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Abstract
Objective The primary aim of the present study was to
examine the effectiveness of daily consumption of vitamin
D3-enriched, reduced-fat Gouda-type cheese on 25-hydroxyvitamin D (25(OH)D) concentration in postmenopausal
women. Health-related quality of life (HRQL) indices were
examined as secondary outcomes.
Design This is a single-blinded (i.e., to study participants),
randomized, controlled food-based dietary intervention
study.
Methods A sample of 79 postmenopausal women (55–
75 years old) was randomized either to a control group
(CG: n = 39) or an intervention group (IG: n = 40) that
consumed, as part of their usual diet, 60 g of either nonenriched or vitamin D3 enriched Gouda-type cheese,
respectively, for eight consecutive weeks (i.e., from January
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to March 2015). Sixty grams of enriched cheese provided a
daily dose of 5.7 μg of vitamin D3.
Results There was a differential response of mean (95 %
CI) serum 25(OH)D levels in the IG and CG, with the former increasing and the latter decreasing significantly over
the eight weeks of the trial [i.e., by 5.1 (3.4, 6.9) nmol/L
vs. −4.6 (−6.4, −2.8) nmol/L, P < 0.001, respectively].
The percentages of study participants with 25(OH)D levels <30 (deficiency) and <50 nmol/L (insufficiency) were
significantly higher at follow-up in the CG compared to the
IG (41.0 vs. 0 %, P < 0.001 and 74.4 vs. 47.5 %, P < 0.001,
respectively). The emotional well-being scale of the HRQL
score increased in the IG compared to a decrease in the
CG (3.2 vs. −3.8, P = 0.028). However, none of the other
seven scales of the HRQL score significantly differentiated
between study groups (P > 0.1).
Conclusions Consumption of 60 g of vitamin D3-enriched,
reduced-fat Gouda-type cheese provided a daily dose
of 5.7 μg of additional vitamin D3 and was effective in
increasing mean serum 25(OH)D concentration and in
counteracting vitamin D deficiency during winter months
in postmenopausal women in Greece.
Keywords Postmenopausal women · Vitamin D ·
25-Hydroxyvitamin D · Cheese · Enriched dairy

Introduction
Over the last 15 years, vitamin D has attracted increased
attention of the scientific community, the food industry,
policy makers and consequently the public [1, 2]. Vitamin
D3 is synthesized endogenously from skin exposure to
ultraviolet B (UVB) radiation in sunlight [3, 4]. However,
several environmental factors, such as latitude, seasonality
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and prevailing weather conditions, determine whether sunlight (i.e., UVB radiation) of sufficient strength is available
to stimulate the conversion of 7-dehydrocholesterol in the
skin to vitamin D3. In this context, it has been calculated
that daily skin synthesis of vitamin D in North Americans is
0 IU/day in winter and between 200 and 800 IU/day in summer [5]. Furthermore, there are many sociodemographic,
personal and behavioral factors explaining why summertime sun exposure may be inadequate to prevent vitamin D
deficiency, even in sunny countries [6]. For example, endogenous synthesis of vitamin D is low in institutionalized
elderly people, in highly urbanized regions, especially in
those with high air pollution, and in population groups that
are not exposed adequately to sun due to religious or other
reasons. Thus, regardless of whether the UVB deficit is due
to latitude, season, weather or personal and behavioral factors, the absence of sufficient UVB for dermal synthesis
places increased importance on the vitamin D food supply.
However, natural food sources of vitamin D are limited,
many are not consumed on a regular basis [7] and as such
the dietary supply of vitamin D is often insufficient to offset the seasonal deficit of UVB, occurring especially during winter months even in southern European countries [8].
Considering the above and the fact that relying on vitamin
D supplement use is not an appropriate public health strategy to increase intakes across the population distribution
[9], food fortification with vitamin D has been proposed as
a strategy for increasing intake with potentially the widest
reach and impact in the population [9–12]. In this context,
based on nationally representative data for Irish adults,
Black et al. [10] recently showed that even low doses of
vitamin D through fortified foods can increase dietary
intakes of vitamin D in adults, especially in those with the
lowest dietary intakes. Furthermore, two meta-analyses
provided evidence at the highest level that food fortification
with vitamin D increases serum 25(OH)D levels in randomized controlled trials (RCTs) [9, 13]. Fortified milk was
the most common food matrix for providing vitamin to the
participants in these RCTs. Regarding other dairy products,
there is only a limited number of RCTs [14–18] exploring
the effect of vitamin D-enriched cheese on serum 25(OH)D
concentration and the results have been quite mixed. This
may relate to the quality of some of these studies, as suggested by Black et al. [9] as a limitation, but also to the
fact that fortification of cheese with vitamin D has certain
technological considerations, particularly for reduced-fat
cheese varieties [15].
Among population groups, most vulnerable for vitamin
D insufficiency, postmenopausal women are of specific
interest as the prevalence of osteoporosis is relatively high
in this group. Osteoporosis and susceptibility to osteoporosis-related fractures are part of the health issues associated with low vitamin D status [19]. Hip and vertebral

13

fractures have important functional consequences, thereby
also reducing health-related quality of life (HRQL) [20].
Beyond its contribution to physical impairment, vitamin D
deficiency has also been suggested to play a role in disorders related to mental health, such as stress and depression
[21], and as such sufficient vitamin D status can be important for the overall health, HRQL and well-being of postmenopausal women.
The primary objective of the present RCT was to examine whether consumption of vitamin D3-enriched, reducedfat Gouda-type cheese could counteract the expected
decrease in serum 25(OH)D levels during winter months in
postmenopausal women and prevent vitamin D deficiency.
In addition, a secondary objective was to investigate any
potential effect of the intervention on HRQL indices in
these postmenopausal women.

Subjects and methods
Study design
The current study was a single-blinded (i.e., blinded only
to study participants), randomized controlled dietary intervention study, testing the effect of vitamin D3-enriched,
reduced-fat Gouda-type cheese on serum 25(OH)D levels
as the primary outcome measure and on HRQL indices, as
secondary outcome measures.
Sampling
The sampling procedures followed in the present study are
graphically presented in a flow diagram (Fig. 1). According to a sample size estimation, a sample of 37 women
per study group was adequate to provide statistical power
greater than 80 % (α = 0.05, two-tailed) for detecting an
increase in serum 25(OH)D levels of ~6 nmol/L from baseline to follow-up at probability of Type I error <0.05. The
mean difference of 6 nmol/L in serum 25(OH)D concentrations was based on a previous clinical trial conducted with
postmenopausal women in Greece, who were supplemented
with a similar (to the current study) dose of vitamin D3
through fortified milk [22]. To account for potential drop
out, the number of women was increased to 40 per group.
Screening
The study was initiated with two screening phases in
October 2014, when volunteers were invited to participate via informational brochures and posters distributed in public buildings and community centers in two
municipalities within the wider district of Athens, namely
Kallithea and Tavros-Moschato. The selection procedure
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Fig. 1  Flow of participants throughout the study

followed in these screening phases required the recording
and assessment of information on women’s medical history, history of supplements’ use, demographics (i.e., date
of birth, age of menopause, educational level), anthropometric data (i.e., body weight and height) and dietary
habits through a Food Frequency Questionnaire (FFQ)
that was completed by study participants and was used to
assess habitual cheese consumption, as well as calcium
and vitamin D intakes. Women eligible to participate in
the study were those that had no disease/pathology that
interacts with vitamin D metabolism; those not requiring
or taking medications, including hormone replacement
therapy that interact with vitamin D metabolism or vitamin D supplements for medical reasons (e.g., osteoporosis); those not having a cow’s milk allergy or a history of
drug and/or alcohol abuse; those who used to consume
cheese daily; those that had not a planned vacation to a
sunny holiday destination during the intervention period;
those who were >5 years postmenopause (i.e., not experiencing any menstrual flow, excluding all cases of hysterectomy, pregnancy or lactation [23]); and those with a
body mass index (BMI) outside the range 20–33 kg/m2.

As approximately two-thirds of Greek adult women are
overweight or obese [24], the current study attempted to
reflect these prevalence rates by including normal weight,
overweight and obese study participants. Reflecting the
weight status of the general population of women in
Greece and also excluding women with such increased
adiposity levels that could adversely affect vitamin D
metabolism (e.g., due to sequestration of vitamin D in the
adipose tissue, hypo-hydroxylation of vitamin D due to
fatty infiltration of liver) were the two main reasons for
setting the upper BMI threshold at 33 kg/m2.
Through the first screening phase, 135 women (aged
55–75 years) satisfying the inclusion criteria were identified and were invited to participate in the second screening (December 2014) of the study. The second screening
was carried out via scheduled meetings and personal sessions with each one of the 135 eligible women at the Metabolic Unit of the Laboratory of Nutrition and Clinical
Dietetics (LNCD) at Harokopio University. At this second
screening phase, 80 eligible women were finally identified having for the most part homogenous characteristics
at baseline.
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Study groups and intervention
These 80 eligible women were randomly assigned to an
intervention group (IG) and a control group (CG) using a
random sampling approach. More specifically the “Select
cases; Random sample of cases” command in the SPSS
statistical software version 22.0 were used to generate
two random study groups of 40 cases each. Study participants were blinded to the treatment arm to which they
were randomized. Although those research team members
that distributed the two different types of cheese to study
participants were not blinded to treatment, the researchers
undertaking, and subsequently reporting, the biochemical
outcome measures were masked to all subjects’ allocation
scheme. Four weeks prior to the initiation of the intervention, dietary supplement users among study participants
were instructed to discontinue any intake of vitamin D supplements (i.e., one woman in the CG and one woman in the
IG). This washout period was included prior to the initiation of the intervention so as to avoid or minimize any possible effect on 25(OH)D concentrations at baseline derived
from any supplemental use of vitamin D. Study participants
were provided with, and were also instructed to consume
(as part of their usual diet), 60 g (provided as 2 slices in
a pack) of either non-enriched reduced-fat Gouda-type
cheese (CG; n = 40) or vitamin D3-enriched, reduced-fat
Gouda-type cheese (IG; n = 40) for 8 weeks during winter (i.e., from January to March 2015). Sixty grams of the
vitamin D3-enriched, reduced-fat Gouda-type cheese provided 5.7 μg of vitamin D per day, which was independently verified using a liquid chromatography–mass spectrometry-based method, which has been described in detail
elsewhere for pork [25]. In brief, samples were saponified
followed by liquid–liquid extraction and then normal-phase
solid-phase extraction. The analytes were derivatized with
4-phenyl-1,2,4-triazoline-3,5-dione (PTAD) to improve the
ionization efficiency by electrospray ionization, and labeled
internal standards were used for quantification.
All study participants were instructed to equally replace
their habitual consumption of cheese with the corresponding amount of the experimental cheese, so as to compensate
for additional calories. In addition, they received detailed
guidance by the research group members to report any
signs of illness, use of medication and any deviations from
the study protocol. Furthermore, study participants were
advised not to change their general dietary habits (especially for the habitual consumption of meat, eggs, milk and
yogurt), level of physical activity, smoking and alcohol
consumption habits. Study participants were also advised
to maintain their body weight stable (body weight at baseline ±3 kg). Meetings with participants were held biweekly
within the settings of the LNCD of Harokopio University,
to supply participants with cheese for the next two weeks.
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Compliance to the intervention scheme (i.e., adherence
to daily consumption of the 60 g of experimental cheese)
was also assessed via information obtained at the biweekly
meetings, as well as from biweekly telephone communication with study participants to confirm the planned meetings and ask for any illnesses, adverse effects or medications used during the intervention. In order to remind
and motivate participants to consume daily the recommended slices of cheese, they were also provided with and
instructed to keep a logbook, where they had to record their
consumption of cheese on a daily basis. During the 8-week
intervention period, study participants should have received
and consumed a total of 112 slices of cheese. When study
participants for any reason did not manage to consume the
requested slices of cheese on one day, they were asked to
compensate the missed portions the next day.
All study participants signed written informed consent
forms. The study was approved by the Ethics Committee of
Harokopio University (Approval code: 43/23-07-2014) and
was conducted in accordance with the code of ethics of the
World Medical Association (Declaration of Helsinki) for
experiments involving humans. The study protocol registration number was ClinicalTrials.gov: NCT02543671.
The effectiveness of the intervention was assessed with
the assessment of dietary intake and clinical examinations
conducted at baseline and follow-up using the same procedures and methodology. The dietary data obtained at the
second screening of the study were used as baseline dietary
intake data. The follow-up examination took place in midMarch 2015, after 8 weeks of intervention.
Measurements
An existing quantitative FFQ validated for calcium intake
[26] was updated to also include vitamin D dietary sources
(such as fish/seafood, beef, pork, mushrooms, eggs and
margarine) and was used to assess habitual dietary calcium
and vitamin D intakes. The mean content of the foods listed
in the FFQ in calcium and vitamin D was multiplied to their
daily frequency of consumption, thus providing the amount
of habitual, mean daily calcium and vitamin D intakes.
Body weight and standing height were measured by
using a digital scale (Type SECA 813, Hamburg, Germany)
with an accuracy of ±100 g and a commercial stadiometer
(Leicester Height Measure, Invicta Plastics Ltd, Oadby,
UK) to the nearest 0.5 cm, respectively. Study participants
were measured while wearing light clothing and no shoes.
Body mass index (in kg/m2) was calculated by dividing
body weight to standing height squared.
Early-morning venous blood samples were obtained
from each study participant following a 12-h overnight
fast at baseline and follow-up examination. Blood was collected in vacutainers without added anticoagulant and was
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kept at room temperature for ≈2 h, where it was allowed to
clot. Centrifugation for serum separation was conducted at
3000 rpm for 15 min. Aliquots of 1.5 mL serum were then
stored at −80 °C. Serum concentrations of total 25(OH)D
(i.e., 25(OH)D2 plus 25(OH)D3) in all serum samples were
measured by the Cork Centre for Vitamin D and Nutrition
at University College Cork, using a liquid chromatographytandem mass spectrometry method, described in detail
elsewhere [27]. The intra-assay CV of the method was
<5 % for all 25(OH)D metabolites, while the inter-assay
CV was <6 %. The Cork Centre for Vitamin D and Nutrition Research at University College Cork is a member in
the Vitamin D Standardization Program [28] and is certified by the Centers for Disease Control and Prevention’s
Vitamin D Standardization Certification Program [29]. The
change in serum concentrations of total 25(OH)D from
baseline to follow-up examination was examined as the primary outcome measure in the present study. The Institute
of Medicine (IOM) Dietary Reference Intake Committee’s
recent thresholds were used for defining vitamin D deficiency. More specifically, the risk of deficiency was defined
at serum 25(OH)D concentration below 30 nmol/L, while
50 nmol/L are consistent with that needed by 97.5 % of
individuals aged >1 year in terms of bone health [30].
HRQL was assessed using the Short Form Health Survey questionnaire (SF-36), which is a self-administered
tool, also validated for Greek adult population [31]. It
includes 36 questions that can be scored and used to assess
respondents’ mental and/or physical health during the past
4 weeks, as well as their overall health perceptions which
are grouped and scored in eight health scales, i.e., physical functioning, role limitations due to physical health, role
limitations due to emotional problems, vitality, emotional
well-being, social functioning, bodily pain and general
health. The changes in these HRQL scales from baseline
to follow-up examination were examined as secondary outcome measures in the present study.
Statistical analysis
Data were reported as mean and standard deviations (SD)
or as mean change and 95 % confidence intervals (CI). The
Kolmogorov–Smirnov test was used to determine normality of distribution of the examined variables. Differences
in mean values of baseline characteristics among the two
groups of women were derived from Student’s t test or the
nonparametric Mann–Whitney Test, whenever appropriate. Repeated-measures analysis of variance (RM-ANOVA)
was used to examine the significance of the differences
between groups regarding the changes of dietary intakes of
cheese, calcium and vitamin D, serum 25(OH)D concentrations and HRQL indices as well as the significance of
these changes within groups. Adjustments were made for

three potential confounders, i.e., for years of education, age
and BMI levels. In this regard, considering the variance/
range in years of education (4–20 years), age (55–75 years)
and BMI levels (20–33 kg/m2) among study participants,
as well as the known effect of these factors on vitamin D
status (e.g., educational level affects dietary habits and subsequently dietary intake of vitamin D; age and/or BMI have
an effect on vitamin D ingestion, endogenous synthesis
and metabolism) and HRQL, all RM-ANOVAs performed
in the current study were adjusted for these three potential
confounders. The Chi-square test was also used to examine
the differences in the percentages of subjects with serum
25(OH)D levels below 30 and 50 nmol/L between groups at
baseline and follow-up examination, as well as from baseline to follow-up examination within each group. The SPSS
statistical analysis software for Windows, version 22.0
(SPSS Inc., Chicago, IL, USA) was used to perform all
statistical analyses. All statistical tests were two-tailed and
the level of statistical significance was set at P < 0.05. The
“rate constant” value, which reflects the change (i.e., rise
or fall) in 25(OH)D levels per 1 μg of additional vitamin D
intake, was also calculated by subtracting the net changes
in 25(OH)D levels observed in the intervention and control
groups, further divided by the administered dose of vitamin
D (i.e., 5.7 μg/day in the present study). The approach followed in the present study for calculating “rate constant”
was the same as the one also used by Whiting et al. [32] in
a systematic review of vitamin D supplementation studies.

Results
One of the 80 women initially assigned to participate in the
study was lost to follow-up due to medical reasons. Consequently, the number of subjects in each group with full
baseline and follow-up data was 39 in the control group and
40 in the intervention group (Fig. 1). Compliance to treatment (i.e., consumption of 112 slices of cheese per study
participant) during the intervention period, as assessed
by logbook entries by subjects, was very high at 100 and
97.5 % in the intervention and control group, respectively.
The baseline characteristics of the 79 study participants
with full data at baseline and follow-up examination are
summarized in Table 1. The mean (SD) age of postmenopausal women participating in the current study was 62.6
(6.4) years and the mean (SD) elapsed time since their
menopause was 13.8 (6.8) years. No statistically significant differences were observed between the study groups,
thus indicating homogeneity in substantial baseline demographic and anthropometric indices, as well as with regard
to alcohol consumption and smoking habits at baseline.
The means (SDs) at baseline and follow-up examination, as well as mean (95 % CI) changes from baseline
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Table 1  Baseline descriptive
characteristics of study
participants completing the trial
Age (years)
Years since menopause
Education (years)
Body mass index (kg/m2)
Alcohol consumption (portions/week)

Control group
(n = 39)

Intervention group
(n = 40)

P value*

Mean (SD)
63.2 (5.9)
14.2 (7.3)
12.7 (3.5)
29.0 (2.9)
1.31 (2.17)

62.6 (6.0)
13.9 (5.7)
12.3 (3.8)
28.0 (3.8)
1.65 (2.55)

0.670
0.805
0.594
0.190
0.863§

30.0 (11)

0.861‡

% (n)
Smokers†

28.2 (11)

* P values were derived from Student’s t test, unless stated otherwise

Table 2  Changes in cheese
consumption, dietary calcium
and vitamin D intakes and total
serum 25(OH)D levels from
baseline to follow-up by study
group

§

P values were derived from the nonparametric Mann–Whitney test

†

Currently smoking or quitted smoking for less than 5 years (definition provided by Sohl et al. [42])

‡

P values were derived from Chi-square test

Baseline§

Follow-up

8-week change

Mean (SD)

Mean (SD)

Mean change (95 % CI)

Total cheese consumption (g/day)†

0.741
48.1 (35.7)

63.9 (27.0)

15.9 (6.40 to 25.4)

Intervention group (n = 40)

56.2 (31.5)

69.9 (24.0)

13.7 (4.30 to 23.0)

Control group (n = 39)

919 (350)

1085 (320)

157 (67 to 246)

Intervention group (n = 40)

951 (369)

1133 (359)

191 (103 to 279)

Control group (n = 39)

2.05 (1.51)

1.41 (1.13)

1.70 (1.24)

6.81 (0.89)‡

29.4 (3.5)

29.5 (3.5)

0.04 (−0.15 to 0.22)

28.5 (4.6)

28.8 (4.7)

0.29 (0.11 to 0.48)

Control group (n = 39)

Calcium intake (mg/day)

0.590

Vitamin D intake (μg/day)

Intervention group (n = 40)
Body mass index (kg/m2)
Control group (n = 39)

Intervention group (n = 40)

<0.001
−0.64 (−1.06 to −0.22)
5.12 (4.70 to 5.53)
0.052

Total serum 25(OH)D (nmol/L)
Control group (n = 39)

Intervention group (n = 40)

P value*

<0.001
42.9 (17.7)

38.3 (18.9)

47.3 (15.2)

52.5 (12.0)‡

−4.59 (−6.36 to −2.81)
5.14 (3.39 to 6.89)

* P values are those of treatment × time effects on mean values in repeated-measures analysis of variance; adjustments were made for age (in all tested variables) and BMI at baseline (in all tested variables
except from the BMI variable); in the case of dietary calcium and vitamin D intakes, the analyses were also
adjusted for the changes in cheese consumption from baseline to follow-up; in the case of 25(OH)D levels,
the analysis was additionally adjusted for the changes in dietary calcium and vitamin D intakes from baseline to follow-up
§

There was no significant difference in baseline parameters between the two groups; P > 0.25 in all cases

‡

Significantly different from mean of control group at follow-up; P < 0.001

†

The increases observed in daily cheese intake in both study groups were attributed to the consumption of
60 g of the experimental Gouda-type cheese

to follow-up examination, for both treatment groups with
respect to serum 25(OH)D concentrations (primary outcome measure), cheese consumption, the dietary intakes
of calcium and vitamin D and BMI are shown in Table 2.
There were no significant differences between the two
groups in any of the four variables at baseline. Regarding
changes within groups, the replacement of habitual cheese
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consumption by the 60 g of experimental cheese resulted in
significant increases in mean cheese consumption by 13.7 g
(95 % CI 4.3–23.0) and 15.9 g (95 % CI 6.4–25.4) from
baseline to follow-up in the IG and the CG, respectively,
which did not differ between the two groups (P = 0.7).
Likewise, mean calcium intake significantly increased by
191 mg (95 % CI 103–279) in the IG and 157 mg (95 % CI
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67, 247) in the CG over the eight weeks, but there was no
difference between groups (P = 0.6). Mean dietary vitamin
D intake increased significantly from baseline to followup only in the IG, while decreased significantly in the CG
over the same period, and these changes differentiated significantly between groups [5.1 μg (95 % CI 4.7–5.5) vs.
−0.6 μg (−1.1 to −0.2) P < 0.001, respectively]. Likewise,
mean serum 25(OH)D concentration significantly increased
in the IG while decreased in the CG over the 8-week intervention period [5.1 nmol/L (3.4–6.9) vs. −4.6 nmol/L
(−6.4 to −2.8) P < 0.001, respectively]. Using the measured changes in serum 25(OH)D concentrations in the two
groups, a rate constant was estimated as 1.7 nmol/L per
1 μg of the administered vitamin D dose [i.e., net change
in the IG minus net change in the CG/administered vitamin D dose: +5.14 − (−4.59)/5.7) = 1.7]. Regarding
BMI, although a significant increase of 0.29 kg/m2 (95 %
CI 0.11–0.48) was observed over the intervention period in
the IG, no significant difference was found compared to the
respective BMI change observed in the CG (P = 0.052).
The above-mentioned findings were similar when the analysis was performed without any adjustment for years of
education, age and BMI levels (data not shown).
The differences between study groups and changes
within study groups from baseline to follow-up examination in the percentages of study participants with 25(OH)
D levels <30 and <50 nmol/L, respectively, are shown in
Fig. 2. While there were no differences between groups
at baseline, the percentages of women with 25(OH)D
concentrations <30 and <50 nmol/L were significantly
lower at follow-up in the IG compared to the CG (0 vs.
41.0 %, P < 0.001 and 47.5 vs. 74.4 %, P = 0.015, respectively). Furthermore, the percentage of study participants
with 25(OH)D concentrations <30 nmol/L decreased
25(OH)D <30 nmol/L

25(OH)D <50 nmol/L
P=0.015

80%

74.4%

70%
P=0.021

60%

25.0%
12.5%

10%
0%

47.5%

41.0%

40%

20%

67.5%

P<0.001

50%

30%

62.5%

0%

Baseline

Follow-up
Control group

Baseline

Follow-up

Intervention Group

Fig. 2  Differences between study groups and changes within study
groups from baseline to follow-up in the percentage of study participants with serum 25(OH)D concentrations <30 nmol/L and
<50 nmol/L. P values derived from Chi-square tests

significantly from baseline to follow-up in the IG (i.e., from
12.5 % at baseline to 0 % at follow-up, P = 0.021), but
not in the CG (P > 0.1). No other statistically significant
changes within groups or differences between groups were
observed.
Table 3 summarizes the mean changes within groups and
the differences between groups from baseline to follow-up
in the eight HRQL scales (secondary outcome measures).
RM-ANOVA showed that the emotional well-being scale
improved in the IG as compared to the CG (3.20 vs. −3.79,
P = 0.028), but no other statistically significant differences
were observed in the remaining HRQL indices.

Discussion
This dietary intervention study has shown that daily consumption of 60 g of vitamin D-enriched, reduced-fat
Gouda-type cheese, providing a daily dose of 5.7 μg of
vitamin D3, in addition to the usual dietary intake of ~2 μg/
day vitamin D, significantly increased mean serum 25(OH)
D concentrations and prevented wintertime vitamin D deficiency in postmenopausal women in Greece. Although the
prevalence of vitamin D deficiency was higher in the control group than in the intervention group at baseline (25.0
vs. 12.5 % at mid-January 2015, which is a typical winter
month in Greece), not a single woman who received vitamin D3-enriched cheese had serum 25(OH)D concentration below 30 nmol/L at endpoint (i.e., in March 2015),
which coincided with the end of the winter period. However, 41 % of women in the control group, who received the
equivalent non-enriched cheese, were vitamin D deficient
at endpoint. In relation to meeting the criteria for vitamin D
adequacy (serum 25(OH)D > 50 nmol/L; [30]) and recognizing that the combined total vitamin D intake from usual
diet and enriched cheese (~7 μg/day) was much lower than
the 15 μg/day suggested by the IOM [30], the data showed
that less than half (47.5 %) of women in the intervention
group had a 25(OH)D concentration <50 nmol/L at endpoint compared to three-quarters of women (74.4 %) in the
control group.
To our knowledge, this is the only study of vitamin
D-enriched cheese to report the impact on prevalence of
vitamin D deficiency as the primary outcome measure.
More specifically, the present study was designed to test the
effectiveness of vitamin D-enriched cheese during winter
months, when UVB-induced dermal synthesis of vitamin D
would be negligible. It also used a level of vitamin D addition to the cheese (i.e., 5.7 μg per 60 g), which not only is
allowable under legislation, but which would be expected
(combined with habitual dietary intakes) to reduce the prevalence of vitamin D deficiency. A number of previous intervention studies have provided vitamin D-enriched cheese
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Table 3  Changes in health-related quality of life scales (SF-36) from baseline to follow-up by study group
Baseline

Follow-up

8-week change

Mean (SD)

Mean (SD)

Mean change (95 % CI)

Physical functioning
Control group (n = 38)

Intervention group (n = 40)

0.958
79.9 (15.6)

77.6 (18.1)

76.5 (19.5)

73.8 (19.4)

Role limitations due to physical health

−2.59 (−7.25 to 2.07)

−2.42 (−6.96 to 2.13)

78.2 (34.0)

74.4 (35.6)

Intervention group (n = 40)

68.8 (37.4)

67.5 (38.9)

−0.54 (−16.2 to 15.1)

Control group (n = 39)

76.9 (32.6)

70.1 (37.3)

Intervention group (n = 40)

68.3 (33.7)

60.0 (40.8)

−7.46 (−18.8 to 3.90)

−7.73 (−18.9 to 3.49)

Control group (n = 39)

69.5 (16.7)

69.1 (20.8)

Intervention group (n = 40)

68.6 (16.2)

65.0 (19.0)

−0.73 (−5.39 to 3.93)

−3.29 (−7.89 to 1.31)

Control group (n = 39)

71.0 (15.5)

67.4 (18.8)

Intervention group (n = 40)

67.4 (21.4)

70.4 (22.6)

−3.79 (−8.20 to 0.62)

Control group (n = 39)

77.6 (22.2)

78.5 (23.5)

0.24 (−7.84 to 8.31)

Intervention group (n = 40)

80.9 (20.2)

75.6 (24.8)

−4.61 (−12.6 to 3.36)

Control group (n = 39)

74.7 (19.9)

73.2 (23.0)

Intervention group (n = 40)

67.4 (25.4)

74.4 (26.8)

−2.13 (−10.1 to 5.80)

Control group (n = 37)

60.8 (14.9)

63.0 (17.8)

1.72 (−2.88 to 6.32)

62.6 (15.6)

64.6 (17.0)

2.47 (−2.00 to 6.95)

Control group (n = 39)

Role limitations due to emotional problems

Vitality

Emotional well-being

0.721

−4.57 (−20.4 to 11.3)
0.974

0.440

0.028

3.20 (−1.16 to 7.54)

Social functioning

0.400

Bodily pain

0.084

7.70 (−0.13 to 15.5)

General health

Intervention group (n = 39)

P value*

0.818

* P values are those of treatment × time effects on mean values in repeated-measures analysis of variance; adjustments were made for age, BMI
at baseline and years of education
§

There was no significant difference in baseline parameters between the two groups; P > 0.19 in all cases

to adults and reported changes in mean serum 25(OH)D
concentration as the primary [14, 15] or secondary outcome
measure [16–18]. However, the findings of these studies
were mixed and likely due to very different study design
characteristics.
In summary, Johnson et al. [14] unexpectedly showed
in their partially double-blind, 2-month RCT conducted
with older individuals (≥60 years) that daily consumption
of 85 g vitamin D-enriched processed cheese (supplying
15 μg/day) led to a significant mean decrease in serum
25(OH)D of 6 nmol/L, whereas the groups who received
non-enriched cheese or no cheese had either a significant increase (3.5 nmol/L) or no change in serum 25(OH)
D levels, respectively. However, there were differences in
baseline serum 25(OH)D concentration across these three
groups, with the vitamin D-enriched cheese group having higher baseline 25(OH)D levels compared to the other
two non-enriched cheese groups, respectively, thus probably explaining the observed changes. In three other RCTs,
Bonjour et al. showed that consumption of 200 g enriched
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soft plain cheese (made from semi-skimmed milk), providing 2.5 μg/day of vitamin D3 for 1–1½ month, led to
increases in serum 25(OH)D concentrations, ranging from
2 to ~5 nmol/L in institutionalized elderly (>65 years)
women with low vitamin D status at entry [16, 17] and of
9 nmol/L in postmenopausal women (aged 50–65 years)
[18] in France during winter and summer months, respectively. Furthermore, Wagner et al. [15] performed a trial
in which young adults (mean ~28 years) in Canada were
randomized to weekly servings of enriched cheddar cheese
(34 g/day) or enriched low-fat (7 %) cheese (41 g/day), or
a placebo cheddar cheese (as well as three further study
groups receiving a liquid vitamin D supplement, taken
with food or without food, or a placebo supplement) over
8 weeks (between January and April). The weekly treatments contained 28,000 IU vitamin D3, equivalent to
100 μg/day. In the placebo groups, mean serum 25(OH)
D concentration decreased over the 8 weeks of winter by
4.3 nmol/L, whereas in the enriched cheddar cheese and
the enriched low-fat cheese groups these increased by over
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100 %, respectively; responses that although differed from
the placebo groups did not differ from the vitamin D3 liquid supplement groups [15]. Notably, this level of addition
of vitamin D3 far exceeds that allowed in Europe or North
America.
The differences in serum 25(OH)D response to vitamin
D-enriched cheese in the available RCTs are likely to be
related to differences in age of participants, administered
dose of vitamin D, the frequency of administration (i.e.,
daily or weekly), the duration and adherence to the intervention and other parameters such as latitude, seasonality
and different baseline 25(OH)D levels. Differences associated with the bioavailability of vitamin D from the different
cheeses could also potentially have a role, even though a
recent review suggested that the food matrix apparently has
little effect on vitamin D bioavailability [33]. These factors
are also likely to explain the higher rate constant value evident in the present study and that of Bonjour et al. [17] (1.7
and 2.0 nmol/L serum 25(OH)D per 1 μg additional vitamin D, respectively) compared to that in the other studies
(range −0.6 to 0.7 nmol/L per μg; [14–16, 18]).
While the HRQL was included as a secondary outcome
measure in the present trial, the finding that the score of the
“emotional well-being” scale increased significantly in the
IG compared to the CG was interesting, even though no
other significant differences were observed between study
groups with respect to the changes in the other HRQL
scales. Since “emotional well-being” is also a surrogate
measure of depression and/or depressive symptoms, the
positive results of the present study on this specific HRQL
scale highlight the need for further research on this particular health outcome. This is particularly the case in light
of the inconclusive findings derived from four recent systematic reviews on this topic [34–37]. A beneficial effect
of increased vitamin D intake on HRQL, if substantiated,
could be of public health importance, particularly if the
increase is within the normal dietary range. Nevertheless,
significant effects on secondary outcome measures, even
in an RCT, can only be hypothesis-generating and do not
prove the concept that this is a vitamin D-mediated effect.
In addition, we cannot exclude the possibility that the effect
may have been due to a Type 1 error. In addition, the limited number of available studies demonstrating significant
improvements in “emotional well-being” [38–40] used
higher doses of vitamin D (i.e., up to 100 μg/day with or
without calcium) and the tools used to quantify HRQL
were not validated.
The findings of the present study should be interpreted
in light of its potential strengths and limitations. Strengths
of the study include the detailed study protocols and procedures, which were tightly followed to assure the correct implementation of the intervention, the independent

verification of the vitamin D content of foods, the high
adherence of participants to treatment as also confirmed by
the procedures followed to record cheese consumption, the
blinded nature of the study design and the inclusion of a
control group using a placebo product. One potential limitation of the present study could be the significant increase
in BMI observed for women in the intervention group that
were consuming the vitamin D-enriched cheese. However,
in order to control for the possible confounding effect of
this significant increase in BMI, the statistical analysis
examining the differences in serum 25(OH)D concentrations between study groups was adjusted for BMI. It is
worth noting, however, if anything, the increase in BMI
in the intervention group would be more likely to attenuate the response of serum 25(OH)D to increased vitamin
D intake [41]. It is also worth noting that while there was
a modest decrease in dietary vitamin D intake in the control group over the 8-week winter intervention period (i.e.,
−0.6 μg/day), this is likely to have only contributed in a
relatively minor way to the expected seasonal-decline in
serum 25(OH)D concentration observed in this group.
Lastly, the fact that there was no treatment allocation concealment in the present study is also a limitation.
In conclusion, the present RCT demonstrated that a daily
dose of 5.7 μg of vitamin D3 provided to postmenopausal
women in addition to the usual dietary intake (~2 μg/day)
for two winter months by reduced-fat, Gouda-type cheese
was sufficient for increasing serum 25(OH)D concentrations and preventing vitamin D deficiency. These findings highlight consumption of low-fat vitamin D-enriched
cheese as a potentially important food-based solution
for increasing population vitamin D intake. Lastly, more
research is required to further investigate and confirm any
potential beneficial effect of vitamin D-fortified products
on HRQL indices in older women.
Acknowledgments The authors would like to thank all study group
members that contributed to the study execution: Eirini Efstathopoulou, Eftychia Apostolidou, Antigoni Tsiafitsa, Athanasios Douligeris,
Konstantina Maragkopoulou, Paraskeui-Evita Siatitsa, Efstathoula
Argiri and Chrysanthe Papafotiou, as well as all study participants.
Support of M. Roordink for the development and production of vitamin D-enriched cheese and of Jette Jacobs for the measurement of
vitamin D content in the cheese is also greatly acknowledged.
Funding This work was supported by funding received by the
authors from the European Commission under its Seventh Framework
Programme (FP7) ODIN (Grant Agreement No. 613977). All cheese
products were produced and provided by FrieslandCampina BV. YM,
GM, EvdH, MK and KDC are grant holders.
Author contributions Y.M., E.vdH., C.S.P., M.K. and K.D.C. contributed to the study design. G.M. and C.M. were responsible for data
collection, management and statistical analyses. All authors contributed to the writing and revising of the manuscript.

13

Eur J Nutr
Compliance with ethical standards
Conflict of interest C.S.P. and E.vdH. are employees at FrieslandCampina. None of the other authors have any potential conflict of
interest to declare. Any opinions, findings, conclusions or recommendations expressed in the current study are those of the authors and do
not necessarily reflect the views of FrieslandCampina.

17.

18.

References
19.
1. Taylor CL, Thomas PR, Aloia JF et al (2015) Questions about
vitamin D for primary care practice: input from an NIH conference. Am J Med. doi:10.1016/j.amjmed.2015.05.025
2. Cashman KD, Kiely M (2011) Towards prevention of vitamin D
deficiency and beyond: knowledge gaps and research needs in
vitamin D nutrition and public health. Br J Nutr 106:1617–1627.
doi:10.1017/s0007114511004995
3. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357:266–
281. doi:10.1056/NEJMra070553
4. Calvo MS, Whiting SJ, Barton CN (2005) Vitamin D intake: a
global perspective of current status. J Nutr 135:310–316
5. Godar DE, Pope SJ, Grant WB et al (2011) Solar UV doses of
adult Americans and vitamin D(3) production. Dermato-endocrinology 3:243–250. doi:10.4161/derm.3.4.15292
6. Holick MF (2004) Sunlight and vitamin D for bone health and
prevention of autoimmune diseases, cancers, and cardiovascular
disease. Am J Clin Nutr 80:1678s–1688s
7. Lynd LR, Aziz RA, de Brito Cruz CH et al (2011) A global conversation about energy from biomass: the continental conventions of the global sustainable bioenergy project. Interface Focus
1:271–279. doi:10.1098/rsfs.2010.0047
8. van der Wielen RP, Lowik MR, van den Berg H et al (1995)
Serum vitamin D concentrations among elderly people in
Europe. Lancet 346:207–210
9. Black LJ, Seamans KM, Cashman KD et al (2012) An updated
systematic review and meta-analysis of the efficacy of vitamin D food fortification. J Nutr 142:1102–1108. doi:10.3945/
jn.112.158014
10. Black LJ, Walton J, Flynn A et al (2015) Small increments in
vitamin D intake by irish adults over a decade show that strategic
initiatives to fortify the food supply are needed. J Nutr 145:969–
976. doi:10.3945/jn.114.209106
11. Cashman KD, Kiely M (2015) Tackling inadequate vitamin
D intakes within the population: fortification of dairy products
with vitamin D may not be enough. Endocrine. doi:10.1007/
s12020-015-0711-x
12. Cashman KD (2015) Vitamin D: dietary requirements and food
fortification as a means of helping achieve adequate vitamin D
status. J Steroid Biochem Mol Biol 148:19–26. doi:10.1016/j.
jsbmb.2015.01.023
13. O’Donnell S, Cranney A, Horsley T et al (2008) Efficacy of food
fortification on serum 25-hydroxyvitamin D concentrations:
systematic review. Am J Clin Nutr 88:1528–1534. doi:10.3945/
ajcn.2008.26415
14. Johnson JL, Mistry VV, Vukovich MD et al (2005) Bioavailability of vitamin D from fortified process cheese and effects
on vitamin D status in the elderly. J Dairy Sci 88:2295–2301.
doi:10.3168/jds.S0022-0302(05)72907-6
15. Wagner D, Sidhom G, Whiting SJ et al (2008) The bioavailability of vitamin D from fortified cheeses and supplements is equivalent in adults. J Nutr 138:1365–1371
16. Bonjour JP, Benoit V, Pourchaire O et al (2009) Inhibition
of markers of bone resorption by consumption of vitamin D
and calcium-fortified soft plain cheese by institutionalised

13

20.
21.
22.

23.

24.
25.

26.

27.

28.

29.

30.
31.
32.

elderly women. Br J Nutr 102:962–966. doi:10.1017/
s0007114509371743
Bonjour JP, Benoit V, Pourchaire O et al (2011) Nutritional
approach for inhibiting bone resorption in institutionalized
elderly women with vitamin D insufficiency and high prevalence
of fracture. J Nutr Health Aging 15:404–409
Bonjour JP, Benoit V, Rousseau B et al (2012) Consumption of
vitamin D-and calcium-fortified soft white cheese lowers the
biochemical marker of bone resorption TRAP 5b in postmenopausal women at moderate risk of osteoporosis fracture. J Nutr
142:698–703. doi:10.3945/jn.111.153692
Holroyd CR, Cooper C, Harvey NC (2011) Vitamin D and
the postmenopausal population. Menopause Int 17:102–107.
doi:10.1258/mi.2011.011025
Cauley JA (2013) Public health impact of osteoporosis. J Gerontol Ser A Biol Sci Med Sci 68:1243–1251. doi:10.1093/gerona/
glt093
Berk M, Sanders KM, Pasco JA et al (2007) Vitamin D deficiency may play a role in depression. Med Hypotheses 69:1316–
1319. doi:10.1016/j.mehy.2007.04.001
Kanellakis S, Moschonis G, Tenta R et al (2012) Changes in
parameters of bone metabolism in postmenopausal women following a 12-month intervention period using dairy products
enriched with calcium, vitamin D, and phylloquinone (vitamin
K(1)) or menaquinone-7 (vitamin K (2)): the Postmenopausal Health Study II. Calcif Tissue Int 90:251–262. doi:10.1007/
s00223-012-9571-z
Harlow SD, Gass M, Hall JE et al (2012) Executive summary of
the stages of reproductive aging workshop + 10: addressing the
unfinished agenda of staging reproductive aging. J Clin Endocrinol Metab 97:1159–1168. doi:10.1210/jc.2011-3362
World Health Organization, Geneva-Switzerland (2016) WHO
Global Health Observatory Data Repository (online database).
http://apps.who.int/gho/data/view.main
Burild A, Frandsen HL, Poulsen M et al (2014) Quantification
of physiological levels of vitamin D(3) and 25-hydroxyvitamin
D(3) in porcine fat and liver in subgram sample sizes. J Sep Sci
37:2659–2663. doi:10.1002/jssc.201400548
Magkos F, Manios Y, Babaroutsi E et al (2006) Development
and validation of a food frequency questionnaire for assessing
dietary calcium intake in the general population. Osteoporos Int
17:304–312. doi:10.1007/s00198-004-1679-1
Cashman KD, Kiely M, Kinsella M et al (2013) Evaluation of
vitamin D standardization program protocols for standardizing
serum 25-hydroxyvitamin D data: a case study of the program’s
potential for national nutrition and health surveys. Am J Clin
Nutr 97:1235–1242. doi:10.3945/ajcn.112.057182
Sempos CT, Vesper HW, Phinney KW et al (2012) Vitamin D
status as an international issue: national surveys and the problem of standardization. Scand J Clin Lab Invest 243(Supplementum):32–40. doi:10.3109/00365513.2012.681935
Csizmadi I, Lo Siou G, Friedenreich CM et al (2011) Hours
spent and energy expended in physical activity domains: results
from the Tomorrow Project cohort in Alberta, Canada. Int J
Behav Nutr Phys Act 8:110. doi:10.1186/1479-5868-8-110
Institute of Medicine Food and Nutrition Board (2011) Dietary
reference intakes for calcium and vitamin D. National Academy
Press, Washington, DC
Pappa E, Kontodimopoulos N, Niakas D (2005) Validating and
norming of the Greek SF-36 Health Survey. Quality Life Res
14:1433–1438
Whiting SJ, Bonjour JP, Payen FD et al (2015) Moderate
amounts of vitamin D3 in supplements are effective in raising
serum 25-hydroxyvitamin D from low baseline levels in adults:
a systematic review. Nutrients 7:2311–2323. doi:10.3390/
nu7042311

Eur J Nutr
33. Borel P, Caillaud D, Cano NJ (2015) Vitamin D bioavailability:
state of the art. Crit Rev Food Sci Nutr 55:1193–1205. doi:10.10
80/10408398.2012.688897
34. Gowda U, Mutowo MP, Smith BJ et al (2015) Vitamin D supplementation to reduce depression in adults: meta-analysis of randomized controlled trials. Nutrition 31:421–429. doi:10.1016/j.
nut.2014.06.017
35. Hoffmann MR, Senior PA, Mager DR (2015) Vitamin D supplementation and health-related quality of life: a systematic review
of the literature. J Acad Nutr Diet 115:406–418. doi:10.1016/j.
jand.2014.10.023
36. Shaffer JA, Edmondson D, Wasson LT et al (2014) Vitamin D
supplementation for depressive symptoms: a systematic review
and meta-analysis of randomized controlled trials. Psychosom
Med 76:190–196. doi:10.1097/PSY.0000000000000044
37. Spedding S (2014) Vitamin D and depression: a systematic
review and meta-analysis comparing studies with and without biological flaws. Nutrients 6:1501–1518. doi:10.3390/
nu6041501

38. Checa MA, Garrido A, Prat M et al (2005) A comparison of
raloxifene and calcium plus vitamin D on vaginal atrophy after
discontinuation of long-standing postmenopausal hormone therapy in osteoporotic women. A randomized, masked-evaluator,
one-year, prospective study. Maturitas 52:70–77. doi:10.1016/j.
maturitas.2004.12.006
39. Vieth R, Kimball S, Hu A et al (2004) Randomized comparison
of the effects of the vitamin D3 adequate intake versus 100 mcg
(4000 IU) per day on biochemical responses and the wellbeing
of patients. Nutr J 3:8. doi:10.1186/1475-2891-3-8
40. Shahzad G, Bojadzievski T, Yusupov E et al (2009) Effect of
vitamin D3 on quality of life. J Am Geriatr Soc 57:2365–2366
41. Gallagher JC, Yalamanchili V, Smith LM (2013) The effect
of vitamin D supplementation on serum 25(OH)D in thin and
obese women. J Steroid Biochem Mol Biol 136:195–200.
doi:10.1016/j.jsbmb.2012.12.003
42. Sohl E, Heymans MW, de Jongh RT et al (2014) Prediction of
vitamin D deficiency by simple patient characteristics. Am J Clin
Nutr 99:1089–1095. doi:10.3945/ajcn.113.076430

13

