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Abstract  
 

Introduction 

Although it is known that sex differences exist in cardiovascular mortality among the general 

population, the evidence regarding these differences among men and women with chronic kidney 

disease (CKD) is inconclusive and inconsistent. This thesis aims to systematically review the current 

literature regarding sex differences in cardiovascular mortality among CKD patients. 

Method  

PubMed, Medline, EMBASE, Scopus and the Cochrane Central Register of Controlled Trials (CENTRAL) 

were searched systematically and studies were included if they looked at sex-stratified cardiovascular 

mortality outcomes among adult CKD patients of any stage from 2004 up to May 2019, and excluded 

if their patient population were exclusively diabetic or had a renal transplant, malignancy, non-

conventional treatments or surgical interventions. Reported risk estimates (hazard ratios (HR) with 

95% confidence intervals (CI)) were pooled and risk ratios (RR) and cardiovascular mortality rates were 

calculated where data was available. 

Results 

Thirty eight studies and one registry report (ANZDATA) involving 110,568 participants were included, 

and the results demonstrated that there was no significant association of sex with overall 

cardiovascular mortality among CKD patients, both in reported risk estimates (HR 1.10, 95% CI 0.95-

1.28), and calculated risk estimates from additional data in the included studies together with 

ANZDATA (RR 1.16, 95% CI 1.02-1.32). However, there was some heterogeneity among both the 

reported HRs (I2= 41.6%, p= 0.013), and calculated RRs (I2= 69.1%, p= 0.000). Subgroup analysis and 

risk of bias assessment revealed there were considerable bias at study and outcome level that 

contributed to heterogeneity of results.   

Conclusion 

The findings from the study show that men and women with CKD share equal risk of cardiovascular 

mortality, which is contradictory to the prevalent opinion that cardiovascular risk is higher in men with 

CKD. Therefore, further research is required to understand whether this shift in cardiovascular 

mortality is due to a reduction in mortality in men, or an increased risk in women with CKD, and 

strategies to address these inequalities in cardiovascular disease prevention and management in CKD 

patients.  
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CHAPTER ONE. LITERATURE REVIEW 
 

1.1. Introduction 

Chronic Kidney disease (CKD) is a global public health issue that places a major burden on patient 

health and quality of life, as well as significant economic burden on healthcare systems around the 

world.(1) The Global Burden of Disease study estimated that in 2015, kidney failure was responsible 

for 1.2 million deaths worldwide, leading to a 32% rise in mortality from 2005.(2) CKD causes 

premature death, mainly due to an increased risk of cardiovascular diseases, such as heart failure, 

myocardial infarction and stroke.(3) In the majority of geographical regions, the prevalence of CKD is 

higher among women compared to men.(4) Whether sex differences also exist in the risk of 

cardiovascular mortality among CKD patients, requires further understanding. Better awareness 

regarding sex differences and strategies to address these differences in CKD patients could contribute 

to the reduction of CKD-associated cardiovascular mortality. Therefore, the purpose of this review is 

to look at the current literature on the association between CKD and cardiovascular mortality and the 

potential impact of sex differences on this association. 

1.2. CKD and associated cardiovascular mortality  

CKD is defined as the gradual loss of kidney function, measured by estimated glomerular filtration rate 

(eGFR), and/or evidence of kidney damage persisting for 3 three months or longer.(5) Evidence of 

kidney damage can include one or more of the following: -   

• Albuminuria (albumin: creatinine ratio (ACR) ≥30mg/g),  

• Abnormal urinary sediment, 

• Abnormal electrolyte levels, 

• Abnormalities on histology (kidney biopsy), 

• Structural abnormalities detected by imaging (e.g. polycystic kidney), and/or 

• History of a kidney transplantation.(5) 

The principle causes of CKD are diabetes mellitus and hypertension, and other causes include 

glomerulonephritis, polycystic kidney disease etc.(5) The most commonly used diagnostic tool, eGFR, 

is estimated using exogenous markers (e.g. iohexol), or calculated using equations.(5) Patients 

progress through 5 stages of CKD with declining renal function, such as: - 

• Stage 1: normal or high GFR (GFR > 90 mL/min) 

• Stage 2: mild CKD (GFR = 60-89 mL/min) 

• Stage 3A: moderate CKD (GFR = 45-59 mL/min) 
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• Stage 3B: moderate CKD (GFR = 30-44 mL/min) 

• Stage 4: severe CKD (GFR = 15-29 mL/min) 

• Stage 5: end-stage renal disease (ESRD) (GFR <15 mL/min).(5)  

 

When patients progress to ESRD, kidney replacement therapy i.e. dialysis or kidney transplantation, 

becomes necessary for survival.(5) CKD usually remains asymptomatic until later stages, and diagnosis 

is commonly made accidentally through routine screening tests (urinary dipstick or blood tests).(5)  

As kidney function deteriorates, patients face a number of serious complications, including 

cardiovascular disease, anaemia, dyslipidaemia and mineral bone disease.(5, 6) This is because with 

the gradual progress of CKD, filtration capability of the kidneys also keeps degrading, and ultimately 

leads to an accumulation of certain toxic materials, called uraemic retention solutes, in the body. This 

results in several harmful effects, such as inflammation, immune dysfunction, arterial stiffness, 

platelet dysfunction and bone mineral disorders etc.(5)  

The risk of cardiovascular disease in CKD patients, such as heart failure, myocardial infarction, stroke 

and sudden cardiac arrest, is far greater than that of the general population.(5) Patients with advanced 

stages of CKD (stages 3 to 5) are more likely to die of cardiovascular causes than to progress to ESRD.(5) 

This increased cardiovascular risk is generally considered to be associated with a number of traditional 

risk factors (e.g. age, sex, obesity and smoking) as well as non-traditional risk factors presenting in CKD 

patients (e.g. increased aortic stiffness, vascular calcification, diastolic blood pressure, triglycerides 

and uric acid).(7, 8) Cardiovascular-related deaths are responsible for more than 50% of CKD 

deaths.(3) For instance, when eGFR is less than 60 mL/min/ 1·73m2, the probability of experiencing a 

myocardial infarction rises by 33%.(5) 

1.3. Significance of sex differences on disease pathway 

To fully understand the impact of sex differences on the disease pathway, it is necessary to make the 

proper distinction between sex and gender. This distinction is sometimes not clearly made in literature 

and used interchangeably, which can create confusion when drawing clinical decisions from these 

studies.(9) “Sex” refers to the biological characteristics of men and women, while “gender” refers to 

the behavioural, social, and psychological attributes of men and women.(10) The purpose of this 

review is to specifically explore sex differences in cardiovascular outcomes among CKD patients.  

It is well known that fundamental biological differences exist between men and women that can 

impact the disease pathway, such as the underlying pathology, symptoms, progression and 

outcomes.(11) Despite this, historically sex differences have been largely overlooked, resulting in 

inequalities in health, lack of awareness and bias in health research.(11) Pre-clinical trials until now 
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have focused mainly on male animals and these findings have been then generalised to both sexes 

despite biological differences that can lead to different disease progression and outcomes.(12) 

Similarly, clinical trials have underrepresented women, contributing to healthcare inequality.(13) 

However, the importance of sex differences in disease pathology and management are becoming 

widely recognised. The National Institutes of Health (NIH) has developed policies to bring attention to 

sex differences in preclinical research,(14) and several renowned journals, such as the Lancet and BMJ 

Global Health, have released policies that researchers should consider and report the impact of sex 

differences on their research where appropriate.(9, 15) Incorporating sex-specific knowledge 

represents a significant first step towards personalising therapy, creating awareness in high-risk 

population groups and creating appropriate prevention strategies to address inequalities in the wider 

population.(9)  

1.4. Sex differences in CKD 

The impact of sex differences on outcomes in CKD patients are gradually receiving their due 

recognition.(4) There are sex differences in epidemiology, progression, management and outcomes of 

CKD, as discussed below. 

1.4.1. Differences in CKD prevalence 

Population-based studies from different countries report that the prevalence of CKD stages 3 to 5 vary 

across countries.(16-38) However, in most geographical locations, the prevalence of CKD has been 

found to be higher in women compared to men. The exceptions are Japan and Singapore. A higher 

prevalence of CKD in women is thought to be the result of a longer life expectancy in women coupled 

with age-related loss of kidney function, which could eventually lead to a larger high-risk group.(39, 

40) 

1.4.2. Differences in CKD incidence 

There was limited evidence regarding sex differences in the incidence of CKD. A retrospective 

population-based cohort study of all new cases of CKD found that the incidence rate of CKD was 1.6 

times higher in men compared to women (95% CI, 1.4 to 1.8), with additional risk in men among all 

age groups greater than 40 years.(41) 

1.4.3. Differences in CKD progression  

In terms of CKD progression, Neugarten et al. found through a large meta-analysis that men 

progressed to ESRD much faster than women,(42) although there is contradictory evidence from 
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another meta-analysis which found that CKD progression might be significantly faster in women.(43)  

This may have been due to several factors, including-  

• Inclusion of different types of studies, such as observational cohorts versus randomized 

controlled trials and population- based studies versus CKD referrals(42, 43) 

• Characteristics of patients included, namely most women included in the later meta-analysis 

were postmenopausal compared to a higher number of premenopausal women in the earlier 

one(42, 43) 

• Different outcomes assessed i.e. slope of eGFR decline as opposed to onset of renal 

replacement therapy (RRT)).(42, 43) 

One population-based study demonstrated that men may have faster rate of loss of kidney function 

compared to women (i.e. a greater slope of eGFR loss).(44) Similarly, a community-based cohort study 

of 5488 participants, the Dutch PREVEND study, found that men have a higher decline in mean eGFR 

compared to women ((−0.55 ± 1.47) ml/min/1.73 m2 per year vs. (−0.33 ± 1.41) ml/min/1.73 m2 per 

year).(45) 

1.4.4. Possible mechanisms for sex differences in CKD  

1. Impact of sex hormones (oestrogen and testosterone) on kidney function: 

a. Impact of oestrogen: In animals, oestrogen is considered to have certain protective effects 

against age-induced renal structural damage, namely anti-fibrotic and anti-apoptotic 

effects.(46) It is thought that the same protective effects of oestrogen may reduce age-

induced kidney damage in human female subjects.(47) 

b. Impact of testosterone: In contrast to the protective effects of oestrogen, testosterone 

has pro-apoptotic and pro-fibrotic effects in the kidney (i.e. harmful effects on the 

kidneys).(48) This is considered to be a contributing factor to increased damage to the 

kidneys and faster decline in renal function in male animals.(49) It is also considered that 

a similar mechanism may be the cause of faster decline in renal function among human 

male subjects.(50) 

2. Sex differences in Nitric Oxide (NO) metabolism and oxidative stress: 

a. In animals, it has been found that oestrogen in female rats better preserves NO, which in 

turn induces less oxidative stress or damage to the kidney cells. Therefore, kidney 

structure and overall kidney function is thought to be better preserved in female rats than 

male rats.(51) 

3. Gender-differential impact of comorbidities and lifestyle risk factors: 
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a. Men have the tendency to lead unhealthier lifestyles (e.g. excess smoking and alcohol 

intake) and have poorer dietary patterns than women, which may contribute to overall 

poorer outcomes in men with CKD.(52, 53) 

b. Certain cardiovascular risk factors, such as body mass index and plasma glucose, have 

been found to have a greater effect in men with CKD compared to women.(54) 

1.4.5. Differences in CKD management 

There is still a serious lack of awareness of sex differences in CKD management, which in some cases 

can lead to severe complications, such as overdosing of medication and reduced quality of life.(4) For 

instance, there are no considerations of sex-specific differences in CKD management guidelines for 

anaemia.(4) Despite there being sex-specific threshold for anaemia in the general population where 

women have lower normal levels of haemoglobin than men, these differences are not considered in 

CKD treatment guidelines and has been reported to be the cause of over-dosing of erythropoietin-

stimulating agents in women in order to achieve the same haematocrit concentration as men, leading 

to drug-induced side-effects.(55, 56) Furthermore, evidence shows that women take part in dialysis 

treatment for lesser durations (<12 hours/week) compared to their male counterparts.(57) In 

addition, The Dialysis Outcomes and Practice Patterns Study (DOPPS) published in 2014 found that 

less women were on haemodialysis compared to women (41% versus 59%) overall across all age 

groups.(58) The differences in management of kidney disease among men and women could be a 

potential source of sex differences in kidney disease outcomes, such as cardiovascular disease. 

1.5. Sex differences in cardiovascular mortality in the general and CKD 

populations 

1.5.1. Do sex differences exist in cardiovascular mortality in the general 

population to suggest similar differences exist in CKD patients? 

According to the Global Burden of Disease (GBD) study (2017), cardiovascular disease was the leading 

cause of mortality in both men and women worldwide.(59) Despite this, cardiovascular disease was 

previously widely considered to be a man’s disease.(60) There are several possible reasons for this 

misconception, which are described later.   

To understand the sex differences in cardiovascular mortality, it is necessary to look at both mortality 

rates and absolute number of deaths. 

1.5.1.1. Differences in cardiovascular mortality rate and absolute risk of deaths: 
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Age-specific mortality rates due to coronary heart disease (CHD) with worldwide data collected 

between 1980 and 2010 showed that mortality rates increased with age for both men and women.(61) 

However, mortality rates were lower in women than men at all ages, until the age of 70 years and 

older, when mortality rates were higher in women.(61) Similarly, in the 2017 GBD study, although 

cardiovascular mortality risk was slightly higher among men in lower age groups (up 74 years), the risk 

of cardiovascular mortality grew significantly higher among women in older age groups (75 years and 

above).(59) This can one of the reasons why cardiovascular disease is considered a “man’s disease.” 

However, the lifetime risk of cardiovascular disease is similar between both sexes, due to longer life 

expectancy in women which result in higher number of cardiovascular events in women compared to 

men. The Rotterdam Study determined that, after controlling for non-cardiovascular causes of death, 

the remaining lifetime risk of cardiovascular disease at age 55 was 67% for men compared to 66% for 

women.(62) Thus, even though men may show higher cardiovascular disease risk/mortality rates at 

earlier stages of life compared to women, women show similar cardiovascular risk over their lifespan 

and possess higher cardiovascular mortality risk at older age. 

Another common reason for the misconception of low risk of cardiovascular mortality in women arose 

from widely popular theory that oestrogen has protective effects against the development of 

cardiovascular disease in women, until menopause.(61) However, there is evidence to show that there 

is no difference in cardiovascular disease risk before and after menopause.(61, 63) In addition, 

hormone replacement therapy including oestrogen has shown no cardiovascular risk benefit in 

postmenopausal women.(64) Therefore, this misconception regarding cardioprotective effects of 

oestrogen in women can lead to underestimation of cardiovascular risk in women. 

In addition, historical pre-clinical and clinical cardiovascular research data, which was focussed 

predominantly on men due to a lack of recruitment of women participants, failed to properly estimate 

cardiovascular mortality risk in women.(60)  

1.5.1.2. Differences in cause-specific mortality  

Sex differences are also seen in cause-specific cardiovascular mortality, such as stroke and coronary 

heart disease.(65) In 2007, the absolute number of women dying from stroke was higher than that of 

men in the US.(65) In a study of acute myocardial patients based in England and Wales, it was found 

that women with acute myocardial infarction had higher mortality rates compared to men.(66) One 

study found that while coronary heart disease (CHD) and stroke mortality rates gradually declined 

during 1980 to 2010 in both sexes, CHD mortality decrease in men was considerably greater than that 

in women.(61) This growing body of evidence is demonstrating that there has been a significant shift 

over time from higher cardiovascular mortality in men to an equal or higher cardiovascular mortality 
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in women, which could be due to an overall risk reduction in men, or a rise in cardiovascular risk in 

women. 

Sex differences are present in cardiovascular disease epidemiology, risk factors, pathophysiology and 

management, which contributes to marked differences in the outcome from having cardiovascular 

diseases.(67) 

1.5.1.3. Differences in cardiovascular risk factors 

1. Age: In 2017, the Global Burden of Disease study found a higher women-to-men ratio for 

cardiovascular mortality, for women and men aged ≥85 years (2·65 million vs. 1·56 million 

deaths), though cardiovascular mortality remained higher in men in other age groups.(68) This 

is consistent with another study in 2010 which found that coronary heart disease (CHD) and 

stroke mortality were higher in men than women until 75–80 years. (61) However, after the 

80 years age cut-off, mortality rates became similar between men and women. Although the 

risk of cardiovascular mortality rises rapidly in younger men, in women this risk rises gradually 

at an older age (60 years and above),(69) highlighting the importance of preventing risk factors 

for cardiovascular disease in women in their mid-life years.(69) 

2. Diabetes mellitus- There is evidence to show that diabetes imparts a greater risk for stroke in 

women compared to men.(70) Similarly, a pooled analysis of 28,000 incidences of coronary 

heart disease demonstrated that diabetes imparted a greater risk of CHD in women (RR: 2.82 

[95% CI: 2.35; 3.38]) compared to men (RR: 2.16 [95% CI: 1.82; 2.56]), giving diabetic women 

an excess 44% risk of CHD compared to diabetic men.(71) 

3. Smoking- Women who smoke have been shown to have a higher relative risk of CVD compared 

to men (50% greater risk).(72) This is supported by another study demonstrating that the 

relationship between smoking and coronary heart disease risk is greater in women compared 

to men.(73) 

4. Obesity- Studies looking at the association of body mass index, an indicator of obesity, and 

coronary heart disease, have found that even though men and women share equal risk of CHD 

with rise of BMI, men may have an increased risk of stroke with rising BMI.(74)  

1.5.1.4. Differences in presentation  

Sex differences in cardiovascular mortality could also arise from the fact that women sometimes have 

different symptoms to men, or “atypical” presentation e.g. absence of typical chest pain associated 

with myocardial infarction.(61) Therefore, CVD could remain undiagnosed and untreated in women, 

leading to worse outcomes and higher CVD mortality in women.(61)  
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1.5.1.5. Differences in management  

Sex differences also extend into cardiovascular disease management and leads to differences in 

cardiovascular mortality. Several Australian studies have indicated that women with Acute Coronary 

Syndrome (ACS) are under-investigated, likely due to differences in clinical presentation, and that 

evidence-based treatment therapies are less often prescribed to women compared to men, which 

could contribute to a higher mortality rate in women.(53, 75-77) This is further emphasised by another 

study in the US which fund that invasive treatment procedures like cardiac catheterization, 

percutaneous transluminal coronary angioplasty and coronary artery bypass surgery were prescribed 

less to white women, and even less so in black women, after controlling for factors that might 

influence hospital procedural rates.(78) This treatment bias could be a potential source of sex 

differences in overall cardiovascular mortality. 

Thus, lack of awareness regarding the risk of cardiovascular disease in women led to poorer 

management for cardiovascular outcomes in women.(60) Fortunately, the focus is shifting to a more 

sex-disaggregated approach in cardiovascular disease research to find out what health inequalities 

exist, owing to development of sex-specific guidelines in CVD management and public health 

awareness programs targeting women.(61, 71) However, further understanding of underlying 

mechanisms involved in sex differences in cardiovascular mortality and development of better 

prevention and treatment strategies is required to better address the different needs of men and 

women. The Sustainable Development Goals (SDGs) aim to tackle noncommunicable diseases (NCDs) 

by two ways; namely, improving health outcomes by reducing premature deaths between ages 30-70 

from cardiovascular disease, diabetes etc. (Target 3.4) and lowering the exposure to NCD risk factors 

(Targets 3.5 and 3.A). Therefore, it is important to recognise that sex differences exist in cardiovascular 

disease and implement targeted prevention strategies to properly address different risk factors in men 

and women. 

1.5.2. Do sex differences in cardiovascular mortality among patients with CKD? 

From the above discussion, it is evident that differences exist in cardiovascular disease, risk factors 

and associated mortality among men and women. So, the question arises whether the same is true 

for men and women with CKD. It has been found in one historical meta-analysis that men with CKD 

have higher cardiovascular mortality rates across all levels of estimated glomerular filtration rate.(79) 

This is supported by a large registry-based study looking at dialysis patients, which found that men on 

dialysis had higher cardiovascular mortality compared to women on dialysis.(80) In contrast, recent 

evidence showed that women with ESRD had higher cardiovascular hospitalisation and associated 

mortality compared to men with ESRD.(81)  
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There is also evidence to suggest that, CKD, as a risk factor for cardiovascular disease, impacts men 

and women differently. One study comparing cardiovascular mortality risk in CKD patients to the 

general population found that women with CKD had higher cardiovascular mortality risk than their 

healthy counterparts, and this relative risk was higher than the same risk in men (i.e. men with CKD 

versus men without CKD) (see Figure 1).(80)  This is because the risk of cardiovascular mortality in 

women in the general population was lower than men in the general population. CKD, as a risk factor, 

impacted a higher cardiovascular mortality risk in women compared to men.  

 

Figure 1. Mortality among men and women with dialysis compared to the general population. All-

cause (part A), cardiovascular (part B) and non-cardiovascular (part C) mortality among men and 

women on incident dialysis from the European Renal Association–European Dialysis and Transplant 

Association (ERA-EDTA) Registry and European general population (GP). Taken from: Carrero JJ et al. 

Cardiovascular and Noncardiovascular Mortality among Men and Women Starting Dialysis. Clinical 

Journal of the American Society of Nephrology. 2011;6(7):1722-30.(80)1 

 
1 Available under a licence obtained from the American Society of Nephrology for republish of a portion 
(chart/graph/table) in a thesis/dissertation; Order Date: 29-Dec-2019; Order license ID: 1010984-1; ISSN: 1555-
9041. 
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This is supported by a population-based cohort study investigating the gender-specific relationship 

(here they have used gender to define sex or biological differences) of CKD with all-cause mortality, 

cardiovascular mortality, and incident myocardial infarction (MI). Through multivariable analyses, they 

found that the Hazard Ratio (HR) for women with CKD versus women with preserved renal function 

was significant for incident MI and cardiovascular mortality with a HR of 1.67 (95% confidence interval 

(CI) 1.07–2.61) and HR of 1.600 (95% CI 1.17–2.18) respectively. However, men with CKD showed 

lower HR for both MI and cardiovascular mortality compared to women; HR of 1.51 (95% CI 1.09–2.10) 

and HR of 1.48 (95% CI 1.15–1.92) respectively.(82) This further establishes the fact that CKD imparts 

a higher cardiovascular disease associated mortality on women than men. However, this is in 

contradiction with the previous historical meta-analysis described above, which stated men with CKD 

had higher cardiovascular mortality risk at all levels of estimated glomerular filtration rates.(79) 

Thus, the evidence looking at sex differences in cardiovascular mortality among CKD patients is 

inconsistent and contradictory and requires further investigation. Therefore, a systematic review of 

the literature is necessary to establish if differences exist in cardiovascular mortality among men and 

women with CKD.  

1.6. Indications for systematic review 
It is necessary to deliver a clear and comprehensive overview of available evidence on sex differences 

in cardiovascular mortality among CKD patients, which can be achieved by means of a systematic 

review.(83) As discussed above, the available evidence was inconsistent and inconclusive, and requires 

systematic review of the literature along with quality assessment of the study design and reported 

outcomes to determine the completeness, quality and applicability of the current evidence.(83) The 

review can highlight methodological concerns in current research studies that are looking at men and 

women with CKD and how these can be improved in the future to better report sex-specific 

differences. Furthermore, a systematic review will also help to identify research gaps in our current 

understanding of differences among men and women with CKD and their associated cardiovascular 

risks.(83)  

1.7. Conclusion 

Though sex differences in cardiovascular disease and outcomes has been receiving wider recognition 

and implementation into clinical practice and public health strategies, the evidence regarding sex 

differences in cardiovascular mortality among CKD patients is still inconsistent and contradictory and 

has not received similar recognition. A systematic review of the literature is necessary to find out what 

inconsistencies exist in the data and whether high quality of data is available to establish what sex 

differences exist. Better understanding of these sex differences is necessary to develop sex-specific 
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prevention strategies for CKD, creating awareness among high risk groups and establishing sex-specific 

treatment guidelines for better patient outcomes.  
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CHAPTER TWO. SYSTEMATIC REVIEW 

INTRODUCTION  

CKD is a major public health issue responsible for premature death, reduced quality of life and huge 

financial burden on patients worldwide.(1) In 2016, CKD was recorded as the 16th leading cause of 

death worldwide resulting in 1.1 million deaths.(84) Alarmingly, by 2040, CKD is projected to be the 

5th leading cause of death worldwide.(85) The primary cause of high mortality in patients with CKD is 

cardiovascular disease; primarily heart failure, myocardial infarction and stroke,(86) and the risk of 

cardiovascular mortality rises with decreasing renal function.(5) This increased risk is considered to be 

the result of several traditional risk factors for cardiovascular disease (e.g. age, smoking and obesity), 

as well as non-traditional risk factors more common in CKD patients compared to the general 

population (e.g. increased aortic stiffness, vascular calcification and uraemia-related 

atherosclerosis).(87) 

Historically, it has been considered that the life-long risk for cardiovascular disease in the general 

population is higher for men than women.(69) Recent evidence has shown a narrowing of this 

difference due to a higher cardiovascular disease burden and associated mortality in women, 

compared to men.(69) Studies and national statistics from the United States, Europe and Australia 

have shown that cardiovascular mortality risk was higher in women compared to men in the general 

population.(65, 71, 88) Another study comparing worldwide historical mortality data (1980) among 

men and women with recent data (2010) showed that even though mortality due to coronary heart 

disease and stroke have reduced over time for both sexes, there was an excess reduction of mortality 

in men, compared to women.(61) This implies that there have been global shifts in cardiovascular 

mortality over time due to a reduction of mortality in men, or an increase of mortality in women. Thus, 

cardiovascular disease is no longer exclusively a “man’s disease,” but poses an equal or even higher 

risk in women.  

Though sex differences in prognosis and mortality have been well-established in cardiovascular 

disease within the general population, such differences have not been well defined in the context of 

CKD despite the fact CKD patients represent a high-risk group for the development of cardiovascular 

disease.(87, 89) Only a limited number of studies have focussed on sex-specific differences in 

cardiovascular outcomes in the CKD population. A large historical meta-analysis looking at renal 

function of 38,612 CKD participants and the association with cardiovascular mortality found that men 

with CKD had higher cardiovascular risks at all levels of renal function compared to women with 
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CKD.(79) This was supported by a registry-based study, which also showed higher cardiovascular 

mortality in men on dialysis.(80) In contrast to this, evidence from 2018 suggests that women with 

CKD had higher risk of cardiovascular hospitalizations and death after one year.(81) Therefore, among 

the few studies that have looked at sex differences among CKD patients, the evidence regarding the 

risk of cardiovascular disease mortality is contradictory and inconsistent. This inconsistent evidence 

may be due to a shift in cardiovascular mortality among CKD patients from an increased risk in men, 

to an increased/equal risk in women. This is consistent with the global shift of cardiovascular mortality 

risk over time to a potential higher risk in women compared to men in the general population.(61) 

Increased inclusion of women participants in clinical studies along with improved awareness and 

detection of cardiovascular complications in women could be possible reasons for this shift in global 

cardiovascular mortality trends.(60) Thus, further investigation of the literature is required to 

conclusively determine what sex differences exist in cardiovascular mortality among CKD patients and 

the quality of the current evidence. Therefore, this thesis aims to systematically review the existing 

evidence and evaluate whether sex differences exist in overall cardiovascular mortality among CKD 

patients, and if so, whether these sex differences extend into particular causes of cardiovascular 

disease, namely myocardial infarction, heart failure and stroke. 
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METHODS 

Protocol and registration 

A review protocol for this systematic review was created according to the guidelines outlined in 

PRISMA-P and there was an intention to register it in PRISMA. However, even though at the time of 

thesis submission the protocol was not registered in PRISMA due to time constraints, there is an 

intention to register it as soon as possible. 

Eligibility criteria 

Studies were included if they reported cardiovascular mortality and/or cause-specific cardiovascular 

mortality stratified by sex in adult patients with any stage of CKD, including haemodialysis and 

peritoneal dialysis patients. CKD was defined as having glomerular filtration rate of less than 60 

mL/min per 1·73 m². Non-interventional cohort studies (prospective/retrospective), cross-sectional 

studies, case-control studies, control arm of large randomized controlled trials with appropriate sex 

stratification, systematic reviews and meta-analyses reporting hazard ratios (HRs) with 95% 

confidence intervals (CI), odds ratios (ORs) or risk ratios (RRs) or enough data to calculate sex-stratified 

cardiovascular mortality were included. Also, studies were included if they reported patient 

population data collected in 2004 or after because of a rapid decrease in overall mortality in the CKD 

population between 1996 and 2004.(90) Studies were included if they had a follow-up duration of at 

least 1 year and if their results were published in English.  

Studies were excluded if they were not looking at adults CKD patients, or if they were looking 

exclusively at type 1 and type 2 diabetes mellitus patients, since diabetes is itself a risk factor for 

cardiovascular mortality. Studies were also excluded if at the beginning of the study, their study 

population had any infection, carcinoma, acute kidney injury, kidney transplant operation, surgical 

interventions (e.g. percutaneous coronary intervention or coronary artery bypass surgery) or non-

conventional drug treatments (e.g. chemotherapy trial intervention). These were likely to confound 

the association between CKD and cardiovascular mortality since they present an increased 

cardiovascular risk and could be associated with sex. Reviews, comments or studies with unpublished 

results were also excluded. 

Information sources 

A systematic search of the literature was conducted to find all studies and reports presenting 

cardiovascular mortality stratified by sex in CKD patients, including electronic databases and registry 

data reports. The electronic databases searched were PubMed, Medline, EMBASE, Scopus, Cochrane 

Reviews and the Cochrane Central Register of Controlled Trials (CENTRAL) from date of inception to 
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May 2019. The last search was run on 31st May 2019. In addition, the data from the Australia and New 

Zealand Dialysis and Transplant Registry (ANZDATA) reporting mortality data in CKD patients was also 

searched. Furthermore, reference lists from reviews looking specifically at sex differences in 

cardiovascular disease mortality among CKD patients were also reviewed for any relevant studies.  

Search 

Combinations of appropriate subject headings and keywords were used to comprehensively search 

the electronic databases. The following search strategy, with syntax amened for each database, was 

used: (renal insufficiency, chronic OR kidney failure, chronic OR (chronic kidney adj (disease or 

insufficiency)) OR chronic renal disease OR chronic renal insufficiency OR end-stage renal disease OR 

uraemia OR uremia) AND (cardiovascular disease mortality OR (cardiovascular adj (mortality or death 

or event* or complication* or outcome*)) OR heart disease mortality) AND (sex factors OR male or 

female OR sex distribution OR sex characteristics OR sex ratio OR men OR women OR (men or women 

or male* or female* or sex or gender or "sex difference*"). The search strategy was appropriately 

modified to match the subject headings used in each database. The search was limited to English 

language. No other limits were applied. Search strategies for Medline, Embase, Scopus and the 

Cochrane Library are provided in Appendix 1, 2, 3 and 4. 

Study selection 

Initially the records identified through database searches were screened by the primary author based 

on the pre-determined eligibility criteria by going through titles and abstracts. All duplicate studies 

were removed at this stage by using reference management software EndNote and the ones not 

detected by Endnote were excluded manually. The screened records were then reviewed 

independently in full text for eligibility for data extraction by three reviewers, Sultana Shajahan 

(100%), Dr. Cara Hildreth (2%) and Dr. Jacqueline Philips (2%), where the percentage denotes the 

proportion of the studies screened by each reviewer from the total selection of studies. There was 

disagreement regarding one study, which was then resolved by discussion between the three 

reviewers.  

Data extraction 

Data was extracted using an adapted form of the Data Extraction Template for systematic reviews by 

the Cochrane Public Health Group (Appendix 5). The extraction form was modified according to the 

included study characteristics and reported data items, pilot-tested on 5 randomly selected studies 

and further refined where appropriate. The final data form used for data extraction is proved in 

Appendix 6. Data was independently extracted in full by the primary author (Sultana Shajahan), and 
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in duplicate by two different reviewers, Dr. Cara Hildreth (4.44%) and Dr. Janaki Amin (6.6%) 

independently, and finally any disagreements were resolved by discussion. A few studies were 

identified as reporting from the same population database and therefore duplicates reports were 

excluded on discussion.  

Data items 

Information was extracted from each study for the following data items:   

1. General Information from the studies, such as the report title, first author, publication year, 

publication type (journal/conference report etc.), country where the study was undertaken, 

funding sources and if there was any conflict of interest. 

2. Description of the population from which study sample was drawn, whether the study was 

hospital/registry data based, and how participants for the study were recruited. 

3. Aim of the primary study, study design, what inclusion and exclusion criteria were applied while 

selecting study participants and what the study duration was. 

4. Participant data such as description of patient condition, total number of participants with CKD, 

numbers of men and women with CKD, stage of CKD, whether they received dialysis or not, and if 

so, whether the whole study population was on dialysis, average age of the study sample, average 

length of follow-up, number of patients lost to follow-up and comorbidities of the participants. 

5. Outcome data on how cardiovascular (overall and/or cause-specific) mortality was defined and 

reported in the study and outcome data collection process (patient medical records or death 

registry data).  

6. Results including total and sex-stratified number of cardiovascular deaths, sex-stratified mortality 

rates as defined in the study and per 1000 person years, HRs of men for cardiovascular mortality 

with 95% CI and p-value (both adjusted and unadjusted), HRs of men and/or women compared to 

the general population when available, relative risk stratified by sex, odds ratio stratified by sex, 

description of statistical methods used and whether any adjustments for confounders were made 

regarding the results. Data was also collected for cause-specific cardiovascular mortality stratified 

by sex, and all-cause mortality stratified by sex and HR of men for all-cause mortality with 95% CI 

(unadjusted and adjusted) with p-value. 

7. Study author’s conclusions regarding sex differences in cardiovascular mortality among the study 

participants, if provided. 

Risk of Bias Assessment 

Risk of bias (RoB) in the included studies was assessed by using the Newcastle-Ottawa Scale (NOS) for 

cohort studies by the same reviewers (Sultana Shajahan (100%), Dr. Cara Hildreth (4.44%) and Dr. 
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Janaki Amin (6.6%)).(91) Taking into consideration that the primary objectives of the included studies 

were different from the research question outlined in the beginning of the review, the RoB tool was 

modified accordingly to assess quality of data pertaining to sex-stratified cardiovascular outcomes in 

CKD patients only (and not the primary objectives of the included studies). It was pilot tested in 5 

studies and further refined as appropriate.  

The adapted RoB tool assessed for data quality against seven criteria across three domains, such as:  

A. Selection: Representativeness of the number of men and women in the CKD cohort: 

i. Similar distribution of men and women in the study population * 

ii. Mostly men or women 

iii. No description  

B. Comparability of the study results: 

i. Study controlled for age and diabetes mellitus * 
ii. Study controlled for other confounders * 

iii. Study did not adjust for any confounders 
 

C. Outcome 

a) Assessment of outcome was done through: 

i. Patient medical records * 

ii. Record linkage registry data * 

iii. No description 

b) Comprehensive cardiovascular mortality data relative to sex differences (e.g. absolute 

mortality rates, number of cardiovascular deaths in men and women etc.)  

i. Comprehensive data was reported * 

ii. Comprehensive data was not reported 

c) Length of follow-up: - 

i. At least 2 years if >60% of the patients had ESRD, * 

ii. At least 5 years if <60% of the study population had other stages of CKD than 

ESRD. * 

iii. Follow-up duration was not adequate 

d) Adequacy of follow-up: - 

i. Complete follow-up- all subjects were accounted for, * 

ii. Subjects lost to follow-up unlikely to introduce bias- lost <20 % to follow-up or 

description provided of those lost, * 

iii. Lost >20 % to follow-up or no description provided of those lost. 

Each asterisk (*) was given a score of one against that criterion, indicating low risk. Where the criteria 

did not receive an asterisk (high risk) or no data was given in the primary study to make an assumption 

regarding bias (unclear risk), a score of zero was given (for both high and unclear risk). The scores from 

the asterisks was tallied up to give the final cumulative score. A study was considered of high quality 

if the cumulative score was ≥ 4 and low quality if <4. 
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Summary measures 

Risk estimates of sex for cardiovascular mortality were extracted from the included studies, including 

hazard ratio (HR) of sex for cardiovascular mortality with 95% confidence interval (CI). It should be 

noted here that the since many of the studies included were not primarily looking at sex differences 

in cardiovascular mortality and therefore had no reported risk estimates for sex, numerical values for 

cardiovascular deaths were collected for both sexes where available. The number of cardiovascular 

deaths for men and women from these studies were used to calculate risk ratios (RRs) with 95% 

confidence intervals (CIs) of cardiovascular mortality for men versus women. The cardiovascular 

mortality data from ANZDATA was also used to calculate RR with 95% CI. 

Synthesis of results 

Extracted risk estimates along with the calculated ones were evaluated for heterogeneity. The 

individual study designs, their study populations and observed risk estimates were considerably 

variable. Furthermore, the reported risk estimates were either not adjusted, or adjusted for different 

confounders of cardiovascular mortality and sex. Due to heterogeneity observed among the study 

methods and results, a random effects model rather than a fixed-effects model was used for meta-

analysis.(92) Meta-analysis of the reported HRs and calculated RRs (with ANZDATA) were conducted 

separately to estimate an overall risk estimate and forest plots were generated to show the results of 

the analyses. Heterogeneity among risk estimates was measured using the I2 statistic. Interpretation 

of the I2 statistic was based on a guide provided by the Cochrane Handbook for the assessment of 

thresholds of I2 in the context of meta-analyses of randomized trials: - 

• 0% to 40%: might not be important; 

• 30% to 60%: may represent moderate heterogeneity; 

• 50% to 90%: may represent substantial heterogeneity; 

• 75% to 100%: considerable heterogeneity.(92)2 

To further explore any possible sources of heterogeneity, separate random effects analyses of 

adjusted and unadjusted HRs were conducted to assess if adjustment for possible confounders altered 

the risk estimates. Subgroup analyses of the reported HRs were also performed to assess the sources 

of heterogeneity based on quality (High vs. Low), country (China vs. Europe vs. Taiwan vs. South Africa 

vs. United States vs. Korea vs. Japan vs. Oceania (Australia and New Zealand)), sample size (<100 vs. 

100-499 vs. 500-999 vs. >1000), length of follow-up in years (<2 vs. 2-4 vs. >4) and men-women ratio 

 
2 Interpretation of the observed value of I2 depends on (1) amount and direction of effects, and (2) strength of 
evidence to determine significance of heterogeneity (e.g. P-value from the Chi2 test, or a confidence interval 
for I2) 
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in the study sample (<1 vs. 1-1.4 vs. >1.5). Due to lack of data, analysis for cause-specific cardiovascular 

mortality could not be performed. 

Variables that may have been responsible for heterogeneity were critically analysed and tabulated. A 

funnel plot to with pseudo-95% CI was created using the reported HRs to assess publication bias. All 

analyses were performed used STATA version 16 and Revman 5. 
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RESULTS  

Search result  

Database searching revealed 23,262 potentially relevant studies, with four additional records 

identified from online registries and reference lists of relevant reviews,(79-81, 93) as shown in Figure 

2. Duplicate studies were removed at this stage yielding 12,750 studies. Titles and abstracts were 

assessed against the eligibility criteria and 1,246 studies were found to be eligible. List of excluded 

studies with their reason for exclusion is provided in Appendix 7. The full text for each of the 1,246 

studies were carefully evaluated to determine if they met the inclusion criteria and among them, 48 

studies were found to be eligible for inclusion. Of these 48 studies, 9 studies were identified that 

reported same data from the same study population.(94-102) After careful evaluation of the results 

relevant to the research question and eligibility criteria, studies with the most comprehensive data 

were included in the final review.(103-108) This process yielded a total of 38 studies and one registry 

report (ANZDATA; (93)) to be included in this systematic review. 
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Figure 2. Flow chart of study selection and search results (with reasons for exclusion) 

 

Characteristics of included studies 

Participants 

In total, 109,467 participants were included in the studies evaluated. This comprised 56,843 men and 

52,625 women. The ratio of men to women across these studies was inconsistent, with some studies 

including more men (e.g. (106, 109, 110)) and others including more women (e.g. (111)). The highest 

distribution of men to women was 2.1 in two studies,(106, 110) and the lowest was 0.44 in a single 

study,(111) giving an average distribution 1.29 across studies.  
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The average age ranged from 52-73 years, except one study which consisted of a relatively younger 

population (mean 36.1 years).(112) 

The majority of the study population were based on ESRD patients on some form of dialysis: 24 studies 

included subjects exclusively on haemodialysis (HD; (104-109, 111, 113-129)); 7 studies included 

subjects on peritoneal dialysis (PD; (103, 130-135); and two studies included subjects on either HD or 

PD (see: (112, 136)). Only five studies included in this review included subjects with stage 3-5 CKD 

(see: (110, 137-140)). 

The main comorbidities among the subjects included in these studies were diabetes mellitus and 

hypertension; reported in 21 out of the 38 included studies. However, comorbidities were not 

consistently reported across the studies, with 17 studies not reporting the comorbidities found in their 

respective patient population (see: (103, 106, 115-118, 121, 126, 128-131, 135-137, 139)). Only one 

study excluded diabetes as part of their patient selection criteria.(132) 

Study designs 

As detailed in Table 1, the included studies were published from 2010 to 2019 and varied considerably 

in their sample size with a range of 62 (see: (104)) to 38,377 subjects (see; (138)). 

Around 60% (n=23) of the included studies were conducted in Asia (Japan, China, Taiwan). The 

remaining were undertaken in Europe (France, Italy, Macedonia, Sweden, Germany and 

Montenegro),(13% of included studies; (104, 105, 109, 113, 114)), the United States, (10% of included 

studies; (117, 138-140)), Turkey, (5% of included studies; (127, 129)) New Zealand, (3% of included 

studies; (118)), South Africa (3% of included studies; (112)), or cross-continental (5% of included 

studies; one among the Netherlands, Canada and Norway and the other among Europe and South 

America, (116, 125)) and one annual registry report from ANZDATA included patients from Australia 

and New Zealand.(93) 

With the exception of one randomized controlled trial (116), all studies included in this systematic 

review were longitudinal cohort studies. Thirty-five of these studies were hospital/clinic based, three 

registry-based studies (137-139), and one was based on electronic medical records from a large 

dialysis organisation (117).  

The duration of follow-up varied among the studies, ranging from 1.28 years (e.g. (140)) to 7 years 

(e.g. (128)). 21 of the 38 studies had accounted for all study participants (see: (103, 106, 108, 114, 116, 

118-126, 128, 129, 131-135)); however, the remaining 17 studies did not describe clearly whether all 

patients were accounted for.  
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Reporting of outcomes 

None of the included studies reported sex-specific cardiovascular mortality as the primary outcome 

of the study. With the exception of one study which only reported sex-specific stroke mortality (see: 

(139)), all included studies reported overall cardiovascular mortality data stratified by sex. Of the 37 

studies which reported overall cardiovascular mortality, only three studies reported cause-specific 

mortality stratified by sex, namely heart failure, myocardial infarction, stroke and sudden cardiac 

death (see: (113, 120, 138)).  

The hazard ratio (HR) of sex for cardiovascular mortality with 95% CI was the most frequently reported 

risk estimate: reported in 27 out of the 37 studies. The remaining 10 studies only reported 

number/proportion of cardiovascular deaths stratified by sex (see: (104, 109, 113, 116, 120, 121, 127, 

129, 137, 138)). This information was used to calculate the risk ratio (RR) with a 95% CI.  
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Table 1. Summary of study characteristics 

References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Wu et al. (128) 2019 People’s 

Republic of 

China 

Hospital SF: baseline serum 

magnesium level 

OF: mortality  

ESRD* HD 169 1.2 60.20 ± 

15.64 

7 Not Reported 

Saglimbene et al. (125) 2019 Europe and 

South 

America 

Hospital  SF: n-3 polyunsaturated 

fatty acid dietary intake 

OF: mortality  

ESRD HD 8110 1.4 63.1 ± 

15.0 

2.7 • HTN (85.0)  

• DM (32.0) 

• HF (19.1)  

• MI (11.6) 

• Stroke (8.8) 

• Pulmonary disease (11.6) 

• Gastrointestinal disease (21.7) 

Gong et al. (130) 2018 People’s 

Republic of 

China 

Hospital  SF: elevated serum 

sclerostin levels 

OF: mortality  

ESRD* PD 98 0.96 52.5 ± 

10.9 

6 • DM (21.4) 

• History of CVD (7.1) 

Yayar et al. (129) 2018 Turkey Hospital  SF: serum hepcidin-25 & 

sub-clinic atherosclerosis 

OF: mortality  

ESRD* HD 82 0.78 57.9 ± 

16.1 

4 • DM (26.8) 

• History of CVD (35.4) 

Kawagoe et al. (121) 2018 Japan Hospital SF: N-terminal-pro-B-type-

natriuretic peptide 

OF: mortality  

ESRD* HD 1310 1.4 67.9 2 Not Reported 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Kon et al. (137) 2018 Japan Registry SF: baseline eGFR 

OF: 5-year all-cause & 

cardiovascular mortality. 

3-5 Not clear 27,362 1.2 70.15 ± 

2.9 

5 • Stroke (19.6) 

• Heart disease (29.2) 

• DM not reported 

Navaneethan et al. (138) 2018 The United 

States 

Registry SF:  High-density 

lipoprotein cholesterol 

OF:  mortality 

3-5 Not on 

dialysis 

38,377 0.8 71.7 ± 

11.2 

4.5 • HTN (87.2)  

• DM (29.8)  

• CAD (24.2)  

• HF (7.8)  

• Cerebrovascular disease (10.4)  

• PVC (3.7) 

Zhang et al. (108) 2017 People’s 

Republic of 

China 

Hospital SF:  Soluble Suppression of 

Tumorigenicity 2 

OF: mortality 

ESRD* HD 414 1.6 61.8 ± 

8.75 

1.86 • DM (22.9)  

• HTN (94.0)  

• CVD (9.2) 

Wu et al. (135) 2017 Taiwan Hospital SF: chest X-ray-detected 

aortic arch calcification 

OF:  mortality 

ESRD* PD 190 0.8 52.6 ± 

14.3 

4.6 • DM (15.3)  

• CVD (21.1) 

Peng et al. (134) 2017 People’s 

Republic of 

China 

Hospital SF:  prognostic nutritional 

index 

OF:  cardiovascular disease 

mortality 

ESRD* PD 345 1.4 52.84 ± 

14.16 

2.1 • DM (23.48)  

• HTN (43.19)  

• CVD (20) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Jeng et al. (119) 2017 Taiwan Hospital SF: proinflammatory 

monocytes levels 

OF: all-cause & 

cardiovascular mortality  

ESRD* HD 136 1.2 60.25 ± 

8.75 

5.57 • DM (50)  

• HTN (72.06) 

• CVD (53.38)  
 

Antunovic et al. (104) 2017 Montenegro Hospital SF: high-sensitive troponin 

I 

OF: mortality  

ESRD HD 62 0.9 57.8 ± 

10.2 

2 • DM (8.1) 

• HTN (32.3)  

Isla et al. (112) 2016 South Africa Hospital SF:  causes and predictors 

OF:  mortality  

ESRD HD & PD 340 1.1 36.1 ± 

11.9 

3.05 • DM (10.3)  

• HTN (25.9) 

• Human immunodeficiency virus 

(HIV) positive (3.1) 

Lu et al. (124) 2016 Taiwan Hospital SF: number of Endothelial 

Progenitor Cells 

OF: cardiovascular and all-

cause mortality  

ESRD* HD 154 0.9 69.06 ± 

15.36 

4.19 • DM (55.85)  

• HTN (68.83) 

Merle et al. (105) 2016 France Hospital SF: low parathyroid 

hormone (PTH) status 

OF:  mortality  

ESRD* HD 1983 1.6 67.90 ± 

15.4 

2 • DM (37.7)  

• HTN (79.1)  

• CVD (54.6) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Chen et al. (115) 2015 People’s 

Republic of 

China 

Hospital SF: aortic artery 

calcification, cardiac valve 

calcification  

OF: mortality 

ESRD* HD 110 1.4 55.2 ± 1.4 3.5 • DM (57.3) 

Flythe et al. (117) 2015 The United 

States 

Registry SF: post dialysis weights 

above and below the 

prescribed target weight 

OF: mortality 

ESRD* HD 10,758 1.2 61 ± 14.8 3 • DM (59.13)  

• Heart Failure (43.07)  

• CAD (13.4) 

Tsai et al. (126) 2015 Taiwan Hospital SF:  site of peripheral 

artery occlusive disease 

OF: all-cause & 

cardiovascular mortality  

ESRD* HD 444 0.87 61.6 ± 

13.1 

4.29 • DM (32.7)  

• CVD (20.9) 

Oh et al. (133) 2015 Korea Hospital SF: 3 biomarkers (N-

terminal-pro-B-type-

natriuretic peptide, 

Cardiac troponin T and 

high-sensitivity C-reactive 

protein) 

OF: mortality  

ESRD* PD 335 1.6 53.5 ± 

13.1 

1.79 • DM (41.8)  

• HTN (48.1)  

• Coronary arterial disease (11.3)  

• Peripheral arterial disease (7.5) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Ulusoy et al. (127) 2015 Turkey Hospital SF:  tenascin-C levels 

OF:  cardiac mortality. 

ESRD HD 238 1.4 60.26 ± 

14.23 

2 • DM (36.3)  

• HTN (30.9)  

• Peripheral vascular disease 

(6.3) 

Yoshitomi et al. (110) 2014 Japan Hospital SF:  ankle-brachial blood 

pressure index 

OF: cardiovascular events 

and mortality 

3-5 Not on 

dialysis 

320 2.1 70 ± 8 2.5 • HTN (94)  

• DM (51)  

• History of CVD (19)  

• Dyslipidaemia (73)  

• History of IHD (19) 

Okamoto et al. (136) 2014 Japan Hospital SF:  visceral fat area 

OF: mortality 

ESRD* HD, PD 126 1.3 67 ± 12 5 • DM (52.38) 

Li et al. (122) 2014 People’s 

Republic of 

China 

Hospital SF:  pulmonary 

hypertension 

OF: cardiovascular 

mortality and events 

ESRD* HD 278 1.2 58.0 ± 

14.8 

1.8 • DM (33.8)  

• HTN (91.1)  

• History of CVD (30.6) 

Honneger Bloch et al. 

(118) 

2014 New Zealand Hospital SF:  high sensitivity 

troponin T 

OF: mortality 

ESRD* HD 238 1.1 63 2 • DM (64)  

• History of MI (67) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Oh et al. (107) 2014 Korea Hospital SF: 3 biomarkers (N-

terminal-pro-B-type-

natriuretic peptide, 

Cardiac troponin T and 

high-sensitivity C-reactive 

protein) 

OF: mortality  

ESRD HD 864 1.5 59.7 ± 

14.4 

1.5 • DM (56.3)  

• HTN (48.0) 

Avramovski et al. (109) 2014 Republic of 

Macedonia 

Hospital SF: aortic pulse wave 

velocity 

OF: all-cause and 

cardiovascular mortality  

ESRD* HD 80 2 59.3 

±11.8 

2.5575 • DM (20)  

• HTN (46.20) 

Arsov et al. (114) 2013 Macedonia, 

Germany, 

Sweden 

Hospital SF: skin autofluorescence 

and release of 

heart-type fatty acid 

binding protein in plasma 

OF: overall & CVD 

mortality 

ESRD* HD 169 1.6 56 ± 13 3 • DM (24%)  

• HTN (18%)  

• CVD (18%) 

Lim et al. (123) 2013 Taiwan Hospital SF: serum oxidized 

albumin 

OF:  all-cause & 

cardiovascular mortality 

ESRD* HD 248 1 65 ± 13 4.9 • DM (51.21)  

• HTN (75.4) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of 

study sample (%) 

Li et al. (132) 2013 People’s 

Republic of 

China 

Hospital SF: insulin resistance 

OF: cardiovascular 

morbidity and mortality 

ESRD* PD 66 0.89 62.1 ± 

16.3 

3.44 • Non-diabetic,  

• History of CVD (9.09) 

Genovesi et al. (113) 2013 Italy Hospital SF: various risk factors 

OF: total mortality & 

sudden cardiac death  

ESRD* HD 122 1.8 69.75 ± 

6.85 

3.9 • Ischaemic heart disease (37.7)  

• DM (27.1)  

• HTN (84.4)  

• Dilated cardiomyopathy (41.8)  

• Valvular heart disease (23.8)  

• Dyslipidaemia (18.0)  

• Ischaemic cerebral disease 

(14.8)  

• Atrial fibrillation (41.8) 

den Hoedt et al. (116) 2013 The 

Netherlands, 

Canada, 

Norway 

Hospital SF: online 

hemodiafiltration versus 

low-flux haemodialysis 

OF: all-cause & CV 

morbidity and mortality 

ESRD HD 714 1.7 64.1 ± 

13.7 

3 • DM (24)  

• History of CVD (44) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Murthy et al. (140) 2012 The United 

States 

Hospital SF: vasodilator function 

OF:  mortality 

CKD 

Stages 

3 -5 

Not clear 866 1 71.1 ± 

9.25 

1.28 • DM (44.8)  

• HTN (91.2)  

• Dyslipidaemia (70.0)  

• Recent MI <=30 days (18.9)  

• Remote MI >30 days (22.6)  

• Cerebrovascular disease (8.0)  

• Peripheral vascular disease 

(9.1) 

An et al. (103) 2012 People's 

Republic of 

china 

Hospital SF:  neutrophil to 

lymphocyte ratio 

OF: cardiovascular & all-

cause mortality  

ESRD* PD 138 1.4 53 ± 17 3.2 • DM (23.9)  

• CAD (29.1) 

• Cerebrovascular disease (7.7)  

• PVD (2.6) 

Wu et al. (111) 2012 Taiwan Hospital SF: Serum free p-cresyl 

sulphate levels 

OF:  all-cause and CV 

mortality 

ESRD* HD 112 0.44 72.6 ± 6.3 2.75 • DM (62.5%)  

• HTN (56.3%) 

Lee et al. (131) 2012 Taiwan Hospital SF: prevalence of aortic 

arch calcification 

OF: mortality 

ESRD* PD 415 1.3 55.8 ± 

13.8 

2.85 • DM (47.23) 

• CVD (34.94) 
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References Year of 

Study 

Country of 

Study 

Hospital or 

Registry 

based 

Study factor (SF) and 

outcome factor (OF) of the 

primary study 

Stage 

of CKD 

Dialysis 

Modality 

Sample 

size 

Men: 

Women 

Ratio 

Average 

Age 

(years) 

Average 

length of 

follow-up 

(years) 

Baseline comorbidities of study 

sample (%) 

Kakiya et al. (120) 2012 Japan Hospital SF: serum adrenal 

androgen 

dehydroepiandrosterone 

sulphate levels 

OF: mortality 

ESRD* HD 494 1.7 60.9 ± 

10.2 

4.2 • Diabetic Nephropathy (22.28)  

• HTN (86.24)  

• Pre-existing CVD (33.62) 

Ogawa et al. (106) 2010 Japan Hospital SF: aortic arch calcification 

score 

OF:  all-cause & 

cardiovascular mortality  

ESRD* HD 401 2.1 61.5 ± 12 4 • DM (33.17) 

HD= Haemodialysis, PD= Peritoneal dialysis, ESRD= End-Stage Renal Disease, DM= Diabetes mellitus, HTN= Hypertension, CVD= Cardiovascular disease, PVD= Peripheral vascular disease, 
HF= Heart failure, MI= Myocardial infarction, CAD= Coronary artery disease. 
*Patients were defined as being on dialysis in the primary study and were thus assumed to have end-stage renal disease. 
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Risk of bias 
The overall quality assessment of the included studies is presented in Figure 3, with a study-by-study 

breakdown provided in Figure 4. Further elaboration of the risk assessment is provided in Appendix 8. 

The quality of studies varied considerably from a cumulative score of “1” (see: (110)) to “6”(see: (103, 

124-126, 131, 135)). In total, 23 studies had a cumulative score ≥ 4 and were therefore considered of 

high quality (see: (103, 105, 108, 112, 116-129, 131-133, 135, 138)). 

As shown in the Figures 3 and 4, the foremost limitation observed in the included studies was the lack 

of comprehensive data regarding sex differences in cardiovascular mortality among CKD patients. This 

criterion was only evident in approximately 30% of the included studies. The absolute numbers of 

cardiovascular deaths for men and women or absolute cardiovascular mortality rates for both sexes 

were not provided in approximately 70% of the studies. Also, the distribution of men and women in 

the study population was not equal in more than half of the studies. Around 70% of the studies 

reported unadjusted risk estimates, and only about 30% studies adjusted for age and diabetes, as well 

as other confounders such as history of CVD, hypertension and haemoglobin level. In approximately 

30% of the included studies, subjects were not followed up for at least 2 years for outcomes to occur. 

Finally, information regarding patient follow-up was inadequate (present in approximately 55% of 

studies). 

The source of outcome data was mainly through patient medical records or data linkage to mortality 

registries and was found to be consistent across studies. 

 

Figure 3. Risk of bias graph 
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Figure 4. Risk of bias summary 

 



MPH Research Thesis, Sultana Shajahan 
 

46 | P a g e  
 

Summary of results 

Cardiovascular mortality relative to sex 

The principal measure of effect of sex on cardiovascular mortality was the hazard ratio of male sex 

with 95% confidence intervals. As shown in Table 2 (below), there were 15 unadjusted HRs and 12 

adjusted HRs with 95% CI for the association of male sex and cardiovascular mortality. As shown in 

Figure 5, a random effect meta-analysis of the adjusted HRs (and unadjusted HR where adjusted HR 

were not available) showed there was no significant association of sex with cardiovascular mortality 

among CKD patients (HR 1.10, 95% CI 0.95-1.28) Heterogeneity as estimated by I2 was 41.6% 

(p=0.013), which when compared to the thresholds provided by the Cochrane Handbook (as described 

in the Methods section), falls in the not important to moderate range of heterogeneity. This rejects 

the null hypothesis that there was significant heterogeneity to calculate an overall risk estimate for 

cardiovascular mortality and showed an overall homogeneity of the reported HRs. 
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Table 2. Summary of reported risk estimates of male sex for cardiovascular mortality 

Reference Unadjusted Adjusted 

 Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

Limit 

P value Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

limit 

P value Adjusted Variables 

Wu et al. (128) 1.027 0.459 2.297 0.948 - - - - n/a 

Saglimbene et al. (125) - - - - 1.16 0.98 1.37 0.08 Age, DM, MI, education, smoker, vascular access type, body mass 

index, albumin, Charlson comorbidity score,  phosphorus level, 

calcium level, haemoglobin, KT/V (index to quantify 

haemodialysis treatment adequacy), fibre daily intake, energy 

intake 

Gong et al. (130) 0.694 0.294 1.638 0.404 - - - - n/a 

Zhang et al. (108) - - - - 2.773 1.109 6.938 0.029 Age, DM, coronary heart disease, 

dialysis vintage, vascular access, sST2, NT-proBNP, hs-cTnT, hs-

CRP, haemoglobin, serum albumin, leukocyte count, serum urea, 

serum creatinine, uric acid, body mass index, systolic BP, diastolic 

BP 

Wu (et al. (135) - - - - 0.402 0.054 3.018 0.376 Age, DM, duration of PD, CVD, MBP, BMI, albumin, phosphorous, 

HDL, aortic arch calcification  

Peng et al. (134) 0.7 0.34 1.42 0.321 - - - - n/a 

Jeng et al. (119) 0.96 0.51 1.79 0.888 - - - - n/a 

Isla et al. (112) 0.83 0.39 1.78 - - - - - n/a 

Lu et al. (124) - - - - 1.278 0.614 2.661 - Age, DM, HTN, Endothelial progenitor cells, Current smoker, 

dialysis efficiency, haemoglobin, Harrell's Concordance 
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Reference Unadjusted Adjusted 

 Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

Limit 

P value Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

limit 

P value Adjusted Variables 

Merle et al. (105) - - - - 1.05 0.67 1.64 0.838 Age, DM, hypertension, smoking, prevalent cardiovascular events 

(cerebrovascular disease, ischemic heart disease, heart failure, 

and peripheral artery disease) 

Chen et al. (115) 3.508 0.999 12.315 0.05 - - - - n/a 

Flythe et al. (117) - - - - 1.19 1.04 1.35 - Age, DM, race, CAD, HF, vascular access type,  albumin, 

phosphorus level, haemoglobin, equilibrated Kt/V, dialytic 

vintage, prescribed treatment time (minutes), intradialytic weight 

gain, post-dialysis weight, pre-dialysis systolic BP, 

missed treatments 

Tsai et al. (126) 1.13 0.75 1.7 0.541 1.87 1.11 3.16 0.018 Age, DM, CVD, BP, albumin, triglyceride cholesterol, Kt/v, 

cardiomegaly, Ca-P product, peripheral arterial occlusion disease 

Oh et al. (133) 0.68 0.318 1.452 0.319 0.69 0.319 1.49 0.344 Age, white blood cell count 

Yoshitomi et al. (110) 2.82 0.95 12.09 0.06 - - - - n/a 

Okamoto et al. (136) 1.19 0.42 3.34 0.33 - - - - n/a 

Li et al. (122) 2.25 0.99 5.1 0.053 2.06 0.89 4.75 0.091 Age, DM, CVD, pulmonary hypertension, duration of HD, pre-HD 

BP, serum phosphorus, urea reduction ratio, systolic dysfunction 

Honneger Bloch et al. (118) 0.66 0.35 1.24 0.1987 - - - - n/a 

Oh et al. (107) 1.087 0.505 2.338 0.831 0.617 0.182 2.095 0.439 Age, DM, HTN 

Arsov et al. (114) 2.44 1.05 5.64 0.04 - - - - n/a 

Lim et al. (123) 0.95 0.582 1.54 0.8268 - - - - n/a 

Li et al. (132) 1.31 0.68 2.54 0.42 - - - - n/a 

Murthy et al. (140) 1.71 1.11 2.63 0.01 - - - - n/a 
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Reference Unadjusted Adjusted 

 Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

Limit 

P value Hazard 

Ratio 

95% CI 

Lower 

Limit 

95% CI 

Upper 

limit 

P value Adjusted Variables 

An et al. (103) - - - - 0.29 0.09 0.9 0.033 Age, diabetic nephropathy, history of CVD, albumin level, 

neutrophil to lymphocyte ratio  

Wu et al. (111) 0.707 0.274 1.825 0.474 - - - - n/a 

Lee et al. (131) - - - - 0.554 0.254 1.206 >0.05 Age, DM, CVD, smoking, lipid-lowering therapy  

calcium phosphorous product, albumin, log hs-CRP, baseline 

aortic arch calcification 

Ogawa et al. (106) 0.588 0.253 1.365 0.217 - - - - n/a 



MPH Research Thesis, Sultana Shajahan 
 

50 | P a g e  
 

 

Figure 5. Forest plot showing of overall risk estimate and heterogeneity among HR of men vs. women 
for cardiovascular mortality (including both unadjusted and adjusted HRs) 

Unadjusted Hazard Ratios 

15 of the included studies reported unadjusted HRs of male sex for cardiovascular mortality with 95% 

CI (see: (106, 110-112, 114, 115, 118, 119, 123, 128, 130, 132, 134, 136, 140)). A random effect analysis 

of the unadjusted HRs did not reveal any significant association between sex and cardiovascular 

mortality (HR 1.07, 95% CI 0.84-1.36) and non-important heterogeneity (I2= 37.2%; p=0.072; see Figure 

6). 
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Figure 6. Forest plot of overall estimate of unadjusted HR of men vs. women for cardiovascular 
mortality 

Adjusted Hazard Ratios 

12 of the included studies reported adjusted HRs of male sex for cardiovascular mortality with 95% CI 

(see: (103, 105, 107, 108, 117, 122, 124-126, 131, 133, 135)). All of these studies adjusted their risk 

estimates for age. With the exception of one study that only adjusted for age (see: (133)), all studies 

adjusted for both age and diabetes. In addition, 9 of these studies adjusted for a history of 

cardiovascular disease (see: (103, 105, 108, 117, 122, 125, 126, 131, 135)) and 4 adjusted for 

hypertension (see: (105, 107, 122, 124)). Other factors that were adjusted for included body mass 

index, blood haemoglobin level, duration of dialysis, smoking status and diastolic blood pressure, 

however these adjustments were not consistently applied across these studies. Random effect 

analysis of adjusted HRs did not reveal any significant association between sex and cardiovascular 

mortality (HR 1.13, 95% 0.93-1.39) and displayed moderate hetergoneity. (I2= 49.4%, Figure 7). 
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Figure 7. Forest plot of overall estimate of reported adjusted HR of men vs. women for cardiovascular 
mortality 

Raw data analysis 

For 10 studies, risk estimates were not provided however the exact number of cardiovascular deaths 

stratified by sex within the respective study populations were provided. From the data provided in 

these studies along with data obtained from ANZDATA, the risk ratios with 95% CI of male sex for 

cardiovascular mortality was computed. These results are summarised in Table 3 (below). For these 

calculated RRs, moderate to substantial heterogeneity among studies (I2= 69.1%, p=0.000, figure 8) 

was observed after random effect analysis and revealed no significant association of sex with 

cardiovascular mortality (overall RR 1.16, 95% CI 1.02-1.32). 
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Table 3. Summary of additional data from studies not reporting risk estimates 

References CVD 

deaths in 

men (n) 

Men with 

CKD (n) 

Rate of CVD death 

in men/1000 

person-years 

CVD deaths in 

women (n) 

Women with 

CKD (n) 

Rate of CVD 

death in 

women/1000 

person-years 

Risk Ratio of 

men for 

cardiovascular 

mortality 

95% 

(CI) 

lower 

limit 

95% CI 

upper 

limit 

P value 

Yayar et al. (129) 13 36 361.11 8 46 173.91 2.08 0.96 4.46 0.06 

Kawagoe et al. (121) 29 770 37.66 25 540 46.29 0.81 0.48 1.37 0.44 

Kon et al. (137) 31 14,810 2.09 12 12,509 0.95 2.18 1.11 4.24 0.02 

Navaneethan et al. (138) 1851 15,112 122.49 1817 19,597 92.71 1.3 1.20 1.36 < 0.0001 

Antunovic et al. (104) 6 30.00 200.00 4 32 125 1.6 0.50 5.11 0.43 

Ulusoy et al. (127) 20 140 142.86 20 98 204.08 0.66 0.37 1.15 0.15 

Avramovski et al. (109) 10 53 188.68 7 27 259.25 0.73 0.31 1.69 0.46 

Genovesi et al. (113) 13 79 164.56 7 43 162.79 1.01 0.43 2.34 0.98 

den Hoedt et al. (116) 50 445 112.36 24 269 89.21 1.26 0.79 2.00 0.33 

Kakiya et al.  (120) 22 313 70.29 13 181 71.82 0.98 0.50 1.89 0.95 

ANZDATA 2004-2017 (93) 5468 7588 720.66 3387 5212 649.90 1.10 1.08 1.13 < 0.0001 
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Figure 8. Forest plot of overall estimates of calculated RR of men vs. women for cardiovascular 
mortality (including ANZDATA results) 

 

Of the 37 studies, there were studies that reported men with CKD were at a higher cardiovascular 

mortality risk, women with CKD were at a higher risk and high-quality studies which showed that men 

and women shared equal risk. 

Firstly, 10 out of 37 studies reported a higher cardiovascular mortality risk in men compared to 

women. The risk estimates from these studies ranged from 1.6 to 3.5 (see: Table 2 and 3; (104, 108, 

110, 114, 115, 122, 126, 129, 137, 140)). Of these 10 studies, 6 were of high quality (104, 108, 122, 

126, 129, 137). From these particular studies, the risk estimates reported were similar (1.6,(104) 

1.87(126), 2.06(122), 2.08,(129) 2.18(137) and 2.77.(108)  

However, 6 out of the 37 studies showed that men with CKD were protected against cardiovascular 

mortality risk compared to women with CKD, with risk estimates ranging from 0.29 to 0.66 (see: Table 

2 and Table 3; (103, 106, 107, 118, 131, 135). Of these 6 studies, four were of high quality. These four 

studies reported similar results: 0.29,(103) 0.40,(135) 0.55,(131)  and 0.66.(118) 
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When analysis was limited to the 7 high-quality studies included in this review that had a sample size 

>100, ratio of men to women subject near 1 and a length of follow-up of more than 2 years, more 

consistent results were observed. For 6 of these studies, the risk estimate was reported to be close to 

one (average of 1.04; (112, 117, 119, 123, 124, 128)); however, one study did report a risk estimate of 

2.18.(137)  

All-cause mortality relative to sex 

Table 4  Summary of all-cause mortality risk estimates 

 Unadjusted Adjusted 

Study ID Hazard 

ratio 

95% (CI) 

lower 

limit 

Upper 

limit 

P-value Hazard 

ratio 

95% (CI) 

Lower 

limit 

Upper 

limit 

P-value 

Wu (2019) 1.24 0.77 2.00 0.38 - - - - 

Saglimbene (2019) - - - - 1.18 1.07 1.31 0.002 

Gong (2018) - - - - - - - - 

Zhang (2017) - - - - 1.13 0.58 2.21 0.72 

Wu (2017) - - - - 0.69 0.37 1.31 0.26 

Peng (2017) 1.07 0.63 1.8 0.81 - - - - 

Jeng (2017) 0.91 0.54 1.53 0.72 - - - - 

Isla (2016) 0.89 0.59 1.34 - - - - - 

Lu (2016) - - - - 1.03 0.61 1.74 - 

Merle (2016) - - - - 1.09 0.79 1.47 0.63 

Chen (2015) 2.55 1.02 6.40 0.04 1.67 0.63 4.41 0.30 

Flythe (2015) - - - - 1.18 1.09 1.28 - 

Tsai (2015) 1.04 0.73 1.47 0.81 1.47 0.94 2.28 0.09 

Oh (2015) 0.85 0.45 1.59 0.61 0.81 0.43 1.55 0.53 

Yoshitomi (2014) 1.48 0.79 2.98 0.22 - - - - 

Okamoto (2014) - - - - - - - - 

Li (2014) - - - - - - - - 

Honneger Bloch (2014) 0.70 0.44 1.1 0.13 - - - - 

Oh (2014) 1.02 0.62 1.69 0.93 0.92 0.43 1.97 0.83 

Arsov (2013) 1.76 0.95 1.07 0.07 - - - - 

Lim (2013) 1.10 0.754 1.59 0.63 - - - - 

Li (2013) - - - - - - - - 

Murthy (2012) - - - - - - - - 

An (2012) - - - - - - - - 

Wu (2012) 0.98 0.52 1.85 0.96 - - - - 

Lee (2012) - - - - 1.14 0.66 1.95 NS 

Ogawa (2010) 0.62 0.36 1.07 0.09 - - - - 
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All-cause mortality data was reviewed to see if similar inconsistencies seen in cardiovascular 

mortality estimates were also present among all-cause mortality estimates. As seen in Table 4, there 

was similar heterogeneity among risk estimates of all-cause mortality for men versus women.
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Subgroup Analysis 

Subgroup analyses were conducted based on quality (High vs. Low), country (China vs. Europe vs. 

Taiwan vs. South Africa vs. Oceania (New Zealand and Australia) vs. United States vs. Korea vs. Japan), 

sample size (>1000 vs. 500-999 vs. 100-499 vs. <100), length of follow-up in years (<2 vs. 2-4 vs. >4) 

and men-women ratio in the study sample (<1 vs. 1-1.4 vs. >1.5).  

Subgroup analysis by quality 

As shown in Figure 9, the overall estimates among high qaulity studies (HR 1.09 95% CI 0.93-1.27) and 

low quality studies (HR 1.16 95% CI 0.78-1.173) was similar and did not show any significant 

association between sex and cardiovascular mortality. Heterogenity, however, was lower among high 

quality studies (I2= 37.6% vs. 41.6%). 

 

Figure 9. Subgroup analysis of HR of men vs. women for cardiovascular mortality by quality 
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Subgroup analysis by country 

Given that there was not enough geographical representation of different countries among the 

included studies, insufficient data was available to assess whether geographical location was the 

underlying cause of heterogeneity among the included studies. Despite this, as shown in Figure 10, an 

emerging pattern was evident that all in studies conducted within Korea, men with CKD were 

protected against cardiovascular risk. Even though there were significant number of studies from 

China and Taiwan, their risk estimates were inconsistent across studies. 
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Figure 10. Subgroup analysis of HR of men vs. women for cardiovascular mortality by country 
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Subgroup analysis by sample size 

Stratifying the risk estimates by subgroup showed that the highest risk for cardiovascular mortality in 

men was found across larger sample sizes (>1000), whereas lower risk for men was evident across 

smallest sample sizes (<100). As seen in Figure 11, the most inconsistency among risk estimates was 

found in studies with sample sizes between 100 and 499. 

 

Figure 11. Subgroup analysis of HR of men vs. women for cardiovascular mortality by sample size 
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Subgroup analysis by length of follow-up 

Stratified analysis by length of follow-up is shown in Figure 12. This analysis did not reveal any 

significant association with cardiovascular mortality risk in men, except for a slight increase in the 

overall risk estimate (HR 1.41, 95% CI 0.85-2.35) when the follow-up duration was <2 years. 

 

Figure 12. Subgroup analysis of HR of men vs. women for cardiovascular mortality by length of follow-
up 
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Subgroup analysis by men-women ratio in study sample 

Subgroup analysis by men-women ratio in the study population also did not reveal any significant 

association with cardiovascular mortality risk in men with CKD (see Figure 13). The overall risk 

estimates were similar irrespective of the distribution of sex. 

 

Figure 13. Subgroup analysis of HR of men vs. women for cardiovascular mortality by men: women 
ratio in study sample 
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Comparison with non-CKD population 
 

Table 5. Risk of death by eGFR levels and sex (Findings from Kon (2018)) 

 Cardiovascular mortality 

Men Mortality ratea HR (95% CI)b P-value 

>90 (n = 3336) 1.3 Reference  

45–59 (n =13,054) 1.6 1.15 (0.61–2.37) 0.680 

<45 (n = 1787) 5.5 3.14 (1.50–6.94) 0.002 

Women    

>90 (n = 11,715) 0.5 Reference  

45–59 (n = 11,061) 0.9 1.28 (0.65–2.54) 0.472 

<45 (n = 1460) 1.5 1.48 (0.41–4.19) 0.509 

a. Mortality rate (per 1000 person-year); b. Adjusted for age, body mass index, dipstick proteinuria, comorbid 

conditions (hypertension, diabetes, and dyslipidaemia), history (stroke, heart disease, and kidney disease), and 

lifestyle (smoking, drinking, walking, and exercise) 

Kon et al. was the only study from this systematic review which reported sex-specific cardiovascular 

mortality rates and hazard ratios of eGFR levels 45-59 and <45ml/1.73m2 compared to reference level 

(>90ml/1.73m2).(137) The findings from this study are presented in Table 5. When comparing their 

absolute cardiovascular mortality rates, men with moderate renal dysfunction (<45 ml/1.73m2) had a 

4-fold rise of risk of cardiovascular mortality compared to men with normal renal function (CVD 

mortality rate in men with eGFR <45 ml/1.73m2: 5.5 vs. CVD mortality in men with normal eGFR: 1.3), 

showed in Table 5. However, the same risk was three times in women (CVD mortality in women with 

eGFR <45 ml/1.73m2: 1.5 vs. CVD mortality in women with normal eGFR: 0.5). 

Publication bias 
 

Publication bias was assessed using a funnel plot with pseudo 95% CI. (Figure 14). Here, the y-axis 

represents the standard error of effect estimate. The larger studies with higher power were placed 

towards the top and lower powered studies were placed towards the bottom. The x-axis represents 

the reported HRs (unadjusted and adjusted) of each study. The scattering of the risk estimates 

demonstrates that there was a wide range of standard errors.  The symmetrical shape of the funnel 

suggests that there was no significant publication bias.  
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Figure 14. Funnel plot of adjusted and unadjusted HR of men vs. women for cardiovascular mortality 
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DISCUSSION  

In this study, a systematic review of the literature was conducted, and 38 original publications and 

one registry data were identified that reported data regarding sex differences in cardiovascular 

mortality among CKD patients. Separate analyses of reported unadjusted and adjusted risk estimates, 

along with calculated risk estimates from additional data reported in the included studies, indicated 

that there was no significant association of sex with cardiovascular mortality risk among men and 

women with CKD. However, there was some heterogeneity among the study results which could have 

been due to clinical and methodological diversity. Lack of comprehensive data regarding sex-stratified 

cardiovascular outcomes further amplified this issue.  

Findings from study results 
As shown in Figure 5, a random effect analysis of the adjusted HRs (and unadjusted HR where adjusted 

HR was not available) of the included studies showed there was no significant association of sex with 

cardiovascular mortality among CKD patients, with no to moderate heterogeneity among the reported 

estimated risks, as defined in the Cochrane Handbook for Systematic Reviews.(92) In fact, there was 

almost significant homogeneity across results. In conclusion, the results show that sex did not 

influence cardiovascular mortality among CKD patients based on reported risk estimates from 27,827 

participants in the last 15 years. Thus, the overall estimate was supported by a large pool of patient 

data.(92) Since none of the primary studies addressed sex differences specifically in their study 

objectives, there was less potential of publication bias, as demonstrated by the funnel plot in Figure 

13.(83) However, approximately 70% of the studies did not report comprehensive data regarding sex-

specific cardiovascular mortality in the included studies, such as absolute cardiovascular mortality 

rates or number of deaths for both men and women. This rendered it difficult to perform adequate 

quantitative analysis of the data (the overall estimate in the review was based on reported risk 

estimates from studies and not absolute cardiovascular mortality rates), and there still remains a lack 

of understanding about potential sex differences that may or may not exist in absolute risks of 

cardiovascular mortality among men and women with CKD.  

Comparison of review findings with studies with population data prior to 2004 

The findings from this systematic review are in contrast with historical studies which have looked at 

sex differences in cardiovascular mortality among CKD patients. Nitsch et al. performed a large meta-

analysis of chronic kidney disease cohorts (n=38,612) from across 46 cohorts from Europe, North and 

South America, Asia, and Australasia, and found that risks of all-cause mortality and cardiovascular 

mortality were higher in men at all levels of estimated glomerular filtration rate, compared to 

women.(79) Similarly, Carrero et al. found a statistically significant higher risk of cardiovascular 
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mortality for men on dialysis compared to women on dialysis (using European registry data between 

January 1, 1994, and December 31, 2004).(80) In contrast, the results from this systematic review and 

meta-analysis showed that that men and women with CKD share equal risk of cardiovascular mortality 

(based on population data from 2004 to 2019). Whether this shift in cardiovascular mortality trend 

over time was due to a decrease in mortality in men or a rise in mortality in women among CKD 

patients, remains unclear due to a lack of evidence in the current literature comparing historical CKD-

associated cardiovascular rates with recent data.  

Possible reasons as to why there has been a shift of cardiovascular mortality risk among men and 

women with CKD could be that over time, there has been an improvement in treatment and 

awareness. There may also have been changes to diagnosis of CKD, which usually remains 

asymptomatic until later stages.(5) Even though major changes in renal replacement therapy for men 

and women with CKD was not observed during this duration, there has been a significant change in 

hypertension awareness, treatment and diagnosis guidelines, especially in high-risk patients. A 

different category for blood pressure levels and thresholds was introduced by the Hypertension 

Canada, Canadian Clinical Practice Guidelines in 2016 to improve hypertension diagnosis and 

management in high-risk patients by intense blood pressure lowering.(141, 142) High-risks patients, 

such as patients prone to renal disease, cardiovascular disease or diabetes, would be diagnosed as 

hypertensive with a systolic blood pressure of 130 mm Hg or more, as opposed to the traditional 

hypertensive threshold of above 140 mm Hg or more.(142)  

Also, emerging evidence by Xie et al. suggests that intense blood pressure lowering strategies are 

beneficial, particularly in patients at high risk due to renal, cardiovascular or diabetic patients.(143)  

Therefore, it is possible that increased awareness regarding early diagnosis and treatment in 

hypertension could have contributed to better cardiovascular health outcomes in both men and 

women, along with improved screening of asymptomatic CKD patients.  

Comparison with population with normal eGFR 

Even though the findings from this study showed that overall estimate of cardiovascular mortality risk 

for men vs. women with CKD was close to one, women with CKD may be at greater cardiovascular risk 

when compared to women with normal renal function.(80) Carrero et al. found that even though 

women starting dialysis were protected against cardiovascular mortality risk when compared to men, 

they had higher cardiovascular mortality risk in comparison to women in the general population 

(normal eGFR).(80) However, there was not sufficient data in the included studies in this review to 

analyse this relative risk, since only one included study analysed sex-stratified risk estimates with 

reference to the general population.(137) This study reported sex-specific cardiovascular mortality 
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rates for men and women with renal dysfunction (eGFR levels 45-59 and <45ml/1.73m2) and normal 

renal function (>90ml/1.73m2). When compared to the reference population, women with eGFR 

<45ml/1.73m2 had a 3-fold rise of risk of cardiovascular mortality, compared to a 4-fold risk in men. 

However, the study provided no data regarding cardiovascular mortality data at other stages of CKD, 

and a categorisation of <45/ml/min/1.73m2 does not provide comprehensive data to estimate relative 

risks for men and women across different stages of CKD, with reference to normal eGFR. For example, 

there was no data regarding cardiovascular mortality among men and women with severe renal 

dysfunction (<15ml/min/1.73m2). 

Comparison with global cardiovascular mortality risk 
Historically, cardiovascular mortality risk has been thought to greater in men in the general 

population.(65, 144) An analysis of recent World Health Organisation (WHO) data showed that, in 

2016, the age-standardised cardiovascular mortality rates worldwide for men and women were similar 

(240.52 and 238.10 per 100,000 population respectively), providing a rate ratio of 1.01.(145) This 

suggests that, compared to historical data, there has been a global shift in the cardiovascular mortality 

trend over time, resulting in a reduction in mortality in men, or conversely, a higher mortality rate in 

women. This was partially explored in one study comparing coronary heart disease and stroke 

mortality data from 1980 with 2010 data, and the study found that there in fact has been an excess 

reduction in CHD and stroke mortality in men, compared to women. This is alarming because it 

highlights that globally, changes in healthcare regarding cardiovascular disease have produced more 

favourable outcomes in men than women, and the needs of women may not have properly addressed, 

leading to inequalities in healthcare. 

Table 6. Global cardiovascular mortality risk in men and women- WHO data analysis 

Sex No. of 

deaths 

Total 

population 

Crude 

mortality 

rate 

Age-

standardized 

mortality 

rate 

Rate Ratio 

(M: F) 

Men 90,53,770 376,42,18,766 240.52 240.52 1.01 

Women 88,04,242 369,76,65,083 238.10 238.10 - 

 

Similarly, in CKD, even though historical studies suggest that men had higher cardiovascular mortality 

compared to women, the results from the meta-analysis in this study has shown that both sexes share 

equal risk. Similar to the global cardiovascular mortality shifts among men and women in the general 

population as discussed above, the shift in CKD-associated cardiovascular mortality among men and 

women could have also resulted from a fall in cardiovascular risk in men but not in women, or to an 
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overall rise in female cardiovascular mortality compared to men with CKD. Therefore, a better 

understanding of the underlying sex differences in CKD-associated CVD mortality is required to better 

address inequalities in cardiovascular outcomes. There is a need to compare current data with 

historical data to determine whether male risk has reduced over the decades or that female risk has 

actually increased which could have led to the shifts in sex-specific cardiovascular mortality risk 

observed in both CKD and the general population. 

There are, however, certain limitations of the WHO cardiovascular mortality data being used as a 

representative of the risk ratio of men vs. women for cardiovascular mortality in the general 

population. Firstly, there is no distinction of whether this data is inclusive or exclusive of CKD patients, 

and it is probably inclusive of populations with clinical or sub-clinical forms of CKD as a result of age-

associated renal structural damage.(47) Secondly, there is no stratification of the data available by 

comorbidities. Therefore, it is impossible to compare this data with the CKD population, because it is 

not possible to adjust for important confounders, such as diabetes, kidney transplant operation, 

anaemia, infection and malignancy etc., which are in themselves risk factors for increased 

cardiovascular mortality.(5) Thus, the absolute effect of CKD on cardiovascular outcomes cannot be 

conclusively determined when the comparison population is already biased. This suggests the need 

for an observational cohort study consisting of CKD patients along with a control (unexposed) group 

of participants with normal GFR, who have been diagnosed as not having the potential confounders 

described above. This will enable a true comparison of cardiovascular risk differences among the CKD 

and non-CKD population, and sex-specific relative risks estimates. 

The historical study by Carrero et al. compared 5-year age-stratified cardiovascular mortality in a 

European cohort dialysis patient registry (European Renal Association-European Dialysis and 

Transplant Association [ERA-EDTA] Registry) with the European general population (Eurostat). It is an 

example of a cohort study design which could help to better understand increased risk of women or 

men with CKD compared to the general population.(80) There is a need for future studies to analyse 

recent data from the same registry and compare against the findings presented by Carrero et al. to 

identify what changes in trends regarding cardiovascular mortality among men and women with CKD 

have occurred in the last 15 years. 

Calculation from additional and registry data 
Additional data from studies which did not report risk estimates and ANZDATA was used to calculate 

risk ratios. The Australia and New Zealand Dialysis and Transplant Registry (ANZDATA) is a clinical 

registry that systematically collects and reports outcome data of end-stage kidney disease patients 

since 1977 from all renal units in Australia and New Zealand. Data regarding prevalence and 
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cardiovascular outcomes in 12,800 dialysis patients from Australia and New Zealand from 2004 and 

onwards (excluding transplant patients) was utilised from ANZDATA to calculate risk estimates for 

dialysis population from Australia and New Zealand (see: Table 3).  

For a meta-analysis, it is most preferable to include a summary statistic which is reported similarly in 

all the studies.(92) Since RRs and HRs are calculated in different ways and may represent inherently 

different estimates, these were not combined in the meta-analysis but analysed separately to further 

explore potential sources of heterogeneity. Random effects analysis of risk ratios from included 

studies (i.e. database searching) and ANZDATA further supported the previous finding that sex was 

not significantly associated with cardiovascular mortality in the study sample of CKD patients. 

However, analysis of RRs revealed slightly larger heterogeneity than the analysis of HRs (I2 69.1% vs. 

41.6%), shown in Figure 8. 

Exploration of heterogeneity 
Statistical heterogeneity is usually the result of clinical variability and/or methodological diversity 

among the studies included in the review.(92) Clinical diversity is defined as variability in the 

participants and outcomes studied and methodological diversity is defined as variability in study 

design, outcome measurement tools and risk of bias.(92) Bias at study or outcome level can lead to 

significant methodological variability and in turn, introduce heterogeneity among the results.(92)  

Variability across included studies 
There were several inconsistencies across all the studies reviewed, which might have contributed to 

clinical or methodological diversity, and which in turn may have been responsible for moderate 

heterogeneity among the study results.(92) Risk of bias assessment revealed that overall, there was 

considerable bias at study and outcome levels. Subgroup analyses were performed to further explore 

the possible sources of heterogeneity, such as men-women ratio, length of follow-up, geographical 

distribution, sample size, adjustment for confounders and study quality.(92) 

Men to women ratio 

The ratio of men to women participants across the studies was inconsistent; majority of studies had 

more male participants than females. Risk of bias assessment revealed the distribution of men and 

women in the study population was not equal in more than 50% of the studies. Overrepresentation 

of men in the study sample can overestimate the risk estimate for cardiovascular mortality for men 

with CKD, compared to women with CKD. However, male-female distribution did not significantly alter 

overall risk estimates in subgroup analysis.  
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Stage of CKD 

The study participants were dominated by ESRD patients on dialysis, and there was hardly any 

representation of other stages of CKD, who are also considered to be at an increased of cardiovascular 

outcomes.(146) Therefore, the results of this review cannot be generalised to the overall CKD 

population, but only a small subsection of it who had already progressed to renal replacement 

therapy. Early stages of CKD affect 50 times more patients than ESRD, making ESRD only a small 

percentage of the CKD population.(147, 148) Therefore, a lack of data regarding cardiovascular 

mortality in other stages of CKD makes it difficult to ascertain sex differences in a larger portion of 

CKD patients. 

Age of participants 

The study population was also significantly older, ranging from 52-73 years of age. Even though this is 

consistent with the fact that prevalence and mortality of CKD is highest in older age groups,(5) one 

study with a large European dialysis population found that women aged 25-34 on dialysis had higher 

cardiovascular mortality than men of the same age group.(80) Therefore, it was not possible to 

determine whether potential sex differences exist in younger CKD groups due to lack of data in the 

included studies. 

Reported comorbidity data 

Comorbidities of the patients were not consistently reported across the studies, with 16 studies not 

reporting the comorbidities found in their respective patient population. Diabetes, hypertension, 

history of cardiovascular hospitalizations and anaemia are some of the important comorbidities 

usually present in CKD patients,(5) that are in themselves risk factors for cardiovascular mortality and 

tend to confound the absolute risk of CKD for cardiovascular mortality. It is difficult, therefore, to 

conclude whether the overall risk estimate observed from the included studies was exclusively due to 

CKD, or a compounded effect of CKD and these confounders. For example, diabetes mellitus, a key 

comorbidity of CKD, could have been a potential source of bias. A predominantly diabetic CKD 

population may present different sex differences in cardiovascular mortality compared to a non-

diabetic CKD population, as diabetes in itself is a risk factor for cardiovascular mortality and has been 

found to affect cardiovascular risk differently among  men and women.(71, 149) Only about 30% of 

the included studies adjusted for the same two major risk factors for cardiovascular mortality, namely 

age and diabetes, but adjusted for other confounders differently across studies, such as history of 

CVD, hypertension, duration of dialysis and haemoglobin level in blood. Only one study excluded 

diabetic patients at study level.(69)  
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Sample size 

Several studies reported small sample sizes with less than 100 patients. Results from these studies 

may not have been representative of the wider CKD population due to potential selection bias i.e. the 

investigators may have invited individuals to participate in a study based on their clinical knowledge 

of the individual. Interpretations from these small study samples may not apply to real-world CKD 

populations, as the observed effect may be over or underestimated in one sex, since it may not be 

possible to assume a risk effect for cardiovascular mortality in those not included in the study due to 

potential selection bias. 

Geographical distribution 

Geographical distribution affects overall cardiovascular mortality risk differences between men and 

women outcomes in the wider population; in 2016, South East Asian and Eastern Mediterranean 

Regions had higher mortality risk for men, compared to West Pacific Region and the Region of the 

Americas.(145)  

 

Figure 15. Age-standardized rates (per 100 000 population) of premature death from the four major 
NCDs covered by SDG Target 3.4, 2016. Taken from: World Health Organisation (WHO), World Health 
Statistics 2019: Monitoring health for the SDGs, 2019. (145)3 

Abbreviations used: SEAR= South-East Asian Region, EUR= European Region, WPR= Western Pacific 
Region, AMR= Region of the Americas, EMR= Eastern Mediterranean Region, AFR= African Region.  

 
3 Available under a Creative Commons Attribution-Non Commercial-ShareAlike 3.0 IGO licence (CC BY-NC-SA 
3.0 IGO; https://creativecommons. org/licenses/by-nc-sa/3.0/igo). 
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Therefore, due to lack of widespread geographical distribution in the included studies (around 60% of 

the included studies being conducted in Asia), it remains difficult to determine whether sex differences 

seen were a result of geographical distribution, and not the absolute risk of CKD on cardiovascular 

outcomes. 

Country-based subgroup analysis, however, did reveal that all studies conducted within Korea showed 

protective effect against cardiovascular risk in men with CKD. Several studies have shown that 

although the incidence of myocardial infarction is higher in Korean men in the overall Korean 

population, in-hospital mortality for MI is higher in women.(150-152) In contrast, close neighbouring 

countries including Japan and China, did not reveal such differences in the general population.(61) 

Therefore, what underlying factors are responsible for a higher cardiovascular risk in women versus 

men in the Korean population (compared to its neighbouring countries) require further investigation. 

Duration of follow-up 

The duration of follow-up varied among the studies, with ten of the studies with very short duration 

of follow-up (2 years or less). The studies consisting of shorter duration of follow-up could have 

potential selection bias i.e. enlisted patients were worse off than patients followed for longer periods 

of time. Furthermore, since men are known to have higher progression of CKD than women,(4) shorter 

follow-up duration can overestimate results in favour of men. Men in the general population present 

earlier symptoms of cardiovascular complications than women, although women may have a higher 

lifetime risk of cardiovascular complications than men.(61) Since CKD-associated cardiovascular 

outcomes can occur earlier in men than women, therefore, studies with shorter duration can bias the 

results towards men. Subgroup analysis by length of follow-up supported this, showing a higher risk 

of cardiovascular mortality among men in studies with follow-up duration less than 2 years (Figure 

12). 

Adjusted vs. Unadjusted outcomes 

For further exploration of possible sources of heterogeneity, separate random effect analyses of the 

unadjusted and adjusted HRs proceeded to reveal similar results between sex and cardiovascular 

mortality in CKD (Figures 6 and 7). However, since the studies did not adjust for the same variables 

(shown in Table 2), inconsistency in adjustments could have underestimated or overestimated the 

results in favour of either sex. 

 

Classification by eGFR 
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Majority of the included studies identified their study population as receiving dialysis from treatment 

centres (clinic or hospitals) and eGFR classification was not provided, making it difficult to deduce if 

they were at stage 4 (15 -29 ml/min/1.73m2) or stage 5 (<15ml/min/1.73m2). Examining the 

relationship between eGFR and cardiovascular mortality among men and women directly in future 

studies may present a way to normalise for differences in patient characteristics and reduce 

heterogeneity in the observed results. 

Study design: RCTs versus cohort studies? 

Randomised controlled trials (RCTs) will have less heterogeneity compared to cohort studies, owing 

to stricter study designs and outcome assessments.(153) Whereas observational cohort studies are 

prone to loss of follow-up, clinical variability of patients and misinterpretation of outcomes, which can 

introduce a certain level of bias, despite measures taken to reduce bias.(153) To eliminate possible 

sources of heterogeneity, researcher adopt RCTs, which is the gold standard for intervention studies. 

However, considering that the research question identified in this review can only be answered by 

means of non-interventional cohort studies, there will be some level of clinical variability and 

methodological diversity, leading to some level of heterogeneity. However, future cohort studies 

addressing the sources of bias and inconsistencies as described above can reduce heterogeneity and 

provide conclusive risk estimates regarding sex differences in cardiovascular mortality. 

Quality assessment and findings from high-quality studies 
In case of quality-based subgroup analysis, heterogenity was found to be slightly lower among high 

quality studies (Figure 9). Based on quality assessment, there were seven high-quality studies, out of 

the 37 included studies which reported overall cardiovascular mortality, that had a sample size greater 

than 100 participants, nearly equal distribution of men to women, length of follow-up of more than 2 

years and all participants were accounted for. These studies revealed more consistent results; for 6 of 

these studies, the risk estimate was reported to be close to one (average of 1.04; (112, 117, 119, 123, 

124, 128)); and only one study reported a higher risk estimate of 2.18.(137)  

Among those 5 studies, Flythe et al. and Lu et al. adjusted their results in multivariable model analysis 

for possible confounders (age, diabetes and anaemia), and thus, their results could be accepted as 

having the least possible bias. Flythe et al. (117) further adjusted their results in multivariable model 

analysis for several possible confounders (namely age, diabetes, race, coronary artery disease, heart 

failure, haemoglobin, pre-dialysis systolic). Similarly, Lu et al. (2016) also adjusted their results for 

three of the same confounders (age, diabetes and haemoglobin), along with others (current smoking 

status and hypertension), to find almost similar results (1.19(117) and 1.28(124) respectively). Though 

both studies were looking at haemodialysis patients with similar characteristics and men: women 
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distribution, Flythe et al. studied a national, multi-centre cohort of 10,785 prevalent haemodialysis 

patients in the United States, whereas Lu et al. studied a smaller cohort of 154 patients from Cardinal 

Tien Hospital, Taiwan. Thus, Flythe et al. might have a wider representation of the CKD population, 

compared to Lu et al. 

The rest of the 6 notable high-quality studies were also focussed on ESRD haemodialysis patients of 

similar characteristics, except for Kon et al., who studied 132,160 participants, aged between 65 to 75 

years, attending a special health check-up in Japan in 2008, and investigated the association between 

baseline eGFR and 5-year all-cause and cardiovascular mortality. Their CKD population was not 

particularly focussed on dialysis/ESRD patients, but on those with an eGFR of below 60 ml/1.73 m2. In 

contrast to the other studies looking exclusively at ESRD patients, Kon et al. observed a higher 

cardiovascular risk estimate of 2.18 for men to women when incorporating other stages of CKD into 

their study sample. Therefore, it may be possible that even though patients with ESRD did not 

demonstrate sex differences regarding cardiovascular mortality, patients with other stages of CKD 

might have sex differences regarding cardiovascular mortality. 

Inconsistency across overall mortality 
As seen in Table 4, heterogeneity across results in the included studies was not just limited to the 

finding of cardiovascular mortality but was also observed in all-cause mortality. This likely reflects 

heterogeneity in the overall study methods rather than an inherent heterogeneity across 

cardiovascular outcomes in the study population.   

Lack of cause-specific cardiovascular mortality data 
Of the 37 studies which reported overall cardiovascular mortality, three studies reported cause-

specific mortality stratified by sex, namely heart failure, myocardial infarction, stroke and sudden 

cardiac death and only one study reported stroke mortality as their primary outcome. Even though 

sex did not influence overall cardiovascular mortality among men and women with CKD, it is unclear 

if sex differences exist in underlying causes of cardiovascular disease due to a lack of data reported in 

the included studies. Future studies need to report sex-stratified data on underlying causes of CVD 

mortality among CKD patients to explore potential sources of sex differences. 

Strengths and limitations of review 

There were certain strengths to this systematic review. The literature search included several large 

databases and search criteria were intentionally broadened to identify as many potentially relevant 

articles as possible. Furthermore, since primary study objective of the included studies was different 

to the research question, the Risk of Bias tool was adapted to evaluate the quality of data reported 

regarding sex-stratified cardiovascular mortality data in CKD patients, rather than the primary study 



MPH Research Thesis, Sultana Shajahan 
 

75 | P a g e  
 

objectives of the included studies. Finally, to reduce reporting bias, certain percentages of the study 

inclusion and data extraction processes were conducted in duplicate by other reviewers as described 

in the Methods section, and any potential conflicts were then resolved by discussion among the 

reviewers. Despite this, the literature search for potential studies was conducted by a single author 

within a limited timeframe, and thus there was a chance of missing relevant studies. Study population 

data was collected from 2004 and onwards and thus, any potentially relevant data from before 2004 

was excluded. However, this was addressed by comparing the review data to historical study data to 

identify any changes in cardiovascular mortality trends over time. There was inadequate time to 

contact the authors of all included studies to clarify aspects of incomplete or selective reporting e.g. 

details on absolute numbers of cardiovascular deaths and sex-specific cardiovascular mortality rates, 

and though attempts were made to contact authors of most recent studies published from 2018 to 

2019, only one author responded.  

Overall completeness and applicability of evidence 

Future research 

The findings from this study show that sex was not associated with cardiovascular mortality in CKD, 

though some heterogeneity existed among the study results due to clinical variability and 

methodological diversity. These findings are in line with recent evidence from the WHO that 

cardiovascular mortality risk is equal among men and women in the general population.(145) 

However, due to wide clinical and methodological diversity among the reviewed studies and high risk 

of bias, the results cannot be applied to certain patient groups such as, patients with other stages of 

CKD, different geographical distributions, varying age groups and patients not on dialysis. None of the 

included studies analysed sex differences in cardiovascular mortality among CKD patients as a primary 

study objective, which resulted in lack of comprehensive data regarding absolute mortality risks. 

Based on this study, the following recommendations for future research to address the gaps in 

knowledge: 

1) To conclusively show the impact of sex differences on cardiovascular mortality in CKD, future 

studies should considers i) equal distribution of men and women in an adequate sample of CKD 

patients with representation of all stages of CKD based on eGFR, including patients on both 

conservative treatment and dialysis, ii) clearly reported data regarding comorbidities, iii) a follow-

up duration of at least 4-5 years for outcomes to occur and adequate assessment of loss to follow-

up, iv) comprehensive outcome data regarding mortality, such as absolute rates and numbers 

stratified by sex, for all-cause and cardiovascular mortality (including cause-specific cardiovascular 
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mortality), v) adjustments for confounders such as age, diabetes, hypertension and anaemia, and 

vi) outcome data verified from patient records. 

2) Comparison of the results from the study described as above with a control (unexposed) group of 

participants with normal eGFR, to evaluate relative risks of CKD men and women to non-CKD men 

and women.  

3) A study to evaluate the impact of geographical distribution on sex differences in cardiovascular 

mortality among CKD patients, using CKD-based data registries from different countries, which 

have reliable source of data regarding causes of death, eGFR levels and reported comorbidity data 

etc. These can include ANZDATA, the UK Renal Registry (UKRR), The United States Renal Data 

System (USRDS), The Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) and the 

Registry of the European Renal Association −European Dialysis and Transplant Association (ERA-

EDTA) etc. 

4) A European Renal Association −European Dialysis and Transplant Association (ERA-EDTA) registry-

based study to look at current trends in cardiovascular mortality among men and women on 

dialysis and compare against the same analysis performed by Carrero et al.  from 15 years ago,(80) 

which identified that men on dialysis were at an increased risk of cardiovascular mortality 

compared to women on dialysis. This study can help to identify underlying sex differences that 

contributed to a shift in cardiovascular among men and women with CKD. 

5) An observational study based in Korea to better understand why the Korean CKD population 

consistently showed a higher cardiovascular mortality risk in women, and if there are significant 

differences in their CKD population from their neighbouring countries such as Japan, China and 

Taiwan. (e.g. Korea). 

6) To further study the shift in global cardiovascular mortality from an increased risk in men to an 

equal risk among men and women, which may be due to a reduction in overall CVD mortality in 

men, or an increased CVD mortality in women, since the ratio for both the CKD and general 

population has come closer to 1. Historical global data from 15 years ago and current population 

data from sources like the WHO can be compared and age-standardised sex-stratified rates can 

be compared to understand this shift in overall and if possible, cause-specific cardiovascular 

mortality and establish if there is a need to update guidelines with respect to the impact of sex 

differences. 

7) A study to explore the changes in global male or female all-cause mortality either in the general 

or CKD population that might explain whether changes have occurred only in cardiovascular 
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mortality or in the all causes of mortality, which can explain if changes in healthcare have affected 

both sexes or disproportionately in one. 

Awareness and prevention  

The findings from this study show that men and women with CKD share equal risk of cardiovascular 

mortality. These findings are consistent with recent evidence from the WHO that cardiovascular 

mortality risk is equal among men and women in the general population.(145) Despite this, men with 

CKD are still considered to have higher cardiovascular risk than women, based on findings from years 

ago.(4) Analysis of the evidence from the last 15 years could not bring to light conclusive evidence to 

support a higher risk in men. Therefore, it highlights the importance of basing public health and clinical 

decisions on recent and conclusive evidence, that can address the changing dynamics of healthcare 

and shifting trends in health outcomes and avoiding outdated and inconclusive data. The 

underrepresentation of women in clinical trials is an example of how lack of conclusive evidence can 

have severe effects on healthcare practice and policy. For instance, drugs that were never tested in 

women due to an exclusion of women from pharmaceutical trials influenced physicians to avoid 

prescribing these drugs to women, or delay in prescribing medication that can led to poorer outcomes 

in women compared to men, even causing mortality.(154) Thus, major public health and clinical 

decisions which are not backed by conclusive evidence can lead to severe adverse effects. 

There is evidence from worldwide database banks to suggest that there has been a significant change 

in cardiovascular mortality trends, from an increased risk in men to equal risk among both sexes,(145) 

and that the underlying reason for this is an increased reduction of mortality risk in men, compared 

to women. Even though his has brought the risk ratio of men to women close to one, it highlights the 

alarming fact that changes in cardiovascular healthcare over time have benefitted men more than 

women, and there still exists considerable inequalities in cardiovascular disease management and 

research regarding women. Therefore, awareness and mitigation strategies are required to address 

these inequalities in health among men and women and target the individual needs of both sexes to 

ensure better health outcomes for both. 

The main cause of variability between risk of death due cardiovascular disease between men and 

women are thought to be biological differences.(145) Differences in accessibility to disease diagnosis 

and management can also result in different mortality outcomes in men and women.(152) Differences 

in exposure to risk factors may be another viable cause of the differences in cardiovascular mortality, 

such as for example, age, smoking, obesity, unhealthy diet and lack of physical inactivity – all factors 

that can vary between men and women.(61, 69, 72-74, 145) The varying impact of risk factors in men 
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and women may also result in further sex differences in cardiovascular outcomes, both in the general 

and CKD population.  

Socio-behavioural factors and influence on CKD outcomes 

Risk factors may differ by geographical distribution, income level, educational level and societal or 

gender-influenced roles (social or cultural norms expose men and women to risk factors 

differently).(145) For example, women from low and middle-income countries may experience delays 

in receiving timely diagnosis and treatment of chronic kidney associated complications.(145) This 

leaves women more vulnerable to worse outcomes than men. Therefore, better understanding of the 

sex differences in chronic kidney disease patients can lead to better awareness and prevention 

strategies for cardiovascular outcomes in women with CKD. Change in misperceptions that women 

have lesser cardiovascular risk than men can facilitate women at high risk of cardiovascular 

complications to seek proper management and prevention therapies and thus leading to better overall 

cardiovascular outcomes. The relationship between socio-economic condition and CKD-related 

outcomes are being explored in a growing area of literature. These studies show that socio-economic 

factors, such as race, gender and economic condition has in fact impacted on kidney disease 

progression and outcomes.(155-157) Owing to the fact that women in low- and middle-income 

countries are almost solely responsible for most of the child caring and housework duties, they are 

less prone than men to seek treatment for chronic kidney disease and similar non-communicable 

diseases.(158) Women are less likely than men to receive dialysis, because of such time 

constraints.(158) Awareness programs targeting this vulnerable are need to reduce the burden of 

kidney disease in women and achieve health equity. 

Policy 

Health policy should integrate the importance of sex differences into healthcare to better address the 

different needs of men and women. This can help to achieve better sex-specific strategies for risk 

factor exposure in CKD patients (such as diabetes, anaemia etc.), early diagnosis of CKD and its 

complications to improve cardiovascular outcomes and increase healthcare opportunities for women. 

To spread awareness of the impact of sex differences on healthcare from research findings to the 

wider population, healthcare policies play a vital role in propagating these messages and thus can 

effectively have a widespread influence on creating awareness in women with CKD to get seek the 

treatment they require to prevent cardiovascular mortality. 
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Practice 

Sex-specific guidelines and management for CKD must be introduced in individualised patient care, to 

better address the needs of men and women. Perceptions based on inconclusive evidence can lead to 

overlooking increased risks in women with CKD and lead to poorer patient outcomes. Sex-specific 

treatment guidelines for CKD patients can lead to better prevention of modifiable risk factors in 

women and reduce CKD-associated cardiovascular mortality. 
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CONCLUSION 

This study systematically reviewed the literature from the last 15 years regarding sex-stratified 

cardiovascular mortality among men and women with CKD and found men and women share equal 

risk of cardiovascular mortality. This contradicts the prevalent notion that cardiovascular mortality risk 

is higher in men with CKD. Therefore, further research is required to understand whether this shift in 

cardiovascular mortality is due to a reduction in mortality in men, or an increased risk in women with 

CKD, and strategies to address these inequalities in cardiovascular disease prevention and 

management in CKD patients.  

Implications for research 

There was some heterogeneity observed among the study design and results of the included studies. 

Also, data regarding sex differences had to extracted and analysed from additional data reported in 

studies, most of which were not of high quality when assessed for methodological quality with respect 

to analysis of sex differences in CKD-associated cardiovascular mortality. Thus, future studies need to 

consider- 1) a study with the ideal methodological considerations, such as equal distribution of men 

and women, varying stages of CKD, clearly reported data regarding comorbidities with a follow-up 

duration of at least 3-4 years for outcomes to occur, comprehensive outcome data regarding 

mortality, such as absolute rates and numbers stratified by sex, for all-cause and overall cardiovascular 

and cause-specific cardiovascular mortality adjusted for confounders such as age, diabetes, 

hypertension and anaemia, 2) a comparison of the above findings with a control (unexposed) group 

of participants with normal eGFR, so that relative risks with the general population can also be 

compared, 2)  a registry-based study to evaluate the impact of geographical distribution on sex 

differences in cardiovascular mortality among CKD patients, 3) a comparison study with historical 

registry-data from 15 years ago to identify underlying causes of the shift of cardiovascular mortality 

risk among men and women on dialysis,(80) 4) a study to understand the shift in global cardiovascular 

mortality from an increased risk in men to an equal risk among men and women, which may be due 

to a reduction in overall CVD mortality in men, or an increased CVD mortality in women, 5) a study to 

explore the changes in global male or female all-cause mortality either in the general or CKD 

population that might explain whether changes have occurred only in cardiovascular mortality or in 

all causes of mortality, which can explain if changes in healthcare have affected both sexes equally or 

disproportionately in one. 6) An observational study based in Korea to better understand why the 

Korean CKD population consistently showed a higher cardiovascular mortality risk in women, and if 

there are significant differences in their CKD population from their neighbouring countries such as 

Japan and China. 
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Implications for practice 

Even though men and women with CKD share equal cardiovascular mortality risk, cardiovascular 

disease and associated outcomes are widely considered to be a “man’s disease,” which has given rise 

to inequalities in cardiovascular management and lack of awareness about the potential risk of 

cardiovascular disease in women. Improved sex-specific strategies are required to reduce exposure to 

cardiovascular risk factors in both men and women with CKD, facilitate early diagnosis of 

complications and create better awareness among women with CKD to seek necessary treatment and 

prevention programs. Lack of awareness among women with CKD regarding cardiovascular 

complications need to be addressed through wider public health awareness campaigns and education 

programs, at patient and community level. 
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APPENDICES  
Appendix 1: Medline search strategy 
 

1. renal insufficiency, chronic/ or kidney failure, chronic/  

2. (chronic kidney adj (disease or insufficiency)).ti,ab.  

3. chronic renal disease.ti,ab.  

4. chronic renal insufficiency.ti,ab.  

5. end-stage renal disease.ti,ab.  

6. uraemia.ti,ab.  

7. uremia.ti,ab.  

8. Uremia/  

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8  

10. Cardiovascular Diseases/mo [Mortality]  

11. (cardiovascular adj (mortality or death or event* or complication* or outcome*)).ti,ab.  

12. Heart Diseases/mo [Mortality]  

13. 10 or 11 or 12  

14. Sex Factors/  

15. Male/ or Female/  

16. Sex Distribution/ or Sex Characteristics/ or Sex Ratio/  

17. Men/ or Women/  

18. (men or women or male* or female* or sex or gender or "sex difference*").mp.  

19. 14 or 15 or 16 or 17 or 18  

20. 9 and 13 and 19  

21. limit 20 to english language 
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Appendix 2: Embase search strategy 
1. renal insufficiency, chronic/ or kidney failure, chronic/  

2. (chronic kidney adj (disease or insufficiency)).ti,ab.  

3. chronic renal disease.ti,ab.  

4. chronic renal insufficiency.ti,ab.  

5. end-stage renal disease.ti,ab.  

6. uraemia.ti,ab.  

7. uremia.ti,ab.  

8. Uremia/  

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8  

10. cardiovascular disease/co, ep [Complication, Epidemiology]  

11. (cardiovascular adj (mortality or death or event* or complication* or outcome*)).ti,ab.  

12. heart disease/co, ep [Complication, Epidemiology]  

13. 10 or 11 or 12  

14. Sex Factors/  

15. Male/ or Female/  

16. Sex Distribution/ or Sex Characteristics/ or Sex Ratio/  

17. Men/ or Women/  

18. (men or women or male* or female* or sex or gender or "sex difference*").mp.  

19. 14 or 15 or 16 or 17 or 18  

20. 9 and 13 and 19  

21. limit 20 to english language 

 

 

  



MPH Research Thesis, Sultana Shajahan 
 

93 | P a g e  
 

Appendix 3: Scopus search strategy 
 

( ( TITLE-ABS-KEY ( "chronic kidney disease"  OR  "chronic renal disease"  OR  "chronic renal 

insufficiency"  OR  "chronic kidney insufficiency"  OR  "end-stage renal disease"  OR  "chronic kidney 

failure"  OR  "chronic renal failure"  OR  "dialysis"  OR  "uremia"  OR  "uraemia" )  AND  TITLE-ABS-

KEY ( "cardiovascular mortality"  OR  "cardiovascular events"  OR  "cardiovascular deaths"  OR  

"cardiovascular complications"  OR  "cardiovascular outcome*" )  AND  ALL ( "sex"  OR  "gender"  OR  

"sex differences"  OR  "men"  OR  "women"  OR  "male"  OR  "female" ) ) )  AND  ( LIMIT-TO ( 

LANGUAGE ,  "English" ) ) 
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Appendix 4: Cochrane search strategy 
 

1. MeSH descriptor: [Renal Insufficiency, Chronic] explode all 

2. "chronic kidney disease" or "chronic renal disease" or "chronic kidney insufficiency" or 

"chronic renal insufficiency" or "renal failure" or "end-stage renal disease" 

3. #1 or #2 

4. MeSH descriptor: [Cardiovascular Diseases] explode all trees and with qualifier(s): [mortality 

- MO] 

5. "cardiovascular mortality" or "cardiovascular events" or "cardiovascular outcomes" or 

"cardiovascular complications" or "cardiovascular deaths" or "mortality" 

6. #4 or #5 

7. MeSH descriptor: [Sex Factors] explode all trees 

8. sex or gender or "sex differences" or "male" or "female" or "men" or "women" 

9. #7 or #8 

10. #3 and #6 and #9 
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Appendix 5: Cochrane Data Extraction Template 
 

Cochrane Public Health Group Data Extraction and Assessment Template (modify to suit your 

review)  
 

Study ID: Report ID :  Date form completed:  

First author:   Year of study: Data extractor: 

Citation: 

 

 

1. General Information  

Publication type Journal Article    Abstract    Other (specify e.g. book chapter)___________________ 

Country of study: 

Funding source of study: Potential conflict of interest from funding? Y / N / unclear 

 

2. Study Eligibility 

Study Characteristics  Page/ Para/ 

Figure #  

Type of study 

(Review authors to 

add/remove 

designs based on 

criteria specified in 

protocol) 

 Randomised Controlled Trial (RCT) 

 Cluster Randomised Controlled Trial 

(cluster RCT) 

 

 Controlled Before and After (CBA) study 

• Contemporaneous data collection 

• Comparable control site 

• At least 2 x intervention and 2 x control 
clusters 

 

 Interrupted Time Series (ITS) 

• At least 3 time points before and 
3 after the intervention 

• Clearly defined intervention point  

 Other design (specify): 

 

 

 

 A process evaluation of an included 

study design  

Does the study design meet the criteria for 

inclusion? 

Yes  No  →Exclude  Unclear  

 

Description in text: 

 

 

 

 

 

Participants 

(Review authors 

insert inclusion 

criteria as defined 

in Protocol) 

Describe the participants included: 

 

 

Are participants defined as a group 

having specific social or cultural 

characteristics? 

Yes  No  Unclear  

Details: 
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How is the geographic boundary 

defined? 

Details: 

Specific location (e.g. state / country): 

 

Do the participants meet the criteria for 

inclusion? 

Yes  No  →Exclude  Unclear   

 

Types of 

intervention 

(Review authors 

insert inclusion 

criteria as defined 

in Protocol) 

Strategies included in the intervention    

Focus of the intervention   

Does the intervention meet the criteria 

for inclusion? 

Yes  No  →Exclude Unclear   

Duration of 

intervention 

Start date:  Stop date:  Intervention duration:   

Is the duration of intervention adequate 

for inclusion? 

Yes  No  →Exclude  Unclear   

Types of outcome 

measures 

(Review authors 

insert inclusion 

criteria as defined 

in Protocol) 

List outcomes:   

Outcome measured at a population level 

or individual level? 

Details:  

Do the outcome measures meet the 

criteria for inclusion? 

Yes  No  →Exclude Unclear   

 

Summary of Assessment for Inclusion 

Include in review  Exclude from review  

Independently assessed, and then compared? Yes    No  Differences resolved  Yes    No  

Request further details?  Yes    No  Contact details of authors:  

 

Notes: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

DO NOT PROCEED IF PAPER EXCLUDED FROM REVIEW 
 

3. Study details   
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Study intention Descriptions as stated in the report/paper Page/ Para/ 

Figure # 

Aim of intervention  

 

What was the problem that this intervention was designed to address? 

 

 

 

Aim of study 

 

What was the study designed to assess? Are these clearly stated? 

 

 

 

Equity pointer: Social 

context of the study 

e.g. was study conducted in a particular setting that might target/exclude specific population s? 

See also Inclusion/exclusion criteria under Methods, below. 

 

Start and end date of 

the study 

Identify which elements of planning of the intervention should be included  

Total study duration   

 

Methods  

 

Descriptions as stated in the report/paper 

 

Page/ Para/ 

Figure # 

Method/s of recruitment of participants 

(How were potential participants approached and invited to 

participate? Where were participants recruited from? Does 

this differ from the intervention setting?) 

  

Inclusion/exclusion criteria for participation in study  

 

  

Representativeness of sample: Are participants in the study 

likely to be representative of the target population? 

  

Total number of intervention groups   

Assumed risk estimate 

(e. .baseline or population risk noted  in Background) 

References:  

Sample size calculation: 

    What assumptions were made? 

    Were these assumptions appropriate? 

 

 

(Yes/No/Unclear) 

 

What was the unit of randomisation? 

Allocation by individuals or cluster/groups  

  

What was the unit of analysis? 

Is this the same as the unit of randomisation? 

 

 

(Yes/No/Unclear) 

 

Statistical methods used and appropriateness of these 

methods 

(Check with your statistician if unsure about 

appropriateness) 
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Results 

Participants  

Include if relevant 

Include information for each group (i.e. intervention and controls) under 

study 

 

 

Page/ Para/ 

Figure # 

• What percentage of selected 
individuals agreed to participate? 

  

• Total number randomised (or total 
pop. at start of study for NRCTs) 

  

• Number allocated to each 
intervention group (no. of 
individuals) 

  

• For cluster trials, number of 
clusters, number of people per 
cluster 

  

• Where there any significant 
baseline imbalances? 

Yes  No    Unclear  

Details: 

 

• Number and reason for (and 
sociodemographic differences of) 
withdrawals and exclusions for each 
intervention group 

  

• Were patients who entered the 
study adequately accounted for? 

   

• What percentage of patients 
completed the study? 

   

• What percentage of participants 
received the allocated intervention 
or exposure of interest? 

  

• Is the analysis performed by 
intervention allocation status 
(intention to treat) rather than the 
actual intervention received? Have 
any attempts been made to impute 
missing data? 

  

• Age (median, mean and range if 
possible) 

  

• Sex   

• Race/Ethnicity  
 

  

• Principal health problem (incl. stage 
of illness) 

 

  

• Diagnostic criteria  
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• Co-morbidity 
 

 

 

 

• Other sociodemographics (eg. 
Educational level, literacy level, 
soci-economic status, first 
language. Also consider possible 
proxies for these e.g. low baseline 
nutritional status ) 

  

• PROGRESS categories reported at 
baseline (indicate letters of those 
reported: Place of residence, race, 
occupation, gender, religion, 
education, SES, social capital) 

  

   

Subgroups Enter a description of any participant subgroups from this paper to be 

analysed in the review. 

 

 

 

 

 

Intervention Group 1    

     (copy and paste table for each Intervention group)                                                                                                                     

Group name: (State brief name for this intervention group.)        Page/ Para/ 

Figure # 

Details of intervention or control condition  (Include if relevant in sufficient detail for replication) 

• Setting eg multicentre, university 
teaching hospitals, rural, 
metropolitan, school, workplace, 
community, GP clinic, etc. 

 

  

• Theoretical basis (include key 
references) 

 

  

• Content (list the strategies intended 
and delivered) 

 

  

• Did the intervention include 
strategies to address 
diversity/disadvantage? 

Enter a description of any relevant strategies  

• Delivery (eg. Stages (sequential or 
simultaneous), timing, frequency, 
duration, intensity, fidelity – process 
indicators) 
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• Providers (who, number, 
education/training in intervention 
delivery, ethnicity etc. if potentially 
relevant to acceptance and uptake 
by participants 

 

  

 

• Co-interventions 
 

  

Duration of intervention   

Duration of follow-up 

 

  

Was sustainability discussed by the 

authors? Was is a consideration in study 

development? 

  

Economic variables 

ie costs of the intervention, and changes 

in other (eg health care)  costs as result 

of intervention 

Yes  →List in Outcome section if appropriate 

  No  Unclear  

Details: 

 

Other economic information (from a 

societal, non-healthcare view – e.g. lost 

wages, time) 

Yes   

No     

Details: 

 

Resource requirements to replicate 

intervention (e.g. staff numbers, hours 

of implementation, equipment?) 

  

Subgroups Enter a description of any intervention subgroups from this report to be 

analysed in the review. 

 

What are the moderators/mediators of 

changes stated in the study? 

  

Do the authors describe any political or 

organisational context? 

List relevant dot points  

Were any partnerships referred to? List these as dot points  

Was a process evaluation conducted? What components were included in the process evaluation? (eg. dose, 

frequency, consistency, implemented as intended etc) 

 

Control/comparison (what information is 

provided about what the control or 

comparison group received?) 

Enter a description of what was provided for the control group, if applicable  

 

Outcomes 

 
 Costs associated with the intervention can be linked with provider or participant outcomes in an economic 
evaluation (depends on the type of economic evaluation) 
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      (This table is set up for 2 outcome measure to save spaces, copy and paste table as often as required) 

Question Outcome 1 Page/ Para/ 

Figure # 

Outcome 2 Page/ Para/ 

Figure # 

Is there an analytic 

framework applied (e.g. 

logic model, conceptual 

framework)? 

    

Outcome definition (with 

diagnostic criteria if 

relevant) 

    

Type of outcome: Is this a 

modifiable variable 

(Community level, 

neighbourhood level, 

individual level) or desired 

health outcome 

 

    

Time points measured 

 

    

Time points reported     

Is there adequate latency 

for the outcome to be 

observed? 

    

Is the measure repeated on 

the same individuals or 

redrawn from the 

population / community 

for each time point? 

    

Unit of measurement (if 

relevant) 

    

For scales – upper and 

lower limits and indicate 

whether high or low score 

is good 

 

    

How is the measure 

applied? Telephone survey, 

mail survey, in person by 

trained assessor, routinely 

collected data, other   

    

How is the outcome 

reported? Self or study 

assessor 

    

Is this outcome/tool 

validated? 
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…And has it been used as 

validated? 

    

Is it a reliable outcome 

measure? 

    

Is there adequate power 

for this outcome? 

    

     

Were PROGRESS categories 

analysed by outcome? 

Indicate the letters of 

those that outcomes were 

analysed by (place of 

residence, race, 

occupation, gender, 

religion, education, SES, 

social capital) 

    

 

Results 

Copy and paste the appropriate table for each outcome and subgroup at each timepoint, including baseline 

For RCT/CCT 

Dichotomous outcome                    

                                                                                                                                                  page/para/fig 

Comparison   

Outcome   

Subgroup   

Timepoint   

Results Intervention Comparison  

 Events No. participants  Events No. participants  

      

No. of missing 

participants and 

reasons  

 

 

 

 

 

Any other results 

reported  

  

Reanalysis 

required? 

(specify -  

(e.g. correlation 

adjustment) 

  

Reanalysis 

possible? 

yes/no/unclear  
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Reanalysed 

results 

  

 

 For RCT/CCT 

Continuous outcome                                                                                                            page/para/fig 

Comparison   

Outcome   

Subgroup   

Timepoint   

Post-

intervention or 

change from 

baseline? 

  

Results Intervention Comparison  

 Mean SD (or 

other 

variance) 

No. 

participants 

Mean SD (or 

other 

variance) 

No. participants  

      

No. missing 

participants 

and reasons 

   

Any other 

results 

reported  

  

Reanalysis 

required? 

(specify) 

  

Reanalysis 

possible? 

yes/no/unclear  

Reanalysed 

results 

  

For RCT/CCT 

Generic inverse variance method 

                                                                                                                                                                    Page/para/figure 

Comparison   

Outcome   

Subgroup   

Timepoint   

Results Effect estimate SE (or other variance) Intervention no. Control no.  
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No. missing 

participants and 

reasons 

  

Any other results 

reported  

  

Reanalysis 

required? 

(specify) 

  

Reanalysis 

possible? 

yes/no/unclear  

Reanalysed 

results 

  

For CBA 

                                                                                                                                                                         Page/para/fig 

Comparison   

Assignment How were control and treatment groups selected?? Is there likely to be an effect if these 

were the opposite way? 

 

 

 Contemporaneous data collection? 

 

 

Outcome   

Subgroup   

Timepoint   

Post-

intervention or 

change from 

baseline? 

  

 Intervention Comparison  

No. participants 

measured 

   

No. missing 

participants and 

reasons 

   

Baseline result 

(with variance 

measure) 

   

Post-

intervention 

results (with 

variance 

measure) 
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Change (Post – 

baseline) (with 

variance 

measure) 

   

Difference in 

change 

(intervention – 

control) (with 

variance 

measure) 

  

Any other 

results reported  

  

Reanalysis 

required? 

(specify) 

  

Reanalysis 

possible? 

yes/no/unclear  

Reanalysed 

results 

  

 

For ITS 

Generic inverse variance method                                                                                                                                                                                               

Page/para/fig 

Comparison   

Outcome   

Subgroup   

Length of 

timepoints 

measured 

  

Snapshot or 

interval 

measured 

  

No. participants 

measured 

  

No. missing 

participants and 

reasons 

  

 Pre-intervention Post-intervention  

No. of 

timepoints 

measured 

   

Mean value 

(with variance 

measure) 
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Difference in 

means (post – 

pre) 

  

Percent relative 

change 

  

Result reported 

by authors (with 

variance 

measure) 

  

Reanalysis 

required? 

(specify) 

  

Reanalysis 

possible? 

yes/no/unclear  

Individual time 

point results 

  

Read from 

figure? 

yes/no  

Reanalysed 

results 

Change in level SE Change in slope SE  

    

Other relevant information 

                                                                                                      

Were outcomes relating to harms/unintended 

effects of the intervention described? Include 

any data for these in the outcomes tables above 

  

Potential for author conflict ie. evidence that 

author or data collectors would benefit if results 

favoured the intervention under study or the 

control 

  

Key conclusions of the study authors  

 

 

 

Could the inclusion of this study potentially bias 

the generalisability of the review? Equity 

pointer: Remember to consider whether 

disadvantaged populations may have been 

excluded from the study. 

 

Is there potential for differences in relative 

effects between advantaged and disadvantaged 

populations? (e.g. are children from lower 

income families less likely to wear bicycle 

helmets) 

 

Are interventions likely to be aimed at the 

disadvantaged? (e.g. school meals aimed at poor 

children). 
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Issues affecting directness 

(Note any aspects of population, intervention, 

etc. that affect this study’s direct applicability to 

the review question) 

 

References to other relevant studies  

Additional notes by review authors 

 

 

Correspondence required for further study 

information (from whom, what and when) 
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Appendix 6: Data extraction form with adapted Risk of Bias tool (Newcastle-

Ottawa Scale) 
 

1. General Information  

 Study ID (e.g. Smith 2001)  

 Report title (title of paper/ 
abstract/ report) 

 

 First Author  

 Year of study  

 Date form completed  

 Data extractor  

 Publication Type   

 Country of Study  

 Funding source  

 Potential conflict of interest from funding Y/N/Unclear  

 Notes:  

2. Study Eligibility  

 Inclusion criteria  

 Type of participants  

 Patients population (CKD/Dialysis/Renal 
Impairment/Decreased GFR <60ml…) 

 

 Both sexes  

 Aged 18 and older  

 Stage of CKD (Any)  

 Patient data collected after 2004  

 Type of studies  

 Non-interventional cohort study (prospective/retrospective)/ 
Cross-sectional/ Case Control, Observational study/ Control 
arm of RCT with appropriate sex stratification/ Systematic 
Review/ Meta-analysis/ Grey literature - ANZDATA 

 

 Type of outcomes  

 Cardiovascular mortality (overall and/or cause-specific) 
stratified by sex/gender 

 

 Follow-up duration > 1 year  

 Full-text available  

 Publication Language English  

 Published after 2004  

 Exclusion criteria  

 Type of participants  

 Studies looking exclusively at type 1 and type 2 diabetes 
mellitus  

 

 Following conditions associated with the study population at 
the beginning of the study: 
1. Infection 
2. Carcinoma 
3. Acute Kidney Injury 
4. Kidney transplant recipients 
5. Surgical interventions or non-conventional drug treatments 

 

 Age less than 18 years  

 Patient data was collected before 2004  

 Type of studies  

 Review  

 Others: letters, author's comments/replies  
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 Studies which derived data from ANZDATA  

 Interventional studies (surgical intervention e.g. CABG, PCI 
etc. or non-conventional drug trials with no control group) 

 

 Type of outcome  

 Did not report CV mortality stratified by sex in CKD patients  

 No results published  

3. Population and setting   

 Population description  
Source/setting of the population 
(e.g. country, urban, rural, particular ethnic 
group) 
20. Method/s of recruitment of 
participants 
Notes: 

 

4. Methods  

 Aim of study  

 Design  

 Sampling technique (inclusion, exclusion criteria)  

 Study duration  

 Notes:  

5. Participants  

 Description of condition (CKD/Dialysis etc.)  

 Total number of participants with CKD (analysed for 
cardiovascular mortality) 

 

 Males with CKD  

 Females with CKD  

 Stage of CKD (GFR ml/min)  

 Stage 1 >90  

 Stage 2 60 -89  

 Stage 3 30-59  

 Stage 4 15-29  

 Stage 5/ ESRD  
<15 

 

 Dialysis (Y/N)  

 If Dialysis (Y), did the whole cohort receive dialysis?  

 Average Age in Years of the population of interest   

 Length of follow-up (years) avg.  

 Number of lost to follow-up   

 Baseline comorbidities in CKD patients (%)  

 Notes:  

6. Outcomes  

 Measure of cardiovascular mortality stratified by sex (overall)  

 Definition of CV mortality in the study  

 Cause-specific cardiovascular mortality stratified by sex (heart 
failure/atrial fibrillation/myocardial infarction/stroke, sudden 
cardiac arrest etc.) 

 

 How data was collected  

 Notes:  

7. Results and Findings  

 Cardiovascular mortality stratified by sex   

 Number  

 Total  

 Male  

 Female  

 Proportion of CVD deaths %  
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 Male  

 Female  

 Mortality rate (as reported in the study)  

 Male  

 Female  

 Mortality rate (per 1000 person years)  

 Male  

 Female  

 Male vs Female Hazard Ratio for CV mortality (95% CI)   

 Univariate/Unadjusted  

 95% CI  

 P-value  

 Multivariate/Adjusted  

 95% CI  

 P-value  

 Sex-Stratified hazard ratio relative to the reference cell 
category of eGFR >90 

 

 GFR category as defined in the study (when applicable)  

 Male  

 95% CI  

 P-value  

 Female  

 95% CI  

 P-value  

 Risk Ratio  

 Male  

 Female  

 Odds Ratio  

 Male  

 Female  

 Statistical methods used   

 Adjustments  

 Other form of measurement  

 Male  

 Female  

 Cause-specific mortality stratified by sex  

 Method of measurement  

 Heart Failure  

 Male  

 Female  

 Atrial Fibrillation  

 Male  

 Female  

 Myocardial Infraction  

 Male  

 Female  

 Stroke  

 Male  

 Female  

 Other cause  

 Male  

 Female  

 All-cause mortality   

 Male  
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 Female  

 Male vs Female HR   

 Univariate/Unadjusted  

 95% CI  

 P-value  

 Multivariate/Adjusted  

 95% CI  

 P-value  

 Notes:  

8. Risk of bias (Quality Assessment) adapted from the Newcastle-
Ottawa Scale (NOS)  

 

A. Selection    
1. Representativeness of the number of men and women in 
the CKD cohort 
a) Similar distribution of men and women in the study 
population * 
b) mostly men or women 
c) no description 

 

B. Comparability   

 1) Study controls for age and/or diabetes mellitus *  

 2) Study controls for other confounders *  

 3) Study does not adjust for any confounders  

C. Outcome   

 1) Assessment of outcome 
a) Patient medical records * 
b) record linkage * 
d) no description 

 

 2) Comprehensive cardiovascular mortality data relative to sex 
differences (e.g. absolute mortality rates, number of deaths in 
men and women with due to cardiovascular causes etc.)  
a) Comprehensive data was reported * 
b) Comprehensive data was not reported 

 

 3) Length of follow-up 
a) at least 2 years if >60% of the patients had end-stage CKD * 
b) at least 5 years if <60% of the study population had end-
stage CKD * 
c) Does not satisfy above length of follow-up 

 

 4) Adequacy of follow up 
a) complete F/U - all subjects accounted for * 
b) subjects lost to F/U unlikely to introduce bias - small 
number lost - > 20 % F/U or description provided of those lost) 
* 
c) F/U rate < 20% and no description  
d) no statement 

 

 Notes:  

9. Conclusion  

 Conclusions by the authors regarding sex differences in CV 
mortality in the study population 

 

 Notes by review author  
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Appendix 7: List of excluded studies with reasons for exclusion 
 

No. Authors Title Year 
published 

Reason for exclusion 

1 McKercher, C., Chan, H. W., Clayton, P. A., 
McDonald, S. and Jose, M. D. 

Dialysis outcomes of elderly Indigenous and non-Indigenous 
Australians 

2014 ANZDATA duplicate 

2 Neuen, B. L., Leather, N., Greenwood, A. M., 
Gunnarsson, R., Cho, Y. and Mantha, M. L. 

Neutrophil-lymphocyte ratio predicts cardiovascular and all-
cause mortality in haemodialysis patients 

2016 ANZDATA duplicate 

3 Roberts, M. A., Polkinghorne, K. R., McDonald, S. P. 
and Ierino, F. L. 

Secular trends in cardiovascular mortality rates of patients 
receiving dialysis compared with the general population 

2011 ANZDATA duplicate 

4 Chowdhury, E. K., Langham, R. G., Ademi, Z., Owen, 
A., Krum, H., Wing, L. M., Nelson, M. R. and Reid, C. 
M. 

Comparison of predictive performance of renal function 
estimation equations for all-cause and cardiovascular mortality 
in an elderly hypertensive population 

2015 Population data from before 2004 

5 
 

Cardiovascular disease, chronic kidney disease, and diabetes 
mortality burden of cardiometabolic risk factors from 1980 to 
2010: a comparative risk assessment 

2014 Population data from before 2004 

6 Adragao, T., Pires, A., Lucas, C., Birne, R., Magalhaes, 
L., Goncalves, M. and Negrao, A. P. 

A simple vascular calcification score predicts cardiovascular risk 
in haemodialysis patients 

2004 Population data from before 2004 

7 Akbas, T., Mulazimoglu, L., Aksu, B. and Akoglu, E. A prospective study: inflammation, infection and comorbidity in 
patients on long-term dialysis 

2014 Population data from before 2004 

8 Amar, J., Vernier, I., Rossignol, E., Bongard, V., 
Arnaud, C., Conte, J. J., Salvador, M. and Chamontin, 
B. 

Nocturnal blood pressure and 24-hour pulse pressure are potent 
indicators of mortality in haemodialysis patients 

2000 Population data from before 2004 

9 Avram, M. M., Sreedhara, R., Patel, N., 
Chattopadhyay, J., Thu, T. and Fein, P. 

Is an elevated level of serum lipoprotein (a) a risk factor for 
cardiovascular disease in CAPD patients? 

1996 Population data from before 2004 

10 Beddhu, S., Baird, B., Ma, X., Cheung, A. K. and 
Greene, T. 

Serum alkaline phosphatase and mortality in haemodialysis 
patients 

2010 Population data from before 2004 
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1 0 0 1 0 1 0 3 Low 

Zhang 

(2017) 

0 1 1 1 0 0 1 4 High 

Wu 

(2017) 

1 1 1 1 0 1 1 6 High 

Peng 

(2017) 

0 0 0 1 0 1 1 3 Low 

Jeng 

(2017) 

1 0 0 1 0 1 1 4 High 

Isla 

(2016) 

1 0 0 1 1 1 0 4 High 

Lu (2016) 1 1 1 1 0 1 1 6 High 

Merle 

(2016) 

0 1 1 1 0 1 0 4 High 

Chen 

(2015) 

1 0 0 1 0 1 0 3 Low 

Flythe 

(2015) 

1 1 1 1 0 1 0 5 High 

Tsai 

(2015) 

1 1 1 1 0 1 1 6 High 

Oh (2015) 0 1 1 1 0 0 1 4 High 

Yoshitom

i (2014) 

0 0 0 1 0 0 0 1 Low 

Okamoto 

(2014) 

0 0 0 1 0 1 0 2 Low 

Li (2014) 1 1 1 1 0 0 1 5 High 
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nneger 

Bloch 

(2014) 

1 0 0 1 0 1 1 4 High 

Oh (2014) 0 1 1 1 0 0 0 3 Low 

Arsov 

(2013) 

0 0 0 1 0 1 1 3 Low 

Lim 

(2013) 

1 0 0 1 0 1 1 4 High 

Li (2013) 1 0 0 1 0 1 1 4 High 

Murthy 

(2012) 

1 0 0 1 1 0 0 3 Low 

An (2012) 1 1 1 1 0 1 1 6 High 

Wu 

(2012) 

0 0 0 1 0 1 0 2 Low 

Lee 

(2012) 

1 1 1 1 0 1 1 6 High 

Ogawa 

(2010) 

0 0 0 1 0 1 1 3 Low 

Yayar 

(2018) 

1 0 0 1 1 1 1 5 High 

Kawagoe 

(2018) 

1 0 0 1 1 1 1 5 High 

Kon 

(2018) 

0 0 0 1 1 1 0 3 Low 

Navaneet

han 

(2018) 

1 0 0 1 1 1 0 4 High 

Antunovi

c (2017) 

1 0 0 1 1 0 0 3 Low 

Ulusoy 

(2015) 

1 0 0 1 1 1 0 4 High 

Avramovs

ki (2014) 

0 0 0 1 1 1 0 3 Low 

Genovesi 

(2013) 

0 0 0 1 1 1 0 3 Low 

den 

Hoedt 

(2013) 

0 0 0 1 1 1 1 4 High 

Kakiya 

(2012) 

0 0 0 1 1 1 1 4 High 

 


