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Abstract 

AIM: This study compared the consumption of proinflammatory foods, as measured by the 

Dietary Inflammatory Index (DII) scores, between those with late stage chronic kidney disease 

(CKD) and individuals without CKD and between men and women with late stage CKD, in a 

Canadian nationally representative sample. METHOD: The current study used data from the 

Canadian Health Measures Survey – Cycle 3.  

RESULTS: T-tests revealed significant differences in the DII scores between individuals without 

CKD and those with late stage CKD, as well as between men and women with late stage CKD. A 

linear regression revealed that DII scores predicted eGFR in the general population. In separate 

regressions, DII scores predicted BMI and high cholesterol, even after controlling for other 

factors. CONCLUSION: This study contributes to current research on CKD and may lead to 

dietary prevention strategies.  
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Proinflammatory Food Consumption and Chronic Kidney Disease in a Canadian Nationally 
Representative Sample 

An estimated three million Canadians suffer from Chronic Kidney Disease (CKD), yet 

the majority of people are not aware that they have this condition (Arora et al., 2013). CKD is a 

progressive disease that typically begins with few or no symptoms and as the condition 

progresses, vague symptoms such as fatigue, difficulty sleeping, dry skin, and increased 

urination develop (Harvard Health Publications, 2010). CKD has been associated with a number 

of complications and an increased risk of mortality (Stevens, Huang, & Levey, 2010). For 

instance, CKD can lead to abnormal rates of bone replacement, increased cardiovascular disease 

risk and an altered nutrient metabolism (Legg, 2005; Thomas, Kanso, & Sedor, 2008).   

As CKD progresses, the severity of symptoms increases leading to end-stage kidney 

disease and the requirement for more intense interventions (Levey & Coresh, 2012). Over 35,000 

Canadians have end-stage kidney disease and over half of these individuals are receiving dialysis 

(Canadian Institute for Health Information [CIHI], 2016). The impact of late stage CKD is 

significant when it comes to an individual’s quality of life and the healthcare system (Gemmell 

et al., 2016; Manns, McKenzie, Au, Gignac, Geller, & CAN-SOLVE CKD Network, 2017). 

Individuals with CKD tended to report a poorer quality of life and frequently suffered from 

depression (Legg, 2005; Seidel et al., 2014). The financial burden of CKD in Canada on the 

healthcare system is estimated to be tens of billions of dollars and over $200 million in disability 

payments each year (Manns et al., 2017).  

In 2009, it was estimated that the prevalence of CKD in Canada was nearly 13%, and this 

figure has continued to rise, as the rates of CKD risk factors such as obesity and diabetes 

increase (Arora et al., 2013; CIHI, 2013). Individuals with diabetes or who were obese were 
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found to be at a significantly higher risk of developing CKD compared to those who did not have 

diabetes or who were not obese (Shen et al., 2017; Wang et al., 2008).   

Another contributor to CKD is inflammation (Kovesdy & Kalantar-Zadeh, 2010). 

Inflammation involves a series of molecular processes that are part of the overall immune 

response (Kovesdy & Kalantar-Zadeh, 2010). Normally, there is a transition from the 

inflammatory process to the healing phase (Das & Roy, 2012). In individuals with CKD, this 

inflammatory process is maintained, resulting in chronic inflammation and tissue damage 

(Kovesdy & Kalantar-Zadeh, 2010).  

There is evidence that diet can affect the overall inflammatory state in the body (Basu, 

Devaraj, & Jialal, 2006; Silverstein, 2009). For instance, when healthy participants consumed a 

portion of potato chips for 28 days, the level of free radical production increased and remained 

high for a further 28 days, after consumption had ceased, promoting a proinflammatory state in 

the body (Naruszwicz et al., 2009).  

Despite these findings, there is little research that has examined the possible link between 

diet, inflammation and CKD. For this reason, the current study’s main objective was to 

determine if there was an association between proinflammatory food consumption and late stage 

CKD. More specifically, the aims were to uncover any differences in the proinflammatory food 

consumption of individuals with late stage CKD and those without CKD, to reveal any 

differences in proinflammatory food consumption between males and females with late stage 

CKD, and to determine whether dietary inflammatory scores predicted the presence of late stage 

CKD in Canadian adults. Being able to establish a link between proinflammatory food 

consumption and late stage CKD would add to the current body of knowledge and possibly result 

in innovative dietary recommendations. Dietary recommendations that are based on reducing 
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inflammation in the body could ultimately lead to fewer individuals developing CKD, slow the 

progression of CKD among individuals already diagnosed with the condition, and reduce the 

financial burden of CKD on the healthcare system. 
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Literature Review 

Chronic Kidney Disease Definition and Categorization  

CKD is defined as a decrease in the glomerular filtration rate (GFR) or physical 

abnormalities in the kidneys that have persisted for more than 3 months (James, Hemmelgarn, & 

Tonelli, 2010). CKD involves a decrease in the number of functioning nephrons; these nephrons 

are composed of a glomerulus (the main filtration unit of the kidney) and a renal tubule and are 

used to remove wastes from the blood (Lewis, 2012; Schnaper, 2014). In the case of CKD, as the 

number of functioning nephrons decline, the remaining nephrons are forced to compensate 

resulting in increased pressure within the nephrons (Lewis, 2012). Eventually, this increased 

pressure damages the nephrons, possibly resulting in proteinuria (protein in the urine), the failure 

of the remaining nephrons, and death (Glassock, 2010; Koroshi, 2007; Lewis, 2012).  

There are two main routes to nephron loss and ultimately, CKD (Taal, 2012). The first 

involves a loss of nephrons as the result of an acute injury (Taal, 2012); the second is due to 

increased blood flow through the kidney (referred to as hyperfiltration) (Taal, 2012; Wahba & 

Mak, 2007). For instance, diabetes mellitus is a common risk factor for CKD because it produces 

a hyperfiltration state in the kidneys leading to inflammation, increased intraglomerular pressure, 

and scarring of the kidneys (MacIsaac, Jerums, & Watts, 2012; Shafi & Coresh, 2010).  

Another condition that may lead to CKD is metabolic syndrome and it is defined as 

having at least three of the following symptoms: an excess of abdominal fat, 

hypertriglyceridemia (elevated triglycerides), low HDL cholesterol, hypertension, and/or high 

fasting glucose levels (Wahba & Mak, 2007). These same authors have suggested that the insulin 

resistance caused by metabolic syndrome leads to chronic inflammation in the body. Individuals 

with CKD tend to have elevated levels of adipokines (proteins secreted by adipose tissue used in 
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cell signaling) such as interleukin-6 (IL-6) as well as other inflammatory markers such as C-

reactive protein (CRP) (Calder et al., 2011; Wahba, & Mak, 2007). 

Lastly, obesity has been linked to an increased risk of developing CKD (Wang, Chen, 

Song, Caballero, & Cheskin, 2008). Obesity is defined as having a body mass index (BMI) 

above 30 (Wahba & Mak, 2007). BMI is calculated by dividing an individual’s weight in 

kilograms by their height in meters squared and the resulting number is compared to a 

classification table (World Health Organization [WHO], 2017). Individuals with a BMI under 

18.5 are considered underweight, normal ranges from 18.5 to 24.9, overweight is 25 to <30 and 

obese is 30 and above (WHO, 2017). Wang et al. (2008) found that the likelihood of acquiring 

kidney disease among obese individuals was over 80% higher than among normal weight 

individuals. The exact process by which obesity and metabolic syndrome lead to the 

development of CKD remains unclear; however, hyperfiltration and increased blood flow in the 

kidneys are hypothesized as possible mechanisms (Wahba & Mak, 2007).  

Regardless of the initial cause for the development of CKD, as the number of damaged 

nephrons increases, the GFR decreases because the kidneys become less efficient at filtering the 

blood (Schnaper, 2014). A decreased GFR leads to a reduction of excreted fluids, solutes (e.g., 

potassium), and wastes such as urea, often resulting in complications such as malnutrition and 

muscle wasting (Steiber, 2014).  

Factors Affecting Glomerular Filtration Rate 

The rate at which the kidneys can filter the blood is known as the glomerular filtration 

rate or GFR; it is measured in mL/minute/1.73 m2 (standard body surface area) and depends on 

the integrity of the glomerulus structure and a sufficient blood supply (Harvard Health 

Publications, 2010; Lewis, 2012; Shafi & Coresh, 2010). Normal GFR is around 120 
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mL/minute/1.73 m2, but this may vary depending on a number of factors (Levey et al., 2003). For 

example, pregnancy can increase a woman’s GFR by up to 50% because hormones may cause 

renal vessels to dilate thereby increasing renal blood flow (Jeyabalan & Conrad, 2007; Stevens et 

al., 2010). During pregnancy, there is no development of structural abnormalities nor a decrease 

in the number of functioning nephrons and therefore this variation in GFR is not considered a 

sign of kidney dysfunction (Thadhani & Maynard, 2014).  

Another instance of normal GFR variation occurs in elderly individuals (Glassock & 

Winearls, 2009). Individuals over the age of 80 can have GFRs that are up to 40% lower than 

their younger counterparts (Glassock & Winearls, 2009; Stevens et al., 2010). This decrease in 

GFR is associated with the normal aging process and is not necessarily clinically significant 

(Glassock & Winearls, 2009). Normal GFR can also vary throughout the day with rates slightly 

higher in the afternoon than during the night, and it has been suggested that this variation is due 

to changes in an individual’s physical activity or hydration levels (Stevens et al., 2010).  

While an individual’s GFR cannot be directly measured, it is possible to use the quantity 

of a given marker such as serum creatinine to calculate an estimated GFR (eGFR) (Kawar & El 

Nahas, 2009; Stevens et al., 2010). Creatinine is the most frequently used marker because it can 

be measured and is filtered easily by the glomerulus (Stevens et al., 2010). Creatinine is 

produced as a consequence of normal muscle breakdown and is representative of someone’s 

muscle mass (Stevens et al., 2010). There are several factors that can impact an individual’s 

creatinine level however, this issue has largely been addressed with the development of 

equations that estimate an individual’s eGFR while accounting for muscle mass differences due 

to gender and ethnicity (Stevens et al., 2010). 
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Chronic Kidney Disease Stages 

CKD is categorized by a five-stage scale that was developed by the USA-based National 

Kidney Foundation’s Kidney Disease Outcomes Quality Initiative and has been adopted 

internationally (Shafi & Coresh, 2010). Arora et al. (2013) and James et al. (2010) have 

described the stages as: 

Stage 1 – normal/increased GFR (>90) with kidney damage 

Stage 2 – GFR 60-89 mL/minute/1.73 m2 with kidney damage 

Stage 3 – GFR is 30-59 mL/minute/1.73 m2 

Stage 4 – GFR is 15-29 mL/minute/1.73 m2 

Stage 5 – GFR <15 mL/minute/1.73 m2 

To assess kidney damage in the early stages of kidney disease, the recommended method 

is assessing the level of proteinuria (National Kidney Foundation, 2013). The level of proteinuria 

can be determined by examining the urinary albumin-to-creatinine ratio; ratios above 2.0 

mg/mmol for men or 2.8 mg/mmol for women indicate kidney damage (Levin et al., 2008). 

Albumin is a common protein found in the urine of individuals with CKD (National Kidney 

Foundation, 2013). Stages 3 through 5 are often referred to as “late stage CKD” in the literature 

(Arora et al., 2013; Lin et al., 2010). 

Management of Chronic Kidney Disease 

 Management of CKD involves slowing the progression of the disease and decreasing the 

risk of cardiovascular events; this is accomplished by controlling hypertension and dyslipidemia 

(high lipid levels) as well as encouraging patients to adopt a number of nutritional 

recommendations (James et al., 2010; Snively & Gutierrez, 2004). For example, hypertension 

(high blood pressure) contributes to the progression of CKD and increases the risk of kidney 
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failure; therefore, various pharmacological methods are employed to keep patients’ blood 

pressure under control (James et al., 2010). CKD patients are advised to modify their lifestyle 

because smoking, inactivity, and poor dietary habits (e.g., excess caloric consumption) have been 

associated with hypertension (Thomas, 2014). Dyslipidemia (high serum lipid levels) also 

increases the risk of cardiovascular events, and CKD patients frequently have high triglyceride 

levels and low-density lipoprotein (LDL) to high-density lipoprotein (HDL) cholesterol ratios 

(Snively & Gutierrez, 2004). Recent kidney treatment guidelines recommend that CKD patients 

should maintain “LDL cholesterol level below . . . 2.60 mmol per L and a triglyceride level 

below . . . 2.26 mmol/L” (Snively & Gutierrez, 2004, p.1925).  

As mentioned, CKD patients are commonly advised to modify their diets to slow the 

progression of the disease and prevent some of the complications that are associated with the 

condition (Legg, 2005; Thomas, 2014). Phosphate consumption is usually controlled in late stage 

CKD patients (e.g., reducing dairy consumption) (Waheed, Pedraza, Lenz, & Isakova, 2013). 

Normally, the body attempts to compensate for higher phosphate levels by producing parathyroid 

hormone levels that promote calcium absorption and phosphate excretion; however, in people 

with CKD, this mechanism is impaired (Legg, 2005). Eventually, calcium and phosphorus levels 

can no longer be maintained by increasing the parathyroid hormone levels culminating in an 

impaired process known as secondary hyperthyroidism, or the increased production of thyroid 

hormones (De Leo, Lee, & Braverman, 2016; Legg, 2005).  

Another nutrient that is often controlled in the diets of individuals with CKD is potassium 

(National Kidney Foundation, 2013; Phillips & Knuchel, 2011). High potassium levels or 

hyperkalemia can lead to abnormal heart rates or sudden death (Legg, 2005; National Kidney 

Foundation, 2013; Phillips & Knuchel, 2011). Finally, it is often recommended that individuals 
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reduce their sodium intake to control blood pressure and fluid retention (Legg, 2005). Despite 

these modifications, the disease progresses and the individual is likely to experience renal 

failure.  

When a patient goes into renal failure (also referred to as end stage renal disease), renal 

replacement therapies (RRT) are initiated (Beaulieu, Boudville, & Levin, 2009). While there is 

no set level of GFR that determines when RRT should commence, symptoms are the main 

consideration when transitioning to RRT (Beaulieu et al., 2009). Uraemia, a combination of 

metabolic and hormone abnormalities, is an important indicator that RRT should be started 

(Beaulieu et al., 2009); hyperpigmentation and neurological issues are both symptoms of uraemia 

(Young, 2010). Other indications that RRT should be initiated include difficulty maintaining 

blood pressure, poor nutritional status despite nutritional interventions, or impairments in 

cognitive function (National Kidney Foundation, 2013).  

RRT involves either dialysis or a kidney transplant, with transplantation being the 

preferred treatment because of improved outcomes for the patient (CIHI, 2014; Phadke & 

Khanna, 2011; Young, 2010). In Canada, the five-year survival rate was slightly more than 40% 

for patients on hemodialysis and just over 50% for peritoneal patients while, over 80% of 

transplanted kidneys were still functioning at the 5-year point (CIHI, 2014). Unfortunately, the 

waiting list for renal transplantation is long, up to several years and is increasing (CIHI, 2014; 

The Kidney Foundation of Canada, n.d.-a). Consequently, many individuals require dialysis.  

Dialysis involves removing waste from the blood and this can be accomplished through 

either hemodialysis or peritoneal dialysis (Phadke & Khanna, 2011). There are over 20,000 

individuals currently on dialysis in Canada, and the majority are receiving hemodialysis (CIHI, 

2014). Hemodialysis can occur in a medical facility or at home and involves removing wastes 
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from the blood via a machine that contains a semi-permeable membrane (National Institute of 

Diabetes and Digestive and Kidney Diseases, 2016; Phadke & Khanna, 2011). The frequency 

and duration per session varies, and in hospital, hemodialysis typically occurs three times per 

week for four hours per session; whereas at home dialysis can occur more frequently but for 

shorter periods (e.g., five times per week, two hours per session) or overnight for at least three 

nights per week (McIntyre & Burton, 2014; National Institute of Diabetes and Digestive and 

Kidney Diseases, 2016). In peritoneal dialysis, the removal of wastes is accomplished with the 

introduction of dialysis solution into the abdominal cavity and by allowing the fluid to contact 

the peritoneal membrane for up to 12 hours and the process occurs at home (Phadke & Khanna, 

2011). During this time, an exchange of wastes and fluid occurs, followed by the removal of 

dialysis solution from the abdominal cavity; the number of the cycles required varies depending 

on the individual (Phadke & Khanna, 2011).   

Patients on dialysis can suffer complications such as infections and may also experience 

financial burdens because of having to travel to treatment centers or, in the case of at home 

dialysis, increases costs as a result of significant water usage (half liter/min or more) required for 

the process of waste/solute exchange (Agar, Perkins, & Heaf, 2015; Kidney Foundation of 

Canada – Ontario Branch, n.d.; Phadke & Khanna, 2011). In addition, patients on dialysis have 

an increased risk of mortality compared to the general population (Robinson et al., 2013). 

According to the United States Renal Data Systems [USRDS], dialysis patients had only a 54% 

survival rate after 3 years (USRDS, 2014). Common causes of death in dialysis patients include 

infections and cardiac-related events (e.g., heart attacks) (Mailloux et al., 1991). For these 

reasons, it is important to slow the progression of CKD to prevent the need for RRT.  
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Chronic Kidney Disease as a Public Health Concern 

 According to the Kidney Foundation of Canada (2012), CKD is a serious public health 

concern, as there are nearly 40,000 Canadians being treated for kidney failure. The Kidney 

Foundation of Canada (2012) noted that almost 80% of the individuals on the organ transplant 

list in 2010 were waiting for a kidney and a third of these individuals died before they were able 

to undergo a transplant.  

The estimated cost to the Canadian healthcare system, to treat kidney failure with 

hemodialysis is over two billion dollars a year (Manns et al., 2017). The impact of CKD on 

patients includes a decreased lifespan and quality of life (McFarlane, Gilbert, MacCallum, & 

Senior, 2013). Patients on dialysis have to contend with symptoms such as fatigue and a 

disrupted lifestyle because conventional hemodialysis treatment requires patients to spend 

several hours, three times a week, at a renal clinic (Harvard Health Publications Group, 2010; 

Seccareccia & Downar, 2012).  

Individuals with kidney failure have a significantly higher incidence of depression than 

the general population (Costa & de Lima Coutinho, 2014). Lin, Lee, and Hicks (2005), 

conducted in-depth interviews with dialysis patients and found that hemodialysis was equated 

with negative concepts such as a loss of identity, concerned with being a burden to others, a loss 

of power/control, a loss of physical freedom, and fear of the physical effects from the dialysis 

itself (i.e., complications). Further, long hours spent on dialysis and declining health can have a 

negative effect on the employment of individuals with late stage CKD (Manns et al., 2017). 

Nearly 70% ofl individuals with kidney failure are unemployed, and it was estimated that over 

$200 million is spent annually on disability payments to Canadians who are suffering from 

kidney failure (Manns et al., 2017).  
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It is therefore essential to develop strategies that are more effective in preventing CKD. 

Current approaches tend to focus on public education, on reducing CKD risk factors (e.g., 

maintaining normal blood pressure), encouraging individuals with diabetes to keep their disease 

under control and avoiding long-term use of non-prescription medications that may damage 

kidneys (The Kidney Foundation of Canada, n.d.-b; Levey, Schoolworth, Burrows, Williams, & 

Stith, 2009). Anti-inflammatory drugs (e.g., ibuprofren, acetylsalicylic acid), antibiotics (e.g., 

amoxicillin), and other drugs (e.g., Warfarin) were found to increase the risk of renal failure 

particularly, at higher doses (Gutthann, Garcia Rodriquez, Raiford, Oliart, & Romeu, 1996).   

Unfortunately, current CKD initiatives are often not sufficient and screening measures 

are not implemented early enough or fail to properly target high risk groups, leading to few 

public health impacts (Schoolworth et al., 2006). In Canada, the first CKD screening program 

that targeted at risk individuals, such as those diagnosed with diabetes, having a family history of 

kidney disease, and/or belonging to a high-risk group (e.g., Aboriginals) was launched by The 

Kidney Foundation of Canada (Galbraith et al., 2016). The See Kidney Disease (SeeKD) 

screening program included a medical questionnaire to identify adults who had risk factors for 

CKD; these individuals were given further testing (e.g., urinalysis and point-of-care creatinine 

testing) as well as a follow-up survey that was sent within a month of the screening (Galbraith et 

al., 2016). Galbraith et al. (2016) found that adults who participated in the SeeKD screening 

program and who were not aware that they had CKD tended to be female, had a BMI in the 

overweight/obese category, and had a diagnosis of diabetes, hypertension or vascular disease. 

These same authors noted that the prevalence of previously unidentified CKD was higher in the 

SeeKD program than in published population estimates, indicating the effectiveness of this type 
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of screening program. Early identification and initiation of treatment can help to slow the 

progression of the disease and reduce the risk of CKD-related complications (James et al., 2010).  

A number of risk factors for CKD were identified, and further research is required to understand 

the mechanisms involved (Khan & Pandey, 2014).      

Inflammation in Chronic Kidney Disease 

 Inflammation has been identified as an important factor in the development of a number 

of chronic diseases, and it is only recently that a more comprehensive understanding of the 

process of tissue repair and the immune response has emerged (Galland, 2010; Punchard, 

Whelen, & Adcock, 2004). Acute inflammation is a normal response that protects the body from 

foreign material and involves a number of cells and cytokines (Allukian & Liechty, 2012). 

Cytokines are small proteins that have a number of key functions, particularly during the 

inflammatory response (e.g., IL-6) (García-García, Getino-Melián, Domínguez-Pinmental, & 

Navarro-González, 2014). During an acute inflammatory response, Tumor Necrosis Factor alpha 

(TNF-α) promotes the release of enzymes that break down bacteria and other foreign material 

that may have entered the body (Allukian & Liechty, 2012; Calder et al., 2011). It is necessary 

for the inflammatory process to end before tissue repair can begin; this occurs as a result of an 

increase in the production of anti-inflammatory mediators (e.g., IL-10) and the decreased 

production of proinflammatory mediators (e.g., TNF-α), (Das & Roy, 2012). When the 

inflammatory process is no longer properly controlled (e.g., the response is not shut down) or is 

initiated inappropriately, chronic inflammation and eventually tissue damage occurs (Calder et 

al., 2011). Moreover, chronic inflammation itself can lead to the production of free radicals 

(highly reactive intermediates) that can further damage tissues and creates a cycle of 

inflammation and tissue damage (Prasad, Sung, & Aggarwal, 2012).  



14 

 A number of risk factors for CKD have been associated with chronic inflammation 

(Shankar et al., 2011). Inflammatory cytokines have been associated with renal changes 

including altering the permeability of the glomerulus membrane, cell death, and structural 

changes in individuals with diabetes (García-García et al., 2014). 

Increased levels of inflammatory mediators and cytokines have also been observed in 

obese individuals (Calder et al., 2011). The increased level of proinflammatory mediators could 

be due to an accumulation of macrophages in the adipose tissue of obese individuals (Weisburg 

et al., 2003). A study by Weisburg et al. (2003) found significant differences in the distribution 

of macrophages within the adipose tissue of obese mice. More specifically, the authors noted that 

obese mice had deposits of macrophages within the adipose tissue whereas lean mice had fewer 

macrophages that were distributed more evenly. These authors then examined the quantity of 

macrophages in the adipose tissue of lean and obese humans and found that the adipose tissue of 

obese individuals was composed of up to 40% macrophages compared to less than 10% in lean 

individuals. Weisberg et al. (2003) stated this finding was significant since the majority of TNF-

α production in adipose tissue is due to these macrophages. This finding could explain the link 

between obesity and low level chronic inflammation (Curat et al., 2006). The excess TNF-α 

production that accompanies obesity and is related to chronic inflammation is thought to lead to 

renal fibrosis (excess collagen in renal tissue) (Synder, Turner, & Turner, 2014). Renal fibrosis is 

the result of decreased fibrinolysis as well the development of proteins within renal cells, both of 

which can lead to renal damage and CKD (Hewitson, 2012; Synder et al., 2014). 

Oxidative stress is another inflammatory-related mechanism that is associated with the 

development of CKD (Gobal, Deshmukh, Shah, & Mehta, 2011). During normal metabolic 

processes, the creation of highly reactive intermediates can occur (e.g., hydrogen peroxide), and 
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if there is an insufficient number of antioxidants to neutralize these intermediates, tissue damage 

and inflammation can occur (Gobal et al., 2011; Ruiz, Pergola, Agar, & Vaziri, 2013). When 

there are significant levels of non-neutralized reactive intermediates, the state is referred to as 

oxidative stress (Gobal et al., 2011). Oxidative stress was associated with the development of 

hypertension as well as metabolic syndrome and diabetes, all of which are risk factors for the 

development of CKD (García-García et al., 2014; Gobal et al., 2011; Vaziri, 2004). Smoking, 

another risk factor for CKD, was found to induce oxidative stress as a result of the free radicals 

that are present in cigarette smoke (Dietrich & Block, 2006).    

Finally, inflammation was implicated in the progression of CKD (Silverstein, 2009; 

Vaziri et al., 2014). Silverstein (2009) noted that inflammation causes the release of cytokines 

that promote kidney fibrosis, resulting in further kidney damage and progression of the disease. 

Research in mice suggests that when oxidative stress and inflammation is controlled (e.g., by 

consuming a diet high in resistant starch), CKD progression is slowed (Vaziri et al., 2014). For 

these reasons, interventions that focus on preventing chronic inflammation may help to reduce 

the risk of developing CKD.  

Sex Differences and Chronic Kidney Disease 

A number of sex differences have been found in the development and progression of 

CKD (Cobo et al., 2016; Iseki, 2008). The rate of non-end stage CKD tends to be higher in 

women while men tend to progress faster to end-stage CKD and have higher rates of dialysis 

than women (Chang et al., 2016; Cobo et al., 2016; Iseki, 2008). One explanation is that 

testosterone may have a damaging effect, while estrogen may have a protective effect on kidneys 

(Cobo et al., 2016). However, the evidence is unclear because one study demonstrated that oral 

estrogen use may promote kidney function loss while another found that among men with 
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moderate CKD, a lower testosterone level was associated with an increased mortality rate (Cobo 

et al., 2016). Other possible explanations included differences in lifestyle factors such as dietary 

habits (with men tending to have poorer dietary habits than women) as well as differences in the 

impact of general CKD risk factors (Cobo et al., 2016). In fact, one study found that BMI had a 

greater effect on the progression of end-stage renal disease in men compared to women (Verhave 

et al., 2003). Finally, predictors of renal function decline were found to differ between men and 

women with urinary albumin excretion and cholesterol/HDL ratio associated with greater renal 

function decline in men than women, respectively (Halbesma et al., 2008). More research is 

clearly needed to better understand the link between sex and the progression of CKD. 

Dietary Patterns and Chronic Kidney Disease 

Recently, some studies have examined the impact of specific dietary patterns on the 

development of CKD (Dunkler et al., 2013; Khatri et al., 2014). Participants who had adhered to 

healthy eating guidelines (as measured by high healthy eating index scores) had lower risks of 

developing CKD, even among individuals with diabetes or older adults (Dunkler et al., 2013; 

Gopinath, Harris, Flood, Burlutsky, & Mitchell, 2013). Khatri et al. (2014) used an index that 

measured participants’ adherence to a Mediterranean style diet (e.g., one high in vegetables, 

fruit, nuts and low in animal protein) to examine the effect of this diet on kidney function. 

Interestingly, a Mediterranean style diet was associated with decreased odds of having an 

unhealthy GFR (Khatri et al., 2014).  

The above findings were consistent with studies that found a link between poor quality 

diets and an increased risk of developing kidney dysfunction (Chang et al., 2013). Chang et al. 

(2013) reported that individuals who consumed poor quality diets that were low in fruits and 

vegetables, high in animal protein and sweetened drinks (e.g., soda, juices) were more likely to 
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have microalbuminuria (protein in the urine), an indicator of CKD. A different study had 

examined dietary patterns in Americans and reported similar results; even after controlling for 

other factors (e.g., socioeconomic status, comorbidities) consuming a “Southern-style” diet (one 

high in fried foods, sugar, and sodium) was associated with higher levels of protein in the urine 

as well as a higher risk of mortality among individuals with CKD than those who did not 

consume this type of diet (Gutiérrez et al., 2014). It is important to note that these studies did not 

directly examine the inflammatory nature of these dietary choices. However, there are a number 

of studies that have linked similar eating patterns to increased levels of inflammatory markers 

such as CRP and IL-6 (Basu et al., 2006; Montonen et al., 2013; Shivappa et al., 2013a).   

Shivappa et al. (2013a) found that consuming proinflammatory foods was associated with 

increased odds of having an elevated CRP level. These same authors developed and validated a 

45-item dietary inflammatory index (DII); this index assigns an inflammation score to a 

particular food or food components, with high scores being indicative of a proinflammatory diet. 

Steck et al. (2014), used this index to compare three hypothetical dietary patterns based on a 

“typical” day’s consumption of a fast food, Mediterranean, or macrobiotic diet and found that the 

fast food diet had a high (proinflammatory) DII score whereas, the macrobiotic and 

Mediterranean diets had low (anti-inflammatory) DII scores.   

Recently, the DII was used to explore the effect of a proinflammatory diet on asthma, a 

chronic inflammatory disease (Wood, Shivappa, Berthon, Gibson, & Hebert, 2015). Wood et al., 

(2015) found that individuals who suffered from asthma had a higher mean DII score than those 

without asthma. These same authors noted that the odds ratio for every unit increase in DII score 

was 1.70; in other words, the odds of having asthma were 70% higher for every unit increase in 

inflammatory food consumption (Wood et al., 2015).  Further, in a study of Swedish seniors, 
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researchers used an adapted 28- item version of this inflammatory index to examine the effects 

of diet on kidney function (Xu et al., 2015). Xu et al. (2015) found that the consumption of 

proinflammatory foods was associated with a decline in GFR among these seniors. It is 

important to note that Xu et al.’s 2015 study did not look specifically at CKD, and while age was 

controlled for in the statistical analysis, the issue of natural GFR decline with age versus 

clinically significant changes in GFR was not addressed (Glassock & Winearls, 2009; Xu et al., 

2015).  

Diet, Inflammation, and Chronic Kidney Disease 

The mechanism between diet, inflammation, and CKD is not well characterized; the 

majority of studies have focused on associations between specific dietary patterns and markers of 

inflammation. Fassatt, Gobe, Peake, and Coombes (2010) suggested that omega-3 

polyunsaturated fatty acids may be beneficial to patients with kidney disease. Experimental 

evidence indicated that omega-3 polyunsaturated fatty acids may positively impact kidney 

disease by reducing TNF-α, one protein involved in the inflammatory response, resulting in a 

decrease in renal fibrosis and inflammation (Fassatt et al., 2010). However, a review of the 

current literature found that there is a paucity of controlled clinical trials that have examined the 

effects of omega-3 polyunsaturated fatty acid supplementation and CKD.  

There is a growing body of knowledge on the impact of dietary components and 

inflammation in the body (Calder et al., 2011; Naruszewicz et al., 2009). Antioxidant vitamins 

such as vitamin C can help to prevent oxidative stress by neutralizing reactive species and may 

improve the endothelium (lining of blood vessels) (Calder et al., 2011). As mentioned, oxidative 

stress and cardiovascular disease can play a role in the development and progression of CKD 

(Calder et al., 2011).  



19 

Another example is the inflammatory effect of the chronic consumption of acrylamide, a 

compound commonly found in carbohydrate rich fried foods such as potato chips (Naruszewicz 

et al., 2009). Exposure to acrylamide could result in oxidative stress and could be related to 

significant increases in the level of reactive intermediates, as well as a decrease in cellular 

antioxidants (Naruszewicz et al., 2009; Yerlikaya, Toker, & Yener, 2013). Oxidative stress has 

been identified as the potential link between high red meat consumption and chronic diseases 

such as cardiovascular disease (Cai, Gao, Peppa, He & Vlassara, 2002; Montonen et al., 2013). 

Conversely, whole grains may decrease inflammation due to the antioxidants contained within 

the grain, resulting in a decreased risk of diabetes, cardiovascular disease, and other chronic 

conditions (Montonen et al., 2013; Slavin, 2003). A study by Vaziri et al. (2014) involving rats 

found that the animals that had consumed a diet high in amylose resistant starch had decreased 

oxidative stress and inflammation, and they demonstrated a slower progression of CKD 

compared to the rats that were fed a low fiber diet. The mechanism by which the resistant starch 

altered the progression of CKD has not been established; however, CKD is associated with 

changes in the bacterial make-up of the intestinal track (Vaziri et al., 2014). These changes often 

lead to the build-up of toxins and damaged intestinal cells, exacerbating general inflammation 

(Vaziri et al., 2014). These same authors suggested that the consumption of amylose resistant 

starch may promote the growth of beneficial bacteria leading to a reduction in the number of 

toxins produced and ultimately, decreasing the inflammation that drives the progression of CKD 

(Vaziri et al., 2014).  

In summary, increased inflammatory biomarkers were observed in individuals who 

consumed diets that were “unhealthy” (e.g., high fat), and evidence suggests that chronic 

inflammation is linked to the development and progression of CKD (Fung et al., 2001; 
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Silverstein, 2009; Synder et al., 2014). That being said, there is no current research, to this 

author’s knowledge, that has explicitly examined the association between consuming a diet high 

in proinflammatory food components and CKD in a Canadian population. As mentioned, 

evidence suggests that chronic inflammation contributes to kidney damage leading to decreased 

GFRs; consequently, chronic inflammation is a significant factor in the development of CKD 

(Shankar et al., 2011).  

For these reasons, this author hypothesizes that there is likely an association between the 

consumption of proinflammatory foods and CKD. Being able to establish an association between 

proinflammatory food consumption and CKD may lead to prevention strategies such as a 

reduction in the consumption of these types of foods.  
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Research Objectives and Hypotheses 

The current study had several research objectives: 

1. To examine the difference in the mean consumption of proinflammatory foods 

(represented by the mean DII score) between individuals with undiagnosed late stage 

CKD and those without CKD. 

2. To examine the difference in the mean consumption of proinflammatory foods 

(represented by the mean DII score) between men and women with undiagnosed late 

stage CKD.  

3. To examine the difference in the mean CRP levels between individuals with undiagnosed 

late stage CKD and those without CKD.  

4. To examine the difference in the mean CRP levels in men and women with undiagnosed, 

late stage CKD were compared.  

5. To assess whether proinflammatory food consumption (represented by the mean DII 

score) predicted the presence of late stage CKD.  

6. To examine the link between proinflammatory food consumption (represented by the 

mean DII score) and CKD risk factors.  

7. To determine whether proinflammatory food consumption (represented by the mean DII 

score) predicted eGFR in an at-risk subpopulation. 

Table 1 lists the objectives and corresponding hypotheses as well as the statistical tests that 

were used in the current study.  
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Table 1 

Statistical Analysis, Hypotheses and Research Objectives 
 

Research Objective Hypothesis Statistical Test 
To examine the difference in 
the mean consumption of 
proinflammatory foods 
between individuals with 
undiagnosed late stage CKD 
and those without CKD 

1. Individuals with undiagnosed late 
stage CKD will have a significantly 
higher mean consumption of 
proinflammatory foods compared to 
those without CKD 

 

Independent T-test 
 
 
 
 

To examine the difference in 
the mean consumption 
of proinflammatory foods 
between men and women 
with undiagnosed, late stage 
CKD  

2. Men with undiagnosed, late stage 
CKD will have a significantly 
higher mean consumption of 
proinflammatory foods compared to 
women 
 

Independent T-test 
 
 
 
 

To examine the difference in 
the mean high sensitivity C-
reactive protein level of 
individuals with and without 
undiagnosed, late stage CKD 

3. Individuals with undiagnosed late 
stage CKD will have a significantly 
higher mean high sensitivity C-
reactive protein level compared to 
those without CKD 

Independent T-test 
 
 
 
 

To examine the difference in 
the mean high sensitivity C-
reactive protein level of men 
and women with 
undiagnosed, late stage CKD 

4. Men with undiagnosed, late stage 
CKD will have a significantly 
higher mean high sensitivity C-
reactive protein level compared to 
women 

Independent T-test 
 
 
 
 

To explore the association 
between proinflammatory 
food consumption and the 
presence of late stage CKD   

5. DII scores predict the presence of 
late stage CKD after controlling 
other factors  

Logistic Regression 

To explore the association 
between proinflammatory 
food consumption and CKD 
risk factors 

      6. DII scores predict BMI 
7. DII scores predict high 
cholesterol 

Linear Regression 
Logistic Regression 

To explore the association 
between proinflammatory 
food consumption and eGFR 
in the general population and 
an at-risk subpopulation 

8. DII scores predict eGFR in the 
general population 
9. DII scores predict eGFR in 
individuals who reported being 
diagnosed with a kidney problem  

 

Linear Regressions 
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The objectives of the current study were formulated to address some of the research gaps 

identified in the literature review. As noted previously, there is some evidence of a relationship 

between a low-quality diet and the development or progression of CKD, as well as a link 

between inflammation and CKD. However, there is a lack of research concerning the possible 

relationship between diet, inflammation, and late stage CKD, particularly in a Canadian 

population. The current study’s findings may provide a possible link between these three areas of 

study. There is also a paucity of research surrounding sex differences and CKD. The findings of 

the current study may provide a possible explanation for the differences observed between sexes 

in undiagnosed, late stage CKD and suggest areas that future intervention research should focus 

on. 

In the literature review, risk factors for CKD were identified, and the current study 

explores whether there is a link between these risk factors for CKD and the consumption of an 

inflammatory diet, a subject that to date has not been examined in a Canadian population. 

Finally, there is little research that has examined the consumption of proinflammatory foods and 

eGFR; the present study is the first to explore this topic in a Canadian population. Results of the 

current study may contribute to a better understanding of the growing issue of CKD in Canada. 

The next section presents information regarding the CHMS – Cycle 3 survey and describes the 

analysis methods that were used to meet the study’s objectives. 
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Method 

 The current study used data from the Canadian Health Measures Survey (CHMS) – Cycle 

3. This particular cross-sectional survey was selected as it is a nationally representative and 

contains variables on nutrition and laboratory test results (e.g., serum creatinine levels).  

Survey Information - Target Population 

 The CHMS – Cycle 3 includes non-institutionalized Canadians aged 3 to 79 years old 

living in one of the five following regions: Atlantic, Quebec, Ontario, the Prairies, and British 

Columbia) (Statistics Canada, 2015a). Full-time military personnel, individuals living on 

reserves, in one of the territories, or in some remote locations were excluded (Statistics Canada, 

2015a).  

Survey Information – Data Collection 

Geographical clusters were developed based on the 2011 Census and individuals within a 

household were assigned a probability of participating in the study depending on the targets for 

each age and gender group (Statistics Canada, 2015a). To minimize the issue of non-response 

and to encourage participation, several methods were used including contacting individuals in 

person when possible and informing respondents of the importance of the survey (Statistics 

Canada, 2015a). Participants who were not comfortable conversing in either official language 

were provided with an interviewer who was fluent in the participant’s first language whenever 

possible (Statistics Canada, 2015a). Response rates were nearly 75% at the household level, 

nearly 90% at the individual questionnaire level, and just under 80% of individuals completed 

the physical testing component (Statistics Canada, 2015a).  

Ethics approval was obtained from both Health Canada and Public Health Agency of 

Canada’s research boards, and the Office of the Privacy Commissioner of Canada was consulted 

to ensure sufficient measures were in place to safeguard participants’ privacy (Statistics Canada, 
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2015a). Finally, study participants were provided with a brochure and video outlining the survey 

process and potential risks of participation before obtaining their consent (Statistics Canada, 

2015a).  

To reduce the issues of bias and improve reliability, staff were provided classroom and 

“hands-on” training prior to data collection, and interviewers were observed on several occasions 

to ensure consistency (Statistics Canada, 2015a). Data collection occurred between January 9, 

2012, and December 17, 2013 and household interviews were conducted in person using 

computer assisted interviews (Statistics Canada, 2015a). Participants were also asked to visit a 

mobile clinic for the collection of blood and urine samples, and to undergo a number of clinical 

tests (e.g., grip strength) were conducted (Statistics Canada, 2015a). More detailed information 

about the data collection stage are given in the CHMS Data User Guide: Cycle 3 (Statistics 

Canada, 2015a).  

The Current Study’s Sample 

 The current study sample included individuals who were not pregnant, who were not 

aware of their CKD status, and who were between the ages of 18 and 79. Children were excluded 

because CKD in children typically has different etiologies than adults and pregnant women were 

excluded because pregnancy has been found to temporarily alter the physiology of the kidney, 

and current methods to calculate eGFR do not take this effect into consideration (Gulati, 2015; 

Vellanki, 2013). As mentioned, individuals who have been diagnosed with CKD often receive 

dietary recommendations to alter their intakes of various nutrients (Thomas, 2014). 

Consequently, these individuals may have altered their diet compared to those who have 

undiagnosed CKD and were not included in the main sample. This meant excluding 18% of 

individuals who had late stage CKD and reported having a kidney problem from all analysis with 
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the exception of the regression examining whether DII scores predicted eGFR in this 

subpopulation; therefore, just over 1,800 individuals (weighted n) met the inclusion criteria for 

the present study. Unless otherwise noted, to avoid repetition, the term late stage CKD will refer 

to individuals who have undiagnosed, late stage CKD when describing the method and results of 

the present study. 

Study Variables 

eGFR. Participants’ blood was collected as part of the mobile clinic component of the 

CHMS – Cycle 3 and was sent to a reference lab for testing (Statistics Canada, 2015a). The 

chemistry component of the blood analyses included serum creatinine, and this variable was used 

to determine participants’ estimated GFR (eGFR) (Statistics Canada, 2015a). Specifically, the 

eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation. The CKD-EPI equation1 has been found to be more accurate at estimating GFR than 

the alternative equation, Modification of Diet in Renal Disease (MDRD) (Arora at al., 2013; 

Matsushita et al., 2012). Participants’ eGFR was used to classify them as having late stage 

(stages 3-5) or no CKD based on the Outcomes Quality Initiative classification system described 

earlier. In order to identify participants who were aware that they had a kidney problem, their 

response to the question of whether or not a health professional had diagnosed them as having a 

kidney problem (yes/no) was used (Statistics Canada, 2014b).    

Food Consumption.  Survey participants were asked about their food consumption 

habits, including their meat, egg, dairy and alternatives, grain, and fruit and vegetable 

consumption using a food frequency questionnaire (FFQ); participants indicated how often they 

consumed a food (e.g., 2 times per week). Serving sizes were not noted in the CHMS 

                                                           
1GFR = 141 * min(Scr/κ,1)α * max(Scr/κ,1)-1.209 * 0.993Age * 1.018 [if female] * 1.159 [if of African descent] 
Scr=serum creatinine in mg/dL, κ=0.7 if female or 0.9 if male (Arora, 2013) 
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documentation; therefore, Canada’s food guide serving sizes were used. In cases where FFQ 

questions were not adequately specific, such as “how often do you usually eat red meat such as 

beef, hamburger, pork or lamb?” consumption data from Canadian Agriculture and Agri-Food 

Canada and other statistics were used whenever possible to determine the most commonly 

consumed food for calculation purposes (Statistics Canada, 2014a, pg. 78). Table 2 lists the food 

consumption variables that were used in the present study.  
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Table 2 

Food Consumption Variables 
 

Variable Name Concept 
MFC_11 Eats red meat  
MFC_12 Eats liver 
MFC_14 Eats beef or pork hot dogs  
MFC_15 Eats sausage or bacon  
MFC_19A Eats egg/egg dishes that include the yolk 
MFC_20 Eats cooked dried beans  
MFC_21 Eats nuts  
MDC_03A Drinks/uses milk substitutes – rice 
MDC_03B Drinks/uses milk substitutes – soya 
MDC_03C Drinks/uses milk substitutes – almond 
MDC_12A Type of milk used – 3.25% 
MDC_12B Type of milk used – 2% 
MDC_12C Type of milk used – 1% 
MDC_12D Type of milk used – .05% 
MDC_12E Type of milk used – skim or non-fat 
MDC_12F Type of milk used - Flavored 
MDC_13 Eats cottage cheese  
MDC_13B Eats processed cheese  
MDC_14 Eats yogurt (excluding frozen)  
MDC_15 Eats ice cream or frozen yogurt 
GFV_11 Eats hot or cold cereals  
GFV_12 Eats whole grain bread 
GFV_13 Eats white bread  
GFV_14 Eats pasta  
GFV_16 Eats instant, seasoned or wild rice  
GFV_17A Eats citrus fruit  
GFV_17B Eats strawberries (during the summer) 
GFV_17C Eats strawberries (excluding summer) 
GFV_17D Eats other types of fruit  
GFV_18 Eats tomatoes/tomato sauce  
GFV_19 Eats lettuce or green leafy salad  
GFV_20 Spinach, mustard greens, or cabbage 
GFV_21 Eats fries/hash brown potatoes 
GFV_22 Eats other potatoes 
GFV_23 Eats other types of vegetables  
GFV_24 Eats flax seeds  
DFC_11 Easts regular fat dressing/mayo 
DFC_12 Eats regular-fat potato chips  
DFC_13 Eats margarine  
DFC_14 Eats omega-3 enriched margarine 
WSD_31 Drinks regular soft drinks 
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Table 2 continued 

Food Consumption Variables 
 
Variable Name Concept 
WSD_34 Drinks orange or grapefruit juice 
WSD_35 Drinks other 100% fruit juices 
WSD_38 Drinks other vegetable juices 
WAQ_06 Drinks black/green/white tea  
ALC_14 Drank alcohol this past week 
FSF_10A  Ate lobster this past month 
FSF_10B  Ate shrimp this past month 
FSF_10C  Ate mussels this past month 
FSF_10D  Ate scallops this past month 
FSF_10E  Ate oysters this past month 
FSF_10F Ate squid/calamari this past month 
FSF_10G  Ate clams this past month 
FSF_10H  Ate crab this past month 
FSF_10I Ate surimi this past month 
FSF_24AA Ate fish sticks this past month 
FSF_24AB Ate tuna (in a can/pouch) this past month 
FSF_24AC Ate tuna (fresh/frozen) this past month 
FSF_24AD Ate salmon (in a can/pouch) this past month 
FSF_24AE Ate salmon (fresh/frozen) this past month 
FSF_24AF Ate smelt this past month 
FSF_24AG Ate shark this past month 
FSF_24AH Ate marlin this past month 
FSF_24AI Ate swordfish this past month 
FSF_24AJ Ate halibut this past month 
FSF_24AK Ate rainbow trout this past month 
FSF_24AL Ate Atlantic cod this past month 
FSF_24AM Ate mackerel this past month 
FSF_24AN Ate herring this past month 
FSF_24AO Ate sardines this past month 
FSF_24AP Ate sole this past month 
FSF_24AQ Ate haddock this past month 
FSF_24AR Ate tilapia this past month 
FSF_25A Ate light (flake/chunk) tuna this past month 
FSF_25B Ate white (solid) tuna this past month 

Note. Derived from Statistics Canada, 2014a; Statistics Canada, 2014b 

Whenever possible, the nutrients for each food were obtained from the 2015 Canadian 

Nutrient File, a database containing nutrient information for over 5,000 foods commonly 

consumed in Canada (Health Canada, 2015). Although much of the nutrient information in the 
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Canadian Nutrient File was based on data from the United States Department of Agriculture’s 

National Nutrient Database for Standard Reference, it was adjusted to reflect Canadian 

fortification practices, as well as for foods that are only available in Canada (Health Canada, 

2015). In instances where the Canadian Nutrient File did not have the item, the United States 

National Nutrient Database for Standard Reference was consulted. Over 1800 possible nutrient 

variables could be used for the calculation of participants’ DII scores.  

Participants’ mean daily intakes were based on the number of servings over a seven-day 

period, multiplied by the amount of each nutrient (e.g., carbohydrates), in a particular item.  

Finally, the total amount of each nutrient consumed by the participant was obtained by summing 

the amount of that nutrient, in each of the foods consumed by the participant. A sample 

calculation for an individual’s hypothetical consumption of carbohydrate was provided below 

(Table 3). In order to calculate participants’ intakes of nutrients from the foods listed below, over 

3,000 lines of syntax were written for this study. 

Table 3 

Simplified Sample Nutrient Calculation – Carbohydrates 
 

Food Mean 7 day servings Carbohydrates per serving (g) 7 day total 

White bread 7 17.71 123.97 

Pasta 2.6 22.83 59.36 

2% Milk 7 12.38 86.66 

 
Dietary Inflammatory Index. Foods were classified as being proinflammatory based on 

the Dietary Inflammatory Index (DII); this index includes 45 food or food components (e.g., zinc 

and pepper) and was created by reviewing and scoring nearly 2,000 peer-reviewed articles that 

looked at the effect of various foods or food components on inflammation (Shivappa et al., 

2013b). Articles involving human experimental studies were given a higher weight than articles 
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based on animals or cell cultures (Shivappa et al., 2013b). The weighted pro-inflammatory and 

anti-inflammatory articles were then divided by the total number of weighted articles followed 

by subtracting the anti-inflammatory results from the proinflammatory results (Shivappa et al., 

2013b). This index was validated by comparing DII scores with an individual's high-sensitivity 

CRP value (a biomarker for inflammation); higher DII scores were found to be associated with 

CRP values (Shivappa et al., 2013a). The DII scores range from -8.87 (anti-inflammatory score) 

to 7.98 (pro-inflammatory score), with a median of 0.23 (based on the maximum and minimum 

DII value of each of the parameters) (Shivappa et al., 20l3b). In the current study, an individual's 

DII score was calculated by the procedure developed by Shivappa et al. (2013b):  

1. Determining the composition of each food using the Canadian Nutrient File. 

2.  Deriving the inflammatory value of each food parameter by calculating the Z-score 

(the standard mean from the DII was subtracted from the amount of that nutrient 

consumed in one day). 

3. Using the Z-score that was calculated in the previous step, the centered percentile of 

each food/component was obtained. 

4. Multiplying the centered percentile by the food or food component’s inflammatory 

effect score listed in the DII. 

5. Summing the results obtained from step 4.  

The following subsection lists a sample calculation for a hypothetical amount of 

carbohydrate (equations 1-3). However, not all of the 45 food parameters from the index were 

used in the current study as they were not collected in the CHMS Cycle 3 (e.g., garlic, onion, 

herbs) or the nutrient database did not contain information on the item (e.g., flavonols). Finally, 

as per van Woundenbergh et al. (2013), total fat and energy were excluded because all the 



32 

macronutrients and fatty acids were already accounted for in the DII. Twenty-eight parameters 

(rather than all of 45 of the original parameters) were used to determine participants’ DII scores, 

a procedure that has been used successfully in previous research (Shivappa et al., 2013a; van 

Woudenbergh, 2013; Xu et al., 2015) (Table 4).  

Sample DII Calculation - Carbohydrate Component of Diet. 

z = 269.99* - 272.2**/40.0** = -0.055       (1) 

*hypothetical carbohydrate intake **from DII 

Percentile score =  0.478 

Centered Percentile Score.        (2) 

(0.478 * 2) -1 = -.044  

Food Parameter Specific Score. 

(-.044)(.097*) = -.004        (3) 

       *from DII  

      (adapted from Shivappa et al., 2013b) 
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Table 4 

Dietary Inflammatory Index Variables Used in the Present Study 
  

Food Component 
Alcohol 
Vitamin A 
Vitamin B12 
Vitamin B6 
Beta carotene 
Vitamin C 
Caffeine 
Carbohydrate 
Cholesterol 
Vitamin D 
Vitamin E 
Fiber 
Folic acid 
Iron 
Magnesium 
MUFA 
Niacin 
n-3 fatty acids 
n-6 fatty acids 
Protein 
PUFA 
Riboflavin 
Saturated fat 
Selenium 
Thiamine 
Trans fat 
Zinc 
Green/Black Tea 

 

Additional Variables. Factors that may influence chronic inflammation such as 

hypertension, BMI, high cholesterol, and diabetes were controlled for in regression analysis that 

examined the association between DII scores and eGFR and between DII and late stage CKD 

(Calder et al., 2011; Dinh, Drummond, Sobey, & Chrissobolis, 2014; Esteve, Ricart, & 

Fernández-Real, 2004; MacIsaac et al., 2012; Wang, Zakhari, & Jung, 2010). Determining 

whether or not participants had diabetes, and/or high cholesterol was based on participants’ 
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responses to whether a doctor had diagnosed them with these conditions (yes/no) (Statistics 

Canada, 2014a). Hypertension was defined as having a systolic blood pressure reading above 

140 mmHg and/or a diastolic blood pressure reading above 90 mmHg and the results were 

recoded by the researcher into a dichotomous variable (yes/no) (National Kidney Foundation, 

2017). BMI was a derived variable that was subsequently used to classify participants in the 

standard BMI categories: underweight, normal, overweight, obese class I, obese class II, and 

obese class III (Statistics Canada, 2014b). The original 6 BMI categories were collapsed into 2 

(underweight/normal and overweight/obese) to address the low number of participants in some 

of the categories, in order for demographic analysis to proceed.  

A demographic factor that was controlled for was age. There is an association between 

advanced age and declining GFR, and current methods to calculate eGFR do not take this into 

account (Glassock & Winearls, 2009). There is no clear age when this effect becomes 

significant; however, the decline is thought to begin between 50 and 60 years of age (Glassock & 

Winearls, 2009). Age is also linked to increasing cholesterol levels and BMI (Cheung et al., 

2009; Reas, Nygård, Svensson, Sørensen, & Sandanger, 2007).  

Sex and smoking status may be risk factors in the development of CKD, while the use of 

lipid-lowering medications such as statins may help to prevent cardiovascular disease (CVD) 

(CVD is a risk factor for CKD). As a result, these variables were also controlled for in the 

regressions exploring the association between DII scores and kidney related variables (Fellstrӧm, 

2011; Glassock & Winearls, 2009; Shinha et al., 2014; Yacoub, 2010). Evidence indicates that 

smoking may have an impact on BMI and therefore was included as a control variable in the 

regression that examined the association between DII scores and BMI (Wehby, Murray, Wilcox, 

& Lie, 2012). The original variable for sex was used while smoking was recoded into 
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daily/occasional smoker and non-smoker (Statistics Canada, 2014a). Participants were asked 

about their medication use and Canada’s Drug Identification Number was used to help classify 

each drug under the Anatomical Therapeutic Chemical (ATC) system (Statistics Canada, 2015a). 

For further information regarding the ATC classification system used in the CHMS please refer 

to the CHMS Data User Guide: Cycle Three (Statistics Canada, 2015a). Statin use was identified 

by their corresponding ATC codes and grouped into one (yes/no) variable.  

Demographic factors that have been associated with overall health were also accounted 

for during regression analyses. For instance, ethnicity can play a role in health. Aboriginal 

individuals tend to have higher rates of many chronic and infectious diseases compared to non-

Aboriginal individuals (Mikkonen & Raphael, 2010). The derived variable identifying 

participants’ cultural/racial group was used in the current study, and the original 13 categories 

were also collapsed into to two, “Caucasian” and “Other”, to address the low number of 

participants in some of the categories.   

Income is another factor that can affect health; for example, Mikkonen and Raphael 

(2010) noted that wealth had a significant impact on long-term health outcomes. Total reported 

household income was used to measure income in the present study, and the original 15 

categories were collapsed into five: $0 to $19,999, $20,000 to $39,999, $40,000 to $59,999, 

l$60,000 to $79,999, and $80,000 and above. Another important factor is education because 

individuals with higher education tend to be healthier than those with lower levels of education 

(Mikkonen & Raphael, 2010). Participants were asked what the “highest degree, certificate, or 

diploma that you have obtained?” and response categories ranged from less than secondary 

school to post-graduate (Statistics Canada, 2014a, pg. 9).  
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Statistical Analysis  

 In order to test the hypotheses and to determine if the findings were statistically 

significant, statistical tests were selected based on the questions that were asked and these tests 

are listed in table 5. Wilcox (2009) stated that the independent t-test should be used when the 

dependent variable approaches a “normal bell-curve shape”, and the means of two independent 

groups are being compared. More specifically, to determine if there was a significant difference 

in the means of two independent groups, independent t-tests were used in the current study to test 

hypotheses 1-4 (Table 5).  

Table 5 

Independent t-tests analyses and comparison groups   
 

t-tests  Comparison groups 
To examine the difference in the mean consumption 
of proinflammatory foods (hypotheses 1,2) 

Individuals with late stage CKD vs 
Individuals without CKD 

 Men with late stage CKD vs Men 
without CKD 

 Women with late stage CKD vs 
Women without CKD 

 Men with late stage CKD vs Women 
with late stage CKD 

To examine the difference in the mean high 
sensitivity C-reactive protein level (hypotheses 3,4) 

Individuals with late stage CKD vs 
Individuals without CKD 

 Men with late stage CKD vs Men 
without CKD 

 Women with late stage CKD vs 
Women without CKD 

 Men with late stage CKD vs Women 
with late stage CKD 

 

In order to determine if one or more independent variables predicted the dependent 

variables in this study, specific types of regressions were used (Table 6). Randolf and Myers 
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(2013) noted that linear regressions are types of correlation tests that are used in statistical 

analyses when the dependent variable is measured at the interval level, and logistic regressions 

are used when the dependent variable is measured at the dichotomous level such as yes/no 

categories. In both types of regressions, the independent variables may be continuous or 

categorical (Pallant, 2010).  

Table 6 

Regression Type, Hypothesis and Variables Used 
 

Regression type Hypothesis  Independent variables Dependent variable 
Logistic 5. DII scores predict 

the presence of late 
stage CKD after 
controlling other 
factors 

Statin use, hypertension, 
high cholesterol, 
diabetes, demographics 

Late stage CKD 

Linear 6. DII scores predict 
BMI 

Lifestyle factors, 
demographics 

BMI 

Logistic 7. DII scores predict 
high cholesterol 

Lifestyle factors, 
demographics 

High Cholesterol 

Linear 8. DII scores predict 
eGFR in the general 
population 

Statin use, hypertension, 
high cholesterol, 
diabetes, demographics 

eGFR 

Linear 9. DII scores predict 
eGFR in individuals 
who were diagnosed 
as having a kidney 
problem 

Statin use, lifestyle 
factors, demographics 

eGFR 

 

Survey Weights and Bootstrapping. For analysis purposes and to adjust for the sampling 

design of the CHMS, a weighted bootstrapping analysis approach was used. Survey weights are 

designed to make the survey representative of the Canadian population and to make adjustments 

for non-responses (Statistics Canada, 2015a). Therefore, each survey participant is weighted to 

represent a certain number of people in the Canadian population (Statistics Canada, 2015a). For 
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example, if a case was given a weight of 2, it would represent two cases in the dataset (Johnson, 

2008). In order to properly estimate the variance, a bootstrap method is required. For the CHMS, 

this process involved re-sampling with replacement 500 times and the “variability among the 500 

estimates gives the variance estimate” (Statistics Canada, 2015a, pg. 51).  The 500 bootstrap 

weights are provided with the dataset.  

Statistical Software. Variable recoding, participants’ DII scores and eGFR calculations, and t-

test analyses were conducted using SPSS ver. 22. The researcher learned how to code syntax in 

STATA ver.13 in order to perform analyses that required bootstrapping (i.e., regressions, 

crosstabs).  

 In summary, the current study included adult participants of the CHMS – Cycle 3 who 

either did not have CKD or had undiagnosed, late stage CKD. Participants’ self-reported food 

consumption habits and nutrient information from the Canadian Nutrient File were used to 

calculate the overall DII score for each participant. This variable was used in subsequent 

statistical analysis to compare degree of inflammatory food consumption between groups. This 

variable was also used in separate regression analyses to determine whether it predicted late 

stage CKD, high cholesterol, BMI, and eGFR, after controlling for factors that may contribute to 

the development of CKD and/or overall health. The following section presents the demographic 

profiles of individuals with late stage CKD and those without CKD and the results of the 

statistics analyses.     
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Results 

 There was nearly an equal number of male and female participants in the CHMS who did 

not have CKD (Table 7). Most of these participants were between the ages of 18 and 65, had 

completed post-secondary education, had a household income of $60,000/year or greater and 

were Caucasian. Nearly half of the participants without CKD had a BMI in the 

underweight/normal category, while the majority had not been diagnosed with diabetes, 

hypertension or high cholesterol at the time of the survey.  

 Over 4.6% of Canadians in the CHMS were not aware that they suffered from late stage 

CKD. This group of participants tended to be female, were older and had less education than 

individuals who did not have CKD, were Caucasian, and had a yearly household income below 

$60,000 (Table 7). Over half of participants with late stage CKD had a BMI in the overweight or 

obese categories, and had higher rates of diabetes and hypertension compared to the no CKD 

group. With the exception of sex, there were significant differences in all of the demographic 

categories mentioned between the no CKD and late stage CKD groups.  Among individuals with 

late stage CKD, men tended to be younger and had been diagnosed with diabetes compared to 

women however, none of these differences were statistically significant (Table 8). 
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Table 7 

Demographic Information for Individuals with Late Stage CKD and Without CKD 
 

Characteristic Weighted Prevalence (percent) χ2 
 No CKDa Late stage CKDb 

Sex   2.50 
          Males 52.13 43.30  
          Females 47.87 56.87  

Age (Years)   717.60** 
          18-65 96.24 81.98  
          66-79 3.76 18.02  

Education Level   19.32** 
          Less than secondary 10.09 25.30  
          Secondary 22.74 17.44  
          Post-secondary 67.18 57.26  

Yearly Household Income ($)   12.43* 
          0-19,999 6.26 12.94  
          20,000-39,999 17.17 19.15  
          40,000-59,999 20.22 27.20  
          60,000-79,999 13.53 13.94  
          80,000 and over 42.81 26.77  

Ethnicity   13.87** 
          Caucasian 74.78 92.64  
          Other 25.22 7.36  

BMI Category   8.5* 
          Underweight/Normal 45.79 35.97  
          Overweight 33.58 30.04  
          Obese 20.64 33.99  

Diagnosed with Diabetes   46.86** 
          Yes 5.68 24.59  
          No 94.32 75.41  

Diagnosed with Hypertension    
          Yes 7.24 18.26 13.60** 
          No 92.76 81.74  

Diagnosed with High 
Cholesterol* 

  16.11** 

          Yes 28.29 49.73  
          No 71.71 50.27  

Note.*p < .05 **p < .001 aNo CKD = GFR in the normal range blate stage CKD=stages 3-5 
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Table 8 

Demographic Information for Males and Females with Late Stage CKD 
 

 Weighted Prevalence (%) 
 Males Females 
Age (Years)   
          18-65 25.3 12.46 
          66-79 74.7 87.54 

Education Level* - - 

Yearly Household Income ($)* - - 

Ethnicity* - - 

BMI Category   
          Underweight/Normal 39.79 33.11 
          Overweight 22.02 36.05 
          Obese 39.18 30.85 

Diagnosed with Diabetes   
          Yes 32.67 18.42 
          No 67.33 81.58 

Diagnosed with Hypertension* - - 

Diagnosed with High Cholesterol   
          Yes 49.58 49.73 
          No 50.52 50.15 

Note. *Sample sizes were too small to be released  

C-Reactive Protein Levels and Dietary Inflammatory Index Scores  

As hypothesized, individuals with late stage CKD had significantly higher mean C-

reactive protein (CRP) levels and DII scores compared to individuals without CKD (Tables 9, 

10). Women who did not have CKD, had a lower mean CRP level and a lower DII score 

compared to women who had late stage CKD (Tables 9, 10).   



42 

Table 9 

T-test Results Comparing CRP Levels 
  
Variable M    SD t 
CKD Status   -193.45* 
       Individuals without CKDa 2.37 2.67  

       Individuals with late stage CKDb 2.99 2.54  
Women   -112.09* 

       Without CKD 2.48 2.77  

       With late stage CKD 3.00 2.72  

Men   -163.35* 

       Without CKD 2.25 2.56  
       With late stage CKD 2.98 2.26  

Sex   -4.39* 
       Men with late stage CKD 2.98 2.26  
       Women with late stage CKD 3.00 2.76  

Note. *p < .001 aNo CKD = GFR in the normal range blate stage CKD=stages 3-5 

Table 10 
 
T-test results comparing DII scores  
 

Variable M    SD T 
CKD Status   -67.42* 
       Individuals without CKDa 0.66 2.14  
       Individuals with late stage CKDb .84 2.00  

Women   -28.91* 

       Without CKD 0.48 2.05  
       With late stage CKD 0.58 2.15  
Males   -98.50* 
       Without CKD 0.83 2.21  
       With late stage CKD 1.16 1.73  
Sex   120.38* 
      Men with late stage CKD 1.16 1.73  
      Women with late stage CKD 0.58 2.15  

Note. *p < .001  aNo CKD = GFR in the normal range blate stage CKD=stages 3-5 

Similar findings were observed in men. Men who did not have CKD had significantly 

lower mean CRP levels and DII scores, compared to men with late stage CKD (Tables 9, 10). As 

hypothesized, men with late stage CKD also had significantly higher mean DII scores compared 



43 

to women with late stage CKD. In contrast, women with late stage CKD had slightly significant 

higher mean CRP levels compared to men.  

In the general population, DII scores did predict eGFR after controlling for other factors 

and over half of the variance was explained by the model (Table 11). Separate linear regressions 

revealed that DII scores did not predict late stage CKD or eGFR in participants who reported a 

diagnosis of kidney issues after controlling for other factors.     

Regression analysis revealed that DII scores did predict high cholesterol and BMI, even 

after controlling for other factors (Table 12, 13). That is, for every one-unit increase in the DII 

score, there was a 13% increased odds of having high cholesterol and a .21 unit increase in BMI, 

respectively.  

Table 11 
 
Unstandardized Coefficients and 95% Confidence Intervals for Predictor Variables of eGFR  
 

Variable  B SE (B) 95% CI 
DII score    -0.57* 0.22 [-1.056, -0.08] 
Education  -0.35 0.74 [-1.97, 1.28] 
Total household income   -1.13* 0.37 [-1.95, -0.32] 
Sex   0.77 1.34 [-2.19, 3.73] 
Age     -0.85*** 0.03 [-0.90, -0.79] 
Ethnicity      6.93*** 1.26 [4.16, 9.69] 
BMI           -0.01 0.08 [-0.18, 0.16] 
Statins  -1.50 1.70 [-5.26, 2.26] 
Diabetes  -1.80 2.00 [-6.18, 2.58] 
Constant  133.09*** 3.47 [125.46, 140,73] 
R2 0.55    
F 104.77**    

Note. *p < .05 **p < .01 *** p < .001 
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Table 12 
 
Odds ratios and 95% Confidence Intervals for Predictor Variables of High Cholesterol  
 

Variable  OR 95% CI 
DII score   1.13* [1.03, 1.25] 
Education  1.00 [0.80, 1.25] 
Total household income  1.04 [0.88, 1.24] 
Sex  0.77 [0.56, 1.08] 
Age      1.05*** [1.03, 1.06] 
Ethnicity  1.14 [0.56, 2.34] 
Constant     0.03** [0.01, 0.31] 
F 9.58**   

Note. *p < .05 **p < .01 *** p < .001 

Table 13 
 
Unstandardized Coefficients and 95% Confidence Intervals for Predictor Variables of BMI  
 

Variable  B B (SE) 95% CI 
DII score    0.21* 0.09 [0.02, 0.41] 
Education  -0.58  0.27 [-1.16, 0.01] 
Total household income  -0.08 0.17 [-0.45, 0.30] 
Sex  -0.55 0.41 [-1.46, 0.35] 
Age      0.04** 0.01 [0.02, 0.07] 
Smoking  -0.61 0.46 [-1.62, 0.41] 
Ethnicity   -1.66* 0.71 [-3.23, -0.11] 
Constant     30.07*** 1.16 [27.50, 32.61] 
R2 0.04    
F 7.90*    

Note. *p < .05 **p < .01 *** p < .001 

Table 14 summarizes the results and indicates whether or not the hypotheses of the 

current study were supported. 

 

 



45 

Table 14 

Summary of the Current Hypotheses and Results 
 

Hypothesis Results Support Hypothesis 
1. Individuals with undiagnosed late stage CKD 
will have a significantly higher mean 
consumption of proinflammatory compared to 
those without CKD 

 

Yes, individuals with late stage CKD 
had significantly higher mean DII 
Scores (higher proinflammatory food 
consumption) 

2. Males with undiagnosed, late stage CKD will 
have a significantly higher mean consumption of 
proinflammatory compared to females  

Yes, males with late stage CKD had 
significantly higher mean DII Scores 
(higher proinflammatory food 
consumption) 

3. Individuals with undiagnosed CKD will have 
a significantly higher mean high sensitivity C-
reactive protein level compared to those without 
CKD 

Yes, individuals with late stage CKD 
had significantly higher mean CRP 
scores 

4. Males with undiagnosed, late stage CKD will 
have a significantly higher mean high sensitivity 
C-reactive protein level compared to females  

No, females had significantly higher 
mean CRP levels 

5. DII scores predict the presence of late stage 
CKD after controlling other factors  

No 

6. DII scores predict BMI       Yes. As DII scores increased, BMI also 
increased 

7. DII scores predict high cholesterol Yes. As DII scores increased, the risk of 
high cholesterol also increased 

8. DII scores predict eGFR in the general 
population 

Yes. As DII scores increased, eGFR 
decreased 

9. DII scores predict eGFR in individuals who 
reported being diagnosed with a kidney problem 

No 

 

In the following section, a discussion on the participant profile in the current study is 

compared to profiles reported in other CKD studies. Noteworthy differences between 

participants with late stage CKD and those without CKD and the possible implications of these 

differences, are highlighted. The current study’s findings and contribution to the current body of 
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knowledge on inflammation and CKD is explored. The variation in the findings between the 

sexes who had late stage CKD are also discussed.  
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Discussion 

 The overall objective of the present study was to examine proinflammatory food 

consumption in Canadians with late stage CKD, as well as the relationship between 

proinflammatory food consumption and GFR. In this current study, the CHMS-Cycle 3 revealed 

that over 4.6% of the Canadian population or 660,000 individuals had late stage CKD. This 

prevalence rate is lower than the global mean CKD prevalence rate of 10.6% (Hill et al., 2016). 

Two possible reasons for the lower prevalence rate in Canada compared to the global mean 

prevalence rate are the exclusion of Aboriginals who live on reserve and of individuals who live 

in long-term care facilities. It is possible that if Aboriginal people who live on reserves had been 

included in the CHMS, the prevalence rate may have been even higher, since a third of 

Aboriginals in Canada live on reserve, and the rate of late stage CKD is twice as high when 

compared to non-Aboriginal Canadians (Statistics Canada, 2015b; Yeates & Tonelli, 2010). Late 

stage CKD rates are also high among those who live in long-term facilities (Bailey, Higa, 

Reardon, & Bailey, 2010; Dharmarajan, Banik, Kanagala, Scarpa, & Norkis, 2010). Other 

studies found that almost half of individuals in long-term care facilities had late stage CKD 

(Dhamarajan el at., 2010; McClellan et al., 2010). However, individuals in long-term care 

facilities were also excluded from participating in the CHMS- Cycle 3 (Statistics Canada, 

2015a). Their inclusion may have resulted in a slight increase in the prevalence rate of late stage 

CKD in Canada than what was observed.  

 A significant number of individuals with late stage CKD in the present study were found 

to have comorbid conditions such as diabetes, hypertension and high cholesterol. This figure is 

likely to increase as the rates of diabetes, hypertension and other CKD risk factors continue to 

rise (Arora et al., 2013). CKD has a negative impact on an individual’s quality of life and 
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increases their risk of mortality (McFarlane et al., 2013). Research suggests that modifying 

lifestyle factors such as diet may help to slow the progression of CKD and reduce the likelihood 

of mortality that is associated with late stage CKD (Huang et al., 2013; Ricardo et al., 2015).       

Participant Profile  

Participants in the current study who had late stage CKD tended to be older and had a 

higher BMI as well as higher rates of other chronic conditions (e.g., hypertension, diabetes) than 

those who did not have CKD. These results are consistent with previous research that examined 

the prevalence rate of CKD in Canada and are similar to studies in other countries such as the 

United States of America and the United Kingdom, (Arora et al., 2013; Murphey et al., 2016; 

Stevens et al., 2007).  

 In the current study, the higher proportion of individuals over 66 years of age in the late 

stage CKD group was in keeping with studies that have reported an association between age and 

higher rates of CKD (Hill et al., 2016; Glassock & Winearls, 2009). As noted earlier, a slight 

decline in GFR occurs as part of the aging process but it is not indicative of disease whereas, late 

stage CKD involves a significant decline in renal function (Glassock & Winerals, 2009; Young, 

2010). The higher rate of late stage CKD in older adults, is likely a result of the higher number 

CKD risk factors observed in this age group, rather than as result of the aging process 

(McMahon, Preis, Hwang, & Fox, 2014; Prakash & O’Hare, 2009).  

McMahon et al. (2014) found that individuals who had chronic conditions (e.g., 

hypertension, diabetes) and were obese, were more likely to develop CKD than those without 

chronic conditions. In addition, Prasad et al. (2012) suggested that chronic diseases (e.g., 

cardiovascular disease, type 2 diabetes) tend to develop in older adults, as a result of the 

cumulative effects of a poor lifestyle (e.g., smoking, consuming a high fat diet etc.). It is not 
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surprising then, that individuals with CKD tend to have multiple health conditions, in addition to 

their CKD diagnosis (Fraser et al., 2015; Keith, Nichols, Gullion, Betz Brown, & Smith, 2004). 

Keith et al. (2004) conducted a longitudinal study with over 11,000 Americans and found that 

over half of the study’s participants with CKD had comorbidities (e.g., hypertension, diabetes) at 

baseline compared to just over a quarter of the non-CKD control group (Keith et al., 2004). 

Finally, Fraser et al. (2015) reported that nearly 70% of participants with stage 3 CKD, in the 

Renal Risk in Derby Study had two or more comorbid conditions. Comorbidity in CKD increased 

the risk of death even when compared to individuals who had the same comorbidities but did not 

have CKD (Fraser et al., 2015; Tonelli et al., 2006). For these reasons, future public health 

interventions should place a greater focus on controlling hypertension and other chronic diseases 

that are risk factors for CKD.  

Sex Differences and Chronic Kidney Disease 

In the current study, the slightly higher rate of late stage CKD among women was 

consistent with a number of other studies (Arora et al., 2013; Goldberg & Krause, 2016; Hill et 

al., 2016; Murphey et al., 2016). A recent meta-analysis found that women had a higher rate of 

late stage CKD compared to men in three-quarters of the studies that reported prevalence by s 

(Hill et al., 2016). Studies that have examined the progression of CKD to end stage renal disease 

(ESRD) (identified by the use of RRTs), frequently reported a slower rate of progression in 

women (Cobo et al., 2016; Iseki, 2008). It was not possible to determine the rate of ESRD in the 

present study because information on dialysis and other ERSD treatments was not collected; 

therefore, further research on this topic is warranted.  

A noteworthy finding was that men with late stage CKD had mean DII (i.e., 

proinflammatory food consumption) scores that were higher than women with late stage CKD. 



50 

This result is similar to previous research in both non-CKD and CKD populations, where men 

were found to have worse diets compared to women (Cobo et al., 2016; Imamura et al., 2015; 

Von Bothmer & Fridlund, 2005); men typically tended to have a higher meat consumption and 

have a more energy dense diet compared to women (Goldberg & Krause, 2016; Leblanc, Bégin, 

Corneau, Dodin, & Lemieux, 2014). Evidence indicated that there was a link between a poor diet 

(high animal protein consumption, low fruit/vegetable consumption, etc.), increased albumin 

(protein) excretion, and declines in GFR (Hariharan, Vellanki, & Kramer 2015).  

In contrast, other research suggested that antioxidants, such as those found in fruits and 

vegetables, could help to slow the progression of CKD, into renal failure and even improve renal 

function (as measured by creatinine clearance) (Jun et al., 2012). The findings of the current 

study provide further weight to the hypothesis that diet is an important factor in CKD, 

progression in men and women. Further research that explores the long-term effect of 

proinflammatory food consumption on CKD progression, in both sexes is needed.  

Socioeconomic Status, Chronic Kidney Disease, Diet 

Another important factor in the development and progression of CKD is socioeconomic 

status. As mentioned, there were significant differences between socioeconomic factors such as 

education and income between the groups without CKD and those with late stage CKD. Previous 

research has linked socioeconomic factors to dietary habits and health (Dynesen, Haraldóttir, 

Holm, & Astrup, 2003). A recent meta-analysis reported an association between low 

socioeconomic status and CKD indicators such as low GFR, presence of albuminuria and even 

renal failure (Vart, Gansevoort, Joosten, Bültmann, & Reinjneveld, 2015). Individuals with a low 

socioeconomic status have a greater difficulty not only affording healthy foods but also 

accessing them when compared to individuals with a higher socioeconomic status (Suarez et al., 
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2015). Suarez et al. (2015), reported that limited access to grocery stores was associated with 

higher blood pressure levels and increased odds of CKD among Americans. Unfortunately, it 

was not possible to examine whether participants in the present study lived in areas where 

nutritious foods were affordable and accessible. Further, Mikkonen and Raphael (2010) listed 

socioeconomic factors (e.g., income, education) along with food insecurity, the inability to 

obtain sufficient and/or nutritious food, as major determinants of health in Canada, which may 

make the results of the Suarez et al. (2015) study applicable to a Canadian population. 

C-Reactive Protein Levels  

 CRP is a biomarker that is commonly used to measure the level of inflammation in the 

body, and an elevated CRP level is associated with inflammatory diseases including CKD (Ansar 

& Ghosh, 2016). As expected, the mean CRP levels were higher among individuals with late 

stage CKD than those without CKD. This finding may reflect the lower levels of antioxidants 

consumption, presence of comorbid diseases (especially other inflammatory conditions such as 

diabetes and cardiovascular disease) and “[the] decreased clearance of proinflammatory 

cytokines [resulting from] decreases in renal function”, that are often present in individuals with 

late stage CKD (Krovesdy & Kalantar-Zadeh, 2010, p. 185; Silverstein, 2009).  

Findings of higher CRP levels in participants with late stage CKD may also be related to 

the higher overweight and obese BMI rates observed in this group. As discussed earlier, obesity 

is thought to promote inflammation in the body through the production of the proinflammatory 

cytokine TNF-α (Dandona, Aljada, & Bandyopadhyay, 2004). Hotamisligil, Shargill, and 

Spiegelman (1993) provided the first evidence of a link between TNF-α and insulin resistance, 

with the demonstration that a decrease in TNF-α in obese mice decreased insulin resistance. 

More recently, research in humans found a similar association between obesity, insulin resistance 
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and decreased TNF-α levels after weight-loss (Dandona et al., 2004). This effect is likely related 

to the anti-inflammatory activities of insulin (Dandona, Chaudhuri, Mohanty, & Ghanim, 2007). 

Insulin prevents the production of reactive intermediates that may damage tissues and may also 

decrease CRP levels (Dandona et al., 2007).   

 Mean CRP levels were also higher among females compared to males with late stage 

CKD. Evidence suggests that women tend to have higher CRP levels compared to men, even 

when they do not have late stage CKD (Khera at al., 2005; Kubo et al., 2016; Lakoski et al., 

2006; Oliveira, Rodríguez-Artalejo, & Lopez, 2009). Further, unlike in men, CRP levels in 

women tend to be higher irrespective of their dietary habits, particularly fruit and vegetable 

consumption (Brighenti et al., 2005). A review of the literature failed to provide a definitive 

explanation for this phenomenon. That said, Cartier et al. (2009) suggested that the higher levels 

of adipose tissue in women compared to men could explain the differences in CRP levels. In the 

present study, women with late stage CKD did have higher BMIs than men but this difference 

was not statistically significant, and adipose specific measurements were not available in the 

CHMS. Even though inflammation has been implicated in the development of CKD (Gobal et 

al., 2011), additional research that examines the mechanisms behind the sex differences and CRP 

levels, particularly in individuals with late stage CKD, is needed. Such research may lead to sex 

specific interventions that reduce inflammation and therefore, the risk of developing CKD.     

Proinflammatory Food Consumption and Chronic Kidney Disease 

 As expected, proinflammatory food consumption as measured by the DII was higher 

among individuals with late stage CKD than those without CKD. These results are similar to 

recent studies that examined DII scores of individuals with other inflammation-related diseases 

(Ramallal et al., 2015; Wood et al., 2014). Wood et al. (2014) reported, that asthmatics in their 
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study had a significantly higher DII score than the non-asthmatic control group. Cardiovascular 

disease, another inflammation-related condition, was related to proinflammatory DII scores 

(Ramallal et al., 2015); as such, the current study’s findings provide further evidence of a 

possible link between proinflammatory diets and inflammation-related diseases such as CKD.     

A weighted, non-bootstrapped logistic regression revealed that DII scores did predict the 

presence of late stage CKD; however, these results were not significant after bootstrapping. This 

finding may be related to the proportional weighting used in STATA’s bootstrapping method. As 

mentioned, to ensure that the survey is representative of the Canadian population, each 

participant’s responses are assigned a weight based on the number of people their responses 

represented (Statistics Canada, 2015a). However in STATA, a proportional weight is applied 

when bootstrapping, to address the likelihood (or probability) that the participant will be 

included in the survey (Heeringa, West, & Berglund, 2010; STATA, 2013). This proportion can 

be problematic in smaller samples because it essentially reduces the sample size even further 

(Heeringa et al., 2010). The significant differences in the mean consumption of proinflammatory 

food between individuals with late stage CKD compared to those without CKD and the 

significant weighted, non-bootstrapped logistic regression that predicted late stage CKD are 

indications that a larger sample size was likely required. 

Proinflammatory Food Consumption and Chronic Kidney Disease Risk Factors 

 In the present study, proinflammatory food consumption predicted an increase in BMI as 

well as the presence of high cholesterol. Research indicates that BMI is associated with the 

development of CKD (Nomura, Kato, & Kitamura, 2009; Yamagata et al., 2007). Additionally, a 

higher BMI was associated with a greater decline in GFR, increased risk of stage 4-5 CKD in 

women, and a higher mortality rate in some individuals with CKD (Harrington et al., 2017; Lu, 

Kalantar-Zadeh, Ma, Quarles, & Kovesdy, 2014; Yamagata et al., 2007).  
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Evidence suggests that high cholesterol is also a risk factor for the development of CKD 

and that both BMI and cholesterol are risk factors for coronary heart disease in individuals with 

CKD (Munter, He, Astor, Folsom, & Coresh, 2004; Yamagata et al., 2007). This evidence is 

significant because individuals with CKD are at a greater risk of cardiovascular related deaths 

(Tonelli et al., 2006). The present study’s findings suggest that DII scores may have an indirect 

impact on the development, progression and mortality risk in individuals with CKD.  

Dietary Inflammatory Index Scores and Estimated Glomerular Filtration Rate 

 DII scores predicted eGFR in the general population, even after controlling for other 

factors. This finding is similar to Lin, Fung, Hu, and Curhan’s 2011 study that reported a link 

between consumption of a Western diet and an increased risk of rapid GFR decline whereas, a 

diet rich in vegetables and fruits was associated with a decreased risk of rapid GFR decline. The 

present study’s findings provide further evidence of a link between diet and kidney function. Xu 

et al. (2015) suggested that diet may impact the level of inflammation in the body, and thus could 

affect kidney function. Of the socioeconomic factors that were controlled for in this regression, 

only household income was significant. As mentioned, income is a major determinant of health 

in Canada and was linked to other health determinants such as food security (Mikkonen & 

Raphael, 2010). Research using the Family Food Expenditure Survey found that lower income 

families in Canada, tended to buy foods that were less nutritious (i.e., higher in fat, salt) and 

purchased less fresh fruit and vegetables than families who had higher incomes (Milway, Chan, 

Stapleton, & Cook, 2010). As discussed, socioeconomic status can impact whether or not 

someone has convenient access to sufficient, nutritious food and diet can impact chronic health 

conditions (Mikkonen & Raphael, 2010). Results of the present study suggest that public health 

interventions should include measures to ensure that low income families are able access to 
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healthy foods, like fresh fruits and vegetables, in order to reduce the risk of developing chronic 

conditions such as CKD. 

 In this study, a weighted non-bootstrapped linear regression showed that DII scores 

predicted eGFR in individuals who reported being diagnosed by a health professional as having 

kidney dysfunction or disease; however, this finding was nonsignificant after bootstrapping. 

With respect to the results for DII scores and late stage CKD, this result finding is likely the 

result of proportional weighting and a small sample size, an indication that a larger sample was 

required.  

 Current evidence-based dietary recommendations for people with kidney issues such as 

CKD tend to focus on reducing protein consumption (particularly animal-based protein sources), 

controlling dairy consumption (in advanced CKD), restricting sodium intake, limiting phosphate 

intake (found in animal protein, carbonated drinks, chocolate, legumes etc.) and supplementing 

nutrients as needed (e.g., B12, iron) (Chan, Kelly, & Tapsell, 2016; National Kidney Foundation, 

2013). However, diet quality is not clearly emphasized despite the growing body of literature that 

suggests it is an important consideration (Rouhani et al., 2016). As noted by Kant (1996), the 

consumption of a particular nutrient, food or food component does not occur in isolation 

therefore, to focus on the effect of that a nutrient, food or food component on a specific health 

outcome, without sufficiently considering the wider diet, may result in an incomplete picture 

(Kant, 1996). The DII was designed to produce a score that categorized an individual’s overall 

diet on a continuum from anti-inflammatory to pro-inflammatory, providing researchers another 

method to assess diet quality (Cavicchia et al., 2009). 

In summary, the present study is the first to this author’s knowledge that examined diet 

quality in terms of its potential inflammatory effect in individuals with late stage CKD. As 
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mentioned, evidence suggests that inflammation influences the progression of CKD (Silverstein, 

2009). Future research should examine whether adherence to a low-inflammatory diet, as 

measured by the DII, addresses some of the nutrition-related health concerns associated with late 

stage CKD such as insufficient vitamin intake (e.g., anemia) and excess mineral consumption 

(e.g., hyperkalemia) (Chan et al., 2016). This research could lead to improved dietary 

interventions that are more successful at reducing CKD progression and mortality while ensuring 

individuals with CKD maintain an adequate nutritional status.     

Significance of the Current Study 

This study added to the existing body of knowledge on CKD and nutrition by exploring a 

possible link between proinflammatory food consumption and late stage CKD in a nationally 

representative sample, a subject that to this author’s knowledge has not been examined in a 

Canadian population. Further, this is study is only one of two studies to date, that used the DII to 

examine proinflammatory consumption in relation to kidney function. This study also explored 

sex differences in late stage CKD and is one of few studies that has looked at this topic in a 

Canadian population. This research supports the findings of studies that examined the 

relationship between inflammation, diet, and CKD. Finally, this study could ultimately lead to 

novel nutritional interventions that are aimed specifically at preventing CKD.   



57 

Conclusion and Implications 

The objectives of the present study were to examine the mean consumption of 

proinflammatory foods and CRP levels between individuals with late stage CKD and those 

without CKD. The present study provides further evidence that diet is an important factor in the 

link between inflammation and CKD. An “unhealthy” diet (e.g., low in fruit and vegetable 

consumption or high in fried foods) can influence CKD progression (Hariharan et al., 2015; 

Turner-McGrievy et al., 2015). In addition, an unhealthy diet tends to have a high or pro-

inflammatory DII score, tends to be low in antioxidants, promotes the generation of reactive 

intermediates and leads to oxidative stress (Fernández-Sánchez et al., 2011; Hodge et al., 2016; 

Seaman, 2002; Steck et al., 2014; Turner-McGrievy et al., 2015). As mentioned, oxidative stress 

is involved in CKD risk factors (e.g., BMI), the progression of CKD, and lifestyle choices such 

as smoking that lead to CKD (Curat et al., 2006; Orth, 2003; Synder et al., 2014; Tucker, 

Scanlan, & Dalbo, 2015). For these reasons, the present study lends further weight to the idea 

that there could be an interconnection between diet, oxidative stress, and CKD and makes the 

case for further research into this area.  

The present study also aimed to explore the link between proinflammatory food 

consumption (represented by the mean DII score) and CKD risk factors. DII scores predicted 

BMI and the presence of hypertension, two risk factors for CKD (James et al., 2010; Wang et al. 

2008). Unsurprisingly, there is mounting evidence that a high BMI and hypertension are 

associated with lower diet quality and the current study’s findings support this link (Livingston 

& McNaughton, 2016; Newby et al., 2003; Sundararajan, Campbell, Choi, & Sarma, 2014).  

Participants in the current study who did not have CKD, had lower mean DII scores and 

therefore, consumed a diet that was less inflammatory than the mean score of participants who 

had late stage CKD. A review by Wirt and Collins (2009) found that the consumption of a high 
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quality, diet as measured by either the Healthy Eating Index or adherence to national 

recommendations, was associated with a lower risk of diseases such as CVD and mortality. More 

recently, anti-inflammatory (i.e., low) scores on the DII were associated with better scores on 

other measures of diet quality (Wirth et al., 2016). Although causation cannot be inferred from 

the current study’s results, it does provide further evidence that the DII is a valuable measure of 

diet quality. More specifically, a diet that is high in fruit and vegetables and lower in meat 

consumption was associated with a lower DII score and decreased odds of having an unhealthy 

eGFR (Steck, 2014). A low DII score is similar to the Canada’s Food Guide recommendations 

that emphasize the consumption of fruit and vegetables, fish, meat alternatives and limit the 

intake of fat and salt (Health Canada, 2011; Khatri et al. 2014). The current study’s finding, that 

eGFR decreases as DII scores increases even after controlling for factors that are associated with 

eGFR, suggests that current healthy eating recommendations for the general population are 

beneficial and that new healthy eating guidelines are not required. That said, more should be 

done to promote the consumption of an anti-inflammatory diet (as measured by the DII). For 

example, the scoring algorithm could be incorporated into current diet assessment tools or 

developed as a standalone application (APP) for use by the public.  

Another objective of the current study was to examine the difference in the mean 

consumption of proinflammatory foods between males and females with undiagnosed late stage 

CKD. Findings in this study demonstrated that males consumed a more inflammatory diet than 

females, providing a possible explanation for males’ faster CKD progression as observed in 

some studies (Chang et al., 2016; Cobo et al., 2016).    

 Finally, the current study highlights the importance of food literacy, food security and 

socioeconomic status in CKD. Having a low socioeconomic status creates barriers such as 
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accessing healthy and affordable food and supermarkets (Suarez et al., 2015). As discussed, food 

security is major determinant of health in Canada and is associated with increased odds of 

developing CKD (Mikkonen & Raphael, 2010; Suarez et al., 2015). Consistent with previous 

research, the present study noted that individuals with late stage CKD tended to have a lower 

socioeconomic status (i.e., less education and household income) than individuals without CKD 

(Nicholas, Kalantar-Zadeh, & Norris, 2015; Suarez et al., 2015). Although attempts have been 

made to address food insecurity, awareness of another related issue, food literacy (i.e., skills and 

knowledge needed to prepare foods that promote health) and its impact on health has not been 

emphasized (Cullen, Hatch, Martin, Higgins, & Sheppard, 2015; Howard & Brichta, 2013). 

Cullen et al. (2015), stated that both food security and food literacy contribute to an individual’s 

health. Food illiteracy is not exclusive to those with a lower socioeconomic status; however, it 

can present an additional barrier to preparing a healthy diet (Howard & Brichta, 2013). Howard 

and Brichta (2013) established a connection between food literacy and diet quality; therefore, it 

is possible that having poor food literacy could impact the amount of proinflammatory foods that 

are consumed. There is a paucity of research examining the effect of food security and literacy 

on CKD, particularly in Canada. Research is also needed to better understand the relationship 

between food security, food literacy and proinflammatory food consumption.    

  In the future, health strategies aimed at reducing the incidence of CKD and its 

progression should consider the possible the link between inflammation and diet. The promotion 

of “healthy” diets such as the Mediterranean diet, could help to decrease the consumption of 

proinflammatory food. That said, additional research is needed to determine the effect of 

consuming an anti-inflammatory diet, as measured by the DII, on CKD.   
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Limitations and Future Research 

 There are several limitations to the current study. First, survey participants were not 

asked about their onion, garlic, spice, and herb consumption nor were they asked about serving 

sizes; therefore, it is possible that their diets were slightly more or less inflammatory than could 

be assessed. An in-depth analysis of participants’ diet would have needed to be collected in order 

to provide this additional information. Moreover, consumption data in the CHMS – cycle 3 were 

collected via self-reports therefore, participants’ recall of their food intake may not be entirely 

accurate. Second, the survey’s cross-sectional design means that causation cannot be inferred; in 

other words, a more controlled study (e.g., an animal study) would be required to show that the 

consumption of proinflammatory foods causes CKD. Third, it is possible that genetics may play 

some role in the interaction between diet, inflammation, and CKD, and this potential effect could 

not be examined in the CHMS – Cycle 3. 

Finally, only individuals living off reserve and in one of the 5 regions of Canada were 

surveyed; therefore, the results may not be fully representative of individuals living on-reserve or 

in one of the three territories. Individuals living on reserve or in Northern regions tend to have 

different dietary habits than those living off reserve or in the Southern regions (Council of 

Canadian Academies, 2014). For instance, traditional foods (e.g., caribou) made up to 30% of the 

diet of Aboriginals living in Northern regions (Council of Canadian Academies, 2014). 

Aboriginals are more likely to have end-stage renal disease (ESRD); among those with ESRD, 

Aboriginals are typically younger and have higher rates of obesity and diabetes and live in 

remote locations than those of other ethnic backgrounds (CIHI, 2013). It is important that future 

research includes Aboriginals living on reserve or in remote locations, to better understand the 

impact that proinflammatory food consumption may have in the development and progression of 

CKD in this population. 
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 The present study identified several areas that warrant further research. Sex differences in 

late stage CKD and inflammation are not well characterized. The impact that a proinflammatory 

diet could have on CRP levels and other inflammatory biomarkers and CKD progression in men 

and women needs to be explored. A better understanding of the interaction between sex, 

inflammation, and a proinflammatory diet could lead to sex-specific dietary recommendations. 

 Another area that needs additional research is diet quality and CKD. In particular, how 

dietary recommendations that focus on diet quality (as measured by indices such as the DII), 

impact CKD. In addition, exploring the inflammatory nature of current dietary recommendations 

for individuals who have ESRD would also be useful. Dietary interventions that better balance 

the nutritional needs and physiological issues of individuals with CKD would be beneficial.  

It may also be useful to examine how scores on the DII relate to established healthy 

eating indices, such as Diet Quality or the Health Diet Indicator; research indicates that a “good 

score” on these established health eating indices was associated with decreased risk of mortality 

and illness (e.g., cancer) (Wirt & Collins, 2009).  

  Research that examines the intersection of both food literacy and food security on CKD 

is also needed. Evidence-based public health programs that improve food literacy and security 

for individuals with CKD could not only improve CKD outcomes, but also reduce the financial 

burden of CKD on the healthcare system. Future studies on CKD, inflammation and 

proinflammatory food consumption should include biomarkers of oxidative stress to better 

understand the effect proinflammatory food consumption in individuals with CKD. Finally, the 

development of a survey that includes both individuals who are at a high risk of developing CKD 

and individuals who have any stage of CKD and comprises a wide range of demographic, 
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lifestyle, food security, food literacy, and diet-related variables, would be beneficial to 

researchers and would help to advance the current understanding of the impact diet has on CKD.  

  

 

 

  



63 

References 

Agar, J., Perkins, A., & Heaf, J. (2015). Home dialysis: Infrastructure, water, machines in the  

home. Hemodialysis International, 19, S93-111.  

Allukian, M., & Liechty, K. (2012). Inflammation as a cofounding factor in regenerative  

medicine. In S. Roy, D. Bagchi, & S. Raychaudhuri (Eds.), Chronic Inflammation 

Molecular Pathophysiology, Nutritional, and Therapeutic Interventions (pp. 93-108). 

Boca Raton, FL: CRC Press.    

Ansar, W., & Ghosh, S. (2016). Biology of C reactive protein in health and disease. New Delhi,  

India: Springer. 

Arora, P., Vasa, P., Brenner, D., Iglar, K., McFarlane, P., Morrison, H., & Badawi, A. (2013).  

Prevalence estimates of chronic kidney disease in Canada: Results of a nationally  

representative survey. Canadian Medical Association Journal, 185(9), E417-E423. 

Bailey, R., Higa, J., Reardon, G., & Bailey, R. (2010). Prevalence and recognition chronic  

kidney disease (CKD) in long term care (LTC) residents in Hawaii. Journal of the 

American Medical Directors Association, 11(3), B18.  

Basu, A., Devaraj, S., & Jialal, I. (2006). Dietary factors that promote or retard inflammation.  

Arteriosclerosis, Thrombosis, and Vascular Biology, 26(5), 995-1001. 

Beaulieu, M., Boudville, N., & Levin, A. (2009). Clinical strategies for the management of  

 chronic kidney disease complications: perspectives for primary care. In Levin, A., & El 

 Nahas A. (Eds.), Chronic Kidney Disease: A Practical Guide to Understanding and 

 Management, 321-254. New York, NY: Oxford University Press. 

Brighenti, F., Valtuena, S., Pellegrini, N., Ardigo, D., Del Rio, D., Salvatore, S., … Zavaroni, I.  



64 

(2005). Total antioxidant capacity of the diet is inversely and independently related to 

plasma concentration of high-sensitivity C-Reactive protein in adult Italian subjects. 

British Journal of Nutrition, 93, 619-625. 

Cai, W., Gao, Q., Zhu, L., Peppa, M., He, C., & Vlassara, H. (2002). Oxidative-stress inducing  

carbonyl compounds from common foods: Novel mediators of cellular dysfunction. 

Molecular Medicine, 8(7), 337-346. 

Calder, P., Ahluwalia, N., Brouns, F., Buetler, T., Clement, K., Cunningham, K., … Winklhofer- 

Roob, B. (2011). Dietary factors and low-grade inflammation in relation to overweight 

and obesity. British Journal of Nutrition 106(S3).  

Canadian Institute for Health Information. (2016). Treatment of End-Stage Organ Failure in  

Canada, Canadian Organ Replacement Registrar, 2005-2014. Retrieved from:  

https://secure.cihi.ca/free_products/2016_CORR_Snapshot_EN(web).pdf 

Canadian Institute for Health Information. (2014). Canadian Organ Replacement Register  

Annual Report: Treatment of End Stage Organ Failure in Canada, 2003 to 2014. 

Retrieved from: 

https://secure.cihi.ca/free_products/2014_CORR_Annual_Report_EN.pdf 

Canadian Institute for Health Information. (2013). End-Stage Renal Disease Among Aboriginal  

Peoples in Canada: Treatment and Outcomes. Retrieved from: 

https://secure.cihi.ca/free_products/EndStageRenalDiseaseAiB-ENweb.pdf 

Cartier, A., Côté, M., Lemieux, I., Pérusse, L., Tremblay, A., Bouchard, C., & Després, J-P.  

(2009). Sex differences in inflammatory markers: what is the contribution of visceral 

adiposity. American Journal of Clinical Nutrition, 89, 1307-1314. 

 



65 

Cavicchia, P., Steck, S., Hurley, T., Hussey, J., Ma, Y., Ockene, I., Hebert, J. (2009). A new  

dietary inflammatory index predicts interval changes in serum high-sensitivity C-reactive 

protein. The Journal of Nutrition and Disease, 2009, 139, 2365-2372. 

Chan, M., Kelly, J., & Tapsell, L. (2016). Dietary modeling of foods for advanced CKD based  

on general healthy eating guidelines: what should be on the plate? American Journal of 

Kidney Disease, 69(3), 436-450. 

Chang, A., Van Horn, L., Jacobs Jr., D., Liu, K., Mutner, P., Newsome, B., … Kramer, H.  

(2013). Lifestyle related factors, obesity, and incident microalbuminuria: The CARDIA 

(Coronary Artery Risk Development in Young Adults) Study. American Journal of 

Kidney Disease, 62(2), 267-275. 

Chang, P-Y., Chien, L-N., Lin, Y-F., Wu, M-S., Chiu, W-T., & Chiou, H-Y. (2016). Risk factors  

of gender for renal progression in patients with early chronic kidney disease. Medicine 

(Baltimore), 95(3), e4203. 

Cheung, B., Li, M., Ong, K., Wat, N., Tam, S., Pang, R., . . . Lam, K. (2009). High density  

lipoprotein-cholesterol levels increase with age in American Women but not in Hong 

Kong Chinese women. Clinical Endocrinology, 70(4), 561-568. 

Cobo, G., Heckling, M., Port, F., Exner, I., Lindholm, B., Stenvinkel, P., & Carrero J. (2016).  

Sex and gender differences in chronic kidney disease: progression to end-stage renal 

disease and haemodialysis. Clinical Science, 130(14), 1147-1163.   

Costa, F., & de Lima Coutinho, M. (2014). Hemodialysis and depression: social representation  

of patients. Psicologia em Estudo, 19(4). doi: http://dx.doi.org/10.1590/1413-

73722381608 

Council of Canadian Academies. (2014). Aboriginal Food Security in Northern Canada: An  



66 

Assessment of the State of Knowledge. Retrieved from: 

http://site.ebrary.com.proxy2.lib.umanitoba.ca/lib/umanitoba/detail.action?docID=10863

204 

Cullen, T., Hatch, J., Martin, W., Higgins, J., & Sheppard, R. (2015). Food literacy: definition  

and framework for action. Canadian Journal of Dietetic Practice and Research, 76(3), 

140-145. 

Curat, C., Wegner, V., Sengenes, C., Miranville, A., Tonus, C., Busse, R., & Bouloumié, A.  

(2006). Macrophages in human visceral adipose tissue: Increased accumulation in obesity 

and a source of restin and visfatin. Clinical and Experimental Diabetes and Metabolism, 

49(4), 744-747. 

Dandona, P., Aljada, A., & Bandyopadhyay, A. (2004). Inflammation: the link between insulin  

resistance, obesity and diabetes. Trends in Immunology, 25(1), 4-7. 

Dandona, P., Chaudhuri, A., Mohanty, P., & Ghanim, H. (2007). Anti-inflammatory effects of  

insulin. Current Opinion in Clinical Nutrition and Metabolic Care, 10(4), 511-517. 

Das, A., & Roy, S. (2012). Resolution of inflammation. In S. Roy, D. Bagchi, & S.  

Raychaudhuri (Eds.), Chronic Inflammation Molecular Pathophysiology, Nutritional,  

and Therapeutic Interventions (pp. 119-128). Boca Raton, FL: CRC Press. 

De Leo, S., Yee, S., & Braverman, L. (2016). Hyperthyroidism. The Lancet, 388(10047), 906- 

918. 

Dharmarajan, T., Banik, P., Kanagala, M., Scarpa, J., & Norkis, E. (2010). High prevalence of  

chronic kidney disease, anemia, and falls in an urban long-term care facility: relationship 

or coincidence? Journal of the American Medical Directors Association, 11(4), 297-299. 

Dietrich, M., & Block, G. (2006). Modulation of cigarette smoke effects by diet and 



67 

 

antioxidants. In B. Halliwell & H. Poulsen (Eds.), Cigarette Smoke and Oxidative Stress, 

(pp.199-213). Berlin, Germany: Springer. 

Dinh, Q., Drummond, G., Sobey, C., & Chrissobolis, S. (2014). Roles of inflammation, oxidative  

stress, and vascular dysfunction in hypertension. Biomed Research International. 

http://dx.doi.org.proxy2.lib.umanitoba.ca/10.1155/2014/406960 

Dunkler, D., Dehghan, M., Teo, K., Heinze, G., Gao, P., Kohl, M., … Oberbauer, R. (2013). Diet  

and kidney disease in high-risk individuals with type 2 diabetes mellitus. Journal of the 

American Medical Association, 173(18), 1682-1692. 

Dynesen, A., Haraldóttir, J., Holm, L., & Astrup, A. (2003). Sociodemographic differences in  

dietary habits described by food frequency questions – results from Denmark. European 

Journal of Clinical Nutrition, 57, 1586-1597.  

Esteve, E., Ricart, W., & Fernández-real, J. (2005). Dyslipidemia and inflammation: An  

evolutionary conserved mechanism. Clinical Nutrition, 24(1), 16-31. 

Fellstrӧm, B. (2011). Cardioprotective role of statins in chronic kidney disease: Do we have the  

answer? Kidney International, 79, 931-932. 

Fassett, R. G., Gobe, G. C., Peake, J. M., & Coombes, J. S. (2010). Omega-3 polyunsaturated  

 fatty acids in the treatment of kidney disease. American Journal of Kidney Diseases, 

 56(4), 728-742. 

Fernández-Sánchez, A., Madrigal-Santillán, E., Bautista, M., Esquivel-Soto, J., Morales- 

González, A., Esquivel-Chirino, C., … Morales-González, J. (2011). Inflammation, 

oxidative stress, and obesity. International Journal of Molecular Sciences, 12(5), 3117-

3132. 



68 

Fraser, S., Roderick, P., May, C., McIntyre, N., McIntyre, C., Fluck, R., … Taal, M. (2015). The  

burden of comorbidity in people with chronic kidney disease stage 3: a cohort study. 

BMC Nephrology, 16, 193. 

Fung, T., Rimm, E., Spiegelman, D., Rifai, N., Tofler, G., Willet, W., & Hu, F. (2001).  

Assocation between dietary patterns and plasma biomarkers of obesity and cardiovascular 

lrisk. American Society for Clinical Nutrition, 73, 61-67. 

Galbraith, L., Hemmelgarn, B., Manns, B., Samual, S., Kappel, J. Valk, N., & Ronksley, P.  

(2016). The association between individual counselling and health behavior change: the 

See Kidney Disease (SeeKD) targeted screening programme for chronic kidney disease. 

Canadian Journal of Kidney Health and Disease, 3. doi: 10.1186/s40697-016-0127-4 

10.1186/s40697-016-0127-4 

Galland, L. (2010). Diet and Inflammation. Nutrition in Clinical Practice, 25(6), 634-640. 

García- García, P., Getino-Melián, M., Domínguez-Pinmental, V., & Navarro-González, J.  

(2014). Inflammation in diabetic kidney disease. World Journal of Diabetes, 5(4), 431-

443. 

Gemmel, L., Terhorst, L., Jhamb, M., Unruh, M., Myaskovsky, L., Kester, L., & Steel, J. (2016).  

Gender and racial differences in stress, coping, and health related quality of life in 

chronic kidney disease. Journal of Pain and Symptom Management, 52(6), 806-812.  

Glassock, R., & Winearls, C. (2009). Aging and the glomerular filtration rate: Truths and  

consequences. Transactions of the American Clinical and Climatological Association, 

120, 419-427. 

Glassock, R. (2010). Is the presence of microalbuminuria a relevant marker of kidney disease?  

Current Hypertension Reports, 12(5), 364-368. 



69 

Gobal, F., Deshmukh, A., Shah, S., & Mehta, J. (2011). Triad of metabolic syndrome, chronic  

kidney disease, and coronary heart disease with a focus on microalbuminuria. Journal of 

the American College of Cardiology, 57(23), 2303-2308. 

Goldberg, I., & Krause, I. (2016). The role of gender in kidney disease. EMJ, 1(2), 58-64. 

Gopinath, B., Harris, D., Flood, V., Burlutsky, G. & Mitchell, P. (2013). A better diet quality is  

associated with a reduced likelihood of  CKD in older adults. Nutrition, Metabolism, & 

Cardiovascular Diseases, 23, 937-943. 

Gulati, S. (2015). Chronic Kidney Disease in Children. Available from:  

http://emedicine.medscape.com/article/984358-overview#aw2aab6b2b2 

Gutiérrez, O., Munter, P., Rizk, D., McClellan, W., Warnlock, D., Newby, P., & Judd, S. (2014).  

Dietary patterns and risk of death and progression to ESRD  in individuals with CKD: A 

cohort study. American Journal of Kidney Disease, 64(2), 204-213. 

Gutthann, S., Garcia Rodriquez, L., Raiford, D., Oliart, A., & Romeu. J. (1996). Nonsteriodal  

anti-inflammatory drugs and the risk of hospitalization for acute renal failure. Achieves of 

Internal Medicine, 156, 2433-2439.    

Halbesma, N., Brantsma, A. H., Bakker, S. J., Jansen, D. F., Stolk, R. P., De Zeeuw,  

D., … Ganesvoort, R. T. (2008). Gender differences in predictors of decline of renal 

function in the general population. Kidney International, 74(4), 505-512.  

Hariharan, D., Vellanki, K., & Kramer. H. (2015). The Western diet and chronic kidney disease.  

Current Hypertension Reports, 17(3), 1-9. 

Harrington, W., Smith, M., Bankhead, C., Matsushita, K., Stevens, S., Holt, T., …Woodward,  



70 

M. (2017). Body-mass index and risk of advanced chronic kidney disease: Prospective 

analyses from a primary care cohort of 1.4 million adults in England. PLoS ONE, 12(3), 

e0173515. 

Harvard Health Publications Group. (2010). Krames Consults: Chronic Kidney Disease Consult.  

Available from:  

http://go.galegroup.com/ps/i.do?id=GALE%7CA219010513&v=2.1&u=univmanitoba&i

t=r&p=HRCA&sw=w&asid=989291cdccdc465883691f77ac4ac9af 

Health Canada. (2015). Canadian nutrient file compilation of Canadian composition data: User  

guide. Retrieved from: http://www.hc-sc.gc.ca/fn-an/alt_formats/pdf/nutrition/fiche-nutri-

data/user_guide_utilisation-eng.pdf 

Health Canada. (2011). Eating Well With Canada’s Food Guide. Retrieved from:  

https://www.canada.ca/en/health-canada/services/food-nutrition/canada-food-guide/get-

your-copy/eating-well-2007.html  

Heeringa, S., West, B., & Berglund, P. (2010). Applied Survey Data Analysis. Boca Raton, FL:  

CRC Press. 

Hewitson, T. (2012). Fibrosis in the kidney: is it a shared problem halved? Fibrogenesis &  

Tissue Repair, 5(supplement1), S1-S14. 

Hill, N., Fatoba, S., Oke, J., Hirst, J., O’Callaghan, Lasserson, D., & Hobbs, F. (2016). Global  

prevalence of chronic kidney disease – A systematic review and meta-analysis. PLoS 

One, 11(7), e0158765. 

Hodge, A., Bassett, J., Shivappa, N., Hébert, J., English, D., Giles, G., & Severi, G. (2016).  

Dietary inflammatory index, Mediterranean diet score, and lung cancer: a prospective 

study. Cancer Causes & Control, 27, 907-917. 



71 

Hotamisligil, G., Narinder, S., & Spiegelman, B. (1993). Adipose expression of tumor necrosis  

factor-a: direct role in obesity-linked insulin resistance. Science, 259(5091), 87–91. 

Howard, A., & Brichta, J. (2013). What’s to Eat? Improving Food Literacy in Canada. Retrieved  

from: https://appetite4change.files.wordpress.com/2013/12/cbofc-food-literacy.pdf 

Huang, X., Jiménez-Moleón, J., Lindholm, B., Cederholm, T., Ärnlöv, J., Risérus, U., …  

Carrero, J. (2013). Mediterranean diet, kidney function, and mortality in men with CKD. 

Clinical Journal of the American Society of Nephrology, 8(9), 1548-1555. 

Imamura, F., Micha, R., Khatibzadeh, S., Fahimi, S., Shi, P., Powles, J., & Mozaffarian, D.  

(2015). Dietary quality among men and women in 187 countries in 1990 and 2010: a 

systematic assessment. The Lancet, 3(3), e132-e142. 

Iseki, K. (2008). Gender differences in chronic kidney disease. Kidney International, 74(4), 415- 

417. 

Jeyabalan, A. & Conrad, K. (2007). Renal functioning during normal pregnancy and  

preeclampsia. Frontiers in Bioscience, 12, 2425-2437. 

James, M., Hemmelgam, B., & Tonelli, M. (2010). Early recognition and prevention of chronic  

kidney disease. The Lancet, 375(9722), 1296-1309. 

Johnson, D. (November 2008). Using weights in the analysis of survey data [PowerPoint slides].  

Population Research Institute. Retrieved from: 

http://web.pop.psu.edu/projects/help_archive/help.pop.psu.edu/help-by-statistical-

method/weighting/Introduction%20to%20survey%20weights% 

20pri%20version.ppt/at_download/Introduction%20to%20survey%20weights%20pri%20

version.ppt 

Jun, M., Venkataraman, V., Razavian, M.,, Cooper, B, Zoungas, S., Ninomiya, T., … Perkovic,  



72 

V. (2012). Antioxidants for renal disease. Cochrane Kidney and Transplant Group. 

doi:10.1002/14651858.CD008176.pub2 

Kant, A. (1996). Indexes of overall diet quality: A review. Journal of the American Dietary  

Association, 96, 785-791. 

Kawar, B., & El Nahas, M. (2009). Recommendations for screening and detection of chronic  

kidney disease. In A. Levin & M. El Nahas (Eds.), Chronic Kidney Disease: A practical 

Guide to Understanding and Management, (pp. 97-119). New York, NY: Oxford 

University Press. 

Khan, Z., & Pandy, M. (2014). Role of kidney biomarkers of chronic kidney disease: An update.  

Saudi Journal of Biological Sciences, 21(4), 294-299. 

Khatri, M., Moon, Y., Scarmeas, N., Gu, Y., Gardener, H., Cheung, K., … Elkind, M. (2014).  

The association between a Mediterranean style diet and kidney function in Northern 

Manhattan Study Cohort. Clinical Journal of the American Society of Nephrology, 9, 

1868-1875.  

Khera, A., McGuire, D., Murphy, S., Stanek, H., Das, S., Vongpatanasin, W., … de Lemos, J.  

(2005). Race and gender differences in C-reactive protein levels. Journal of the American 

College of Cardiology, 46(3), 464-469. 

Keith, D., Nichols, G., Gullion, C., Betz Brown, J., & Smith, D. (2004). Longitudinal follow-up  

and outcomes among a population with chronic kidney disease in a large managed care 

organization. Achieves of Internal Medicine, 164, 659-663.  

Koroshi, A. (2007). Microalbuminuria, is it so important? Hippokratia, 11(3), 105-107. 

Kovesdy, C., & Kalantar-Zadeh, K. (2010). Inflammation in chronic kidney disease. In J.  



73 

Himmelfarb & Sayegh M. (Eds.), Chronic kidney disease, dialysis, and transplantation: 

Companion to Brenner & Rector’s the kidney (3rd ed.) (pp. 183-197). Philadelphia, PA: 

Saunders Elsevier.  

Kubo, S., Kitamura, A., Imano, H., Cui, R., Yamagishi, K., Umesawa, M., … Iso, H. (2016).  

Serum albumin and high sensitivity C-reactive protein are independent risk factors of 

chronic kidney disease in middle aged Japanese individuals: the circulatory risk in 

communities study. Journal of Atherosclerosis and Thrombosis, 23, 1089-1098. 

Lakoski, S. Cushman, M., Criqui, M., Rundek, T., Blumenthal, R., D’Agostino, R., &  

Herrington, D. (2006). Gender and C-reactive protein: data from the multiethnic study of 

atherosclerosis (MESA) cohort. American Heart Journal, 152(3), 593-598. 

Leblanc, V., Bégin, C., Corneau, L., Dodin, S., & Lemieux, S. (2014). Gender differences in  

dietary intakes: what is the contribution of motivational variables? Public Health 

Nutrition and Epidemiology, 28(1), 37-46. 

Legg, V. (2005). Chronic kidney disease: Complications of chronic kidney disease. The  

American Journal of Nursing, 105(6), 40-50.  

Levey, A., & Coresh, J. (2012). Chronic kidney disease. The Lancet, 379(9811), 165-180. 

Levey, A., Schoolwerth, A., Burrows, N., Williams, D., & Stith, K. (2009). Comprehensive  

health strategies for preventing the development, progression, and complications of CKD: 

Report of an export panel convened by the centers of disease control and prevention. 

American Journal of Kidney Disease, 53(3), 522-535. 

Levey, A., Coresh, J., Balk, E., Kausz, A., Levin, A., Steffes, M., … Eknoyan, G. (2003).  

National kidney foundation practice guidelines for chronic kidney disease: Evaluation, 

classification, and stratification. Annals of Internal Medicine, 139, 137-147. 



74 

Levin, A., Hemmelgarn, B., Culleton, B., Tobe, S., McFarlane, P., Ruzicka, M., Burns, K.,  

… Tonelli, M. (2008). Guidelines for the management of chronic kidney disease. 

Canadian Medical Association Journal, 179(11), 1154-1162. 

Lewis, R. (2012). Understanding chronic kidney disease: A guide for the non-specialist.  

Keswick, Cumbria: M & K Publishing. 

Lin, C-C., Lee, B-O., & Hicks, F. (2005). The phenomenology of deciding about hemodialysis  

among Taiwanese. Western Journal of Nursing Research, 27(7), 915-929. 

Lin, J., Fung, T., Hu, F., & Curhan, G. (2011). Association of dietary patterns with albuminuria  

and kidney function decline in older white women: a subgroup analysis from the Nurse’s 

Health Study. American Journal of Kidney Diseases, 57(2), 245-254. 

Lin, M-Y, Hwang, S-J., Mau, L-W., Chen, H-C., Hwang, S-C., Wu, L-C., & Chiu, H-C. (2010).  

Impact of late stage CKD and aging on medical utilization in the elderly population: a 

closed-cohort study in Taiwan. Nephrology, dialysis and transplantation, 25(10), 3230-

3235. 

Livingston, K., & McNaughton S. (2016). Diet quality is associated with obesity and  

hypertension in Australian adults: a cross sectional study. BMC Public Health, 16(1), 

1037. 

Lu, J., Kalantar-Zadeh, K., Ma, J., Quarles, D., & Kovesdy, C. (2014). Associations with body  

mass index with outcomes in patients with CKD. Journal of the American Society of 

Nephrology, 25(9), 2088-2096. 

MacIsaac, R., Jerums, G., & Watts, G. (2012). Diabetic Chronic Kidney Disease. In K. Shaw &  

M. Cummings (Eds.), Diabetes: Chronic complications (3rd ed.), 34-66. Chichester, West 

Sussex: Wiley-Blackwell. 



75 

Mailloux, G., Bellucci, A., Wilkes, B., Napolitano, B., Mossey, R., Lesser, M., & Bluestone, P.  

(1991). Mortality in dialysis patients: analysis of the causes of death. American Journal 

of Kidney Disease, 18(3), 326-353. 

Manns, B., McKenzie, S., Au, F., Gignac, P., Geller, L., & CAN-SOLVE Network. (2017). The  

financial impact of advanced kidney disease on Canadian Pension Plan and private 

disability insurance costs. Canadian Journal of Kidney Health and Disease, 4, doi: 

10.1177/2054358117703986 

Matsushita, K., Mahmoodi, B., Woodward, M., Emberson, J., Jafar, T., Jee, S., … Levey, A.  

(2012). Comparison of risk prediction using the CKD-EPI equation and the MDRD Study 

equation for estimating glomerular filtration rate. The Journal of American Medical 

Association, 307(18), 1941-1951. 

McClellan, W., Resnick, B., Lei, L., Bradbury, B., Sciarra, A., Kewalramani, R., & Ouslander, J.  

(2010). Prevalence and severity of chronic kidney disease and anemia in the nursing 

home population. The Journal of American Medical Directors Association, 11(1), 33-41. 

McFarlane, P., Gilbert, R., MacCallum, L, & Senior, P. (2013). Chronic kidney disease in  

diabetes. Canadian Journal of Diabetes, 37(S1), S129-136. 

McIntyre, C., & Burton, J. (2014). Dialysis. British Medical Journal, 348. doi:  

https://doi.org/10.1136/bmj.g2 

McMahon, G., Preis, S., Hwang, S-J., & Fox, C. (2014). Mid-Adulthood risk factor profiles for  

CKD. Journal of the American Society of Nephrology, 25(11), 2633-2641. 

Mikkonen, J. & Raphael, D. (2010). Social Determinants of Health: The Canadian Facts.  

 Toronto, ON: York University School of Health Policy and Management. Available   

from: http://www.thecanadianfacts.org/The_Canadian_Facts.pdf 



76 

Milway, J., Chan, K., Stapleton, J., Cook, B. (2010). The poor still pay more: Challenges low  

income families face in consuming a nutritious diet. Institute for Competitiveness & 

Prosperity. Retrieved from: http://www.deslibris.ca.uml.idm.oclc.org/ID/226438 

Montonen, J., Boeing, H., Fritsche, A., Schleicher, E., Joost, H-G., Schulze, M., … Pischon, T.  

(2013). Consumption of red meat and whole-grain bread in relation to biomarkers of 

obesity, inflammation, glucose metabolism and oxidative stress. European Journal of 

Nutrition, 52(1), 337-345. 

Munter, P., He, J., Astor, B., Folsom, A., & Coresh, J. (2004). Traditional and non-traditional  

risk factors predict coronary heart disease in  chronic kidney disease: results from the 

Atherosclerosis Risk in Communities Study. The American Society of Nephrology, 16(2), 

529-538. 

Murphey, D., McCulloch, C., Lin, F., Banerjee, T., Bragg-Gresham, J., Eberhardt, M., … Hsu,  

C-Y. (2016). Trends in the prevalence of chronic kidney disease in the United States. 

Annals of Internal Medicine, 165, 473-481. 

National Institute of Diabetes and Digestive and Kidney Disorders. (2016). Treatment Methods  

for Kidney Failure: Hemodialysis. Retrieved from: https://www.niddk.nih.gov/health-

information/health-topics/kidney-disease/hemodialysis/Pages/facts.aspx 

Naruszewicz, M., Zapolska-Downar, D., Kośmider, A., Nowicka, G., Kozłowska- 

Wojciechowska, M., Vikström, A. S., & Törnqvist, M. (2009). Chronic intake of potato 

chips in humans increases the production of reactive oxygen species by leukocytes and 

increases plasma C-reactive protein: a pilot study. The American Journal of Clinical 

Nutrition, 89(3), 773-777.  

National Kidney Foundation. (2017). What is High Blood Pressure? Retrieved from:  



77 

https://www.kidney.org/atoz/what-high-blood-pressure 

National Kidney Foundation. (2013). KDIGO 2012 clinical practice guideline for the evaluation  

and management of chronic kidney disease. Kidney International Supplements, 3(1), 1-

150. 

Newby, P., Muller, D., Hallfrisch, J., Qiao, N., Andres, R., & Tucker, K. (2003). Dietary patterns  

and changes in body mass index and waist circumference in adults. American Society for 

Clinical Nutrition, 77(6), 1417-1425. 

Nicholas, S., Kalantar-Zadeh, & Norris, K. (2015). Socioeconomic disparities in chronic kidney  

disease. Advances in Chronic Kidney Disease, 22(1), 6-15. 

Nomura, I., Kato, J., & Kitamura, K. (2009). Associations between body mass index and chronic  

kidney disease: A population-based, cross-sectional study of a Japanese community. 

Vascular Health and Risk Management, 5, 315-320. 

Oliveira, A., Rodríguez-Artalejo, F., & Lopez, C. (2009). The association of fruits, vegetables,  

antioxidant vitamins and fiber intake with high-sensitivity C-reactive protein: sex and 

body mass index interactions. European Journal of Clinical Nutrition, 63, 1345-1352. 

Orth, S. (2003). Cigarette smoking: an important renal risk factor – far beyond carcinogenesis.  

Tobacco Induced Diseases, 1(2), 137-155. 

Pallant, J. (2010). SPSS Survival Manual (4th ed.). Berkshire, England: Open University Press. 

Phadke, G., & Khanna, R. (2011). Renal replacement therapies. Missouri Medicine, 108(1), 45- 

49. 

Phillips, S. & Knuchel, N. (2011). Chronic kidney disease: nutrition basics. Journal of Renal  

Nutrition, 21(4), e15-17. 

Prakash, S., & O’Hare, A. (2009). Interaction of aging and chronic kidney disease. Seminars in  



78 

Nephrology, 29(5), 497-503.  

Prasad, S., Sung, B., & Aggarwal, B. (2012). Age associated chronic diseases require age old  

medicine: role of chronic inflammation. Preventative Medicine, 54, S29-S37.  

Punchard N., Whelan, C., & Adcock, I. (2004). The Journal of Inflammation. The Journal of  

Inflammation, 1(1). doi:10.1186/1476-9255-1-1  

Ramallal, R., Toledo, E., Martinez-Gonzalez, M., Hernandez-Hernandez, A., Garcia-Arellano,  

A., Shivappa, N., … Ruiz-Canela, M. (2015). Dietary inflammatory index and incidence 

of cardiovascular disease in the SUN Cohort. PLoS One, 10(9), e0135221. 

Randolf, K., & Meyers, L. (2013). Basic Statistics in Multivariate Analysis. New York, NY:  

Oxford University Press. 

Reas, D., Nygård, J., Svensson, E., Sørensen, T., & Sandanger, I. (2007). Changes in body mass  

index by age, gender and socio-economic status among a cohort of Norwegian men and 

women (1990-2001). BMI Public Health, 7, 269. 

Ricardo, A., Anderson, C., Yang, W., Zhang, X., Fischer, M., Dember, L., … Lash, J. (2015).  

Healthy lifestyle and risk of kidney disease progression, atherosclerotic events, and death 

in CKD: Findings from the chronic renal insufficiency cohort (CRIC) study. American 

Journal of Kidney Disease, 65(3), 412-424. 

Robinson, B., Zang, J., Morgenstern, H., Bradbury, B., Ng, L., McCullough, K., … Pisoni, R.  

(2013). Worldwide, mortality risk is high soon after initiation of hemodialysis. Kidney 

International, 85, 158-165. 

Rouhani, M., Najafabadi, M., Esmaillzadeh, A., Feizi, A., & Azadbakht, L. (2016). Dietary  

energy density, renal function, and progression of chronic kidney disease. Advances in 

Medicine, 2016. doi: http://dx.doi.org/10.1155/2016/2675345.  



79 

Ruiz, A., Pergola, P., Zager, R., & Vaziri, N. (2013). Targeting the transcription factor Nrf2 to  

ameliorate oxidative stress and inflammation in chronic kidney disease. International 

Society of Nephrology, 83, 1029-1041. 

Schoolworth, A. C., Engelgau, M. M., Hostetter, T. H., Rufo, K. H., Chianchiano, D., McClellan,  

W. M., …Vinicor, F. (2006). Chronic kidney disease: A public health problem that needs 

a public health action plan. Preventing Chronic Disease, 3(2), 1-6. 

Schnaper, W. (2014). Remnant nephron physiology and the progression of chronic kidney  

disease. Pediatric Nephrology, 29(2), 193-202. 

Seaman, D. (2002). The diet induced proinflammatory state: A cause of chronic pain and other  

degenerative diseases? Journal of Manipulative and Physiological Therapeutics, 25(3), 

168-179. 

Seidel, U., Gronewold, J., Volsek, M., Todica, O., Kribben, A., Bruck, H., Hermann, D. (2014).  

Physical, cognitive, and emotional factors contributing to quality of life, functional 

health, and participation in community dwelling in chronic kidney disease. PLoS One, 

9(3), e91176.  

Seccareccia, D., & Downar, J. (2012). “Should I go on dialysis, Doc?” Initiating dialysis in  

elderly patients with end-stage renal disease. Canadian Family Physician, 58(12), 1353-

1356). 

Shafi, T. & Coresh, J. (2010). Chronic kidney disease. In J. Himmelfarb & M. Sayegh (Eds.),  

Chronic Kidney Disease, Dialysis, and Transplantation, 3-21. Philadelphia, PA: Elsevier 

Sanders.  

Shankar, A., Sun, L., Klein, B., Lee., K., Munter, P., Nieto, F., … Klein, R. (2011). Markers of  



80 

inflammation predict the long-term risk of developing chronic kidney disease: a 

population based cohort study. Kidney International, 80(11), 1231-1238. 

Shen, Y., Cai, R., Sun, J., Dong, X., Huang, R., Tian, S., & Wang, S. (2017). Diabetes mellitus  

as a risk factor for incident chronic kidney disease and end-stage renal disease in women 

compared to men: a systematic review and meta-analysis. Endocrine, 55, 66-76. 

Shinha, S., Shaheen, M., Rajavashisth, T., Pan, D., Norris, K., & Nicholas, S. (2014).  

Association of race/ethnicity, inflammation, and albuminuria in patients with diabetes 

and early chronic kidney disease. Diabetes Care, 37(4), 1060-1068. 

Shivappa, N., Steck, S., Hurley, T., Hussey, J., Ma, Y., Ockene, I., … Hébert, J. (2013a). A  

population-based inflammatory index predicts levels of C-reactive protein in Seasonal 

Variation of Blood Cholesterol Study (SEASONS). Public Health Nutrition, 17(8), 1825-

1833. 

Shivappa, N., Steck, S., Hurley, T., Hussey, J., & Hébert, J. (2013b). Designing and developing a  

literature-derived, population-based dietary inflammatory index. Public Health Nutrition, 

17(8), 1689-1696. 

Silverstein, D. (2009). Inflammation in chronic kidney disease: role in the progression of renal  

and cardiovascular disease. Pediatric Nephrology, 24(8), 1445-1452. 

Slavin, J. (2003). Why whole grains are protective: Biological mechanisms. Proceedings of the  

Nutrition Society, 62, 129-134. 

Snively, C., & Gutierrez. C. (2004). Chronic kidney disease: Prevention and treatment of  

common complications. American Family Physician, 70(10), 1921-1928. 

STATA. (2013). Stata Survey Data Reference Manual Release 13. College Station, TX:  

StataCorp LP.  



81 

Statistics Canada. (2015a, July). Canadian Health Measures Survey (CHMS) Data User Guide:  

Cycle 3. Ottawa, ON: Author. 

Statistics Canada. (2015b, November 30). Aboriginal Peoples: Fact Sheet for Canada. Retrieved  

from: http://www.statcan.gc.ca/pub/89-656-x/89-656-x2015001-eng.htm 

Statistics Canada. (2014a). CHMS Cycle 3: Data Dictionary, Full Sample Household. Ottawa,  

 ON: Author. 

Statistics Canada. (2014b). CHMS Cycle 3: Data Dictionary, Full Sample Clinical. Ottawa,  

 ON: Author. 

Steck, S., Shivappa, N., Taburg, F., Harmon, B., Wirth, M., Hurley, T., & Hebert, J. (2014). The  

dietary inflammatory index: A new tool assessing diet quality based on inflammatory 

potential. The Digest, 49(3), 1-9. 

Steiber, A. (2014). Chronic kidney disease: Considerations for nutrition interventions. Journal of  

Parenteral and Enteral Nutrition, 38(4), 418-426. 

Stevens, L., Huang, C., & Levey, A. (2010). Measurement and estimation of kidney function. In  

J. Himmelfarb & M. Sayegh (Eds.), Chronic Kidney Disease, Dialysis, and 

Transplantation, 22-38. Philadelphia, PA: Elsevier Sanders.  

Stevens, P., O’Donoghue, D., de Lusignan, Van Vlymen, J., S., Klebe, B., Middleton, … Farmer,  

C. (2007). Chronic kidney disease management in the United Kingdom: NEOERICA 

project results. Kidney International, 72, 92-99.  

Suarez, J., Isakova, T., Anderson, C., Boulware, L., Wolf, M., & Scialla, J. (2015). Food access,  

chronic kidney disease, and hypertension in the U. S. American Journal of Preventative 

Medicine, 49(6), 912-920.  

Sundararjan, K., Campbell, K., Choi, Y-H., & Sarma, S. (2014). The relationship between diet  



82 

quality and adult obesity: evidence from Canada. Journal of the American College of 

Nutrition, 33(1). doi: http://dx.doi.org.uml.idm.oclc.org/10.1080/07315724.2013.848157 

Synder, D., Turner, G., & Turner, A. (2014). Obesity-related kidney disease. Primary Care:  

Clinics in Office Practice, 41(4), 875-893. 

Taal, M. (2012). Risk factors in chronic kidney disease. In M. Taal, G. Chertow, P. Marsden, K.  

Skorecki, A. Yu, & B. Brenner (Eds.), Brenner and Rector’s the kidney (9th ed.), 758-

781. Philadelphia, PA: Elsevier Sanders.  

Thadhani, R. & Maynard S. (2014). Renal and urinary tract physiology in normal pregnancy.  

Retrieved from: http://www.uptodate.com/contents/renal-and-urinary-tract-physiology-

in-normal-pregnancy 

The Kidney Foundation of Canada (2012). Facing the Facts 2012. Retrieved from:  

https://www.kidney.ca/document.doc?id=1376 

The Kidney Foundation of Canada – Ontario Branch (n.d.). Reducing the Burden of Kidney  

Disease in Ontario – Overview. Retrieved from: 

https://www.kidney.ca/sslpage.aspx?pid=1964 

The Kidney Foundation of Canada. (n.d.-a). Organ Donation. Retrieved from:  

https://www.kidney.ca/organ-donation 

The Kidney Foundation of Canada. (n.d.-b). Early detection and prevention. Available from:  

http://www.kidney.ca/page.aspx?pid=332 

Thomas, M. (2014). Preventing progression of chronic kidney disease: Diet and lifestyle. In  

Arici (Ed.), Management of Chronic Kidney Disease: A Clinician’s Guide, 113-122.  

doi:10.1007/978-3-642-54634-2_9 

Thomas, R., Kanso, A., & Sedor, J. (2008). Chronic kidney disease and its complications.  



83 

Primary Care, 35(2), 329-344. 

Tonelli, M., Wiebe, N., Culleton, B., House, A., Rabbat, C., Fok, M., … Garg, A. (2006).  

Chronic kidney disease and mortality risk: a systematic review. Journal of the American 

Society of Nephrology, 17(7), 2034-2047. 

Tucker, P., Scanlan, A., & Dalbo, V. (2015). Chronic kidney disease influences multiple  

systems: describing the relationship between oxidative stress, inflammation, kidney 

damage, and concomitant disease. Oxidative Medicine and Cellular Longevity, 2015. doi: 

http://dx.doi.org/10.1155/2015/806358 

Turner-McGrievy, G., Wirth, M., Shivappa, N., Wingard, E.., Fayad, R., Wilcox, S., … Hébert,  

J. (2015). Randomization to plant-based dietary approaches leads to larger short-term  

improvements in Dietary Inflammatory Index scores and macronutrient intake compared 

to diets that contain meat. Nutrition Research, 35, 97-106. 

United States Renal Data Systems. (2014). Mortality. Retrieved from:  

http://www.usrds.org/2014/view/v2_05.aspx 

Vart, P., Gansevoort, R., Joosten, M., Bültmann, U., & Reinjneveld, S. (2015). Socioeconomic  

disparities in chronic kidney disease: a systematic review and meta-analysis. American 

Journal of Preventative Medicine, 48(5), 580-592. 

Vaziri, N., Liu, S-M., Lau, W., Khazaeli, M., Nazertehrani, S., Farzaneh, S., … Martin, R.  

(2014). High amylose resistant starch diet ameliorates oxidative stress, inflammation and 

progression of chronic kidney disease. PLoS One, 9(12), e114881.    

Vaziri, N. (2004). Roles of oxidative stress and antioxidant therapy in chronic kidney disease and  

hypertension. Current Opinion in Nephrology and Hypertension, 13(1), 93-99. 

Vellanki, K. (2014). Pregnancy in chronic kidney disease. Advances in Chronic Kidney Disease,  



84 

20(3), 223-228.  

Verhave, J. C., Hillage, H. L., Burgerhof J. G., Navis, G., de Zeeuw D., Jong, P. E., & The  

PREVEND Study Group. (2003). Cardiovascular risk factors are differently associated 

with urinary albumin excretion in men and woman. Journal of the American Society of 

Nephrology, 14(5), 1330-1335. 

van Woudenbergh, G. Theofylaktopoulous, D., Kuijsten A., Ferreira, I., van Greevenbroek, van  

der Kallen, … Feskens, E. (2013). Adapted dietary inflammatory index and its 

association with a summary socre for low-grade inflammation and markers of glucose 

metabolism: the Cohort study on Diabetes and Artherosclerosis Maastricht (CODAM) 

and Hoorn study. American Journal of Clinical Nutrition, 98, 1533-1542. 

Von Bothmer, M. & Fridlund, B. (2005). Gender differences in health habits and in motivation  

for a healthy lifestyle among Swedish university students. Nursing and Health Sciences, 

7(2), 107-118. 

Wahba, I., & Mak, R. (2007). Obesity and obesity-initiated metabolic syndrome: mechanistic  

links to chronic kidney disease. Clinical Journal of the American Society of Nephrology, 

2(3), 550-562.  

Waheed, A., Pedraza, F., Lenz, O., & Isakova, T. (2013). Phosphate control in end-stage renal  

disease: Barriers and opportunities. Nephrology Dialysis Transplantation, 28(12), 2961-

2968. 

Wang, Y., Chen, X., Song, Y., Caballero, B., & Cheskin, L. (2008). Association between obesity  

and kidney disease: A systematic review and meta-analysis. Kidney International, 73(1), 

19-33. 

Wang, H. J., Zakhari, S., & Jung, M. K. (2010). Alcohol, inflammation and gut-liver-brain  



85 

interactions in tissue damage and disease development. World of Gastroenterology, 

16(11), 1304-1313. 

Wehby, G., Murray, J., Wilcox, A., & Lie, R. (2012). Smoking and body weight: Evidence using  

genetic instruments. Economics & Human Biology, 10(2), 113-126. 

Weisberg, S., McCann, D., Desai, M., Rosenbaum, M., Leibel, R., & Ferrante Jr., A. (2003).  

Obesity is associated with macrophage accumulation in adipose tissue. The Journal of 

Clinical Investigation, 112(12), 1796-1808. 

Wilcox, R. (2009). Basic statistics: Understanding conventional methods and modern insights.  

        Oxford: Oxford University Press. 

Wirt, A., & Collins, C. (2009). Diet quality – what is it and why does it matter? Public Health  

Nutrition, 12(12), 2473-2492. 

Wirth, M., Hebert, J., Shivappa, N., Hand, G., Hurley, T., Drenowatz, C., … Blair, S. (2016).  

Anti-inflammatory dietary inflammatory index scores are associated with healthier scores 

on other dietary indices. Nutrition Research, 36(3), 214-219. 

Wood, L. G., Shivappa, N., Berthon, B. S., Gibson, P. G., & Hebert, J. R. (2015). Dietary  

inflammatory index is related to lung function and systematic inflammation in asthma. 

Clinical & Experimental Allergy, 45(1), 177-183. 

World Health Organization. (2017). BMI Classification. Retrieved from:  

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html 

Xu, H., Sjӧgren, Arnlov, J., Banerjee, T., Cederholm T., Riserus, U.,… Carrero, J. (2015). A  

proinflammatory diet is associated with systematic inflammation and reduced kidney 

function in elderly adults. The Journal of Nutrition: Nutrition and Disease.  

doi:10.3945/jn.114.205187. 



86 

Yacoub, R., Habib, H., Lahdo, A., Al Ali, R., Varjabedian, L., Atalla, G., … Albitar, S. (2010).  

Association between smoking and chronic kidney disease: A case controlled study. BMC  

Health, 10, 731-737. 

Yamagata, K., Ishida, K., Sairenchi, T., Takahashi, S., Ohba, T., Shilgai, T., & Narita, A. (2007).  

Risk factors for chronic kidney disease in a community-based population: a 10 year 

follow up study. Kidney International, 71(2), 159-166. 

Yeates, K., & Tonelli, M. (2010). Chronic kidney disease among Aboriginal people living in  

Canada. Clinical Nephrology, 74(Sup.1), S57-S60. 

Yerlikaya, F. H., Toker, A., & Yener, Y. (2013). Effect of acrylamide treatment on oxidant and  

antioxidant levels in rats. Kafkas Universitesi Veteriner Fakultesi Dergisi, 19(4), 607-

612. 

Young, B. (2010). Timing and initiation of treatment and modality options for renal replacement  

 therapy. In J. Himmelfarb & M. Sayegh (Eds.), Chronic Kidney Disease, Dialysis, and  

 Transplantation, 265-274. Philadelphia, PA: Elsevier Sanders.  


