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Abstract 

Background  Robust information on relative effects of hormonal contraceptives on endogenous androgens is impor‑
tant for understanding beneficial and adverse effects, method choice and development of new methods.

Methods  In this ancillary study at the East London, South Africa site of the ECHO multicentre randomized trial, we 
compared effects of three contraceptive methods on serum androgen levels among contraceptive users aged 18 
to 35 years. Participants were allocated by centrally-managed randomization to open label depot medroxyprogester‑
one acetate (DMPA-IM), copper intrauterine device (IUD) or levonorgestrel implant.

The primary outcome was free testosterone at 6 months.

Results  We analysed stored baseline and 6-month serum samples in 398/615 participants (DMPA-IM 131/205, IUD 
135/205 and implant 132/205). Median testosterone levels at baseline were DMPA-IM 0.82, IUD 0.9 and implant 
0.87 nmol/L; at 6 months, DMPA 0.68 (lower than IUD, mean percentage difference 28.35, (p <  0.001), IUD 0.86 
(unchanged) and implant 0.66, lower than IUD, mean percentage difference − 22.98, p <  0.001).

Median SHBG levels at baseline were DMPA 52.4, IUD 50.5 and implant 55.75 nmol/L; at 6 months, DMPA 40.65, lower 
than IUD (mean percentage difference 21.19, p = 0.005), IUD 49.1 (unchanged), and implant 23.35 nmol/L, lower 
than IUD (mean percentage difference − 50.04, p <  0.001 and than DMPA (mean percentage difference − 39.45, 
p <  0.001).

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Women’s Health

The Evidence for Contraceptive options and HIV Outcomes (ECHO) Trial was 
a multi-center, open label, randomized clinical trial comparing HIV incidence 
and contraceptive benefits in women using depot medroxyprogesterone 
acetate (DMPA-IM), levonorgestrel (LNG) implants, and copper intrauterine 
devices (IUD). FHI 360 Study #523201

*Correspondence:
G. Justus Hofmeyr
justhof@gmail.com
Full list of author information is available at the end of the article

https://orcid.org/0000-0002-3080-1007
https://orcid.org/0000-0003-4193-8786
http://orcid.org/0000-0001-6449-3260
https://orcid.org/0000-0002-2026-6039
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12905-024-02990-8&domain=pdf


Page 2 of 8Hofmeyr et al. BMC Women’s Health          (2024) 24:167 

Tweetable abstract
Higher free testosterone with LNG implant than DMPA 
intramuscular contraception may impact acceptance and 
sexual behaviour.

Background
Hormonal contraception has complex effects on users’ 
endocrine systems. Apart from direct pharmacologi-
cal effects of the exogenous contraceptive hormones, 
endogenous sex steroid hormone levels are altered. It is 
important to have accurate data on such effects, and in 
particular differential effects of alternative contraceptive 
methods, in order to be able to counsel users on the rela-
tive benefits and risks of alternative methods, to under-
stand the potential clinical impact of these effects, and to 
guide future developments of contraceptive methods.

Previous consideration of androgenic effects of 
contraceptives such as oily skin, acne [1], hirsutism, 
android obesity, androgenic alopecia, unfavourable 

lipid profiles, diabetes and hypertension, has tended to 
focus on the direct androgenic effects of the exogenous 
progestins [2] rather than secondary effects on endog-
enous androgens. Minimizing androgenic side-effects 
is considered a key factor in the acceptability and con-
tinuation of hormonal contraception [3].

In addition to multiple physiological effects, sex 
steroid hormones have important neuropsychological 
and behavioural effects which are complex and poorly 
understood. Oral contraceptive discontinuation for 
depression or loss of libido appears to be less common 
with lower dose than the older high-dose formulations 
[4]. Low androgen levels have been associated with 
increased pelvic pain, dysmenorrhoea and headache 
[5]. Androgens are thought to increase libido, though 
results of previous studies are conflicting. Sexual func-
tion may be impaired by certain oral contraceptives 
and restored by androgen replacement [6]. Estro-
gens stimulate hepatic sex hormone binding globu-
lin (SHBG) production [7]. Oral contraception with 

Free testosterone levels at baseline were DMPA 10, IUD 12 and implant 11 pmol/L; at 6 months, DMPA 11, less than IUD 
(mean percentage difference 13.53, p = 0.047), IUD 12 and implant 14, higher than IUD (mean percentage difference 
14.15, p = 0.038) and than DMPA, (mean percentage difference 29.60, p <  0.001).

Conclusions  This is the first randomized trial to show lower SHBG and higher free testosterone with the levonorg‑
estrel implant than with DMPA, and contrasts with reports of increased SHBG with combined oral ethinyl estradiol/
levonorgestrel use, and reduced androgens (and impaired sexual function) reported with the etonorgestrel implant. 
The higher free testosterone with the LNG implant might improve sexual function, mood and bone health as well 
as increasing side-effects such as acne and hirsutism, and is consistent with the greater sexual activity (with respect 
to multiple sex partners, new sex partner and unprotected sex) with the implant compared with DMPA documented 
in the ECHO study.

ECHO trial registration  Clini​calTr​ials.​gov, number NCT02550067 15/09/2015.

Plain English summary  Contraception, or family planning, is central to the role of women in societies. It is most 
important to have accurate information on the relative side-effects of various contraceptive options in order 
to empower women to make informed choices regarding their preferred method.

Hormonal contraceptives contain various forms of the female sex hormones, estrogens and/or progestogens. These 
hormones have direct effects on the users, as well as modifying the levels of the users’ own circulating sex hormones, 
both the ‘female’ and the ‘male’ sex hormones (androgens).

In this study, consenting participants requesting contraception, were allocated randomly to receive either depot 
medroxyprogesterone acetate (DMPA-IM) a 3-monthly progestogen injection, the copper intrauterine device 
(IUD), a non-hormonal contraceptive inserted within the womb, or the levonorgestrel implant, a device placed 
under the skin which releases a progestogen for 5 years.

We measured the participants’ androgen levels after 6 months, and found for the first time that the active form of tes‑
tosterone (free testosterone) was 29% higher with the implant than with DMPA-IM. The level with the IUD was inter‑
mediate, and significantly different from the other two methods.

This finding is relevant to the effects experienced by users of these methods, because free testosterone has effects 
on sexual function, bone health and mood, as well as on conditions such as acne and hair distribution patterns.

Keywords  Contraception, Depot medroxyprogesterone acetate, Copper intrauterine device, Levonorgestrel implant, 
Testosterone, Sex hormone binding globulin, Free testosterone, Randomized trial
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ethinyl estradiol combined with either levonorgestrel 
(LNG) or drospirenone increased SHBG and reduced 
testosterone and free testosterone levels. Addition of 
dehydroepiandrosterone (50 mg/day orally) normalized 
free testosterone [8]. Placebo-controlled randomized 
trials of testosterone treatment have shown improve-
ment in hypoactive sexual desire disorder [7]. Testos-
terone has also been associated with sense of control 
and dominance.

Hormone-related effects on sexual behaviour and 
changes in sexual exposure during menstruation may 
affect susceptibility to sexually transmitted infections  
[9, 10].

In a previous randomized trial, we found reduced sex-
ual activity among participants randomized to injectable 
progestogens versus the copper intrauterine device (IUD) 
[11, 12]. In the ECHO trial, reduced sexual activity and 
reduced condomless sexual activity was reported by par-
ticipants allocated to depot medroxyprogesterone acetate 
intramuscular (DMPA-IM) compared with both the lev-
onorgestrel implant and the IUD [13].

Previous research has found that some progestogenic 
contraceptives suppress testosterone levels. Subcuta-
neous DMPA 104 mg 12-weekly was associated with 
decreased total testosterone and sex hormone binding 
globulin (SHBG) to 26 weeks [14]. Lower levels of free 
testosterone were found among combined oral contra-
ceptive than DMPA users [15]. Etonogestrel implants 
were associated with impaired sexual function, ascribed 
to suppressed androgen and estrogen levels [16].

Observational studies are intrinsically subject to con-
founding. The ECHO study presents a unique opportu-
nity to compare testosterone and sex hormone binding 
globulin (SHBG) levels between participants allocated 
to DMPA-IM, the copper IUD and the levonorgestrel 
(LNG) implant in the context of a rigorous randomized 
clinical trial.

Objectives
We compared testosterone, SHBG and free testosterone 
levels between women randomly allocated DMPA IM, 
the copper IUD or the LNG implant in order identify dif-
ferences which might be associated with clinically impor-
tant side effect profiles.

Methods
This is an ancillary study of the ECHO study, limited to 
participants enrolled at the Effective Care Research Unit 
site in East London, South Africa between 1 March 2016 
and 14 August 2017. The ECHO study protocol [17] 
and primary paper [13] have been published previously. 
Briefly, HIV uninfected participants requesting contra-
ception aged 18 to 35 years who indicated that they had 

not used injectable hormonal contraception in the pre-
ceding 6 months, were allocated in parallel, in balanced 
blocks of 15–30, stratified by site, using an online ran-
domization service, in 1:1:1 ratio to receive DMPA-IM 
3-monthly, the copper T 380A IUD or the LNG implant, 
and were followed after 1 month then 3-monthly for 12 
to 18 months. All participants gave written informed con-
sent to participate. Participants were enrolled by research 
staff, and there was no blinding. Blood samples were col-
lected at baseline and at the 3-monthly visits, separated 
on site and the serum stored at − 80 °C in the BARC-SA 
Bio Repository in Johannesburg. We chose the 6-month 
interval to allow adequate time for stabilisation of the 
effects of the hormonal contraceptives. For this ancillary 
study, a convenience sample size of all available speci-
mens was used.

Laboratory analysis
Laboratory tests were conducted by BARC-SA (Pty) Ltd. 
Testosterone and SHBG were measured at baseline and 
closest available sample to 6 months by chemilumines-
cent microparticle one-step immunoassay for quantita-
tive measurement (CMIA) using the Abbott Architect 
analyser (sensitivity 0.05 and 0.02 nmol/L respectively; 
testosterone potential interference < 10%; SHBG: no 
detectable cross-reactivity). Free testosterone was calcu-
lated according to the method of Vermeulen et  al. [18] 
The few results above or below the detection level of the 
assay were assigned the proxy value of the upper or lower 
limit of the assay respectively.

Data analysis
The laboratory data were entered into an Excel spread-
sheet, cleaned and merged with data from the original 
ECHO study database for analysis. Baseline data were 
compared to ensure that the comparability of the groups 
was not compromised by loss to follow-up, which was 
similar between groups. Core outcomes were not rel-
evant to this hormonal study.

Baseline categorical demographic variables were com-
pared between arms using Pearson’s chi-square or Fish-
er’s exact test, where applicable. Baseline continuous 
demographic variables were compared between arms 
using ANOVA. Normality was tested using the Shap-
iro-Wilk test. Since data was non-normally distributed, 
medians (with interquartile ranges) were reported for 
baseline, six-month and change from baseline values. 
Differences between baseline and six-month values for 
each allocated method were tested using the Wilcoxon 
signed-rank test to account for the paired data. To facili-
tate pairwise comparisons between the allocated meth-
ods, the data was log-transformed (natural log) and a 
mixed-effects linear regression model was fitted for 
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each of the outcomes (testosterone, SHBG, free testos-
terone). The allocated method, time point and the inter-
action between allocated method and time point were 
included as fixed effects. The participant was included as 
a random effect to account for the within-subject correla-
tion between repeated measures. The distribution of the 
residuals was visually assessed using quantile-quantile 
plots. The mean differences between allocated arms are 
presented as percentages with 95% confidence intervals 
(CIs). Results were considered significant for p <  0.05. It 
was not considered useful to adjust for daily variation in 
hormone levels [19] because these would be balanced out 
by the large sample size in each group.

Patient and public involvement
Extensive patient and public involvement is documented 
in the primary ECHO study paper [13]. Community 
stakeholders were actively involved in the protocol 
design. Community advisory groups at each site provided 
input into conduct of the trial on an ongoing basis.

Results
Of 615 participants enrolled at the site, results were avail-
able for 398 (65%) participants both at baseline and at 
6 months (Fig. 1).

Baseline Demographic data were similar between 
groups (Table 1).

In the main trial, random testing of baseline blood of 
157/615 participants for evidence of recent hormonal 
contraceptive exposure found quantifiable medroxy-
progesterone acetate in 85 (54%), levonorgesterel in 9 
(5.7%), norethisterone in 7 (4.5%) and etonogestrel in 
1 (0.6%). Given the potential for distortion of baseline 
hormone levels due to prior contraceptive exposure, we 
have primarily compared absolute differences between 
randomized groups at 6 months as well as change from 
baseline. Prior exposure to progestogen contraception 
would be expected to be similar between randomly allo-
cated groups, and would result in under-estimation of the 
changes observed in the progestogen groups. Hormonal 
results are shown in Tables 2 and 3.

Testosterone
Baseline median (interquartile range) testosterone lev-
els were similar between the three groups (DMPA 0.82 
(0.56, 1.2), IUD 0.9 (0.66, 1.18), implant 0.87 (0.64, 1.26) 
nmol/L). At 6 months, median testosterone levels were 
significantly reduced for DMPA (0.68 (0.5, 0.88)) and 
the levonorgestrel implant (0.66 (0.51, 0.85) nmol/L), 
which were similar, and both were significantly lower 

Fig. 1  CONSORT flow diagram. *n = 2 did not receive the allocated intervention
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(mean percentage differences 28.35 and − 22.98, 
p  < 0.001 and p = 0.001 respectively) than that for the 
IUD (0.86 (0.68, 1.11) nmol/L) which was not signifi-
cantly changed from baseline.

Sex hormone binding globulin (SHBG)
Baseline median SHBG levels were similar between the 
three groups (DMPA 52.4 (38.4, 74.1), IUD 50.5 (34.7, 
76) and implant 55.75 (34.45, 81.9) nmol/L). At 6 months, 
median SHBG levels in the IUD group were unchanged 

Table 1  Baseline variables, expressed as mean values (standard deviation) or number, %

DMPA IUD Implant p

n n n

Age (years) 121 25.0 (4.3) 124 25.4 (4.6) 120 24.5 (4.7) 0.30

Never married 131 122 93.1% 135 131 97.0% 136 132 97.1% 0.23

Secondary school incomplete 131 75 57.3% 135 63 46.7% 136 76 55.9% 0.17

Earns income 131 16 12.2% 135 22 16.3% 136 19 14.0% 0.63

Nulliparous 131 33 25.2% 135 40 29.6% 136 41 30.2% 0.62

Regular menses 131 76 58.0% 135 89 65.0% 136 80 58.8% 0.34

Breastfeeding 131 19 14.5% 135 12 8.9% 136 10 7.4% 0.35

No Prior contraception 131 3 2.3% 135 5 3.7% 136 6 4.4 0.70

Fetal loss < 20 Weeks gestation 98 16 16.3% 95 23 24.2% 95 22 23.2% 0.35

Stillbirth 98 2 2.0% 95 9 9.5% 95 4 4.2% 0.07

Plan future children 131 85 64.9% 135 96 71.1% 136 106 77.9% 0.06

Age lastborn child 92 3.1 (2.9) 87 3.6 (3.1) 89 3.0 (2.4) 0.27

No alcohol 131 71 54.2% 135 78 57.8% 135 66 48.9% 0.34

Non smoker 131 119 90.8% 135 116 85.9% 135 117 86.7% 0.42

Has mobile phone 131 129 98.5% 135 130 96.3% 135 131 97.0% 0.64

Table 2  Hormonal results expressed as median (interquartile range, IQR) values

a  p-value from Wilcoxon signed-rank test for difference between baseline and six-month values. DMPA, Depot medroxyprogesterone acetate, IUD Copper intrauterine 
device, Implant – levonorgestrel implant

Treatment n Baseline median (IQR) n 6 months median (IQR) n Median change (6 m 
vs baseline, IQR)

p-valuea

Testosterone, nmol/L

  DMPA 131 0.82
(0.56, 1.2)

132 0.68
(0.5, 0.88)

131 −0.16
(− 0.35, 0.04)

<  0.001

  IUD 135 0.9
(0.66, 1.18)

135 0.86
(0.68, 1.11)

135 0.01
(−0.19, 0.14)

0.337

  Implant 135 0.87
(0.64, 1.26)

135 0.66
(0.51, 0.85)

133 −0.23
(−0.48, − 0.03)

<  0.001

Sex Hormone Binding 
Globulin, nmol/L

  DMPA 131 52.4
(38.4, 74.1)

132 40.65
(31.55–53.9)

131 −9.6
(−21.8, 0.4)

<  0.001

  IUD 135 50.5
(34.7, 76)

135 49.1
(36.2–71.1)

135 3
(−13, 15.5)

0.618

  Implant 132 55.75
(34.45, 81.9)

134 23.35
(18.1–33.6)

132 −27.2
(−45.85, −12.05)

<  0.001

Free testosterone, pmol/L

  DMPA 131 10 (7, 16) 131 11 (8, 15) 131 0 (−3, 3) 0.516

  IUD 135 12 (9, 16) 135 12 (9, 17) 135 0 (−4, 2) 0.225

  Implant 136 11 (8, 16) 132 14 (10, 18.5) 132 3 (−1.5, 6) <0.001
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(49.1 (36.2–71.1) nmol/L). Levels for DMPA and the 
implant were significantly reduced from baseline. That 
for DMPA (40.65 (31.55–53.9) nmol/L) was signifi-
cantly lower than the IUD (mean percentage difference 
21.19, p = 0.005). That for the implant (23.35 (18.1–33.6) 
nmol/L) was significantly lower than both the IUD (mean 
percentage difference − 50.04, p  < 0.001) and DMPA 
(mean percentage difference − 39.45, p < 0.001).

Free testosterone
Baseline median free testosterone levels were similar 
between the three groups (DMPA 10 (7, 16), IUD 12 (9, 
16) and implant 11 (8, 16) pmol/L). At 6 months, median 
free testosterone levels for DMPA (11 (8, 15)) was lower 
(mean percentage difference 13.53, p  = 0.047) and the 
implant (14 (10, 18.5) higher (mean percentage difference 
14.15, p = 0.038) than the IUD (12 (9, 17). The value for 
the implant was higher than for DMPA (mean percentage 
difference 29.60, p < 0.001).

Discussion
This is to our knowledge the first randomized trial to 
quantify the differences in levels of testosterone, SHBG 
and free testosterone in young participants randomly 
allocated to receive DMPA, the LNG implant, or non-
hormonal contraception (the IUD). Total testoster-
one levels of those allocated to DMPA and to LNG 

implant were significantly lower than for the IUD after 
6 months. The striking finding was the significantly 
greater reduction in SHBG with the implant than with 
DMPA, which resulted in the free testosterone being 
29% higher with the implant than with DMPA. This 
large difference may have meaningful consequences in 
terms of side-effects such as acne and hirsutism [20], 
as well as beneficial effects on sexual function, mood 
and bone health. The possible association of free tes-
tosterone with libido is consistent with the finding in 
the main Echo Trial [13] of significantly higher reports 
in the LNG implant than the DMPA group for multi-
ple sex partners, new sex partner, unprotected sex and 
no condom used for the last sex act. The differences in 
reported unprotected sex are also consistent with an 
ancillary study at three of the ECHO sites which found 
prostate-specific antigen levels in cervical samples to be 
more frequent in women allocated to the levonorgestrel 
implant and the Cu IUD than to DMPA [21]. The mark-
edly reduced SHBG with the levonorgestrel implant 
is in sharp contrast to levonorgestrel containing oral 
contraception which is associated with increased 
SHBG [22], probably due to estrogenic stimulation of 
hepatic SHBG production. The etonogestrel implant 
has been associated with impaired sexual function 
ascribed to suppressed estrogen and androgen levels 
[16]. In contrast, increased free testosterone with the 

Table 3  Pairwise comparisons of hormonal results between allocated methods expressed as mean percentage differences (95% 
confidence interval (CI))

Treatment Baseline mean % 
difference (CI)

p-value 6 months mean % 
difference (CI)

p-value Change mean % 
difference (CI)

p-value

Testosterone

  IUD vs DMPA 7.32
(−3.7, 19.6)

0.202 28.35
(15.19, 43.02)

<  0.001 19.60
(7.24, 33.39)

0.001

Implant vs DMPA 10.09
(−1.21, 22.68)

0.082 −1.14
(− 11.27, 10.15)

0.836 -10.20
(-19.49, 0.18)

0.054

  Implant vs IUD 2.58
(−7.88, 14.22)

0.642 −22.98
(−14.23, −30.83)

<  0.001 −24.91
(-32.63, -16.31)

<0.001

Sex Hormone Binding Globulin

  IUD vs DMPA −7.73
(−19.23, 5.41)

0.236 21.19
(6.10, 38.42)

0.005 31.34
(15.84, 48.91)

<0.001

  Implant vs DMPA 0.37
(−12.19, 14.73)

0.957 −39.45
(−30.82, − 47)

<  0.001 −39.67
(− 46.82, − 31.56)

<  0.001

  Implant vs IUD 8.78
(− 4.75, 24.23)

0.214 −50.04
(− 42.96, − 56.23)

<  0.001 −54.07
(− 59.48, − 47.94)

<  0.001

Free testosterone

  IUD vs DMPA 14.91
(1.37, 30.26)

0.030 13.53
(0.15, 28.7)

0.047 -1.20
(-11.87, 10.77)

0.836

  Implant vs DMPA 7.70
(−4.97, 22.06)

0.245 29.60
(14.28, 46.97)

<  0.001 20.34
(7.29, 34.97)

0.002

  Implant vs IUD −6.28
(−17.22, 6.12)

0.306 14.15
(0.76, 29.33)

0.038 21.80
(8.68, 36.50)

0.001
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levonorgestrel implant might differentiate user accept-
ability between the two implant formulations.

Given the findings of this study, it is important not to 
assume similar side-effect profiles of progestogen contra-
ceptives, but to keep in mind the potential for differen-
tial effects of the progestogens on endogenous hormone 
levels.

The results should be generalisable to similar, low-risk 
populations.

Limitations
As sampling was at the time of the DMPA administration 
visit, the DMPA results would reflect the nadir DMPA 
effect, and the implant results would represent the steady 
state effect at 6 months. This study could not assess pos-
sible post-injection peak effects of DMPA, and thus may 
have under-estimated differences between the methods.

Spot checks conducted during the main study indicated 
that a proportion of women had evidence of persistent 
MPA or norethisterone levels or recent oral contracep-
tive pill use. Considerable discrepancies between self-
reported and biologically confirmed prior contraceptive 
exposure have been reported in other studies [23]. Use of 
oral contraception was permitted up to the day preceding 
enrolment. It is likely that some women in all groups had 
some testosterone and SHBG suppression at baseline. 
These effects are likely to be similar between groups due 
to the stringent randomized methodology. The measured 
reductions in testosterone and SHBG in the hormonal 
methods groups may be an under-estimate of the true 
suppressive effect of the methods. The effects of hormo-
nal contraception may be affected by clinical character-
istics such as body mass index and medication. Because 
the objective of the study was to measure comparative 
differences between contraceptive methods rather than 
absolute levels, and because stringent randomization and 
large sample size would balance such clinical characteris-
tics between groups, as confirmed by the similar baseline 
characteristics, it was not necessary to adjust for con-
founding clinical characteristics.

Conclusions
We have compared testosterone, SHBG and free testos-
terone levels between participants allocated to three con-
traceptive methods in the context of a robust randomized 
trial. The significantly higher levels of free testosterone 
with the LNG implant than with DMPA-IM may have 
important clinical implications in terms of differential 
physiological, psychological and behavioural effects, side-
effects and acceptability of these methods, and the tailor-
ing of method choice according to user clinical profiles.
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