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Abstract

Introduction—The purpose of this study was to compare bone mineral density (BMD) and 

bone turnover markers between combined oral contraceptive (COC) and non-COC users over 12 

months.

Materials and methods—COC users (n = 34, age = 19.2 ± 0.5) and non-COC users (n = 28, 

age = 19.3 ± 0.6) provided serum at baseline, 6 months, and 12 months. C-terminal telopepetides 

(CTX) and pro-collagen type 1 N-terminal propeptides (P1NP) were determined using ELISA. 

BMD was measured at the three time points using dual-energy x-ray absorptiometry (DXA).

Results—COC users had greater CTX than non-COC users at baseline (18.6 ± 8.2 vs. 13.8 ± 

5.3 ng/mL, P = 0.021) and 6 months (20.4 ± 10.3 vs. 14.2 ± 8.5 ng/mL, P = 0.018). Controlling 

for lean mass, groups were similar in BMD. Over 12 months, non-COC users maintained BMD 

at the spine, while the COC users declined 2.2% in lateral spine BMD (0.773 ± 0.014 to 0.756 

± 0.014 g/cm2, P = 0.03) and 0.7% in anterior–posterior spine BMD (1.005 ± 0.015 to 0.998 ± 

0.015 g/cm2, P = 0.069). Non-COC users increased in BMD of the whole body over 12 months 

(P < 0.001) while COC users had no change. Women who began COCs within 4 years after 

menarche had lower BMD at the hip and whole body. Women taking very low dose COCs (20 mcg 
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ethinyl estradiol, EE) significantly declined in CTX, P1NP, and lateral spine BMD in comparison 

to participants using low dose COCs (30/35 mcg EE).

Conclusion—College-aged women who did not use COCs increased BMD of the whole body, 

while COC users had elevated bone turnover, declines in spinal BMD, and lack of bone acquisition 

of the whole body over 12 months. Young females who initiate COC use early after menarche may 

experience skeletal detriments.
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Introduction

Worldwide almost 650 million women used oral contraceptives in 2015 [1]. Among sexually 

active women between the ages of 15–44 years, 79% had “ever used” oral contraceptives 

while 16% were current users in 2015 [2]. Previous research shows that among American 

women specifically between the ages of 15 and 19 years, 56% have ever used oral 

contraceptives [2].

Combined oral contraceptives (COCs) contain ethinyl estradiol (EE) paired with a form 

of progestin. Estrogen positively affects the formation and proliferation of bone-forming 

osteoblasts, while simultaneously inhibiting apoptosis of bone-resorbing osteoclasts [3]. 

However, with the low doses of EE in modern COCs, the beneficial effects of estrogen 

may not be applicable [4]. The EE of COCs suppresses endogenous production of estradiol; 

therefore, serum estradiol levels in COC users are lower than in non-COC users [5–7]. 

Previous research demonstrates associations between serum estradiol, bone turnover markers 

(BTM), and bone mineral density (BMD) in COC and non-COC users [5, 6]. Further, 

hormones from COCs may lower insulin-like growth factor 1 (IGF-1), an important 

hormone in skeletal growth and development [8, 9]. Although the influence of progestogens 

cannot be completely overlooked [10], in comparison to estradiol, progestin components 

of COCs have minor effects on bone metabolism [11]. Therefore, COCs may affect bone 

acquisition in skeletally immature females directly through influence of osteoblast and 

osteoclast activity while also exerting an indirect influence on bone acquisition through the 

growth hormone-IGF-1 axis [8].

Osteoporosis is a chronic disease featuring low bone mass and increased risk for fracture 

affecting over 200 million women worldwide [12]. One method of preventing osteoporosis, 

is to establish an optimal peak bone mass during young adult years. Peak bone mass (PBM) 

is achieved when age-related alterations in BMD are no longer positive and have plateaued 

at a maximal value [13]. Timing of PBM varies between individuals and may depend on a 

variety of factors such as genetics, race/ethnicity, diet, activity level, and specific bone site 

[14, 15]. In females, a preponderance of PBM is likely accumulated in the 3–4 years after 

menarche; a time when lifestyle factors have a profound effect on life-long BMD [13]. Some 

research states PBM is attained by the age of 17 years [16], yet other studies report gains in 

bone mass of 5–12% during the second and third decade of life [14, 17], especially at the 

lumbar spine [18]. Of all the bone sites typically assessed, bone mass at the hip may reach 
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PBM earliest, between the ages of 16 and 19, while bone mass at the spine and whole body 

continues to accrue and consolidate well into the third decade [14, 18].

Research examining the influence of COC use on bone health is mixed, with some 

studies showing benefit to skeletal health while others report harmful or no effects. The 

differing hormone milieu in pre, peri, or post-menopausal women may explain discrepancies 

in research literature. Investigations with postmenopausal [19] and perimenopausal [20] 

women have shown that exogenous hormones positively influence bone health. However, 

investigations of premenopausal women are complicated by inclusion of participants across 

a wide age range who may or may not have already achieved PBM at some or all sites. 

Studies which include women who began COC use after likely achieving PBM at all bone 

sites are positive [21] or neutral [22, 23]. Other research among adult women, early in the 

fourth decade of life, who had been using COCs for about 5 years, found skeletal benefit for 

previous but not current COC use [9].

Evidence suggests the skeletal response to COC use may depend on timing of medication 

use in combination with age of menarche and achievement of PBM [24, 25]. Of the studies 

that have investigated COC use and bone health in adolescents who have not likely achieved 

PBM at all sites, several report less bone acquisition in COC users compared to controls 

in the first 1–2 years of medication use, especially when COCs with 20 mcg of EE or less 

were investigated [5, 26–28]. A randomized controlled trial of adolescent females reported 

lower bone accrual at the spine in participants who received COCs with 20 mcg of EE for 

12 months, in comparison to a reference group of non-COC users [28]. Assignment to use of 

a COC with 30 mcg of EE did not significantly influence spinal bone acquisition. However, 

a 4-year longitudinal study by Pikkarainen et al. [29] also reported blunted gains in bone 

mineral content at the lumbar spine and femoral neck in adolescent females who used COCs 

with 30 mcg EE for more than two years. In particular, COCs containing very low doses of 

EE may be especially detrimental to development of PBM in young females [5, 26, 30].

Attaining an optimal PBM during adolescence and young adult years is an effective way to 

delay or even prevent the onset of osteoporosis. Failure to reach optimal PBM could lead to 

an increased risk of skeletal disease [13]. Considering the widespread use of COCs among 

adolescent girls and young women, further research is needed on their potential influence 

on PBM development. Therefore, the aim of this study was to compare BTM and BMD 

according to COC use in college-age women over 12 months. A secondary aim was to 

examine BMD of females who initiated COC use soon after menarche. Last, among the 

COC users, we sought to explore changes in BTM and BMD according to the dose of EE.

Materials and methods

Participants

Analysis of oral contraceptive use and bone health was performed as part of a larger study 

examining lifestyle choices, alcohol consumption, and skeletal health in first and second-

year college students [31]. All the procedures performed in this study were in accordance 

with the ethical standards of the Human Subject’s Institutional Review Board at Loyola 

Marymount University and with the 1964 Helsinki Declaration and its later amendments. All 

Almstedt et al. Page 3

J Bone Miner Metab. Author manuscript; available in PMC 2023 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



volunteers provided informed consent for procedures and scientific data use before initiating 

participation, as is standard at our University.

Volunteers were recruited through the study website, classroom broadcasts, at Greek life 

meetings, and via announcements on social media. Inclusion criteria required status as a 

first- or second-year college student, a self-reported body mass index (BMI) between 18.5 

and 30, and lack of pregnancy, which was confirmed with a urine sample during each lab 

visit. In total, 90 women (ages 18–20) met the study criteria, volunteered to participate, 

and provided informed consent. A health and menstrual history questionnaire was used to 

collect data on hormonal contraceptive use, menarche, and menstrual regularity. All women 

were currently healthy and without any medical condition known to affect bone metabolism. 

Women included in this analysis (n = 62), provided blood samples and underwent bone 

scans at study entry, 6 months, and 12 months. Women were labeled as COC users (n = 

34) at study entry if they reported using a COC medication continuously for the previous 

5 months or longer. Women were considered non-COC users (n = 28) if they were not 

currently using a COC and had not used any form of hormonal contraception in the past 

year. When questioned about all of the possible “reasons for initiating oral contraceptive 

use”, 82.4% (n = 28) reported taking the medication specifically for contraception. 

Additionally, 73.5% (n = 25) reported using COCs to provide menstrual predictability, 50% 

(n = 17) to control acne, and 29.4% (n = 10) to reduce symptoms of premenstrual syndrome 

like headaches, cramping, and breast tenderness.

Of the 90 women who enrolled in the study at large, 10 women were not included in this 

analysis because they used another form of contraception such as the progestogen-only pill 

(n = 2), intrauterine device (n = 5), implant (n = 1), medroxyprogesterone acetate injection 

(n = 1), or vaginal ring (n = 1). Five women were removed from the analysis because they 

had used COCs for 3 months or less. Another 13 women were excluded from consideration 

because they failed to provide one or more serum samples.

Bone mineral density and body composition

Bone mineral density (g/cm2) of the anterior–posterior (AP) spine, lateral spine, femoral 

neck, total hip, and whole body were measured at three time points by dual-energy x-ray 

absorptiometry (DXA; Hologic Delphi A, Waltham, MA, USA). DXA scans took place at 

study entry, then 6 months and 12 months later. Three trained technicians performed scans 

after daily calibration via the spine phantom. Our laboratory exhibits a 1.0% test–retest 

reliability for BMD measurements of the hip and spine. The whole body scan was also 

used for analysis of body composition including percent body fat and bone-free lean mass. 

Further discussion of body composition in this paper will describe the bone-free lean mass 

derived from the whole body DXA scan as lean body mass (LBM).

Bone turnover markers

Participants provided fasting blood samples early in the morning at study entry, then again 

at 6 months and 12 months. Serum samples were processed and placed in long-term storage 

at − 80 °C before analyses. Serum levels of procollagen-type I N-terminal propeptide (P1NP, 

ng/mL), a measure of bone formation, and C-terminal telopeptides (CTX, ng/mL), a marker 

Almstedt et al. Page 4

J Bone Miner Metab. Author manuscript; available in PMC 2023 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of bone resorption, were assessed by enzyme-linked immunosorbent assay (ELISA) kits 

from Cloud Clone Corp (Houston, TX, USA). All assays were run simultaneously after 

completion of the 12-month data collection using the SpectraMAX190 microplate reader 

(Molecular Devices, CA, USA). Each sample was run in duplicate demonstrating average 

inter-assay coefficients of variation (CV) of 5.3% for P1NP and 6.1% for CTX.

Dietary intake and physical activity

Dietary intake of calcium and vitamin D was assessed at study entry using the full-

length Block 2014 food frequency questionnaire. Participants completed this web-based 

questionnaire at their own leisure on their personal computers. The Block questionnaire 

accounts for seasonal produce consumption and is designed to assess typical intake of 

nutrients over the previous year [32]. Regular physical activity was assessed using the 

Aerobics Center Longitudinal Questionnaire, which asks participants to detail duration and 

intensity of activity, more than 10 min in length, performed at least once per week over 

the previous three months [33]. Metabolic equivalents (METs) from the compendium of 

physical activity was used in combination with hours of exercise at various intensities to 

calculate MET·hours per week of activity [34].

Statistical approach

IBM SPSS Statistics for Windows version 27 (IBM Corp., Armonk, N.Y., USA) was 

used to analyze data. A repeated measures ANOVA evaluated changes in CTX and P1NP 

between COC and non-COC users. Differences in BMD between groups and over time were 

evaluated with a repeated measures ANCOVA controlling for LBM or BMI with application 

of a Bonferroni correction.

Results

COC and non-COC users were similar in age, height, weight, BMI, LBM, percent body fat, 

calcium intake, vitamin D consumption, physical activity levels, and years since menarche 

at study entry (Table 1). Percent body fat among COC users declined significantly over 

the 12-month study. None of the participants reported current or previous use of tobacco. 

COC users were taking medications containing 20–35 mcg of EE, combined with various 

types of progestin, such as norethindrone acetate (n = 10, 29%), norgestimate (n = 10, 

29%), drospirenone (n = 6, 18%), levonorgestrel (n = 4, 13%), desogestrel (n = 3, 9%), and 

ethynodiol diacetate (n = 1, 3%). Most women were taking a 20-mcg dose (n = 16, 47%) of 

EE, while 32% (n = 11) were taking 35 mcg, and 21% (n = 7) taking 30 mcg. The average 

length of OC use was 1.9 ± 1.4 years, with a range of 0.4 to 6.1 years. Using date of birth 

and reported onset of menstruation, the number of years after menarche in which COC use 

began was calculated to be an average of 4.9 ± 1.5 years, with a range of 1.5 to 8.1 years.

Participants in this study showed no significant change in body weight or BMI during the 

12 months (Table 1). However, COC users had a small, but significant, 1.3% decrease in 

percent body fat (31.6 ± 0.8% vs. 30.3 ± 0.8%, P = 0.001) while non-COC users displayed 

no significant change in adiposity. The change in body composition among COC users was 
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driven by a 0.5-kg gain of LBM (42.0 ± 0.8 kg to 42.5 ± 0.8 kg, P = 0.05) in conjunction 

with a 1.2-kg reduction in fat mass (20.9 ± 1.1 kg vs. 19.7 ± 1.0 kg, P = 0.015).

COC users had greater CTX than non-COC users at study entry (18.6 ± 8.2 ng/mL vs. 13.8 

± 5.3 ng/mL, P = 0.021) and 6 months (20.4 ± 10.3 ng/mL vs. 14.2 ± 8.5 ng/mL, P = 0.018) 

but group means became more similar at the 12-month measurement (Fig. 1). Non-COC 

users had a trend for greater P1NP than COC users at study entry (95.7 ± 30.4 ng/mL vs. 

82.3 ± 28.3 ng/mL, P = 0.12); however, these differences were not statistically different (Fig. 

2).

While controlling for LBM, COC users and non-COC users exhibited similar BMD at the 

hip, spine, or whole body. However, while non-COC users maintained BMD at the spine 

during the 12-month study, the COC users had a significant decline at the lateral spine 

(0.772 ± 0.014 g/cm2 to 0.756 ± 0.014 g/cm2, P = 0.005) (Fig. 3). COC-users showed a 

trend for bone loss at the AP spine (1.006 ± 0.015 g/cm2 to 0.999 ± 0.016 g/cm2, P = 

0.06) between 6- and 12-month measurements (Fig. 4). Non-COC users exhibited significant 

increases in BMD of the whole body during the 12-month study (1.043 ± 0.013 g/cm2 to 

1.055 ± 0.012 g/cm2, P < 0.001) while the COC users maintained whole body BMD (1.037 

± 0.011 g/cm2 to 1.041 ± 0.011 g/cm2, P = 0.29) (Fig. 5).

Years of COC use was not related to BTM or BMD in this group. At study entry, CTX (R 
= 0.24, P = 0.18) and P1NP (R = − 0.04, P = 0.83) were unrelated to years of medication 

use among COC users. Further, BMD was not correlated to years of COC use at study entry 

for any of the five bone sites assessed (R-values ranged from − 0.21 to 0.04, P > 0.05, 

depending on the bone site). To investigate how timing of COC use affects BMD in young 

females before PBM, a subset analysis was performed comparing BMD at study entry of 

early COC users, who began medication use within a 4-year window after age of menarche 

(n = 8), with females who began COC use more than 4 years after menarche (n = 26). This 

subset analysis revealed that early COC users had significantly lower BMD of the femoral 

neck, total hip, and whole body at study entry, but similar BMD at the AP and lateral spine 

to women who began using COCs more than 4 years after menarche (Table 2).

To explore changes in BTM and BMD according to the dose of EE, COC users were divided 

into two groups based on the medication dose. Women (n = 16) who used a very low dose 

of COCs (20 mcg of EE) were compared with 18 women who used COCs containing a 

low dose of EE (30 or 35 mcg, Table 3). A repeated-measure ANOVA showed that very 

low and low-dose COC users were not different in CTX or P1NP at study entry or 12 

months. However, women using the 20-mcg dose significantly decreased in CTX (P = 0.04) 

and P1NP (P = 0.014) over the 12-month study. Because very low dose COC users has 

significantly lower BMI at study entry, we employed a repeated measures ANCOVA, with 

BMI as the covariate, to compare BMD values between groups and over time. Very low dose 

COC users had greater BMD of the AP and lateral spine at study entry. BMD at the femoral 

neck, total hip, or whole body did not differ between very low and low-dose COC users. 

However, very low dose users showed a significant decline in BMD of the lateral spine (P = 

0.046) over 12 months, while there were no significant changes at other bone sites for either 

group.
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Discussion

We found higher bone resorption markers in COC users compared to non-COC users at 

study entry and 6 months later. In addition, we report a trend for lower formation markers 

in COC users at study entry. CTX is a serum marker of bone resorption reflecting collagen 

type 1 breakdown, whereas P1NP is a serum measure of osteoblast proliferation [4]. If this 

persisted, the combination of greater bone resorption and slightly lower bone formation may 

be detrimental to long-term bone health; however, measurements at 6 and 12 months showed 

groups to become more similar over time. The significantly greater CTX values in COC 

users at the first two time points contradict previous research suggesting lower BTM with 

hormonal contraceptive use [4, 35]. The discrepant findings may be due to differences in age 

of participants, length of COC use, and type of BTM assessed. Cibula et al. [5] reported a 

sharp decrease in CTX in the first 9 months of COC use among women of similar age to our 

population; however, BTM of young women initiating COC use and those with nearly two 

years of COC use may not be comparable. Researchers who studied other bone resorption 

markers, like pyridinoline, deoxypyridinoline, and urinary N-terminal cross links, report 

reductions upon initiating COC use. Studies of other formation markers among COC users 

showed no changes in osteocalcin [21, 36, 37] or an increase in alkaline phosphatase [38]. 

De Papp et al. [39] reported 20% lower CTX and 38% lower P1NP after nearly 10 years 

of COC use when compared to non-COC users; however, their participants were 15–20 

years older than ones in this study. Elevated levels of CTX in COC users compared to 

non-COC users at study entry and 6 months suggests greater bone resorption activity among 

young women using hormonal contraception. Perhaps a combination of lower IGF-1 levels 

among adolescent COC users [8], along with the low doses of EE in modern COCs, and 

their suppression of endogenous hormonal production [4], interfere with expected osteoblast 

and osteoclast activity. Further research is needed to elucidate the exact mechanism driving 

changes in BTM with COC use, especially in females who have not yet achieved PBM. 

The decline in both CTX and P1NP among all women in the study, with or without COC 

use, agrees with previous research showing that reductions in bone metabolism in late 

adolescence and early adult years are normal while the skeleton approaches PBM [4, 5, 35].

The 19-year-old women in this study, who were not using COCs, significantly increased 

BMD of the whole body, which suggests women of this age are still working towards 

achieving PBM. While their peers accumulated 1.2% more bone mass in the entire skeleton, 

COC users maintained BMD of the whole body and showed a significant decline in bone 

mass of nearly 2% at the lateral spine. Although these percent changes may seem small, 

over many years of COC use during PBM development, differences could become clinically 

relevant. A 10% lower PBM, achieved while a young adult, results in a 50% increased risk 

for osteoporotic fracture later in life [40]. One explanation for differences in bone accrual 

between COC and non-COC users is timing of menarche; however, these groups displayed a 

similar number of years since menarche. Groups were also not different in variables known 

to affect PBM development such as calcium intake and physical activity. The between group 

differences in BMD reported here suggest that COC use, especially with very low doses of 

EE, which is initiated in the few years after menarche, may limit bone accrual and lead to 

reduced BMD in college-aged women.
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There seems to be a consensus of research among adolescents and young women finding 

a negative influence of COC use on bone health particularly at the lumbar spine [5, 26, 

27]. Perhaps timing of PBM development and the type of bone at the differing skeletal 

sites explain the negative influence specifically in the lumbar vertebrae. The lumbar spine 

is composed of primarily trabecular bone, which is more metabolically active than cortical 

bone and, therefore, more susceptible to influence by hormonal medications [13]. While 

exact timing of PBM is debated and highly variable between individuals, it is generally 

accepted that PBM at the spine occurs several years after the hip [14, 17]. Therefore, COC 

use during a window of time when the spine is still accruing mass and consolidating may 

impair progress towards a genetic potential.

This study reports 5–10% lower BMD at the femoral neck, total hip, and whole body 

in young women who began using COCs within 4 years of menarche when compared to 

women who began medication use more than 4 years after menarche. Recent research has 

drawn attention to the potentially harmful impact of COC use on skeletal health when 

initiated early after the onset of menstruation [24, 41]. Hartard et al. found a negative 

influence on BMD of the spine and hip for young females who initiated use within three 

years after menarche [41]. Initiating COC use at an earlier age, perhaps pre-PBM at the hip, 

may explain the lower BMD among early COC users at this site in comparison to the spine.

There have been several reports of poor bone acquisition in adolescents using COCs with 

very low doses of EE, i.e. ≤ 20 mcg [5, 26–28]. Gersten et al. reported blunted bone 

acquisition at the spine in adolescents randomly assigned to a COC with 20 mcg EE in 

comparison to females taking COCs with 30 mcg EE or non-COC users [28]. However, 

others have reported no annual changes in spinal BMD of females using COCs containing 

15 and 20 mcg of EE; however, their participants were slightly older (~ 29 years) when COC 

use began [23]. In our ancillary analysis of BTM, when COC users were grouped according 

to EE dose, we found significant reductions in CTX and P1NP in 20 mcg users while others 

displayed no change. Surprisingly, the very low dose COC users had significantly greater 

BMD at the AP and lateral spine at study entry; however, they also exhibited a significant 

3.3% reduction in bone mass at the lateral spine, while the 30/35 mcg EE users had no 

significant change in BMD. The small sample size in this ancillary analysis likely explains 

why our results are not as convincing as previous reports [5, 26, 28].

In parallel to the work of others [42, 43], COC and non-COC users in this study had similar 

body weight, BMI, and percent body fat. Further, COC users did not change in BMI or body 

weight across the 12 months. Contrary to common misperceptions that oral contraceptives 

cause weight gain [44], the low-dose COCs regularly used today do not seem to significantly 

influence body weight or contribute to adiposity. In fact, COC users, in this study, showed a 

small 1.3% reduction in body fat over 12 months.

Strengths of this investigation include analysis of BTM in addition to BMD at multiple 

skeletal sites. Contrary to previous research [9, 21, 23, 29], the population studied here 

includes women within a narrow age range (ages 18–20, average 19.2 ± 0.6 years), who 

began using COCs during adolescent years. In fact, 41% of COC users in this study began 

medication use before the age of 17 years and 24% began COC use within 4 years after 
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menarche, a window of time particularly important for PBM development. Limitations of 

this study include the small sample size, the heterogeneity in types of COC medications 

used, and the large range in duration of COC use (0.4–6.1 years). Further research is needed 

with a larger sample size to explore the impact of specific doses of EE, type of progestin, 

and duration of COC use on bone health in young women who have not yet achieved PBM 

at all skeletal sites.

Although not statistically different, vitamin D intake among COC users was higher than 

consumption among non-COC users. Vitamin D is an important nutrient for bone health and 

non-COC users displayed healthier bone status, despite lower consumption of the vitamin. 

This study could be improved by assessing vitamin D levels in the blood. Even though 

dietary intake of this nutrient was low in this population, it is possible that serum levels were 

adequate due to production of cholecalciferol during skin exposure to ultraviolet sunlight 

[45]. This study was conducted in southern California where year-round exposure to sunlight 

is ample and may diminish the likelihood of bone health problems from low dietary intake of 

vitamin D.

Many of the women in this study report using COC medications for non-contraceptive 

benefits (premenstrual syndrome, acne, migraines, etc.). Perhaps medical professionals can 

avoid negative effects on skeletal health by working with adolescents who do not need 

contraception to treat acne, headaches, cramping, and breast tenderness without use of 

COCs. In addition, further research is needed to explore whether performance of weight-

bearing exercise is able to counter-act the possible negative effects of COC use on PBM 

development in adolescents and young women. Importantly, more investigation is required 

to determine if the small differences in bone accrual between young COC users and non-

COC users observed here, and in several other studies, relates to clinically relevant measures 

such as fracture risk.

Conclusion

The college-aged women in this study who did not use COCs increased BMD of the whole 

body, while COC users displayed evidence of elevated bone turnover, declines in BMD of 

the spine, and lack of bone acquisition of the whole body over 12 months. Young females 

who initiate COC use early after menarche, especially with medication containing very 

low doses of EE, may experience more pronounced skeletal detriments. Further research is 

needed on the use of COCs near the age of menarche and their impact on peak bone mass in 

young women.
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Fig. 1. 
Resorption bone turnover marker in combined oral contraceptive (COC) users and non-COC 

users. Data are presented for study entry (0 months), 6, and 12 months in young females. 

CTX is C-terminal telopeptides. COC users have significantly greater CTX at study entry 

(*P = 0.02) and 6 months (#P = 0.018) compared to non-COC users
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Fig. 2. 
Formation bone turnover marker in combined oral contraceptive (COC) users and non-COC 

users. Data are presented for study entry (0 months), 6, and 12 months in young females. 

P1NP is procollagen type 1 N-terminal propeptides
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Fig. 3. 
Bone mineral density (BMD) at the lateral spine in combined oral contraceptive (COC) users 

and non-COC users. Data are presented for study entry (0 months), 6, and 12 months. COC 

users show a significant decline in BMD from study entry to 12 months, *P = 0.005
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Fig. 4. 
Bone mineral density (BMD) at the anterior–posterior (AP) spine in combined oral 

contraceptive (COC) users and non-COC users. Data are presented for study entry (0 

months), 6, and 12 months. COC users have a declining trend in BMD from 6- to 12-month 

measurements, *P = 0.069
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Fig. 5. 
Bone mineral density (BMD) of the whole body in combined oral contraceptive (COC) 

users and non-COC users. Data are presented for study entry (0 months), 6, and 12 months. 

Non-COC users show a significant increase in BMD from study entry to 12 months, *P < 

0.001
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