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A low serum iron level is a potential 
predictor of poor renal function 
in patients following laparoscopic 
sleeve gastrectomy: a retrospective 
study
Tien‑Chou Soong1,2,3, I.‑Jung Feng4, Jen‑Yin Chen5, I.‑Wen Chen5, Hong‑Yi Tong6, 
Ming‑Yuen Yang6, Shu‑Fen Wu7, Ming Yew8,10 & Kuo‑Chuan Hung5,9,10*

This study aimed to assess the association of serum iron level (Iron) with the estimated glomerular 
filtration rate (eGFR) after bariatric surgery (BS). We reviewed 210 patients with mean age of 
39.1 ± 10.6 years (body mass index, 41.4 ± 5.5 kg/m2) undergoing BS. The primary outcome was the 
relationship between Iron and eGFR at 12-month after surgery. Multiple linear regression analyses 
were performed using postoperative eGFR as dependent variables and using Iron and other variables 
(i.e., age) as independent variables. At 12-month follow-up, 94 patients were analyzed. BMI 
significantly decreased, whereas serum iron level significantly increased. Although the percentage of 
patients with eGFR of < 90 mL/min/1.73 m2 increased during the study period, no significant difference 
was found in postoperative 12-month eGFR. No correlations were noted between Iron and eGFR at 
baseline and postoperative 1 and 6 months, whereas a significant relationship was observed between 
Iron and postoperative 12-month eGFR. Multiple linear regression analyses revealed that Iron and 
presence of diabetes were the independent predictors of postoperative 12-month eGFR. This pilot 
study showed a positive association of postoperative serum iron level with renal function in this 
patient population. Further large-scale trials are needed to confirm the findings.

Chronic kidney disease (CKD) with a global prevalence of 13.4% has been reported to increase the risk of 
cardiovascular disease by 2–4 times, and it is considered a health burden worldwide1,2. Current evidence has 
demonstrated that proteinuria or low estimated glomerular filtration rate (eGFR) is related to progression of renal 
disease3, underscoring the clinical significance of intervention strategies to improve renal function. Obesity is a 
well-known independent risk factor for CKD development4,5. Several meta-analyses have shown that bariatric 
surgery (BS), which is an efficient intervention for obtaining substantial weight loss, may improve renal function 
or prevent further decline in renal function in patients with morbid obesity (MO)6–8. Nevertheless, postoperative 
1-year eGFR either reportedly did not change significantly9 or decreased from normal to the range indicating 
stage 2 CKD (from 91.6 to 82.6 mL/min) after BS10.

Currently, there are inconsistent findings regarding the effect of BS on postoperative renal function; therefore, 
an investigation of potential prognostic factors that may have a positive impact on postoperative renal function 
is necessary. Although BS improves obesity-related comorbidities (e.g., diabetes), postoperative micronutri-
ent deficiency is common. Iron deficiency is among the most common nutritional deficiencies after BS, with 
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a prevalence of 15%–60% and 30%–43% in patients undergoing gastric bypass11–14 and sleeve gastrectomy, 
respectively1,15. Evidence suggests that iron homeostasis is associated with preservation of residual renal func-
tion. For instance, elevated serum iron levels reportedly play a critical protective role for renal and liver allografts 
through immunomodulation16,17. Further, systemic iron overload could protect against renal ischemia–reperfu-
sion injury in mice16. To explore the potential influence of the serum iron status on postoperative renal function, 
we aimed to assess the relationship between serum iron level and postoperative 12-month eGFR.

Materials and methods
Study design and population.  The Institutional Review Board of Yuan’s General Hospital reviewed the 
protocol and procedures of the current study as well as approved the waiving of informed consent in view of the 
retrospective design (Approval No. 20201111B). This study was performed in accordance with the Declaration 
of Helsinki. This retrospective study was conducted on patients with MO who underwent laparoscopic sleeve 
gastrectomy (LSG) from 2014 to 2017 at an academic center. The recruitment criteria included age of ≥ 20 years 
and BMI of ≥ 35 kg/m2. Conversely, those with severe cardiopulmonary disease (e.g., heart failure), a history of 
alcohol/substance addiction, an American Society of Anesthesiologists score of > 3, glomerular hyperfiltration 
(eGFR ≥ 125 mL/min/1.73 m2), and missing laboratory data; those undergoing dialysis; those undergoing previ-
ous gastric surgery or revision surgeries; and those who died or were lost to follow-up during the study period 
were excluded.

Preoperative laboratory examination and surgical procedures.  Esophagogastroduodenoscopy 
was preoperatively used to diagnose possible infection with Helicobacter pylori and peptic ulcers, which would 
be treated preoperatively. Additionally, serum biochemistry profiles including triglyceride, aspartate ami-
notransferase, alanine aminotransferase, total cholesterol, low- and high-density lipoproteins, complete blood 
count, and fasting glucose levels were determined. Height and body weight were measured simultaneously. BS 
including laparoscopic Roux-en-Y gastric bypass, laparoscopic adjustable gastric banding, and LSG is offered at 
our institute. Among these surgeries, > 90% of procedures included LSG, and all surgeries were performed by 
the same surgeon. Regarding LSG, the greater curvature was devascularized from the gastroesophageal junction 
to the pylorus. A 38-Fr orogastric tube was introduced through the esophagus to indicate the extent of gastric 
resection. By using a single 3–0 ethibond suture, the stomach and retroperitoneal tissue were fixed in place to 
avoid gastric torsion.

Postoperative nutritional counseling and supplements.  During postoperative 1  year, follow-ups 
were performed at postoperative 1, 2, 3, 6, 9, and 12 months. At every visit, physical examination and weight 
loss (WL) were documented. Although examinations of serum biochemistry profiles and nutritional status were 
recommended, they were not mandatory at every visit. Moreover, a qualified dietitian offered routine nutritional 
counseling to help patients decrease the risk of subsequent nutritional deficiencies. To ensure compliance with 
the policy followed at our institute, each patient was daily administered two commercial chewable multivitamin/
mineral preparations [each containing calcium (104 mg); folic acid (200 µg); zinc (7.5 mg); and vitamins A, B12, 
E, D, and B1 (488, 100, 83, and 7.5 µg and 5 mg, respectively)]. Daily oral elemental iron (24 mg) was prescribed 
when a low serum iron level (serum iron level < 60 µg/dL)15 was noticed.

Definitions and outcomes.  Percent WL (%WL) was determined by dividing the amount of WL by the 
patient’s preoperative weight. Impaired renal function was defined as an eGFR of < 90 mL/min/1.73 m2 meas-
ured using the Chronic Kidney Disease Epidemiology Collaboration equation18. The primary study endpoint 
was the relationship between serum iron level and postoperative 12-month eGFR. The secondary endpoints 
were renal function and serum iron level changes at different postoperative timepoints.

Statistical analysis.  To determine a correlation between serum iron level and postoperative renal function 
(i.e., eGFR) of r = 0.3 (α error of 5% and power of 80%), a sample size of 64 patients was required. Chi-square test 
was used to compare categorical variables (frequencies and percentages), and continuous variables are presented 
as means and standard deviations. Student’s t-test and Mann–Whitney U-test were used to compare normally 
and non-normally distributed continuous variables, respectively. Normality of variables was investigated with 
the Kolmogorov–Smirnov test. Pearson’s or Spearman’s correlation was applied to investigate the relationship 
between serum iron level and postoperative eGFR where appropriate.

Multiple regression analyses were carried out using serum creatinine level or postoperative eGFR as depend-
ent variables and using serum iron levels as well as other variables (e.g., age or postoperative 1-year BMI) as 
independent variables. The variance inflation factor was used to detect possible collinearity or autocorrelation 
of independent variables in this model. In addition, multicollinearity was considered significant when the vari-
ance inflation factor was > 10. A receiver operating characteristic (ROC) curve was plotted to determine the 
optimal cutoff value of serum iron levels for predicting postoperative eGFR of ≥ 90 mL/min/1.73 m2 in subgroup 
patients with normal renal function at baseline. The optimal cutoff value was determined using Youden’s index 
by maximizing the point on the ROC curve furthest from the line of equality. Statistical analyses were performed 
using the Statistical Package for the Social Sciences (version 22.0; Chicago, IL). Statistical significance level was 
set at 0.05.
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Institutional review board statement.  The study was conducted according to the guidelines of the Dec-
laration of Helsinki, and approved by the Institutional Review Board of Yuan’s General Hospital (protocol code 
20201111B; date of approval: January 20, 2021).
Informed consent.  Patient consent was waived due to retrospective study design.

Results
Patient demographics and anthropometric parameters.  During the study period, a total of 316 
patients with obesity undergoing LSG were retrospectively reviewed. Seventy-eight patients were excluded 
because of eGFR ≥ 125 mL/min per 1.73 m2 (n = 41), American Society of Anesthesiologists score of > 3 (n = 25), 
missing data (n = 19), history of dialysis (n = 12), and revision surgeries (n = 9). In total, 210 patients (mean age, 
39.1 ± 10.6 years) were included (Table 1). Among these, 26.4% had impaired renal function at baseline (Fig. 1). 
All patients received surgical procedures and medical care by the same surgeon and medical team. Table 1 sum-
marizes the demographic characteristics, serum iron concentrations, and comorbidities of patients receiving 
LSG. The mean preoperative BMI was 41.4 ± 5.5 kg/m2 (range 35.0–72.3 kg/m2). Further, the mean preoperative 
serum iron levels were 87.4 ± 36.3 µg/dL with an incidence of low serum iron level of 21.4%. At baseline, no sig-
nificant association of BMI with eGFR (r =  − 0.047; p = 0.491) and serum iron levels (r =  − 0.086; p = 0.215) was 
noted. eGFR was also not related to serum iron levels at baseline (r = 0.024; p = 0.733) (Fig. 2A).

BMI, metabolic profiles, and renal function after sleeve gastrectomy.  Table 2 summarizes BMI, 
serum iron level, kidney function, and metabolic profiles in the recruited patients at postoperative 12 months. 
BMI significantly decreased from 41.4 ± 5.5 to 28.3 ± 3.6  kg/m2 (p < 0.001) at postoperative 12  months. After 
LSG, metabolic profiles and liver function improved (both p < 0.05). At postoperative 12 months, serum iron 
(p = 0.004) and folate (p = 0.003) levels significantly increased compared with those at baseline. Figure 3 presents 
the mean serum iron levels at different postoperative timepoints, which shows a J-shaped trend. The percentage 
of patients with low serum iron levels at postoperative 12 months was 14.7%. No significant difference was noted 
in eGFR (p = 0.864) and serum creatinine level (p = 0.942) at postoperative 12 months compared with those at 
baseline. Figure 1 shows the percentage of patients with various categories of renal function at different postop-
erative timepoints. The percentage of patients with normal renal function decreased from 73.6% at baseline to 
58.1% at postoperative 12 months. Conversely, the percentage of patients with impaired renal function increased 

Table 1.   Demographic characteristics of patients undergoing laparoscopic sleeve gastrectomy. Data are 
presented as mean ± standard deviation or as total number of patients (%).

Variables Study population (n = 210)

Age (year) 39.1 ± 10.6

Female (%) 122 (55.5%)

Height (cm) 166.0 ± 8.6

Weight (kg) 114.4 ± 20.1

Body mass index (kg/m2) 41.4 ± 5.5

Diabetes mellitus, n (%) 48 (21.8%)

Serum iron concentration (µg/dL) 87.4 ± 36.3

Patients with low serum iron (< 60 µg/dL) 45 (21.4%)

Figure 1.   Incidence of renal impairment, defined as estimated glomerular filtration rate (eGFR) of < 90 mL/
min/1.73 m2, at baseline, 1-, 6-, and 12-month following laparoscopic sleeve gastrectomy.
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Figure 2.   The associations of serum iron concentrations with renal function (i.e., estimated glomerular 
filtration rate) at (A) baseline and (B) 1, (C) 6, and (D) 12 months following laparoscopic sleeve gastrectomy.

Table 2.   Body mass index, kidney function, metabolic profiles and micronutrition at 12-month follow-up. 
eGFR estimated glomerular filtration rate, LDL low-density lipoprotein, HDL high density lipoprotein, Data 
are presented as mean ± standard deviation.

Variables Baseline (n = 210) 12-month follow-up (n = 94) p value

Body mass index (kg/m2) 41.4 ± 5.5 28.3 ± 3.6  < 0.001

Hemoglobin (mg/dL) 14.2 ± 1.5 13.4 ± 1.8  < 0.001

Serum iron level (µg/dL) 87.4 ± 36.3 103.3 ± 43.7 0.0011

eGFR (mL/min/1.73 m2) 98.3 ± 20.3 98.8 ± 22.2 0.864

Creatinine (mg/dL) 0.8 ± 0.30 0.81 ± 0.24 0.942

Glycated hemoglobin, HbA1c (%) 6.6 ± 1.4 5.5 ± 0.5  < 0.001

Fasting glycemia (mg/dL) 105.8 ± 34.0 90.1 ± 12.7  < 0.001

Insulin (IU/mL) 26.1 ± 20.4 7.5 ± 4.5  < 0.001

Total cholesterol (mg/dL) 198.2 ± 34.0 189.0 ± 31.8 0.01

Triglycerides (mg/dL) 190.4 ± 128.8 87.8 ± 39.3  < 0.001

HDL 45.3 ± 9.2 58.8 ± 12.7  < 0.001

LDL 117.8 ± 27.6 105.1 ± 27.3  < 0.001

Vitamin B12 level (pg/mL) 531.7 ± 220.8 496.8 ± 262.8 0.23

Serum Folate level (pg/mL) 6.8 ± 3.6 8.4 ± 4.5 0.003
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from 26.4% at baseline to 32.7% at postoperative 12 months. Glomerular hyperfiltration, which was absent at 
baseline, was found in 9.2% of the patients at 12 months following surgery.

Associations of serum iron levels with renal function.  Figure 2 presents the associations of serum 
iron levels with renal function (i.e., eGFR) at four timepoints (i.e., baseline and postoperative 1, 6, and 
12 months). No correlation was noted between serum iron levels and eGFR at baseline and postoperative 1 and 
6 months (Fig. 3A–C), whereas a significant relationship was observed between serum iron levels and postopera-
tive 12-month eGFR (r = 0.224; p = 0.03). Additional analysis of the association between serum iron levels and 
postoperative 9-month eGFR also showed a consistent finding (r = 0.459; p < 0.001). No relationship was noted 
between hemoglobin level and eGFR at the four timepoints (data not shown). Furthermore, no association of 
eGFR with glucose (r =  − 0.076; p = 0.475), HbA1c (r =  − 0.039; p = 0.768), and insulin (r =  − 0.127; p = 0.449) lev-
els was found at postoperative 12 months. Multiple linear regression analyses using variables including age, sex, 
postoperative 12-month BMI, %WL, and presence of diabetes revealed that at postoperative 12 months, serum 
iron levels and presence of diabetes were the independent predictors of eGFR, whereas sex and serum iron levels 
were found to be the independent predictors for serum creatinine levels (Table 3). No evidence of autocorrela-
tion/collinearity was noted among the six independent variables.

Considering that subgroup patients with normal renal function at baseline developed impaired renal func-
tion (Fig. 1), an ROC curve was constructed for these patients to determine the point at which the postopera-
tive 12-month serum iron levels could predict a normal postoperative 12-month eGFR (using a target eGFR 
of ≥ 90 mL/min/1.73 m2) with the optimal combined sensitivity/specificity (Fig. 4). Concerning the ROC curve 
(area under curve, 0.682; 95% confidence interval, 0.529–0.836; p = 0.035), an ideal serum iron cutoff of 128.5 µg/
dL was defined post hoc to identify the target eGFR. The inflection point corresponded to a sensitivity and 
specificity of 38.6% and 92.9%, respectively.

Figure 3.   Change in serum iron levels at different timepoints after laparoscopic sleeve gastrectomy.

Table 3.   Multiple regression analyses on associations of independent variables with kidney function (i.e., 
eGFR and creatinine) at 12-month follow-ups, expressed as standardized effect sizes (β-coefficient). eGFR, 
estimated glomerular filtration rate; BMI, body mass index; WL (%), weight loss percentage.

eGFR Creatinine

Standardized β-coefficient p value Standardized β-coefficient p value

Age − 0.19 0.099 − 0.005 0.965

Gender 0.168 0.138 − 0.688  < 0.001

12-month iron levels 0.242 0.032 − 0.207 0.046

12-month BMI 0.106 0.340 − 0.002 0.981

WL (%) 0.13 0.284 − 0.096 0.351

Diabetes 0.269 0.013 − 0.179 0.067
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Discussion
Although micronutrient deficiency is common after BS, only few studies have assessed the impact of serum iron 
levels on renal function after BS. Here, we found that the prevalence of renal impairment was high at postopera-
tive 1 month (i.e., 46.4%), and this prevalence decreased subsequently at postoperative 12 months (i.e., 32.7%) 
(Fig. 1). Conversely, serum iron levels showed a reverse trend. Serum iron levels increased from 81.7 mg/dL 
at postoperative 1 month to 103.5 mg/dL at postoperative 12 months. The finding that serum iron levels were 
positively associated with renal function only at postoperative 9 and 12 months suggested that renal function is 
influenced by an increase in serum iron levels above a certain threshold. This is the first report to investigate the 
association between serum iron levels and renal function in patients with MO after BS.

Pooled evidence has demonstrated that BS may enhance kidney function or prevent its further decline in 
patients with MO6–8. Contrariwise, no significant change was noted in postoperative 12-month eGFR compared 
with that at baseline (98.8 ± 22.2 vs. 98.3 ± 20.3 mL/min/1.73 m2; p = 0.864) in our study. Furthermore, the per-
centage of patients with renal impairment increased from 26.4% at baseline to 32.7% at postoperative 12 months, 
suggesting that some patients postoperatively experience decline in renal function. Our results are consistent 
with those of two studies that showed that eGFR did not change significantly9 or deteriorated at 1 year after BS10.

The lack of improvement in eGFR in our patients may be attributed to the surgery type, age, or presence 
of postoperative acute kidney injury (AKI). First, BS is reported to influence postoperative kidney function; a 
higher eGFR was noted following gastric bypass than that following sleeve gastrectomy19. Because our patients 
underwent LSG, we cannot exclude the possibility that its effect on postoperative renal function was not obvi-
ous. Second, regarding young patients with obesity (mean age of 17 years) receiving BS, eGFR may increase by 
3.9 mL/min/1.73 m2 for each 10-unit loss of BMI19. Because age and obesity are risk factors for CKD, the ben-
eficial effect of BS on improvement in eGFR may not predominate in our relatively aged patients (i.e., mean age, 
39.1 ± 10.6 years) whose change in mean BMI was only 13.1 units (from 41.4 to 28.3 kg/m2). Third, the prevalence 
of impaired renal function was high at postoperative 1 month. Previous reports have shown that the risk of AKI 
in patients with obesity was high after BS20–22. Furthermore, it was reported that some patients (about 4.8–10%) 
with postoperative AKI sustained deterioration in renal function during long-time follow-ups22,23. Accordingly, 
some patients may have experienced AKI and subsequent decline in renal function at postoperative 12 months, 
leading to no significant change in the overall renal function after BS.

Iron overload may be detrimental to tissues through free radical formation24,25. Iron chelation/dietary iron 
restriction reduced renal damage in animal models of diabetes, renal fibrosis, and CKD24,25. However, using 
experimental rat models, it has been revealed that iron deficiency caused by dietary iron elimination can lead to 
tissue damage through oxidative stress and mitochondrial damage26,27. These results suggest that iron overload 
and depletion are harmful to tissues. Vaugier et al.16 identified serum iron as a significant protective factor for 
renal allografts. Another study suggests a causal protective effect of circulating and stored iron on renal function 
in the general population28. Although the underlying mechanisms remain unknown, these findings encouraged 
the investigation of the role of iron in postoperative renal function after BS.

Figure 4.   Receiver operating characteristic (ROC) curve showing the ability of serum iron concentrations for 
predicting normal postoperative kidney function [i.e., estimated glomerular filtration rate (eGFR) ≥ 90 mL/
min/1.73 m2] in subgroup patients with normal renal function at baseline. The inflection point corresponding 
to a sensitivity and specificity of 38.6% and 92.9%, respectively. Based on the ROC curve, an ideal cut-off value 
of 128.5 µg/dL being defined post hoc to identify a target eGFR of ≥ 90 mL/min/1.73 m2. The area under curve 
(AUC) was shown to be 0.682 (95% confidence interval, 0.529–0.836; p = 0.035).
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We found that the positive relationship between serum iron concentrations and renal function was obvious 
at postoperative 9 and 12 months but not at baseline and postoperative 1 and 6 months. Moreover, multiple 
linear regression demonstrated that serum iron levels and presence of diabetes were predictors of postoperative 
12-month eGFR after adjustment for age, sex, postoperative 12-month BMI, %WL, and presence of diabetes. The 
explanations for the lack of correlation between serum iron levels and renal function at baseline and postopera-
tive 1 and 6 months remain unknown. There are two possible explanations. First, we suggest that the relationship 
between serum iron level and renal function manifested when serum iron level exceeded a certain threshold. This 
correlation was obvious only when serum iron levels increased significantly compared with those at baseline. 
Second, obesity is a state of chronic, low-grade systemic inflammation as evidenced by increased circulating levels 
of inflammatory proteins including C-reactive protein and proinflammatory cytokines29. The pathophysiology of 
obesity-associated CKD is reportedly associated with renal inflammation29,30. Presence of renal inflammation at 
baseline and early postoperative period (e.g., postoperative 1–6 months) may mask the influence of serum iron 
level on renal function. When renal inflammation subsided after adequate weight loss, the relationship between 
iron levels and renal function manifested.

Because of the decreased production of hydrochloric acid in the stomach, reduced gastric capacity, and 
meat intolerance leading to decreased consumption31,32, the postoperative incidence of iron deficiency has been 
reported to be 30–43% in patients undergoing sleeve gastrectomy1,15. In our patients, serum iron level decreased 
postoperatively, returned to baseline at postoperative 6 months, and then increased at postoperative 9 and 
12 months. Moreover, the percentage of patients with low serum iron levels decreased from 21.4% at baseline 
to 14.7% at postoperative 12 months. The findings of our study were inconsistent with those of some previ-
ous studies1,15, which may be attributed to several possible explanations. First, during postoperative outpatient 
appointments, a registered dietitian provided routine standardized nutritional counseling services (e.g., dietetic 
education and instructions) to all patients. These counseling services may help patients adhere to dietary changes 
consistent with the surgical procedures that they underwent to reduce the risk of nutritional deficiencies. Moreo-
ver, as shown in our results, no other micronutrient deficiencies (e.g., vitamin B12 and serum folate levels) were 
noted in our patients. Second, obesity-associated chronic inflammation could be a modulator of iron uptake and 
use. In a previous study involving 178 females with MO scheduled for BS, iron depletion was demonstrated to be 
significantly associated with elevated levels of inflammatory indices (i.e., C-reactive protein)33. Furthermore, BS 
was associated with a reduction in chronic inflammation and improvement in the serum iron status33. Our results 
regarding the postoperative change pattern of the serum iron status is consistent with the findings of this study33.

Anemia is a provoking factor in the progression of end-stage renal failure, and the treatment of anemia by 
erythropoietin can delay progression of renal failure24,34. Accordingly, anemia may be a potential bias in the 
current study. We further assessed the impact of hemoglobin on renal function at postoperative 12 months, but 
no association between hemoglobin and eGFR was found.

To correctly interpret our findings, some limitations need to be considered. First, although LSG has obtained 
popularity as the primary BS at our institute, gastric bypass remains the most prevalent surgery (49.4%) world-
wide followed by sleeve gastrectomy (40.7%)35. Different technical approaches may lead to various renal 
outcomes19; therefore, our results may not be extrapolated to other surgical populations. Second, the lack of 
routine blood sampling for the estimation of postoperative serum iron levels and probability of loss to follow-up 
limited the number of study population. The small number of patients who provided full information for analysis 
in the current study may limit the reliability of our findings. Other factors including a short follow-up period, 
substantially different groups of patients at baseline and during postoperative follow-ups, lack of adjustment to 
potential confounding factors (e.g., iron supplementation) may undermine the conclusions of the current study. 
Large-scale studies are necessary to support our findings. Third, because of the retrospective nature of the cur-
rent study, the causal relationship between serum iron levels and renal function cannot be determined. Further, 
the effects of other potential confounders (e.g., long-term change in blood pressure) on renal function were not 
assessed because of the lack of relevant data. Fouth, the suggested inflection point, even though very specific, 
has lower sensitivity, which may pose a limitation in using serum iron as a reliable biomarker in the prognosis of 
CKD. Finally, the use of eGFR to assess renal function in patients with significant WL has its limitations because 
subsequent lean body mass changes affect the measurement of serum creatinine level36.

Conclusions
The current report, which is the first for assessing the impact of the serum iron status on kidney function after BS, 
showed a positive association of serum iron concentrations with renal function at postoperative 12 months but 
not at baseline or during the early postoperative period. Despite the known relationship between renal function 
and serum iron levels in the general population, further large-scale studies are necessary to elucidate this causal 
relationship in patients with obesity and to identify optimal serum iron levels, which can provide the greatest 
benefit to patients after BS.
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