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Mediation analysis of dietary habits, nutrient intakes, daily life in the relationship
between working hours of Korean shift workers and metabolic syndrome : the sixth
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ABSTRACT

Purpose: This study examined the mediation effects of dietary habits, nutrient intake, daily life in the relationship between
the working hours of Korean shift workers and metabolic syndrome, Methods: Data were collected from the sixth (2013—2015)
Korea National Health and Nutrition Examination Survey (KNHANES). The stochastic regression imputation was used to fill
missing data, Statistical analysis was performed in Korean shift workers with metabolic syndrome using the SPSS 24 program
for Windows and a structural equation model (SEM) using an analysis of moment structure (AMOS) 21,0 package, Results:
The model fitted the data well in terms of the goodness of fit index (GFI) =0.939, root mean square error of approximation
(RMSEA) = 0,025, normed fit index (NFI)=0.917, Tucker—Lewis index (TLI)=0,984, comparative fit index (CFl)=0,987, and
adjusted goodness of fit index (AGFI) = 0,915, Specific mediation effect of dietary habits (p =0.023) was statistically significant
in the impact of the working hours of shift workers on nutrient intake, and specific mediation effect of daily life (p=0.019)
was statistically significant in the impact of the working hours of shift workers on metabolic syndrome. On the other hand,
the dietary habits, nutrient intake and daily life had no significant multiple mediator effects on the working hours of shift
workers with metabolic syndrome. Conclusion: The appropriate model suggests that working hours have direct effect on the
daily life, which has the mediation effect on the risk of metabolic syndrome in shift workers,
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Fig. 1. Research hypothesized model
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Table 1. Variable selection with Cronbach's a

Observed variables Cronboch's o if Voriople
variables deleted selection
Food intake (cT) 0.70 O
Energy (c2) 0.71 O
Water (c3) 0.71 @)
Protein (c4) 0.74
Fat (c5) 0.74
SFA (cé) 0.74
MUFA (c7) 0.74
PUFA (c8) 0.74
Omega-3 PUFA (c9) 0.74
Omega-6 PUFA (c10) 0.74
Cholesterol (c11) 0.73
Carbohydrate (c12) 0.73
Dietfary fiber (c13) 0.74
Calcium (c14) 0.73
Phosphorus (c15) 0.72 O
Iron (c16) 0.74
Sodium (c17) 0.70 @)
Potassium (c18) 0.69 O
Vitamin A (c19) 0.71 @)
Carotene (c20) 0.75
Retinol (c21) 0.74
Thiamine (c22) 0.74
Riboflavin (c23) 0.74
Niacin (c24) 0.74
Vitamin C (c25) 0.75

SFA, satruated fatty acid; MUFA, monounsaturated fafty acid;
PUFA, polyunsaturated fatty acid
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Table 2. Evaluation of the fitted model

Model X* X/ df RMR GFl AGFI RMSEA NFI L CFI
Research model 195.265 1.169 0.023 0.939 0.915 0.025 0.917 0.984 0.987
(o = 0.066)
Acceptance model criteria p > 0.05 <3 <0.08 >0.9 >0.9 <0.08 >0.9 >0.9 >0.9

RMR, root mean-square residual; GFl, goodness of fit index; AGFI, adjusted goodness of fit index; RMSEA, root mean squared error of
approximation; NFI, normed fit index; TLI, fuker-lewis index; CFI, comparative fit index
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Table 3. Demographic characteristics and BMI of shift workers with
metabolic syndrome (n = 275)

Characteristics Category n=275 Ratio (%)
Sex Male 162 58.9
Female 113 41.1
Age (years) 20 ~ 39 48 17.5
40 ~ 59 152 55.3
60~ 79 75 27.3
BMI (kg/m?)"  Underweight 1 0.4
Normal weight 35 12.7
Overweight 53 19.3
Obesity 1 153 55.6
Obesity 2 31 11.3
Obesity 3 1 0.4
1) n=274

BMI: body mass index
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Table 4. Anthropometiic and clinical characteristics, and working hours of shift workers with metabolic syndrome

Variables Total (n = 275) Male (n=162) Female (n=113)
Height (cm)” 164.16 + 8.94 169.37 + 6.82 156.73 = 5.81
Weight (kg)" 71.48 + 12,61 76.31 = 11.87 64.59 +10.24
BMI (kg/m?)" 26.39 + 3.14 26.49 + 2,92 26.24 + 3.44
WC (cm) 89.31 + 7.74 91.51 = 6.95 86.16 + 7.74
16 (mg/dL) 230.23 + 129.40 254.26 + 195.39 195.78 + 112.82
FBG (mg/dl) 111.70 + 27.54 112.27 + 26.08 110.88 + 29.62
BP SBP (mmHg) 124.28 + 15,00 125.80 + 14.29 122,10 + 16.97

DBP (mmHg) 81.27 + 10.76 83.33 + 10.46 78.30 = 10.54

HDL- C (mgy/dl) 42.62 + 9.36 41.63 +9.73 44,05 *+ 8.64
Working hours 45.84 + 22.29 - -

Values are presented as mean + SD.

1) n=274 (n=161 for male, n =113 for female)

BMI, body mass index; WC, waist circumference; TG, friglyceride; FPG, fasting blood glucose; BP, blood pressure; SBP, systolic blood
pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol

Table 5. Dietary habits and daily life of shift workers with metabolic syndrome

Characteristics Respondents (n) Ratio (%)
Dietary habits Breakfast frequency per week (b1) 5~ 7 times 156 56.7
3 ~ 4 times 24 8.7
1~ 2 times 22 8.0
0 times 43 15.6
Lunch frequency per week (b2) 5~ 7 times 212 77.1
3 ~ 4 fimes 13 4.7
1~ 2 times 8 2.9
0 times 12 4.4
Dinner frequency per week (03) 5~ 7 times 226 82.2
3 ~ 4 times 12 4.4
1~ 2 times 5 1.8
0 times 2 0.7
Daily life Daily life movement ability (g1) Good in walking 243 88.4
Not bad in walking 30 10.9
Stay in bed all day long 2 0.7
Self-management (e.g bath, Good 269 97.8
wearing cloth etc) (g2) Not bad 6 2.0
Bad 0 0.0
Daily activity (g3) Good 261 94.9
Not bad 13 4.7
Bad 1 0.4
Pain/Discomfort (g4) No 217 78.9
Moderate 55 20.0
Severe 3 1.1
Anxiety/Depression (g5) No 253 92.0
Moderate 20 7.3
Severe 2 0.7
FAHHAIRLO] UAMANEH EM A7)he] AR A 97.8%7F BaFALE £ 9= b A
2 AGolA AR SR " B T sed ol vl SEReH, TR 22%7F FESAY & ¢
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Table 6. Nutrient infakes in shift-workers

Variables Total (n = 248)

Mdle (n = 140) Femdle (n = 108)

Food intake (g) 1,659.75 + 833.38

Energy (kcal) 2,110.46 = 870.45
Water () 1,184.73 = 709.21
Protein (g) 71.70 = 33.90
Fat (9) 43.90 = 32.29
SFA () 12.42 = 9.63
MUFA (9) 13.70 = 11.44
PUFA (Q) 11.29 =9.57
Omega-3 PUFA (g) 1.73 = 1.83
Omega-6 PUFA (Q) 9.61 =8.43

239.38 = 212.85
320.94 = 128.22
25.95 +13.33
500.66 + 342,55

1,121.43 = 494.74
18.39 = 10.57
4,246.94 + 2,594.60
3,309.11 = 1,821.46
741.45 + 626.58

Cholesterol (mg)
Carbohydrate (g)
Dietary fiber (Q)
Calcium (mg)
Phosphorus (mg)
Iron (MQ)
Sodium (mg)
Potassium (mg)
Vitamin A (ugRE)

Carotene (ug) 3,550.45 = 3,207.00
Retinol (uQ) 128.63 = 327.33
Thiamine (MQ) 211 +0.98
Riboflavin (mgQ) 1.43 =0.78
Niacin (mg) 17.35 £9.18
Vitamin C (mg) 119.95 + 134.24

1,795.82 + 846.48
2,388.84 + 886.71
1,267.37 +727.26

1,483.36 = 785.37
1,749.59 + 703.40
1,077.61 + 673.40

80.61 £ 35.76 60.14 £ 27.43
49.18 + 36.36 37.07 £ 24.60
13.66 = 10.74 10.80 = 7.70
15,62 =13.12 11.20 = 8.26
12.74 = 10.36 9.42 £ 8.11
201 =212 1.36 £1.26
10.80 £ 9.19 8.08 +7.08
275.62 = 227.86 192.41 = 182.20
346.39 = 117.32 287.96 = 134.60
27.37 £13.13 2411 £13.41

540.78 + 208.03

1,231.42 = 523.66
20.08 = 9.64

4,994.32 =+ 2,874.00
3,494.44 + 1,878.00

795.34 £ 618.00
3,946.03 = 3,250.00

122.15 + 314.00

448.64 +223.10
978.85 = 415.30
1620 = 11.35
3,278.10 = 1,770.00
3,068.88 = 1,725.00
671.59 = 633.16
3,037.65 = 3,090.00
137.03 = 344.74

2,31 =0.97 1.85 +£0.93

1.59 £0.77 1.22 £0.72

19.42 £ 9.95 14.67 =7.29
108.51 = 117.79 134.78 = 152.25

Values are presented as mean = SD.

SFA, satruated fafty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid
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it} (Table 5).
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ZAFPAIALS] Zo | A] AF = FAl 2,388.84 keal/day,
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A ghpshs, T, 218ke) Hlg-2 2k 65%, 15%, 20%
2 ZAPET Aoldee] A9 ZAA dA 2737
g/day, o34] 24.11 g/day 2 A= SELF FAl 25
g/day, /g 20 g/dayol|l FFFTE AES HA 349444
mg/day, 914 3,068.88 mg/day= ZEAFF HA 3,500

mg/day, ©1/d 3,500 mg/dayE H]Fo] o9 He= TE
AFEel vAA] 3 AoR2 A ZAFRAAL H
EMIAE 9A] 795.34 ugRE/day, o343 671.59 pgRE/day=
AT F4 750 pgRE/day, 01/ 600 pgRE/dayXth
OFF w2 AYE Btk UEFQ H AR P
4,994.32 mg/day, o] 3,278.10 mg/day 0. & A} GO
SR 2,000 mg/day ol = v FE (53], 94) =
Al dH o= ASoRE 2AME|QITE (Table 6).
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Fig. 2. Fitted model for multiple mediators. Errors are presented with el,
elé, el7, el8, el9, e20, e21, eel, ee2, ee3d and ee4. bl:
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e2, e3, e4, eb, eb, e7, e8, €9, €10, ell, el2, el3, el4, el5,
breakfast, b2: lunch b3: dinner, c1: food intake, c2: energy, c3: water, c15:

phosphorus, c17: sodium, ¢18: potassium, c19: vitamin A, d1: waist circumference, d2: triglyceride, d3: fasting blood glucose, d4: blood
pressure, d5: high density lipoprotein cholesterol, g1: daily life/movement ability, g2: self-management (e.g. bath, wearing clothes etc),

g3: daily activity, g4: pain/discomfort. g5: anxiety/depression.

Table 7. Results of direct pathways and total pathways

Pathways B beta S.E CR p-value
Direct Pathways  Working hours (per week) — dietary -0.013 -0.245 0.025 -0.534 0.594
habifs
Diefary habits — nutrient intakes 0.378 0.013 6.656 0.057 0.955
Nutrient intakes — daily life -0.041 -0.169 0.016 -2.501 0012
Working hours (per week) — daily life -0.078 -0.208 0.025 -3.077 0.002”
Dietary habits — metabolic syndrome 11.019 0.975 20.466 0.538 0.590
Daily life — metabolic syndrome 0.149 0.089 0.117 1.277 0.202
Nutrient infakes — metabolic syndrome -0.030 -0.075 0.089 -0.339 0.735
Total Pathways ~ Working hours (per week) — daily life -0.077 -0.208 0.025 -3.077 0.007”
Working hours (per week) — metabolic ~ -0.160 -0.258 0.065 - 0.005"
syndrome
?. RegressioD coefficient; beta, Standard regression coefficient; S.E, Standard Eror; C.R, critical Ratio
p<0.05 p<001
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T2 PACNAE & AIE 2T Qe

AO R e
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Fig. 3. Fitted model for multiple mediators using phantom variables. Erors are presented with el, e2, e3, e4, e5, eb, e7, €8, €9, €10,
ell, el2, el3, el4, el5, elb, el7, €18, el9, €20, e21, eel, ee2, ee3 and ee4. Pantom variables are presented with p1, p2, p3, P4,
PS5, pPb6, P7, P8, P9, P10, P11, P12 and p13. bl: breakfast, b2: lunch b3: dinner, c1: food intake, c2: energy, c3: water, ¢15: phosphorus,
c17: sodium, c¢18: potassium, c19: vitamin A, d1: waist circumference, d2: friglyceride, d3: fasting blood glucose, d4: blood pressure,
db: high density lipoprotein cholesterol, g1: daily life/movement ability, g2: self-management (e.g. bath, wearing clothes etc), g3: daily
activity, g4: pain/discomfort, g5: anxiety/depression

Table 8. Results of mediated pathways

Pathways B p-value
Mediated Working hours (per week) — dietary habits — nutrient intakes -0.149 0.023
Pathways  working hours (per week) — dietary habits — nutrient intakes — daily life 0.000 0.810
Working hours (per week) — dietary habits — nutrient intakes — metabolic syndrome 0.000 0.449
Working hours (per week) — dietary habits — nutrient infakes — daily life — metabolic 0.000 0.830
syndrome
Working hours (per week) — daily life — metabolic syndrome -0.012 0.019
Nutrient intfakes — daily life — metabolic syndrome -0.016 0.027
B: Regression coefficient
*p < 0.05
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