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Abstract
Summary  “Health-based threshold value” is used to define the optimal cutoff of vitamin D. This approach is based on the 
hypothesis of a secondary hyperparathyroidism associated with hypovitaminosis D. We define the optimal values in a North 
Algerian population. The optimal value is 25.0 ng/ml in men and 30.0 ng/ml in women.
Purpose/Introduction  There is no consensus defining the vitamin D optimal values. The aim of this study is to establish 
vitamin D optimal values in the Northern Algerian population, based on its skeletal effects as represented by the inverse 
relationship between 25-hydroxy vitamin D (25(OH) D) and parathyroid hormone (PTH).
Methods  451 healthy volunteers of both genders, aged 19 to 79 years, were enrolled in a cross-sectional study conducted 
at the medical analysis laboratory of the University Hospital of Blida, Algeria. 25(OH) D was assessed by a sequential 
competitive immuno-fluoroassay technique. Determination of vitamin D optimal values was performed based on the kinetic 
relationship between 25(OH) D and PTH, as explored by inverse nonlinear regression on a spline plots curve. The optimal 
value represents the 25(OH) D level at which PTH ceases to increase and reaches a virtual plateau.
Results  In men and women, respectively, the 25 (OH) D thresholds are estimated at 25.0 ng/ml and 30 ng/ml, above this 
value, PTH stabilizes in a virtual plateau, estimated at 22.3 pg/ml and 26.8 pg/ml. In warm and cold seasons, respectively, 
the 25 (OH) D cut-offs are estimated at 30.0 ng/ml and 25.0 ng/ml, from these values, the PTH stabilizes in a virtual plateau, 
estimated at 21.5 pg/ml and 27.7 pg/ml.
Conclusion  In this study, the optimal values of 25(OH) D were defined for the first time in a North Algerian adult population. 
The optimal value is 25.0 ng/ml in men and 30.0 ng/ml in women.

Keywords  25-Hydroxyvitamin D · Parathyroid hormone · Optimal value · Inverse non-linear regression

Introduction

At present, a universal consensus defining an adequate or 
optimal vitamin D status is still lacking. If the 25-hydroxy-
vitamin D (25 (OH) D) level, defining severe vitamin D 
deficiency is well admitted by most scientific institutions, 
being set at the threshold of 10 to 12 ng/ml (25 to 30 nmol/l); 
threshold below which the risk of bone disorders such as 
rickets, osteomalacia, and osteoporosis is significantly more 
probable [1–4], the 25(OH) D level defining vitamin D insuf-
ficiency is still a subject of discussion.

To define vitamin D insufficiency, or hypovitaminosis D, 
in the broad sense of the concept, two definitions are cur-
rently the most widely used. The first one is a patient-care-
based guidance, proposed by the Endocrine Society Clinical 
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Practice Guidelines (ES-CPG) Committee [5] which recom-
mends optimal levels of at least 30 ng/ml. The second one, 
set at a level of at least 20 ng/ml, is a population-based guid-
ance proposed by the North American Institute of Medicine 
(IOM) in order to ensure adequacy of vitamin D intake. This 
last definition is adopted by most researchers and scientific 
organizations, including the Standing Committee of Europe 
Doctors and even the World Health Organization (WHO) 
[6–8]. The difference in cut-off values can be explained, in 
part, by the population targeted by the two organizations. 
Indeed, the recommendations provided by the ES-CPG were 
established in the context of a medical practitioner offer-
ing advice to patients at high risk of vitamin D deficiency, 
whereas those proposed by the IOM were established to pro-
vide fairly conservative advice for public vitamin D intake, 
with the main goal to minimize the bone repercussions due 
to secondary hyperparathyroidism related to vitamin D defi-
ciency [9, 10].

However, considering the geographic, ethnic, cultural, 
and culinary diversities that impact serum vitamin D con-
centrations, it would be appropriate to define the optimal 
values in each population.

In order to define vitamin D insufficiency, the refer-
ence ranges approach commonly used for most biological 
parameters: recruiting a healthy population, and defining 
the range in which 95% of observed values are found, can-
not be applied to 25(OH) D [2, 4]. Instead, all the experts 
agree that it is more appropriate to define levels of 25(OH)
D below which deleterious consequences of vitamin D defi-
ciency may occur; hence, the terms “optimal,” “suitable,” or 
“recommended” values are proposed rather than “normal” or 
“reference” values [4, 11]. Such optimal threshold setting is 
known as “health-based threshold values” [2].

Hence, there is an international consensus which consists 
in the use of vitamin D bone effects; the most frequently 
used assessment criterion is based on the hypothesis of a 
secondary hyperparathyroidism associated with hypovita-
minosis D [2, 12, 13]. Indeed, vitamin D is a key factor for 
bone development and remodeling, promoting calcium and 
phosphorus intestinal absorption [14, 15]. In case of vita-
min D deficiency, the subsequent decrease of calcium and 
phosphorus absorption can lead to an increase in parathyroid 
hormone (PTH) levels, causing a secondary hyperparathy-
roidism and, consequently, a bone depletion of calcium in 
order to restore normo-calcemia [14, 16, 17].

Although, theoretically, there is a significant correla-
tion between vitamin D and all the phosphocalcic param-
eters, in particular: total calcemia, ionized calcemia, and 
phosphoremia, they are not considered as reliable indica-
tors of vitamin D status. In fact, their levels are regularly 
maintained within their reference ranges, through second-
ary hyperparathyroidism compensating, hence, any vitamin 
D insufficiency. The choice of PTH as “The” parameter 

to be monitored for defining optimal vitamin D values 
seems therefore to be the most appropriate one [1, 13, 14, 
18]. Thus, defining the optimal value of 25(OH) D comes 
to define the level at which PTH concentrations cease to 
increase and stabilize in a virtual plateau form [2, 4, 12, 
13]. However, it is noteworthy that despite its accessibility, 
this approach, based on the relationship between vitamin D 
and secondary hyperparathyroidism, is not the gold standard 
for defining optimal 25(OH) D values. In this context, the 
IOM has established its threshold values on the basis of the 
direct relationship between vitamin D levels, intestinal cal-
cium absorption, and bone density status [9, 10].

This study is designed with the aim to define the vitamin 
D optimal values in the North Algerian adult population, 
based on its skeletal effects as depicted by the kinetic rela-
tionship between 25(OH) D and PTH.

Methods

Study design and population

This is a cross-sectional study, with a prospective recruit-
ment, carried out between January 2020 and September 
2021, in the medical laboratory of the Frantz Fannon Uni-
versity Hospital of Blida, Algeria (36.5° N). The included 
population consisted of healthy volunteers of both sexes, 
aged over 18 years.

Non-inclusion criteria were carefully selected in order 
to avoid potential confounding factors that might influ-
ence phosphocalcic metabolism, particularly with regard 
to PTH. These criteria were vitamin D or calcium supple-
mentation within 3 months prior to study enrollment, hepa-
tocellular insufficiency, and chronic renal disease, defined 
by an estimated glomerular filtration rate (eGFR) < 60 ml/
min/1. 73 m2, thyroid disease, tumor disease, bowel disease, 
pregnancy, PTH > 88 pg/ml with normocalcemia or hyper-
calcemia, and morbid obesity defined as body mass index 
(BMI) > 40 kg/m2.

A total of 451 subjects were included, and their consent 
was obtained. This study was conducted in accordance with 
the Declaration of Helsinki and approved by the local ethics 
committee.

Data collection and biochemical measurements:

For all enrolled subjects, demographics (age and gender) and 
season of blood sampling were recorded. The Fitzpatrick 
classification was used to define the phototype of subjects 
[19].

Vitamin D status was assessed by measuring the total 
25(OH) D form (D2 + D3). The assay was performed by 
a sequential competitive immuno-fluorescent assay, on 
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mini-VIDAS®. This method has a linearity limit of 150 ng/
ml, and a variation coefficient ranging from 2.1 to 16%.

The PTH assay was performed by a sandwich enzyme-
linked Immunoassay combined with final fluorescence 
detection (ELFA). This is a third-generation method for 
assaying PTH (1–84). The measurement domain is between 
4.0 and 1500.0 pg/ml. Hyperparathyroidism was defined by 
a PTH level > 44.4 pg/ml, based on the reference values pro-
vided by the reagent kits.

Statistical analysis

Statistical analysis was performed using SPSS software, 
version 25.0. The Shapiro–Wilk test was used to test the 
distribution normality of the quantitative variables. Quanti-
tative variables are presented as means ± standard deviations 
and compared by Student’s t-test or by ANOVA followed 
by post hoc multiple comparison. Categorical variables are 
presented as percentages and compared by Pearson’s χ2 test. 
For all parameters, a two-tailed p-value of less than 0.05 was 
considered as statically significant.

The definition of vitamin D optimal values was based on 
the kinetic relationship between 25(OH) D and PTH. The 
optimal value refers to the level of 25(OH) D at which PTH 
no longer increases and forms a virtual plateau.

In order to establish the optimal values for vitamin D, the 
following steps were conducted:

•	 First, a spline plot was performed to estimate the shape of 
the relationship between serum PTH (y-axis) and 25(OH) 
levels (x-axis).

•	 Secondly, an estimation of spline curves was carried out 
in order to seek significant non-linear relations between 
these two parameters; indeed, no thresholds could be 
identified by linear regressions.

•	 Third, selection of the most convenient nonlinear regres-
sion model: among the nonlinear models that explain sig-
nificantly the relationship between PTH and 25(OH) D, 
the one with the highest values of F-test and nonlinear 
regression coefficient (R2) is selected.

•	 Fourth, the serum 25 (OH) D optimal threshold is esti-
mated visually; it refers to the value at which PTH starts 
to decrease less sharply and stabilizes in a virtual plateau 
[20].

In the same way, the optimal values were identified in the 
total population and then separately according to gender and 
sampling season.

Results

Characteristics of the study population

The general characteristics of the study population are 
summarized in Table 1. Of the 451 enrolled subjects, 41% 

Table 1   General characteristics 
of the study population 
(n = 451)

Bold values: p < 0.05. Values between brackets: minimum and maximum
25(OH) D 25-hydroxy vitamin D, eGFR estimated glomerular filtration rate, PTH parathyroid hormone
ªPearson’s χ2 test
b Student’s t test

Total
n = 451

Men
n = 185 (41%)

Women
n = 266 (59%)

p

Age (years)b [19–79] 42.8 ± 12.1 45.3 ± 12.1 41.1 ± 11.7  < 0.0001
25(OH) D (ng/ml)b [5–71.9] 12.7 ± 9.4 13.8 ± 7.1 11.9 ± 10.7 0.03
PTH (pg/ml)b [9.4–85.5] 36.1 ± 0.82 32.6 ± 1.15 38.4 ± 1.11 0.001
eGFR (ml/mn/1.73 m2)b [62–168] 85.7 ± 18.3 89.3 ± 21.5 83.3 ± 15.2 0.001
Phototype n (%)ª
I + II 100 (22.2%) 34 (18.4%) 66 (24.8%) 0.007
III + IV 330 (73.2%) 136 (73.5%) 194 (72.9%)
V + VI 21 (4.7%) 15 (8.1%) 6 (2.3%)
Season n (%)ª
Summer + autumn 74 (16.4%) 30 (16.2%) 44 (16.5%) 0.9
Winter + spring 377 (83.6%) 155 (83.8%) 222 (83.5%)
Vitamin D status n (%)a

 > 30 ng/ml 22 (4.9) 6 (3.2) 16 (6.0)  < 0.0001
 [20–29] ng/ml ng/ml 57 (12.6) 31 (16.8) 26 (9.8)
 [10–19] ng/ml 126 (27.9) 69 (37.3) 57 (21.4)
 < 10 ng/ml 246 (54.4) 79 (42.7) 167 (62.8)
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were men and 59% were women. Age ranged from 19 to 
79 years, with a mean of 42.8 ± 12.1; women were signifi-
cantly younger than men. The large majority of the included 
subjects had a matt skin (phototypes III and IV) (73.2%). A 
proportion had a fair skin (phototypes I and II) (22.2%), and 
only 4.7% had a dark skin (phototypes V and VI). The major-
ity of blood samples were obtained during the cold season 
(winter and spring). eGFR values ranged from 62 to 168 ml/
mn/1.73 m2, with a mean value of 85.7 ± 18.3; woman had 
slightly lower values of eGFR (p = 0.001)0.25(OH) D levels 
ranged from 5.0 to 71.9 ng/ml, with a mean of 12.7 ± 9.4 ng/
ml. Women had significantly lower levels (p = 0.03). PTH 
levels ranged from 9.4 to 84.5  pg/ml, with a mean of 
36.1 ± 0.82 pg/ml. Women had significantly higher levels 
(p = 0.001).

Deficiency and severe deficiency, defined respectively at 
the thresholds of 20 ng/ml and 10 ng/ml, were very preva-
lent in our population, affecting more than one-fifth of the 
included subjects (27.9% and 54.5%, respectively, for defi-
ciency and severe deficiency). Only 4.9% had sufficient levels 
as defined by the target threshold of 30 ng/ml. Overall, women 
had a significantly poorer vitamin D status compared to men.

Analysis of the association shape between 25 (OH) D 
and PTH

In order to analyze the association shape between vita-
min D status and PTH, the population was subdivided into 
six classes of 25(OH) levels of 5.0 ng/ml each. PTH was 
treated as a continuous and dichotomous variable. Accord-
ingly, the kinetics of PTH means and hyperparathyroidism 
prevalence across 25(OH) D classes are shown in Fig. 1a–b, 
respectively.

A significant inverse relationship was observed between 
PTH and 25(OH) D (pANOVA < 0.0001). The highest value 
was found in subjects with the lowest 25(OH) D levels 
(< 10 ng/ml); this value decreased gradually until reach-
ing a plateau in subjects with 25(OH) D levels > 25 ng/ml 
(Fig. 1a).

Similarly, the highest prevalence of hyperparathyroidism 
was found in subjects with a 25(OH) D level < 10 ng/ml. 
This prevalence decreased progressively; a plateau was 
also reached in subjects with a 25(OH) D level > 25 ng/ml) 
(pfor trend < 0.0001) (Fig. 1b).

Spline plots and estimation of non‑linear regression 
curves between PTH and 25(OH) D

The distribution of PTH values depending on 25 (OH) D val-
ues along with both linear and non-linear regression curves 
is presented in the spline plots depicted in Fig. 1-S. The 
features of the regression curves are presented in Table 2.

Considering the results of estimated curves, the inverse 
nonlinear regression model was selected. Indeed, it provides 
the highest values of both F-test and regression coefficient 
(F = 113.32, and R2 = 0.200, respectively). The regression coef-
ficient interpretation (R2) implies that according to this model, 
20% of the PTH variation is explained by the 25(OH) D levels.

Determination of 25(OH) D optimal value 
in the general population

The inverse nonlinear regression between PTH and 25(OH) 
D values, in the total population, is illustrated in Fig. 1.

According to this regression model, the relationship between 
PTH and 25(OH) D is expressed by the following equation:

In the case of this study population, this equation was 
formulated as follows:

The 25(OH) D cut-off point at which PTH starts to reach 
a plateau was visually estimated at a level of 26 ng/ml. From 
this value, PTH is stabilized in a virtual plateau, estimated at 
26.0 pg/ml. This implies that the optimal value of 25(OH) D 
in our population is assumed to be around 26 ng/ml.

y = a + b.(1∕x)So ∶ PTH = a + b.(1∕25(OH)D)

PTH = 21.01 + 129.8.(1∕25(OH)D)

Fig. 1   Assessing the association 
between 25(OH) D and PTH. a 
Mean PTH (pg/ml) plot across 
25(OH) D classes. p: ANOVA 
test. b Prevalence of hyperpar-
athyroidism (PTH > 44.4 pg/
ml) across 25(OH) D classes. p: 
Pearson’s χ2 test for trend
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Determination of optimal 25(OH) D values according 
to gender

Similar analysis steps were performed to determine the opti-
mal values in men and women separately. The results are 
shown in Fig. 2-a-S, and 2-b-S respectively.

In men: the established equation was as follows:

The 25(OH) D cut-off point at which PTH begins to reach 
its plateau was visually estimated at a level of 25.0 ng/ml; at 
this value, PTH is stabilized at a virtual plateau estimated at 
22.3 pg/ml. This indicates that in men, the optimal value of 
25(OH) D is estimated to be at least 25 ng/ml.

In women: the determined equation was:

The 25(OH) D cut-off point at which PTH reaches its 
plateau was estimated to be at 30.0 ng/ml; above this value, 
PTH is stabilized at a virtual plateau, estimated at 26.8 pg/
ml. This signifies that in women, the optimal value of 
25(OH) D is estimated to be around 30 ng/ml.

Determination of optimal 25(OH) D values according 
to the season

Optimal 25(OH) D values were determined by season: warm 
season: summer and autumn, and cold season: winter and spring. 
The results are presented in Fig. 2-c-S and 2-d-S, respectively.

In the warm season: the determined equation was:

PTH = 14.1 + 205.2(1∕25(OH)D)

PTH = 22.97 + 114.5(1∕25(OH)D)

PTH = 14.5 + 211.5(1∕25(OH)D)

The 25(OH) D cut-off point at which PTH begins to reach 
its plateau is estimated to be at 30.0 ng/ml, above which 
PTH is stabilized at a virtual plateau, estimated at 21.5 pg/
ml. This means that in the warm season, the optimal value 
of 25(OH) D would be around 30 ng/ml.

•	 In cold season: the determined equation was:

The 25(OH) D cut-off point at which PTH reaches its 
expected plateau is estimated to be at 25.0 ng/ml, at which 
point PTH is stabilized at a virtual plateau, estimated at 
27.7 pg/ml. This suggests that in the cold season, the opti-
mal value of 25(OH) D is estimated to be at least 25 ng/ml.

Discussion

To the best of our knowledge, this study is the first con-
ducted in Algeria with the aim to define the vitamin D opti-
mal values in the Algerian population.

On the basis of the hypothesis linking vitamin D insuf-
ficiency to secondary hyperparathyroidism, several studies 
around the world have been carried to determine the optimal 
levels of vitamin D. However, the results are highly discord-
ant and very wide ranges have been reported [21, 22]. In this 
context, systematic reviews revealed that serum 25(OH) D 
optimal values as reported by previous studies ranged from 
10 to 47 ng/ml, that nearly half of these studies provided 
estimations of 19 ng/ml and above, and that nearly one-third 
provided estimations between 15 and 19 ng/ml [23, 24].

This discrepancy could be explained in part by the het-
erogeneity of the vitamin D and PTH assessment techniques, 
the study population, the ethnic origin, the inclusion criteria, 
the season, the latitude, and the statistical methodologies 
used. Considering all these potential conditions that may 
influence the relationship between PTH and vitamin D, 
some organizations have opted for different approaches to 
set optimal values. In this context, the IOM has established 
its threshold values based on the interpretation of a series of 
conceptualized graphs, with panels that relate serum 25(OH)
D levels directly to intestinal calcium absorption, adult bone 
density, and risk of osteomalacia and rickets [9, 10].

To define optimal vitamin D values en the bases of PTH 
levels, the first stage consists in the selection of the most 
accurate non-linear regression model to explain the PTH 
variation according to the 25(OH) D values [1, 20, 21, 25, 
26]. In the previous studies, different models were used, with 
widely varying regression coefficients ranging from 1 to 14% 
[22, 27]. For example, in a large Dutch study combining data 
from two surveys, the Longitudinal Aging Study Amster-
dam (LASA) and the Netherlands Study of Depression and 

PTH = 23.4 + 107(1∕25(OH)D)

Table 2   Characteristics of linear and non-linear regression models for 
the relationship between PTH and 25(OH) D

F regression F test, R2 regression coefficient

Summary of the model

R2 F P

Linear 0,134 73,91  < 0.0001
Logarithmic 0,183 106,68  < 0.0001
Inverse 0,200 113,32  < 0.0001
Quadratic 0,174 50,03  < 0.0001
Cubic 0,183 35,57  < 0.0001
Compound 0,143 79,68  < 0.0001
Power 0,174 100,64  < 0.0001
S 0,166 94,88  < 0.0001
Growth 0,143 79,68  < 0.0001
Exponential 0,143 79,68  < 0.0001
Logistic 0,143 79,68  < 0.0001
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Anxiety (NESDA), the authors have opted for a restricted 
cubic spline function model, according to which 6–7% of 
the PTH variation was explained by the vitamin D varia-
tion [27]. In the Korean study, KNHANES IV, the authors 
had opted for a segmental regression model in which two 
linear regression models were considered above and below 
the inflection point, according to this method, the obtained 
regression coefficient was R2 = 0.1 (11). In the Clalit Health 
Services (CHS) study, a large study involving more than 
13,700 healthy subjects with normal renal function and 
serum calcium, the authors had selected a quadratic model, 
estimated using the non-linear least squares approach, 
according to which only 2.9% of the PTH variation was 
explained by 25(OH) D levels (1). In the US National 
Health and Nutrition Examination Survey, including more 
than 8400 adult subjects of different ethnicity, the authors 
used a locally weighted estimated scatterplot smoothing 
(LOWESS) plots to examine the shape of the relationship 
between serum PTH and 25(OH)D levels. In this study, a 
biphasic relationship race dependent was observed between 
this tow parameters. Indeed, whereas 25(OH)D and PTH 
were inversely related when 25(OH)D values were ≤ 20 ng/
ml, the slope of this relationship was essentially flat above 
this threshold [26].

In our study, the selected model was the inverse nonlinear 
regression one. Considering its regression coefficient, this 
model had satisfying predictive abilities, in which 20% of 
the PTH variation was explained by the 25 (OH) D levels. 
This satisfactory predictive capacity could be attributed to 
the chosen non-linear regression curve; indeed, it has been 
suggested that it represents the most effective method to 
better describe the shape of the relationship, using more 
information on the quantitative data compared to the cat-
egorization of the data [20, 22]. Moreover, the implemen-
tation of very selective inclusion criteria contributes sig-
nificantly to the improvement of the model. Indeed, the 
phosphocalcic parameters can be impacted by several bio-
clinical factors, independently of the vitamin D status, such 
as severe chronic renal failure, which is characterized by 
secondary hyperparathyroidism, hypocalcemia, and hyper-
phosphatemia [1, 28, 29]; diabetes, which can be associated 
with hyperphosphatemia [20, 29]; morbid obesity, which can 
be associated with a secondary hyperparathyroid state [1]; 
and bowel disease causing hypocalcemia, hypomagnesemia, 
and hypophosphatemia [20, 23]. In our study, all of these 
factors were contained at the inclusion stage. In addition, 
subjects with a PTH level higher than twice the upper limit 
value provided by the assay kit (> 88 pg/ml) and who pre-
sent normocalcemia or hypercalcemia were also excluded, 
thus minimizing the risk of primary hyperparathyroidism, 
independent of vitamin D status [30].

In our study, the total data analysis led to an optimal 
threshold of 25(OH) D estimated at 26 ng/ml. However, 

this threshold value should be linked to the assay method 
used in the present study, i.e., the sequential competitive 
immuno-fluoroassay on VIDAS®. Indeed, given the lack of 
standardization of total 25(OH) D assay methods, inter-lab-
oratory differences could be observed even within the same 
population [18, 31]. Therefore, when comparing previously 
reported optimal values, it is important to consider not only 
the ethnicity, age, gender, and geographical situation but also 
the used assay technique.

Our established threshold value was slightly lower than 
that proposed by the aforementioned “Clalit Health Ser-
vices” study, in which the total 25(OH) D was measured 
by a LIAISON method (DiaSorin USA, Stillwater, Minn); 
a two-stage competitive chemiluminescence technique. In 
this study, the optimal value was estimated to be 30 ng/ml, 
which was similar to the threshold proposed by the ES-CPG 
[1]. However, our optimal value was much higher compared 
to those proposed in Asian populations. For example, in the 
above mentioned KNHANES IV study, total 25(OH) D was 
measured by radioimmunoassay (DiaSorin, Stillwater, MN); 
an optimal value was defined as 12.1 ng/ml [11]. The same 
optimal value was also proposed by a South Chinese study; 
The Hong Kong Osteoporosis Study, in which vitamin D was 
measured by a direct enzyme-linked immunosorbent assay 
(IDS Ltd, UK) [32].

In our study, we further stratified according to two key 
variables determining vitamin D status: gender and season. 
This stratification will provide more adapted optimal values 
and appropriate interpretation of vitamin D status.

When stratified by gender, the optimal value in women 
was higher than in men (30 ng/ml vs. 25 ng/ml), with also a 
PTH stabilizing in a higher plateau than that observed in men. 
The gender difference in optimal values could be explained 
by two different mechanisms: first, women have usually a 
lower caloric intake than men, and therefore naturally a lower 
calcium intake, thus requiring a higher serum 25(OH) D level 
to ensure more efficient intestinal calcium absorption. Sec-
ond, women have physiologically a higher body fat percent-
age than men, and due to its liposoluble nature, 25(OH) D is 
more highly sequestered in adipose tissue, thus potentially 
leading to higher threshold levels in women [20].

Among the previous studies defining the 25 (OH) D 
optimal values by gender, some showed contrasting results 
to ours. For example, in the Longitudinal Aging Study 
Amsterdam (LASA), in which 25(OH) D was measured by 
an immunocompetitive method on Nichols Diagnostics, the 
authors found lower optimal values in women than in men 
(17 ng/ml vs. 26 ng/ml, respectively) [20]. Another study 
also showed contrasting results to ours, the Korean Dong-gu 
study, in which the authors established optimal values using 
a micro-particle chemiluminescence technique on ARCHI-
TECT. The optimal value was much lower in women than 
in men (13.8 ng/ml vs. 21.1 ng/ml) (21).
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When stratifying by season, our results suggest that 
the optimal value is higher during the warm season 
(30 ng/ml vs. 25 ng/ml). These defined optimal values 
had a significant impact on the plateau reached by PTH 
(21.5 pg/ml vs. 27.7 pg/ml, respectively). This differ-
ence is expected, and could be explained by the seasonal 
variability of the endogenous vitamin D synthesis, which 
is naturally limited by the availability of ultraviolet-B 
radiation during the cold season, and which leads to a 
physiological elevation of PTH in order to compensate 
the vitamin D deficit. Some authors have proposed to 
define optimal 25(OH) D values according to the season, 
rather than simply adjusting for this factor, but current 
data are very scarce, and no international recommenda-
tions have been proposed [4].

Our study has several limitations. First, it is a sin-
gle-center study, targeting the residents of a single city 
in northern Algeria, which is not representative of the 
entire general Algerian population. Second, the method 
used for the measurement of total 25(OH) D, based on an 
enzyme immunoassay technique with fluorometric detec-
tion instead of liquid chromatography tandem mass spec-
troscopy (LCMS), which represents a more accurate and 
recognized technique for measuring vitamins. Third, this 
is a cross-sectional study; the vitamin D determination 
was performed in a single punctual manner and therefore 
does not reflect seasonal variability at the individual scale. 
Fourth, the sample size was limited during the warm sea-
son; this could affect the reliability around the cut-off point 
due to the sparse distribution of observed values. Further 
studies with a larger sample size are therefore required 
to validate the cut-off values set in this study. Fifth, the 
dietary survey could not be included in the study analysis 
owing to the lack of precision in reported food consump-
tion amounts and frequencies, thus making it difficult to 
control for the effect of daily calcium intake. The strength 
of the study resides in the population diversity, including 
subjects of both genders, with ages ranging from 19 to 
79 years, the application of rigorously designed exclusion 
criteria in order to control for factors that affect phospho-
calcic metabolism, and finally the definition of optimal 
values stratified by gender and sampling season.

In conclusion, as a result of this study, we have defined, 
for the first time, the 25(OH)D optimal values in a North 
Algerian population aged between 19 and 79 years. In men, 
the 25(OH)D optimal value is 25.0 ng/ml for a PTH level 
of 22.3 pg/ml. In women, the 25 (OH) D optimal values is 
30 ng/ml for a PTH concentration of 26.8 pg/ml. In addition, 
in the warm season (summer and autumn), the optimal value 
of 25(OH) D is 30 ng/ml for a PTH level of 21.5 ng/ml, and 
in the cold season, this value should be at least 25 ng/ml for 
a PTH level of 27 pg/ml.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11657-​022-​01137-2.
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