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EVitamin D deficiency is a prev-
alent but under-recognized 
health problem. Subclinical 

deficiency had been noted with high 
prevalence in adult medical inpa-
tients, postmenopausal women, and 
healthy young adults (1). Vitamin D 
is a steroid hormone involved in cal-
cium homeostasis and exists in several 
forms; the primary circulating form 
is 25-hydroxyvitamin D (25[OH]D), 
and the active form is 1,25- 
dihydroxyvitamin D (1,25[OH]2D) 
(2). After digestion, vitamin D is pro-
cessed by 25-hydroxylase in the liver 
to generate 25(OH)D and is then 
converted to 1,25(OH)2D by 25- 
hydroxyvitamin D-1-α-hydroxylase 
(3). Serum 25(OH)D is used instead 
of 1,25(OH)2D as a biomarker for as-
sessing vitamin D deficiency because 
the secondary increase of parathyroid 
hormone (PTH) induces renal hy-
droxylation of 25(OH)D with subse-
quent normalization of 1,25(OH)2D 
levels despite systemic vitamin D de-
ficiency (4).

Vitamin D deficiency is usually 
accompanied by normal blood levels of 
calcium and phosphorus, high-normal 
or elevated PTH, normal to elevated 
levels of total alkaline phosphatase 
(ALP), a low 24-hour urine calcium 
excretion rate, and a low level of total 

25(OH)D (5). Vitamin D insuffi-
ciency is defined as a level <30 ng/mL 
(75 nmol/L), and deficiency is defined 
as a circulating level <20 ng/mL (50 
nmol/L) (6). Vitamin D deficiency 
is more common than previously 
thought; the percentage of adults 
showing vitamin D sufficiency as 
defined by 25(OH)D ≥30 ng/mL 
has been declining (7).

It has been postulated that hypo-
vitaminosis D is associated with bone 
pain, myalgia, generalized weakness, 
and chronic fatigue (8). Vitamin D 
deficiency may be a risk factor for 
depression and other psychological 
disorders. This may be a result of 
malfunctions of either the neuroen-
docrine or central nervous systems 
(9–11).

Hypocalcemia is a cause of refrac- 
tory hypotension, especially in patients 
with chronic renal disease (12). Car- 
diac performance is reduced by hypo-
calcemia, with a subsequent decrease 
in myocardial contractility, ejection 
fraction, and cardiac index (13).

Vitamin D deficiency may have 
a role in the prevalence of obesity 
and the individual differences in its 
onset and severity. It may be possible 
to reverse the increasing prevalence 
of obesity by improving vitamin D 
status when associated deficiency 
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is confirmed (14). The prevalence 
of vitamin D deficiency was found 
to be 35% higher in obese subjects 
compared to a eutrophic group and 
24% higher than in an overweight 
group (15). This association would be 
explained by accumulation of vitamin 
D in the fatty tissue (16). Vitamin D 
also has anti-adipogenic properties 
(17), and limited research suggested 
that vitamin D may potentiate weight 
loss and improve metabolic markers 
(18).

Supplementation of vitamin D, 
together with exercise or mild caloric 
restriction, had been shown to 
improve markers of inflammation 
(19). Vitamin D acts through an 
intracellular increase in ionized cal-
cium, which stimulates the apoptosis 
of adipocytes through sympathetic 
nervous system activation to aug-
ment diet-induced thermogenesis 
and fat oxidation, increasing energy 
expenditure. It also acts on the gas-
trointestinal tract to enhance fecal 
fat excretion and gastrointestinal 
hormones that control appetite (19).

Vitamin D supplementation will 
decrease PTH levels, and this will 
enhance insulin sensitivity and gene 
modulation (i.e., increase genes con-
trolling lipolysis in favor of genes 
controlling lipogenesis) (20).

Total daily energy expenditure 
(TEE) encompasses the resting met-
abolic rate (RMR), the thermal effect 
of food, and physical activity. RMR is 
the component of energy expenditure 
that explains the largest proportion 
of total daily energy requirements. 
Individuals with a low RMR are at 
higher risk of significant weight gain 
than those with a high RMR (21,22).

The aim of this study was to eval-
uate vitamin D status in patients 
presenting with fatigue and obesity 
refractory to conventional interven-
tions such as diet, exercise, behavioral 
modification, and pharmacotherapy 
and to assess the impact of vitamin D 
deficiency correction on blood pres-
sure and metabolic status, including 
weight loss.

Study Design and Methods

Patient Selection
Two hundred patients, aged 20–40 
years, were selected after application 
of the inclusion criteria from 324 pa-
tients who were evaluated because of 
fatigue, hypotension, and refractory 
obesity, which is defined as failure 
to achieve weight loss ≥5% of initial 
body weight after 1 year, despite diet 
control, regular exercise, behavioral 
intervention, and pharmacotherapy 
(23) (Figure 1). Fatigue was defined 
as the perception of generalized weak-
ness and reduced capacity to maintain 
activity and difficulties with concen-
tration and memory (24). The study 
was conducted from February 2014 
to October 2016.

All the patients had tried con-
ventional weight loss interventions, 
including pharmacotherapies such as 
maximum tolerated doses of orlistat 
(120 mg three times daily [n = 144]) 
or sibutramine (10 mg/day [n = 56]). 
An age- and sex-matched control 
group was selected that included 
patients (n = 148) who were obese 
and had a deficient level of 25(OH)D. 
All patients were recruited from the 
internal medicine outpatient clinic.

The study was conducted at the 
internal medicine outpatient clinic 
and Department of Physiology of 
Zagazig University in Zagazig, Egypt, 
and was approved by the Zagazig 
University Ethical Committee. 
Written informed consent was 
obtained from patients before their 
participation in the study.

Potential participants completed 
a questionnaire regarding their per-
sonal and family medical history and 
drug history. Patients were excluded 
if their obesity was the result of endo-
crine causes such as hypothyroidism, 
genetic causes, pregnancy, lactation, 
or medications that affect vitamin D 
status (e.g., calcium, vitamin D, bis-
phosphonates, or previous treatment 
with antiviral or immunosuppressive 
drugs). Patients with hypotension 
caused by drugs or endocrine causes, 
diabetes, or medications that affect 

blood glucose levels (e.g., oral anti-
diabetic agents, β-blockers, steroids, 
immunosuppressants, thiazides, or 
antipsychotics such as clozapine, 
olanzapine, or risperidone) were also 
excluded.

Methods
Thorough medical histories and clin-
ical examinations were performed on 
all patients. Clinical signs of endocrine 
causes of hypotension and obesity 
were evaluated. Fatigue was evaluat-
ed with regard to characteristics (i.e., 
onset, course, and duration), as were 
risk factors for specific diseases such as 
malignancies, autoimmune diseases, 
and diabetes. Use of drugs that cause 
fatigue was ruled out. Fatigue was 
measured by a visual analog scale that 
rates patients’ fatigue on a 0–10 scale.

Clinical Evaluation
Clinical evaluation included:
• Waist circumference, which was 

measured in the horizontal plane 
at the midpoint between the low-
est rib and the iliac crest at the end 
of normal expiration

• BMI calculated as weight in kilo-
grams divided by the square of 
height in meters

• Resting energy expenditure (REE), 
which was calculated by using the 
Mifflin-St. Jeor equations (Eq. 1 
and Eq. 2) before and after vita-
min D replacement (25); these 
equations consider weight, height, 
and age for both men and women 
and can efficiently predict mea-
sured RMR better than other 
methods (26).

Male: REE (kcal/day) = 9.99 × 
body weight (kg) + 6.25 × height 
(cm) – 4.92 × age (years) + 5

■ EQ. 1

Female: REE (kcal/day) = 9.99 × 
body weight (kg) + 6.25 × height 
(cm) – 4.92 × age (years) – 161

■ EQ. 2
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■ FIGURE 1. Flow diagram of the study patient selection and intervention.
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of detection of 25(OH)D was 3 
ng/mL.

• PTH, estimated by the Elecsys 
2010 PTH immunoassay (Roche 
Diagnostics) (normal range 10–65 
pg/mL)

• Serum ionized calcium (normal 
range 4.4–5.4 mg/dL [1.12–1.32 
mmol/L])

• Total calcium (normal range 8.6–
10.2 mg/dL)

• Phosphorus (normal range 3–4.5 
mg/dL)

• ALP (normal range 36–92 IU/L)
• 24-hour urinary calcium (normal 

range 20–275 mg/24 hours)
• Serum insulin, measured quanti- 

tatively by electrochemilumines-
cence immunoassay (cut-off value 
8.64 µIU/mL)

• Quantitative insulin sensitivity 
check index (QUICKI), which 
measures insulin sensitivity by 
calculating the inverse of the sum 
of the logarithmically expressed 
values of fasting insulin and glu-
cose according to Eq. 4; a value 
<0.339 indicates reduced insulin 
sensitivity (27)

Abdominal Ultrasonography
The patients were examined after a 
6-hour fast and evaluated for:
• Fatty liver disease (FLD), via the 

ultrasonographic steatosis score, 
which was defined as follows:

 ❍ Absent steatosis: normal liver 
echo texture

 ❍ Mild steatosis: slight and 
diffuse increase in fine paren-
chymal echoes with normal 
visualization of diaphragm and 
portal vein borders

 ❍ Moderate steatosis: slightly 
impaired visualization of por-
tal vein borders and diaphragm

 ❍ Severe steatosis: poor or no 
visualization of portal vein bor-

• TEE, which is calculated accord-
ing to Eq. 3. 

Laboratory Analysis
All patients underwent a 12-hour 
overnight fast before blood testing, 
which included:

Investigations for Secondary Causes of 
Obesity
• Liver function tests, including 

aspartate aminotransferase (nor-
mal range 8–34 IU/L), alanine 
aminotransferase (19–33 IU/L), 
serum albumin (3.5–5 g/dL), and 
total bilirubin (0.2–1.2 mg/dL)

• Kidney function tests, including 
serum creatinine (normal range 
0.8–1.3 mg/dL) and urea (8–21 
mg/dL)

• Complete blood count, includ-
ing hemoglobin (normal range 
13–17 g/dL), white blood cell 
count (4–10 × 109/L), and plate-
lets (150–400 × 109/L)

• Fasting blood glucose (normal 
range 70–99 mg/dL)

• Serum sodium (normal range 
136–145 mEq/L)

• Potassium (normal range 3.5–5.1 
mEq/L)

• Morning cortisol level (8:00 a.m.; 
normal range 5–23 µg/dL) 

• Thyroid-stimulating hormone 
(TSH; normal range 0.3–5.0 U/mL)

Specific Investigations
• Serum 25(OH)D, estimated by 

Cobas e 411 immunoassay ana- 
lyzer by a competitive electro-
chemiluminescence protein bin- 
ding assay (Roche Diagnostics, 
Mannheim, Germany). The intra- 
and inter-assay coefficients of 
variation were 3.0–7% and 5–13%, 
respectively. The normal refer-
ence range for serum 25(OH)D 
was ≥30 ng/mL. The lower limit 

QUICKI index = 1/[log (fasting 
insulin [mg/dL]) + log (fasting 
glucose [mg/dL])]

■ EQ. 4

TEE (kcal/day) = REE (kcal/day) × 
activity factor (0.6 in males, 0.5 in 
females for light activity)

■ EQ. 3

ders, diaphragm, and posterior 
portion of the right lobe (28)

• Abdominal adiposity, by esti-
mation of midline abdominal 
subcutaneous fat thickness (SFT), 
which was measured 1 cm above 
the umbilicus during expiration 
and corresponds to the distance 
in centimeters between the skin 
and the anterior surface of the 
linea alba (normal value 2.64 ± 
1.37 cm [29])

• Supra renal masses and the pres-
ence of ovarian cysts; patients 
diagnosed with these were excluded

Statistical Analysis
Data were analyzed using SPSS 20 
for Windows (SPSS Inc., Chicago, 
Ill.). Continuous variables were sum-
marized as mean ± SD or SE, as ap-
propriate. A χ2 test was used for cat-
egorical variables such as frequency 
and percentage. Comparison of the 
response after vitamin D supplemen-
tation was performed using a paired 
t test.

Patients were classified according 
to their 25(OH)D level into three sub-
groups: one with sufficient levels (≥30 
ng/mL), one with deficiency (<20 
ng/mL), and one with insufficiency 
(20–29 ng/mL). Between-group dif-
ferences were tested using one-way 
analysis of variance for continu-
ous data and χ2 tests for categorical 
data. Multivariate linear regression 
analysis was used to detect clinical 
variables independently associated 
with 25(OH)D concentrations.

Protocol for Therapy and 
Follow-Up
The patients were exposed to 12 
weeks of a 500-kcal deficit diet and 
mild physical activity, defined as 
walking for one-half hour on 5 days/
week such that their heart rate was 
40–54% of their maximum calculated 
heart rate (220 – age [years]). The pa-
tients monitored their pulse rate (30).

The 500-kcal deficit diet was cal-
culated depending on patients’ body 
weight (kg), height (cm), age, sex, and 
activity level. Adherence was assessed 
by daily records of total energy intake 
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and expenditure kept by the study 
participants and by regular check 
of weight loss during attendance 
at behavioral support counseling 
sessions.

Patients with proven vitamin 
D deficiency were given vitamin D 
supplementation with cholecalciferol 
(vitamin D3) 100,000 IU every 2 
weeks for 12 weeks to achieve a blood 
level of 25(OH)D >30 ng/mL (31). 

Physical activity adherence was 
defined as successful if participants 
completed a prescribed exercise 
schedule for at least two-thirds of the 
time. Self-reports of minutes of exer-

cise were collected, and we followed 
up on patients’ commitment to per-
form regular exercise. To guarantee 
medication adherence, we supervised 
vitamin D administration.

Patients were evaluated after 12 
weeks for weight loss, improvement 
in insulin sensitivity, and blood 
pressure.

Results
A total of 200 patients (104 male, 96 
female) were enrolled in the study. 
Mean baseline characteristics of the 
studied population included body 
weight 98.6 ± 12.3 kg, height 162.2 ± 
13.2 cm, BMI 37.57 ± 1.7 kg/m2, 

and blood pressure 86.6 ± 5.9/47.3 ± 
6.5 mmHg. Ultrasonography revealed 
a mean SFT of 3.3 ± 1.2 cm, and all 
patients showed variable degrees of 
FLD (mild: 43 [21.5%]; moderate: 
87 [43.5%]; and severe: 70 [35%]). 
Moderate and severe FLD were sig-
nificantly predominant in patients 
with vitamin D deficiency, as shown 
in Table 1.

The mean value of 25(OH)D for all 
patients (n = 200) was 21.6 ± 1.1 (SE) 
ng/mL; PTH was 81.5 ± 27.5 pg/mL; 
serum calcium was 8.44 ± 0.63 mg/dL; 
ionized calcium was 3.78 ± 0.63 mg/dL; 
ALP was 94.6 ± 16.1 IU/L; and 

TABLE 1. Demographic, Laboratory, and Ultrasonographic Characteristics of the Studied 
Population According to 25(OH)D Level

25(OH)D Deficiency 
(n = 110)

25(OH)D Insufficiency 
(n = 42)

25(OH)D Sufficiency 
(n = 48)

P*

Age (years) 27.4 ± 4.1 29 ± 4.2 27.8 ± 4 0.6

Sex (female/male) 56/54 20/22 20/28 0.8

Weight (kg) 90.6 ± 4.8 92 ± 3.6 93.8 ± 3.5 0.43

Height (cm) 162.6 ± 4.2 166.6 ± 5.3 166.9 ± 5 0.19

BMI (kg/m2) 34.3 ± 1.7 33.2 ± 1.3 33.7 ± 1.7 0.04

Unhealthy diet (yes/no) 82/28 32/10 32/16 0.003

Blood pressure (mmHg)

Systolic

Diastolic

87 ± 6.4

47 ± 6.6

86 ± 5

49 ± 6.4

90 ± 6

60 ± 6.4

0.58

0.66

Sodium (mEq/L) 139 ± 2.9 140 ± 3.4 139.5 ± 3.1 0.52

Potassium (mEq/L) 4.06 ± 0.36 4.1 ± 0.42 4.1 ± 0.4 0.21

Cortisol (μg/dL) 13.5 ± 3.7 13.4 ± 4.8 14.7 ± 5.5 0.31

QUICKI 0.328 ± 0.02 0.332 ± 0.02 0.336 ± 0.03 0.01

TSH (U/mL) 2.2 ± 0.9 2.13 ± 0.85 1.9 ± 0.2(SE) 0.7

Calcium (mg/dL) 8.23 ± 0.6 8.4 ± 0.7 9 ± 0.4 0.03

Ionized calcium (mg/dL) 3.6 ± 0.63 3.6 ± 0.52 4.2 ± 0.6 0.02

Urine calcium (mg/24 hours) 38.2 ± 16 71 ± 13.8 99.5 ± 27.1 0.02

Phosphorus (mg/dL) 3.68 ± 0.54 3.6 ± 0.57 4 ± 0.5 0.23

ALP (IU/L) 101 ± 14.6 131 ± 13.6 79.5 ± 12.7 0.09

PTH (pg/mL) 102.5 ± 16.8 85.6 ± 16.4 48.1 ± 11 0.000

25OHD (ng/mL) 12.9 ± 1.8 22.6 ± 1.3 37.2 ± 2.9 0.000

FLD

Mild (n = 43)

Moderate (n = 87)

Severe (n = 70)

8

60

42

12

12

18

23

15

10

0.001

0.001

0.001

SFT (cm) 4.2 ± 0.8 3.7 ± 0.6 3 ± 0.5 0.001

Values are expressed as mean ± SD except where otherwise noted. *Bold type denotes statistical significance.
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24-hour urinary calcium was 59.8 
± 3.2 mg/24 hours. TSH, cortisol, 
sodium, and potassium levels were 
normal; however, subjects showed 
reduced insulin sensitivity as indi-
cated by a reduced mean QUICKI 
value of 0.338 ± 0.03 (n = 120 
[60%]). Hypovitaminosis D was pre- 
valent in 152 patients (76%), with a 
mean value of 16.1 ± 5.3 ng/mL.

Patients were divided into three 
subgroups according to 25(OH)D 
level:
• 25(OH)D deficiency group: 110 

patients (56 male, 54 female); vita-
min level 12.9 ± 1.8 ng/mL

• 25(OH)D insufficiency group: 42 
patients (24 male, 18 female); vita-
min level 22.6 ± 1.3 ng/mL

• 25(OH)D sufficiency group: 48 
patients (20 male, 28 female); 
vitamin level 37.2 ± 2.9 ng/mL 
(normal)

Statistically significant differences 
were noted with regard to BMI (P = 
0.04); consumption of an unhealthy 
diet (defined as a diet that provides 
high calories derived from fat and 
sugars with little fiber, protein, min-
erals, and vitamins) (P = 0.003); 
QUICKI (P = 0.01); total, ionized, 
and 24-hour urine calcium (P = 0.03, 
0.02, and 0.02, respectively); PTH; 
25(OH)D level (P = 0.000); degree of 
FLD; and SFT (P = 0.001) (Table 1).

Reduced insulin sensitivity (de- 
fined as a QUICKI value <0.339) 
was evident in 120 patients (60%); 

TABLE 2. Effect of Correction of Vitamin D Status on Insulin Sensitivity
Patients With 
Reduced QUICKI

25(OH)D Deficiency 
(n = 110)

25(OH)D Insufficiency 
(n = 42)

25(OH)D Sufficiency 
(n =48)

P*

Before treatment  
(n [%])

82 (74.5) 26 (61.9) 12 (25) 0.0001

(χ2 = 16.118)

After vitamin D  
supplementation (n [%])

18(16.4) 9 (21.4) 12 (25) 0.45

(χ2 = 1.62)

*Bold type denotes statistical significance.

■ FIGURE 2. Prevalence of reduced insulin sensitivity among the study patients 
according to 25(OH)D status.

it was significantly prevalent in the 
25(OH)D deficiency group (82 pa- 
tients [74.5%]) and insufficiency 
group (26 patients [61.9%]) (Table 2 
and Figure 2). Patients with decreased 
25(OH)D formed a hypovitaminosis 
D subgroup that included 152 
patients with 25(OH)D deficiency 
(n = 110) or 25(OH)D insufficiency 
(n = 42). Their baseline demographic 
and laboratory characteristics before 
weight loss intervention, as well as the 
characteristics of the control group 
that included 148 obese patients with 
hypovitaminosis D, are shown in 
Table 3.

Both the hypovitaminosis D sub-
group and the control group were 
exposed to 12 weeks of a 500-kcal 
deficit diet and mild activity. The 
hypovitaminosis D subgroup was 
also given cholecalciferol 100,000 IU 
every 2 weeks for 12 weeks. Subjects 
were evaluated after 12 weeks for 
weight loss, insulin sensitivity, and 
blood pressure.

After 12 weeks of vitamin D 
supplementation with a weight loss 
intervention, the hypovitaminosis D 
subgroup showed significant weight 
loss in both males and females com-
pared to the control group. However, 
RMR and TEE were not significantly 
changed in either group (Table 3). 
Thus, adequate vitamin D status may 
cause weight loss through enhanced 
insulin sensitivity without change in 
TEE (Table 2 and Table 3).

The hypovitaminosis D subgroup 
showed a highly significant increase 
in 25(OH)D, significant improve-
ment in insulin sensitivity with a 
decrease in the number of patients 
with reduced insulin sensitivity, and 
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significant weight loss (11.7 ± 0.95 
kg) as shown in Table 3, Table 4, and 
Figure 3.

The hypovitaminosis D subgroup 
had a significant reduction in SFT 
from 4 ± 0.8 to 2.8 ± 0.6 cm after 
vitamin D supplementation versus a 
nonsignificant reduction in SFT from 
3.2 ± 0.7 to 2.9 ± 0.4 cm in the con-
trol group.

Variables most highly correlated 
with 25(OH)D were QUICKI 
(r = 0.504, P = 0.000), degree of 
FLD (r = –0.644, P = 0.000), SFT 
(r = –0.534, P = 0.000), BMI (r = 

–0.487, P = 0.000), and PTH 
(r = –0.842, P = 0.000). Stepwise 
multivariate linear regression anal-
ysis revealed that 25(OH)D is 
independently associated with PTH 
level (β= –0.520, P = 0.000), BMI 
(β= –0.134, P = 0.002), degree 
of FLD (β = –0.324, P = 0.000), 
and SFT (β = –0.432, P = 0.000).

Discussion
The vitamin D–parathyroid axis is al-
tered in obesity such that circulating 
25(OH)D is reduced in obese indi-
viduals (32). Improvement in vitamin 

D status in obesity is associated with 
many benefits for general health. 

There is a link between vitamin 
D status, glucose metabolism, and 
type 2 diabetes; an inverse association 
between A1C and 25(OH)D has been 
found, and sufficient vitamin D sta-
tus provides a protection against type 
2 diabetes (33). 25(OH)D deficiency 
is associated with reduced insulin 
sensitivity and impaired glucose 
tolerance; repletion of vitamin D is 
associated with improvement of this 
metabolic derangement (34).

A potential mechanism that 
supports the benefit of vitamin D supp- 
lementation is improved insulin 
secretion, as vitamin D receptors 
and 1-α-hydroxylase enzymes are 
expressed in pancreatic β-cells (35). 
1,25(OH)2D activates transcription 
of the human insulin gene, enhanc-
ing insulin responsiveness for glucose 
transport in the muscles, upregu-
lation of glucose transporter 4, and 
glucose utilization in adipocytes 
(36). Vitamin D supplementation 
improves adipose tissue inflamma-
tion through enhancing adiponectin, 
reducing interleukin 6 in adipocytes, 
and inhibiting the nuclear factor κB 
pathway and macrophage recruit-
ment (37).

In this study, which enrolled 
200 patients with a triad of obesity 
resistant to conventional measures, 
hypotension, and fatigue, we mea-
sured vitamin D status by detecting 
25(OH)D levels and insulin sensi-

■ FIGURE 3. Significant weight loss and improvement in insulin sensitivity in 
patients with 25(OH)D deficiency after vitamin D supplementation.

TABLE 3. Improvement in Metabolic Parameters After Correction of 25OHD Deficiency
Variable Hypovitaminosis D 

(80 Male/72 Female)
P 

(Paired t 
Test)

Control Group 
(76 Male/72 Female)

P 
(Paired t 

Test)Before After Before After

Hypovitaminosis D (ng/mL) 18.4 ± 2.4 35.2 ± 4.3 0.000 19.6 ± 3.9 17.8 ± 2.6 0.08

Weight (kg) 93 ± 4.9 81.3 ± 3.95 <0.05 92.3 ± 4.5 89.2 ± 3.8 <0.05

BMI (kg/m2) 34.2 ± 1.4 30.6 ± 2.05 <0.05 33.4 ± 0.85 32.4 ± 1.1 NS

Waist circumference (cm) 97.5 ± 6.7 91.2 ± 5.3 <0.05 96.8 ± 8.8 94.5 ± 5.3 NS

SFT (cm) 4 ± 0.8 2.8 ± 0.6 <0.05 3.2 ± 0.7 2.9 ± 0.4 NS

REE (kcal/day) 1,500 ± 103 1,350 ± 56 NS 1,760 ± 127 1,602 ± 76 NS

TEE (kcal/day) 2,240 ± 257 2,050 ± 109 NS 2,570 ± 190 2,450 ± 82 NS

NS, not significant.
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tivity by QUICKI. Reduced insulin 
sensitivity was seen in 60% of patients 
with hypovitaminosis D (χ2 = 16.118, 
P = 0.0001).

Because overweight and obese 
patients with hypovitaminosis D 
might require higher doses of vita-
min D to achieve vitamin D repletion 
compared to individuals with normal 
body weight (38), the hypovitamino-
sis D subgroup was given oral vitamin 
D in a dose of 100,000 IU every 2 
weeks for 12 weeks. In response, 
this group showed significant weight 
reduction (11.7 ± 0.95 vs. 3.1 ± 0.7 kg 
in the control group), and that finding 
was associated with improved insulin 
sensitivity and hypotension. Adequate 
vitamin D status may cause weight 
loss through enhancement of insulin 
sensitivity without change in TEE. 

Interestingly, our results showed 
inverse correlations between SFT and 
severity of FLD and 25(OH)D level.

Mild caloric restriction is an acces-
sible and tolerable intervention and is 
associated with substantial reduction 
in insulin needs in patients with type 
2 diabetes and insulin resistance (39). 
Correction of vitamin D level was 
associated with improved QUICKI 
from 0.33 to 0.34, weight loss from 
93 to 81.3 kg, and SFT reduction 
from 4 ± 0.8 to 2.8 ± 0.6 cm. In the 
control group, mild caloric restriction 
with mild activity led to a nonsignif-
icant weight reduction of 3.1 ± 0.7 
kg and a nonsignificant reduction in 
SFT from 3.2 ± 0.7 to 2.9 ± 0.4 cm.

In a 4-week inpatient study on a 
metabolic rehabilitation consisting 

of individualized caloric restriction 
and aerobic physical exercise in obese 
subjects (40), researchers assessed the 
acute effects of 600,000 IU cholecal-
ciferol given orally. Cholecalciferol 
administration increased 25(OH)D 
levels (P <0.001) and promoted a sig-
nificant increase of high molecular 
weight adiponectin (HMW-A) with 
a significant decrease of the leptin/
HMW-A ratio (P <0.05).

Our study, which was conducted 
on an adequate number of obese sub-
jects, showed that hypovitaminosis 
D is prevalent in obesity; 152/200 
patients (76%) had an abnormally 
low vitamin D level. It is not known 
whether hypovitaminosis D contrib-
utes to, or is a complication of, obesity 
or whether there are parallel interac-
tions between excess fatty tissue and 
vitamin D activity or bioavailability.

In cases in which 25(OH)D 
detection is unavailable or cannot 
be performed because of costs, we 
can depend accurately on PTH and 
serum and 24-hour urinary calcium 
measurements to provide indirect evi-
dence of hypovitaminosis D in obese 
patients.

In conclusion, recognition and 
correction of vitamin D deficiency 
in patients with refractory obesity, 
fatigue, and hypotension is associated 
with significant weight reduction and 
improvements in metabolic derange-
ment and general health.
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