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Is Cardiometabolic Index a Predictive Marker
for Renal Cell Cancer Aggressiveness?
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Abstract: Studies show that metabolic syndrome is a factor for developing renal
cell cancer (RCC) and tumour aggressiveness. In our study, we evaluated the
association between renal cell cancer and cardiometabolic index (CMI) which meets
the main components of the metabolic syndrome. We retrospectively reviewed the
records of 310 consecutive patients with RCC who underwent radical nephrectomy
at our institution. We evaluated the tumour size, histologic subtype, Fuhrman
nuclear grade. CMI was calculated as the product of waist circumference (WC) to
waist-to-height ratio (WHtR) and triglyceride to high-density lipoprotein cholesterol
ratio (TG/HDL-c). CMI were statistically higher in patients with tumour size > 7 cm
than those < 7 cm (p<0.05). Mean CMI level was 2.34 £ 0.84 in patients with high
tumour size; and 1.18 £ 0.74 in the other group. The patients with high tumour
size had higher TG levels, higher WC and lower HDL-c levels. Similarly, CMI levels
were statistically higher in patients with Fuhrman grade 3 and 4 than patients with
Fuhrman grade 1 and 2 (p<0.001). The patients with high Fuhrman grade had higher
TG levels, higher WC and lower HDL-c levels. The simplicity of WC and height
measurement and TG and HDL assessment make CMI an easily applicable index
for the evaluation of cardiovascular dysfunction. The components of CMI may have
effect on tumour carcinogenesis in similar pathways. In this context, CMI which
meets the main components of the metabolic syndrome, can be a useful index for
the evaluation and calculation of renal cell cancer aggressiveness.
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Introduction

Renal cell carcinoma (RCC) accounts for approximately 3% of all adult malignancies,
representing the seventh most common cancer in men and the ninth most common
cancer in women. Based on current guidelines, surgery remains the only curative
treatment option in patients with localized RCC (Jones and Libermann, 2007; Edge
and Compton, 2010; Ljungberg et al., 2015). It is a disease typically presenting in
elderly patients with the mean age at diagnosis being around 60 years (Patard et al.,
2004). Renal cell carcinoma originating from renal parenchyma is the majority of
cases with kidney cancer. The predominant subtype of RCC is clear cell type that
represents 80% of RCC and is derived from the tubular epithelium. Other types of
RCC are papillary (15%), chromophobe (5%), and collecting duct (Shanks, 1999;
Rodriguez et al., 2005).

Health risks are more associated with central obesity than total obesity. Based
on this observation, many authors have proposed replacing BMI (body mass index)
with waist circumference (WC) and/or waist-to-height ratio (WHtR) to determine
the health risks of obesity and evaluating their use as metabolic syndrome screening
tools (Nambiar et al., 2009; Ashwell et al., 2012). The ratio of triglycerides (TG) to
HDL (high-density lipoprotein) cholesterol (TG/HDL-c) ratio has been proposed
to be a good discriminator for cardiovascular risk (Gayziano et al., 1997; Jeppesen
et al.,, 1997). TG/HDL-c ratio has been shown to reflect atherogenic small dense
LDL (low-density lipoprotein) particles and to be associated with insulin resistance
and metabolic syndrome (Cordero et al., 2008). In a study, a new index, named
cardiometabolic index (CMI), calculated as the product of TG/HDL-c ratio and
WHTtR, which are a good predictor of coronary artery disease and a central
component of metabolic syndrome (Wakabayashi and Daimon, 2015). All of the
components consisting of CMI are included in the criteria of metabolic syndrome
(MetS). MetS is very common in developed countries, and its prevalence is likely to
increase (Ford et al., 2002). Several mechanisms have been proposed to explain the
relationship between MetS and malignant disease, including changes in neoplastic
metabolism, DNA damage/repair malfunction, local inflammation and insulin-like
growth factor 1 (Guo et al., 2013; Ozbek et al., 2014).

In our previous study, we reported that patients with metabolic syndrome were
found to have statistically significant higher nuclear grade and tumour size (Ozbek
et al., 2013). In overweight patients, visceral obesity has been shown to be a better
marker than BMI in evaluating diseases such as cardiovascular diseases and metabolic
syndrome. In this context, we thought that we could use the CMI for the assessment
of RCC aggressiveness. The aim of this study was to evaluate the relationship
between tumour size and grade with CMI levels in patients with renal cell carcinoma.

Material and Methods

We retrospectively reviewed the records of 310 consecutive patients with RCC
who underwent radical nephrectomy at our institution between January 2007 and
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May 2015. We analysed the following clinicopathologic variables: age, gender, the
presence of hypertension, diabetes, body mass index, waist circumference, height,
tumour size, histologic subtype, Fuhrman nuclear grade, high-density lipoprotein and
triglyceride levels. Plasma fasting glucose, high-density lipoprotein cholesterol levels
and triglycerides were measured using enzymatic methods with an autoanalyzer.
Pathologic staging was performed using the 7" edition of the American Joint
Committee on Cancer (AJCC). Histologic subtype was determined according to
the 1997 World Health Organization Heidelberg classification and tumour nuclear
grading was performed according to the Fuhrman nuclear grading system. BMI was
calculated as weight in kilograms divided by the square of height in meters. CMI was
calculated as the product of WHtR and TG/HDL-c ratio. Local ethics committee
approval had been obtained before the commence of the study.

Statistical analysis

The baseline characteristics of the controls and the subjects were compared using a
two sample t-test or Mann-Whitney U test for the continuous variables. All statistical
tests were two-tailed, and statistical significance was defined as p<0.05. All analyses
were conducted using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).

Results
Among the 310 total patients analysed in our study, there were 176 males (56.8%)
and 134 females (43.2%). We divided the patients in two groups (tumour size

Table 1 — Characteristics of the patients and comparison to tumour size

Tumour size Tumour size

>7cm <7cm Pvalue
Age (mean-range) 66.50 £ 12.34 62.80 = 8.94 0.43
BMI (mean £ SD) 28.36 £2.87 26.84 £2.21 <0.01
WC (cm) (mean * SD) 93.77 £8.27 91.03 + 8.51 <0.01
Height (m) (mean *+ SD) 1.68 £ 0.42 1.69 £ 0.56 0.88
TG (mg/dl) (mean + SD) 165.64 +71.84 129.58 £ 72.21 <0.01
HDL-c (mg/dl) (mean * SD) 41.83 £7.36 47.54 £ 4.28 <0.01
CMI (mean % SD) 2.34£0.84 118 £0.74 <0.01

BMI — body mass index; WC — waist circumference; TG — triglycerides; HDL-c — high-density lipoprotein cholesterol;
CMI — cardiometabolic index; SD — standard deviation

Table 2 - Correlation cardiometabolic index levels and Fuhrman grade

Fuhrman grade 1-2 Fuhrman grade 3—4 P-value

CMI (mean £ SD) 1.04 £ 0.56 263 £0.92 <0.01

CMI — cardiometabolic index; SD — standard deviation
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> 7 cm and < 7 cm). BMI were statistically higher in patients with tumour size

> 7 cm than <7 cm (p<0.001). Comparison of the patients with tumour size, the
patients with high tumour size had higher TG levels, higher WC and lower HDL-C
levels. The difference was statistically significant for all values. Also, we compared
the CMI levels between two groups. Mean CMI level was 2.34 = 0.84 in group 1 and
1.18 £ 0.74 in group 2, respectively. CMI levels were statistically higher patients with
high tumour size (p<0.001). Characteristics of all people are shown in Table 1.

Also, we compared the CMI levels with Fuhrman grade. We divided the patients
into two groups for Fuhrman grade. Fuhrman grade 1 and 2 was group 1, Fuhrman
grade 3 and 4 was group 2. BMI were statistically higher in patients with higher
Fuhrman grade (p<0.001). Comparison of the patients with Fuhrman grade, the
patients with high Fuhrman grade had higher TG levels, higher WC and lower
HDL-C levels. The difference was statistically significant for all values. Also, we
compared the CMI levels between two groups. Mean CMI level was 2.63 + 0.92 in
group 2 and 1.04 £ 0.56 in group 1, respectively. CMI levels were statistically higher
in men and women with high Fuhrman grade (p<0.001) (Table 2). On the other
hand, binary logistic regression models showed that CMI is an independently risk
factor for renal cell cancer aggressiveness with higher Fuhrman grade and higher
tumour size.

Discussion

In our study we investigated the correlation between tumour size and grade with
cardiometabolic index in renal cell carcinoma. CMI, consisting of indices of adiposity
and blood lipids: WHtR and TG/HDL-c ratio, respectively. The components of
these indices are included in routine health check-up examinations and are easy to
measure. All of the components consisting of CMI are included in the criteria of
MetS. MetS is very common in developed countries, and its prevalence is likely to
increase (Ford et al., 2002). There is increasing evidence to indicate that MetS might
play an important role in the etiology and progression of certain types of cancers.
Several mechanisms have been proposed to explain the relationship between

MetS and malignant disease, including changes in neoplastic metabolism, DNA
damage/repair malfunction, local inflammation and insulin-like growth factor 1

(Guo et al., 2013; Ozbek et al., 2014).

In a recent epidemiologic study from Northern Europe, Haggstrom et al. (2013)
found that high levels of several metabolic factors, both separately and combined,
were associated with an increased risk of RCC. Those metabolic factors were high
levels of BMI, glucose, TG among men and BMI among women. Obesity causes the
changes in lipid regulation and results in insulin resistance that may foster cancer
development (Guo et al., 2013). Epidemiological studies performed to date have
consistently shown an increased relative risk of RCC and the risk of RCC mortality
with increases in BMI (Ibrahim, 2010; Zhang et al., 2018). Especially, increased
visceral fat was found to be associated with clear-cell RCC. This study showed that,
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visceral fat area could constitute a primary explanation for the link between obesity
and clear cell RCC (Bergstrom et al., 2001).

One of the components of CMI; waist-to-height ratio (WHtR) is an alternative
tool instead of BMI or WC for identifying people at higher metabolic risk. It has been
reported that WHTIR is superior to BMI in detecting cardiovascular risk factors in
adults (Lee et al., 2008). There is a concern that the cardiometabolic risk may differ
between people who have the same WC yet differ in height. It was reported that
shorter people have higher cardiometabolic risk than taller people with the same
WC (Hsieh and Yoshinaga, 1999). However, there were no significant differences in
odds ratios of any health risks between short people and tall people from the fourth
quartile of waist circumference.

Height should be taken into account when defining obesity in children and
adolescents, and the WHTIR is an alternative parameter that considers height.
WHItR seems to be useful in discriminating those at higher metabolic risk, even
when it is used in combination with WC, likely due to its consideration of height.
In a previous study visceral obesity as defined by VAT% was found to be an
independent prognostic factor for higher Fuhrman grade in patients with cT1a
RCC. In this cohort of 186 patients with cT1a RCC and found that VAT% was
an independent prognostic factor for high grade disease after adjusting for clinical
characteristics and anatomical features of the tumour (Zhu et al., 2013). Like this
study, we found that CMI levels were statistically higher in men and women with
high Fuhrman grade.

On the other hand, there are many studies validating the contribution of
dyslipidemia to carcinogenesis of various cancers. An elevated risk of esophageal
cancer and colon cancer was observed in people with high levels of TG (Inoue et
al., 2009; Waulaningsih et al., 2012), and hypercholesterolemia has been suggested
as a risk factor for rectal cancer (Wulaningsih et al., 2012). Little research has
been conducted which directly focuses on the association between RCC and lipid
disorders. In a prospective cohort study, Van Hemelrijck et al. (2012) reported
that TG was the only lipid component for which a statistically significant association
was observed with RCC. Also, statins (inhibitors of 3-hydroxy-3-methylglutaryl
coenzyme A reductase) that are used for the treatment of lipid disorders, especially
hypercholesterolemia, appear to protect against the development of RCC.
Horiguchi et al. (2008) reported that fluvastatin had a notable inhibitory effect in
vitro on tumour growth, invasion, angiogenesis, and metastasis of RCC cells, which
provided indirect evidence of the relationship between dyslipidemia and RCC.

The mechanisms that underlie the role of CMI or MetS on RCC carcinogenesis
are complicated, involving insulin resistance (IR), inflammation, angiogenesis, cell-
stroma interaction, and many other important aspects. Insulin is one of the most
important anabolic hormones that is able to stimulate cell proliferation. Harmful
local and systemic reactions, including intracellular lipid accumulation in adipocytes,
mitochondrial and endoplasmic reticulum stress, and IR, can be induced by obesity,
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accompanied by changes of circulating factors such as adipokines, free fatty acids
and a variety of inflammatory mediators. The insulin-like growth factor (IGF)
family and the changes of its components resulting from IR play a crucial role in
tumour formation and progression (Hernandez et al., 2015). Also, as a typical
alteration in obesity, both hyperplasia and hypertrophy of adipocytes may lead
to tissue hypoxia, and subsequently the induction of a series of pro-inflammatory
cytokines. It has been shown that both IL-6 and [L-10 are strongly expressed in
RCC cells and stroma. Further, IL-10 levels were higher in more advanced (pT3)
tumours, suggesting that IL-6 and IL-10 may be useful markers associated with the
development and progression of RCC (Cardillo and Ippoliti, 2007).

In conclusion, the components of CMI may have effect on tumour carcinogenesis
in similar pathways. Especially, visceral obesity causes the changes in lipid regulation
and results in insulin resistance that may foster cancer development. There are
many studies validating the contribution of dyslipidemia to carcinogenesis of various
cancers. In our study patients with high CMI levels were found to have statistically
significant higher nuclear grade and tumour size. So, the simplicity of WC and height
measurement and TG and HDL-c assessment make CMI an easily applicable index
for the evaluation of cardiovascular dysfunction. CMI can be a useful index for the
evaluation and calculation of renal cell cancer aggressiveness. Further studies with
more patients are needed to confirm our study.
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