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BACKGROUND: The inverse association between educat ion and obesity was previously found in numerous studies. This study aims 
to assess several possible mediators in the educat ional disparities in adiposity. We hypothesize the potential mediat ing role of 
lifestyle, soc ioeconomic , and mental health factors in the association between educat ion and adiposity. 
METHODS: Cross-sectional populat ion-based sample f rom Czechia inc luded 2,154 25-64 years o ld subjects (54.6% women) . 
Education was classified as high, middle, and low. Adipos i ty was assessed as a latent variable based on body fat percentage, BMI, 
waist c ircumference, and visceral fat. The mediat ion potential of unhealthy dietary behavior, a lcohol intake, smoking, sedentary 
behaviors, income, stress, depress ion, and qual ity of life was assessed in age-adjusted sex-specific mult iple mediat ion models. 
RESULTS: The negative direct effect of educat ion on adiposity was statistically significant at 5 % level of signif icance in both sexes. 
For men, the indirect effect was statistically significant via sedentary behavior (B = 0.041; 9 5 % CI [0.025-0.062]) with a mediat ion 
ratio of 23 .7% . In w o m e n , the indirect effect was statistically significant via dietary risk (B = -0 .023 , 9 5 % CI [-0.037, -0.013]), 
a lcohol intake (B = -0 .006 ; 9 5 % CI [-0.014, -0.001]), sedentary behavior (B = 0.012, 9 5 % CI [0.004,0.023]), income (B = -0 .022 ; 
9 5 % CI [-0.041, -0.004]), and mental health (B = -0 .007 ; 9 5 % CI [-0.019, -0.001]). The total mediat ion ratio in w o m e n was 30 .5% . 
CONCLUSIONS: Sedentary behaviors had mediat ing role in the association between educat ion and adiposity in both sexes, with 
more important role in men. In addi t ion, unhealthy diet and lower income partially mediated the educat ional gradient in adiposity 
in w o m e n . 
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INTRODUCTION 
Cardiovascular diseases persist as the leading cause of death in 
Czechia despite the reduction of cardiovascular mortality in the last 30 
years [1]. On the contrary, the prevalence of cardiometabolic drivers 
such as obesity, prediabetes, and diabetes has neither increased nor 
decreased in the past [1]. Poor cardiometabolic health is associated 
with a lower level of education [2-4], which is also considered to be 
the strongest determinant of cardiovascular mortality in the Czech 
population [5]. Previous study [2] including 7081 Czech participants 
aged 45-69 years, described the strong association between a low 
level of education and obesity in both sexes. The negative association 
between socioeconomic position and prevalence of obesity was 
found in several high-income countries [6]. Education level per se is 
not likely to be directly related to the risk of obesity. For this reason, it 
is necessary to focus on factors on potential causal pathway linking 
educational disadvantage with increased risk of obesity. Lower 
educational levels have been shown to be associated with poor 
lifestyle [7, 8], socioeconomic disadvantage [9], and mental health 
problems [10], which were in turn all shown to be risk factors for 
increased adiposity [8, 11-13]. Moreover, there are previously 
described sex differences that must be considered. Women have a 

physiologically higher percentage of body fat than men and tend to 
have lower education and income. On the contrary, men are more 
likely to be obese than women [14]. Women and men also differ in 
their diets, cravings, and adherence to dietary recommendations [15]. 
Based on previous evidence, we aim to investigate the educational 
disparities in adiposity and the role of potential mediators in these 
educational disparities in large community sample of middle-aged 
men and women from Brno region in the Czech Republic. 
Furthermore, we want to investigate whether the role of identified 
mediators may differ between men and women. We hypothesize the 
potential mediating role of lifestyle factors, socioeconomic character
istics, and mental health factors in the association between education 
and increased adiposity. We further hypothesize that women may 
have wider variety of mediators influencing the association between 
education and adiposity when compared to men. 

METHODS 
Design and population 
Data f r om the Kard iov ize study [16] were used . The Kardiov ize s tudy is an 
ep idemio log i ca l study inc lud ing a r a n d o m sample of adul t residents of the 
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city of Brno, the second-largest city in Czech ia , w i th 373,327 residents. 
Survey sampl ing was d o n e in January 2013 wi th technica l assistance f rom 
the heal th insurance compan ies . A r andom age and sex-stratified sample 
of 2154 m e n and w o m e n has been enro l led in the study. N o in format ion 
on non-respondents was avai lable due to conf ident ia l i ty restrictions. 

Data collection 
ln-person health interviews were per formed by tra ined nurses and 
physicians at the International Clinical Research Center of the St Anne's 
University Hospital in Brno. The quest ionnaire inc luded demograph ics , 
soc ioeconomic characteristics, cardiovascular risk behaviors, smok ing status, 
medical history, and menta l health [16]. The anthropometr i c assessment 
inc luded he ight and we ight measurements using a medica l digital scale 
with a meterst ick (SECA 799®; SECA, G m b H and Co. KG, Germany) and 
manual tape measurement of the waist c i rcumference. Weight and b o d y 
compos i t ion analyses were per formed using a scale wi th bioelectrical 
impedance analysis capabil it ies (InBody 370; BIOSPACE Co., Ltd., Korea). 

Measures 
Predictor and outcome 
Education: Educat iona l a t ta inment was classif ied into three groups : 
" h igh " , i nc lud ing subjects w i th h igher professional or university educa t ion ; 
"m idd le " , de f ined as h igh school educa t ion ; and " low" , de f ined as 
e lementary or vocat iona l educa t ion w i thou t a f inal g radua t ion exam. 

Adiposity: The latent var iable ad ipos i ty was const ruc ted based on four 
main avai lable ad ipos i ty b iomarkers - b o d y fat percentage, b o d y mass 
index, waist c i r cumference , and visceral fat. Al l ad ipos i ty b iomarkers were 
assessed as con t inuous variables. The adequacy of the un id imens iona l 
latent factor was con f i rmed by CFA analysis. 

Potential mediators 
Dietary risk: Dietary risk patterns were assessed us ing a dietary risk 
score der i ved f r om the 43-item Food Frequency Quest ionna i re . Part ic i 
pants were asked to indicate the f r equency of c o n s u m p t i o n of specif ic 
food g roups in the past week on a scale inc lud ing 10 op t ions f rom "a lmost 
never" to "six or more t imes a day". In tota l , six specif ic risky d ietary 
patterns were ident i f ied based on the G loba l Burden of Disease [17] 
m e t h o d o l o g y (Table 1), and their presence was assessed. Then , risky 
dietary patterns were s u m m e d , and the total dietary risk score ranged f rom 
0 to 6 po ints . 

A lcohol intake: A lcoho l intake was evaluated as the total amount of 
ethanol in grams consumed dur ing the week before data col lect ion. The data 
were obta ined f rom a 7-day alcohol consumpt ion recall, where participant 
reported a lcohol beverages consumed in 7 days before the visit [18]. 

Smoking: Smoking status was assessed by series of quest ions in the 
questionnaire, and categorized as current smokers, ex-smokers, and non-
smokers. We def ined current smoker as smoking either daily or less than daily, 

ex-smoker as having stopped smoking at least a year prior the interview, and 
non-smoker as having smoked fewer than 100 cigarettes in a lifetime. 

Sedentary behaviors: Sedentary behaviors were assessed us ing an 
i tem asking part ic ipants to report their total sedentary t ime in minutes per 
week, ob ta ined f r om the long vers ion of the International Quest ionna i re of 
Physical Act iv i ty [19]. 

Income: The equ iva l i zed househo ld i n come was ca lcu lated as a ratio of 
total househo ld i n come and equ iva lent size. Househo ld i n come was 
col lected us ing categor ies de f ined by i n come ranges, and appropr ia te mid-
value was then used in this ca lcu la t ion . The equ iva lent size is ca lcu lated by 
attr ibut ing a we igh t t o all m e m b e r s of househo ld in fo l l ow ing way:1.0 for 
the first person and 0.5 for each subsequent person in the househo ld . The 
equiva lent size is the sum of the we ights of all the membe r s of a g i ven 
househo ld [20]. 

Stress: The stress was assessed us ing The C o h e n Perce ived Stress 
Quest ionna i re [21] (PSS). Part ic ipants rated 10 quest ions abou t the 
previous 4 weeks (e.g., " H o w often have y o u felt that you are unable t o 
control impor tan t th ings in your life?") on a f ive-point Likert-type scale 
ranging f rom never (0) t o very of ten [4], Thus, the overal l PSS score ranged 
be tween 0 ( low stress) and 40 (high stress). 

Depression: Depress ive s y m p t o m s were measured by the Pat ient 
Health Quest ionna i re [22] (PHQ-9). Part ic ipants rated 9 i tems (e.g., "I feel 
d o w n , depressed , hopeless.") on a four-point Likert-type scale rang ing 
f rom never (0) to most of the t ime [3]. PHQ-9 thus ranged be tween 0 (no 
depressive symptoms) t o 27 (high score of depress ive symptoms) . 

Quality of life: Self-assessed qual i ty of life was eva luated based on the 
quest ion "In genera l , h o w w o u l d y o u rate your qual i ty of life as a who le? " 
Part ic ipants answered on a scale rang ing f rom 0 (very bad) t o 100 
(excellent). 

Data analysis 
Data analyses were pe r fo rmed us ing STATA [23] software (version 16.0, 
StataCorp, Co l lege Stat ion, TX, USA) and MPIus 8.6 [24]. All analyses were 
per formed separately for bo th sexes to capture sex-specific re lat ionships 
be tween variables. Con t inuous variables were descr ibed us ing means , and 
categorical var iables were descr ibed us ing f requenc ies . Di f ferences in 
levels of ad ipos i ty b iomarkers and potent ia l media tors by educa t ion levels 
were assessed by One-way A N O V A or Chi-Square test. Bivariate cor re la 
t ions be tween mediators were es t imated to evaluate potent ia l col l inear i ty 
(Supplementary Table 1). As the menta l hea l th media tors were strongly 
intercorre lated, the latent var iable of menta l hea l th was cons t ruc ted . The 
o u t c o m e latent var iable of ad ipos i ty was const ruc ted us ing con t inuous 
variables of b o d y fat percentage , b o d y mass index, waist c i rcumference , 
and visceral fat as indices (Supplementary F ig. 1). Then , a s imple med ia t ion 
analysis was pe r fo rmed , where each potent ia l med ia to r was tested 
separately in a m o d e l w i th educa t ion as a pred ic tor and ad ipos i ty as the 
ou t come . Tota l , direct , and indirect effects were ca lcu la ted . Next , a mul t ip le 

Table 1. De f i n i t i on o f d i e t a r y r isky score i tems. 

D iet l o w in frui t M e a n da i l y c o n s u m p t i o n o f fruits (fresh, f r ozen , c o o k e d , c a n n e d , o r d r i ed fruits , e x c l u d i n g 
f ru i t ju i ces a n d sa l ted o r p i ck l ed fruits) 

Less t h a n 250 g per 
d a y 

Diet l o w in vege tab l es M e a n da i l y c o n s u m p t i o n o f vege tab les (fresh, f r ozen , c o o k e d , c a n n e d , o r d r i ed vege tab les , 
e x c l u d i n g l e g u m e s a n d sa l ted o r p i ck l ed vege tab les , ju i ces , nuts , seeds, a n d starchy 
vege tab l es such as po ta toes o r corn) 

Less t h a n 360 g per 
d a y 

Diet h i g h in red m e a t M e a n da i l y c o n s u m p t i o n o f red m e a t (beef, pork , l amb , a n d goa t , b u t e x c l u d i n g poul t ry , 
f i sh , e g g s , a n d all p rocessed meats) 

M o r e t h a n 23 g pe r 
d a y 

Diet h i g h in p rocessed 
mea t 

M e a n da i l y c o n s u m p t i o n o f mea t p rese r ved by s m o k i n g , c u r i n g , sa l t ing , o r a d d i t i o n 
o f c h e m i c a l preservat ives . 

M o r e t h a n 2 g per 
d a y 

Diet l ow in nuts a n d seeds M e a n da i l y c o n s u m p t i o n o f nu t a n d seed f oods . Less t h a n 21 g per 
d a y 

Diet l o w in l e g u m e s M e a n da i l y c o n s u m p t i o n o f l e g u m e s (fresh, f r o z e n , c o o k e d , c a n n e d , o r d r i ed l egumes ) Less t h a n 60 g per 
d a y 
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Table 2. Subjects character is t ics a n d po ten t i a l med i a to r s in ca tegor ies o f e d u c a t i o n b y sex. 

Men Women 

Total High Middle Low P Total High Middle Low P 
n (%) 977 

(45.36) 
440 
(45.04) 

333 
(34.08) 

204 
(20.88) 

1177 
(54.64) 

456 
(38.74) 

498 
(42.31) 

223 
(18.95) 

Age (years) 46.74 45.18 46.27 50.80 <0.001 47.77 44.23 49.10 51.95 <0.001 
BMI (kg/m 2) 26.86 25.96 27.11 28.39 <0.001 25.51 23.97 26.10 27.39 <0.001 
Waist c ircumference (cm) 96.75 94.05 97.44 101.36 <0.001 84.53 80.58 85.86 89.68 <0.001 
Body fat (%) 21.61 20.09 21.81 24.60 <0.001 30.75 27.96 31.54 34.66 <0.001 
VFA (cm 2) 86.44 78.37 87.91 101.61 <0.001 92.01 81.54 96.16 104.24 <0.001 
Potential mediators 
Nutr i t ion 
Diet low in fruit (%) 78.12 75.45 76.58 86.27 0.006 67.23 68.20 65.26 70.85 0.304 
Diet low in vegetables (%) 95.30 95.00 95.50 95.59 0.926 90.09 87.72 90.36 95.52 0.005 
Diet low in legumes (%) 99.49 99.32 99.70 99.51 0.762 99.32 99.78 99.80 98.65 0.064 
Diet low in nuts and seeds 
(%) 

53.78 48.18 52.85 67.16 <0.001 43.78 38.16 41.57 60.54 <0.001 

Diet h igh in processed 
meat (%) 

93.15 93.86 91.29 94.61 0.243 88.48 86.40 89.56 91.48 0.106 

Diet h igh in red meat (%) 76.58 76.14 75.38 79.41 0.541 56.73 55.26 56.02 61.88 0.233 
Dietary risk score 4.96 4.88 4.91 5.23 <0.001 4.46 4.36 4.43 4.79 <0.001 
Smok ing 
Smokers (%) 25.28 22.73 34.83 36.27 <0.001 21.94 20.44 22.29 24.22 <0.001 
Ex-smokers (%) 29.68 60.91 38.14 22.06 21.94 65.49 52.61 44.84 
Non-smokers (%) 45.04 16.36 27.03 41.67 56.12 14.07 25.10 30.94 
A lcoho l consumpt ion (g) a 115.83 116.90 112.33 118.79 0.799 46.72 53.66 47.82 30.87 <0.001 
Sedentary behaviors (min) b 3026.40 3396.81 2793.21 2622.94 <0.001 2772.17 2851.01 2827.02 2538.20 0.002 
Equal ized household 
income (CZK) 

22918.56 2671 7.39 21565.92 17039.42 <0.001 19014.73 22764.13 18129.19 13369.45 <0.001 

Stress score 11.38 11.55 11.03 11.59 0.398 12.83 12.76 12.75 13.14 0.700 
Depression score 2.90 2.99 2.59 3.24 0.041 3.66 3.55 3.41 4.43 0.001 
Qual i ty of life 77.56 79.36 77.67 73.39 <0.001 75.85 78.58 75.34 71.28 <0.001 
Differences using One-Way ANOVA or Chi-Square test. Estimates statistically significant at p < 0.05 in bold. 
a Grams of ethanol consumed in the last 7 days. 
b Repor ted in total sitting t ime in minutes per week. 

med ia t ion m o d e l inc lud ing all potent ia l mediators in one set was 
d e v e l o p e d . In bo th sexes, the indirect paths of the associat ion be tween 
educa t ion and ad ipos i ty via potent ia l media tors were m o d e l e d . The direct 
and indirect effects were c o m p u t e d for the overal l mode l as wel l as for 
med ia t ing pathways separately. W h e n c o m p u t i n g the est imates and 
signi f icance of the indirect effects, a boots t rapp ing procedure wi th 5000 
resamples was pe r fo rmed . 

RESULTS 
Subjects' characteristics and adiposity outcome selection 
In total, 2,154 (54.6% women) subjects were inc luded, with a mean 
age of 46.7 years in men and 47.8 years in w o m e n . In men, the 
most prevalent level of educat ion was high (45.0%); in women , it 
was middle (42.3%). Men had a higher BMI and waist c ircumfer
ence than w o m e n , whi le w o m e n had a higher body fat 
percentage and visceral fat area than men (p< 0.001). In both 
sexes, the mean values of adiposity biomarkers were significantly 
higher at lower educat ional levels (Table 2). 

The association between education and potential mediators 
In both sexes, a lower level of educa t ion was assoc ia ted w i th a 
h igher preva lence of a d iet low in nuts and seeds. In men , a 
lower level of educa t ion was also assoc ia ted w i th a h igher 
preva lence of a d iet low in fruit, wh i l e in w o m e n , a lower level 
of educa t ion was assoc ia ted w i th a h igher preva lence of a diet 

low in vegetab les (Table 2). In both sexes, a lower level of 
educa t ion was assoc ia ted w i th a h igher total d ietary risk score, 
h igher t obacco use, and lower sedentary behav ior (p< 0.001). 
The a l coho l intake was h igher in those w i th a high level of 
educa t ion in w o m e n (p< 0.001), wh i le there were no di f fer 
ences in a l coho l intake across educa t iona l levels in men 
(Table 2). Lower educa t ion was also assoc ia ted w i th lower 
i n come in both sexes (p< 0.001). The preva lence of depress ive 
s ymp toms was h igher in subjects w i th lower educa t ion of bo th 
sexes, but there were no di f ferences in the preva lence of stress 
across educa t iona l levels. In bo th sexes, subjects w i th a h igher 
level of educa t ion also repor ted a h igher qua l i ty of life 
(p< 0.001; Table 2). 

A simple mediation of the association between education and 
adiposity 
The direct effect of education on adiposity was significant after 
adjustment for age in both sexes (p< 0.001). In men, there was a 
statistically significant indirect effect via sedentary behavior in men 
(S = 0.042, 9 5 % CI [0.026-0.062]), and it mediated 2 4 . 3 % of the total 
effect. In women, the indirect effect significantly operated via dietary 
risk ( S = -0.026, 9 5 % CI [-0.040 to -0.015]), alcohol consumption 
(P = -0 .005, 9 5 % CI -0.012 to -0.001]), sedentary behavior 
(P = 0.012, 9 5 % CI [0.005-0.023]), and mental health (P = —0.011, 
9 5 % CI [-0.025 to -0.003]) (Table 3). 
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Multiple mediation model 
Mult ip le mediat ion models are shown in Figs. 1 and 2. Observed 
indirect effects are summar ized in Table 4. For both sexes, an 
adequate mode l fit was achieved with %2[62] = 319.5, p < 0.001, 
CFI = 0.959, RMSEA = 0.065, 9 0 % CI RMSEA [0.058, 0.072] in men 
and x2[62] = 395.1, p < 0.001, CFI = 0.959, RMSEA = 0.067, 9 0 % CI 
RMSEA [0.061, 0.074] in w o m e n . 

In men, a higher level of educat ion significantly predicted 
decreased dietary risk ((3 = - 0 . 1 4 ; p < 0.001), whi le it predicted 
increased smoking behaviors ((3 = 0.08; p<0.05) , sedentary 
behavior ((3 = 0.24; p < 0.001), and income ((3 = 0.30; p < 0.001; 
Fig. 1). In women , a higher level of educat ion significantly 
predicted decreased dietary risk ((3 = -0 .16 ; p < 0.001), and 
smoking ((3 = —0.17; p < 0.001), whi le it was associated with 
higher a lcohol intake ((3 = 0.10; p<0.05 ) , sedentary behavior 
((3 = 0.08; p < 0.05), income ((3 = 0.34; p < 0.05), and mental health 
(|3 = 0 . 1 0 ; p < 0.05; Fig. 2). 

The direct effect of educat ion on adiposity was found in both 
sexes, (3 = - 0 . 2 1 , 9 5 % CI [-0.277, -0.149] in men, and (3 = - 0 . 1 0 , 
9 5 % CI [0.158, -0.044] in women . The total indirect effect was also 
statistically significant for both sexes but showed varying 
directions: (3 = 0.038, 9 5 % CI [0.010, 0.068] in men, and 
(3 = -0 .044 , 9 5 % CI [-0.070, -0.019] in w o m e n (Table 4). 

In men, the effect of educat ion on adiposity was significantly 
mediated by sedentary behavior ((3 = 0.041; 9 5 % CI [0.025-0.062]), 
with a mediat ion ratio of 23 .7% . Other mediators d id not show 
statistically significant indirect effects (Table 4). In w o m e n , the 
effect was mediated by dietary risk ((3 = -0 .023 , 9 5 % CI [-0.037, 
-0.013]), a lcohol intake ((3 = - 0 . 0 0 6 ; 9 5 % CI [-0.014, -0.001]), 
sedentary behavior ((3 = 0.012, 9 5 % CI [0.004,0.023]), income 
((3 = - 0 . 0 2 2 ; 9 5 % CI [-0.041, -0.004]), and mental health 
((3 = -0 .007 ; 9 5 % CI [-0.019, -0.001]). The total mediat ion ratio 
was 30 .5% . 
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DISCUSSION 
The purpose of this s tudy was to invest igate media tors of 
educat iona l dispar i t ies in ad ipos i t y in the Czech middle-aged 
popu l a t i on . The med ia t i ng pathways were assessed separately 
for men and w o m e n , wh i ch a l l owed for eva lua t ing poss ib le sex 
di f ferences. M e n presented worse qua l i ty of l i festyle but 
repor ted h igher i n come and lower burden of menta l health 
diff icult ies, as c o m p a r e d to w o m e n . In both sexes, educa t i on 
was assoc ia ted w i th a lmos t all potent ia l media tors except for 
a lcohol c o n s u m p t i o n and menta l heal th in m e n ; however , not 
all these mediators were s igni f icant ly assoc ia ted w i th ad ipos i ty ; 
thus, the obse rved indi rect effects cons ide rab l y d i f fered 
be tween sexes. 

In w o m e n , increased adiposity in those with lower educat ional 
levels seems to be the consequence of a mixture of inappropriate 
diet and suffering f rom economic disadvantage. A m o n g the 
identif ied mediators, dietary risk and income had the largest 
mediat ion ratio of 1 6 % and 1 5 % , respectively. On the contrary, in 
men, none of the assessed mediators cou ld partially explain the 
reversed gradient between educat ion and adiposity. Only path
way via sedentary behavior had a significant indirect effect but 
showed the association in the oppos i te direct ion than for the 
direct effect. In other words, sedentary behavior in men d id not 
partially explain why men with lower educat ion presented 
increased adiposity despite the considerable strength of the 
mediat ion ratio (24%). The oppos i te mediat ion effect of sedentary 
behavior was also observed in w o m e n , but with a lower 
magni tude (8%). 

The oppos i te indirect effect found in sedentary behaviors 
suggests that in both sexes, the protective potential of higher 
educat ion in adiposity risk is decreased by the inf luence of a 
sedentary lifestyle, which is more prevalent in higher educat ional 
groups. Based on the previous studies, increased sedentary 
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behaviors are generally more prevalent in men [25] than w o m e n 
[25] and in higher soc ioeconomic positions, which may be 
expla ined by higher demands for sitting-based tasks in higher-
status occupat ions [26]. Sedentary behavior is an important risk 
factor in modern society. An increasing trend in sedentary 
behaviors observed in the last 20 years in European countries 
[25] cou ld extend the burden of increased adiposity into higher 
soc ioeconomic strata and thereby suppress the protective 
potential of higher educat ion. Lifestyle interventions should 
therefore emphas ize strategies for reducing sitting t ime in the 
populat ion, with a special emphasis on higher soc ioeconomic 
groups. 

It is no tewor thy that mediators inves t iga ted in the current 
s tudy exp la ined on ly one-third of the total assoc iat ion be tween 
educa t ion and ad ipos i t y in w o m e n and one-fifth in men . It 
seems that there are o ther factors not i n c luded in our analysis 

w h o s e med ia t i ng potent ia l exceeds the inves t iga ted var iables. 
Lower educa t ion may be ref lected in reduced k n o w l e d g e about 
heal th and l imi ted heal th l iteracy [27], wh i ch is the ind iv idua l 
abi l i ty to ob ta in , unders tand , evaluate, and app ly health 
in fo rmat ion [28]. One prev ious study, i n c l ud ing 88,384 part ic i 
pants of Lifel ines Cohor t Study [29] assessed the med ia t ion 
potent ia l of health l iteracy in the educa t iona l dispar i t ies in 
metabo l i c s yndrome . The study f o u n d that health l iteracy 
med i a t ed 7 . 1 % of the assoc iat ion in men and 5.9% in w o m e n . 
Besides the med ia t i ng role of health l iteracy, the study also 
f o u n d that se l f-management , de f ined as the ind iv idua l abi l i ty to 
real ize and sustain wel l-be ing, con t r i bu ted to educa t iona l 
d i f ferences in metabo l i c s ynd rome in both sexes [29]. 

Moreover , a l t hough our s tudy invest igated a w ide spec t rum 
of heal th behav ior factors, we d i d not cons ide r all ind iv idua l 
aspects. For examp le , our s tudy invest igated dietary risk as the 
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Table 4. S t anda rd i zed to ta l , d i rect , a n d ind i rec t effects o f m u l t i p l e m e d i a t i o n m o d e l by sex. 

Total effect Indirect effect Mediation ratio (%) 

p 95%CI P 95%CI 

Men -0.173 -0.237 t o - 0 . 1 1 2 0.038 0.010 to 0.068 22.0 

Dietary risk - 0 . 0 0 6 - 0 . 0 1 8 t o 0.003 3.5 

A l c o h o l c o n s u m p t i o n 0.000 - 0 . 0 0 5 t o 0.001 0.0 

S m o k i n g 0.004 0.000 t o 0.014 2.3 

Seden ta r y behav i o r 0.041 0.025 to 0.062 23.7 

Equa l i zed i n c o m e 0.001 - 0 . 0 1 8 t o 0.018 0.6 

M e n t a l hea l th - 0 . 0 0 2 - 0 . 0 1 3 t o 0.002 1.2 

Women -0.144 -0.198 t o - 0 . 0 1 9 -0.044 -0.070 to -0.019 30.6 

Dietary risk -0.023 -0.037 to -0.013 16.0 

A l c o h o l c o n s u m p t i o n -0.006 -0.014 to -0.001 4.2 

S m o k i n g 0.003 0.000 t o 0.010 2.1 

Seden ta r y behav i o r 0.012 0.004 to 0.023 8.3 

Equa l i zed i n c o m e -0.022 -0.041 to -0.004 15.3 

M e n t a l hea l th -0.007 -0.019 to -0.001 4.9 
'Results adjusted for age. Estimates statistically significant at p < 0.05 in bo ld . 

f r equency of c o n s u m p t i o n of speci f ic f o o d groups , wh i ch as a 
med ia to r exp la ined 1 6 % of the total effect in w o m e n but d id 
not emerge as a s igni f icant med ia to r in men . This does not 
mean that an ind iv idua l d ie t does not con t r ibu te to obes i ty 
deve l opmen t , but ind iv idua l d iet results f rom a variety of 
factors, i n c l ud ing da i ly ea t ing behav ior , c o o k i n g habits , or 
por t ion size. O n e case-control s tudy f r o m France [30] inc lud ing 
318 obese and 371 non-obese part ic ipants , assessed the 
med ia t ion potent ia l of ea t ing at t i tudes, c i r cumstances , and 
behaviors in the assoc ia t ion be tween soc i oe conomi c status and 
obesi ty . A m o n g 10 factors tested, the results s h o w e d a 
s igni f icant med ia t ion effect of ea t ing off a large plate, eat ing 
at n ight , and uncont ro l l ed ea t ing [30]. 

Educational disparities are not reflected only in individual habits 
and abilities but are also closely related to the disadvantaged life 
environment. The availability of healthy options is often higher in 
affluent neighborhoods compared to socially disadvantaged areas 
[31]. Besides that, the external environment influences adiposity 
both at the level of the social environment as well as the physical 
environment. The social environment can work as an obesogenic 
environment that pushes persons to make choices and decisions 
culturally perceived as normal and accepted even though they 
might not be healthy [32]. On the contrary, the physical 
environment does not modify individual habits but can directly 
affect adiposity risk as a biological response to exposure to chronic 
stress [33], endocrine-disrupting chemicals [34], or air pollution [35]. 

The findings of our study suggest that future research should 
focus on an even broader investigation of external as well as internal 
factors, which may have the potential to complement the mediators 
investigated in the current study to better explain why increased 
adiposity is more prevalent in groups with lower education. The 
identification of various pathways will help focus prevention activities 
on specific behaviors or characteristics and improve cardiometabolic 
health in the disadvantaged groups of the population. 

The major strength of the present study is the complex 
approach to adiposity assessment, inc luding several anthropo
metric and b io impedance measures, and the investigation of a 
w ide spectrum of potential individual mediators. Moreover , by 
analyzing and report ing results separately for men and women , 
the study acknowledges and accounts for potential gender 
variations in the observed relationships. However, there are some 
limitations of this study that should be ment ioned. First, the 

study's cross-sectional design does not a l low causality evaluation; 
thus, the direct ion of the associations set in the mult iple 
mediat ion mode l was constructed based on previous research 
evidence, and a reverse causation bias might occur. Second, the 
study sample only inc luded a city-based populat ion; thus, the 
study f indings should not be general ized beyond the urban 
populat ion. Third, invest igated mediators were mostly self-
reported; therefore, report ing bias, inc luding underest imat ion, 
might occur. However, objectively measured data on these factors 
were not available, and quest ionnaire based for behaviors such as 
smoking, or alcohol consumpt ion are widely accepted. Add i t i on 
ally, the version of FFQ used in the current study has not been 
previously val idated in different study; however, the content has 
been deve loped in accordance with previous literature recom
mendat ions for FFQ deve lopment and util ization [16, 36]. 

Based on our f indings, we conc lude that educat ional disparities 
in adiposity and related mediators might differ by sex. The 
increased adiposity in w o m e n with lower educat ional levels is 
likely driven by dietary risky behaviors and lower income, but we 
did not observe a mediator which contributes to the inverse 
gradient between educat ion and adiposity in men. However, our 
study identif ied sedentary behaviors as a risk factor possibly 
reducing the protective potential of higher educat ional levels in 
both sexes, with a higher magni tude in men. This f ind ing suggests 
that reducing sedentary t ime should be sufficiently targeted in 
publ ic health strategies to reduce the burden of increased 
adiposity in the populat ion. Future studies should investigate a 
broader spectrum of potential mediators, inc luding knowledge-
related indiv idual factors as wel l as components of the external 
social and physical env i ronment. 
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