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Abstract: Low-grade chronic inflammation linked to obesity can lead to alterations in biomark-
ers of iron status. The aim of this study was to investigate the primary determinant of serum
iron levels among anthropometric measurements, body fat, and serum biomarkers of low-grade
chronic inflammation in a group of adult individuals with severe obesity. We enrolled 114 indi-
viduals (84 females; 30 males) aged 40.96 ± 12.54 years. Weight and body mass index (BMI) were
121.20 ± 22.33 kg and 44.94 ± 7.29 kg/m2, respectively. Some 30% of individuals had class-II obesity
(BMI ≥ 35 ≤ 39.9 kg/m2) and 70% had class-III obesity (BMI ≥ 40 kg/m2). A weak, albeit significant,
inverse correlation was found between serum iron levels and c-reactive protein (CRP) (r = −0.259,
p = 0.008), fibrinogen (r = −0.261, p = 0.006), BMI (r = −0.186, p = 0.04), waist circumference (WC)
(r = −0.265, p = 0.004), and fat mass % (r = −0.285, p = 0.003). With multiple linear regression analysis
including CRP, fibrinogen, BMI, WC, and fat mass % as independent variables and serum iron levels
as dependent variable, WC was entered in the first step (p = 0.001), which was followed by fat mass %
(p = 0.047) and CRP (p = 0.047). Grouping the individuals according to the interquartile range of BMI,
WC, and fat mass % (Q1–Q4), the lowest serum iron levels were found in Q4 groups of WC and fat
mass % (p = 0.02), while no significant differences were found between groups in BMI quartiles. In
conclusion, in our study, population serum iron levels were inversely associated with BMI, visceral
obesity, fat mass %, CRP, and fibrinogen, but WC was the major negative predictor of serum iron
level. These results supported the fact that visceral distribution of body fat, more than obesity per se,
was associated with low serum iron levels in adult individuals with severe obesity.

Keywords: serum iron levels; obesity; visceral obesity; waist circumference; c-reactive protein;
low-grade chronic inflammation

1. Introduction

Iron-deficiency anaemia and iron deficiency associated with obesity are a worldwide
public health problem [1]. Several studies have suggested that obesity is associated with
low serum iron levels and iron deficiency [2–4]. In particular, a meta-analysis showed that,
compared with non-overweight participants, overweight/obese participants had lower
serum iron concentrations and a significantly increased risk of iron deficiency [3]. However,
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the method used to diagnose iron deficiency can have a critical effect as the authors found
a significant correlation between iron deficiency and obesity in studies without a ferritin-
based diagnosis, but not in studies that used a ferritin-based diagnosis [3]. Indeed, as also
reported by Khan A et al. [5], ferritin could serve as a marker of inflammation rather than
iron deficiency in individuals who were overweight/obese [5]. In this context, Flancbaum
et al. [6] reported preoperative deficiencies of 43.9% for iron, but only 8.4% for ferritin
among patients scheduled for bariatric surgery [6]. Therefore, in patients with chronic
systemic inflammatory conditions, such as those affected with obesity, mainly visceral
obesity, elevated serum ferritin might not correlate with body iron status [7]. It is well
known that body mass index (BMI) is a proxy measure for obesity because it does not
directly measure body fat, and nor does it provide information on the ectopic location of fat
deposition, which has been found to be more closely related to low-grade chronic inflam-
mation [8]. Considering that waist circumference (WC) is the best anthropometric indicator
of visceral fat, the evaluation the iron status only based on degree of obesity could induce
possible pitfalls in the diagnosis of iron deficiency in individuals with obesity. Recently,
Kerkadi et al. [4] investigated the link between abdominal obesity and iron status among
adults in Quatar [4]. The results showed that in women, serum iron levels and transferring
saturation decreased significantly along with the increase in waist circumference (WC),
while in both genders C-reactive protein (CRP) levels increased with the increase in WC
and BMI [4]. The present study aimed to investigate the primary determinant of iron serum
levels among anthropometric measurements, body fat, and serum biomarkers of low-grade
chronic inflammation in a group of adult individuals with severe obesity.

2. Materials and Methods
2.1. Design and Setting

This was a cross-sectional observational study performed at the Endocrinology Unit
and General Surgery Unit of the Federico II University (Naples, Italy). In this study,
individual candidates for bariatric surgery were consecutively enrolled from April 2022
to April 2023. All individuals underwent a nutritional and metabolic evaluation after
providing written informed consent. The study protocol, which has been approved by
the Ethical Committee of the University of Naples Federico II (n. 173/16), was executed
according to the Code of Ethics of the World Medical Association (Declaration of Helsinki)
for experiments involving humans and patients, who were extensively informed before
signing the consent.

2.2. Population Study

All the individuals underwent a multidisciplinary preoperative evaluation, including
demographic characteristics (age, gender), medical history and current medications, physi-
cal examination, electrocardiogram, urine analysis, and screening blood tests (blood urea
nitrogen, creatinine, uric acid, albumin, aspartate aminotransferase and alanine amino-
transferase, glucose, insulin, glycated haemoglobin (HbA1c), total cholesterol, low-density
lipoprotein (LDL) cholesterol, triglycerides (TG), albumin, iron, and haemoglobin). Eligible
participants for the study were adult individuals aged 18–65 years with BMI ≥ 35 kg/m2.
Exclusion criteria were altered liver, cardiopulmonary, and kidney functions and endocrine
diseases including hypothyroidism, Cushing’s syndrome, and hypogonadism. Other crite-
ria for exclusion were drug or alcohol abuse and iron supplements in the 3 months prior to
the enrolment. Individuals following a particular dietary regimen for any reason were also
excluded from this study.

2.3. Anthropometric Measurements

Anthropomorphic assessment (height, weight) was performed, and BMI was calcu-
lated. The measurements were carried out in the morning between 8:30 a.m. and 12:00 p.m.
after an overnight fast. The anthropometric measurements were taken following standard
criteria from the same nutritionist according to the International Society for the Advance-
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ment of Kinanthropometry (ISAK 2006). BMI (weight (kg) divided by height squared (m2),
kg/m2) was calculated after measuring weight and height. WC was measured to the closest
0.1 cm with a non-extensible tape. The measurements were performed with the individual
standing, feet together, and arms hanging freely at the sides, with the individuals standing
and breathing normally. WC was measured at the midpoint between the inferior costal
margin and the upper iliac crest. Hip circumference (HC) was measured as the maximum
circumference around the buttocks posteriorly and the symphysis pubis anteriorly, and
measured to the nearest 0.5 cm; the waist-to-hip ratio (WHR) was calculated.

2.4. Bioelectrical Impedance Analysis

Bioelectrical impedance analysis has been used for assessed body composition (an
800 µA current at a single frequency of 50 kHz BIA 101 RJL, Akern Bioresearch, Florence,
Italy). The analysis was performed according to the European Society of Parental and
Enteral Nutrition (ESPEN) [9]. The same operator and the same device obtained bioelectri-
cal impedance analysis determinations under strictly standardised conditions in order to
avoid interobserver and interdevice variability. The bioelectrical impedance analysis was
routinely checked with resistors and capacitors of known values. [10].

2.5. Assay Methods

Venous blood samples were taken from the antecubital vein between 8 and 10 a.m.
after an overnight fast of at least 8 h, collected in vacutainer tubes containing EDTA, and
stored at −80 ◦C until processed. All biochemical analyses included total cholesterol, TG,
and were carried out with a Roche Modular Analytics System in the Central Biochemistry
Laboratory of our Institution. LDL and high-density lipoprotein (HDL) cholesterol were
quantified by a direct method (homogeneous enzymatic assay for the direct quantitative
determination of LDL and HDL cholesterol). Fasting plasma glucose concentration was
measured by the glucose oxidase method. HbA1c was measured with high-performance
liquid chromatography (HPLC). For serum iron levels, an iron ferrozine complex method
was used with sensitivity 5 µg/dL, and the serum iron normal range was 50–175 µg/dL.
Serum levels of 25OHD were quantified by a direct competitive chemiluminescence im-
munoassay (CLIA) (Liaison, DiaSorin, Saluggia, Italy), with a specificity of 100% for
25OHD [11]. Serum hs-CRP levels were measured with Siemens Healthcare Diagnostics
(Marburg, Germany) with a nephelometric assay with CardioPhase high sensitivity. The
intra- and inter-assay coefficients of variation were <7%. The fasting insulin levels were
determined by a solid-phase chemiluminescent enzyme immunoassay using commercially
available kits (Immulite Diagnostic Products Co., Los Angeles, CA, USA). Homeostasis
model assessment was calculated according to Matthews et al. [12]. A homeostasis model
assessment value of > 2.5 was used as cut-off of IR. Haemoglobin and mean corpuscular
volume were quantified using flow cytometry (CELL-DYN® 4000; Abbott Laboratories,
Abbott Park, IL, USA).

2.6. Statistical Analysis

The data distribution has been evaluated by a Kolmogorov–Smirnov test, and the
abnormal data were normalised by a logarithm. Skewed variables were back-transformed
for presentation in tables and figures. Results are shown as mean ± SD and categorical
variables are shown as percentages. Differences between individuals with II- and III-grade
obesity were assessed by a Student’s independent samples t-test. The correlations among
serum iron levels and BMI, WC, CRP, fibrinogen, and fat mass % were analysed with the
Pearson r correlation coefficient. Multivariate logistic regressions were performed to assess
the associations between serum iron levels and WC. Differences between WC quartiles were
analysed by one-way ANOVA with a post-hoc test for multiple comparisons. The level of
significance was taken as p < 0.05. Data were analysed using SPSS Software (PASW Version
21.0; SPSS Inc., Chicago, IL, USA) and the MedCalc® package (Version 12.3.0 1993–2012
MedCalc Software bvba—MedCalc Software, Mariakerke, Belgium). For the calculation
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of the sample size, we considered a 9% prevalence of severe obesity among adults [13].
Considering a type-I/-II error rate of alpha 0.05, beta 0.1 and a power size of 90%, the
number of individuals to be enrolled was found to be 90. Considering a drop-out of 20%,
the minimum number of cases required was 108. The calculation of the sample size was
performed using clinical software (https://clincalc.com/stats/samplesize.aspx, accessed
on 4 April 2023).

3. Results

The study cohort included 114 participants: 84 (73.7%) women and 30 (26.3%) men.
Age, anthropometric characteristics, fat mass (kg), and fat mass percentage (%) of the
study population are shown in Table 1. Some 34 individuals (29.8%) had class-II obe-
sity (F/M = 22/12) and 80 (70.2%) had class-III obesity (F/M = 62/18). The metabolic
characteristics are reported in Table 2.

Table 1. Anthropometric characteristics of the study population.

Parameters Mean ± SD or Number (%)
n = 114

Males n. (%) 30 (26.3%)
Females n. (%) 84 (73.7%)

Age (years) 40.96 ± 12.54
BMI (Kg/m2) 44.94 ± 7.29

Grade II obesity n. (%) 34 (29.8%)
Grade III obesity n. (%) 80 (70.2%)

WC (cm) 132.20 ± 14.98
HP (cm) 138.36 ± 13.63

WHR 0.96 ± 0.09
Fat mass (%) 44.49 ± 7.60
Fat mass (kg) 53.38 ± 14.01

Free fat mass (%) 55.51 ± 7.60
Free fat mass (kg) 65.77 ± 12.55

Data are expressed as mean ± SD or n (%). A p value in bold type denotes a significant difference (p < 0.05); BMI,
body mass index; WC, waist circumference; HP, hip circumference; WHR, waist-to-hip ratio.

Table 2. Metabolic characteristics of the study population.

Parameters Mean ± SD n = 114

Glucose (mg/dL) 97.18 ± 23.77
Insulin (mIU/mL) 21.44 ± 11.86

HOMA-index 4.56 ± 3.04
HbA1c (%) 5.31 ± 1.53

Total cholesterol (mg/dL) 191.32 ± 37.20
LDL cholesterol (mg/dL) 133.17 ± 36.72

TG (mg/dL) 132.25 ± 67.66
Albumin (g/dL) 4.35 ± 0.30

Iron (µg/dL) 76.30 ± 30.37
Haemoglobin (g/dL) 13.65 ± 2.31
Vitamin B12 (pg/mL) 343.72 ± 118.52

Folic acid (ng/mL) 4.45 ± 2.83
25(OH)D (ng/mL)
hs-CRP (mg/dL)

Fibrinogen (mg/mL)

17.16 ± 9.81
1.47 ± 1.58

393.28 ± 102.19
Data are expressed as mean ± SD or n (%). A p value in bold type denotes a significant difference (p < 0.05);
HbA1c, glycated haemoglobin; TG, triglycerides; HOMA, homeostatic model assessment; LDL, low-density
lipoprotein cholesterol; HDL, high-density lipoprotein; 25(OH)D, 25-hydroxyvitamin D; CRP, c-reactive protein.

Some 67 individuals (58.8%) showed 25(OH)D deficiency, and 25 (21.9%) and 11 (9.6%)
presented folate and vitamin B12 deficits, respectively. Only 10 individuals (8.8%) showed
anaemia and 23 (20.2%) showed low serum iron levels (Table 3).

https://clincalc.com/stats/samplesize.aspx
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Table 3. Nutritional deficiency of the study population.

Parameters Values

25(OH)D deficiency a n. (%) 67 (58.8%)
Folate deficiency b n. (%) 25 (21.9%)
Vitamin B12 deficiency c n. (%) 11 (9.6%)
Anaemia d n. (%) 10 (8.8%)
Low serum iron e n. (%) 23 (20.2%)

a 25(OH)D deficiency values < 20 ng/mL; b folate deficiency values < 3.0 ng/mL; c vitamin B12 deficiency values
< 200 pg/mL; d anaemia by haemoglobin values < 12 g/dL (females), <13.5 g/dL (males); e Low serum iron levels
< 50 µg/dL [14], 25(OH)D, 25-hydroxyvitamin D.

The characteristics of the samples stratified by BMI categories are summarised in
Table 4. There were significant differences between individuals with grade-II obesity
and those with grade-III obesity. The mean value of serum iron levels was significantly
lower in individuals with grade-III obesity than those with grade-II obesity (86.38 ± 37.71
vs. 72.01 ± 25.74, p = 0.02). The mean values of hs-CRP, fibrinogen, insulin, and home-
ostasis model assessment were significantly higher in individuals with grade-III obe-
sity than grade-II obesity (0.76 ± 0.53 vs. 1.73 ± 1.75, p = 0.005), (338.44 ± 72.27 vs.
416.37 ± 104.48, p < 0.0001), (17.07 ± 8.03 vs. 23.28 ± 12.75, p = 0.015), and (3.89 ± 2.14 vs.
5.49 ± 2.93, p = 0.008), respectively. Furthermore, the individuals with grade-III obesity
showed major nutritional deficiency in vitamin B12 (358.22 ± 130.33 vs. 335.56 ± 111.94),
folic acid (5.20 ± 3.6 vs. 4.01 ± 2.21), and 25(OH)D (19.06 ± 9.75 vs. 16.27 ± 9.78), but the
differences between the two groups were not significant.

Table 4. Metabolic differences between individuals with grade-II obesity and those with grade-III
obesity.

Parameters Grade-II Obesity Grade-III Obesity p-Value

Serum iron levels (µg/dL) 86.38 ± 37.71 72.01 ± 25.74 0.02
Haemoglobin (g/dL) 13.41 ± 3.67 13.75 ± 1.38 0.159

hs-CRP (mg/dL) 0.76 ± 0.53266 1.73 ± 1.75 0.005
Fibrinogen (mg/mL) 338.44 ± 72.27 416.37 ± 104.48 <0.0001

Glucose (mg/dL) 92.18 ± 19.32 99.31 ± 25.24 0.143
HbA1c (%) 5.52 ± 0.98 5.22 ± 1.69 0.398

Insulin (mIU/mL) 17.07 ± 8.03 23.28 ± 12.75 0.015
HOMA-index 3.89 ± 2.14 5.49 ± 2.93 0.008

Total cholesterol (mg/dL) 191.09 ± 33.65 191.41 ± 146.7 0.955
LDL cholesterol (mg/dL) 130.34 ± 30.05 134.16 ± 38.7 0.861

Triglycerides (mg/dL) 132.68 ± 70.97 132.06 ± 66.64 0.965
Vitamin B12 (pg/mL) 358.22 ± 130.33 335.56 ± 111.94 0.502

Folic acid (ng/mL) 5.20 ± 3.6 4.01 ± 2.21 0.082
25(OH)D (ng/mL) 19.06 ± 9.75 16.27 ± 9.78 0.193

Data are expressed as mean ± SD. A p-value in bold type denotes a significant difference (p < 0.05); CRP, c-reactive
protein; HbA1c, glycated haemoglobin; HOMA, homeostatic model assessment; LDL, low-density lipoprotein
cholesterol; 25(OH)D, 25-hydroxyvitamin D.

Correlation Study

A significant but weak inverse correlation was found between serum iron levels
and hs-CRP (r = −0.259, p = 0.008), fibrinogen (r = −0.261, p = 0.006), BMI (r = −0.186,
p = 0.04), WC (r = −0.265, p = 0.004), and fat mass % (r = −0.285, p = 0.003) (Table 5 and
Figures 1 and 2).
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Table 5. Correlations among serum iron levels, hs-CRP, fibrinogen, BMI, WC, and fat mass %.

Parameters Serum Iron (µg/dL)
r p-Value

hs-CRP(mg/dL) −0.259 0.008
Fibrinogen (mg/mL) −0.261 0.006

BMI (kg/m2) −0.186 0.04
WC (cm) −0.265 0.004

Fat mass (%) −0.285 0.003
A p value in bold type denotes a significant difference (p < 0.05). CRP, c-reactive protein; BMI, body mass index;
WC, waist circumference.
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Figure 2. Univariate associations between serum iron levels and anthropometric parameters. Serum
iron levels showed a significant but weak correlation with: (a) BMI (r = −0.186 p = 0.04); (b) WC
(r = −0.265 p = 0.004); and (c) fat mass % (r = −0.285 p = 0.003). BMI, body mass index; WC, waist
circumference.

Moreover, a significant positive but weak correlation was found between hs-CRP and
BMI (r = 0.362, p < 0.001) and WC (r = 0.217, p = 0.028) (Table 6 and Figure 3).

Table 6. Correlations among hs-CRP, BMI, and WC.

Parameters hs-CRP (mg/dL)
r p-Value

BMI (Kg/m2) 0.362 0.001
WC (cm) 0.283 0.004

A p value in bold type denotes a significant difference (p < 0.05). BMI, body mass index; WC, waist circumference.

To compare the relative predictive power of hs-CRP levels, fibrinogen levels, BMI,
WC, and fat mass % on serum iron levels, we performed multiple linear regression analysis
using a model that included as independent variables hs-CRP, fibrinogen, BMI, WC, and
fat mass % and serum iron levels as dependent variable. Using this model, WC was entered
in the first step (p = 0.001), which was followed by fat mass % (p = 0.047) and hs-CRP
(p = 0.047) (Table 7).

In addition, individuals were grouped into four groups (Q1–Q4) according to the
interquartile range of the WC, BMI, and fat mass %, as follows: lowest quartile ≤120 cm, sec-
ond quartile = 120–130 cm, third quartile = 131–144 cm, and highest quartile ≥144 cm; lowest
quartile ≤39.6 kg/m2, second quartile = 39.7–43.8 kg/m2, third quartile = 43.9–49.1 kg/m2,
and highest quartile ≥ 49 kg/m2; lowest quartile ≤ 39.9%, second quartile = 40–46%, third
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quartile = 46.1–50%, and highest quartile ≥ 50.1%, respectively. Statistical differences in
serum iron levels were noted between the groups for WC and % fat mass quartiles. No
significant differences were found between groups in BMI quartiles. The lowest serum iron
levels were found in the Q4 group for WC and fat mass % (Figure 4).
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Table 7. Multiple regression analysis.

Parameters Multiple Regression Analysis

Model 1 R2 β t p Value

WC (cm) −0.772 −0.357 −0.328 0.001
Fat mass (%) −1.090 −0.251 −2.272 0.02

hs-CRP (mg/dL) −4.974 −0.237 −2.018 0.04
Variables excluded: Fibrinogen and BMI

A p value in bold type denotes a significant difference (p < 0.05). WC, waist circumference; CRP, c-reactive protein.
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4. Discussion

In our study in adults with severe obesity, we evidenced an inverse correlation of
serum iron levels with the anthropometric measurements, fat mass %, and serum markers
of inflammation. Individuals with class-III obesity showed lower serum iron levels than
those with class II. Moreover, low-grade chronic inflammation is higher in individuals
with class-III obesity than in those with class-II obesity. However, as novel findings, we
reported that the lowest serum iron levels were observed in individuals in the highest
quartiles of WC and fat mass %, while no differences were evidenced along the quartiles of
BMI. In addition, among anthropometric characteristics, fat mass %, and serum markers
of inflammation, we found that the major determinants of serum iron levels remained the
distribution of the body fat evaluated by WC.

The inverse association of iron levels with WC and biomarkers of low-grade chronic
inflammation further supported the fact that low serum iron concentration associated
with central obesity might be attributed to obesity-related inflammatory status. It is well
known that visceral adipose tissue is more heavily infiltrated by macrophages producing
interleukin (IL)-6 that is released into the portal circulation and stimulates hepatocytes
to increase CRP synthesis [15,16]. In addition, interleukin (IL)-6 also modulates the con-
centration and biological activity of hepcidin, a peptide hormone mainly produced by the
liver that reduces iron efflux from hepatocytes and duodenal iron absorption by reducing
the stability of the ferroportin transporter [17–19]. In adults, a negative association was
also evidenced between ferritin and indexes of distribution of adipose tissues in the body,
including the visceral fat area, determined by computed tomography [20]. It is well known
that ferritin is a key regulator of iron homeostasis that serves as an important clinical indi-
cator of body iron status. Therefore, serum ferritin is useful biomarker for detecting iron
deficiency in the absence of inflammatory conditions [21]. Among healthy patients, serum
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ferritin levels are directly proportional to iron status, and low serum ferritin is a highly
specific and sensitive marker for diagnosing iron deficiency [7]. However, diagnosing iron
deficiency might be more complex in cases of inflammatory conditions [22]. Indeed, as
ferritin is an acute-phase reactive protein [23], its determination could lead to conflicting
results in the diagnosis of iron deficiency in patients with obesity-related inflammatory
status. In inflammatory states, reduced serum iron levels are associated with iron trapping
within macrophages and liver cells, and reduced intestinal iron absorption [24,25]. Previous
studies [18,26,27] reported an inverse association between serum iron levels and body fat
distribution evaluated by dual-energy X-ray absorptiometry (DXA), the gold standard
method for evaluating body composition [27]. However, due to mild radiation, DXA exam-
inations should be limited to no more than two per year. In clinical practice, bioelectrical
impedance analysis represents a more feasible method to assess body fat [28,29]. An inverse
association of serum iron levels with fat mass % and abdominal–visceral fat mass evaluated
by bioelectrical impedance analysis was reported in both sexes of preadolescents with
obesity [30]. In line with these findings, we confirmed the inverse associations of serum
iron levels with fat mass % and also WC in adults with severe obesity. In addition, as also
above mentioned, we found that between fat mass % and WC, the latter was the main
determinant of serum iron levels in the regression analysis.

There are some limitations to this study. The major limitations are the cross-sectional
design of the study that does not allow any cause–effect conclusions and the lack of
control group. In addition, the transferrin saturation was not assessed. Therefore, we
cannot diagnose iron deficiency in this study. A third limitation might be the female
preponderance (74%) in our study. This is, however, not unusual among individuals with
severe obesity, as women are more prone to weight loss surgery [31]. Strengths of this study
include a sufficiently adequate sample size; the determination of three different criteria to
characterise obesity in our population sample, including BMI, WC, and fat mass %; and the
evaluation of biomarkers of low-grade chronic inflammation. This allowed us to evidence
that distribution of body fat was the primary determinant of low serum iron levels in adult
individuals with severe obesity.

5. Conclusions

In conclusion, the present study aimed to provide further insights into the association
of low serum levels in obesity, showing that, as previously reported in preadolescents
with obesity, in adult individuals with severe obesity, serum iron levels were also lower in
individuals presenting higher quartiles of WC and fat mass % compared to the correspond-
ing lowest quartiles. In addition, our results highlighted that among the anthropometric
measurements, fat mass %, and serum biomarkers of low-grade chronic inflammation,
visceral adiposity evaluated by WC was the main predictor of serum iron levels. These
results supported the fact that visceral distribution of body fat, more than obesity per
se, is associated with low serum iron levels in adult individuals with severe obesity and
suggested the usefulness of the evaluation of body fat distribution in the diagnosis of low
serum iron levels in obesity. However, a focused study design on different population
samples of individuals with obesity, also including hepcidine and other markers of iron
status, are needed to confirm our findings.
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