
1

Vol.:(0123456789)

Scientific Reports |        (2023) 13:18926  | https://doi.org/10.1038/s41598-023-44703-5

www.nature.com/scientificreports

Population‑based study 
of the reproductive risk factors 
for transvaginal ultrasound 
diagnosed uterine fibroids 
in Nigerian women
Clement A. Adebamowo 1,2,3*, The ACCME Research Group as part of the H3Africa 
Consortium * & Sally N. Adebamowo 1

There has been no previous systematic, epidemiological study of the reproductive risk factors for 
uterine fibroids (UF) in African populations despite African women having the highest burden of UF 
in the world. Improved knowledge of the associations between UF and reproductive factors would 
contribute to better understanding of the etiology of UF and may suggest novel opportunities for 
prevention and therapeutic interventions. We used nurse administered questionnaires to survey the 
demographic and reproductive risk factors of UF among 484 women who are members of the African 
Collaborative Center for Microbiome and Genomics Research (ACCME) Study Cohort in central Nigeria, 
and who had transvaginal ultrasound diagnosis (TVUS). We used logistic regression models to the 
evaluate associations between reproductive risk factors and UF, adjusted for significant covariates. In 
our multivariable logistic regression models, we found inverse associations with number of children 
(OR = 0.83, 95%CI = 0.74–0.93, p‑value = 0.002), parity (OR = 0.41, 95%CI = 0.24–0.73, p‑value = 0.002), 
history of any type of abortion (OR = 0.53, 95%CI = 0.35–0.82, p‑value = 0.004), duration of use of 
Depot Medroxyprogesterone Acetate (DMPA) (p‑value for trend = 0.02), menopausal status (OR = 0.48, 
95%CI = 0.27–0.84, p‑value = 0.01), and a non‑linear positive association with age (OR = 1.04, 
95%CI = 1.01–1.07, p‑value = 0.003). Other reproductive risk factors that have been reported in other 
populations (age at menarche and menopause, and oral contraceptives) were not associated with 
UF in this study. Our study confirms some of the reproductive risk factors for UF that have been 
found in other populations and shows that some of them are stronger in the Nigerian population. 
The associations we found with DMPA suggest opportunities for further research to understand the 
mechanisms of action of progesterone and its analogues in the etiology of UF, their potential use for 
prevention and treatment of UF.

African women have some of the highest prevalence of uterine fibroids (UF) in the world where it is associated 
with significant morbidity, economic and health systems costs, and occasional  mortality1–6. The reported inci-
dence and prevalence of UF varies significantly globally, by study design, method of diagnosis, age distribution, 
racial and ethnic composition of study  participants1,7. Among women in High-Income Countries (HIC), the 
cumulative incidence of UF by the age of 50 years ranges from 70 to 80%1,8. We previously showed that previous 
studies of UF in Africa were facilities-based, lacked adequate power, and had poor study  design2. In our popula-
tion based study of Nigerian women who were participating in a prospective cohort study, we diagnosed UF 
using transvaginal ultrasound, and found a prevalence of 45.1%3.

Several studies in other populations suggest associations between reproductive factors and  UF9,10. High parity, 
early age at menarche and at first birth have been inversely associated with risk of UF, while age at last full term 
birth is positively associated with  UF7,11–14. Though both estradiol and progesterone are critical for development 
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of UF, the association with oral contraceptives remains unsettled. Some papers report inverse associations while 
others found positive or no  associations1,7,9,15. Hormone replacement therapy in postmenopausal women was 
associated with increased risk of UF in some  studies7. Studies have also shown interactions between reproductive 
risk factors and race in admixed societies like the  US7,16. While the growth rate of UF tends to decline in white 
women as they approach menopause, similar decline has not been observed in black  women16.

In this paper, we report our adequately powered, systematic, population-based study of the associations 
between reproductive risk factors and transvaginal ultrasound diagnosed UF in Nigerian women.

Methods
The ACCME cohort study profile and the characteristics of the study participants have been previously described 
in  detail17. We enrolled 11,700 women who were at least 18 years old at baseline, HIV negative, and had a history 
of penetrative vaginal intercourse but no previous history of cervical abnormalities, cervical cancer, or hyster-
ectomy into the ACCME cohort from 2014 to 2016. Trained research nurses administered validated question-
naires to collect demographic, lifestyle, obstetric and gynecologic history, medical history, sexual behavior and 
practices, diet, and physical activities.

In 2020, for this study, we developed and internally validated a supplemental questionnaire among 20 ACCME 
participants, who were not included in the rest of the UF study. The questions were:

a. Has a doctor ever told you that you have uterine fibroid and you have not received any treatment for it?
b. Has a doctor ever told you that you do not have uterine fibroid?
c. Have you ever been told that you have a uterine fibroid on abdominal ultrasound scan and have not received 

treatment for it?
d. Have you ever been told that you do not have uterine fibroids on abdominal ultrasound scan?
e. Do you have any symptom—excessive bleeding during menstrual periods, severe pelvic/abdominal pain, 

inability to conceive, abdominal swelling—that have been attributed to uterine fibroids?

Using random numbers generated with Stata software, we identified and invited 486 women from the ACCME 
cohort to participate in this study. All those invited responded and consented. We retrieved the participants’ 
epidemiological data from the ACCME Cohort baseline dataset. The variables we selected included age in years, 
years of education completed (no formal education, 1–6 years of schooling, 7–12 years of schooling, any schooling 
after 12 years including university education, higher diplomas, etc.), occupation, religion, and marital status (mar-
ried, unmarried). To compute  socio®-economic status (SES), we calculated the ‘wealth index’ using the following 
variables: house ownership and type of house owned (e.g., home, apartment, house, or duplex); source of drinking 
water (e.g., from outside, well, borehole, piped or bottled); type of cooking fuel; use of separate room for cooking; 
type of toilet; and ownership of household goods including car and refrigerator. We used principal component 
analysis (PCA) with varimax rotation to compute factor scores based on the sum of responses to these variables 
weighted by their factor loading. We used the first component in the PCA that explained 35% of the variation 
in the data to generate a wealth index (39). The wealth index variable was used to classify participants into low 
SES (lowest 50% of the score distribution), middle (middle 30%) and high (highest 20%) socioeconomic classes.

We also retrieved data on reproductive risk factors including age at menarche, age at sexual debut, parity, 
history of spontaneous or induced abortion, history of ectopic pregnancies, age at menopause, menopausal status 
(premenopausal vs. postmenopausal—individuals who reported that they were not sure of their menopausal 
status were classified as post-menopausal in multivariable analyses), stillbirths, history of regular contraceptive 
use (yes vs. no), age at commencement of regular contraceptive use, and duration of use of either oral contracep-
tives, Depot Medroxyprogesterone Acetate (DMPA), or contraceptive implants.

Participants were offered transvaginal ultrasound scan (TVUS) performed by clinical radiologists whose 
fellowship was certified by the West African College of Surgeons. UF identification was based on the Muram 
criteria and included all relatively spherical, echogenically distinct masses in the myometrium that were more 
than 0.5 cm in  diameter18. Participants with UF on TVUS were referred to the gynecologic clinic for standard 
of care treatment.

We used the Table 1 command in Stata  18® to generate our table of descriptive statistics showing distribution 
of variables among cases and controls, and p-values for chi-square tests of categorical variables and t-tests of 
continuous variables comparing women with UF and those without. To construct our regression models, we 
identified variables with p-values < 0.20 in age-adjusted analyses and included them in our multivariable logistic 
models. We used restricted cubic splines to explore continuous variables such as age at menarche, age at sexual 
debut, and age at menopause for potential non-linear relationships with risk of UF. In the multivariable models, 
we used Wald test to identify covariates with significant associations with risk of UF at p-value < 0.05. We analyzed 
all data using Stata  18® (College Station, Texas 77845 USA).

Patient and public involvement
Patients and the public were not involved in the design and analysis of this project. The study is population based 
and thus did not enroll individuals who presented as patients in a medical institution. The findings on TVUS 
were shared with participants who were counselled on accessing the standard of care for UF in Nigeria. The idea 
and design of the study was based on clinical experience with patients, but these patients were not involved in 
the recruitment or conduct of this study.
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Ethics approval
The study protocol was reviewed and approved by the National Health Research Ethics Committee of Nigeria 
(NHREC Approval Number NHREC/01/01/2007-29/11/2016) and an IRB authorization agreement with the 
University of Maryland School of Medicine. All research methods were performed in accordance with the 
relevant clinical and diagnostic guidelines in Nigeria. ACCME study participants receive the project newsletter 
quarterly, and the results of this study are shared with them through this mechanism. The ACCME Project has 
an active website and social media that is used to engage study participants and disseminate the results of this 
study. This website is also used to grant controlled access to data used in this study.

Results
Of the 486 women invited, there was complete data for analysis in 484 women. The mean (SD) age of all par-
ticipants in this study was 37.0 (9.20) years, and this was not significantly different comparing women with 
UF (mean = 36.9, SD = 9.03) with those without UF (mean = 37.1, SD = 9.35) (p-value = 0.88). Women with 
UF were more likely to have received more formal schooling (p-value = 0.04) and have single marital status 
(p-value = 0.048) compared to women without UF (Table 1).

Reproductive risk factors and UF (Table 2)
Women without UF had more children (mean = 3.12, SD = 1.97 compared to mean = 2.62, SD = 1.99; 
p-value = 0.006), were less likely to be nulliparous (p-value = 0.004), more likely to have had any type of abortion 
(p-value = 0.02), more likely to have regularly used any form of contraception (p-value = 0.02), and were more 
likely to have used DMPA for at least a year or more (p-value < 0.001).

There were no significant associations between age at menarche, age at sexual debut, age at regular use of any 
form of contraception, history of ectopic pregnancy, age at menopause, menopausal status, stillbirths, duration 
of use of oral contraceptives, and duration of use of contraceptive implants, and TVUS diagnosed UF.

Multivariable analyses (Table 3)
In age-adjusted logistic regression models, parity, menopausal status, history of any type of abortion, history 
of regular use of any form of contraception, and duration of use of DMPA were significantly associated with 

Table 1.  Baseline characteristics of women with TVUS diagnosed UF and those without TVUS diagnosed UF, 
Nigeria, 2021.

TVUS diagnosis of uterine fibroid

Negative Positive Total

p-value

(N = 266) (N = 218) (N = 484)

Mean (SD)
N (%)

Mean (SD)
N (%)

Mean (SD)
N (%)

Age (years) 37.1 (9.35) 36.9 (9.03) 37.0 (9.20) 0.88

Age groups

 18–29 64 (24.1%) 50 (23.1%) 114 (23.7%) 0.42

 30–39 90 (33.8%) 85 (39.4%) 175 (36.3%)

 40–49 89 (33.5%) 59 (27.3%) 148 (30.7%)

 50 and above 23 (8.6%) 22 (10.2%) 45 (9.3%)

Education

 No formal schooling 25 (9.4%) 22 (10.1%) 47 (9.7%) 0.04

 1–6 years of schooling 46 (17.3%) 20 (9.2%) 66 (13.6%)

 7–12 years of schooling 73 (27.4%) 54 (24.8%) 127 (26.2%)

 University 122 (45.9%) 122 (56.0%) 244 (50.4%)

Occupation

 Unemployed 42 (15.8%) 40 (18.3%) 82 (16.9%) 0.46

 Employed 224 (84.2%) 178 (81.7%) 402 (83.1%)

Religion

 Islam 55 (20.7%) 51 (23.4%) 106 (21.9%) 0.47

 Christian 211 (79.3%) 167 (76.6%) 378 (78.1%)

Marital status

 Unmarried 39 (14.7%) 47 (21.6%) 86 (17.8%) 0.048

 Married 227 (85.3%) 171 (78.4%) 398 (82.2%)

Socioeconomic status

 Low SES 126 (47.4%) 108 (49.5%) 234 (48.3%) 0.85

 Middle SES 88 (33.1%) 67 (30.7%) 155 (32.0%)

 High SES 52 (19.5%) 43 (19.7%) 95 (19.6%)
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history of TVUS diagnosed UF. However, only age, history of any type of abortion, duration of use of DMPA, 
and menopausal status were significantly associated with UF in multivariable logistic regression models. Mari-
tal status and history of regular use of contraceptives did not retain the associations observed in age-adjusted 
models. Education was marginally associated with UF in age-adjusted models but not in multivariable models.

While socio-economic status (SES) was not significantly associated with UF in age-adjusted and multi-
variable models, we retained it in the multivariable models because of its potential to account for unmeasured 

Table 2.  Reproductive risk factors for TVUS diagnosed UF, Nigeria, 2021.

TVUS diagnosis of uterine fibroid

Negative Positive Total

p-value

(N = 266) (N = 218) (N = 484)

Mean (SD)
N (%)

Mean (SD)
N (%)

Mean (SD)
N (%)

Age at menarche (years) 14.3 (1.97) 14.3 (1.93) 14.3 (1.95) 0.97

Age at menarche categories

 8–14 148 (55.8%) 124 (57.4%) 272 (56.5%) 0.91

 15–19 111 (41.9%) 88 (40.7%) 199 (41.4%)

 20–24 6 (2.3%) 4 (1.9%) 10 (2.1%)

Age at sexual debut 19.8 (3.87) 20.1 (3.95) 19.9 (3.90) 0.38

Age at sexual debut categories

 Less than 15 10 (3.8%) 11 (5.1%) 21 (4.4%) 0.58

 15–19 124 (46.8%) 90 (42.1%) 214 (44.7%)

 20–24 88 (33.2%) 81 (37.9%) 169 (35.3%)

 25 and above 43 (16.2%) 32 (15.0%) 75 (15.7%)

Number of children 3.12 (1.97) 2.62 (1.99) 2.90 (1.99) 0.006

Parity status

 Nulliparous 28 (10.5%) 43 (19.7%) 71 (14.7%) 0.004

 Parous 238 (89.5%) 175 (80.3%) 413 (85.3%)

Abortion

 No 176 (66.2%) 165 (75.7%) 341 (70.5%) 0.02

 Yes 90 (33.8%) 53 (24.3%) 143 (29.5%)

Ectopic pregnancy

 No 265 (99.6%) 218 (100.0%) 483 (99.8%) 0.37

 Yes 1 (0.4%) 0 (0.0%) 1 (0.2%)

Age at menopause 44.9 (5.44) 45.8 (5.38) 45.2 (5.40) 0.49

Menopause

 No 199 (75.1%) 176 (81.5%) 375 (78.0%) 0.09

 Yes 66 (24.9%) 40 (18.5%) 106 (22.0%)

Stillbirth

 No 253 (95.1%) 212 (97.2%) 465 (96.1%) 0.23

 Yes 13 (4.9%) 6 (2.8%) 19 (3.9%)

Regular use of contraceptive methods

 No 143 (53.8%) 141 (64.7%) 284 (58.7%) 0.02

 Yes 123 (46.2%) 77 (35.3%) 200 (41.3%)

Age at regular use of contraceptive methods 28.3 (6.13) 29.0 (5.98) 28.6 (6.07) 0.42

Duration of oral contraceptive use

 Never used 222 (83.5%) 189 (86.7%) 411 (84.9%) 0.21

 < 1 year 21 (7.9%) 19 (8.7%) 40 (8.3%)

 =/> 1 year 23 (8.6%) 10 (4.6%) 33 (6.8%)

Duration of DMPA use

 Never used 212 (79.7%) 200 (91.7%) 412 (85.1%)  < 0.001

 < 1 year 20 (7.5%) 5 (2.3%) 25 (5.2%)

 =/> 1 year 34 (12.8%) 13 (6.0%) 47 (9.7%)

Duration of contraceptive implant use

 Never used 243 (91.4%) 203 (93.1%) 446 (92.1%) 0.26

 < 1 year 10 (3.8%) 3 (1.4%) 13 (2.7%)

 =/> 1 year 13 (4.9%) 12 (5.5%) 25 (5.2%)
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confounding. We conducted likelihood ratio test of the model with SES and that without SES and there was no 
significant difference (p-value = 0.73), so we removed SES from our final model.

Age became strongly associated with UF in multivariable logistic regression models whereas it was not asso-
ciated when it was regressed against UF thus suggesting that the association may be nonlinear, or the associa-
tion with age became more obvious after adjustment for confounders. To check the linearity of the relationship 
between age and UF, we estimated a locally weighted scatterplot smoothing (LOWESS) curve of the relation-
ship between age and UF in the logistic regression  model19. Fig. 1 shows the graphical relationship suggesting 
increasing association with UF till age 35 followed by a shallow decline and a subsequent rise in risk of UF with 
increasing age.

Discussion
In this first systematic epidemiological study of the associations between reproductive risk factors and TVUS 
diagnosed UF in a population-based cohort of Nigerian women, we found associations with parity, abortion, 
regular use of DMPA for contraception, menopausal status, and a non-linear association with age. Other repro-
ductive risk factors that have been reported in other populations (age at menarche and menopause, and oral 
contraceptives) were not associated with UF in this  study1,2,7,13. Previous studies of reproductive risk factors for 
UF in African populations showed associations with age and  parity20–22. However, none of the previous studies 
in Africa were population-based and they did not use validated tools for diagnosis of UF. They were also often 
poorly designed and inadequately  powered2.

Several studies have shown an association between parity and UF but this is the first study to show simi-
lar and stronger association in African women compared to women with non-African  ancestries7,23. In this 
study, we found 17% reduction in risk of UF for each child and 59% reduction in risk of UF comparing parous 

Table 3.  Multivariable analyses of reproductive risk factors for TVUS diagnosed UF, Nigeria, 2021. a These 
variables were replaced for each other in the multivariable models and both were not simultaneous included in 
same models. b Variables did not achieve significance in multivariable models and were dropped. ◊ p-value for 
trend.

Age-adjusted model Multivariable model

OR (95% CI) P-value OR (95% CI) P-value

Age 1.00 (0.98–1.02) 0.88 1.04 (1.01–1.07) 0.003

Number of  childrena 0.85 (0.76–0.94) 0.002 0.83 (0.74–0.93) 0.002

Parity  statusa

 Nulliparous (ref)

 Parous 0.45 (0.27–0.77) 0.004 0.41 (0.24–0.73) 0.002

Abortion

 No (ref)

 Yes 0.64 (0.42–0.95) 0.03 0.53 (0.35–0.82) 0.004

Duration of DMPA use 0.001◊ 0.02◊

 Never used (ref)

 < 1 year 0.26 (0.10–0.72) 0.009 0.28 (0.10–0.78) 0.02

 =/> 1 year 0.40 (0.20–0.79) 0.008 0.53 (0.26–1.07) 0.08

Menopause

 No (ref)

 Yes 0.61 (0.37–1.02) 0.06 0.48 (0.27–0.84) 0.01

Socio-economic status 0.87◊

 Low (ref)

 Middle 0.91 (0.60–1.37) 0.65

 Upper 0.99 (0.60–1.61) 0.96

Educationb 0.06◊

 No formal schooling (ref)

 1–6 years of schooling 0.50 (0.23–1.08) 0.08

 7–12 years of schooling 0.81 (0.41–1.58) 0.53

 University 1.14 (0.61–2.14) 0.68

Marital  statusb

 Unmarried (ref)

 Married 0.62 (0.38–0.99) 0.045

Regular contraceptive  useb

 No (ref)

 Yes 0.63 (0.43–0.91) 0.01
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with nulliparous  women7. These risk reductions are substantially higher than the 20% to 50% risk reductions 
previously reported from studies conducted in other  populations7. There are multiple potential mechanisms 
whereby parity may influence the development and growth of UF. These include direct effect of pregnancy 
associated hormones on the myometrium and the extracellular matrix that constitutes UF, and non-hormonal 
 mechanisms7,10,11,15,24. Fibroids may also involute during the remodeling of the uterus, post-partum25.

The history of any type of abortion was associated with reduced risk of UF by about 17% in this study. This 
effect may be independent of the effect of parity. Previous studies have reported conflicting associations between 
abortions and  UF7,24,26. While some have suggested that a causal relationship between spontaneous abortions and 
UF is questionable, there is little doubt that ascertaining causality or reverse causality in this association would 
be challenging, even for the most robustly designed and implemented  study27. This finding may be a reflection 
of the association between pregnancies and UF in general and not specific effect of abortions on risk of UF.

We found a marginal association between regular use of any type of contraception and UF, but this did not 
persist in multivariable models. This may be because more granular data on type and duration of use of differ-
ent contraceptives than what is available in our study is required to adequately capture this exposure. There was 
no association with use of oral contraceptives. Most of the previous studies of oral contraceptives and UF have 
shown either decreased or null  associations7,28,29. There are serious methodological challenges with research on 
use of oral contraceptives in sub-Saharan Africa where uptake is low, there are variations in the compositions of 
oral contraceptives sold, and adherence with regular intakes is  uncertain30,31. We found significant association 
with use of DMPA and this declined with increasing duration of use in multivariable models. This is similar to 
findings in other  populations7,15,32–34. DMPA may be associated with reduced risk of UF due to estradiol medi-
ated reduction in progesterone receptor expression or differences in the mechanisms of action of exogenous 
compared with endogenous  progesterone34.

The risk of UF in our study rose rapidly from early adulthood to about 35 years of age after which it declined 
slightly, then it resumed a gentler increase in risk. This finding is consistent with the pattern of change in repro-
ductive risk factors with aging and the findings from other studies, including cohort studies that reported peak 
age incidence of 40–44  years35. The earlier peak age in this study may be a reflection of the population distribu-
tion of the underlying study population and is not an age incidence, therefore, it should not be compared with 
results from cohort studies. Nevertheless, recent global studies of UF suggest that the associations of UF with 
age peaked at 35 to 44 years, then declined with advancing  age36,37. There was a 53% reduction in the risk of UF 
at menopause in this study. The natural regression of fibroids at menopause has been established in several stud-
ies and this has been attributed to the changes in estrogen and progesterone levels that occur at  menopause7,38.

Despite our large sample size, population-based enrollment of study participants, and use of TVUS, our study 
has some limitations. We used data from questionnaires that were administered before we enrolled participants 
for the UF study. While this may reduce recall bias, the life course of UF is dynamic and may have changed in 
individual participants between enrollment into the ACCME study and TVUS. Large, prospective cohort stud-
ies in African populations are required to adequately account for secular trends in life-course of UF and their 
relationships with risk factors. We did not have data on all the reproductive risk factors for UF. Future studies 
focused on UF may seek to elicit more detailed responses but at the risk of over-burdening participants and 
reducing the quality of responses.

Figure 1.  Relationship between age and risk of TVUS diagnosed UF, Nigeria, 2021.
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Conclusions
In this study, we confirmed many of the associations between UF and reproductive risk factors that have been 
described in other populations for the first time in a population-based, study of TVUS diagnosed UF in an Afri-
can population. This is important because African women bear the highest burden of UF in the world. Studies 
like ours improve understanding of the risk of UF which may lead to identification of biomarkers and therapeutic 
targets. They also create opportunities for early detection and preventive interventions.

Data availability
The data will be made available upon request from the corresponding author.

Received: 10 May 2023; Accepted: 11 October 2023

References
 1. Stewart, E. A., Cookson, C. L., Gandolfo, R. A. & Schulze-Rath, R. Epidemiology of uterine fibroids: A systematic review. BJOG 

Int. J. Obstet. Gynaecol. 124(10), 1501–1512 (2017).
 2. Morhason-Bello, I. O. & Adebamowo, C. A. Epidemiology of uterine fibroid in black African women: A systematic scoping review. 

BMJ Open 12(8), e052053 (2022).
 3. Adebamowo, A. C., Morhason-Bello, I. O., the ACCME Research Group as part of the H3Africa Consortium & Adebamowo, S. 

N. Validation of self-report of uterine fibroid diagnosis using a transvaginal ultrasound scan. Sci. Rep. 13(1), 9091 (2023).
 4. Agboola, A. D., Bello, O. O. & Olayemi, O. O. A clinical audit of the patterns of presentations and complications of abdominal 

myomectomy at the University College Hospital, Ibadan, Nigeria. J. Obstet. Gynaecol. 41(7), 1145–1150 (2021).
 5. Yorgancı, A. et al. Incidence and outcome of occult uterine sarcoma: A multi-centre study of 18604 operations performed for 

presumed uterine leiomyoma. J. Gynecol. Obstet. Hum. Reprod. 49(1), 101631 (2020).
 6. Foth, D. et al. Symptoms of uterine myomas: Data of an epidemiological study in Germany. Arch. Gynecol. Obstet. 295(2), 415–426 

(2017).
 7. Wise, L. A. & Laughlin-Tommaso, S. K. Epidemiology of uterine fibroids: From menarche to menopause. Clin. Obstet. Gynecol. 

59(1), 2–24 (2016).
 8. Baird, D. D., Dunson, D. B., Hill, M. C., Cousins, D. & Schectman, J. M. High cumulative incidence of uterine leiomyoma in black 

and white women: Ultrasound evidence. Am. J. Obstet. Gynecol. 188(1), 100–107 (2003).
 9. Pavone, D., Clemenza, S., Sorbi, F., Fambrini, M. & Petraglia, F. Epidemiology and risk factors of uterine fibroids. Best Pract. Res. 

Clin. Obstet. Gynaecol. 46, 3–11 (2018).
 10. Terry, K. L., De Vivo, I., Hankinson, S. E. & Missmer, S. A. Reproductive characteristics and risk of uterine leiomyomata. Fertil. 

Steril. 94(7), 2703–2707 (2010).
 11. Marshall, L. M. et al. A prospective study of reproductive factors and oral contraceptive use in relation to the risk of uterine leio-

myomata. Fertil. Steril. 70(3), 432–439 (1998).
 12. Styer, A. K. & Rueda, B. R. The epidemiology and genetics of uterine leiomyoma. Best Pract. Res. Clin. Obstet. Gynaecol. 34, 3–12 

(2016).
 13. Sparic, R., Mirkovic, L., Malvasi, A. & Tinelli, A. Epidemiology of uterine myomas: A review. Int. J. Fertil. Steril. 9(4), 424–435 

(2016).
 14. Baird, D. D. & Dunson, D. B. Why is parity protective for uterine fibroids?. Epidemiology 14(2), 247–250 (2003).
 15. Wise, L. A. et al. Reproductive factors, hormonal contraception, and risk of uterine leiomyomata in African–American women: 

A prospective study. Am. J. Epidemiol. 159(2), 113–123 (2004).
 16. Peddada, S. D. et al. Growth of uterine leiomyomata among premenopausal black and white women. Proc. Natl. Acad. Sci. USA 

105(50), 19887–19892 (2008).
 17. Adebamowo, S. N. et al. Cohort profile: African collaborative center for microbiome and genomics research’s (ACCME) human 

papillomavirus (HPV) and cervical cancer study. Int. J. Epidemiol. 46, 1745 (2017).
 18. Muram, D., Gillieson, M. & Walters, J. H. Myomas of the uterus in pregnancy: Ultrasonographic follow-up. Am. J. Obstet. Gynecol. 

138(1), 16–19 (1980).
 19. Cleveland, W. S. Robust locally weighted regression and smoothing scatterplots. J. Am. Stat. Assoc. 74(368), 829–836 (1979).
 20. Oluwole, A., Owie, E., Babah, O., Afolabi, B. & Oye-Adeniran, B. Epidemiology of uterine leiomyomata at the Lagos University 

Teaching Hospital, Idi-Araba, Lagos. Niger. Hosp. Pract. 15(1–3), 14–20 (2015).
 21. Sarkodie, B. D., Botwe, B. O., Adjei, D. N. & Ofori, E. Factors associated with uterine fibroid in Ghanaian women undergoing pelvic 

scans with suspected uterine fibroid. Fertil. Res. Pract. 2(1), 1–7 (2016).
 22. Egbe, T. O., Badjang, T. G., Tchounzou, R., Egbe, E.-N. & Ngowe, M. N. Uterine fibroids in pregnancy: prevalence, clinical pres-

entation, associated factors and outcomes at the Limbe and Buea Regional Hospitals, Cameroon: A cross-sectional study. BMC 
Res. Notes 11(1), 1–6 (2018).

 23. Yang, Q. et al. Comprehensive review of uterine fibroids: Developmental origin, pathogenesis, and treatment. Endocr. Rev. 43(4), 
678–719 (2022).

 24. Parazzini, F. et al. Reproductive factors and risk of uterine fibroids. Epidemiology 7(4), 440–442 (1996).
 25. Baird, D. D. Invited commentary: Uterine leiomyomata—we know so little but could learn so much. Am. J. Epidemiol. 159(2), 

124–126 (2004).
 26. Song, L. et al. Induced and spontaneous abortion and risk of uterine fibroids. J. Womens Health 26(1), 76–82 (2017).
 27. Coutinho, L. M., Assis, W. A., Spagnuolo-Souza, A. & Reis, F. M. Uterine fibroids and pregnancy: How do they affect each other?. 

Reprod. Sci. 29(8), 2145–2151 (2022).
 28. Kwas, K. et al. Impact of contraception on uterine fibroids. Medicina 57(7), 717 (2021).
 29. Ross, R. K. et al. Risk factors for uterine fibroids: Reduced risk associated with oral contraceptives. Br. Med. J. (Clin. Res. Ed.) 

293(6543), 359–362 (1986).
 30. Tsui, A. O., Brown, W. & Li, Q. Contraceptive practice in Sub-Saharan Africa. Popul. Dev. Rev. 43(Suppl 1), 166–191 (2017).
 31. Berenson, A. B. & Rahman, M. A randomized controlled study of two educational interventions on adherence with oral contracep-

tives and condoms. Contraception 86(6), 716–724 (2012).
 32. Lumbiganon, P. et al. Protective effect of depot-medroxyprogesterone acetate on surgically treated uterine leiomyomas: A multi-

centre case–control study. Br. J. Obstet. Gynaecol. 103(9), 909–914 (1996).
 33. Harmon, Q. E. & Baird, D. D. Use of depot medroxyprogesterone acetate and prevalent leiomyoma in young African American 

women. Hum. Rreprod. 30(6), 1499–1504 (2015).
 34. Harmon, Q. E. et al. Depot medroxyprogesterone acetate use and the development and progression of uterine leiomyoma. Obstet. 

Gynecol. 139(5), 797–807 (2022).



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:18926  | https://doi.org/10.1038/s41598-023-44703-5

www.nature.com/scientificreports/

 35. Wise, L. A., Palmer, J. R., Stewart, E. A. & Rosenberg, L. Age-specific incidence rates for self-reported uterine leiomyomata in the 
Black Women’s Health Study. Obstet. Gynecol. 105(3), 563–568 (2005).

 36. Cheng, L. C. et al. Global, regional, and national burden of uterine fibroids in the last 30 years: Estimates from the 1990 to 2019 
Global Burden of Disease Study. Front. Med. 9, 1003605 (2022).

 37. Lou, Z. et al. Global, regional, and national time trends in incidence, prevalence, years lived with disability for uterine fibroids, 
1990–2019: An age- period-cohort analysis for the Global Burden of Disease 2019 study. BMC Public Health 23(1), 916 (2023).

 38. Ulin, M., Ali, M., Chaudhry, Z. T., Al-Hendy, A. & Yang, Q. Uterine fibroids in menopause and perimenopause. Menopause 27(2), 
238–242 (2020).

Author contributions
C.A.A. conceived, designed, and implemented the study. He analyzed the data and wrote the manuscript. S.N.A. 
participated in manuscript writing and with C.A.A. revised and approved the final version. ACCME Research 
Group members enrolled study participants and implemented study activities. Informed consent was obtained 
from all study participants.

Funding
Support for CAA and SNA was provided by the African Collaborative Center for Microbiome and Genomics 
Research (ACCME) Grant (1U54HG006947) and African Female Breast Cancer Epidemiology (AFBRECANE) 
Grant (U01HG009784) from the Office Of The Director, National Institutes Of Health (OD) and the National 
Human Genome Research Institute (NHGRI)–(N/A); funds through the Maryland Department of Health’s 
Cigarette Restitution Fund Program (CH-649-CRF); and the University of Maryland Greenebaum Cancer Center 
Support Grant (P30CA134274). The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Institutes of Health or the Maryland Department of Health.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.A.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

 

The ACCME Research Group as part of the H3Africa Consortium

Clement A. Adebamowo1,2,3*, Sally N. Adebamowo1,2, Richard Offiong4, Olayinka Olaniyan5, 
Kayode Obende6, Amos Adebayo7, Sanni Ologun8, Bunmi Alabi9, Peter Achara10, 
Juliet Iyosaba Erhunmwonsere3, Yinka Owoade3 & Tolu Gbolahan3

4University of Abuja Teaching Hospital, Gwagwalada, Abuja, Nigeria. 5National Hospital Abuja, Abuja, Nigeria. 
6Garki Hospital Abuja, Abuja, Nigeria. 7Asokoro District Hospital, Abuja, Nigeria. 8Kubwa General Hospital, Abuja, 
Nigeria. 9Wuse General Hospital, Abuja, Nigeria. 10Federal Medical Center, Keffi, Nigeria.

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Population-based study of the reproductive risk factors for transvaginal ultrasound diagnosed uterine fibroids in Nigerian women
	Methods
	Patient and public involvement
	Ethics approval

	Results
	Reproductive risk factors and UF (Table 2)
	Multivariable analyses (Table 3)

	Discussion
	Conclusions
	References


