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Abstract
Purpose: Decreased iron absorption is one of the most important post-gastrectomy complications. We
identi�ed risk factors for ferritin depletion in post-gastrectomy gastric cancer patients with normal
baseline ferritin levels.

Material and Methods: Among 716 patients who underwent curative gastrectomy for gastric cancer
during April 2009–August 2016, 445 were enrolled in the study. They were followed up for ≥3 years
without recurrence and without baseline ferritin depletion (FD) (≥15 µg/L). Based on postoperative FD,
the patients were divided into the ferritin non-depletion (FnD) (n=199) and FD (n=246) groups. Risk factor
analysis for FD was performed using clinicopathologic and surgical factors, baseline ferritin levels, and
pre-menopausal patient (PMP).

Results: PMP (FD vs. FnD=27 [13.6%] vs. 13 [5.3%], P=0.004), non-smoking history (FD vs. FnD=48
[24.1%] vs. 84 [34.1%], P=0.028), duodenal bypassing reconstruction (FD vs FnD=160 [80.4%] vs. 163
[66.3%], P=0.001) and lower baseline ferritin with cut-off 55.7 µg/L were signi�cant risk factors for FD.
Multivariate analysis revealed that PMP, type of reconstruction method, and baseline ferritin level were
independent risk factors. FD in the postoperative period differed signi�cantly according to risk categories
(low-risk group: 0-1 risk factors, high-risk group: 2-3 risk factors). Regarding long-term nutritional aspects,
no signi�cant difference existed between the groups with respect to weight changes, but hemoglobin
levels were signi�cantly lower in the FD group.

Conclusion: Postoperative FD is a common post-gastrectomy complication in gastric cancer patients.
PMP, food passage through the duodenum, and baseline ferritin level can be used to predict postoperative
FD.

Introduction
Biennial national screening programs for gastric cancer, in Korea, enable its early detection. Although the
number of early gastric cancer patients has increased, the survival rate has also improved [1, 2]. As the
number of long-term survivors increases, the main interest of postoperative gastric cancer patients has
moved toward quality of life, such as nutritional maintenance, rather than survival.

Iron de�ciency is one of the most common nutritional issues after gastrectomy. Iron is an essential
component of hemoglobin, a part of red blood cells that carry oxygen throughout the body. Iron de�ciency
can lead to reduced production of red blood cells, resulting in oxygen de�ciency. Iron is primarily
absorbed in the duodenum and the proximal jejunum. Additionally, dietary iron commonly binds to
proteins and is cleaved by the action of gastric acid [3, 4]. The transit time of food through the intestine
affects the time required for iron absorption. Therefore, iron absorption may be further decreased in post-
gastrectomy patients.
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The association of iron depletion with the extent of gastrectomy and the method of reconstruction has
been investigated. The incidence of anemia is higher in patients who undergo total gastrectomy than in
those who undergo subtotal gastrectomy. Furthermore, among total gastrectomy patients, those with a
jejunal pouch interposition show higher iron concentration than those with Roux-en-Y reconstruction.
Patients with Billroth-I subtotal gastrectomy have higher iron levels than patients with Billroth-II subtotal
gastrectomy [5].

Iron absorption is multifactorial, and ferritin levels are affected by several conditions. Conditions that
may cause high ferritin levels are liver disease, rheumatoid arthritis, in�ammatory conditions,
hyperthyroidism, and some types of cancer [6]. Preoperative gastric cancer patients sometimes show low
ferritin levels due to nutritional de�ciency or bleeding.

Among the variable laboratory measures that indicate iron de�ciency, ferritin level is the most sensitive
and speci�c index of iron storage, despite its multifactorial nature [7]. Thus, ferritin levels and other
factors that may affect its levels, such as nutritional status, need to be investigated. Some post-
gastrectomy patients have a ferritin de�ciency, but they do not have anemia. This may be the result of
various coexisting circumstances [8].

While previous studies have regarded ferritin level as an incidental factor of post-gastrectomy anemia, we
only focused on ferritin depletion (FD). This study aimed to investigate ferritin levels in post-gastrectomy
patients, as well as their in�uencing factors. To rule out the effects of in�ammatory conditions or
postoperative recurrence on changes in ferritin levels, we only included patients with normal baseline
ferritin levels who were followed up every 6 months for 3 years postoperatively without gastric cancer
recurrence.

Material And Methods

Study Design and Patients
This retrospective study evaluated 716 patients who underwent gastrectomy for gastric cancer by a
single surgeon at Yeouido St. Mary’s Hospital between March 2009 and July 2016. Among them, we
excluded 172 patients with disease-free survival shorter than 36 months because of recurrence or follow-
up loss (n = 160), patients who underwent preoperative chemotherapy (n = 5), patients who underwent
wedge resection (n = 3), and patients who received a total gastrectomy (n = 4). Among the remaining 544
patients, we further excluded 99 patients with baseline ferritin levels < 15 µg/L, and patients who were not
available for follow-up ferritin levels. Baseline ferritin level was de�ned as the ferritin level preoperatively,
or 6 months postoperatively.

Finally, 445 patients were included in the study. They were divided into the ferritin non-depletion (FnD) (n 
= 199) and FD (n = 246) groups according to the postoperative ferritin level. The patients were managed
according to routine postoperative care plans and were followed every 6 months for 3 years. Early gastric
cancer patients were followed up annually, while advanced gastric cancer patients were followed up every
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6 months for 2 years. Body weight, hemoglobin level, and ferritin level at postoperative 12, 18, 24, 36, 48,
and 60 months were measured at each visit.

Data Collection and Variable De�nitions
The patients’ baseline clinicopathological characteristics, including smoking and alcohol history, surgical
procedures, extent of resection, and type of anastomosis, were investigated. FD was de�ned as a follow-
up ferritin level < 15 µg/L at any period, regardless of recovery after depletion. Surgical resection was
categorized as distal, total, proximal, and pylorus-preserving gastrectomy. Meanwhile, surgical
reconstruction was classi�ed as Roux-en-Y, Billroth-I, Billroth-II, double tract, lower esophageal sphincter-
preserving esophagogastrostomy, and gastrogastrostomy.

Risk Factor Analysis
Univariate risk factors for FD were identi�ed through between-group comparisons of the clinicopathologic
characteristics. Reconstruction type and baseline ferritin levels were included in the analysis. Other
factors included were smoking history, alcohol history, and pre-menopausal patient (PMP), arbitrarily
de�ned as female patients younger than 55 years. Reconstruction methods after gastrectomy were
divided into duodenal passing and duodenal bypassing type, according to the possibility of food passage
through the duodenum. The duodenal passing method consisted of Billroth-I, jejunal pouch interposition,
and double tract anastomosis. The duodenal bypassing type consisted of Billroth-II, Roux-en-Y, and uncut
Roux-en-Y anastomosis. Baseline ferritin levels were also analyzed as an in�uencing factor for
postoperative FD.

Signi�cant risk factors in the univariate analysis were entered into the multivariate analysis to identify
independent risk factors. To determine the effect of FD on long-term nutritional issues, body weight and
hemoglobin levels were compared, between the two groups, annually until 5 years postoperatively. The
independent risk factors were then used to categorize the patients into the high-risk (2–3 risk factors) and
low-risk (0–1 risk factors) groups, according to the number of risk factors and the trend of FD during the
follow-up period.

Statistical Analyses
Between-group comparisons were performed using Student’s t-test for continuous variables and the chi-
squared and Fisher’s exact tests for nominal variables. Receiver operating characteristic curve (ROC) was
used to estimate the optimal cutoff value of baseline ferritin level predictive of postoperative FD.
Multivariate analysis was performed using a logistic regression model. The rate of FD was compared
between the low- and high-risk groups using Kaplan-Meier analysis and log-rank test. All analyses were
performed using R version 3.5.2 (R Foundation for Statistical Computing, Vienna, Austria) software
package. Statistical signi�cance was set at p < 0.05.

Results
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In total, 167 patients (37.5%) were male and 278 (62.5%) were female. The baseline patient
characteristics are summarized in Table 1. The median ages of patients in the FD and FnD groups were
61.4 and 63.3 years, respectively. There were no signi�cant between-group differences in sex, age, body
mass index, and Eastern Cooperative Oncology Group performance status between the FD and FnD
groups. The PMP rates were signi�cantly different between the FD and FnD groups (13.6% vs 5.3%, p = 
0.004). The number of never-smokers was signi�cantly higher in the FD group than in the FnD group
(75.9% vs. 65.9%, p = 0.028). Furthermore, the rate of Billroth-I, jejunal pouch interposition, and double
tract anastomosis was signi�cantly higher in the FD group than in the FnD group (80.4% vs 66.3%, p = 
0.001).



Page 6/16

Table 1
Clinicopathologic characteristics of Ferritin depletion group & Ferritin non-depletion group

Variables Ferritin
depletion

(N = 199)

Ferritin non-
depletion

(N = 246)

P-
value

Age (year)   61.4 ± 11.3 63.3 ± 11.4 0.078

Sex Male 86 (43.2%) 81 (32.9%) 0.033

  Female 113 (56.8%) 165 (67.1%)  

ASA 1 124 (62.3%) 130 (52.8%) 0.104

  2 69 (34.7%) 103 (41.9%)  

  3 6 (3.0%) 13 (5.3%)  

Menstruation PMP 27 (13.6%) 13 (5.3%) 0.004

  non-PMP 172 (86.4%) 233 (94.7%)  

BMI (kg/m2)   24.0 ± 3.4 24.0 ± 3.2 0.927

Smoking Never-smoker 151 (75.9%) 162 (65.9%) 0.028

  Ex- or current- smoker 48 (24.1%) 84 (34.1%)  

Postoperative
chemotherapy

  32 (16.1%) 27 (11.0%) 0.150

CEA (ng/mL)   3.3 ± 8.8 7.0 ± 67.1 0.410

CA19-9 (U/mL)   15.2 ± 22.4 11.0 ± 14.6 0.030

Type of surgery laparoscopic 180 (90.5%) 230 (93.5%) 0.313

  open 19 (9.5%) 16 (6.5%)  

Type of gastrectomy DSG 170 (85.4%) 210 (85.4%) 0.049

  PG 9 (4.5%) 17 (6.9%)  

  PPG 0 (0.0%) 5 (2.0%)  

  TG 20 (10.1%) 14 (5.7%)  

Resection STG 179 (89.9%) 232 (94.3%) 0.123

  TG 20 (10.1%) 14 (5.7%)  

Lymph node dissection D1+ 115 (57.8%) 164 (66.7%) 0.068

  D2 84 (42.2%) 82 (33.3%)  

Type of reconstruction Billroth I 29 (14.6%) 60 (24.4%) 0.017
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Variables Ferritin
depletion

(N = 199)

Ferritin non-
depletion

(N = 246)

P-
value

  Billroth II 136 (68.3%) 143 (58.1%)  

  Roux-en-Y 17 (8.5%) 15 (6.1%)  

  Uncut Roux-en-Y 7 (3.5%) 5 (2.0%)  

  Double tract
anastomosis

9 (4.5%) 12 (4.9%)  

  JPI 1 (0.5%) 1 (0.4%)  

  LES LAPG 0 (0.0%) 5 (2.0%)  

  Gastrogastrostomy 0 (0.0%) 5 (2.0%)  

Reconstruction duodenum passing 39 (19.6%) 83 (33.7%) 0.001

  duodenum bypass 160 (80.4%) 163 (66.3%)  

Operation time (min)   215.8 ± 55.6 212.2 ± 52.5 0.485

Expected blood loss (mL)   168.5 ± 182.4 168.9 ± 192.3 0.982

Tumor location Lesser curvature 68 (34.2%) 102 (41.5%) 0.008

  Greater curvature 41 (20.6%) 34 (13.8%)  

  Anterior wall 29 (14.6%) 44 (17.9%)  

  Posterior wall 54 (27.1%) 66 (26.8%)  

  Circular 7 (3.5%) 0 (0.0%)  

T stage* Tis 0 (0.0%) 2 (0.8%) 0.529

  T1a 87 (43.7%) 116 (47.2%)  

  T1b 61 (30.7%) 77 (31.3%)  

  T2 21 (10.6%) 24 (9.8%)  

  T3 23 (11.6%) 18 (7.3%)  

  T4a 7 (3.5%) 9 (3.7%)  

N stage* N0 159 (79.9%) 203 (82.5%) 0.694

  N1 19 (9.5%) 26 (10.6%)  

  N2 13 (6.5%) 9 (3.7%)  

  N3a 7 (3.5%) 7 (2.8%)  
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Variables Ferritin
depletion

(N = 199)

Ferritin non-
depletion

(N = 246)

P-
value

  N3b 1 (0.5%) 1 (0.4%)  

No. of retrieved lymph
nodes

  36.3 ± 12.9 34.8 ± 12.9 0.215

No. of metastatic lymph
nodes

  0.8 ± 2.2 0.7 ± 2.8 0.774

Postoperative
complications

  43 (21.6%) 51 (20.7%) 0.914

Pre-operative Ferritin level ≥ 55.7 ug/L 98 (49.2%) 199 (80.9%) 0.017

  < 55.7 ug/L 101 (50.8%) 47 (19.1%)  

Values are presented as mean ± standard deviation or number (%).

PMP = potential menstruation patient; non-PMP = non-potential menstruation patient;

DSG = distal subtotal gastrectomy; PG = proximal gastrectomy; PPG = pylorus-preserving gastrectomy;
TG = total gastrectomy; STG = subtotal gastrectomy;

JPI = jejunal pouch interposition; LES LAPG = lower esophageal sphincter-preserving laparoscopy-
assisted proximal gastrectomy;

*According to the 8th Union for International Cancer Control/American Joint Committee on Cancer
TNM system.

The optimal cutoff value of baseline ferritin level for predicting FD was 55.7 µg/L, with a sensitivity of
51.3% and speci�city of 80.9% (Fig. 1, p < 0.001). The number of patients with baseline ferritin levels < 
55.7 µg/L was signi�cantly higher in the FD group than in the FnD group (50.8% vs 19.1%, p = 0.017).
There were no signi�cant between-group differences in the extent of resection, �nal pathologic stage, or
adjuvant chemotherapy. Multivariate analysis showed that PMP (OR = 2.24 (95% CI: 1.07–4.85)),
duodenal bypassing of food (OR = 2.72 (95% CI: 1.68–4.52)), and baseline ferritin level < 55.7 µg/L (OR = 
4.53 (95% CI: 2.89–7.22)) were signi�cant independent risk factors of postoperative FD (Table 2). Kaplan-
Meier and log-rank tests for time-based FD showed signi�cant differences between the low- and high-risk
groups (Fig. 2, p < 0.001).
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Table 2
Univariate analysis and multivariate analysis of risk factors for ferritin depletion after gastrectomy

Variable Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Non-PMP 1 Ref 1 Ref

PMP 2.81 (1.44–5.78) 0.003 2.24 (1.07–4.85) .035

Ex- or current- smoker 1 Ref 1 Ref

Never-smoker 0.61 (0.40–0.93) 0.022 0.84 (0.53–1.33) 0.457

Duodenum passing 1 Ref 1 Ref

Duodenum bypass 2.09 (1.35–3.26) < 0.001 2.72 (1.68–4.52) < 0.001

Tumor location        

Lesser curvature 1 Ref 1 Ref

Greater curvature 1.81 (1.05–3.14) 0.034 1.52 (0.84–2.76) 0.169

Anterior wall 0.99 (0.56–1.73) 0.968 0.79 (0.42–1.41) 0.408

Posterior wall 1.23 (0.76–1.97) 0.396 0.93 (0.55–1.55) 0.763

Circular 8636719.29 0.977 4336960.21 0.976

Pre-operative Ferritin level ≥ 55.7 ug/L 1 Ref 1 Ref

Pre-operative Ferritin level < 55.7 ug/L 4.36 (2.88–6.70) < 0.001 4.53 (2.89–7.22) < 0.001

PMP = potential menstruation patient; non-PMP = non-potential menstruation

Long-term nutritional monitoring factors including post-operative body weight and hemoglobin level up to
post-operative 5 years were analyzed. While there were no signi�cant differences found in post-operative
body weight between two group, post-operative hemoglobin level was signi�cantly lower in FD group
compared to FnD group from post-operative 1 year (Table 3).
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Table 3
Long-term body weight and hemoglobin change

Variables Ferritin depletion (N = 
199)

Ferritin non-depletion (N = 
246)

P-
value

Body weight
(kg)

preoperative 62.5 ± 10.9 64.3 ± 11.6 0.094

  postoperative,
1year

56.3 ± 9.9 58.7 ± 10.5 0.031

  postoperative,
2years

56.6 ± 9.9 58.2 ± 10.6 0.159

  postoperative,
3years

57.0 ± 9.8 58.9 ± 10.8 0.093

  postoperative,
4years

56.5 ± 9.7 58.7 ± 11.0 0.040

  postoperative,
5years

56.2 ± 9.3 59.4 ± 10.4 0.004

Hemoglobin
(g/dL)

preoperative 13.3 ± 1.6 13.6 ± 1.7 0.086

  postoperative,
1year

12.8 ± 1.3 13.3 ± 1.5 < 
0.001

  postoperative,
2years

12.8 ± 1.4 13.4 ± 1.6 < 
0.001

  postoperative,
3years

12.6 ± 1.5 13.5 ± 1.6 < 
0.001

  postoperative,
4years

12.4 ± 1.5 13.4 ± 1.6 < 
0.001

Values are presented as mean ± standard deviation or number (%).

Discussion
Nutritional problems are among the most important problems post curative gastrectomy. This study
found that preoperative ferritin level, premenopausal women and duodenal bypassing reconstruction
were independent risk factors for FD among the patients with normal baseline ferritin levels.

Iron is closely related to the hematopoietic process, and iron de�ciency is a major cause of anemia after
gastrectomy [9]. However, iron status after gastrectomy varies widely among patients. To evaluate iron
supplementation after gastrectomy, we focused on ferritin levels. Ferritin is a blood protein that stores
and releases iron; thus, it re�ects the amount of iron stored [10]. Dietary iron is absorbed through the
polarized intestinal epithelial cells of the duodenum and proximal jejunum. Iron exists in an oxidized
form, which has low water solubility and is not available in vivo; thus, it should be stored in a ferritin-
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bound form. Ferritin levels positively correlate with total body iron stores under steady-state conditions,
and can be used as the most convenient laboratory test to estimate iron stores [11].

A ferritin level lower than the normal level indicates an iron de�ciency. Bleeding, such as menstruation,
may also result in lower ferritin levels [12]. High ferritin levels could indicate high iron storage. However,
in�ammatory conditions, infection, postoperative state, liver disease, rheumatoid arthritis, some types of
cancer, and hyperthyroidism may also elevate ferritin levels [13]. In this study, we focused on changes in
the ferritin level in association not only with gastrectomy type or reconstruction method, but also with the
patients’ characteristics (e.g., PMP status, smoking history, and baseline ferritin level). PMP patients are
at higher risk of iron de�ciency than men and menopausal women. Smoking is also known to increase
ferritin levels [14]. We also found that the baseline ferritin level was an in�uencing factor of postoperative
FD. Speci�cally, a baseline ferritin level < 55.7 µg/L was a signi�cant risk factor for FD. Multivariate
analysis also showed that PMP, food bypass through the duodenum, and low baseline ferritin levels
increased the risk of FD in both the high-risk and low-risk groups.

There have been several studies on the incidence of iron de�ciency after gastrectomy, but none on the
risk factors for FD, which was the focus of this study. Iron depletion after gastrectomy is a long-standing
subject of interest regarding the nutritional aspect after gastrectomy. Kim et al. reviewed the medical
records of 558 patients who underwent curative gastrectomy [15]. They found that the cumulative
incidence of iron de�ciency gradually increased with time, postoperatively. Furthermore, Billroth-I
anastomosis was the best reconstruction strategy for preventing iron de�ciency. Lee et al. found that
Billroth-II anastomosis and female sex were associated with a higher prevalence of iron de�ciency among
381 patients [16]. The authors de�ned iron de�ciency as a ferritin level < 30 µg/L. In contrast, we de�ned
FD as a ferritin level < 15 µg/L, which may have attributed to a lower incidence of iron depletion. We
followed the World Health Organization Guideline regarding the use of ferritin concentrations to assess
iron status in individuals and populations, which may be useful for determining whether patients are
critically ill.

With respect to the in�uence of sex on ferritin levels, some studies divided patients into male and female
groups. However, in the real world, the risk of iron depletion is similar between postmenopausal female
and male patients. Thus, we only included patients with ferritin levels > 15 µg/L, regardless of sex.
Furthermore, possible menstruation status was included in the categorization, thereby increasing
statistical power. Gastrectomy reconstruction method has been a highly researched topic in the �eld of
gastric cancer, especially distal or proximal gastrectomy. Korean guidelines for gastric cancer treatment
show that there is no signi�cant difference in the survival or quality of life bene�t, except for bile re�ux, in
Billroth-I, Billroth-II, and Roux-en-Y anastomosis for distal gastrectomy.

Studies on iron depletion anemia have suggested that duodenal bypassing anastomosis is inferior to
duodenum passing anastomosis [16]. This study shows that any type of duodenal food passage can
prevent iron depletion. Additionally, we found that the low-risk group is a candidate for duodenal bypass
anastomosis. Therefore, our risk strati�cation method can be used to determine the appropriate type of
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anastomosis needed. Among patients in which proximal gastrectomy is indicated; most have early
gastric cancer in the proximal portion of the stomach. In such patients, the decision for the type of
surgical procedure depends on the extent of resection needed. Total gastrectomy usually only has one
anastomosis choice, duodenal bypassing. Meanwhile, other surgical options such as
esophagogastrostomy, lower esophageal sphincter-preserving proximal gastrectomy, and double tract
anastomosis allow food to pass through the duodenum [17]. Proximal gastrectomy is strongly
recommended for patients at risk of iron depletion.

The clinical implications of FD need to be considered. With respect to long-term nutritional factors, there
was no signi�cant difference in postoperative body weight between the FD and FnD groups, whereas
postoperative hemoglobin level was signi�cantly lower in the FD group from the postoperative 1 year
period. We need to further evaluate the implications of risk factors in iron supplement strategies. Iron
de�ciency is one of the most important nutritional problems in post-gastrectomy patients. Although many
studies have investigated iron depletion in gastrectomy patients, our study shows the natural response or
change in iron depletion among long-term survivors of gastric cancer after gastrectomy. We only included
patients with normal baseline ferritin levels who were followed up for 3 years, without gastric cancer
recurrence.

This study had limitations. First, this was a retrospective study, and PMP was arbitrarily de�ned as
females < 55 years. There could have been patients < 55 years who underwent hysterectomy or were post-
menopausal. Prospective studies on the menopausal status of PMP patients are needed to investigate its
impact on ferritin levels. However, PMP was found to be an independent risk factor for FD. Second, ferritin
might be in�uenced by in�ammatory conditions such as sepsis or postoperative complications, and
these conditions were not considered in this study. Although we evaluated the incidence of FD, we did not
compare the mean with the standard deviation. As a result, the data on the impact of other in�ammatory
conditions on FD may be limited. Third, we did not consider other iron-related parameters, such as
transferrin and iron-binding capacity, serum iron, and total iron, which also give an indication of iron
status or iron activation ability. Further studies using other relevant parameters are required in the future.

In conclusion, postoperative FD is highly common after gastrectomy for gastric cancer. The patient’s risk
factors (e.g., PMP, food passage through the duodenum, and baseline ferritin level) can be used to predict
postoperative FD, thereby allowing physicians to determine the need for iron supplementation.

Abbreviations
FD: ferritin depletion, FnD: ferritin non-depletion, PMP: pre-menopausal patient.
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Figure 1

ROC curve for evaluating optimal cut-off value of preoperative ferritin level which can estimate the ferritin
de�ciency
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Figure 2

Kaplan-Meier analysis of the cumulative incidence of Ferritin depletion after gastrectomy for gastric
cancer


