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Abstract 

Aim: To estimate the prevalence of iron deficiency in patients diagnosed with colorectal cancer 

(CRC) and to clarify its association with patient- and tumour-related characteristics. 

Method: A single centre registry-based cohort study. Iron status was routinely evaluated upon 

diagnosis of colorectal cancer (CRC) and this data was coupled with patient- and tumour-specific 

data from the Danish Colorectal Cancer group registry (2013-2018). Data were analysed using 

multivariate logistic regression.

Results: Out of 846 patients, 543 (64%) were iron deficient. There was an association between 

increasing depth of  invasion and iron deficiency, with odds-ratios of iron deficiency being 2.8 

(P=0.001 CI 1.5-5.1), 4.22 (P<0.001 CI 2.48-7.18) and 4.63 (P<0.001 CI 2.30-9.34) for T- stage 2, 3 

and 4 respectively. Right-sided tumours had an odds-ratio of 3.54 (P<0.001 CI 2.22-5.67) of iron 

deficiency compared to left sided tumors. Tumours diagnosed through the national CRC screening 

program were less likely to be associated with iron deficiency (OR 0.34, CI 0.22-0.52), while female 

gender was associated with an increase in the odds for iron deficiency (OR 1.91, CI 1.33-2.76). Iron 

deficiency was prevalent in 88% of anaemic patients and 43% of non-anaemic patients. 

Conclusion: Iron deficiency was highly prevalent in patients diagnosed with CRC.  

Increased depth of tumour invasion, right-sided location and female gender were all associated 

with higher odds for iron deficiency, while patients diagnosed through the national screening 

program were associated with lower odds for iron deficiency. A large proportion of patients with a 

normal haemoglobin were also iron deficient. 

What does this paper add to the literature? (max 50 words)

The proportion of CRC patients who are iron deficient was larger than expected. Our study reports 

that the location and the depth of tumour invasion are associated with iron deficiency. This is 

important in understanding the cause and impact of iron deficiency on CRC.. 
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Introduction

Anaemia and iron deficiency are common manifestations of colorectal cancer (CRC). The reported 

prevalence of anaemia at diagnosis of CRC is between 23 and 56 percent, with 70-80 percent due 

to iron deficiency [1–7]. Studies have shown anaemia is associated with an increased risk of 

postoperative complications, mortality and cancer recurrence [8–11] following CRC surgery . Low 

iron stores have even been shown to be a significant risk factor for postoperative infections and 

increased length of hospital stay following gastrointestinal surgery [12].  Iron deficiency may 

adversely affect overall survival, relapse-free survival and  postoperative complication rates  after 

CRC surgery although studies have not reached statistical significance [7,10].  One retrospective 

study has suggested that pre-operative correction of iron levels may reduce the length of stay 

[13]. 

Certain clinicopathological factors are associated with anaemia in CRC patients. These include age, 

American Society of Anesthesiologists (ASA) classification, tumour stage, tumour site, nutritional 

status and ongoing inflammation [5,10,14–18]. Few studies have examined their association  with 

iron deficiency [5,7,10,11]. 

 Iron deficiency in CRC is thought to be caused by intraluminal tumour bleeding, malignancy 

induced inflammation or a combination of both [3,19,20]. Univariate analysis has linked it to 

tumour stage, tumour size, tumour site (right side), higher ASA-classification and female gender 

[7] but this has not been demonstrated when multivariate analysis has been used presumably due 

to the studies being underpowered [5,10]. Differences in terminology and diagnostic criteria for 

iron deficiency can make it difficult to evaluate which variables are associated with iron deficiency.

The aim of this study was to ascertain the frequencies of anaemia and iron deficiency in a 

large consecutive series of patients presenting with CRC and to explore their associations with 

patient and tumour parameters. Our  primary focus was on iron deficiency. 
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Methods

The Esbjerg Colorectal Hematological cohort (ECH-cohort) was initiated in 2013. The protocol for 

the ECH-cohort included iron status upon diagnosis of CRC. We included patients from the ECH-

cohort, diagnosed between March 1st 2013 and December 31st 2018, and registered in the DCCG 

(Danish Colorectal Cancer group) database. The DCCG registry includes adult patients who have 

been diagnosed with their first  colorectal adenocarcinoma (excluding appendiceal cancer), and 

has a patient-completeness of 98.5% [21]. Data retrieved from DCCG included demographical 

information, smoking status, alcohol consumption, ASA classification, the UICC TNM staging 

(Union for International Cancer Control, Tumor Node Metastasis classification), mismatch repair 

(MMR) expression and whether or not the patients has been diagnosed by the national CRC 

screening programme.  The UICC stage was determined as follow: where surgery was performed 

as primary treatment, we used the pTN staging from the pathological report, including the M 

staging when evaluated. For patients who did not undergo surgery and for patients receiving neo-

adjuvant chemotherapy, we used the clinical cTNM,  staging based on the radiological findings at 

diagnosis [22]. The location of the tumour was defined by the histological examination, if not 

available on the clinical assessment. Missing data from the DCCG registry was obtained manually 

pursued from electronic patient medical records. 

Data was integrated with the hospital’s laboratory data (Haemoglobin (Hb), ferritin, transferrin 

saturation (TSAT), albumin, C-reactive protein (CRP) and neutrophil-to-lymphocyte ratio (NLR). 

These values were obtained  from 45 days prior to 20 days after the time of diagnosis to ensure 

the dataset was as complete as possible. Within this time-window, the lowest value of Hb, ferritin 

and transferrin saturation (TSAT) was registered together with the latest analysis of albumin, CRP 

and NLR. The reason for choosing the lowest values of the haematological variables was to 

minimize the risk of any un-recorded oral iron administration as a confounder. Laboratory values 

obtained after the time of any intravenous (i.v.) iron infusions, blood transfusions or operations 

were not included. 

Anaemia was defined according to the World Health Organization criteria as follows: male 

Hb <13.0g/dl (8.1mmol/l) and female Hb <12.0g/dl (7.4mmol/l). Iron deficiency included absolute 
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iron deficiency (plasma ferritin <30µg/l) and functional iron deficiency (plasma ferritin ≥30 µg/l 

and TSAT<20%) [6,[23]. 

Patients were excluded from the study if they had received any blood product transfusion or

 i.v. iron administration up to six months prior to diagnosis. 

Statistical analyses were performed using Stata/IC 16.0 (Stata Corp, Texas, USA). Multivariate 

logistic regression analysisincluded all independent variables  to determine associations with the 

primary outcome ( iron deficiency) and secondary outcome (anaemia).  Statistical significance was 

taken at P≤ 05. 

Prior to the multivariate regression analysis being carried out, the dataset was evaluated for 

missing data. If the proportion of incomplete cases was >5%, multiple imputation was used [24]. If 

any variable data was missing, the reason for this was established. If deamed “missing not at 

random”, it was excluded from the multiple imputation model and the main analysis  [25]. The 

imputation model included all remaining study variables as well as influential auxiliary variables 

identified from the DCCG registry The outcome variable iron status was used in the imputation 

model, but the analysis was made only on the observed values for this variable. We used a chained 

equation imputation model and to test it’s accuracy,  the Monte Carlo method of error analysis 

[26]. 

Results 

Data on 1078 consecutive patients were imported from the DCCG registry. Twenty-two patients 

were excluded due to transfusions with blood products or i.v. iron before the laboratory analyses 

were performed. The remaining 1056 patients were included in this study. Laboratory work-up for 

iron deficiency was available for 846 patients, of which 543 (64,2%) were classified as being iron 

deficient. The univariate statistical analysis of demographic factors is shown in Table 1, and of 

tumour specific and laboratory variables in Table 2.A
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Table 1. Demographics variables

no-ID ID P-value

Individuals, n (%) 303 (35.8) 543 (64.2)

Gender, n (%)

Female 94 (26.3) 263 (73.7)

Male 209 (42.7) 280 (57.3) <.001a

Age in years, median (IQR) 70 (63-75) 73 (66-80) <.001b

Diagnosed through screening, n (%)

No 188 (28.4) 475 (71.6)

Yes 115 (62.8) 68 (37.2) <.001a

Smoking status, n (%)

Non smoker 103 (34.3) 197 (65.7)

Former smoker >8weeks since smoking 112 (38.4) 180 (61.6)

Active smoker 56 (39.4) 86 (60.6) .47a

Alcohol consumption, n of units (%)

0 52 (27.2) 139 (72.8)

1-14 198 (37.9) 324 (62.1)

15-21 12 (38.7) 19 (61.3)

>21 16 (53.3) 14 (46.7) .01a

BMI, mean (SD) 26.74 ( 4.71) 25.88 (4.97) .01c

ASA classification, n (%)

ASA 1 58 (47.9) 63 (52.1)

ASA 2 164 (38.4) 263 (61.6)

ASA 3 67 (27.6) 176 (72.4)

ASA 4+5 4 (23.5) 13 (76.5) <.001a

ID (Iron deficiency), ASA (American Society of Anesthesiologist)

a) Chi2 test of independence

b) Mann-Whitney-U test

c) Paired students t-test 

Table 2. Tumour-specific and laboratory variables
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no-ID ID P-value

Individuals, n (%) 303 (35.8) 543 (64.2)

Tumor location, n (%)

Cecum 20 (18.3) 89 (81.7)

Ascending colon 11 (14.1) 67 (85.9)

Hepatic flexure 7 (13.2) 46 (86.8)

Transverse colon 12 (22.2) 42 (77.8)

Splenic flexure 10 (47.6) 11 (52.4)

Descending colon 12 (46.2) 14 (53.8)

Sigmoid colon 109 (44.1) 138 (55.9)

Rectum 120 (47.6) 132 (52.4) <.001a

T-category, n (%)

T1 87 (71.3) 35 (28.7)

T2 58 (43.3) 76 (56.7)

T3 122 (28.6) 304 (71.4)

T4 30 (23.1) 100 (76.9) <.001a

N-category, n (%)

N0 191 (41.3) 271 (58.7)

N1 65 (33.2) 131 (66.8)

N2 41 (27.3) 109 (72.7) .004a

M-category, n (%)

M0 275 (39.2) 427 (60.8)

M1 28 (19.6) 115 (80.4) <.001a

UICC-stage, n (%)

UICC 1 119 (59.2) 82 (40.8)

UICC 2 65 (28.0) 167 (72.0)

UICC 3 87 (34.1) 168 (65.9)

UICC 4 28 (19.6) 115 (80.4) <.001a

Miss Match Repair status, n (%)

MMR-proficient 277 (40.3) 410 (59.7)

MMR-deficient 18 (14.5) 106 (85.5) <.001a

Albumin, median (IQR) 41 (38-43) 38 (34-41) <.001b

Neutrophil to lymphocyte ratio, median (IQR) 2.76 (1.94-5.80)) 3.56 (2.32-5.99) .07b

C-reactive peptide, median (IQR) 4.50 (2.1-21) 11.00 (3-36.5) .004b

ID (Iron deficiency), UICC (The Union for International Cancer Control), MMR (Mismatch repair)

a) Chi2 test of independence

b) Mann-Whitney-U test

Missing data analysis was performed on the entire cohort (n=1056). The variables NLR and CRP 

had missing data in more than 50% of subjects. Due to the fact that they were not routinely 

measured, we suspected these variables were “missing not at random”. Accordingly, they were 

not included in the imputation process or main analysis.

Overall there was complete data on 558 (53%) patients.  Values for the variables smoking status, 

alcohol consumption and serum-albumin were missing in 12-18% of the cases. For all other 

parameters, the proportion of missing data was < 10%. Based on the number of incomplete cases, 
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we initially ran 50 imputations, increasing this to 90, to satisfy our criteria for a successful and 

reproducible imputation model. . For all variables, the Monte Carlo error of a coefficient was <10% 

of it’s standard error, T-statistic < 0.1 and for the significant variables, the Monte Carlo value was 

P<0.01. Four auxiliary variables were included in the imputation process.

The multivariate logistic regression (overall model F-test P<0.001) showed a significant association 

between iron-deficiency and five variables (Table 3). 

 For tumours located at the splenic flexure, descending colon, sigmoid colon or the rectum, the 

odds of iron deficiency were all lower when compared to the caecum, the ascending colon and the 

hepatic flexure individually (comparison to caecum is depicted in Table 3). No significant 

differences were found between segments of the right (caecum to hepatic flexure) or left side 

(splenic flexure to rectum).  Taken as a whole,right sided tumours were more likely to be 

associated with iron deficiency compared with those on the left (OR: 3.54 (P<0.001, CI 2.22-5.67) 

 The T-stage was significantly associated with iron deficiency each having significantly higher odds 

of iron deficiency than T1 (Table 3). Although the trend was for the odds to increase with each T-

stage increment. this did not reach statistical significance when comparing T2 and T3 or T3 and T4. 

A total of 398 (47%) patients were anaemic at the time of diagnosis. We found that 88% (350/398) 

of the anaemic patients and 43% (193/448) of the non-anaemic patients were iron deficient. ASA-

classification, tumour location and iron status were all significantly associated with anaemia in 

multivariate logistic regression (overall model F-test, P<0.001) (Table 4).  

Table 3 Multivariate analysis of variables associated to iron deficiency

Clinicopathological factors Odds ratio 

(95% conf. interval)

P-values

Individuals, (n 846)

Age 0.99 (0.98-1.01) .57

Gender

Female 1.91 (1.33-2.76) .001
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Screening

Yes 0.34(0.22-0.52) <.001

Smoking

Non-smoker

Former smoker 

Smoker 

-

0.90 (0.60-1.35)

0.74 (0.44-1.24)

-

.60

.26

Alcohol, n of units

0

1-14

15-21

>21

-

0.80 (0.52-1.22)

0.95 (0.39-2.36)

0.43 (0.17-1-08)

-

.30

.92

.07

BMI 0.99 (0.96-1.03) .74

ASA-classification

1

2

3

4+5

-

1.33 (0.80-2.20)

1.58 (0.87-2.87)

1.01 (0.24-4.16)

-

.27

.13

.99

MMR status

MMR-proficient

MMR-deficient

-

1.45 (0.75-2.81)

-

.27

Location

Cecum

Ascending colon

Hepatic flexure

Transverse colon

Splenic flexure

Descending colon

Sigmoid colon

Rectum

-

0.99 (0.41-2.39)

0.90 (0.33-2.50)

0.56 (0.23-1.38)

0.22 (0.07-0.68)

0.26 (0.09-0.76)

0.34 (0.18.0.63)

0.23 (0.12-0.44)

-

.98

.84

.21

.01

.01

.001

<.001

T-category

T1

T2

T3

T4

-

2.80 (1.54-5.09)

4.22 (2.48-7.18)

4.63 (2.30-9.34)

-

.001

<.001

<.001

N-category

N0 - -
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N1

N2

0.92 (0.60-1.42)

1.17 (0.69-1.98)

.72

.57

M-category

M0

M1

-

1.40 (0.82-2.39)

-

.22

Albumin level 0.95 (0.92-0.99) .02

BMI(Body Mass Index), ASA(American Society of Anesthesiologist), MMR(Mismatch repair)

Table 4 Multivariate analysis of variables associated to anemia 

Clinicopathological factors Odds ratio 

(95% conf. interval)

P-values

Individuals, (n 846)

Age 1.02 (0.99-1.04) .16

Gender

Female 0.40 (0.26-0.64) <.001

Screening

Yes 0.60 (0.34-1.06) .08

Smoking

Non-smoker

Former smoker 

Smoker 

-

1.01 (0.63-1.61)

0.64 (0.34-1.20)

-

.98

.16

Alcohol, n of units

0

1-14

15-21

>21

-

0.80 (0.49-1.31)

1.02 (0.34-2.99)

0.26 (0.08-0.89)

-

.37

.98

.03

BMI 0.95 (0.91-0.997) .04

ASA

1

2

3

4+5

-

1.80 (0.94-3.45)

2.77 (1.32-5.81)

0.72 (0.15-3.39)

-

.07

.01

.67

MMR status

MMR deficient 1.58 (0.84-2.97) .16
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BMI(Body Mass Index), ASA(American Society 

of Anesthesiologist), MMR(Mismatch repair)

Discussion

In our cohort of CRC patients, 64% 

were iron deficient at diagnosis. The 

multivariate analysis demonstrated  

iron deficiency to be significantly 

associated with tumour location, 

tumour invasion depth, gender, 

albumin level and whether or not 

patients were diagnosed through the 

CRC screening-programme. 

In our study, increased depth of 

tumour invasion was more likely to be 

associated with iron deficiency. This  agrees with other published studies [5,7,10,11] and supports 

the theory that it is the endoluminal haemorrhage in more invasive tumours which causes iron 

deficiency. Interestingly and agreeing with the above theory, the presence of lymph node or 

distant metastases was not associated with iron deficiency. 

Patients with right sided tumours were more likely to be iron deficient than those with left sided 

disease. This is consistent with previous studies  [5,7,14].   According to our multivariate analysis, 

this was not a result of more advanced tumors being located in the right side. . In trying to explain 

this relationship, we note that right-sided tumours have been associated with an increased 

systemic inflammation  [27]. Since this can cause iron deficiency and has been correlated with 

microcytic anemia in CRC [10], we hypothesize that this might also be a reason  for a difference in  

Location

Cecum

Ascending colon

Hepatic flexure

Transverse colon

Splenic flexure

Descending colon

Sigmoid colon

Rectum

-

1.09 (0.44-2.71)

0.58 (0.23-1.47)

0.79 (0.31-2.06)

0.38 (0.09-1.67)

0.16 (0.05-0.55)

0.17 (0.08-0.35)

0.18 (0.09-0.37)

-

.85

.25

.63

.20

.004

<.001

<.001

T-category

T1

T2

T3

T4

-

1.53 (0.64-3.72)

1.79 (0.80-3.96)

1.37 (0.53-3.58)

-

.34

.16

.52

N-category

N0

N1

N2

-

1.38 (0.82-2.30)

1.33 (0.71-2.49)

-

.22

.37

M-category

M0

M1

-

1.38 (0.76-2.51)

-

.29

Albumin level 0.78 (0.73-0.83) <.001

Iron deficiency 6.80 (4.12-11.21) <.001
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iron deficiency between right- and left-sided tumours.. Since we were unable to include CRP or 

NLR in our analysis we were unable to explore this theory. 

Patients diagnosed through the national screening program were less likely to be iron deficient, 

even after age, gender, tumour stage etc. were included in the multivariate analysis. We do not 

anticipate a causal relationship, so it may be that  patients or tumours diagnosed via screening 

may differ by clinicopathological factors not accounted for by the variables included in our 

analysis. 

In our study females were more likely to be iron deficient. This is interesting because the majority 

were likely to be postmenopausal and so a lower ferritin could not be explained by menstruation. 

This finding has been previously reported.  In a study of adults in Korea, females were more likely 

to have a  lower baseline ferritin level even after correction for the menopause when compared 

with males [28].  The reasons for this is unclear, and as discussed in  one review it is uncertain if 

this is due to physiological differences in baseline levels between the sexes or if females simply are 

more iron deficient. [29]. 

There is a clear, one-way causal progression from iron deficiency to the development of anaemia 

and therefore anemia was not included as an independent/predictor variable in the regression 

analysis. Instead, we included iron deficiency in a second regression analysis on anaemia, so 

respecting the direction of causality. Iron deficiency was the strongest predictor of anaemia while 

neither the T, N or M-stage had a significant association. This suggests that the often observed 

association between anaemia and invasion depth is in fact due to iron deficiency in line with our 

causality model i.e. more invasive tumours are more haemorrhagic [5,8,17]. 

Iron deficiency was found in 64% of the patients at the time of diagnosis.  Considering that more 

than 20% of our patients were diagnosed through the national screening program and given our 

rigorous diagnostic criteria for iron deficiency, this is interesting and higher than expected from 

previous reports [5,7,10,30]. The impact of iron deficiency on CRC is unclear. Whether iron 
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deficiency has a negative impact on CRC outcome or serves as a defense mechanism, protecting 

against iron induced tumour growth remains to be determined [31,32].  Our findings give guidance 

on important co-variates to be included in future studies aimed at further exploring this 

relationship.  

Although this study benefits from the fact that the study group is a large consecutive cohort from 

a single institution and with good data collection,  there are a number of weaknesses.  

 Iron status was not available on all patients and likely due to the fact that our protocol targeted 

patients diagnosed with CRC at endoscopy and may have missed polyp cancers and those 

presenting as emergencies.  Patients with T1 disease were indeed more likely to have no iron 

status recorded although there still remained a reasonable number to include in our analysis 

(Table 2). Similarly we did not identify the presence of chronic or hereditary blood disorders (eg 

sickle cell disease, thalassemia or chronic hemolytic syndrome).  These disorders are extremely 

rare in the Danish colorectal cancer population and we would not have expected this to have 

influenced our results.  Similarly, patients with  synchronous cancers  were not identified  in our 

study and although only found in  1.3% of Danish CRC patients, this may also be considered a 

weakness in our design [33].  Finally this is a retrospective register-based study with missing data 

more a problem than would be seen in a protocolled prospective study. We  recognized this and 

tried to increase the power of the study and reduce bias by manually pursuing missing data from 

electronic medical records and by performing multiple imputations. 

This study confirms that the location and the depth of invasion of the tumour are associated with 

iron deficiency. Since 88% of CRC patients with anaemia are iron deficient, any future study 

looking at the impact of iron deficiency and of preoperative iron therapy on health outcome will 

necessarily require large sample sizes. That 43% of CRC patients who were not anaemic were in 

fact iron deficient, makes future studies within this subgroup ideal for examining the effects of 

iron deficiency on CRC outcomes, independent from anemia. 
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