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Abstract

Conflicting results exist about the effect of hormone replacement therapy (HRT) on the
prevalence of coronary artery disease (CAD) in postmenopausal women. Given that CAD is the
most common cause of death in Type Il diabetic women, better understanding of this issue is
particularly important for postmenopausal women with Type 1l diabetes. Accordingly, this
project utilized a database of de-identified electronic medical records to investigate the incidence
of CAD-related events in postmenopausal Type 11 diabetic women between the ages of 55-75
with or without HRT. Further analysis of two of the most common HRTSs, premarin and estrace,
was conducted to compare their effects on the incidence of CAD-related events. There was no
difference incidence of CAD-related events in Type Il diabetic postmenopausal women with or
without HRT. In addition, there was no difference between the two forms of HRT, premarin and
estrace, in the incidence of CAD-related events. These findings may have important implications
for management of postmenopausal symptoms in women with Type Il diabetes.

Introduction

Randomized controlled trials from the Womena€™s Health Initiative (WHI) demonstrated that
administration of estrogen and progesterone as postmenopausal hormone replacement therapy
(HRT) increased the risk of coronary artery disease (CAD) in patients (Rossouw, et al., 2002).
These findings were published in 2002 and impacted HRT usage by postmenopausal women in
the United States, such that by the year 2010, only an estimated 2.7% of postmenopausal women
between the ages of 45-64 were taking the oral estrogen, premarin, previously the most
commonly used HRT (Jewett, et al., 2014). Since publication of the WHI, other studies have
produced conflicting results about the effects of estrogens on CAD. For example, elevated
circulating levels of estrone, one of the endogenous estrogens, was associated with lower
mortality rates for postmenopausal women with CAD or at high risk of CAD (de Padua Mansur,
et al., 2012). Other studies showed that HRT that used estradiol, a natural hormone, was
associated with reduced CAD risk while premarin, a conjugated estrogen HRT, was correlated
with an increase in CAD risk (Decensi, et al., 2002).



These conflicting results have led to confusion and disagreement about the use of HRT by
postmenopausal women, an issue that may be particularly relevant for postmenopausal women
with Type Il diabetes. CAD is the number one killer of diabetic women (American Diabetes
Association, 2014). Women with Type |1 diabetes are more likely to have increased lipid count,
high blood pressure, and obesity (American Diabetes Association, 2014), and obesity increases
the risk of CAD (American Heart Association, 2017; Mongraw-Chaffin et al., 2015). Numerous
studies have demonstrated that estradiol treatment decreases body weight in rat studies (e.qg.,
Eckel, 2011; Geary and Asarian, 1999; Graves et al., 2011), but similar findings in women are
lacking. Thus, the debate over the benefits and risks of HRT for postmenopausal women
continues.

A conspicuous gap in understanding of HRT effects on the risk of CAD exists for women with
Type Il Diabetes Mellitus. The lack of this information may have important implications for
management of postmenopausal symptoms in women with Type Il diabetes, and the risk for
and/or exacerbation of CAD. Therefore, the goal of this project was to assess the relationship
between HRT and the incidence of CAD-related events in postmenopausal Type Il diabetic
women between the ages of 55-75. We also sought to determine whether two of the most
common HRT, premarin and estrace, had differential effects. To do so, we utilized de-identified
electronic medical records (EMR) from Cerner Health FactsA®, which allowed us to examine
this relationship in a population of ~99,000 postmenopausal Type Il diabetic women throughout
the United States.

Methods

Cerner Health FactsA® was accessed to acquire EMR data on the population of interest for this
analysis. Health Facts data are a product of the health care services given in hospitals and clinics
within health systems operating a Cerner EMR system, and include pharmacy data, lab data,
billing data, and clinical events. Individual patient EMR information is de-identified in
compliance with HIPAA (Health Insurance Portability and Accountability Act) regulation. Each
patient is assigned a unique system identifier medical record number, given a HIPAA compliant
age to avoid use of their birth date, and a random pattern of date shifting is used for patient level
dates of service (Cerner Corporation, 2014). The Oklahoma State University Center for Health
Systems Innovation (OSU-CHSI) has been given access to Cerner Health FactsA®, which
served as the basis of this analysis.

As of 2015, the Cerner system comprised the health care information of 63 million unique
patients from 863 health care facilities within the midwest, northeast, south and west regions of
the United States (Cerner Corporation, 2014). Due to the large numbers of EMR, a
a€aesnapshota€« method was used, in which EMR for the select population were pulled from a
single year in this database. We opted to use EMR from the year 2013, as this is approximately
10 years after the publication of findings from the WHI (Rossouw, et al., 2002). Moreover, it
allows for comparison with reports on HRT use in the general population of postmenopausal
women published in that timeframe (e.g., Jewett, et al., 2014). EMR from all the regions of the
United States were included.



To retrieve the desired population of EMR from Health Facts, ICD (International Codes of
Diagnoses) were used to identify women diagnosed with Type Il Diabetes between the ages of
55 and 75. We specifically used ICDs indicative of Type Il Diabetes without complications, and
selected ages that are after the typical age of the menopausal transition, but less than ~15 years
beyond it. ICD also were used to exclude women with a history of breast, cervical, ovarian, or
uterine cancer, as well as women with previous hysterectomy. Finally, women with previous
history of CAD were excluded from the analysis.

The records resulting from these exclusions then were filtered for replicates, and to ensure that
no males were included. Next, records were identified for a prescribed HRT. We focused
specifically on premarin, a synthetic conjugated estrogen, and estrace, a natural form of estradiol.
Lastly, records from patients, on HRT or not, who were admitted into the hospital for a CAD-
related event such as myocardial infarction, stroke, or unstable angina during the year 2013 were
identified.

As a result, our analysis involved EMR from four categories of patient: Type Il diabetic
postmenopausal women without HRT with no record of a CAD-related event, Type Il diabetic
postmenopausal women without HRT with a CAD-related event, Type Il diabetic
postmenopausal women with HRT with no record of a CAD-related event, and Type |1 diabetic
postmenopausal women with HRT with a CAD-related event. Data cleaning was performed
using Microsoft Excel A® 2016 and the statistical tests were conducted using IBM SPSS
statisticsA®.

Statistical Analysis

The percentage of Type Il postmenopausal women not on HRT and without a CAD-related event
was calculated as [(number of women not on HRT without a CAD-related event diagnosis/total
number of women not on HRT) X 100]. Similarly, the percentage of Type Il postmenopausal
women on HRT and without a CAD-related event was calculated as [(humber of women on HRT
without a CAD-related event /total number of women on HRT) X 100]. Percentages of women
with a CAD-related event also were calculated for both women on HRT and for women not on
HRT. Finally, percentages of CAD-related events in women taking premarin or estrace were
calculated as [(number of premarin users with a CAD-related event/total number of premarin
users) X 100], and [(number of estrace users with a CAD-related event/total number of estrace
users) X 100].

A chi-square test was conducted to compare the percentages of CAD-related events in women
with and without HRT. In addition, a second chi square test was used to compare the percentage
of CAD-related events in women on premarin with the percentage of CAD-related events in
women on estrace.

Results

After excluding women with a prior history of breast, uterine, ovarian, or cervical cancer, prior
hysterectomy, and prior CAD diagnosis as described, the number of individual patient records
for the year 2013 from Type Il diabetic women after the typical age of menopause included in



the analysis was 98,838. As shown in Table 1, 93,510 of those women did not take HRT, and a
comparatively small proportion of these women (5,106) were admitted to the hospital with a
CAD-related event. The number of individual patient records from Type Il diabetic women after
the typical age of menopause on HRT (either premarin or estrace) was 222. Here too, a
comparatively small proportion of these women (12) were admitted to the hospital with a CAD-
related event.

Table 1: Total numbers of individual patient records included in the analysis. Numbers are
categorized as CAD (CAD-related event) or NO CAD (no CAD-related event), HRT (taking
hormone replacement therapy as either premarin or estrace) or no HRT (not taking hormone
replacement therapy). Total numbers of records within each category also is shown (Total).

CAD No CAD Total

no HRT 5,106 83.510 98.616
HRT 12 210 222
Total 5,118 93,720 08.838

The percentage of Type Il diabetic postmenopausal women without a CAD-related event was
approximately 95% whether or not they were taking HRT, while the percentage with a CAD-
related event was approximately 5%. We opted to present these data separately to better facilitate
comparisons of the percentages of Type Il diabetic postmenopausal women with (Fig. 1, bottom)
and without (Fig. 1, top) CAD-related events as a function of HRT status. Chi-square analysis
revealed that percentages of CAD-related events were not different with and without HRT
(Figure 1, top; p = 0.87, ns).
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Figure 1: Percentage of Type Il diabetic postmenopausal women with (bottom) or without (top)
CAD-related event (CAD) who were (black bars) or were not (open bars) taking hormone
replacement therapy (HRT; no HRT or HRT). Comparisons of % of CAD-related events with vs.
without HRT were conducted using a chi-square test. Chi-square = 0.234, p = 0.88, ns.

Additional analyses were conducted to compare the effects of premarin and estrace on the
percentage of CAD-related event s in this population of Type Il diabetic postmenopausal women.
In total, 115 women were recorded as taking premarin and, of these, a relatively small number
(7) was admitted to the hospital with a CAD-related event (Table 2). Similarly, a total of 107
Type Il diabetic postmenopausal women were taking estrace, and only 5 were admitted to the
hospital with a CAD-related event.



Table 2: Numbers of individual patient records for types of HRT included in the analysis.
Numbers are categorized as CAD (CAD-related event) or NO CAD (no CAD-related event), and
type of hormone replacement therapy (premarin or estrace). Total number of records within each
category also is shown (Total).

CAD No CAD Total
Premarin 7 108 115
Estrace 5 102 107

Figure 2 shows the percentages of CAD-related events in women taking premarin or estrace.
Chi-square analysis revealed that the percentage of CAD-related events in premarin and estrace
users were not different (p = 0.64, ns).

10 -+
g -
g -
Q 7
<L
o - "
9 N
- >
]
'; 4 -
3 4
=]
o~ , |
1 -
6.1% 4.7
0 ., |
Premarin Estrace

HRT type

Figure 2. Percentage of Type Il diabetic postmenopausal women with diagnosis of coronary
artery disease (CAD) who were taking premarin (solid bar) or estrace (hatched bar) as hormone
replacement therapy (HRT). Comparisons of % of CAD diagnosis with premarin vs. estrace were
conducted using a chi-square test. Chi-square = 0.217, p = 0.64, ns.



Discussion

Type Il diabetic women have a high risk of developing CAD (American Diabetes Association,
2014), and it has been reported that CAD also increases in women after menopause (Wellons et
al., 2012). Although the WHI was undertaken to determine whether HRT decreased cancer risk
and reduced heart disease in women as had been commonly assumed, the results showed
increased risk for breast cancer and no consistent evidence of decreased CAD in women taking
HRT (Roussow et al., 2002). These findings were published in 2002 and, consequently, the
number of women taking HRT decreased dramatically. For example, in 2010, an average of
2.7% of women between the ages of 45-64 reported taking an oral estrogen-premarin HRT
versus 13.5% of similarly aged women in 2000 (Jewett et al., 2014).

Interestingly, only 0.23% of Type Il diabetic postmenopausal women included in our study were
taking HRT. It is possible that these women suffered less from symptoms typically associated
with the menopausal transition (e.g., hot flashes, vaginal dryness, etc.) and so opted not to utilize
HRT. Alternatively, it may be that since they were Type Il diabetics, they were advised by their
physicians not to use HRT. In any case, it is clear that there were lower rates of HRT use among
the Type Il diabetic postmenopausal women included in our study. However, the question
remains as to whether HRTa€”even the lower rate of use we observeda€”altered the incidence of
CAD-related events in Type Il diabetic postmenopausal women, and whether the specific HRT
used differentially affected the incidence of CAD-related events.

We excluded conditions that would have complicated the interpretation. Because of the
possibility of increased risk factors for cancer in women taking HRT, all women with a history
of breast, uterine, cervical, or ovarian cancer were excluded. Women with a prior partial or total
hysterectomy also were excluded, because studies have indicated that earlier menopause can
increase CAD risk (Wellons et al., 2012). Last, women with a prior history of CAD were
excluded to rule out pre-existing CAD. With these exclusions, we found no effect of HRT use on
incidence of CAD-related events in the population of Type Il diabetic postmenopausal women
included in our study. Thus, HRT did not affect the incidence of CAD-related events compared
to Type Il diabetic postmenopausal women who were not HRT users.

We next assessed the effects of the two most common forms of HRT, premarin, a synthetic
conjugated estrogen, and estrace, a natural estradiol. Here too, we observed no difference in the
incidence of CAD-related events between premarin and estrace users. It should be noted that,
when these records were assessed separately, the numbers for each were comparatively small
(~100 for each type of HRT). Nonetheless, only ~5% of premarin or estrace users had a CAD-
related event, which was similar to the percentage observed in records of women without HRT.
Thus, our data suggest that these two types of HRT do not differentially affect incidence of
CAD-related events in Type Il postmenopausal diabetic women. Clearly, the results must be
interpreted cautiously, and additional data will be necessary to more fully evaluate the effect of
HRT, and specific types of HRT on the incidence of CAD-related events in Type Il diabetic
postmenopausal women. At present, however, our data suggest that HRT neither negatively nor
positively impacts the incidence of CAD-related events in postmenopausal Type 1l diabetic
women without pre-existing CAD.



On the surface, these data may seem surprising, given the increased prevalence of CAD in Type
Il diabetics, and the findings from the WHI (American Diabetes Association, 2014; Roussouw et
al., 2002). However, subsequent studies indicate that the risk of developing CAD becomes
greater with increased duration after menopause before initiating HRT (Santen et al., 2010).
Nonetheless, due to the 4€cesnap-shota€« approach in our study (i.e., limiting the data to a single
patient and a single year) rather than a more longitudinal approach (i.e., evaluating patient
records over time), information about the interval between menopause and the initiation of HRT
could not be precisely determined, nor was it possible to determine the duration of HRT use.
Future studies for different years and longer durations could provide more answers about longer
term effects of HRT use in Type Il diabetic postmenopausal women.

Other studies have suggested that different forms of HRT can have negative or positive effects
on CAD risk (Shufelt et al., 2014). We opted to focus on premarin and estrace (conjugated
estrogen and estradiol), as our initial assessment of the records indicated that these were the most
common forms of HRT prescribed. Although there was a slight difference between the two
forms of HRTa€”a marginally lower percentage with estrace compared to premarina€”this
difference did not attain statistical significance. Larger sample sizes may have allowed us to
better detect a difference between these two forms of HRT in terms of the incidence of CAD-
related events, or between the incidence of CAD-related events with use of either form of HRT
by Type 1l diabetic postmenopausal women vs. the incidence of CAD-related events in Type Il
diabetic postmenopausal women who were not on HRT. Similarly, we cannot rule out that a
larger sample size of Type Il diabetic postmenopausal women who were on any form of HRT
may have allowed us to better detect differences in incidence of CAD-related events with and
without HRT. In short, although the current data are potentially instructive in regard to strategies
for managing peri- and post- menopausal symptoms, and in regard to the incidence of CAD-
related events with HRT use in postmenopausal women with Type 11 diabetes, further evaluation
and a broader examination of the available data base will be crucial.

Other investigations have been performed to better understand physiological factors by which
HRT may influence CAD risk. In one study, HRT improved microvascular reactivity in healthy
postmenopausal women, but did not in Type Il diabetic postmenopausal women. Lim and
colleagues reported that HRT decreased adhesion molecules in diabetic women (Lim et al.,
1999), thereby reducing the potential for plaque buildup which leads to CAD development.
Increases in C-reactive protein (CRP) levels have been positively correlated with CAD risk in
healthy postmenopausal women; however, HRT does not have a substantial effect on CRP levels
(Pradhan et al., 2002). Lipoproteins have also been assessed in several studies (e.g., Koh et al.,
2001; Lamon-Fava et al., 2010); however, the results are somewhat contradictory. For example,
one study indicated that conjugated estrogen HRT decreased low density lipoproteins (LDLsS)
and elevated high density lipoproteins (HDLs) in Type Il diabetic postmenopausal women (Koh
et al., 2001), whereas another study reported that Type Il diabetic postmenopausal women on
HRT did not exhibit increased HDLs as was found to occur in non-diabetic postmenopausal
women (Lamon-Fava et al., 2010). Thus, the full range of physiological effects related to CAD
and their relationship to various types of HRT use in Type Il postmenopausal women is yet to be
determined. Future studies comparing blood pressure, vasoactive hormones, and other
physiological variables in Type Il diabetic postmenopausal women with and without HRT use
will be important in addressing this issue.



We focused on postmenopausal Type 1l diabetic women because of their higher risk of
developing CAD compared to their younger female counterparts and to men (Kalyani et al.,
2014; Kanaya et al., 2002). However, differences in the prevalence of CAD exist within the
larger population of Type Il diabetic postmenopausal women, as well. For example, diabetic
African American women showed an increased risk of developing CAD when compared with
European Americans (Crawford et.al, 2015; Gillum et al, 2000), and this risk may be exacerbated
by their elevated body mass index (BMI). In fact, BMI has been shown to correlate with CAD
risk more generally (Kalyani et al., 2014; Kanaya et al., 2002). Unfortunately, due to the small
population of Type Il diabetic postmenopausal women taking HRT who experienced CAD-
related events in this study, we could not compare effects within different ethnic groups, and the
available records did not always include the data necessary to calculate BMI. Clearly, both
ethnicity and BMI will be of interest in future studies.

Finally, it should be noted that we focused on comparing the effect of HRT on the incidence of
CAD-related events in Type Il diabetic postmenopausal women rather than a healthy control
population. To some degree, this decision was determined by the use of EMR from patients
admitted to the hospitals included within the Cerner database. Clearly, analysis of ~99,000 EMR
provides a distinct advantage over smaller clinical trials, particularly in the ability to access de-
identified data from a population throughout the United States while identifying specific criteria
for inclusion and exclusion. However, it does not include records from a€ out of networka€™,
which is particularly relevant for mortality data. Thus, additional longitudinal studies should be
conducted.

In conclusion, use of a large database of de-identified EMR to evaluate the incidence of CAD-
related events in Type Il diabetic postmenopausal women without existing CAD revealed no
effect of HRT or of the specific form of HRT (premarin vs. estrace). Thus, absent existing CAD,
HRT may not increase the risk of CAD-related events in Type Il diabetic postmenopausal
women. However, the percentage of Type Il diabetic postmenopausal women taking HRT
(~0.2%) was considerably less than that reported in the general population of postmenopausal
women (~2.7%; Jewett et al., 2014), precluding a complete assessment of ethnic, racial, and
physiological factors that may differentially impact the outcome in specific populations of Type
Il diabetic postmenopausal women.
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