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Summary
Introduction: Obesity is a public health concern in which defects in the endocrine system occur, which may lead to me‐
tabolic diseases. Bariatric surgery (BS) has proved to be more effective in weight loss and reversal of comorbidities (es‐
pecially inflammatory and metabolic). The underlying mechanisms related to the reversal of comorbidities are still
poorly understood. Patients undergoing BS routinely receive vitamin D supplements, so its role in the reversal of co‐
morbidities may be relevant.
Objectives: To determine the relationship between 25‐OH‐vitamin D levels, the prevalence of metabolic comorbidities
before BS and 6 months post‐op.
Results: 328 patients were evaluated, who showed significant loss of weight and lean mass 6 months after BS. Serum
levels of 25‐OH‐vitamin D increased in parallel with an increase in supplementation. However, no correlations were ob‐
served with the presence of baseline metabolic comorbidities or at 6 months of BS. Serum levels of 25‐OH‐vitamin D
were correlated with some parameters of body composition independently of the reversal of comorbidities.
Conclusions: Bariatric surgery was associated with a significant improvement in metabolic comorbidities in the patients
studied independently of 25‐OH‐vitamin D serum levels.
Key words: vitamin D, obesity, metabolic comorbidities, reversal.

INTRODUCTION
Obesity is a chronic metabolic disease with an increasing
incidence that is associated with the development of mul‐
tiple metabolic and mechanical comorbidities, it has also
been associated with a higher incidence of tumors, a worse
evolution of autoimmune diseases (SEEDO/WHO)1,2 and
a increase in all‐cause mortality3,4. According to Spain’s Mi‐
nistry of Health data, the prevalence of obesity in the adult
population (25‐65 years) is 14.5% (17.5% in women;
13.2% in men), with a parallel increase with people’s age
(21.6% and 33.6% in women and men over 65 years of
age, respectively). This situation is a public health cha‐
llenge, not only because of its prevalence, but also due to
the increase in morbidity and mortality, accelerated aging,

the economic costs and associated social implications5,6.
To date, intensive medical treatment and lifestyle mo‐
difications in obese patients have not shown a significant
decrease in the development of complications during fo‐
llow‐up (10‐20 years)7‐9. In contrast, bariatric surgery (BS)
is an intervention that entails significant weight loss (25‐
58% at 10 years), associated with a significant improve‐
ment in comorbidities directly and indirectly related to the
disease7,10. Additionally, BS reduces the risk of mortality
by 51%10. Different meta‐analyzes suggest reductions in
cardiovascular mortality (OR, 0.58, 95% CI, 0.46‐0.73), all‐
cause mortality (OR: 0.70, 95% CI, 0.59‐0 ,84) and increa‐
sed life expectancy of up to 7 years in patients with
underlying cardiovascular disease11.
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PATIENTS AND METHODS

or BMI >35 Kg/m2 and at least one metabolic, mechanical
or psychological comorbidity that indicates it, as establis‐
hed clinical practice guidelines17‐20. A 6‐month follow‐up
was carried out following the protocol of our hospital,
which is based on international clinical practice guideli‐
nes. For this control, 260 patients of those initially eva‐
luated were included. The general clinical characteristics
of the included patients are summarized in the table 1.
The patients were treated according to the available
clinical guidelines15,17,19,21, an anthropometric assessment
was also performed, with bioimpedance measurement
(TANITA MC‐780MA multifrequency impedance meter)
and analytical. The determination of 25‐OH‐vitamin D
was carried out by chemiluminescence with acridinium
ester, with capture of streptavidin‐biotin. The presence
and disappearance of metabolic comorbidities was deter‐
mined as part of the clinical history in the evaluation of
the patient, and it was confirmed by analysis or determi‐
nation of blood pressure in the consultation.

Patients
The clinical variables of 328 patients undergoing BS at
the Reina Sofía Hospital in Cordoba, Spain were analyzed.
Our ethics committee, whose protocol was designed in ac‐
cordance with the Declaration of Helsinki and with natio‐
nal and international guidelines for biomedical research
approved the study. Each individual signed a written in‐
formed consent before taking part. Inclusion was carried
out consecutively, all patients who underwent surgery
and voluntarily decided to participate in the study. Baria‐
tric surgery in our center is performed in men and
women between 18 and 65 years old with BMI >40 Kg/m2

Statistic analysis
U‐Mann Whitney tests were used to assess clinical asso‐
ciations. The xi‐square test was used to compare cate‐
gorical data, as well as Kruskal‐wallis tests and ANOVA
for multiple comparisons. Statistical analyzes were per‐
formed using the statistical software SPSS version 20
and Graph Pad Prism version 7. The graphs and tables
present the data expressed as mean ± standard devia‐
tion or median ± interquartile range. The proportions
were expressed as a percentage. In all analyses, p values
<0.05 were considered statistically significant.

On the other hand, 25‐OH‐vitamin D levels have been
closely related to the development of cardiovascular di‐
sease, specifically, its deficit has been associated with
higher cardiovascular and all‐cause mortality12. After BS,
there is a significant reversal of metabolic comorbidities,
as well as reduced cardiovascular risk and mortality
from all causes in this population10,13,14. Likewise, the use
of vitamin D supplements is carried out systematically
during the follow‐up of patients undergoing BS15,16. In
this sense, it is not clear whether this supplementation
can modulate the post‐BS inflammatory response and
that it could be related to the improvement of comorbi‐
dities in this patient group.
In this context, we analyze the levels of 25‐OH‐vita‐
min D in obese patients undergoing BS and its relations‐
hip with the reversal of metabolic comorbidities 6
months post op.

Table 1. Characteristics of the baseline population and 6 months after surgery

Characteristic

Post-BS (6 meses)

p

62.7

53.3

0.004

BMI (Kg/m2)

47.5 ± 6.63

34.14 ± 5.55

<0.001

Fat mass (Kg)

59.09 ± 16.49

31.67 ± 11.86

<0.001

Lean mass (Kg)

58.29 ± 12.46

58.29 ±2.45

0.639

Abdominal perimeter (cm)

131.18 ± 15.26

110.7 ±14.80

<0.001

16.43 ± 9.95

30.08 ± 12.86

<0.001

26.2

93.8 (16/260)

<0.001

Calcifediol 0.266 mg every 30 days

5.2 (17/328)

31.2 (81/260)

Calcifediol 0.266 mg every 21 days

4.9 (16/328)

33.8 (88/260)

Calcifediol 0.266 mg every 15 days

12.8 (42/328)

23.8 (62/260)

Calcifediol 0.266 mg every 10 days

2.4 (8/328)

0.8 (2/260)

Calcifediol 0.266 mg every 7 days

1.2 (4/328)

3.1 (8/260)

Age

Baseline (n=328)
47.54 ± 9.78

Sex
Female (%)

65.7

Male (%)

34.3

Metabolic comorbidities (%)

25‐OH‐vitamin D (ng/dl)
Calcifediol supplementation (%)
Supplementation dosage
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RESULTS
The 328 operated patients presented a significant de‐
crease in the presence of metabolic comorbidities at the
sixth month after surgery, in parallel with the decrease
in BMI and fat mass, but not in lean mass (figure 1A;
table 1). Only 26.2% of the patients received calcifediol
supplementation before surgery. This percentage incre‐
ased to 93.8% 6 months after surgery (table 1). The pre‐
sence of arterial hypertension (HT), dyslipidemia (DLP)
and type 2 diabetes mellitus (DM2) were evaluated as
metabolic comorbidities, which decreased from 62.7%
to 53.3% (table 1). Supplementation at discharge from
BC and at 6 months was significantly higher, as was the
percentage and absolute number of patients with an in‐
crease in the dose interval (figure 1B).
Baseline 25‐OH‐vitamin D levels did not show diffe‐
rences between patients with or without metabolic co‐
morbidities (figure 2A), both groups increased their
serum levels in parallel (figure 2B) and the values did
not affect the presence or absence of metabolic comor‐
bidities. at the sixth month of BS (figure 2C). When
analyzing metabolic comorbidities separately, no diffe‐
rences were observed between their presence and ba‐
seline 25‐OH‐vitamin D levels (figures 2 D‐F); patients
with HT had significantly higher levels of 25‐OH‐vitamin
D at 6 months (figure 2H) while in patients with DM2
the increase was not significant (figure 2G); patients
with DLP showed a trend that did not reach statistical
significance (figure 2I).
From the anthropometric point of view, baseline BMI
together with fat mass were negatively correlated with
serum levels of 25‐OH‐vitamin D, while these values
were positively correlated with baseline lean mass and
at 6 months of BC. For its part, the determination of 25‐
OH‐vitamin D at 6 months was only negatively correla‐
ted with pre‐surgery abdominal girth and weight after
BS (figure 3).

DISCUSSION
This study is presented in which possible associations
between 25‐OH‐vitamin D levels and the reversal of me‐
tabolic comorbidities after bariatric surgery are analy‐
zed in a large cohort of patients undergoing this

procedure. The aim is to determine the relationship bet‐
ween 25‐OH‐vitamin D levels, the prevalence of meta‐
bolic comorbidities before BS and 6 months post
operative.
Vitamin D has been associated with an increased risk
of developing DM2, HT, myocardial infarction, peripheral
arterial disease, some types of cancer, autoimmune and
inflammatory diseases, and even with increased morta‐
lity22. It also has an essential role in homeostasis and in‐
sulin secretion mechanisms23. After BC, there are
numerous effects on mineral and bone metabolism, in‐
cluding calcium and/or vitamin D deficiency, secondary
hyperparathyroidism, and loss of bone mass24‐27. The
changes in its metabolism seem to be influenced first by
abnormalities in bone metabolism prior to surgery (re‐
lated to morbid obesity), and later by changes in calcio‐
tropic hormones after BS and nutrient malabsorption. It
is also unknown whether in the long term, these changes
persist or stabilize after the body adapts to the new
weight, hormonal secretion and environmental habits28.
Likewise, calcidiol levels have been related to modu‐
lation of the inflammatory response in different disea‐
ses, conditioning their evolution and prognosis29. In this
context, the mechanisms underlying the improvement
in comorbidities are dependent and independent of the
percentage of weight lost30,31, and to a large extent are
related to the improvement in insulin resistance and the
improvement in β‐cell function‐pancreatic32. Vitamin D
has been reported to improve insulin sensitivity and de‐
crease the risk of developing diabetes, which is why it
could have an additive (or essential) effect in the rever‐
sal of comorbidities33. However, in our cohort, no signi‐
ficant changes were observed in the evolution of
metabolic comorbidities in the patients evaluated. This
can be explained by the follow‐up time of the patients,
considering that, if there is no re‐gain in weight, a grea‐
ter reversion of comorbidities would be expected in
these patients.
On the other hand, vitamin D deficiency is more com‐
mon in obese patients, in this sense different mecha‐
nisms have been postulated, including a lower dietary
intake, lower skin synthesis, decreased intestinal ab‐
sorption and alteration in its metabolism34. There are

Figure 1. Clinical changes after BS. A) evolution of anthropometric changes 6 months after BS; B) interval of prescription of calcifediol supplementation after 6 months from the BS
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Figure 2. Association between metabolic comorbidities and serum levels of 25-OH vitamin D (calcidiol). A) metabolic
comorbidities and basal calcidiol; B) metabolic and calcidiol comorbidities at 6 months; C) metabolic and calcidiol
comorbidities 6 months after BS; D) presence of baseline DM2 and basal calcidiol levels; E) presence of baseline
HTN and basal calcidiol levels; F) presence of baseline DLP and basal calcidiol levels; G) presence of baseline DM2
and calcidiol levels at 6 months; H) presence of baseline HTN and calcidiol levels at 6 months; I) presence of baseline
DLP and calcidiol levels at 6 months
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Figure 3. Correlations between anthropometric parameters and serum levels of 25-OH vitamin D (calcidiol)
at baseline and at 6 months after BS. Only statistically
significant correlations are represented (p<0.05)
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also hypotheses about the “sequestration” of 25‐OH‐vi‐
tamin D by adipose tissue, accompanied by less hepatic
activation due to a decrease in 25‐hydroxylase acti‐
vity35,36. The specific mechanisms, however, are not
known and are still under study. In our cohort, serum
25‐OH‐vitamin D levels were negatively correlated only
at baseline with fat mass, and in contrast, they were po‐
sitively correlated with lean mass both before and 6
months after surgery.
Among the strengths of this study is the number of
patients included, as well as the availability of bioimpe‐
dance measurement in all of them, the technique for de‐
termining 25‐OH‐vitamin D and the fact that it is a
prospective study at 6 months. However, as limitations
we should point out the evolution time, which is limited
to 6 months and that, at the time of the analysis, only
260 of the initially included patients had been evaluated.
If the follow‐up of these patients is continued, a longer‐
term evolution of the comorbidities and the
behavior/adherence of the supplementation may pro‐
vide additional information and with greater specificity.
Finally, in this study, associations are observed that do
not demonstrate a direct causal relationship.
To sum up, in our cohort, no relationship was obser‐
ved between serum levels of 25‐OH‐vitamin D, the pre‐

sence or evolution of metabolic comorbidities, but with
the body composition of the individuals evaluated.
Acknowledgment: FEIOMM scholarship 2019.

Conflict of interests: The authors declare no conflict of interest.

9

6

León S, Alcántara Laguna M, Molina Puerta MJ, Gálvez Morenos MA, Herrera-Martínez AD

ORIGINAL

Rev Osteoporos Metab Miner. 2021 [Ahead of published issue]

Bibliography
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Lobstein T, Jackson‐Leach R, Moodie
ML, Hall KD, Gortmaker SL, Swinburn
BA, et al. Child and adolescent obesity:
part of a bigger picture. Lancet.
2015;385(9986):2510‐20.
Smith KB, Smith MS. Obesity Statistics.
Prim Care. 2016;43(1):121‐35, ix.
Naser KA, Gruber A, Thomson GA. The
emerging pandemic of obesity and
diabetes: are we doing enough to pre‐
vent a disaster? Int J Clin Pract.
2006;60(9):1093‐7.
Abdelaal M, le Roux CW, Docherty NG.
Morbidity and mortality associated
with obesity. Ann Transl Med. 2017;
5(7):161.
Gallagher D, Heymsfield SB, Heo M,
Jebb SA, Murgatroyd PR, Sakamoto Y.
Healthy percentage body fat ranges:
an approach for developing guidelines
based on body mass index. Am J Clin
Nutr. 2000;72(3):694‐701.
Tsai AG, Williamson DF, Glick HA. Di‐
rect medical cost of overweight and
obesity in the USA: a quantitative
systematic review. Obes Rev. 2011;12
(1):50‐61.
Sjostrom L. Review of the key results
from the Swedish Obese Subjects
(SOS) trial ‐ a prospective controlled
intervention study of bariatric sur‐
gery. J Intern Med. 2013;273(3):219‐
34.
Uusitupa M, Peltonen M, Lindstrom J,
Aunola S, Ilanne‐Parikka P, Keinanen‐
Kiukaanniemi S, et al. Ten‐year morta‐
lity and cardiovascular morbidity in
the Finnish Diabetes Prevention Study‐
‐secondary analysis of the randomized
trial. PLoS One. 2009;4(5):e5656.
Li G, Zhang P, Wang J, Gregg EW, Yang W,
Gong Q, et al. The long‐term effect of li‐
festyle interventions to prevent diabe‐
tes in the China Da Qing Diabetes
Prevention Study: a 20‐year follow‐up
study. Lancet. 2008;371(9626):1783‐9.
Adams TD, Davidson LE, Litwin SE,
Kolotkin RL, LaMonte MJ, Pendleton
RC, et al. Health benefits of gastric
bypass surgery after 6 years. JAMA.
2012;308(11):1122‐31.
Kwok CS, Pradhan A, Khan MA, Ander‐
son SG, Keavney BD, Myint PK, et al.
Bariatric surgery and its impact on
cardiovascular disease and mortality:
a systematic review and meta‐analy‐
sis. Int J Cardiol. 2014;173(1):20‐8.
Kheiri B, Abdalla A, Osman M, Ahmed S,
Hassan M, Bachuwa G. Vitamin D defi‐
ciency and risk of cardiovascular dise‐
ases: a narrative review. Clin Hypertens.
2018;24:9.
Benraouane F, Litwin SE. Reductions

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

in cardiovascular risk after bariatric
surgery. Curr Opin Cardiol. 2011;26
(6):555‐61.
Lent MR, Benotti PN, Mirshahi T, Ger‐
hard GS, Strodel WE, Petrick AT, et al.
All‐Cause and Specific‐Cause Morta‐
lity Risk After Roux‐en‐Y Gastric
Bypass in Patients With and Without
Diabetes. Diabetes Care. 2017;40(10):
1379‐85.
Fried M, Yumuk V, Oppert JM, Scopi‐
naro N, Torres A, Weiner R, et al. [In‐
terdisciplinary European guidelines
on metabolic and bariatric surgery].
Rozhl Chir. 2014;93(7):366‐78.
Yumuk V, Tsigos C, Fried M, Schindler
K, Busetto L, Micic D, et al. European
Guidelines for Obesity Management in
Adults. Obes Facts. 2015;8(6):402‐24.
Thorell A, MacCormick AD, Awad S,
Reynolds N, Roulin D, Demartines N, et
al. Guidelines for Perioperative Care in
Bariatric Surgery: Enhanced Recovery
After Surgery (ERAS) Society Recom‐
mendations. World J Surg. 2016;40(9):
2065‐83.
O'Kane M, Parretti HM, Pinkney J, Wel‐
bourn R, Hughes CA, Mok J, et al. Bri‐
tish Obesity and Metabolic Surgery
Society Guidelines on perioperative
and postoperative biochemical moni‐
toring and micronutrient replacement
for patients undergoing bariatric sur‐
gery‐2020 update. Obes Rev. 2020;21
(11):e13087.
Jastrzebska‐Mierzynska M, Ostrowska
L, Wasiluk D, Konarzewska‐Duch‐
nowska E. Dietetic recommendations
after bariatric procedures in the light
of the new guidelines regarding meta‐
bolic and bariatric surgery. Rocz
Panstw Zakl Hig. 2015;66(1):13‐9.
Fried M, Yumuk V, Oppert JM, Scopi‐
naro N, Torres A, Weiner R, et al. Inter‐
disciplinary European guidelines on
metabolic and bariatric surgery. Obes
Surg. 2014;24(1):42‐55.
Rubio M.A MnC, Vidal O., Larrad A,
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