C), High-Density Lipoprotein Cholesterol (HDL-C) and Total Cholesterol (TC) levels.

Conclusion: Lower levels of soy product intake are associated with higher rates of insomnia in the middle-aged and older adults.
Additionally, soy product intake is negatively correlated with peripheral blood CRP, TNF-a and TG levels. This study provides a new
clinical perspective for middle-aged and older adults to enhance sleep through a balanced diet, wherein the inflammation and lipid may
play a potentially crucial role.
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Introduction

Sleep disorder represents a significant global public health concern, profoundly impacting overall health." According to
WHO data, the global prevalence of sleep disorders is as high as 27%. Investigations in China indicate over 300 million
Chinese adults report having sleep disorders of some sort, with insomnia topping the charts with a staggering 38.2%
incidence rate among Chinese people experiencing sleep disorders.” With advancing age, sleep quality typically
declines, rendering sleep complaints prevalent among middle-aged and older adults.* Sleep plays a pivotal role in
numerous physiological processes, including immune function, thermoregulation, cognitive function, and memory

consolidation.” Studies have indicated that sleep disorders can detrimentally affect central nervous system functions,
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leading to cognitive impairment and memory deficits.°® Maintaining good sleep hygiene is particularly crucial for

averting cognitive decline in middle-aged and older adults,”'°

underscoring the imperative to enhance sleep quality for
long-term well-being.

In recent years, there has been growing evidence that dietary habits in particular play a key role in improving sleep.
Studies have shown that a healthy eating pattern characterized by a high intake of vegetables, fish and soy products can
alleviate sleep problems.'"'> Our previous cross-sectional study explored the effects of marine fish diet on sleep
disorders and insomnia in Chinese adults'® and found that marine fish intake can improve multiple dimensions of
sleep disorders and alleviate insomnia symptoms. However, consuming meat or fish to alleviate insomnia may not be an
option for all populations (for example vegetarians).'* The intake of soy products to improve insomnia symptoms has
received widespread attention. Soy products contain natural isoflavones like genistein and daidzein.'> Research has
shown that soy products and soy isoflavones may mitigate the risk of various mental disorders, including sleep
disturbances, Alzheimer’s disease, depression, and anxiety.'® ' For instance, a longitudinal study involving 1492
individuals reported an inverse relationship between soy isoflavone intake and the risk of prolonged sleep duration in
Chinese adults.'® Similarly, a cross-sectional study with 1311 independent older Japanese adults (aged >74 years)
revealed a significant negative correlation between high intake of vegetables, soy products, and fruits and difficulty
initiating sleep.?’ Moreover, supplementation with soy-based infant formulas has been associated with elevated serotonin
and tryptophan levels in plasma and brain, potentially enhancing infant sleep latency and neurobehavioral development.*'
Laboratory studies have also demonstrated that soy isoflavones can mitigate cognitive impairments induced by chronic
sleep deprivation in mice through alleviating oxidative stress and neuroinflammation.’

The mechanism underlying the sleep-enhancing effects of soy products is intricate, yet evidence suggests their
potential efficacy in managing insomnia. Soy isoflavones exert anti-inflammatory, antioxidant, and neuroprotective

32223 with inflammation closely linked to insomnia.?* Notably, sleep-deprived mice exhibit heightened

properties,
inflammation levels compared to their well-rested counterparts.>> Additionally, soy protein has been shown to reduce
serum triglyceride and cholesterol levels,”® with sleep duration exhibiting a U-shaped relationship with serum lipid
levels, implying increased risk of abnormal lipid levels with both short and long sleep durations.*’

While prior research has elucidated the beneficial effects of soy products and soy isoflavones on sleep health,'¢°
limited literature exists regarding the association between soy product intake and insomnia in middle-aged and older
adults. This study aims to: 1) substantiate the independent correlation between soy product intake and insomnia in the
middle-aged and older adults; and 2) investigate the relationship between soy product intake and physiological factors

such as inflammation levels and blood lipid levels in this demographic.

Materials and Methods

Study Design

This study employed a cross-sectional analysis to examine the interplay between dietary patterns, lifestyles, and clinical
conditions in the population of Taizhou City, Zhejiang Province, China. From March 2018 to August 2019, general
patients were recruited from Wenling Hospital, affiliated with Wenzhou Medical University. Participants engaged in face-
to-face interviews with trained investigators and completed a comprehensive questionnaire covering sociodemographic
characteristics, lifestyle factors, medical history, and medication usage. Concurrently, laboratory test results and specia-
lized examinations of the patients were documented.

Participants

As previously mentioned, the participants in this study were derived from an ongoing cohort investigation in Zhejiang
Province, China.?*>° In addition, the original plan for this study was to recruit a total of 3,000 in two phases. The first
phase was to put up posters at Wenling Hospital to recruit 1,500 persons who made appointments and/or visits in the
cardiology department between March 2018 and August 2019. In the end, 1146 general patients who were admitted to the
Department of Cardiology for suspected cardiovascular disease and had other suspected comorbidities such as infection,
tumors, participated in the study. Initially, a total of 1146 general patients residing in Taizhou participated in the study.

1838 ‘s Nature and Science of Sleep 2025:17



Sun et al @
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Figure | Schematic diagram of the participant selection process.

Forty individuals with missing blood samples were excluded, resulting in 1106 general patients being included in the
study. Epidemiological data, including blood biochemistry, anthropometric measurements, sociodemographic particulars,
dietary patterns, and lifestyle characteristics, were collected from these participants. Ultimately, 877 participants were
included in the analysis, with the remaining subjects being excluded. The exclusion criteria comprised: (i) Individuals
younger than forty-five years of age, as defined by the World Health Organization for middle-aged and older adults
(n=43). (ii) Participants who did not complete either the Food Frequency Questionnaire (FFQ) or the Insomnia Severity
Index (ISI) (n=186). Detailed information on participant recruitment is illustrated in Figure 1. This study received
approval from the ethics committee of Wenling Hospital, affiliated with Wenzhou Medical University, and written
informed consent was obtained from all participants prior to data collection.

Clinical and Biochemical Measurements

Participants underwent interviews conducted by professionally trained medical personnel, blood samples, and demo-
graphic data were collected following a standardized protocol.’® Additionally, all biological indicators, including
Interleukin-1p (IL-1p), interleukin-2 (IL-2), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a), were assessed
using ELISA kits (ELX50).

Dietary Assessment

We use the 10-item food frequency questionnaire which include milk, salt, fruits, vegetables, red meat, seafood, eggs, soy
products, nuts and sugar-sweetened beverage to assess dietary intake by investigating the average amount and frequency
of consumption of each food. We selected the most common foods listed in the Chinese National Health and Dietary
Survey’! and adjusted the food groups based on the common local foods obtained from the pilot trial. The questionnaire
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used in this study can better reflect the local dietary habits in different regions of China,****

validity have been validated.*®3*3

and its reliability and

Sleep Quality

We used psychological assessment software purchased by the hospital and obtained from a third party provider, including
the Insomnia Severity Index (ISI) scale which was employed to gauge the sleep quality of the participants. The ISI serves
as a convenient self-report screening tool for insomnia, enabling the quantification of the nature and severity of sleep
disturbances in subjects.'>3® It comprises 7 questions encompassing aspects such as sleep onset, maintenance, early
awakening, sleep satisfaction, and impact on daily functioning (social and emotional). Responses are rated on a Likert
scale ranging from 0 to 4, with total scores ranging from 0 to 28: scores less than or equal to 7 indicating no clinically
significant insomnia, 8 to 14 indicating subthreshold insomnia, 15 to 21 indicating moderate clinical insomnia, and 22 to
28 indicating severe clinical insomnia.>®

Statistical Analysis

The data collected underwent comprehensive analysis using R (version 4.2.2), with statistical significance set at p < 0.05.
Soy product intake was categorized into tertiles (< 1 time per week, 2—6 times per week, > 7 times per week), and the
distribution across different lifestyle and clinical factors was compared. Variables using percentages were reported as the
chi square test between low, moderate and high intake of soy products. Test-statistic are expressed as: X2 value (degrees
of freedom). Other data were reported as Kruskal-Wallis rank-sum test, and comparisons between low, moderate, and
high soy product intakes were expressed as medians/IQR. Test-statistic are expressed as: H value. Moreover, Spearman
correlation coefficients were calculated to explore the relationship between peripheral blood biochemical indexes,
inflammatory factors, insomnia, ISI scores, and soy product intake.

For the multivariate logistic regression analysis, the crude model solely included milk intake as the independent
variable. Model 1 adjusted for gender, age, and BMI, while Model 2 further adjusted for lifestyle factors, including
current smoking, current drinking, seafood intake, and milk intake. Model 3, considered a more comprehensive model,
additionally adjusted for clinical factors such as hypertension, diabetes mellitus (DM), and coronary heart disease (CHD).
These variables are recognized as traditional or potential risk factors associated with insomnia. In each regression model,
adjusted odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were calculated. Furthermore, linear
regression analyses were performed to assess the association between soy product intake and biochemical indicators.

Results

Baseline Characteristics

Tables 1 and 2 present the baseline characteristics of participants categorized by tertiles of soy product intake frequency.
A total of 877 middle-aged and older adults were included in this study. Those with higher frequencies of soy product
intake were more likely to be female (P = 0.019), had higher seafood intake (P < 0.001), and exhibited a lower prevalence
of insomnia (P < 0.001) compared to those with the lowest frequency of soy product intake.

We also analysed baseline information for 877 middle-aged and older participants stratifying by age and gender.
Supplementary Table 1 and Supplementary Table 2 presents that compared with 45—64 years old, participants that >65
years old had lower BMI level (P = 0.003), higher seafood intake (P = 0.009), lower milk intake (P = 0.043), and were
more likely to have comorbid hypertension (P < 0.001) and cardiovascular disease (P < 0.001) and take more

hypertension drugs (P < 0.001). At the same time, participants that >65 years old had higher serum total cholesterol
levels, lower triglyceride and Low-Density Lipoprotein Cholesterol levels, and higher interleukin-6 levels. After dividing
877 participants into two groups according to gender, we found that male is more likely than female to smoke, drink
alcohol, have higher intake of seafood and milk, have an increased risk of cardiovascular disease, and are less prone to
insomnia. At the same time, in addition to the total cholesterol level was significantly lower than that of women, the lipid
level of men was significantly higher than that of women (Supplementary Table 3 and Supplementary Table 4).
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Table | Baseline Characteristics of 877 Chinese Participants by Tertile of Soy Products Intake

Value Soy Products Intake P Value X2 values,
Degrees of Freedom
TI, n=472 T2, n=266 T3, n=139
(21 Time per Week) (2-6 Times per Week) | (=7 Times per Week)
Socio, demographics
Male, % 287 (50.4) 186 (32.6) 97 (17.0) 0.019 7.8846, 2
Age (265), % 257 (53.8) 152 (31.8) 69 (14.4) 0.355 2.0736, 2
BMI (>23.9 kg/m?),% 250 (55.7) 133 (29.6) 66 (14.7) 0.424 1.7181,2
Lifestyle risk factors
Current drink, % 0.865 0.29056, 2
No 393 (54.0) 220 (30.2) 115 (15.8)
Yes 67 (53.6) 36 (28.8) 22 (17.6)
Current smoke, % 0.704 2.17564, 4
No 239 (55.8) 128 (29.9) 61 (14.3)
Quit smoking 131 (524) 75 (30.0) 44 (17.6)
Yes 102 (51.3) 63 (31.7) 34 (17.1)
Seafood intake, % <0.001 56.648, 4
<I| time per week 150 (72.5) 46 (22.2) 11 (5.3)
2-6 times per week 128 (51.8) 89 (36.0) 30 (12.1)
27 times per week 194 (45.9) 131 (31.0) 98 (23.2)
Milk intake, %
<I| time per week 419 (54.8) 225 (29.5) 120 (15.7) 0.346 44272, 4
2-6 times per week 34 (45.3) 26 (34.7) 15 (39.5)
27 times per week 120 (15.7) 15 (20.0) 4 (10.5)
Clinical assessments
Hypertension, % 285 (53.1) 165 (30.7) 87 (16.2) 0.798 0.45246, 2
Diabetes mellitus, % 119 (52.2) 80 (35.1) 29 (12.7) 0.082 5.0097, 2
CHD, % 289 (52.4) 173 (31.3) 90 (16.3) 0.525 1.2891, 2
Medication factors
Anti-hypertensive drugs, % 308 (52.4) 183 (31.1) 97 (16.5) 0.466 1.5267, 2
Hypoglycemic drugs, % 112 (52.6) 75 (35.2) 26 (12.2) 0.098 4.645, 2
Insomnia, % 149 (61.6) 72 (29.8) 21 (8.7) <0.001 14.614, 2
Notes: Variables using percentages were reported as the chi square test between low, moderate and high intake of soy products.
Table 2 Baseline Characteristics of 877 Chinese Participants by Tertile of Soy Products Intake
Value Soy Products Intake P Value | H Values
T, n=472 T2, n=266 T3, n=139
(21 Time per Week) | (2-6 Times per Week) | (27 Times per Week)
Lipid, mmol/L
TG 1.43 (13.6) 1.52 (12.47) 1.37 (9.71) 0.209 3.13
TC 4.34 (4017.79) 4.34 (204.89) 4.45 (5.9) 0.964 0.07
LDL-C 2.96 (4.48) 2.87 (5.55) 2.97 (5.01) 0.756 0.56
HDL-C 1.02 (1.98) 1.00 (1.53) 1.06 (1.6) 0.275 2.58
Inflammatory markers, pg/mL
IL-1B 3.54 (184.892) 4.18 (234.881) 3.47 (279.542) 0.052 591
IL-2 4.65 (277.61) 4.55 (203.4) 4.79 (221.19) 0.373 1.97
IL-6 26.1 (605.47) 26.1 (816.99) 25.6 (492.66) 0.707 0.69
TNFa 25.6 (529.38) 25.1 (1178.52) 24.6 (1187.88) 0.742 0.6
ISI scores 4.00 (28) 4.00 (20) 3.00 (19) 0.0471 6.11

Notes: All data were reported as mean * SD using Kruskal-Wallis rank-sum test and median with IQR.
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Correlation Analyses

Correlation analyses revealed significant negative associations between soy product intake and insomnia (Jrs > 0.117, ps
< 0.001) as well as Insomnia Severity Index (ISI) scores (|r|s > 0.068, ps < 0.05). Additionally, soy product intake was
significantly negatively correlated with C-reactive protein (CRP) levels (jrjs > 0.142, ps < 0.05). Furthermore,
Hemoglobin (Hb) levels were negatively correlated with insomnia (jrjs > 0.198, ps < 0.001) and ISI scores (Jr|s >
0.23, ps <0.001), while Red Blood Cell (RBC) levels showed similar negative correlations with insomnia (Jr|s > 0.167, ps
< 0.001) and ISI scores (Jr|s = 0.205, ps < 0.001). Refer to Figure 2 for detailed findings.

Association Between Soy Products Intake and Insomnia Prevalence or ISI Scores

Table 3 illustrates the relationship between soy product intake and insomnia prevalence. In the crude model, individuals
in the highest tertile of soy product intake (T3) showed a reduced incidence of insomnia compared to those in the lowest
tertile (T1) (OR: 0.386, 95% CI: 0.228-0.626). This association persisted after adjusting for various confounding factors
in Model 1, Model 2, and Model 3. Meanwhile, after further adjusting for all ten food frequency questionnaires in Model
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Figure 2 Correlations among biochemical indicators, insomnia and soy products intake.
Notes: All data were reported as Spearman correlation analysis. *p<0.05, *¥p<0.01, **p<0.001.
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Table 3 Odds Ratios of Insomnia Prevalence and Corresponding 95% Cls According to Tertiles of Soy Products Intake

Soy Products Intake Cases/ Crude Model Model | Model 2 Model 3
Participants OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
Insomnia Tl(ref) 149/472 Reference Reference Reference Reference
T2 721266 0.805(0.575 ~1.119) 0.2 0.865(0.609 ~1.221) 0413 0.937(0.648 ~1.347) 0.726 0.951(0.651 ~1.382) 0.793
T3 217139 0.386(0.228 ~0.626) <0.001 0.421(0.247 ~0.692) <0.01 0.548(0.315 ~0.918) 0.027 0.56(0.32 ~0.943) 0.034
Per tertile change of soy 0.672 (0.54 ~0.83) <0.001 0.705 (0.564 ~0.877) <0.01 0.791(0.624 ~0.996) 0.049 0.798(0.628 ~1.009) 0.062

Notes: Model |: adjusted for age, gender, BMI. Model 2: Model | plus adjustment for lifestyle factors (current smoke, current drink, seafood intake, milk intake). Model 3:
Model 2 plus adjustment for clinical factors (Hypertension, DM, CHD).

2 as covariates, the association between soy product intake and insomnia remained (Supplementary Table 5). Similarly,

the severity of insomnia, assessed through simple and multivariate linear regression (Supplementary Table 6), displayed
a significant negative association with soy product intake in the full model (B: —0.065, 95% CI: —0.099 to —0.03; B:
—0.058, 95% CI: —0.092 to —0.023; B: —0.038, 95% CI: —0.073 to —0.003; B: —0.036, 95% CI: —0.071 to —0.001).

Association Between Soy Product Intake and Biochemical Indicators
Multivariate linear regressions explored the relationship between soy product intake and various biochemical indicators

(Table 4). While no significant association was found between soy product intake and peripheral blood C-reactive protein

Table 4 Associations Between Soy Products Intake and Biochemical Indicators in 877 Chinese Participants

Soy Products Intake Participants Crude Model Model | Model 2 Model 3
B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P

WBC, 10°/L TI n=472

T2 n=266 0.014(-0.015 ~0.042) 0351 0.007(-0.022 ~0.036) 0.641 0.006(~0.023 ~0.035) 0.696 ~0.001(~0.031 ~0.029) 0.947

T3 n=139 0.008(-0.028 ~0.043) 0676 | 0.004(-0.032 ~0.04) 0.807 0.009(~0.028 ~0.046) 0.64 0.004(-0.034 ~0.041) 0.852

Per tertile change of soy 0.012(-0.022 ~0.045) 0497 | 0.006(-0.028 ~0.04) 0714 0.009(~0.025 ~0.044) 0.599 0.002(-0.033 ~0.038) 0.892
GRAM, 10°/L TI n=472

T2 n=266 0.008(-0.023 ~0.039) 0607 | 0.001(-0.031 ~0.033) 0.948 0.002(-0.031 ~0.034) 0918 —0.007(—0.04 ~0.026) 0.691

T3 n=139 0.009(-0.03 ~0.048) 0.66 0.006(~0.034 ~0.045) 0.776 0.017(~0.024 ~0.057) 0424 | 0.011(-0.03 ~0.052) 0595

Per tertile change of soy 0.01(-0.027 ~0.047) 0581 0.005(-0.032 ~0.042) 0793 0.014(-0.025 ~0.052) 0478 0.006(—0.032 ~0.045) 0.749
PLT, 10°/L Tl n=472

T2 n=266 ~0.019(-0.048 ~0.011) 0212 | —0.017(-0.047 ~0.012) 0.254 ~0.021(~0.052 ~0.009) 0.174 | —-0.02(-0.051 ~0.011) 0213

T3 n=139 —0.001(~0.037 ~0.036) 0973 0.002(-0.035 ~0.039) 0904 | —0.002(~0.04 ~0.036) 0912 —0.007(—0.046 ~0.032) 0719

Per tertile change of soy ~0.008(—0.043 ~0.026) 0642 | —0.005(-0.04 ~0.03) 0771 ~0.01(-0.047 ~0.026) 0.58 —0.013(-0.05 ~0.023) 0472
CRP, mg/L Tl n=472

T2 n=266 —0.065(—0.157 ~0.028) 0.171 —0.037(~0.129 ~0.054) 0421 ~0.029(-0.123 ~0.065) 0.547 | —0.044(-0.142 ~0.054) 0378

T3 n=139 —0.11(-0.226 ~0.006) 0062 | —0.128(-0.245 ~-0.011) 0.033 —0.134(-0.258 ~-0.01 1) 0.033 —0.139(—0.265 ~-0.012) 0.032

Per tertile change of soy —0.114(-0.224 ~-0.004) 0.043 —0.117(-0.228 ~-0.006) 0.039 —0.118(-0.235 ~-0.002) 0.047 —0.129(-0.25 ~-0.008) 0.037
IL-1B, pg/mL Tl n=472

T2 n=266 0.026(—0.008 ~0.06) 0.129 | 0.028(-0.006 ~0.062) 0.108 0.025(-0.01 ~0.059) 0.159 0.03(—0.005 ~0.065) 0.094

T3 n=139 ~0.009(—0.05 ~0.033) 0682 | —0.013(-0.055 ~0.029) 0536 ~0.018(-0.061 ~0.025) 0411 —0.025(-0.069 ~0.018) 025

Per tertile change of soy 0.003(-0.036 ~0.043) 0.865 0(-0.04 ~0.04) 0.991 —0.005(—0.046 ~0.036) 0.822 —0.009(—0.05 ~0.032) 0671
IL-2, pg/mL TI n=472

T2 n=266 —0.01(-0.042 ~0.021) 0515 —0.008(—0.04 ~0.023) 0.608 —0.014(-0.047 ~0.018) 0384 | —0.011(-0.044 ~0.022) 0514

T3 n=139 0.001(~0.038 ~0.041) 0943 0.003(-0.037 ~0.042) 0.902 ~0.001(~0.042 ~0.04) 0.956 0(-0.041 ~0.042) 0.982

Per tertile change of soy —0.003(—0.04 ~0.034) 0.866 | —0.001(-0.039 ~0.036) 0942 | —0.007(~0.046 ~0.032) 0.73 —0.004(—0.044 ~0.036) 084
IL-6, pg/mL. Tl n=472

T2 n=266 0.002(-0.03 ~0.034) 0.903 0.006(-0.027 ~0.039) 0741 0.005(~0.029 ~0.039) 0.771 0.001(~0.034 ~0.035) 0.964

T3 n=139 0.018(-0.023 ~0.058) 0392 | 0.019(-0.021 ~0.06) 035 0.017(~0.025 ~0.059) 0417 | 0.012(-0.03 ~0.055) 0573

Per tertile change of soy 0.015(-0.023 ~0.053) 0444 | 0.018(-0.021 ~0.057) 0.366 0.016(~0.024 ~0.056) 0433 0.01(-0.03 ~0.051) 0.621
TNFa, pg/mL TI n=472

T2 n=266 ~0.007(~0.039 ~0.025) 0.669 ~0.008(-0.041 ~0.025) 0.635 ~0.017(-0.051 ~0.016) 0312 ~0.015(-0.049 ~0.019) 039

T3 n=139 ~0.031(-0.071 ~0.01) 0.137 | —0.035(-0.076 ~0.007) o.101 ~0.042(~0.085 ~0) 0.052 ~0.049(-0.091 ~-0.006) 0.026

PER tertile change of soy —0.027(~0.065 ~0.011) 0.161 —0.031(~0.07 ~0.008) 0.121 ~0.041(-0.081 ~0) 0.047 —0.045(—0.085 ~-0.004) 0.03

(Continued)
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Table 4 (Continued).

Soy Products Intake Participants Crude Model Model | Model 2 Model 3
B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P

Hb, g/L TI n=472

T2 n=266 0.04(-0.002 ~0.083) 0.064 0.028(-0.009 ~0.066) 0.142 0.034(-0.005 ~0.073) 0.083 0.035(-0.005 ~0.074) 0.088

T3 n=139 0.027(-0.037 ~0.091) 0.409 0.023(-0.033 ~0.08) 0415 0.033(-0.024 ~0.09) 0.257 0.031(-0.027 ~0.088) 0299

PER tertile change of soy 0.044(-0.012 ~0.1) 0.121 0.034(-0.016 ~0.083) 0.178 0.044(-0.007 ~0.095) 0.092 0.042(-0.01 ~0.094) 0.1l
RBC, 10'%/L Tl n=472

T2 n=266 0.036(-0.003 ~0.076) 0.072 0.027(-0.01 ~0.064) 0.149 0.031(-0.007 ~0.069) 0.105 0.032(-0.007 ~0.071) 0.109

T3 n=139 0.019(-0.041 ~0.079) 0.531 0.017(-0.038 ~0.072) 0.547 0.023(-0.033 ~0.079) 0.412 0.023(-0.034 ~0.079) 0.427

Per tertile change of soy 0.037(-0.016 ~0.089) 0.171 0.029(-0.02 ~0.077) 0242 0.035(-0.015 ~0.085) 0.165 0.035(-0.016 ~0.086) 0.176
LDL-C, mmol/L TI n=472

T2 n=266 —0.011(-0.04 ~0.019) 0472 —0.007(-0.037 ~0.022) 0.628 —0.011(-0.041 ~0.019) 0.482 —0.015(-0.045 ~0.016) 0352

T3 n=139 ~0.001(~0.038 ~0.036) 0.949 0.001(-0.035 ~0.038) 0938 ~0.006(—0.044 ~0.032) 0.767 ~0.009(-0.047 ~0.03) 0.652

Per tertile change of soy —0.005(—0.04 ~0.029) 0.76 —0.002(-0.037 ~0.033) 0919 —0.009(-0.045 ~0.027) 0.624 —0.013(-0.049 ~0.023) 0.487
HDL-C, mmol/L TI n=472

T2 n=266 0(-0.032 ~0.032) 0.998 0.005(-0.027 ~0.037) 0.753 0.006(—0.027 ~0.039) 0.721 0.016(-0.018 ~0.05) 0.354

T3 n=139 0.026(-0.014 ~0.066) 0.201 0.032(-0.007 ~0.072) 0111 0.029(-0.012 ~0.071) 0.168 0.029(-0.013 ~0.071) 0.173

Per tertile change of soy 0.021(-0.017 ~0.058) 0.281 0.028(—0.01 ~0.065) 0.146 0.026(-0.014 ~0.066) 0.199 0.03(-0.01 ~0.069) 0.143
TG, mmol/L TI n=472

T2 n=266 0.012(-0.02 ~0.045) 0.46 0.015(-0.017 ~0.048) 0348 0.014(-0.019 ~0.047) 041 0.011(-0.023 ~0.045) 0511

T3 n=139 —0.03(-0.071 ~0.011) 0.148 —0.033(—0.074 ~0.007) 0.105 —0.034(-0.076 ~0.008) 0.116 —0.043(—0.085 ~0) 0.0496

Per tertile change of soy ~0.019(-0.057 ~0.02) 0339 ~0.02(-0.058 ~0.018) 03 ~0.021(-0.061 ~0.019) 03 ~0.029(-0.07 ~0.011) 0.152
TC, mmol/L TI n=472

T2 n=266 ~0.007(-0.037 ~0.024) 0.676 —0.005(—0.035 ~0.026) 0.766 —0.007(—0.039 ~0.024) 0.644 ~0.009(-0.041 ~0.023) 0.589

T3 n=139 —0.008(-0.046 ~0.031) 0.695 —0.006(-0.044 ~0.033) 0.769 —0.013(-0.053 ~0.026) 0.508 —0.018(-0.058 ~0.022) 0.378

Per tertile change of soy —0.009(-0.045 ~0.027) 0.633 —0.006(-0.043 ~0.03) 0725 —0.014(-0.051 ~0.024) 0.474 —0.018(-0.056 ~0.02) 0.353

Notes: Model |: adjusted for age, gender, BMI. Model 2: Model | plus adjustment for lifestyle factors (current smoke, current drink, seafood intake, milk intake). Model 3:
Model 2 plus adjustment for clinical factors (Hypertension, DM, CHD).

(CRP) levels in the crude model, adjustments for age, gender, BMI (Model 1), lifestyle factors (Model 2), and clinical
factors (Model 3) revealed a significant inverse association. Moreover, no significant association was observed between
soy product intake and peripheral blood tumor necrosis factor-alpha (TNF-a) and triglyceride (TG) levels in the crude
model or Model 1 and Model 2. However, significant inverse associations emerged after adjusting for clinical factors
(Model 3) (B: —0.049, 95% CI: —0.091 to —0.006; B: —0.043, 95% CI: —0.085 to —0).

Discussion

In this cross-sectional study involving 837 middle-aged and older adults, we observed that lower levels of soy intake
were associated with higher rates of insomnia. This association persisted even after adjusting for relevant factors.
Furthermore, soybean intake showed a negative correlation with peripheral blood C-reactive protein (CRP) level,
tumor necrosis factor-alpha (TNF-a) level, and triglyceride (TG) level. Additionally, levels of Hemoglobin (Hb) and
Red Blood Cells (RBC) were significantly negatively correlated with insomnia. These findings suggest a novel clinical
approach for middle-aged and older adults to enhance sleep through dietary planning, with peripheral blood inflammation
and lipid content potentially playing crucial roles in this process.

Our study revealed that higher soy intake was linked to a reduced incidence of insomnia in middle-aged and older
adults. Consistent with our findings, a cross-sectional study of seniors aged > 74 years indicated that dietary patterns rich
in soy products might alleviate insomnia symptoms in older adults.”® Similarly, a clinical study involving 886 middle-
aged and older women aged 45-65 years found that dietary soy replacement therapy could ameliorate menopausal
symptoms, including insomnia, in menopausal women.’’ Animal experiments have also shown promising results,
suggesting that feeding rats soy formula might influence sleep latency and neurobehavioral development.?' Together,
these findings suggest that a higher intake of soy products could positively impact sleep, consistent with our study results.

Currently, the precise mechanism through which soy products ameliorate insomnia remains incompletely elucidated.
Several potential explanations exist. Firstly, soy products are abundant in dietary fiber, known to modulate the intestinal
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microbiota and regulate the host’s biological clock, thereby enhancing sleep quality through pro-inflammatory and anti-
inflammatory reactions in the gut.”M0 Secondly, soy products contain essential amino acids like tryptophan (Trp),*°
a precursor to melatonin involved in regulating inflammatory responses and sleep.*'*** Notably, inflammatory factors
appear to intersect in these pathways. Pro-inflammatory factors have been identified as potential risk factors for
perimenopausal insomnia, while soy isoflavones exhibit anti-inflammatory and neuroprotective effects.”*® Thus, we
investigated the role of inflammatory factors in soybean product-mediated insomnia improvement among middle-aged
and older adults.

Our study revealed that, after adjusting for covariates, soy product intake was significantly inversely associated with
peripheral blood TNF-o and CRP levels. Previous studies have shown that soy isoflavone supplementation reduces
circulating TNF-o levels in older adults,** and a clinical trial demonstrated that a soy isoflavone-rich diet decreases
peripheral CRP concentrations in postmenopausal women.*> Consistent with these findings, experiments in middle-aged
and elderly mice found that soy isoflavones restored dopamine and TNF-a levels in Parkinson’s mice induced by MPTP
(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine).*® Similarly, a study investigating body weight and inflammatory protein
levels in mice showed significantly lower serum CRP levels in mice fed high-isoflavone soy protein concentrate
compared to those fed low-isoflavone soy protein concentrate,*’ aligning with our results.

Without adjusting for age, sex, and BMI, there was no significant correlation between soy product intake and
peripheral blood CRP levels. Likewise, a significant negative correlation between soybean product intake and TNF-a
levels was evident only after adjusting for age, gender, BMI, lifestyle factors, and clinical factors. A cross-sectional study
of 4360 men and 4807 women found a consistent positive association between free estradiol and high CRP in men and
older women of all ages, with free androgens positively correlated with high CRP in women under 50 years of age.*®
Clinical studies have also highlighted significant TNF-a level variations in the peripheral blood of middle-aged and older
adults with diabetes or coronary heart disease.*®*’ Thus, our findings of significant correlations after controlling for
covariates align with existing literature.

Additionally, we observed a significant negative correlation between soy product intake and TG levels in middle-aged
and older adults after adjusting for clinically relevant factors. While previous studies often characterize the soy diet as
high-fat, with documented effects on lowering serum TG and cholesterol levels,”® our study did not find a correlation
between TG levels and insomnia. A cross-sectional study of 4,757 individuals explored the relationship between
insomnia and dyslipidemia, revealing no significant association between insomnia and TG levels; however, TG levels
increased significantly after covariate adjustment.’® This discrepancy may stem from TG’s involvement in regulating
various physiological processes, including glucose and lipid metabolism, blood pressure regulation, and cardiovascular
disease occurrence, potentially influencing the correlation between triglycerides and sleep.”®”' Finally, our study
identified significant negative correlations between hemoglobin levels, RBC counts, ISI scores, and insomnia. A case-
control study similarly observed significant differences in red blood cell levels, hemoglobin, and hematocrit between
patients with chronic insomnia and controls.”> However, further investigation is warranted to elucidate the relationship
between soy product intake, hemoglobin or red blood cell levels, and insomnia in middle-aged and older adults.

In addition, there may be a two-way relationship between soy product intake and insomnia. Sleep deprivation can
cause gut microbiota dysfunction by influencing homeostasis of the microbiota-gut-brain axis.” At the same time, sleep
disturbances can trigger abnormal gastric acid secretion and increased visceral pain sensitivity, which leads to an increase
in the incidence of digestive diseases such as gastroesophageal reflux disease and irritable bowel syndrome.’*
Therefore, good sleep quality is one of the important factors that affect daily diet. The gastrointestinal symptoms caused
by insomnia may reduce the enthusiasm of middle-aged and older adults to consume soy products. Since this study is
a cross-sectional study, the possibility of interaction between soy product intake and insomnia cannot be ignored.

This study presents several strengths. Firstly, we examined the association between soy product intake and insomnia
in middle-aged and older adults. Secondly, we constructed three models to adjust for known and potential risk factors.
Nevertheless, several limitations must be acknowledged. Firstly, our dietary assessment relied on the Food Frequency
Questionnaire (FFQ), which only captured meal frequency and lacked details on specific consumption amounts,
potentially affecting measurement accuracy. Secondly, the use of the ISI scale for insomnia assessment introduces
inherent measurement errors due to its self-rating nature. Thirdly, being a cross-sectional study, causal inferences cannot
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be drawn from our findings. Prospective studies are warranted to further establish the causal relationship between soy
product intake and insomnia in middle-aged and older adults. Fourthly, in future studies, it is necessary to include
physical activity as a covariate to verify the relationship between diet and insomnia in middle-aged and older adults.
Lastly, It is important to also note that participants investigated in this study were all general patients who experienced
some form of heart-related issue and thus scheduled a session with doctors from the Department of Cardiology at
Wenling Hospital.

Conclusion

In middle-aged and older adults, lower intake of soy products is associated with higher rates of insomnia. Additionally,
soy product intake is negatively correlated with peripheral blood CRP level, TNF-a level, and TG level. In future studies,
it would be meaningful to include physical activity as one of the variables to explore the association between soy product
intake and insomnia in middle-aged and older adults. Meanwhile, since this study is a cross-sectional study, further
longitudinal studies in the future are necessary. Our findings suggest a novel clinical approach for middle-aged and older
adults with clinical manifestations of suspected CHD to enhance sleep through dietary planning, with peripheral blood
inflammation and lipid content potentially playing crucial roles in this process.
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