Novel use of menstrual blood for
monitoring glycaemic control in
patients with diabetes: a proof-of-

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bmjsrh-2021-
201211).

'Obstetrics and Gynecology,
Stanford University, Stanford,
California, USA

%School of Medicine, Stanford
University, Stanford, CA, USA

Correspondence to

Dr Paul D Blumenthal, Obstetrics
and Gynecology, Stanford
University, Stanford, CA 94305,
USA; pblumen@stanford.edu

SN and RCLB contributed
equally.

Received 31 July 2021
Accepted 24 October 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. No
commercial re-use. See rights
and permissions. Published by
BMJ.

To cite: Naseri S,

Brewster RCL, Blumenthal PD.
BM/ Sex Reprod Health
Published Online First: [please
include Day Month Year].
doi:10.1136/
bmjsrh-2021-201211

concept study

Sara Naseri

ABSTRACT

Background Glycated haemoglobin (HbA1c)

is the diagnostic and prognostic standard

for clinical management of diabetes mellitus
(DM). Unfortunately, patient adherence to
guidelines for routine testing can be poor and
there are significant gender-based disparities

in DM management and outcomes. Recent
evidence suggests that menstrual blood may be
comparable to systemic blood for monitoring

of common biomarkers. The objective of the
present study was to assess the concordance of
HbA1c levels between menstrual and systemic
blood in healthy women and women with
diabetes of reproductive age.

Methods In this prospective, observational
cohort study, we enrolled healthy and diabetic
(type 1 and type 2 DM) reproductive-age women
(aged =18 and <45 years). Menstrual blood

and venous systemic blood specimens were
simultaneously obtained at time of menstruation,
and analysed for HbA1c levels. Participants self-
collected menstrual blood using a QPad, a novel,
modified menstrual pad with an embedded dried
blood spot strip.

Results Among 172 participants, 57.6% were
healthy and 42.4% had a diagnosis of either
type 1 or type 2 DM. There were no significant
differences in mean HbA1c values in menstrual
and systemic blood across the overall cohort

or within the diabetic subgroup. Furthermore,
HbA1c levels between blood sources were
robustly correlated and demonstrated a
significant linear relationship.

Conclusions There is a strong concordance

in HbA1c levels between menstrual and
systemic blood. Empowered by self-collection
technologies, these findings suggest that
menstrual blood may serve as a reliable, non-
invasive and potentially cost-effective alternative
to serum for HbA1c monitoring among
reproductive-age women with DM.

,' Ryan Charles Leung Brewster,” Paul D Blumenthal’

» In a cohort of healthy women and
women with diabetes of reproductive
age, levels of glycated haemoglobin
(HbA1c) across menstrual and systemic
blood were significantly correlated.

» Menstrual blood was self-collected
by study participants using a novel
menstrual pad modified with dried
blood spot technology.

» Menstrual blood has potential utility as
a minimally invasive, convenient and
cost-effective alternative to systemic
blood for routine monitoring of HbA1c
in women with diabetes.

INTRODUCTION

For  decades, glycated haemoglobin
(HbA1c) has been the diagnostic and prog-
nostic standard for primary management
of diabetes mellitus (DM)." It serves as an
index of long-term glycaemic control and
a predictive indicator of preventable micro-
vascular and macrovascular complications,
making routine monitoring an essential clin-
ical practice.”” To ensure timely therapeutic
adjustments, guidelines advise biannual to
quarterly HbAlc assessments, depending
on the severity of the disease. Unfortunately,
adherence to testing recommendations
has been shown to be suboptimal.*° The
current paradigm typically involves multiple
clinical visits (eg, for laboratory collection
and follow-up consultation). This intro-
duces considerable logistical and financial
challenges for patients and potential delays
in communicating results.”® Barriers to
compliance may be even higher for low-
resource, rural and other vulnerable popu-
lations facing decreased healthcare access,
competing priorities (eg, childcare) and
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underinsurance.”"! Lack of consistent HbA1c surveillance
contributes to poor glycaemic control and, by extension,
an increased risk of poor outcomes and disease progres-
sion.'?

Menstrual blood is a complex fluid comprising whole
blood, vaginal secretions and cells of the endometrial
lining. To date, little is known about its characteristics at
a molecular level. Proteomics analyses have revealed a
profile similar to systemic blood, along with the presence
of clinically relevant indicators of uterine abnormalities."
A recent pilot study demonstrated concordance between
menstrual and systemic blood for common biomarkers."*
HbA1lc, among seven other biomarkers, was found to
significantly correlate between the two sources. While
still preliminary, these results suggest that menstrual blood
may be a safe, non-invasive and cost-effective option for
screening, diagnostics and monitoring in women and a
mechanism to reduce known gender-based disparities in
effective diabetes management.'’

To more definitively assess this relationship, we
performed a prospective, observational study to charac-
terise the association between HbAlc levels measured
in menstrual and systemic blood among healthy women
and women with diabetes of reproductive age who regu-
larly menstruate. Menstrual blood specimens were self-
collected with the QPad (Qurasense, Palo Alto, USA), a
modified menstrual pad containing a paper-based, dried
blood spot (DBS) strip (online supplemental figure 1).
The device enabled convenient, non-invasive acquisition
and stabilisation of menstrual blood specimens, and subse-
quent comparison of HbAlc levels with whole blood
samples.

METHODS

This was a prospective, observational study of
reproductive-aged healthy women and women with
diabetes. All research protocols were approved by the
Stanford University Institutional Review Board and
the Integreview Institutional Review Board (https://
integreview.com/aahrpp_accreditation).

Participant recruitment and eligibility criteria

Prospective participants were recruited through phys-
ical flyers and social media advertising and underwent
a screening telephone appointment to assess eligibility.
Major inclusion criteria included women aged between
18 and 45 years old who regularly menstruate. Postmeno-
pausal state and pregnancy were exclusion criteria. Those
who were eligible via telephone screening completed
in-person screening to provide study materials and signed
consent. We recorded basic demographic information
and diabetes status (healthy, or clinical diagnosis of type
1 DM or type 2DM).

Study procedure

All participants were issued with a study kit containing
two QPads for menstrual blood self-collection. Partic-
ipants were instructed to self-collect menstrual blood

with the QPad on the second day of their menstrual
cycle, which generally corresponded with the highest
volume of flow, and schedule a peripheral blood draw
within 36 hours. Once saturated, the participant placed
the DBS strip in a sample return box provided with the
kit, which was returned to the study team on the same
day of the venous blood draw.

Venous blood samples were drawn by a mobile
phlebotomist (Coast Phlebotomy Services LLC) on
the same day that menstrual blood DBS samples were
returned. Each participant provided a single menstrual
blood and systematic blood specimen for analysis.
The systemic blood was then stored at 5°C while
the QPad samples were stored at room temperature,
in a provided humidity-controlled container, until
further processing. Both blood samples were trans-
ported to a Clinical Laboratory Improvement Amend-
ments (CLIA)/College of American Pathologists (CAP)
Certified Laboratory and DBS analysis specialist, US
Specialty (San Diego, CA, USA), for percentage HbAlc
levels using a Beckman Coulter Au680 analyser. Partic-
ipants were compensated with a gift card for comple-
tion of the study protocol.

Statistical analysis

Participants with type 1 DM and type 2DM were pooled
for the purposes of statistical analysis. Mean levels of
HbA1lc in menstrual and systemic blood were compared
with a paired t-test. We used the Pearson correlation test to
evaluate the association between systemic and menstrual
blood values and fit a least squares regression model to
determine the parameters to estimate systemic blood
values from those of menstrual blood. The threshold for
statistical significance was defined as a p value <0.05. All
statistical analyses and data visualisations were performed
with R (v4.0.0) with packages ggplot2 (v3.3.0) and dplyr
(v0.8.5).1¢°18

RESULTS

A total of 235 volunteers were consented for the
study between April 2018 and May 2019. Menstrual
blood and systemic blood specimens were collected
from 172 participants (figure 1). Among the cohort,
a total of 57.6% were healthy, 13.4% had a diagnosis
of type 1 DM and 29.1% had a diagnosis of type 2DM
(table 1). The mean age at enrollment was 32.2 years.

Total Participants Enrolled
(n=235)

Total Excluded (n=90)
e Pregnancy, change of residency, or no
longer menstruating (n=63)
e Lost to follow up (n=27)

Completed Menstrual and
Systemic Blood Collection
(0=172)

Healthy (n=99)
Type 1 DM (n=23)
Type 2 DM (n=50)

Figure 1  Enrollment of study participants. DM, diabetes mellitus.
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Table 1 Participant characteristics

Women with

Characteristic Overall (n=172) diabetes (n=73)
Age (years) (SD) 32.2(9.17) 36.2 (8.31)
BMI (kg/mz) (SD) 27.6 (7.69) 32.9(9.08)
Period length (days) (SD) 5.77 (2.10) 5.98 (3.13)
DM status (n (%))

Healthy 99 (57.6) -

Type 1DM 23(13.4) 23 (31.5)

Type 2DM 50 (29.1) 50 (68.5)

BMI, body mass index; DM, diabetes mellitus; SD, standard deviation.

There was a statistically significant correlation
between menstrual and systemic blood HbAlc levels
overall (p<0.001) and in patients with diabetes
(p<0.001) (table 2). A sensitivity analysis of indi-
vidual groups stratified by history of diabetes (healthy,
type 1DM, type 2DM) revealed that HbAlc levels
were significantly correlated between menstrual and
systemic blood in both type 1 (p<0.001) and type 2
(p<0.001) DM patients (online supplemental table 2).

Mean HbAlc levels were 6.53% for menstrual
blood and 6.50% for systemic blood (online supple-
mental table 1). There were no statistically significant
differences in mean HbAlc between menstrual and
systemic blood among the overall cohort (p=0.471)
or among the patients with diabetes (p=0.272). Strat-
ifying the diabetic cohort by type, mean HbAlc levels
in menstrual and systemic blood were not significantly
different for patients with either type 1 (p=0.561)
or type 2 (p=0.356) DM. Menstrual blood HbAlc
exhibited a significant linear relationship with systemic
blood HbAlc (figure 2) (table 2).

DISCUSSION

In this prospective, observational study of healthy
women and women with diabetes of reproductive
age, we compared the performance of menstrual and
systemic blood in measuring HbA1c. Menstrual blood
was obtained using a novel, non-invasive collection
pad transforming the specimen into a stable, trans-
portable DBS specimen. Among the 172 participants,
there were no statistical or clinical differences in
mean HbAlc between menstrual and systemic blood,
and values across blood sources were significantly

Table 2 Mean menstrual and systemic blood levels of glycated
haemoglobin (HbA1c)

Parameter Overall Women with diabetes
Systemic blood (%) 6.50 (1.89) 8.02 (2.06)

Menstrual blood (%) 6.53 (2.05) 8.14(2.29)

Mean difference (%) 0.036 0.121

95% Cl of difference —0.133 10 0.061 —0.336 to0 0.096

P value 0.471 0.272

Cl, confidence interval.

Table 3  Correlation and regression analysis for glycated
haemoglobin (HbA1c) levels in menstrual and systemic blood

Parameter Overall Women with diabetes

Pearson correlation

Pearson correlation coefficient ~ 0.949 0.914
95% Cl 0.932100.962  0.866 to 0.945
P value <0.001 <0.001

Linear regression

Coefficient 0.874 0.823
SE 0.022 0.043
P value <0.001 <0.001

Bold type denotes statiistical significance.
(I, confidence interval; SE, standard error.

correlated. The strong relationship between blood
sources was maintained for the spectrum of normal-
and diabetic-range HbA1c levels. Our results expand
on and corroborate previous pilot analyses, which
demonstrate a concordance between menstrual blood
and serum for numerous common biomarkers.'*
Self-sampling has emerged as a viable screening and
diagnostic approach across numerous clinical domains.
Well-validated applications include saliva for ovula-
tion or DNA testing,'”*° cervical specimens for human
papillomavirus (HPV) testing”' ™ and, most recently,
nasal swabs for COVID-19 testing.** ** These methods
address many of the logistical and structural barriers
associated with conventional testing such as time limita-
tions and transportation challenges. Moreover, given
the convenience and ease of use, they afford patients
more autonomy and privacy. HPV self-sampling, for
example, has shown to be widely accepted and has
significantly expanded the reach of testing programmes
to medically underserved populations.”’™ We posit
that menstrual blood-based testing can carry analogous

Systemic Blood HbATG (%)

Healthy

4 8 12 16

Menstrual Blood HbATC (%)

Figure 2 Relationship between glycated haemoglobin (HbA1c) in
menstrual and systemic blood in healthy women and women with diabetes.
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practical, clinical and economic value in the context of
routine HbA1c monitoring. Indeed, the current testing
model — wherein multiple visits are often required
for sample collection and follow-up — is inconvenient
and costly for patients. It is also prone to delays in
communicating results and treatment intensification.
Although a different methodology, the early successes
of point-of-care technologies highlight the opportuni-
ties to advance care delivery and improved outcomes
within this system.?*® Perhaps the greatest poten-
tial for self-collection lies with low socioeconomic
status and minority populations, who bear a dispro-
portionate burden of diabetes-related morbidity and
mortality,” ** ** and low- and middle-income coun-
tries, where non-communicable diseases are becoming
increasingly prevalent.’! 32

Importantly, we found that the QPad performed
well with respect to sample acquisition, efficiency
and processing. Alternative methods for menstrual
blood self-collection, including menstrual cups, may
be unfamiliar to users and are not typically equipped
with mechanisms to efficiently transfer the specimen
to a laboratory-ready conveyance or prevent spec-
imen degradation. By contrast, the DBS technology
is a widely used approach for blood collection, trans-
port and storage for numerous clinical assays, and the
DBS strip embedded in the QPad was reliable for these
purposes. While the stability of HbA1lc from menstrual
blood has not been previously evaluated, studies of
DBS approaches using whole blood indicate minimal
variation in HbAlc measurement for up to 44 days
and at different temperatures.”> With further valida-
tion, the QPad has potential utility to facilitate further
investigations and downstream clinical applications
involving menstrual blood. The possible indications
within sexual and reproductive health issues are broad
and span fertility and preconception counselling (eg,
follicle-stimulating hormone levels), cancer screening
(eg, HPV, ovarian and endometrial cancer biomarkers)
and sexually transmitted infection testing (eg, chla-
mydia, gonorrhoea), among many others.

Novel uses of menstrual blood should be taken in the
context of well-described gender disparities in diabetes
management and outcomes." Previous research indicates
that women with diabetes experience disproportionately
higher rates of cardiovascular complications and have
poorer adherence to treatment regimens.’*>¢ The causes
underlying these differences are poorly understood, but
biological, metabolic and psychosocial factors have been
implicated.”” ** Additional risks are incurred for patients
of childbearing age, where poor glycaemic control before
or during gestation can result in adverse maternal and
neonatal outcomes.*” Altogether, targeted solutions to
address the unique barriers to effective diabetes care in
women should be prioritised.

There are limitations to the present study. Menstrual
and systemic blood specimens were subject to differen-
tial storage and transport conditions. An unbroken cold

chain was maintained for serum samples from collec-
tion to processing, while the QPads were left at ambient
temperatures throughout. Until more rigorous testing of
HbA¢ stability over time is conducted, we will be unable
to determine the effect of sample quality loss on the spec-
imens. Another limitation was that participants’ demo-
graphic information regarding race or ethnicity was not
collected, which have been shown to be important factors
in HbA1lc variability.** That said, there is little reason to
suspect that menstrual or serum specimens themselves
would behave differently by race or ethnicity.

In summary, leveraging a novel menstrual pad for
self-collection, we found a high degree of concordance
between HbAlc levels in menstrual blood and systemic
blood in healthy women and women with diabetes of
reproductive age. Future research is needed to establish
menstrual blood-specific reference ranges for HbA1C
and other biomarkers and more comprehensively assess
both the user experience and the cost-effectiveness asso-
ciated with QPad usage. This will inform adjustments in
the technology to optimise convenience, costs and accu-
racy. Ultimately, menstrual blood-based testing could
become a safe, non-invasive and potentially cost-effective
alternative to conventional serum-based approaches to
improve primary diabetes screening and management in
women. More broadly, our findings open the possibility
of transforming the significance of menstrual blood from
a reproductive waste product to a valuable clinical tool
with the potential to address sex-specific differences in
healthcare access and outcomes and reduce menstrual
stigma globally.

Twitter Ryan Charles Leung Brewster @ _ryanbrewster

Funding The authors have not declared a specific grant for this
research from any funding agency in the public, commercial or
not-for-profit sectors.

Competing interests One of the authors has associations with
a commercial entity that could be viewed as having an interest
in the general area of the submitted manuscript (the time
frame for disclosure in this section is the 36 months before
submission of the manuscript).

Patient and public involvement Patients and/or the public
were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Institutional review board approvals were
obtained and all subjects consented to their participation.

Provenance and peer review Not commissioned; externally
peer reviewed.

Data availability statement Data are available upon reasonable
request.

ORCID iD
Sara Naseri http://orcid.org/0000-0003-1391-9609

REFERENCES
1 American Diabetes Association. 6. Glycemic Targets: Standards of
Medical Care in Diabetes-2018. Diabetes Care 2018;41:555-64.
2 Eberly LE, Cohen JD, Prineas R, et al. Impact of incident
diabetes and incident nonfatal cardiovascular disease on

4

Naseri S, et al. BMJ Sex Reprod Health 2021;0:1-5. doi:10.1136/bmjsrh-2021-201211

"1ybuAdoo Aq paroslold 1sanb Aq #7202 ‘6T [dy uo jwoo fwqroyidyly:dny woly papeojumoq “TZ0Z 19qWaAON 0T U0 TTZT0Z-T20Z-Uislwa/oeTT 0T Se paysignd isii :yieaH poiday xas rINg


https://twitter.com/_ryanbrewster_
http://orcid.org/0000-0003-1391-9609
http://dx.doi.org/10.2337/dc18-S006
http://jfprhc.bmj.com/

Original research

10

11

12

13

14

15

16

17

18

19

20

21

18-year mortality: the multiple risk factor intervention trial
experience. Diabetes Care 2003;26:848-54.

Stamler J, Vaccaro O, Neaton JD, et al. Diabetes, other risk
factors, and 12-yr cardiovascular mortality for men screened
in the multiple risk factor intervention trial. Diabetes Care
1993;16:434-44.

Lian J, Liang Y. Diabetes management in the real world and the
impact of adherence to guideline recommendations. Curr Med
Res Opin 2014;30:2233-40.

Imai C, Li L, Hardie R-A, et al. Adherence to guideline-
recommended HbA1c testing frequency and better outcomes
in patients with type 2 diabetes: a S-year retrospective

cohort study in Australian general practice. BMJ Qual Saf
2021;30:706-14.

Weykamp C. Hbal1C: a review of analytical and clinical
aspects. Ann Lab Med 2013;33:393-400.

Cagliero E, Levina EV, Nathan DM. Immediate feedback of
HbA1c levels improves glycemic control in type 1 and insulin-
treated type 2 diabetic patients. Diabetes Care 1999;22:1785-9.
McLenon J, Rogers MAM. The fear of needles: a systematic
review and meta-analysis. ] Adv Nurs 2019;75:30-42.
Connolly V, Unwin N, Sherriff B, ez al. Diabetes prevalence
and socioeconomic status: a population based study showing
increased prevalence of type 2 diabetes mellitus in deprived
areas. | Epidemiol Community Health 2000;54:173-7.

Karter AJ, Ferrara A, Liu JY, et al. Ethnic disparities in diabetic
complications in an insured population. JAMA 2002;287:2519.
Boyle JP, Thompson TJ, Gregg EW, et al. Projection of the year
2050 burden of diabetes in the US adult population: dynamic
modeling of incidence, mortality, and prediabetes prevalence.
Popul Health Metr 2010;8:29.

Driskell OJ, Holland D, Waldron JL, et al. Reduced testing
frequency for glycated hemoglobin, HbA1c, is associated with
deteriorating diabetes control. Diabetes Care 2014;37:2731-7.
Yang H, Zhou B, Prinz M, et al. Proteomic analysis of
menstrual blood. Mol Cell Proteomics 2012;11:1024-35.
Naseri S, Lerma K, Blumenthal PD. Comparative assessment of
serum versus menstrual blood for diagnostic purposes: a pilot
study. J Clin Lab Med 2019;4.

Editorial. Sex disparities in diabetes: bridging the gap. Lancet
Diabetes Endocrinol 2017,5:839.

Wickham H, Frangois R, Miiller K. dplyr: a grammar of data
manipulation. R package version, 2020. Available: https://CRAN.
R-project.org/package=dplyr [Accessed November 2, 2021].
Wickham H. ggplot2: elegant graphics for data analysis. 2nd
edn. New York: Springer-Verlag, 2016. ISBN: 978-3-319-
24275-0. http://www.springer.com/gp/book/9783319242750
Core Team R. R: a language and environment for statistical
computing. Viienna: R Foundation for Statistical Computing,
2019. https://www.R-project.org/

Koni AC, Scott RA, Wang G, et al. DNA yield and quality of
saliva samples and suitability for large-scale epidemiological
studies in children. Int ] Obes 2011;35 Suppl 1:S113-8.
Quinque D, Kittler R, Kayser M, et al. Evaluation of saliva as a
source of human DNA for population and association studies.
Anal Biochem 2006;353:272-7.

Madzima TR, Vahabi M, Lofters A. Emerging role of HPV
self-sampling in cervical cancer screening for hard-to-reach
women: focused literature review. Can Fam Physician
2017;63:597-601.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Braz NSDF, Lorenzi NPC, Sorpreso ICE, et al. The
acceptability of vaginal smear self-collection for screening for
cervical cancer: a systematic review. Clinics 2017;72:183-7.
Gupta S, Palmer C, Bik EM, et al. Self-sampling for human
papillomavirus testing: increased cervical cancer screening
participation and incorporation in international screening
programs. Front Public Health 2018;6:77.

Bien-Gund C, Dugosh K, Acri T, et al. Factors associated with

us public motivation to use and distribute COVID-19 self-tests.

JAMA Netw Open 2021;4:¢2034001.

Yiice M, Filiztekin E, Ozkaya KG. COVID-19 diagnosis

- a review of current methods. Biosens Bioelectron
2021;172:112752.

Schnell O, Crocker JB, Weng J. Impact of HbA1c¢ testing at
point of care on diabetes management. | Diabetes Sci Technol
2017;11:611-7.

Rust G, Gailor M, Daniels E, et al. Point of care testing to
improve glycemic control. Int | Health Care Qual Assur
2008;21:325-35.

Petersen JR, Finley JB, Okorodudu AO, et al. Effect of point-
of-care on maintenance of glycemic control as measured by
Alc. Diabetes Care 2007;30:713-5.

Chow EA, Foster H, Gonzalez V, et al. The disparate impact
of diabetes on racial/ethnic minority populations. Clinical
Diabetes 2012;30:130-3.

Saydah S, Lochner K. Socioeconomic status and risk of
diabetes-related mortality in the U.S. Public Health Rep
20105125:377-88.

Piot B, Caldwell A, Lamptey B, et al. Addressing the growing
burden of non-communicable disease by leveraging lessons
from infectious disease management. | Glob Health
2016;6:010304.

Seiglie JA, Marcus M-E, Ebert C, et al. Diabetes prevalence
and its relationship with education, wealth, and BMI

in 29 low- and middle-income countries. Diabetes Care
2020;43:767-75.

Mastronardi CA, Whittle B, Tunningley R, et al. The use of
dried blood spot sampling for the measurement of HbAlc: a
cross-sectional study. BMC Clin Pathol 2015;15:13.

Huxley RR, Peters SAE, Mishra GD, et al. Risk of all-cause
mortality and vascular events in women versus men with type
1 diabetes: a systematic review and meta-analysis. Lancet
Diabetes Endocrinol 2015;3:198-206.

Raum E, Krimer HU, Riiter G, et al. Medication non-
adherence and poor glycaemic control in patients with type 2
diabetes mellitus. Diabetes Res Clin Pract 2012;97:377-84.
Al-Salameh A, Chanson B, Bucher S, et al. Cardiovascular
disease in type 2 diabetes: a review of sex-related differences in

predisposition and prevention. Mayo Clin Proc 2019;94:287-308.

Siddiqui MA, Khan MF, Carline TE. Gender differences in
living with diabetes mellitus. Mater Sociomed 2013;25:140.
Woodward M, Peters SAE, Huxley RR. Diabetes and the
female disadvantage. Womens Health 2015;11:833-9.
Alexopoulos A-S, Blair R, Peters AL. Management

of preexisting diabetes in pregnancy: a review. JAMA
2019;321:1811.

Herman WH, Ma Y, Uwaifo G, et al. Differences in Alc by
race and ethnicity among patients with impaired glucose
tolerance in the diabetes prevention program. Diabetes Care
2007;30:2453-7.

Naseri S, et al. BMJ Sex Reprod Health 2021;0:1-5. doi:10.1136/bmjsrh-2021-201211

"1ybuAdoo Aq paroslold 1sanb Aq #7202 ‘6T [dy uo jwoo fwqroyidyly:dny woly papeojumoq “TZ0Z 19qWaAON 0T U0 TTZT0Z-T20Z-Uislwa/oeTT 0T Se paysignd isii :yieaH poiday xas rINg


http://dx.doi.org/10.2337/diacare.26.3.848
http://dx.doi.org/10.2337/diacare.16.2.434
http://dx.doi.org/10.1185/03007995.2014.952716
http://dx.doi.org/10.1185/03007995.2014.952716
http://dx.doi.org/10.1136/bmjqs-2020-012026
http://dx.doi.org/10.3343/alm.2013.33.6.393
http://dx.doi.org/10.2337/diacare.22.11.1785
http://dx.doi.org/10.1111/jan.13818
http://dx.doi.org/10.1136/jech.54.3.173
http://dx.doi.org/10.1001/jama.287.19.2519
http://dx.doi.org/10.1186/1478-7954-8-29
http://dx.doi.org/10.2337/dc14-0297
http://dx.doi.org/10.1074/mcp.M112.018390
http://dx.doi.org/10.16966/2572-9578.130
http://dx.doi.org/10.1016/S2213-8587(17)30336-4
http://dx.doi.org/10.1016/S2213-8587(17)30336-4
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=dplyr
http://www.springer.com/gp/book/9783319242750
https://www.R-project.org/
http://dx.doi.org/10.1038/ijo.2011.43
http://dx.doi.org/10.1016/j.ab.2006.03.021
http://www.ncbi.nlm.nih.gov/pubmed/28807952
http://dx.doi.org/10.6061/clinics/2017(03)09
http://dx.doi.org/10.3389/fpubh.2018.00077
http://dx.doi.org/10.1001/jamanetworkopen.2020.34001
http://dx.doi.org/10.1016/j.bios.2020.112752
http://dx.doi.org/10.1177/1932296816678263
http://dx.doi.org/10.1108/09526860810868256
http://dx.doi.org/10.2337/dc06-1909
http://dx.doi.org/10.2337/diaclin.30.3.130
http://dx.doi.org/10.2337/diaclin.30.3.130
http://dx.doi.org/10.1177/003335491012500306
http://dx.doi.org/10.7189/jogh.06.010304
http://dx.doi.org/10.2337/dc19-1782
http://dx.doi.org/10.1186/s12907-015-0013-5
http://dx.doi.org/10.1016/S2213-8587(14)70248-7
http://dx.doi.org/10.1016/S2213-8587(14)70248-7
http://dx.doi.org/10.1016/j.diabres.2012.05.026
http://dx.doi.org/10.1016/j.mayocp.2018.08.007
http://dx.doi.org/10.5455/msm.2013.25.140-142
http://dx.doi.org/10.2217/whe.15.67
http://dx.doi.org/10.1001/jama.2019.4981
http://dx.doi.org/10.2337/dc06-2003
http://jfprhc.bmj.com/

	Novel use of menstrual blood for monitoring glycaemic control in patients with diabetes: a proof-­of-­concept study
	Abstract
	Introduction﻿﻿
	Methods
	Participant recruitment and eligibility criteria
	Study procedure
	Statistical analysis

	Results
	Discussion
	References


