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Cheese intake and the risk of healthspan terminated: association and metabolic mechanisms
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[Abstract] Objective: To clarify the association between cheese intake and healthspan, and further explore the underlying metabolic
mechanisms. Methods: This study employed a nested case-control design and defined healthspan terminated (HST) based on eight
reported sub-events of HST in UK Biobank (UKB). 93 214 HST participants and 279 642 controls were included. Conditional logistic
regression was used to evaluate the association between cheese intake and HST, and Mendelian randomization(MR) was used to assess
the causal effect. Furthermore, we explored the mediating role of metabolites in this relationship by Two-step MR and observational
analysis. Results: Cheese intake is a protective factor for healthspan (P,... < 0.05). Specifically, participants with high cheese intake
(=5 times/week) had a lower risk of HST (OR=0.93, 95% CI: 0.89-0.98) compared to those who never intake cheese. MR analysis
confirmed this protective effect. Mediation analysis suggested that plasma high density lipoprotein cholesterol (HDL-C) and glucose
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mediated 6.33% and 14.82% of this effect, respectively. Conclusion: These findings suggested that cheese intake might improve the

healthspan by decreasing plasma glucose and increasing plasma HDL-C. As an important component of healthy diet, cheese intake

might be recommended in our daily diet structure.

[Key words] healthspan; cheese; metabolism; Mendelian randomization analysis
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A': The assumptions for Mendelian randomization and sensitivity analyses of one-sample MR. B : Flow diagram of the Mediation analysis by
two-step MR. SNP: single nucleotide polymorphism; LD: linkage disequilibrium; HST: healthspan terminated; UKB: UK Biobank; MR : Mendelian ran-

domization; IV: instrumental variable.
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Figure 1 One-sample and two-step MR study designs
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Table 1 Baseline characteristics of the study participants

Characteristics HST(n=93214) Control (n=279 642) P
Age[years,M(Pz5,P75)} 61(55,65) 61(55,65) >0.999
Sex[n(%) ] >0.999
Female 43 986(47.19) 131 958(47.19)
Male 49 228(52.81) 147 684(52.81)
Cheese intake frequency[n( %) ] <0.001
Never 2630(2.82) 7129(2.55)
Low 35 478(38.06) 101 908(36.44)
Moderate 40921(43.90) 126 242(45.14)
High 11348(12.17) 36937(13.21)
BMI[kg/m*, M(Pss,Pss) ] 27.18(24.55,30.35) 26.62(24.19,29.44) <0.001
Townsend [ M(Ps, Pys) ] -2.11(-3.63,0.66) -2.35(-3.75,0.10) <0.001
White people[n(%) | 88 716(95.17) 266 419(95.27) 0.166
College degree[n(%) ] 25779(27.66) 89 995(32.18) <0.001
Smoking status[n(%) | <0.001
Never 45257(48.55) 152 681(54.60)
Previous 34 495(37.01) 101 011(36.12)
Current 12834(13.77) 24 476(8.75)
Alcohol intake[n(%) ] <0.001

Low 18 809(20.18) 48 015(17.17)
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Characteristics HST(n=93214) Control (n=279 642) P
Moderate 32533(34.90) 98 489(35.22)
Heavy 41561(44.59) 132 407(47.35)
IPAQ activity group[n(%) | <0.001
Low 14 176(15.21) 37 965(13.58)
Moderate 29 531(31.68) 93 131(33.30)
High 29 581(31.73) 94 503(33.79)
Healthy diet[n(%) | 58 070(62.30) 181 581(64.93) <0.001
Carbohydrate intake[ n(%) | <0.001
Low 11400(12.23) 38796(13.87)
Moderate 11 680(12.53) 40 836(14.60)
High 12292(13.19) 41 873(14.97)
Protein intake[n(%) ] <0.001
Low 11354(12.18) 39 131(13.99)
Moderate 11 745(12.60) 41 181(14.73)
High 12273(13.17) 41193(14.73)
Fat intake[ n(%) ] <0.001
Low 11551(12.39) 39537(14.14)
Moderate 11713(12.57) 41077(14.69)
High 12 108(12.99) 40 891(14.62)
Unknown 57 842(62.05) 158 137(56.55)
Fiber intake[n(%) ] <0.001
Low 11495(12.33) 38 406(13.73)
Moderate 11 654(12.50) 40 740(14.57)
High 12 223(13.11) 42 359(15.15)
Aspirin/ibuprofen used[n(%) ] 23 375(25.08) 63 393(22.67) <0.001
CLM used[n(%) ] 6272(6.73) 14 388(5.15) <0.001
Have family cancer[ n(%) ] 34 667(37.19) 100 693(36.01) <0.001
Have family CCVD[n(%) ] 54 753(58.74) 160 357(57.34) <0.001

HST: healthspan terminated; BMI: body mass index; Townsend: Townsend deprivation index; IPAQ: international physical activity questionnaire;
CCVD: Cardiovascular and cerebrovascular diseases; CLM: Cholesterol lowering medication. The Mann-Whitney test was used to calculate whether the
distribution of continuous variables was statistically different between the two groups. The Chi-squared test was used to calculate whether the distribu-

tion of categorical variables was statistically different between the two groups.

Fx2 MEHBNEFOIHST XS R KBL
Table 2 Association of cheese intake with HST

Crude model Fully adjusted model
Cheese intake
OR(95%CI) P OR(95%CI) P
Never Ref. - Ref. -
Low frequency 0.94(0.90-0.99) 0.015 0.98(0.94-1.03) 0.431
Moderate frequency 0.88(0.84-0.92) <0.001 0.95(0.90-0.99) 0.026
High frequency 0.83(0.79-0.87) <0.001 0.93(0.89-0.98) <0.001
P <0.001 <0.001

OR: odds ratio; CI: confidence interval; P,...: P value for trend. Conditional logistic regression was used to estimate the odds ratios and corresponding
95% confidence intervals of cheese intake related to HST. We established two model. Crude model: unadjusted model. Fully adjusted model: adjusted
for BMI, townsend, ethnic, education, smoking status, alcohol intake, IPAQ activity group, family cancer, family CCVD, aspirin/ibuprofen used,

cholesterol lowering medication used, healthy diet.
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Ref: reference; MI: myocardial infarction; COPD: chronic obstructive
pulmonary disease; CHF: congestive heart failure.
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Figure 3 The forest plots for the association of Cheese

intake and HST sub-events
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Table 3 Sensitivity analysis of cheese intake and healthspan terminated

Before matched

Adjusted major nutrients

Follow-up=2 years Never moved home

Cheese intake (n=400 894) intake (n=372 856) (n=319 344) (n=270720)
OR(95%CI) P OR(95%CI) P OR(95%CI) P OR(95%CI) P
Never Ref. Ref. Ref. Ref.
Low frequency 0.99(0.94-1.04) 0.608 0.98(0.94-1.03) 0.051 0.99(0.94-1.04) 0.741 0.98(0.93-1.03) 0.442
Moderate frequency 0.95(0.91-1.00)  0.051 0.95(0.91-1.00)  0.048 0.95(0.91-1.00) 0.074 0.95(0.90-1.01) 0.079
High frequency 0.93(0.88-0.97) <0.001 0.94(0.90-0.99)  0.025 0.93(0.89-0.99) 0.016 0.93(0.87-0.98) 0.011
Pin <0.001 <0.001 0.741 0.442
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density lipoprotein cholesterol, HDL-C) (P,.,=0.017,
P.2<0.001) # 45 52 9 W5 1% $62 N 52 ) HST ff 4% 11
. G 4B BTN, WS N R I BRI 1 2% 6 2
B 7K (Buepi=—0.13, B.z=0.22) FI1 2 75 HDL-C /K *F-
(Buei=0.16 Bun=—0.07) K [ A& HST KRS o 115 5] %
B AT HDL-C 1 /1 A RS 43 ) 29 -0.03 CH A B A7)
14.83%) F1-0.01 CHF A LL i : 6.33%) o WLEE M rp A
I BTG R — IR AE T WD MR VE 55 58 1 PR A Y
PIIH A N (R 4)

A Method N.of IV Beta  OR(95%CD) P
IVW(FE) 49  -0.19 0.83(0.75-0.92) <0.001 —a—
IVW(MRE) 49  -0.19 0.83(0.73-0.95) <0.001 ——
Pleiotropy test 0.713
Cochran’s () test 0.004
Sensitivity analysis
Simple median 49  -0.18 0.83(0.71-0.98)  0.024 —a—
Weighted median 49  -0.18 0.84(0.72-0.97)  0.017 —a—
MR Egger 49  -0.18 0.92(0.52-1.61)  0.774 =
Weighted mode 49  -0.36 0.70(0.48-1.02)  0.067 ——
IVW Cunfiltered 1Vs) 64  —-0.23 0.80(0.71-0.89) <0.001 i
IVW (adjusted major nutrients) 63 -0.14 0.87(0.77-0.98)  0.024 ——
T T T 1
045  0.75 1 125 1.5
0Odds ratio
B N.of IV Beta 4 Prop. of mediation
Mediation effect: Cheese intake>Glucose>HST -0.03 14.82%
Step 1: Cheese intake>Glucose 49 -0.13 0.027 e
Step 2: Glucose>HST 21 0.22 <0.001 -
Total effect: Cheese intake>HST 49 -0.19 0.005 e
Mediation effect: Cheese intake>HDL-C -0.01 6.33%
Step 1: Cheese intake>HDL-C 49 0.16  0.017 e
Step 2: HDL-C>HST 80 -0.07 <0.001 i
Total effect: Cheese intake>HST 49 =019 0.005 P — ——
-03-02-0.1 0 0.1 02 03
Beta

A: MR results for the causal effect of cheese intake on HST. B: Mediation effects of plasma glucose and HDL-C. Prop: proportion; IVW: inverse-

variance weighted method; HST: healthspan terminated; HDL-C: high density lipoprotein cholesterol.
E4 INEEANEMEREE G LR MR SRS E B
Figure 4 MR analysis of the effects of cheese intake and HST and mediation effect of metabolites

R4 NEEFNSH

Table 4 Observational mediation analysis

Effect B(95% CI1) P Mediation (% )

Plasma glucose(n=213 097) 5.27

Indirect -2.95x10*(-4.43x10°--1.45%10") <0.001

Direct -5.26x10°(-9.00x10°--1.63%x10°) <0.001

Total -5.55x10°(-9.33x10°- -1.87x10°) <0.001
Plasma HDL-C(n=213 482) 4.32

Indirect -2.37x10*(-3.30x10* - -1.55%10*) <0.001

Direct -5.22x10°(-8.82x10°--1.31x10°) <0.001

Total -5.45x10°(-9.07x10° - -1.62x10°) <0.001
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