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Abstract

Summary The current recommended cutoff value for low vitamin D may result in overestimation of hypovitaminosis D. Vitamin D
levels at 30.0 nmol/L can diagnose the hyperparathyroid cases leading to bone loss, with moderate accuracy, in the Saudi population.
The new cutoff may help in identifying true cases that need clinical treatment and can reduce the burden on healthcare system.
Purpose Different regions of the world have reported varying cutoff points as optimal values for vitamin D status to maintain
bone health.

Methods A cross-sectional study comprising of interviews, anthropometrics, and blood samples was conducted in primary
healthcare centers in Riyadh, Saudi Arabia. Standardized serum 25-hydroxyvitamin D [25(OH)D] and parathyroid hormone
(PTH) were measured using electrochemiluminescence immunoassays. Independent sample and paired sample ¢ test were
conducted to compare the true means. Pearson correlation co-efficient was calculated to measure the association between original
and standardized 25(OH)D. Software program, MedCalc, was utilized to measure the receiver operating curve (ROC) for
determining the optimal threshold value for vitamin D.

Results The mean standardized 25(OH)D levels for 846 males and 1285 females were (32.0 +14.4 nmol/L vs 31.6 £
16.7 nmol/L) respectively. Using the gold standard PTH cutoff > 6.9 pmol/L, the ROC had an optimal criterion value for males
and females at 30.0 and 24.0 nmol/L, respectively. In the males, the sensitivity and specificity were 72% and 51%, whereas in
females, it was 58.2% and 66.7%, respectively. The area under the curve (AUC) was at 0.62 and 0.65 (p <0.001), respectively.
Conclusion The recommended cutoff value for 25(OH)D for determining bone health in the Saudi population is at 30.0 nmol/L.
The comparatively low cutoff point can significantly decrease the number of people diagnosed and treated with low vitamin D,
which can also reduce the burden on the health care system.
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Introduction

Vitamin D deficiency has emerged as a major public
health concern in recent years, with important health con-
sequences among children and adults all over the world
[1, 2]. Sub-optimal serum levels of vitamin D have been
implicated in low bone mineral density and increased
bone loss by interfering with the vitamin D, calcium,
and parathyroid axis [3, 4].

The proposed mechanism for bone loss is by the
steady increase in parathyroid hormone as a consequence
of hypovitaminosis D-induced hypocalcemia, resulting in
calcium release from bones to maintain normal calcium
levels in blood [5]. The existence of an inverse correla-
tion between hypovitaminosis D and serum levels of
parathyroid hormone (PTH) [6] points to the close asso-
ciation between these two markers. Other
hypovitaminosis D-related comorbidities, such as rickets,
osteomalacia, skeletal myopathy, and dilated cardiomy-
opathy, are potentially reversible and preventable condi-
tions. Therefore, maintenance of optimal serum concen-
trations of vitamin D, especially in context to bones,
appears to be of paramount importance both in healthy
and diseased states [7]. Serum concentration of 1,25-
dihydroxyvitamin(OH)D is often normal in individuals
with hypovitaminosis D because of increased renal pro-
duction of 1,25-(OH)D due to secondary hyperparathy-
roidism [8]. In contrast, 25-hydroxyvitamin D [25(OH)D]
is considered to be the best marker for monitoring vita-
min D status as it represents vitamin D intake from die-
tary sources and that synthesized in the skin [9].
However, opinions differ regarding the optimal blood
levels of 25(OH)D [10, 11].

A regional large-scale study conducted in the Middle
East defined deficiency as a level of 25(OH)D of <
50 nmol/L, at which PTH starts to increase in patients
with normal renal function [12]. A few studies have
used 25(OH)D <37.5 nmol/L (15 ng/mL) as the cutoff
value for vitamin D deficiency for the Middle East and
North Africa (MENA) region [12], whereas others have
used <70 nmol (28 ng/mL) as the cutoff value for the
Saudi population [13].

Application of later cutoff points in the Kingdom of
Saudi Arabia has resulted in significantly higher preva-
lence rates for hypovitaminosis D, ranging between
83.6% and 95.3% [14, 15], emphasizing the need to
determine a local cutoff point for low vitamin D that
affects the bone health. The present study was per-
formed to estimate PTH and serum 25(OH)D values
and define the best cutoff values for adequate serum
levels of vitamin D (for maintaining bone health) to
avoid the increase in parathyroid hormone levels (>
6.9 pmol/L).
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Methodology
Study design, setting and participants

Data in this study were collected from a large cross-sectional
survey (Women in Saudi Arabia Health Examination Survey,
WISHES). The study was conducted from December 2014 to
August 2015. Eighteen primary healthcare centers (PHCCs)
were randomly selected (https://www.random.org/) from the
five different administrative regions of Riyadh City (north,
east, west, south, and center). In addition to PHCCs, we
approached five government institutions (technical institutes,
college/university, and social organizations) to enroll eligible
participants. Initially, 2997 Saudi adults (968 males and 2029
females) aged 30-75 years were enrolled in the “WISHES”
study. In this particular study, we excluded participants who
had past history of osteoporosis and/or renal disease, high
creatinine levels (n =169), epileptic (n=7), and were on 0s-
teoporosis treatment (n = 165) or taking supplements (n =
525). A total of 2131 (846 males and 1285 females) were
included in the final analyses. All participants provided a writ-
ten, signed informed consent prior to the interviews. The study
protocol was approved by the Institutional Review Board,
King Saud University (E-12-658) and the Institutional
Review Board of the Ministry of Health, Dammam (IRB ID
MOHO0151).

Research instrument

A detailed interview was conducted by trained data collectors
with each of the participants and included socio-demographic
information, sun-exposure habits, physical activity, dietary
habits, medical history, and reproductive history (from fe-
males only). This information was used for another manu-
script on vitamin D deficiency and its correlates [16].

Anthropometric measurements

Anthropometric indices included weight, which was mea-
sured with an electronic scale (Secca 220—Hamburg,
Germany, 2009) and height, which was measured using the
stadiometer following standard protocols [17]. Body mass in-
dex (BMI) was calculated as weight in kg divided by height in
meters squared. Waist circumference (WC) was measured at
the mid-point between the lowest rib and top of the hip bone
(iliac crest) [18].

Laboratory measurement of vitamin D, parathyroid
hormone, calcium, phosphorus, and alkaline
phosphatase

Blood samples were collected in two different vials (a yellow
cap and a purple cap). Five cubic centimeters of venous blood
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were collected in the yellow cap tube for basic biochemistry
(cholesterol, lipids and triglycerides, alkaline phosphatase,
calcium, phosphorus, creatinine and albumin), and another
5 ¢m® was collected in the purple cap for endocrinology
(25(OH)D and parathyroid hormone). Needles of 22 or 23
gauges were used along with a sample adaptor to fill the vials.
Both vials were placed in a labeled plastic bag and then refrig-
erated at a temperature of — 2 to 8 °Celsius. The samples were
transferred into the storage box (under maintained tempera-
ture) and then transported to King Khalid University hospital
laboratory.

Serum 25(OH)D was measured in a laboratory that partic-
ipates in DEQAS with the automated Roche Elecsys Cobas
e411 analyzer (Roche Diagnostics, GmbH, Mannheim,
Germany) by means of electrochemiluminescence immunoas-
say. The intra-assay coefficient of variation (CV) was 6.8%,
and the inter-assay CV was 13.1%. The total 25(OH)D values
were corrected using the linear regression equation derived
from the analysis of relationship between our measured total
25(OH)D values and the DEQAS total target values for five of
the DEQAS samples [19]. Figure 1 shows the relation be-
tween serum total 25(OH)D in samples of 486 to 490 of the
January 2016 Vitamin D External Quality Assessment
Scheme (DEQAS) survey measured using Roche Elecsys
Cobas e411 analyzer electrochemiluminescence immunoas-
say (CLIA) and the DEQAS National Institute of Standards
and Technology (NIST) “total” target values [19].

After that, 200 specific stored serum samples were selected
to be re measured from the sorted original 25(OH)D values of
the complete dataset. The results were correlated with the old
25(OH)D values to develop a mathematical model that
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Fig. 1 Relation between serum total 25-hydroxyvitamin D (250HD) in
samples of 486 to 490 of the January 2016 Vitamin D External Quality
Assessment Scheme (DEQAS) survey measured using Roche Elecsys
Cobas e411 analyzer electrochemiluminescence immunoassay (CLIA)
and the DEQAS National Institute of Standards and Technology (NIST)
‘total’ target values

enabled us to calibrate old vitamin D values to the true ones
[19]. Figure 2 shows the relation between serum total
25(OH)D in 200 samples measured by Roche Elecsys Cobas
e411 analyzer electrochemiluminescence immunoassay stan-
dardized method and the original results.

PTH assays were also performed using an electro-
chemiluminescence assay (ECLIA immunoassay, Modular
Analytics E170, Roche Diagnostics GmbH, Mannheim,
Germany) with a hospital standard laboratory reference range
of (1.6-6.9 pmol/L). The intra-assay CV was 2.0%, and the
inter-assay CV was 3.4%. Serum calcium (corrected for albu-
min binding) and phosphorous levels were measured in milli-
moles per liter, and serum alkaline phosphatase (ALP) was
measured in units per liter (U/L) using routine chemical ana-
lyzers (Siemens StreamLab RxL Max, Erlangen, Germany).

Statistical analysis

Data were analyzed using IBM SPSS statistics version 21.0
and MedCalc software. Means and standard deviations were
computed for continuous variables, and proportions were cal-
culated for categorical variables. Student’s T test for indepen-
dent samples was used to compare mean values of blood
markers (calcium, phosphorus, ALP, PTH) and continuous
variables (age, body mass index) in relation to optimal vitamin
D cutoff value (for males < or > 30 nmol/L and for females <
or > 24 nmol/L. A paired ¢ test was conducted to determine the
r value and the statistically significant difference between the
original and the standardized vitamin D levels. Pearson corre-
lation coefficient value » was computed between 25(OH)D
and PTH levels. MedCalc software was used to develop the
receiver operating curve (ROC). PTH cutoff 6.9 pmol/L was
taken as gold standard to identify the point at which the bones
start getting affected [20]. Using the Youden index formula,
the optimal cutoff value that yielded maximum value of sen-
sitivity and specificity was determined for 25(OH)D to iden-
tify compromised bone health (corresponding to PTH value >
6.9 pmol/L). The 95% confidence intervals and p value < 0.05
were used to report the precision and statistical significance,
respectively, of the estimate.

Availability of data and material The datasets generated and/
or analyzed during the current study are not publicly available
because it includes personal information of the participants
but are available from the corresponding author on reasonable
request.

Results

A total of 2131 Saudi adults (846 males, 1285 females) were
included in the study. The mean ages of the male and female
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participants were 42.7 (11.5) and 42.1 (10.1) (p = 0.22) years,
respectively. Majority (>90%) of the participants were mar-
ried, and > 50% of the females were housewives. About 75%
males had university or higher level of education (Table 1).
More than 90% males and around 57% females reported low
physical activity (females reported moderate physical activity
which included house work) (Table 1). A significant differ-
ence was observed in the mean waist circumference between
males and females (96.25+14.26 vs 92.73 £14.08,
p<0.001). More than 60% of the participants were not getting
sun exposure at all, and only 10% said they were getting sun
exposure on daily basis. The average number of children re-
ported by married females was 5.0 (£2.9). About 28% males
and 2.0% females were current smokers (results not shown).
Strong correlation was observed between original and
standardized vitamin D levels, with »=1.00 (p <0.0001)
for both the males and the females. The paired ¢ test in the
males found that the mean values for the standardized vita-
min D (32.0 £ 14.4) were significantly less than the original
values (39.4+19.7); a statistically significant difference of
7.2 (95% CI 6.8, 7.5) nmol/L, ¢ (846)=38.6, p<0.001, was
observed between the two readings. Similar results were
observed in the females as well. The mean values for the
standardized vitamin D (31.6 £16.7) were significantly less
than the original values (38.6£22.8), a statistically signifi-
cant difference of 7.1 (95% CI 6.6, 7.3) nmol/L, ¢ (1285) =
40.2, p<0.001, was detected between the two readings. A
significant difference was found in the mean values of vita-
min 25(OH)D (nmol/L) between males and females (31.2 +
18.4 vs 34.9+18.6; p<0.001, respectively). In both gen-
ders, linear association was observed between 25(OH)D
and the PTH (Figs. 3 and 4). In the males, the correlation
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coefficient () value between standardized 25(OH)D and
PTH was —0.20 (p<0.001) and 0.09 for calcium, whereas
no significant correlation was observed with ALP and phos-
phorus. In females, a significant correlation was observed
between standardized 25(OH)D and PTH (—0.21), calcium
(0.12), and phosphorus (0.07) (p<0.001). Almost similar
percentage of males and females (5.5% vs 5.6%) was show-
ing hyperphosphatemia (> 1.45 mol/L), whereas a significant
high percentage of males (12.5% vs 8.6%) were having high
alkaline phosphatase as compared to females (results not
shown).

The ROC analysis determined an optimal criterion value
for 25(OH)D of 30.0 nmol/L and 24.0 nmol/L for the males
and females, respectively. Using the cutoff of 30.0 nmol/L,
sensitivity and specificity for discriminating participants with
high PTH were 72% and 51%, respectively. The area under
the curve (AUC) was 0.62 (Fig. 5). In females, the criterion
value of 24.0 nmol/L yielded a sensitivity and specificity of
58.2% and 66.7%, respectively. The AUC was 0.65 (Fig. 6).
The log likelihood ratio (+ LLR and — LLR) for males was 1.4
(1.3, 1.7) and 0.5 (0.4, 0.7), and for the females, it was 1.7
(1.5, 2.0) and 0.6 (0.5, 0.7). A total of 503 participants (151/
846 [17.8%] males and 352/1285 [27.4%] females) had hy-
perparathyroidism (PTH > 6.9 pmol/L). A significant differ-
ence was observed between the age categories ranging from
30 to 75 years, with majority of males and females (71 males
and 255 females) with increased PTH in the age category of
3040 years (Fig. 7).

Comparison of blood markers in Saudi male and fe-
male participants in relation to vitamin D status is shown
in Table 2. Male participants with 25(OH)D <
30.0 nmol/L tended to be younger (mean age =40+
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Table 1 Socio-demographic

characteristics of Saudi males and Socio-demographic characteristics

Males N =846 (%) Females N = 1285 (%)

females in Riyadh, Saudi Arabia

(N=2131) Age groups (in years)

3044 516 (61.0) 795 (61.9)

45-60 243 (28.7) 391 (30.4)

61-75 87 (10.3) 99 (7.7)
Marital status*

Single 91 (10.8) 99 (7.7)

Married (including divorced/widowed) 755 (89.2) 11.86 (92.3)
Educational level of participant®

University level or post-graduation 631 (74.6) 597 (46.5)

Intermediate and secondary 174 (20.6) 358 (27.9)

Illiterate and primary 41 (4.8) 330 (25.7)
Participant’s occupation®

Doctors/engineers/business/lawyer 97 (11.5) 25(1.9)

Military/home maker 102 (12.1) 645 (50.2)

Teacher/secretary/health staff 547 (64.7) 517 (40.2)

Unskilled workers 23 (2.7) 68 (5.3)

Retired 77 (9.1) 30 (2.3)
Household monthly income*! (in US dollars) (M = 825, F = 1089)

>5000 127 (15.4) 104 (9.6)

>2600—< 5000 420 (50.9) 367 (33.7)

<2600 278 (33.7) 618 (56.7)
Type of housing*

Villa 496 (58.6) 764 (59.5)

Apartment 302 (35.7) 330 (25.7)

Arabic style house 48 (5.7) 191 (14.9)
Waist circumference*>

Normal (M <90 c¢m; F <80 cm) 377 (44.6) 239 (18.6)

Central obesity (M >90< 102 c¢m; F >80 < 88 cm) 221 (26.1) 291 (22.6)

High central obesity (M >102 cm; F>88 cm) 248 (29.3) 755 (58.8)
Physical activity*>

Low 767 (90.7) 738 (57.4)

Moderate/high 79 (9.3) 547 (42.6)
*p<0.001

! Numbers are less because participants said do not know/do not want to tell

% Waist circumference: normal males <90 cm and females <80 cm; central obesity: M >90 < 102 cm F >80 <
88 cm; high central obesity: M>102 ¢cm and F>88 cm

3 High physical activity defined as “at least 3 days of activity achieving a minimum total physical activity of at
least 1500 MET-minutes/week and moderate as five or more days of moderate-intensity activity and/or walking of

at least 30 min per day”

4 Low activity those not included in high or moderate activity

10.3 years) and more obese (mean BMI 30+6.7) than
male who were not deficient. Mean values of serum cal-
cium, phosphorus, ALP, and PTH were significantly dif-
ferent between groups based on the cutoff. Mean serum
calcium levels were lower in the vitamin D <30 group as
compared to >30 nmol/L (2.28+0.08 vs 2.29+
0.08 nmol/L, p <0.003), whereas mean ALP was higher
in the decreased vitamin D group (< 30 nmol/L) (Table 2).
The mean PTH levels were also significantly higher (5.77

+2.07 vs 4.67£1.74) in the 25(OH)D < 30.0 nmol group
(Table 2). Similar differences were observed for the fe-
male participants when comparing those with more vs less
than 24.0 nmol/L of 25(OH)D. The mean phosphorus
levels were significantly different, with higher levels
(1.1740.15) in the >24.0 nmol/L group, whereas ALP
did not differ significantly. The mean PTH level in the
deficient vs normal group was also significantly different
(6.62+£2.47 vs 5.34+1.90 pmol/L, p<0.001) (Table 2).
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ratio
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Fig. 5 ROC curve for determining optimal vitamin 25(OH)D for Saudi
males (30.0 nmol/L cutoff point)

and bone mineral density (BMD), so that BMD values were

interpreted according to PTH levels [25]. Hence, selecting
cutoff values for serum 25(OH)D levels in relation to PTH is

Vitamin D
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eof
eof
4of

20

0 20 40 60 80 100
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Area under the curve 0.65 (p<0.001)

Optimal criterion value for 24.0 nmol/L
Vitamin 25(OH) D

Sensitivity 58.2(52.9, 63.4)
Specificity 66.7 (63.5, 69.7)
Positive log likelihood ratio 1.7 (1.5,2.0)
Negative log likelihood ratio 0.6 (0.5,0.7)

Fig. 6 ROC curve for determining optimal vitamin 25(OH)D level for
Saudi females (24.0 nmol/L cutoff point)

fundamental for diagnosis and treatment of hypovitaminosis
D to avoid hyperparathyroidism, which eventually would af-
fect bone health.

In the present study, hypovitaminosis D, as defined by in-
ternational cutoff values (<50 nmol/L) for serum 25(OH)D
levels [10], was very prevalent among otherwise healthy
Saudi males (85.1%) and females (82.1%). Previously,
Ardawi et al. found that 97.5% and 88.2% of Saudi males
and females, respectively, had hypovitaminosis D [11, 25].
However, a recent meta-analysis study conducted by Al-
Daghri gathered all epidemiologic local studies on vitamin
D from 2011 to 2016 and found that overall prevalence was
81% at <50 nmol/L in the Saudi population [26]. The major-
ity of the Saudi population has hypovitaminosis D for reasons
that are only partially understood. One of the reasons that
could explain such high rates is the lack of sufficient sun
exposure, specifically when considering countries like Saudi
Arabia with sunny climates and hot seasons most of the year
[11, 25]. Because the majority of the Saudi population were
labeled as hypovitaminosis D with the current cutoff value,
which is often questioned in daily practice, we propose that
the lower limit of normal for 25(OH)D might differ from one
population to another. With the current cutoff values in use in
clinical practice, we are obliged to treat and follow many
patients defined as deficient by the current standard [27].
Furthermore, many expensive unnecessary clinical investiga-
tions, such as DXA scans, will be overused while the diagno-
sis of hypovitaminosis D is still uncertain. Moreover, the de-
fined level of 25(OH)D resulted from the regional large-scale
study performed in the Middle East [11], but other few studies
have used 25(OH)D < 37.5 nmol/L (15 ng/mL) as the cut cut-
off for diagnosing vitamin D deficiency for the MENA region
[12]. Others have used < 70 nmol/L (28 ng/mL) as the cutoff
for the Saudi population [13]. Some countries with highly
prevalent hypovitaminosis D have tried to decrease the cutoff
level for defining 25(OH)D as deficient. For example, in
Lebanon, only 72.8% of the population was deficient when
37 nmol/L was used as a cutoff of hypovitaminosis D [12].

This study was performed to determine the optimal cut-
off points for the lower limit of normal for 25(OH)D levels
to prevent hyperparathyroidism (PTH > 6.9 pmol/L). With
this approach, we found that 30.0 nmol/L and 24.0 nmol/L
for males and females, respectively, were the optimal cut-
off points for the lower limits of normal 25(OH)D concen-
trations to prevent hyperparathyroidism and bone loss.
However, similar observations have been documented be-
fore. Local and international studies conducted among ad-
olescents and premenopausal females recommend that se-
rum 25(OH)D levels of around 40 nmol/L should be suffi-
cient to suppress PTH [23, 28, 29]. Our results are more in
support of Lips et al., who found a level of 30 nmol/L was
enough to suppress PTH level but in elderly individuals
[30]. By using the new 25(OH)D cutoff values, only
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Fig. 7 Percentage of participants
with serum parathyroid levels >
6.9 pmol/L, by age and gender
(n=503)
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52.0% and 40.6% of Saudi males and females, respective-
ly, would be diagnosed with low vitamin 25(OH)D levels.
Thus, more than 22.1% and 30.8% males and females,
respectively, who were previously diagnosed as suffering
from low vitamin D (based on high cutoff point of
50 nmol/L), would be considered as normal.

Our data demonstrate that the optimal concentration of
25(0OH)D differed by gender. This could be explained by
gender differences in sun exposure, physical activity, and
clothing habits [29] and more importantly by the effect of
estrogen in females that increases the synthesis of
25(0OH)D binding protein, which in turn affects overall
25(0OH)D concentrations [30].
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In the present study, cutoff levels for hypovitaminosis D
(30.0 nmol/L and 24.0 nmol/L for males and females, respec-
tively) were associated with significantly lower levels of cal-
cium and ALP levels in Saudi males and calcium and phos-
phate levels in Saudi females.

These results emphasize that the lower levels of normal for
25(OH)D used in practice in Saudi differ from other interna-
tional cutoff levels. Although according to our findings, more
than 24 nmol/L is considered normal for females; for the sake
of practicality and to make it easier to standardize, we propose
that using 30.0 nmol/L as the cutoff for both genders will
result in significantly less cases being diagnosed with
hypovitaminosis D, as shown in our study. This in turn will

Table 2  Mean differences in blood markers in males and females with and without vitamin 25(OH)D cutoff in Riyadh, Saudi Arabia

Characteristics Minimum, maximum  Vitamin 25(OH)D Mean (+ SD) (nmol/L) Mean difference P value
value Male n = 846; female n = 1285 (95% CI)
Males >30.0 (n =406) Male <30.0 (n =440)
Female >24.0 (n =763)  Female <24.0 (n =522)
Calcium (mmol/L)
Normal 2.1-2.5
Male 2.02,2.77 229 (£ 0.07) 2.28 (£ 0.08) 0.01 (0.005, 0.02) 0.005
Female 1.23,2.88 2.32 (£ 0.10) 2.29 (£ 0.08) 0.02 (0.01, 0.04) <0.001
Phosphorus(mmol/L)
Normal 0.7-1.3
Male 0.53, 3.06 1.15 (£ 0.18) 1.15 (£ 0.23) 0.004 (—0.03, 0.02) 0.79
Female 0.4,1.95 1.21 (£ 0.16) 1.17 (£ 0.15) 0.03 (0.01, 0.05) 0.001
Alkaline phosphatase(IU/L)
Normal 50-136
Male 35,211 101.32 (£ 26.08) 106.94 (£ 26.31) —5.62(—=9.18,-2.06) 0.002
Female 20, 196 97.59 (£ 26.14) 98.74 (+ 27.82) —1.14 (=4.15,1.84) 0.45
Parathyroid hormone(pmol/L)
Normal 1.6-6.9
Male 1.65, 13.0 4,67 (£1.74) 577 (£2.07) —1.09 (- 1.36,-0.83) <0.001
Female 1.83,14.87 5.34 (£ 1.90) 6.62 (£ 2.47) -127(-151,-1.03) <0.001
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have a huge impact in health economics and the cost-
effectiveness of this test.

The main strengths of this study is that we conducted and
utilized the standardized vitamin 25(OH)D levels. The study
included relatively large sample size and we used a
population-based design, with participants belonging to all
social classes. Further, the inclusion and exclusion criteria
were comprehensive. The major limitation of this study was
that it was a cross-sectional design, whereas the best study
design for such question would be a prospective cohort in
which 25(OH)D, PTH, and DXA scans were serially mea-
sured. 25(OH)D and PTH levels were measured only once
for each patient, which is a limitation because the two tests
undergo seasonal changes.

Conclusion

In summary, the prevalence of hypovitaminosis D was very
high in our cohort and given the ambiguity of the clinical
implications and the need to treat, we propose new cutoff
points so as to improve the clinical value of the measures
significantly in terms of more accurate and cost-efficient di-
agnosis and treatment. A good percentage of this healthy co-
hort would have been labeled as having abnormal
hypovitaminosis D using the current screening cutoff points,
whereas in fact, many were completely normal. With the cur-
rent data, we recommend against treating or following patients
in clinical practice with 25(OH)D levels > 30 nmol/L, unless
other convincing clinical or biological parameters are present.
The abovementioned cutoff point (30.0 nmol/L) however can-
not be generalized as local guidelines until they are
reproduced in more than one study in different regions in the
country or in a national study. Adding DXA scans in future
studies as confirmatory tests would make those studies very
valuable and potentially change clinical practice.

Further studies are required nationally, regionally, and inter-
nationally that compare the cutoff points for 25(OH)D for bone
health among different countries and factors affecting them.
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