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ABSTRACT

Yogurt is a good source of probiotics, calcium, and
proteins, but its content of vitamin D is low. Therefore,
yogurt could be a good choice for vitamin D fortification to improve the positive health outcomes associated with its consumption. The primary aim of this
systematic review and meta-analysis was to investigate
the effect of vitamin D-fortified yogurt compared with
plain yogurt on levels of serum 25-hydroxy vitamin D
(25OHD). The secondary aim was to evaluate the effect
of fortified yogurt on parathyroid hormone, anthropometric parameters, blood pressure, glucose metabolism,
and lipid profile. We searched PubMed, Scopus, and
Google Scholar for eligible studies; that is, randomized controlled trials (RCT) that compared vitamin
D-fortified yogurt with control treatment without any
additional supplement. Random-effects models were
used to estimate pooled effect sizes and 95% confidence
intervals. Findings from 9 RCT (n = 665 participants)
that lasted from 8 to 16 wk are summarized in this
review. The meta-analyzed mean differences for random effects showed that vitamin D-fortified yogurt
(from 400 to 2,000 IU) increased serum 25OHD by
31.00 nmol/L. In addition, vitamin D-fortified yogurt
decreased parathyroid hormone by 15.47 ng/L, body
weight by 0.92 kg, waist circumference by 2.01 cm,
HOMA-IR by 2.18 mass units, fasting serum glucose
by 22.54 mg/dL, total cholesterol by 13.38 mg/dL, and
triglycerides by 30.12 mg/dL compared with the controlled treatments. No publication bias was identified.
Considerable between-study heterogeneity was observed
for most outcomes. Vitamin D-fortified yogurt may be
beneficial in improving serum 25OHD, lipid profile,
glucose metabolism, and anthropometric parameters
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and decreasing parathyroid hormone level in pregnant
women and adult and elderly subjects with or without
diabetes, prediabetes, or metabolic syndrome.
Key words: fortified yogurt, vitamin D, health, waist
circumference, parathyroid hormone
INTRODUCTION

Yogurt is a particular type of fermented milk and,
although its nutritional content is comparable to that
of milk, added ingredients and fermentation may improve its nutritional value (Adolfsson et al., 2004) and
provide unique properties that enhances the bioavailability of its nutrients (Wang et al., 2013; El-Abbadi et
al., 2014). A wide variety of different fermented milk
products are available, including probiotic, prebiotic,
and functional fermented milks. The term “yogurt”
refers to the product obtained from the fermentation of
milk by 2 viable lactic acid bacteria, Lactobacillus bulgaricus and Streptococcus thermophilus, at a minimum
concentration of 107 cfu/g at the time of manufacture
(WHO/FAO, 2011).
Probiotics have beneficial effects on antibiotic-associated diarrhea (Goldenberg et al., 2017), inflammatory
bowel diseases (Ghouri et al., 2014), depression and
anxiety (Luna and Foster, 2015), and immune function
(Ozen et al., 2015). In addition, recent evidence shows
promising results with probiotic therapy in the management of obesity (Zhang et al., 2015) and in the reduction of low-density lipoprotein cholesterol (DiRienzo,
2014) and high blood pressure (Khalesi et al., 2014).
Yogurt provides an excellent source of essential
amino acids. The proteolytic activity of bacterial cultures in yogurt enables some predigestion of milk proteins, resulting in greater amounts of free amino acids
that allow for better protein digestibility (Adolfsson
et al., 2004). Although yogurt contains lactose, it is
well tolerated by individuals with lactose intolerance.
Auto-digestion of lactose by yogurt bacteria improves
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its absorption, compared with other dairy products, in
lactase-deﬁcient people (Savaiano, 2014). Moreover, the
activity of bacteria in yogurt results in an acidic environment that increases the bioavailability of calcium,
potassium, phosphorus, and zinc compared with milk
(Adolfsson et al., 2004).
Thus, yogurt provides both calcium and proteins, but
the usual content of vitamin D is low, ranging between
2 and 3 µg (USDA, 2014), which is below the recommended dietary allowance of 15 µg/d (600 IU) up to
the age of 70 yr (Ross et al., 2011). Vitamin D, calcium,
and proteins together are important to help reduce the
negative bone balance often observed in the elderly.
Yogurt may be supplemented with vitamin D and additional probiotics to improve the positive health outcomes (El-Abbadi et al., 2014). For this reason, yogurt
could be a good choice for vitamin D fortification. Jafari et al. (2016a) evaluated the stability of vitamin D3
added to low-fat yogurt and the yogurt drink “doogh”
during 3 wk of product shelf life. The authors considered
2 types of vitamin D3, water- and oil-dispersible forms,
suitable for food fortification, and 2 types of containers,
opaque and translucent. The stability of vitamin D3 in
yogurt or doogh packed in translucent containers was
not satisfactory, whereas that of yogurt or doogh in
opaque containers (which reduce light-related degradation) was acceptable (Jafari et al., 2016a).
Vitamin D deficiency leads to several clinical disorders, including bone metabolic disorders (Naylor and
Eastell, 2012), secondary hyperparathyroidism (Lips
et al., 2006), and muscle weakness that could result
in a higher risk of falls in the elderly (Bischoff-Ferrari
et al., 2009). Cardiovascular disease (CVD), cancers,
both types of diabetes (Holick et al., 2011), obesity
(Pereira-Santos et al., 2015), and higher susceptibility
of immune-mediated disorders, including chronic infections and autoimmune disease (Baeke et al., 2010) are
commonly known diseases associated with vitamin D
inadequacy. Currently, there is a lack of agreement regarding the serum concentration of 25-hydroxy vitamin
D (25OHD) that would be considered a deficiency
threshold level. The WHO (2003) defined as normal a
serum concentration of 25OHD >20 ng/mL, whereas,
according to the International Osteoporosis Foundation (IOF), an optimal state of nutrition would occur
with 25OHD levels >30 ng/mL (Dawson-Hughes et
al., 2010). Therefore, the minimum value to define a
completely adequate nutrition status would be 30 ng/
mL (Holick et al., 2011). The reference intake levels for
the Italian population indicate a population reference
intake of 15 for adults (aged 18–59 yr), which is the
same as that in the 60–74 yr age group. For the elderly
(>75 yr), a PRI of 20 is adopted (SINU, 2014). Most
populations fail to meet the recommended dietary vitaJournal of Dairy Science Vol. 102 No. 10, 2019

min D requirements. In Europe, 25OHD concentrations
<30 nmol/L (12 ng/mL) and <50 nmol/L (20 ng/mL)
are present in 13 and 40.4% of the general population,
respectively (Pilz et al., 2018).
Vitamin D fortification seems to be the most appropriate means to improve vitamin D intake and status
in the general population to meet dietary vitamin D
recommendations. Today, wide variation exists in the
availability of vitamin D-fortified foods, and mandatory and voluntary vitamin D food fortification policies
may be enforced globally. Systematic vitamin D food
fortification has been introduced in some countries,
such as the United States, Canada, India, and Finland.
For example, in the Finnish population, vitamin D
nutrition policy represents a successful public health
strategy (Pilz et al., 2018).
Yogurt fortification could be a good strategy to improve some of the most common nutritional deficiencies.
As a product, yogurt represents a feasible approach to
enhance nutritional status and is well suited for elderly
individuals; there are no obstacles in consumption for
individuals with chewing difficulty, it is well tolerated
by lactose-intolerant individuals, and it has relatively
long shelf life (El-Abbadi et al., 2014).
The primary aim of this systematic review and
meta-analysis was to investigate the effect of vitamin
D-fortified yogurt compared with plain yogurt on serum 25OHD in a cohort of pregnant, adult, and elderly
subjects with or without diabetes, prediabetes, or metabolic syndrome. The secondary aim was to evaluate
the effect of fortified yogurt on parathyroid hormone
(PTH) levels, anthropometric parameters such as BW,
waist circumference, and body mass index (BMI), and
blood pressure, lipid profile, and glucose metabolism.
MATERIALS AND METHODS

The present systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement (Moher et al., 2009). It was carried out through
the following steps: (1) formulation of the review question: “What are the health outcomes associated with
vitamin D-fortified yogurt consumption?”; (2) definition of participants: women and men aged 18 to 99
yr; (3) search strategy for the identification of relevant
intervention studies that included the effect of vitamin
D-fortified yogurt; and (4) analysis of the data through
the systematic review and meta-analysis.
Search Strategy

Articles written in English were identified by searching Pubmed (https://www.ncbi.nlm.nih.gov/pubmed/
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), Scopus (https://www.scopus.com/home.uri), and
Google Scholar (https://scholar.google.it/). The search
strategy was based on the following search terms:
vitamin D[MeSH Terms]) OR cholecalciferol[MeSH
Terms]) OR vitamin D2[MeSH Terms]) OR 1,25
dihydroxycholecalciferol[MeSH Terms]) OR fortified
yogurt vitamin D[MeSH Terms]) OR calcitriol[MeSH
Terms]) OR vitamin D3[MeSH Terms]) OR
ergocalciferols[MeSH Terms]) AND body weight[MeSH
Terms]) OR body mass index[MeSH Terms]) OR waist
circumference[MeSH Terms]) OR glycemia[MeSH
Terms]) OR parathyroid hormone[MeSH Terms]) OR
triglycerides[MeSH Terms]) OR cholesterol[MeSH
Terms]) OR blood pressure[MeSH Terms]) OR
insulin[MeSH Terms]) OR 25OHD[MeSH Terms]) OR
HOMA IR[MeSH Terms]) OR Anthropometric[MeSH
Terms]) OR metabolic syndrome[MeSH Terms]) OR
fat mass[MeSH Terms]) OR glucose[MeSH Terms]) OR
diabetes[MeSH Terms]. This search strategy retrieved
33,917 studies; after initial screening based on titles
and pertinence, we entered 48 studies in the flowchart
process. The same search was done in the Scopus and
Google Scholar search engines, and some studies were
retrieved from both databases.
Eligible studies were required to report baseline and
follow-up values, the mean change, and relative standard deviation from baseline or the mean difference
among intervention groups versus control group, or
both, concerning serum 25OHD; PTH; anthropometric
outcomes such as BW, BMI, waist circumference, and
fat mass; systolic and diastolic blood pressure; glucose
metabolism such as fasting serum glucose and insulin
resistance (HOMA-IR); and lipid profile, including
total cholesterol, triglycerides, low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) fractions.
Studies in children or studies that were not randomized
or had no control group were excluded a priori.
Analysis of Data and Presentation of the Outcomes

Randomized clinical trials (RCT) investigating the
effectiveness of vitamin D-fortified yogurt on different
health outcomes were included. For each study, the
following data were collected: first author, publication
year, study setting, study design, eligibility criteria,
number of subjects, sex, age, dietary intervention
description, duration, and main outcomes. A metaanalysis of pooled estimates for aggregated data was
performed.
Risk of Bias in Individual Studies

The risk of bias of each study was assessed using the
Cochrane Collaboration risk of bias tool (Higgins et al.,

2011) and considering as factors contributing to the
study quality the generation of the allocation sequence,
the allocation concealment, the blinding of outcome
data, the presence of incomplete data, and selective
reporting. These factors were classified as low, high, or
unclear risk of bias. Studies with a low risk of bias for
at least 3 items were considered good; studies with a
low risk of bias for at least 2 items were considered fair,
and studies with a low risk for no items or only for 1
item were considered poor.
RESULTS

The literature search, after the initial screening, retrieved 48 eligible articles. After an accurate screening,
19 papers were selected for full-text review. Of these
19 articles, 10 studies were excluded for methodological reasons and 9 RCT were selected for the present
systematic review and meta-analysis. Eight studies
presented 1 intervention group and 1 control group,
and one study used 2 intervention groups and 1 control
group (Nikooyeh et al., 2011). Figure 1 shows the study
selection procedure.
Concerning the study design, 8 were double-blind
RCT (Nikooyeh et al., 2011; Shab-Bidar et al., 2011;
Bonjour et al., 2013, 2015; Jafari et al., 2016b; Li and
Xing, 2016; Mohammadi-Sartang et al., 2018; Mostafai
et al., 2018) and 1 was single-blind RCT (Shab-Bidar et
al., 2015a). The studies lasted from 8 to 16 wk and the
age range of the subjects was 20 to 99 yr. The 9 studies
included a total of 665 participants, both women and
men (Table 1). Five studies considered a cohort of men
and women (397 participants; Nikooyeh et al., 2011;
Shab-Bidar et al., 2011, 2015a; Mohammadi-Sartang et
al., 2018; Mostafai et al., 2018) and 4 studies considered
a cohort of only women (268 participants; Bonjour et
al., 2013, 2015; Jafari et al., 2016b; Li and Xing, 2016).
In the eligible studies, 3 involved subjects with type
2 diabetes (n = 250; Nikooyeh et al., 2011; Shab-Bidar
et al., 2011, 2015a), one study involved prediabetic
subjects (n = 60; Mostafai et al., 2018), and 2 studies involved elderly institutionalized women (n = 100;
Bonjour et al., 2013, 2015). The remaining 3 studies
considered pregnant women with gestational diabetes
mellitus at the onset of their second trimester (n = 103;
Li and Xing, 2016), type 2 diabetic postmenopausal
women (n = 59; Jafari et al., 2016b), and subjects with
metabolic syndrome (n = 87; Mohammadi-Sartang et
al., 2018).
The inclusion criteria considered in the selected studies were very different with a wide variety of parameters:
low vitamin D status [≤20 nmol/L or ≤30 ng/mL (≤50
nmol/L)] or baseline serum 25OHD <125 nmol/L; serum PTH <150 ng/L; blood glucose concentration >126
Journal of Dairy Science Vol. 102 No. 10, 2019
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Figure 1. Flow diagram of the study. RCT = randomized controlled trial.

mg/dL or >7 mmol/L (>126 mg/dL), BMI between 25
and 35 kg/m2, prediabetic and type 2 diabetic subjects;
pregnant woman whose plasma glucose met one of the
following criteria were considered as having gestational
diabetes mellitus: fasting plasma glucose ≥92 mg/dL,
1-h oral glucose tolerance test (OGTT) ≥180 mg/dL:
and 2-h OGTT ≥153 mg/dL. Participants in both the
intervention and control groups consumed 1 or 2 daily
servings (100 mL for each serving) or 2 daily servings
(125–250 mL for each serving) of control yogurt or
fortified yogurt. The control group consumed plain yogurt without supplements or plain yogurt with calcium
supplement only (doses of 150, 170, 280, or 300 mg).
The intervention group consumed vitamin D-fortified
yogurt alone (dose of 500, 1,000, or 2,000 IU) or with
vitamin D (dose of 400 or 500 IU) plus calcium (dose of
150, 170, 250, 500, or 800 mg).
Journal of Dairy Science Vol. 102 No. 10, 2019

Considering Different Hematochemical Outcomes

Changes in Serum 25OHD. Seven clinical trials
reported a significantly greater increase in circulating
25OHD levels in the intervention groups compared with
the control groups (Nikooyeh et al., 2011; Shab-Bidar
et al., 2011, 2015a; Bonjour et al., 2013, 2015; Li and
Xing, 2016; Mohammadi-Sartang et al., 2018). The
range of increase was 15.80 to 40.20 nmol/L (P < 0.05)
in subjects who consumed fortified yogurt compared
with those who did not. In the other 2 studies, the Pvalues were not reported (Jafari et al., 2016b; Mostafai
et al., 2018).
Changes in PTH. Three clinical trials demonstrated significantly lower levels of PTH in the intervention
group (Shab-Bidar et al., 2011; Bonjour et al., 2013;
Jafari et al., 2016b). The decrease in PTH level varied

Type 2 diabetic
patients

Shab-Bidar et al.
(2011); RCT
double-blind,
bicentral

Fasting blood
glucose >7 mmol/L

Type 2 diabetic
patients

Type 2 diabetic
patients

Nikooyeh et al.
(2011); RCT
double-blind

Type 2 diabetic
patients

Blood glucose >126
mg/dL

Communitydwelling women

Bonjour et al.
(2015); RCT
double-blind

Shab-Bidar et al.
(2015a); RCT
single-blind

Low vitamin D
status (25OHD
≤30 nmol/L) and
moderately elevated
serum PTH (>46
and <150 ng/L),
Serum 25OHD ≤20
ng/mL and PTH
<150 ng/mL

Inclusion
criteria2

Institutionalized
women

Setting

Bonjour et al.
(2013); RCT
double-blind

Reference;
study type1

Table 1. Characteristics of the studies

Two servings of 250
mL each/d of PD
or FD

Two bottles of 250
mL each/d of PYD
or FYD

60
(31/29)

100
(43/57)

90
(35/55)

n = 29
(51.3 ± 7.7 yr)
PD: 170 mg Ca and
no D

n = 50
(52.4 ± 8.4 yr)
PYD: 170 mg Ca and no
detectable D

n = 24
(72.8 ± 1.6 yr)
CY: 0 µg D3 and 280
mg Ca
n = 30
(50.8 ± 6.6 yr)
PY drink: 150 mg Ca
and no detectable D3

48
(0/48)

Two yogurts of 125
g each/d of CY
or FY
Two servings of 250
mL each/d of PY,
DY, or DCY

n = 27
(85.1 ± 1.3 yr)
CY: 0 µg D3 + 280
mg Ca

↓s25OHD (BP = 0.01),
↑PTH (BP = 0.001),
↑BW (BP = 0.49),
↑BMI (BP = 0.03),
↑WC (BP = 0.007),
↑FM (BP = 0.01),
↓SBP (BP = 0.056),
↓DBP (BP = 0.02),
↑FSG (BP = 0.10),
↓TC (BP = 0.10),
↑TG (BP = 0.001),
↓HDL (BP = 0.001),
↓LDL (BP = 0.001)
↓s25OHD (BP < 0.001),
↑BW (BP = 0.16),
↑BMI (BP = 0.16),
↑WC (BP = 0.028),
↑FM (BP < 0.008),
↑FSG (BP = 0.08)
12

n = 31
(54.1 ± 8.0 yr)
FD: 170 mg Ca and
12.5 μg (500 IU) D

Continued

↑s25OHD (BP < 0.001) in DY
and DCY;
↓BW (BP < 0.001),
↓BMI (BP < 0.001),
↓WC (BP = 0.011),
↓FM (BP = 0.001) in DY and
DCY;
↓SBP in DY and
↑SBP in DCY (BP = 0.229);
↑DBP (BP = 0.925; P = 0.309);
↓FSG (BP = 0.010) and
↓HOMA-IR (P < 0.001) in DY
and DCY;
↑TC in DY and
↓TC in DCY (BP = 0.859);
↓TG (BP = 0.051),
↑LDL (P = 0.910), and
↑HDL (P = 0.788) in DY and
DCY
↑s25OHD (BP = 0.001)
↓PTH (BP = 0.001),
↓BW (BP = 0.49),
↓BMI (BP = 0.03),
↓WC (BP = 0.007),
↑FM (BP = 0.01),
↓SBP (BP = 0.056),
↓DBP (BP = 0.02),
↓FSG (BP = 0.10),
↓TC (BP = 0.10),
↓TG (BP = 0.001),
↑HDL (BP = 0.001), ↓LDL (BP
= 0.001)
↑s25OHD (BP < 0.001),
↓BW (BP = 0.16),
↑BMI (BP = 0.16),
↓WC (BP = 0.028),
↓FM (BP < 0.008),
↓FSG (BP = 0.08)

↓s25OHD (BP < 0.001),
↓BW (BP < 0.001),
↑BMI (BP < 0.001),
↑WC (BP = 0.011),
↑FM (BP = 0.001),
↑SBP (BP = 0.299),
↑DBP (BP = 0.925),
↑FSG (BP = 0.010),
↑HOMA-IR (BP < 0.001),
↑TC (BP = 0.859),
↑TG (BP = 0.051),
↑LDL (P = 0.910),
↑HDL (P = 0.788)
12

12

↑s25OHD (BP = 0.04),
↓PTH (BP = 0.337)

↑s25OHD (BP = 0.04),
↓PTH (BP = 0.337)

12

n = 24
(74.3 ± 1.4 yr)
FY: 10 µg (400 IU) D3
and 800 mg Ca
Group I: n = 30
(51.4 ± 5.4 yr)
DY drink: 500 IU D3
and 150 mg Ca
Group II: n = 30
(49.9 ± 6.2 yr)
DCY: 500 IU D3 and
250 mg Ca

n = 50
(52.6 ± 6.3 yr)
FYD: 170 mg Ca and
500 IU D3

↑s25OHD (BP < 0.0001),
↓PTH (BP < 0.0001)

↑s25OHD ( P < 0.001),
↓PTH (BP < 0.001)

Intervention groups

8

Control group

n = 31
(85.8 ± 1.2 yr)
FY: 10 µg (400 IU) D3
+ 800 mg Ca

Duration
(wk)

Changes6,7

B

Intervention
group(s)

Control group

58
(0/58)

Subjects
(no.; M/F)4

Two servings of
125 g each/d of CY
or FY

Dietary
intervention3

Number, age (mean ± SD), and treatment5
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n = 30
(49 ± 7 yr)
PY

60
(32/28)

Prediabetic
subjects

Mostafai et al.
(2018); RCT
double-blind

12

10

16

12

n = 44
(45.4 ± 8.9 yr)
FY: 5 g whey protein,
3 g inulin as prebiotic,
500 mg Ca, 500 IU D3;
S. thermophilus and
L. bulgaricus + ≥107
cfu/g Bifidobacterium
lactis Bb12

n = 52
(age at pregnancy: 29.0
± 5.3 yr)
VDY: 500 IU D3

n = 30
(49 ± 6 yr)
FY (1,000 IU of D)

Duration
(wk)

n = 30
(57.8 ± 5.5 yr)
FY: 2,000 IU D

Intervention
group(s)
↑s25OHD (WP < 0.001),
↓PTH (BP = 0.001),
↓BW (BP = 0.069),
↓BMI (BP = 0.006),
↓WC (BP < 0.001),
↓FM (BP = 0.001),
↓HOMA-IR (BP < 0.001),
↑SBP (BP = 0.854),
↑DBP (BP = 0.949),
↓FSG (P = 0.026),
↓TC (BP = 0.425),
↓TG (BP = 0.802),
↑HDL (BP = 0.063),
↓LDL (BP = 0.053)
↑s25OHD (BP < 0.001),
↓BW (BP = 0.214),
↓BMI (BP = 0.283),
↓WC (BP < 0.001),
↓FM (BP = 0.046),
↓HOMA-IR (BP = 0.004),
↓SBP (BP = 0.119),
↓DBP (BP = 0.705),
↓TC (BP = 0.368),
↓TG (BP = 0.003),
↑HDL (BP = 0.009),
↓LDL (BP = 0.798)
↑s25OHD (BP = 0.02),
↓HOMA-IR (BP = 0.01),
↓TC (BP = 0.04),
↓TG (BP = 0.02),
↓LDL (BP = 0.05),
↑HDL (BP = 0.21)

↑s25OHD (WP < 0.001),
↓BW (WP = 0.33),
↓BMI (WP = 0.22),
↓FM (WP = 0.006)

↓s25OHD (WP = 0.95),
↑BW (WP = 0.83),
↑BMI (WP = 0.80),
↑FM (WP = 0.56)

Intervention groups

↓s25OHD ( P = 0.270),
↑PTH (BP = 0.001),
↑BW (BP = 0.069),
↑BMI (BP = 0.006),
↑WC (BP < 0.001),
↑FM (BP = 0.001),
↑HOMA-IR (BP < 0.001),
↑SBP (BP = 0.854),
↓DBP (BP = 0.949),
↑FSG (BP = 0.026),
↑TC (BP = 0.425),
↑TG (BP = 0.802),
↑HDL (BP = 0.063),
↑LDL (BP = 0.053)
↑s25OHD (BP < 0.001),
↓BW (BP = 0.214),
↓BMI (BP = 0.283),
↓WC (BP < 0.001),
↓FM (BP = 0.046),
↓HOMA-IR (BP = 0.004),
↓SBP (BP = 0.119),
↓DBP (BP = 0.705),
↓TC (BP = 0.368),
↓TG (BP = 0.003),
↑HDL (BP = 0.009),
↓LDL (BP = 0.798)
↓s25OHD (BP = 0.02),
↑HOMA-IR (BP = 0.01),
↑TC (BP = 0.04),
↑TG (BP = 0.02),
↑LDL (BP = 0.05),
↓HDL (BP = 0.21)

W

Control group

Changes6,7

2

RCT = randomized controlled trial.
25OHD = 25-hydroxy vitamin D; PTH = parathyroid hormone;
3
Interventions: CY = control yogurt; DCY = vitamin D + calcium-fortified yogurt; DY = vitamin D-fortified yogurt; FD = vitamin D3-fortiﬁed doogh; FY = fortified yogurt; FYD
= vitamin D3-fortified doogh; PD = plain doogh; PY = plain yogurt; PYD = plain doogh; VDY = vitamin D yogurt drink.
4
M = male; F = female.
5
D = vitamin D; D3 = vitamin D3.
6
s25OHD = serum 25-hydroxy vitamin D; PTH = parathyroid hormone; BMI = body mass index; WC = waist circumference; FM = fat mass; SBP = systolic blood pressure;
DBP = diastolic blood pressure; FSG = fasting serum glucose; HOMA-IR = homeostatic model assessment insulin resistance; TC = total cholesterol; TG = triglycerides; HDL =
high-density lipoprotein; LDL = low-density lipoprotein.
7
Where B indicates a P-value between groups and W indicates a P-value within group.

1

n = 51
(age at pregnancy: 28.3
± 4.1 yr)
PY: no D3 supplement

103
(0/103)

Two servings of 100
g each/d of PY or
VDY

Pregnant woman
whose plasma
glucose met one
of the following
criteria were
considered as having
GDM: fasting
plasma glucose ≥92
mg/dL, 1 h oral
glucose tolerance
test (OGTT) ≥180
mg/dL and 2 h
OGTT ≥153 mg/dL
Prediabetic subjects

Pregnant
women with
gestational
diabetes
mellitus (GDM)
at the onset of
their second
trimester (13
wk)

Li and Xing (2016);
RCT double-blind

Two servings of
100 g each/d of PY
or FY

n = 43
(45.6 ± 8.7 yr)
PY: 300 mg of Ca
and no detectable
D; Streptococcus
thermophilus and
Lactobacillus bulgaricus

87
(34/53)

Two servings of 250
mL each/d of FY
or PY

BMI of 25–34.9
kg/m2

Patients with
metabolic
syndrome

n = 29
(56.8 ± 5.7 yr)
PY

Mohammadi-Sartang
et al. (2018); RCT
double-blind

59
(0/59)

Control group

One serving of 100
mL/d of PY or FY

Subjects
(no.; M/F)4

Baseline serum
25OHD <125
nmol/L

Dietary
intervention3

Inclusion
criteria2

Type 2 diabetic
postmenopausal
women

Setting

Number, age (mean ± SD), and treatment5

Jafari et al. (2016b);
RCT double-blind

Reference;
study type1

Table 1 (Continued). Characteristics of the studies
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Figure 2. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in serum 25-hydroxy vitamin D
(nmol/L) subgroup meta-analysis (n = 659). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance
(linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to
the study’s weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of
effect; the lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence
interval for an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

from 11.33 to 21.50 ng/L depending on the study (P <
0.05). One trial showed a nonsignificant reduction in
PTH level in the intervention group compared with the
control group (Bonjour et al., 2015).
Changes in Lipid Profile. Three clinical studies
reported a statistically significant reduction in triglyceride levels, ranging from 29.7 to 63.2 mg/dL (P < 0.05;
Shab-Bidar et al., 2011; Li and Xing, 2016; Mohammadi-Sartang et al., 2018), and 2 studies showed nonsignificant changes in triglycerides [P = 0.051 (Nikooyeh et
al., 2011); P = 0.802 (Jafari et al., 2016b)]. One study
demonstrated a significant decrease in total cholesterol
in the intervention group compared with the control
group (44.4 mg/dL, P = 0.04; Li and Xing, 2016). One
study demonstrated a significant decrease in total cholesterol in the intervention group compared with the
control group (44.4 mg/dL, P = 0.04; Shab-Bidar et
al., 2011) and 2 studies showed significant increases in
HDL fraction in the intervention group versus the con-

trol group (2.7 and 3 mg/dL, P = 0.001; Shab-Bidar
et al., 2011; Mohammadi-Sartang et al., 2018). Four
studies showed nonsignificant changes in LDL [P =
0.910 (Nikooyeh et al., 2011); P = 0.053 (Jafari et al.,
2016b); P = 0.798 (Mohammadi-Sartang et al., 2018);
P = 0.05 (Li and Xing, 2016)] and HDL cholesterol
fractions [P = 0.788 (Nikooyeh et al., 2011); P = 0.063
(Jafari et al., 2016b); P = 0.535 (Mohammadi-Sartang
et al., 2018); P = 0.21 (Li and Xing, 2016)] in the
intervention groups compared with the control groups.
Changes in Blood Pressure. Four studies reported
nonsignificant changes in diastolic blood pressure [P =
0.925 (Nikooyeh et al., 2011); P = 0.949 (Jafari et al.,
2016b); P = 0.705 (Mohammadi-Sartang et al., 2018);
P = not evaluated (Shab-Bidar et al., 2011)] and systolic blood pressure (P = 0.299 (Nikooyeh et al., 2011);
P = 0.056 (Shab-Bidar et al., 2011); P = 0.854 (Jafari
et al., 2016b); P = 0.119 (Mohammadi-Sartang et al.,
2018)].

Figure 3. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in parathyroid hormone (ng/L) subgroup meta-analysis (n = 265). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear,
exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 4. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in BW (kg) subgroup meta-analysis (n
= 589). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential). The square
represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s weight in the metaanalysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the lateral points of the
diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for an individual study
overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

Changes in HOMA-IR. Four studies demonstrated
a significant decrease in HOMA-IR in the intervention
groups compared with the control groups (Nikooyeh
et al., 2011; Jafari et al., 2016b; Li and Xing, 2016;
Mohammadi-Sartang et al., 2018). The range of decrease was from 1.0 to 2.8 units (P < 0.05) in subjects
who consumed fortified yogurt compared with those
who did not.
Changes in Fasting Serum Glucose. Two studies demonstrated a statistically significant decrease of
fasting serum glucose (FSG) in the intervention groups
compared with the control groups (Nikooyeh et al.,
2011; Jafari et al., 2016b). The decreases ranged from
5.3 to 26.0 mg/dL (P < 0.05) in subjects who consumed
fortified yogurt compared with those who did not. Two
studies reported nonsignificant changes in FSG [P =
0.10 (Shab-Bidar et al., 2011); P = 0.08 (Shab-Bidar
et al., 2015a)].

Considering Different Anthropometric Outcomes

Changes in BW. Among the studies considered,
only one showed a statistically significant reduction in
BW of 1.00 kg (P < 0.001) in the intervention group
compared with the control group (Nikooyeh et al.,
2011). Other studies reported similar decreases in BW,
although the results were not significant [P = 0.49
(Shab-Bidar et al., 2011); P = 0.16 (Shab-Bidar et al.,
2015a); P = 0.069 (Jafari et al., 2016b); P = 0.214
(Mohammadi-Sartang et al., 2018); P = NE (Mostafai
et al., 2018)].
Changes in BMI. Three studies demonstrated a
significant decrease in the intervention group, ranging from 0.4 to 0.6 kg/m2 (P < 0.05; Nikooyeh et al.,
2011; Shab-Bidar et al., 2011; Jafari et al., 2016b). In
contrast, 3 studies indicated that subjects that consumed fortified yogurt had a nonsignificant decrease in

Figure 5. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in waist circumference (cm) subgroup
meta-analysis (n = 426). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 6. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in body mass index (kg/m2) subgroup
meta-analysis (n = 486). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

BMI [P = 0.16 (Shab-Bidar et al., 2015a); P = 0.283
(Mohammadi-Sartang et al., 2018); P = NE (Mostafai
et al., 2018)].
Changes in Waist Circumference. Five studies
(Nikooyeh et al., 2011; Shab-Bidar et al., 2011, 2015a;
Jafari et al., 2016b; Mohammadi-Sartang et al., 2018)
found a significant reduction in waist circumference
in the intervention group compared with the control
groups, with decreases ranging from 1.2 to 2.9 cm (P
< 0.05).
Changes in Fat Mass. Contrasting significant
results were found. Although 4 studies found significant reductions in the intervention groups compared
with the control groups, ranging from 1.3 to 3.6% (P
< 0.05; Nikooyeh et al., 2011; Shab-Bidar et al., 2015a;
Jafari et al., 2016b; Mohammadi-Sartang et al., 2018),
one study (Shab-Bidar et al., 2011) demonstrated an
increase (2.1%, P = 0.01) and one did not report the
P-value between the groups (Mostafai et al., 2018).

Meta-Analyzed Data

The meta-analyzed mean differences for random effects (MD) showed a significant statistically increase in
25OHD (MD = +31.00 nmol/L; 95% CI: 26.10 to 35.91;
P < 0.00001; Figure 2). In the 9 studies [Nikooyeh et
al., 2011 (2 intervention groups: plain yogurt drink vs.
vitamin D-fortified yogurt drink and plain yogurt drink
vs. vitamin D plus calcium-fortified yogurt drink);
Shab-Bidar et al., 2011; Bonjour et al., 2013, 2015;
Shab-Bidar et al., 2015a; Jafari et al., 2016b; Li and
Xing, 2016; Mohammadi-Sartang et al., 2018; Mostafai
et al., 2018] with a total of 695 subjects (352 in the intervention group and 343 in the control group), the test
for heterogeneity indicated that the treatment effect
was significantly different between the considered studies; heterogeneity: τ2 (estimate of the between-studies
variance in a random-effects meta-analysis) = 56.59; χ2
= 1975.69, df = 9 (P < 0.00001); I2 (statistic describ-

Figure 7. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in fat mass (percentage) subgroup metaanalysis (n = 486). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential).
The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s weight in
the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the lateral points
of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for an individual
study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 8. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in total cholesterol (mg/dL) subgroup
meta-analysis (n = 469). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

ing the percentage of variation across studies that is
due to heterogeneity) = 100%.
In 4 studies (Bonjour et al., 2013, 2015; Shab-Bidar
et al., 2015a; Jafari et al., 2016b) considering PTH as
the outcome variable with 265 subjects (135 in the intervention group and 130 in the control group), there
was a significant decrease in PTH (Figure 3) in intervention groups compared with control groups [MD =
−15.47 ng/L; 95% CI: −19.97 to −10.96; P < 0.00001;
heterogeneity: τ2 = 15.81; χ2 = 41.77, df = 3 (P <
0.00001); I2 = 93%].
Regarding anthropometric parameters, in 7 studies
(Nikooyeh et al., 2011, 2 intervention groups; ShabBidar et al., 2011, 2015a; Jafari et al., 2016b; Li and
Xing, 2016; Mohammadi-Sartang et al., 2018; Mostafai
et al., 2018) totaling 589 participants (297 in the intervention group and 292 in the control group), there was
a significant decrease in BW (Figure 4) in intervention
groups compared with control groups [MD = −0.92 kg;
95% CI: −1.44 to −0.40; P = 0.005; heterogeneity: τ2
= 0.49; χ2 = 1226.77, df = 7 (P < 0.00001); I2 = 99%].

Five studies (Nikooyeh et al., 2011, 2 intervention
groups; Shab-Bidar et al., 2011, 2015a; Jafari et al.,
2016b; Mohammadi-Sartang et al., 2018) with a total
of 426 subjects (215 in the intervention group and 211
in the control group) showed a significant decrease in
waist circumference (Figure 5) in intervention groups
compared with control groups [MD = −2.01 cm; 95%
CI: −2.56 to −1.47; P < 0.00001; heterogeneity: τ2 =
0.23; χ2 = 20.23, df = 4 (P = 0.0004); I2 = 80%].
In 6 studies (Nikooyeh et al., 2011, 2 intervention
groups; Shab-Bidar et al., 2011, 2015a; Jafari et al.,
2016b; Mohammadi-Sartang et al., 2018; Mostafai et
al., 2018) concerning BMI (Figure 6) and fat mass (Figure 7) with a total of 486 participants (245 in intervention group and 241 in control group), the meta-analysis
did not find significant changes in the subjects who
consumed fortified yogurt versus those who did not.
For the 5 studies (Nikooyeh et al., 2011, 2 intervention groups; Shab-Bidar et al., 2011; Jafari et al.,
2016b; Mohammadi-Sartang et al., 2018) that evaluated lipid profile (469 subjects; 236 in intervention group

Figure 9. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in triglycerides (mg/dL) subgroup metaanalysis (n = 469). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential).
The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s weight in
the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the lateral points
of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for an individual
study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 10. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in low-density lipoprotein cholesterol
(mg/dL) subgroup meta-analysis (n = 469). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance
(linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to
the study’s weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of
effect; the lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence
interval for an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

and 233 in control group), the meta-analysis showed
a significant decrease in total cholesterol (Figure 8)
[MD = −13.38 mg/dL; 95% CI: −20.19 to −6.56; P =
0.0001; heterogeneity: τ2 = 55.51; χ2 = 229.86, df = 5
(P < 0.00001); I2 = 98%] and triglycerides (Figure 9)
[MD = −30.12 mg/dL; 95% CI: −43.22 to −17.02; P
= 0.00001; heterogeneity: τ2 = 215.21; χ2 = 94.49, df
= 5 (P < 0.00001); I2 = 95%] in subjects consuming
fortified yogurt.
As shown in Figure 10, we found a decrease in LDL
cholesterol [MD = −7.86 mg/dL; 95% CI: −15.35 to
−0.37; P = 0.04; heterogeneity: τ2 = 77.90; χ2 = 387.46,
df = 5 (P < 0.00001); I2 = 99%] in intervention groups
compared with control groups. Increase in HDL cholesterol, however, was not significant (P = 0.08) when
comparing results between the 2 groups (Figure 11).
In the 4 studies (Nikooyeh et al., 2011, 2 intervention
groups; Jafari et al., 2016b; Li and Xing, 2016; Mohammadi-Sartang et al., 2018) that considered HOMA-IR
as an outcome variable, with a total of 369 subjects (186

subjects in the intervention group and 183 subjects in
the control group), there was a significant decrease in
HOMA-IR (Figure 12) in intervention groups compared
with control groups [MD = −2.18 units; 95% CI: −2.92
to −1.44 units; P < 0.00001; heterogeneity: τ2 = 0.38;
χ2 = 9.43, df = 3 (P = 0.02); I2 = 68%].
The meta-analysis of 4 studies (Nikooyeh et al., 2011;
2 intervention groups; Shab-Bidar et al., 2011, 2015a;
Jafari et al., 2016b) with a total 339 subjects (171 in
the intervention group and 168 in the control group)
showed a significant decrease in FSG (Figure 13) in
the intervention group (MD = −22.54 mg/dL; 95% CI:
−37.55 to −7.52; P = 0.003; heterogeneity: τ2 = 255.17;
χ2 = 356.52, df = 4 (P < 0.00001); I2 = 99%).
The meta-analysis of 4 studies (Nikooyeh et al., 2011;
2 intervention groups; Shab-Bidar et al., 2011; Jafari
et al., 2016b; Mohammadi-Sartang et al., 2018) with a
total of 366 subjects (184 in the intervention group and
182 in the control group) showed no significant changes
in systolic (Figure 14) or diastolic (Figure 15) blood

Figure 11. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in high-density lipoprotein cholesterol
(mg/dL) subgroup meta-analysis (n = 469). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance
(linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to
the study’s weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of
effect; the lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence
interval for an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 12. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in homeostatic model assessment
insulin resistance (HOMA-IR) subgroup meta-analysis (n = 369). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear, exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each
square is proportional to the study’s weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the
meta-analyzed measure of effect; the lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents
no effect; if the confidence interval for an individual study overlaps with this line, the given level of confidence for the effect size does not differ
from no effect for that study.

pressure in subjects who consumed fortified yogurt versus those who did not (P = 0.35 and P = 0.76).
Risk of Bias

No publication bias was indicated for any outcomes,
as determined by funnel plot, Begg’s test, and Egger’s
test P-values > 0.05 (Table 2).
DISCUSSION

The systematic review and meta-analysis of 9 RCT
(n = 665 participants), lasting between 8 and 16 wk,
revealed a significant increase in serum 25OHD (31.00
nmol/L) as well as decreases in BW, waist circumference, HOMA-IR, FSG, total cholesterol, LDL cholesterol, and triglycerides after vitamin D (from 400 to
2,000 IU)-fortified yogurt supplementation in several
cohorts, including pregnant women, adults, and elderly subjects with or without diabetes, prediabetes, or
metabolic syndrome.

In addition, we found a decrease in PTH (15.47 ng/L)
in subjects who consumed vitamin D-fortified yogurt.
Parathyroid hormone values are inversely associated
with 25OHD and begin to plateau in adults with serum
25OHD levels between 30 and 40 ng/mL (Chapuy et
al., 1996; Holick et al., 2005). Vitamin D deficiency
decreases the efficiency of intestinal absorption of dietary calcium and phosphorus, resulting in an increase
in PTH (Heaney, 2004; Holick et al., 2005; Lips et al.,
2006; Holick, 2007). Consequently, the decrease in PTH
levels reported in the present work may be the result
of increasing levels of circulating serum vitamin D.
Fortified foods, including milk, yogurt, butter, margarine, cheeses, orange juice, bread, and breakfast cereals, represent the major dietary sources of vitamin D.
The effect of these foods on circulating 25OHD concentrations was evaluated in a recent meta-analysis (Black
et al., 2012), in which the authors found an increase of
19.4 nmol/L in the levels of 25OHD.
Our findings showed a decrease in FSG (−22.54 mg/
dL,) and HOMA-IR (−2.18) in subjects who consumed

Figure 13. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in fasting serum glucose (mg/dL)
subgroup meta-analysis (n = 339). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear,
exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Figure 14. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in systolic blood pressure (mmHg)
subgroup meta-analysis (n = 366). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear,
exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.

yogurt supplemented with vitamin D. The hypothesis
that yogurt intake protects against type 2 diabetes mellitus (T2DM) has recently been demonstrated by a
meta-analysis (Gao et al., 2013). In addition, several
lines of evidence support a role for vitamin D in pancreatic β-cell function. Existing meta-analyses that include
the effects of vitamin D supplementation on glycemic
control, however, concluded that there is currently insufficient evidence of a beneficial effect to recommend
vitamin D (George et al., 2012).
Several mechanisms explain the effects of fortified
yogurt containing calcium and vitamin D on T2DM.
First, calcium provided by yogurt could decrease accumulation of body fat and accelerate BW and fat
loss during energy restriction (Zemel, 2004). Second,
calcium intake may increase fat oxidation and suppress adipose tissue oxidative and inflammatory stress,
whereas adequate vitamin D may enhance the thermic
effect of a meal and fat oxidation (Teegarden et al.,
2008).
At the same time, a recent meta-analysis showed an
inverse and significant association between circulat-

ing 25OHD and risk of T2DM across a broad range
of blood 25OHD levels in diverse populations (Song
et al., 2013). The optimal 25OHD values for T2DM
prevention remain unknown, but it seems likely that
the combination of yogurt and vitamin D may improve the effects. In addition, 2 studies have evaluated
the effect of vitamin D-fortified Persian yogurt drink
(doogh) on oxidative stress (OS) in T2DM subjects.
The first demonstrated an OS-attenuating effect of vitamin D. In particular, the results showed a significant
decrement in serum protein carbonyl, serum cardiac
myeloperoxidase, and advanced glycation end-products
and a significant increment in superoxide dismutase
(SOD) activity (Nikooyeh et al., 2014). The other study
showed that improvement of vitamin D status via daily
intake of fortified doogh ameliorated OS biomarkers in
T2DM patients. Subjects who consumed fortified doogh
(containing 170 mg of calcium and 500 IU of vitamin
D3/250 mL) for 12 wk showed a significant increase in
glutathione and decrease in malondialdehyde, but no
change in serum SOD concentrations (Shab-Bidar et
al., 2015b). Those studies confirmed the antioxidative

Figure 15. Forest plots for randomized controlled trials of vitamin D-fortified yogurt studies included in diastolic blood pressure (mmHg)
subgroup meta-analysis (n = 366). Studies are listed by first author and year. IV = equation that can be estimated by inverse variance (linear,
exponential). The square represents the measure of effect (i.e., an odds ratio) for each study; the area of each square is proportional to the study’s
weight in the meta-analysis. Horizontal lines represent confidence intervals. The diamond represents the meta-analyzed measure of effect; the
lateral points of the diamond indicate confidence intervals for this estimate. The vertical line represents no effect; if the confidence interval for
an individual study overlaps with this line, the given level of confidence for the effect size does not differ from no effect for that study.
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Bias designations by study criteria are indicated by 7 domains with categories including low risk if negative aspects of the study design were not likely to influence the study findings, high risk if the study design was likely to influence the study findings, or unclear risk if high or low risk could not be assigned because of a lack of evidence.
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Table 2. Risk of bias for studies included in the meta-analysis according to the Cochrane Risk of Bias Tool1
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properties of vitamin D, even when administered in the
form of fortified yogurt.
Another key point highlighted in this study is the
reduction in BW (0.92 kg) during the supplementation of vitamin D-fortified yogurt. This result is in
line with a previous meta-analysis that demonstrated
modest beneficial effects of consuming dairy products
in facilitating weight loss in short-term or energyrestricted RCT (Chen et al., 2012). Our results were
confirmed by the Framingham study, which suggests
that further studies are needed to confirm the beneficial
role of increasing total dairy and yogurt intake as part
of a healthy and calorie-balanced dietary pattern, in
the long-term prevention of gain in weight and waist
circumference (Wang et al., 2014). Our finding can be
justified by a recent meta-analysis indicating that a
higher BMI may lead to lower 25OHD levels, and that
any effects of lower 25OHD increasing BMI are likely
to be small (Vimaleswaran et al., 2013). A possible
explanation of our results is that vitamin D deficiency
affects the composition of the intestinal microbiota (Ly
et al., 2011). Although a small study suggested that
decreased vitamin D intake was correlated with differences in fecal microbiota composition (Paxman et al.,
2008), it is possible that the host’s vitamin D status
could modify the effect of the intestinal microbiota on
the immune system. For instance, mice that lack the
vitamin D receptor (VDR) develop chronic, low-grade
inflammation in the gastrointestinal tract (Yu et al.,
2008).
Furthermore, our meta-analysis suggests that consuming vitamin D-fortified yogurt may explain the
beneficial effect on lipid profile, including reductions
in triglycerides (30.12 mg/dL), total cholesterol (13.38
mg/dL), and LDL cholesterol level (7.86 mg/dL), and
an increase in HDL cholesterol, albeit not significant.
It is assumed that increased calcium intake reduces
serum triglycerides by decreasing hepatic triglyceride
formation or secretion (Cho et al., 2005), whereas
vitamin D increases intestinal calcium absorption
(Barger-Lux et al., 1995). According to Zittermann et
al. (2009), the vitamin D-mediated reduction in serum
triglycerides might be explained by the effect similar
to oral calcium supplementation (increased amount of
absorbed calcium). Decreasing concentrations of PTH
are accompanied by a decrease in plasma post-heparin
lipolytic activity (Lacour et al., 1982), and, consequently the reduction in serum PTH may have result
in a decrease in serum triglycerides (Zittermann et al.,
2009).
A recent meta-analysis by Wang et al. (2012) demonstrated a generally linear, inverse association between
circulating 25OHD in the range of 20 to 60 nmol/L and
risk of CVD. Blood pressure was shown to decrease in
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our meta-analysis, albeit not significantly; thus, current
evidence is weak to support the small effect of vitamin
D on blood pressure in studies of hypertensive patients
(Witham et al., 2009) or the small effect of calcium supplementation in the diet on blood pressure in studies of
both hypertensive and normotensive patients (Griffith
et al., 1999). Moreover, all relevant Hill criteria for a
causal association in a biological system are satisfied
to indicate a low 25OHD level as a CVD risk factor
(Weyland et al., 2014). The controversy stems from the
fact that the meta-analysis performed by Elamin et al.
(2011) indicated that recommending vitamin D to patients to reduce CVD risk is not consistent with current
evidence, although a recent meta-analysis suggests that
vitamin D supplementation may act to protect against
CVD by improving risk factors, including high blood
pressure, elevated PTH, dyslipidemia, and inflammation (Mirhosseini et al., 2018).
To our knowledge, this meta-analysis is the first to
assess the efficacy of vitamin D-fortified yogurt supplementation within RCT on serum 25OH vitamin D
levels, anthropometric measures, lipid profile, and glucose outcomes. Several limitations of the present study
should be noted. First, the number of eligible studies
was small. We evaluated the efficacy of vitamin Dfortified yogurt on weight loss and metabolic outcomes
independent of researcher-imposed energy restriction
or weight-loss counseling. Our findings may not be
generalizable to healthy populations other than those
investigated in the present study—patients with diagnosed chronic conditions (i.e., T2DM patients). In addition, in this meta-analysis, the interventions included
vitamin D supplementation ranging from 400 to 2,000
IU. The main criticism, therefore, is that evaluations
were not based on a fixed dose. The intervention period
was different in each study and included a wide range
of the population with regard to age, BMI, and health
condition. Although our meta-analysis showed statistically significant changes in 25OHD, PTH, BW, waist
circumference, triglycerides, total and LDL cholesterol,
HOMA-IR, and FSG following the consumption of
vitamin D-fortified yogurt, the test for heterogeneity
showed existing variability between studies in BMI, fat
mass, blood pressure, and HDL cholesterol.
The present study also has several methodological
strengths. Our analysis involved high-quality studies
and rigorous exclusion criteria that reduced the presence of confounding variables such as a diagnosed disease and weight-loss counseling. A thorough assessment
of study quality and bias was performed using validated
methods, and we explored heterogeneity using a sensitivity analysis. In conclusion, because of the observed
improvements in weight loss, glycemia, insulin, PTH,
and lipid profile, vitamin D-fortified yogurt may be
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a feasible approach to improve metabolic health and
weight in young and elderly subjects with or without
diabetes, prediabetes, or metabolic syndrome. The
findings reported here provide evidence that enhancing
the vitamin D content of yogurt may benefit those at
risk of developing chronic diseases, which has important
implications for food regulators, food manufacturers,
clinicians, and consumers alike.
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