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ABSTRACT

Background: In the literatures, there is still argument regarding whether female gender is correlated with worse outcome following percutaneous coronary
intervention (PCI). In recent years, using of PCI has steadily increased in Yemen. However, the impact of gender on the clinical outcome following PCI
with 2" generation drug-eluting stents is still unknown in Yemeni patients.

Aims: To compare in-hospital outcome according to gender in Yemeni patients with coronary artery disease who underwent elective PCI at Military
hospital, Sana’a City, Yemen.

Methods and results: We analyzed data from 316 consecutive patients who underwent elective PCI procedures from January 2021 to December 2021 at
the Military hospital in Sanaa City, Yemen. Data were collected retrospectively through medical records, and computerized database of the hospital. An
overall of 145 (45.9%) were women. Men were nearly 3 years younger than women (56.7+11 vs. 60 9.3 years respectively; p-value, 0.005). The prevalence
of smoking and previous IHD was more common in men than women (p-value, < 0.005) and in men more stents were implanted. By contrast, women
were more frequently had obesity, dyslipidemia, diabetes mellitus, and hypertension (p-value, < 0.005). Likewise, incidence of coronary artery dissection,
bleeding, and renal insufficiency following PCI was more common in women than men (p-value, < 0.005). Using multivariate logistic regression analysis,
we found that female gender (adjusted odd ratio (AOR), 2.26; 95% confidence interval (CI), 1.05-5.43; p-value, 0.032) and dyslipidemia (AOR, 2.22; 95%
CI, 1.05-4.66; p-value = 0.036) were independent predictors of in-hospital bleeding.

Conclusion: Our study sheds additional light on the gender advantage enjoyed by males in PCI compared to females. Women were more likely to more
experience in-hospital bleeding, coronary artery dissection and renal insufficiency complications following PCI. Female gender and dyslipidemia were
independent predictors of in-hospital bleeding. It is important to evaluate each patient's individual risk factors for bleeding before undergoing PCI, including

dyslipidemia, and to take appropriate measures to minimize bleeding complications, especially in women.
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Recently, due to the ongoing development of drug-eluting stents,
drugs, equipment, and interventional technology, treatment
indications have steadily expanded. Nowadays, for high-risk

Introduction indicated patient sessions, many heart centers are able to handle

With an increase in the burden of coronary artery disease (CAD),
the percutaneous coronary intervention (PCI) has emerged as
one of the most effective treatments for CAD [1]. Globally, it
has been successfully utilized in clinical application for more
than 40 years, and it has undergone ongoing improvement [2].

full revascularization, and the efficacy has considerably improved.
Several recent research have revealed that there is gender-related
disparity in the clinical prognosis of patients with CAD following
PCI, which are affected by many associated risk factors of gender
diversities [2-6]. However, several reports have been inconsistent
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in demonstrating a reduction in the gender gap in hospital outcome
after PCI. Increased mortality and significantly worse early and
late outcom are associated with female gender [2,4,5,7,8].

The cause of female sex specific high risk is supposed to be
multifactorial. Women undergoing PCI are frequently delayed
in diagnosis and treatment, are older age, have larger burden of
comorbidities, and have atypical clinical presentation [9-15]. In
addition, the smaller size of coronary arteries in females makes
percutaneous procedures more challenging in general [16]. In this
study, we aimed to compare in-hospital outcome after elective
PCI in men and women admitted to a military hospital, Sana’a
City, Yemen.

Patients and Methods

Study Population

This study was single-center, retrospective, observational study.
From the hospital chart, we identified all consecutive patients with
CAD who underwent elective PCI procedures at military hospital
in Sana’a City, Yemen, between January 2021 and December 2021.
We included ischemic heart disease (IHD) patients whom aged
> 20 and < 85 years and underwent elective PCI. Patients who
underwent only diagnostic coronary artery angiography, referred
to coronary artery bypass grafting, underwent primary PCI, with
sepsis, active cancer, and covid-19, cardiac arrest prior to PCI, or
those with a missing hospital chart were excluded from analysis.

Data Source and Variables

From computerized database and medical records of the hospital,
we identified all consecutive patients with CAD who underwent
an elective PCI at a military hospital in Sana’a City, Yemen.
We collected all data including demographic-related (gender
and age), associated risk factors (obesity as body mass index
(BMI) >30 kg/m?, and smoking), comorbidities (diabetes mellitus
(DM), hypertension (HTN), peripheral vascular disease (PVD)
and chronic kidney disease (CKD), biochemical investigations
in both pre and post procedure (hemoglobin (HB), white blood
cells (WBC), platelets (PLT), and serum creatinine (sCr), as well
as ejection fraction (EF), parameters of angiography (number of
coronary artery narrowed, and number of stents implanted), and
complications (major adverse cardiac events (MACE), cardiogenic
shock, hypotension, new myocardial infraction (MI), arrhythmia,
coronary dissection, bleeding, contrast allergy, renal insufficiency,
and in hospital mortality.

Interventional Procedures and Antiplatelet Therapy

At amilitary hospital, all cardiac Cath interventions are carried out
by highly skilled, qualified and experienced cardiologists. Patient
preparation begins the day before procedure by investigation and
medication like loading dose Clopidogrel (600 mg) and Aspirin
(325-500 mg). In all our patients, coronary angiography was
performed with phlips Cath Lab Equipment. A minimum of two
orthogonal views were obtained for each vessel. Visual coronary
analysis was used for quantification of coronary lesions. All the
angiograms were evaluated by two separate cardiologists and all
the discrepancies were sorted out before finalizing the reports.
The angiographic pattern of coronary arteries was classified
according to the number of major coronary arteries involved. It
was called single, double, triple vessel disease when one, two or
three major coronary arteries were with >50% luminal stenosis,
respectively. The arterial segments were seen in such views that
have minimal overlapping or foreshortening of the lesions. In all
cases, drug eluting stents (zotarolimus eluting stents) were tried
to be implanted, and the arteriotomy site was the femoral artery
and trans-femoral Intervention was the access route of choice.

Operational Definitions

We defined an elective procedure as the absence of MI in the two
weeks prior to the intervention. “History of smoking is defined as
being a smoker of any amount of any type (cigarette, water pipe,
cigar, and pipe) before index PCI [17]. Dyslipidemia is defined
based on concentrations of low-density lipoprotein cholesterol
(LDL-C) and non-high-density lipoprotein cholesterol (non-
HDL-C) (130 and 160 mg/dL, or 3.4 and 4.1 mmol/L, respectively),
and patients who used lipid-lowering agent were considered as
hyperlipidemic patients. Patients were considered hypertensive if
systolic blood pressure (SBP) > 140 and/or diastolic blood pressure
(DBP) > 90 mmHg or if they were taking antihypertensive(s) or
changing their lifestyle to manage HTN [18,19]. These criteria set
the following as values that are indicative of DM: glycosylated
hemoglobin (HbA1C) > 6.5%, fasting blood sugar (FBS) >126 mg/
dl (7.0 mmol/1), 2-hours plasma glucose >200 mg/dl (11.1 mmol/l)
during an oral glucose tolerance test, random plasma glucose >200
mg/dl (11.1 mmol/l), or receiving anti-hyperglycemic agents [20].
The Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Arteries (GUSTO) criteria were used to
define incidence of bleeding [8]. MACE included procedure-
related deaths, renal failure, MI, stent thrombosis, bleeding
complications, ischemic target vessel revascularization, and stroke.

Statistical Analysis

The statistical package for the social sciences (SPSS) version 28.0
was used for data analysis (SPSS, Inc., Chicago, Illinois, USA). A
Shapiro—Wilk test was used for normality test of the continuous data.
Person’s x* test was used to compare between categorical variables;
whenever any of the expected values were less than 5, Fisher’s exact
test was used instead. Continuous normally distributed variables were
expressed as mean =+ standard deviation (SD) and Student’s t-test was
used for comparison, while non-normal distributions were represented
by the median associated with the range (minimum- maximum) and
Mann-Whitney U test was used for comparison. Previous research
have indicated that, up to the age of 50 to 60, women are more
likely than men to experience worse in-hospital outcomes [4, 21,
22]. Therefore, for gender comparisons, logistic regression was
used to calculate age-adjusted odds ratio (OR) with 95% confidence
interval (CI) as a linear variable. Then again, the Person’s x* test was
used to calculate OR for in-hospital bleeding. In order to determine
independent predictors of in-hospital bleeding, multivariate logistic
regression was then performed. Based on univariate p-values of
< 0.05, included variables in multivariate logistic regression were
selected. These variables included age, gender, smoking status,
dyslipidemia, BMI >30, HTN, DM, PVD, and CKD. The results
were regarded as significant when the p-value was > 0.05.

Results

Demographic data, comorbidities and associated risk factors are
presented in the Table 1. We included a total of 316 consecutive
patients, 171 (54.1%) were males and 145 (45.9%) were females.
Mean age was 58 + 10.3 years. HTN was the most common risk
factors in 165 (52.2%) patients, followed by smoking in 153
(48.4%) patients, dyslipidemia in 151 (47.8%) patients, previous
history of IHD in 143 (45.3%) patients, DM in 132 (41.8%)
patients and obesity in 70 (22.2%).

Regarding the comparison between both genders, men were nearly
3 years younger than women. In men, smoking, and previous
history of IHD was more common than in women. By contrast,
women were more frequently had obesity, dyslipidemia, DM, and
HTN. There were no significant differences between both genders
with respect to the PVD and CKD.
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Table 1: Baseline Characteristics of Patients According to
Gender (N=316)

Table 3: Procedural and Post-Interventional In-Hospital
Complications According to Gender (N=316)

Variables Males Females P-value Variables Males Females P-value
(N=171) | (N=145) (N=171) | (N=145)
Age (Years), Mean (SD) 56.7 (11) 60 (9.3) 0.005* Number of coronary artery | 1.29 (0.55) 1.28 0.781
Smoking, N (%) 50(29.2) | 21(145) | 0.002*% narrowed, Mean (SD) (51
. . o * Number of stents implanted | 1.7 (0.70) 1.33 0.001*
Dyslipidemia, N (%) 64 (42.4) | 87(57.6) | 0.000 por paticnt, Mean (SD) 06D
. o *
Obesity (BMI>30), N (%) | 23(134) | 47(324) | 0.000 Overall complications, N 38(222) | 41(283) | 0216
Previous history of IHD, 94 (55) 49 (33.8) 0.000* (%)
0,
N ) MACE, N (%) 30(17.5) | 35(24.1) | 0.148
(] %
DM, N (%) >6(424) | 76(57.6) 0’001* Cardiogenic shock, N (%) 3(1.8) 3(2.1) 0.838
0,
HTN, N (%) 62(37.6) | 103 (62.4) | 0.000 Mortality in hospital, N (%) | 0 (0) 1(0.7) | 0459
0,
PVD, N (%) 20.2) 3@2.1) 0423 Hypotension, N (%) 11 (6.4) 11 (7.6) 0.688
0,
CKD, N (%) 308 321 0.838 New MI, N (%) 2(1.16) 0 (0) 0.210
*Significant relationship at 0.05 Arrhythmia, N (%) 2(12) 6(4.1) 0.189
Coronary artery dissection, 2(1.2) 8(5.5) 0.028*
As shown in the Table 2, both pre and post HB were significantly | N (%)
higher in men (p-Value,.< 0.0QI). On the other hand, pre and post Bleeding, N (%) 12 (34.3) | 23(65.7) 0.013*
sCr were significantly higher in women (p-value, 0.000 and 0.005 7 "
respectively). However, there were no significant between men | Contrast allergy, N (%) 1(0.6) 3 @21) 2
and women in other variables. Renal insufficiency, N (%) 13 (7.6) 21 (14.5) 0.049*

Table 2: Pre and Post Procedural Investigations According
to Gender (N=316)

Variables Males Females P-value
(N=171) (N=145)

Pre HB (g/dl), median (range) 14.6 13.2 0.000%*

(10.4-19.2) (9.9-18)

Post HB (g/dl), median (range) 14 12.7 0.000%*
(7-18.7) (6.7-17.8)

Pre WBC (X 109/L), median 6.7 7 0.332

(range) (2.3-16.9) (4-15)

Post WBC (X 109/L), median 6.7 6.8 0.129

(range) (2.4-17.8) (4-22)

Pre PLT (X 109/L), median 270 270 0.369

(range) (119-507) (112-601)

Post PLT (X 109/L), median 281 283 0.528

(range) (152-512) (55-520)

Pre sCr, median (range) 0.8 0.9 0.000*
(0.3-1.5) (0.5-9.9)

Post sCr, median (range) 0.98 1.1 0.005*

(0.5-6) (0.6-5.5)
Pre EF%, median (range) 55 (32-95) 54 (32-72) 0.728
Post EF%, median (range) 56 (35-70) 56 (38-70) 0.648

*Significant relationship at 0.05

Procedural data and in-hospital outcome are presented in the
Table 3. Men were more likely to have had higher number of
stents implanted per patient (p-value, 0.001). By contrast, women
were more likely to have had higher coronary artery dissection
(p-value, 0.028), bleeding (p-value, 0.013), and renal insufficiency
(p-value, 0.049). Number of coronary artery narrowed, overall
complications, MACE, cardiogenic shock, hypotension, new MI,
arrhythmia, contrast allergy and mortality in hospital were not
different between both genders (p-value > 0.05).

*Significant relationship at 0.05

The results of age-adjusted logistic regression analysis are
shown in the Table 4. Women were 2.3 (CI, 1.09-4.81; p-value,
0.031), 5.9 (CI, 1.21-29.37; p-value, 0.029) and 2.3 (CI, 1.08-
4.78; p-value, 0.030) times more likely to have coronary artery
dissection, and renal insufficiency complications respectively
during hospitalization.

Table 4: Unadjusted And Age-Adjusted of Women’s Risk
for Bleeding and Renal Insufficiency Complications during
Hospitalization

Outcome Unadjusted Age-Adjusted
[ RTIGATE OR P-value AOR P-value
(95% CI) (95% CI)
Bleeding 2.5 0.015%* 2.3 0.031*
(1.196- 5.219) (1.09-4.81)
Coronary artery 4.9 0.046* 5.9 0.029*
dissection (1.031-23.618) (1.21-29.37)
Renal 2.1 0.053 2.3 0.030*
insufficiency (0.991-4.274) (1.08-4.78)

*Significant relationship at 0.05

The results of multivariate logistic regression analysis on in-
hospital bleeding are shown in the Table 5 and figure 1. After
adjustment for potential confounding factors, which included
demographics, associated risk factors, and comorbidities variables
in the total our cohort, we found that female gender (adjusted
odd ratio (AOR), 2.26; 95% CI, 1.05-5.43; p-value, 0.032) and
dyslipidemia (AOR, 2.22; 95% CI, 1.05-4.66; p-value = 0.036)
were independent predictors of in-hospital bleeding.
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Table 5: Univariate and Multivariate Logistic Regression

Analysis on In-Hospital Bleeding

Predictors Univariate Multivariate
OR P-value AOR P-value
95% CI) (95% CI)
Female 2.5 0.015%* 2.26 0.032*
gender (1.19-5.21) (1.05-5.43)
Age 1.04 0.040* 1.03 0.098
(1.02-1.07) (0.99-1.06)
Smoking 3.40 0.048* 3.17 0.067
(1.01-11.47) (0.92-0.92)
Obesity 0.86 0.738 0.94 0.895
(BMI >30) (0.36-2.06) (0.38-2.34)
DM 1.05 0.890 0.97 0.930
(0.52-2.14) (0.46-2.07)
HTN 1.09 0.795 0.99 0.979
(0.54-2.22) (0.47-2.08)
Dyslipidemia 2.29 0.027* 2.22 0.036%*
(1.09-4.78) (1.05-4.66)
PVD 5.61 (0.90- 0.064 | 3.82(0.55- 0.174
34.84) 26.47)
CKD 1.62 (0.18- 0.663 1.17 (0.10- 0.901
14.31) 13.61)
*Significant relationship at 0.05
AOR (95% CI P-value
Age - 2.26 (1.05- 543) 0.032*
Female gender 1.03 (0.99-1.06) 0.098
Smoking 317 (0.92-10.92) 0.067
BMI >30 kgim? | F— 0.94 (0.38-2.34) 0.895
om| —= 0.97 (0.46-2.07) 0.930
HTN| ——= 0.99 (0.47-2.08) 0.979
D 2.22 (1.05-4.66) 0.036%
PVD Y 382(055.2647) 0474
CKD| € 3 LI70.00-1361) 0901
50 150 2550 3.50
Odd Ratios

Figure 1: Forest Plot of the Results of Multivariate Logistic
Regression Analysis on In-Hospital Bleeding

Discussion

Apparently, our study is the first study examining the impact of
gender on in-hospital outcome after an elective PCI in Yemeni
populations. Our study came to two important findings. First, with
the exception of no gender-related differences in the incidence of
MACE and overall complications, the high incidence of in-hospital
bleeding, coronary artery dissection and renal insufficiency
complications in women were observed. Second, female gender,
and dyslipidemia were independent predictors of bleeding
complications in-hospital.

In fact, women patients with CAD vary from men patients. In
agreement with our study, several previous research revealed that
compared to men, women were older, and had a higher prevalence
of comorbidities such as HTN, and DM [4, 7, 16, 23-27]. The
diversities in the epidemiological data and the progression of
IHD between men and women have inspired many endeavors to
explain this phenomenon. The delayed development of IHD in
women may be explained by the protective action of estrogens
(by 10 years on average) [28]. A recent systematic review and
meta-analysis of six studies with a total of 6515 people found

that the difference was by 2.8 years [2]. In our patients, women
were older than men with a difference of 3.3 years. This finding
corroborates with the other recent studies done in different settings
in the world [6-8, 23-26]. The higher reported difference was 8.2
years in South Korea [7], whereas the lower reported difference
was 2 years in Japan and Poland as showcased in respectively
[4,24]. This diversity is explained by psychological variability and
women's greater emotional symptom display. It is also possible
that females were referred for PCI at that time later than males,
following the start of symptoms. Moreover, the effects of baseline
risk factors for IHD vary between women and men (tobacco use,
DM, HTN, low HDL-C levels, and higher triglyceride levels all
have a more pronounced effect on women) [16].

Not surprisingly, men in our study had higher average of stents
implanted per patient, as this result was reported by several previous
research from different geographical regions in the world [21,27].
In concordance with other studies, incidence of bleeding and renal
insufficiency in women was higher than their men counterparts
[4,7,8,23,27,29]. Notably, access route was femoral in all of our
patients. Jibran et al., revealed that false aneurysm can lead to a
higher incidence of bleeding [3]. Another study found that femoral
pseudoaneurysm was reported more frequently in women patients
[30]. The increased risk of bleeding in women has been attributed to
possible anticoagulant or antiplatelet overdoses, variations in platelet
biology, and other factors [31-33]. The patient's weight determines
the glomerular filtration rate, which is often lower in women than
in men, despite the same serum creatinine levels; pharmacokinetic
disparities between both genders may be impacted by reduced renal
function. Therefore, the effect of contrast using may have more
damaging in women than in men. According to Alexander et al., a
higher risk of in-hospital bleeding in women is related to more likely
of them to receive excess doses of glycoprotein IIb/Il]a inhibitors
and antithrombotic agents [31,33]. Although drugs of glycoprotein
[Ib/IMIa inhibitors (e.g. tirofiban and eptifibatide) are not available
in Yemen, other anticoagulants and antiplatelets have comparable
pharmacological effects [31,33,34]. Of note, during the procedure,
all patients in our study underwent PCI with a uniform regimen of
anticoagulants and antiplatelets. Therefore, this uniform regimen of
anticoagulants and antiplatelets in both sexes may impact disparities
in bleeding during hospitalization.

Likewise, our study revealed that the incidence of coronary artery
dissection was significantly higher in women than men, which is
in line with study findings done in Japan [4]. In terms of anatomy,
body size and arteries in women are smaller than men's [35]. As
seen in our study, smaller arteries may contribute to increased rates
of vascular injury and bleeding complications, such as coronary
artery dissection [21,36]. The endothelial layer of blood arteries
in women patients is more vulnerable than that in men patients,
which is an essential factor in the higher rates of vascular events
in patients who underwent PCI [21]. During the procedure, women
are more likely to experience vascular injury, due to difficult
processing stenting to treat coronary artery dissections, which
can occasionally lead to a serious situation with no blood or slow
flow in the coronary artery that injured [4].

In agreement with other studies, our study showed that there were
no significant differences between both genders towards MACE
and overall complications in-hospital [4, 23-26].

In our study, we also used analysis of logistic regression to identify
independent predictors of in-hospital bleeding. In agreement with
other studies, we observed that female gender, and dyslipidemia
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were independent predictors of in-hospital bleeding [4,7,8,23,37].
There is some evidence to suggest that there is an association
between dyslipidemia and bleeding following PCI. However, the
findings are not consistent, and the current evidence is inconclusive.
A study in Japan found that in univariate analysis, there was an
association between bleeding and dyslipidemia, but this association
has disappeared in multivariate analysis, although this study did
find that other factors such as age, female gender, previous PCI,
and previous HF were independent predictors of bleeding [37].

A recent study published in the European Heart Journal found
that a threshold value of LDL-C <70 mg/dL was associated with
an increased risk for major bleeds [38]. Dyslipidemia can cause
changes in platelet function, coagulation, and fibrinolysis, which can
increase the risk of bleeding. Therefore, it is important for healthcare
providers to carefully evaluate each patient's individual risk factors
for bleeding and to take appropriate measures to minimize bleeding
complications. Overall, the relationship between dyslipidemia and
bleeding following PCI is not entirely clear, and more research are
needed to fully understand the relationship between these factors.
Finally, we have observed an alarming prevalence of associated risk
factors of CAD, such as HTN, smoking, DM, and dyslipidemia,
which is similar to what was previously reported in Yemen [39].

Limitations

It must be acknowledged that our study has several limitations.
Firstly, it is a retrospective of a single center study, therefore has
an inherent selection bias due to its observational design. Secondly,
due to the nature of the review-based study, and we relied on the
hospital chart, records of cardiac catheterization, and laboratory,
our study may miss independent adjudication of outcomes during
hospitalization. Thirdly, we included only elective procedures,
limiting our findings generalizability to emergent procedures. Lastly,
extremely low events in hospital restricted generating the survival
curve in our study. It is necessary to do a sizable, prospective, and
multicenter study, and this is our endeavor in the future.

Conclusion

Our study sheds additional light on the gender advantage enjoyed
by males in PCI compared to females. Despite no gender-related
disparities in the incidence of MACE and overall complications were
not observed, women were more likely to more experience bleeding,
coronary artery dissection and renal insufficiency complications
following PCI. Female gender and dyslipidemia were independent
predictors of in-hospital bleeding. It is important to evaluate each
patient's individual risk factors for bleeding before undergoing
PCI, including dyslipidemia, and to take appropriate measures to
minimize bleeding complications. The use of closure devices, a
preference for radial artery access, and avoiding the improper use
of glycoprotein inhibitors are all bleeding prevention strategies that
should be taken into consideration, particularly in women.

Information Disclosure

Obtaining informed consent was not necessary since the data
collection was based on retrospective chart review. Besides,
and in accordance with the Declaration of Helsinki, our study
was approved by administration and Research Ethic Committee
of the military hospital and head of cardiac department and
clinical service director of the hospital gave their consent for
access to patient charts. Every effort was made to maintain
confidentiality throughout the study's duration and after it was
over by de-identifying and storing all other personal and medical
data separately. Additionally, only the investigators handled the
data obtained throughout the study, and the data were analyzed

in aggregates. Strict confidentiality was ensured through the
anonymous pre-coding and recording of questionnaires, and then
the final master sheets were securely stored.
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