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Abstract: Vitamin D plays a crucial role in calcium and phosphate metabolism, relating to bone
health and preventing metabolic bone disorders such as rickets and osteomalacia. Vitamin D defi-
ciency (serum 25-OH-D values < 20 ng/mL or 50 nmol/L) is common also in Italian people; it is
recommended to maintain levels above 30 ng/mL (75 nmol/L) in categories at risk. Supplementation
and/or fortification with either ergocalciferol (vitamin D2) or cholecalciferol (vitamin D3) aimed to
modify this condition have commonly been proposed. Studies about vitamin D intake are numerous
in the literature but not adequately designed and are very often incomplete in Mediterranean Coun-
tries such as in the Italian population. On these bases, we performed a survey to validate a frequency
food questionnaire (FFQ) specifically created to rapidly assess dietary vitamin D intake in Italian
people. For this aim, the data of questionnaires were compared with results derived in the same
population from a designed 14-day frequency food diary (FFD). Overall, a good correlation between
FFQ and FFD was observed (r = 0.89, p < 0.001), both demonstrating a remarkably low vitamin D
intake, irrespective of age and gender. Our data confirm that the vitamin D intake is very low in Italy,
which likely contributes to hypovitaminosis D.
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1. Introduction

Vitamin D plays a crucial role in calcium and phosphate metabolism, relating to bone
health and preventing metabolic disorders such as rickets and osteomalacia [1].

Vitamin D3, known as cholecalciferol, is synthesized from 7-dehydrocholesterol under
the influence of solar or UVB irradiation: it is firstly produced as pre-vitamin D3 that is
subsequently converted into vitamin D3 [2,3]. The degree of epidermal pigmentation and
the intensity of sun exposure modulate the production of cholecalciferol [4]. Vitamin D3
is also present in oily fish and cod liver oil [5]. Vitamin D2 (ergocalciferol) is produced in
plants from ergosterol upon UV irradiation; although different in structure, its biologic
activity is comparable to that of vitamin D3. Vitamin D3 and vitamin D2, collectively
indicated as vitamin D, are well absorbed in the small intestine by simple passive diffusion
and by a mechanism that involves intestinal membrane carrier proteins [6]. In blood,
vitamin D is bound to the vitamin D binding protein (DBP); then, it is carried to fat and
muscle, which represent the main sites of storage [7]. Both vitamin D3 and vitamin D2 are
converted in the liver to 25-hydroxyvitamin D (25OHD) mainly by cytochrome P2R1 [8].
Generally, serum 25OHD is used to assess the vitamin D status in the blood. This is due to
its longer half-life (3–4 weeks), as well as its greater circulating levels [9]. The serum level
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of the 25OHD reflects both the vitamin D produced endogenously and that obtained from
foods [10].

The kidney, where 25OHD is converted to 1,25-dihydroxyvitamin D (1,25(OH)2D3)
and 24,25-dihydroxyvitamin D (24,25(OH)2D3), represents the final step of vitamin D
metabolism. The synthesis of 1,25(OH)2D3 is primarily regulated by serum levels of
phosphate and calcium, by fibroblast growth factor 23 (FGF23), parathyroid hormone
(PTH), and 1,25(OH)2D3 itself, with a mechanism of negative feedback. The active form of
vitamin D, 1,25(OH)2D3, promotes the intestinal absorption of calcium and phosphate, but
also increases renal calcium re-adsorption in the distal tubules. Moreover, 1,25(OH)2D3
promotes the mobilization of calcium and phosphate from bone, in concert with PTH and
FGF23. However, in the past decades, evidence increasingly suggests that vitamin D may
have a wider range of extraskeletal effects, which is also suggested by the wide expression
of vitamin D receptors in most cell systems and by the capacity of some tissues to produce
25OHD and 1,25(OH)2D3 independently from the liver [1].

As previously indicated, sunlight exposure remains the major source (about 80%)
of vitamin D for most children and adults [10–12], while the remaining 20% is provided
by dietary intake [13,14]. However, we must consider that, on the one hand, vitamin D
synthesis decreases with increasing distance from the equator and, on the other, there is
often resistance to UV exposure because of risk of skin cancers, though the recommended
amount of UV exposure is unlikely to be harmful for most people [15,16]. At the same
time, a limited number of foods naturally contain vitamin D. These include fish such as
salmon, mackerel, and herring, which have the highest natural amount of vitamin D3,
likely derived from the high content of vitamin D3 in planktonic microalgae at the base of
the food chain [17,18]. Conversely, beef liver, egg yolks, and cheese have small amounts of
vitamin D, primarily as cholecalciferol and its metabolite 25OHD3 [19].

To date, the data regarding vitamin D intake in Italian people is very limited and
poorly applicable to subjects at high risk of hypovitaminosis D, such as ageing individuals
or subjects with chronic invalidating disorders. Recently, indirect information regarding
vitamin D intake in Italian adults has been achieved by means of multiple-choice questions
concerning the factors affecting the production, intake, absorption, and metabolism of
vitamin D [20]. In this study (EVIDENCe-Q), the prevalence of severe deficiency, deficiency,
and insufficiency were determined in 22%, 35.3%, and 43.3% of the study population,
respectively. On these bases, we have developed a specific frequency food questionnaire
(FFQ) with the aim of evaluating the daily vitamin D intake in healthy Italian resident
subjects aged above 50 years.

2. Materials and Methods

In order to develop an FFQ able to identify the daily food intake of vitamin D, 50
healthy volunteers were interviewed about the intake of foods containing vitamin D
during the previous 7 days, with the use of a specifically developed FFQ questionnaire.
The inclusions criteria were age from 50 to 80 years, absence of cancer or cardiovascular,
pulmonary, gastrointestinal, neurological, and renal diseases, and no gastric or bariatric
surgery. The choice of the age range was related to higher risk to develop hypovitaminosis
D and bone disorders in this population [21]. All the recruited subjects were correctly
informed about the goal of the study, and they signed an informed consent. The subjects
included in the study were 38 females (mean age 62.6 yrs ± 8.3 SD) and 12 males (mean
age 65.9 yrs ± 8.4 SD) in apparent good health.

The study was approved by the Regional Ethics Committee (Regione Toscana, Sezione
Area Vasta Sud Est). The enrolled subjects included physicians, nurses, and administrative
staff working at Internal Medicine Unit of the University of Siena; family members and
friends of the aforementioned subjects were also included in the study. All the enrolled
subjects represent a rather homogeneous sample regarding their socio-economic situations
and levels of education.
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To determine the ability of the FFQ questionnaire to rapidly provide a correct estimate
of the daily dietary vitamin D intake (to be used in the ambulatory setting), we compared
the FFQ results with the information derived from the use of an appropriate frequency food
diary (FFD) that recorded the daily intake of food containing vitamin D along a period of
14 days. Shorter reference intervals, such as 4-, 5-, or 7-day records, were excluded because
they were not sufficiently representative of food habits [22–25]. The FFDs were distributed
to the same subjects to whom the FFQs were administered. The study was conducted from
May 2022 to September 2022.

The USDA National Nutrient Database and the CREA database (“Consiglio per la
ricerca in agricoltura e l’analisi dell’economia agraria”) were utilized to calculate the
vitamin D amount for each food [26,27].

2.1. Frequency Food Questionnaire (FFQ)

A translated version of the FFQ is shown in detail in Figure 1. In its preliminary section,
the FFQ reports the date of the interview, personal data of the subject (age, sex, educational
degree, occupation), and possible specific eating habits (vegetarian or vegan). Subsequently,
the questionnaire indicates 11 different questions, concerning the type and the amount of
the intake of foods containing vitamin D. Food sources of vitamin D included: milk (whole,
reduced fat, nonfat, added with vitamin D); corn flakes added with vitamin D; yogurt
(whole, reduced fat, nonfat, added with vitamin D); cheese (camembert, fontina, gruyere,
mozzarella, parmesan, provolone, ricotta, pecorino); meat (beef, chicken, pork, turkey, veal);
fish, differentiated by fresh, frozen, dry heat, canned (bluefish, dogfish, flounder, hake,
mackerel, pollock, salmon, salted cod, sardine, seabass, seabream, stockfish, swordfish,
trout, tuna); egg (whole, yolk; raw, cooked); food with egg (flan, fried, omelet, mayonnaise,
meatballs, pasta); cured meat (baked ham, raw ham, bresaola, mortadella, salami); desserts
containing egg, milk, or yogurt (cake, ice cream, pastry, biscuits); and mushrooms. The
questionnaire also provided the possibility to indicate a specific food eaten by the subject
and not included in the questionnaire.

For each type of food, the amount of intake was pre-determined: regarding milk, the
question was: a glass (200 mL), a cup (250 mL), or different amount; yogurt: 125 or 150 mg
or other; cheese, meat, fish, cured meat, cake, and ice cream: 50 g, 70 g, or 100 g; egg: 1
or 2; and biscuits, the question regarded the number of biscuits (1/2, 3/4, 5/6). Finally, a
dedicated space of the questionnaire reported how many times in a week that specific food
was taken (every day, 1 time in a day, or 2/3, 3/4, or 5/6 times in a week). If the daily dose
of a particular food was higher than the maximum value indicated in the questionnaire, it
was specifically indicated to spread this dose over more than one day (for example, in the
case of daily consumption of 200 g of cheese, this could be divided into 2 doses of 100 g for
2 days).

2.2. Frequency Food Diary (FFD)

The FFD, created with the aim to more accurately assess the dairy vitamin D intake
during a 2-week interval in order to provide a sort of validation of the information collected
via the FFQ, mainly considered the same types of foods reported in the FFQ. Thus, the
subjects were invited to record every day, for a 2-week interval, each type of food containing
vitamin D that they consumed and their amounts in grams (g).

2.3. Statistical Analysis

An analysis of variance (ANOVA) was used to compare the variances across the means
of the different groups, subdivided by sex and decades of age. The relationship between
mean vitamin D intakes achieved via FFQ and FFD was assessed via Pearson’s correlation
coefficient. A p-value of less than 0.05 was considered statistically significant. Confidence
intervals at 95% were also calculated.
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Figure 1. A translated English version of the food frequency questionnaire (FFQ).

3. Results

The analysis of the FFQs and FFDs was performed in 46 of the 50 recruited subjects
(mean age: 63 years ± 8.5), since four diaries were excluded because information about the
amounts of food were not correctly indicated.

3.1. Calculation of Vitamin D Intake with the FFQ

The analysis of the vitamin D intake, evaluated by the FFQ according to USDA and
CREA databases, showed a mean weekly vitamin D intake of 1389 IU ± 408 (from 594
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to 2056 IU) in the 12 males, corresponding to a mean daily intake of 198 IU ± 61). In the
34 females, the mean amount of vitamin D intake over 7 days was 1546 IU ± 999 (from
374 to 3777 IU), with a mean daily intake of 221 IU ± 143 (Figures 2 and 3). These gender
estimates of the vitamin D intake were thus similar and did not significantly differ.
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males (right).

The information about vitamin D intakes in females and males achieved via FFQ
were subsequently subdivided according to decades of age (50–59, 60–69, and 70–79 yrs).
As shown in Figure 4 in both genders, the vitamin D intakes differed across decades:
(a) 50–59 yrs: mean vitamin D intake in 7 days: 1443 IU ± 908 SD in females and 1831 ± 187
SD IU in males (mean daily vitamin D intake 206 IU ± 130 SD and 261 ± 27 SD, respectively);
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(b) 60–69 yrs: mean vitamin D intake in 7 days 2013 IU ± 1288 SD in females and 1389 UI
± 144 SD in males (mean daily vitamin D intake 287 IU ± 183 SD and 199 IU ± 21 SD,
respectively); and (c) 70–79 yrs: mean vitamin D intake in 7 days 1277 IU ± 768 SD in
females and 937 IU ± 278 SD in males (mean daily vitamin D intake 182 IU ± 109 SD and
134 IU ± 40 SD, respectively).

3.2. Calculation of Vitamin D Intake with the FFD

The analysis of the vitamin D intakes detected via FFDs confirmed the presence of a
low vitamin D intake in both genders, as calculated over 14 days according to the USDA
and CREA databases. The mean amount of vitamin D taken in 14 days was 2858 IU ±
1852 SD (from 630 to 8203 IU, mean daily intake: 204 IU ± 137 SD) in females and 2584 IU
± 652 SD (from 1370 to 4061 IU, mean daily intake: 185 IU ± 49 SD) in males, respectively
(Figures 2 and 3).

Moreover, in both genders, the vitamin D intakes did not significantly differ in relation
to the decades of age: (a) 50–59 yrs: mean 14 days vitamin D intake: 2590 IU ± 1578 SD
in females and 2667 ± 432 SD IU in males (mean daily vitamin D intake 185 IU ± 116 SD
and 190 ± 26 SD, respectively); (b) 60–69 yrs: mean 14 days vitamin D intake 3646 IU ±
2494 SD in females and 2891 UI ± 759 SD in males (mean daily vitamin D intake 260 IU ±
189 SD and 206 IU ± 63 SD, respectively); and (c) 70–79 yrs: mean 14 days vitamin D intake
2439 IU ± 1613 SD in females and 2196 IU ± 555 SD in males (mean daily vitamin D intake
200 IU ± 123 SD and 156 IU ± 45 SD, respectively) (Figure 4).
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3.3. Comparison between FFQ and FFD

From the comparison of information obtained via the FFQs and FFDs, three major
points emerged.

The first point regards the questions about the amount of food intake and, conse-
quently, the vitamin D intake. In fact, as expected, the FFDs allowed us to obtain more
accurate and reliable information concerning the vitamin D intake with respect to the FFQs.
In particular, the estimates of the predetermined amount of food present in the FFQs (e.g.,
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a glass or a cup for milk; 125 or 150 g for yogurt; 50-70-100 for cheese, meat, or fish) did
not completely correspond to the amount of food reported in the FFDs, in which a more
accurate report about the intake of food containing vitamin D was expected.

The second point relates to the frequency of food intakes and the length of the obser-
vational survey. With respect to the 7 days of the FFQ, the 14-day period considered in the
FFD obviously represented a better approach for obtaining a more realistic estimate of the
dietary intake, particularly considering the limited number of foods containing vitamin D.

The third point regards the type of food. The review of the FFD reports highlighted a
wider variety of foods in the various categories than those indicated in the FFQ (particularly
concerning cheese and fish varieties).

Notwithstanding the above limitations, as shown in Figure 5, a higher and statistically
significant correlation (r = 0.88, p < 0.001) was found between the daily amounts of vitamin
D intakes calculated via the FFDs and FFQs.
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4. Discussion and Conclusions

This study was performed to obtain a preliminary validation of a specific FFQ to
rapidly evaluate the vitamin D intake in order to increase our knowledge about the dietary
vitamin D intake in Italy. To this aim, information derived from the FFQs was compared
with the results obtained in the same population with the use of a more detailed 14-day
FFD. A significant and more than acceptable correlation was appreciated between the data
obtained by the two approaches despite the different lengths of the observational periods
and the differences concerning the precision in reporting the food amount and the kinds
of food. Consequently, regarding the methodology and the items of the developed FFQ,
even they can be potentially improved though they appear correct; thus, the FFQ may be
considered a valid tool to investigate the dietary vitamin D intake in the outpatient setting.

Importantly, the information obtained from the FFQ and the FFD diaries allows us to
underline that the vitamin D intake in the Italian, healthy population is low and does not
cover the RDA in the absence of adequate sun exposure. The latter cannot be achieved at
the latitudes in Italy during the winter season. Moreover, the low vitamin D intake is quite
similar in females and males, and it is not significantly influenced by age. Thus, it is likely
that such a low dietary intake of vitamin D contributes to hypovitaminosis D in Italy.
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Other similar data from different countries indicated that the total vitamin D intake
ranges from 3 µg to 5.9 µg per day [28–30], which is dramatically far from the 15 µg per
day RDA, as recommended by the USA Institute of Medicine. Indeed, the US data, which
derived from the National Health and Nutrition Examination Survey 2011–2014 that was
performed on a large population sample (n = 16,180), indicated that the mean intake of
vitamin D from food and beverage sources is around 4.9 µg/day [31].

Of interest, in this sample, circulating 25OHD levels were the lowest in the group
of subjects with lower vitamin D intake (from 0 to 2.0 µg/day). Similar estimates were
subsequently reported in 2015 by the Canadian Health Measures Survey (n = 11,992),
showing mean intakes of vitamin D of 5.1 and 4.2 µg/day for males and females, respec-
tively [32]. However, both these estimates of the vitamin D intake did not consider the
contribution from dietary supplements containing vitamin D. Lower intakes have been
reported in some European Countries, particularly in those where food fortification with
vitamin D is limited. The UK National Diet and Nutrition Survey data collected in 2012/13
and 2013/14 showed mean dietary intakes of 3.1 and 2.5 µg/d in adult men and women,
respectively, and suggested that 22% of men and 15% of women aged 19–64 years had
total 25OHD concentrations below 25 nmol/L [33], reflecting a condition of severe vitamin
D deficiency [34]. A more recent review by Cashman et al. indicated that only countries
from Northern Europe have median vitamin D intakes above 5 mcg/day, which is likely
related to the use of fortified foods; however, in the other European countries, especially
in the Mediterranean area, the intake is always below 4 mcg/day and, indeed, the the
European combined median value is also quite low in both genders (3.3 mcg/day in males
and 2.7 mcg/day in females, respectively) [35]. The information about the vitamin D
intake in Italy presented in the latter report was derived from a survey of the Italian food
consumption patterns over a 7-day period in the 90 s and indicated slightly higher mean
daily vitamin D intake levels than observed with our FFQ and FFD [36,37]. Additional
information regarding vitamin D intake in Italy is in part available only for children and
teenagers, as reported by Age.na.s (Agenzia Nazionale per i Servizi Sanitari) [38–40], but
not in the older population. Therefore, the information released in the present preliminary
survey is of particular relevance to draw attention to the problem of hypovitaminosis D
and the inadequacy of nutrition as a source of vitamin D in Italy.

Indeed, hypovitaminosis D is common in Italy, as recently confirmed by cohort studies
in the general population as well as in patients with metabolic bone disorders [41]. In
this respect, a condition of vitamin D deficiency in the Italian population was recently
defined for serum 25OHD values <20 ng/mL (50 nmol/L); however, maintaining levels
above 30 ng/mL (75 nmol/L) in risk categories, as well as in patients under treatment
with antiresorptive or bone osteo-anabolic drugs, has been recommended [42,43]. The
consequences of vitamin D deficiency mainly involve bone and muscle, with an increased
risk of secondary hyperparathyroidism, fragility fractures, osteomalacia, and enhanced risk
of falls, especially in elderly subjects [44]. Likewise, adequate concentrations of 25OHD are
necessary for maximizing the efficacy of anti-osteoporotic drugs [45]. Moreover, several
acute and chronic disorders including autoimmune diseases, infectious and cardiovascular
diseases, cancer, and diabetes have been often associated with an inadequate vitamin D
status [46–49]. In keeping with the above observations, the Attica study, performed in a
Mediterranean country such as Greece using a validated semi-quantitative food frequency
questionnaire, indicated an inverse association between vitamin D intake and cardiovas-
cular disease [50]. Likewise, the dietary vitamin D intake was positively associated with
cognitive performance in elderly subjects from the National Health and Nutrition Exami-
nation Survey (NHANES), 2011–2014 [51]. Consequently, the opportunity of fortification
strategies has been recommended as a public health policy to support the attainment of
dietary vitamin D recommendations in most countries [52]. In this respect, Lamberg-Allardt
et al. [53] underlined that current dietary intake recommendations are too low to maintain
an optimal vitamin D status especially when UVB radiation is reduced or not sufficient and
suggests that daily vitamin D intake should be increased to at least 10 µg per day and 25 µg
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in the elderly. Recently, the European Society for Clinical and Economic Aspects of Osteo-
porosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO) working group analyzed
the meta-analyses of randomized controlled trials on the effects of vitamin D on fracture
risk, falls, or osteoarthritis, and confirmed that 1000 IU daily should be recommended in
patients at increased risk of vitamin D deficiency [54].

Undoubtedly, this preliminary survey is characterized by some biases: the number
of subjects included in the study is limited, not homogeneously subdivided by gender,
and is representative of only a restricted area in central Italy. In any case, these results
represent the first information collected in an adult Italian population concerning the daily
intake of vitamin D, and they may be considered indicative of specific eating habits. As
previously reported, sunlight exposure remains the major source of vitamin D, particularly
at latitudes below 37 degrees north or below 37 degrees south of the equator, where the role
of food intake plays a modest role in the achievement of a normal vitamin D status. Indeed,
mushrooms, eggs, and oily fish may potentially contain high concentrations of vitamin D;
however, these foods are not eaten in adequate amounts to have a significant impact on
the vitamin D status [55,56]. Similarly, meat, milk, and cheese are not sufficiently eaten to
reach the dietary vitamin D level recommended by the International Health Institutes. In
Italy, the diffuse dietary habits of the Mediterranean Diet (mainly including olive oil, wheat,
vegetables, and grapes), together with the lack of consistent food fortification, undoubtedly
contribute to a low vitamin D intake.

Indeed, FFQs are a practical tool for the measurement of usual food consumption
patterns in large surveys and, thus, are widely used because of their relatively low cost,
and for the fact that they allow for easily collecting semi-quantitative data. However,
they need to be validated when compared against more detailed and accurate methods of
assessment [57].

In conclusion we confirmed that, in our sample of subjects from central Italy, there
is an inadequate dietary intake of vitamin D and that our FFQ is able to rapidly estimate
the vitamin D intake. The availability of this validated FFQ will thus allow us to replicate
the study in a larger sample. Should these data be replicated in a large and representative
sample of the Italian population, they will demonstrate that, in Italy, the vitamin D intake is
very low and markedly contributes to hypovitaminosis D. Consequently, specific national
health policies could be designed and standardized in order to correct this condition and to
likely improve bone health in the general population and particularly in specific categories,
where vitamin D deficiency is common.
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