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Abstract

Background: Considering the importance of providing vitamins and minerals in body health, it obviously seems to be necessary
to assess the deficiencies of these nutrients in obese patients.
Objectives: The present study aimed to evaluate the level of hemoglobin, ferritin, and vitamin B12 in a sample of Iranian population
with morbid obesity.
Patients and Methods: This cross-sectional study was conducted on 1252 consecutive patients with morbid obesity referred to
obesity clinic at Rasoul-e-Akram hospital from 2009 to 2015 in Tehran, IR Iran. Morbid obesity was defined as body mass index (BMI)
equal to or higher than 40 kg/m2. Serum hemoglobin level (gr/dL) was measured using the cyan methemoglobin method. Serum
ferritin level (ng/mL) can be measured by the human ferritin enzyme immunoassay test. Also, serum vitamin B12 concentration
(pg/mL) was measured using the solid-phase, competitive chemiluminescent enzyme immunoassay method.
Results: Overall, 1252 patients with morbid obesity were included in the study. The mean age of participants was 39.77± 10.84 years
(ranged 10 to 70 years) and 80.3% of them were female. The mean body weight was 126.75± 21.58 kg and the mean BMI was also 46.99
± 5.87 kg/m2. In result, 9.8% were anemic according to the low value of hemoglobin level, 46.6% had ferritin lower than the normal
range and the average serum level of vitamin B12 was lower than the normal value in 21.1%. By applying the Pearson’s correlation
test, a positive association was found between BMI value and the level of hemoglobin (r = 0.074, P = 0.009).
Conclusions: Morbid obesity may result in two important hematologic and metabolic changes including increased hemoglobin
level and reduced vitamin B12 level. Since, vitamin B12 has vital role in the body, providing adequate vitamin B12 is essential in these
patients even by using vitamin supplements. Also, regular screening of the level of hematologic markers in these patients is strongly
recommended.
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1. Background

Morbid obesity is a health problem having socioeco-
nomic burden with an increasing global trend particularly
in industrialized countries. Based on recent reports by the
world health organization (WHO), the overall prevalence
of overweight and obesity have estimated to be 1.9 billion
and 600 million (1). In Lipid and Glucose study on Iranian
population resident in Tehran it was shown that about 40%
of patients were overweight and 23.1% were obese (2). The
upward trend of morbid obesity seems to be important
due to its pathological effects leading to serious metabolic
disturbances such as type 2 diabetes, cardiovascular mor-
tality and morbidity, and even cancers (3, 4). In this re-
gard, the evaluation of health risks associated with obe-
sity emphasizes the importance of preventive measures for
the obesity and its serious complications as well. One of

the main sequels in morbid obese individuals is micronu-
trient deficiencies including iron, hemoglobin, and vita-
min deficiencies. Regarding iron deficiency, it has been
found that obesity can promote iron deficiency by inhi-
bition of dietary iron uptake from the duodenum (5). In
line with iron deficit in the obese people, some investiga-
tions on micro-nutritional status could show low ferritin
serum concentrations in about 6% to 9% of the patients,
respectively (6, 7). Some studies on association between
obesity and anemia could demonstrate that the main rea-
son for iron deficiency anemia in obese individuals was
increased level of hepcidin and subclinical inflammation
leading iron metabolism impairment in these patients (8-
10). Other study showed that Vitamin B12 level was sig-
nificantly lower in patients with obesity and overweight
compared with healthy individuals. A significant nega-
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tive correlation was observed between vitamin B12 and BMI
(Baltaci et al. (11)). In total, nutritional deficiencies are
not unexpected with regard to regulations adopted in pa-
tients with morbid obesity. Few studies have been done
in this area but the association between anemia and mor-
bid obesity has still remained unclear. Considering the im-
portance of providing vitamins and minerals such as iron
and folic acid, ferritin and vitamin B12 in the body health, it
is obviously necessary to assess deficiencies of these nutri-
ents in obese patients. On the other hand, there is no data
about our study in Iran.

2. Objectives

The present study aimed to assess the level of
hemoglobin, ferritin, and vitamin B12 in a sample of
Iranian population with morbid obesity.

3. Patients andMethods

This cross-sectional study was conducted on 1252 con-
secutive patients with morbid obesity that were referred
to the obesity clinic at Rasoul-e-Akram hospital from 2009
to 2015 in Tehran, IR Iran. Morbid obesity was defined
according to guideline from the consensus statement of
Asia-Pacific Bariatric surgeons group, as a body mass in-
dex (BMI) equal to or higher than 40 kg/m2. In this regard,
BMI was calculated by the Quetelet index as the ratio of
subject’s body weight (in kg) to square of the height (in
meters). The subjects were selected based on simple ran-
dom sampling method. Baseline characteristics and clin-
ical data of the study subjects were collected by review-
ing the patients’ files and then recorded at study check-
list. In this study, various laboratory parameters includ-
ing these serum levels of hemoglobin, iron, ferritin, and
vitamin B12 were assessed with the use of standard labo-
ratory techniques. In this regard, serum hemoglobin level
(gr/dL) was measured with use of the cyan methemoglobin
method considering the range of 12 to16 gr/dL for women
and 14 to 17gr/dL for men as normal reference. Serum iron
concentration (µg/dL) was assessed with the use of the
spectrophotometric method (Zist chemistry) with the nor-
mal range of 50 to150 µg/dL. Serum ferritin level (ng/mL)
was also measured using the human ferritin enzyme im-
munoassay test with the normal value of 50 to 200ng/mL,
as well as serum vitamin B12 concentration (pg/mL) with
using the solid-phase, competitive chemiluminescent en-
zyme immunoassay method with the reference normal
value of 200 to 1000 pg/mL.

In the present study, results were presented as mean
± standard deviation (SD) for quantitative variables and

were summarized by absolute frequencies and percent-
ages for categorical variables. Normality of data was an-
alyzed using the Kolmogorov-Smirnoff test. The categori-
cal variables were compared with the use of chi-square test
or Fisher’s exact test when more than 20% of cells with ex-
pected count of less than 5 were observed. Quantitative
variables were also compared with t test or Mann-Whitney
U test. Changes in quantitative variables were also assessed
using the paired t-test. Data were analyzed using software
SPSS version 16.0 for windows (SPSS Inc., Chicago, IL). P val-
ues of 0.05 or less were considered statistically significant.

4. Results

Overall, 1252 patients with morbid obesity were in-
cluded in the study. The mean age of participants was 39.77
± 10.84 years (ranged 10 to 70 years) and 80.3% of them
were female. The mean body weight was 126.75 ± 21.58
kg and the mean BMI was also 46.99 ± 5.87 kg/m2. The
mean serum hemoglobin level was calculated 13.63 ± 1.61
gr/dL and 9.8% were anemic according to the low value of
hemoglobin level. The mean serum level of ferritin was
76.00± 80.30 ng/mL and 46.6% had ferritin lower than the
normal range. Also, the average serum level of vitamin B12
was 326.20± 186.65 pg/mL that was lower than the normal
value in 21.1%.

Due to the Pearson’s correlation test, it was found that
there is a positive association between BMI value and the
level of the hemoglobin (r = 0.074, P = 0.009, (Table 1). In
other words, patients with higher weight had high level
of hemoglobin. No significant difference was seen in ane-
mic status based on serum hemoglobin concentration be-
tween men and women (9.7% versus 10.1%, P = 0.857) and be-
tween the patients aged less than 50 years and the elderly
ones (10.3% versus 9.3%, P = 0.674) as well (Table 2).

Table 1. The Correlation Between BMI and Level of Hemoglobin, Ferritin, and Vita-
min B12

HB Ferritin VitB12

BMI Significant No significant Significant

P = 0.009 P = 0.062 P = 0.004

r = 0.074 r = 0.054 r = -0.081

However, there was not any significant relation be-
tween serum ferritin level and the patients’ BMI value (r =
0.054, P = 0.062) (Abnormal Abnormal serum ferritin level
was considerably more prevalent in women than in men
(16.9% versus 55.7%, P < 0.001). However, there was no dif-
ference in prevalence of low serum ferritin level between
the young people and those who with older than 50 years
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Table 2. The Frequency of Low Level of Hemoglobin, Ferritin, and Vitamin B12 (Based on Sex and Age and Total Amount of Them)a

Male Female Age < 50 Age > 50 Total

HB

Normal 90.30 89.90 89.70 90.70 90.20

Low 9.70 10.10 10.30 9.30 9.80

Ferritin

Normal 83.10 44.30 51.40 52.60 53.40

Low 16.90 55.70 48.60 47.40 46.60

Vit B12

Normal 79.40 79 78.40 80.90 78.9

Low 20.60 21 21.60 19.10 21.1

aValues are presented as %.

(48.6% versus 47.4%, P = 0.750). No correlation was revealed
between age and serum ferritin level (r = -0.028, P = 0.334)
(Table 2).

It was shown that there was a reverse association be-
tween patients’ BMI and vitamin B12 concentration (r = -
0.081, P = 0.004), (Table 1). The mean BMI level in those
with and without vitamin B12 insufficiency was 47.86 ±
6.55 kg/m2 and 46.77 ± 5.66 kg/m2 that was significantly
higher in the former group (P = 0.008). Insufficient vita-
min B12 concentration was revealed in 20.6% of men and
21.0% of women with no difference (P = 0.904) as well as the
low level of serum concentration of this vitamin in 21.6% of
young patients and 19.1% of the older ones with no differ-
ence (P = 0.385) (Table 2).

Among those with evidenced CRP result (n = 211), 55.5%
had positive CRP. In this context, the positive CRP was
found in 66.7% of the anemic patients according to the
low value of hemoglobin level and in 54.6% of those who
with normal hemoglobin condition (P = 0.364). No sig-
nificant difference was seen in the prevalence of positive
CRP between the anemic patients and patients with nor-
mal hemoglobin condition (all results are presented in Ta-
bles 1 and 2).

5. Discussion

In the present study, we found that morbid obesity,
assessed by BMI higher than 40 kg/m2, can be associated
with changes in two hematologic indices including ele-
vated level of the hemoglobin and also reduced level of
the vitamin B12. To the best of our knowledge; our study
was the first study obtaining the pointed results. In a
study by Ghadiri-Anari et al. (12), there was no difference
in hemoglobin concentrations, MCV, serum iron, TIBC,
transferrin saturation index, and ferritin between normal

weight, overweight, and the obese persons. These results
confirm the findings of Dallman et al. (13), 1978, who re-
ported that exclusion of obese individuals virtually had no
effect on the ranges or midpoints of hemoglobin concen-
trations in black, white, or oriental children. Similar to our
study, Rao et al. (14) could show that levels of erythrocyte
count and hemoglobin of the obese patients were higher
than those counterparts who were non-obese. Similarly,
Scheer et al. (15) indicated that median hemoglobin con-
centrations of average 0.125 g/dL, were higher in obese in-
dividuals than the ones with or without exclusion of iron-
deficiency. In another study conducted by Bagni et al. (16),
it was revealed that overweight was associated with low
hemoglobin levels in adolescent girls. Thus, the effect of
overweight and obesity on serum hemoglobin level still re-
mained controversial and this may be due to differences
in design of the study and the characteristics of popula-
tion especially the presence of underlying comorbidities
such as diabetes or insulin resistance. Therefore, in those
studies that reverse association was observed between the
hemoglobin concentration and body weight, high insulin
resistance was the prominent finding (17). The mechanism
underlying this relationship is not established. However,
it has been suggested that while excessive food intake con-
tributes to the obesity, inadequate quality of diets may be
accounted for this finding (18).

In another aspect, inverse relationship was revealed be-
tween the level of vitamin B12 and BMI in morbid obese pa-
tients. Also, no agreement exists between the reports on
this association. As shown by Baltaci et al. 2013 (11), low Vi-
tamin B12 level was associated with obesity and overweight
but not with other baseline indices such as insulin resis-
tance, metabolic syndrome or even gender. While vitamin
B12 levels were normal in some indices, they were low in
others. Uehara et al. (19) reported that the cobalamin lev-
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els were normal in their study. Guven et al. (20) also found
that vitamin B12 levels were normal. However, Karatela et
al. (21) conducted a study on vitamin B12 and homocys-
teine levels in hypertensive patients who were obese and
overweight compared to normal-weight hypertensive pa-
tients, reporting a high homocysteine level and reduced vi-
tamin B level. Vitamin B12 deficiency results from an inad-
equate intake of nutrition, abnormal nutrient absorption,
and rare inborn errors of vitamin B12 metabolism. It seems
that inappropriate sedentary lifestyle, malnutrition status
as the intake of imbalanced nutrition leading low vitamin
B12 intake and vitamin B12 metabolic impairment, may be
responsible for vitamin B12 deficiency in morbid obese pa-
tients.

5.1. Conclusion

Morbid obesity may result in two important hema-
tologic and metabolic changes including increased
hemoglobin level and reduced vitamin B12 level. Since,
vitamin B12 has vital role in the body, providing adequate
vitamin B12 even by using vitamin supplements is essential
in these patients. Also, regular screening of hematologic
markers level in these patients is strongly recommended.
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