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TRASTORNOS DEL METABOLISMO DEL HÍGADO
Y EL HIERRO EN PACIENTES DIABÉTICOS Y NO

DIABÉTICOS CON IMC < 35 Ó > 35 ANTES DE
BYPASS GÁSTRICO

Resumen

Introducción: La presencia de anormalidades en las
vías metabólicas del hierro y el funcionamiento del
hígado pueden producir resistencia a la insulina o sín-
drome metabólico. Por lo tanto, es importante examinar
esas alteraciones que pueden conducir al desarrollo de
enfermedades. El estado nutricional es otro factor impor-
tante que está íntimamente ligada a la diabetes y la obesi-
dad.

Pacientes y métodos: Se estudiaron 131 pacientes (78
pacientes no diabéticos y 53 diabéticos), 37 pacientes IMC
≤ 35 (3 IMC < 25, 18 IMC 25-29,9, 16 IMC 30-34,9) y 94
pacientes IMC ≥ 35 (81 IMC 35-49,9 y 13 de IMC ≥ 50).
Los sujetos fueron sometidos a estudios de laboratorio
relacionadas con el funcionamiento del hígado y el meta-
bolismo del hierro. Se determinó también el estado nutri-
cional en nuestros pacientes.

Resultados: El hierro estuvo alterado en 14% de los
pacientes IMC >35 y los diabéticos alcanzaron 3% a 25%.
La vitamina B12 fue baja en 4% de los no diabéticos IMC
> 35, y alta en el 6% de los diabéticos IMC < 35. El 6% de
los diabéticos IMC < 35 tenía hiperbilirrubinemia. Las
transaminasas estuvieron elevadas en pacientes IMC >
35, pero exacerbados en los diabéticos. GGT se eleva del
41% al 47% en BMI > 35. ALP estuvo elevada en el 25%
de los diabéticos. Las proteínas séricas totales y la albú-
mina estuvieron alterados en los diabéticos causando des-
nutrición leve. 90% de los pacientes tenían una nutrición
normal y 10% desnutrición leve.

Conclusiones: El metabolismo hepático y del hierro
están estrechamente relacionadas con el inicio de la obesi-
dad y la diabetes. Si hay un aumento de peso, los riesgos
metabólicos acumulados se elevan. La presencia de la dia-
besidad y el aumento de la duración de la diabetes empeo-
ran el metabolismo. El estado nutricional se altera en la
obesidad, pero es peor con la adición de la diabetes.
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Abstract

Introduction: The presence of abnormalities in the
metabolic pathways of iron and liver functioning can
produce insulin resistance or metabolic syndrome.
Therefore, it is important to examine those alterations
that may lead to the development of diseases. Nutritional
status is another important factor that is intimately
linked to diabetes and obesity.

Patients and Methods: We studied 131 patients (78 non-
diabetic patients and 53 diabetic), 37 patients BMI ≤ 35 (3
BMI < 25, 18 BMI 25-29.9, 16 BMI 30-34.9) and 94
patients BMI ≥ 35 (81 BMI 35-49.9 and 13 BMI ≥ 50).
Subjects underwent to laboratory studies related to liver
functioning and iron metabolism. Nutritional status was
also determined in our patients.

Results: Iron was altered 14% of patients BMI >35 and
diabetics reached 3% to 25%. Vitamin B12 was low 4%
of non-diabetics BMI > 35, and high in 6% of diabetics
BMI < 35. The 6% of diabetics BMI < 35 had hyperbiliru-
binemia. Transaminases are elevated in patients BMI >35
but exacerbated on diabetics. GGT is raised 41% to 47%
in BMI >35. ALP is elevated in 25% of diabetics. Total
protein and serum albumin were altered in diabetics
causing mild malnutrition. 90% of patients had normal
nutrition and 10% mild malnutrition.

Conclusions: The metabolisms Hepatic and iron are
closely related to the onset of obesity and diabetes. If there
is weight gain, cumulative metabolic risks rise. The
presence of diabesity and increased duration of diabetes
produce altered metabolism. Nutritional status is altered
in obesity but is worse with the addition of diabetes. 
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Introduction 

Alterations of metabolic pathways in the human
body can cause several diseases, so it is necessary to
explore the relationship between the predisposition,
onset, progression and the etiology among alterations
of metabolism that can lead to develop diseases1. Be-
hind obesity and Type 2 Diabetes Mellitus (T2DM), a
complex metabolic disorder causes a strong link bet -
ween the two diseases2 on an intricate environment3.
The increase in body weight predominantly visceral fat
accumulation causes alterations as ectopic trigly -
cerides4 which can cause insulin resistance and meta-
bolic syndrome (MS), factors that favor the onset of
T2DM4,5 in genetically predisposed individuals with
impaired beta cell through the long process of the de-
fects in insulin action and secretion6.

Obesity therefore is an important factor for the de-
velopment of T2DM considered epidemic by the very
high rates worldwide7. Today, half of patients with
T2DM diagnosis are obese2, showing altered metabolic
states and oxidative stress with inflammatory cy-
tokines released by adipose tissue8.

Other metabolic pathways linked to the develop-
ment of diabetes are the iron and hepatic metabolism
altered. The increased total levels of stored iron are
positively correlated with insulin resistance and meta-
bolic syndrome8. The association of impaired liver en-
zymes with development of diseases has been demons -
trated. Raising the glutamyltransferase (GGT) and
alanine aminotransferase (ALT) are linked to peripher-
al and hepatic insulin resistance9. Elevation of bilirubin
is considered as antioxidant in the prevention of cardio-
vascular diseases10. Higher levels of alkaline phos-
phatase (ALP) circulating is closely linked to body fat
so it can be used as a predictor of obesity11.

Besides, deficiency of vitamin B12 is linked to the
use of metformin in obese and/or patients with T2DM
causes diverse clinical manifestations12.

Both obesity and/or diabetes can cause malnutri-
tion13, and have a direct impact on the clinical outcome
of patients. Diagnosis of obesity is made by Body Mass
Index (BMI)14 which is considered as the main tool for
the classification of weight but it is not related to the
nutritional status of patients15. Ulíbarri et al16 shows that
30 to 55% of hospitalized patients and 77 to 84% of dia -
betic patients have malnutrition, which increases mor-
bidity and worsens the prognosis of patients by taking
them to complications or death13.

Therefore, obesity should be prevented from an ear-
ly age, because of morbidity increases with the time of
evolution, and reverse it is a real challenge17 that could
be achieved through bariatric surgery that are consi -
dered as definitive treatment of obesity and T2DM2.
Metabolic surgery causes high rates of remission of
T2DM and diseases such as MS18 by different mecha-
nisms. The reorganization of gastrointestinal transit19

and visceral fat reduction are the goals of treating obe-
sity4 and diabetes19. Schauer et al20 evaluated the specif-

ic effects of bariatric surgery on BMI > 35, and others
authors on BMI < 3521,22. However, bariatric surgery
treatment is still controversial on BMI < 3523 despite
the results of long-term remission of obesity and dia-
betes as well as protective against T2DM24.

Patients and methods

Patients

We studied 131 patients (78 non-diabetic patients
and 53 diabetic), 37 patients BMI ≤ 35 (3 BMI < 25, 18
BMI 25-29,9, 16 BMI 30-34,9) and 94 patients BMI ≥
35 (81 BMI 35-49,9 and 13 BMI ≥ 50). We analyzed
BMI, gender, presence of diabetes and its time of evo-
lution. Age was clustered in ranges 15-20, 21-30, 31-
40, 41-50, and 51 years of age and older. The duration
of T2DM was clustered into 1-5, 6-10, 11-15, 16-20,
21-30 and 31-40 years.

Patients attended medical consultation in order to be
undergoing to tailored One Anastomosis Gastric By-
pass (BAGUA) for his current state of diabetes, obesity
or both conditions. 

Preoperative evaluation

In all patients, a preoperative study were conducted
following the indications of the Clinical Practice
Guideline (CPG) of the European Association for En-
doscopic Surgery (EAES)25.

The total cholesterol, serum iron, vitamin B12, total
bilirubin, transaminase AST, transaminase ALT, gam-
ma glutamyltransferase (GGT), alkaline phosphatase
(ALP), total protein, serum albumin and total lympho-
cyte were evaluated after at least 12-hour fasting.

Surgical procedure

Before surgery, all patients eat only liquid diet du -
ring 5 (BMI 23-34) to 7 days (BMI 35-50) depending
of preoperative BMI, received antibiotic and an-
tithrombotic prophylaxis. Tailored BAGUA19,26 con-
sisted in the construction of a gastric pouch from the
gastroesophageal junction to the end of the minor gas-

Table I
Number of patients by BMI

Group of patients Non-diabetic patients Diabetic patients

BMI < 25 0 3
BMI 25-29.9 1 17
BMI 30-34.9 3 13
BMI 35-49.9 62 1
BMI ≥ 50 12 1
Total 78 53

Figure represents the number of patients and distribution studied.
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tric curvature at the lower level of the cisura angularis.
The stapler line of the gastric pouch was fixed approxi-
mately 12 cm to the intestinal loop (first layer of the an-
ti-reflux mechanism of BAGUA), and it was anasto-
mosed in a laterolateral position to the mesenteric
border of a small bowel loop 100 cm (BMI 23-29), 120
cm (BMI 30-32), 150 cm (BMI 33-34), 200 cm (BMI
35-40), 250 cm (BMI 40-45), and 280 cm distal (BMI
45-50) to the treitz ligament. The anti-reflux mecha-
nism is completed fixing the afferent loop to the gastric
remnant and the efferent loop to the antrum.

The size of the gastric pouch depends on the BMI of
the patient. In BMI 23-32 we performed a floppy 36
French bougie pouch, while in BMI > 33 a narrow 36
French bougie one’s is performed. We left systemati-
cally a drainage during the 48 h of hospital stay. After
surgery, they eat liquid diet in the 1st week, semifluids
in 2nd week, purée in 3-4th weeks and normal diet after
one month of surgery. The patient were reviewed at 10
days, 1, 3, 6 and 12 months. 

Blood sample processing

Laboratory personnel of the Analysis Unit Clinical
Laboratory of University Associated Hospital Parque
San Antonio performed the extraction of blood samples
from patients with at least 12 hours fasting. The laborato-
ry samples analyzed were total cholesterol, total biliru-
bin, transaminases AST and ALT, GGT, ALP, serum
iron and total protein by ultraviolet-visible spectroscopy.
The serum albumin was analyzed by capi llary elec-
trophoresis, vitamin B12 by chemiluminescence, and to-
tal lymphocyte by count and electronic formula.

Normal levels of our laboratory are total cholesterol
130-220 mg/Dl, total bilirubin < 1,2 mg/Dl, GGT 7-35
U/L, AST < 40 U/L, ALT < 40 U / L, ALP 30-120 U/L,
total protein 65-82 g/L, serum albumin 36-54 g/L (3,6-
5,4 g/Dl), serum iron 40-150 µg/Dl, vitamin B12 189-
883 pg/Ml and total lymphocytes 900-5175/µL.

With the data obtained we made the determination of
the nutritional status of patients through screening tool
developed by Ulíbarri et al16 validated in 2002 with
92,3 sensitivity and specificity of 85.

The filter tool uses serum albumin and total choles-
terol as biochemical parameters, and uses total lym-
phocytes as immune parameters. The levels of the three
parameters are set according to the degree of malnutri-
tion. Assigned scores are divided into four ranges
based on alteration of each laboratory studies (table II).

Statistical analysis

Descriptive statistics was used for comparisons. Di -
fferences among groups were analyzed by ANOVA
when appropriate, and measures of central tendency
according to study variables. Besides, we use percen -
tages on gender, age, BMI, presence or absence of dia-

betes and its evolution time. For quantitative variables
were used mean and standard deviation. We use SPSS
(version 20 for Windows, SPSS, Chicago IL) and Ex-
cel 2010 programs. 

Results

The predominant age range was 51 years and older
(32% of patients). The mean age was 44 ± 13 years.
The mean of BMI was 39 ± 14. The mean of T2DM
evolution was 13 ± 8 years. Morbid obesity was pre-
dominant (61% of patients).

Non-diabetic patients had total cholesterol 208 ± 45
mg/dl, serum iron 78 ± 32 µg/dL, vitamin B12 414 ±
190 pg/mL, total bilirubin 2 ± 14 mg/dl, AST 25 ± 13
U/L, ALT 37 ± 27 U/L, GGT 42 ± 36 U/L, ALP 89 ± 25
U/L, total proteins 73 ± 3 g/L, serum albumin 4 ± 0 g/L,
and total lymphocytes 2,546 ± 773 L.

Diabetic patients had total cholesterol 188 ± 40
mg/dl, serum iron 77 ± 32 µg/dL, vitamin B12 489 ±
419 pg/mL, total bilirubin 3 ± 11 mg/dl, AST 27 ± 15
U/L, ALT 38 ± 29 U/L, GGT 51 ± 50 U/L, ALP 84 ± 29
U/L, total protein 74 ± 4 g/L, serum albumin 4 ± 0 g/L
and total lymphocyte 2,504 ± 737 µL.

The iron metabolism was altered in 20% of non-dia-
betic BMI < 35, but the 13% of patients with BMI > 35
was affected. Diabetic patients reached levels of 7% in
BMI < 35, but increases to 26% with gain of weight
(BMI > 35). Vitamin B12 is altered in certain groups of
patients as you can see in table III.

We found hyperbilirubinemia in 6% of diabetic pa-
tients BMI < 35. The transaminases AST and ALT are
elevated in high percentage of patients BMI > 35 but
exacerbated on diabetics. GGT is raised from 41% to
44% of patients BMI > 35. ALP is elevated up in 35%
of diabetic patients. Total protein and serum albumin
predominated altered especially in patients with dia-
betes (18%) (table III).

Nutritional Status

We use the filter tool developed by Ulíbarri et al16 to
perform nutrition status. We found normal nutrition in
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Table II
Percentage of patients by BMI having glucose altered

Group of patients Non-diabetic patients Diabetic patients

BMI < 25 100%

BMI 25-29.9 25% 85%

BMI 30-34.9 33% 100%

BMI 35-49.9 27% 88%

BMI ≥ 50 9% 9%

The data represents the percentage of patients with altered glucose
depending of the BMI. It shows how super obese patients have a dif-
ferent behavior from the other groups. There was non-diabetic pa-
tients BMI < 25 to compare to diabetics in same group.
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90% of patients and mild malnutrition in 10%. We do not
found any moderate and severe malnutrition (table IV).

About mild malnutrition, diabetics have higher per-
centage than non-diabetic patients (table V).

Discussion

When there are abnormalities in the metabolic path-
ways can produce different diseases. Therefore, it is
important to examine the relationships between alte -

rations of the metabolism that may lead to the develop-
ment of diseases. The alterations of the metabolic path-
ways of iron metabolism and liver are associated with
the development of insulin resistance and metabolic
syndrome. Diseases such as diabetes and obesity are
considered difficult to treat because they are intimately
linked and could affect the nutritional status.

The purpose of this paper is to know how the iron
and the liver metabolism are linked to obesity and dia-
betes, and how they affect the nutritional status of pa-
tients linked to weight gain cumulative type. 

Metabolic disorders of liver and iron
in diabetic and non-diabetic patients...
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Table III
Increment or decrement in the levels of specific profile studies

Levels of studies Year of
of laboratory kg BMI Age evolution T2DM

↑ ↓ P ↑ ↓ P ↑ ↓ P ↑ ↓ P

Triglycerides 0.06 0.017* 0.012 0.000* 0.16 0.000* 0.4 0.000*
Total cholesterol 0.0 0.0 0.000* 0.008 0.000* 0.06 0.000* 0.0 0.0 0.000*
LDL cholesterol 0.0 0.0 0.000* 0.21 0.000* 0.7 0.000* 0.0 0.0 0.000*
HDL cholesterol 0.0 0.0 0.000* 0.0 0.0 0.006* 0.0 0.0 0.085 0.0 0.0 0.047
Glucose 0.03 0.000* 0.24 0.000* 0.44 0.000* 0.19 0.000*
C-peptide 4.0 0.000* 1.0 0.000* 0.034 0.000* 0.0 0.0 0.000*
HbA1c 5.0 0.014* 1.0 0.000* 3.0 0.000* 0.09 0.000*

The data show that with increasing weight per kg and BMI in units, age in years, and every year since onset of T2DM, some laboratory studies were
altered and may have deleterious effects on the human body. *Statistically significant (p < 0.05).

Fig. 1.—Altered metabolism
of lipid with increased BMI.
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We evaluated 131 patients attended to the clinic in or-
der to underwent to tailored One Anastomosis Gastric
Bypass (BAGUA) because of their status of obesity
and/or diabetes mellitus. The presence of obesity and/or
diabetes in these patients caused comorbidities such as
metabolic syndrome, respiratory diseases, polycystic
ovary syndrome, anxiety-depressive disorder or com-
plications of diabetes type micro and macro vascular19.

The patients were submitted a series of laboratory
studies and the results show big abnormalities in pa-
tients with diabetes and greater degree of obesity.
These data indicate that increased BMI produces alte -

rations in laboratory studies analyzed. Alterations are
predominant in patients BMI > 35 where usually are asso -
ciated comorbidities mentioned by WHO27.

Abnormal laboratories were most frequently found
in the age range of 51 years and older, and predominant
in male gender. The patients with diabesity clustered
higher percentage of altered laboratory studies.

In non-diabetic patients BMI > 35, 13% showed iron
altered, but the percentage increases with the addition
of diabetes (26%). We are agree with Fernandez-Real
et al8 because of alterations of iron metabolism are di-
rectly related to insulin resistance, the metabolic syn-
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Table IV
Percentage of patients an their nutritional status determined by the filter tool developed by Ulibarri et al.

Nutritional status
BMI

Normal Mild malnutrition Moderate malnutrition Severe malnutrition
Total

BMI < 25 0% 2% 0 0 2%

BMI 25-29.9 8% 3% 0 0 11%

BMI 30-34.9 2% 2% 0 0 3%

BMI 35-49.9 68% 3% 0 0 72%

BMI > 50 12% 0% 0 0 12%

Total 90% 10% 0 0 100%

Figure represent the nutritional status of patients by the Ulibarri et al. filter tool where most of patients had normal status followed by mild and mo-
deratate malnutrition.

Fig. 2.—Glycated hemoglo-
bin and C-peptide alterations
according to BMI.
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drome and diabetes development in the presence of
oxi dative stress and release of cytokines inflammatory
destabilizing the human body.

Vitamin B12 is low in some patients probably by se -
veral mechanisms as Kibirige and Mwebaze12 describe,
where that deficiency of vitamin B12 is associated with
intake of metformin in 5,8 to 33% of patients with
T2DM. The 6% of our diabetic patients share these cha -
racteristics. The mechanisms of altered vitamin B12 are
explained by alterations in small bowel motility with bac-
terial flora impact, competitive inhibition, inactivation of
the absorption, abnormal intrinsic factor receptor, the in-
teraction with cubulin or nutritional status by inadequate
intake could determine their deficiency16, and it is closely
linked to abnormalities of iron and its consequences. 

The components of liver metabolism are proteins that
serve as markers for the diagnosis of obesity and liver dis-
eases as fatty liver and others comorbidities, which are
important clinical manifestations of metabolic syndrome.
Nayeen et al11 demonstrated that the alkaline phosphatase
and transaminases are used as predictors for obesity and
they are closely related to the amount of lean tissue.

Hsieh et al28 shown that the prevalence of diabetes is
higher in patients with liver disease. Transaminases and
alkaline phosphatase are elevated in patients with dia-
betes but in a significantly higher in patients with dia -
besity. Vozaroba et al29 demonstrated that the presence of
high levels of ALT are associated with obesity and in-
sulin resistance with its depletion and the subsequent de-
velopment of T2DM, therefore suggests using as a pre-
dictive marker. The elevated ALT is also associated with
increased risk of cardiovascular disease and me tabolic
syndrome demonstrated by Pirola and Sookoian30.

On the other hand, elevated levels of bilirubin are
associated with low prevalence of peripheral arterial
disease that are correlated with amputations in diabetic
patients as demonstrated by Chan et al31. Have protec-
tive effect on the antioxidant properties that prevent
cardiovascular disease10. In our study we found that 6%
of diabetic patients BMI < 35 have elevated bilirubin.

Besides, GGT is predominantly elevated in patients
BMI > 35 and this could indicate liver damage, cardio-
vascular risk and metabolic syndrome as demonstrated
by Giannini et al32. Bonnet et al studied 1309 non-dia-
betic patients for 3 years, where GGT proved to be bet-
ter predictor of T2DM than ALT9. Our patients with
higher BMI had altered GGT and transaminases too.

Hepatic profile has also proteins that reflect the nu-
tritional status16. The 2% of non-diabetic patients and
5% of diabetics with BMI < 35 had elevated total pro-
tein. The albumin was elevated in our patients that may
reflect liver damage of various etiologies including
systemic diseases as mentioned by Giannini et al32.

We determined that certain studies of iron metabo-
lism and liver function have cumulative effects when
altered. We realized that with the increase in BMI,
there are a greater percentage of patients with altered
laboratory studies. However, total bilirubin, iron, albu-
min and total protein are affected without regard to the
gradual increase in BMI.

Huffman et al33 mentioned that there are associations
among micronutrient deficiency, diet low in fiber and
high saturated fat intake with the deteriorating health of
patients with T2DM. He found deficiencies of iron, vi -
tamin and calcium according to different characteris-
tics of the patients.

We use the filter developed by Ulíbarri et al16 to de-
termine the degree of nutrition, showing that 10% of
total patients have mild malnutrition, but the percen -
tage of diabetic patients with mild malnutrition have al-
most five times more the than non-diabetic patients. 

Patients who achieved higher obesity were shown
not to be more affected, possibly because of the adi-
pose tissue expandability described by Lumeng et al34.

Finally, we agree with Soloirzano-Pineda et al13 who
mentioned that the high incidence of malnutrition in sur-
gical patients should receive advice of nutritional status
with a docketed method and prevent complications.

We are aware that further studies with more patients
and longer follow-up are needed to find solutions rela -
ted to the prevention and treatment of disorders of the
metabolic pathways linked to the development of obe-
sity, diabetes or metabolic syndrome. 

The main limitation of our study is the number of pa-
tients. However, there are no studies about the influen ce
of obesity and/or diabetes linked to weight gain cumula-
tive type, and this may be the watershed to study in depth.

All this new knowledge, help us not only to under-
stand the pathophysiological mechanisms of diseases
of fashion, but also to improve surgical techniques
bariatric or metabolic rate for the treatment of weight
control and long-term improvement or cure of diabetes
for surgical treatment.

Conclusions

Iron metabolism in 7% of diabetic patients < 35, and
26% of BMI > 35 was altered. The iron alterations

Metabolic disorders of liver and iron
in diabetic and non-diabetic patients...
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Table V
Differences in mild nutritional status between diabetic

and non-diabetic patients

Nutritional status

Mild malnutrition
BMI

Non-diabetic Diabetic
Total

patients patients

BMI < 25 0% 17% 17%

BMI 25-29.9 0% 32% 32%

BMI 30-34.9 0% 17% 17%

BMI 35-49.9 17% 17% 34%

BMI 35-49.9 17% 17% 34%

Total 17% 83% 100%

Diabetic were more affected by slight under-nutrition than non-dia-
betic patients.
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looks like correlated to altered levels of vitamin B12
(lower in 4% of non-diabetics BMI > 35, and higher
6% of diabetics BMI < 35).

In 6% of diabetic patients BMI < 35 had hyperbiliru-
binemia. The transaminases AST and ALT are elevated
in high percentage of patients BMI > 35 but exacerba -
ted on diabetic patients. GGT is raised from 41% (non-
diabetics) to 44% (diabetics patients) of BMI > 35.
ALP is elevated up in 35% of diabetic compared to
non-diabetic patients (10%). Total protein and serum
albumin were altered especially in diabetic patients.

The filter tool developed by Ulibarri et al demons -
trates that diabetics are more affected with malnutrition
than non-diabetic patients. 

With these data, we conclude that once the ano -
malies in different metabolic pathways are present, are
closely related to the onset of obesity, metabolic syn-
drome and diabetes, caused by the cumulative effects
of weight gain.
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