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INTRODUCTION

More than 1.2 million new cases of colorectal cancer (CRC) are 
reported annually, resulting in 600,000 deaths. CRC has become 
the third most common cancer in the world, making it the fourth 
leading cause of cancer mortality(1).

Considering the high incidence of CRC-related deaths, a num-
ber of studies have investigated factors that affect, or are associated 
with, mortality, with the aim of prolonging the survival of patients 
with CRC. The findings of several studies indicate that nutritional 
status can predict survival in these patients(2-4). 

Obesity, which is often assessed using body mass index (BMI) or 
percentage body fat (%FAT), is an important nutritional status fac-
tor associated with survival in CRC(4). Baade et al.(5) and Kuiper et 
al.(6) reported that overweight patients with CRC had 25% and 55% 
increased CRC-specific mortality rates, respectively. Conversely, 
other studies have reported no difference in the risk of mortality 
between overweight and normal weight patients with CRC(7,8).

Bioelectrical impedance analysis (BIA) provides early predic-
tions of nutritional status by calculating the change in the cell mem-
brane and fluid imbalances. The phase angle (PhA), which is one 
component of the BIA, determines cellular health and nutritional 
status by calculating the resistance of body fluid and reactance of 
the cellular membrane. A high PhA score indicates a good cellular 
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membrane function, while a low PhA is closely associated with 
cell apoptosis and decreased extracellular matrix compounds(9). 
In previous studies using BIA, the prognostic value of PhA was 
demonstrated in pancreatic cancer, lung cancer, breast cancer, and 
CRC(10-12). In addition, a PhA of <50% of the standard PhA was 
associated with a decreased physical function and nutritional status, 
and an increased mortality rate in a previous study(13). 

The Patient-Generated Subjective Global Assessment (PG-
SGA)(14), recommended by the Oncology Nutrition Dietetic Practice 
Group of the American Academy of Nutrition and Dietetics(15), 
is a standard nutritional assessment tool for cancer patients. It 
emphasizes symptoms commonly observed during the treatment 
of cancer and includes a physical examination for the subjective 
assessment of  nutritional status. The PG-SGA is an important 
tool that predicts survival(16), and patient-reported outcomes are 
particularly important for survival prediction(17).

Adiponectin is a 30-kDa protein hormone and cytokine that is 
secreted mainly by adipocytes, is structurally related to the collagen 
superfamily, and shares homologies with collagens, complement 
factors, and tumor necrosis factor-α(18). It is the most abundant 
hormone secreted by adipose tissue and circulates as low molecular 
weight and high molecular weight multimers(18). Epidemiologi-
cal studies have suggested that circulating adiponectin levels are 
inversely correlated with the risk of obesity-associated CRC, and 
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accumulating evidence supports an inverse relationship between 
circulating adiponectin levels and obesity, suggesting that adiponec-
tin may mediate the biological link between obesity and CRC(19-21). 
In addition, higher levels of adiponectin receptor expression are 
observed in CRC than in normal tissues, further supporting this 
hypothesis(21). However, there is a paucity of data on the effect of 
adiponectin on survival among patients with established CRC. 

The vitamin D hypothesis has received strong experimental 
support over the past two decades, based on the almost ubiquitous 
expression in colon cancer cells of vitamin D receptors (VDR) 1,2 
and hydroxylase,3, which convert plasma 25-hydroxyvitamin D3 
[25(OH)D] into 1,25-dihydroxyvitamin D3 [1,25(OH)2D]. Binding 
of VDR by 1,25(OH)2D leads to multiple cellular effects, including 
the induction of differentiation and apoptosis(22), and inhibition of 
proliferation, angiogenesis(23), and metastatic potential(24).

Prospective studies have demonstrated that higher baseline 
plasma 25(OH)D levels are associated with a significantly reduced 
risk of CRC(25-26). Emerging evidence in the literature suggests an as-
sociation between serum 25(OH)D levels and survival in CRC(27,28), 
however, the relationship between vitamin D and CRC-related 
mortality is not well understood(29).

Although the BMI, %FAT, PhA, PG-SGA score, and adi-
ponectin and vitamin D levels have been correlated with survival 
in patients with CRC, their prognostic utility in patients with 
advanced cancer is not clear. 

The aim of the present study was to evaluate whether the BMI, 
%FAT, PhA, PG-SGA score, and adiponectin and vitamin D levels 
are relevant for the characterization and differentiation of patients 
with advanced CRC compared with patients in follow-up following 
treatment for CRC. In addition, we aimed to determine whether 
these variables are important for the survival of patients with CRC.

METHODS

Subjects
This longitudinal study involved outpatients treated between 

February 2011 and March 2012 by the Oncology Group from the 
Gastroenterology Division of the Federal University of Sao Paulo, 
Brazil. The patients were evaluated in a single moment and the sur-
vival was evaluated until the year 2016. The study was approved by 
the local Ethics Committee (Protocol 0826/10 and 0029/11), and all 
patients signed an informed consent form. There were two groups 
of patients: group 1, which included patients with metastatic CRC 
undergoing chemotherapy; and group 2, which included patients in 
follow-up following treatment for CRC and who had been tumor 
free for >6 months. 

Data collection
The sex, age, treatment, site, death, and tumor stage data were 

obtained from the patient medical records. The nutritional evalu-
ation and blood sample collection to measure serum adiponectin 
and vitamin D levels were performed simultaneously. All patients 
were classified according to the tumor-node-metastasis staging 
system(30). The BMI was calculated as weight (kg) divided by 
height (m2), and classified according to the World Health Organi-
zation criteria(31). The PhA and %FAT were determined using the 
Biodynamics 450® analyzer and a standard protocol. PhA was 
calculated as the ratio between resistance (R) and reactance (Xc); 
R and Xc were measured directly in ohms at a single frequency 
of  50 kHz and 800 μA. All procedures and controls for other 

variables affecting the validity, reproducibility, and precision of 
the measurements were performed according to the National 
Institutes of  Health guidelines(32). The %FAT was classified ac-
cording to the criteria by Gallagher et al.(33).

The validated Portuguese version of the scored PG-SGA was 
used to assess nutritional status, which was classified as the follow-
ing(34): (A) well-nourished, (B) moderately undernourished or sus-
pected of being undernourished, and (C) severely undernourished. 

Adiponectin assay
Blood samples were collected in the morning after overnight 

fasting. The serum samples were clotted and centrifuged at 2000×g 
for 10 min and immediately frozen at –80°C for further analysis. 
Adipocytokine levels were measured using an enzyme-linked im-
munosorbent assay (ELISA) kit (R&D Systems, MN, USA), and 
adiponectin levels (with the sample diluted 4,000-fold) were meas-
ured using the DuoSet® ELISA kit (DY1065; R&D Systems). The 
analytical methodology and technical procedures were performed 
according to the manufacturer’s protocol.

Vitamin D assay
Current and active vitamin D concentrations were measured 

using appropriate high performance liquid chromatography equip-
ment, which was calibrated using a standard curve, analytical 
standards, and controls. The standard was provided by Sigma-
Aldrich (St. Louis, MO, USA; C9774), the control was provided 
by Chromsystems (25-OH-Vitamin D3 serum control, Bi-level I 
+ II), and the calibration curves were validated daily, with minor 
acceptable deviations of 5%. Measurement of samples was repeated 
when the values were lower or higher than the reference range 
(20–120 ng/mL).

The average circulating serum vitamin D concentration was 
classified as deficient (<20 ng/mL), insufficient (20–29.9 ng/mL), or 
sufficient (≥30 ng/mL). For the average active vitamin D concentra-
tions, deficient was defined as <15 pg/mL, sufficient was defined as 
15–78 pg/mL, and high was defined as >78 pg/mL.

Statistical analysis
Data are presented as percentages or the mean ± standard 

deviation. Differences between variables presented as percentages 
were assessed using chi-square tests. The normality of the results 
was tested using the Shapiro-Wilk test. The normally distributed 
continuous variables were assessed using Student’s independent 
t-tests and variables that non-parametric used Wilcoxon test.

To evaluate adiponectin levels and the PhA, a cutoff  value 
was established for the population studied due to the lack of 
specific values for cancer patients. The values were divided by 
the distribution of  the proportion of  observed frequencies for 
both groups. The data were separated into quartiles, and the first 
quartile was defined as predictors of  low levels and undernutri-
tion for adiponectin and PhA, respectively. Survival analysis was 
conducted using the Kaplan-Meier method and evaluated using 
the log rank test. The SPSS 20.0 software (IBM Corp., Armonk, 
NY, USA) was used for statistical analyses. p < 0.05 was consid-
ered statistically significant.

RESULTS

Among the 50 patients who were eligible for the study, 23 were 
in group 1 and 27 were in group 2. Sex and age were not signifi-
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cantly different between the groups. The majority of group 2 had 
stage II tumors (51.8%). In both groups, the samples were collected 
predominantly during the winter. According PG-SGA, 47,8% and 
25,9% patients were moderately undernourished, respectively in 
group 1 and 2 (TABLE 1).

The BMI, %FAT, PhA, and 25(OH)D, 1,25(OH)D, and adi-
ponectin levels were not significantly different between the groups, 
although the values were generally lower in group 1. The mean 
PG-SGA score was higher in group 1, median 8 points compared 
with group 2, median 2 points (P=0.002) (TABLE 2).

In the crude Kaplan-Meier analysis, the BMI, %FAT, PhA, and 
25(OH)D, 1,25(OH)D, and adiponectin levels were not correlated 
with the long-term CRC-specific mortality risk. Only the PG-SGA 
score was significantly (log rank P=0.031) correlated with the long-
term mortality risk (FIGURE 1).

DISCUSSION

In the present study, the majority of  the parameters of  nu-
tritional status (BMI, %FAT, PhA, and serum adiponectin and 
vitamin D levels) did not differ significantly between patients 
with advanced CRC and those with previous CRC. However, the 
PG-SGA score differed significantly between the two groups of 
patients, and was significantly higher among the patients with 
advanced disease. The PG-SGA score also served as a prognostic 
factor; patients with severe malnutrition had lower survival rates.

An association between PG-SGA scores and mortality has 
been reported previously(16), and patient-reported outcomes were 
shown to be important for predicting survival(17). One hypothesis for 
the PG-SGA score representing the only difference between these 
groups was that it was the only parameter that was not directly 
influenced by obesity. Even overweight patients can have a high 
PG-SGA score as a result of weight loss, symptoms that interfere 
with food intake, changes in functional capacity, and the physical 
examination. 

In the present study, PhA values were lower in the patients 
with advanced CRC than in the patients with a history of CRC, as 
described in previous studies(12,13). However, a significant difference 
between the groups was not observed in this study. Those patients 
with a PhA value below the first quartile have a worse prognosis. 
One limitation of the interpretation of the PhA value as a prog-
nostic index may be related to not only the analysis approach, but 
also the period.

The lack of significant differences in the BMI, %FAT, PhA, and 
adiponectin and vitamin D levels between the two groups in the 
present study may have been due to the similar percentages of over-
weight or obese patients in the two groups (approximately 40%). 
In the present study, an association between obesity and disease 
progression in CRC was not observed. Previous studies have dem-
onstrated that being underweight is associated with an increased 
risk of death due to cancer progression-associated weight loss(7,8).

Obesity, as indicated by the BMI and %FAT, might justify the 
low serum adiponectin and vitamin D levels. High BMI and %FAT 
are reportedly risk factors for CRC(4-6); this is supported by the 
similarities in the variables between the groups in the present study. 
Regarding the risk of  disease recurrence, a consensus regarding 
the association between insufficient serum vitamin D levels and an 
increased risk of recurrence has not been reached, although there 
is a tendency to replenish vitamin D in patients with CRC and low 
vitamin D levels.

TABLE 1. Baseline characteristics of colorectal cancer patients (Group 1) 
and controls (Group 2).

Parameters Group 1 Group 2 P-value

Age (years) 58.2±10.2 59.6±11.9 0.630

Sex

   Male 12 (52.2) 15 (55.6)
0.855

   Female 11 (47.8) 12 (44.4)

Stage

   I 3 (11.1)

   II 14 (51.8)

   III 10 (37.0)

   IV 23 (100)

Rated season

   Summer 1 (4.3) 2 (7.4)

<0.001
   Autumn 9 (39.2) 6 (22.3)

   Winter 10 (43.5) 12 (44.4)

   Spring 3 (13.0) 7 (25.9)

BMI

   <18.5 (undernourished) 3 (11.1)

0.256
   18.5-24.9 (normal) 14 (60.9) 13(48.2)

   25-29.9 (overweight) 6 (26.1) 8 (29.6)

   ≥30.0 (obese) 3 (13.0) 3 (11.1)

% Fat mass

   Adequate 11 (47.8) 11 (40.7)
0.630

   High fat mass 12 (52.1) 16 (59.2)

PhA

   >First quartile 16 (69.5) 25 (92.6)
0.659

   ≤First quartile 7 (30.4) 2 (7.4)

PG-SGA

   Severely undernourished 1 (4.4)

0.725   Moderately undernourished 11 (47.8) 7 (25.9)

   Well nourished 11 (47.8) 20 (74.0)

Adiponectin

   >First quartile 16 (72.7) 14 (51.8)
0.922

   ≤First quartile 6 (27.3) 13 (48.2)

1,25 (OH) D

   Deficient / insufficient 3 (13.0) 4 (14.8%)
0.470

   Sufficient 20 (86.9) 23 (85.2)

25 (OH) D

   Deficient / insufficient 12 (52.1) 13 (52)
0.384

   Sufficient 11 (47.9) 12 (48)
Data are presented as the mean ± standard deviation or n (%). BMI, body mass index.
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Serum adiponectin levels are associated with obesity, the risk of 
CRC, and a poor prognosis(20). In the present study, the serum adi-
ponectin levels did not differ significantly between the two groups, 
and there was no correlation between the different adiponectin 
quartiles and survival; however, patients with adiponectin levels 
in the first quartile had lower median survival rates. 

To date, studies have shown that the pleiotropic roles of 
adiponectin in carcinogenesis are complex and controversial(20). 
Anti-carcinogenic properties for adiponectin have been attributed 
to the activation of  the adenosine monophosphate-activated 
protein kinase (AMPK) pathway, leading to apoptosis and inhibi-
tion of  proliferation(18); direct inhibition of  the phosphoinositide 
3-kinase/protein kinase-B pathway, which is responsible for cell 
survival; and modulation of  insulin sensitization and inflam-
mation(18,20,21). Conversely, adiponectin was shown to promote 
oncogenesis through stimulation of  pro-inflammatory cytokines, 
such as interleukin-8, inhibition of  apoptosis via activation of 
AMPK/Sirtuin 1/peroxisome proliferator-activated receptor 
gamma coactivator 1 alpha(18) and promotion of  angiogenesis, 
and colonic proliferation(18,20,21).

Since adiponectin regulates signaling pathways that conse-
quently affect serum levels, the similarity in adiposity between 
the groups was more striking than the presence of a tumor in the 
present study. However, the evidence relating to adiponectin in 
the present study might be limited by the small sample size, single 
dose, and analysis of the total adiponectin level, rather than high 
molecular weight adiponectin.

A better understanding of  the relationship between the 
analyzed variables and CRC is required. In addition, monitor-
ing of  these variables is needed to assist clinicians with possible 
interventions and to estimate survival with improved accuracy. 
Despite the importance of  this study, some limitations were pre-
sent, including the sample size and that approximately 40% of 
the patients were overweight; therefore, sufficient power might 

TABLE 2. Mean, median, minimum and maximum values of BMI, % 
Fat mass, phase angle, Score PG-SGA, adiponectin, 1,25 (OH) D and 
25 (OH) D.

Variables Mean ±SD Median † P-value

BMI (kg/m2)

   G1 24.5±3.5 24.7 (18.5–31.3)
0.129*

   G2 26.3±4.3 26.2 (17.8–39.1)

% Fat mass

   G1 25.1±8.1 26.9 (6.5–41.9)
0.500*

   G2 26.7±8.4 28.9 (12–43.0)

PhA

   G1 5.8±1.1 5.7 (3.8–8.0)
0.101*

   G2 6.3±1.0 6.4 (4.3–8.5)

Score PG-SGA

   G1 9.7±7 9 (1–25)
0.002*

   G2 4±4.8 2 (0–16)

Adiponectin (µg/mL)

   G1 12.5±2.7 12.8 ± (5–15)
0.066**

   G2 10.4±3.4 12.18 (2.5–14.2)

1.25 (OH) D (ng/mL)

   G1 28.3±18.6 20.6 (11.5–87.9)
0.796**

   G2 29.5±14 26.8 (11.8–66.9)

25 (OH) D (pg/mL)

   G1 28.8±16.3 28 (6.3–68.7)
0.585*

   G2 31.6±19.1 27.3 (7–86)

Group 1: G1, Group 2: G2; *t-tests; **Wilcoxon test. †minimum–maximum.

25(OH) D STATUS
 Deficient
 No deficient
 Deficient-censored
 No deficient-
censored

Log-rank = 0.466

1,25(OH) D STATUS
 Deficient
 No deficient
 Deficient-censored
 No deficient-censored

Log-rank = 0.555

ADINOCTIN STATUS
 < Fist quartile
 > Fist quartile
 < Fist quartile - censored
 > Fist quartile - censored

Log-rank = 0.142

Survival time for colorectal cancer (Years) Survival time for colorectal cancer (Years) Survival time for colorectal cancer (Years) Survival time for colorectal cancer (Years)

BMI STATUS
 Normalweight
 Overweight/
Obesity
 Normalweight/
obesity
 Overweight/
Obesity-censored

Log-rank = 0.798

% FAT MASS
 Adequate Fat mass
 High Fat Mass
 Adequate fat mass- 
acensored
 High fat mass-
censored

Log-rank = 0.153

PHASE ANGLE STATUS
 < Fist quartile
 > Fist quartile
 < Fist quartile - 
censored
 > Fist quartile - 
censored

Log-rank = 0.359

PG-SGA STATUS
 Well nourished
 Moderately 
nourished
 Severely nourished
 Well nourished-
censored
 Moderately 
nourished-
censored
 Severely nourished-
-censored

Log-rank = 0.031
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FIGURE 1. Colorectal cancer survival according to the BMI (A), %FAT (B), phase angle (C), PG-SGA score (D), and 25(OH)D (E), 1,25(OH)D (F), 
and adiponectin levels (G) of patients. BMI, body mass index; %FAT, body fat percentage; PG-SGA, Patient-Generated Subjective Global Assessment; 
25(OH)D, 25-hydroxyvitamin D; 1,25(OH)D, 1,25-hydroxyvitamin D.
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not have been present to demonstrate differences in the variables. 
Furthermore, the cross-sectional design did not allow for evalu-
ation of  longitudinal changes.

PG-SGA is a tool considered important for nutritional diag-
nosis and also for patient survival. However, depending on the 
moment the patient is evaluated, PG-SGA will not be effective 
to correlate with survival(17,35). It is observed that changes in body 
composition(36), such as body fat in FIGURE 1B, can be related to 
the survival of the patient with CRC.

The comparisons of  nutritional status parameters between 
the patients with advanced CRC and those who were undergoing 
follow-up showed no significant differences in the BMI, PhA, 
%FAT, and serum adiponectin and vitamin D levels between the 
two groups. The PG-SGA score was significantly different between 
the two groups and was an important predictive parameter for 
survival in patients with advanced CRC. We recommend that ad-
ditional studies involving longitudinal monitoring of nutritional 
parameters be performed, in order to determine the sensitivity 
to changes at different time periods and to predict survival. This 
should allow the best treatment plan to be determined based on 
the nutritional status of a patient.
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DESCRITORES – Metástase neoplásica. Neoplasias colorretais. Obesidade. Índice de massa corporal. Adiponectina. Vitamina D
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