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Abstract

Background: There is growing evidence that gender and sex
differences matter when it comes to many diseases'
epidemiology, etiology, treatment, and results; however, non-
communicable diseases seem to be more affected by these
differences. Aims: to investigate the effects of gender and sex
variations on cardiovascular disease (CVD) risk factors and
various diabetes CVD sequelae. Methods: A total of 1000
type 2 diabetic patients (T2DM), ages 35 to 75, were included
in this cross-sectional study: 500 males and 500 females.
Results: Diabetes duration (13.34 £ 4.64 vs. 11.99 * 5.04 ys),
HbA 1C (7.5 + 0.55 vs. 7.28 + 0.48 %) were considerably
higher in females than males (p < 0.001). Waist circumference,
smoking, and uric acid were significantly lower in females.
BMI, total cholesterol (TC), low-density lipoprotein (LDL-C),
high-density lipoprotein (HDL-C), triglycerides (TG), and
family history of premature CVD were significantly higher in
females. Heart failure, stroke, retinopathy, ischemic heart
disease, and peripheral arterial disease were insignificantly
different between both groups. While dysrhythmia, chronic
kidney disease (CKD), and peripheral neuropathy (PN) were
significantly lower in females than males.

Conclusions: Among Egyptian diabetic patients, Diabetes
duration, family history of premature CVD, BMI, HbA 1C,

TC, LDL-C, HDL-C, and TG were considerably higher in females than males. However,
Waist circumference, smoking, and uric acid were significantly lower in females. Males with
T2DM may be more susceptible to PN and nephropathy, whereas females with the same
disease may have a lower risk of arrhythmias than men with the same disease.
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Introduction:

There is growing evidence that gender and
sex differences matter when it comes to
many diseases' epidemiology, etiology,
treatment, and results; however, non-
communicable diseases seem to be more
affected by these differences. Nowadays, a
lot of organizations demand that the sex
and gender dimensions be taken into
account when conducting biomedical
research in order to enhance the
innovation, technology, and/or knowledge
created in terms of both societal relevance
and scientific quality ™.

In the areas of endocrinology and
metabolism, the most considerable body of
information about the therapeutic effects
of sexual dimorphisms is derived from
research on type 2 diabetes mellitus
(T2DM). Genetic predisposition,
environmental circumstances, and lifestyle
decisions all contribute to the pandemic
increase in T2DM and its consequences 2.
The biological differences between women
and men that result from differences in sex
chromosomes, sex hormones, sex-specific
gene expression of autosomes, and their
effects on organ systems are referred to as
"sex differences.” Women's bodies and
hormones fluctuate more profoundly over
the course of a lifetime due to reproductive
circumstances &I,

Gender inequality is primarily caused by
sociocultural processes, which include
differences in men's and women's
behavior, exposure to specific
environmental factors, food habits, stress
levels, lifestyles, and attitudes toward
treatment and prevention !,

Additionally, a complicated interaction
between genetic, endocrine, and social
variables influences gender roles and
gender identity .
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Compared with non-diabetic individuals,
by 20 to 30 years old, women with T2DM
had an early risk of major cardiovascular
disease (CVD), and by 15 to 20 years old,
for men. People with T2DM have a
roughly two-fold higher stroke, myocardial
infarction, and heart failure risk than
people without the disease.

Women are significantly more likely than
males to get a myocardial infarction due to
diabetes-related extra risk, whereas both
sexes with type 2 diabetes have equal
excess risks for other CVDs [°!,

Our study intends to evaluate gender and
sex differences impact on CVD risk
factors. It will also evaluate the many
diabetic CVD consequences and explore
potential causes and explanatory factors
that may account for these variations.

Subjects and Methods:

This cross-sectional study included 1000
type 2 diabetes patients; 500 of them were
male, and the remainder were female, with
ages ranging from 35 to 75 years old. The
study was conducted after receiving
approval from the Benha University
Hospitals Ethical Committee, code
(MD;12-12-2020).

The study was carried out in Benha
University Hospitals from March, 2021, to
March, 2022.

The participants gave their informed,
written consent. Patients with concomitant
cardiac disorders, such as congenital heart
disease,  rheumatic  heart  disease,
corpulmonale, restrictive cardiomyopathy,
and hypertrophic obstructive
cardiomyopathy (HOCM), were excluded,
as well as those who were < 35 years of
age.
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Data collection:

Demographic data, a patient's history of
T2DM, including duration, family history
of diabetes and premature CVD, and
history of diabetic complications such as
microvascular (neuropathy, retinopathy, or
nephropathy) or macrovascular
complications (peripheral vascular disease,
ischemic heart disease, or cerebrovascular
diseases) were registered. Full clinical
examination was performed to identify
diabetic patients with CVD.

Investigations:

Fasting plasma glucose (FPG), LDL-C,
TC, HDL-C, TG, serum uric acid, and
kidney function tests were measured
according to the laboratory's standard
procedures. Whenever needed,
echocardiography, resting or stress ECG,
and fundus examination were performed.
Stress ECG:

The identification of coronary ischemia
through an exercise stress test involves
several clinical indicators. Inability to
sustain six minutes of standard exercise, a
failure to raise systolic blood pressure
above 130mmHg, or a decrease of more
than 10 mm Hg post-activity are
significant. Additionally, the inability to
achieve a heart rate of 85 percent of age-
predicted maximum values is indicative.
Electrocardiogram  (ECG) signs  of
ischemia involve ST-segment changes—
depression or elevation lasting at least 0.06
to 0.08 seconds, measuring equal to or
exceeding 1 mm, and appearing
horizontally or downwardly sloping. In
specific cases where ST depression
ascends and surpasses 1.5mm at 0.08
seconds, it signals ischemia. During stress
testing, ST-segment depression commonly
indicates an ischemic response, while
elevation is often associated with prior
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myocardial infarctions and irregular left
ventricle wall motion.

Occurrence of these changes within 5
minutes of exercise, the persistence of
changes for more than 6 minutes into
recovery, and depression in five or more
leads are other markers of higher
probability for coronary artery disease [".
Sample Size Calculation:

Using the Cochran equation to obtain a
95 % confidence interval of + 5 % around
a prevalence estimate for heart failure.
Statistical analysis

Statistical analysis utilizing SPSS version
26 from IBM Inc. in Chicago, IL, USA
was conducted. The unpaired Student's t-
test facilitated the comparison of
quantitative variables between the two
groups, presenting results in mean and
standard deviation (SD). For qualitative
variables, frequency and percentage (%)
were examined using either Fisher's exact
test or the Chi-square test. A significant
statistical outcome was determined by a
two-tailed P value below 0.05.

Results:

Table (1) demonstrated that females had
significantly greater age, diabetes duration,
and HbAlc than males. The two groups'
occupations, marital status, place of
residence, and family history of DM did
not differ significantly. Females had
considerably lower fasting plasma glucose
than males (P value <0.001).

Comparing both sexes (Table 2), there
were insignificant differences in the
systolic and diastolic blood pressure. In
contrast, females had significantly lower
waist circumference, smoking, and uric
acid levels (P value <0.05) and
significantly higher TC, HDL-C, LDL-C,
TG, and family history of premature CVD
than males.



Table (3) revealed that females
experienced much less dysrhythmia than
males did (P-value = 0.008). There was an
insignificant difference in heart failure,
IHD, stroke, transient ischemic attack,
retinopathy, and asymptomatic peripheral
arterial disease (PAD) between the two
groups. Peripheral neuropathy and CKD
were substantially more common in men
than women (P value <0.001).

Compliance  with  medications  was
evaluated in Table 4, revealing the
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nonsignificant difference between both
sexes in terms of anti-diabetic, anti-
ischemic, anti-failure, and hypolipidemic
drugs were insignificantly different.
Lifestyle features were assessed in Table
5. Compliance with a healthy diet was
significantly better in males compared to
females (P value=0.035). Physical activity
and quality of life showed insignificant
variance between both sexes.

Table (1): Demographic data and diabetes parameters in the study population:

Males Females P value
(n=500) (n=500)
Non-modified risk Age (years) 56.69 £ 9.76 58.44 + 9.85 0.005*
factors
Modified risk factor Occupation Worker 310 (62%) 280 (56%) 0.054
Not 190 (38%) 220 (44%)
worker
Marital status  Married 311 (62.2%) 294 (58.8%) 0.289
Single 189 (37.8%) 205 (41%)
Residence Urban 325 (65%) 318 (63.6%) 0.675
Rural 175 (35%) 181 (36.2%)
Other parameters of diabetes
Diabetes duration (Years) 11.99+£5.04 13.34 £ 4.64 <0.001*
Family history of T2DM 281 (56.2%) 307 (61.4%) 0.095
HbAlc (%) 7.28+0.48 7.5+0.55 <0.001*
FPG (mg/dl) 145.15 + 11.17 137.58 +8.39  <0.001*
Data are presented as Mean + SD or frequency
Table (2): Impact of sex difference on CVD risk factors:
Males Females P value
(n=500) (n=500)
Systolic blood pressure (mmHg) 137.58 + 20.45 136.38 + 20.49 0.355
Diastolic blood pressure (mmHg) 79.24 +11.49 78.47 +11.48 0.292
BMI (kg/m?) 29.16 £ 3.77 30.15 £ 3.64 <0.001*
Waist circumference (cm) 101.46 + 3.83 100.92 + 4.42 0.038*
Smoking 347 (69.4%) 190 (38%) <0.001*
TC (mg/dl) 234.87 £17.11 254.63 £19.5 <0.001*
HDL-C (mg/dl) 28.74 £ 6.71 33.36 £ 7.53 <0.001*
LDL-C (mg/dl) 150.63 +9.84 159.24 +11.7 <0.001*
TG (mg/dl) 186.37 + 11.97 192.26 +£11.48 <0.001*
Family history of premature CVD <55y <65y
85 (17%) 140 (28%) <0.001*
Uric acid (mg/dl) 6.43 +1.29 5.04 +1.29 <0.001*

The data is displayed as Mean + SD. or frequency (%).
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Table (3): Impact of sex difference on diabetic cardiac complications, cerebrovascular complications,
microvascular complications, and PAD:

Males Females P value
(n=500) (n=500)
Cardiac complications
Dysrhythmia 152 (30.4%0) 115 (23%) 0.008*
Heart Preserved 38 (7.6%0) 46 (9.2%) 0.892
failure Reduced 20 (4%0) 23 (4.6%0)
Chronic stable angina 120 (24%) 119 (23.8%) 0.190
Acute coronary Un stable 31 (6.2%) 30 (6%0)
IHD syndrome angina
Acute Ml 22 (4.4%) 37 (7.4%)
CABG 25 (5%) 29 (5.8%)
Cerebrovascular complications
Stroke Ischemic stroke 86 (17.2%0) 66 (13.2%0) 0.178
Hemorrhagic stroke 72 (14.4%) 34 (6.8%)
TIA 32 (6.4%) 22 (4.4%) 0.786
Microvascular complications
Retinopathy 107 (21.4%) 117 (23.4%) 0.448
CKD 323 (64.6%) 256 (51.2%) <0.001*
Peripheral neuropathy 236 (47.2%) 180 (36%0) <0.001*
PAD
PAD Asymptomatic 183 (36.6%0) 155 (31%) 0.061
ABI 09+0.26 0.91+0.31 0.467

Data is presented as Mean £ SD or frequency (%). * Myocardial Infarction( MI), Ankle Brachial Index (ABI),
peripheral arterial disease (PAD). Ischemic heart disease (IHD). Coronary artery bypass graft (CABG). Chronic

kidney disease (CKD).

Table (4): Impact of sex on compliance of drugs:

Males Females P value
(n=500) (%) (n=500) (%)
Anti-diabetic 253 (50.6%) 234 (46.8%) 0.229
Anti- ischemic 201 (40.2%) 215 (43%) 0.369
Anti- failure 192 (38.4%) 202 (40.4%) 0.518
Hypolipidemic 228 (45.6%) 213 (42.6%0) 0.339
Table (5): Impact of sex differences Lifestyle:
Males Females P value
(n=500) (n=500)
Diet Unhealthy 49 (9.8%) 74 (14.8%) 0.035*
Less healthy 136 (27.2%) 141 (28.2%)
Healthy 315 (63%) 285 (57%)
Physical activity Sedentary 93 (18.6%0) 99 (19.8%) 0.752
Mild 259 (51.8%) 249 (49.8%)
Moderate 118 (23.6%0) 127 (25.4%)
Active 28 (5.6%) 23 (4.6%0)
Quality of life Poor 70 (14%0) 93 (18.6%0) 0.131
Fair 148 (29.6%0) 146 (29.2%)
Good 282 (56.4%) 261 (52.2%)

Data is displayed as frequency (%).
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Discussion

The main causes of morbidity and death in
diabetes patients who have a higher risk of
heart failure, coronary artery disease
(CAD), myocardial infarction (Ml),
diabetic cardiomyopathy (DCM), and
stroke continue to be CVD problems !,
SBP and DBP did not differ statistically
between the two groups, according to our
study showed that the effects of increasing
SBP (every 10-mmHg rise) on CVD
outcomes were comparable in both sexes
1 Also, studies revealed that there is no
sex-related variation in the stroke risk
brought on by elevated DBP or SBP 101,
This is inconsistent with a previous trial
who discovered that men have a
significantly greater chance of stroke
occurrences than women when their DBP
is elevated!?. A previous trial discovered
that women have a higher estimated
national control of hypertension and
hyperglycemia than males do™. A
previous trial  revealed that women have
a far higher prevalence of SBP than men
dot*.

In this research, it was observed that
females exhibited notably higher BMI
compared to males, with a recorded P
value below 0.05. Conversely, females
displayed a significantly lower waist
circumference than males, also with a P
value below 0.05. Studies discovered a
higher prevalence of obesity among
women with diabetes compared to ment**
161 A previous study ™ revealed that until
reaching the eighth decade of life, women
diagnosed with type 2 diabetes tend to
have a higher BMI than men. A previous
study ™8 reported an average BMI for
women at the time of type 2 diabetes
diagnosis that is 1.8 kg/m2 greater than
that of men after adjusting for age.

135

Diabetes and Cardio in Benha, 2024

Previous research proposed that variations
in body size and distribution between
genders might contribute to this observed
difference ™. The current study indicated
a significantly lower prevalence of
smoking in females compared to males,
with a P value below 0.001. A previous
study demonstrated that smoking
increased the risk of coronary heart disease
by 25% in women compared to men .
Additionally, levels of TC, HDL-C, LDL-
C, and TG were notably higher in female
subjects compared to males in this study,
with a P value below 0.05.

According to previous studies, women
with diabetes remain less likely to meet
their goals for high-density lipoprotein
cholesterol ** 1 According to previous
study, there was no distinction in gender in
the continuous log-linear relationships
between BMI, blood pressure, and total
cholesterol and the mortality from CHD or
stroke™. These associations were also
equivalent in strength across individuals
with and without diabetes. In the
NHANES, a previous study ” discovered
that diabetic women were less often on
target for blood pressure, LDL-C, and
HDL-C but not for HbAlc, TG, or non-
HDL-C. According to a previous study ™,
females have a much higher prevalence of
LDL-C values than males. Age differences
between genders in this study are
statistically significant (P value <0.05).
According to previous trial !, the average
age of a person in Italy was 56 years for
males and 58 years for women. This
contradicts the findings of previous study
221 who found a negligible variation in the
mean age of presentation between the
sexes.  Additionally,  previous trial
discovered that there is a statistically
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insignificant difference (P < 0.504) in the
mean ages of the two sexes®™. In people
aged 20 to 49, previous study ¥ found no
significant variations in the prevalence or
incidence of type 2 diabetes based on a
person's gender. Furthermore, according to
previous study there were significant
differences in the prevalence of diabetes
between people aged 50 and 59
However, by the time people reached their
seventh decade of life, there were no
longer any significant sex differences, nor
were there any between people aged 40
and 49 or between people aged 30 and 39.
According to our research, females with
diabetes have a substantially longer
duration than males (P value <0.001).
There is a negligible difference in the DM
family history between the two groups.
Each male and girl had a different type of
diabetes, all of them type Il. However,
previous study discovered no discernible
variation in the length of the disease
between the male and female groupst®?.
The current investigation revealed that
males had significantly better healthy diet
compliance than females. There is little
variation in physical activity between the
two groups. According to a previous study,
baseline risk factor analysis showed that
women were more physically inactive than
men®!,

In previous study noted that the majority
of  participants  expressed  overall
contentment with their quality of lifel").
However, they identified a strong link
between poorer physical and mental health
and the presence of diabetic issues
alongside a higher HbAlc percentage. A
previous study revealed that individuals
with elevated-risk HbAlc (>8.6%) faced
notably lower Health-Related Quality of
Life (HRQoL) across various aspects °!,
Our study highlighted a significantly
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higher  occurrence of  peripheral
neuropathy and CKD among men
compared to women. Women experienced
notably fewer instances of dysrhythmia
than men. No significant statistical
differences were found between the two
groups concerning heart failure, acute
coronary syndrome, stroke, transient
ischemic attack, or retinopathy. A previous
study ™% reported a higher incidence of
stroke among men compared to women.
However, our findings diverged from
those of research, who found that while
women had a higher diabetes-related
excess risk of myocardial infarction than
men, there was not a similar trend for heart
failure or stroke®. A previous research
indicated that the risk of incident CHD
doubles in men and triples in women with
diabetes compared to women without the
condition®®!.

According to previous research , women
with T2D had a relative risk of stroke that
was nearly 25% higher than that of men
[ However, diabetes seems to be a
bigger risk factor for CHD, CVD, and all-
cause mortality in women than in males,
according to previous research .
Notably, women with diabetes had a 57%
increased risk of coronary heart disease
(CHD) compared to men with the same
condition. Furthermore, a previous trial
discovered that while men and women
have similar overall extra risks, those with
type 2 diabetes have nearly a threefold
higher ~ risk of heart failuref®,
Furthermore, they found no gender
disparity in the additional risk for stroke
cases with T2D. There has been variability
in the results of published studies about the
impact of gender on the risk of stroke
associated with diabetes; some have
reported that women with diabetes have a
higher risk than men with diabetes ?¥ a



similar risk ¥ or a lower risk . The
prophylactic effect of female sex against
CVD in women with diabetes is declining,
according to an analysis that looked at
biological and environmental factors. The
authors emphasized the processes behind
the diabetes-related endothelial
degradation in females with diabetes.
These mechanisms included the way that
insulin and estrogen signaling interact, as
well as how hyperglycemia affects
estrogen  receptor  expression  and
activation. The subsequent
proinflammatory environment accelerates
the atherosclerotic process, which results
in coronary artery disease, especially in
women. Anti-diabetic, anti-ischemic, anti-
failure, and hypolipidemic medications did
not significantly differ between the two
groups in our results. Studies have shown
that women adhere to their medications
less frequently than males do [B% 37,
Women do not necessarily benefit from
medication adherence to the same degree
that males do because of the well-
established problems with women's
underrepresentation  in  clinical 8.
According to a previous study diabetes-
related sex variations in CVD may be
made worse by gender and sex differences
in treatment™ . Despite their worse
management of CVD risk factors, women's
treatment intensities are comparable to or
even lower than men's, according to
previous trials 2% This is likely due to
variations in national health systems and
availability of care. According to previous
triall*), even when therapies were included
as factors in the regression models, female
gender still had a significant correlation
with not meeting targets.

In this study, females exhibited notably
lower fasting blood sugar levels than
males. Conversely, women showed
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significantly ~ higher  HbAlc levels
compared to men. A previous trial %
highlighted a noteworthy difference in
HbA1C between male and female patients.
A previous trial  reported that women
diagnosed with type 2 diabetes had poorer
control over blood pressure, cholesterol,
and HbAlc levels compared to menl®.
However, a previous trial 44T did not
find substantial evidence of a significant
difference in HDALC values between
males and females. Conversely, a previous
trial revealed that within the age range of
30-59 years, men exhibited significantly
higher HbA1c levels than women (P<0.05)
41 A previous study , on the other hand,
observed minimal variation in HbAlc

levels between male and female groups(??.

Limitations of the study:

As an observational study, persistent
residual confounders persist despite
attempts to control a wide range of
predetermined  confounding  factors.
Additionally, our reliance on self-reported
data concerning smoking habits and
medication usage, coupled with a limited
number of occurrences for stroke subtypes,
hampers the estimation of gender-specific
relationships.

Conclusions:

Among Egyptian  diabetic  patients,
Diabetes duration, family history of
premature CVD, BMI, HbA 1C, and lipid
profile were significantly higher in females
than males. However, Waist
circumference, smoking, and uric acid
were significantly lower in females. Males
with T2DM may be more susceptible to
PN and nephropathy, whereas females
with the same disease may have a lower
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arrhythmia risk than men with the same
disease.
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