
International Journal of Medical Students 

 

1 

IJMS 

Associations Between Physical Activity and Age-Related Anti-Mullerian Hormone Decline: 1 

Insights from All of Us Research Program 2 

 3 

Article type: Short Communication 4 

1. Paige Coyne, PhD1,2,3  5 

2. Robert Leone, Medical Student1,4 6 

3. Ze Meng, MS1 7 

4. Richard E Leach, MD, FACOG, FACS2,5,6 8 

5. Sara Santarossa, PhD1,2,5 9 

Affiliations 10 

1Department of Public Health Sciences, Henry Ford Health 11 

2Henry Ford Health + Michigan State University Health Sciences 12 

3Department of Epidemiology and Biostatistics, College of Human Medicine, Michigan State University 13 

4School of Medicine, Wayne State University 14 

5Department of Obstetrics, Gynecology and Reproductive Biology, College of Human Medicine, Michigan 15 

State University 16 

6Department of Obstetrics, Gynecology and Women’s Health Services, Henry Ford Health 17 

ORCID: https://orcid.org/0000-0002-9062-9587 18 

About the author: Paige Coyne is a multidisciplinary health researcher in the Department of Public 19 

Health Sciences at Henry Ford Health 20 

Corresponding author email: Pcoyne1@hfhs.org 21 

About the author (medical student): Robert James Leone is currently a 3rd year medical student at 22 

Wayne State University School of Medicine, Detroit, MI, USA, of a 4 year program. 23 

Acknowledgments: We gratefully acknowledge All of Us participants for their contributions, without 24 

whom this research would not have been possible. We also thank the National Institutes of Health’s All of 25 

Us Research Program for making available the participant data examined in this study. 26 

Financing: Not applicable 27 

Conflict of Interest: None to report  28 

Author Contributions: PC: Conceptualization, data curation, methodology, writing – original draft, writing 29 

– review & editing, project administration; RL: Conceptualization, writing – original draft, writing – review & 30 

editing; MZ: conceptualization, data curation, software, formal analysis, writing – original draft, writing – 31 

review & editing; REL: writing – original draft, writing – review & editing; SS: Conceptualization, data 32 

curation, methodology, writing – original draft, writing – review & editing, project administration, 33 

supervision. 34 

Manuscript word count: 1685 35 

Abstract word count: 216 36 

Number of figures and tables: 2 37 

mailto:Pcoyne1@hfhs.org


International Journal of Medical Students 

 

2 

IJMS 

ABSTRACT 38 

Background: Anti-mullerian hormone (AMH) is used to measure ovarian reserve and female fertility 39 

levels. Physical activity is thought to influence fertility and warrants further investigation, especially using 40 

objective measures. 41 

Methods: Using the All of Us Research Program dataset, the relationship between normal age-based 42 

decline in AMH and levels of physical activity were examined. Inclusion criteria were: ≥ 1 AMH test in 43 

electronic health record, AMH level < 7 ng/ml, and ≥ 30 days of valid Fitbit data within 1 year prior to AMH 44 

test. Final dataset included 24 participants.  45 

Results: Generalized linear regression models were fitted between log transformed AMH level and daily 46 

average activity intensity minutes (sedentary, lightly active, fairly active and very active) and daily step 47 

counts. Daily average of “very active” minutes showed a trend towards a positive effect on preventing the 48 

decline of AMH levels (B = 0.02 (95% CI 0-0.04), p = 0.136), though results were not statistically 49 

significant.  50 

Conclusion: Despite its small sample size, this study is one of the first to report a positive correlation, 51 

approaching significance, between objectively measured physical activity and preserving AMH, 52 

suggesting that daily high intensity physical activity may extend ovarian reserve. Further studies, with 53 

large, diverse samples are needed to provide clearer numbers for optimal engagement in physical activity 54 

and AMH level for fertility.  55 

 56 
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INTRODUCTION 58 

Infertility is a prominent issue for women and their partners. Nearly 14% of premenopausal 59 

women in the United States have impaired fecundity, the physiological ability to produce a child.1 60 

Impaired fertility is not only associated with reduced fecundity (e.g., disruption of ovarian function, 61 

fallopian tube obstruction, physical characteristics of uterus)2 but also with social factors, such as 62 

prolonged times of unwanted non-conception (i.e., postponing pregnancy).3,4 For women seeking to 63 

conceive, fertility can be evaluated via physical exams, laboratory tests, and/or imaging. Often, anti-64 

mullerian hormone (AMH; produced by the granulosa cells of antral follicles), a marker of ovarian reserve, 65 

is used to predict age-based decline in fecundity and prediction of the response during ovarian stimulation 66 

in treating infertility. Serum AMH levels increase in childhood, reaching their maximum around age 15, 67 

remaining stable until around age 25, and then progressively decline to menopause.  68 

  69 

In addition to age and other biological factors, many lifestyle behaviors (e.g., physical activity, 70 

smoking, and alcohol) are believed to influence ovarian reserve. With regards to physical activity, 71 

consensus regarding its influence on fertility remains somewhat unclear, with studies reporting 72 

contradicting findings (i.e., positive, negative, or no relationship).5,6 For example, results of a systematic 73 

review by Hakimi and Cameron posit the presence of a U-shaped association between physical activity 74 

and ovulation, suggesting that moderate physical activity can assist women in maintaining optimal 75 

hormonal balance and regular ovulation.7 These results are supported by findings from Kiranmayee et al., 76 

who reported that self-reported regular, physical activity was associated with improved age-specific levels 77 

of ovarian reserve markers, including AMH.8 Findings from another systematic review and meta-analysis 78 

(all self-reported measures of physical activity) support the possibility that vigorous physical activity may 79 

negatively impact fertility, but contradict aforementioned reports by concluding no association between 80 

moderate physical activity and fertility.9 A third systematic review, which reported mixed findings, also 81 

highlighted the need for additional research using objective measures of physical activity (e.g., activity 82 

tracking devices) and fertility (e.g., serum AMH) in lieu of previously relied upon subjective instruments.6  83 

 84 

The All of Us Research Program (AoURP) dataset provides a unique opportunity to 85 

retrospectively study the effects of physical activity on fertility using wearable and clinical data. Run by the 86 

National Institutes of Health, AoURP aims to collect health-related information (e.g., electronic health 87 

records, genomics, physical measures, participant surveys and wearables) from 1 million or more 88 

Americans, with a particular focus on populations typically underrepresented in biomedical research. This 89 

study analyzed the AoURP dataset to examine the relationship between normal age-based decline in 90 

AMH and varying levels of physical activity.  91 

  92 
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METHODS 93 

Study Population 94 

The study population was sourced from the National Institutes of Health AoURP database 95 

(dataset v7; R2022Q4R9), available to authorized users on the Research Workbench. All participants 96 

provided written informed consent at the time of study enrollment, and institutional review board approval 97 

was obtained for primary data collection.10,11 To preserve participant privacy, data provided to researchers 98 

through the Researcher Workbench undergoes extensive de-identification and data transformation 99 

procedures. Secondary analysis of the de-identified data was considered not human subjects research by 100 

the Henry Ford Health Institutional Review Board. All aspects of the project adhered to the tenets of the 101 

Declaration of Helsinki. 102 

Among 409,420 participants enrolled as of February 15, 2024, participants needed to meet the 103 

following criteria to be included in the current sample: a) 1+ AMH test records in their electronic health 104 

records (Logical Observation Identifiers Names and Codes 38376-8), b) normal AMH level range (< 105 

7ng/ml)12, and c) 30+ days of valid Fitbit data (more than 10 hour heart rate data at given day)13,14 within 1 106 

year prior to AMH test date. 107 

 108 

Statistical Analysis 109 

For participants with multiple AMH test results, the earliest test result was used for the following 110 

analysis. AMH test results were log-transformed with log (AMH+1). Daily average minutes were 111 

calculated for four different activity intensity measurements, based on metabolic equivalents (METS), 112 

from Fitbit activity summary table: sedentary (< 1.5 METS), lightly active (1.5-3.0 METS), moderately-113 

fairly active (3.0-6.0 METS), and very active (> 6 METS). Daily average steps count was also calculated 114 

for valid days within a year prior to AMH test date.13-17  115 

 116 

To explore the potential association between physical activity and AMH, a series of generalized 117 

linear regression models (GLM) were fitted between log transformed AMH level and the four daily 118 

average activity intensity minute measurements and daily step counts. Each model was adjusted for the 119 

age when AMH was tested (AMH age). All statistical analysis codes were edited and executed with R 120 

4.0.1 in AoURP Workbench. GLMs were built in the pre-installed “stats” package.  121 

 122 

RESULTS 123 

Within the AoURP dataset (V7: R2022Q4R9) dataset, 1381 participants had AMH test results and 124 

14,947 participants had Fitbit data. Of which, 71 participants had both AMH test results and Fitbit data. 125 

After removing participants whose AMH test result values were abnormal (> 7 ng/ml) or missing, 60 126 

participants remained. Participants without 30+ days of valid Fitbit data within 1 year prior to their AMH 127 

test date were then removed, resulting in a final sample of 24 participants from 6 different states. The 128 

majority of participants were White and from Pennsylvania. See Table 1 for further cohort characteristics. 129 
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 130 

Results of the GLMs are presented in Table 2. Despite a limited sample size, results of the GLMs 131 

suggest that a unit increase of daily average of “very active” minutes has a positive effect, approaching 132 

significance, on preventing the decline of AMH level (B = 0.02, 95% CI 0-0.04, p = 0.136). Age, a known 133 

factor to cause AMH decline, was negatively associated with AMH in all 6 models.  134 

 135 

DISCUSSION 136 

Here, we describe preliminary findings regarding the association of age-based decline in AMH 137 

and levels of physical activity among women using a AoURP dataset. AMH has long been a biomarker 138 

used to predict ovarian reserve. Given that many women are waiting longer to pursue motherhood and 139 

that AMH levels naturally decline starting in a women’s mid-twenties, it is important to understand how 140 

other factors, such as modifiable lifestyle behaviors, can influence AMH levels and fertility. The aim in 141 

presenting these preliminary results is to encourage other researchers to explore the use of objective 142 

physical activity to better understand the relationship between normal age-based decline in AMH. 143 

 144 

Despite a small sample, there was a positive correlation, approaching significance, between daily 145 

average of very active minutes and preserving AMH, suggesting that daily high intensity physical activity 146 

may extend ovarian reserve. We present these results for illustrative purposes only. Many studies have 147 

demonstrated a link between physical activity and fertility with inconclusive results or have focused on 148 

extreme/unhealthy amounts of strenuous physical activity and negative outcomes on female reproductive 149 

health.5-9 Moreover, much of the literature has utilized self-reported measures of physical activity (e.g., 150 

computing outcome variables of minutes/week physical activity intensity) or fertility,5,6 and/or measured 151 

fertility via time to pregnancy or probability of conception through retrospective comparison.5,6,9 Self-152 

reported data tends to overestimate physical activity due to social desirability bias (e.g., participants may 153 

overestimate their activity levels to appear healthier or more active than they are).18,19 Recall bias is 154 

another limitation of self-reported data as participants might forget or fail to accurately recall the intensity, 155 

duration, or frequency of their physical activity, leading to inaccurate reporting, especially over longer 156 

periods.18 Thus, in addition to our sample being too small to conduct further analyses, it is difficult to 157 

compare our results (which utilized objectively measured, daily physical activity and AMH as a measure of 158 

fertility) to previous reports, based on the aforementioned methodological differences.  159 

 160 

In terms of practical recommendations, based on our findings, it might be beneficial for women, 161 

particularly those concerned with fertility and ovarian reserve, to incorporate regular, vigorous physical 162 

activity into their routines. However, we caution that more research is needed to determine the ideal 163 

intensity, duration, and frequency of physical activity necessary to see meaningful changes in AMH and 164 

fertility outcomes. Given the methodological limitations of prior studies that relied on self-reported physical 165 

activity, our study, which uses objectively measured activity data, provides a valuable contribution to the 166 
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literature. It suggests that higher intensity activity could be beneficial for maintaining ovarian reserve, but 167 

more studies are needed to establish clear guidelines and causal relationships. For now, these results 168 

should be seen as exploratory, and future research should focus on expanding the sample size and 169 

further investigating the effects of different types of physical activity on fertility biomarkers like AMH. 170 

 171 

Limitations 172 

Although the AoURP builds a biomedical dataset from a diverse group of participants from across 173 

the United States, a limitation of the current study is the small homogenous (White and predominantly 174 

from Pennsylvania) sample - skewing results/restricting generalizability, limiting external validity, and 175 

reducing the statistical power of findings. It should also be noted that, although we adjusted the GLM for 176 

age, other factors (e.g., body mass index and ethnicity) were not adjusted for in this analysis because of 177 

the sample’s small and homogenous nature. A major strength of the current study was the objective 178 

measure of physical activity; future studies should consider supplying the wearable device to participants, 179 

so ownership is not a barrier,20,21 resulting in a more robust dataset. An additional limitation to note is that 180 

an AMH test is likely only requested/conducted if a person was having fertility issues, resulting in a 181 

sampling bias. Lastly, the majority of the data in the current study came from obese women, which may 182 

influence the relationship between physical activity and fertility.6 Thus, a future consideration in studies 183 

with larger samples is to further explore the influence of overweight/obesity with physical activity on 184 

fertility. 185 

 186 

Conclusion  187 

Although AMH levels begin their natural decline in a woman’s mid-twenties, many women are 188 

choosing to delay motherhood until later. Preliminary findings suggest a potential link between physical 189 

activity and AMH preservation, though larger studies are needed to confirm this association. More robust 190 

research is also needed to determine what level of preservation is needed to ensure significantly higher 191 

fecundity. Additionally, future studies (controlled, intervention-based) with large, diverse samples are also 192 

needed to provide clearer understanding and identify optimal physical activity engagement (e.g., time, 193 

intensity, and frequency) to support the preservation of AMH and increase chances of fertility.  194 

 195 

 196 

SUMMARY – ACELERATING TRANSLATION 197 

Title: Can Physical Activity Help Preserve Fertility? Exploring the Role of Exercise in Anti-Müllerian 198 

Hormone (AMH) Levels 199 

Main Problem to Solve: Many women are choosing to delay motherhood until later in life. However, 200 

female fertility naturally declines with age, making it more difficult to conceive. One common way to 201 

assess fertility is by measuring anti-müllerian hormone (AMH), which reflects the number of eggs (ovarian 202 
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reserve) a woman has. Despite this, there is limited understanding of how lifestyle factors—like physical 203 

activity—may influence AMH levels and, by extension, fertility. 204 

Aim of the Study: To examine whether there is a relationship between objectively measured physical 205 

activity (using Fitbit devices) and AMH levels in women. This could help determine whether exercise plays 206 

a role in preserving ovarian reserve and potentially supporting fertility. 207 

Methodology: The study used data from the National Institutes of Health “All of Us” Research Program, 208 

which collects medical and lifestyle data from a diverse U.S. population. Eligible participants were women 209 

with at least one recorded AMH test, AMH levels within the normal range (less than 7 ng/ml), and at least 210 

30 days of valid Fitbit data within one year prior to their AMH test. The final sample included 24 211 

participants. 212 

Researchers analyzed the relationship between AMH levels and daily physical activity intensity—213 

categorized as sedentary, lightly active, moderately active, and very active—as well as total daily step 214 

count. Generalized linear regression models were used to examine the relationship, adjusting for 215 

participant age. 216 

Results: The analysis suggested a positive trend between the number of “very active” minutes per day 217 

and higher AMH levels, indicating that more intense daily physical activity may help slow the natural 218 

decline in ovarian reserve. While this finding did not reach statistical significance—likely due to the small 219 

sample size—it still provides a meaningful signal worth investigating further. As expected, age showed a 220 

negative association with AMH levels across all models. 221 

Conclusion: This is one of the first studies to explore the relationship between physical activity and AMH 222 

using objective data from wearable devices, rather than self-reported questionnaires. The preliminary 223 

results suggest that vigorous daily physical activity could help preserve ovarian reserve, and thus support 224 

fertility. 225 

While the findings are promising, they are based on a small, relatively homogenous group (mostly White 226 

women from Pennsylvania), which limits how broadly the results can be applied. Larger studies with more 227 

diverse populations are needed to confirm these findings and determine the optimal type, intensity, and 228 

duration of physical activity to support AMH levels and fertility. 229 

In practical terms, women who are concerned about their fertility might benefit from incorporating regular, 230 

high-intensity exercise into their routines. However, more research is needed to provide specific 231 

guidance. These results should be considered exploratory and used to guide future studies focused on 232 

identifying lifestyle strategies to support reproductive health. 233 

 234 

  235 



International Journal of Medical Students 

 

8 

IJMS 

REFERENCES 236 

1. National Center for Health Statistics, Centers for Disease Control and Prevention. FastStats: 237 

Infertility. Available from: https://www.cdc.gov/nchs/fastats/infertility.htm. Last updated Oct 1, 2024; cited 238 

Mar 18, 2025. 239 

2. Centers for Disease Control and Prevention. Infertility: frequently asked questions. Available 240 

from: https://www.cdc.gov/reproductive-health/infertility-faq/. Last updated May 15, 2024; cited Mar 18, 241 

2025. 242 

3. Schmidt L, Sobotka T, Bentzen JG, Nyboe Andersen A; ESHRE Reproduction Society Task 243 

Force. Demographic and medical consequences of the postponement of parenthood. Hum Reprod 244 

Update. 2012;18(1):29-43. 245 

4. Vander Borght M, Wyns C. Fertility and infertility: definition and epidemiology. Clin Biochem. 246 

2018;62:2-10. 247 

5. Mussawar M, Balsom AA, Totosy de Zepetnek JO, Gordon JL. The effect of physical activity on 248 

fertility: a mini-review. F S Rep. 2023;4(2):150-8. 249 

6. Brinson AK, da Silva SG, Hesketh KR, Evenson KR. Impact of physical activity and sedentary 250 

behavior on spontaneous female and male fertility: a systematic review. J Phys Act Health. 251 

2023;20(7):600-15. 252 

7. Hakimi O, Cameron LC. Effect of exercise on ovulation: a systematic review. Sports Med. 253 

2017;47(8):1555-67. 254 

8. Kiranmayee D, Praveena T, Himabindu Y, Sriharibabu M, Kavya K, Mahalakshmi M. The effect of 255 

moderate physical activity on ovarian reserve markers in reproductive age women below and above 30 256 

years. J Hum Reprod Sci. 2017;10(1):44-8. 257 

9. Zhao F, Hong X, Wang W, Wu J, Wang B. Effects of physical activity and sleep duration on 258 

fertility: a systematic review and meta-analysis based on prospective cohort studies. Front Public Health. 259 

2022;10:1029469. 260 

10. All of Us Research Program Investigators. The "All of Us" Research Program. N Engl J Med. 261 

2019;381(7):668-76. 262 

11. Mayo KR, Basford MA, Carroll RJ, Dillon M, Fullen H, Leung J, et al. The All of Us data and 263 

research center: creating a secure, scalable, and sustainable ecosystem for biomedical research. Annu 264 

Rev Biomed Data Sci. 2023;6(1):443-64. 265 

12. Visser JA, de Jong FH, Laven JS, Themmen AP. Anti-Mullerian hormone: a new marker for 266 

ovarian function. Reproduction. 2006;131(1):1-9. 267 

13. Marques IG, Kitsiou S, Gerber BS, Buchholz SW, Bustamante EE, Marquez DX. Feasibility of a 268 

Latin dance program with mHealth for middle-aged and older Latinxs (BAILA TECH). Translational 269 

Journal of the American College of Sports Medicine. 2021;6(1):e000143. 270 

https://www.cdc.gov/nchs/fastats/infertility.htm
https://www.cdc.gov/reproductive-health/infertility-faq/


International Journal of Medical Students 

 

9 

IJMS 

14. Speier W, Dzubur E, Zide M, Shufelt C, Joung S, Van Eyk JE, et al. Evaluating utility and 271 

compliance in a patient-based eHealth study using continuous-time heart rate and activity trackers. J Am 272 

Med Inform Assoc. 2018;25(10):1386-91. 273 

15. All of Us Research Program, National Institutes of Health. Data Browser. Available from: 274 

https://databrowser.researchallofus.org/2023. Last updated Oct 1, 2023; cited Mar 18, 2025. 275 

16. Dayal M, Sagar S, Chaurasia A, Singh U. Anti-mullerian hormone: a new marker of ovarian 276 

function. J Obstet Gynaecol India. 2014;64(2):130-3. 277 

17. FitBit. Fitbit Web API Data Dictionary, version 8. Available from: https://enterprise.fitbit.com/wp-278 

content/uploads/Fitbit-Web-API-Data-Dictionary-Downloadable-Version-2023.pdf. Last updated Aug 22, 279 

2023; cited Mar 18, 2025. 280 

18. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of 281 

direct versus self-report measures for assessing physical activity in adults: a systematic review. Int J 282 

Behav Nutr Phys Act. 2008;5:56. 283 

19. Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE, Fulton J, et al. The effect of 284 

social desirability and social approval on self-reports of physical activity. Am J Epidemiol. 285 

2005;161(4):389-98. 286 

20. Omura JD, Carlson SA, Paul P, Watson KB, Fulton JE. National physical activity surveillance: 287 

users of wearable activity monitors as a potential data source. Prev Med Rep. 2017;5:124-6. 288 

21. Strain T, Wijndaele K, Brage S. Physical activity surveillance through smartphone apps and 289 

wearable trackers: examining the UK potential for nationally representative sampling. JMIR Mhealth 290 

Uhealth. 2019;7(1):e11898. 291 

 292 

  293 

https://databrowser.researchallofus.org/2023
https://enterprise.fitbit.com/wp-content/uploads/Fitbit-Web-API-Data-Dictionary-Downloadable-Version-2023.pdf
https://enterprise.fitbit.com/wp-content/uploads/Fitbit-Web-API-Data-Dictionary-Downloadable-Version-2023.pdf


International Journal of Medical Students 

 

10 

IJMS 

Table 1: All of Us Research Program Dataset Cohort Characteristics  294 

 Cohort Characteristics Mean (SD) 

AMH age* (years)  35.23 (4.70) 

AMH (ng/ml)  2.30 (2.05) 

BMI (kg/m²) 34.70 (10.74) 

Sedentary minutes/day  808.14 (180.85) 

Light active minutes/day 202.11 (50.11) 

Moderate-fairly active minutes/day 12.10 (8.18) 

Very active minutes/day 14.14 (9.96) 

Daily steps 6897.51 (2578.99) 

AMH, anti-mullerian hormone; BMI, body mass index; SD, standard deviation. 295 

*The age when AMH was tested. 296 

 297 

 298 

Table 2: Results of Generalized Linear Regression Models between Log Transformed Anti-Mullerian 299 

Hormone (AMH) Level and Fitbit Daily Average Activity Intensity Minutes17 and Daily Step Counts, 300 

Adjusted for AMH Age (Age in Years When AMH Was Tested) in an All of Us Research Program Dataset 301 

(N=24) 302 

 303 

 Activity Main Effect (95%CI) P-value Age Effect (95%CI) P_val_age 

Sedentary minutes/day 0 (0-0) 0.440 -0.09 (-0.14 to -0.05) 0.001 

Lightly active minutes/day 0 (0-0) 0.979 -0.09 (-0.14 to -0.04) 0.003 

Moderate-fairly active minutes/day 0.01 (-0.02 to 0.03) 0.678 -0.09 (-0.13 to -0.04) 0.001 

Very active minutes/day 0.02 (0-0.04) 0.136 -0.09 (-0.13 to -0.05) 0.001 

Daily steps/1000 0.04 (-0.05 to 0.12) 0.375 -0.08 (-0.13 to -0.03) 0.003 

 304 


