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Abstract
Background: Low-grade chronic infl ammation in morbid obesity is associated with impaired iron metabolism. Bariatric surgery is effective in 
weight loss; however, it can induce specifi c nutritional defi ciencies, such as iron, especially in premenopausal women. Alternatively, after surgery, 
there is an improvement in systemic infl ammation, raising questions concerning the dosages of micronutrient supplementation.

Objectives: This study aimed to assess the effect of two micronutrient supplementation schemes before and 6 months after a Roux-en-Y gastric 
bypass (RYGB) surgery on infl ammation and iron metabolism in premenopausal women.

Methods: This prospective study included 45 premenopausal women (aged 20-45 years; body mass index [BMI] ≥ 35 kg/m2) divided into two 
supplementation schemes: group 1 (n = 34): daily supplemental dose of 1 RDA 30 days before surgery and 2 RDAs during the six months following 
surgery; and group 2 (n = 11): daily supplementation of 1 RDA during the 6 months postsurgery. Anthropometry, dietary intake, infl ammation, 
and iron metabolism were monitored.

Results: Evident reductions in BMI, high-sensitivity C-reactive protein, and ferritin levels for both groups occurred 6 months after surgery. Addi-
tionally, anemia was 9% in both groups after surgery. However, group 1 exhibited an increased transferrin saturation index and reduced transferrin 
levels. Multivariate regression analysis suggested serum iron, hepcidin, and iron intake determined ferritin values before and after RYGB surgery.

Conclusion: Six months after RYGB, systemic infl ammation was reduced in both supplementation schemes. However, supplementation of 1 RDA 
before and 2 RDAs after surgery resulted in better improvements on iron metabolism.

Resumen
Introducción: la infl amación crónica de bajo grado en la obesidad mórbida se asocia con una alteración del metabolismo del hierro. La cirugía 
bariátrica es efi caz en la pérdida de peso, sin embargo, puede inducir defi ciencias específi cas nutricionales, como es el caso del hierro, espe-
cialmente en las mujeres premenopáusicas. Por otra parte, después de la cirugía, hay una mejora en la infl amación sistémica, planteando el 
tema de las dosis de suplementos de micronutrientes. 

Objetivos: este estudio tuvo como objetivo evaluar el efecto de dos esquemas de suplementación de micronutrientes antes y 6 meses después 
de una cirugía de by-pass gástrico con Y de Roux (RYGB) sobre la infl amación y el metabolismo del hierro en las mujeres premenopáusicas.

Métodos: estudio prospectivo que incluyó 45 mujeres premenopáusicas (edades 20-40 años, índice de masa corporal [IMC] ≥ 35 kg/m2) divididos 
en dos esquemas de suplementación: grupo 1 (n = 34): dosis suplementaria diaria de 1 vez las RDA 30 días antes de la cirugía y 2 veces las 
RDA durante los seis meses posteriores a la cirugía; y el grupo 2 (n = 11): la suplementación diaria de 1RDA durante los 6 meses después de 
la cirugía. Se monitorizaron las medidas antropométricas, la ingesta alimentaria, la infl amación y el metabolismo del hierro.

Resultados: se observó una disminución en el IMC, la proteína C reactiva de alta sensibilidad y los niveles de ferritina en ambos grupos después 
de 6 meses tras la cirugía. Además, la anemia fue del 9% en ambos grupos tras de la cirugía. Sin embargo, el grupo 1 exhibió un incremento 
del índice de saturación de transferrina y una reducción en los niveles de transferrina. En el análisis multivariante se apreció que los niveles de 
hierro sérico, hepcidina y la ingesta de hierro determinaron los valores de ferritina antes y después de la cirugía. 

Conclusión: seis meses después de RYGB, la infl amación sistémica se redujo en ambos esquemas de suplementación. Sin embargo, la suple-
mentación de 1 vez las RDA antes y 2 veces las RDA después de la cirugía consiguió mejorar el metabolismo del hierro.
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INTRODUCTION 

Obesity is associated with systemic low-grade chronic inflam-
mation, which has been related to changes in iron metabolism 
(1-5). The inflammation condition is supported by increases in 
pro-inflammatory cytokines, such as tumor necrosis factor-alpha 
(TNF-α), interleukin-1 beta (IL-1β), interleukin-6 (IL-6), and from 
acute phase proteins, such as C-reactive protein (4,6). 

The Roux-en-Y gastric bypass (RYGB) surgery employed in the 
treatment of morbid obesity affects iron supply to the organism 
through reduced food intake and/or through decreased intestinal 
absorption (7-11). Iron deficiency can also be aggravated by men-
strual blood loss in reproductive-aged women (4,11-13).

Iron metabolism is affected by hepcidin, a hormone that pro-
motes the inhibition of intestinal iron absorption, iron recycling by 
macrophages, and iron mobilization from the liver. In low-grade 
systemic inflammatory conditions, hepcidin is stimulated by 
inflammatory cytokine IL-6 (14-16) and synthesized by hepato-
cytes and adipocytes (17).

Increased hepcidin concentrations in obesity have been linked 
to low-grade chronic inflammation and seems to contribute to 
reduced iron availability and mineral deficiencies in this con-
dition (2,18,19). In this context, Tussing-Humphreys et al. (18) 
observed that decreases of lowgrade inflammation and hepcidin 
levels improved iron metabolism 6 months after restrictive bar-
iatric surgery in premenopausal women.

Some studies have also indicated that serum ferritin levels 
tends to rise in obesity in response to proinflammatory cytokines 
(20,21) and can be used as both an indicator of iron stores and 
as an indirect inflammatory marker. After bariatric surgery, pro-
nounced weight loss is accompanied by a reduction of low-grade 
inflammation, but a decrease in ferritin levels and anemia can also 
occur, mainly in premenopausal women (13,22).

Iron deficiency is the main cause of anemia after bariatric sur-
gery, however, other micronutrient deficiencies (e.g., vitamin B12 
and folic acid) can also influence iron metabolism (2,11,12,23). 
Bariatric surgery, especially RYGB surgery, induces a process of 
nutritional deficiencies that affect food intake and micronutrient 
absorption (23,24). With these conditions, micronutrient sup-
plementation is indicated to maintain normalized iron levels and 
prevent anemia (2,11).

Changes in iron metabolism associated with obesity and after 
bariatric surgery, as with the effect of micronutrient supplemen-
tation, need to be better elucidated (25). Therefore, this study 
aimed to assess the effect of two micronutrient supplementation 
schemes on inflammation and iron metabolism in premenopausal 
women who had undergone RYGB surgery.

METHODS

SUBJECTS 

This study included 45 women (aged 20-45 years; body mass 
index ≥ 35 kg/m2) in menacme and undergoing RYGB surgery. 

The exclusion criteria for participation in this study included: a) 
diabetes mellitus; b) anemia; c) hemoglobinopathies; d) thrombo-
sis; e) infectious processes; f) hysterectomy; g) smoking; h) HIV 
positive; and i) the use of corticosteroids in the last six months. All 
participants signed an informed consent form after being informed 
about the research and procedures. This study was approved by 
the local Ethics Research Committee (protocol number: 3303-
2009). The same medical staff performed the RYGB surgeries.

EXPERIMENTAL DESIGN

A prospective interventional study was conducted to assess 
the effect of two micronutrient supplementation schemes on iron 
metabolism and systemic inflammation markers. Sixty women on 
the waiting list for bariatric surgery were eligible and randomly 
allocated into one of two groups. Group 1 (n = 45) received daily 
micronutrient supplementation 30 days before surgery at a dose of 
1 Recommended Dietary Allowance (RDA) (26) and 2 RDAs during 
the 6-month period after RYGB surgery. Group 2 (n = 15) received 
daily supplementation of 1 RDA during the 6-month period after 
surgery, according to the most commonly-used clinical practices 
adopted in Brazil. Additionally, we chose micronutrient supple-
mentation instated of specific iron supplementation, because it 
is recommended according to clinical practice guidelines after 
bariatric surgery and specific deficiencies of micronutrients can 
influence iron metabolism. Completing all study procedures 34 
subjects from group 1 and 11 from group 2, for a total of 45 
subjects (75% of the subjects recruited). Anthropometric assess-
ments, dietary intake, and blood samples were collected during 
baseline, after 30 days of micronutrient supplementation during 
the preoperative period, and at 6 months after the RYGB surgery 
in group 1. In group 2, the same assessments were collected at 
baseline and 6 months after the RYGB surgery.

Blood biochemical analysis

Twelve-hour fasting blood samples were collected by standard 
venipuncture in tubes containing ethylenediaminetetraacetic acid 
(EDTA) and without an anticoagulant. Hematocrit and hemoglobin 
were determined by flow cytometry. Serum analyses were con-
ducted in automated equipment to determine: a) serum iron and 
total iron binding capacity (TIBC) by the calorimetric method; b) 
transferrin and high-sensitive C-reactive protein (hs-CRP) by the 
immunoturbidimetric method; and c) ferritin by the chemilumines-
cence method. Hepcidin and soluble transferrin receptor (sTfR) 
were determined by enzyme-linked immunosorbent assays (ELI-
SA) using commercial kits (Human Hepcidin; USCN Life Science 
Inc., TX, USA) and Human sTfR (BioVendor, Candler, NC, USA). 
The TNF-α, IL-10, and IL-6 were analyzed by chemiluminescence 
methods (Milliplex® MAP Human Cytokine; Millipore, Billerica, MA, 
USA). The reference values used were: hsCRP = 0.0-0.3 mg/dL; 
iron = 50.0-170.0 mg/dL; and hepcidin = 0.06-4.00 ng/mL (as 
suggested by the manufacturer [USCN Life Science Inc., TX, USA]).
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Iron deficiency was identified when transferrin saturation index 
(TSI) values were less than 20%, calculated as: TSI = (serum iron/
TIBC) x 100 (19,27). Anemia was defined as hemoglobin values 
< 12 g/dL, criteria established by the World Health Organization 
according to sex and age (29). 

ANTHROPOMETRIC ASSESSMENT

Weight and height were assessed using a digital balance 
(Welmy, SP, Brazil) precise to within 100 g, and a stadiometer 
(Seca) precise to within 0.1 cm. Body mass index (BMI) was calcu-
lated as: body weight (kg) ÷ height squared (m2). The assessment 
procedures were conducted in accordance with Gibson (30).

MICRONUTRIENT INTAKE

A quantitative assessment was performed on nutritional intake 
from food records from three nonconsecutive days. The subjects 
were instructed to record all food and drink intake throughout the 
day. All subjects were trained by a dietitian, and the records were 
conferred to clarify any questions and to discuss the use of the 
micronutrient supplementation prescribed.

Food intake was recorded as household measures and convert-
ed into grams with the aid of a table of food intake in household 
measures (31). All data were tabulated in MS Excel software and 
quantitative data of nutrient intake were derived from the calcu-
lation based on information of food intake table (100 g) for the 
Brazilian population (32). The amount of micronutrient supplemen-
tation intake was added to the food intake. To remove personal 
variations, it was necessary to obtain intrapersonal (Sw 2) and 
interpersonal variances (Sb 2) using an analysis of variance (ANO-
VA), and the calculated adjusted average. In this study, vitamin 
intake was calculated for vitamins B6, B12, A, C, and folic acid, 
and mineral intake for iron, zinc, and copper.

Micronutrient supplementation 

The supplementation was manipulated in capsules before, and 
in powder after, RYGB surgery. The minerals presented in the 
formula were chelated into an amino acid (glycine). The micro-
nutrient supplementation of 2 RDAs (26) was suggested to be 
given daily for RYGB surgery in two doses (11,22-35). Adequate 
Intake (AI) (26) was used when the RDA was not established for 
the micronutrient (except for calcium).

The amounts of vitamins and minerals provided in the 2 RDAs 
were: vitamin A (1,400 μg); vitamin D3 (cholecalciferol, 400 IU); 
vitamin E (α-tocopherol; 30 mg); vitamin K (180 μg); vitamin C 
(150 mg); thiamine (2.2 mg); riboflavin (2.2 mg); nicotinamide 
(28 mg); pantothenic acid (10 mg); pyridoxine (2.6 mg); folic acid 
(800 μg); biotin (60 μg); cyanocobalamin (4.8 μg); magnesium 
(350 mg); calcium (500 mg); zinc (16 mg); copper (1,800 μg); 
chromium (50 μg); iron (36 mg); selenium (110 μg); manganese 

(3.6 mg); iodine (300 μg); silicon (10 μg); and vanadium (10 μg). 
A adequate intake (AI) (26) were used when RDA was not estab-
lished for the micronutrient (except for calcium). The amounts of 
vitamins and minerals provided in 1 RDA were half the values 
described for 2 RDAs.

STATISTICAL ANALYSIS 

Continuous variables were expressed as mean ± standard 
deviation, median, and minimum and maximum (min-max). Prior 
to statistical analyses, data normality were tested. For parametric 
data, comparisons were assessed by paired t-tests (two moments 
–pre to post), unpaired t-tests (between groups), and ANOVA (three 
moments) followed by Tukey’s post hoc test. For non-paramet-
ric data, comparisons were assessed by the Wilcoxon test (two 
moments), the Mann-Whitney U test (between groups), and the 
Kruskal-Wallis test (three moments), followed by Dunn’s post hoc 
test. The associations of continuous variables were analyzed using 
chi-square tests (χ2). The interaction between study variables, using 
the ferritin concentration as the dependent variable, was assessed 
by multivariate linear regression tests. The level of significance 
adopted was p < 0.05. Statistical analyses were performed using 
STATISTICA software 10 (StatSoft, Inc., Tulsa, OK, USA).

RESULTS

The groups investigated (group 1 [1 RDA pre and 2 RDA after] 
vs. group 2 [1 RDA after]) did not differ with regard to age (p 
= 0.874) and presence of comorbidities on admission into this 
study (p = 0.324). Among the investigated comorbidities, the 
frequencies identified were: hypertension (29%); dyslipidemia 
(31%); sleep apnea (11%); osteoarthritis (4.5%); and infertility 
(2.2%). The absence of comorbidities was 65% and the use of 
contraceptives was 29%.

At baseline assessments (for all subjects, n = 45), 95.5% and 
91.0% had hepcidin and hs-CRP levels above reference values, 
respectively. Hypoferremia was identified in 2 subjects (4.5%), 
serum ferritin between 30-100 ng/dL in 27 subjects, and less 
than 30 ng/dL in 4 subjects (9.0%), however all hemoglobin val-
ues were ≥ 12 g/dL. Regarding iron deficiency (as determined by 
TSI values below 20%), it was observed in 10 subjects (22.2%) at 
baseline, 20.6% for group 1, and 27.3% for group 2 (Chi-square 
test, p = 0.643). The micronutrient supplementation schemes of 
1 RDA before RYGB surgery resulted in reduction in iron deficiency 
for group 1 (5.9%). The supplementation schemes of 2 RDAs after 
RYGB surgery were associated with a reduction in iron deficiency 
for group 1 (2.9%, p = 0.032), but not for group 2 (27.3%, p = 
0.100), who received micronutrient supplementation of only 1 
RDA after RYGB surgery. 

The results obtained before micronutrient supplementation 
(baseline), after preoperative supplementation (group 1), and 
after 6 months following the RYGB surgery, with regard to BMI 
and biochemical variables are show in table I. Group 1 had lower 
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TIBC and higher TSI values compared to group 2, 6 months after 
the RYGB surgery. In the intragroup comparisons, both groups had 
decreased BMI and CRP-us 6 months after the RYGB surgery, and 
IL-6 interleukin decreases were evident only for group 1. 

For the variables related to iron metabolism, group 1 had reduc-
tions in TIBC, transferrin, and ferritin levels, and an increase in TSI 
values. For group 2, there were increases in TIBC and serum iron 
values, and a reduction of ferritin levels. Group 1 had a reduc-
tion in hemoglobin values, and both groups showed decreases 
in hematocrit levels 6 months after RYGB surgery (Table I). Six 
months after surgery, anemia was diagnosed in three subjects 
in group 1 and one subject in group 2, representing about 9% in 
both groups. It should be highlighted that there were four women 

who already had serum ferritin levels below 50 ng/dL prior to 
RYGB surgery (at baseline).

In the comparisons between groups, after micronutrient supple-
mentation in the preoperative period, group 1 showed a significant 
difference compared with group 2 (preoperative period without 
supplementation) for TIBC (234.5 vs. 269.0 μg/dL for groups 1 
and 2, respectively, p = 0.003) and TSI values (36.1 vs. 28.1% 
for groups 1 and 2, respectively, p = 0.036).

Regarding micronutrients, there was an increased intake after 6 
months following RYGB surgery in both groups (except for vitamin 
B12, zinc and cooper for group 2). However, group 1 obtained 
higher values compared to group 2 due to the supplementation 
of 2 RDAs following surgery (Table II).

Table I. Biochemical variables for groups 1 and 2 before and 6 months after RYGB surgery

Variables

Group 1 (n = 34)

p-value*

Group 2 (n = 11)

p-value**Baseline 
Median  

(Min-Max)

Before RYGB 
surgery and post 
supplementation 
Median (Min-Max)

6-months after 
RYGB surgery 

Median (Min-Max)

Baseline  
Median  

(Min-Max)

6-months after 
RYGB surgery

Median (Min-Max)

BMI (kg/m2)
47.8

(39.2-62.0) a
44.5

(36.0-59.4) b 
34.3

(26.8-46.1) c
< 0.001

41.5
(40.1-66.4)

30.6
(27.6-50.9)

0.003

Hb (g/dL)
13.8

(12.3-15.2) a
13.5

(12.1-14.8) a
13.1

(11.5-14.8) b
< 0.001

13.5 
(12.2-14.7)

13.0
(11.8-14.7)

0.799

Ht (%)
41.8

(35.0-46.5) a
41.2

(37.0-45.2) a
40.3

(31.3-44.8) b
0.002

41.0
(37.4-45.4)

39.2
(37.6-44.0)

0.045

Iron (μg/dL)
83.5

(48.0-151.0)
84.5

(50.0-135.0)
95.5

(31.0-159.0)
0.337

67.0
 (49.0-119.0)

91.0
 (56.0-161.0)

0.017

TIBC (μg/dL)
279.0

(202.0-462.0) a
234.5

(94.0-286.0) b
133.0

(62.0-280.0) b
< 0.001

269.0 
(269.0-396.0)

294.0 †

(255.0-412.0)
0.026

TSI (%)
32.6

(12.2-65.4) b
36.1

(17.5-129.4) b
67.0

(11.1-204.7) a
< 0.001

28.1
(15.0-39.2)

34.0 †

(17.2-57.5)
0.182

Tf (mg/dL)
311.0

(227.0-436.0) a
309.0

(186.0-418.0) a
281.5

(176.0-403.0) b
0.004

323.0
(269.0-396.0)

302.0
(255.0-412.0)

0.424

sTfR (nmol/
mL)

10.2
(5.4-26.7)

10.1
(5.1-23.3)

9.1
(5.3-25.3)

0.360
12.0 

(4.7-18.0)
9.3 

(7.3-14.0)
0.100 

Ferritin (ng/
mL)

64.5
(15.0-400.0) a

64.0
(11.9-304.1) ab

59.7
(5.5-238.5) b

0.020
61.9

(29.5-190.6)
52.4

(10.6-132.5)
0.004

Hep (ng/mL)
16.0

(2.9-129.0)
15.7

(4.5-108.9)
15.5

(0.7-52.3)
0.282

17.2
(1.3-45.9)

12.4
(2.5-30.4)

0.091

hs-CRP (mg/
dL)

1.3
(0.1-6.5) a

1.1
(0.1-4.9) a

0.3
(0.0-2.8) b

< 0.001
1.4

(0.3-3.5)
0.2

(0.01-0.74)
0.003

TNF-α (pg/
mL)

13.9
(0.6-26.0)

12.8
(1.4-56.8)

13.5
(0.6-50.1)

0.585
13.7

(9.0-70.3)
13.4

(8.0-69.6)
0.570

IL-6 (pg/mL)
0.1

(0.0-131.0) a
0.1

(0.0-115.0) ab

0.1
(0.0-67.6) b

0.042
0.1

(0.0-80.5)
0.1

(0.0-54.1)
0.230

IL-10 (pg/mL)
1.3

(0.0-11.6)
1.3

(0.0-88.4)
1.3

(0.0-59.7)
0.452

0.9
(0.0-22.5)

1.0
(0.0-38.9)

0.360

BMI: body mass index; Hb: hemoglobin; Ht: hematocrit; TIBC: total iron-binding capacity; TSI: transferrin saturation index; Tf: transferrin; sTfR: soluble transferrin receptor; 
Hep: hepcidin; hs-CRP: ultra-sensitive C-reactive protein; TNF-α: tumor necrosis factor alpha; IL-6: interleukin-6; and IL-10: interleukin-10. *Friedman test for intra-group 1 
comparisons, considering that variables marked with different letters on the same line were statistically different (p < 0.05). **Wilcoxon test for intra-group 2 comparisons. 
†Variables presenting statistical differences by the Mann-Whitney U test (p < 0.05) in the comparison between groups. Different letters on the same line are significantly 
different (p < 0.05).
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Multivariate linear regression analysis, using ferritin as a depen-
dent variable, indicated that before and after RYGB surgery, the 
variable that best explained ferritin levels was hepcidin, followed 
by serum iron values and iron intake. Additionally, there was a sig-
nificant influence of hs-CRP for determining ferritin levels during 
the perioperative period, and TSI in influencing ferritin levels 6 
months after RYGB surgery (Table III). 

DISCUSSION

This study investigated the influence of two micronutrient sup-
plementation schemes of 1 RDA prior (for 1 month) and 2 RDAs 
after RYGB surgery (for 6 months) versus 1 RDA only after surgery 
(for 6 months). Both groups had significant reductions in body 
mass index (IMC), hs-CRP, IL-6, and ferritin levels after RYGB 
surgery. However, our data indicated that 1 RDA pre-surgery and 
2 RDAs of micronutrient supplementation post-surgery was more 
efficient in controlling iron metabolism (increased TSI and reduced 
transferrin levels).

In general, the baseline analysis in our study revealed that 
subjects had alterations in iron metabolism (increased hepcidin 
levels and iron deficiency) and systemic inflammatory markers 
(hsCRP and IL-6). This data was consistent with morbid obesity 
as described in others studies (2,18,19,36). A previous study has 
shown a correlation between hepcidin and ferritin values prior 
to surgery and a reduction of inflammation 6 months after sur-
gery was associated with hepcidin and sTfR reductions (18). In 
the current study, hepcidin determined ferritin values pre- and 6 
months post-RYGB surgery, and with hs-CRP at baseline, showed 
a relationship between hepcidin and systemic low-grade inflam-
mation in morbid obesity.

Hepcidin plays a key role in the regulation of iron metabolism, 
acting as a negative regulator of iron absorption in the intes-
tine and stimulating iron retention in macrophages when higher 
systemic concentrations occur (37). The increase of serum iron 
values, as observed with group 2 after surgery (1 RDA micro-
nutrient supplementation), indicates the effect of weight loss on 
improvements in iron status, and the role of hepcidin in this pro-
cess. Group 2 had higher iron deficiency rates 6 months after 
RYGB surgery, probably due to a lower supplementation dosage, 
as indicated by lower TSI and higher TIBC values compared to 

Table II. Micronutrient intake for both groups before and 6 months after RYGB surgery

Variables

Group 1 (n = 34)

p-value*

Group 2 (n = 11)

p-value**
Baseline

Before RYGB 
surgery and post 
supplementation

6-months after 
RYGB surgery

Baseline
6-months 

after RYGB 
surgery

Iron (mg/dL) 12.0 ± 4.3 a 25.7 ± 1.4 b 42.4 ± 2.1 c < 0.001 13.3 ± 3.2 24.7 ± 1.1 † < 0.001

Vitamin B12 (μg/dL) 5.3 ± 3.3 a 6.1 ± 1.1 a 8.7 ± 2.6 b < 0.001 5.1 ± 2.1 5.7 ± 0.9† 0.485

Folic acid (μg/dL) 309.6 ± 105.2 a 611.1 ± 59.9 b 962.9 ± 52.7 c < 0.001 329.9 ± 130.5 575.9 ± 37.2 † < 0.001

Vitamin C (mg/dL) 107.6 ± 111.1 a 138.4 ± 18.9 a 202.8 ± 30.1 b < 0.001 89.9 ± 56.5 † 142.8 ± 36.7 † 0.034

Vitamin B6 (mg/dL) 1.6 ± 0.5 a 2.4 ± 0.3 b 3.6 ± 0.3 c < 0.001 1.3 ± 0.2 2.3 ± 0.2 † < 0.001

Vitamin A (μg/dL) 666.3 ± 297.6 a 1169.0 ± 158.9 b 1765.5 ± 138.2 c < 0.001 627.6 ± 217.6 1058.9 ± 117.1 † < 0.001

Zinc (mg/dL) 13.8 ± 7.2 a 17.1 ± 2.5 b 23.5 ± 2.2 c < 0.001 15.1 ± 5.5 15.7 ± 2.4 † 0.725

Copper (μg/dL) 1.0 ± 0.4 a 1.6 ± 0.2 b 2.4 ± 0.2 c < 0.001 1.2 ± 0.6 1.5 ± 0.2 † 0.070

*Analysis of variance (ANOVA), followed by Tukey’s post hoc test to compare intra-group 1 of the adjusted mean (± standard deviation), considering that the same 
variables marked with different letters on the same line presented statistical differences (p < 0.05). **Student´s t-tests to compare intra-group 2 of the adjusted mean 
(± standard deviation). †Variables that showed statistical differences by unpaired Student´s t-test (p < 0.05) in comparisons between groups. Different letters on the 
same line are significantly different (p < 0.05).

Table III. Multivariate linear regression 
of iron metabolism and inflammation 
variables at baseline and 6 months 

after RYGB surgery, using ferritin as a 
dependent variable

Variables* B **p-value

Baseline: without micronutrient supplementation

  High-sensitivity C-reactive protein 3.4 0.001

  Serum Iron 0.3 0.004

  Iron Intake 0.9 0.043

  Hepcidin 3.9 < 0.001

6 months after RYGB surgery

  Transferrin saturation index 0.2 0.017

  Serum iron 0.4 0.009

  Iron intake 1.4 0.041

  Hepcidin 2.8 < 0.001

B: partial regression coefficient. *Groups 1 and 2: n = 45. **p < 0.05.
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group 1. Additionally, group 2 had a clear trend reduction in hep-
cidin values (28% vs. 2.5% for groups 2 and 1, respectively) 
during the same period (Table II). The reduction in hepcidin values 
occurs with iron deficiency to stimulate physiological pathways to 
elevate iron concentrations, thus, improving availability. Therefore, 
hepcidin probably had a lower percentage of reduction for group 
1 due to the higher availability of iron via micronutrient supple-
mentation (2 RDAs).

Ferritin is an important iron stores marker, but it also serves 
as an acute phase protein indicating systemic inflammation (8), 
and our multivariate regression analysis suggests this may be an 
accurate statement. Before surgery (at baseline), systemic low-
grade inflammation influenced the increase of ferritin levels; how-
ever, before and after surgery, ferritin values were determined by 
serum iron levels, iron intake, and hepcidin. In obesity, increased 
ferritin levels are associated with low transferrin saturation and 
hypoferremia, but those with obesity do not seem to be more 
prone to anemia, compared to eutrophic subjects (25,38). Most 
of these changes are related to the anemia of inflammation, in 
which mechanisms are stimulated by proinflammatory cytokines 
and hepcidin (16). 

In this study, at baseline assessments, only 2 subjects had 
low iron values, however, a low TSI was identified in 10 sub-
jects (22.2%) and the majority (95.5%) of subjects had elevated 
hepcidin concentrations. Anemia caused by low-grade systemic 
inflammation or iron deficiency, occurs decrease of transferrin 
saturation (21), indicating that a functional iron deficiency may be 
associated with inflammation or a real mineral deficiency.

The effect of 1 RDA before and a 2 RDA micronutrient supple-
mentation after RYGB surgery was effective in reducing iron defi-
ciency (Table I). The number of subjects with iron deficiency was 
reduced (20.6% to 5.9% for baseline and pre-surgery, respec-
tively) in accordance with TSI, after micronutrient supplementation 
during preoperative period of 1 RDA (group 1), indicating a real 
iron deficiency before surgery, since lowgrade systemic inflamma-
tion conditions persisted post initial supplementation.

Micronutrient supplementation of 2 RDAs after RYGB surgery 
was effective in maintaining TIBC, decreasing transferrin, and 
increasing TSI values. It is important to note that iron intake and 
TSI determined the increase of ferritin values 6 months after RYGB 
surgery when the analysis of both groups confirmed the influence 
of iron intake as the main marker of iron stores post-surgery in 
premenopausal women. The reduction of ferritin during the post-
operative period increased the risk of anemia (13,23).

The current study indicated that low-grade inflammation with 
obesity contributed to changes in iron metabolism, however, this 
emphasizes the preoperative actual iron deficiency, as analyzed 
by the markers of TSI and ferritin levels. Of all subjects that com-
pleted the study (n = 45), 27 had ferritin levels between 30-100 
ng/mL, suggesting an association of a functional and real iron 
deficiency, and 6 subjects had ferritin levels less than 30 ng/dL 
at baseline assessments, suggesting a real iron deficiency (21). 
Anemia was diagnosed in four subjects (~ 9%) within 6 months 
after RYGB surgery, with no difference between groups. However, 
all subjects had ferritin levels below 50 ng/dL, a value consid-

ered low for premenopausal women, and suggestive of the need 
for supplementation in the absence of anemia and presence of 
fatigue (28).

 In an attempt to prevent decreases in hemoglobin and fer-
ritin levels, and the development of anemia, which is a com-
mon outcome after RYGB surgery, specific recommendations 
are described in the literature (39). Aills et al. (33) recommend 
micronutrient supplementation at a dosage of 2 RDAs after mal-
absorptive surgery procedures, and in the specific case of iron, 36 
mg per day. Recently, higher doses of iron (45-60 mg/day) have 
been suggested to prevent anemia in premenopausal women (40).

In our study, although there was a significant improvement in 
iron metabolism for group 1, the amount of iron supplementation 
before (1 RDA) and after (2 RDAs) RYGB surgery was insuffi-
cient to maintain postoperative erythropoiesis and a high num-
ber of subjects (premenopausal women) developed anemia. The 
decrease of ferritin levels occurred in both groups, showing a 
decrease of systemic inflammation levels, but also the beginning 
of an iron depletion process after RYGB surgery.

In the pre-surgical assessment, there are established serum 
iron levels, but no specification on minimum values for serum 
ferritin levels for submission to bariatric surgery (35,40). This may 
contribute to having patients with low iron stores, which may be 
more aggravating for premenopausal women and malabsorp-
tive surgeries. Therefore, it is necessary to carefully assess iron 
metabolism and systemic inflammatory markers before RYGB 
surgery, and to establish a cut-off point for ferritin levels in pre-
menopausal women since the depletion of iron stores associated 
with low nutritional demands after RYGB surgery culminate with 
premature anemia. It has been suggested that with a depletion of 
iron stores, as seen with ferritin levels of less than 50 ng/dL, the 
preoperative micronutrient supplementation and increase of iron 
intake after surgery is fundamental for premenopausal women. 
This was a prospective study that elucidated a small part of the 
metabolic and inflammatory events involved in morbid obesity, 
and in the context of RYGB surgery and iron metabolism. Other 
prospective and controlled studies with different micronutrient 
supplementation schemes will complement our findings. The lim-
itation of the current study was the number of subjects, mainly for 
group 2, who were a sample of convenience patients cared for by 
the public health system.

CONCLUSION

Six months after RYGB surgery systemic inflammation was 
reduced in both supplementation schemes tested. However, 
micronutrient supplementation of 1 RDA before and 2 RDAs after 
surgery resulted in better improvements in iron metabolism.
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