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Abstract

Background
Studies indicate the presence of cardiovascular disease risk factors among patients with uterine �broids
and polycystic ovarian syndrome. Investigators were interested in examining the prevalence of
cardiovascular disease risk factors and the independent predictors of insulin resistance (IR) among
women with abnormal uterine bleeding (AUB).

Methods
This observational study examined 77 premenopausal subjects with AUB. Their medical history, body
mass index, waist hip ratio, fasting insulin level, hemoglobin A1C, creatinine level, and lipid panel were
evaluated. The participants were then subdivided using insulin levels and further compared. IR was
de�ned at two different fasting insulin levels: >10µU/mL and > 15µU/mL.

Results
Of the 77 data sets analyzed, 91% of participants were current or former smokers, 62% had a waist hip
ratio > 0.80, 45% were obese, and the majority of participants had dyslipidemia, with high total cholesterol
(68%) and elevated LDL (38%) being the most prevalent. 66% of participants were insulin resistant as
de�ned by the lower fasting insulin and 38% were insulin resistant as de�ned by the upper fasting insulin
level. At the lower cutoff, the insulin resistant group was signi�cantly more likely to have a waist hip ratio 
> 0.8, be obese, and have low HDL levels. At the upper fasting insulin cutoff, the insulin resistant group
was signi�cantly more likely to have low HDL levels, elevated triglyceride levels, a waist hip ratio > 0.8,
and be obese. Univariate analysis showed statistically signi�cant associations between IR in women with
AUB and body mass index, waist hip ratio, and HDL for both fasting insulin cutoffs. Multivariate analysis
using the lower fasting insulin cutoff revealed that body mass index and waist hip ratio were signi�cant
independent predictors of IR in a woman with AUB.

Conclusions
This study reveals the prevalence of IR and other predictors of cardiovascular disease are greater in
women with AUB in this population than the general population. Body mass index and waist hip ratio are
independent predictors of IR in women with AUB. Low HDL levels, elevated triglyceride levels, and
ethnicity are also signi�cantly associated with IR in women with AUB depending on the de�nition used.

Background
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Abnormal uterine bleeding (AUB) is one of the most common reasons reproductive-aged women seek a
gynecologic consult. It affects up to 35 percent of women in their lifetime and comprises up to 70 percent
of outpatient gynecology visits each year.1–2 AUB is a broad term that is classi�ed by its causes using the
PALM-COEIN system and it is often paired with descriptive terms denoting heavy versus intermenstrual
bleeding.1

Insulin is a key anabolic hormone involved in multiple metabolic pathways in the body, including glucose
uptake and lipid storage, cell growth and proliferation in the body, and nitric oxide (NO) synthesis by
endothelial cells.3–5 Insulin resistance (IR) occurs when increasingly larger amounts of insulin are
required to regulate the body’s metabolic pathways, and, even in the face of these increasing insulin
levels, cellular activity is diminished compared to a normal person.3–5 IR is a multifactorial disease that
has become an epidemic in the United States (US). Although the number of adults affected by IR is not
known, one in three adults in the US have prediabetes and an additional 10.5 percent of adults have
diabetes mellitus type 2 (DM2).3,6 These numbers are expected to double in the next 10 years since
almost 90 percent of Americans having risk factors for IR.6

Although angiogenesis is a relatively infrequent event in most adult tissues, it occurs repeatedly in the
uterus in order to support the monthly cycle of growth, shedding, and repair of the endometrial lining.7

Both the process of angiogenesis and endometrial repair are tightly regulated by estrogen and
progesterone, which involve NO, platelets, immune cells, and multiple growth factors.2,7−10 Decreased NO
production, due to IR, results in an increase in the shear stress on endothelial cells due to diffuse
vasoconstriction.3,5 Moreover, decreased NO, hyperglycemia, and the state of IR itself promote the release
of in�ammatory cytokines and free radical formation, which leads to further endothelial damage,
surrounding tissue hypoxia, and, eventually, cellular apoptosis.3–5 This increases vascular permeability,
which is worsened by high levels of circulating glucose also directly damaging the glycocalyx and
endothelial cells through non-enzymatic glycation.3,5,11 Together, these vascular changes allow
substrates to leave the blood and form plaques in the tunica intima layer of the blood vessel.5 This
thickening of the blood vessels leads to increased vascular resistance, chronic low-grade in�ammation,
and atherosclerosis.3,5

Applying this knowledge to the uterus, chronic low-grade in�ammation likely reduces the spiral arteries’
ability to meet the high metabolic demands of the endometrium. This leads to an overexpression of
angiogenic cytokines and dysfunctional angiogenesis with excessive uterine vessel formation and
dilation in an attempt to increase the amount of uterine blood �ow.7–8, 10,12 It also results in functionally
impaired proliferative and secretory phases of the menstrual cycle where the endometrial lining is not
properly repaired during cyclical shedding. Instead, the same in�ammatory cytokines and �brosis-
promoting growth factors seen in atherosclerotic disease encourage smooth muscle metaplasia and
scarring in the uterus.12–19
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Atherosclerosis is a widely accepted cause of numerous microvascular and macrovascular diseases that
are signi�cantly associated with IR.3–5,20−23 Multiple studies have demonstrated that women with
�broids and polycystic ovarian syndrome (PCOS) are more likely to have risk factors for cardiovascular
disease, but AUB is not currently thought of as an atherosclerotic-related end organ disease. Furthermore,
few studies have examined these risk factors in women with AUB as a whole (referred to in this paper as
overall AUB).16–18,24−31 The aim of the present study is to describe the prevalence of insulin resistance
and other predictors of cardiovascular disease among women with overall AUB.

Methods

Study Population
This was a cross-sectional observational study conducted at Loma Linda University Medical Center’s
outpatient obstetrics and gynecology clinics. Potential study candidates were all premenopausal females
between the ages of 18 and 54 years old who presented with a complaint of AUB between September
2018 and October 2019. A candidate was con�rmed eligible for enrollment once the diagnosis of AUB
was made in the outpatient clinic setting. Women with a history of gynecologic cancer, prior
hysterectomy, prior endometrial ablation, prior tamoxifen use, diabetes mellitus type 1, chronic steroid
use, or pregnancy were excluded. There were 117 subjects enrolled with a total of 77 data sets analyzed
for this study.

Ethics Statement
The participants gave voluntary, informed, written consent prior to participating in the study. This
research study was approved by the Loma Linda University Institutional Review Board and it complied
with all relevant national regulations, institutional policies, and the principles of the Declaration of
Helsinki as they relate to human participants. All participant identi�ers were replaced with identi�cation
codes and the data was handled only by the researchers participating in this study.

Measured Variables
At the time of enrollment, a thorough history was performed. Each participant had her height, weight, and
waist to hip ratio (WHR) measured. Overnight fasting blood samples were then obtained to assess each
participant’s fasting insulin level (FI), hemoglobin A1C (A1C), creatinine (Cr), and lipid pro�le. A BMI ≥ 
30kg/m2 was used as the cutoff for obesity and a WHR > 0.80 was considered abnormal.32–33 IR was
assessed using two different FI cutoffs: >10µU/mL and > 15µU/mL, which represented both the lower and
higher end of the FI cutoffs of prior research.4,22,34−35 Abnormal A1C values were de�ned by the
prediabetic cut off of ≥ 5.7%, while abnormal lipid levels were de�ned by the American Heart Association
values of HDL < 50mg/dL, total cholesterol levels > 150mg/dL, LDL > 100mg/dL, and triglycerides levels > 
150mg/dL.6,36

Statistical Analysis
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Statistical analysis was performed using the online statistical software R version 3.5.1.37 Assuming 33
percent of the general population is IR, the minimum sample size for the present study to have adequate
power was calculated to be 36 subjects in each group.6 Independent t-test, Mann Whitney U test, and chi-
square test were calculated with the statistical signi�cance set as P > 0.05. Univariate and multivariate
regression analysis were performed using linear regression. Observed associations were expressed as
odds ratios with 95 percent con�dence intervals.

Results
Of the 117 participants enrolled, 77 participants completed the measured variables and were included in
the analysis. As shown in Table 1, most participants were Hispanic or White females, averaging 37 years
of age, with an average of two prior births. Most participants did not have relevant medical or surgical
history, except for over 90% being either current or former smokers. Approximately two-thirds of
participants had a WHR > 0.80 with the average WHR being 0.86. Almost half of participants were obese
with the average BMI being 31.82kg/m². Two-thirds of participants had a FI > 10µiU/mL with 38% having
a FI > 15µiU/mL, but only 22% of participants had an A1C ≥ 5.7%. The majority of participants also had
dyslipidemia with 68% having high total cholesterol levels and an additional 38% of participants having
high LDL levels.

Table 2 shows the difference in characteristics between the two groups when IR was de�ned as FI > 
10µiU/mL. Ethnicity was signi�cantly related to IR with all African Americans and Middle Easterners
being classi�ed as IR, while none of the Asian participants were classi�ed as IR (p = 0.027). The IR group
was signi�cantly more likely to be obese (60.8% versus 15.4%; p < 0.001) and have low HDL levels (41.2%
versus 19.2%; p = 0.03) than the non-IR group. There were no statistical differences between the two
groups with regards to the other variables analyzed, but it is worth noting that no participants in the non-
IR group had a history of DM2 or elevated triglycerides levels, and more than 62% of participants in both
groups had high total cholesterol levels.

Table 3 depicts the difference in characteristics between the two groups when IR was de�ned as FI > 
15µiU/mL. The IR group was signi�cantly more likely to be obese (75.9% versus 27.1%; p < 0.001), have
low HDL levels (48.3% versus 25%; p = 0.016), and have high triglycerides levels (13.8% versus 2.1%; p = 
0.032) compared to the non-IR group. Although there were no statistical differences between the two
groups regarding the other variables analyzed, again, no Asian participants were classi�ed as IR, and
more than 62% of participants in both groups had elevated total cholesterol levels.

By univariate regression analysis, factors signi�cantly associated with IR in women with AUB were BMI,
WHR, and HDL levels. These associations persisted regardless of the FI level used to de�ne IR (see
Table 4). Ethnicity, Cr, triglycerides levels, total cholesterol levels, LDL, history of DM2, history of
hypertension, history of migraines, and smoking were not signi�cantly associated with IR in women with
AUB in either of the univariate regression analyses. When multivariate regression analysis was performed
using FI > 10µiU/mL to de�ne IR, BMI (standardized coe�cient β: 1.07, P = 0.015) and WHR (standardized
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coe�cient β: 1.94, P = 0.045) were independent predictors of IR in women with AUB. Regression analysis
was not performed using FI > 15µiU/mL.

Discussion
This study shows the prevalence of IR and other predictors of cardiovascular disease are higher among
women from this diverse suburban community with overall AUB (66%) than among the general
population. BMI and WHR were shown to be independent predictors of IR in women with AUB. The odds
of a woman with AUB having IR was 7 times higher for every 1 unit increase in BMI over 30 kg/m2 when
confounding for other variables. By the same convention, the odds of a woman with AUB having IR was
nearly 4 times higher for every 0.1 unit increase in WHR after 0.8. Low HDL levels, elevated triglycerides
levels, and ethnicity were also signi�cantly associated with IR in women with AUB, depending on how IR
was de�ned.

Similar to prior studies on AUB, the present study’s participants had a high prevalence of risk factors for
cardiovascular disease, including smoking (90%), obesity (45%), an elevated WHR (62%), and
dyslipidemia.16,18,24–25,28−31 The majority of participants did not have an elevated A1C or a history of
hypertension or DM2, but this lack of association has been noted in prior studies on overall AUB as
well.28–29 Prior studies have found a relationship between AUB and elevated triglycerides levels, but this
relationship was only signi�cant in the present study when participants were IR using the higher FI cutoff
of > 15µiU/mL.28–29 Interestingly, the signi�cant inverse relationship between IR and HDL levels in women
with AUB in the present study was not seen in prior studies on overall AUB.28–29 Participants with normal
HDL levels, which are considered cardioprotective, were almost 70 percent less likely to be IR.36

Additionally, although a signi�cant relationship between BMI and/or WHR and AUB has been reported in
multiple prior studies, the relationship between BMI and/or WHR, IR, and AUB has previously only been
shown to be signi�cant in prior studies on AUB due to PCOS.16,18,24–25,28−31

Some of the strengths of this study were the diverse patient population studied and the broad de�nition
of AUB intentionally used to evaluate the overall relationship between AUB and risk factors for
cardiovascular disease. However, this also made it di�cult to compare the present study’s results to the
results of prior studies, which often only evaluated one speci�c cause of AUB and included less diverse
study populations. Using a diverse study population limits how generalizable the present study’s results
are to more homogenous regions. Furthermore, as the pathophysiology causing AUB in women with
irregular cycles compared to those with AUB and regular cycles may be different, the prevalence of the
different risk factors for cardiovascular disease may not be the same in these different subsets of
women. Additionally, as this was a cross-sectional study, it can only identify associations between IR and
other cardiovascular disease risk factors among women with AUB.

Another weakness of this study was the high attrition rate present with 41 (35%) of the participants being
excluded from the analysis due to not completing any laboratory data despite regular reminders by the
study’s investigators. Although still included in the analysis, an additional four (3%) of the participants
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did not complete the required lipid panel and an additional 16 (13.6%) of the participants did not undergo
evaluation of their WHR. This selection bias likely affects how generalizable the results from the present
study are to women with AUB even. Finally, attempts to limit investigator bias were made by using
retrospective self-reports to diagnose AUB, but prior studies have shown these may not be accurate.38

Implications for Research
Further research is needed on the relationship between ethnicity and IR as ethnicity has been shown to be
an important predictor of cardiovascular disease in the general population.39 Although ethnicity was
shown to be signi�cantly related to IR in women with AUB when IR was de�ned as FI > 10 µiU/mL, it may
not have been signi�cantly related to IR using the higher FI cutoff due to a small sample size. A follow-up
study is currently underway to compare the prevalence of IR and other cardiovascular disease risk factors
in women with AUB to normally menstruating women within this same diverse suburban community.

Conclusions and Implications
The high prevalence of risk factors for cardiovascular disease seen in these women suggests that AUB
may be a sentinel �nding for DM2 and cardiovascular disease in women later in life. It is vital for
clinicians to screen women from diverse suburban communities with AUB for metabolic syndrome and
these other cardiovascular disease risk factors. These patients also need to be educated on lifestyle
changes they can make to reduce their risk for cardiovascular disease.
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