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Introduction
Vitamin D is an important micronutrient that 

functions as a hormone and is a crucial factor in 

the metabolism of calcium and phosphate, bone 
development and health, but is also involved in 
other cellular processes (1).
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Introduction: Various fortification strategies have been proposed to account to treat 
or prevent vitamin D deficiency. However, the optimum fortification approach, and 
the effect of these on health is not widely understood. There have been controversial 
reports regarding the effect of vitamin D fortification on the lipid profile. The aim of 
present systematic review is the evaluation of administration of vitamin D fortified 
products on lipid profile.
Methods: We used databases including PubMed/Medline, Web of Knowledge, Science 
Direct, Scopus and Cochrane Library. A search was conducted until 2020. Randomized 
controlled trials that have assessed the relationship between consumption of vitamin 
D fortified products and serum lipid profile were included. The relationship between 
fortification dose, dairy or non-dairy fortification as well as duration of intervention 
and plasma lipid profiles evaluated in separate sub-groups.
Results: Among serum lipids including total cholesterol(TC), triglyceride(TG), low 
density lipoprotein(LDL) and high density lipoprotein(HDL), fortification of vitamin 
D was reported to have a significant effect on reducing TC (pooled estimate: -0.089 
mmol/L, 95%CI: -0.134 to -0.044, p<0.001). Its effect on other lipid profiles were not 
significant (LDL pooled estimate:-0.115 mmol/L, 95%CI:-0.238 to 0.008; HDL pooled 
estimate:0.024 mmol/L, 95%CI:-0.024 to 0.071; TG pooled estimate:-0.176mmol/L, 
95%CI:-0.499 to 0.148).
Conclusion: This meta-analysis demonstrated that vitamin D fortification could 
significantly reduce TC both in long and short term interventions and in different 
products. However this reduction, whilst statistically significant, may not be 
clinically important. The effect of fortification on other lipid profile components vary 
depending on dose and duration.
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The sources of vitamin D2 and D3 include diet 
and ambient sun exposure (1). Vitamin D2 is found 
in plants, while vitamin D3 is found in fish, eggs, 
etc. Vitamin D3 (cholecalciferol) is also produced 
from the photochemical transformation of 
7-dehydrocholestrol within the epidermis (2, 3). 
Vitamin D is metabolized to 25-hydroxyvitamin 
D3 under the action of 25-hydroxylase enzyme 
(cytochrome P450 2R1) in the liver, and 
subsequently to 1,25-dihydroxyvitamin D3 
under the action of 1-alpha-hydroxylase enzyme 
(cytochrome P27B1) in the kidney (4).

The biological activity of the different 
supplemental forms of vitamin D (D2 vs. D3) vary 
(5). Most studies indicate that vitamin D3 can 
raise the concentration of serum 25(OH)D more 
effectively (6-8).

Insufficiency and deficiency of this fat-soluble 
vitamin is an important global health problem 
but the exact cut off point for the classification 
of vitamin D insufficiency and deficiency remain 
controversial (1, 9-11). A vitamin D concentration 
between 75-125 nmol/L (30-50 ng/ml) has been 
suggested to be the optimal range for overall 
human health (12).

To maintain the desirable level of vitamin D, 
supplementation and a diet containing vitamin D 
enriched foods are useful sources. Both dairy and 
non-dairy foods have been widely used as matrices 
for vitamin D fortification (13). Globally there are 
different vitamin D supplementation guidelines 
dependent on the overall vitamin D status of the 
population concerned (12). Different policies 
have been implemented to manage vitamin D 
deficiency in different countries. Some have used 
mandatory policies for food fortification, while 
most have implemented voluntary fortification 
policies (14, 15).  Because of the variations in 
levels of vitamin D fortification in foods, and the 
differences in enforcement of implementation in 
different countries, it is difficult to assess what 
has been the most successful strategy (14, 15). For 
example, although vitamin D food fortification is 
not mandatory in Finland, most companies have 
complied with this voluntary policy, resulting in a 
significant reduction in vitamin D deficiency and 
insufficiency in the general population of Finland 
(14, 16).

Vitamin D insufficiency is associated with 
several conditions, including insulin resistance, 
diabetes mellitus, cardiovascular, pulmonary, 
hepatic and renal diseases, autoimmune disorders 
and various cancers (1). It has also been reported 
that vitamin D status has an effect on the lipid 
profile, but studies have been inconsistent. It is 
well established that dyslipidemia is associated 
with an increased risk of cardiovascular diseases 

(CVD) (17). Today it is estimated that this 
disease is responsible for one-third of deaths 
worldwide (18). A review of cross sectional 
studies showed a positive association between 
serum 25 (OH) D and high density lipoprotein-
cholesterol (HDL-C), and an inverse association 
with serum triglycerides (TG) (19). Some studies 
have reported an improvement in serum total 
cholesterol (TC), triglycerides (1), high density 
lipoprotein-cholesterol (HDL-C), and low density 
lipoprotein cholesterol (LDL-C) after treatment 
with vitamin D supplements (1, 20, 21), however 
other trials have not shown these effects (22, 
23). These results may be due to differences in 
baseline vitamin D status, sample size, or the 
dose and formulation of the vitamin D used. We 
therefore aimed to evaluate the effects of using 
vitamin D fortification on the serum lipid profile 
by undertaking a meta-analysis of all relevant 
randomized controlled trials investigating the 
effect of this intervention compared to a regular 
dietary intake.

Materials and Method
This systematic review was conducted using 

the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement (PRISMA) 
guidelines (24).

Five scientific databases were searched for 
suitable articles published before the end of 
December 2019, and included: PubMed/Medline, 
Web of Knowledge, Science Direct, Scopus, 
Cochrane Library and the Google Scholar. The 
key search terms used were: “fortification” 
or “fortified” or “fortified food” or “fortifi*” 
in combination with “vitamin D” or “vit D” or 
“25-hydroxyvitamin D”. Only articles published in 
English language were included.

Inclusion Criteria
The PICOS (participants, interventions, 

comparisons, outcomes, and study design) 
criteria of the study are listed below:
a) Study types: Randomized controlled trials 

lasting for at least one month were entered.
b) Types of participants: Human subjects 

without any restriction on their age, gender 
and health status were included.

c) Type of interventions: Food products fortified 
with different forms of vitamin D (i.e. D2 or 
D3) or Calcium-vitamin D were included.

d) Type of control: Only studies that used 
unfortified food product similar to the 
intervention group; or those which used 
regular diet as the control group, were 
included in this review.

e) Types of outcome measures: Lipid profiles 
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[including total cholesterol (TC), triglycerides 
(TG), high density lipoprotein cholesterol 
(HDL), low density lipoprotein cholesterol  
(LDL) and very low density lipoprotein 
cholesterol (VLDL)]; data on lipoprotein (a) 
(Lp(a)) and Apolipoprotein A1 (ApoA1) and 
Apolipoprotein B (ApoB), (if mentioned in the 
articles) were also extracted.

Exclusion criteria
All review articles, studies published as poster 

presentations, fortified food products with 
other nutrients or vitamin D supplementation 
as interventions, were excluded. If the control 
group received fortified food, we excluded the 
article. Articles focusing on different fortification 
methods or genetic reports were also excluded.

Data Extraction and Analysis
Two authors (ME and RS) extracted the data 

from articles. The information extracted was as 
follows: First author’s name and publication year, 
country, population, intervention (type, dose), 
sample size in each group, outcome measures 
and duration of intervention.

Quality Assessment (risk of bias)
The quality of all studies included in this 

review was assessed using the Jadad scale (25). 
According to this scale, the major items leading 
to risk of bias were randomization, blinding and 
dropouts. The score for this vary from zero to five. 
Articles with a score of three, or more indicates 
adequate quality (26). All studies that obtained 

the minimum score of 3 entered to meta-
analysis. The quality of studies was evaluated by 
two authors, independently (ME and RS). Any 
disagreement was solved by consensus.

Data Synthesis and Analysis
Comprehensive Meta-analysis software (Version 

2) was used for meta-analysis (27). The mean 
difference with 95% confidence intervals was 
calculated for all continuous data. Heterogeneity 
was tested using the I2 statistic. In case of I2 statistics 
less and more than 50%, fixed or random-effects 
models were used respectively. To determine the 
influence of variables such as type of food (dairy 
or non-dairy type), fortification dose, fortification 
with vitamin D or calcium-vitamin D, and duration 
of use of the fortified product, a subgroup analysis 
was conducted. P-values <0.05 were considered 
statistically significant. Publication bias was 
assessed by Egger’s test and by using a funnel plot.

Results
Study selection

A total of 4437 studies were found following 
the literature search. A total of 2279 duplicate 
publications were removed from these articles. 
After reviewing the title and abstract of the 
remaining 2158 articles, 1997 articles did not 
meet the criteria for entry into the review due 
to irrelevant study type (non-RCTs, animal 
studies) or because of studying the effect of 
supplementation or products fortified with 
other micronutrients. The remaining 161 eligible 
studies were then evaluated for study types; 

Figure 1: Flow diagram of the study selection
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non-clinical trials, those with inappropriate 
fortification, or those articles without full text 
were excluded. The remaining 10 articles were 
then included in the systematic review and meta-
analysis. Figure 1 summarizes the present study 
protocol.

Characteristics of Included Studies
The characteristics of the 10 studies that 

were used in the present meta-analysis are 
summarized in table 1 (13, 22, 23, 28-34). 

As shown in this table, six studies were from 
Iran, two from the United States and one study 
each from Australia and Canada. The number 
of participants in intervention groups of each 
country were 283, 110, 73 and 36, respectively 
(total: 502). Studies were conducted on 
participants who were either healthy, or who 
were diabetic patients. Three articles, that had 
more than one type of intervention group, have 
been labeled with different numbering and 
included separately in the data analysis (23, 

Table 1: Characteristics of included studies

Nikooyeh et 
al., 2011* 
[21]

Iran
double-blind, 
randomized, 

controlled trial

Diabetic 
patients 

(30-60 year 
old)

Control 
(41.6±44.5nmo-

l/L); intervention 
(44.4±28.7nmol/L)

1

500 cc/d 
vitamin D3–

fortified yogurt 
drink (contain-

ing 1000 IU 
vitamin D3); 

n=30

plain yogurt 
drink; n=30 3 months

Control 
(41.6±44.5nmo-

l/L); intervention 
(44.5±43.7nmol/L)

2

500 cc/d Ca-
D3–fortified 
yogurt drink 
(containing 

1000 IU 
vitamin D3 and 

500 mg Ca); 
n=30

plain yogurt 
drink; n=30 3 months

Rosenblum 
et al., 2012* 
[27]

US

parallel, 
double-blind, 
placebo-con-
trolled trials

Healthy 
overweight 
and obese 
men and 

women (18-
65 years)

Control 
(67.5±32.5nmo-

l/L); intervention 
(65±25nmol/L); base-

line serum 25(OH)
D in all subjects were 

>25nmol/L.

1

720 cc/d CaD3 
fortified regu-

lar orange juice 
(containing 

350 mg Ca and 
100 IU vitamin 

D); n=33

Unfortified 
regular 

orange juice; 
n=38

4 months

Control 
(82.5±32.5nmo-

l/L); intervention 
(77.5±30nmol/L); 

baseline serum 
25(OH)D in all sub-

jects were >25nmol/L.

2

720 cc/d CaD3 
fortified lite 
orange juice 
(containing 

350 mg Ca and 
100 IU vitamin 

D); n=42

Unfortified 
lite orange 
juice; n=41

4 months

Heravifard 
et al., 2013* 
[28]

Iran
double-blind, 
randomized, 

controlled trial

Type 2 
diabetic pa-
tients (30-
60 years)

Control 
(41.6±44.5nmo-

l/L); intervention 
(44.4±28.7nmol/L); 
Suboptimal vitamin 
D status at baseline 
observed in 80% of 
control and 70%of 
intervention group.

1

500 cc/250 ml 
D3-fortified 
doogh (con-
taining 1000 

IU vitamin D3); 
n=30

plain doogh; 
n=30 3 months

Control 
(41.6±44.5nmo-

l/L); intervention 
(44.5±43.7nmol/L); 
Suboptimal vitamin 
D status at baseline 
observed in 80% of 
control and 70%of 
intervention group.

2

500 cc Ca 
D3/250 

ml-fortified 
doogh (con-

taining 1000 IU 
vitamin D3 and 

500 mg Ca); 
n=30

plain doogh; 
n=30 3 months

aUHT: ultra-heat-treated; bIFG: impaired fasting glucose; # doogh: Persian yogurt drink; * These studies had different fortified interven-
tion groups. Each intervention group counted as an independent study.
Note that the cut-off values used to define vitamin D status have been reported as follows: severely deficient: a serum 25-(OH) D <30 
nmol/L; moderately deficient: <50 nmol/L; mildly deficient: <75 nmol/L; beneficial range: 75-125 nmol/L.
¶ Note that there are mandatory fortification policies in the US, Canada and Australia for some products. In these countries vitamin D 
is added to margarine. In the US, fortification of cow`s milk is also mandatory. The fortified products used in mentioned trials were 
not part of mandatory policies (e.g. cheese in Canada and the US, and milk in Australia). In Iran there is no mandatory legislation for 
vitamin D fortification
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29, 30). The vitamin D consumed in fortified 
foods ranged from 100 to 4000 IU per day. Only 
on999e study evaluated the effect of vitamin D 
fortification on serum Lp(a), ApoA1 and ApoB, 
however the other nine studies measured lipid 

profile including TC, TG, LDL-C and HDL-C. Eight 
studies evaluated the effect of dairy products 
(13, 22, 23, 28, 30, 31, 33, 34) and two studies 
assessed non-dairy products including orange 
juice and bread (29, 32). Six studies administered 

Table 2: Quality of included studies based on Jadad scale

Study
Was the study 
described as 

randomized?*

 Was the
 study

 described
 as a double

*?blind

 Was there
a descrip-

 tion of
 withdrawal

and drop-
*?outs

The ran-
 domization

 scheme
 described and

*appropriate

 The method
 of double
 blinding

 described
and appro-

*priate

The random-
 ization scheme
 described and

inappropri-
**ate

 The method
 of double
 blinding

 described and
inappropri-

**ate

 Total
score

Johnson, J. 
L.,2005 [11] 1 1 1 0 0 0 0 3

Daly, Robin 
M.,2009 [20] 1 0 1 1 0 0 0 3

Nikooyeh, B., 
2011 [21] 1 1 1 0 0 0 0 3

Shab-Bidar, S., 
2011 [26] 1 1 0 0 1 0 0 3

Rosenblum, J. 
L., 2012 [27] 1 1 1 1 1 0 0 5

Heravifard, S., 
2013 [28] 1 1 1 0 0 0 0 3

Jafari, T., 2016 
[29] 1 1 1 1 1 0 0 5

Nikooyeh, B., 
2016 [30] 1 1 0 1 1 0 0 4

Moreira-Lucas, 
T. S., 2017 [31] 1 1 1 1 1 0 0 5

Salehi, S., 2018 
[32] 1 1 1 1 1 0 0 5

* yes:+1 ; no: 0
** yes:-1 ; no: 0
Note that inappropriate in case of randomization refers to studies which declare that they use randomization sequences, but in the 
description they express that the patients are allocated alternately, or according to date of birth, hospital number, etc).
Note that inappropriate in case of blinding refers to studies that the method was described as double-blind but the method of blinding 
was inappropriate (e.g., different packaging type in intervention and placebo group)

Figure 2. a: Forest plot for the assessing the relationship between using vitamin D fortified food and total cholesterol level and sub-
group analysis according to b)fortification substance, c)fortified product, d)duration of intervention and e)dose of vitamin D (Note 
that numbers written in front of some studies indicate two different fortified intervention groups (based on table 1). Each intervention 
group counted as an independent study and marked with a number)
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products fortified with only vitamin D and three 
studies used products fortified with vitamin D 
plus calcium. One study compared both types 
of products (both vitamin D and calcium plus 
vitamin D fortified foods). The duration of most 
interventions ranged from 2-6 months, with 
a single study having a duration of 24 months 
(22). The dairy or non-dairy type, fortification 
dose, fortification with vitamin D or calcium-
vitamin D as well as duration of using fortified 
product were evaluated in separate sub-groups 
in all studies and their association with different 

plasma lipid profile components was evaluated.

Risk of Bias of Included Studies
As shown in table 2, only four studies obtained 

a complete Jadad score (complete 5 score), but all 
of the studies had the minimum acceptable score 
(≥3). So, the quality of all the included studies 
was appropriate.

Effect of vitamin D fortification on serum lipids
TC was reduced by fortification regardless of 

source; whether dairy or non-dairy products, 

Figure 3. a: Forest plot for the assessing the relationship between using vitamin D fortified food and high density lipoprotein level and 
sub-group analysis according to b)fortification substance, c)fortified product, d)duration of intervention and e)dose of vitamin D. (Note 
that numbers written in front of some studies indicate two different fortified intervention groups (based on table 1). Each intervention 
group counted as an independent study and marked with a number)

Figure 4. a: Forest plot for the assessing the relationship between using vitamin D fortified food and low density lipoprotein level and 
sub-group analysis according to b)fortification substance, c)fortified product, d)duration of intervention and e)dose of vitamin D (Note 
that numbers written in front of some studies indicate two different fortified intervention groups (based on table 1). Each intervention 
group counted as an independent study and marked with a number)
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dose, duration of using fortified product and 
fortification with vitamin D or calcium-vitamin 
D (Difference in means: -0.089 mmol/L, 95%CI: 
-0.134 to -0.044, p<0.001). A vitamin D fortification 
duration of >3 months was not associated with a 
significant improvement in serum TC, TG, LDL-C 
and HDL-C. Using fortified products for less 
than 3 months was associated with a significant 
reduction in serum TC and TG. Figures 2 to 5 show 
the relationship between different lipid profile 
components and fortification characteristics.

Fortification with calcium-vitamin D did not 
significantly affect lipid profile components. 
Fortification with vitamin D in contrast to 
fortification with Calcium-vitamin D was 
associated with a significant reduction in serum 

TC (Difference in means: -0.089 mmol/L, 95%CI: 
-0.136 to -0.041, p<0.001) and LDL-C (Difference 
in means:-0.18 mmol/L, 95%CI: -0.322 to 
-0.039, p=0.013). Furthermore, fortification with 
doses of vitamin D greater than 1000 IU was 
associated with a significant reduction in serum 
TC (Difference in means: -0.181 mmol/L, 95%CI: 
-0.301 to -0.061, p=0.003), LDL-C (Difference in 
means: -0.143 mmol/L, 95% CI:-0.274 to -0.011, 
p=0.034) and TG (Difference in means: -0.33 
mmol/L, 95% CI: -0.648 to -0.013, p=0.042); 
while fortification with doses lower than 1000 
IU could not reduce TG and LDL-C but it reduced 
TC significantly (Difference in means: -0.074 
mmol/L, 95%CI: -0.123 to -0.025, p=0.003).

According to the search strategy, only one 

Figure 5. a: Forest plot for the assessing the relationship between using vitamin D fortified food and triglyceride level and sub-group 
analysis according to b)fortification substance, c)fortified product, d)duration of intervention and e)dose of vitamin D (Note that num-
bers written in front of some studies indicate two different fortified intervention groups (based on table 1). Each intervention group 
counted as an independent study and marked with a number)

Figure 6: Funnel plot for included studies of total cholesterol
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clinical trial which investigated lipoprotein (a) and 
Apolipoprotein A1 and Apolipoprotein B reported 
that fortification could significantly improve level 
of lipoprotein (a) and Apolipoprotein A1 in type 
2 diabetic patients (30).

Publication bias
Publication bias was evaluated by Egger`s test. 

There was no evidence of publication bias for the 
outcomes: serum total cholesterol (0.43), HDL-C 
(0.14), LDL-C (0.42) and TG (0.48). A funnel plot 
of the impact on serum total cholesterol is shown 
in figure 6.

Discussion
To the best of our knowledge, the current 

systematic review and meta-analysis is the first 
that assesses the effect of vitamin D fortification 
on lipid profile in RCTs.

In the current review, consuming vitamin D 
fortified foods was associated with a slight but 
significant reduction in serum TC, but had no 
significant effects on other components of the lipid 
profile. The possible association between lipid 
profile and vitamin D status has been established 
in cross sectional studies (19), however recently, 
some studies including that of Faridi et al. have 
demonstrated this possible relationship in a 
community based follow up study on 13,039 
participants (20) and showed that vitamin D 
deficiency was correlated with lower HDL-C and 
TC. They also found that in comparison with 
normal vitamin D level, participants with vitamin 
D deficiency had higher risk of dyslipidemia.

Regarding the treatment of vitamin D deficiency 
in the general population, two strategies have 
been reported; supplementation and fortification. 
Vitamin D supplementation was found to be 
associated with an improvement in serum lipid 
levels. However, a meta-analysis on the effect 
of vitamin D supplementation on blood lipids 
in 2012 showed that there was no significant 
relationship between supplementation and 
TC, HDL-C and TG. According to the results of 
12 clinical trials, vitamin D supplementation 
significantly increased LDL-C levels (35). This 
current meta-analysis has addressed some 
shortcomings of randomized clinical trials, 
because many of the evaluated studies were 
of limited sample size. Wang et al. stated that 
further large scale randomized trials could affect 
the results of their meta-analysis in near future 
(35). Moreover, they concluded that the lack 
of sufficient randomized trials evaluating the 
higher doses of supplementation is evident and 
future randomized studies with adequate doses 
of vitamin D supplementation could also provide 

valuable results (35).
With respect to vitamin D fortification there have 

been few well designed RCTs and their results are 
heterogeneous due to different vitamin D doses, 
duration of intervention, fortified products and 
characteristics of participants. Most of the studies 
in this analysis used a high dose of vitamin D 
(>1000 IU/day) for a short duration (≤3months). 
It should be also noted that in the current meta-
analysis, there were RCTs from countries with 
both mandatory and non-mandatory fortification 
policies. There are mandatory fortification 
policies in the US, Canada and Australia for some 
products. In these countries vitamin D is added 
to margarine. In the US, fortification of cow`s 
milk is also mandatory (14). But the fortified 
products used in the included trials were not part 
of mandatory policies (e.g. cheese in Canada and 
the US, and milk in Australia).

In the sub-group analysis, doses of vitamin D, 
either greater, or lower than 1000 IU, were both 
shown to significantly reduce serum TC, while for 
serum TG, only the higher dose had a significant 
effect in reducing TG. The duration of the 
intervention (more or less than 3 months) had 
no significant effect in LDL-C and HDL-C, whilst 
a duration of <3 months (vs. >3 months) could 
reduce TG and TC significantly. These results were 
similar in some respects to the meta-analysis of 
Wang in 2012 (35). In this current systematic 
review vitamin D supplementation had obvious 
effect in the shorter duration studies, but its effect 
were only shown on LDL-C, while in the present 
study the effect was only on total cholesterol. A 
greater effect in the short term studies could be 
due to poor compliance of the subjects in the 
longer term.

Nikooyeh et al. demonstrated that plain yogurt 
without vitamin D can significantly increase TG; 
whilst fortification with 300 mg of calcium plus 
1000 IU vitamin D3 significantly decrease TG 
level (23). Shab-Bidar et al. demonstrated that 
after intervention (500 ml/d vitamin D3-fortified 
doogh containing 1000 IU vitamin D3) serum 
TG and LDL-C decreased while HDL-C increased 
significantly (28). Nikooyeh et al. demonstrated 
that both HDL-C and LDL-C levels could be 
significantly affected by consuming vitamin D 
fortified bread (1000 IU/day vitamin D) (32). 
The only study which used fortified yogurt 
demonstrated that this fortification did not affect 
serum lipid profile (31). Fortified orange juice 
which was used in the study of Rosenblum et al. 
did not significantly affect serum HDL-C, TC and 
TG levels (29).

Kumaratne et al. have reported that overweight 
and obese participants with vitamin D deficiency 
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had significantly higher serum levels of TC, LDL-C 
and TG (21). In contrast, in participants with normal 
body mass index or underweight no significant 
association was found between vitamin D and 
serum lipid concentrations (21). A meta-analysis 
of the effects of vitamin D supplementation on 
lipid profile in women with gestational diabetes, 
demonstrated that supplementation could only 
reduce LDL-C level (36).

An earlier meta-analysis regarding the effect 
of vitamin D on serum lipid profile of diabetic 
patients has shown some interesting results. 
This meta-analysis evaluated both vitamin 
D supplementation and fortification (37). 
According to their search strategy, they evaluated 
4 clinical trials which used fortification and 16 
clinical trials using supplementation. Their study 
demonstrated that vitamin D had minor effect on 
serum lipids of diabetic patients and could not be 
considered as a useful therapeutic modification 
in such patients. Vitamin D improved TG, TC and 
LDL-C levels in diabetic patients and did not alter 
HDL-C levels significantly. According to their 
results, in contrast to vitamin D supplementation, 
fortification had a greater impact in patients with 
type 2 diabetes. Our meta-analysis shows that as 
reported by Jafari et al. (37), fortification did not 
significantly affect HDL-C levels. Moreover, we 
could not find any positive relationship between 
serum HDL-C, LDL-C and TG levels and vitamin D 
fortification in our study. A possible explanation 
for the differences in the results of these meta-
analysis may relate to the inclusion criteria. 
Jafari et al. considered both food fortification and 
supplementation while we have only considered 
fortification (37). Moreover, regardless of 
differences in inclusion criteria, since 2012, six 
clinical trials have been conducted about vitamin 
D fortification in diabetic patients.

The relationship between vitamin D fortification 
and serum lipid profile is addressed in several 
articles (1, 19, 20). However, the exact mechanism 
behind this relation is not fully understood. A 
possible explanation may be the relationship 
between vitamin D level and parathyroid 
hormone (PTH) (38). PTH has been shown to 
raise serum TG and vitamin D can regulate PTH 
levels (39). Increased concentration of vitamin D 
can reduce serum PTH and therefore reduce TG 
levels (39). Another possible association may be 
the relationship between the effects of calcium 
on lipid hemostasis. Vitamin D3 can increase the 
intestinal absorption of calcium and reabsorption 
by kidneys (40). The increased absorption of 
calcium from intestine induced by increased level 
of vitamin D can increase the insoluble complexes 
of calcium-fatty acid and decrease fatty acid 

absorption from bowel. Moreover, calcium may 
increase the conversion of cholesterol to bile acids 
(41, 42). This should however be interpreted with 
caution as increased level of calcium may even end 
up in hypertriglyceridemia. A large Italian cohort 
study demonstrated that progressive increase 
of calcium level is related to worsening of lipid 
profile and suggested controlled use calcium and 
vitamin D supplementation especially in those 
who have higher risks of cardiovascular adverse 
events (43). Furthermore, some studies have 
demonstrated that vitamin D may be negatively 
associated with LDL-C and positively with TC 
concentrations (44, 45). As TC comprises of 
different components including HDL-C and 
LDL-C, the effect of vitamin D on TC may not 
be so specific for all of its components. So, it is 
possible that the relation between vitamin D and 
a cholesterol component may be inverse from its 
relation with TC (45).

Fortified foods are the major source of vitamin 
D in Canada and the US but the fortification 
practices in these two countries are different 
(46). Hennessy and his colleagues in the review 
of the effect of voluntary food fortification on 
micronutrient intakes in European countries 
found that voluntary fortification can improve 
the status of some micronutrients such as 
vitamin D and folate in both children and adults. 
The result of Laaksi et al. study in Finland was 
highlighted in the mentioned review article 
because it was one of the most specific study on 
vitamin D fortification. The prevalence of vitamin 
D insufficiency decrease from 78% to 35% and 
the prevalence of vitamin D deficiency decrease 
from 19% to 5% only one year after the vitamin 
D fortification policy (46).

Another review conducted by Chadare et al. 
concluded that although food fortification is 
necessary for both developed and developing 
countries, it is not the only way to overcome 
the widespread nutritional deficiencies. In this 
review there are some examples of both classical 
food fortification and food-to-food fortification 
interventions. It should be noted that none of the 
examples on food-to-food fortification addressed 
vitamin D deficiencies (47).

With respect to cost-effectiveness, there are 
few studies which evaluate the economic value 
of different products fortified with vitamin D in 
various status (48). Ethgen et al. confirmed the 
cost-effectiveness of vitamin D fortified dairy 
products in patients with osteoporotic fractures 
(49). A modelling study using data from Wales 
and England also strongly recommend fortifying 
wheat flour with Vitamin D (50).

The current review has some limitations. 
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First, data of the participants` weights were 
not mentioned in most of the included studies. 
Obesity is associated with dyslipidemia, and it 
may have an effect on vitamin D metabolism too. 
Second, only studies published in English were 
included in this review and it could influence 
our results. Third, as the mean baseline serum 
vitamin D level was in beneficial range only in 
two studies (22, 29), the participants` response to 
the intervention could not be evaluated based on 
this factor. Finally, as there were few studies with 
non-dairy fortified products, the results derived 
from this meta-analyses should be interpreted 
with considerable caution.

Conclusion
Our systematic review and meta-analysis 

showed that only TC was significantly reduced 
by using vitamin D fortified foods. It reduces 
regardless of using different dairy or non-dairy 
product with various doses and duration of 
using fortified product and fortification with 
vitamin D or calcium-vitamin D. However this 
reduction, whilst statistically significant, may 
not be clinically important. According to this 
study results, among serum lipids including TC, 
TG, LDL-C and HDL-C, fortification of vitamin 
D may have significant effect on reducing total 
cholesterol. Our results also suggests the need 
for further robust randomized controlled trials 
with greater populations to provide conclusive 
evidence. Moreover, more variable doses of 
vitamin D fortification can be used in further trials 
in order to reevaluate the effects of fortifications 
on other plasma lipid parameters which are 
not considered to take effect from vitamin D 
fortifications.

Conflict of interest
The authors have no conflicts of interest to 

declare.

Declaration of interest
The authors report no declarations of interest.

References
1. Sahebi R, Rezayi M, Emadzadeh M, Salehi M, Tayefi M, 

Parizadeh SM, et al. The effects of vitamin D supplementation 
on indices of glycemic control in Iranian diabetics: A 
systematic review and meta-analysis. Complement Ther Clin 
Pract. 2019;34:294-304.

2. Slominski AT, Janjetovic Z, Fuller BE, Zmijewski MA, 
Tuckey RC, Nguyen MN, et al. Products of vitamin D3 or 
7-dehydrocholesterol metabolism by cytochrome P450scc 
show anti-leukemia effects, having low or absent calcemic 
activity. PloS one. 2010;5(3):e9907.

3. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, 
Penson S, et al. Comparison of vitamin D2 and vitamin D3 
supplementation in raising serum 25-hydroxyvitamin D 
status: a systematic review and meta-analysis. The American 
journal of clinical nutrition. 2012;95(6):1357-64.

4. Bikle DD. Vitamin D metabolism, mechanism of action, and 
clinical applications. Chem Biol. 2014;21(3):319-29.

5. Jakobsen J, Andersen EAW, Christensen T. Vitamin D Vitamers 
Affect Vitamin D Status Differently in Young Healthy Males. 
Nutrients. 2017;10(1).

6. Logan VF, Gray AR, Peddie MC, Harper MJ, Houghton LA. 
Long-term vitamin D3 supplementation is more effective 
than vitamin D2 in maintaining serum 25-hydroxyvitamin 
D status over the winter months. British Journal of Nutrition. 
2012;109(6):1082-8.

7. Romagnoli E, Mascia ML, Cipriani C, Fassino V, Mazzei F, 
D’Erasmo E, et al. Short and long-term variations in serum 
calciotropic hormones after a single very large dose of 
ergocalciferol (vitamin D2) or cholecalciferol (vitamin 
D3) in the elderly. The Journal of Clinical Endocrinology & 
Metabolism. 2008;93(8):3015-20.

8. Wilson LR, Tripkovic L, Hart KH, Lanham-New SA. Vitamin 
D deficiency as a public health issue: using vitamin D2 or 
vitamin D3 in future fortification strategies. The Proceedings 
of the Nutrition Society. 2017;76(3):392-9.

9. Parizadeh SM, Ghandehari M, Jafarzadeh-Esfehani R, 
Parizadeh SM, Hassanian SM, Ghayour-Mobarhan M, et al. 
The Relationship Between Vitamin D Status and Risk of 
Gastric Cancer. Nutrition and Cancer. 2019:1-9.

10. Parizadeh SM, Rezayi M, Jafarzadeh-Esfehani R, Avan A, 
Ghazizadeh H, Emadzadeh M, et al. Association of Vitamin D 
Status With Liver and Kidney Disease: A Systematic Review 
of Clinical Trials, and Cross-Sectional and Cohort Studies. 
International Journal for Vitamin and Nutrition Research. 
2019:1-13.

11. Talaei A, Yadegari N, Rafee M, Rezvanfar MR. Vitamin D 
Deficiency and Its Cut-off Point among Young Teenagers. 
Journal of Birjand University of Medical Sciences. 
2011;18(3):210-6.

12. Pludowski P, Holick MF, Grant WB, Konstantynowicz J, 
Mascarenhas MR, Haq A, et al. Vitamin D supplementation 
guidelines. The Journal of steroid biochemistry and molecular 
biology. 2018;175:125-35.

13. Johnson JL, Mistry VV, Vukovich MD, Hogie-Lorenzen T, Hollis 
BW, Specker BL. Bioavailability of vitamin D from fortified 
process cheese and effects on vitamin D status in the elderly. J 
Dairy Sci. 2005;88(7):2295-301.

14. Pilz S, März W, Cashman KD, Kiely ME, Whiting SJ, Holick 
MF, et al. Rationale and plan for vitamin D food fortification: 
a review and guidance paper. Front Endocrinol. 2018;9:373.

15. Emadzadeh M, Sahebi R, Khedmatgozar H, Sadeghi R, Farjami 
M, Sharifan P, et al. A systematic review and meta-analysis 
of the effect of Vitamin D-fortified food on glycemic indices. 
BioFactors (Oxford, England). 2020.

16. Jääskeläinen T, Itkonen ST, Lundqvist A, Erkkola M, Koskela T, 
Lakkala K, et al. The positive impact of general vitamin D food 
fortification policy on vitamin D status in a representative 
adult Finnish population: evidence from an 11-y follow-
up based on standardized 25-hydroxyvitamin D data. The 
American journal of clinical nutrition. 2017;105(6):1512-20.

17. Orozco-Beltran D, Gil-Guillen VF, Redon J, Martin-Moreno 
JM, Pallares-Carratala V, Navarro-Perez J, et al. Lipid profile, 
cardiovascular disease and mortality in a Mediterranean 
high-risk population: The ESCARVAL-RISK study. PLoS One. 
2017;12(10):e0186196.

18. Deaton C, Froelicher ES, Wu LH, Ho C, Shishani K, Jaarsma 
T. The global burden of cardiovascular disease. European 
Journal of Cardiovascular Nursing. 2011;10(2_suppl):S5-S13.

19. Jorde R, Grimnes G. Vitamin D and metabolic health with 
special reference to the effect of vitamin D on serum lipids. 
Progress in lipid research. 2011;50(4):303-12.

20. Faridi KF, Zhao D, Martin SS, Lupton JR, Jones SR, Guallar E, 
et al. Serum vitamin D and change in lipid levels over 5 y: 
The Atherosclerosis Risk in Communities study. Nutrition. 
2017;38:85-93.

21. Kumaratne M, Early G, Cisneros J. Vitamin D Deficiency 
and Association With Body Mass Index and Lipid Levels 
in Hispanic American Adolescents. Glob Pediatr Health. 
2017;4:1-6.

22. Daly R, Nowson C. Long-term effect of calcium-vitamin 
D 3 fortified milk on blood pressure and serum lipid 



Rev Clin Med 2022; Vol 9(No 2)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

11

Emadzadeh M et al.

concentrations in healthy older men. European journal of 
clinical nutrition. 2009;63(8):993-1000.

23. Nikooyeh B, Neyestani TR, Farvid M, Alavi-Majd H, 
Houshiarrad A, Kalayi A, et al. Daily consumption of 
vitamin D- or vitamin D + calcium-fortified yogurt drink 
improved glycemic control in patients with type 2 diabetes: 
a randomized clinical trial. The American journal of clinical 
nutrition. 2011;93(4):764-71.

24. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6(7):21.

25. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds 
DJ, Gavaghan DJ, et al. Assessing the quality of reports of 
randomized clinical trials: is blinding necessary? Control Clin 
Trials. 1996;17(1):1-12.

26. Lundh A, Gotzsche PC. Recommendations by Cochrane 
Review Groups for assessment of the risk of bias in studies. 
BMC Med Res Methodol. 2008;8(22):1471-2288.

27. Borenstein M, Hedges, L., Higgins, J., Rothstein, H. 
Comprehensive Meta-Analysis Version 3. Biostat, 
Englewood, NJ 2013.

28. Shab-Bidar S, Neyestani TR, Djazayery A, Eshraghian MR, 
Houshiarrad A, Gharavi A, et al. Regular consumption 
of vitamin D-fortified yogurt drink (Doogh) improved 
endothelial biomarkers in subjects with type 2 diabetes: 
a randomized double-blind clinical trial. BMC Med. 
2011;9(125):1741-7015.

29. Rosenblum JL, Castro VM, Moore CE, Kaplan LM. Calcium 
and vitamin D supplementation is associated with decreased 
abdominal visceral adipose tissue in overweight and 
obese adults. The American journal of clinical nutrition. 
2012;95(1):101-8.

30. Heravifard S, Neyestani TR, Nikooyeh B, Alavi-Majd H, 
Houshiarrad A, Kalayi A, et al. Regular consumption of both 
vitamin D- and calcium- and vitamin D-fortified yogurt drink 
is equally accompanied by lowered blood lipoprotein (a) and 
elevated apoprotein A1 in subjects with type 2 diabetes: a 
randomized clinical trial. J Am Coll Nutr. 2013;32(1):26-30.

31. Jafari T, Faghihimani E, Feizi A, Iraj B, Javanmard SH, 
Esmaillzadeh A, et al. Effects of vitamin D-fortified low 
fat yogurt on glycemic status, anthropometric indexes, 
inflammation, and bone turnover in diabetic postmenopausal 
women: A randomised controlled clinical trial. Clin Nutr. 
2016;35(1):67-76.

32. Nikooyeh B, Neyestani TR, Zahedirad M, Mohammadi M, 
Hosseini SH, Abdollahi Z, et al. Vitamin D-Fortified Bread Is 
as Effective as Supplement in Improving Vitamin D Status: 
A Randomized Clinical Trial. J Clin Endocrinol Metab. 
2016;101(6):2511-9.

33. Moreira-Lucas TS, Duncan AM, Rabasa-Lhoret R, Vieth R, 
Gibbs AL, Badawi A, et al. Effect of vitamin D supplementation 
on oral glucose tolerance in individuals with low vitamin 
D status and increased risk for developing type 2 diabetes 
(EVIDENCE): A double-blind, randomized, placebo-
controlled clinical trial. Diabetes, obesity & metabolism. 
2017;19(1):133-41.

34. Salehi S, Sadeghi F, Akhlaghi M, Hanifpour MA, Roshanzamir 
M. Vitamin D3-fortified milk did not affect glycemic control, 
lipid profile, and anthropometric measures in patients with 
type 2 diabetes, a triple-blind randomized clinical trial. 
European journal of clinical nutrition. 2018;72(8):1083-92.

35. Wang H, Xia N, Yang Y, Peng D-Q. Influence of vitamin D 
supplementation on plasma lipid profiles: a meta-analysis 
of randomized controlled trials. Lipids in health and disease. 

2012;11(1):42.
36. Akbari M, Mosazadeh M, Lankarani KB, Tabrizi R, Samimi M, 

Karamali M, et al. The Effects of Vitamin D Supplementation 
on Glucose Metabolism and Lipid Profiles in Patients with 
Gestational Diabetes: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Horm Metab Res. 
2017;49(09):647-53.

37. Jafari T, Fallah AA, Barani A. Effects of vitamin D on serum 
lipid profile in patients with type 2 diabetes: A meta-analysis 
of randomized controlled trials. Clin Nutr. 2016;35(6):1259-
68.

38. Sai AJ, Walters RW, Fang X, Gallagher JC. Relationship 
between vitamin D, parathyroid hormone, and bone health. 
J Clin Endocrinol Metab. 2011;96(3):E436-46.

39. Guasch A, Bulló M, Rabassa A, Bonada A, Del Castillo D, 
Sabench F, et al. Plasma vitamin D and parathormone are 
associated with obesity and atherogenic dyslipidemia: a 
cross-sectional study. Cardiovasc Diabetol. 2012;11:149.

40. Jacobs ET, Haussler MR, Martí�nez ME. Vitamin D Activity and 
Colorectal Neoplasia: A Pathway Approach to Epidemiologic 
Studies. Cancer epidemiology, biomarkers & prevention. 
2005;14(9):2061-3.

41. Vaskonen T, Mervaala E, Sumuvuori V, Seppänen-Laakso T, 
Karppanen HJBJoN. Effects of calcium and plant sterols on 
serum lipids in obese Zucker rats on a low-fat diet. British 
Journal of Nutrition. 2002;87(3):239-45.

42. Jiang W, Miyamoto T, Kakizawa T, Nishio S-i, Oiwa A, Takeda 
T, et al. Inhibition of LXRα signaling by vitamin D receptor: 
possible role of VDR in bile acid synthesis. Biochemical and 
Biophysical Research Communications. 2006;351(1):176-84.

43. Gallo L, Faniello MC, Canino G, Tripolino C, Gnasso A, Cuda G, 
et al. Serum Calcium Increase Correlates With Worsening of 
Lipid Profile: An Observational Study on a Large Cohort From 
South Italy. Medicine (Baltimore). 2016;95(8):e2774.

44. Andersen R, Brot C, Mejborn H, Mølgaard C, Skovgaard LT, 
Trolle E, et al. Vitamin D supplementation does not affect 
serum lipids and lipoproteins in Pakistani immigrants. 
European journal of clinical nutrition. 2009;63(9):1150-3.

45. Wang Y, Si S, Liu J, Wang Z, Jia H, Feng K, et al. The 
associations of serum lipids with vitamin D status. PLoS ONE. 
2016;11(10):e0165157.

46. Calvo MS, Whiting SJ. Survey of current vitamin D food 
fortification practices in the United States and Canada. The 
Journal of steroid biochemistry and molecular biology. 
2013;136:211-3.

47. Chadare FJ, Idohou R, Nago E, Affonfere M, Agossadou J, 
Fassinou TK, et al. Conventional and food-to-food fortification: 
An appraisal of past practices and lessons learned. Food 
science & nutrition. 2019;7(9):2781-95.

48. Aguiar M, Andronis L, Pallan M, Hogler W, Frew E. Preventing 
vitamin D deficiency (VDD): a systematic review of 
economic evaluations. European journal of public health. 
2017;27(2):292-301.

49. Ethgen O, Hiligsmann M, Burlet N, Reginster JY. Cost-
effectiveness of personalized supplementation with vitamin 
D-rich dairy products in the prevention of osteoporotic 
fractures. Osteoporosis international : a journal established 
as result of cooperation between the European Foundation 
for Osteoporosis and the National Osteoporosis Foundation 
of the USA. 2016;27(1):301-8.

50. Aguiar M, Andronis L, Pallan M, Hogler W, Frew E. The 
economic case for prevention of population vitamin D 
deficiency: a modelling study using data from England and 
Wales. 2019.


