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Abstract

Background: Bone mineral density (BMD) loss among depot medroxyprogesterone acetate (DMPA) users is a
controversial issue. Aspects under debate include whether the number of years of use has any effect on
continuous BMD loss, whether this loss will stabilise over the years of use or if it will progress to low bone
mass, osteoporosis and an increased fracture risk. The aim of this study was to compare the difference in
osteoporosis and low bone mass between DMPA and copper intrauterine device (Cu-IUD) users.
Methods: This was a cross-sectional study that evaluated BMD at the lumbar spine and femoral neck in 47
long-term DMPA users and 41 Cu-IUD users as control group. BMD was measured by dual-energy X-ray
absorptiometry. The participants were 27 to 57 years of age, had used either DMPA or a Cu-IUD uninter-
ruptedly for at least ten years, had initiated use of the method prior to 40 years of age and had follicle
stimulating hormone values <40 mIU/mL.
Results: Findings showed that 68.1% and 36.6% of the DMPA and Cu-IUD users, respectively, had low bone
mass and 29.8% and 2.4% of DMPA and Cu-IUD users, respectively, had osteoporosis. BMD decreased as the
number of years of DMPA use increased.
Conclusion: Long-term DMPA use was associated with low bone mass and osteoporosis in women who had
used the method for 10 years or more. DMPA users with longer time of use showed a greater bone mass loss.

Introduction

Depot medroxyprogesterone acetate (DMPA) is a
highly effective, safe contraceptive method that has

been in use worldwide for several decades.1,2 However, there
are controversies concerning long-time exposure and its ef-
fects on bone mineral density (BMD), not only during its use
but also following discontinuation, after menopause, and
with respect to fracture risk.3 There is also concern regarding
the use of DMPA over several years by adolescent girls be-
fore they achieve peak bone mass, and whether this would
affect BMD in the future.4–7

It has been well established that DMPA users develop
hypoestrogenism,8,9 and that low endogenous estrogen is one
of the principal causes of bone loss.1 It has also been reported
that DMPA users may experience progressive BMD loss
throughout the first 5 years of use;10–12 however, after that
period, the body may adapt to hypooestrogenism, reducing
bone mass loss and stabilizing bone turnover.8 Furthermore,

it has also been established that the decrease in BMD is re-
versible following discontinuation.1,13

Although it has been reported that long-term DMPA use
does not increase the risk of low bone mass,14 some re-
searchers have been reported that use of this contraceptive
method may increase fracture risk, principally in the fingers,
toes, face and skull, and may increase the risk of other frac-
tures compared to users of other contraceptive methods.15

However, it is important to take into account that alcohol
consumption and smoking habits could act as confounding
factors.16,17

Evidence that any loss of BMD is recovered after DMPA
discontinuation remains a subject of debate as far as long-
term uninterrupted use is concerned.3,6,7 Due to the scarcity
of data on the long-term use of DMPA and its effect on BMD,
the objective of this exploratory study was to compare any
differences, if they exist, in low bone mass and osteoporosis
between women who had used DMPA and those using a
copper intrauterine device (Cu-IUD) uninterruptedly for 10
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years or more. The design of the study was based on the
hypothesis that the body does not adapt to the hypoestro-
genism caused by DMPA and that bone loss during long-term
DMPA use may result in damage to bone health.

Methods

This was a cross-sectional not blinded study conducted at
the Human Reproduction Unit, Department of Obstetrics and
Gynaecology, School of Medical Sciences, University of
Campinas, Brazil. The Ethical Committee approved the
study, and all the women signed an informed consent form
prior to admission. Following a search of the archives of the
family planning clinic up to the year 2013, 93 DMPA and 102
Cu-IUD users were identified. They had been using DMPA or
Cu-IUD for at least 10 years uninterruptedly and attended the
clinic regularly. An invitation letter was sent to all these
women. Forty-eight of them agreed to participate and came to
the clinic for BMD evaluation. All the women in both groups
received small allowance for transportation and meals.

Two groups were formed: (1) the group of DMPA users and
(2) a group of nonusers. For the first group, women of 27 to 57
years of age, who had been using DMPA (Depo-provera�,
Pfizer) (intramuscular injection of 150 mg of the progestin
every 3 months) uninterruptedly for at least 10 years (40 doses),
who started using the method prior to 40 years of age and who
had at least two consecutive (90 days apart) follicle-stimulating
hormone (FSH) measurements <40 mIU/mL were enrolled in
the study. Only one woman had FSH values >40 mIU/mL and
was excluded. The nonuser group consisted of current users of
the TCu380A copper intrauterine device (Cu-IUD) (Optima�,
Injeflex) who had never used DMPA. Nonusers had had regular
menstrual cycles for the 12 months preceding the study, had
never used DMPA, and had not used any other hormonal
contraceptive method for more than 6 months during their re-
productive lives or in the 6 months preceding the study. Ex-
clusion criteria consisted of chronic diseases (including
diabetes mellitus, hyper or hypothyroidism, hyper- or hypo-
parathyroidism, hepatitis, cancer or pituitary diseases, inflam-
matory/rheumatologic conditions, and chronic renal failure.
Women previously submitted to bariatric surgery or organ
transplantation or women treated with steroids or seizure
medications were also excluded from the study.

Bone mineral density was measured at the lumbar spine
(LS) and femoral neck (FN) by dual-energy X-ray absorp-
tiometry using a Lunar bone densitometer (GE Healthcare,
Lunar Corporation). For the evaluation of osteopenia and
osteoporosis, we used the World Health Organization
(WHO) definition: > - 1.0 standard deviation (SD) is normal
BMD; -1.0 to -2.5 SD is low BMDs and; < - 2.5 SD is
osteoporosis.32 To assess low bone mass and osteoporosis we
used the T-score, which is the most important parameter for
evaluating postmenopausal women. In our study, only 7 and 8
DMPA- and Cu-IUD-users, respectively, were under 40 years
old. The Z-score would distort the result, because the woman
would be compared with another person of the same age;
consequently, the prevalence of osteoporosis could be af-
fected and not reflect the reality. The assessment of BMD was
performed by only one evaluator on the same equipment, and
to increased reliability of the results, each day the evaluator
measured a BMD with a phantom sample to reduce technical
error of intraevaluator measurement.

Due to the fact that there are no similar studies to assess the
prevalence of osteoporosis in long-term users of DMPA we
were unable to estimate a sample size. Thus, we decided to
conduct a pilot study and calculate the power of our sample
based on the results of this pilot study, for an alpha error of
5% and a beta error of 13%; the sample size was calculated at
22 users and 22 nonusers for the assessment of BMD at the LS
and FN. Considering this sample size, 47 DMPA users and 41
Cu-IUD users were enrolled, providing a power of over 80%.
The demographic and clinical variables were compared using
Student’s t-test, the Mann-Whitney test, the chi-square test,
and Fisher’s exact test. To analyze the prevalence of low
bone mass and osteoporosis the chi-square test was used.
Comparison of mean BMD between the groups of DMPA
users at the different years of use was performed using
analysis of variance. The statistical analysis was performed
using the SAS statistical software package for Windows,
version 9.2 and all results were reported as mean – SD. Sig-
nificance was established at p < 0.05.

Results

There were no differences between the two groups with
respect to their sociodemographic variables (Table 1), with
homogeneity being found for age, body mass index (kg/m2),

Table 1. Some Sociodemographic Characteristics

of the Women in the Two Groups

at the Time of Evaluation

Contraceptive
method in use

DMPA Cu-IUD
Variables (n = 47) (n = 41) p-Value

Age, years* 45.7 – 6.1 43.8 – 6.1 0.17
Age, median (range) 46 (31–57) 45 (27–54) 0.16
BMI; kg/m2* 27.3 – 4.2 27.8 – 4.4 0.60
Years using the current meth-

od{
14.8 – 3.8 15.3 – 4.0 0.49

Ethnicity (white women){ 17 (36.2%) 18 (43.9%) 0.54
Married or living with a

partner{
35 (74.5%) 39 (95.1%) 0.0094

In paid employmentx 40 (85.1%) 27 (65.8%) 0.04

Previous contraceptive
method used

0.46

Combined oral
contraceptives

24 (51%) 18 (43.9%)

Cu-IUD 8 (17%) 4 (9.7%)
Condom, natural or no

methods
12 (25.5%) 15 (36.5%)

ENG-releasing implant 2 (4.2%) 0 (0%)
Combined monthly

injectable
1 (2.1%) 4 (9.7%)

Years using the previous
method{

3.7 – 4.0 3.2 – 3.6 0.26

Physical activity ‡150 min/wk{ 11 (23.4%) 9 (21.9%) 0.91
Domestic chores ‡150 min/wkx 42 (89.4%) 39 (95.1%) 0.15
No alcohol consumptionx 38 (80.8%) 35 (85.4%) 0.46
No smokingx 35 (74.5%) 35 (85.4%) 0.36

*Student’s t-test.
{Mann-Whitney test.
{Chi-square2 test.
xFisher’s exact test.
BMI, body mass index; Cu-IUD, copper intrauterine device;

DMPA, depot medroxyprogesterone acetate; ENG, etonogestrel.
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and physical activity, all of which are factors that could in-
fluence BMD. No influence upon the results was observed
regarding ethnicity. Albeit we did not obtain data about so-
cioeconomic status of the women, the participants are pa-
tients from a Brazilian public service clinic and came from
the low-income portion of the population. Thirty-three out of
the 47 women in the DMPA group (68.1%) and 15 out of the
41 women in the Cu-IUD group (36.6%) were found to have
low bone mass ( p = 0.002). In addition, 14 of the 47 DMPA
users (29.8%) and one of the 41 Cu-IUD users (2.4%) had
osteoporosis ( p = 0.0008).

No significant differences were found between the two
groups with respect to whether low bone mass was present at
the LS or the FN. Comparing the site of osteoporosis, there
was a trend toward a higher prevalence of osteoporosis at the
LS (13 women; 27.6%) when compared with the FN (1
woman; 2.4%) in DMPA users; however, this difference was
not significant ( p = 1.0). The mean BMD at the LS (L1–L4)
among DMPA users was 1.037 – 0.125, significantly lower
than Cu-IUD users (1.192 – 0.109; p < 0.0001), and at FN it
was 0.9116 – 0.119 and 0.9925 – 0.128 among DMPA and
Cu-IUD users, respectively ( p = 0.0029). When the partici-
pating women were categorized by age and we performed a
comparison of BMD between the two groups, it is shown that
in all age groups it was lower BMD at the LS of DMPA users
when compared to Cu-IUD users (Table 2).

Furthermore, comparison between DMPA users who had
been using the method for 10 years, 11–15 years, or 16–23
years showed that BMD decreased as the number of years of
DMPA use increased. Additionally, a significant decrease in
BMD was found at the LS; however, no significant differ-
ences were found at the FN over the years (Fig. 1). Further-
more, users of Cu-IUD users showed no significant decrease
in LS ( p = 0.4810) and FN ( p = 0.9432) with years of use.

Discussion

Our results showed that around 30% of the women who
had used DMPA for 10 years or more had osteoporosis,

compared with only 3% of the nonusers. These results are
more significant if we take into account that the two groups
were homogeneous insofar as the risk factors for osteoporosis
are concerned.

Investigators evaluating adolescent girls 12 to 18 years of
age after 2 years of DMPA use reported that bone mass loss
was insufficient to provoke osteopenia.14 Nevertheless, lon-
ger periods of use, which obviously correlate with older age
in users, may induce a reduction in BMD and consequently
provoked low bone mass and osteoporosis and increasing
fracture risk. There is no clear evidence regarding the rela-
tionship between DMPA use and an increased risk of frac-
ture3 despite the fact that some studies have shown a high risk
of fracture in DMPA users compared with non-users.15–17

However, there are some confounders that were not properly

Table 2. Comparison of the Bone Mineral Density of DMPA and Cu-IUD Users by Age

Variable Group n BMD mean – SD 95% CI p-Value*

Age 27 to 36 years

L1–L4 DMPA 4 1.042 – 0.073 0.925–1.159 0.0313
Cu-IUD 7 1.205 – 0.114 1.100–1.310

Femoral neck DMPA 4 0.886 – 0.129 0.681–1.091 0.0568
Cu-IUD 7 1.049 – 0.114 0.943–1.155

Age 37 to 46 years

L1–L4 DMPA 22 1.027 – 0.127 0.971–1.084 0.0002
Cu-IUD 18 1.182 – 0.109 1.127–1.236

Femoral neck DMPA 22 0.903 – 0.108 0.855–0.951 0.0637
Cu-IUD 18 0.982 – 0.153 0.906–1.058

Age 47 to 57 years

L1–L4 DMPA 21 1.045 – 0.133 0.985–1.106 0.0007
Cu-IUD 16 1.199 – 0.112 1.139–1.259

Femoral neck DMPA 21 0.925 – 0.133 0.865–0.986 0.1849
Cu-IUD 16 0.980 – 0.102 0.925–1.034

*Results were analyzed using Student’s t-test; significance was established at p < 0.05.
95% CI, 95% confidence interval; BMD, bone mineral density; L, lumbar; SD, standard deviation.

FIG. 1. Change in bone mineral density over time for
depot medroxyprogesterone acetate (DMPA) users. Anova
test: Lumbar spine (L1–L4), p = 0.007; femoral neck (FN),
p = 0.244. Number of subjects using DMPA for each time of
use studied: 10 years, 10 subjects; 11–15 years, 20 subjects;
and 16–23 years, 17 subjects. Comparisons were made of
users with the same time of use.
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taken into account in those study populations,1,3 and it is
possible that the greater number of fractures in DMPA users
could be accounted for by differences in the behavior of users
compared to nonusers such as greater alcohol consumption,
smoking and illicit drug abuse.16,18 A firm association has
been established between these habits and a higher incidence
of fractures in the appendicular skeleton, but not with fra-
gility fractures in the axial skeleton.15

Additionally, although the reduction in BMD in DMPA
users has been well documented by some authors,8,10–12,15,19

other investigators failed to replicate those results.20,21 A
greater loss was described in the initial years of use, varying
in the different reports from around 0.4%10,11 up to 3% per
year.12,19 Furthermore, some investigators suggested that
BMD loss occurs in a linear fashion after a prolonged period
of DMPA use,8,10,22,23 however, this loss can be recovered
within a short time, with a gain in bone mass of almost 5%
two years after DMPA discontinuation.24 Moreover, a United
Kingdom–based researchers suggested that there is a balance
with respect to BMD loss in long-term DMPA users and it is
reasonable to speculate that there is an adaptation to the hy-
poestrogenism present during use.8

However, our study suggests that when DMPA is used
uninterruptedly for long periods of time, loss of BMD may
not stabilize. Thus, longitudinal studies are needed to confirm
this hypothesis. These results were in agreement with the
findings of other researchers showing that in long-term users
(more than 10 years of use) of DMPA BMD was below the
mean for the normal population, particularly at the LS,8,10

and that women with FSH values ‡25.8 mIU/mL were as-
sociated with reduced BMD, possibly indicating that these
women were in the menopausal transition.25 However, when
the region analyzed was the distal radius, no decrease in
BMD was found in long-term users of DMPA.20 In addition,
attenuated rates of bone loss were found at the LS and FN26

and the decrease in BMD at the distal and ultradistal radius
was only statistically significant in women who had used
DMPA uninterruptedly for as long as 13 to 15 years.20

These data may have an impact on family planning pro-
grams. It has been well established that DMPA is one of the
most commonly used contraceptive methods in many set-
tings; consequently, the impact of BMD loss with the re-
sulting low bone mass and osteoporosis may constitute a
public health problem. Nevertheless, scarce information is
available regarding the duration of DMPA use in different
national programs. The information currently available is
derived from few studies that provide insight into the prev-
alence of long-term DMPA use around the world, since in
many settings DMPA is administered in clinical rather than
research settings. Nevertheless, there is information from
some countries in which women have used DMPA for ex-
tremely long periods. For example, women are reported to
have used DMPA for as long as 27 years in New Zealand,
23 years in Brazil, 16 years in the UK, and 15 years in
China.8,10,20,26 However, these studies analyze the mean
BMD of DMPA users without categorizing by use of time,
including users with 5–15 years of use of DMPA in a single
analysis. Our study categorized the women according to the
time of use and it is possible to observe that women using
DMPA for a longer time showed a loss of BMD at LS.

Therefore, the recommendation given to physicians by the
United States Food and Drug Administrationin 2004,27 and

then by the health authorities of the UK and Canada,28,29 in-
dicating that DMPA users were at risk of developing low bone
mass and osteoporosis may be exaggerated. In fact, in the
present study, an effect on BMD was only found in long-term
users, as previously reported.20 Nevertheless, it is important to
take into account that in addition to DMPA use, other factors
may affect BMD. Long-term users are older, and many of
these women are in the menopausal transition; however, users
and nonusers had the same mean age and therefore were
influenced by the same decrease in BMD due to aging. Al-
though some DMPA users were older than nonusers, users
were not at postmenopause, because the FSH was at normal
range. Furthermore, nonusers were menstruating regularly.
Nevertheless we cannot ignore that hypoestrogenism are
common among DMPA users. Age, calcium intake, sun ex-
posure, coffee and alcohol consumption, and physical activity
have a strong influence on BMD. Thus, factors related to
lifestyle should be taken into account when BMD is evaluated.

The present study has some limitations, since subjects’
family history of osteoporosis, fractures, calcium intake,
coffee consumption, and sun exposure—well-known vari-
ables associated with bone mass loss—were not evaluated.
However, Campinas is a Brazilian city in which there is
sunshine throughout almost the entire year; consequently,
exposure to sunlight is fairly constant. Though small, our
study reached the sample size required for the study; how-
ever, with larger sample sizes the magnitude of difference
could be detected mainly by differences in BMD was found
even in the smaller subgroups.

According to the American College of Obstetricians and
Gynecologists (ACOG)1 and WHO,30 DMPA is a safe and
effective contraceptive. It also has some additional benefits
related to the treatment of gynecological disorders such as its
ability to reduce heavy menstrual bleeding, dysmenorrhea
associated with endometriosis, the risk of ectopic pregnancy,
sickle cell crises, and the incidence of bothersome perime-
nopausal symptoms. Nevertheless, the WHO guidelines re-
garding bone health and DMPA use suggested that the data
are insufficient to determine whether the overall risks of
continuing use of the method may outweigh the benefits in
women over 45 years of age and in long-term users.30 The
UK National Institute for Health and Care Excellence states
that new studies are needed to evaluate BMD recovery fol-
lowing discontinuation after long-term DMPA use and the
risk of bone fractures in older women.31

According to the ACOG and WHO recommendations, the
benefits of DMPA use surpass the risks. Nevertheless, our
findings showed that DMPA use for 10 years or more has a
deleterious effect on BMD, significantly reducing BMD and
increasing the prevalence of low bone mass and osteoporosis
compared with never users.
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Pesquisa do Estado de São Paulo (FAPESP) grants 2011/
01554-4 and 2013/03590-3, respectively.

Author Disclosure Statement

No competing financial interests exist.

PREVALENCE OF OSTEOPOROSIS IN DMPA USERS 639



References

1. American College of Obstetricians and Gynecologists
(ACOG) Committee on Gynecologic Practice. ACOG
Committee Opinion No. 415: Depot medroxyprogesterone
acetate and bone effects. Obstet Gynecol 2008;112:727–
730.

2. Winner B, Peipert JF, Zhao Q, et al. Effectiveness of long-
acting reversible contraception. N Engl J Med 2012;366:
1998–2007.

3. Lopez LM, Grimes DA, Schulz KF, et al. Steroidal con-
traceptives: Effect on bone fractures in women. Cochrane
Database Syst Rev 2011;(7):CD006033.

4. Cundy T, Cornish J, Roberts H, et al. Spinal bone density in
women using depot medroxyprogesterone contraception.
Obstet Gynecol 1998;92:569–573.

5. Scholes D, LaCroix AZ, Ichikawa LE, et al. The associa-
tion between depot medroxyprogesterone acetate contra-
ception and bone mineral density in adolescent women.
Contraception 2004;69:99–104.

6. Schönau E. The peak bone mass concept: Is it still relevant?
Pediatr Nephrol 2004;19:825–831.

7. World Health Organization (WHO). Statement on hor-
monal contraception and bone health. Wkly Epidemiol Rec
2005;2;80:302–304.

8. Gbolade B, Ellis S, Murby B, et al. Bone density in long-
term users of depot medroxyprogesterone acetate. Br J
Obstet Gynaecol 1998;105:790–794.

9. Renner RM, Edelman AB, Kaunitz AM. Depot medroxy-
progesterone acetate contraceptive injections and skeletal
health. Womens Health 2010;6:339–342.

10. Tang OS, Tang G, Yip P, et al. Long-term depot-medroxy-
progesterone acetate and bone mineral density. Contra-
ception 1999;59:25–29.

11. Scholes D, LaCroix AZ, Ichikawa LE, et al. Injectable
hormone contraception and bone density: Results from a
prospective study. Epidemiology 2002;13:581–587.

12. Clark MK, Sowers MR, Nichols S, et al. Bone mineral
density changes over two years in first-time users of depot
medroxyprogesterone acetate. Fertil Steril 2004;82:1580–
1586.

13. Cundy T, Cornish J, Evans MC, et al. Recovery of bone
density in women who stop using medroxyprogesterone
acetate. BMJ 1994;22:247–248.

14. Cromer BA, Bonny AE, Stager M, et al. Bone mineral
density in adolescent females using injectable or oral con-
traceptives: A 24-month prospective study. Fertil Steril
2008;90:2060–2067.

15. Lanza LL, McQuay LJ, Rothman KJ, et al. Use of depot
medroxyprogesterone acetate contraception and incidence
of bone fracture. Obstet Gynecol 2013;121:593–600.

16. Lappe JM, Stegman MR, Recker RR. The impact of life-
style factors on stress fractures in female Army recruits.
Osteoporos Int 2001;12:35–42.

17. Vestergaard P, Rejnmark L, Mosekilde L. The effects of
depot medroxyprogesterone acetate and intrauterine device
use on fracture risk in Danish women. Contraception
2008;78:459–464.

18. Watson KC, Lentz MJ, Cain KC. Associations between
fracture incidence and use of depot medroxyprogesterone
acetate and anti-epileptic drugs in women with develop-
mental disabilities. Womens Health Issues 2006;16:346–
352.

19. Berenson AB, Breikopf CR, Grady JJ, et al. Effects of
hormonal contraception on bone mineral density after 24
months of use. Obstet Gynecol 2004;103:899–906.

20. Viola AS, Castro S, Bahamondes MV, et al. A cross-sectional
study of the forearm bone mineral density in long-term cur-
rent users of the injectable contraceptive depot medroxy-
progesterone acetate. Contraception 2011;84:e31–e37.

21. Kaunitz AM, Grimes DA. Removing the black box warning
for depot medroxyprogesterone acetate. Contraception
2011;84:212–213.

22. Tang OS, Tang G, Yip PS, et al. Further evaluation on
long-term depot-medroxyprogesterone acetate use and bone
mineral density: A longitudinal cohort study. Contraception
2000;62:161–164.

23. Zeman S, Havlı́k P, Zemanová J, et al. Status of bone min-
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