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Abstract
Background

Obesity is a known risk factor of colorectal cancer (CRC); however, the relationship between obesity and
clinicopathologic characteristics and prognosis of CRC remains unclear. This study aimed to investigate the
relationship between body mass index (BMI) and clinicopathological and prognostic factors of CRC in Saudi
Arabia.

Method

This was a retrospective cross-sectional study of patients with CRC diagnosed between 2014 and 2018 at
King Abdulaziz University Hospital in Jeddah, Saudi Arabia. BMI was calculated by dividing the patient’s
weight in kilograms by height in meter squared and was classified according to the World Health
Organization criteria. Statistical tests, including analysis of variance and chi-square tests, were used to
investigate the relationship of each BMI category with clinicopathologic (histological type, degree of
differentiation, tumor location, and medical comorbidities) and prognostic variables (TNM stage, lymph
nodes involvement, and lymph nodes yield).

Results

Of 233 patients who were included, 60.1% were male and 39.9% were female patients, with a mean age
(standard deviation) of 58.8 + 13.7 (range: 26-99) years. The median BMI was 26.5 kg/mz. Overall, 3%, 34.3%,
33.0%, and 29.6% patients were classified as underweight, normal weight, overweight, and obese,
respectively. Furthermore, 57.1% (4/7), 39.2% (31/80), 38.7% (29/77), and 25.8% (17/69) of underweight,
normal, overweight, and obese patients had Stage IV disease (p = 0.20). Of 16 patients with transverse colon
cancer, 8 (50%) were obese (p = 0.38), and 1 (6%), 5 (31%), and 2 (13%) were underweight, normal weight, and
overweight, respectively.

Conclusion

Underweight patients are more likely to present with metastatic CRC, while obese patients are more likely to
present at earlier stages, although the difference was not statistically significant. BMI is not related to lymph
node yield, histological type, or the degree of differentiation.
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Introduction

Colorectal cancer (CRC) is the third most common malignancy and the fourth most common cause of cancer
deaths worldwide [1]. In Saudi Arabia, CRC was the first and third most common malignancy among men and
women, respectively, in 2012 [2]. Several factors such as smoking, high consumption of red and processed
meat, history of inflammatory bowel disease, personal or family history of CRC, and obesity have been found
to be associated with a higher risk of CRC [3].

Obesity is a growing public health concern worldwide. In 2013, obesity was prevalent in approximately 30%
of adult men and almost 15% of adult women [4]. Obesity is a major modifiable contributing factor of the
incidence of various types of cancers, including colon cancer, which is considered to be the second most
common obesity-related cancer [5]. Increasing evidence supports the relationship between body mass index
(BMI) and the increased risk of colorectal adenoma [6] and CRC [7]. Additionally, a study found that
overweight and obesity in adolescence are associated with the development of colon cancer in later life [8]. A

systematic review and meta-analysis of prospective observational studies showed that a S-kg/m2 increase in
BMI was significantly associated with the development of colon cancer [7].
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In addition to predisposing individuals to CRC, patients with obesity and CRC are found to have lower
survival rates than those in other BMI groups [9,10]. A meta-analysis that compared outcomes between
obese and non-obese patients undergoing surgery for CRC demonstrated a higher probability of lymph node
metastases, lower lymph node yield, and more challenging resections in obese patients [11]. However, a
recent study also found that overweight and obese patients were less likely to have advanced stages of CRC
and had higher overall and cancer-specific survival rates [12]. Additionally, overweight but not obese
patients with CRC had better overall prognosis than those in other BMI categories [13]. Based on these
conflicting findings, the relationship between BMI and CRC outcomes remains unclear to date. As such,
several studies have investigated whether obese patients have a higher risk of developing CRC within certain
subsites of the colon or rectum compared with normal-weight patients. However, the results have been
inconsistent [9,14].

To the best of our knowledge, no previous studies in Saudi Arabia have investigated clinicopathological and
prognostic factors of CRC according to different BMI groups. Thus, this study aimed to examine the
relationship of BMI with clinicopathological and prognostic factors of patients with CRC in Jeddah, Saudi
Arabia.

Materials And Methods
Study design and patients

This single-center retrospective study was approved by the institutional ethics committee of King Abdulaziz
University Hospital (KAUH) and obtaining informed consent was waived.

We evaluated patients who were diagnosed with CRC between 2014 and 2018 and who underwent surgery at
KAUH (n = 1,064), a tertiary healthcare center. Patients with confirmed CRC via colonoscopy were eligible.
The exclusion criterion was missing data on weight, height, and tumor stage. A total of 233 patients were
enrolled in the study. Data were collected from medical records. Staging was performed according to the
TNM classification 7th edition by The American Joint Committee on Cancer [15]. Height and weight were
recorded at the time of presentation. BMI was calculated by dividing weight in kilograms with height in

meters squared (BMI = kg/m?) and was classified according to the World Health Organization criteria as
follows: underweight, <18.5 kg/mz; normal weight, 18.5-24.9 kg/mz; overweight, 25-29.9 kg/mz; and obese,
>30 kg/m? [16].

Statistical analysis

Data were entered in Microsoft Excel for analysis. Qualitative variables (sex; presence of comorbidities;
tumor location; pathological characteristics including histological type, degree of differentiation, tumor
extent [T], lymph node involvement [N], and presence of metastasis) are presented as frequencies.
Meanwhile, quantitative variables (age at presentation, weight, height, and BMI) are presented as measures
of central tendency (means and standard deviation (SD), or median and interquartile range (IQR)). A
different bivariate chi-square test and analysis of variance (ANOVA) were used to analyze the relationship
between two categorical variables, while ANOVA was used to analyze the relationship between categorical
and numerical variables. All statistical analyses were performed using IBM SPSS Statistics for Windows,
version 21 (IBM Corp., Armonk, NY). A p-value <0.05 was considered significant.

Results

In total, 233 patients were included, of whom 60.1% and 39.9% were male and female patients, respectively.
The mean age (standard deviation [SD]) at diagnosis was 58.8 + 13.7 (range: 26-99) years. The mean [SD]
height was 162.3 * 8.8 cm, and the mean (SD) weight was 72.2 + 16 kg. The median BMI for the overall cohort

was 26.5 kg/mz, with male and female patients having mean BMIs of 25.9 kg/m 2and 28.3 kg/mz, respectively.
Overall, 34.33% patients had normal BMI, 33.04% were overweight, 29.61% were obese, and 3% were
underweight. Patient characteristics are shown in Table /. Medical comorbidities were present in 35.6%
patients, and the most frequent comorbidities were diabetes mellitus, hypertension, and ischemic heart
disease.
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Age at diagnosis (mean, + SD)

Sex, n (%) Male Female

Weight, kg (mean, + SD)

Height, cm (mean, + SD)

BMI, kg/m? (median, = [IQR])

Underweight (BMI <18.5,n =7)

77.6+9.38

57.142.9

441 6.1

160.2 = 8.8

17.0x0.8

Normal weight (BMI 18.5-24.9, n = 80)

581 +16.5

66.333.8

59.5+8.7

162.8 +10.1

228+23

Overweight (BMI 25.0-29.9, n = 77)

58.8 +12.0

63.6 36.4

72682

163.3+8.4

27.2x25

TABLE 1: Patient characteristics according to BMI category

BMI, body mass index; SD, standard deviation; IQR, interquartile range

Obese (BMI 230, n = 69)

58.5+10.9

49.350.7

89.4x11.7

160.8 7.5

341 +55

Total (n = 233)

58.8 x13.7

60.139.9

72.2+16.0

162.3+ 8.8

26577

In the bivariate analysis, the BMI category was not significantly associated with age at diagnosis (p =0.111)
or the presence of other medical comorbidities (p = 0.317). Adenocarcinoma was the most common
histopathological type among all BMI groups, accounting for 85.7%, 85%, 87%, and 85.5% of all cases in the
underweight, normal weight, overweight, and obese groups, respectively. The tumor characteristics with
respect to the BMI groups are shown in Table 2. The sigmoid colon was the most frequent cancer site

(27.8%), followed by the rectum (21%), and rectosigmoid (15%). The distribution of the tumor sites according
to BMI categories is shown in Table 2.
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P-value

N (%)

Histological type 0.91

Adenocarcinoma

Intramucosal carcinoma

Mucinous Adenocarcinoma

Neuroendocrine carcinoma

Signet ring cell adenocarcinoma

Degree of differentiation 0.71

Well-differentiated

Moderately differentiated

Poorly differentiated

TNM stage 0.20

Stage |

Stage Il

Stage Il

Stage IV

Lymph node involvement 0.94

NO

N1

N2

Lymph node yield 0.89

Examined

Affected

Tumor location 0.38

Ascending colon

Cecum

Descending colon

Rectosigmoid

Rectum

Sigmoid

Transverse

Comorbidities 0.317

Present

Absent

Underweight (BMI <18.5 kg/m?)

7(3.0)

6(85.7)

1(14.3)

2(0.9)

5(2.2)

0(0)

1(14.3)

1(14.3)

1(14.3)

4(57.1)

4(57.1)

2(28.6)

1(14.3)

Mean: 17.14 = 3.44

Median:

1(14.3)

1(14.3)

1(14.3)

1(14.3)

2(28.6)

1(14.3)

3(3.6)

4(3.0)

Normal weight (BMI 18.5-24.9 kg/m)

80 (34.3)

68 (85.0)

11(13.8)

1(1.3)

6(2.6)

65 (28.6)

6(2.6)

11 (13.9)

18 (22.8)

19 (24.1)

31(39.2)

41 (51.3)

21 (26.3)

18 (22.5)

Median: 14.00 = 11.0

Median: 0.0 = 3.0

4(5.0)

12 (15.0)

5(6.3)

15(18.8)

22 (27.5)

17 (21.3)

5(6.3)

22 (26.5)

50 (37.9)

Overweight (BMI 25-29.9 kg/m?)

77 (33.0)

67 (87.0)

9(11.7)

1(1.3)

10 (4.4)

59 (26.0)

5(2.2)

7003

29 (38.7)

10 (13.3)

29 (38.7)

44 (57.1)

20 (26.0)

13(16.9)

Median: 13.50 + 14.3

Median: 0.00 = 2.0

8(10.4)

10 (13.0)

6(7.8)

10 (13.0)

15(19.5)

26 (33.8)

2(2.6)

29 (34.9)

44 (33.3)

TABLE 2: Tumor characteristics according to BMI category

BMI, body mass index

Obese BMI (=30 kg/m?)

69 (29.6)

59 (85.5)

1(1.4)

7(10.1)

1(1.4)

8(3.5)

56 (24.7)

5(2.2)

13(19.7)

18 (27.3)

17 (25.8)

17 (25.8)

38 (55.1)

15 (21.7)

16 (23.2)

Mean: 15.67 = 7.30

Median 0.0 = 3.0

11(15.9)

4(5.8)

6(8.7)

9(13.0)

11(15.9)

20 (29.0)

8(11.6)

29 (34.9)

34 (25.8)

Total

233 (100)

200 (85.8)

1(0.4)

28 (12.0)

1(0.4)

2(0.9)

26 (11.5)

185 (81.5)

16 (7.0)

32(14.2)

66(29.2)

47 (21.0)

81(36.0)

127 (54.5)

58(24.9)

48 (20.6)

Median: 14.00 = 11.00

Median: 0.0 + 2.0

24(10.3)

27 (11.6)

17.(7.3)

35 (15.0)

49 (21.0)

65(27.9)

16 (6.9)

83(38.6)

132 (61.4)
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Of 16 patients with transverse colon cancer, 8 were obese (50%), and 1 (6%), 5 (31%), and 2 (13%) patients
were underweight, normal weight, and overweight, respectively, as shown in Figure /. The median lymph
node yield was 14, and the values were relatively comparable among all BMI categories (Table 2). In total, 17
of 69 obese patients (25.8%) had Stage IV disease. Meanwhile, 57.1%, 39.2%, and 38.7% of underweight,
normal, and overweight patients, respectively, had Stage IV disease. There were 128 (57%) patients with
advanced tumor stage (III and IV) at the time of diagnosis. Of those patients, 81 (36%) had distant
metastasis (Table 2, Figure 2). The tumor stage was not related to the BMI category in the bivariate analysis.
Similarly, there was no statistically significant relationship between BMI category and the histopathological
type, tumor location, degree of differentiation, lymph node yield, or the number of involved lymph nodes
(N) (Table 2).

Tumor site frequencies by BMI category % (n)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Cecum Ascending Transverse Descending Rectosigmoid Rectum Sigmoid colon
colon colon colon

M Normal BMI 1% Overweight M Obese M Underweight

FIGURE 1: Tumor site frequencies by BMI category

BMI, body mass index
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FIGURE 2: TNM stage by BMI category

BMI, body mass index; TNM, tumor node metastasis

Discussion

Although obesity is an established risk factor for CRC, the relationship between BMI and clinicopathologic
characteristics (histological type, degree of differentiation, tumor location, and medical comorbidities) and
prognostic factors (TNM stage, lymph nodes involvement, and lymph nodes yield) in patients with CRC
remains unclear to date. In this study, we found no relationship between BMI category and the tumor stage.
However, metastatic disease was more frequent in normal weight and overweight patients than in obese
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patients. This could be explained by different factors. First, rapid unintentional weight loss is expected in
advanced-stage disease [12], making the certainty of the actual patient’s weight, and therefore BMI,
questionable. Second, malignancy-related catabolic states, cachexia, and poor nutritional status of patients
would ultimately negatively affect immune response that could consequently lead to further progression of
the disease [17]. Finally, the proposed protective gene expressions and behavioral tumor features related to
high BMI could be another explanation [18].

Our findings are consistent with those of other studies that showed a lack of significant relationship
between BMI and tumor stage [12,19]; however, this relationship was clinically appreciable. In one study, no
reported obese patient had advanced cancer stage [19]. These findings could, in part, be explained by the
obesity paradox reported in several studies, in which overweight and obese patients had better survival rates
than their normal and underweight counterparts [20]. In contrast, obesity has also been reported to be an
adverse factor in patients with CRC, with obese patients presenting with advanced tumor stage at diagnosis
[21]. A large prospective cohort study concluded that high BMI and other anthropometric measures were
significantly associated with advanced-stage CRC in both sexes, with the association being more significant
in males [22]. A meta-analysis of 29 studies concluded that the timing of BMI measurement was an
important factor to be considered when taking into account the prognosis of patients with CRC and showed
that pre-diagnostic obesity increased overall mortality, while post-diagnostic overweight improved survival
[23]. These conflicting results are possible because of the complexity and diversity of the involved factors of
CRC pathogenesis and its clinical assessment.

Lymph node yield is an important predictor of survival and patient outcomes. A systematic review found
that high lymph node yield is associated with better survival [24]. In general, at least 12 lymph nodes are the
minimum accepted yield of CRC surgery. In this study, the median lymph node yield was 14, and there was
no significant difference in the lymph node yield among the BMI categories (p = 0.89). Importantly, there
was no significant relationship between BMI category and the number of involved lymph nodes (p = 0.94). In
contrast, some studies found a significantly higher number of involved lymph nodes in obese patients with
colon cancer than in patients with normal BMI [25]. In addition, a 2017 meta-analysis showed a higher
probability of lymph node metastasis in patients who are obese than in those in lower BMI categories [11].

In this study, the sigmoid colon was the most prevalent tumor site, accounting for 65 of 233 cases.
Meanwhile, the least common site was the transverse colon (16/233). Surprisingly, there was no significant
relationship between the tumor site and all BMI categories (p = 0.38). This is in contrast to the findings of a
systematic review and meta-analysis that showed a relationship between high BMI and distal colon cancer;
however, this relationship was not strong [26]. Tumor grade (degree of differentiation) has been shown to be
an independent variable to predict the prognosis of colon cancer [27]. Leptin, a hormone that increases in
response to increased body fat percentage [28], was found to be overexpressed in patients with moderately
differentiated CRC and was found to be in low concentration or absent in patients with normal colonic
tissues in one study [29]. These findings indicate that leptin may play a role in colorectal carcinogenesis;
however, a causal relationship was still not determined. The majority (81.5%) of our patients had moderately
differentiated CRC, and only 11.5% and 7% of patients had well and poorly differentiated tumors,
respectively. Furthermore, we did not determine a relationship between tumor grade and BMI categories (p
=0.71). This finding is in line with the results of a meta-analysis that included 29 studies and found no
significant difference in the CRC grade between obese and non-obese patients [11]. Meanwhile, a study
conducted in Spain found that overweight and obese patients with colon cancer had more poorly
differentiated tumors than their normal-weight counterparts. However, this relationship was not found in
patients with rectal cancer [19]. The current evidence does not suggest the presence of a relationship
between BMI and tumor grade.

The histopathological variants of CRC are closely associated with the rate of tumor growth and degree of
differentiation and can thus be used to predict its prognosis. In the current study, the most prevalent
histopathological type was adenocarcinoma (200/233 patients, 85.8%). Our results showed no relationship
between BMI and histopathological types (p = 0.91).

This study had some limitations, including a small sample size. Additionally, the causation relationship
between the variables were not identified owing to the descriptive design of the study. Despite these
limitations, we believe that this study remains valuable because to the best of our knowledge, this is the first
study to investigate the relationship of BMI with clinicopathological and prognostic factors of CRC in Saudi
Arabia. Studies with larger sample sizes are needed to validate our findings. Future studies also need to
measure body composition using waist circumference and/or the waist-to-hip ratio instead of BMI, given
that central obesity is a stronger predictor for the risk of colon cancer [30]. Studies with a prospective design
and larger sample sizes are also recommended to better establish the effect of BMI on CRC. Moreover, the
prognostic effect of comorbidities on CRC should be investigated because the findings may provide useful
data related to screening and early detection.

Conclusions

Patients with transverse CRC are more likely to be obese, while underweight patients are more likely to
present with Stage IV disease, indicating that patients in this BMI group may have the worst prognosis.
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However, BMI is not related to lymph node yield, histological type, or the degree of differentiation. These
findings can be helpful for the development of a more individualized approach to patient management based
on patients’ BMI. Future studies should measure body composition with tools that reflect visceral obesity
more accurately than BMI to investigate the effect of body composition on CRC.
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