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Resumen 
Antecedentes: el yodo contribuye a mantener el balance de especies reducidas y oxidadas y también es requerido para la síntesis de hormo-
nas tiroideas como la triyodotironina (T3), que regula el metabolismo energético en el adulto. El incremento en el índice de masa corporal está 
asociado con marcadores infl amatorios, estrés oxidativo y anormalidades en la secreción de adipocitocinas que están asociadas con la obesidad 
y enfermedades crónicas degenerativas.

Objetivo: el objetivo del estudio es investigar la asociación entre yoduria, estrés oxidativo, estado antioxidante total, adiponectina, e interleucina 1,
con el IMC en adultos saludables.

Métodos: se realizó un estudio transversal con 114 adultos, 33 hombres y 81 mujeres, de entre 25 y 44 años, a los cuales se les midieron 
sus características clínicas, antropométricas y parámetros sociodemográfi cos. Los niveles de adiponectina e interleucina 1 se midieron por 
inmunoensayo; el estrés oxidativo, el estado antioxidante total y la yoduria, por métodos colorimétricos. 

Resultados: los sujetos con sobrepeso y obesidad tienen altos niveles de MDA, FRAP e IL-1 vs. los sujetos con peso normal. Sin embargo, 
los sujetos con sobrepeso y obesidad tienen bajos niveles de yodo y adiponectina vs. los sujetos con normopeso. El estrés oxidativo (MDA) se 
relacionó positivamente solo en sujetos obesos (r = 0,787, p = 0,008) y el estado antioxidante (FRAP) con sobrepeso (r = 0,398, p = 0,049) y 
obesidad (r = 0,448, p = 0,030). En contraste, se encontró una asociación entre yoduria y sujetos obesos (r = 0,463, r = 0,001). Los niveles de 
adiponectina se relacionaron negativamente solo en sujetos obesos (r = -0,477, p = 0,001), mientras que la IL-1 fue positivamente relacionada 
con el incremento de BMI (sobrepeso r = 0,287, p = 0,050; y obesidad r = 0,515, p = 0,006).

Conclusión: La alteración en los niveles de interleucina-1, adiponectina y estrés oxidativo se relacionaron en sujetos con sobrepeso y obesidad; 
además, los niveles de yodo disminuyeron con el incremento del IMC, contribuyendo a la pérdida del equilibrio redox. Estos datos juegan un papel 
importante en la etiopatogénesis relacionada con enfermedades crónicas relacionadas con el incremento del IMC.

Abstract 
Background: iodine contributes to maintain the balance of the reduced and oxidized species and is also required for thyroid hormones synthesis 
as triiodothyronine (T3), which regulates energy metabolism in adults. Increased body mass index (BMI) is associated with infl ammatory markers, 
oxidative stress, and abnormalities in adipocytokines secretions that are associated with obesity and chronic disease.

Objective: the aim of the study is to investigate the association between ioduria, oxidative stress, total antioxidant status, adiponectin and 
interleukin-1 (IL-1) with BMI in healthy adults. 

Methods: a cross-sectional study was performed in 114 healthy adult volunteers, aged 25-44 years, divided according to their BMI in three 
groups: normal weight (BMI < 25), overweight (BMI ≤ 25 to < 30), obesity (BMI ≥ 30). Adiponectin and IL-1 were measured by immune-enzymatic 
assays; oxidative stress, by determination of malondialdehyde (MDA); and total antioxidant status (TAS) and ioduria were measured by colorimetric 
assays. Statistical association was done by Spearman’s test. 

Results: overweight and obese subjects have higher serum levels of MDA, TAS and IL-1 vs normal weight subjects. Moreover, overweight and 
obese subjects have lower levels of iodine and adiponectin vs normal weight subjects. MDA was positively related only with obese subjects (r = 
0.787, p = 0.008) and TAS with overweight (r = 0.398, p = 0.049) and obese subjects (r = 0.448, p = 0.030). In contrast, a reverse correlation 
with ioduria was found in obese subjects (r = 0.463, p = 0.001). Adiponectin was negatively related only in obese subjects (r = -0.477, p = 
0.001), while, IL-1 was positively related with the increase of BMI (overweight r = 0.287, p = 0.050; and obesity r = 0.515, p = 0.006).

Conclusion: alteration in IL-1, adiponectin and oxidative stress levels were found to be related to overweight and obesity; also, iodine levels 
decreased when BMI increased, contributing to loss of redox equilibrium. All this data may play an important role in etiopathogenesis of chronic 
disease related to the increase of BMI.
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INTRODUCTION 

Obesity is a global problem in public health. The World Health Orga-
nization (WHO) showed in 2014 that 39% of the adult world population 
had overweight and 13%, obesity (1). Currently, obesity is considered as 
an epidemiological emergency in Mexico (2,3). The prevalence of over-
weight and obesity in adults increased and body fat excess is responsi-
ble for heart disease, cerebrovascular events, diabetes mellitus, ulcers, 
retinopathy, renal failure, peripheral vascular disease, osteoarthritis and 
cancer (4-7). Iodine deficiency induced hypothyroidism, making the 
thyroid unable to produce enough hormones to maintain the normal 
metabolism of the body (8-10). Adipose tissue from rats express the 
mRNA of sodium/iodide symporter (NIS), and iodine can be stored in fat 
tissue (11,12). However, the role of iodine per se in obesity is unknown. 
Previous studies report an antioxidant role of iodine in extrathyroid tis-
sues that concentrate iodine; for example, iodine-deficient rats exposed 
to potassium iodide increase a total antioxidant in the retina (13). In vivo 
studies show an increase of enzymatic activity as glutathione peroxi-
dase in patients after drinking cures with iodine brine (14). In contrast, 
total antioxidant status (TAS) is low in pregnant women with iodine 
deficiency, while oxidative stress increases (15). Iodine is part of the T3 
hormone, which participates in the regulation of temperature homeo-
stasis and is responsible for almost 30% of resting energy expenditure. 
Previous studies have shown a correlation between thyroid hormones 
and changes in weight in chickens (16). Recently, it has been shown 
that thyroid hormones may access the arcuate nucleus and hypothal-
amus to regulate appetite (17), and hypothyroidism induces reduced 
basal energy expenditure with weight gain (10,18). However, thyroid 
hormone levels are inconsistent in obese adults (19-22). 

Obesity is a chronic inflammatory process characterized by an 
increase of adipose tissue, which modifies serum levels of adipokines 
as leptin, adiponectin and ILs. Adiponectin is a hormone secreted 
in the adipose tissue which circulates in healthy subjects in con-
centrations ranging from 5 to 30 μg/ml. This hormone regulates 
the metabolism energy by stimulating the oxidation of fatty acids 
and decreasing plasma triglyceride levels; it also improves glucose 
metabolism, increases insulin sensitivity and inhibits early phases of 
atherosclerosis (23-25). Meanwhile, cytokines of the IL-1 family have 
been described to be elevated in obese adults. This family includes, 
among others, IL-1α, IL-1β, IL-1 receptor antagonist (IL-1ra) and 
IL-18 (26,27). The IL-1ra binds to the IL-1 receptor competing with 
the proinflammatory IL-1 and were shown to be elevated in obese 
adults, indicating anti-inflammatory function (28). However, there are 
no data related to levels of adiponectin, IL-1, oxidative stress and 
ioduria with BMI in healthy adult population. This study was done to 
establish a possible association between these variables. 

METHODS

DESIGN AND ANTHROPOMORPHIC 
PARAMETERS

A cross sectional study was carried out in users of the healthy 
life unit (UVISA) from Xalapa, Veracruz, Mexico. The UVISA is a 

unique institution at a national level, which addresses health 
care in a comprehensive way through the promotion of healthy 
lifestyles. The study was approved ethically by the UVISA Ethics 
Committee, the Bioethical Committee of the Health Institute of the 
University of Veracruz, from Teaching, Research and Training of 
the Department of Postgraduate and Research of the Secretary 
of Health of the State of Veracruz, Mexico, and complies with 
the 1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards. Each user signed an informed con-
sent letter and questionnaires were applied in order to known the 
sociodemographic (sex, age, school level and employment) and 
clinical characteristics. The subjects with morbid obesity, degen-
erative chronic disease, pregnant and pharmacological treatment 
were excluded from this study. Blood samples were drawn from 
October 2016 to November 2016 in UVISA from Xalapa, Veracruz. 
Five milliliters of fasting venous blood were collected in a BD 
vacutainer; they were preserved using packs of ice blocks and 
were later transported to the laboratory. The blood samples were 
centrifuged at 5,000 rpm for five minutes to separate plasma. 
The layer of white blood cells above the packed erythrocytes was 
discarded. The erythrocyte pellets were washed three times with 
0.15 HCL, diluted in 33% of phosphate buffer saline (mM; NaCl, 
136.9; KCl, 2.68; KH2PO4,1 .47; Na2 HPO4, 6.62; and pH 7.4), 
and kept at 4 °C until use. Similarly, urine samples of 24 hours 
were preserved in frozen-capped plastic tubes with 20% of for-
malin to minimize iodine volatilization; then, they were frozen and 
analyzed. All blood samples were preserved in refrigerator. Body 
mass index (BMI) was calculated by dividing body weight in kilo-
grams by height in square meters (BMI = kg/m2).

Anthropomorphic parameters showed that 47 had normal 
weight, of which 12.5% were men and 87.5% were women.

BIOCHEMICAL MEASUREMENT

Levels of adiponectin (Abcam® Human, United Kingdom), IL-1 
(Sigma-Aldrich®, México) were measured by immune-enzymatic 
assays in a spectrophotometer at 450 nm. Plasma TBARs were 
measured fluorometrically using a Quantichrom™ TBARS Assay 
Kit. Serum TBARS are reported as µmol/l (Bioassay System). TAS 
was measured colorimetrically as reported (29), and hemoglobin, 
by the method previously described (Cable RG). Urinary iodine 
concentration (UIC) was obtained using a fast colorimetric method 
(2,15). Briefly, 0.2 ml of urine or iodine calibrator (50-300 μg/l) 
and 1.0 ml of ammonium persulfate solution were heated for 
one hour at 100 °C, after adding arsenious acid solution (10 
g of As2C3, 50 g of NaCl, 400 ml of 2.5 mol/l H2SO4) to each 
tube. Then, fresh ferroin-arsenic acid solution (10.8 mol/l H2SO4, 
arsenious acid, 200 g/l sodium chloride, and 2 ml ferroin) was 
added. Finally, ceric ammonium sulfate solution was added with 
the multipipetter, and the content of each glass tube (150 μl) was 
then transferred to a sterile polystyrene microtiter plate, and iodine 
was determined by the rate of color disappearance at 504 nm of 
each well in a microplate reader (SpectraMax® Plus; Molecular 
Devices, Sunnyvale, CA). The UIC was determined by subtracting 
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the OD of the blanks and is expressed as μg/l against a standard 
iodine concentration (50-300 μg/l).

STATISTICAL ANALYSIS

Data obtained from 114 users were analyzed statistically using 
SPSS 17 for Windows (SPSS Inc., Chicago, IL). The data were 
expressed as frequency, percentage and means ± SD. Kolmog-
orov-Smirnov o Shapiro Wilk tests were used to know the sample 
distribution. The Student’s t-test and ANOVA test were used to 
compare the continuous variables with normal distribution in two 
or more independent groups, whereas the Mann-Whitney U test 
was used for continuous variables with non-Gaussian distribution. 
Differences with p < 0.05 were considered as significant. Correla-
tion test between adiponectin, interleukin-1, oxidative stress and 
ioduria with BMI were done with Spearman’s correlation test with 
SPSS and p < 0.05 were considered as significant.

RESULTS 

ANTHROPOMORPHIC AND 
SOCIODEMOGRAPHIC CHARACTERISTICS

A total of 121 subjects entered the study, of which seven were 
eliminated due to lack of biological samples; 114 individuals were 
finally included, 33 men and 81 women. Table I presents data 
concerning sociodemographic characteristics of subjects. The 
average age was 32.03 ± 6.72 years, between 25 and 44 years. 
The average ages of men and women were 28.94 ± 4.44 and 
33.28 ± 7.10, respectively. 

Anthropomorphic parameters showed that 35.1% had normal 
weight, of which 12.5% were men and 97.5% were women. The 

remaining 64.9% of subjects were found to be overweight and 
obese. Of these, 45 (39.5%) were overweight (33.3% were men 
and 66.6%, women). The remaining 29 subjects were obese 
(males 44.8% and females 55.2%). 

ADIPONECTIN, IL-1, UIC, TAS AND OXIDATIVE 
STRESS ARE ASSOCIATED WITH THE 
INCREASE OF BMI

Table II shows the concentration of circulating adiponec-
tin levels for all samples 24.12 ± 6.23 μg/ml. A significant 
decrease in adiponectin levels between normal weight with 
overweight and obesity was found (p = 0.05 and 0.01, respec-
tively). In contrast, a significant increase in IL-1, TBARS and 
TAS levels was found between overweight and obesity as com-
pared to normal weight. In addition, overweight and obese 
subjects presented significant lower levels of UIC vs normal 
weight subjects. We have made an analysis of Spearman’s 
correlation between BMI, with adiponectin, IL-1, UIC, TAS and 
TBARS which is shown in table III. A significant (p = 0.001) 
negative correlation between adiponectin and obesity was 
observed, as well as a significant positive correlation between 
IL-1 with overweight (r = 0.287, p = 0.050) and obesity (r = 
0.515, p = 0.006). When correlating MDA with BMI, there was 
a significant (r = 0.787, p < 0.008) positive correlation only 
with obesity, while a positive correlation between TAS with 
overweight and obesity was established (r = 0.398, p = 0.049, 
and r = 0.448, p = 0.030). However, a negative correlation 
was observed between UIC and obese subject. All sociode-
mographic variables were correlated with BMI and we found 
only a significant but negative correlation with both sexes (r 
= -0.530, p = 0.002) for males and (r = -0.457, p = 0.001) 
for females.

Table I. Anthropomorphic and sociodemographic characteristics by sex

Characteristics Men (33) Women (81) Total (114)

Age (mean ± SD) 28.94 ± 4.44 33.28 ± 7.10 32.03 ± 6.72

Size (mean ± SD) 173.91 ± 5.82* 157.30 ± 7.23 162.11 ± 10.19

Weight (mean ± SD) 87.67 ± 14.00* 65.69 ± 14.13 72.08 ± 17.26

IBM (mean ± SD) 28.98 ± 4.11* 26.49 ± 4.91 27.21 ± 4.81

Level of schooling

  Basic to medium n (%) 18 (54.55) 50 (61.72) 68 (59.65)

  Superior and postgraduate n (%) 15 (45.45) 29 (35.80) 44 (38.60)

  Not studies n (%) 0 (0) 2 (2.48) 2 (1.75)

Working conditions 

  With remuneration n (%) 17 (51.52) 32 (39.50) 49 (42.98)

  Without remuneration n (%) 16 (48.48) 49 (60.50) 65 (57.02)

SD: standard deviation; BMI: body mass index. Age is expressed in years; size, in cm; and weight, in kg. Level of significance *p < 0.05, for both sexes. 
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DISCUSSION 

The study sample showed an adult population with a high pro-
portion of individuals presenting body fat excess, and where more 
than a half of the women were obese. Previous studies have shown 
that prevalence of overweight is higher in men than in females, 
while obesity prevalence is higher in women than in men (2). On 
the other hand, we found that overweight and obese subjects have 
low levels of ioduria vs normal weight subjects. Although there are 
few studies in obese subjects, it has been reported that ioduria 
is significantly lower in obese that in non-obese subjects (30). In 

addition, obese women showed a significantly low urinary iodine 
concentration in comparison with non-obese women (9). In anoth-
er vulnerable group as pregnant women, iodine levels were below 
WHO recommendations (15,29,31), and in patients with diabetes 
mellitus type 2 decreased levels of iodine were found (32). These 
studies suggest that iodine deficiency is present in overweight 
and obesity, but further studies are required to confirm this data.

On the other hand, it has been reported that doses of iodide at 
similar levels as human breast milk decrease the expression of 
mRNA adiponectin levels, although doses of normal serum lev-
els did not affect adiponectin levels (33). In this study, we found 
that overweight and obese subjects have lower iodine and adi-
ponectin levels in comparison with normal weight subjects. This 
suggests that iodine could be contributing to the low production 
of adiponectin. Accordingly, an association between adiponec-
tin decrease and iodine concentration in obese women vs no 
obese has been reported (34). Also, other studies have shown 
a decrease of adiponectin levels associated with the increase of 
BMI (23-25,34). Little is known about the association between 
iodine and overweight and obesity; however, in thyroid FRTL cells 
it was demonstrated that the administration of inflammatory cyto-
kines as IL-6 and IL-1beta induced a 30% decrease of NIS RNA 
levels and IL-1beta suppressed iodide transport in approximately 
25% (11,35). In this study we found an increase of markers of 
inflammation such as IL-1 and ROS, and also low levels of iodine 
in subjects with overweight and obesity. This suggest that IL-1 
could affect the expression of the sodium/iodine symporter (NIS), 
contributing in low iodine levels in overweight and obese subjects, 
although this hypothesis needs to be demonstrated. 

The antioxidant effects of iodine have been reported previous-
ly; for example, an antioxidant increase in the retina was found 
in iodine deficient rats exposed to potassium iodide (13). Clin-
ical studies carried out in patients with diabetes mellitus type 
II showed an increase in the enzymatic activity of catalase and 
glutathione peroxidase after drinking brines with iodine (14). In 
rats intoxicated with alloxan monohydrate to induce diabetes, 
iodine treatment increased catalase and superoxide dismutase 
activities (36). In contrast, an increase of oxidative stress has 
been found in hypertensive women with iodine deficiency (15,29). 
Obesity is an inflammatory process characterized by an increase 
of oxidative stress. In this study, it was corroborated that obese 
subjects present a significant increase of oxidative stress and TAS 

Table II. Biochemical and adipocytokines 
parameters by BMI

Parameters media ± DE p value

Adiponectin (µg/ml)

  Normal weight 28.18 ± 1.97 = 0.05

  Overweight 25.73 ± 5.63*

  Obesity 16.03 ± 2.53* = 0.01

IL-1 (pg/ml)

  Normal weight 1.87 ± 0.65 = 0.05

  Overweight 3.16 ± 1.24*

  Obesity 5.06 ± 1.60* = 0.01

TBARS (µmol/l)

  Normal weight 1.41 ± 0.29

  Overweight 1.93 ± 0.48* = 0.001

  Obesity 4.21 ± 0.97*

TAS (mmol/l)

  Normal weight 0.36 ± 0.091

  Overweight 0.41 ± 0.173* = 0.01

  Obesity 0.47 ± 0.217* = 0.01

UIC (µmol/l)

  Normal weight 2.6992 ± 0.365 = 0.05

  Overweight 2.1408 ± 0.711*

  Obesity 1.6658 ± 0.990* = 0.01

All values are means ± SD. *vs normal weight.

Table III. Correlation between adiponectin, IL-1, UIC, total antioxidant status and oxidative 
stress with BMI by Spearman’s correlation coefficient

Normal weight Overweight Obesity

r p r p r p

Adiponectin -0.110 0.100 -0.284 0.059 -0.477 0.001

IL-1 0.065 0.249 0.287 0.050 0.515 0.006

UIC 0.258 0.094 -0.258 0.051 -0.463 0.001

MDA 0.055 0.177 0.256 0.230 0.787 0.008

TAS 0.284 0.097 0.398 0.049 0.448 0.030
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vs overweight and normal weight subjects. In addition, a signifi-
cant correlation between obesity and oxidative stress was found, 
although the increase of TAS was associated with overweight and 
obese subjects. The activation of these antioxidant enzymes in 
overweight and obese subjects may be to counteract the effect of 
oxidative stress generated by ROS. It would be interesting to ana-
lyze the prophylaxis with iodine, its effects on the REDOX status, 
and inflammatory markers in subjects with obesity.

Various limitations in this study could affect the results. One of 
these limitations is that subjects practice healthy lifestyles. This 
could be altering the values of IL-1, adiponectin, TAS and ROS. 
Another limitation is that the sample involved men and women and 
this hormonal condition could be associated with BMI. Another lim-
itation is the lack of thyroid stimulating hormone (TSH) and T3 mea-
surement to corroborate the pathological effects of iodine deficiency.

In conclusion, the current study provides novel evidence that 
BMI is associated with the increase of oxidative stress, IL-1 and 
decrease of TAS, adiponectin and ioduria. The association of 
ioduria levels with BMI and with the balance of the reduced and 
oxidized species requires further studies. All these data suggest 
the role of iodine and ROS in the etiopathogenesis of chronic 
disease related to the increase of BMI. It would be interesting to 
study iodine prophylaxis to determine its effects on overweight 
and obesity subjects.
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