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Background—Higher prevalence of nonalcoholic fatty liver disease (NAFLD) in men and

postmenopausal women than in premenopausal women has suggested a potential role of sex

hormones in the pathogenesis of the disease. We sought to evaluate the association between oral

contraceptive pills (OCP) and NAFLD and to determine whether adiposity mediates any effect.

Methods—We included 4338 women aged 20–60 years who were enrolled in the Third National

Health and Nutrition Examination Survey from 1988 to 1994 in a population-based cross-sectional

study. We defined NA-FLD as moderate–severe steatosis on ultrasonography in women without

excessive alcohol use or other identifiable causes. OCP use was based on self-report and was

categorized as never, former or current use.

Results—The overall weighted prevalence of NAFLD was 11.6 % but lower in current (6.7 %)

than in former (12.0 %) or never users (15.6 %, P = 0.016). In the multivariable model, current

OCP users experienced a 50 % lower odds of NAFLD than never users (adjusted odds ratio 0.50;

95 % confidence interval 0.26, 0.98) after adjusting for age, race/ethnicity, smoking status, history

of diabetes or hypertension and education. Further adjustment for body mass index or waist

circumference significantly attenuated the OCP–NAFLD relationship.

Conclusions—In this large US-representative population, OCP use was associated with reduced

odds of NAFLD. However, this association could be mediated or confounded by adiposity.

Prospective studies are needed to further clarify the causal role of sex hormone.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the most common liver disease in

developed countries over the past two decades. Due to an increased prevalence of obesity,

type 2 diabetes and hyperlipidemia, NAFLD and its liver-related consequences are expected

to become public health problems, and thus identification of factors that can prevent the

development of NAFLD is key [1, 2].

While higher prevalence of NAFLD is commonly found in Hispanics than in non-Hispanic

whites [2] or in African Americans [3–5], NAFLD has largely been associated with older

age, inflammatory biomarkers involved in hepatocellular injury, impaired glucose and

lipoprotein metabolism and anthropometric measures that reflect central obesity [1, 2]. In

addition, NAFLD is most frequently found in men and postmenopausal women without

hormone replacement therapy (HRT) [2], suggesting a role of sex hormones, particularly

estrogen, in the pathogenesis of NAFLD [6, 7].

Animal studies and clinical observations indicate that high levels of estrogen, as normally

seen in premenopausal women, preferentially increase peripheral distribution of fat, thereby

reducing the risk of central obesity; whereas the fall in the levels of estrogen observed

during menopause, is associated with loss of subcutaneous fat and a gain in visceral fat [8–

10]. Similarly, observational studies have described more pronounced deposition of fat mass

in the waist relative to the hip and high waist-to-hip ratio in postmenopausal compared to
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premenopausal women [11, 12]. Previous studies have reported that menopause increased

the risk of NAFLD and that postmenopausal women on HRT were less likely to have

NAFLD than those not treated with hormones [9, 13–15]. However, there is limited

evidence on whether the use of oral contraceptive pills (OCP), another source of exogenous

hormones, can also protect younger women from the risk of NAFLD. Therefore, we sought

to determine the association between OCP use and prevalent NAFLD in women aged 20–60

who were enrolled in the Third National Health and Nutrition Examination Survey

(NHANES III) from 1988 to 1994. We hypothesized that women taking OCPs would have

lower odds of NAFLD than those who never used OCP. We also examined whether the

association could be explained by the postulated effects of hormones on adiposity.

Methods

Study design and population

NHANES III was conducted between 1988 and 1994 as part of a program consisting of

cross-sectional population-based studies to assess the health and nutritional status of non-

institutionalized adults and children in the US. Extensive documentation regarding the data

collection procedure and contents of questionnaire for adults in NHANES III is available

elsewhere [16]. Briefly, in addition to demographic, socioeconomic and dietary information,

detailed lifestyle and behavioral questionnaire for adults aged 20 or older were documented

through household interview as well as comprehensive physical examinations and blood

samples collection performed in mobile examination centers (MEC). Overall, 33,944

participants were interviewed in NHANES III, of which 14,797 adults aged 20–74

completed household interview, physical examinations and a gallbladder ultrasonography.

For the current study, we included 4338 females aged 20–60 whose anthropometric

measures were available and who provided their reproductive health information regarding

the last menstrual period (LMP) and OCP use. Women who had LMP within the prior 12

months were considered regularly menstruating (Fig. 1). Considering the distinct profiles of

endogenous hormones in women of twenties through sixties, we further grouped women into

a younger, reproductive group (age 20–34) and a mid-adult, perimenopausal group (age 35–

60). Detailed menstruation history was unavailable for staging women’s perimenopausal

status according to the 2011 Stages of Reproductive Aging Workshop (STRAW) + 10

criteria [17].

Data collection

In 2009–2010, hepatic steatosis was systematically determined from archived gallbladder

ultrasounds using modified criteria by Hamaguchi et al. [18] and included the assessment of:

liver parenchyma brightness, liver-to-kidney contrast, deep beam attenuation, bright vessel

walls and thickness of gallbladder wall. Comprehensive descriptions about the review

protocol are available elsewhere [19]. NAFLD was defined as moderate or severe hepatic

steatosis in women who did not use zidovudine or didanosine and who reported daily

consumption of one alcohol drink (14 g alcohol) or less in the prior 12 months [20]. The

intra- and inter-rater reliability of the ultrasound-defined hepatic steatosis was 0.77 [95 %

confidence interval (CI) 0.73–0.82] and 0.70 (95 % CI 0.64–0.76), respectively [19].
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Women aged 20–60 were asked: “Have you ever taken birth-control/estrogen pills?”, “How

old when you first took birth-control/estrogen pills?”, “How many months ago did you stop

taking birth control pills or are you still taking them?” and “Not counting any time when you

stopped taking them, for how many months have you taken/did you take birth-control/

estrogen pills?” Based on responses to these answers, women were categorized as: never,

former or current users of OCP. In addition, we examined the age of initiation, the duration

of OCP use (excluding intervals not taking the pills among former and current users), and

time since stopping OCP (in months) in former users only.

Statistical analysis

Descriptive analyses were performed to compare socio-demographic characteristics and

laboratory profiles among participants who never, formerly or currently used OCP at the

time of the household interview. To assess unadjusted associations, design-based chi-square

statistics were used for categorical variables, and survey-based linear regression analyses

were conducted for continuous covariates. Covariates that were considered in multivariable

models included age, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-

American and others), past medical history of diabetes mellitus (DM) or hypertension,

smoking behavior (never, former or current smokers), socio-economic indicators such as

highest educational level obtained (high school or higher vs. less than high school),

insurance coverage status (yes vs. no) and income level (at or above poverty ratio, 1 vs.

below poverty ratio, 1); liver enzymes including alanine aminotransferase (ALT) and

aspartate aminotransferase (AST) as well as plasma levels of glucose and insulin. Among

women who fasted for 8 h or longer, we also compared serum levels of triglyceride (TG) by

OCP use and estimated the degree of insulin resistance by calculating the homeostasis model

assessment-estimated insulin resistance index (HOMA-IR) [21]. Stratified analysis and

formal statistical tests for interaction were used to decide whether OCP–NAFLD association

differed by age, race, DM or hypertension history. When no such effect modification was

identified among the above mentioned variables, multivariable logistic regression was then

built to determine the independent association between OCP use and NAFLD while

adjusting for all potential confounders.

In the mediation analysis, anthropometric variables that measure different aspects of

adiposity, such as body mass index (BMI), waist circumference (WC), waist-to-hip ratio and

total body percent fat [22], were first examined by inclusion of each variable into the base

multivariable model to assess whether the measure of association between OCP use and

NAFLD was attenuated by at least 10–15 % on the log scale [23]. Assumptions for valid

mediation analysis, such as whether OCP users were distributed equally across different

levels of each of the potential mediators, were examined empirically [23, 24] before

calculating the absolute proportion of exposure effect explained (aPEE) for each potential

mediator. Odds ratios (OR) and 95 % CI were reported at a two-tailed significance level of

0.05. All analyses were performed in Stata 11 [25], employing appropriate sampling weights

to account for the stratified, probability sampling and non-responses in the survey.
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Results

Characteristics of subjects

Characteristics of the study population and by OCP use history are summarized in Table 1.

Compared to never users, current OCP users were younger (mean 27.6 vs. 34.1 years), less

likely to be Mexican-American (5.3 vs. 9.5 %) or to have diabetes (2.0 vs. 5.6 %) or

hypertension (11.6 vs. 17.9 %). Current users were also more likely to have a higher

educational attainment (88.3 vs. 75.9 %) and income (86.6 vs. 79.6 % were at or above

poverty line); access to care as indicated by insurance coverage (88.5 vs. 80.9 %); as well as

being current or former smokers (40.7 vs. 34.0 %). In addition, more women taking OCPs

had a BMI <25 kg/m2 (67.9 vs. 52.9 %) or a normal level of serum ALT (≤31 U/L) than

those who never used OCPs (97.8 vs. 93.4 %). However, current OCP users were less likely

to have an elevated serum concentration of insulin or insulin resistance (HOMA-IR ≥2.60)

than never users (14.4 vs. 21.6 %) whereas former users had a comparable level of HOMA-

IR to never users. Women had similar levels of serum TG and plasma glucose regardless of

OCP use status. As shown in Table 2, current OCP users began to take OCP at a similar age

to those who reported former use (20.0 vs. 20.2 years). However, 19.9 % of current users

reported having been on OCP for more than a decade while 21.7 % of former users had

stopped taking oral pills within the first year of use (Table 2).

Associations between OCP and NAFLD

Overall, a protective effect of current OCP use remained significant after adjusting for age,

race/ethnicity, smoking history, co-morbidities and the highest educational level (Model 1 in

Table 3), with a 50 % lower odds of NAFLD in current versus never users [adjusted odds

ratio (AOR) 0.50; 95 % CI 0.26, 0.98]. In Model 2, obesity as defined by BMI ≥30 kg/m2

was found to be strongly associated with NAFLD compared to their normal-BMI

counterparts, overweight females showed a 1.3-fold odds of NAFLD (AOR 1.31; 95 % CI

0.91, 1.89) and obese individuals had a 3.3-fold higher odds of NAFLD (AOR 4.27; 95 %

CI 2.88, 6.34). BMI significantly attenuated the relationship between current OCP use and

NAFLD (AOR 0.55; 95 % CI 0.27, 1.13), by about 14 % [absolute PEE (aPEE) was 14.0

%]. In other words, slightly more than one-tenth of the association between OCP use and

NAFLD could have been explained by BMI alone. Similarly, women with a WC >88 cm

(34.6 in.) also exhibited a twofold higher odds of NAFLD than those with smaller waist

(AOR 3.21; 95 % CI 2.25, 4.58). WC also substantially attenuated the OCP–NAFLD

association with an estimated aPEE 21.3 % (Model 3 in Table 3). On the other hand, the

waist-to-hip ratio and total percent body fat appeared to exert only minimal influence (aPEE

<15 %) (Models 4 and 5, Table 3).

The low prevalence of NAFLD associated with current OCP use seemed particularly

prominent in women aged 20–34 (AOR 0.41, 95 % CI 0.20, 0.86) but not in women aged 35

or older (AOR 1.58, 95 % CI 0.51, 4.91). However, there was no statistical evidence for the

differential effect of age on the OCP–NAFLD association (P values for interaction >0.05).

Nor did the OCP–NAFLD association significantly differ among women with or without

diabetes or hypertension (P values for interaction >0.05, data not shown). Moreover, we

found that the association between OCP use and NAFLD was differentially affected by race,
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with a protective effect of current OCP use observed only among non-Hispanic White (AOR

0.41, 95 % CI 0.18, 0.97) after adjusting for age, smoking history, co-morbidities and the

highest educational level (Table 4). Notably, African American women who never used

OCP had a 54 % lower odds of NAFLD than their non-Hispanic White counterparts (AOR

0.46, 95 % CI 0.25, 0.84).

Discussion

In this population-based study, we found an independent association between current OCP

use and NAFLD among women of reproductive age. This study finding extends the

accumulating literature that exogenous sex hormones may provide a protective effect against

NAFLD in women. Current literature on the relationship of exogenous sex hormones and

adiposity remains inconclusive [2, 6, 12, 15]. Particularly, in a recent systematic review,

most included trials were of short duration (<1 year) [26] whereas more than 90 % of current

and 75 % of former OCP users in the current study reported that they had taken OCP for

more than 1 year at the time of the interview or before quitting. As such, we hypothesized

that adiposity situated on the pathway between OCP use and NAFLD as a mediator, rather

than as a confounder. Nevertheless, the directionality of the OCP-obesity relationship can

only be clarified in a prospective manner.

While female sex hormones are known to modulate immune responses underlying some

viral infections and chronic inflammatory disorders [27, 28], several mechanisms have been

proposed by which estrogen may exert a hepatoprotective effect [7, 27]. Both in vitro and

clinical studies have shown that estradiol (E2) at the pregnancy level can block the secretion

of proinflammatory cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6

[27, 29, 30]. E2 is also known to be potent anti-oxidant acting through estrogen receptors on

hepatic cells [31]. Conceivably, low levels of E2 may be associated with impaired beta-

oxidation of fatty acids that are deposited in hepatocytes, worsening the steatosis in patients

with NAFLD [7, 32]. In contrast, research on the potential involvement of progesterone in

adipocyte development and differentiation has been relatively little and the results are often

inconsistent [33, 34]. Future investigations to further delineate the relative contributions of

estrogen and progesterone in the pathogenesis of NAFLD are warranted.

Given the low prevalence of current OCP users among participants aged 35 or older

(weighted prevalence 5.3 % vs. 30.8 % in those aged 20–34 years), our finding that the

protective effect of current OCP use against NAFLD was most evident in younger (age <35

years) versus older women was not unexpected. This also likely explains our lack of power

to detect a significant modifying effect of age on the OCP–NAFLD association. As early

work has revealed that women taking OCPs generally have a low concentration of plasma

estrogen [35, 36], we believe that endogenous estrogen may not be involved in this

differential relationship by age in current OCP users.

Consistent with other work showing that African Americans tended to have a reduced risk of

nonalcoholic steatohepatitis (NASH) [3, 37], we found that African American women who

never used OCP had a reduced odds of NAFLD as compared to non-Hispanic White.

Possible explanations for this risk reduction by race abound yet none is more favorable than
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others. Among a cohort of obese women requiring bariatric surgery, Solga et al. [38] found

that African American women were less likely to be affected by moderate–severe hepatic

steatosis or liver fibrosis than their Caucasian counterparts, despite of similarly high

prevalence of risk factors for cardio-metabolic disorders. Solga et al. [38] suggested a gene–

environmental interaction that modified women’s immune responses to an altered adiposity

status. Besides, several observational studies have demonstrated that African American

women tend to have less visceral fat than Caucasian women of similar BMI values,

suggesting race-specific metabolic pathways in utilization and storage of adipose tissue [39,

40]. As studies have shown that E2 levels were generally comparable among African

American women, non-Hispanic White and Hispanic women [41–43], it is possible that

estrogen differentially modulates the immune system under an oxidative stress in the liver of

African American women as compared to non-Hispanic Whites. However, whether this

OCP–NAFLD association truly differs by race needs further research. Longitudinal studies

that monitor changes in immune cells and cytokines along with hormone levels in a multi-

racial population may help elucidate the interplay among the immune, endocrine and

metabolic aspects of this particular liver disease.

Several limitations need to be considered in light of our findings. First, the cross-sectional

nature makes it impossible to ascertain causality. Nevertheless, our findings contribute to the

existing literature that exogenous sex hormone may independently protect women against

NA-FLD by providing evidence from a large, representative female population in the US.

Second, while performing mediation analysis, theoretical work in the causal inference has

shown that it is imperative to make sure the mediator-outcome relationship is well-adjusted

by including most, if not all, measured confounders in the statistical model [24]. Although

NHANES III has extremely comprehensive data collection, the risk for omitted variables

still exists and cannot be determined by empirical analysis. Lastly, women’s exposure to

OCP relied on self-report in the current analysis. Regiments or doses of OCP were not

available to verify the relative contribution of estrogen versus progesterone or to evaluate

the dose– or duration–response relationship with NAFLD.

In this US-representative sample of women aged 20–60 years, we found that current use of

OCP was independently associated with decreased odds of NAFLD. A significant

proportion of such effect could be attributed to adiposity as measured by waist measure or

BMI. Additional investigations using prospective cohorts, with very well characterized

measures of adiposity are needed to determine whether a causal relationship between OCP

use and NAFLD exists.
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Fig. 1.
Flowchart of participant selection. Among 33,944 participants who were interviewed in

NHANES III in 1988–1994, 14,797 adults aged 20–74 completed adult questionnaire (AQ)

and received physical examinations at the mobile examination center (MEC) where blood

samples collection and a gallbladder ultrasonography were also performed. In the current

analysis, we included 4338 females aged 20–60 who reported their history of oral

contraceptive pills use and had the last menstrual period (LMP) within the prior 12 months.

Women without any of the following anthropometric measures were excluded: body mass

index, waist circumference or waist-to-hip ratio

Liu et al. Page 10

J Gastroenterol. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Liu et al. Page 11

Table 1

Characteristics of premenopausal women aged 20–60 in NHANES III (N = 4338) by OCP Use History, 1988–

1994

All (N = 4338) Never use (N = 960) Former use (N = 2604) Current use (N = 774)

NAFLD 11.6 % 15.6 % 12.0 % 6.7 %

Demographic

Age (years): mean (SEa) 33.7 (0.3) 34.1 (0.6) 35.5 (0.2) 27.6 (0.4)

 20–34 55.0 % 54.2 % 45.0 % 87.7 %

 35–60 45.1 % 45.9 % 55.0 % 12.3 %

Race/ethnicity

 Non-Hispanic white 72.9 % 59.3 % 75.7 % 76.8 %

 Non-Hispanic black 12.3 % 11.7 % 12.8 % 11.6 %

 Mexican-American 5.7 % 9.5 % 4.8 % 5.3 %

 Others 9.0 % 19.5 % 6.7 % 6.3 %

Socio-economic status

 Education

  High school or higher 83.4 % 75.9 % 84.2 % 88.3 %

 Income level n = 3996 n = 849 n = 2431 n = 716

  At or above poverty line 85.2 % 79.6 % 86.4 % 86.6 %

 Insurance coverage n = 4148 n = 913 n = 2491 n = 744

  Yes 86.5 % 80.9 % 87.5 % 88.5 %

Anthropometrics

 BMI (kg/m2)

  Mean (SEa) 25.8 (0.2) 26.6 (0.7) 26.0 (0.2) 24.1 (0.3)

  <25 55.8 % 52.9 % 52.9 % 67.9 %

  25–29.9 22.5 % 21.0 % 24.7 % 17.2 %

  ≥30 21.7 % 26.1 % 22.4 % 14.9 %

 Waist circumference (cm)

  >88 35.2 % 40.8 % 38.1 % 20.6 %

 Waist–hip ratio

  ≥0.8 69.8 % 72.4 % 74.2 % 53.4 %

 Total percent body fat (%) n = 3808 n = 831 n = 2255 n = 722

  ≥40 22.3 24.6 24.3 14.1

Risk factors (%)

 Diabetes 4.4 5.6 4.7 2.0

 Hypertension 18.6 17.9 21.0 11.6

Smoking (%)

 Never 55.8 66.1 51.6 59.3

 Former smoker 16.1 9.7 18.3 15.4

 Current smoker 28.1 24.3 30.1 25.3

Cholesterol (mg/dL) n = 4133 n = 909 n = 2487 n = 737

 ≥240 mg/dL 9.9 % 10.1 % 9.9 % 9.6 %
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All (N = 4338) Never use (N = 960) Former use (N = 2604) Current use (N = 774)

Triglycerideb (mg/dL) n = 2674 n = 594 n = 1593 n = 487

 ≥150 mg/dL 16.0 % 18.3 % 15.9 % 14.0 %

AST (U/L) n = 4102 n = 900 n = 2472 n = 730

 >31 3.4 % 3.9 % 3.7 % 2.0 %

ALT (U/L) n = 4102 n = 900 n = 2472 n = 730

 >31 4.4 % 6.6 % 4.5 % 2.2 %

Plasma glucosec (mg/dL) n = 4167 n = 915 n = 2512 n = 740

 ≥200 0.6 % 0.7 % 0.7 % 0.1 %

Serum insulin (μU/mL) n = 4136 n = 912 n = 2491 n = 733

 Mean (SEa) 9.6 (0.2) 11.0 (0.7) 9.4 (0.2) 9.1 (0.3)

 <10 69.7 % 68.0 % 70.1 % 70.2 %

 10–20 24.4 % 22.9 % 24.3 % 26.3 %

 ≥20 5.9 % 9.2 % 5.7 % 3.5 %

HOMA-IRd n = 2528 n = 540 n = 1463 n = 451

 HOMA-IR ≥2.6 20.6 % 21.6 % 22.3 % 14.4 %

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, HOMA-IR the homeostasis model assessment-estimated
insulin resistance index, OCP oral contraceptive pill, SE standard error

a
Survey-based mean estimation with linearized standard error

b
Only included participants who fasted ≥8 h

c
3.9 % of participants missing plasma level of glucose; included participants who fasted ≥8 h (65.1 %),<8 h (34.8 %) and 4 participants with

unknown fasting status

d
Calculated only among participants who fasted ≥8 h and had plasma levels of glucose and insulin available (58.3 %)
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Table 2

Former and current OCP users among premenopausal women, NHANES III, 1988–1994

OCP use Former use (N = 2604) Current user (N = 774)

Age (years): mean (SEa) 35.5 (0.2) 27.6 (0.4)

Age at first use of OCP (years): mean (SEa) 20.2 (0.1) 20.0 (0.3)

Years of taking OCP: mean (SEa) 4.3 (0.2) 6.7 (0.6)

 <1 21.7 % 8.0 %

 1–5 41.0 % 37.7 %

 5–10 24.7 % 34.4 %

 ≥10 12.6 % 19.9 %

Years since stopping OCP: mean (SEa) 9.8 (0.2)

 <1 8.2 %

 1–5 21.3 %

 5–10 20.8 %

 ≥10 49.7 %

OCP oral contraceptive pill, SD standard deviation

a
Survey-based mean estimation with linearized standard error
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