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Abstract
Incidence of non-alcoholic fatty liver disease (NAFLD) and liver cancer are 2–3 times higher in males than females. Hor-
monal mechanisms are hypothesized, with studies suggesting that oophorectomy may increase risk, but population-based 
evidence is limited. Thus, we conducted a study within the Clinical Practice Research Datalink, with controls matched 
to cases of NAFLD (n = 10,082 cases/40,344 controls) and liver cancer (n = 767 cases/3068 controls). Odds ratios (OR) 
and 95% confidence intervals (CI) were estimated using conditional logistic regression. Effect measure modification by 
menopausal hormone therapy (MHT) was examined, using likelihood ratio tests and relative excess risk due to interaction 
(RERI). Oophorectomy was associated with a 29% elevated NAFLD risk (OR = 1.29, 95% CI 1.18–1.43), which was more 
pronounced in women without diabetes (OR = 1.41, 95% CI 1.27–1.57) and in women who had oophorectomy prior to age 
50 (OR = 1.37, 95% CI 1.22–1.52). Compared to women without oophorectomy or MHT use, oophorectomy and MHT were 
each associated with over 50% elevated risk of NAFLD. However, the combination of oophorectomy and MHT showed 
evidence of a negative interaction on the multiplicative (p = 0.003) and additive scales (RERI = − 0.28, 95% CI − 0.60 to 
0.03, p = 0.08). Oophorectomy, overall, was not associated with elevated liver cancer risk (OR = 1.16, 95% CI 0.79–1.69). 
These findings suggest that oophorectomy may increase the risk of NAFLD, but not liver cancer.
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CI	� Confidence interval
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HBV	� Hepatitis B virus
HCC	� Hepatocellular carcinoma
HCV	� Hepatitis C virus
MHT	� Menopausal hormone therapy
NAFLD	� Non-alcoholic fatty liver disease
OR	� Odds ratio
UK	� United Kingdom

Introduction

Non-alcoholic fatty liver disease (NAFLD) is characterized 
by fat deposition in the liver which is not attributable to alco-
hol consumption; this encompasses simple steatosis (e.g., 
non-alcoholic fatty liver) to more progressive steatosis (e.g., 
non-alcoholic steatohepatitis) [1, 2]. NAFLD prevalence is 
estimated to range from 10 to 30% in Western populations 
[3, 4]. Rates of NAFLD have been increasing with the grow-
ing prevalence of the known primary risk factors, including 
obesity, diabetes, and metabolic syndrome [3, 5], and the 
prevalence of NAFLD is forecast to increase by over 20% 
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between 2015 and 2030 [6]. NAFLD can cause inflamma-
tion, oxidative stress, insulin resistance, and fibrosis, which 
may lead to cirrhosis and/or liver cancer [3, 5, 7].

Primary liver cancer accounts for approximately 5.6% 
of new cancer diagnoses worldwide [8], and incidence has 
been rising rapidly in a number of Western countries, includ-
ing the United Kingdom (UK) [9]. Liver cancer is usually 
predated by oxidative stress and inflammation [10, 11]. 
While hepatitis B virus (HBV), hepatitis C virus (HCV), 
and aflatoxin consumption are well accepted risk factors for 
liver cancer, obesity, type 2 diabetes, and NAFLD have also 
recently become recognized as important risk factors [6, 11, 
12].

Rates of NAFLD and liver cancer are 2–3 times higher in 
men than in women [3, 11, 13, 14]. These differential rates 
have not been fully explained by known risk factors that vary 
by sex [15, 16]. Thus, it has been suggested that hormones 
may account for the observed disparity. This hypothesis 
is supported by several epidemiologic studies which have 
reported that oophorectomy is associated with an increased 
risk of NAFLD [17] and liver cancer [18, 19]. Similarly, 
ovariectomy of female rodents increases the occurrence of 
liver disease and tumors [20–22]. It has also been reported 
that ovariectomy increases oxidative stress and inflammation 
in the livers of female mice [23]. Conversely, use of exog-
enous hormonal preparations, such as menopausal hormone 
therapy (MHT), has been associated with a lower risk of 
NAFLD [24] and liver cancer [18, 25–27]. This evidence 
suggests that oophorectomy may increase, and MHT may 
reduce, risk of NAFLD and liver cancer.

The few prior population-based studies that have exam-
ined oophorectomy have been limited by small sample size 
[17, 18] and/or self-reported oophorectomy [18, 19]. Addi-
tionally, the association between age at oophorectomy and 
NAFLD or liver cancer risk has not been thoroughly exam-
ined, and no studies to date have examined if MHT modifies 
the association between oophorectomy and NAFLD or liver 
cancer. Thus, the current study examined oophorectomy 
ascertained from medical records in association with the 
risk of NAFLD and primary liver cancer, and whether MHT 
modifies risk, in a large cohort of UK women.

Materials and methods

Data source

We conducted a nested case–control study within the Clini-
cal Practice Research Datalink (CPRD), a UK database of 
anonymized, population-based electronic medical records 
of the National Health Services [28]. The age and gender 
distributions in the CPRD are representative of the general 
UK population [29]. The CPRD contains medical data on 

approximately 6.9% of the UK population [28]. Data, includ-
ing demographic information, medical diagnoses, hospital 
referrals, and prescriptions, are collected on a monthly 
basis from general practitioners [30]. Clinical informa-
tion is recorded using Read codes rather than International 
Classification of Diseases (ICD) codes. Additionally, all 
prescribing information for medications is captured in an 
anonymous format for research purposes. Validation studies 
have shown the CPRD to be highly complete and accurate 
regarding clinical illness diagnoses and prescription infor-
mation [30]. Supporting medical documents routinely show 
that diagnoses in the CPRD are present in more than 90% of 
clinical records [31] and approximately 95% of primary can-
cers recorded in CPRD are confirmed as incident by another 
source (e.g., cancer registry) [32]. This study was approved 
by the National Institutes of Health Office of Human Sub-
jects Research.

Study population

The study population was drawn from all females in the 
CPRD from January 1, 1988 through July 31, 2017, from 
practices with up to standard (UTS) time. UTS time does 
not ensure data quality, but it is recommended for use as 
a proxy of quality data recording by the practices [28]. 
Cases included NAFLD (Read code: J61y100) and primary 
liver cancer (Read codes: B150300, B150z00, B152.00, 
BB5D500, BB5D700, BB5D800, B15z.00, B15..00, 
B150.00, B151.00, B151z00, B151200, B151400, B150000, 
B150200, B151000, BB5D513, BB5D512, Byu1100). For 
liver cancer, cases were not eligible if they had a liver metas-
tasis or a diagnosis of any of the five cancers most likely to 
metastasize to the liver in the 5 years prior to liver cancer 
diagnosis (i.e., lung, stomach, breast, colon, or pancreatic 
cancer).

Controls were matched to cases at a four-to-one ratio by 
age (year of birth), general practice, and length of time in the 
CPRD. Controls met the following criteria: (1) no previous 
NAFLD or liver cancer diagnosis; (2) the same number of 
years as the matched case in the CPRD; and (3) alive with 
activity in the CPRD at the time of the matched case’s date 
of diagnosis. The index date for each control was recorded as 
the diagnosis date of the matched case. Our study population 
consisted of 10,082 NAFLD cases and 40,344 matched con-
trols and 767 liver cancer cases and 3068 matched controls.

Three separate case–control matches were conducted for 
this study. In addition to the primary match, we conducted 
matches based on the presence or absence of diabetes at index 
date (for both the NAFLD and liver cancer analyses) and the 
presence or absence of chronic liver disease at index date (for 
the liver cancer analysis only). Both used the same matching 
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factors as the primary match, but additionally allowed for 
stratification by diabetes and by chronic liver disease.

Oophorectomy

We identified all oophorectomies prior to diagnosis among 
the cases or index date among the controls. Oophorectomy 
was further classified by laterality of oophorectomy (bilateral, 
unilateral, or unknown), length of time between oophorectomy 
and diagnosis or index date (< 20 or ≥ 20 years), and age at 
oophorectomy (< 50 or ≥ 50 years of age). The referent group 
were women who had not had an oophorectomy prior to diag-
nosis date or index date. The ratio of the odds ratios (ROR) 
was calculated to determine heterogeneity between oopho-
rectomy laterality, length of time between oophorectomy and 
diagnosis, and age at oophorectomy procedure.

Statistical Analysis

We calculated odds ratios (ORs) and 95% confidence inter-
vals (95% CI) using conditional logistic regression analysis, 
adjusting for smoking status prior to diagnosis (never, for-
mer, current smoker), history of alcohol-related disorders, 
diagnosis of HBV or HCV, body mass index (BMI, < 18.5, 
18.5 to < 25, 25 to < 30, ≥ 30 kg/m2), and MHT use (ever, 
never). Covariates were recorded prior to diagnosis among 
the cases or index date among the controls. Missing values 
for BMI (24.1% of NAFLD population and 29.6% of the 
liver cancer population) and smoking status (2.2% and 6.9%, 
respectively) were imputed using the PROC MI procedure 
(SAS Institute Inc., Cary, NC). Effect measure modification 
was evaluated by testing for deviation from (1) a multipli-
cative interaction model, using the likelihood ratio test to 
compare the fit of models with and without an interaction 
term, and (2) an additive interaction model, using the rela-
tive excess risk due to interaction (RERI) [33]. We further 
examined stratification of the oophorectomy-liver outcome 
relationship by type of MHT use (any MHT use, estrogen 
only, estrogen-progesterone combination only), diabetes, 
and, for the liver cancer cases, the presence of chronic liver 
disease. Finally, to ensure maximum recording of medical 
history, we conducted a sensitivity analysis whereby we 
required all patients to have at least 3 years of history in 
the CPRD prior to diagnosis or index date. All tests were 
2-sided. All statistical analyses were performed using SAS 
Software 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Characteristics of the NAFLD and liver cancer cases and 
matched controls are represented in Table 1. Both case 
groups were more likely than the matched controls to have 

a history of diabetes and smoking. NAFLD cases were more 
likely to be classified as overweight or obese and to have 
used MHT. Liver cancer cases were more likely to have 
alcohol-related disorders, chronic HBV or HCV infection, 
and a history of chronic liver disease.

Women who had undergone an oophorectomy had a 
29% increased risk of NAFLD (OR = 1.29, 95% CI 1.18, 
1.43), compared to women with both ovaries (Table 2). The 
increased risk of NAFLD associated with oophorectomy 
was consistent for bilateral and unilateral oophorectomy 
(ORbilateral = 1.30, 95% CI 1.16, 1.44 and ORunilateral = 1.37, 
95% CI 1.11, 1.68) and length of time between surgery 
and NAFLD diagnosis (OR<20 years = 1.34, 95% CI 1.20, 
1.49 and OR≥20 years = 1.20, 95% CI 1.01, 1.43). There was 
evidence of heterogeneity by age at oophorectomy, with 
women receiving an oophorectomy prior to age 50 at a 
higher risk of NAFLD (OR<50 years = 1.37, 95% CI 1.22, 
1.52 and OR≥50 years = 1.15, 95% CI 0.98, 1.36; ROR = 1.18, 
95% CI 0.98, 1.43, p = 0.09). Further stratification by age 
at oophorectomy (< 40, 40- < 45, 45- < 50, and ≥ 50 years) 
produced similar results. Oophorectomy was not associated 
with an increased risk of liver cancer (OR = 1.16, 95% CI 
0.79, 1.69). However, oophorectomy prior to age 45 was 
associated with a 71–75% increased risk, though estimates 
included the null (OR<40 years = 1.75, 95% CI 0.80, 3.79, 
OR40-<45 years = 1.71, 95% CI 0.80, 3.65). In the sensitiv-
ity analysis where we required all women to have at least a 
3-year history in the CPRD prior to diagnosis or index date, 
results were consistent (data not shown).

In Table 3, we examined the interaction between oopho-
rectomy and MHT use. There is evidence of a negative 
interaction of MHT use on the association between oopho-
rectomy and NAFLD on both the multiplicative (p inter-
action = 0.003) and additive scale (RERI = − 0.28, 95% CI 
− 0.60, 0.03, p = 0.08). Oophorectomy was associated with 
a 54% increased risk of NAFLD (OR = 1.54, 95% CI 1.33, 
1.77) among women with no MHT use, but only a 15% 
increased risk of NAFLD (OR = 1.15, 95% CI 1.02, 1.30) 
among women with MHT use. Compared to women with no 
oophorectomy and no MHT use, the combination of oopho-
rectomy and MHT use was associated with a less-than-addi-
tive 89% increased risk of NAFLD (OR = 1.89, 95% CI 1.68, 
2.13). This relationship was similar for estrogen only use and 
estrogen-progesterone use. There was no evidence for effect 
modification by age, BMI, or smoking status (p ≥ 0.05) on 
the association between oophorectomy and NAFLD or liver 
cancer. Additionally, there was no evidence for effect modi-
fication by MHT use (p interaction ≥ 0.05) on the association 
between oophorectomy and liver cancer, with women that 
had an oophorectomy and used MHT at no increased risk 
(OR = 1.01, 95% CI 0.55, 1.87).

When stratified by diabetes, oophorectomy was associated 
with a slightly higher risk of NAFLD among individuals 
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without a history of diabetes (OR = 1.41, 95% CI 1.27, 1.57) 
versus those with a history of diabetes (OR = 1.10, 95% CI 
0.85, 1.42, p interaction = 0.07, Supplemental Table 1). The 
lack of an association between oophorectomy and liver can-
cer was consistent when stratified by history of diabetes or 
chronic liver disease (Supplemental Table 2).

Discussion

Oophorectomy was associated with a 29% increased risk of 
NAFLD, which was stronger for women that had the proce-
dure prior to age 50 or women without a history of diabetes. 
There was a less-than-additive interaction between MHT use 
and oophorectomy, resulting in an 89% increased risk of 
NAFLD among women with a history of both MHT use and 
oophorectomy, compared to women with neither. Overall, 
oophorectomy was not associated with liver cancer risk.

In this study, we comprehensively evaluated the associa-
tion between oophorectomy and NAFLD and liver cancer, 

utilizing data recorded by general practitioners. We report 
that any oophorectomy is associated with a 29% increased 
risk of NAFLD, and a bilateral oophorectomy is associated 
with a 30% increased risk. Similarly, in a study of women 
with a prior diagnosis of endometrial cancer, medically 
recorded bilateral oophorectomy increased risk of NAFLD 
by 70% [17]. Premenopausal bilateral oophorectomy at the 
time of hysterectomy has also been found to increase risk 
of death by cardiovascular disease and all-cause mortality 
compared to women with ovarian preservation in UK [34] 
and US populations [35–37]. As cardiovascular disease is 
the main cause of death among persons with NAFLD [38], 
the association observed between oophorectomy and cardio-
vascular disease further supports the findings of the current 
study.

Experimentally, ovariectomized rats fed a high-fat diet 
have disrupted lipid metabolism, which results in hepatic 
fat and cholesterol accumulation [39]. Similarly, ovariecto-
mized mice fed a high-fat diet have accelerated NAFLD pro-
gression [22]. Mechanisms underlying liver fat accumulation 

Table 1   Characteristics of non-alcoholic fatty liver disease and liver cancer cases and matched controls in the Clinical Practice Research Data-
link (CPRD), 1988–2017

Characteristic Non-alcoholic fatty liver disease Liver cancer

Cases (N = 10,082) Controls (N = 40,344) Cases (N = 767) Controls (N = 3068)

Age (years), mean (SD) 56.1 (12.8) 56.0 (12.8) 70.3 (13.8) 70.3 (13.8)
Body mass index (kg/m2), n (%)
 < 18.5 27 (0.3) 794 (2.0) 37 (4.8) 110 (3.6)
 18.5 to < 25.0 779 (7.7) 14,323 (35.5) 289 (37.7) 1181 (38.5)
 25.0 to < 30.0 2716 (26.9) 13,248 (32.8) 248 (32.3) 1045 (34.1)
 ≥ 30 6560 (65.1) 11,979 (29.7) 193 (25.2) 732 (23.9)

Alcohol-related disorders, n (%)
 Yes 262 (2.6) 1026 (2.5) 43 (5.6) 42 (1.4)
 No 9820 (97.4) 39,318 (97.5) 724 (94.4) 3026 (98.6)

Smoking status, n (%)
 Never 2972 (29.5) 12,786 (31.7) 167 (21.8) 860 (28.0)
 Former 5221 (51.8) 18,640 (46.2) 409 (53.3) 1717 (56.0)
 Current 1889 (18.7) 8918 (22.1) 191 (24.9) 491 (16.0)

Chronic HBV/HCV infection, n (%)
 Yes 31 (0.3) 71 (0.2) 23 (3.0) 2 (0.1)
 No 10,051 (99.7) 40,273 (99.8) 744 (97.0) 3066 (99.9)

Chronic liver disease, n (%)
 Yes 123 (16.0) 8 (0.3)
 No 644 (84.0) 3060 (99.7)

Diabetes, n (%)
 Yes 2261 (22.4) 2443 (6.1) 176 (23.0) 328 (10.7)
 No 7821 (77.6) 37,901 (93.9) 591 (77.0) 2740 (89.3)

Menopausal hormone therapy (MHT), n (%)
 Any MHT use 3290 (32.6) 10,331 (25.6) 144 (18.8) 660 (21.5)
 Estrogen only 1248 (12.4) 3288 (8.2) 55 (8.1) 238 (9.0)
 Estrogen + progesterone only 1103 (10.9) 4250 (10.5) 59 (9.3) 248 (8.7)
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may be in part due to improper activation of lipid oxidation 
and attenuated lipid exportation in ovariectomized rodents 
fed a high-fat diet [39].

We found no association between oophorectomy, over-
all, and liver cancer. However, unilateral oophorectomy, 
< 20 years since oophorectomy, and oophorectomy prior 
to age 50 were associated with possible increased risk of 
liver cancer. These findings differ from prior experimental 
and population-based studies. Several experimental animal 
studies have reported that ovariectomy increases liver can-
cer development [20, 21] and accelerates tumor growth in 
rodents [40]. Two population-based studies of the oopho-
rectomy-liver cancer association have previously been con-
ducted [18, 19]. In a Taiwanese study, women who had a 
premenopausal oophorectomy were at 2.6-fold increased 
risk of hepatocellular carcinoma (the dominant histology 
of liver cancer) [18], while a US study conducted by our 
group reported bilateral oophorectomy to be associated 
with twice the risk of hepatocellular carcinoma [19]. The 
previous two reports included only diagnostically con-
firmed hepatocellular carcinoma cases and relied on self-
reported oophorectomy [18, 19], which may have lower 
accuracy than oophorectomy recorded in medical records 
[41]. In contrast, the current study includes all primary 
liver cancer cases and utilized oophorectomy recorded in 

the medical records. Thus, the somewhat discrepant find-
ings might be partially explained by differences in case 
definition and exposure assessment.

MHT use has also been associated with lower risk of 
NAFLD and lower liver enzyme levels [24, 42, 43]. How-
ever, in the current study, MHT use among women without 
an oophorectomy was associated with a 64% increased 
risk of NAFLD. MHT has been shown to improve insu-
lin sensitivity without affecting body composition, and 
this improved insulin sensitivity typically reverses within 
1 year after discontinuation of MHT [44]. Thus, the cur-
rent study may have included some women after they 
have discontinued MHT use. Prior studies also have sug-
gested that prolonged exposure to estrogen reduces the 
risk of liver cancer [45]. MHT use has been found to be 
associated with a 30–80% decreased risk of liver cancer 
in studies conducted within the UK [14], Italy [26, 46], 
Sweden [27], and Taiwan [18]. However, these findings 
are contradicted by several studies reporting null associa-
tions of MHT and liver cancer [19, 47]. Similar to a prior 
study conducted by our team using data from CPRD [25], 
we report herein that MHT use among women without 
an oophorectomy was associated with a 17% decreased 
liver cancer risk. The prior study, however, did not have 
information on oophorectomy status. In our current study, 

Table 2   Adjusteda odds 
ratios (ORs) and 95% 
confidence intervals (CIs) 
for the association between 
oophorectomy and risk of non-
alcoholic fatty liver disease and 
liver cancer, Clinical Practice 
Research Datalink (CPRD), 
1988–2017

a Matched on age, general practice, and length of time in the CPRD and adjusted for body mass index 
(< 18.5, 18.5 to < 25, 25 to < 30, ≥ 30  kg/m2), alcohol-related disorders, smoking status (never, former, 
current), chronic hepatitis B or C infection, chronic liver disease, diabetes, and menopausal hormone ther-
apy use (ever, never)

Non-alcoholic fatty liver disease Liver cancer

Cases Controls OR (95% CI) Cases Controls OR (95% CI)

Oophorectomy
No 9190 38,118 Referent 717 2902 Referent
Yes 892 2226 1.29 (1.18, 1.43) 50 166 1.16 (0.79, 1.69)
Laterality
 Bilateral 670 1630 1.30 (1.16, 1.44) 34 125 1.01 (0.65, 1.59)
 Unilateral 165 421 1.37 (1.11, 1.68) 12 31 2.00 (0.93, 4.32)
 Unknown 57 175 1.17 (0.84, 1.63) 4 10 0.87 (0.19, 3.92)

Years since oophorectomy
 < 20 663 1583 1.34 (1.20, 1.49) 22 65 1.28 (0.71, 2.32)
 ≥ 20 228 639 1.20 (1.01, 1.43) 28 101 1.09 (0.67, 1.76)

Oophorectomy prior to age 50
 No 245 712 1.15 (0.98, 1.36) 15 66 0.92 (0.48, 1.76)
 Yes 647 1514 1.37 (1.22, 1.52) 35 100 1.30 (0.83, 2.05)

Age at oophorectomy
 < 40 250 525 1.50 (1.26, 1.79) 13 28 1.75 (0.80, 3.79)
 40 to < 45 164 425 1.23 (1.00, 1.52) 12 30 1.71 (0.80, 3.65)
 45 to < 50 233 564 1.34 (1.23, 1.59) 10 42 0.78 (0.34, 1.75)
 ≥ 50 245 712 1.15 (0.98, 1.36) 15 66 0.92 (0.48, 1.77)
 p trend < 0.0001 0.4
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we report that women that had an oophorectomy and used 
MHT had no increased risk of liver cancer.

The mammalian liver is a sexually dimorphic organ, 
where many metabolic processes are regulated by andro-
gens and estrogens. For example, the liver exhibits major 
sex differences in the profiles of steroid and drug metabolism 

[48, 49]. Recent evidence suggests that estrogens could have 
both a protective and deleterious effect on hepatocarcino-
genesis [50]. In the current study, we found that MHT and 
oophorectomy were both associated with an elevated risk of 
NAFLD. This suggests that any imbalance in the hormonal 
milieu may have consequences for early liver tumorigenesis.

Table 3   Adjusteda odds ratios (ORs) and 95% confidence intervals (CIs) for interaction between oophorectomy and menopausal hormone ther-
apy (MHT) use and risk of non-alcoholic fatty liver disease and liver cancer, Clinical Practice Research Datalink (CPRD), 1988–2017

a Matched on age, general practice, and length of time in the CPRD and adjusted for body mass index (< 18.5, 18.5 to < 25, 25 to < 30, ≥ 30 kg/
m2), alcohol-related disorders, smoking status (never, former, current), chronic hepatitis B or C infection, chronic liver disease, and diabetes
b Estrogen-only use was examined compared to the referent group of no MHT use
c Estrogen-progesterone combination-only use was examined compared to the referent group of no MHT use
d Relative excess risk due to interaction (RERI). The null hypothesis is that RERI = 0. RERI > 0 indicates a positive or additive interaction and a 
RERI < 0 indicates a negative or less than additive interaction

Cases Controls Multiplicative scale Additive scale

Stratified OR (95% 
CI)

p interaction Single referent OR 
(95% CI)

RERId (95% CI)

Non-alcoholic fatty liver disease
MHT use Oophorectomy
 No No 6442 29,113 Referent Referent

Yes 350 900 1.54 (1.33, 1.77) 1.54 (1.33, 1.77)
 Yes No 2748 9005 Referent 1.64 (1.54, 1.75)

Yes 542 1326 1.15 (1.02, 1.30) 0.003 1.89 (1.68, 2.13) − 0.28 (− 0.60, 0.03)
Estrogen useb Oophorectomy
 No No 6442 29,113 Referent Referent

Yes 350 900 1.56 (1.34, 1.81) 1.56 (1.34, 1.81)
 Yes No 889 2398 Referent 1.83 (1.65, 2.03)

Yes 359 890 1.01 (0.85, 1.21) 0.0003 1.85 (1.58, 2.16) − 0.54 (− 0.94, − 0.13)
Estrogen-progester-

onec
Oophorectomy

 No No 6442 29,113 Referent Referent
Yes 350 900 1.60 (1.37, 1.86) 1.60 (1.37, 1.86)

 Yes No 1072 4142 Referent 1.49 (1.36, 1.64)
Yes 31 108 0.90 (0.55, 1.48) 0.03 1.34 (0.82, 2.20) − 0.75 (− 1.46, − 0.03)

Liver cancer
MHT use Oophorectomy
 No No 593 2310 Referent Referent

Yes 30 98 1.12 (0.70, 1.81) 1.12 (0.70, 1.81)
 Yes No 124 592 Referent 0.83 (0.64, 1.08)

Yes 20 68 1.22 (0.64, 2.32) 0.8 1.01 (0.55, 1.87) 0.06 (− 0.77, 0.90)
Estrogen useb Oophorectomy
 No No 593 2310 Referent Referent

Yes 30 98 1.11 (0.68, 1.82) 1.11 (0.68, 1.82)
 Yes No 41 189 Referent 0.99 (0.65, 1.50)

Yes 14 49 1.15 (0.51, 2.64) 0.9 1.14 (0.55, 2.36) 0.04 (− 1.03, 1.11)
Estrogen-progester-

onec
Oophorectomy

 No No 593 2310 Referent Referent
Yes 30 98 1.09 (0.67, 1.78) 1.09 (0.67, 1.78)

 Yes No 57 240 Referent 0.79 (0.53, 1.16)
Yes 2 8 0.73 (0.10, 5.53) 0.7 0.58 (0.08, 4.21) − 0.30 (− 1.60, 0.99)
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Our study has several limitations. First, as this study 
was not linked to a cancer registry, it is possible that 
some secondary liver cancer cases were misclassified as 
primary liver cancer cases. However, we attempted to 
control for this by excluding patients with diagnoses of 
cancers most likely to metastasize to the liver (i.e., lung, 
stomach, breast, colon, pancreatic cancer) in the past 
5 years. Additionally, NAFLD may not have been com-
pletely ascertained as it can be asymptomatic at early 
stages [51]. However, nondifferential sensitivity of dis-
ease detection will likely result in our reported OR being 
biased towards the null [52]. Second, because we did not 
have data on age at menopause, we stratified the analysis 
at age 50. Third, we cannot be certain that all HBV and 
HCV diagnoses were captured in the medical record data, 
as infected individuals can be asymptomatic and persons 
are only tested when there is a reason to do so. Addition-
ally, CPRD captures limited information on alcohol use; 
thus, we utilized medical disorders known to be associ-
ated with alcohol use (e.g., cirrhosis) [53]. While these 
conditions likely serve as a proxy only for individuals with 
extreme alcohol use, heavy, not light-to-moderate, alcohol 
consumption is associated with an increased risk of liver 
cancer [54]. Finally, CPRD does not consistently record 
race and ethnicity of individuals, thus these variables were 
not included as covariates. Nonetheless, the UK popula-
tion is predominantly white, therefore racial/ethnic differ-
ences are unlikely to attenuate our results. Generalizing 
our findings to other populations and racial/ethnic groups, 
however, should be done with caution.

Despite these limitations, our study had several strengths 
including its large sample size. Additionally, the CPRD has 
demonstrated completeness of cancer diagnoses and phar-
maceutical information [30, 31]. Our study pulled from med-
ical records that are routinely collected from the population 
without the intention of being included in a study, minimiz-
ing recall and self-report biases. Since the UK utilizes a uni-
versal healthcare system, potential systematic exclusion of 
specific socioeconomic groups was minimized. Finally, our 
analysis accounted for many potential confounders, includ-
ing BMI, diabetes, history of alcohol abuse, smoking, and 
HBV/HCV infection.

In conclusion, oophorectomy increased the risk of 
NAFLD, particularly among women with oophorectomy 
at a younger age or without diabetes. The highest NAFLD 
risk was among women who had an oophorectomy and used 
MHT, suggesting that a perturbation in the hormonal milieu 
may be involved in NAFLD development, but the interac-
tion was less-than-additive. There was no overall association 
between oophorectomy and liver cancer risk. Future studies 
are needed to determine hormonal mechanisms underlying 
the oophorectomy-NAFLD association and to further clarify 
the sex disparity found in NAFLD and liver cancer.
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