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Abstract
Purpose  Since the 1960s, increasing oral contraceptive (OC) use has mirrored decreasing ovarian cancer incidence. The 
impact of intrauterine devices (IUDs) on cancer risk is less well established. With improved access and increased options, 
we must consider how changing usage can affect cancer risks.
Methods  Nationally representative data from the National Health and Nutrition Examination Survey (NHANES, 1999–2016) 
and the National Survey for Family Growth (NSFG, 2006–2017) were used to evaluate contraceptive use over time in pre-
menopausal women (NHANES n = 13,179; NSFG n = 26,262). Trends were assessed overall and by race, age, pregnancy 
history, education, and body mass index.
Results  The average annual absolute increase in self-reported IUD use was 0.81% (NSFG), while OC use decreased 0.49% 
in NSFG and 0.47% in NHANES. This represents a significant decrease in OC use in NSFG [annual percent change (APC) 
− 2.2% (95% CI − 3.4, − 1.0%), p < 0.01]. Trends in OC use varied somewhat by pregnancy history in NHANES (p-inter-
action = 0.054). In contrast, IUD use increased 6.2% annually [(1.4, 11.2%), p = 0.03] and varied significantly by pregnancy 
history (p-interaction < 0.01). Nulligravid women increased IUD use 11.0% annually [(2.6, 20.1%), p = 0.02] compared to 
women with prior pregnancy at 5.2% [(0.4, 10.2%), p = 0.04]. In 2015–2017, IUD use was 76.5% hormonal (71.1, 81.8%) 
and 22.9% copper (17.4, 28.3%) with greater hormonal IUD use in obese women [89.4%, (82.9, 95.9%)].
Conclusion  Increasing IUD use outpaced declining OC use in premenopausal US women. There may be a resulting decreased 
gynecologic cancer risk as more women gain access to potentially risk-reducing contraceptives.

Keywords  Oral contraceptives · Intrauterine devices · Cancer risk · Gynecologic oncology · Women’s health

Introduction

Since the 1960s, oral contraceptives (OCs) have been a 
major method of effective and easily reversible contracep-
tion [1]. In 1973, OC use appeared to peak in the United 
States (US), at 36% of women; however, survey data prior 
to 1982 only included married women [2]. The prevalence of 
reported OC use decreased by 2% overall between 1971 and 
1980; this decline was 4% overall from 1982 to 1995 [3, 4].

OC use has been shown to influence the risk of certain 
cancers [5, 6]. A personal history of OC use is associated 
with a 30–50% reduction in ovarian and endometrial cancer 
risk [7, 8] that persists for over 30 years following cessation 
of use [5]. Evidence is mixed as to the effect that newer 
OC formulations have on breast cancer risk among women 
[6–11]. The risk of breast cancer has been found to be higher 
among women who currently or recently used contemporary 
hormonal contraceptives than among women who had never 
used hormonal contraceptives, with increased durations of 
use portending greater breast cancer risk. However, abso-
lute increases in risk were small [11]. Associations between 
cancer risk and OC use should be continually evaluated as 
formulations evolve, patterns of use change, and popula-
tions age.

Intrauterine devices (IUDs) are an important form of 
long-acting reversible contraception that may also affect 
cancer risk. Prior to 1995 there was a steep decline in IUD 
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use in the US from 7.1% in 1982 to 0.8% in 1995, likely due 
to reported pelvic inflammatory disease and other adverse 
effects linked with use of the Dalkon Shield IUD [4, 12]. 
When the copper IUD was first introduced in the US in 
1998, it was originally contraindicated for women without 
a history of pregnancy, but was eventually approved for all 
women in 2005 [13]. In 2010, the Centers for Disease Con-
trol and Prevention began publishing the U.S. Medical Eli-
gibility Criteria for Contraceptive Use and classified certain 
hormonal and copper IUDs as contraceptive methods that, 
for many women, offer “advantages that generally outweigh 
the theoretical or proven risks” associated with their use 
[14]. IUD use, like OC use, may be associated with reduced 
risks for ovarian cancer, but the consistency and magnitude 
of these risk reductions and the exact mechanisms through 
which they occur are not fully understood [15, 16]. This is 
in part, due to a lack of long-term follow-up in studies that 
collected information on IUD use. In addition to their use for 
contraception, hormonal IUDs are also used for treatment of 
complex atypical hyperplasia and low-risk endometrial can-
cer in women who desire future fertility due to the protec-
tive effects of progestins on the endometrium [17]. With the 
exception of recent studies reporting female cancer risk with 
hormonal IUD use in Finland [18], the association between 
hormonal IUD use and long-term cancer risk reductions has 
been largely unexplored. Additionally, there is some concern 
that the potential systemic absorption of hormones in IUDs 
may increase the risk of breast cancer, but this has been 
controversial [11].

In recent years, prescriptions from pharmacists and 
telehealth providers have increased access to many forms 
of contraception and many other countries have approved 
over-the-counter OCs [19]. Interestingly, the increased use 
of IUDs has corresponded with a decreased use of OCs in 
some countries [16]. Among women using contraception 
in the US, IUD use increased in recent years (2009–2012) 
[20, 21], but the rate of change over time in both IUD and 
OC use has not been elucidated. Using two nationally rep-
resentative surveys conducted by the National Center for 
Health Statistics (NCHS), the National Health and Nutrition 
Examination Survey (NHANES), and the National Survey of 
Family Growth (NSFG), we examined trends in the current 
use of contraceptives over the last two decades and consid-
ered how these patterns of contraceptive prevalence may 
influence cancer risk.

Methods

Data sources and study population

NHANES is a nationally representative cross-sectional 
survey of the civilian, non-institutionalized US population 

[22]. Participants included in our analysis were premeno-
pausal females aged 15–49 years during the nine most recent 
NHANES cycles (n = 13,179 individuals). Cycles included 
in our analysis were determined by data availability: 
1999–2000 represented the first 2-year cycle of continuous 
NHANES with a cycle every two years up to 2015–2016, 
the most recent cycle for which data was available [23–25]. 
Women with a history of hysterectomy or bilateral oopho-
rectomy were excluded due to lack of indication for standard 
contraception.

NSFG is a nationally representative survey of the civil-
ian, non-institutionalized US population of women aged 
15–44 years (15–49 years in 2015–2017 cycle used for cur-
rent IUD use by type). We included information on cur-
rent contraceptive (OC, IUD, surgical sterilization, implant, 
injectable medroxyprogesterone acetate) use among women 
from survey cycles 2006–2010, 2011–2013, 2013–2015, and 
2015–2017. Eligible women for our analyses were premeno-
pausal and without prior hysterectomy or bilateral oopho-
rectomy (n = 26,262 individuals). Prior to 2011, IUD type 
was not included in the survey questionnaires; therefore, the 
2011–2017 cycles were utilized when estimating current 
IUD use by type (copper vs. hormonal) [26–30].

Both surveys have complex stratified, multistage, and 
probability cluster sample designs. Each survey cycle was 
independent, and individual women were not followed lon-
gitudinally throughout either survey. NHANES oversampled 
low-income individuals, pregnant women, and certain racial/
ethnic and age groups. NSFG oversampled persons identify-
ing as black and Hispanic, as well as 15–19 year olds. Partic-
ipants in both surveys were assigned weights to account for 
unequal sampling probabilities and differential nonresponse 
rates. For both surveys, age, race, ethnicity, height, weight, 
and reproductive health history were self-reported during an 
in-person interview. Body mass index (BMI) was calculated 
from self-reported height and weight (in kilograms divided 
by height in meters squared). All NHANES and NSFG par-
ticipants provided written informed consent, and all analyses 
were performed using publicly available data [25, 26].

Assessment of oral contraceptive use

Prescription drug use in NHANES was obtained through 
the in-person interview. Participants reported prescription 
drugs taken over the past 30 days and presented containers/
prescriptions when possible. Each drug was linked to the 
Lexicon Plus prescription drug database, which was updated 
each cycle to include new products. Contraceptive types 
were determined based on NHANES generic drug codes 
[25].

The 1999–2002 NHANES cycles asked about current 
use (yes/no) and “brand name” of contraception (Fig. 1). 
This information was cross-referenced with prescription 
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drug information to determine OC use. Cycles 2003–2012 
included current use of OCs (yes/no), but not brand name. 
Questionnaire data was cross-referenced with prescription 
drug information to determine OC use. For years in which 
questionnaire and prescription data were present, an aver-
age of 29.4% of women did not have prescription drug 
information for OCs despite reported OC use in the ques-
tionnaire. These women did report other medication use 
in the prescription drug assessment, but did not include 
the specific prescription information for the OCs they 
reported taking in the questionnaire. Cycles 2013–2016 
did not include a question about current use of contracep-
tives. Therefore, for these latter two cycles information 
on contraceptive use was limited to the prescription drug 
assessment. For all survey years prescription information 
was used to determine specific OC formulation. During 
the time frame of this study, generation of combined OC 
(1st–4th) was determined based on type of progestin [31]. 
In general, newer generations of combined OCs (3rd and 
4th) have lower doses of both estradiol and progestin and 
contain progestins, such as gestodene and drosperinone 
[31]. Each generation was analyzed as the proportion of 
overall OC use by survey cycle. Trends in 4th-generation 
use excluded the first two survey cycles since they were 
not available to the general public at that time. The evalu-
ation of patterns/trends in generation of progestin used 
was limited to the subset of users that reported data on 
OC formulation.

NSFG in-person interview questions about reproduc-
tive health included current and recent use of contra-
ceptives in the past month. However, no information on 
prescription formulation was collected. For those who 
reported using multiple forms of contraception, all were 
included. Starting with the 2011–2013 cycle, a ques-
tion was included about the type of IUD used [hormo-
nal (brand examples of Mirena or Skyla), copper (brand 
examples of Copper-T or ParaGard), other, unknown, 
Fig. 1] [28–30].

Statistical analysis

OC prevalence was determined for each 2-year NHANES 
1999–2016 cycle. NSFG cycles were also analyzed in 2-year 
increments (survey cycles started/ended in June, 2006–2008, 
2008–2010, 2011–2013, 2015–2017) and included data on 
contraceptive use. All analyses used National Center for 
Health Statistics analytic guidelines to account for com-
plex designs of NHANES and NSFG using strata, primary 
sampling units (counties or small groups of contiguous 
counties), and sample weights [23, 24, 27–30]. NHANES 
interview weights for cycles 1999–2000 and 2001–2002 
were determined using 4-year interview weights (as recom-
mended in analytic guidelines [23]) multiplied by 2/9. All 
other cycle weights were determined using 2-year interview 
weights multiplied by 1/9 to compare each cycle using a 
standardized weight across all cycles (nine total cycles) [23, 
24].

We were interested in identifying changes in trends of 
contraceptive use over time within subgroups of women. 
Therefore, prevalence estimates were stratified by age, 
race/ethnicity, history of prior pregnancy, education 
level, BMI, and identification as religious. NHANES did 
not ask for religious identification; however, NSFG asked 
the current religious affiliation of each participant. We 
categorized women as either religious or non-religious. 
A recent paper showed that women with no religious 
affiliation were more likely to use short-acting, barrier, 
or LARC methods than women with a religious affilia-
tion. Results for behavioral or surgical contraception were 
equivalent by the presence/absence of religious affiliation 
32]. NHANES oversampled people identifying as Mexican 
American (prior to 2007) and Hispanic (2008–present). 
NHANES analytic guidelines recommend researchers use 
the Mexican American subgroup classification when esti-
mating trends by ethnicity spanning the period covered 
in our analyses [23, 24]. The NSFG only queries women 
on whether they identify as Hispanic or non-Hispanic. 

Fig. 1   Survey questions covered for NHANES and NSFG throughout 
the cycles covered by each survey. The letter “a” represents NHANES 
sampling began at the beginning of the calendar year and was stopped 

at the end of the calendar year. The letter “b” represents NSFG sam-
pling started and ended in June of the years indicated
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Participants with missing data for a given subgroup were 
excluded from analyses stratifying on or limiting to that 
subgroup. Information on age and race was available for 
both analytic populations. For covariates with missing 
information, this ranged from 7 (BMI) to 32% (education) 
within NHANES. BMI was the only covariate with miss-
ing information in NSFG (21%).

Logistic regression models were used to calculate least 
square means estimates of the adjusted prevalence (adjust-
ing for age, race, pregnancy history, education, and BMI) 
of OC and IUD use over time. These adjusted prevalences 
were imported into Joinpoint Regression Program (version 
4.7.0.0) to perform weighted least squares regression [33] 
to obtain the adjusted annual percent change (APC) and the 
corresponding 95% confidence intervals (CIs). In weighted 
least squares regression the independent variable was time 
and dependent variable was the natural logarithm of the per-
cent of women using OCs or IUDs. Due to the small number 
of time points for each survey and no large changes in slope 
over time, all models were calculated using 0 joinpoints [34]. 
Average annual absolute percent change was calculated from 
the total change in contraceptive use from the first cycle to 
the last, divided by the total number of years analyzed for 
NSFG or NHANES, respectively.

In sensitivity analyses, we limited NSFG to the subpopu-
lation of women identified as contraceptive users for com-
parisons with other published data from this survey. Our 
primary analysis focused on the larger group of reproduc-
tive-aged women at risk for ovarian and endometrial cancer 
as the proportion of use is more interpretable in the context 
of future cancer trends.

Differences across subgroups were characterized by 
Type 3/joint Wald test p values for model interaction terms 
between time and a given variable (e.g., race/ethnicity). A p 
value < 0.05 was used to determine statistical significance. 
Survey cycles were transformed by converting the year in 
which the cycle ended to time as the independent variable 
(i.e., NHANES cycle 1999–2000 is time = 0, 2001–2002 
is time = 2, etc.) to analyze trends in per year increases/

decreases. Analyses were conducted using the survey pro-
cedures in SAS version 9.4.

Results

Characteristics of the analytic populations are presented in 
Supplementary eTable 1. In both study populations, most 
participants identified as non-Hispanic white were under 
35 years old and identified as religious. Participants not 
reporting current OC use were more likely to have a his-
tory of pregnancy than OC users within both NHANES and 
NSFG.

The average annual absolute increase in IUD use was 
0.81% (NSFG), while the average annual absolute decrease 
in OC use was 0.49% (NSFG) and 0.47% (NHANES, 
Table 1). Surgical sterilization and injectable medroxy-
progesterone acetate also decreased annually on average 
by − 0.28 and − 0.03%, respectively, while implant use 
increased 0.07% annually. For OC and IUD use this rep-
resents many women changing their contraceptive use 
patterns. For NSFG this average absolute percent change 
represents an increase of 506,204 women using IUDs annu-
ally and a decrease of 305,392 women using OCs annually 
(Table 1) [35].

Since 2006, self-reported OC use overall decreased 
annually in NSFG [APC − 2.2% (− 3.4, − 1.0%), p < 0.01] 
(Fig. 2, Table 2), while OC use was stable in NHANES 
[APC − 1.1% (95% CI − 2.6, 0.3%), p = 0.10] over the entire 
period evaluated (1999–2016). When restricting NHANES 
to 2007–2016 to make a direct comparison with NSFG, we 
observed an annual decrease in OC use of 4.4% [(− 6.8, 
− 1.8%) p = 0.01, Supplementary eTable 2]. In contrast to 
decreasing prevalence of OC use observed in NSFG, IUD 
use in NSFG increased by 6.2% annually [(1.4, 11.2%), 
p < 0.03] (Fig. 2, Table 2). Surgical sterilization decreased 
significantly to 10.2% of the population in 2017 [APC 
− 1.4% (− 2.2, − 0.6), p = 0.013]. Injectable medroxypro-
gesterone acetate use remained stable [APC 0.2% (− 3.1, 

Table 1   Average annual 
absolute percent change of 
oral contraceptive (OC) and 
intrauterine device use (IUD) 
use for NHANES and NSFG

a Population estimate based on the midpoint population estimate for the survey (NHANES––2008, women 
aged 15–49; NSFG––2012, women aged 15–44) using census predictions [33]

Overall use Average annual 
absolute percent 
change

Population estimatea Estimated number of addi-
tional women using method 
yearly

NHANES OC − 0.47 73,368,515 − 345,566
NSFG OC − 0.49 62,286,800 − 305,392
NSFG IUD 0.81 62,286,800 506,204
NSFG surgical sterilization − 0.28 62,286,800 − 176,029
NSFG injectable medroxy-

progesterone acetate
− 0.03 62,286,800 − 24,894

NSFG implant 0.07 62,286,800 43,815
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3.7), p = 0.9] and was used by 2.5% of the population in 
2017. While implants increased in use [APC 12.6% (7.5, 
18.1), p = 0.004], their overall use remained low at 3.5% in 
2017. The proportion of OC use by generation of progestin 
was stable across all cycles (the 4th generation was limited 
to cycles from 2003 to 2016). In the cycle ending in 2016, 
3rd-generation OCs were used by 41.1% of users, 1st genera-
tion by 38.8% of users, 2nd generation by 15.6% of users, 
and 4th generation by 4.5% of users.

We further analyzed trends in OC use over time by sub-
groups in NHANES and NSFG. We observed consistent 
trends in decreasing OC use over time by most subgroups 
analyzed (p-interaction > 0.05) in NHANES. There was a 
suggestion of heterogeneity in OC use trend by pregnancy 
history (p-interaction = 0.054). OC use was stable among 
nulligravid [APC − 0.2% (− 3.1, 2.8%) p = 0.88] women 
with a suggestive trend toward decreasing OC use over time 
for women with history of pregnancy [APC − 1.6% (− 3.4, 
0.2%) p = 0.08, Table 2]. Trends in OC use over time did not 
vary by categories of race, age, pregnancy history, educa-
tion, or BMI in NSFG.

Trends in IUD use varied significantly by pregnancy his-
tory in NSFG (p-interaction < 0.01). IUD use increased sig-
nificantly for both women with and without history of prior 
pregnancy, but women without pregnancy history expe-
rienced a greater annual increase at 11.0% [(2.6, 20.1%), 
p < 0.02] compared to women with prior pregnancy at 5.2% 
[(0.4, 10.2%), p < 0.04, Supplementary eFig.  1]. Other 
groups evaluated showed consistent patterns of increased 
IUD use across categories. Prior to 2011 NSFG did not con-
tain information on IUD type. The proportion of overall IUD 
use was 76.5% hormonal (71.1, 81.8%) and 22.9% copper 
(17.4, 28.3%) in cycle 2015–17 (Supplementary eFig. 2). 
Since 2011 US women had higher rates of hormonal IUD 

use and there was no significant change in the type of IUDs 
used in the general population (Supplementary eFig. 3). 
This ratio was consistent for most subgroups except obese 
women who reported a greater proportion of hormonal 
IUD use [89.4%, (82.9, 95.9%)] compared to women over-
all. Sensitivity analyses restricted to contraceptive users in 
NSFG demonstrated that the proportion of women using 
IUDs increased [APC 6.3% (1.5, 11.3%), p < 0.001], while 
the proportion using OCs decreased [APC − 2.5% (− 3.3, 
− 1.7%), p < 0.001]. This was similar to previously reported 
rates of change for this subgroup [20, 21]. Additional sen-
sitivity analyses adjusting NSFG analyses for whether or 
not participants identified as religious did not qualitatively 
change the observed trends.

Discussion

In our evaluation of two nationally representative US sur-
veys, OC use declined 2% annually and IUD use increased 
6.2% annually (2006–2017). Women with prior pregnancy 
had patterns suggesting decreasing OC use with increasing 
IUD use, while women without prior pregnancy had stable 
OC use and greater increases in IUD use. Historically, being 
nulligravid would have been a contraindication to IUD use, 
but recent guideline changes have likely led to a particularly 
large increase in prescriptions for these women. Meanwhile, 
decreasing OC use among women with prior pregnancy are 
potentially driving the observed trends. Due to the cross-
sectional nature of this study, it is unknown whether these 
women are choosing to utilize IUDs or other contraceptive 
methods over time or are stopping contraception altogether. 
A combination of patient choice and physician prescribing 
preferences likely accounts for these changes.

Fig. 2   Overall weighted 
oral contraceptive (OC) use 
(NHANES and NSFG) and 
intrauterine device (IUD) use 
(NSFG). Fit lines represent 
unadjusted models, while the 
corresponding adjusted annual 
percent change (APC) and 
95% confidence intervals are 
reported
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Patterns of decreasing OC use were observed for most 
groups and all groups showed patterns of increasing IUD 
use. Given the difference in average annual absolute increase 
in IUD use compared with the decrease in OC use, it is 
likely that new IUD users are not limited to prior OC users. 
A proportion of the difference may be attributed to women 
who have been intolerant of OCs and are opting for IUDs. 
Ovarian cancer incidence rates, which have fallen since the 
introduction of OCs, are likely to stabilize and may even 
increase with changing risk factors including decreasing OC 
use [36]. However, given recent increases in IUD use, which 
may also reduce ovarian cancer risk [15, 16], the incidence 
in ovarian cancer may continue to fall as more women obtain 
access to risk-reducing contraceptives.

The particularly large increase of IUDs in obese women 
(14% annually) may be due to known thromboembolic and 
cardiac risks associated with OC use and altered pharma-
cokinetics in obese women, which may decrease effective-
ness [37]. Additionally, obese women may benefit from 
protective effects of progestins on the endometrium given 
their increased endometrial cancer risk [17, 18]. This may 
explain why obese women are more frequently prescribed 
hormonal IUDs. Given the substantial increase in IUD use, 
and large proportion of hormonal IUDs, research is needed 
to determine effects of hormonal IUD use on gynecologic 
cancer risk.

Strengths of both NHANES and NSFG are the large nation-
ally representative population-based nature of these surveys. 
NHANES collection of prescription data allowed the precise 
documentation of current contraceptive use and formulation. 
However, other reproductive factors, including current use of 
OCs in NSFG and NHANES, and IUD use in NSFG, are based 
on self-report and as such may be prone to underreporting. 
While OC use is stable in NHANES over the entire period 
evaluated, when restricted to the same period as NSFG, we 
note a consistent decrease in OC use across the two surveys, 
which suggests OC use has been declining since guideline 
changes increased access to IUDs (Supplementary eTable 2). 
Importantly, we utilized OC use data from two assessment 
methods in NHANES and demonstrated that OC use trends 
derived using the prescription data alone were consistent with 
OC use trends derived using the combined questionnaire and 
prescription data. The consistency of this comparison over 
time provided further support that trends were comparable 
when questionnaire data on OC use were no longer available 
in the last two cycles. Non-responders may represent a differ-
ent population from those studied based on age, race, educa-
tion, and other factors that could influence the patterns of use 
for these specific groups. However, both surveys attempt to 
account for nonresponse with sample adjustments. Sensitivity 
analysis in NSFG adjusting for religious vs. non-religious did 
not change our interpretation of the results; however, these 
data were not available in NHANES. Future surveillance a  C
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efforts should attempt to capture more detailed information 
on religious affiliation and practice to further assess potential 
confounding by this factor. Finally, recall of contraceptives 
used intermittently or not taken daily (i.e., IUDs, intermittent 
OC use) may be more prone to measurement error as par-
ticipants may be less likely to list these as current methods. 
Response rates for recent cycles of NSFG and NHANES have 
been 69–78 and 63–84%, respectively [21, 25].

Conclusions

In these nationally representative surveys of reproductive-aged 
US women, significant decreases in OC use and increases in 
IUD use were observed. Overall, the absolute increase of IUD 
use outpaced declining OC use in recent years. The potential 
for both OCs and IUDs to decrease gynecologic cancer risk 
means there may be an overall benefit (decreased gynecologic 
cancer risk) as more women have access to these contracep-
tives. More research is needed to quantify cancer risk reduc-
tions of newer formulations of OCs and hormonal IUDs. It 
is important to continue monitoring contraceptive trends to 
assess how these varying risk factors may affect the future 
incidence of gynecologic, breast, and other cancers.
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