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Abstract

Introduction: Vitamin D, primarily recognized for its skeletal functions, extends its influence beyond bone health, impact-
ing various physiological systems. Serum vitamin D levels below optimal thresholds have been associated with an array of di-
sorders, including cardiovascular diseases, diabetes, and mental health conditions. Moreover, obesity exacerbates vitamin D
deficiency, with proposed mechanisms including volumetric dilution, sequestration in adipose tissue, and compromised he-
patic metabolism. In Mexico, studies demonstrate high prevalence rates of vitamin D deficiency among obese individuals,
further compounded by insulin resistance. Supplementation guidelines vary, with recommendations ranging from 4000 IU/-
day to 10,000 IU/day.

Materials and Methods: To address this complex interplay, a longitudinal study was conducted in Mexico City, involving

type I obese patients.

Results: Indicated a negative correlation between body mass index (BMI) and vitamin D levels. Supplementation with 4000
IU of vitamin D3 for 90 days significantly increased serum levels, particularly among initially deficient and insufficient parti-
cipants. A substantial proportion of patients achieved normalization, emphasizing the efficacy of this dosis and this presenta-

tion.

Conclusion: These findings underscore the intricate relationship between obesity, vitamin D status, and metabolic health,

advocating for early interventions to mitigate deficiencies and associated comorbidities in patients with obesity.
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Introduction

The 1,25-dihydroxyvitamin D (VitD), resulting
from endogenous synthesis of vitamin D, is widely regarded
more as a hormone than a vitamin, especially considering
its skeletal functions such as calcium stimulation and ab-
sorption, osteoclastic bone resorption, osteoblastic func-
tion, and reduction in parathyroid hormone (PTH) secre-
tion. However, its functions beyond the skeletal structure,
such as decreasing type 1 collagen production, increasing
muscle function, stimulating cell differentiation, participat-
ing in insulin secretion, and involvement in the immune sys-

tem, confirm its hormone status [1].

Numerous disorders unrelated to calcium
metabolism, such as cardiovascular diseases, hypertension,
dyslipidemia, type 2 diabetes, cancer, multiple sclerosis, de-
pression, dementia, psychiatric diseases, among others,
have been associated with serum levels of VitD below 50

nmol/L or 20 ng/mL [2].

As is known, obesity, defined as excess fat, is asso-
ciated with lower vitamin D levels. Data from large observa-
tional studies (NHANES IIT and Framingham) suggest that
obesity is associated with a higher risk of hypovitaminosis
D [3,4].

There are basically three theories that could ex-
plain the inverse relationship between increased body fat
and low plasma concentrations of VitD. Volumetric dilu-
tion of VitD is the most likely mechanism of the inverse rela-
tionship between serum vitamin D levels and BMI [5-7]. On
the other hand, the hypothesis of VitD sequestration in adi-
pose tissue suggests lower increases in plasma levels in
obese individuals than in normal-weight individuals after
sun exposure [8]. Another possible mechanism for de-
creased plasma VitD is compromised hepatic 25-hydroxyla-
tion associated with non-alcoholic fatty liver disease, a very

common condition in obese patients [9].

In Mexico, an interesting study demonstrates the
association of vitamin D deficiency, obesity, and insulin re-
sistance. Official figures from the National Institute of

Public Health report 70% of patients with normal levels,
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20% with deficiency, and only 9.8% with insufficiency [11].
These data do not coincide with more recent studies where
61% of pregnant women and 98% of newborns have levels
below 29.9 ng/dL, as reported by the National Institute of
Perinatology [12]. This study also found pregestational obe-
sity in 34.8% of the patients studied, with 51.4% presenting
insufficiency and 33.7% deficiency of vitamin D [13]. Simi-
larly, another study in Mexico with individuals over 50
years old found 31.54% insufficient and 47.47% deficient
[14]. It has been difficult to establish optimal levels of vita-
min D in the blood. Finally, several authors agree to define
vitamin D deficiency as 25(OH)D < 20 ng/mL, insufficiency
at concentrations between 21 and 29 ng/mL, and sufficiency
at > 30 ng/mL, as it is from levels of 30-40 ng/mL of 25(O-
H)D when parathyroid hormone (PTH) begins to decrease
[15-18].

In response to the need for supplementation, the
European Food Safety Authority recommends administer-
ing 4000 IU/day or 100 pg [19,20], while the Endocrine Soci-
ety establishes a maximum daily limit of 10,000 IU [21].
More recently, after a systematic review involving 16,515 pa-
tients, it is proposed that in obese patients, supplementation
with 2000 IU daily for 2 years achieves an improvement in
plasma levels of 25(OH)D and reduces diseases associated
with its deficiency or insufficiency [22]. This establishes
that there is no optimal dose for supplementation or a set

time to do so.

Considering the aforementioned points, our deci-
sion was to initially ascertain the prevalence of deficiency,
insufficiency, and sufficiency in a cohort of type I obese pa-
tients residing in Mexico City. Subsequently, we aimed to in-
vestigate the existence of a negative correlation between
BMI and vitamin D levels, along with exploring the correla-
tion between body fat percentage and vitamin D status. Fi-
nally, we sought to determine whether the resolution of defi-
ciency and insufficiency could be attained within a short
timeframe through the administration of 4000 IU daily for
3 months. This supplementation method was chosen to en-
hance absorption, delivered in the form of drops within an
oily vehicle containing Oleic, Linoleic, and Palmitic acids
(Olive Oil) [1].
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Materials and Methods

We conducted a prospective, longitudinal study in-
volving Mexican patients diagnosed with grade I obesity.
Initially, we determined baseline levels of 25(OH)D, classify-
ing patients as insufficient, deficient, or normal based on th-
ese results. Anthropometric measurements including
weight, height, and BMI calculation were performed for all
participants, along with multifrequency bioelectrical impe-
dance analysis using the In-Body 570 body composition ana-

lyzer.
Participants

Our study included both male and female patients
aged between 18 and 60 years, with a body mass index (B-
MI) falling within the range of 30 to 35 kg/mA2. Recruit-
ment of participants took place within the metropolitan
area of Mexico City, facilitated through open invitations
posted on Zélé® social media platforms. Exclusion criteria
encompassed individuals who had undergone previous
weight loss treatments, consumed vitamin D or calcium sup-
plements, used glucocorticoids, testosterone, hormonal re-
placement therapy, or anabolic steroids within the preced-
ing 6 months. Additionally, pregnant or lactating individu-
als, those with severe eating disorders, alcoholism, or drug
addiction, as well as those with severe psychiatric disorders
(e.g., schizophrenia, bipolar disorder) were excluded. Liver
insufficiency, defined by ALT, AST, GGT levels exceeding
four times the reference value, along with the presence of en-
docrine, metabolic, cardiovascular, or parathyroid diseases,
absorption disorders, kidney diseases, or any other pre-exist-
ing conditions known to affect vitamin D metabolism, also

served as exclusion criteria.
Sample Size

The sample size was determined arbitrarily based
on resource availability. The first 100 patients who met the
inclusion criteria were invited to an informational meeting,
where the study purpose was explained, and their accep-
tance was requested through signing an informed consent
form. (This study was approved by the Research Committee
of the Health Sciences Institute at Universidad Veracruzana
and audited by the Health Sciences Research Center at Uni-

versidad Andhuac Norte. Ethical aspects were evaluated by
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the Research Ethics Committee of the High Specialty Cen-
ter of the State of Veracruz CONBIOETICA-30--
CEI-001-20170221).

Intervention

Each patient was instructed to take a daily dose of
4,000 IU of vitamin D3 in an oily vehicle (D3 400 Zélé®).
This equated to 10 drops in the morning after the first meal
of the day, which could be taken sublingually or dissolved
in their preferred liquid.

Anthropometric and Metabolic Data

Anthropometric measurements were preferably
taken at the same time and under the same conditions at
each follow-up visit. Height was measured at the beginning
of the study using a Seica wall-mounted stadiometer with
an accuracy of 0.1 cm. Weight and body composition were
recorded without shoes and with lightweight clothing using
an In-Body 570 body composition analyzer with an accura-

cy of 0.1 kg.

Fasting blood samples were collected in the medi-
cal laboratory through venipuncture by trained phlebo-

tomists.
Follow-Up

Interviews, clinical reviews, anthropometric mea-
surements, and multifrequency bioelectrical impedance
analysis (MFBIA) were conducted every 30 days, and pa-
tients were questioned for adverse reactions. Finally, at the
90-day mark of treatment, in addition to clinical review, in-
terview, and anthropometric measurements, final 25(OH)D

levels were determined.
Statistical Analysis

Data were recorded in an Excel database. Descrip-
tive statistics tables were generated for baseline demograph-
ic data, presenting means with measures of dispersion for
continuous variables and percentages for categorical vari-
ables. Pearson's correlation coefficient was calculated be-
tween 25(OH)D levels and BMI, as well as against body fat
percentage using Pearson's linear regression test. Compara-
tive tests of repeated measures were conducted on initial

and final VitD determinations using non-parametric tests
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(Kruskal-Wallis) and chi-square tests. SPSS V21.0 software

was used for analysis.

Results

Between January and March 2022, 70 patients

4

were enrolled, with only 56 (80%)—comprising 45 women
and 11 men—completing the protocol. Women had an aver-
age age of 39.56 + 10.7 years, while men had an average age
of 35.73 + 7.5 years. Their respective weights were 83.3 *
7.8 kg and 97.59 + 5.7 kg, resulting in BMIs of 32.7 + 2.06
and 32.4 + 1.47 kg/m~2 (Table 1).

Table 1: Population Characteristics

Women 80.40% Men 19.60% P
Mean(n=45) SD Mean (n=11) SD
Age (years) 39.56 10.77 35.73 7.55 0.272
Weight (kg) 83.32 7.8 97.59 5.72 <0.0001
Height (cm) 159.64 5.55 173.45 2.5 <0.0001
BMI (kg/mz) 32.75 2.06 32.44 1.47 0.636
% Body Fat 44.84 4.01 34.43 2.62 <0.0001
Significance 0.05

SD: Standard Deviation; BMI: Body Mass Index; Kg: Kilograms; cm: Centimeters; m*: Square meter
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Graph 1: Negative correlation between BMI and 25 (OH)D
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Graph 3: Modification of vitamin D3 level

Notably, the body fat percentage was significantly
higher in women compared to men: 44.8 = 4% in women

versus 34.4 + 4% in men (t = 7.8, df 53, p < 0.0001).

Based on the blood measurements of 25(OH)D, pa-
tients were categorized as follows: 28 patients (24.6%) had
insufficient levels, with a mean level of 15.8 + 2.6 ng/ml
(95% CI 14.75 to 16.79 ng/ml); 22 patients (19.3%) were de-
ficient, with a mean value of 23.7 + 1.98 ng/ml (95% CI 22.8
to 23.6 ng/ml); and finally, 6 patients (5.3%) reported nor-
mal or sufficient levels, with a mean value of 39.3 + 5.5
ng/ml (95% CI 33.4 to 45.1 ng/ml).

JScholar Publishers

Correlation coefficients were calculated using Pear-
son's linear regression with the obtained data, revealing a
negative correlation between BMI and 25(OH)D levels (Cor-
relation -0.272, p = 0.05). (see correlation graph) Similar
tests conducted with body fat percentage divided by sex and

fat mass in kilograms did not yield significant results.

No adverse effects or intolerance to the administra-
tion of VitD in this oily vehicle were reported. Patients were
specifically questioned about weakness, dry mouth, nausea,

and vomiting.
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Following the administration of 4000 IU of Vita-
min D3 at the end of winter and during spring in Mexico Ci-
ty, 24.6% of the initially insufficient sample experienced an
increase in the mean value of 25(OH)D levels from 15.8 +
2.6 to 40.8 + 11.5 ng/ml (95% CI from 36.4 to 45.3 ng/ml).
After conducting the generalized linear model of repeated
measures, highly significant differences were observed both
within subjects (f = 136.1, df 1, p < 0.0001) and between sub-
jects (f = 587.2, df 1, p < 0.0001). Additionally, 19.3% of the
deficient patient group saw an increase from 23.7 + 1.98 to
40.1 £ 11.2 (95% CI from 35.1 to 45.0 ng/ml), with signifi-
cant differences within subjects (f = 56.0, df 1, p < 0.0001)
and between subjects (f = 590.4, df 1, p < 0.0001). (see
Mixed linear graph panels A and B) respectively.

Lastly, upon analyzing the final condition in rela-
tion to the initial status, only 2 out of the 28 patients initial-
ly classified as insufficient remained in this category, while
4 remained deficient, and 22 normalized. Similarly, among
the 22 patients initially classified as deficient, 4 remained de-
ficient, and 18 migrated to the normal condition. This analy-
sis reveals that out of the 56 patients studied, where 28 had
insufficient levels of 25(OH)D, 22 had deficient levels, and
only 6 had normal levels, after receiving 4,000 IU of VitD3
in an oily medium for 90 days, 2 remained insufficient, 8 re-
mained deficient, and 46 reached normal levels. (x2 = 59.8,

df 2, p < 0.0001) Percentage normalization graph.

Discussion

This study delves into various aspects related to Vi-
tamin D3. Initially, a random sample of the Mexican popula-
tion with grade I obesity was examined, and their baseline
levels of 25(OH)D were assessed. The prevalence rates of in-
sufficiency, deficiency, and normalcy align closely with find-
ings from previous studies conducted in Mexico [12-14,18],
except for the study by Flores et al. [11]. Moreover, the pres-
ence of obesity in the study group accentuates the deficien-
cy of 25(OH)D, consistent with the observations of other
studies [3,4].

Another aspect explored in this study was elucidat-
ing the vitamin deficiency observed in the context of obesi-
ty. In line with previous research by Lorenzo et al. [23], we

confirm the inverse correlation between BMI and 25(OH)D
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deficiency. Attempts were made to investigate correlations
between fat percentage and fat quantity in kilograms; howev-
er, no significant correlations were found. Given the varia-
tions in body composition and fat distribution between gen-
ders, separate analyses were conducted for males and fe-

males, yielding nonsignificant results.

Another consideration was the use of olive oil as
the administration vehicle. Although there is no definitive
conclusion regarding the optimal vehicle for enhancing the
absorption of vitamin D3, studies have shown that oil-solu-
ble vehicles result in the most significant changes in serum
25(OH)D3 levels, particularly following the administration
of 10,000 IU. Given the liposolubility of 25-Hydroxychole-
calciferol, its intestinal absorption is facilitated by micelle
formation and is absorbed alongside other lipids through
passive diffusion in enterocytes. The efficiency of absorp-
tion is contingent upon the presence of fats in the intestinal
lumen, which triggers the release of bile acids and pancreat-

ic lipase.

Regarding the daily supplemented dose, we opted
for the therapeutic replacement dose of 4,000 IU per day, as
recommended by the European Food Safety Authority. Al-
though the proposed consensus dose for daily supplementa-
tion is 50 pg, equivalent to 2000 IU, the Endocrine Society
sets a maximum daily limit of 10,000 IU in cases of supple-
mentation need. Long-term oral supplementation studies in
obese patients with 2,000 IU daily for 2 years of Vit D3 have
shown restoration of normal 25(OH)D levels. This study de-
monstrates that a daily dose of 4,000 IU for 3 months is ef-
fective in restoring sufficient levels of VitD. The transition
from 50% of patients with insufficiency, 39.3% with deficien-
cy, and 10.7% with normal levels to 3.6% with insufficiency,
14.3% with deficiency, and 82.1% with normal values was

highly significant (x2= 59.8, df 2, p < 0.0001).

In this study, as in many others, no adverse effects
have been reported for vitamin D administered in doses up
to 4,000 IU [28-30]

It is acknowledged that this study involved a limit-
ed number of patients, and to strengthen the findings, a larg-
er and more inclusive sample encompassing patients with
obesity across all grades is warranted. Additionally, further

studies are needed to establish the optimal therapeutic dose,
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including testing doses from 800 IU to 4,000 IU in patients
with insufficiency and deficiency, as well as determining the
optimal supplementation dose for normal patients. Trials
should also modify the duration of vitamin D3 administra-
tion dissolved in this vehicle. Finally, it is necessary to com-
pare the administration of this oily vehicle against other pre-

sentations of 25(OH)D supplements.

Conclusion

JScholar Publishers
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89.3% of the studied population exhibited subnor-
mal levels of 25(OH)D. Supplementation with 4,000 IU of
Vitamin D3 daily in an oily vehicle for 90 days proved effec-
tive in resolving insufficiency and deficiency in 78.6% of pa-
tients with insufficiency and 81.8% of patients with defi-

cient levels.
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