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preventive benefits of lipid-lowering drugs
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SUMMARY

Cancer prevention is a serious global challenge. We aimed to investigate the relationship between lipid-
lowering drugs and cancers. We included participants based on the UK Biobank. Lipid-lowering drug use
was defined as new users before enrollment and the primary outcome was cancer incidence. The Cox pro-
portional hazards regression model was used to evaluate the association between drug use and outcome.
We also performed a meta-analysis. We found that lipid-lowering drugs were associated with decreased
risk of 21 types of cancers, including melanoma, skin cancer, and reproductive, hematological, urinary,
digestive, nervous, and endocrine system cancers (all p < 0.0010). Our meta-analysis documented that
lipid-lowering drugs reduced the risk of prostate, liver, and gastric cancers, especially (all p < 0.050). Over-
all, lipid-lowering drugs had protective associations with cancer incidence, suggesting the possible cancer
prevention effects even in the general population.

INTRODUCTION

Cancer remains a prominent global health concern, with a rising incidence rate projected to reach 28.4 million new cases worldwide by 2040,
marking a substantial 47% increase from 2020." Addressing cancer prevention has posed a significant challenge on a global scale. In recent
decades, scientists have conducted extensive and relentless research on various drugs that could potentially be utilized for cancer prevention.
For example, antiviral drugs and anti-estrogen drugs such as Tamoxifen and Raloxifene have exhibited promising results in preventing spe-
cific cancer types.”” Aspirin and metformin have been investigated for their potential to reduce the risk of colorectal and lung cancer.™”
Furthermore, the role of antioxidants in lowering cancer susceptibility has been elucidated through numerous preclinical and clinical
studies.®’” Despite these advancements, current drug interventions still face significant challenges, with the actual impact on cancer preven-
tion falling short of the ideal. Therefore, it is crucial to explore innovative and more effective strategies in cancer prevention.
Hyperlipidemia may impact cell growth and differentiation by promoting chronic inflammatory and oxidative stress, creating an environ-
ment conducive to cancer development.® As one of the most widely prescribed drugs globally, lipid-lowering drugs targeting blood lipids
may help reduce cancer risk. Apart from their acknowledged therapeutic value in lowering blood lipids, lipid-lowering drugs may also
contribute to anti-cancer processes through pleiotropic mechanisms.””'" Some preclinical studies have suggested that lipid-lowering drugs
could inhibit cancer by modulating cell signaling pathways, reducing chronic inflammation, mitigating oxidative stress, and inducing pro-
apoptosis.'”"'* Consequently, lipid-lowering drugs have attracted significant attention as potential strategies for combating cancer.
Emerging evidence suggests that the use of lipid-lowering drugs may reduce the risk of specific cancers, such as gastric, liver, and uterine
cancers.' "' A study by Carter et al. using the Mendelian randomization method also concluded that statins decrease cancer risk.'® Neverthe-
less, certain studies suggested that statins have no effect on the risk of particular site-specific cancers.'”~'” Additionally, even investigations in
rodents have indicated that exposure to lipid-lowering drugs at doses similar to those used in humans can increase the risk of cancer.” Most
previously published studies have mainly focused on the effects of statins, and the results have been controversial when evaluating the risk of
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different cancer types. The role of lipid-lowering drugs in cancer remains inconclusive, and the potential impact of these drugs on cancer pre-
vention still cannot be adequately explained. Given the pleiotropic effects of lipid-lowering drugs, not only for patients with dyslipidemia, a
comprehensive study of their cancer prevention effects in the general population will offer important insights for the development of more
effective cancer prevention strategies in the future.

In this context, a comprehensive retrospective cohort was utilized to explore the efficacy of lipid-lowering medications in cancer preven-
tion at 21 different locations. Additionally, a meta-analysis was performed to synthesize and enhance the current body of research on this topic
for future scholarly inquiry.

RESULTS

Characteristics of the study population

Details of the characteristics of the study population were summarized in Table 1. A total of 383,784 participants were identified from the UK
Biobank with 114,451 (29.8%) categorized as new users and most of them were white. Among new users, the mean age was 72.97 + 6.42 years
which was significantly higher than non-users (p < 0.0010) and 59,385 (51.9%) were males. While the majority of non-users were female.
Compared to non-users, new users had higher levels of glucose (5.24 vs. 5.01), cholesterol (5.95 vs. 5.67), triglyceride (2.00 vs. 1.60), and
low-density lipoprotein cholesterol (LDL-C) (3.77 vs. 3.53) (all p < 0.0010). Similarly, as for anthropometry, new users had higher body mass
index (BMI) (28.29 vs. 26.82), waist circumference (WC) (93.53 vs. 88.16), hip circumference (HC) (104.43 vs. 102.74), and blood pressure
(BP) (systolic BP: 144.63 vs. 136.79; diastolic BP: 84.07 vs. 81.25) (all p < 0.0010). The new user group also had a higher prevalence of overweight
(44.9% vs. 41.4%) and obesity (30.0% vs. 20.2%) compared to non-users (p < 0.0010). Participants using lipid-lowering drugs were more likely to
be smokers (previous: 38.5% vs. 31.9% and current: 11.7% vs. 9.3%) and drinkers (previous: 3.8% vs. 3.2%) (all p < 0.0010) (Table 1).

Association of lipid-lowering drugs and risk of cancers in patients with hyperlipidemia

We observed that participants with hyperlipidemia were more likely to have melanoma, pancreatic, colorectal, gastric, liver, skin, kidney, cer-
vical, uterus, and ovarian cancer on baseline (all p < 0.050) (Figure S1). Subsequently, during the follow-up period, we found that new users had
a lower risk of leukemia, lymphoma, multiple myeloma, melanoma, prostate, ovarian, uterus, cervical, breast, lung, live, esophagus, gastric,
intestinal, colorectal, skin, bladder, kidney, thyroid, pancreatic, and brain cancer in patients with hyperlipidemia (all p < 0.050) (Figure 1A).

Association of lipid-lowering drugs and risk of cancers in general participants

We found that new users had a lower risk of leukemia, lymphoma, multiple myeloma, melanoma, breast, liver, esophagus, colorectal, skin,
bladder, kidney, thyroid, pancreatic, and brain cancer (all p < 0.0010) with a median follow-up period of 12.8 years. However, there was no
statistically significant association between lipid-lowering drug use and the risk of lung (HR 0.94, 95% CI 0.86-1.03, p = 0.169), gastric (HR
0.88, 95% CI1 0.73-1.07, p = 0.195), and intestinal cancer (HR 0.81, 95% CI 0.58-1.14, p = 0.23) before adjustment (Table S1). After adjusting
for potential confounders, new users had 0.58-fold, 0.57-fold, and 0.53-fold (all p < 0.0010) lower risk of lung, gastric and intestinal cancer.
Notably, for sex-specific cancers, compared with non-users, new users had a 49% lower risk of prostate cancer in males after adjustment
(p <0.0010). Lipid-lowering drug use was associated with 61% (p < 0.0010), 59% (p < 0.0010), and 54% (p = 0.0010) lower risk of ovarian, uterus,
and cervical cancers in females, respectively. When focusing on the classification of some cancers, we found that lipid-lowering drug use was
associated with a lower risk of both myeloid (HR 0.35, 95% C1 0.27-0.47) and lymphoid leukemia (HR 0.37, 95% CI 0.30-0.46), both Hodgkin (HR
0.41,95% C10.28-0.62) and NHL (HR 0.39, 95% C10.34-0.44) (all p < 0.0010) (Figure 1B). Lower risks of prostate, ovarian, uterus, cervical, breast,
intestinal, and colorectal cancer persisted even after adjusting for cancer-specific covariates (all p < 0.050) (Figure S2).

Subgroup and sensitivity analysis of the main study

In females, using lipid-lowering drugs was associated with decreased risk of leukemia, lymphoma, multiple myeloma, lung, liver, esophagus,
intestinal, colorectal, skin, bladder, kidney, thyroid, pancreatic, and brain cancer (all p < 0.050). Similar results were observed in males except
for intestinal cancer (HR 0.63, 95% CI1 0.40-1.00, p = 0.052). Interestingly, the effect of lipid-lowering drugs on melanomarisk seemed greaterin
females than males (Figure 2A). Short-term use of lipid-lowering drugs reduced the risk of all cancers we studied. Furthermore, long-term use
was associated with the risk of cancers, except for intestinal (HR 0.61, 95% CI 0.37-1.00, p = 0.050) and thyroid cancer (HR 0.80, 95% CI 0.55-
1.18, p = 0.27). Long-term use of lipid-lowering drugs decreased the risk of prostate, uterus, breast, colorectal, skin, bladder, and kidney can-
cer greater than short-term use (all p < 0.050) (Figure 2B). For intestinal cancer, lipid-lowering drug use was associated with a lower cancer risk
in patients with normal BMI and overweight. However, only new users with overweight and obese had decreased gastric cancer compared to
non-users (Figure 2C). Similar results were observed when redefining the new users as participants with more than one prescription or when
comparing statins users and non-statin users (all p < 0.050) (Figure 3). Notably, there was no significant difference between fibrate users and
non-fibrate users in males (Table S2). Interestingly, compared with non-users, using lipid-lowering drugs decreased the mortality of overall
cancer in total patients (HR 0.25, 95% Cl 0.23-0.27, p < 0.0010) (Figure S3).

Association of lipid-lowering drugs and mortality of overall cancer

Interestingly, compared with non-users, using lipid-lowering drugs decreased the mortality of overall cancer in total patients (HR 0.25, 95% ClI
0.23-0.27, p < 0.0010). Similar results were observed in subgroup and sensitivity analysis (Figure S3). We found that compared with non-users,
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Table 1. Descriptive characteristics of participants in UK Biobank by lipid-lowering drug use

Non-users (n = 269333) New users (n = 114451) p-value
Age, years, mean=+SD 68.58 (8.22) 72.97 (6.92) <0.0010
Comorbidity index, mean+SD 0.09 (0.37) 0.16 (0.52) <0.0010
Blood examination
Glucose, mmol/L, mean + SD 5.01 (0.94) 5.24 (1.40) <0.0010
Cholesterol, mmol/L, mean + SD 5.67 (1.05) 5.95 (1.24) <0.0010
Triglyceride, mmol/L, mean + SD 1.60 (0.92) 2.00 (1.13) <0.0010
LDL-C, mmol/L, mean + SD 3.53(0.80) 3.77 (0.94) <0.0010
Anthropometry
BMI, kg/cm?, mean + SD 26.82 (4.62) 28.29 (4.80) <0.0010
WC, cm, mean + SD 88.16 (13.03) 93.53(13.10) <0.0010
HC, cm, mean + SD 102.74 (9.00) 104.43 (9.30) <0.0010
SBP, mmHg, mean + SD 136.79 (19.51) 144.63 (19.99) <0.0010
DBP, mmHg, mean + SD 81.25 (10.79) 84.07 (10.97) <0.0010
Sex <0.0010
Female, n (%) 159120 (59.1) 55066 (48.1)
Male, n (%) 110213 (40.9) 59385 (51.9)
Race <0.0010
White, n (%) 253800 (94.2) 106918 (93.4)
Mixed, n (%) 1838 (0.7) 545 (0.5)
Asian or Asian British, n (%) 4403 (1.6) 3285 (2.9)
Black or Black British, n (%) 4841 (1.8) 1913 (1.7)
Chinese, n (%) 981 (0.4) 270 (0.2)
Other ethnic groups, n (%) 2464 (0.9) 1085 (0.9)
Do not know or not answer, n (%) 1006 (0.4) 435 (0.4)
BMI <0.0010
BMI<18.5, n (%) 1729 (0.6) 320(0.3)
18.5<BMI<25, n (%) 101691 (37.8) 28407 (24.8)
25<BMI<30, n (%) 111436 (41.4) 51393 (44.9)
BMI>30, n (%) 54477 (20.2) 34331 (30.0)
Smoking <0.0010
Never, n (%) 157415 (58.4) 56516 (49.4)
Previous, n (%) 85991 (31.9) 44076 (38.5)
Current, n (%) 24979 (9.3) 13336 (11.7)
Prefer not to answer, n (%) 948 (0.4) 523 (0.5)
Drinking <0.0010
Never, n (%) 10906 (4.0) 5703 (5.0)
Previous, n (%) 8602 (3.2) 4331 (3.8)
Current, n (%) 249472 (92.6) 104230 (91.1)
Prefer not to answer, n (%) 353 (0.1) 187 (0.2)

SD: standard deviation; LDL-C: low-density lipoprotein cholesterol; WC: waist circumference; HC: hip circumference; SBP: systolic blood pressure; DBP: diastolic
blood pressure; BMI: body mass index.

using lipid-lowering drugs decreased the mortality of overall cancer in females (HR 0.23, 95% CI 0.20-0.26) and males (HR 0.26, 95% CI 0.23—-
0.28) (all p < 0.0010). In addition, the use of lipid-lowering drugs reduced the risk of cancer death regardless of the duration of medication,
patients’ BMI, and infection of coronavirus disease 2019 (COVID-19) (all p < 0.0010). Even there were similar results when redefining the new
users as participants with more than one prescription or comparing statins users and non-statin users (all p < 0.050) (Figure S3).
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A cancers Non-users (N)  Non-users(Incidence) New users (N) New users(Incidence) HR (95% Cl) P-value
Prostate cancer# 64925 2975 (458) 40419 1237 (306) - 0 0.51 (0.48 t0 0.55) <0.001
Ovarian cancer# 80899 368 (45) 36457 79 (22) —a— E 0.40 (0.31t0 0.52) <0.001
Uterus cancer# 81726 557 (68) 36506 144 (39) - 0 0.42 (0.35t0 0.51) <0.001
Cervical cancertt 81562 90 (11) 36580 18 (5) —_—— 0.51(0.30t0 0.87) 0.013
Breast cancer 150993 3915 (259) 80733 757 (94) - E 0.37 (0.34 to 0.40) <0.001
Lung cancer 153263 1039 (68) 82864 470 (57) - . 0.55(0.49t0 0.62) <0.001
Liver cancer 153318 215 (14) 83026 76 (9) —-— i 0.39 (0.30 t0 0.51)  <0.001
Esophagus cancer 153283 350 (23) 82976 134 (16) —-— E 0.46 (0.37 t0 0.56) <0.001
Gastric cancer 153300 248 (16) 82981 108 (13) —-— ; 0.57 (0.45t0 0.72) <0.001
Intestinal cancer 153307 73 (5) 83007 37 (4) —_— E 0.62 (0.41t00.94) 0.026
Colorectal cancer 152754 1952 (128) 82171 728 (89) - . 0.53 (0.49t0 0.58) <0.001
Leukemia 153195 465 (30) 82849 137 (17) —-— | 0.39 (0.32t0 0.47) <0.001
Myeloid leukemia 153263 168 (11) 82984 52 (6) —-— E 0.42 (0.30t0 0.58) <0.001
Lymphoid leukemia 153253 275 (18) 82899 73 (9) —-— ! 0.35 (0.26 to 0.45)  <0.001
Lymphoma 153053 812 (53) 82686 221 (27) - b 0.38 (0.33t0 0.45)  <0.001
Hodgkin lymphoma 153281 73 (5) 82991 21 (3) —. E 0.41(0.25t0 0.68) 0.001
Non-hodgkin lymphoma 153084 773 (50) 82712 207 (25) - . 0.38 (0.32t0 0.44) <0.001
Multiple myeloma 153274 301 (20) 82957 117 (14) —— E 0.50 (0.40 to 0.62)  <0.001
Skin cancer 151402 6910 (456) 79486 2376 (299) - 0 0.51 (0.48 t0 0.53)  <0.001
Melanoma 152882 1179 (77) 82360 391 (47) - 1 0.51 (0.45t0 0.57) <0.001
Bladder cancer 153088 836 (55) 82489 372 (45) - E 0.52 (0.46 t0 0.59) <0.001
Kidney cancer 153228 463 (30) 82812 193 (23) —-— . 0.47 (0.39t0 0.56) <0.001
Thyroid cancer 153255 148 (10) 82967 49 (6) —a— ' 0.54 (0.39t0 0.76) <0.001
Pancreatic cancer 153315 374 (24) 83014 130 (16) —— E 0.44 (0.36 to 0.55) <0.001
Brain cancer 153297 236 (15) 83010 63 (8) —-— ; 0.41 (0.31 10 0.55) <0.001

Hyperlipidemia 6 0}5 1‘ 1 }5
Protective Risk

B Cancers Non-users (N)  Non-users (Incidence) New users (N) New users (Incidence) HR (95% Cl) P-value
Prostate cancer# 109099 5003 (459) 57001 1779 (312) - o 0.51 (0.48 to 0.54) <0.001
Ovarian cancer# 148263 608 (41) 49020 100 (21) —— E 0.38 (0.31t0 0.48) <0.001
Uterus cancer# 149737 900 (60) 49011 180 (37) —-— . 0.40 (0.34 t0 0.48) <0.001
Cervical cancer# 149363 192 (13) 49121 24 (5) —— 1 0.46 (0.29t0 0.72) 0.001
Breast cancer 264880 6803 (257) 111185 1006 (90) - E 0.37 (0.35t0 0.40)  <0.001
Lung cancer 268796 1691 (63) 114157 687 (60) - ! 0.58 (0.53t0 0.64) <0.001
Liver cancer 268883 359 (13) 114386 110 (10) —-— i 0.40 (0.32t0 0.49)  <0.001
Esophagus cancer 268828 527 (20) 114315 191 (17) —-— E 0.51 (0.43t00.61) <0.001
Gastric cancer 268842 393 (15) 114328 150 (13) —— . 0.57 (0.47 t0 0.70)  <0.001
Intestinal cancer 268877 128 (5) 114364 45 (4) —— E 0.53 (0.37t0 0.75)  <0.001
Colorectal cancer 268000 3142 (117) 113225 976 (86) - . 0.51 (0.48 t0 0.55) <0.001
Leukemia 268687 810 (30) 114134 201 (18) - i 0.38 (0.33t0 0.45) <0.001
Myeloid leukemia 268796 300 (11) 114326 67 (6) —-— E 0.35 (0.27 t0 0.47)  <0.001
Lymphoid leukemia 268795 485 (18) 114212 118 (10) - . 0.37 (0.30 to 0.46)  <0.001
Lymphoma 268434 1379 (51) 113880 313 (27) - 5 0.39 (0.34 t0 0.44)  <0.001
Hodgkin lymphoma 268831 136 (5) 114337 33 (3) —— E 0.41(0.28t0 0.61) <0.001
Non-hodgkin lymphoma 268486 1302 (48) 113916 296 (26) - . 0.39 (0.34 t0 0.44)  <0.001
Multiple myeloma 268824 524 (19) 114278 174 (15) —-— E 0.52 (0.44 10 0.63)  <0.001
Skin cancer 26561 11506 (433) 109379 3233 (296) L] . 0.49 (0.47 t0 0.51) <0.001
Melanoma 268200 2034 (76) 113500 532 (47) - 1 0.50 (0.45t0 0.55)  <0.001
Bladder cancer 268497 1337 (50) 113627 525 (46) - E 0.54 (0.48 t0 0.59) <0.001
Kidney cancer 268760 747 (28) 114091 258 (23) - ! 0.45 (0.39t0 0.52)  <0.001
Thyroid cancer 268777 251(9) 114304 61 (5) —.— i 0.52 (0.38t0 0.69) <0.001
Pancreatic cancer 268879 545 (20) 114373 190 (17) —-— E 0.52 (0.43t00.61) <0.001
Brain cancer 268862 360 (13) 114371 86 (8) —-— ; 0.45 (0.35t0 0.57) <0.001

General participants (5 0‘.5 1‘ 1 .‘5

Protective Risk
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Figure 1. Association between lipid-lowering drugs and cancer risk

(A) In total follow participants.

(B) In participants with hyperlipidemia. Incidence: number of cancer occurrences per 10000 patients. #: Only in females or males. HR: hazard ratio; Cl: confidence
interval. Adjusted for age, sex, BMI, race, smoking status, drinking status, comorbidity index, and other drugs.

Meta-analysis of the association of lipid-lowering drugs and the risk of cancers

The meta-analysis on cancer incidence included 39 publications with varying numbers of studies focusing on different types of cancer (pros-
tate:13, breast:11, colorectal:9, pancreas:é; liver:4, lung:4, gastric:4, ovarian:4, melanoma:3, bladder:2, kidney:2, uterus:2, NHL:2). The
included studies were from 9 countries in the US, Korea, French, Japan, the UK, China, Israel, Finnish, and Canada. Our study results were
also included in the analyses. Based on the Newcastle-Ottawa Scale (NOS), 35 studies received scores >7, indicating a low risk of bias
(Table S2). Notably, we observed lower incidence of the prostate (HR 0.85, 95% CI 0.73-0.97, n = 13, p = 0.020), liver (HR 0.58, 95% ClI
0.48-0.70, n = 4, p < 0.0010), and gastric (HR 0.64, 95% Cl 0.45-0.90, n = 4, p = 0.010) cancer when using lipid-lowering drugs. Conversely,
there was no statistically significant association in breast, colorectal, pancreatic, lung, kidney, bladder, NHL, uterus, ovarian cancer, and mel-
anoma (all p > 0.050) (Figure 4). Considerable inter-study heterogeneity was noted, with no significant publication bias in Egger’s test or fun-
nel plots (Figure S4; Table S3). Sensitivity analysis confirmed the stability of the results for prostate, liver, and gastric cancer (Figure S5).

DISCUSSION

In summary, this study was a comprehensive and prospective study to evaluate the effect of lipid-lowering drugs on a total of 21 kinds of can-
cers with a large sample size. Based on UK Biobank, we observed that the use of lipid-lowering drugs, particularly statins, was associated with

A Cancers (Inci (Inci HR1(95%Cl)  Pi-value i New i HR2(95%Cl)  P2-value

Lung cancer 918 (58) 328 (60) 061(054100.70) <0.001 —— 1 773.70) 359 (61) 0.56(04910063) <0.001

Liver cancer 149 (9) 43(8) 0.51(0:36100.73)  <0.001 ——— ! 210(19) 67(11) 034(0.2510045) <0.001

Esophagus cancer 176 (1) 49(9) 051(037t00.71)  <0.001 = | 351 (32) 142 (24) 051(04210063) <0.001
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Figure 2. Association between lipid-lowering drugs and cancer risk

(A) By sex.

(B) By duration.

(C) By BMI. Incidence: number of cancer occurrences per 10000 patients. #: Only in females or males. HR: hazard ratio; Cl: confidence interval; BMI: body mass
index. Models: (1) Model 1 was adjusted for age and sex; (2) Model 2 was also adjusted for BMI, race, smoking status, and drinking status; (3) Model 3 was further
adjusted for the comorbidity index and other drugs identified.

iScience 27, 110680, September 20, 2024 5




¢? CellPress iScience
OPEN ACCESS

A

Cancers Non-users(Incidence) New users(Incidence) HR (95% Cl) P-value

Prostate cancer# 5108 (451) 1674 (317) - 0 0.53 (0.50 to 0.56) <0.001

Ovarian cancer# 616 (40) 92 (21) —-— E 0.40 (0.32t0 0.51) <0.001
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Cervical cancer# 192 (12) 24 (5) R 0.54 (0.34 t0 0.84) 0.007
'

Breast cancer 6875 (251) 934 (92) - 0 0.40 (0.37 t0 0.43)  <0.001

Lung cancer 1737 (62) 641 (61) - ! 0.60 (0.55 to 0.66)  <0.001

Liver cancer 368 (13) 101 (10) . 5 0.40 (0.32t0 0.51)  <0.001
'

Esophagus cancer 537 (19) 181 (17) —-— , 0.54 (0.46 to 0.65) <0.001

Gastric cancer 399 (14) 144 (14) —.-— 0.62 (0.5110 0.75) <0.001

Intestinal cancer 130 (5) 43 (4) —— E 0.57 (0.40t0 0.82) 0.002

Colorectal cancer 3210 (116) 908 (87) - 0 0.53 (0.49 to 0.58) <0.001

Leukemia 827 (30) 184 (18) - 1 0.39 (0.33t0 0.46) <0.001
'

Myeloid leukemia 310 (11) 57 (5) - y 0.33(0.25t0 0.44) <0.001

Lymphoid leukemia 491 (18) 112 (1) B ! 0.40 (0.32 t0 0.49)  <0.001

Lymphoma 1399 (50) 293 (28) - ; 0.41(0.36 t0 0.47) <0.001
'

Hodgkin lymphoma 137 (5) 32(3) —— . 0.46 (0.30 t0 0.68) <0.001

Non-hodgkin lymphoma 1323 (48) 275 (26) - q 0.40 (0.35t0 0.46) <0.001

Multiple myeloma 543 (20) 155 (15) —— E 0.51(0.43t0 0.62) <0.001

Skin cancer 11725 (427) 3014 (300) = . 0.51 (0.49t0 0.53) <0.001

Melanoma 2077 (75) 489 (47) - . 0.51(0.46 to 0.56) <0.001
'

Bladder cancer 1371 (49) 491 (47) - ! 0.56 (0.50 to 0.62) <0.001

Kidney cancer 761 (27) 244 (23) - . 0.47 (0.41t0 0.55)  <0.001

Thyroid cancer 256 (9) 56 (5) —— b 0.53 (0.39t0 0.72) <0.001
'

Pancreatic cancer 554 (20) 181 (17) —-— . 0.55 (0.46 to 0.66) <0.001

Brain cancer 366 (13) 80 (8) —.— , 0.46 (0.36 to 0.60) <0.001
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Cancers Non-users(Incid )  New users(Incid: ) HR (95% ClI) P-value

Prostate cancer# 5010 (459) 1772 (312) - | 0.51(0.48 to 0.54) <0.001

Ovarian cancer# 608 (41) 100 (20) —-— E 0.39 (0.31t0 0.48) <0.001

Uterus cancer# 901 (60) 179 (37) - . 0.40 (0.34 t0 0.48)  <0.001

Cervical cancer# 192 (13) 24 (5) — . 0.46 (0.30t0 0.73)  <0.001
'

Breast cancer 6808 (257) 1001 (90) - ! 0.37 (0.35t0 0.40)  <0.001

Lung cancer 1692 (63) 686 (60) - . 0.58 (0.53 t0 0.64) <0.001

Liver cancer 359 (13) 110 (10) —-— i 0.40 (0.32t0 0.50)  <0.001
'

Esophagus cancer 528 (20) 190 (17) —-— . 0.51(0.43t0 0.61) <0.001

Gastric cancer 393 (15) 150 (13) —a— , 0.58 (0.47 t0 0.70) <0.001

Intestinal cancer 128 (5) 45 (4) —. E 0.53 (0.37 t0 0.76)  <0.001

Colorectal cancer 3144 (117) 974 (86) - ' 0.51 (0.48 to 0.55) <0.001

Leukemia 812 (30) 199 (17) - 1 0.38 (0.32t0 0.45) <0.001
'

Myeloid leukemia 301 (11) 66 (6) —-— 0 0.35 (0.26 to 0.46)  <0.001

Lymphoid leukemia 486 (18) 117 (10) . ! 0.37 (0.30 to 0.46)  <0.001

Lymphoma 1379 (51) 313 (28) - b 0.39 (0.34 to 0.44)  <0.001
'

Hodgkin lymphoma 136 (5) 33 (3) —a ' 0.42(0.28t0 0.62) <0.001

Non-hodgkin lymphoma 1302 (48) 296 (26) - . 0.39 (0.34 to 0.44)  <0.001

Multiple myeloma 525 (20) 173 (15) —.— E 0.52 (0.44 t0 0.62) <0.001

Skin cancer 11522 (433) 3217 (295) ] 0 0.49 (0.47 to 0.51)  <0.001

Melanoma 2040 (76) 526 (46) - | 0.49 (0.44 to 0.54)  <0.001
'

Bladder cancer 1340 (50) 522 (46) -n- ' 0.53 (0.48 t0 0.59)  <0.001

Kidney cancer 748 (28) 257 (23) - ! 0.45 (0.39t0 0.52)  <0.001

Thyroid cancer 252 (9) 60 (5) —a— ] 0.51(0.38 t0 0.68) <0.001
'

Pancreatic cancer 546 (20) 189 (17) —-— . 0.51(0.43t0 0.61) <0.001

Brain cancer 360 (13) 86 (8) —— ] 0.45 (0.35t0 0.57) <0.001
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Figure 3. Sensitivity analysis

(A) More than one prescription.

(B) Statins. Incidence: number of cancer occurrences per 10000 patients. #: Only in females or males. HR: hazard ratio; Cl: confidence interval. Models: (1) Model 1
was adjusted for age and sex; (2) Model 2 was also adjusted for BMI, race, smoking status, and drinking status; (3) Model 3 was further adjusted for the comorbidity
index and other drugs identified.

reduced risk of melanoma, skin cancer, and reproductive (prostate, ovarian, uterus, cervical, breast), hematological (leukemia, lymphoma,
multiple myeloma), urinary (bladder, kidney), digestive (esophagus, gastric, intestinal, colorectal, liver), respiratory (lung), nervous (brain can-
cer), endocrine system (thyroid, pancreatic) cancers even in patients with hyperlipidemia. Our meta-analysis documented that lipid-lowering
drugs reduced the risk of prostate, liver, and gastric cancer, especially. According to our findings, lipid-lowering drugs reduced the overall risk
of cancer death. Further investigations with extensive sample sizes and long follow-up periods are needed to explore the effect on deaths
from each type of cancer. Moreover, previous studies found that statins may have a potentially beneficial effect on COVID-19, possibly by
directly affecting the endocytosis or replication process of the virus.”' Consequently, we conducted a stratification analysis and found that
lipid-lowering drugs had a similar reduction in cancer risk regardless of COVID-19 infection.

Cancer has emerged as a major global health challenge in today's society, imposing not only psychological and financial burdens on pa-
tients and families but also placing a substantial burden on society as a whole.” As a result, the importance of cancer prevention is increasing.
Preventive strategies are deemed more advantageous than treatment due to the prolonged and expensive nature of cancer therapy, which
yields varying success rates. By adopting preventive measures such as maintaining healthy lifestyles and undergoing screening tests, the risk
of developing cancer can be reduced, leading to improved overall health, longevity, and quality of life while simultaneously decreasing
healthcare costs and societal burden.”*** However, the effectiveness of current prevention methods is not optimal.

Numerous studies have been conducted on the relationship between lipid-lowering therapy and cancer prevention, yielding conflicting
findings. For instance, a study involving an American cohort found no significant correlation between statins and prostate, breast, lung, colo-
rectal, pancreatic, kidney, and bladder cancers, while indicating a reduced risk for NHL and melanoma.'” Another study reported that statin
use was associated with decreased risk of prostate, uterus, liver, and gastric cancers.'” A large prospective study conducted in Korea with
587705 participants demonstrated that statins were associated with a decreased risk of breast and cervix uteri cancer but showed no asso-
ciation with uterus and ovarian cancer.”” Furthermore, Murtola et al. and Lopez et al. also observed that statin use was associated with a
decreased risk of prostate cancer, which aligns with our cohort findings.”**’ Similarly, other studies on liver and kidney cancer have reported
the anti-cancer effects of lipid-lowering drugs, consistent with our results.”®?” Our study, in contrast to previous research focused on a single
type of cancer, observed multiple cancer outcomes and conducted independent follow-ups for each cancer, thereby eliminating the impact
of unobserved medication before cohort entry. However, only statins have been shown to potentially reduce the risk of cancer. A meta-anal-
ysis found no significant results for the use of fibrates in the respiratory tract, breast, colon, gastrointestinal tract, prostate, genitourinary tract
cancers, or melanoma.™ It is possible that distinct mechanisms exist for the prevention of different types of cancer. For instance, a review
suggested that statins affect lung cancer stem cells by inhibiting RhoA, YAP/TAZ, reducing the effect of oncogenic genes, and down-regu-
lating Oct4/Nano G, thereby reducing the risk of lung cancer. Additionally, evidence suggests that there may be sex-specific differences in the
protective effects of statins against lung cancer, possibly attributed to immune responses, mutated oncogenes, or even lifestyle habits such as
smoking among men and women.”’

In our study, when only adjusting for age and sex, we did not observe a significant protective effect of lipid-lowering drugs on lung, gastric,
intestinal, and bladder cancers. However, it had a protective effect when further adjusted. Given that the majority of our cohort was White, we
thought that further adjusted factors (BMI, smoking, drinking) might play a role. In our subgroup analysis of BMI, lipid-lowering drugs reduced
the risk of gastric cancer in overweight and obese participants, while reducing the risk of intestinal cancer in normal-weight and overweight
participants. This verified the reliability of the confounding factors we adjusted to some extent. Tobacco smoke contains more than 40 car-
cinogens and is therefore considered one of the major risk factors for cancers.®” Thus, smoking is an important confounding factor that needs
to be adjusted. Moreover, a meta-analysis found that drinkers had a significantly increased risk of prostate cancer and even had a significant
dose-response relationship.”® Some studies suggested they may affect the risk of other types of cancer.?*** The confounding factors adjusted
in our study are necessary.

An important metabolic characteristic of cancer cells is a disruption in lipid metabolism, which is essential for the proliferation of various
types of cancer cells and plays a role in all aspects of tumorigenesis. Therefore, targeting lipid metabolism presents a promising strategy for
cancer prevention.*® One potential mechanism involves the increased demand for mevalonate (MVA) as a marker of carcinogenesis, making
the MVA pathway a prime target for cancer. Statins, by inhibiting HMGCR, can reduce MVA levels, affecting both cholesterol-mediated and
non-cholesterol-mediated pathways.?” Dysregulation of cholesterol homeostasis, is associated with the emergence of cancer through various
pathways, including inflammasome and microRNA-mediated pathways.***? For some statins such as rosuvastatin that rarely reach the extra-
hepatic tissues, in the absence of the statin, reduced cholesterol in these cells might remove the negative feedback on cholesterol biogenesis,
stimulating the cholesterol pathway.*® Thus, it may be more related to non-cholesterol-mediated pathways in the development of these can-
cers. Statins can inhibit cancer cell growth by targeting isoprene intermediates FPP and geranyl pyrophosphate (GPP), which play a crucial role
in modifying intracellular G proteins such as Rho, Rac, and Ras involved in cell proliferation, differentiation, and apoptosis. By inhibiting this
process, statins ultimately inhibit cancer cell growth. This mechanism is particularly significant in specific tumor types such as lung, colorectal,
and pancreatic cancer.”’** Furthermore, lipid-lowering drugs may have a preventive effect on cancer by mitigating chronic inflammation, a
crucial factor in the pathogenesis of numerous malignancies. Research indicates that the use of lipid-lowering drugs can attenuate systemic
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Figure 4. Studies included in the meta-analysis on association between lipid-lowering drugs and cancer risk
(A): prostate cancer; (B): breast cancer; (C): colorectal cancer; (D): pancreatic cancer; (E): liver cancer; (F): lung cancer; (G): gastric cancer; (H): non-Hodgkin
lymphoma; (I): ovarian cancer; (J): bladder cancer; (K): kidney cancer; (L): uterus cancer; (M): melanoma. IV: Inverse Variance; Cl: confidence interval.

chronic inflammation by suppressing the release of inflammatory mediators and modulating immune response. This mechanism can impede
the proliferation and metastasis of cancer cells, thereby contributing to cancer prevention.*> Studies have demonstrated that fibrates can
effectively prevent the formation of certain tumor cells through their anticoagulant and anti-inflammatory characteristics.* In addition,
lipid-lowering drugs may prevent certain hormone-dependent cancers by regulating estrogen levels and hormone receptor activity. Recently,
cholesterol has been identified as a natural estrogen-related receptor (ERR)-a ligand using a combined biochemical strategy. It underscored
the association between elevated cholesterol levels and certain cancer phenotypes characterized by overexpression of ERRa, such as breast,
prostate, and colorectal cancers, where metabolic adaptations affect many cancer processes.”’ This emphasizes the potential use of choles-
terol-lowering drugs such as statins.*® Furthermore, by regulating cholesterol levels and improving blood circulation, statins can also improve
cellular oxidative stress and antioxidant capacity, reduce the occurrence of DNA damage and gene mutations, and thus reduce the risk of
cancer.”’ Separately, statins may possess distinct mechanisms to prevent different cancers. For example, studies conducted on mouse
models showed that statins inhibited the expression of matrix metalloproteinases (MMPs), very late antigens (VLAs), CDK phosphorylation,
and cyclin, meanwhile, inhibited Rho/LIM kinase (LIMK)/serum response factor (SRF)/c-Fos signaling pathway and promoted the expression of
cyclin-dependent kinase (CDK) inhibitors to reduce the risk of melanoma.”®

We also compare our study with the other. The study by Carter et al. utilized the Mendelian randomization method to investigate the relation-
ship between HMGCR inhibition and the risk of overall cancer and site-specific cancers. They found that statins reduce cancer risk which suggests
that any reduction in cancer risk from statins in practice is likely to be modest.'® Similar results were also found in our study that the use of lipid-
lowering drugs reduced the risk of 21 types of cancers and further research is needed on the role of subclasses of lipid-lowering drugs. Nonethe-
less, it is worth noting that we also evaluated the association between lipid-lowering drugs and the mortality of overall cancer and found that
using lipid-lowering drugs decreased the mortality of overall cancer in total patients, which was not explored in the study of Carter et al. In addi-
tion, we conducted a separate analysis on the role of the fibrates which was not included in the variant gene regions used in the study of Carter
etal., and found that fibrates were not associated with a lower risk of cancer in males, highlighting a divergence in results. Furthermore, our study
was stratified and showed that the effects of lipid-lowering drugs on site-specific cancers were different in sex and BMI groups, which will be more
conducive to the precise application of lipid-lowering drugs for cancer prevention in the future. To enhance the generalizability of our findings
across different ethnicities and nationalities, we conducted a meta-analysis including the results of our study based on the UK population and
other cohort studies and found that there was a reduced risk of the prostate, liver, and gastric cancer in participants using lipid-lowering drugs,
especially. Although our meta-analysis was not so comprehensive, the integration of publications similar to our type of study can minimize meth-
odological heterogeneity and provide some reference for the existing controversy between lipid-lowering drugs and cancer.

Our advantage was the use of a large prospective sample cohort in the UK over a long period of follow-up and the analysis was limited to a
single type of cancer. Besides, each cancer was followed up individually. Besides, we used linked GP data and death registry data rather than
self-reported data to make the assessment of exposure and outcome more accurate. In summary, lipid-lowering drugs protect from cancer
incidence, suggesting the possible cancer prevention effects even in the general population. As an important part of public health policy,
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cancer prevention is important, reducing the incidence of cancer in the community as a whole, improving overall health, and reducing the
need for medical resources. It is worth noting that our study offers the possibility of new preventive measures to reduce the incidence of can-
cer in the future. It may be a promising strategy to consider repurposing lipid-lowering drugs for cancer prevention.

Limitations of the study

It should be noted that there were several limitations. First, we did not further classify the detailed drug due to the number of patients taking a
different medication and we were unable to obtain information on the use of some drug types such as ezetimibe and PCSK? inhibitors. How-
ever, we did our best to conduct subgroup and sensitivity analyses. Second, there were some possible confounders not in the model (e.g.,
exercises, diet, familial history of cancer) due to the limited information collected by the UK Biobank. However, we adjusted potentially impor-
tant confounders (e.g., comorbidity index, use of other drugs). Third, detailed clinical data such as the stage of cancers and dosage of drugs
were unable to be included in the analysis. Fourth, the analyses may be particularly affected by selection bias caused by the selective discon-
tinuation of drug use in the terminal phase of cancers. Also, confounding indications for lipid-lowering drugs must be taken into consideration
in further studies. Fifth, this study predominantly included only white populations. The applicability of these findings may be restricted.
Furthermore, since drug information was based on prescriptions, it was impossible to ascertain whether participants adhered to the pre-
scribed drug or not. Finally, limited by the number of articles retrieved, only 13 kinds of cancers were included in our meta-analysis, and studies
on each cancer were relatively small which included quite a bit of cancer that has not been studied before. Some methods, such as Egger’s
test, may lack analytical power due to the small sample sizes. Hence, the results should be interpreted with caution and it is necessary to
design more rigorous research in the future to further explore and validate our findings.
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RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the Lead Contact, Xiude Fan (fanxiudexjtu@
163.com).

Materials availability
No new reagents or materials were generated in this study.

Data and code availability
e This study used data from the UK Biobank (application number 89483). For details, please contact access@ukbiobank.ac.uk. All other
data reported in this paper will be shared by the lead contact upon request.
e This paper does not report original code.
e Any additional information required to reanalyze the data reported in this work paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
Data source

A prospective cohort study was conducted using data from the UK Biobank cohort. The UK Biobank is a large-scale longitudinal biomedical
database that recruited over half a million volunteers aged 40 to 69 years from across the UK from 2006 to 2010. Participants provided bio-
logical samples of blood, urine, and saliva for genotyping and biochemical analysis. The ethical approval was from its own Ethics Advisory
Committee (EAC). It provides detailed information on informed consent and public involvement of participants.”’°> The UK Biobank has
approval from the North West Multi-centre Research Ethics Committee (MREC) as a Research Tissue Bank (RTB) approval. This RTB approval
was granted initially in 2011 and it is renewed on a 5-yearly cycle: hence UK Biobank successfully applied to renew it in 2016 and 2021 (2021
NWREC RTB Application and Approval). UK Biobank will in due course apply for renewal effective in 2026 (https://www.ukbiobank.ac.uk/
learn-more-about-uk-biobank/about-us/ethics). Each participant attended a baseline assessment at the center in England, Scotland, or
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Wiales. Volunteers were surveyed about their lifestyle (including nutrition, drug use, etc.) and genetic relationships. Information on their health
and medical status was tracked over time.>

The UK Biobank is linked with primary care data, also known as the General Practitioner (GP) data, for participants, all of whom provided
consent for linkage to their health-related records. The initial release of GP data contains data for approximately 409,000 participants which
included information such as clinical events and prescription information with TPP (https://www.tpp-uk.com/) or EMIS (https://www.
emishealth.com/) as the data system supplier.”* Using the GP data, we identified new users of lipid-lowering drugs by Dictionary of Medicines
and Devices (DM + D) and local EMIS codes for the different data system suppliers. The death data was received from the UK Biobank-linked
death data which was from the NHS Digital system for participants in England and Wales, and the NHS Central Register (NHSCR) for partic-
ipants in Scotland. This data included the date of death, primary and contributing causes of death, coded using the ICD-10 system.>* An over-

view of all of the linked health data available from the UK Biobank can be found in the Essential Information section of Showcase.”

Participants

We conducted an open cohort study using data from the UK Biobank to investigate the effects of lipid-lowering drugs on various cancer types.
Participants were enrolled between January 1, 2006, and December 31, 2010, and were followed up until the earliest of cancer diagnosis,
death, or study end on December 31, 2021. For each specific cancer type, we independently included and excluded participants from the
cohort. Participants who had been diagnosed with the specific cancer before the assessment center visit, lacked baseline data for analysis
or were lost to follow-up were excluded from the analyses. Notably, for uterine and cervical cancer, women who had undergone hysterectomy
were excluded, while for ovarian cancer, women who had undergone bilateral oophorectomy were excluded. For the overall cancer mortality
cohort, we included participants with any cancer diagnosis at the time of enrollment or diagnosed during the follow-up period (as shown in
Figure S3). This cohort began on the date of enrollment or time of the first diagnosis of cancer (if diagnosed after enrollment). The analysis
method and model were consistent with the main study. Additional details were outlined in Figure Sé.

The demographic characteristics obtained from UK Biobank data field (Table S5) are: age, sex (female and male), race (white, mixed, Asian
or Asian British, black or black British, Chinese, other ethnic groups, do not know or not answer), smoking status (never, previous, current,
prefer not to answer), and drinking status (never, previous, current, prefer not to answer), blood examination (glucose: mmol/L, cholesterol:
mmol/L, triglyceride: mmol/L, LDL-C: mmol/L), anthropometry (BMI: kg/cmz, WC: cm, HC: cm, systolic blood pressure [SBP: mmHg], diastolic
blood pressure [DBP: mmHg]), history of bowel cancer screening (yes or no), prostate specific antigen (PSA) test (yes or no), breast cancer
screening/mammogram (yes or no), cervical smear test (yes or no), oral contraceptive pill (yes or no), hormone-replacement therapy (HRT)
(yes or no) and age when periods started (menarche). The collection and detection methods of the examination items above can be found
in detail on the website.”

METHOD DETAILS

Ascertainment of medications and outcomes

Using the linked primary care data, also known as the General Practitioner (GP) data, the participants were categorized as non-users and new
users. Refer to definitions from previous studies, new users were considered to have no lipid-lowering drug prescription before enrollment but
have lipid-lowering drug prescriptions in follow-up to reduce the “cumulative effect” of not being observed.”® Whereas participants were
considered non-users if they never had a lipid-lowering drug prescription. The lipid-lowering drugs identified from the GP data were statins
and fibrates. Furthermore, the duration was defined as the interval between the first prescription and the date of discontinuing drug use. The
date of discontinuing drug use was defined as the date 90 days after the last prescription.”” Our primary outcomes were the risks of 21 site-
specific cancers identified by the International Classification of Disease (ICD)-10 codes. The codes used were shown in Table S4.

Ascertainment of covariates

Potential confounders were obtained from the touchscreen questionnaire, GP data, hospital admission, and blood biochemistry assay. The
details can be found on the website of UK Biobank.” We identified the potential confounding diseases to calculate the comorbidity index
using ICD-10 codes (Table S4) and other potential confounding drugs that probably affect the association between lipid-lowering drugs and
cancers.”® Potential confounding diseases: myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular dis-
ease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, mild liver disease, diabetes mellitus, hemiplegia, mod-
erate or severe renal disease, diabetes mellitus with chronic complications, moderate or severe liver disease and acquired immune deficiency
syndrome (AIDS). Potential confounding drugs: aspirin, hypoglycemic drugs (metformin, sulfonylureas, glucagon-like peptide-1 [GLP-1], di-
peptidyl peptidase-4 [DDP-4], and insulin), hypotensive drugs (angiotensin-converting enzyme inhibitors [ACEI], angiotensin receptor
blockers [ARB], calcium channel blockers [CCB], B-blockers and hydrochlorothiazide).

Meta-analysis

We searched PubMed and Sinomed databases to identify all articles on the effect of lipid-lowering drug use on the risk of cancers until June 6,
2024. Medical Subject Headings (MeSH) (or subject term) and free terms related to “lipid-lowering drugs”, “cancer”, “incidence” and “pro-
portional hazards models” were employed. The studies included in the meta-analysis met the following criteria: (1) prospective design, (2)

lipid-lowering drugs or statins as the exposure, (3) cancer incidence as the outcome, (4) availability of hazard ratios (HRs) and confidence
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intervals (Cls), and (5) description of covariables in the models. In total, 458 records were identified through searching. We excluded 113 re-
cords for animals, non-English articles, clinical trials, reviews, meta-analyses, and case reports. After further screening, 39 studies were
included in the meta-analysis, including our own study. The detailed search strategy and selection flow chart were presented in Table S6
and Figure S7. The corresponding information was obtained by reading the full text and then using the NOS to assess the risk of bias.”’
We extracted the following information: title, author, country, year of publication, duration of follow-up or the start and end time of the
research, drug assessment method, outcome assessment method, covariables in the fully adjusted model, types of cancer, subgroup,
HRs, and Cls. Details and NOS scores were placed in Tables S7 and S8. The I statistic and Cochran’s Q test were used to assess the hetero-
geneity among included studies. Pooled estimates of HRs and Cls were computed using the Inverse Variance method and random-effects
model if heterogeneity was found (I? > 50% or p < 0.050) and were reported as forest plots. Otherwise, the fixed-effects model was used.

Furthermore, we conducted sensitivity analyses using one by one-by-one elimination method if applicable (included studies >5) by which
the stability of the results was assessed by eliminating one study at a time and recombining others for analysis. Publication bias was evaluated
using Egger’s test with a funnel plot. Besides, we performed meta-regression to explore possible sources of heterogeneity if applicable
(included studies >5), including length of follow-up (=10 years and <10 years), drug assessment method (self-report, prescription records,
medication codes), outcome assessment method (self-report, medical record, cancer registries), country, sample size, adjustment for poten-
tial confounders and study quality (NOS score).

QUANTIFICATION AND STATISTICAL ANALYSIS

We used the t-test and Chi-square test for continuous and categorical variables to compare the baseline characteristics of participants ac-
cording to drug use status (non-uses and new users), respectively. The multivariable Cox proportional hazards regression model with HRs
and 95% Cls was employed. The main study aimed to evaluate the association between lipid-lowering drugs and the risk of cancers. The
target variables (incidence of specific cancers) were binary and took only two values, O or 1. Furthermore, we adjusted for the potential con-
founders in the multivariable Cox proportional hazards regression model to examine the associations between lipid-lowing drugs and out-
comes: (1) Model 1 was adjusted for age and sex; (2) Model 2 was also adjusted for BMI, race, smoking status, drinking status; (3) Model 3was
further adjusted for comorbidity index and other drugs we identified; (4) Model 4 was additionally adjusted for cancer-specific confounders.
Cancer-specific confounders adjusted in Model 4: PSA test for prostate cancer; age when periods started (menarche), oral contraceptive pill,
and HRT for ovarian and uterus cancers; cervical smear test (yes or no), age when periods started (menarche), oral contraceptive pill, and HRT
for cervical cancer; breast cancer screening/mammogram for breast cancer; bowel cancer screening for intestinal and colorectal cancers.

We also performed stratified analyses by (1) sex (except for sex-specific cancers): male and female; (2) duration of drug use: <5 years
and >5years; (3) BMI groups: normal weight: 18.5-25 kg/m?, overweight: 25-30 kg/m?, obesity: >30 kg/m?. We performed sensitivity analyses
to examine the robustness of our findings. First, we repeated the analysis by redefining new users as participants with more than one prescrip-
tion to assess the association between lipid-lowering drugs and the occurrence of cancers. Second, we compared statins users and non-sta-
tins users to repeat the analysis because statin users made up a large portion of the lipid-lowering drugs in our study. Statins users were
defined as prescribing statins and the others were considered non-statins users. Third, we compared fibrates users and non-fibrates users.
Fibrates users were defined as prescribing fibrates and the others were considered non-fibrates users. Since there was no consistent definition
of hyperlipidemia at present, we referred to relevant studies and defined it as meeting any of the following conditions: (1) patients with
a diagnosis of hyperlipidemia based on ICD-10 codes (E78); (2) baseline cholesterol level >5.72 mmol/L; (3) baseline triglyceride
level >1.7 mmol/L.°**" Navicat Premium 16 was used to extract the linked GP data. All analyses were conducted using IBM SPSS Statistics
26.0 and R tools 4.2. RevMan 5.4 and Stata 17.0 were used for meta-analysis. Two-sided p < 0.050 were considered statistically significant.
Our study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline and Meta-anal-
ysis Of Observational Studies in Epidemiology (MOOSE) guideline.
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