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Abstract
Background & Aims

The protective effect of onion against thyroid hypofunction has been reported in animal studies. However,
in humans, the association between onion consumption and subclinical hypothyroidism are unclear. The
study sought to explore the association between habitual onion intake and subclinical hypothyroidism
among adult population from an iodine-replete area.

Objective

We aimed to investigate the relationship between dietary onion intake and subclinical hypothyroidism in
Chinese population

Methods

A cross-sectional study (6,515 men and 5,290 women) was performed in Tianjin, China. Frequency of
onion consumption was assessed using a valid self-administered food frequency questionnaire. Serum
free triiodothyronine (FT3), free thyroxine (FT4), and thyroid-stimulating hormone (TSH) were determined
by chemiluminescence immunoassay. Subclinical hypothyroidism was diagnosed with TSH >4.78 IU/mL.
Multiple logistic regression was used to evaluate the association of onion intake with subclinical
hypothyroidism.

Results

The prevalence of subclinical hypothyroidism was 2.56% in men and 7.18% in women, respectively. In
women, the fully adjusted odds ratios [95% con�dence interval (CI)] of having subclinical hypothyroidism
across increasing frequency of onion intake were 1.00 (reference) for <1 time/week, 0.99 (0.74-1.34) for
1-3 times/week, 0.73 (0.53-1.01) for 4-6 times/week, and 0.66 (0.46-0.95) for ≥7times/week (P for trend
<0.01). However, we observed no signi�cant association between onion intake and subclinical
hypothyroidism in men. Strati�ed analyses suggested a potential effect modi�cation by age; the odds
ratios (95% CI) across extreme quartiles was 0.43 (0.20, 0.87) in <40 women and 1.05 (0.49, 2.28) in >60
women.

Conclusions

Frequent consumption of onion is inversely associated with subclinical hypothyroidism in adult women
from an iodine-replete area. Further studies are needed to explore the casual relationship.

Introduction
Subclinical hypothyroidism (SCH) is a relatively common endocrine disorder refers to thyroid hormone
de�ciency. Studies have reported the prevalence of hypothyroidism was between 4% and 10%, and that of
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SCH was up to 10%, depending on the de�nition used1, 2. Hypothyroidism could interfere with daily life,
such as dry skin, cold sensitivity, constipation, fatigue and muscle cramp, this condition also could cause
some chronic diseases like heart attack, cancer, even death 3. SCH can be seen as a mild form of thyroid
failure, however, the risk of progression of SCH to overt hypothyroidism is approximately 2 to 6% per
year4. Thus, SCH has become a public health problem, which deserves our high attention.

Worldwide, overt hypothyroidism is most commonly caused by environmental iodine de�ciency; however,
in iodine-replete regions, chronic autoimmune thyroiditis is the most common cause of thyroid
hypofunction 5. Although the exact mechanisms underlying autoimmune thyroiditis are unknown, studies
have suggested that there is a multifactorial aetiology involving both genetic, environmental and
nutritional factors 6. Nutritional factors that affect thyroid function include the micronutrients iodine, iron,
and selenium (Se) 7. These micronutrients are mainly sourced and supplemented from daily dietary
intake. Daily diet is crucial in the development and prevention of thyroid disease 8, 9.

Onions (Alliumcepa) belong to the family Liliaceae and are widely used in many households as spices,
especially in Greeks, Egyptians, Indians and Chinese 10. Nowadays, onion has been widely recommended
for the prevention and treatment of many diseases because it is rich in organosulfur compounds and
�avanols 11, which have multiple bene�cial effects, including cholesterol-lowering action and antioxidant
and radical scavenging effects 12. Sallylcysteine (SAC), one of organosulfur compounds as an
antioxidant, not only can improve serum T3 and T4 back to its normal levels 13, but also can stimulate
the increase of insulin secretion, thereby stimulating hepatic T4/T3 conversion and to improve the
synthetic capacity of thyroid cells 14. In addition, �avonols can inhibit the activities of enzymes
antithyroperoxidase and liver deiodinase as the key enzyme in the biosynthesis of thyroid hormones and
bring about some changes in thyroid functions 15. Onions are also rich in Se, which may contribute to
their regulatory effect on the thyroid 10. Studies showed that Se could positively modulate the endocrine-
immune system interface in autoimmune thyroid disease by disrupting self-amplifying cycles of
hydrogen peroxide generation, in�ammatory cytokine release and autoantibody production 16. Therefore,
we speculated that daily consumption of onion might have a bene�cial effect on the prevention of SCH
due to its hormone regulation capacity as well as its anti-in�ammatory and antioxidant effects.

To date, few studies have assessed the relationship between consumption of onion and SCH in adults.
Therefore, we designed a cross-sectional study to explore whether consumption of onion is related to
SCH in a large-scale adult population.

Materials And Methods
Participants

The present study is a cross-sectional analysis of baseline data from the Tianjin Chronic Low-grade
Systemic In�ammation and Health (TCLSIH) dataset, which is a large prospective dynamic cohort study
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evaluating the association between in�ammation and chronic diseases among general Chinese adults
living in Tianjin, China. Participants in this study had received health examinations and had completed
questionnaire survey to assess diet and lifestyle factors. The survey response rate is above 93.7%. The
TCLSIH study design has been described in detail previously 17. Exclusion criteria for participants in this
study were as the followings: (1) a history of thyroid disease; (2) subclinical or overt hyperthyroidism
(serum TSH <0.55mIU/L with elevated FT4); (3) overt hypothyroidism (serum TSH >4.78mIU/L with low
FT4); (4) a clear history of cardiovascular disease (CVD) or cancer; (5) insu�cient data. After these
exclusions, a total of 11,805 participants (mean [standard deviation] age: 45.2 [11.3] years; men, 55.2%)
were included in the current analysis. The �ow chart of study participants is given in Figure1. The
protocol of this study was approved by the Institutional Review Board of the Tianjin Medical University
and participants gave written informed consent prior to participate in the study.

Assessment of dietary intake

Dietary intake was assessed using a 100-item Food Frequency Questionnaire (FFQ). The FFQ assessed
consumption frequency and portion sizes of various foods over the past month by checking one of 7
frequency categories ranging from ‘almost never’ to ‘≥2 times/day’ for foods and 8 frequency categories
ranging from ‘almost never’ to ‘≥4 times/day’ for beverages (including soft drinks). The speci�c amount
of food in the table was described by natural portions or standard weight and volume measures of the
servings commonly consumed in this study population 18. The mean daily consumption of nutrients was
calculated using an ad hoc computer program developed for the analysis of questionnaires, and the
Chinese food composition table was used as a nutrient database 19. The FFQ has been shown to be valid
and reproducible as described in detail previously 17. The Spearman correlation coe�cients between FFQ
and 4-day weighed dietary records (WDRs) were 0.66 for onion consumption, 0.49 for energy intake, and
0.35-0.54 for nutrients (n-3 fatty acid, fat, and carbohydrate). Spearman's rank correlation coe�cients
between two FFQs (collected approximately 3 months apart in a random sample of 150 participants)
were 0.68 for energy intake, 0.62-0.79 for food items (fruits, vegetables, sweet foods, and beverages), and
0.72 for onion.

Factor analysis with principal component based on the original 99 foods/food groups listed in the FFQ
(onion and garlic were excluded in the calculation) was used to derive dietary patterns and to determine
factor loadings for each food item (gram). Varimax rotation was applied to enhance interpretability. Three
factors (sweet pattern, healthy pattern, and animal food pattern) were identi�ed through combining
criteria of the eigenvalues (greater than 1.0), scree plot test, and interpretability 20.

Participants reported their frequency of onions consumption over the previous month by selecting the
following options: almost never, <1 time/week, 1 time/week, 2-3 times/week, 4-6 times/week, 1 time/day,
and ≥2 times/day. Based on the frequency distribution of responses, we summarized the categories of
onions in quantile in the following way: <1 time/week, 1-3 times/week, 4-6 times/week, and ≥7
times/week.
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De�nition of SCH

Fasting blood samples were taken by venipuncture of the cubital vein in the morning after an 8 to 12 hour
overnight fast. Chemiluminescence immunoassay was used to measure serum FT3, FT4, and TSH levels,
using the ADVIA Centaur FT3, FT4, and TSH3-Ultra analyzer (Siemens Healthcare Diagnostics, New York,
NY). The ranges of measurement for FT3, FT4, and TSH were 0.3-30.8 pmol/L, 1.3-155 pmol/L, and
0.001-150 mIU/L, respectively. Based on the previous reports and national guidelines 3, 21, euthyroidism
was de�ned with TSH values of between 0.55-4.78 mIU/L and FT4 between 11.5-22.7 pmol/L. SCH was
diagnosed with TSH >4.78 IU/ml and normal FT4 levels; and clinical hypothyroidism was considered
when there were high TSH and low FT4 values (<11.50 pmol/L).

Assessment of other variables

The anthropometric measurements (including body height, body weight, and waist circumference (WC))
were measured by well-trained investigators using a standard protocol, and the body mass index (BMI)
was computed as the body weight divided by body height squared (kg/m2). Levels of fasting blood
glucose (FBG) were measured by glucose oxidase method. As for lipids, triglycerides (TG) and total
cholesterol (TC) were measured by enzymatic methods. Low-density lipoprotein (LDL) was measured by
the polyvinyl sulfuric acid precipitation method, and high-density lipoprotein (HDL) was measured by the
chemical precipitation method using appropriate kits on a Cobas 8000 analyzer (Roche, Mannheim,
Germany). Blood pressure (BP) was measured twice from the upper right arm using an automatic device
(Andon, Tianjin, China) after 5 min of rest in a seated position. Hypertension was de�ned as systolic
blood pressure (SBP) of 140 mmHg and/or diastolic blood pressure (DBP) of ≥90 mmHg or having
history of hypertension.. Physical activity (PA) in the most recent week was assessed using the short
form of the International Physical Activity Questionnaire (IPAQ) 22, and estimated as metabolic
equivalents in hours per week (MET-hour/week).

Information on age, gender, educational level, employment status, household income, smoking and
alcohol consumption status, lifestyles were obtained from a questionnaire survey. A detailed personal
and family history of physical illness (including CVD, hypertension, hyperlipidemia, and diabetes) and
current medications was noted from “yes” or “no” responses to relevant questions. Depressive symptoms
were evaluated by the Chinese version of the Zung Self-Rating Depression Scale.

Statistical analysis

All statistical analyses were performed using the Statistical Analysis System 9.3 edition for Windows
(SAS Institute Inc., Gary, NC, USA). The log transformation for those non-normal distribution variables
was applied before the statistical analysis. Analysis of covariance for continuous variables and logistic
regression analysis for categorical variables were used to compare participant characteristics among
different categories of onion consumption. The characteristics of the participants were presented as
geometric mean and 95% con�dence interval (CI) for continuous variables, or as percentage for
categorical variables. Multiple logistic regression models were used to assess the association between
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onion intake and SCH. The odds ratio (OR) and the corresponding 95% CI were calculated using the <1
time/week group as the reference. In model 2, we adjusted for age and BMI. In model 3, we additionally
adjusted for smoking status, drinking status, educational level, working status, household income, PA,
family history of disease, personal history of disease, total energy intake and three major dietary patterns
(garlic and onion were not included in the calculation). In a �nal model, we further adjusted for all
variables in model 3 and total garlic intake. Strati�ed analyses were performed to explore whether the
association between onion consumption and prevalence of SCH differ by age (<40, 40-60, >60 years).

Furthermore, the multiple logistic regression models were used to examine the relationship between
quantile of onion consumption and SCH with adjustment for the main covariates: age (<40, 40-60, >60
years), sex (men or women), BMI (<24.0 or ≥24.0 kg/m2), smoking status (current, former, or never),
alcohol drinking status (everyday drinker, sometime drinker, ex-drinker, or non-drinker), education level (<
or ≥college graduate), occupation (managers, professionals, or other), household income (≤ or >10,000
Yuan), physical activity (< or ≥23 MET-hour/week), hypertension (yes or no), hyperlipidemia (yes or no),
diabetes (yes or no), and depressive symptoms score (< or ≥45). The interactions between the categories
of onion consumption and SCH in female were tested through the addition of the cross-product terms to
the regression models. All P values for linear trends were calculated by using the categories of onions
consumption (<1 time/week: 1; 1-3 times/week: 2; 4-6 times/week: 3; and ≥7 times/week: 4). All tests
were two-tailed and P <0.05 was de�ned as statistically signi�cant.

Results
In the present study, the prevalence of SCH was 4.6% (547/11,805). The mean age was 45.2 ± 11.3 years,
ranging from 20 to 90 years, and 6515 participants (55.2%) were men. Baseline characteristics of study
participants according to SCH status are shown in Table 1.
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Table 1
Characteristics of participants (n = 11,805).

Characteristics All Men Women

No. of participants 11,805 6,515 5,290

Age (y) 45.2 (45.0, 45.4) a 45.6 (45.4, 45.9) 44.6 (44.3, 45.0)

BMI (kg/m2) 24.9 (24.9, 25.0) 26.1 (26.0, 26.2) 23.5 (23.4, 23.6)

WC (cm) 84.4 (84.2, 84.6) 89.9 (89.7, 90.2) 77.6 (77.3, 77.8)

TC (mmol/L) 4.88 (4.87, 4.90) 4.92 (4.90, 4.94) 4.84 (4.81, 4.86)

TG (mmol/L) 1.51 (1.48, 1.53) 1.79 (1.76, 1.83) 1.15 (1.13, 1.17)

LDL-C (mmol/L) 2.88 (2.87, 2.89) 2.95 (2.93, 2.97) 2.79 (2.77, 2.81)

HDL-C (mmol/L) 1.36 (1.35, 1.37) 1.22 (1.21, 1.22) 1.54 (1.53, 1.55)

FBG (mmol/L) 5.27 (5.25, 5.29) 5.42 (5.39, 5.44) 5.10 (5.08, 5.13)

SBP (mmHg) 122.8 (122.5,
123.1)

126.3 (125.9,
126.7)

118.6 (118.1,
119.0)

DBP (mmHg) 77.9 (77.7, 78.1) 81.5 (81.2, 81.8) 73.5 (73.2, 73.8)

SDS score 36.4 (36.2, 36.5) 36 (35.8, 36.2) 36.8 (36.6, 37.0)

PA (MET× hour/week) 20.8 (20.1, 21.4) 21.8 (20.9, 22.6) 19.5 (18.6, 20.4)

Total energy intake (kcal/day) 2161.4 (2149.0,
2173.8)

2257.2 (2240.5,
2273.9)

2043.3 (2025.2,
2061.5)

Sweet food dietary pattern
score

0.00 (-0.02, 0.02) -0.16 (-0.18, -0.13) 0.20 (0.17, 0.22)

Healthy dietary pattern score 0.00 (-0.02, 0.02) 0.23 (0.20, 0.25) -0.27 (-0.30, 0.25)

Animal food dietary pattern
score

0.00 (-0.02, 0.02) 0.11 (0.08, 0.13) -0.13 (-0.16, -0.11)

Smoking status (%)      

Current smoker 22.2 38.5 1.83

Ex-smoker 6.72 11.5 0.79

Non-smoker 71.1 50.0 97.4

Alcohol drinking status (%)      

Everyday 6.48 11.0 0.74

Sometime 58.2 71.3 42.1
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Characteristics All Men Women

Ex-drinker 8.61 8.62 8.61

Non-drinker 26.7 9.02 48.6

Educational level (≥ college
grade, %)

60.7 64.5 55.9

Occupation (%)      

Managers 39.8 43.4 35.3

Professionals 14.9 16.9 12.4

Other 45.3 39.7 52.3

Household income (≥ 10,000
Yuan, %)

45.6 49.0 41.4

Family history of diseases (%) 30.0 39.8 17.8

CVD 33.6 32.5 35.0

Hypertension 53.4 52.2 54.8

Hyperlipidemia 0.19 0.20 0.19

Diabetes 26.9 25.7 28.5

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; FBG,
fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MET, metabolic equivalent; SDS, Self-Rating Depression Scale; PA, physical activity; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference.

a Geometric mean (95% con�dence interval) (all such values).

Table 2 presents the associations between onion consumption categories and SCH. The crude and
adjusted relationship onion consumption and the prevalence of SCH were presented in Table 2. The crude
ORs (95% CI) of SCH across categories of onion consumption were 1.00 (reference) for < 1 time/week,
0.89 (0.56, 1.45) for 1–3 times/week, 1.13 (0.69, 1.93) for ≥ 4–6 times/week and 1.18 (0.70, 2.05) for ≥ 7
times/week (P for trend = 0.50) in men, 1.00 (reference) for < 1 time/week, 0.87 (0.65, 1.16) for 1–3
times/week, 0.71 (0.52, 0.96) for ≥ 4–6 times/week and 0.66 (0.48, 0.91) for ≥ 7 times/week (P for trend 
< 0.01) in women. In Model 2 we adjusted for age and BMI, in Model 3 further adjusted for
sociodemographic characteristics, lifestyle factors, total energy intake, and the dietary quality (three
major dietary patterns) these associations were not altered. The last model adjusted for total garlic and
did not modify the �ndings. The fully adjusted ORs (95% CIs) for SCH across categories of onion
consumption were 1.00 (reference) for < 1 time/week, 1.16 (0.69, 2.01) for 1–3 times/week, 1.27 (0.75,
2.23) for 4–6 times/week, and 1.16 (0.65, 2.12) for ≥ 7 times/week (P for trend = 0.60) in men, the
corresponding ORs (95% CIs) were 1.00 (reference), 0.99 (0.74, 1.34), 0.73 (0.53, 1.01) and 0.66 (0.46,
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0.95) (P for trend < 0.01) in women. Strati�ed analyses indicated that onion consumption was associated
with SCH in younger women (< 45) but not in elder women (> 60) (Fig. 2).
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Table 2
Associations between frequency of onion consumption and risk of SCH (n = 11,805).

logistic regression
model

Frequency of onion consumption P for
trend a

< 1
time/week

1–3
times/week

4–6
times/week

≥ 
7times/week

No. of men 902 2,132 1,983 1,498  

No. of SCH 21 53 52 41  

Model 1 b 1.00
(reference)

1.07 (0.65,
1.82) c

1.13 (0.69,
1.93)

1.18 (0.70,
2.05)

0.50

Model 2 d 1.00
(reference)

1.16 (0.70,
1.98)

1.27 (0.77,
2.17)

1.26 (0.74,
2.18)

0.38

Model 3 e 1.00
(reference)

1.10 (0.66,
1.89)

1.19 (0.71,
2.06)

1.13 (0.64,
2.03)

0.66

Model 4 f 1.00
(reference)

1.16 (0.69,
2.01)

1.27 (0.75,
2.23)

1.16 (0.65,
2.12)

0.60

No. of women 962 1,691 1,438 1,199  

No. of SCH 85 131 92 72  

Model 1 b 1.00
(reference)

0.87 (0.65,
1.16)

0.71 (0.51,
0.96)

0.66 (0.48,
0.91)

< 0.01

Model 2 d 1.00
(reference)

0.93 (0.68,
1.28)

0.72 (0.52,
0.97)

0.65 (0.46,
0.90)

< 0.01

Model 3 e 1.00
(reference)

0.96 (0.71,
1.29)

0.72 (0.52,
0.99)

0.66 (0.46,
0.94)

< 0.01

Model 4 f 1.00
(reference)

0.99 (0.73,
1.33)

0.72 (0.52,
0.99)

0.65 (0.45,
0.93)

< 0.01

Abbreviation: SCH, subclinical hypothyroidism.  

a Analysis by multiple logistic regression model.  

b Model 1 was unadjusted model.  

c Odds ratio (95% con�dence interval) (all such values).  

d Model 2 was adjusted for age and body mass index.  

e Model 3 was additionally adjusted for smoking status, alcohol drinking status, education level,
occupation, household income, physical activity, family history of diseases (cardiovascular disease
and diabetes), individual history of diseases (hypertension, hyperlipidemia, and diabetes), Self-Rating
Depression Scale score, total energy intake, three main dietary pattern scores (onion and garlic intake
were not included in the calculation).
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logistic regression
model

Frequency of onion consumption P for
trend a

< 1
time/week

1–3
times/week

4–6
times/week

≥ 
7times/week

f Model 4 was additionally adjusted for garlic intake.  

All interactions were not statistically signi�cant (P for interaction > 0.05), no signi�cant interactions
between onion consumption and SCH were observed in the �nal models in female.

Discussion
In this population-based study, we observed that dietary onion intake was signi�cantly associated with a
lower prevalence of SCH among women, but not men. To our knowledge, this was the �rst study to
assess the association between onion consumption and SCH in such a large general population.

We adjusted for multiple potentially confounding factors in our analysis. First, since studies have shown
that thyroid function is related to age 23 and BMI 24, we adjusted for these two variables. After adjustment
for age and BMI, a more obvious signi�cantly relationship between onion consumption and SCH was
observed. Secondly, since studies 8, 25 have shown that sociodemographic factors, lifestyle factors,
nutritional status, and chronic diseases could also in�uence the prevalence of SCH, we made further
adjustments for smoking status, drinking status, educational level, working status, household income, PA,
family history of disease, personal history of disease, three major dietary patterns (removing the onion)
and total energy intake. However, adjustments for these confounding factors did not change the observed
associations. Finally, we have adjusted garlic intake as it contains similar ingredients to onion 10. After
these adjustments, onion consumption has a more obvious correlation with SCH in women.

The present study shows that the prevalence of SCH is 4.63%, which is similar to the previously reported
3%-15% among populations 26. This study also showed that SCH occurs more frequently in women
(2.56% in men and 7.18% in women), it is consistent with previous study 27.

Since sex-speci�c differences were observed in SCH, we analyzed the relationship between onion
consumption and SCH by sex in this study. We found a negative relationship between onion consumption
and SCH in women but not in men. This result may be explained by the regulatory effect of estrogen on
thyroid. Higher estrogen levels were shown to increase thyroid-binding globulin (TBG) levels, which could
bind to circulating thyroid hormones, and subsequently decrease FT3 and FT4 concentrations 28.
However, that extracts from onions can in�uence aromatase production and enhance the estrogen steroid
synthesis29. Further study is needed to determine the molecular mechanisms responsible.

It is worth noting that negatively relationship between raw onion consumption and hypothyroidism in
younger individuals, but not in elderly (see Fig. 2). This phenomenon may be due to thyroid gland would
undergo important functional changes during aging, the clinical course of thyroid diseases in elderly
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people differs from that observed in younger subjects. Studies have shown that TSH secretion in
response to thyrotropin-releasing hormone (TRH) is reduced in aging individuals, and serum TSH level is
usually lower in older than in young people in response to decreased thyroid hormone concentrations,
suggesting a certain level of insensitivity of thyrotrophic cells in anterior pituitary, occurring with age;
moreover, nocturnal surge of TSH is to various degree lost in the elderly30.

Although the exact mechanisms of onion consumption in decreasing SCH have not been elucidated, the
substances contained in onions may be candidates for this negative relationship. On the one hand,
organosulfur compounds, the major volatile constituent of common onion, has been shown to inhibit
thyroid activity in rats. It is speculated that the consumption of volatile constituents of Allium species
foods (onion, garlic, great-headed garlic, etc.) may contribute to the prevalence of thyroid diseases31. On
the other hand, the trace element Se links onion and thyroid function. Ruz M et al. revealed total thyroid
GPx activity was reduced through feeding rats on diets de�cient in one or more of the trace elements
Se32. Another study indicated that adequate Se is required for effective thyroid hormone synthesis after
iodide supplementation33.

The major strengths of this study are it �rstly assessed the relationship between onion consumption and
SCH in a large-scale adult population from an iodine-replete area. Furthermore, we controlled for various
potential confounders. Nonetheless, several biases and limitations should be considering in the present
study. Firstly, a causal relationship cannot be determined since it is cross-sectional design. Secondly,
although we adjusted for some potential confounding factors, there are still many unknown factors,
which could in�uence relationship between onion consumption and SCH. Thirdly, data on the cooking
methods of onion were not available in this study. Thus, the probable unknown effects of different
cooking and processing methods on onion. Finally, since the study results only represent the study region,
it is possible that our results cannot be generalized to other populations.

Conclusion
In conclusion, the higher intake of onion was associated with a decreased prevalence SCH based on a
large-scale adult population in women, but not men. Further prospective studies or clinical trials are
needed to con�rm the causality of the associations.

Abbreviations
FT3, Serum free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; SCH, subclinical
hypothyroidism; Se, selenium; SAC, Sallylcysteine; TCLSIH, Tianjin Chronic Low-grade Systemic
In�ammation and Health; FFQ, Food Frequency Questionnaire; WDRs, weighed dietary records; WC, waist
circumference; BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides; TC, total cholesterol;
LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; BP, blood pressure; DBP,
diastolic blood pressure; SBP, systolic blood pressure; PA, physical activity; IPAQ, International Physical
Activity Questionnaire; CI, con�dence interval; OR, odds ratio.
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Figure 1

Flow diagram of study participant selection
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Figure 2

Association of seaweed consumption with SCH strati�ed by age in female. Multivariable model was
adjusted for age, sex, BMI, smoking status, alcohol drinking status, education level, occupation,
household income, physical activity, family history of disease (including cardiovascular disease,
hypertension, hyperlipidemia, and diabetes), physical activity (continuous: MET-hour/week), SDS score (<
or ≥45), total energy intake, and three main dietary pattern scores.


