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Hormonal Contraceptive Use, Bone Density, and Biochemical Markers of Bone
Metabolism in British Army Recruits

ABSTRACT
Introduction: Hormonal contraceptive use might impair bone health and increase stress
fracture risk by decreasing endogenous oestrogen production, a central regulator of bone
metabolism. This cross-sectional study investigated bone density and biochemical markers of
bone metabolism in women taking hormonal contraceptives on entry to basic military training.
Methods: Forty-five female British Army recruits had biochemical markers of bone
metabolism, areal bone mineral density (aBMD), and tibial speed of sound (tSOS) measured
at the start of basic military training. Participants were compared by their method of hormonal
contraception: no hormonal contraception (NONE), combined oral contraceptive pill (COCP)
users, or depot-medroxyprogesterone acetate (DMPA) users (20 ± 2.8 yrs, 1.64 ± 0.63 m, 61.7
± 6.2 kg). Results: aBMD was not different between groups (p ≥ 0.204), but tSOS was higher
in NONE (3%, p = 0.014) when compared with DMPA users. ßCTX was higher in NONE
(45%, p = 0.037) and DMPA users (90%, p = 0.003) compared with COCP users. P1NP was
higher in DMPA users compared with NONE (43%, p = 0.045) and COCP users (127%,
p = 0.001), and higher in NONE compared with COCP users (59%, p = 0.014). Bone ALP was
higher in DMPA users compared with COCP users (56%, p = 0.044). Conclusions: DMPA
use was associated with increased bone turnover, and decreased cortical bone integrity of the
tibia. Lower cortical bone integrity in DMPA users was possibly mediated by increased
intracortical remodelling, but trabecular bone was not affected by contraceptive use.

Key Words: Combined Oral Contraceptive Pill, Depot-Medroxyprogesterone Acetate,
Military, Stress Fracture.
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Key Messages
1. Areal bone mineral density was not different between combined oral contraceptive
pill users, depot-medroxyprogesterone acetate users and non-hormonal contraceptive
users.
2. Combined oral contraceptive pill users had lower bone formation and resorption.
3. Depot-medroxyprogesterone acetate users had higher bone turnover, and poorer
cortical bone integrity of the tibia.
4. The effect of depot-medroxyprogesterone acetate use on tibial stress fracture risk
during British Army basic training should be explored further.
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INTRODUCTION
Women are three times more likely to develop a stress fracture compared with men during
basic military training.1-5 This risk might further increase for women training in arduous ground
close combat roles.2-4 Stress fractures can be debilitating, require prolonged rehabilitation, and
can result in medical discharge.6 Lower areal bone mineral density (aBMD)7 and bone speed
of sound8 are risk factors for stress fracture, although many predisposing factors are involved.9
Strategies to protect and enhance bone health are, therefore, essential for women starting a
military career.

Hormonal contraceptives are synthetic female sex steroid hormones taken to prevent pregnancy
and/or control the menstrual cycle. They down-regulate the hypothalamic-pituitary-ovarian
(HPO) axis thereby decreasing endogenous oestrogen production and suppressing ovulation.10
11

Oestrogen is a central regulator of bone metabolism and hormonal contraceptives could

impair bone health.12

13

Hormonal contraceptives are used by servicewomen to regulate

menstrual bleeding and manage symptoms during training and deployment.14-16 The combined
oral contraceptive pill (COCP) is the most common hormonal contraceptive used in the
military,15 although long-acting reversible contraception (LARC) are gaining popularity.17-19

The COCP decreases some markers of bone resorption and bone formation.20-24 The evidence
for the effect of the COCP on aBMD is mixed.12 20 25-29 Depot-medroxyprogesterone acetate
(DMPA), an injectable LARC,30 is widely reported to impair bone health; DMPA increases
bone resorption and bone formation,23 31-33 decreases aBMD,12 23 34-36 and increases stress
fracture risk in basic military training.8 Hormonal contraceptives used by women entering basic
military training may, therefore, influence stress fracture risk.
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There are no data examining bone density and biochemical markers of bone metabolism in
different groups of hormonal contraceptive users in the military. This preliminary study
compared aBMD, bone speed of sound, biochemical markers of bone resorption and formation,
and sex steroid concentrations in female recruits using either the COCP, DMPA, or no
hormonal contraception at the start of British Army basic training. It was hypothesised that: 1)
DMPA users would have higher bone resorption and formation, lower aBMD, and lower bone
speed of sound compared with COCP users and non-hormonal contraceptive users, and 2)
COCP users would have lower bone resorption and formation, but similar aBMD and bone
speed of sound compared with non-hormonal contraceptive users.

MATERIALS AND METHOD
Participants
Fifty-six female standard entry British Army recruits gave voluntary written informed
consent. All women were starting their 12-week basic military training course (Common
Military Syllabus for Recruits) at the Army Training Centre, Pirbright. All participants had
passed their military initial medical assessment and were declared medically fit to train.
Participants were classified according to their method of hormonal contraception:
eumenorrheic women, self-declared as menstruating regularly every 21 to 34 days, who were
currently taking no hormonal contraception (NONE); COCP users, or; DMPA users. Primary
or secondary functional hypothalamic amenorrhea is a bar to military service, and so our
participants did not have any menstrual disturbances. The study was approved by the QinetiQ
Ethics Committee (QinetiQ SP619).

Experimental overview
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Participants visited the laboratory on three consecutive days. On day one after the medical
assessment, lifestyle questionnaires were completed, and height and body mass were
measured. On day two following an overnight fast, a venous blood sample was taken for
measurement of biochemical markers of bone resorption and formation, and sex steroid
concentrations. Biochemical measures were not controlled for menstrual cycle phase. On
day three scans were performed for measures of aBMD and quantitative ultrasound
outcomes.

Lifestyle questionnaires
Participant demographics, contraceptive use, menstrual status, and gynaecological disorders
were recorded using questionnaires.

Anthropometry
Body mass was measured to the nearest 0.1 kg (Seca 770, Seca Ltd, Birmingham UK) and
stature was measured to the nearest 0.5 cm (Seca 225, Seca Ltd, Birmingham UK). Tibia
width was measured as the distance between the lateral and medial tibial condyles using
anthropometric callipers. Tibia length was measured as the distance between the medial
tibial condyle and the midpoint of the medial malleolus using a tape measure. Tibia width
and length were used to calculate tibia width:length. Body fat (%) and lean mass (kg) were
calculated from a whole-body Dual Energy X-Ray Absorptiometry (DXA) (Hologic QDR
4500, USA) scan with participants wearing t-shirt and shorts.

Areal bone mineral density
Whole-body, lumbar spine (L1-L4), and left total hip aBMD were measured using DXA
(Hologic QDR 4500, USA). Left total hip was subdivided into the left femoral neck and left
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Ward’s Triangle. Areal BMD of the pelvis and left leg were derived from whole-body scans.
Coefficient of variations were ≤ 2.0% for all sites.

Quantitative ultrasound
Tibia Speed of Sound (tSOS; m∙s-1) was measured using the Sunlight Omnisense system
(Tel Aviv, Israel), and calculated as the transit time of a single frequency through the outer
cortex of the anterior region of the tibia. The mid diaphysis was selected as region of interest,
which was determined as the mid-point between the base of the heel and the top of the knee
joint when the knee was flexed at a 90 angle. All tSOS measurements were conducted on
the self-reported non-dominant leg with the participant lying in a prone position. A probe
was passed across the region of interest using a coupling gel applied between the transducer
and the skin. The mean of the three scans is presented. Calcaneus Velocity of Sound
(cVOS; m∙s-1) and calcaneus Broadband Ultrasound Attenuation (cBUA; dB∙Mz-1) were
measured using a dry ultrasound system (CUBA Clinical, McCue Plc, Hampshire, UK).
The foot was placed in the device from a seated position, and the heel was positioned
between two transducers covered with silicone pads. A coupling gel was applied to the
measurement site to enhance the contact between the transducers and the skin. Participants
were repositioned if measurements could not be detected by the system. All measurements
were performed on the same system by the same trained operator. Previous data have
reported a precision range of 0.3% to 0.94% for tSOS using the Sunlight Omnisense
System37-42, and 0.99% to 4.52%43-46 for cBUA, and 0.44% to 0.98%45 47 48 for cVOS using
the CUBA Clinical system.

Biochemical markers of bone metabolism and reproductive hormones
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Venous blood samples were drawn from the antecubital fossa into serum separator tubes and
K3 EDTA tubes (Becton Dickinson Vacutainer System, USA). Blood tubes were left to stand
at room temperature for 60 mins then centrifuged at 2000 rpm at 5°C for 10 min; serum and
plasma were stored at −80°C until analysis. Serum was analysed for bone-specific alkaline
phosphatase (bone ALP), total 25-hydroxyvitamin D (25(OH)D), 17ß-oestradiol, follicle
stimulating hormone (FSH), luteinizing hormone (LH), and sex hormone-binding globulin
(SHBG). Plasma was analysed for bone resorption marker beta C-terminal telopeptide
(ßCTX), bone formation marker procollagen type 1 N-terminal propeptide (P1NP) and intact
parathyroid hormone (iPTH). Bone ALP was measured using MicroVue enzyme
immunoassay (Quidel, Athens, OH, USA), with intra/inter-assay CVs ≤ 6.2% across the
concentration range between 0.7 to 140 U/L. Total 25(OH)D was the sum of 25(OH)D3 and
25(OH)D2 measured simultaneously by liquid chromatography tandem mass spectrometry
(LC-MS/MS) as described.49 The assay was calibrated using NIST SRM972a as primary
standards. The inter/intra-assay coefficient of variation (CV) was ≤ 9% across the assay
measuring range, with a lower limit of quantification (LLoQ) of 0.1 nmol·L-1.
17ß-oestradiol, FSH, LH, SHBG, ßCTX, P1NP and iPTH were measured using
electrochemiluminescence immunoassay (ECLIA) on the COBAS e601 analyser (Roche
Diagnostics, Mannheim, Germany) according to the manufacturer’s instructions. All Roche
assays performed with inter-assay imprecision CVs ≤ 4.0% across their respective
measurement range.

Statistical analyses
All data was tested for normality. Differences in demographics between groups were
analysed using either a one-way analysis of variance (ANOVA), or the Kruskal-Wallis test.
Differences in aBMD, tSOS, cVOS, and cBUA between groups were analysed using a
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one-way analysis of covariance (ANCOVA) with total 25(OH)D and lean body mass as
covariates. Differences in biochemical markers of bone resorption and formation between
groups were analysed using a one-way ANCOVA with total 25(OH)D as the covariate.
Differences in serum hormones between groups were analysed using the Kruskal-Wallis test.
Where significant main effects of group occurred, Bonferroni post-hoc analyses were
performed to identify differences between groups. Where the Kruskal-Wallis test identified
a significant main effect of group, Mann-Whitney post-hoc analyses were performed to
identify where differences occurred with a Bonferroni correction for multiple comparisons
applied. Effect sizes are presented as either eta squared (Ƞ2 ), or Cohen’s ds and interpreted
as either: small (ds = 0.2), medium (ds = 0.5), or large (ds = 0.8).50 All data were analysed
using SPSS (v.25, SPSS Inc. USA) and are presented as the unadjusted mean ± standard
deviation (SD), unless stated otherwise. Significance was accepted as p ≤ 0.05.

RESULTS
Seven participants were excluded from analysis as they had recently taken the ‘morning after’
pill and had not since had a period, or suspected they were pregnant. Four participants declined
to provide blood samples. Full data sets were available for 45 recruits (Table 1). There was no
difference between groups for height, lean mass, body mass, age of menarche, and total
25(OH)D concentration. Age was significantly different between groups (p = 0.049), but no
two groups were statistically different after Bonferroni correction.

Table 1: Participant characteristics.
NONE
(n = 25 [56%])
19.6 ± 2.4

COCP users
(n = 13 [29%])
21.5 ± 3.2

DMPA users
(n = 7 [16%])
18.3 ± 1.6

Height (m)

1.64 ± 0.07

1.62 ± 0.05

1.68 ± 0.04

Body Mass (kg)

60.7 ± 6.9

61.1 ± 6.9

66.4 ± 7.9

Lean Mass (kg)a

43.0 ± 5.3

43.5 ± 4.2

45.7 ± 4.4

Age (y)

9

Body Fat (%)

26.0 ± 4.0

26.7 ± 4.3

29.0 ± 2.0

4:5

4:4

4:6

Caucasian

64

85

86

Black

36

15

14

40
3 [7%]

38
0 [0%]

57
0 [0%]

49.8 ± 23.5

56.6 ± 23.3

33.5 ± 9.0

Sufficient (%)
Insufficient (%)

44
24

54
38

0
71

Deficient (%)

32

8

29

13.2 ± 1.2

13.6 ± 2.4

13.6 ± 1.3

742 ± 51
Not applicable

774 ± 36
Not fully
reportedc

752 ± 39

Tibia Length:Width
Ethnicity (%)

a

Back Squadded (%)
Stress Fractures (n [%])
Total 25(OH)D (nmol·L-1)
Vitamin D Status

b

Age of Menarche (y)
a

1.5 Mile Run Time (s)
Duration of Contraceptive Use
(Months)

9.9 ± 7.9

NONE: Eumenorrheic women, self-declared as menstruating regularly every 21- - 34 days, who
were currently taking no hormonal contraceptive; COCP users: combined oral contraceptive pill
users; DMPA users: depot-medroxyprogesterone acetate users.
[%] = percentage of total cohort (n = 45).
a
n = 24 for NONE.
b
25(OH)D (nmol·L-1) categories defined as: Deficient: ≤ 30; Insufficient: 31 – 50;
Sufficient > 50.
c
Data was not fully reported in the questionnaire due to poor participant recall.

Areal bone mineral density
There were no significant differences in lean body mass (p = 0.430) or total 25(OH)D
(p = 0.091) between groups. Lean body mass was a significant covariate for the lumbar spine
(p < 0.001, Ƞ2 = 0.304), left femoral neck (p < 0.001, Ƞ2 = 0.286), Ward’s Triangle (p = 0.005,
Ƞ2 = 0.188), left total hip (p < 0.001, Ƞ2 = 0.420), whole-body (p < 0.001, Ƞ2 = 0.436), pelvis
(p = 0.002, Ƞ2 = 0.217), and left leg (p < 0.001, Ƞ2 = 0.517) aBMD; total 25(OH)D was not a
significant covariate for any aBMD measure (p ≥ 0.074). There were no significant differences
in lumbar spine, left femoral neck, Ward’s Triangle, left total hip, whole-body, pelvis, or left
leg aBMD between groups (p ≥ 0.204) (Figure 1). Normal aBMD z-scores (mean ± SD) were
recorded for the lumbar spine (NONE: -0.32 ± 0.89, COCP users: -0.29 ± 1.05, DMPA users:
-0.21 ± 0.87), left femoral neck (NONE: 0.01 ± 1.09, COCP users: 0.28 ± 0.80, DMPA users:
10

0.09 ± 1.20) and left total hip (NONE: -0.02 ± 0.99, COCP users: 0.42 ± 0.82, DMPA users: 0.03 ± 0.81) across groups.

Insert Figure 1 here

Tibia speed of sound, calcaneus velocity of sound, and calcaneus broadband ultrasound
attenuation
Lean mass was not a significant covariate for cVOS (p = 0.752), cBUA (p = 0.245), or tSOS
(p = 0.776); total 25(OH)D was a significant covariate for cVOS (p = 0.022, Ƞ2 = 0.127) and
tSOS (p = 0.016, Ƞ2 = 0.140), but not cBUA (p = 0.223). There was no significant difference
in cVOS (p = 0.307) or cBUA (p = 0.058) between groups. Tibial SOS was significantly
different between groups (p = 0.017, Ƞ2 = 0.189). Tibial SOS was 3% higher in NONE
compared with DMPA users (p = 0.014, ds = 1.58) (Figure 2A).

Insert Figure 2 here

Biochemical markers of bone resorption and bone formation
Total 25(OH)D was a significant covariate for P1NP (p = 0.046, Ƞ2 = 0.094) and iPTH
(p < 0.001, Ƞ2 = 0.269), but not for bone ALP (p = 0.096) or ßCTX (p = 0.218). There was a
significant difference in P1NP between groups (p = 0.003, Ƞ2 = 0.253). P1NP was higher in
NONE compared with COCP users (59%, p = 0.014, ds = 0.94), and higher in DMPA users
compared with NONE (43%, p = 0.045, ds = 0.99), and COCP users (127%, p = 0.001,
ds = 2.70) (Figure 3A). There was a significant difference in bone ALP between groups
(p = 0.030, Ƞ2 = 0.157). Bone ALP was higher in DMPA users compared with COCP users
(56%, p = 0.044, ds = 2.05) (Figure 3B). There was a significant difference in ßCTX between
11

groups (p = 0.003, Ƞ2 = 0.249). ßCTX was higher in NONE (45%, p = 0.037, ds = 0.99), and
DMPA users (90%, p = 0.003, ds = 2.72) compared with COCP users (Figure 3C). There were
no significant differences in iPTH between groups (p = 0.219) (Figure 3D).

Insert Figure 3 here

Reproductive hormones and sex hormone binding globulin
There was a significant difference in LH between groups (p = 0.003). Luteinizing hormone
concentrations were higher in NONE (140%, p = 0.016) and DMPA users (264%, p = 0.003)
compared with COCP users (Figure 4A). There was a significant difference in 17ß-oestradiol
between groups (p < 0.001) (Figure 4B). 17ß-oestradiol concentrations were lower in COCP
users compared with NONE (66 %, p < 0.001) and DMPA users (30%, p = 0.014). There was
a significant difference in FSH between groups (p = 0.002). FSH was higher in DMPA users
compared with NONE (59%, p = 0.011) and COCP users (206%, p = 0.004) (Figure 4C). There
was a significant difference in SHBG between groups (p < 0.001). SHBG was higher in COCP
users compared with NONE (166%, p < 0.001) and DMPA users (174%, p = 0.002) (Figure
4D).

Insert Figure 4 here

DISCUSSION
This study compared aBMD, bone ultrasound outcomes, and biochemical markers of bone
resorption and formation between female recruits who were taking either no hormonal
contraception, the COCP, or DMPA at the start of British Army basic training. Areal BMD
was not different between groups, but tSOS of the cortex was lower in DMPA than and non-
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users. Markers of bone resorption and formation were higher in DMPA users than COCP users
and non-users after adjusting for vitamin D status, and lower in COCP users than non-users.
Basic military training is physically arduous51 and results in changes in bone resorption and/or
formation, adaptations to tibial density and geometry,52-54 and a two- to three-fold increased
stress fracture risk in women compared with men.1-5 Better evidence of the effect of hormonal
contraceptive use on bone is important to optimise the bone adaptive response for women
during basic training and manage stress fracture risk.

Areal bone mineral density
There were no differences in aBMD between groups, which agree with cross-sectional and
longitudinal data reporting no significant decrease in hip and spine aBMD following short-term
DMPA use (< 1 year) compared with COCP or non-users.25 55 56 Despite the greatest aBMD
decrease occurring in the first 12 months of DMPA use,25 56 longer DMPA use (> 2 yrs) is
required for more severe reductions in aBMD.12 25 32 36 57 58 The average duration of DMPA use
was short in our population, which may explain why no aBMD differences were observed
between groups. Participants had also passed British Army selection and were presumably
physically active. This may have protected aBMD and the accrual of peak bone mass with
DMPA use; evidenced through normal aBMD z-scores. Our data also agree with other studies
demonstrating no difference in aBMD between COCP users and non-users.12 20 29 59

Tibial speed of sound
Speed of sound is determined by cortical bone density and thickness.60 The tibial mid diaphysis
is largely comprised of cortical bone;60 therefore, tSOS provides a measure of cortical bone
integrity and an indication of bone strength.61 In contrast, DXA provides a two-dimensional
aBMD measurement of total bone density for the whole limb. The 3% lower tSOS in DMPA
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users compared with COCP users suggests that DMPA results in earlier detectable changes in
cortical bone that precede changes in aBMD. Further data examining tibial density, geometry,
and microarchitecture in hormonal contraceptive users are warranted. Studies from US Army
basic training report decreased tibial cortical volumetric bone mineral density in women,
indicative of intracortical remodelling and increased susceptibility to stress fracture,52 and an
association between DMPA use, lower tSOS, and increased risk of stress fracture.8 Tibial SOS
has been reported to predict stress fracture risk independently from BMD.62 63 Women using
DMPA in this study might be at increased risk of tibial stress fracture risk due to compromised
integrity of tibial cortical bone. In contrast, aBMD z-scores of DMPA and COCP users indicate
that trabecular bone health was unaffected by contraceptive use.

Biochemical markers of bone formation and resorption
Combined oral contraceptive pill users can have a higher vitamin D concentration compared
with non-hormonal contraceptive users.64 Vitamin D and iPTH were not different between
groups; vitamin D was, however, low in this study. Low vitamin D can increase iPTH65, which
might contribute to stress fracture risk. Beta C-terminal telopeptide and P1NP — reflecting
type I collagen degradation and formation — were higher in DMPA users compared with
COCP users and non-users. Bone ALP — indicative of osteoblast activity — was also higher
in DMPA users compared with COCP users, suggesting higher bone turnover in DMPA users,
consistent with other studies.23 31-33 Procollagen type -1 Nterminal propeptide and βCTX were
lower in COCP users than non-users, demonstrating lower bone turnover consistent with
previous studies.20-24 The different effects of DMPA and COCP on markers of bone metabolism
could be explained by differences in ethinyl-oestradiol and progestin between contraceptives.
The progestin in DMPA suppresses endogenous oestradiol by inhibition of the HPO axis.30
17-oestradiol was not different between DMPA users and non-users, but menstrual cycle
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phase and timing of DMPA treatment was not standardised, which caused high inter-individual
variability of reproductive hormones in non-users. Depot-medroxyprogesterone acetate users
did, however, have higher FSH, LH and lower SHBG, an endocrine response to low 17oestradiol; high FSH is a result of disinhibition of the negative feedback loop, whereas low
SHBG protects circulating concentrations of free 17-oestradiol. Low oestradiol increases
bone turnover, favouring bone resorption, and results in trabecular and cortical bone.66 High
bone turnover with DMPA use was likely the result of low 17-oestradiol, and may explain the
lower tSOS. The COCP contains high doses of ethinyl-oestradiol, which inhibits the release of
FSH thereby preventing follicle development and inhibits the LH surge.10 17-oestradiol was
lower in COCP users compared with non-users and DMPA users, a response consistent with
COCP use,33 67 but ethinyl-oestradiol was not measured. Ethinyl-oestradiol was likely high in
COCP users — supported by high SHBG — resulting in low bone turnover. Combined oral
contraceptive pill use might also decrease bone formation by decreasing circulating IGF.68

Limitations
Questionnaire responses to the brand of COCP and duration of use were not reported due to
poor participant recall. Previous hormonal contraceptive use between menarche and study
participation was not recorded; therefore, the data obtained may be influenced by a preceding
hormonal contraceptive, rather than hormonal contraceptive use at the time of this study. Our
conclusions are also limited by the small sample size and cross-sectional between-group
design.

CONCLUSIONS
Depot-medroxyprogesterone acetate use was associated with increased bone resorption and
formation, and decreased cortical bone integrity of the tibia, in healthy young women, possibly
15

mediated by increased intracortical remodelling; therefore, DMPA use during basic training
might increase tibial stress fracture risk. Combined oral contraceptive pill use was associated
with decreased bone formation and resorption, suggesting that COCP use in younger recruits
could attenuate peak bone mass. Trabecular bone of the hip and spine was not affected by
contraceptive use in this study. The longitudinal effect of hormonal contraceptive use on bone
health and stress fracture risk in basic military training requires further investigation with a
larger sample.
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FIGURE LEGENDS

Figure 1: Areal bone mineral density (aBMD) of hormonal contraceptive users and non-users.
NONE: Eumenorrheic women, self-declared as menstruating regularly every 21 - 34 days, who
were currently taking no hormonal contraceptive; COCP: Combined oral contraceptive pill
users; DMPA: Depot-medroxyprogesterone acetate users. Boxplots detail median, interquartile
range, maximum and minimum values; ×: Mean.

Figure 2: Tibia Speed of Sound (tSOS) (A), calcaneus Broadband Ultrasound Attenuation
(cBUA) (B) and calcaneus Velocity of Sound (cVOS) (C) of hormonal contraceptive users and
non-users. NONE: Eumenorrheic women, self-declared as menstruating regularly every 21 - 34
days, who were currently taking no hormonal contraceptive; COCP: Combined oral
contraceptive pill users; DMPA: Depot-medroxyprogesterone acetate users. Boxplots detail
median, interquartile range, maximum and minimum values; ×: Mean. §Significant difference
between NONE and DMPA users (p ≤ 0.05).
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Figure 3: Procollagen type 1 N-terminal propeptide (P1NP) (A), bone-specific alkaline
phosphatase (bone ALP) (B), Beta c-terminal telopeptide region of type 1 collagen (ßCTX)
(C), and intact parathyroid hormone (iPTH) (D) of hormonal contraceptive users and non-users.
NONE: Eumenorrheic women, self-declared as menstruating regularly every 21 - 34 days, who
were currently taking no hormonal contraceptive; COCP: Combined oral contraceptive pill
users; DMPA: Depot-medroxyprogesterone acetate users. Boxplots detail median, interquartile
range, maximum and minimum values; ×: Mean. *Significant difference between NONE and
COCP users; §Significant difference between NONE and DMPA users; †Significant difference
between COCP users and DMPA users (p ≤ 0.05). ßCTX: NONE n = 12.

Figure 4: Luteinizing hormone (LH) (A), 17-oestradiol (B), follicle stimulating hormone
(FSH) (C), and sex hormone-binding globulin (SHBG) (D) of hormonal contraceptive users
and non-users. NONE: Eumenorrheic women, self-declared as menstruating regularly every
21 - 34 days, who were currently taking no hormonal contraceptive; COCP: Combined oral
contraceptive pill users; DMPA: Depot-medroxyprogesterone acetate users. Boxplots detail
median, interquartile range, maximum and minimum values; ×: Mean. *Significant difference
between NONE and COCP users; §Significant difference between NONE and DMPA users;
†

Significant difference between COCP users and DMPA users (p ≤ 0.05); ‡One extremely high

value has been excluded from the boxplot to retain visual integrity. LH: NONE n = 22, COCP
n = 12; 17-oestradiol: NONE n = 21, COCP n = 12; FSH: NONE n = 22, COCP n = 11;
SHBG: NONE n = 22, COCP n = 12.
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