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Abstract
Objective Obesity and renal disease are both associated with low serum 25(OH)D. The aims of the present study were to (a)
assess vitamin D status and compare serum vitamin D levels in overweight/obese versus normal-weight individuals according to
eGFR and (b) assess the role of 25(OH)D in the development of secondary hyperparathyroidism (SHPT).
Design Serum 25(OH)D, 1,25(OH)2D, parathyroid hormone (PTH), calcium, and phosphate were measured in 104 subjects with
BMI > 25 kg/m2. Participants were categorized according to eGFR (ml/min/1.73m2): G1 ≥ 60 (n = 53), G2 30–59 (n = 35), and
G3 15–29 (n = 16). Fifty normal-weight individuals with comparable eGFR served as controls: G1-nw (n = 23), G2-nw (n = 18),
and G3-nw (n = 9).
Results 25(OH)D levels were lower in G1 compared to those in G1-nw (21.7 ± 6.5 vs 26.5 ± 7.0 ng/ml, p = 0.005), G2 versus G2-
nw (19.0 ± 6.0 vs 25.0 ± 5.2 ng/ml, p = 0.001), andG3 vs G3-nw (15.8 ± 4.7 vs 20.3 ± 4.5 ng/ml, p = 0.030). 1,25(OH)2D and PTH
levels were similar in obese/overweight versus normal-weight individuals in each of the eGFR categories. Factors independently
associated with low 25(OH)D levels were BMI > 25 kg/m2, lower eGFR, and female gender. Mean 25(OH)D levels were <
30 ng/ml in both overweight and controls, in all eGFR groups. SHPT was universally observed when eGFR was < 30 ml/min/
1.73m2.
Conclusions Lower serum 25(OH)D but similar 1,25(OH)2D and PTH levels were observed in overweight/obese compared to
normal-weight individuals. Even though vitamin D insufficiency was common across all eGFR categories, secondary hyper-
parathyroidism was more prevalent as eGFR declined.
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Introduction

Obesity has reached epidemic proportions and constitutes a
major public health problem; recent data from the European
region suggest that more than half of adults are either over-
weight (35.7%) or obese (15.9%) [1]. In addition, obesity
affects more than a third of chronic kidney disease (CKD)
patients and has detrimental effects on kidney structure and
function [2]. In numerous epidemiological studies, obesity is

consistently associated with low serum vitamin D levels
[3–5].

The concentration of 25-hydroxyvitamin D [25(OH)D] in
serum is considered as the best measure of body vitamin D
status. 25(OH)D is the substrate for 1,25(OH)2D production
(the active vitamin D form) following 1a hydroxylation in the
renal tubules but also in extrarenal sites. 1,25(OH)2D, among
its numerous other actions, increases intestinal calcium and
phosphate absorption and calcium reabsorption from the glo-
merular filtrate. Most authorities define vitamin D insufficien-
cy as serum 25(OH)D < 30 ng/ml [6]. By this definition, it is
estimated that more than 20–50% of the general population
and 70–80% of CKD patients have insufficient serum levels
of vitamin D [7]. Current clinical guidelines suggest vitaminD
supplementation in CKD stages 3 and 4 patients [i.e., those
with estimated GFR (eGFR) of 30–59 and 15–29 ml/min/
1.73 m2, respectively] using the same threshold and strategies
as in the general population [8], even though this may not
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result in effective suppression of serum PTH [9].
Nevertheless, recent data indicate that correction of low serum
25(OH)D levels may be beneficial in individuals with CKD,
leading to improvements in endothelial dysfunction [10, 11]
and albuminuria [12]. Furthermore, the role of vitamin D is
crucial in the pathogenesis of chronic kidney disease-mineral
and bone disorder (CKD-MBD), a clinical syndrome
encompassing the multiple bone, mineral, and calcific vascu-
lar abnormalities that occur during the course of CKD. As
eGFR declines, low vitamin D levels may contribute to dis-
turbances of calcium and phosphate homeostasis and devel-
opment of secondary hyperparathyroidism (SHPT) [8].

Limited data are available on the vitamin D status in
overweight/obese individuals and its association with eGFR
[13]. The present study examined (a) serum 25(OH)D and
1,25(OH)2D concentrations in overweight/obese versus
normal-weight individuals with normal to severely impaired
renal function and (b) the role of 25(OH)D insufficiency in the
development of secondary hyperparathyroidism in
overweight/obese versus normal-weight individuals across
various eGFR levels.

Subjects and methodology

Subjects

Study participants were 104 consecutive adult subjects with
body mass index (BMI) ≥ 25 kg/m2, who visited the
Nephrology and Hypertension Outpatient clinic of the
University Hospital of Ioannina and agreed to participate in
the study. The same physician was responsible for subject
recruitment in the outpatient department, on a regular, 1-day-
per-week basis over a 12-month period.

Obesity was defined as BMI ≥ 30 kg/m2 and overweight as
BMI 25–29.9 kg/m2 [14]. Patients with a history of any major
cardiovascular event in the previous 3 months (new onset
angina, acute myocardial infarction, acute pulmonary edema,
and cerebrovascular event), active infection, abnormal liver
function, and active malignancy as well as those taking vita-
min D supplements, medications affecting vitamin D metab-
olism, calcium supplements, or glucocorticoids were excluded
from the study. Overweight/obese subjects were categorized
in three groups according to their eGFR (ml/min/1.73 m2), by
the abbreviated MDRD (modification of diet in renal disease)
equation [15]. Group G1 ≥ 60 (n = 53), Group G2 30–59 (n =
35), and Group G3 15–29 ml/min/1.73 m2 (n = 16). A control
group of 50 normal-weight subjects (BMI < 25 kg/m2) was
included and participants were categorized according to
eGFR: Group G1-nw ≥ 60 (n = 23), Group G2-nw 30–59
(n = 18), and Group G3-nw: 15–29 ml/min/1.73 m2 (n = 9)
as well. Study subjects were categorized based solely on
eGFR and not on the presence of CKD as defined in the

Clinical Practice Guidelines for Chronic Kidney Disease
(Kidney Disease Outcomes Quality Initiative) [16].

Patients with fasting plasma glucose of ≥ 126 mg/dl and
those on antidiabetic therapy were considered as suffering
from diabetes mellitus (DM). Subjects whose fasting plasma
glucose was ≥ 100 mg/dl but < 126 mg/dl were considered as
having impaired fasting glucose (IFG) and participants with
fasting plasma glucose < 100 mg/dl as having normal fasting
glucose (NFG) [17].

Mean blood pressure values were calculated from three
readings obtained with the use of an electronic sphygmoma-
nometer. Blood pressure was measured in both arms, in the
sitting position, after a 10-min rest and the highest was record-
ed. Hypertension was defined as arterial blood pressure ≥ 140/
90 mmHg or use of antihypertensive therapy. According to
ATP III guidelines, low-density lipoprotein cholesterol (LDL-
C) levels < 100 mg/dl were considered as optimal, and triglyc-
erides (TG) < 150 mg/dl and high-density lipoprotein choles-
terol (HDL-C) > 40 mg/dl for men and > 50 mg/dl for women
were considered as normal [18].

Body weight of the study participants was measured by
using the same calibrated scales and their body mass index
(BMI, kg/m2) was calculated. Waist circumference was mea-
sured midway between the lower rib and iliac crest. Blood and
urine samples were obtained in the morning, following an
overnight 12-h fast.

Biochemical measures

Blood samples were analyzed to measure serum concentrations
of creatinine (reference range 0.6–1.2 mg/dl), glucose (70–
125 mg/dl), total cholesterol (TC) (110–200 mg/dl), HDL-C
(35–70 mg/dl), TG (40–175 mg/dl), phosphate (2.5–5 mg/dl),
calcium (8.2–10.6 mg/dl), and albumin (3.4–5 g/dl). Urine sam-
ples were analyzed for protein and creatinine and the protein to
creatinine ratio was calculated (normal < 0.15 mg/mg).

Serum 25(OH)D and 1,25(OH)2D were determined quantita-
tively by enzyme immunoassays (IDS Systems Ltd., UK). The
sensitivities of the methods for the two forms were 2 ng/ml and
2.5 pg/ml, respectively. The intra- and inter-assay CVs for
25(OH)D were 5.3 and 4.6% at the level of 16 ng/ml, and the
reference range was 20–70 ng/ml. For 1,25(OH)2D, the respec-
tive CVs were 10.5 and 17% at the level of 22 pg/ml, and the
reference range was 20–100 pg/ml. Intact PTH (reference range
12–72 pg/ml) was measured by a solid-phase, chemiluminescent
immunometric assay with IMMULITE 1000 analyzer.

Statistical analysis

Data were expressed as mean ± standard deviation for normal-
ly distributed variables, as median (25th, 75th quartiles) for
non-normally distributed variables, or as percentage frequen-
cy (for binary variables). Correlations between 25(OH)D,
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1,25(OH)2D, PTH, and eGFR were assessed by using
Pearson’s or Spearman’s correlation coefficient, as appropri-
ate. For comparisons among groups, the chi square test for
trend was used for quantitative variables. The independent
sample t test or Mann-Whitney U test was used for compari-
sons between two groups of patients as appropriate.

Univariate and multivariate linear regression models were
used to test the association between the assessed variables
(age, gender, eGFR, BMI ≥ 25 kg/m2, serum phosphate, se-
rum calcium, urine albumin/creatinine ratio) and the study
outcomes (vitamin D and PTH). Variables with p < 0.1 in uni-
variate analyses entered the multivariate linear regression
models. In linear regression models, data were expressed as
unstandardized regression coefficient (b and 95% confidence
interval), standardized regression coefficient (beta), and p val-
ue. Statistical significance was set at 0.05 in all cases.
Statistical analysis was performed with SPSS Version 19.0
statistical software package.

Results

Demographics and characteristics of the study
subjects

The demographics and characteristics of the study population
are shown in Table 1. In the overweight/obese subgroups,
individuals in group G1 were younger than those in G2 and
G3 (58 ± 12 versus 67 ± 11 and 68 ± 7 years, p = 0.001 and
p = 0.005 respectively). No differences were observed among
the three subgroups in terms of body weight, BMI, and waist
circumference (p = ns). Age and somatometric characteristics
were similar among those of the three normal-weight control
subgroups (p = ns).

The prevalence of hypertension was higher in the
overweight/obese subjects, compared to that in normal-
weight controls (95 versus 80%, p = 0.003). Almost half of
the overweight/obese study subjects (45%) were receiving
lipid-lowering medication (statins), compared to 26% in the
normal-weight group (p = 0.027). TG levels were higher and
HDL lower in the overweight/obese compared to normal-
weight subjects (p < 0.001). Fasting glucose level and the
prevalence of diabetes or IFG were higher in the overweight/
obese compared to normal-weight control subjects (104 ver-
sus 97 mg/dl, p = 0.026 and 58 versus 36%, p = 0.006,
respectively).

Vitamin D and PTH

The primary goal of the study was to assess the differences in
25(OH)D levels between overweight/obese and normal-
weight controls with comparable eGFR (Table 2). The mean
serum 25(OH)D level was lower in overweight/obese versus

that of normal-weight controls in all eGFR groups; G1 com-
pared to G1-nw 21.7 ± 6.5 vs 26.5 ± 7.0 ng/ml, p = 0.005), G2
versus G2-nw (19.0 ± 6.0 vs 25.1 ± 5.2 ng/ml, p = 0.001), and
G3 vs G3-nw (15.8 ± 4.7 vs 20.3 ± 4.5 ng/ml, p = 0.030). By
contrast, mean 1,25(OH)2D level was similar in obese/
overweight and normal-weight control individuals in all three
eGFR groups, and the same pattern was observed with serum
PTH levels (Table 2).

The mean level of 25(OH)D in overweight/obese sub-
jects was 19.9 ± 6.4 ng/ml, whereas median 1,25(OH)2D
was 48.4 (34.2, 60.9) pg/ml. In normal-weight subjects,
mean serum 25(OH)D was 24.9 ± 6.3 ng/ml and
1,25(OH)2D was 46.3 (38.6, 61.3) pg/ml. Notably, mean
25(OH)D level in 97 out of 104 (93%) of overweight/
obese individuals was suboptimal (< 30 ng/ml), whereas
in normal-weight individuals, the prevalence of vitamin D
insufficiency was still high (37 out of 50 participants,
74%) bu t lower compared to those who were
overweight/obese (p < 0.001). In particular, the prevalence
of vitamin D insufficiency was 89% in group G1 com-
pared to 61% in group G1-nw (p < 0.01), and 97% in
group G2 compared to 78% in group G2-nw (p = 0.02).
All subjects with eGFR < 30 ml/min/1.73m2 (group G3
and G3-nw) had suboptimal 25(OH)D levels irrespective
of BMI.

In the whole study population (n = 154), 25(OH)D levels
measured between May and October were 6.2% higher com-
pared to those measured between November and April (22.3
± 6.0 versus 21.0 ± 7.2 ng/ml, respectively); this difference did
not reach statistical significance (p = 0.238). A small but sta-
tistically significant difference in 25(OH)D levels was ob-
served between females and male subjects (20.1 ± 5.9 vs
22.8 ± 7.3 ng/ml, respectively, p = 0.014). No association
was found between age and serum 25(OH)D (r = − 0.117,
p = 0.148).

25(OH)D levels decreased as eGFR declined (r = 0.270,
p = 0.006), with G3 subjects having significantly lower levels
compared to G1 (mean 15.8 ± 4.7 vs 21.7 ± 6.5 ng/ml, p =
0.004). Similar findings were observed in normal-weight in-
dividuals; G1-nw participants had higher 25(OH)D levels
compared to G3-nw participants (mean 26.5 ± 7.0 vs 20.3 ±
4.5 ng/ml, p = 0.039). Multivariate regression analysis in all
study participants showed a significant negative effect of the
presence of overweight/obesity (BMI > 25 kg/m2) (p < 0.001),
female gender (p = 0.023), raised serum triglycerides
(p < 0.001), and low eGFR on 25(OH)D levels (p = 0.001)
(Table 3).

In the overweight/obese individuals, the association be-
tween 1,25(OH)2D and eGFR was even stronger (r =
0.412, p < 0.001) than that of 25(OH)D, and this was also
the case for normal-weight controls (r = 0.490, p < 0.001).
G1 subjects had higher median 1,25(OH)2D levels com-
pared to G2 and G3 patients [58.0 (44.3, 67.9) vs 43.9
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(31.5, 56.0) and 28.3 (23.3, 44.1) pg/ml, p = 0.002 and
p < 0.001, respectively]. Similarly, G1-nw subjects had
higher 1,25(OH)2D levels compared to G2-nw and G3-
nw subjects [59.2 (43.8, 78.2) vs 45.3 (38.7, 49.6) and
39.1 (33.2, 39.3) pg/ml, p = 0.022 and p = 0.001, respec-
tively]. Multivariate regression analysis confirmed this
finding with eGFR showing a strong positive influence
on 1,25(OH)2D levels (p < 0.001). Significant correlations
with serum phosphate (p = 0.004) and 25(OH)D (p =
0.005) were also found (Table 4).

Serum PTH levels rose progressively as eGFR declined
in both overweight/obese and normal-weight subjects (r =
− 0.531, p < 0.001 and r = − 0.661, p < 0.001, respective-
ly). SHPT began to occur in eGFR levels < 60 ml/min/
1.73m2; almost half of the participants with eGFR 30–
59 ml/min/1.73m2 (16 out of 35) had PTH levels above
the upper limit of the normal reference range. Notably,
most of them (14/16 or 87.5%) had eGFR < 45 ml/min/
1.73m2. All patients with eGFR < 30 ml/min/1.73m2 in
the obese/overweight group had PTH values above the

Table 1 Characteristics of the study population by eGFR levels

Variables eGFR (ml/min/1.73m2) Overweight/obese (n = 104) Normal-weight controls (n = 50) p*

Age (years) > 60 57.7 (± 12.2) 62.5 (± 10.1) 0.100
30–59 67.1 (± 11.0) 60.0 (± 14.7) 0.056
15–29 68.3 (± 7.2) 57.9 (± 16.3) 0.100
Total 62.5 (± 12.1) 60.8 (± 12.9) 0.432

Male n (%) > 60 28 (53%) 11 (48%) 0.688
30–59 21 (60%) 11 (61%) 0.938
15–29 6 (38%) 4 (44%) 0.734
Total 55 (53%) 26 (52%) 0.918

BMI (kg/m2) > 60 30.1 (± 3.6) 24.4 (± 0.6) < 0.001
30–59 30.7 (± 3.7) 23.8 (± 1.0) < 0.001
15–29 32.2 (± 3.9) 23.1 (± 1.8) < 0.001
Total 30.7 (± 3.7) 23.9 (± 1.2) < 0.001

TC (mg/dl) > 60 203.0 (177.0, 207.0) 202.0 (190.0,221.0) 0.977
30–59 206.0 (173.0, 248.0) 201.0 (186.0, 253.0) 0.836
15–29 213.0 (169.0, 257.0) 190.0 (162.0, 222.0) 0.336
Total 201.0 (182.0, 227.0) 205.0 (174.0, 240.0) 0.749

LDL-C (mg/dl) > 60 125.6 (102.2, 152.4) 120.8 (97.4, 134.6) 0.476
30–59 126.8 (96.0, 145.0) 124.1 (101.0, 162.4) 0.910
15–29 119.6 (106.0, 163.2) 111.0 (91.6, 140.6) 0.396
Total 124.0 (101.4, 150.6) 120.0 (97.4, 140.6) 0.429

HDL-C (mg/dl) > 60 43.0 (35.0, 51.0) 64.0 (51.0, 71.0) < 0.001
30–59 50.0 (42.0. 59.0) 55.0 (43.0, 58.0) 0.529
15–29 49.0 (40.0, 55.0) 50.0 (48.0, 57.0) 0.395
Total 47.0 (38.0, 58.0) 57.0 (48.0, 65.0) < 0.001

TG (mg/dl) > 60 146.0 (93.0, 207.0) 70.0 (54.0, 97.0) < 0.001
30–59 152.0 (110.0, 192.0) 122.0 (102.0, 149.0) 0.059
15–29 186.0 (136.0, 248.0) 147.0 (126.0, 152.0) 0.174
Total 152.0 (108.0, 210.0) 105.0 (65.0, 138.0) < 0.001

Statin therapy n (%) > 60 15 (39.5%) 5 (21.7%) 0.153
30–59 14 (40.0%) 5 (27.8%) 0.380
15–29 11 (68.8%) 30 (33.3%) 0.087
Total 13 (26%) 40 (44.9%) 0.027

Fasting glucose (mg/dl) > 60 100.0 (89.0, 114.0) 92.0 (85.0, 98.0) 0.046
30–59 103.0 (92.0, 124.0) 96.0 (91.0, 111.0) 0.338
15–29 113.0 (105.0, 134.0) 102.0 (88.0, 142.0) 0.479
Total 104.0 (92.0, 122.0) 97.0 (88.0, 109.0) 0.026

Prevalence of diabetes/IFG n (%) > 60 5 (21.7%) 27 (50.9%) < 0.001
30–59 7 (38.9%) 21 (60%) 0.145
15–29 6 (67%) 13 (81.2%) 0.412
Total 18 (36.0%) 61 (58.7%) < 0.001

Prevalence of hypertension n (%) > 60 49 (92.5%) 15 (65.2%) 0.003
30–59 34 (97.1%) 17 (94.4%) 0.625
15–29 16 (100.0%) 8 (88.9%) 0.174
Total 40 (80.0%) 99 (95.2%) 0.003

Serum calcium (mg/dl) > 60 9.4 (± 0.4) 9.5 (± 0.4) 0.136
30–59 9.5 (± 0.5) 9.4 (± 0.5) 0.457
15–29 9.3 (± 0.7) 8.8 (± 0.7) 0.106
Total 9.4 (± 0.5) 9.4 (± 0.6) 0.553

Serum phosphate (mg/dl) > 60 3.2 (± 0.5) 3.0 (± 0.6) 0.139
30–59 3.2 (± 0.6) 3.3 (± 0.7) 0.541
15–29 3.7 (± 0.5) 4.2 (± 0.6) 0.043
Total 3.3 (± 0.6) 3.3 (± 0.7) 0.655

Normally distributed variables are presented as mean ± SD, and otherwise as median (25th, 75th quartiles). Number of participants in each eGFR
category: A. overweight/obese individuals eGFR ≥ 60 (n = 53), 30–59 (n = 35), and 15–29 (n = 16). B. normal-weight individuals eGFR ≥ 60 (n = 23),
30–59 (n = 18), and 15–29 (n = 9)

*p refers to t test significance for normal distribution variables, to Mann-Whitney test significance for non-parametric variables, or to chi square test
significance for categorical variables
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reference range. Patients in group G3 had higher median
PTH levels [161.0 (104.0, 345.6)] compared to G1 [54.0
(44.4, 78.1), p < 0.001] and G2 patients [61.1 (48.1,
111.0), p < 0.001] and a similar pattern was observed in
the normal-weight group; G3-nw had higher PTH [182.0
(164.0, 267.0) pg/ml] compared to G1-nw [48.3 (35.4,
74.2), p < 0.001] and G2-nw [80.5 (38.3, 106.0),
p < 0.001]. In multivariate analysis, eGFR < 30 ml/min/
1.73m2 (p < 0.001), serum phosphate (p = 0.039), and se-
rum calcium (p = 0.040) were significantly associated
with PTH (Table 5).

Serum calcium levels were similar in the three
overweight/obese subgroups (Table 1). In normal-weight
subjects, lower calcium levels were observed in the G3-
nw (8.8 ± 0.7 mg/dl) compared to G2-nw (9.4 ± 0.5 mg/dl,
p = 0.007) and G1-nw (9.5 ± 0.4, p = 0.001) groups.
Serum phosphate was higher in G3 (3.7 ± 0.5 mg/dl) com-
pared to that in G2 (3.2 ± 0.6 mg/dl, p = 0.017) and G1

(3.2 ± 0.5, p = 0.019) and the same pattern was observed
in normal-weight controls [4.2 ± 0.6 mg/dl in G3-nw com-
pared to 3.3 ± 0.7 mg/dl in G2-nw (p = 0.005) and 3.0 ±
0.6 in G1-nw (p < 0.001)].

Overweight/obese subjects with DM had lower 25(OH)D
compared to those with normal fasting glucose (NFG) (17.8 ±
5.6 vs 21.0 ± 6.5 ng/ml, p = 0.035), lower 1,25(OH)2D [40.9
(31.4, 56.0) vs 53.8 (43.3, 67.9) pg/ml, p = 0.031], and higher
PTH values [82.0 (55.3, 127.0) vs 55.79 (48.0, 97.0) pg/ml,
p = 0.041]. Of note, subjects with diabetes were older and had
a higher mean BMI compared to those with NFG, but no
statistically significant differences were observed between
the two groups in terms of mean eGFR (Table 6).
Overweight/obese subjects with IFG had lower 1,25(OH)2D
levels compared to subjects with normal fasting glucose
(p < 0.042). No differences in 25(OH)D, 1,25(OH)2D, or
PTH levels were observed between normal-weight subjects
with or without DM.

Table 2 Bone metabolism
markers by eGFR levels in
overweight/obese and normal-
weight individuals

Variables eGFR (ml/min/
1.73m2)

Overweight/obese
(n = 104)

Normal-weight controls
(n = 50)

p

25(OH)D (ng/ml) > 60 21.7 (± 6.5) 26.5 (± 7.0) 0.005
30–59 19.03 (± 5.97) 25.1 (± 5.2) 0.001
15–29 15.8 (± 4.7) 20.3 (± 4.5) 0.030
Total 19.9 (± 6.4) 24.9 (± 6.3) < 0.001

1,25(OH)2D
(pg/ml)

> 60 58.0 (44.3, 67.9) 59.2 (43.8, 78.2) 0.635
30–59 43.9 (31.5, 56.0) 45.3 (38.7, 49.6) 0.844
15–29 28.3 (23.3, 44.1) 39.1 (33.2, 39.3) 0.799
Total 48.4 (34.2, 60.9) 46.3 (38.7, 60,9) 0.890

PTH (pg/ml) > 60 54.0 (44.4, 78.1) 48.3 (35.4, 74.2) 0.274
30–59 61.1 (48.1, 111.0) 80.5 (38.3, 106.0) 0.686
15–29 161.0 (104.0, 345.6) 182.0 (164.0, 267.0) 0.571
Total 58.1 (48.9, 105.5) 72.2 (38.3, 106.0) 0.765

Normally distributed variables are presented as mean ± SD, and otherwise as median (25th, 75th quartiles).
Number of participants in each eGFR category: A. overweight/obese individuals eGFR ≥ 60 (n = 53), 30–59
(n = 35), and 15–29 (n = 16). B. normal-weight individuals eGFR ≥ 60 (n = 23), 30–59 (n = 18), and 15–29 (n = 9)
*p refers to t test significance for normal distribution variables or to Mann-Whitney test significance for non-
parametric variables

Table 3 Factors affecting serum levels of 25(OH)D (multivariate linear regression analysis)

Variables (unit of increase) Univariate model Multivariate model

b (95% CI) β p b (95% CI) β p

Age (1 year) − 0.064 (− 0.151, 0.023) − 0.117 0.148

Gender* 2.658 (0.538, 4.778) 0.197 0.014 2.407 (0.333, 4.480) 0.178 0.023

eGFR (1 ml/min/1.73 m2) 0.055 (0.015, − 0.094) 0.218 0.007 0.061 (0.024, 0.098) 0.244 0.001

Overweight/obese** − 4.989 (− 7.152, − 2.825) − 0.347 < 0.001 − 5.400 (− 7447, − 3.353) − 0.375 < 0.001

Phosphate (1 mg/dl) − 2.043 (− 3.717, − 0.368) − 0.192 0.017 − 0.949 (− 2.620, 0.721) − 0.089 0.263

Urine protein-creatinine ratio − 0.510 (− 1.353, 0.333) − 0.098 0.234

Calcium (1 mg/dl) 1.324 (− 0.737, 3.384) 0.102 0.206

* Female gender is coded as 0
** Normal-weight group is coded as 0
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Discussion

The findings of this study suggest that serum levels of
25(OH)D, the primary indicator of vitamin D body stores,
are considerably lower in obese/overweight subjects in
comparison to those of normal-weight controls. Despite
the observed lower 25(OH)D levels, 1,25(OH)2D and
PTH levels were similar compared to those of normal-
weight controls, in each eGFR category. Both 25(OH)D
and 1,25(OH)2D levels progressively decreased as eGFR
deteriorated in overweight/obese as well as in normal-
weight subjects. Serum PTH was inversely associated
with eGFR, but even though mean 25(OH)D levels were
lower than currently recommended in all overweight/
obese and normal-weight eGFR subgroups, median PTH
exceeded the upper limit of normal only in the groups
with eGFR of < 60 ml/min/1.73m2.

The mean 25(OH)D level was 19.9 ng/ml in the
overweight/obese subjects and suboptimal vitamin D levels

(< 30 ng/ml) were present in almost all (93%) overweight/
obese and in the majority (74%) of the control subjects.
Previous studies in Greek populations have found rates of
vitamin D deficiency (levels < 20 ng/ml) as high as 96%
among community-living elderly in Athens [19], whereas
mean values of 16.8 ng/ml (42 nmol/l) were reported in obese
women (mean age 40.6 years) [20]. The findings of a recent
large cross-sectional study from Crete were consistent with
our observations; results from 8042 serum 25(OH)Dmeasure-
ments over a 5-year period revealed suboptimal 25(OH)D
values in both males (19.48 ± 9.51 ng/ml) and females
(18.01 ± 9.01 ng/ml), and lower levels were observed in pa-
tients with a biochemical profile indicative of metabolic syn-
drome [21].

Although the exact mechanism responsible for the low se-
rum calcidiol levels in obesity remains unclear, a number of
factors have been implicated, such as sequestration of vitamin
D in adipose tissue, limited body surface area exposed to
sunlight due to dressing habits, decreased outdoor activity,

Table 4 Factors affecting serum levels of 1,25(OH)2D (multivariate linear regression analysis)

Variables (unit of increase) Univariate model Multivariate model

b (95% CI) β p b (95% CI) β p

25(OH)D (1 ng/ml) 0.909 (0.482, 1.335) 0.323 < 0.001 0.201 (0.169, 0.960) 0.201 0.005

Age (1 year) − 0.418 (− 0.655, − 0.181) − 0.272 0.001 − 0.216 (− 0.433, 0.002) − 0.140 0.052

Gender* 1.421 (− 4.657, 7.499) 0.037 0.645

eGFR (1 ml/min/1.73 m2) 0.303 (0.200, 0.405) 0.429 < 0.001 0.214 (0.111, 0.316) 0.303 < 0.001

Overweight/obese** − 1.156 (− 7.639, 5.328) − 0.029 0.725

Phosphate (1 mg/dl) − 9.769 (− 14.305, − 5.233) − 0.326 < 0.001 − 6.261 (− 10.460, − 2.062) − 0.209 0.004

Calcium (1 mg/dl) 3.521 (− 2.276, 9.318) 0.097 0.232

Urine protein-creatinine ratio − 1.883 (− 4.237, 0.470) − 0.129 0.116

* Female gender is coded as 0
** Normal-weight group is coded as 0

Table 5 Factors affecting serum levels of PTH (multivariate linear regression analysis)

Variables (unit of increase) Univariate model Multivariate model

b (95% CI) β p b (95% CI) β p

25(OH)D (1 ng/ml) − 1.917 (− 3.755, 0.079) − 0.165 0.041 − 0.150 (− 1.684, 1.474) − 0.009 0.896

Age (1 year) 1.177 (0.174, 2.179) 0.185 0.022 0.055 (− 0.820, 0.931) 0.009 0.901

Gender* − 4.222 (− 29.366, 20.922) − 0.027 0.741

eGFR (1 ml/min/1.73 m2) − 1.628 (− 2.017, − 1.240) − 0.558 < 0.001 − 1.517 (− 1.945, − 1.089) − 0.521 < 0.001

Overweight/obese** 1.864 (− 24.957, 28.684) 0.011 0.891

Phosphate (1 mg/dl) 36.093 (17.109, 55.077) 0.291 < 0.001 18.911 (0.929, 36.894) 0.151 0.039

Calcium (1 mg/dl) − 33.150 (− 56.644, − 9.656) − 0.221 0.006 − 22.108 (− 43.225, − 0.991) − 0.147 0.040

Urine protein-creatinine ratio 14.515 (4.960, 24.069) 0.240 0.003 − 0.194 (− 8.919, 8.530) − 0.003 0.965

* Female gender is coded as 0
** Normal-weight group is coded as 0
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and lower calcium and vitamin D intake in obese individuals.
It has been postulated that the larger whole body adipose tis-
sue volume of distribution may be responsible for the lower
serum 25(OH)D [22, 23]. Lack of accurate methods capable
of measuring and separating active from inactive forms of
vitamin D may be another possible explanation. New assays
capable of measuring different forms of vitamin D along with
vitamin D epimers or new biomarkers may estimate vitamin D
status more accurately [24].

By categorizing the overweight/obese and normal-weight
study subjects according to eGFR, we were able to determine
the changes of vitamin D concentrations across eGFR levels.
In both overweight/obese and in normal-weight subjects, low-
er 25(OH)D and 1,25(OH)2D levels were observed in subjects
with low (< 30ml/min/1.73m2) compared to those with higher
eGFR. These results are in agreement with previous observa-
tions from studies assessing vitamin D status in CKD popula-
tions. Low 25(OH)D levels are prevalent in CKD, although
there is a lack of consensus on the definition of vitamin D
deficiency and insufficiency, as well as significant variability,
depending on the studied population; a mean 25(OH)D level

of 28.6 ng/ml was observed in Brasil [13], whereas the mean
level in a Southeast Asian population was 20.1 ng/ml [25].
Most observational studies report a significant reduction in
25(OH)D levels when eGFR falls below 30 ml/min/
1.73 m2.26 with a reported 61% of patients having 25(OH)D
< 20 ml/min/1.73m2 [27]. In our study population, when
eGFR was < 30 ml/min/1.73 m2, mean vitamin D levels of
15.8 and 20.3 ng/ml were observed in the overweight/obese
and normal-weight subjects, respectively. Another study by
Guessous et al. confirmed the high prevalence of suboptimal
(< 30 ng/ml) levels of 25(OH)D in 135 patients with CKD,
although interestingly, the mean 25(OH)D level and preva-
lence of 25(OH)D insufficiency were comparable to those of
1,010 participants without CKD [28]. Only one of the
abovementioned studies focused on obese/overweight sub-
jects [13]. To our knowledge, the present study is the first to
examine 25(OH)D and 1,25(OH)2 levels and their impact on
serum PTH in both obese and normal-weight individuals with
normal to low eGFR.

Factors contributing to the low serum 25(OH)D in CKD
include the hyperpigmentation of patients with advanced

Table 6 Vitamin D and PTH levels in relation to the presence of diabetes or IFG

Overweight/obese (n = 104)

Variables NFG (n = 43) IFG (n = 33) DM (n = 28) p*

Age (years) 59.6 (± 12.9) 62.8 (± 12.6) 66.6 (± 9.0) 0.009

eGFR-MDRD (ml/min/1.73 m2) 65.8 (± 25.0) 56.7 (± 26.0) 56.7 (± 34.3) 0.201

Male n (%) 24 (56%) 19 (58%) 12 (43%) 0.286

BMI (kg/m2) 29.4 (± 2.8) 30.6 (± 3.3) 32.6 (± 4.5) 0.002

Calcium (mg/dl) 9.3 (± 0.4) 9.6 (± 0.5) 9.3 (± 0.7) 0.865

Phosphate (mg/dl) 3.3 (± 0.6) 3.1 (± 0.5) 3.5 (± 0.6) 0.240

25(OH)D (ng/ml) 21.0 (± 6.5) 20.2 (± 6.7) 17.8 (± 5.6) 0.035

1,25(OH)2D (pg/ml) 53.8 (43.3, 67.9) 44.3 (29.5, 58.8) 40.9 (31.3, 56.0) 0.031

PTH (pg/ml) 55.8 (48.0, 97.0) 54.0 (48.1, 95.2) 82.0 (54.3, 127.0) 0.041

Normal-weight (n = 50)

Variables NFG (n = 32) IFG (n = 9) DM (n = 9) p*

Age (year) 61.9 (± 12.5) 57.4 (± 10.9) 60.1 (± 16.5) 0.726

eGFR-MDRD (ml/min/1.73 m2) 59.4 (± 23.1) 47.8 (± 28.0) 45.9 (± 22.0) 0.127

Male n (%) 18 (56.3) 4 (44.4%) 4 (44.4%) 0.725

BMI (kg/m2) 24.2 (± 1.0) 23.4 (± 1.5) 25.6 (± 1.2) 0.116

Calcium (mg/dl) 9.5 (± 0.5) 8.9 (± 0.4) 9.4 (± 0.7) 0.714

Phosphate (mg/dl) 3.1 (± 0.6) 3.6 (± 0.7) 3.8 (± 0.8) 0.012

25(OH)D (ng/ml) 25.5 (± 6.5) 24.3 (± 6.5) 23.1 (± 5.8) 0.323

1,25(OH)2D (pg/ml) 48.4 (38.5, 68.0) 39.5 (39.2, 56.3) 44.3 (42.9, 48.2) 0.395

PTH (pg/ml) 64.1 (35.7, 96.3) 106 (58, 162) 76.1 (50.1, 106.0) 0.369

Normally distributed variables are presented as mean ± SD, and otherwise as median (25th, 75th quartiles). Apart from a lower 1,25(OH)2D in the IFG
group (p = 0.042), no other differences were observed between IFG and NFG subjects

NFG normal fasting glucose, IFG impaired fasting glucose, DM diabetes mellitus

*p value refers to the comparison of DM to NFG individuals (by t test for normally distributed data or Mann-Whitney test for skewed data or by chi
square test for categorical variables)
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kidney disease resulting in impaired dermal synthesis of en-
dogenous vitamin D and the dietary restrictions resulting in
decreased vitamin D intake. Furthermore, heavy proteinuria
may be accompanied by high urinary loss of vitamin D-
binding protein and renal loss of vitamin D [7].

Even though mean 25(OH)D levels were suboptimal in all
obese/overweight and normal-weight eGFR subgroups, medi-
an serum PTH was within the normal range in those with
eGFR > 60 ml/min/1.73m2. The fact that the observed differ-
ences in 25(OH)D were not accompanied by higher PTH
raises the possibility that the observed suboptimal serum
25(OH)D levels may not reflect true vitamin D insufficiency
in our study population. Moreover, the currently accepted
threshold for vitamin D adequacy (> 30 ng/ml) remains con-
troversial; indeed, in a large cross-sectional study in more than
8,000 subjects living on the island of Crete in Greece, normal-
ization of PTH levels was observed at 25(OH)D levels of ~
20 ng/ml [21]. Furthermore, a report from the Institute of
Medicine committee concluded that in terms of bone health,
most individuals meet their needs for vitamin D at 25(OH)D
levels of 20 ng/ml [29].

The lack of association between 25(OH)D levels and
PTH has been noted in several studies in CKD populations.
In a large study of 1,814 CKD patients, Levin et al. found
that the prevalence of 25(OH)D deficiency remained rela-
tively stable until eGFR fell below 30 ml/min/1.73m2 and
appeared to be dissociated from the prevalence of SHPT
[26]. In addition, the observed interaction between
25(OH)D and 1,25(OH)2D disappeared when eGFR was <
60 ml/min/1.73m2, a finding that has been reported in other
CKD studies [30]. Moreover, Silva et al. did not find any
differences in median PTH in 244 obese/overweight patients
with mean eGFR = 29 ml/min/1.73m2 among participants
with sufficient (> 30 ng/ml), insufficient (20–30 ng/ml),
and deficient (< 20 ng/ml) 25(OH)D levels. In our study,
almost half of the participants with eGFR 30–59 ml/min/
1.73m2 (16 out of 35) had PTH levels above the upper limit
of the normal reference range (12–72 pg/ml), and most of
them (14/16 or 87.5%) had eGFR < 45 ml/min/1.73m2, con-
sistent with the findings of the study by Levin et al., where
SHPT also occurred at eGFR levels of less than 45 ml/min/
1.73m2 [26]. In addition, our data suggest that SHPT was
more prevalent in those with eGFR < 30 ml/min/1.73m2,
when PTH levels were above the upper limit of the reference
range in all subjects. In advanced stage 4 CKD, a number of
other relevant abnormalities exist—apart from the low
25(OH)D levels—that could potentially contribute to hyper-
parathyroidism; indeed, in patients with eGFR < 30 ml/min/
1.73m2 in our study, levels of 1,25(OH)2D were also re-
duced and mean serum phosphate was higher (but not ex-
ceeding the normal range). In addition, advanced CKD is
associated with increased fibroblast growth factor-23 (FGF-
23) levels, downregulation of tissue vitamin D receptors,

and skeletal resistance to the calcemic actions of PTH (not
assessed in the present study).

The 2003 Kidney Disease Outcomes Quality Initiative
(KDOQI) as well as the 2017 Kidney Disease/Improving
Global Outcomes (KDIGO) guidelines recommended routine
screening of 25(OH)D levels for patients with CKD and
SHPTand advocated the correction of vitamin D insufficiency
or deficiency [7, 8]. There is however limited evidence that
supplementation to correct calcidiol levels will correct the
SHPT in CKD patients [31]. In a study of vitamin D-
deficient CKD patients treated with high doses of
ergocalciferol (50,000 IU once weekly for 12 weeks followed
by 50,000 IU per month for a total of 6 months), only about
50% of patients achieved adequate levels of 25(OH)D [32].
When again high doses of ergocalciferol were administered to
52 CKD patients to normalize 25(OH)D levels, stage 3 CKD
patients (GFR 30–59 ml/min/1.73m2) showed a significant
improvement in 1,25(OH)2D and a reduction in PTH levels,
but no significant effect was observed in stage 4 CKD patients
(GFR 15–29 ml/min/1.73m2) [33]. It is therefore conceivable
that at earlier stages of CKD, the production of 1,25(OH)2D is
reduced due to the low levels of 25(OH)D, but as kidney
disease progresses, other factors such as the reduction of renal
mass, reduced 1-alpha-hydroxylase action, and elevated FGF-
23 are also involved.

Our observation of lower serum 25(OH)D and higher PTH
levels in overweight/obese subjects with type 2 diabetes com-
pared to those with normal fasting glucose is consistent with a
large body of literature [34]. The observed differences could
be partly explained by the higher BMI of patients with diabe-
tes compared to those with NFG (32.6 ± 4.5 vs 29.4 ± 2.8 kg/
m2, p = 0.002) Our finding of lower serum 1,25(OH)2D and
higher PTH values in subjects with diabetes compared to
those with normal fasting glucose is of interest; there is evi-
dence that 1,25(OH)2D regulates insulin secretion from pan-
creatic β cells by inducing calcium oscillations and insulin
release [35]. On the other hand, the fact that no differences
in serum 25(OH)D, 1,25(OH)2D, or PTH levels were ob-
served between normal-weight subjects with or without DM
would imply that the primary regulating factor is the presence
of obesity, rather than diabetes per se.

Finally, female gender was associated with lower 25(OH)D
levels. This small but statistically significant difference is con-
sistent with previous findings [21]. A possible contributing
factor could be the fact that females had higher BMI (29.5 ±
5.3 kg/m2 vs 27.6 ± 3.2 kg/m2, p = 0.009). Age did not seem
to affect 25(OH)D levels in the present study, possibly as a
result of the low number of participants of very young (chil-
dren and adolescents) or very old age (> 70 years).

Limitations of the present study include the relatively
small number of subjects and the lack of FGF-23 or vita-
min D-binding protein measurement. In addition, the
younger age of subjects in group G1 compared to those
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with lower GFR, is a potential source of bias. As sample
collection for 25(OH)D measurements was carried out
throughout the year, seasonal variation of serum
25(OH)D levels could have been another potential source
of bias, even though no significant differences were ob-
served in our sample population. The absence of seasonal
variation in obese patients has been reported by others
[36] and could be attributed to sequestration of vitamin
D in fat tissue, masking the seasonal variation in obesity
[21]. Notably, the region of Epirus where the study was
carried out has the biggest annual rainfall in Greece;
therefore, inadequate sun exposure may have been an ad-
ditional factor that may explain the observed significant
proportion of subjects with low serum vitamin D levels.

Conclusions

In summary, we found that serum 25(OH)D levels, the most
representative marker of vitamin D body stores, are lower in
obese/overweight compared to normal-weight subjects, irre-
spective of eGFR. Even though vitamin D insufficiency was
prominent in all eGFR subgroups, secondary hyperparathy-
roidism develops only when eGFR falls below 60 ml/min
and is universally observed in those with eGFR < 30 ml/
min/1.73m2, when, in addition to low 25(OH)D,
1,25(OH)2D levels are also reduced and serum P levels
increase.
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