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Abstract

Background: Endometriosis (EMs) is an estrogen-dependent chronic inflammatory disease with a
high prevalence, affecting approximately 10% of women of reproductive age. The complexity and
atypical nature of EMs symptoms severely impact patients’ physical and mental health and impose
a significant socioeconomic burden. However, the pathogenesis and effective interventions for EMs
remain incompletely understood. Diet, as an important intervention, plays a role in various chronic
diseases. Nevertheless, research on the role of diet in EMs is limited and predominantly observa-
tional. Mendelian randomization (MR), which uses genetic variants as instrumental variables, can
address the limitations of traditional observational studies and is widely used to explore causal re-
lationships between modifiable exposures and diseases. Methods: This study employed a bidirec-
tional two-sample Mendelian randomization (MR) approach to investigate the causal relationship
between diet and EMs. Genome-wide association study (GWAS) data related to diet and EMs were
obtained from the IEU database and the Finnish Gene Consortium, respectively. Genetic loci with a
significance threshold of P < 5 x 10-¢ were selected, and instrumental variables (IVs) representing
exposures were rigorously screened by removing linkage disequilibrium (LD) and excluding SNPs
associated with confounding factors. Furthermore, mediation MR analysis was conducted to explore
potential mediating factors between diet and EMs, specifically focusing on blood lipids. Finally, var-
ious sensitivity analyses were performed to evaluate the robustness of the findings. Results: Based
primarily on the IVW method, this study provided strong evidence for a causal relationship between
the intake of dried fruits and oily fish and EMs, as well as the mediating role of triglycerides (TG) in
the relationship between diet and EMs. Specifically, among all dietary factors, the intake of dried
fruits (OR = 0.72, 95% CI: 0.56~0.93, P = 0.01) and oily fish (OR = 0.80, 95% CI: 0.66~0.97, P = 0.02)
was associated with a reduced risk of endometriosis. Subsequently, we explored the causal rela-
tionship between blood lipid levels and EMs and found that TG is a risk factor for EMs (OR = 1.15,
95% CI: 1.07~1.23, P < 0.01). Further analysis revealed that both dried fruit (OR = 0.81, 95% CI:
0.75~0.88, P < 0.01) and oily fish intake (OR = 0.86, 95% CI: 0.81~0.91, P < 0.01) could reduce TG
levels. Mediation MR analysis showed that TG mediated the protective effects of dried fruits and oily
fish on EMs, with mediation proportions of 9% (P = 0.001) and 10% (P = 0.002), respectively. Con-
clusions: This study, using MR analysis, found that the intake of dried fruits and oily fish is associ-
ated with a reduced risk of EMs. Blood lipid levels, particularly TG, are associated with an increased
risk of endometriosis. The protective effects of dried fruits and oily fish on EMs are partially medi-
ated by reducing TG levels.
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Figure 1. Schematic diagram of the principle of mediated Mendelian randomization
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Phenotype Method nSNP  OR(95%CI) P.value
Lamb/mutton intake Inverse variance weighted 121 1.08(0.78 to 1.49) —— 0.66
Dried fruit intake Inverse variance weighted 147 0.72(0.56 to 0.93) l—O—ﬁ: 0.01
Non-oily fish intake Inverse variance weighted 64 1.17(0.80 to 1.70) '—:0—0 0.42
Salad / raw vegetable intake Inverse variance weighted 103 0.69(0.48 to 0.98) '—O—I: 0.04
Oily fish intake Inverse variance weighted 154 0.80(0.66 to 0.97) —o—i 0.02
Beef intake Inverse variance weighted 94 0.87(0.33 to 2.27) L ° : »0.78
Milk intake Inverse variance weighted 19 1.03(0.66 to 1.62) '—Ib—i 0.89
Fresh fruit intake Inverse variance weighted 136 0.91(0.65 to 1.27) '—0-:—' 0.58
Pork intake Inverse variance weighted 81 1.26(0.85 to 1.89) ——e——— 0.25
Tea intake Inverse variance weighted 132 0.89(0.74 to 1.08) l—0+0 0.23
Poultry intake Inverse variance weighted 79 1.15(0.85 to 1.56) '—{—0—0 0.37
Cooked vegetable intake Inverse variance weighted 89 0.94(0.67 to 1.31) —— 0.71
Coffee intake Inverse variance weighted 12 1.01(0.90 to 1.13) I-IQ-I 0.90
Meat consumer Inverse variance weighted 14 1.24(0.63 to 2.44) l—:0—>0.53
P<0.05 was considered statistically significant (') 0{5 1‘ 1!5 é
protective factor risk factor
Figure 2. Forest plot of causal associations between genetically predicted dietary factors and EMs
2. EETAMIKAERS EMs Z8]E R X AHRE
Phenotype Method nSNP  OR(95%ClI) P.value
Dried fruit intake  Inverse variance weighted 147 0.72(0.56 to 0.93) ——i : 0.01
Weighted median 147 0.66(0.46 to 0.94) ——A! 0.02
Weighted mode 147 0.58(0.22 to 1.53) '—O—;—| 0.27
MR Egger 147 0.73(0.28 to 1.94) ° : 0.53
Qily fish intake Inverse variance weighted 154 0.80(0.66 to 0.97) !-0—0: 0.02
Weighted median 154 0.74(0.56 to 0.97) ——t 0.03
Weighted mode 154 0.81(0.41 to 1.62) ———r——— 0.55
MR Egger 154 0.48(0.24 to 0.98) '—o—f, 0.05
P<0.05 was considered statistically significant (l) 0!5 1‘ 1!5 é

protective factor risk factor

Figure 3. Forest plot of genetically predicted causal associations between dried fruit and oily fish intake and EMs
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N TG SR R R OGRS AT AT, AT EMs VA RREER 14 Mk & /B4 RET I MR
IM(E 4)e JIE MR 23T iR EMs - 55 BT INAE 9(OR = 1.01 (1.00~1.01), P =0.02), #AifiJf:
ARKEIL EMs 5T REEAMAE ARG Z AR AR K R XRY], TREEAMMEARBANS
EMs 2 [E] AN 52 J [ FRER 56 2R 520 o

Phenotype Method nSNP  OR(95%ClI) P.value
Meat consumers Inverse variance weighted 79 1.00(0.99 to 1.00) o 0.37
Lamb/mutton intake Inverse variance weighted 79 1.00(0.99 to 1.00) '-9'4 0.83
Dried fruit intake Inverse variance weighted 79 1.00(1.00 to 1.01) |:-o-| 0.17
Non-oily fish intake Inverse variance weighted 79 1.00(1.00 to 1.01) l:-H 0.13
Salad / raw vegetable intake Inverse variance weighted 78 1.01(1.00 to 1.01) o 0.02
Qily fish intake Inverse variance weighted 78 1.01(1.00 to 1.01) ':-O-l 0.15
Beef intake Inverse variance weighted 78 1.00(0.99 to 1.00) '-Jl-t 0.61
Milk intake Inverse variance weighted 79 0.99(0.99 to 1.00) '-O-IH 0.19
Fresh fruit intake Inverse variance weighted 79 1.00(1.00 to 1.01) L4 0.15
Pork intake Inverse variance weighted 79 1.00(0.99 to 1.00) '-0:-! 0.32
Tea intake Inverse variance weighted 79 1.00(0.99 to 1.01) l-‘l-i 0.88
Poultry intake Inverse variance weighted 79 1.00(0.99 to 1.01) == 0.87
Cooked vegetable intake Inverse variance weighted 79 1.00(1.00 to 1.01) !-:0-! 0.42
Coffee intake Inverse variance weighted 74 1.00(0.96 to 1.04) 1"- 0.98
P<0.05 was considered statistically significant 0‘|95 0.5;75 4 1.0|25 1.65

protective factor risk factor

Figure 4. Forest plot of causal association between genetically predicted EMs and dietary factors
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YERZ R RE MR 208t DR ST IR K5 EMs Z [E I RERE R . MR 45 R 278 TG (OR =1.15 (1.07~1.23),
P < 0.01)F1 Apo B (OR = 1.08 (1.00~1.16), P = 0.04)/K*F-55 EMs KAERKE A=A KR KR 2R TC (P =
0.21). LDL-c (P=0.23). HDL-c (P =0.22)#1 Apo A (P =0.85)5 EMs 2 [f] ok .78 B 2 35 R R 56 & (& 5).
U M R, TG A1 Apo B X EMs AEAE F i AR S- 2 21, H Al MR 234 R s EMs Be s
IR 7K

BB, ATRIH MR 2R 70 SRR 1 S (AR 82 . MR i s, +
RN LAB#(K TG (OR = 0.81 (0.75~0.88), P < 0.01)7K P [A] i 7] LAF} = HDL-c (OR = 1.17 (1.08~1.28), P <
0.01)F1 Apo A (OR =1.12 (1.03~1.21), P = 0.01)7K~F~(1&] 6). Bk, FRATT A S P fr SR AR A ] LA FEEAIG
TG (OR = 0.86 (0.81~0.91), P < 0.01)7KF [FJif 1] LAF+ % HDL-c (OR = 1.15 (1.08~1.23), P < 0.01)1 Apo A
(OR =1.07 (1.00~1.14), P = 0.04)7K~F(&] 7)o BUBIE AT o, T SEARA I 1 AR N A AEAE 7 T 1
MK 22 2501

FRXUFEA MR TR B, F SRR 2R BN AT BRI PR TG /K1 PR EMs FR A X
B, A THESE TG 7EIRE AN EMs Z (A /8, FRATTRIH F 4 MR 5K TG Fl EMs =3 2 []
AN B L H e A MR TR B, RN EMs A8 (TE) A-0.33, E #2405 (DE)H-0.30,
RN IET TG 1E A5t EMs (I3 08 (IE) A-0.03, TG 78 A KA Eudgl g 9% H. A A~ v B
A4t (P = 0.001). [FFEHL, F/ MR iR, Pt KA EMs ) TE 4-0.22, DE
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LDL

HDL
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Method

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

Inverse variance weighted

Weighted median
Weighted mode
MR Egger

nSNP
98
98
98
98
126
126
126
126
72
72
72
72
146
146
146
146
109
109
109
109
84
84
84
84

OR(95%Cl) P.value
1.05(0.97 to 1.14) re—t 0.21
1.08(0.97 to 1.21) o 0.16
1.06(0.96 to 1.17) e 0.24
0.99(0.87 to 1.12) —e—i 0.87
1.15(1.07 to 1.23) - 0.00
1.19(1.08 to 1.30) , —e— 0.0
1.20(1.08 to 1.33) | —e—  0.00
1.16(1.04 to 1.29) \—e—i 0.1
1.05(0.97 to 1.13) o 0.23
1.05(0.95 to 1.16) o— 0.34
1.04(0.95 to 1.14) o 0.41
1.01(0.91 to 1.13) —— 0.81
0.95(0.88 to 1.03) ot 0.22
0.91(0.82 to 1.02) —o—t 0.10
0.97(0.88 to 1.07) —et 0.11
0.90(0.80 to 1.02) —e— 0.57
0.99(0.92 to 1.07) - 0.85
0.94(0.82 to 1.07) —e-n 075
1.02(0.92 to 1.13) —e—i 0.97
1.00(0.90 to 1.11) —e—t 0.34
1.08(1.00 to 1.16) }o—t 0.04
1.06(0.96 to 1.17) Hom 0.24
1.06(0.95 to 1.17) Ho—i 0.29
1.01(0.91 to 1.12) —— 0.84
05 075 1 125 15

protective factor risk factor

Figure 5. Forest plot of causal association between genetically predicted blood lipid levels and EMs
E 5. EEFNEMASKFS EMs z [81F R X EXFRKAE

Phenotype
TG

HDL

ApoA

P<0.05 was considered statistically significant

Method

Inverse variance weighted
Weighted median
Weighted mode

MR Egger

Inverse variance weighted
Weighted median
Weighted mode

MR Egger

Inverse variance weighted
Weighted median
Weighted mode

MR Egger

nSNP

150
150
150
150
145
145
145
145
149
149
149
149

OR(95%Cl)
0.81(0.75 to 0.88)
0.77(0.69 to 0.86)
0.66(0.48 t0 0.91)
0.89(0.65 to 1.23)
1.17(1.08 to 1.28)
1.24(1.11 to 1.37)
1.36(1.02 to 1.82)
1.25(0.89 to 1.76)
1.12(1.03 to 1.21)
1.18(1.06 to 1.32)
1.23(0.89 to 1.70)
1.20(0.86 to 1.68)

P.value

- ! 0.00
ot | 0.00
—— 0.01
—e—i 0.49
! 0.00
ot 0.00
—e——1 0.04
H—e—— 020
o 0.01
ot 0.00
———  0.21
——e——1 029

e

0

protective factor risk factor

Figure 6. Forest plot of the causal association between genetically predicted dried fruit intake and blood lipids
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Phenotype  Method nSNP  OR(95%CI) P.value
TG Inverse variance weighted 155 0.86(0.81 to 0.91) L : 0.00
Weighted median 155 0.87(0.79 to 0.95) m: 0.00
Weighted mode 155 0.90(0.71 to 1.14) — i 0.39
MR Egger 155 0.68(0.54 to 0.86) —o—i : 0.00
HDL Inverse variance weighted 157 1.15(1.08 to 1.23) : L4 0.00
Weighted median 157 1.20(1.10 to 1.30) : o 0.00
Weighted mode 157 1.27(0.94 t0 1.72) r——i 0.12
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Figure 7. Forest plot of genetically predicted causal association between oily fish intake and lipids
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