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Abstract

Background: A prediabetic state is a risk factor for type 2 diabetes. There are no approved drugs to manage
prediabetes. Among the supplements routinely used by individuals, vitamin D and omega-3 have been studied to
reduce fasting blood sugar. However, their co-supplementation has not been studied in individuals with
prediabetes. This randomized controlled trial is designed to determine the effects of these two supplements on
fasting blood sugar, other cardio metabolic risk factors, and psychological distress in reproductive-aged women
with prediabetes and hypovitaminosis D.

Methods/design: This 2 × 2 factorial, triple-blind, randomized, placebo-controlled, clinical trial will be done on 168
women of reproductive age diagnosed with prediabetes and hypovitaminosis D. Participants will be randomly
assigned equally to four groups: (1) 1000 mg omega-3 fatty acid twice a day + vitamin D placebo every two weeks;
(2) omega-3 fatty acid placebo twice a day + 50,000 IU vitamin D every two weeks; (3) 1000 mg omega-3 fatty acid
twice a day + 50,000 IU vitamin D every two weeks; (4) omega-3 fatty acid placebo twice a day + vitamin D
placebo every two weeks for eight weeks. At the beginning, participants will provide a self-reported questionnaire
on the sociodemographic characteristics. At baseline and post-intervention visits, physical activity, Depression
Anxiety Stress Scale 21 and Pittsburgh Sleep Quality Index, and a three-day food record will be collected for each
individual. Blood pressure, weight, height, and waist circumference will also be measured.
At the beginning and at the end, a blood sample will be used for estimating serum glucose indices (fasting blood
sugar and insulin, homeostasis model assessment-insulin resistance, homeostasis model assessment-beta cell
function), lipids (triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total
cholesterol), and vitamin D status.
Data analysis using Kolmogorov–Smirnov test, paired t-test, one-way analysis of variance, and repeated measures
analysis of variance will be conducted through SPSS-24 software.
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Discussion: The primary aim of the present trial is to determine the effect of vitamin D and/or omega-3 on
glycemic indices, lipid profiles, psychological distress, blood pressure, and anthropometric indices in prediabetic
women with hypovitaminosis D. The results from this trial will provide evidence on the efficacy of these two
supplements for preventing or delaying the onset of type 2 diabetes in high-risk individuals.

Trial registration: Iran Clinical Trials Registry, IRCT20100130003226N17. Registered on 9 February 2019.

Keywords: Vitamin D, Omega-3 fatty acids, Docosahexaenoic acid, Eicosapentaenoic acid, Insulin resistance,
Prediabetic state, Type 2 diabetes mellitus

Background
Diabetes mellitus (DM) is a common chronic disease.
There has been a threefold increase in the prevalence of
diabetes between 1980 and 2014 [1]. In 2017, prevalence of
diabetes has been reported as 8.51% in the world and 9.6%
in Iran [2]. Control of risk factors is one of the suggestions
for the prevention of non-communicable diseases [3]. Pre-
diabetes is a risk factor of diabetes mellitus and is typically
defined as having either impaired glucose tolerance (IGT)
or impaired fasting glucose (IFG) or both [4]. According to
the International Diabetes Federation, the number of adults
with prediabetes is expected to increase worldwide, to 471
million by 2035. Each year, about 5%–10% of individuals
with prediabetes will progress to diabetes [5]. Prediabetes
may have adverse effects on end organs, such as blood ves-
sels, the heart, eyes, and kidneys [6].
Reproductive health in women is affected by insulin

resistance. It causes depressive and fertility disorders,
urinary incontinence, vaginal and urinary tract infec-
tions, menstrual changes, and sexual dysfunction and
has also been linked to an increased risk of cancer of the
breast and ovaries [7].
In addition, evidence suggests that psychological dis-

tress, including depression, anxiety, or stressful experi-
ences, might affect diabetes, in terms of both its onset
and its exacerbation [8]. Moreover, studies have shown
that both decreased quantity and quality of sleep are as-
sociated with diabetes [9].
On the other hand, several studies have found that

weight loss and increase in physical activity improved
sensitivity to insulin [10, 11]. However, maintaining
weight and physical activity over long periods of time is
very difficult. Therefore, they are inadequate to reduce
the risk of progression to diabetes [12].
As prediabetes is not known as a disease, there are

currently no approved drugs to manage it.
Considering the above reasons, it is necessary to find

safe and effective interventions to control prediabetes [13].
Keeping in mind that one of the suggested pathological
mechanisms in the development of diabetes is subclinical
inflammation, it seems that anti-inflammatory agents such
as omega-3 may delay the risk of the development of
diabetes in people with prediabetes [14–16].

Moreover, the results of several studies show an associ-
ation of vitamin D deficiency with insulin resistance, im-
paired insulin secretion, and their important metabolic
consequences [17–19]. In addition, a meta-analysis has
declared that depression is associated with a lower level of
vitamin D [20]. Further, effectiveness of omega-3 on de-
pression has been shown in another meta-analysis [21].
In some studies, it could be seen that combined high-

dose omega-3 fatty acids and high-dose vitamin D therapy
improved glycemic indices in patients with new onset type
1 diabetes mellitus and women with gestational diabetes
(GDM) [22, 23]. Since the effect of co-supplementation of
vitamin D and omega-3 on fasting blood sugar and other
cardiometabolic risk factors are not well documented, this
study has been designed to evaluate the complementary
or synergistic effects of vitamin D and omega-3 on fasting
blood sugar and other glycemic indices, serum lipids, and
psychological distress in reproductive-aged women with
prediabetes and hypovitaminosis D.

Methods/design
Study design
This is an eight-week 2 × 2 factorial, triple-blinded (study
investigators, participants, and statistical analyzer), ran-
domized, placebo-controlled trial. Overall, 168 women of
reproductive age diagnosed with prediabetes (fasting glu-
cose 100–125mg/mL) will be screened for enrolment in
the study. This study will be conducted at Shahid Rastra-
vesh Health Center Laboratory, Alborz University of
Medical Sciences, Karaj, Iran.
Eligible participants who meet the inclusion and exclu-

sion criteria will be randomly divided into four groups
to receive double placebo (omega-3 and vitamin D pla-
cebos), omega-3 placebo and vitamin D supplement,
omega-3 supplement and vitamin D placebo, and sup-
plements of omega-3 and vitamin D.
In this factorial 2 × 2 design, we want to address five

questions:

1. Compared to placebo, is omega-3 effective?
2. Compared to placebo, is vitamin D effective?
3. Are vitamin D + omega-3 more effective than

placebo?
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4. Are vitamin D + omega-3 more effective than
vitamin D alone?

5. Are vitamin D + omega-3 more effective than
omega-3 alone [24]?

Participants will visit the trial sites three times: at
baseline (0 weeks); after three days; and post intervention
(eight weeks after intervention). The flow chart of the
study protocol is presented in Fig. 1.

Objectives
1. Compare the mean serum lipid (triglycerides [TG],

total cholesterol [TC], low-density lipoprotein

cholesterol [LDL-C], high-density lipoprotein
cholesterol [HDL-C]) and glucose indices (fasting
blood sugar [FBS], fasting blood insulin [FBI],
homeostasis model assessment - insulin resistance
[HOMA-IR], homeostasis model assessment -
beta cell function [HOMA-B]) between the four
groups and within each group, before and after
intervention.

2. Compare the means of anthropometric indices
(weight, waist circumference, body mass index
[BMI]) and systolic and diastolic blood pressures
between the four groups and within each group,
before and after the intervention.

Fig. 1 Trial protocol flow chart
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3. Compare the mean scores of the Depression
Anxiety Stress Scale (DASS-21) and Pittsburgh
Sleep Quality Index (PSQI) between the four groups
and within each group, before and after
intervention.

4. Determine the relationship between changes in
mean level of serum vitamin D and each of the
glucose indices, serum lipids, and the mean scores
of the DASS-21 and PSQI between the four groups
and within each group, during intervention.

Inclusion criteria

– Women of reproductive age (aged 15–50 years);
– FBS 100–125 mg/mL [1, 2, 25];
– Vitamin D < 32 ng/mL [26];
– BMI < 30 kg/m2.

Exclusion criteria

– Diagnosed pathological conditions such as thyroid
or parathyroid disorders, PCO, seizures, liver or
kidney disease, neurological disorders, cancer,
cardiovascular disease, type 1 or 2 diabetes,
sarcoidosis, or other granulomatous disorder;

– Intake of vitamin D or omega-3 during the last six
months;

– Breastfeeding, pregnant, and/or planning for
pregnancy in the next two months;

– Intake of drugs that interact with omega-3 (includ-
ing aspirin or anticoagulants [warfarin, heparin]) or
with vitamin D (such as cardiac glycosides, chole-
styramine, anticonvulsant drugs or thiazides);

– Taking herbal or chemical drugs that affect serum
lipids or blood glucose level;

– In case of taking prescribed supplements different
from study protocol.

Study participants
Women of reproductive age with prediabetes from Karaj
health centers diagnosed with FBS test (fasting glucose
100–125mg/mL) [1, 25] will be invited to this study.
The study investigator will call participants by phone

and will screen them according to the inclusion and
exclusion criteria.
Eligible participants will be referred to the Shahid Ras-

travesh Health Center. First, the goals, methods, and
benefits of the intervention will be explained by the in-
vestigator and the informed consent form will be signed
by participants. At the beginning, 10 mL of blood will be
taken from a peripheral vein after a 12-h overnight fast
to assess plasma glucose levels, insulin, TG, HDL-C, TC,
and vitamin D. After centrifuging for 10 min (3000
rpm), the serum samples will be frozen simultaneously

and stored at − 80 °C until analyzed [12]. LDL-C will be
estimated based on the Friedewald equation [27]. Partici-
pants will receive a three-day food record. The investiga-
tor will explain how to complete the form to each
participant.
After three days, women who have been confirmed as

having prediabetes (fasting glucose 100–125 mg/mL)
and hypovitaminosis D (vitamin D < 32 ng/mL) [26] will
be invited to the Shahid Rastravesh Health Center.
The sociodemographic characteristics questionnaire,

short-form International Physical Activity Questionnaire
(IPAQ), DASS-21, and PSQI will be completed with in-
terviews. The investigator will review completed three-
day food record in presence of each participant.
Anthropometry including weight, height, and waist

circumference will be measured using a digital scale,
stadiometer, and non-elastic tape, respectively.
Blood pressure (systolic and diastolic) will also be

measured with a digital manometer.
All the above-mentioned stages, including blood sam-

pling, completing four questionnaires (three-day food
record, IPAQ, DASS-21, and PSQI), anthropometric
measurements and measuring blood pressure, will be
repeated after eight weeks.
At the end, the evaluated outcomes will be presented

to participants privately. A Data Monitoring Committee
(DMC) will also monitor during and at the end of this
study (Fig. 2).

Sample size
Sample size was estimated according to previous study
using the following formula [22]:

n ¼ ð Z1−a=2 þ Z1−β Þ2 ð S21 þ S22 Þ
ðμ1−μ2Þ2

Based on a study by Jamilian et al. [22], the mean ±
standard deviation [SD]) of FBS in co-supplementation
of vitamin D and omega-3 and placebo groups were con-
sidered as 86.8 ± 6.40 and 94.6 ± 10.30, respectively.
Given the type I and II error by 5% and 20%, respect-
ively, the calculated sample size was 20 in each group.
Since we want to perform five pairwise comparisons
between the study groups, the sample size was increased
to 38 individuals in each group for multiple adjustment.
By considering four groups and an attrition rate of 10%,
the estimated sample size was 168 individuals [24].
To achieve the target sample size, all invited patients

who will come the Shahid Rastravesh Health Center will
be included if they are willing to participate in the study
(considering the inclusion criteria of the study).
Finally, a total number of 168 women will be allocated

equally to four groups using the stratified permuted
block randomization method.
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Randomization method and intervention process
Eligible participants will be randomly divided into
treatments with either double placebo, vitamin D
alone, omega-3 alone, or double active (vitamin D
and omega-3) groups according to the stratified block
randomization. Block randomization is done in equal
block sizes of four to ensure balance between groups.
Stratified randomization will be used to control serum
vitamin D level (vitamin D < 20 ng/mL, range = 20–
32 ng/mL) [28] distribution. Any individual who is
not involved in trial data collection and analysis car-
ries out randomization. The intervention allocation
will be blinded to the study investigators, participants,
and the statistical analyzer.

Zahravi Pharmaceutical Company (Tabriz, Iran) pro-
duced vitamin D and omega-3 supplements and pla-
cebos. This was approved by the Food and Drug
Administration. The appearance of the placebo cap-
sule was indistinguishable in color, shape, size, pack-
aging, smell, and taste from vitamin D and omega-3
capsules. The type of supplements in each group will
be blinded as A, B, C, and D packages for investiga-
tors, participants, and the statistical analyzer.
Participants will receive supplements in four groups

for eight weeks:

1. Vitamin D placebo every two weeks + 1000 mg
omega-3 containing 360 mg eicosapentaenoic acid

Fig. 2 Contents of the schedule of enrolment, interventions, and assessments
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(EPA) and 240 mg docosahexaenoic acid (DHA)
twice a day;

2. 50,000 IU vitamin D every two weeks + omega-3
placebo twice a day;

3. 50,000 IU vitamin D every two weeks + 1000 mg
omega-3 twice a day;

4. Vitamin D placebo every two weeks + omega-3
placebo twice a day.

At the beginning of the study, participants will receive
the supplements. Previous studies have not reported any
side effects from the supplements [22, 23]. Compliance of
the participant to the intervention will be measured using
capsule count and capsule log record. Their potential
complications and consumption processes will be regis-
tered (number of consumed capsules and the returned
packages). In addition, the consumption process will be
checked once a week by telephone and any occurrence of
adverse events will be recorded. Participants will be asked
to keep their usual lifestyle including nutrition and
physical activity level (Additional file 1).

Study outcomes
Primary outcomes
The primary outcome of this clinical trial is the differ-
ence in FBS in eight weeks between double placebo, vita-
min D, omega-3, and double active groups from baseline
to the post-intervention visit.

Secondary outcomes
The secondary outcomes of this clinical trial are changes
in other glycemic indices, lipid profiles, psychological
distress, anthropometric indices, and blood pressure at the
end of the study in comparison with the baseline values.

Assessments and measurements
Participants will be visited at the Shahid Rastravesh Health
Center three times, at baseline, after three days and after
eight weeks. Participants will be interviewed regarding
their sociodemographic background at baseline.
Then, at the beginning and eight weeks after the inter-

vention, the following will be done:

– Blood sample will be drawn after at least 12 h of
fasting. All blood samples will be centrifuged at
3000 rpm for 10 min and serum will be separated
into clean tube aliquots and stored at – 80 °C until
analysis [12]. Collection of blood, specimen storage,
and laboratory tests will be conducted at the Shahid
Rastravesh Health Center laboratory in Karaj. To
determine FBS, serum triglycerides, TC, and HDL-C
concentrations, we will use an enzymatic kit (Pars
Azmun, Tehran, Iran). LDL-C will be estimated
based on the Friedewald equation [27]. Serum level

of vitamin D and insulin will be quantified using a
commercial enzyme-linked immunosorbent assay kit
(Monobind, CA, USA).
The HOMA-IR and HOMA-B will be determined
according to suggested formulas [29].

HOMA−IR ¼ FBI ËcU=mLð Þx FBS mg=mlð Þ½ �=405
HOMA−B ¼ FBI ËcU=mLð Þ x 360=FBS mg=mlð Þ−63½ �%

– Weight, height, and waist circumference will be
determined using a digital scale, stadiometer, and
non-elastic tape, respectively. They are measured
thus: weight without shoes, with minimal clothing,
and with a 100-g accuracy (Beurer, BF220,
Germany); height without shoes, standing, heels
against the wall, flat and forward head, and with
0.5-cm accuracy (Seca, Hamburg, Germany); and
waist circumference with minimal clothing,
midway between the last rib and the iliac crest.
BMI will be calculated using the height and weight
measurements kg/m2 [12].

– Systolic and diastolic blood pressure values will be
measured with a digital manometer (Beurer,
Germany). Values will be recorded in mmHg [30] .

– Physical activity will be investigated the short form
of IPAQ [31]. The IPAQ form comprises walking,
moderate intensity, and vigorous intensity activity
and will be expressed as metabolic equivalents per
minute (MET min) per week. The levels of physical
activity will be categorized into low, moderate, and
high based on the IPAQ criteria. This questionnaire
has been validated in previous studies [32] including
in Iran [33].

– Food intake status will be assessed using the three-
day food records (comprising two working days and
one weekend). Modified Nutritionist-4 software
program (First Databank, San Bruno, CA, USA) will
be used to estimate the energy and nutrient intakes.

– DASS-21 and PSQI will be applied to assess
psychological distress [34, 35].

– DASS was designed to measure emotional distress in
three subcategories [34] of depression (e.g. loss of
self-esteem/incentives and depressed mood), anxiety
(e.g. fear and anticipation of negative events), and
stress (e.g. persistent state of over arousal and low
frustration tolerance).
DASS is a self-report scale with 21 items (seven
items for each category) based on a 4-point rating
scale. To calculate comparable scores with full
DASS, each seven-item scale will be multiplied by
two. Participants will be asked to explain times of
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occurrence of each item (in the form of statements)
over the past week, with “0 = did not apply to me at
all” to “3 = applied to me very much, or most of the
time.” The higher score shows more severe emo-
tional distress. Validity and reliability of the DASS-
42 were examined in several studies and in Iranian
samples [36–38].

– The PSQI is a self-report questionnaire that assesses
sleep quality and quantity [35]. The19-item self-
report questionnaire yields seven component scores:
subjective sleep quality; sleep latency; sleep duration;
habitual sleep efficiency; sleep disturbances; use of
sleeping medication; and daytime disfunction.

– There are five additional questions. These are not
used in the scoring. A Global Sleep Quality score > 5
indicates poor sleep quality. There is evidence of the
reliability and validity of the PSQI in several subjects
[39–42] and also in Iran [43, 44].

Statistical analysis
The effect of the intervention on all participants will be
assessed based on intention-to-treat and per-protocol ana-
lyses. The data will be checked for plausibility by ran-
domly checking the accuracy and completeness and
source data verification. The normality of continuous vari-
ables will be determined using a Kolmogorov–Smirnov
test. Appropriate statistical transformation (logarithmic
transformation, square root transformation, cube root
transformation, or reciprocal transformation) will be used
for continuous variables with not normal distribution.
Hence, statistical analysis for continuous variables with

normal distribution (parametric tests) will be used in
this study.
Continuous variables with normal distribution and trans-

formed variables will be expressed as mean ± SD. Catego-
rical data will be presented as frequency (percentage).
To compare the mean differences within each group,

before and after intervention, the paired t-test will be
used for continuous variables.
For continuous variables, one-way analysis of variance

(ANOVA) will be used to detect differences in socio-
demographic characteristics, metabolic profiles, physical
activity levels, and dietary intakes at the study baseline
between the four groups.
Categorical data at the study baseline will be analyzed

using the Chi-squared test between the intervention groups.
Repeated measures analysis of variance (RM ANOVA)

with Bonferroni procedure to adjust for the five compar-
isons will be used to assess time effects and time-by-
treatment (vitamin D and/or omega-3) interaction
effects on all outcome variables between groups.
Since we have multiple endpoints and we will compare

five pairwise comparison, all p values will be corrected
using the Bonferroni adjustment method.

Two-way RM ANOVA with Bonferroni adjustment for
comparisons will be used to assess the relationship
between changes in mean serum vitamin D level and
each of fasting blood sugar and other outcome variables
between groups.
Levenes test for independent data in one-way ANOVA

and Mauchly’s test in RM ANOVA will be used to test
homoscedasticity.
All statistical measurements will be reported with 95%

confidence intervals (CI). A p value < 0.05 will be con-
sidered statistically significant. All statistical analyses will
be performed using SPSS version 24.

Discussion
Diabetes has become one of the leading public health is-
sues in the world and its prevention is a major objective
of the World Health Organization (WHO) [2]. Prediabe-
tes is a risk factor for type 2 diabetes. There is therefore
a necessity for safe and cost-effective agents that can im-
prove insulin sensitivity and beta-cell function in high-
risk individuals [13].
On the other hand, vitamin D deficiency has be-

come a common problem globally. Almost one billion
people worldwide are estimated to live with vitamin
D deficiency [45].
Low vitamin D levels are associated with higher fasting

glucose [18, 46]. This association is found in both cross-
sectional studies and prospective population studies [47–49].
Although conflicts in the results of previous supple-

mentation studies are seen [4], there are several mecha-
nisms that vitamin D might alter glucose metabolism.
Vitamin D has anti-inflammatory and immune modula-
tory effects [50] and may also stimulate insulin release
by pancreatic b-cells [51, 52].
There is a hypothesis that omega-3 supplementation

may improve glycemic control, although the its mecha-
nisms are not clear yet [53]. During a study on animal
models, the following potential mechanisms were found:
hepatic insulin sensitivity improvement [54] by hepatic
fatty acid oxidation and reducing lipogenesis [55, 56];
increased production of adipocytokines (e.g. adiponectin
and leptin) [57]; direct [58] and indirect [55] anti-
inflammatory effects and associated improvements in
insulin sensitivity in the liver, muscle, and adipose tissue;
and modulation of incretin hormones, which are in-
volved in glucose-stimulated insulin secretion [59].
Lack of n-3 PUFA effects on insulin sensitivity has

been found in a meta-analysis [60], while association of
short-term fish oil supplementation with increasing in-
sulin sensitivity has been shown in another meta-
analysis among people with metabolic disorders [61].
However, two studies have shown improved glycemic
status in patients with new onset type 1 diabetes mellitus
and women with GDM with combined high-dose
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omega-3 and high-dose vitamin D therapy [22, 23].
Considering the results of the two studies mentioned
above, the combination of vitamin D and omega-3 might
provide either synergistic or complementary effects in pre-
diabetes, which will be evaluated through this 2 × 2 factor-
ial study design. Vitamin D interfering with omega-3 was
not reported in previous studies.
This is the first randomized controlled trial that will

determine the effect of vitamin D and omega-3 on gly-
cemic status, serum lipids, and psychological distress in
women of reproductive age with prediabetes and hypovi-
taminosis D. This trial, therefore, investigates potential
effects of these two supplements in decreasing the risk
factors of type 2 diabetes.

Strengths and limitation of study design
The strengths of this study are its factorial design to assess
the individual, complementary or synergistic effects of
both interventions, and triple blinding of the participants,
investigators, and statistical analyzer to reduce bias.
The advice to participants is to maintain a steady pattern

of diet and physical activity. Reducing the impact of con-
founding factors, two questionnaires evaluate their patterns.
To assess compliance with the intervention, a capsule

log and a capsule count are used.
In previous studies, toxic or adverse effect at this dose

of vitamin D and omega-3 have not been reported. In
this study, all of the risk factors are not evaluated so the
results may not be enough to reduce the risk of diabetes
completely.

Trial status
This article refers to the protocol version 3 dated 10
June 2019. The recruitment will begin on 2 February
2019, with completion of recruitment expected in
September 2019.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-019-3948-5.
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