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Abstract

Although many studies have reported the relationship between female hormone intake and cardiovascular dis-
ease (CVD) development, their association has not been fully elucidated and defined, based on data from the Third
National Health and Nutrition Examination Survey intending to assess the health and nutritional status of non-insti-
tutionalized children and adults in the United States. This study examined the relationship between female hormone
intake and coronary artery disease (CVD) development in 38,745 women, averaging 38.10+ 12.59 years in age. We
explored the association between hormone intake and CVD incidence, considering various social determinants

of health (SDOH) with statistical methods like Chi-square tests, logistic regression, and stratified Chi-square analy-

sis. Our findings reveal a complex relationship between female hormone intake and CVD development. Hormones
appear to reduce CVD risk in women over 60 years old. However, hormone intake correlates with increased CVD

risk in highly educated women. Socioeconomic status also influences this relationship; while hormones pose a risk
factor for heart failure and stroke in impoverished or wealthy women, they serve as a protective factor against CVD
for middle-income women. Additionally, hormonal intake seems beneficial for women who experienced menarche
between 13 and 15 years old, menopause between 30 and 49, and had 7-9 pregnancies, especially when coupled
with a diet low in sugar, fat, cholesterol, and adequate folic acid intake. These results indicate that while hormones
can prevent CVD under specific conditions, their impact can be detrimental in different SDOH contexts. In conclu-
sion, while appropriate hormone intake can prevent CVD, its effects vary across different demographic and health
backgrounds. This underscores the necessity for meticulous screening of SDOH factors in clinical settings to maximize
the protective benefits of hormones against CVD.
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Introduction

Cardiovascular disease (CVD) is a cardiovascular dis-
ease caused by reduced blood flow in the coronary
arteries, mainly from atherosclerosis. It is often clas-
sified into stable or unstable angina and myocardial
infarction, which may ultimately lead to heart failure
or sudden cardiac death according to the clinical symp-
toms, depending mainly on the degree of stenosis due
to atherosclerosis. It is the leading cause of human
death all over the world. In the United States, approxi-
mately 20.1 million people have a CVD, and the preva-
lence is up to 30% among those over 80 years old [1].
The highest percentage of prevalence is in chronic
stable angina, with approximately 11.1 million people.
Although mortality from CVD has declined by a rela-
tive 25% over the past decade as a result of progressive
understanding of CVD and advances in medical tech-
nology, the total number of deaths has increased, and it
remains the leading cause of death in the United States
and worldwide [2].

Endocrine and metabolic abnormalities such as hyper-
tension, diabetes, hyperglycemia, obesity, and dyslipi-
demia are the main modifiable risk factors for CVD
[3-5]. Moreover, gender, age, and race are associated
with the prevalence of CVD [6]. Epidemiological stud-
ies found a higher incidence of myocardial infarction
among Blacks than Whites in the Atherosclerosis Risk in
Communities (ARIC) study in patients aged 65-84 [7].
It reported that the incidence and mortality of CVD in
premenopausal women are significantly lower than those
of men of the same age, and the incidence and mortal-
ity of CVD in postmenopausal women are similar to
those of men [8—11]. It is attributed to the difference in
estrogen levels in the premenopausal or postmenopausal
period in women, and the main components of estrogen
include estradiol, estrone, estriol, and other lipid-sol-
uble steroid hormones, secreted by the ovaries [12, 13].
Estrogen replacement therapy reduces the risk of coro-
nary artery disease in postmenopausal women [14-16].
It protects cardiomyocytes, reduces fibroblast collagen,
boosts HDL, lowers LDL, and has cardiovascular protec-
tive effects [17]. Combined with progestogen therapy to
lower lipoprotein A, improve cardiac autonomic control,
and prevent aging changes in endothelial function [18].
Estrogen also regulates blood vessel and cell function and
is involved in inflammatory responses and metabolism.
Estrogen reduces monocyte adhesion through endo-
plasmic reticulum mechanisms and reduces vascular
inflammation [19]. It reduces endothelial cell apoptosis,
inhibits smooth muscle cell proliferation and migration,
and improves atherosclerosis [20]. High estrogen levels
promote Th2 and Treg immune balance and exert anti-
inflammatory effects.
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Social determinants of health (SDOH) such as race,
education, socioeconomic status, housing, medical care,
and food significantly impact health. [21]Coronary heart
disease is closely related to SDOH and is often over-
looked in female hormone and coronary artery disease
(CVD) studies [21].Women often face low socioeco-
nomic, educational, stress, diet, and access to health care,
resulting in low health resources, which are major con-
founding factors in CVD studies [14, 15]. Studies have
shown that hormone intake is associated with CVD [22],
but animal studies cannot directly infer humans [23, 24].
Observational studies have shown that menopausal hor-
mone therapy (MHT) has a positive effect on CVD risk
factors and reduces morbidity. However, the results of
clinical studies are uncertain due to the neglect of SDOH
or the small number of women [25, 26]. Therefore, based
on data from the Third National Health and Nutrition
Examination Survey (NHANES III) over a 20-year period
that included 38,745 cases, our study performed a strati-
fied Chi-square test to accurately assess whether female
hormone intake is associated with the development of
CVD in women, which rigorously controlled for SDOH
status in the included patients. And we aimed to evaluate
female hormone intake’s preventive or therapeutic poten-
tial in the development of CVD.

Materials and methods

Study population

Data came from the third NHANES from 1999 to 2020.
NHANES III was a cross-sectional study intended to
assess the health and nutritional status of non-insti-
tutionalized children and adults in the United States.
This survey recorded dietary information and behav-
ior questionnaire for adults and children through family
interviews, blood sample collection at the Mobile Exami-
nation Center, and a comprehensive physical examina-
tion. A total of 119,128 people participated in NHANES
1999 — 2020. This study excluded male participants and
participants younger than 20; missing or incomplete soci-
oeconomic factors (education, family income level, and
body mass index); and incomplete, unreliable, or uncer-
tain factors related to CVD. Finally, the study included
38,745 eligible participants. Specific study design, sam-
pling, and exclusion criteria are described in Fig. 1. The
publicly available data were used, and no ethical approval
was involved in this analysis.

Evaluation of CVD

Whether they had CVD was based on their health sta-
tus in the questionnaire, which included " Ever told
you had congestive heart failure,” " Ever told you had
angina/angina pectoris,” "Ever told you that you had a
heart attack,” and "Ever told you that you had a stroke”.
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Participants of NHANES
1999~2000(n=9965);2001~2002(11=11039)
2003~2004(n=10122);2005~2006(n=10348)
2007~2008(n=10149);2009~2010(n=10537)
2011~2012(n=9756);2013~2014(n=10175)
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n=119128

2015~2016(=9971);2017~2020(n=27066)

IDENTIFICATION

n=66235

\ 4

excluded Male Participants

Female Participants

n=52893
n=10078
> excluded Participants
younger than20years
\ 4
Age 220 female Participants
n=42815
n=3119

excluded Participants with
.| missing orincomplete BMI;

A 4

Race/ Ethnicity; Education
level; Poverty to income ratio ;

n=39696

Age 220 with complete information about
BMI; Race/ Ethnicity; Education level;
Poverty to income ratio ; Marital status

Marital status

SCREENING AND ELIGIBILITY

n=951
excluded Participants with
incomplete or unreliable or

A

\ 4

missing data for congestive
heart failure ; coronary heart
disease; angina/angina

INCLUDED

n=38745

Age 220 with complete information about
BMI; Race/ Ethnicity; Education level;
Poverty to income ratio ; Marital status;
congestive heart failure ; coronary heart
disease; angina/angina pectoris; heart
attack; stroke and so on

pectoris; heart attack; stroke

Fig. 1 Flow chart of the screening process for the selection of participants in NHANES1999-2020

According to the answer "yes" or "no" to these question-
naires, we determine whether they have one or more of
the above-questioned four clinical features of CVD.

Evaluation of female hormone intake

Female participants were asked: "Ever used female hor-
mones such as estrogen and progesterone (include any
forms of female hormones, such as pills, cream, patch,
and injectables, but do not include birth control methods
or use for infertility)?”’Additionally, many women take
estrogen as a contraceptive, not for any disease treat-
ment. Therefore, when women were asked, "Have you
ever taken the pill for any reason." Their answers were
divided into "yes" or "no." Those who answered "yes" to
one or two of the above two questions were classified

as taking female hormones. Those who answered "no"
to both questions were classified as not taking female
hormones.

Evaluation of SDOH
The Centers for Disease Control and Prevention and the
World Health Organization define SDOH as the condi-
tions in the environments where people are born, live,
learn, work, play, worship, and age that affects a wide
range of health, functioning, and quality of life outcomes
and risks from economic, social, environmental, and psy-
chosocial perspectives [27].

SDOH factors included in this study include age, race
(Mexican Americans, Non-Hispanic White, Non-His-
panic Black, Others Hispanic or Other races), education
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level (High school or below, Some College, College
graduate or above), family income (Poverty to income
ratio <1.30, Poverty to income ratio betweenl.31 ~3.38,
Poverty to income ratio > 3.39), marital status (Married/
living with partner or Not married). These SDOH status
was based on their answers in the questionnaire, which
included "Age in years of the participant at the time of
screening. Individuals80 and over are topcoded at 80
years of age." " Recode of reported race and Hispanic ori-
gin information.” "What is the highest grade or level of
school {you have/Sp has} completed or the highest degree
{you have/s/he has} received?" "Marital status” and "A
ratio of family income to poverty guidelines..

Definition

The population analyzed in this study was divided into
those taking female hormones and those not taking
female hormones. Covariates in multivariate models
include SDOH factors associated with female hormones,
such as age at menarche, menopause, number of preg-
nancies, diet, and average sleep duration per night, are
also covariates. Based on NHANES, each covariant was
classified into subgroups for comparison. The detailed
classification criteria are provided in Supplementary
Table 1.

Statistical analysis

Chi-square analysis was performed to compare the
SDOH characteristics of participants with or without
CVD and whether they took the female hormones dur-
ing home interviews. Multivariate logistic regression
was established to define the association between female
hormone intake and CVD while adjusting for all covari-
ates. The covariates considered in multivariate models
include age, ethnicity, and socioeconomic indicators such
as the highest level of education obtained, marital status,
income level, and BMI. Moreover, we compared the risk
of CVD between participants taking or not taking female
hormones in different subgroups of covariates using the
Stratified Chi-square test with participants not taking
female hormones as reference subjects. The risk of tak-
ing female hormones on CVD development was evalu-
ated by odds ratio (OR) and reported by 95% CI with a
two-tailed significance level of 0.05. An OR<1 indicates
a protective role of female hormone intake on CVD, and
OR>1 indicates its opposite role. All statistical analyses
were performed using SPSS 25.0 with appropriate sam-
pling weights to account for stratification.

Result

Characteristics of study participants

We analyze 38,745 eligible female participants with an
average age of 38.10 £ 12.59 years old. Table 1 shows the
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characteristics of all 38,745 female participants. Among
them, 35,041 participants (90.44%) without CVD, 3704
participants (9.56%) have CVD, 1356 cases (3.50%)
with congestive heart failure, 1278 cases (3.30%) with
angina/angina pectoris, 1511 (3.90%) with heart attack,
1007 patients (2.60%) with stroke.

The correlation analysis shows that the SDOH fac-
tors, including age, ethnicity, education level, poverty
to income ratio, and marital status, are associated with
CVD (Table 1, p-values<0.001). Higher age is sig-
nificantly associated with CVD prevalence, presented
in any clinical feature ( CVD+vs. CVD-: conges-
tive heart failure: 41.61+5.99 vs. 34.94+9.47; angina/
angina pectoris 42.53+9.61 vs. 34.96+9.46; heart
attack: 41.85+6.84 vs. 34.95+9.47; stroke:40.61 + 8.54
vs. 34.93 £ 9.46). The participants of the non-Hispanic
white race are less likely to get CVD, specifically in
heart attack (31.7% vs. 34.8%) and stroke (33.3% vs
34.7%). In contrast, non-Hispanic Blacks is prone to get
CVD (congestive heart failure: 31.0% vs. 27.3%; angina/
angina pectoris 38.1% vs. 26.9%; heart attack: 41.5%
vs. 26.5%; stroke:29.4% vs. 27.2%). The proportion of
participants in poverty with the four clinical mani-
festations of CVD is lower than those out of poverty
(p-values <0.001). Among the factors affecting female
hormone levels, those who have experienced Bilat-
eral Ovariectomy and Arthritis have a higher preva-
lence of four clinically manifested symptoms of CVD.
The majority of CVD is generally higher among those
who have been pregnant more than six times. The
age at menarche<10 or>16 years old and at meno-
pause<30 years or>60 years are associated with a
higher prevalence of CVD. And there are fewer partici-
pants with CVD among obese participants (BMI> 30).
Additionally, the proportion of participants who intake
female hormones which get CVD is significantly lower
than those without CVD (congestive heart failure:
63.6% vs. 73.7%; angina/angina: 59.8% vs. 73.7%%; heart
attack:66.7% vs. 73.7%; stroke:73.9% vs. 74.6%).

Characteristics of Participants by female hormones intake
Table 2 summarizes the analysis results for the asso-
ciation of the other characteristics and female hor-
mones intake status of the participants. 71.9% of adult
women have taken female hormones, and compared
with women who didn’t accept female hormones, the
participants who take female hormones were younger
(49.38 £9.42y vs. 51.02 + 8.61y, p-values <0.001) as well
as high-income (34.7% vs. 19.8%, p-values <0.001); The
married women are inclined to take the female hor-
mones (59.3% vs. 47.1%, p-values < 0.001).
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Table 2 Correlation analysis between demographic factors and
female hormones intake

Characteristics Intake of female hormones p-value
Yes No

N¥ 27869(71.9)  10,876(28.1)

Age® 49.38+942 51.02+861 <0.001

Race/Ethnicity <0.001
Mexican American 4125(14.8) 2480(22.8)
Other Hispanic 2759(9.9) 1588(14.6)
Non-Hispanic whites 12875(46.2) 2501(23.0)
Non-Hispanic blacks 5852(21.0) 2186(20.1)
Other races 2258(8.1) 2121(19.5)

Education level <0.001
High school or below 9949(35.7) 5329(49.0)
Some college 9949(35.7) 3306(30.4)
College graduate or above 7971(28.6) 2241(20.6)

Marital status <0.001
Married/living with partner 16526(59.3) 2123(47.1)
Not married 11343(40.7)  5753(52.9)

Poverty to income ratio <0.001
<130 9308(33.4) 4959(45.6)
1.31~338 8862(31.8) 3763(34.6)
>339 9671(34.7) 2154(19.8)

This tabular data is processed using chi-square analysis

N* represents unweighted number, and the remaining values are weighted
values using NHANES MEC examination weight

2 Figures are expressed as mean + standard error (for mean age), other figures
are expressed as Number (Percent)

Risk Evaluation of CVD and female hormone intake
The multiple logistic regression analysis was used to
analyze of the association between CVD and female
hormone intake before and after adjustment for covari-
ates (Fig. 2 and Table 3). In multiple regression analy-
sis, female hormone intake was a risk factor before
adjusting for covariates, for congestive heart failure
(OR=1.563, 95%CI:1.557-1.570), angina pectoris/angina
pectoris (OR=1.398, 95%CI1:1.391-1.406), heart attack
(OR=1.102, 95%CI:1.097-1.107), and stroke (OR=1.026,
95%CI: 1.022-1.029). After adjusting for all covari-
ates we included (Modell5), intake of female hormone
seemed to be a protective factor of congestive heart fail-
ure (OR=0.892, 95%CI: 0.890-0.894); Angina/angina
pectoris (OR=0.782, 95%CI1:0.780—-0.784); heart attack
(OR=0.963, 95%CI:0.959-0.967) and stroke (OR=0.942,
95%C1:0.934—-0.950). These results suggest that intake of
female hormone plays a protective role in CVD.
Additionally, we categorized 12,808 women based
on their menopausal status. Table 4 details the multiple
logistic regression analysis evaluating the correlation
between coronary artery disease (CVD) and pre- and
post-menopausal hormone intake, with adjustments
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for covariates. The covariates included in our multiple
regression analyses were race, age, education level, mari-
tal status, poverty to income ratio, age at menarche, age
at menopause, and number of pregnancies. Post-adjust-
ment, hormone intake was found to be a protective factor
against CVD, as indicated by the odds ratios for con-
gestive heart failure (OR=0.915, 95% CI: 0.846—0.990),
angina/angina pectoris (OR=0.915, 95% CI: 0.849-
0.986), heart attack (OR=0.757, 95% CI: 0.687-0.834),
and stroke (OR=0.832, 95% CI: 0.768-0.901). These find-
ings underscore the protective effect of female hormone
intake on the development of CVD in postmenopausal
women.

Subgroup analysis
To accurately assess the effect of hormone-related factors
on taking female hormones and the occurrence of CVD,
we make a stratified analysis for the included covariates
by using age, education level, household economic level,
BMI, endogenous female hormone levels, and dietary
and metabolic levels as stratification variables (Table 5).
The number of female respondents with female hormone
intake aged > 60 years old who suffered from CVD is less
than those who did not suffer from CVD. Conversely,
women aged between 40—60 years old who take in female
hormones are at an elevated risk of a heart attack.
Additionally, taking female hormones poses a stroke
risk related to menopause duration<10 or>10 vyears.
However, for women with a shorter duration of meno-
pause (<10), taking female hormones may make them
less susceptible to developing heart failure, heart attacks
and angina. In contrast, for women with a longer dura-
tion of menopause (>10), the risk of these conditions is
higher. Interestingly, for women who received higher lev-
els of education (college graduates or above), the prob-
ability of female hormone intake in people with angina
pectoris, heart attack and stroke is more than those
without angina pectoris, heart attack and stroke. While
the probability of female hormone intake in women with
CVD is less than in women without CVD under lower
education levels. However, women at the middle-income
level who take in female hormones are prone to suffer
any type of CVD. Moreover, the women with menarche
at 13-15 years old, menopause at 30—49 years old, and
pregnancies 7-9 times, as well as with a low-sugar
(<25 g/day), low-fat (<50 g/day), low-cholesterol diet
(<300 mg/day) and proper folic acid intake (>800 ug/
day) intake female hormones have a protective effect on
the development of CVD (p-values <0.001). These results
suggest that the intake of female hormones is a protective
or risk factor for CVD, depending on the different SODH
factors and the factors that affect the endogenous estro-
gen release level.
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A Congestive heart failure p-value C Heart attack p-value
Model 0 1.563  (1.557-1.570) <0.001 Model0 1102 (1.097-1.107) <0.001
Model 1 1235 (1.229-1241) n <0.001 Model 1 0974 (0.971-0978) <0.001
Model2 1291 (1.286-1.296) <0001 Model2 0958 (0.953-0.962) <0.001
Model3 1317 (1312-1323) «0.001 Model3 0997 (0.993-1.002) 0.064
Modeld 1304 (1.299-1309) 0,001 Model4 0952 (0.947-0.957) <0.001
Mode 304 299-1. .

Model § 1045 (1.043-1.047) <0.001 Model 5 0.771 (0.770-0.772) <0.001
Model D o o -1 » <0,

Model 6 0.804 (0.803-0.805) <0.001
Model 6 0942 (0.941-0.944) . 0.014 "

B Angina/angina pectoris pvalie D Stroke p-value
Model0  1.398 (1.391-1.406) - <0.001 Model0  1.026  (1.022-1.029) <0.001
Model1 1196 (1.189-1.203) <0.001 Model I 0.912 (0.904-0.920) <0.001
Model2 1138 (1.131-1.145) <0.001 Model2 0874 (0.871-0.878) <0.001
Model3  1.361 (1.353-1.370) <0.001 Model 3 0.87 (0.867-0.873) <0.001
Model4 1512 (1.504-1.520) <0.001 Model 4 0.755 (0.753-0.758) <0.001
Model5 0945 (0.943-0.947) <0.001 Model 5 0.894  (0.893-0.895) <0.001
Model 6 0.767 (0.765-0.768) - <0.001 Model 6 0.901 (0.900-0.902) <0.001

08 08 1 a1 12 a3 4 15 18 o o8 oss 09 09 1
Model0: no covariates were adjusted.
Modell: Further adjust for age *expressed as odds ratio (95% confidence interval).
Model2: Further adjust for race. The middle vertical line is the null line, that is, OR=1;
Model3: Further adjust for education level OR< 1 (the left of the null line) is the protective factor
Model4: Further adjust for marital status. OR> 1(the right of the null line) is the risk factor
ModelS: Further adjust for poverty to income ratio. This tabular data is processed using multivariate logistic regression.
Model6: Further adjust for the age at menarche, the age at menarche and the number of pregnancies.

Fig. 2 The logistic regression analysis of the association between CVD and female hormone intake before and after adjustment for covariates. A
congestive heart failure (B) angina/angina pectoris (C) heart attack (D) stroke

Discussion

Although the protective effect of female hormones on
CVD has been demonstrated in animal experiments
[23, 24], with the emergence and development of gen-
der medicine, it has been gradually recognized that the
SDOH factors exert a binding effect on many disease
occurrences [28]. Therefore, the relationship between the
occurrence of CVD and female hormones intake could
not be accurately defined through previous clinical trials
[15]. Therefore, this study assessed the relation between
female hormone intake and the development of CVD in
38,745 eligible female participants, based on data from
the NHANS III over 20 years, and demonstrated that
intake of female hormones is a protective or risk factor
for the occurrence of the CVD depending on the dif-
ferent SODH factor statues and the related factors that
affect the endogenous estrogen release level.

Correlation analysis found that the occurrence of four
clinical manifestations of CVD in females is significantly
related to SDOH factors (age, race, education level, fam-
ily income, and marital status) and the other factors that
affect endogenous hormone release levels (bilateral ova-
riectomy, pregnancies number, menarche age, meno-
pause age), and exogenous hormone intake. In addition,
exogenous hormone intake in women, including female

hormones for therapeutic purposes and contraceptives,
was associated with many demographic and endocrine
factors. Thus, these factors act as confounders that influ-
ence the exact relationship between female hormones
and CVD. Furthermore, logistic regression analysis
showed that female hormone intake was a risk factor for
CVD development without adjusting for covariates. After
adjusting for race, age, education level, marital status,
family economic status, age at menarche and menarche,
and the number of pregnancies, the female hormone
intake shifts to a protective factor for CVD development.
In future clinical studies, investigators should consider
various demographic and endocrine factors affecting
female hormone levels.

We found several interesting results in the stratified
analysis of covariates. First, it showed that female hor-
mone intake reduces the risk of the four clinical features
of CVD in women aged > 60 years old, but it increases the
risk of a heart attack in women between 40-60 years old
and angina pectoris and stroke in women aged between
20-40 years old. It suggests that exogenous estrogen sup-
plementation can prevent CVD in old females with lower
levels of estrogen (women aged>60 years old). A pro-
spective cohort study found that bilateral oophorectomy
increased the risk of CVD, while estrogen replacement
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Table 5 Subgroup analysis of the association of female hormones intake and occurrence of CVD
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Angina/angina Heart attack Congestive heart Stroke

pectoris failure

OR p-value OR p-value OR (95%Cl) p-value OR(95%CI) p-value
(95%Cl) (95%Cl)

Agely) <0.001 <0.001 <0.001 <0.001
20-40 1.132(1.126-1.139) 0.999(0.999-0.999) 0.999(0.999-0.999) 1.058(1.049-1.067)
40-60 0.627(0.625-0.629) 1.389(1.383-1.395) 0.867(0.864-0.870) 0.702(0.698-0.706)
>60 0.563(0.562-0.564) 0.685(0.684-0.687) 0.810(0.809-0.812) 0.824(0.823-0.826)

Education level
High school or below
Some college
College graduate or above
Poverty to income ratio
<13
1.31-3.38
>3.39
BMI
<25
25-29.9
>30
Sleep time(h/day)
1-3
4-6
>6
Age at menarche(y)
<10
11-12
13-15
>16
Age at menopause(y)
<30
30-39
40-49
50-59
>60
Number of pregnancies(times)
1-3
4-6
7-9
>10
Duration of menopause
<10
>10
Sugar intake(g/day)
<25
25-49
>50
Fat intake(g/day)
<50
50-79
>80

<0.001
0.270(0.267-0.273)
1.006(1.005-1.009)
1.002(1.001-1.003)
<0.001
1.016(1.016-1.017)
0.774(0.772-0.775)
0.972(0.971-0.972)
<0.001
1.061(1.052-1.069)
2.088(2.070-2.107)
1.975(1.975-1.975)
<0.001
1.276(1.260-1.293)
1.005(1.003-1.008)
1.024(1.012-1.034)
<0.001
1.996(1.996-1.997)
0.995(0.993-0.998)
0.994(0.990-0.996)
1.994(1.991-1.996)
<0.001
1.002(1.001-1.006)
0.996(0.940-0.991)
0.996(0.996-0.996)
1.074(1.048-1.100)
1.174(1.148-1.198)
<0.001
443(1 439-1.447)
003(1.001-1.006)
0. 974(0 972-0. 975)
1.008(0.996-1.119)
<0.001
0.993(0.987-0.999)
1.168(1.008-1.328)
<0.001
0.917(0.917-0.917)
1.037(1.037-1.037)
1.361(1.350-1.373)
<0.001
0.996(0.940-0.991)
1.037(1.037-1.037)
1.508(1.506-1.510)

<0.001
0.574(0.569-0.578)
0.965(0.957-0.972)
1.001(1.000-1.003)
<0.001
1.017(1.017-1.017)
0.887(0.886-0.888)
0.974(0.973-0.974)
<0.001
1.035(1.036-1.036)
1.361(1.350-1.373)
1.994(1.993-1.994)
<0.001
0.994(0.990-0.999)
0.991(0.990-0.991)
0.975(0.969-0.980)
<0.001
2.996(2.996-2.997)
0.995(0.993-0.998)
0.994(0.990-0.996)
1.994(1.991-1.996)
<0.001
1.232(1.201-1.253)
0.994(0.990-0.996)
0. 980(0 976-0.989)
73(1.148-1.200)
074(1 .052-1.099)
<0.001
1.636(1.629-1.643)
1.459(1.444-1.474)
0.887(0.886-0. 888)
1.115(1.105-1.126)
<0.001
0.987(0.978-0.996)
1.091(1.001-1.181)
<0.001
0.916(0.916-0.917)
1.018(1.018-1.018)
2.088(2.070-2.107)
<0.001
0.874(0.872-0.875)
1.018(1.018-1.018)
1.090(1.090-1.091)

<0.001
0.625(0.621-0.628)
5.637(5.558-5.717)
0.429(0.423-0.435)
<0.001
1.034(1.034-1.034)
0.771(0.770-0.773)
1.098(1.098-1.098)
<0.001
1.079(1.069-1.089)
2.813(2.794-2.831)
1.143(1.142-1.144)
<0.001
0.992(0.989-0.994)
2.331(2.298-2.365)
0.982(0.980-0.984)
<0.001
1.990-1.991)
137-1.169)
0.992-1.000)
.337-1.369)
<0.001
1.124(1.110-1.139)
0.994(0.942-0.999)
0.995(0.990-0.998)
1.0174(1.148-1.198)
1.074(1.048-1.107)
<0.001
718(1.713-1.723)
1 507(1 .505-1.510)
0.995(0.988-0.999)
0.998(0.998-0.998)
<0.001
0.824(0.724-0.924)
1.014(1.004-1.024)
<0.001
0.812(0.807-0.819)
1.018(1.018-1.018)
1.361(1.350-1.373)
<0.001
0.887(0.886-0.888)
1.018(1.018-1.018)
1.906(1.906-1.910)

1.991
1.153
0.996

(
@
(
1.353(1

<0.001
0.507(0.504-0.510)
0.664(0.654-0.673)
1.008(1.006-1.009)
<0.001
1.016(1.016-1.017)
0.688(0.686-0.690)
1.074(1.073-1.074)
<0.001
1.052(1.052-1.053)
1.408(1.396-1.419)
1.993(1.993-1.993)
<0.001
1.275(1.259-1.292)
1.012(1.001-1.022)
1.024(1.017-1.028)
<0.001
3.376(3.349-3.403)
0.995(0.993-0.998)
0.994(0.990-0.996)
1.011(1.010-1.011)
<0.001
1.233(1.224-1.240)
0.976(0.940-0.991)
0.995(0.994-0.996)
1.024(1.012-1.033)
1.274(1.247-1.293)
<0.001
2.042(2.014-2.071)
1.203(1.194-1.221)
0.974(0.966-0.989)
1.084(1.057-1.112)

1.019(1.005-1.033)
1.008(1.001-1.015)
<0.001
0.859(0.856-0.867)
0.705(0.703-0.706)
1.408(1.396-1.419)
<0.001
0.974(0.966-0.989)
0.705(0.703-0.706)
1.048(1.048-1.049)
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Table 5 (continued)
Angina/angina Heart attack Congestive heart Stroke
pectoris failure
OR p-value OR p-value OR (95%Cl) p-value OR(95%CI) p-value
(95%Cl) (95%Cl)
Saturated fatty acid intake (g/day) <0.001 <0.001 <0.001 <0.001

<10 0.997(0.995-0.999)
>10 1.213(1.151-1.377)
CA34holesterol intake(mg/day) <0.001
<300 0.997(0.995-0.999)
300-699 1.213(1.151-1.377)
>700 1.361(1.350-1.373)
Folic acid intake(ug/day) <0.001
<400 1.083(1.083-1.084)
400-799 1.037(1.037-1.037)
>800 0.508(0.506-0.510)
the Fasting Glucose (mmol/L) <0.001
<7 1.256 (1.122-1.405)
>7 1.788(1.347-2.373)
cigarettes smoked per day <0.001
<10 1.295 (1.100-1.532)
10-19 1.166 (1.041-1.305)
>20 1.965 (1.019-3.790)

0.994(0.990-0.996)
1.994(1.991-1.996)
<0.001
0.994(0.990-0.996)
1.294(1.291-1.296)
2.088(2.070-2.107)
<0.001
1.045(1,044-1.045)
1.018(1.018-1.018)
1.090(1.090-1.091)
<0.001
1.266 (1.131-1.416)
1.348(1.207-1.505)
<0.001
0.937 (0.913-0.996)
1.560 (1.033-2.355)
1.814 (629-5.234)

0.994(0.990-0.996)
1.994(1.991-1.996)
<0.001
0.994(0.990-0.996)
1.194(1.191-1.196)
1.361(1.350-1.373)
<0.001
1.037(1.037-1.037)
1.018(1.018-1.018)
0.906(0.906-0.910)
<0.001
1.203(1.041-1.389)
1.640(1.205-2.231)
<0.001
0.881(0.718-.922)
1.137 (1.032-1.254)
1.237(1.134-1.313)

0.994(0.990-0.996)
1.011(1.010-1.011)
<0.001
0.994(0.990-0.996)
1.011(1.010-1.011)
1.408(1.396-1.419)
<0.001
0.706(0.704-0.709)
0.705(0.703-0.706)
1.048(1.048-1.049)
<0.001
1.380(1.242-1.534)
1.881(0.618-3.222)
<0.001
1.068 (1.057-1.078)
1.349 (1.118-1.683)
2.257 (1.324-4.883)

This tabular data is processed using the Stratified Chi-square test

therapy could reverse this condition [29].In addition,
computed tomography scanning of coronary artery calci-
fication revealed a lower prevalence of plaque in coronary
arteries in patients with estrogen replacement therapy
within five years of oophorectomy [30].

Interestingly, for women who received higher levels of
education (college graduates or above), intake of female
hormones is a risk factor for CVD, while it is a protec-
tive factor for CVD in women with lower education lev-
els. It may attribute to females with high education levels
who are often engaged in mental work and less physical
activity. A possible explanation is that women with high
levels of education are primarily engaged in mental work.
They have much sedentary time due to their occupational
characteristics (including TV watching, computer use,
and driving).Studies have shown that passive activity is
associated with an increased risk of cardiovascular dis-
ease and all-cause mortality [20], meaning that the reduc-
tion in physical work due to sedentary activity which is a
significant factor in the incidence of CVD.

Attractively, for women in poverty (poverty to income
ratio < 1.3) or in wealthy (poverty to income ratio > 3.39),
female hormone intake is a risk factor for congestive
heart failure and stroke, but it is a protective factor for
the four clinical features of CVD for women in middle-
income level. Many studies reported that poverty and

socioeconomic disadvantage in low-income communi-
ties are significant risk factors for developing coronary
artery disease [31-34]. Moreover, these studies only
dichotomized economic levels into the poor and non-
poor groups. Adam L. Beckman et al. found an increased
prevalence of dyslipidemia and obesity in the high and
low PIR groups. One study classified economic levels
into high, moderate, and low PIR and found an increased
prevalence of dyslipidemia and obesity in the high and
low PIR groups [35], and the investigated symptoms are
close to CVD. In addition, studies also have suggested
that low income leads to a higher prevalence of central
obesity, sedentary, and smoking [36]. However, some
studies have attributed this phenomenon to the psycho-
logical stress of people in poverty rather than specific
income [37]. Poverty as a chronic stressor leads to physi-
ological dysregulation of the responsiveness to stress
through the hypothalamic—pituitary—adrenal (HPA)
axis and the sympathetic nervous system (SNS) [38, 39],
which are associated with an increased cardiometabolic
risk and for affluent people, they may be equally exposed
to psychological problems [40] such as obesity, sedentary
lifestyle, smoking, and especially anxiety and depression
[41-43], leading to an increased risk of CVD.

Moreover, the factors affecting endogenous estro-
gen secretion levels can lead to the positive or negative
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effects of taking female hormones on the development of
CVD. The women of menarche at 13—15 years old, men-
opause at 30—49 years old, and pregnancies 7-9 times,
as well as with a low-sugar (<25 g/day), low-fat (<50 g/
day), low-cholesterol diet (<300 mg/day) and proper
folic acid intake (>400 ug/day) intake female hormones
have a protective effect on the development of CVD. And
the opposite of these factors can lead to the unbeneficial
result of taking female hormones to CVD occurrence.
These results suggest that an intake of female hormones
is a protective or risk factor for CVD, depending on
the different SODH factors that affect the endogenous
estrogen release level. Mainly in women with older age
(=60 years old) and low educational level, in poverty or
wealth, with menarche aged at 13-15 years old, meno-
pause age at 30—49 years old, and with a low sugar and fat
diet. It explains the contradictory results of many clini-
cal studies. The limited sample size makes it impossible
to stratify the study population in detail and obtain more
accurate analysis results.

The findings of this study hold significant implications
for clinical practice and public health strategies. Initially,
they underscore the necessity for personalized medicine,
emphasizing the need for tailored hormone replacement
therapy (HRT) based on the specific social determinants
of health (SDOH) in women, which can determine the
risk of CVD from taking female hormones and make
individualized decisions about timing and dosage adjust-
ments. For instance, HRT may serve as a preventative
measure for CVD in women over the age of 60. Instead,
Women with certain characteristics should make more
cautious decisions when using exogenous hormones,
such as younger age, higher education, poor or excessive
economic situation, and poor dietary conditions and hab-
its. Furthermore, considering lifestyle factors in women
with higher educational attainment is also essential, as
these factors may influence the cardiovascular effects of
HRT. Public health professionals can utilize this informa-
tion to design and implement targeted educational and
preventive programs to raise awareness among women
about risk factors for CVD and to encourage healthy life-
style choices.

Additionally, the study’s findings reveal the relation-
ship between socioeconomic status and CVD risk, sug-
gesting that policymakers should address the specific
health needs of women from low-income and high-
income communities, potentially providing increased
support and resources for these groups. For example,
the US Healthy People 2030 agenda [44] addresses
SDOH factors contributing to health inequalities.
Moreover, the results indicate that proper dietary and
nutritional intake, such as a low-sugar, low-fat, low-
cholesterol diet, and adequate folic acid intake, may
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be associated with the protective effects of female hor-
mone intake. This provides clinicians with guidance on
promoting healthy dietary habits, which could contrib-
ute to reducing the risk of CVD.

The advantage of this study is that the NHANES III
database has many nationwide cross-sectional study
samples, which can represent the overall American
population after weighing the samples. Therefore, the
potential factors that may affect the relationship of
exposure factors to outcome variables included in this
study are relatively comprehensive. Additionally, we
made a stratified analysis to precisely define the protec-
tive or risk role of female hormone intake for the devel-
opment of CVD among subgroup populations with
different SDOH backgrounds. Moreover, selection bias
can be avoided as the sample data comes from commu-
nity questionnaires. However, there some limitations
still existed in this study. Firstly, NHANES III used a
self-reported questionnaire to inquire about female
hormone intake, which introduces recall and self-
reported bias; Secondly, the data comes from cross-
sectional studies, which means that further prospective
studies are needed to verify the causal relationship
between female hormones and CVD.

Conclusion

Our study concludes that various SDOH factors that
affect hormone secretion levels are significantly associ-
ated with the development of CVD. And they are also
associated with whether female hormones were taken or
not. Therefore, exogenous administration of female hor-
mones has a preventive effect on the occurrence of CVD
in specific groups of women. Furthermore, our results
suggest that female hormone intake is a protective or risk
factor for CVD, depending on the factors affecting the
endogenous estrogen release level. Therefore, compre-
hensive and systematic consideration of various factors
affecting endogenous hormone secretion levels is sig-
nificant for whether female patients can obtain positive
clinical benefits by taking female hormones in clinical
application.
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