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Abstract. Aim. Iron deficiency and altered ferritin levels elevate perioperative risks and postoperative outcomes in individuals with extreme
obesity, particularly in patients undergoing bariatric surgery. The aim of the study. The current study is aimed to evaluate ferritin levels and
iron deficiency in candidates for bariatric surgery (BS), categorized by age, gender, and co-morbid conditions. Materials and methods. A
cross-sectional study with 221 BS applicants measured height, weight, blood pressure, ferritin, and iron levels. Relationships between
biomarkers and comorbidities were analyzed using chi-square tests and Pearson’s correlation, following stratification of participants by
age and gender. Results and discussion. The preoperative BMI was 43.8 kg/m?, indicating extreme obesity, and the mean age was 36.5 years,
as per the study. Male applicants exhibited 15.7% abnormalities in ferritin and 39.2% in serum iron, in contrast to female applicants.
Ferritin levels below 30 ng/mL were correlated with iron deficiency in 40% of women and 19.7% of men. Gender had a greater impact on
ferritin levels than age. The limited positive correlation of ferritin with blood iron (r = 0.202, p = 0.014) indicates that it may not serve as a
dependable measure of iron status in individuals with overweight. Diabetes and hypertension exhibited no correlation with biomarker
abnormalities. Conclusion. In BS candidates, gender influences biomarker status more significantly than age or comorbidities, with a
prevalent deficiency in iron and ferritin. This underscores the advantages of personalized nutritional therapy prior to surgery and ongoing
assessment thereafter.
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Introduction

Obesity is a rapidly escalating global health challenge, affecting approximately 13% of the world’s adult
population as of 2025, with a prevalence of more than doubling since 1990 [1]. Current projections
indicate that by 2030, over 1 billion adults worldwide will live with obesity, representing nearly 12% of
the global population [2]. This alarming increase is coupled with a disproportionate rise in severe obesity
(BMI = 35 kg/m?), which is associated with a high risk of comorbidities, such as type 2 diabetes, hyperten-
sion, cardiovascular diseases, and certain cancers, leading to substantial mortality and high healthcare costs
[3]. Specifically, obesity-related non-communicable diseases cause approximately 1.6 million premature
deaths annually, exceeding fatalities from road trafhic accidents [4]. Bariatric surgery (BS) has emerged as
a highly effective intervention for sustainable weight loss and improvement of obesity-associated diseases
such as type 2 diabetes, hypertension, and dyslipidemia [5]. However, BS is not without complications;
nutritional deficiencies, especially iron deficiency and altered ferritin status, are common both preopera-
tively and in the long-term postoperative period [5, 6].
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Iron is an essential micronutrient involved in critical physiological processes, including oxygen trans-
port, energy metabolism, and cellular function [7]. Ferritin, the principal intracellular iron storage protein,
provides a readily accessible reserve in states of increased demand or physiological stress [8]. Both iron
and ferritin status are regulated by complex systems, including dietary absorption, recycling of iron in
erythrocytes, and hormonal control mediated by hepcidin, a peptide hormone elevated in obesity and
chronic inflammation [9]. Obesity is associated with low-grade chronic inflammation, leading to increa-
sed hepcidin levels, impaired intestinal iron absorption, and redistribution of iron away from circulation
(hypoferremia) [5]. Evidence supports the association between obesity and iron deficiency, with a higher
risk observed in certain patient groups, notably women, adolescents, and individuals with central adiposity
[10]. For example, it has been shown that overweight and obese women are more likely to have elevated
hepcidin, higher inflammatory markers, and lower iron absorption compared to their normal-weight coun-
terparts [11]. Routine markers, such as serum ferritin and hemoglobin, provide important information
but may be confounded by inflammation and require careful interpretation in obese populations [10].
In adults, iron stores are considered depleted if ferritin levels drop below 15 g/L [12]. Iron deficiency is
often measured using this cutoff in clinical settings and research, despite gender-specific and higher cutoffs
being more appropriate [13].

Within BS candidates, the incidence of iron deficiency and ferritin abnormalities is substantial, with
reports ranging from 10 to 40% preoperatively and higher rates postoperatively, especially following
malabsorptive procedures such as the Roux-en-Y gastric bypass [14]. In bariatric cohorts, iron deficiency
can worsen perioperative risk, increase complications such as infection and poor wound healing, and
negatively affect quality of life [15]. Postoperatively, altered gastrointestinal anatomy, reduced tolerance
to iron-rich foods, and persistent inflammation contribute to sustained iron depletion and the potential
for developing anemia [6].

Patients seeking BS frequently exhibit heightened susceptibility to iron deficiency and iron deficiency
anemia due to multiple contributing factors, including obesity-related complications, systemic inflam-
mation, nutritional patterns, and particularly menstrual blood loss in premenopausal females [16]. The
incidence of post-BS anemia fluctuates between 10% and 40%, representing a predominant nutritional
complication [17]. Preoperative nutritional assessments consistently demonstrate iron deficiency in
approximately 35% of these individuals, with 24% exhibiting decreased serum ferritin levels. This phe-
nomenon disproportionately affects female patients, who demonstrate increased susceptibility to iron and
ferritin depletion due to menstrual cycles and inherently lower iron reserves [12, 18].

A surveillance study encompassing 619 females aged 20—49 years demonstrated iron deficiency preva-
lence 0f 23.5%, 41.9%, and 45.6% among normal weight, overweight, and obese participants, respectively
[19]. Elevated hepcidin concentrations and chronic inflammatory states are considered fundamental in
the obesity-hypoferremia correlation [20]. While obesity has emerged as a significant risk factor for iron
deficiency, the mechanistic pathways remain unclear [10]. Recent intervention studies have demonstrated
that aggressive preoperative iron supplementation with targeted ferritin thresholds is associated with impro-
ved postoperative iron and ferritin levels, reduced incidence of iron deficiency and anemia, and optimized
recovery. However, even with supplementation, the risk persists owing to ongoing metabolic and absorptive
challenges, necessitating continued monitoring and individualized nutritional support [5, 6, 15].
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The aim

The current study investigated the iron and ferritin status among BS candidates, assessing associations with
age, gender, and relevant comorbidities such as diabetes and hypertension.

Materials and methods

Study characteristics. This prospective cross-sectional study was conducted at Dr. Sulaiman Al Habib
Hospital-Olaya Branch, a tertiary referral center for bariatric surgery, over a 12-month period from June
2024 to June 2025. The study population comprised all patients (aged 215 years) diagnosed with morbid
obesity who were scheduled to undergo bariatric surgery, specifically laparoscopic sleeve gastrectomy or
Roux-en-Y gastric bypass, as their primary surgical intervention.

Inclusion and exclusion criteria. The inclusion criteria were based on the standard indications for
bariatric surgery, including a body mass index (BMI) 240 kg/m? or 235 kg/m? with at least one obesity-re-
lated comorbidity, such as type 2 diabetes mellitus, hypertension, or obstructive sleep apnea. Patients must
be able to provide informed consent, either directly or through their guardians. Patients were excluded if
they had undergone any prior bariatric surgical procedure or any abdominal surgery that could potentially
alter gastrointestinal anatomy in a manner affecting iron absorption, such as previous bowel resection or
small intestine bypass, patients known for inflammatory bowel disease, chronic liver disease, renal failure,
or malabsorption disorders, or patients who are taking iron supplementation or multivitamins within
the past 3 months, also excluded any patients with known history of hematological disorder or active
infection, or patients who are required to be placed on a preoperative bariatric diet like Very Low Calorie
Diet (VLCD) or high protein low calories diet.

Surgery. Before surgical scheduling, all participants underwent a comprehensive preoperative workup,
which included a detailed physiological assessment (covering cardiovascular, respiratory, gastrointestinal,
and metabolic systems) and a psychiatric evaluation to identify any psychological or behavioral conditions
that could influence postoperative outcomes. These assessments were performed by a multidisciplinary
team (MDT) comprising bariatric surgeons, anesthesiologists, psychiatrists, dietitians, and specialized
bariatric nurses. Only patients who were deemed suitable candidates for surgery after the MDT evaluation
were included in the study.

Following approval for surgical intervention, each patient was informed of the study protocol and
provided written informed consent. Subsequently, fasting venous blood samples were collected to measure
serum iron and ferritin levels. Blood sampling was conducted within one week before hospital admission
for surgery to ensure that the results reflected the preoperative nutritional status. Samples were collected
in serum separator (SST) tubes. The samples were separated by centrifugation and stored according to
laboratory policy until analysis. Serum ferritin was measured CMIA (Chemiluminescent Microparticle
Immunoassay) by Abbott ALINITY i machine.

The normal ferritin range was set as 4.63—-204 for females and 11-171 ng/mL for males. There is no
widely accepted ferritin cutoff value for diagnosing iron deficiency, as ferritin is an acute-phase reactant
that can be normal even if iron stores are low in inflammatory states [6]. Similarly, we reanalyzed our data
using a ferritin cutoff of 30 ng/mL based on the findings of a systematic review that showed that the posi-
tive likelihood ratio for iron deficiency does not decrease until a ferritin level of 40 ng/mL is reached in an
unselected population [21]. All biochemical analyses were performed in the hospital’s central laboratory
using standardized spectrophotometric techniques with quality-control measures to ensure accuracy and
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reproducibility. The study protocol was approved by the Institutional Review Board (IRB). All participants
provided written informed consent prior to enrolment.

Statistical analysis. Statistical analyses were performed using IBM SPSS version 26. Continuous data
are expressed as mean values + standard deviation, and frequencies are reported as percentages. ANOVA
and chi-square tests were used to compare means and percentages. Correlations among variables were
measured using the Pearson correlation coefficient, and a general multivariate regression model was used
to analyze the effects of comorbidities on serum vitamin and zinc levels. All p-values were considered
significant at <0.05.

The results

Baseline characteristics of the study population. A total of 221 BS candidates were included in the
analysis (Table 1A). The mean age of the participants was 36.52+11.05 years (range: 15-66 years). The
average weight was 116.70+23.24 kg, with values ranging from 39 kg to 196 kg, and the mean height was
163.64+9.28 cm (range: 145-187 cm). The mean preoperative body mass index (BMI) was 43.78+6.32 kg/
m?, with a minimum of 33.05 and a maximum of 84.00 kg/m?, reflecting the severe obesity of the cohort.
The mean hemoglobin concentration was 13.72+1.44 g/dL (range: 10.20-17.90 g/dL). With respect to
iron indices, the mean serum iron level was 12.47+6.13 pmol/L (range: 2.00-42.00) and the mean ferritin
concentration was 97.45+119.82 ng/mL (range: 4.77-768.00). Notably, both serum iron and ferritin
showed positive skewness, particularly ferritin (skewness 2.52+0.17), indicating that while most patients
had lower to moderate values, a subset presented with disproportionately high values.

Table 1A. Descriptive statistics of the study population

Characteristics N Minimum Maximum MeanSD Skewness+SE
Age (years) 221 15.00 66.00 36.52+11.05 0.27+0.16
Weight (kg) 217 39.00 196.00 116.70+23.24 0.54+0.17

Height 217 145.00 187.00 163.64+9.28 0.31+0.17

BMI before 217 33.05 84.00 43.78+6.32 1.70+0.17
Hemoglobin (g/dL) 217 10.20 17.90 13.72+1.44 0.16+0.17
Iron 217 2.00 42.00 12.47+6.13 1.49+0.17
Ferritin 217 4.77 768.00 97.45+119.82 2.52+0.17

SD — standard deviation; SE — standard error.

When stratified by gender, significant differences were observed across most anthropometric and
hematological parameters (Table 1B). Female participants (n = 136) were significantly older than males
(n = 81), with mean ages of 38.32+11.43 years and 33.51+9.91 years, respectively (p = 0.002). Male par-
ticipants had considerably higher mean body weight (136.94+20.40 kg vs. 104.65+15.02 kg, p < 0.001)
and greater mean height (172.19+7.16 cm vs. 158.55+6.13 cm, p < 0.001) than female participants.
Although preoperative BMI was higher in males (46.26+6.04 kg/m?) than in females (42.31+6.03 kg/
m?), this difference was not statistically significant (p = 0.248). Regarding hematological parameters, males
exhibited significantly higher mean hemoglobin levels than females (14.89+1.22 g/dL vs. 13.02+1.06 g/
dL, p < 0.001). Similarly, ferritin concentrations were markedly higher in males (151.30+143.19 ng/mL)
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than in females (65.37+89.69 ng/mL, p < 0.001). Serum iron levels were also significantly higher in males
(14.08+7.07 pmol/L) than in females (11.51+5.30 pmol/L, p = 0.003). These findings indicate that while
women constituted the majority of BS candidates, men tended to present with greater body size and higher
hematological indices, including ferritin and serum iron levels.

Table 1B. Antropometric and medical characteristic of participants based on their gender

95% CI

Character | Gender N | Minimum | Maximum Mean+SD P value | Iower Upper
band band

Age M 81 15 62 33.51+9.91 0.002* 31.31 35.70
F 136 16 66 38.32+11.43 36.38 40.25

Weight M 81 83 196 136.94+20.40 0.000* 132.43 141.45
F 136 39 153 104.65+15.02 102.10 107.19

Height M 81 152 187 172.19+7.16 0.000* 170.60 173.77
F 136 145 177 158.55+6.13 157.51 | 159.59

oE M| 81| 3494 68.08 | 46.26:6.04 | 0248 | 4492 | 47.25
F 136 33.05 84.00 42.31+6.03 41.29 43.34

HB M 81 12.00 17.90 14.89+1.22 0.000* 14.62 15.15
F 136 10.20 15.10 13.02+1.06 12.84 13.20
Ferritin M 81 12.47 645.0 151.30+£143.19 | 0.000* 119.64 182.97
F 136 4.77 768.00 65.37+89.69 50.16 80.58

Iron M 81 5.00 39.10 14.08+7.07 0.003* 12.52 15.65
F 136 2.00 42.00 11.51+£5.30 10.62 12.41

The p-value is the asymptotic significance or detection of difference in both positive and negative associations,
which was analyzed using the Pearson chi-square test.

Characteristics of participants by age group. Participants were stratified into six age groups to assess
differences in anthropometric and hematological parameters (Table 2). Body weight showed a gradual decli-
ne across age groups, with the highest mean observed among younger adults (123.06+23.25 kg in group
1 and 122.51+26.35 kg in group 2) and the lowest mean among the oldest participants (99.17+7.76 kg
in group 6). Similarly, the mean height decreased with advancing age, from 165.82+9.00 cm in group 2
to 155.00+2.97 cm in group 6. Preoperative BMI values remained generally comparable across groups,
ranging from 41.30+3.26 kg/m? in the oldest group to 47.15+11.98 kg/m? in group 5, without a clear
age-related trend.

Hemoglobin concentrations were relatively consistent across age categories, with means ranging from
13.12+0.59 g/dL in the oldest group to 14.11+1.50 g/dL in group 2. Ferritin levels demonstrated wide
variability, with the highest mean values noted in middle-aged participants (108.29+128.89 ng/mL
in group 3 and 105.97+144.17 ng/mL in group 4), while lower means were observed in the youngest
(51.61+40.98 ng/mL) and older age groups (66.88+62.10 ng/mL in group 5 and 80.52+96.27 ng/mL
in group 6). Serum iron concentrations fluctuated across groups, with peak levels recorded in groups 2

(13.75+7.28 pmol/L) and 3 (12.82+5.98 pmol/L), whereas lower means were observed in groups 4-6

268



Originaliis mokslo tiriamieji darbai / Original research work. Azzam Alkadi.
Serum Ferritin and Iron Levels in Bariatric Surgery Candidates: A Cross-sectional Study

(ranging from 11.312+5.50 pmol/L to 11.40+4.57 pmol/L). Overall, while weight and height showed a
downward trend with increasing age, the hematological indices, particularly ferritin and serum iron, de-
monstrated variability without a consistent age-dependent pattern.

Table 2. Characteristics of participants based on their age

95% confidence interval
Categories gjrxoglfp N Mean Std;iiflv‘a- Lowerfor mearlljpper ﬁiﬁ: 11\1/[1?::111-
bound bound
Weight 1 16 123.06 23.25 110.67 135.45 87.00 162.00
2 51 122.51 26.35 115.10 129.92 79.00 196.00
3 74 116.68 24.68 110.96 122.39 39.00 172.00
4 55 112.64 19.06 107.48 117.79 77.00 158.00
5 15 112.20 17.04 102.76 121.64 86.00 141.00
6 6 99.17 7.76 91.03 107.31 93.00 113.00
Height 1 16 164.38 7.81 160.21 168.54 152.00 177.00
2 51 165.82 9.00 163.29 168.35 148.00 185.00
3 74 164.53 10.13 162.18 166.87 145.00 187.00
4 55 162.02 8.93 159.60 164.43 146.00 182.00
5 15 160.47 7.32 156.41 164.52 149.00 170.00
6 6 155.00 2.97 151.89 158.11 151.00 158.00
Before 1 16 45.27 5.42 42.38 48.16 34.81 54.13
BMI 2 51 44.06 6.80 42.15 45.98 3406 | 68.08
3 74 43.29 5.18 42.09 44.49 33.05 55.53
4 55 43.11 5.36 41.66 44.56 34.08 54.84
5 15 47.15 11.98 40.52 53.79 33.37 84.00
6 6 41.30 3.26 37.88 44.72 37.27 45.20
Hemo- 1 16 13.77 1.76 12.83 14.70 10.90 16.20
globin 2 51 14.11 1.50 13.69 14.53 10.90 | 17.90
3 74 13.74 1.35 13.43 14.05 10.20 17.60
4 55 13.36 1.47 12.97 13.76 10.40 16.80
5 15 13.74 1.17 13.09 14.39 11.60 15.20
6 6 13.12 0.59 12.50 13.73 12.40 13.80
Ferritin 1 16 51.61 40.98 29.77 73.45 4.77 166.60
2 51 97.89 107.56 67.64 128.14 9.00 448.50
3 74 108.29 128.89 78.43 138.15 6.46 645.00
4 55 105.97 144.17 66.99 144.94 5.00 768.00
5 15 66.88 62.10 32.49 101.27 7.98 217.20
6 6 80.52 96.27 -20.51 181.55 12.36 265.90
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95% confidence interval
ia- for mean ini- i-
Categories g?(;g:p N Mean Std;ic(i;vxa Lower Upper ﬁiﬁ; ﬁi’;
bound bound
Iron 1 16 11.83 5.58 8.85 14.80 2.00 24.60
2 51 13.75 7.28 11.70 15.80 4.90 42.00
3 74 12.82 5.98 11.43 14.20 4.80 39.10
4 55 11.31 5.50 9.82 12.79 2.80 25.00
5 15 11.85 5.82 8.63 15.07 4.30 23.70
6 6 11.40 4.57 6.60 16.20 6.00 18.00

Correlation between ferritin and iron level. Pearson’s correlation analysis was conducted to evaluate
the relationship between ferritin and serum iron levels among BS candidates (Table 3). The results de-
monstrated a statistically significant but weak positive correlation between ferritin and serum iron levels
(r=0.202, p = 0.014). This indicates that while higher ferritin concentrations were modestly associated
with higher serum iron levels, the weak strength of the correlation suggests that ferritin may not reliably
reflect serum iron status in this cohort and could be influenced by other factors, such as inflammation or
metabolic changes related to obesity.

Table 3. Correlation between ferritin and iron level

Ferritin Iron
Pearson correlation 1 0.202"
Ferritin Sig. (2-tailed) 0.014
N 188 147
Pearson correlation 0.202* 1
Iron Sig. (2-tailed) 0.014
N 147 150

Prevalence of ferritin deficiency by age and gender. The prevalence of abnormal ferritin levels was
examined across age and gender groups (Table 4). Among different age categories, no statistically signifi-
cant association was observed between age and ferritin status (x* = 5.540, df = 5, p = 0.354). Across age
groups, most participants had ferritin values within the normal range, with abnormal values observed
most frequently in the 21-30 (21.6%) and 41-50 (18.2 %) years groups, while the lowest prevalence was
noted in the 51-60 years group (6.7%). In contrast, a significant association was observed between sex
and ferritin status (x? = 30.523, df = 1, p < 0.001). Men demonstrated a markedly higher prevalence of
abnormal ferritin levels (33.3%) than women (5.1%). While deficiency is set to be below 4.63 by lab rules
and definitions, we considered 30 ng/mL as a cutoff. In our data, there were 16 males out of 81 (19.7%)
and 55 out of 136 (40%) females below 30 ng/mL. Overall, 15.7% of the study population had abnormal
ferritin levels, with the majority of these cases occurring in male participants. These findings indicate that
gender, rather than age, plays a more prominent role in determining ferritin status among BS candidates.

Prevalence of iron deficiency by age and gender. The prevalence of iron deficiency was assessed across
age and gender groups (Table 4). Overall, 39.2% of the participants were iron deficient, 59.4% had normal
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iron levels, and 1.4% had elevated iron levels. No statistically significant association was observed between
age and iron status across age categories (x* = 5.282, df = 10, p = 0.872). The prevalence of deficiency was
relatively consistent among the younger and middle-aged groups, ranging from 36.5% in the 31-40 years
group to 47.3% in the 41-50 years group, while lower rates were noted in the 51-60 years group (26.7%).
The oldest participants (6170 years) demonstrated the highest relative prevalence (50%), although the
sample size was small (n = 6). When analyzed by gender, males showed a slightly higher prevalence of
iron deficiency than females (44.4% vs. 36.0%), whereas normal iron levels were more common among
females (63.2% vs. 53.1%). Elevated iron levels were rare in both genders (2.5% in men and 0.7% in
women). However, these gender-based differences did not reach statistical significance (x* = 2.901, df = 2,
p = 0.230). Taken together, these findings indicate that iron deficiency was common across all age and
gender groups among BS candidates, with no significant associations detected, highlighting the widespread
risk of iron depletion in this population.

Table 4. Prevalence of ferritin deficiency among age and gender group

) Ferritin/Iron/Hemoglobin (n, %) Pearson chi-square
Categories
Deficient ‘ Normal ‘ Over ‘ Total (r, df, p-value)
Ferritin deficiency
Age group (n = 217)
1 (15-20 yrs) NA 16 (100.0) 0 (0.0) 16 (100.0)
2 (21-30 yrs) NA 40 (78.4) 11 (21.6) 51 (100.0)
3 (3140 yrs) NA 63 (85.1) 11 (14.9) 74 (100.0) r = 5.540;
4 (41-50 yrs) NA 45 (81.8) 10 (18.2) 55 (100.0) df = 5;
5 (51-60 yrs) NA 14 (93.3) 1(6.7) 15 (100.0) p=0.354
6 (61-70 yrs) NA 5 (83.3) 1(16.7) 6 (100.0)
Total NA 183 (84.3) 34 (15.7) | 217 (100.0)
Gender group (n = 217)
Male NA 54 (66.7) 27 (33.3) 81 (100.0) r = 30.523;
Femnale NA 129 (94.9) 7 (5.1) 136 (100.0) df = 1;
Total NA 183 (84.3) 34 (15.7) | 217 (100.0) p=0.00
Iron deficiency
Age group (n =217)
1 (15-20 yrs) 6 (37.5) 10 (62.5) 0 (0.0 16 (100.0)
2 (21-30 yrs) 19 (37.3) 31 (60.8) 1(2.0) 51 (100.0)
3 (31-40 yrs) 27(365) | 45(60.8) 22.7) 74 (100.0) 2 5.082;
4 (41-50 yrs) 26 (47.3) 29 (52.7) 0 (0.0 55 (100.0) df = 10;
5 (51-60 yrs) 4(26.7) 11 (73.3) 0 (0.0) 15 (100.0) p=0.872
6 (61-70 yrs) 3 (50.0) 3 (50.0) 0 (0.0) 6 (100.0)
Total 85 (39.2) 129 (59.4) 3(1.4) 217 (100.0)
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C ) Ferritin/Iron/Hemoglobin (n, %) Pearson chi-square
ategories : i
Deficient ‘ Normal ‘ Over ‘ Total (r, df, p-value)
Gender group (n = 217)

Male 36 (44.4) 43 (53.1) 2 (2.5) 81 (100.0) r=2.901;
Female 49 (36.0) 86 (63.2) 1(0.7) 136 (100.0) df = 2;
Gender 85 (39.2) 129 (59.4) 3 (1.4) 217 (100.0) p=0.23

Hemoglobin (Hb) deficiency
Age group (n =217)

1 (15-20 yrs) 3(18.8) 12 (75.0) 1(6.3) 16 (100.0)
2 (21-30 yrs) 3(5.9) 46 (90.2) 2(3.9) 51 (100.0)
3 (31-40 yrs) 7 (9.5) 66 (89.2) 1(1.4) 74 (100.0) r = 10.200;
4 (41-50 yrs) 11 (20.0) 41 (74.5) 3(5.5) 55 (100.0) df = 10;
5 (51-60 yrs) 1(6.7) 14 (93.3) 0 (0.0) 15 (100.0) p=0423
6 (61-70 yrs) 1(16.7) 5 (83.3) 0 (0.0) 6 (100.0)

Total 26 (12.0) 184 (84.8) 7(3.2) 217 (100.0)

Gender group (n = 217)

Male 6 (74) 72 (88.9) 3(3.7) 81 (100.0) 2,604
Female 20 (14.7) 112 (82.4) 4(2.9) 136 (100.0) df = 2;
Gender 26 (12.0) 184 (84.8) 7(3.2) 217 (100.0) p=0.272

NA - not applicable.

Ferritin level: Female <4.63 deficient; 4.63—204 normal; >204 over;

Male <11 deficient; 11-171 normal; >171 over.

Female <9 deficient; 9-30.4 normal; >30.4 over;

Male <11 deficient; 11-31 normal; >31 over.

Hemoglobin level: Female <11.8 deficient; 11.8—14.8 normal; >14.8 over;
Male <13 deficient; 13—17.4 normal; >17.4 over.

Iron level:

Prevalence of hemoglobin deficiency by age and gender. The overall prevalence of hemoglobin
(Hb) deficiency among BS candidates was 12.0%, while 84.8% of participants had normal Hb levels and
3.2% presented with values above the normal range (Table 4). No statistically significant association was
observed between age and Hb status across age categories (x* = 10.200, df = 10, p = 0.423). The highest
prevalence of Hb deficiency was observed in the 41-50 years age group (20.0%), followed by the youngest
participants aged 15-20 years (18.8%) and those aged 61-70 years (16.7%). In contrast, deficiency was
least frequent in the 21-30 (5.9%) and 51-60 (6.7%) age groups.

When stratified by gender, Hb deficiency was more prevalent among females (14.7%) than among ma-
les (7.4%), whereas normal Hb levels were more frequent in males (88.9% vs. 82.4% in females). Elevated
Hb levels were uncommon in both genders (3.7% in men and 2.9% in women). However, the association
between gender and Hb status did not reach statistical significance (x* = 2.604, df = 2, p = 0.272). Ove-
rall, hemoglobin deficiency was present in a minority of patients, with a slightly higher prevalence among
females and certain age subgroups, although these differences were not statistically significant.
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Association of ferritin, iron, and hemoglobin levels with comorbidities. The relationship between
ferritin, iron, and Hb levels and the presence of comorbidities was examined (Table 5). Among partici-
pants stratified by ferritin levels (n = 43), hypertension was the most common comorbidity, with 86.2%
of patients classified as deficient and 13.8% within the normal range of ferritin levels. All individuals
with diabetes (n = 9) were ferritin-deficient, while those with both diabetes and hypertension showed a
predominance of deficiency (80.0%), with a minority in the normal range (20.0%). However, no statisti-
cally significant association was observed between ferritin status and the type of comorbidity (x* = 1.658,

df = 2, p = 0.437).

Table 5. Comparison of comorbidity by ferritin, iron and hemoglobin level

Categories Deficient Normal Over Total clfi‘i::.]sl(::re
(n, %) (n, %) (n, %) (n, %) (r, df, pv alue)
Ferritin group (n = 43)

Hypertension (HT) | 9 (100.0) 0 (0.0) 9 (100.0) 9 (100.0)
Diabetes 25 (86.2) 4(13.8) 29 (100.0) 25 (86.2) r z;f;&
Diabetes + HT 4 (80.0) 1(20.0) 5 (100.0) 4 (80.0) b= 0437

Total 38 (88.4) 5(11.6) 43 (100.0) 38 (88.4)

Iron group (n = 52)

Hypertension (HT) 2(22.2) 7 (77.8) 0 (0.0) 9 (100.0)
Diabetes 11 (37.9) 17 (58.6) 1 (3.4) 29 (100.0) © f3;768_3?
Diabetes + HT 1(20.0) 4 (80.0) 0 (0.0) 5(100.0) b= 0706

Total 14 (32.6) 28 (65.1) 1(2.3) 43 (100.0)

Hemoglobin group (n = 43)

Hypertension (HT) 0 (0.0) 9 (100.0) 0 (0.0) 9 (100.0)
Diabetes 3(10.3) 25 (86.2) 1 (3.4) 29 (100.0) " 5;146%
Diabetes + HT 1(20.0) 4 (80.0) 0 (0.0) 5(100.0) b= 0706

Total 4(9.3) 38 (88.4) 1(2.3) 43 (100.0)

In the iron group (n = 52), 37.9% of patients with hypertension were iron-deficient, 58.6% had normal
iron levels, and 3.4% had elevated iron levels. Among participants with both diabetes and hypertension,
20.0% were deficient and 80.0% were normal. Patients with diabetes alone predominantly showed normal
iron levels (77.8%). The association between iron status and comorbidities was not statistically significant
(x* = 3.783, df = 6, p = 0.700). Similarly, Hb status was not significantly associated with comorbidities
(X* = 2.162, df = 4, p = 0.7006). All patients with diabetes had normal Hb levels, whereas among those
with hypertension, 86.2% had normal Hb levels, 10.3% had low Hb levels, and 3.4% had elevated Hb
levels. Among participants with both diabetes and hypertension, 80.0% had normal Hb levels and 20.0%
were deficient. Overall, abnormalities in ferritin, iron, or Hb levels were not significantly associated with
the presence of diabetes, hypertension, or both in this BS cohort.

273



ISSN 1392-0995  eISSN 1648-9942  Lietuvos chirurgija

Discussion of the research results

The cross-sectional analysis of iron and ferritin levels among BS candidates revealed several key findings
with important implications for clinical practice, research, and patient outcomes. The data show significant
gender differences in iron metabolism; male participants presented with higher body weight, BMI, ferritin,
and serum iron values than their female counterparts, paralleling established literature on gender-based
differences in iron dynamics among obese populations. Elevated ferritin and iron levels in males may ref-
lect differences in lean mass, erythropoietic activity, and hormone regulation, such as testosterone, while
the higher prevalence of iron deficiency among females likely arises from menstrual loss, increased iron
requirements, and lower muscle mass [10].

Stratification by age demonstrated wide variability in hematological and iron markers without a clear
age-dependent trend, although specific groups (e.g., middle-aged and youngest) exhibited higher rates of
deficiency. The results correspond with international registry findings, confirming that bariatric interven-
tions predominantly occur during early- to mid-adulthood when obesity-associated comorbidities manifest
[1]. Importantly, abnormal ferritin concentrations were most frequently observed in certain age categories,
yet did not reach statistical significance, underscoring the complexity of iron metabolism in the obese state
and suggesting a more prominent role for gender than age in ferritin regulation. Nevertheless, research has
demonstrated that candidates for BS may present with subclinical iron deficiency despite normal hemo-
globin levels, particularly in women of reproductive age [22]. Preoperative anemia has been consistently
associated with an elevated risk of postoperative anemia and prolonged recovery periods, validating the
implementation of standardized iron status assessment protocols before surgical intervention [23].

It is reasonable to assume that the serum ferritin (SF) level represents the total amount of iron stored
in the body at a steady state. In a healthy adult, 1 ng/mL of SF indicates 8—10 mg of storage iron, whereas
200-250 mg increases hemoglobin (Hb) concentration by one g/dL [13]. In a study by Obinwanne et
al. [24] among 959 patients who underwent Laparoscopic Roux-en-Y gastric bypass (LRYGB), 40.9%
had iron deficiency, with a ferritin level <30 ng/mL. Iron therapy is suggested for patients undergoing BS.
However, in our study, 40% of female patients showed <30 ng/mL as the cutoff for serum ferritin and
might become iron deficient after BS. In another study of anemic patients who underwent bone marrow
biopsy, those levels of 30 ng/mL showed good sensitivity and specificity [25].

The prevalence of iron deficiency and anemia in the cohort mirrors global findings in bariatric po-
pulations, with rates of 39% and 12%, respectively, and greater vulnerability noted among females and
particular age brackets [26, 27]. These rates are consistent with robust studies reporting cumulative inci-
dences of deficiency and anemia as high as 40-60% in follow-up periods of 3—5 years after malabsorp-
tive procedures [6]. Iron deficiency in obese individuals and bariatric populations is driven by multiple
overlapping mechanisms: impaired absorption due to reduced gastric acid and bypass of the duodenum,
ongoing inflammation with hepcidin-mediated blockade of ferroportin, and suboptimal intake or tole-
rance of iron-rich foods post-surgery [5, 6, 10].

In obese individuals, elevated ferritin levels frequently reflect chronic, low-grade inflammatory proces-
ses rather than iron surplus, primarily mediated through cytokine-induced hepcidin upregulation, which
subsequently impairs iron absorption and mobilization [10]. Alternatively, individuals with diminished
ferritin concentrations are clearly susceptible to iron deficiency. The simultaneous occurrence of markedly
elevated and reduced ferritin values exemplifies the diagnostic complexities inherent to this population,
necessitating the concurrent evaluation of supplementary iron parameters, including transferrin satura-
tion and C-reactive protein levels, for the precise interpretation of iron status [28, 29]. Regarding ferritin
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concentrations, despite males exhibiting higher mean values, statistical significance was not attained,
potentially due to the substantial variability in ferritin measurements across both genders. While males
typically demonstrate higher ferritin levels due to enhanced iron reserves and the absence of menstrual
depletion, obesity-associated inflammation-induced hepcidin upregulation can artificially elevate ferritin
levels independent of iron status, potentially diminishing observable statistical gender differences [30, 31].
Similarly, serum iron concentrations were marginally higher in men than in women; however, the diffe-
rence was not statistically significant. This pattern reflects the intricate interplay between gender-specific
biological variations, potential dietary differences, and the complex modulatory effects of obesity-associated
inflammation on iron metabolism parameters [32, 33].

Hemoglobin concentrations remained consistent across age groups, ranging from 13.12 g/dL in
elderly participants to 14.11 g/dL in group 2 participants. This uniformity indicates that age does not
independently constitute a major determinant of hemoglobin concentration among BS candidates during
preoperative assessment. However, considering that bariatric procedures, particularly those incorporating
malabsorptive components, frequently result in progressive deterioration of hemoglobin levels and iron
reserves postoperatively, this baseline homogeneity emphasizes the necessity for equivalent monitoring
vigilance across all age groups when assessing postoperative anemia risk [27, 34]. Ferritin concentrations
exhibited substantial heterogeneity, with the youngest cohort demonstrating the lowest mean values and
middle-aged patients (Group 4) presenting the highest levels. Although these variations were not statis-
tically significant, this distribution pattern potentially reflects multiple intersecting physiological factors.
Younger patients, especially premenopausal women, exhibit increased susceptibility to iron depletion due
to menstrual blood loss, elevated iron requirements during reproductive years, and potentially reduced
medical surveillance before surgical intervention [35, 36].

Regarding comorbidity associations, the analysis did not demonstrate statistically significant links
between iron indices and diabetes or hypertension status in the cohort. This finding is partially supported
by the literature, indicating that while iron deficiency is common in obesity-associated comorbidities, the
relationship may be multifactorial, involving overlapping metabolic and inflammatory pathways. Nonet-
heless, patients with diabetes, hypertension, or both conditions exhibit frequent iron and ferritin deficien-
cies, highlighting the importance of routine screening in these high-risk groups [10, 37]. Recent literature
emphasizes the importance of individualized nutritional interventions, with studies demonstrating that
preoperative iron supplementation to achieve ferritin targets significantly improves postoperative iron and
ferritin levels, thereby reducing anemia and optimizing functional outcomes [23, 36]. The implementa-
tion of such protocols should become standard practice, and continued monitoring is required, given the
progressive and delayed nature of post-surgery deficiencies [38]. Malabsorptive bariatric procedures pose
the highest risk, with nearly 60% of patients developing iron deficiency five years post-operation [6, 10].

While ferritin primarily functions as an iron storage indicator, serum iron reflects instantaneous
transferrin-bound circulating iron concentrations. In subjects with normalized iron homeostasis, these
parameters typically demonstrate moderate correlation, and enhanced iron stores generally support eleva-
ted circulating iron levels [39]. However, in candidates for BS, this relationship is confounded by obesi-
ty-associated inflammation and other physiological factors [40]. As obesity is characterized by persistent
low-grade inflammatory processes, elevated ferritin levels may not accurately indicate iron sufficiency but
rather reflect an inflammatory response, primarily mediated through increased hepcidin expression, which
inhibits iron release from macrophages and reduces intestinal absorption [5]. This attenuating effect may
explain the weak linear correlation between ferritin and serum iron levels in this population.
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Opverall, the present study reinforces the notion that iron metabolism in obesity and BS is highly
dynamic and is influenced by intersecting biological, demographic, and clinical factors. Future research
should focus on the prospective, longitudinal assessment of iron, ferritin, and emerging biomarkers such
as hepcidin, with robust adjustments for inflammatory status, dietary patterns, and gender differences.
The development of standardized protocols for supplementation, laboratory assessment, and long-term
management is vital for improving health outcomes in this vulnerable population.

Numerous limitations must be recognized while assessing the conclusions of this study. The cross-sectio-
nal approach solely assessed associations at a singular time point, hence complicating the establishment
of causation between iron and ferritin levels and clinical features. Longitudinal studies are crucial to
comprehend variations in iron metabolism before and after BS. Secondly, the research was performed at
a single institution, perhaps constraining its generalizability to populations with diverse demographics or
clinical characteristics. Dietary intake, supplement compliance, inflammatory markers, and socioeconomic
variables were not thoroughly evaluated, whereas demographic and clinical information was collected.
The absence of comprehensive data may have influenced the found correlations due to unaccounted iron
metabolism variables in the study. Third, inflammation associated with obesity might elevate blood ferri-
tin levels independent of iron storage, thereby complicating the assessment of iron status. The absence of
supporting biomarkers (e.g., hepcidin, soluble transferrin receptor, CRP) complicates the differentiation
between genuine iron deficiency and inflammation-induced alterations. Ultimately, the clinical outcomes
of iron shortage, such as postoperative complications and symptoms of anemia, were not assessed, hence
constraining the therapeutic significance of the biochemical data. To enhance the identification and mana-
gement of iron deficiency in candidates for bariatric surgery, it is essential to investigate biomarker panels,
dietary and supplemental information, and patient-centered outcomes across many sites.

Conclusions

This cross-sectional study confirmed a high prevalence of iron and ferritin deficiencies among BS candi-
dates, with significant gender-based disparities and a modest association between serum iron and ferritin
levels. While age did not exert a marked influence on biochemical parameters, males were at greater risk
for abnormal ferritin concentrations and females for iron deficiency, reflecting complex hormonal and
physiological interactions within obesity. Using a ferritin cutoff of 30 ng/mL, 40% of females and 19.7%
of males were below this threshold for iron deficiency. Age-related variability was observed, but gender
was a stronger determinant of ferritin status. A weak positive correlation between ferritin and serum iron
was found (r = 0.202, p = 0.014), suggesting ferritin’s limited reliability as a sole indicator of iron status in
obese candidates. No statistically significant association was found between biomarker abnormalities and
the presence of diabetes or hypertension. The findings highlight the high prevalence of iron and ferritin
deficiencies among BS candidates, with gender exerting a stronger influence than age or comorbidities.
Individualized preoperative nutritional interventions and continuous postoperative monitoring are needed
to optimize patient outcomes.
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