Evaluating Effect of Omega-3 and Zinc Supplements on Inflammation, Lipid Profile and Antioxidant
Capacity in Type 2 Diabetic Patients.

Mehdi Khakian (mehdikhakian1371@yahoo.com) MSc in Nutrition Sciences, Urmia University of
Medical Sciences

Majid Manafi (majidmanafi@yahoo.com) *Corresponding Author MSc in Nutrition Sciences,
Urmia University of Medical Sciences

Setareh Alibakhshi (setarehalibakhshi2yahoo.com) MSc in Nutrition Sciences, Urmia University of
Medical Sciences,

Peyvand Mohammadi (Endocrinology sub-specialist, Urmia University of Medical Sciences)
Background:

The aim of this study was to evaluate and compare the effect of dietary supplements of zinc and omega 3
separately and together on the lipid profile, inflammatory condition (hs-Crp) and total antioxidant capacity
(TAC) in type 2 diabetic patients.

Methods:

In this, double-blind, randomized controlled trial, 100 type 2 diabetic patients were randomly divided into
four groups: omega-3 (n =25 patients, 1,000mg of omega-3), zinc group (n =25, 30 mg zinc gluconate),
zinc plus omega-3 group (n =25) and placebo group (n =25). They were followed for a two-month period.

Results:

After 2 months, a significant increase in total antioxidant capacity was observed in all the intervention
groups (P <0.001). On the other hand, it can be stated that the highest amount of total antioxidant capacity
increase was observed in omega-3 plus zinc supplementation group (0/313 units). Intra-group comparisons
showed significant reduction of hs-CRP levels before and after intervention in intervention groups. Also,
LDL blood levels in the groups receiving zinc and zinc plus omega-3, were significantly decreased after
the study (P =0.000, P =0.0001, respectively).

Conclusion:

Our study results suggest that zinc supplementation plus omega-3 can have a beneficial effect on increasing
the antioxidant capacity of diabetic patients. Zinc supplementation also enhances the effect of omega-3 in
reducing triglycerides (TG) and Low-density lipoprotein (LDL) in the blood. Also taking omega-3 alone or
with zinc supplements can help reduce inflammation in the body.
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Introduction:

Diabetes mellitus (DM) is a common metabolic disorder that can be due to a defect in insulin secretion or
insulin function in target cells (1). With insulin resistance, pancreatic beta cells begin to produce more
insulin in the body to counteract the rise in blood sugar levels, which, in the long term, results in the
destruction of these cells and can lead to conditions such as high blood sugar levels and Diabetes Mellitus
Type 2 (T2DM) (2). According to the World Health Organization (WHO), in 2014, more than 422 million
people worldwide have diabetes, and the incidence of diabetes has increased from 4.7% in 1980 to 8.5% in
2014 (3). The zinc element plays a role in over 300 types of enzymes, hormone, protein, and cell membrane
activity (4). The blood zinc level in diabetic patients decreases significantly, which leads to increased
complications of diabetes due to the presence of free radicals and intracellular radicals and reduction in
zinc-dependent antioxidant enzymes (5, 6). Chronic oxidative stress due to long-term increase in blood
sugar level, especially after eating food and producing Reactive Oxygen Species (ROS), contribute to
progressive loss of beta cell function and ultimately T2DM (7). Omega-3 fatty acids are known as essential
fatty acids in the body and include a-linoleic acid (ALA), Eicosa Pentaenoic Acid (EPA) and Docosa
Hexaenoic Acid (DHA) (8). Omega-3 fatty acids are at risk of oxidation due to dual bounding, but human
and animal studies have shown contradictory results about the effect of supplementation with omega-3 on
the oxidant/antioxidant status (9-12). It has also been shown that supplementation with omega-3 fatty acids
increases the activity of superoxide dismutase (SOD) and reduces the formation of malondialdehyde
(MDA) in the brain (13). Studies on diabetes have shown that there is a significant relationship between
elevated levels of acute phase inflammatory markers, especially C-reactive protein, with elevated blood
sugar levels and T2DM (14, 15). EPA inhibits the production of fourth generation leukotriene and the
second generation prostaglandins that are both inflammatory. On the other hand, DHA also causes specific
responses to inflammatory cytokines through gene expression, which indicates the beneficial effects of
omega-3 fatty acids on inflammation (16). Lipid disorders are important features of diabetes pathology.
Major changes in lipid levels include increase in serum LDL level, increase in TG, and decrease in High-
density lipoprotein (HDL) (17, 18). Zinc can play a vital role in blood lipids level in the body, as in a study
by Afkhami (2002) in Iran on diabetic patients, zinc supplementation significantly reduced blood
cholesterol (19). However, in the Hernandez study in Mexico (2006), there was no significant effect of zinc
supplements on LDL levels in diabetic patients (20). On the other hand, omega-3 fatty acids reduce the
plasma triglyceride concentration and prevent thrombosis, but there is no agreement on their effect on
plasma cholesterol, although some studies have shown that LDL concentration increases with Omega- 3
supplement (8, 21). The desaturase enzyme plays a role in the efficient conversion of short chain fatty acids
to omega-3 fatty acids, while, the zinc element acts as a cofactor in the activity of desaturase enzyme, thus,
due to zinc deficiency, desaturase enzyme activity declines and causes EPA and DHA deficiency in the
blood (22). Given the importance of blood lipid levels, oxidative stress and inflammation in diabetic
patients, and given the controversy of the results of studies, we assume that omega-3 fatty acids
supplementation plus zinc can have beneficial effects in improving the health of individuals. Therefore, this
study was the first study to be conducted using zinc and omega-3 fatty acids in a complementary form with
the aim of determining the effects of these two nutrients on inflammatory status, lipid profiles and
antioxidant capacity in type 2 diabetic patients.

Methods:



This study was a prospective, randomized, double-blind, controlled clinical trial designed to determine the
effect of dietary supplements of omega-3 fatty acids and zinc together and separately on the inflammatory
status, lipid profiles and antioxidant capacity in type 2 diabetic patients for two months.

At the beginning of the study, diabetic patients referred to endocrine clinic of Imam Khomeini hospital in
Urmia who had inclusion criteria were selected. After considering the inclusion and exclusion criteria for
the study, qualified people were provided with explanations on the goals and methods of doing the study.
Then, in the case of the patients’ willingness to participate in this study, they filled written informed consent.
Inclusion criteria of the study included diabetic patients who have had their disease for at least two years,
taking metformin glucose or glibenclamide or similar medicines by the patients, age range of 18-65 years,
and taking blood lipid lowering medicines including statins, blood pressure lowering medicines including
calcium channel blockers, and ACE-I by the patients.

Exclusion criteria included insulin injections, not taking 80% of supplements in each period, omega-3
allergy, pregnancy and lactation, taking omega-3 supplement and zinc in the last three months, having a
weight over 150 kg, or Body Mass Index (BMI) above 40, because BMI outside this range can affect blood
sugar levels and insulin resistance (23).The study was adopted at the Human Research Ethics Committee
of Urmia University of Medical Sciences (IR.UMSU.REC.1395.371) and registered in Iran's Clinical Trials
Registry (IRCT20170214032571N2).

Intervention and Randomization

In this study, 100 patients with type 2 diabetes were randomly divided into four intervention and control
groups: omega-3 group, Zn group, Zn and omega-3 group and control group. Randomization was assigned
through a random assignment list. The capsules used in the control group were similar to the capsule of the
intervention groups in terms of shape and color. Considering the different results of studies with different
doses of omega-3 and the usefulness of doses up to 1000 mg in these individuals (24) and, given that a
study using omega-3 at a dose of 1000 mg has not been done, the dose used in this study was 1000 mg
(including 180 EPA mg, 120 DHA mg and 700 mg other omega-3 fatty acids). Also, due to the usefulness
of 30 mg dose of zinc in previous studies (25) zinc dosage used in this study, contained 30 mg of zinc
gluconate (Dineh Pharmaceuticals Company of Iran). The omega-3 and Zn supplements were taken with
meals at noon and evening, respectively. Supplements were delivered at the beginning of each month in the
form of 30 packs. People were contacted to help them better remember the use of supplements. In order to
ensure the use of supplements by the participants, in addition to the weekly phone calls, all individuals were
asked to contact the Imam Khomeini Hospital on the 30th and 60th day after the intervention and bring
with them the blank sheets of supplements. In each of the follow-up studies, participants were monitored
for the positive or negative effects of supplements.

Study measures:

BMI was calculated by dividing the weight (kg) by the square of height (m?). Also, height with an accuracy
of 0.1 cm and weight with an accuracy of 100g were measured using standard Bioelectrical Impedance
Analysis (BIA) (In body 770, made in Korea) in all patients under standard conditions. To collect the
demographic data of the participants in the study, a general information questionnaire was used.



Collection of Dietary Information

All subjects were asked not to change their diet and lifestyle during the intervention. In order to evaluate
the dietary changes, 24-hour dietary recall was used at the beginning and the end of the study in 3 days of
the week (two days off and one day off). Dietary information received was evaluated through recall using
N4 software version 3.5.2.

Blood Collection:

Blood samples (5 cc) were taken once at the beginning of the study and once at the end of the study, while
the patients were fast for 12-hour, and after centrifugation at a rate of 3000 r/min for 15 minutes, the sera
were isolated and used for testing biochemical. The sera were stored at -80°C to analyze hs-CRP and TAC.
It should be noted that all biochemical tests were carried out at the beginning and at the end of the study by
the same subjects under the supervision of the laboratory scientist.

Measurement of lipid profiles was done by enzymatic method and using Pars test kit.
TAC:

In order to determine the Total Antioxidant Capacity (TAC), a colorimetric method was used with a Zell
Bio (Germany)-ELISA reader kit. At the end and during of the experiment, the absorbance at 492 nm was
measured 2 times by the ELISA reader (biotech epoch, American). Finally, the serum samples TAC
concentration (Mm) of each individual was determined according to the absorbance chart (AOD = OD2-
OD1) of standard solution to its concentration by Microsoft Excel 2010 software. The determined TAC
concentration range by the manufacturer was 0.2-125 Mm.

Hs-CRP:

Serum hs-CRP concentration was measured by nephelometric method. All samples were diluted 40 times
with a special nephlorometric diluent solution. The amount of 20 pl of each serum sample was poured into
a cuvette with a magnetic stirrer and was placed in the nephelometer reservoir, and then 400 pl of the special
hs-CRP buffer and 40 pl of hs-CRP reagent were added to the cuvette and simultaneously were placed in
pressure device. In this reaction, existed hs-CRP in serum with existed antibodies in micro particles, has
created antigen and an antibody polystyrene complex, and created complexes were placed against the light
of the device. The laser light subtraction that is measured by the device is proportional to the hs-CRP
concentration in the samples.

Sample Size and Statistical Analysis:

A total of 100 type-2 diabetic patients were randomly divided into four intervention and control group. In
this study, a single-sample Kolmogorov-Smirnov test was used to check the normal distribution of data. In



order to identify confounding variables, the literature review method was used and the four groups with
Chi-square and Kruskal-Wallis single-valued tests were compared. The variables that were less than 0.25
were selected as confounding variables. Finally, the confounding variables used in multivariate statistical
models were as follows:

Age, level of education, job, change in dietary energy, dietary fat change, dietary SFA changes, dietary
PUFA changes, dietary MUFA changes, dietary fiber changes, and insoluble fiber changes. In addition, the
ANOVA analysis model was used for multivariate modeling along with regulating the effect of variables.
In all cases, the variable "the change over time" is considered. In order to investigate the main effects and
mutual effects in the ANOVA analysis model (the main effect of omega-3 supplement, the main effect of
Zn supplement and the mutual effect of omega-3 and Zn supplements), two separate models were used as
follows:

Model 1: In this raw model, except for the base values of dependent variables, the effect of any of the
confounding variables is not regulated.

Model 2: In this model, in addition to the base values of dependent variables, the effect of other confounding
variables is also regulated.

The mean, standard deviations, median, inter-quartile domain and frequency distribution tables (abundance
and percentage) have been used in order to describe the quantitative data for frequency data.

It should be noted that all stages of statistical analysis were performed using SPSS software version 22,
under the significance level of 0.05.

Results

Of the 100 patients who participated in the study, 83 patients completed the intervention. In Table 1, some
demographic variables are compared in four experimental groups. Kruskal-Wallis test showed that there
was no significant difference between the four groups in terms of age, duration of disease and BMI (P
<0.05); however, the difference between the groups was considerable in terms of age (P=0.089). In addition,
the results of Chi-square test showed that there was no significant association between sex, education level,
type of occupation of patients and place of residence and type of experimental group. However, the
difference between groups was considerable in terms of level of education and the type of job (P=0.126,
P=0.147).

Table 1. Comparison of the demographic and background variables of the patients with diabetes type 2 in
the groups receiving zinc and omega 3 supplementation

Variable Category Experimental group P-value *
Omega-3 Zinc Omega-3 Control
and zinc
Age (year) - 58.0 (8.0) 57.0 (7.0) 53.0 (8.0) 54.5 0.089




**(13.0)
Years of - (5.0)5.0 (2.0)4.0 (3.004.0 (2.0)4.5 0.553
affliction
with the
disease
BMI - (34.34)4.56 | (31.57)3.88 | (30.25)4.34 | (31.89)4.27 0.319
(kg/m2)
Gender Female **(52.2%) | (57.1%) 12 | (57.1%) 12 | (61.1%) 11 0.953
12
Male (47.8%) 11 (42.9%) 9 (42.9%) 9 (38.9%) 7
Educational [lliterate (8.7%) 2 (23.8%) 5 (33.3%) 7 (50.0%) 9 0.126
level Elementary (39.1%) 9 (38.1%) 8 (23.8%) 5 (16.7%) 3
or junior
school
High school | (52.2%) 12 (38.1%) 8 (42.9%) 9 (33.3%) 6
and above
Job Housekeeper | (52.2%) 12 | (57.1%) 12 | (57.1%) 12 | (50.0%) 9 0.147
Retired (39.1%) 9 (9.5%) 2 (28.6%) 6 (16.7%) 3
Other jobs (8.7%) 2 (33.3%) 7 (14.3%) 3 (33.3%) 6
Place of City (95.7%) 22 | (100.0%) 21 | (95.2%) 20 | (94.4%) 17 0.778
living Village (4.3%) 1 (0.0%) 0 (4.8%) 1 (5.6%) 1

*Kruskal-Wallis test was used to compare quantitative variables in the groups and chi-square test was
used to compare qualitative variables.

**Median (interquartile range) was used to describe quantitative variables and frequency (percentage)
was used to describe qualitative variables.

Table 2 shows the dietary intake of patients with type 2 diabetes in the four groups under study. The
ANOVA analysis showed that there was a statistically significant difference between the four groups in
terms of receiving SFA, PUFA, MUFA, dietary fiber and insoluble fiber (P <0.05).

Table 2. Comparison of the received amount of nutrition by the patients with diabetes type 2 in the groups
receiving zinc and omega 3 supplementation
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*The ANCOVA analysis model with modification of the effects of the basic values was used for
comparing the four groups.

Table 3 compares the physical activity level of patients with type 2 diabetes in different groups receiving

omega-3 and Zn supplements. The ANOVA analysis model (by regulating the effect of base values)
showed no significant difference between the four groups in terms of the average change in physical

activity (P=0.546).

Table 3. Comparison of the rate of physical activity in the patients with diabetes type 2 in the groups
receiving omega3 and zinc supplementation (MET.h/day)

Omega-3 Zinc Omega-3 and Zinc Control P-
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* shows the comparison the before and after values in each group.

** shows the comparison between the four groups in terms of the average value change.

Table 4 compares the lipid profiles of type 2 diabetic patients in different groups receiving omega-3 and
zinc supplements. The covariance analysis model (by modulating the effect of all confounding variables)



showed that the effect of omega-3 supplementation (alone or with zinc supplementation) on the mean
change in TG was insignificant, but noticeable (P=0.075); similarly, The effect of using zinc
supplementation (alone or with omega-3 supplementation) on the mean change in TG was insignificant, but
noticeable (P=0.068); similarly, the effect of using zinc supplementation (alone or with the omega-3
supplementation) on the mean change in serum cholesterol was insignificant and, of course, noticeable
(P=0.061). Blood cholesterol levels in the intervention group with omega-3 showed insignificant but
noticeable decrease after intervention (P = 0.081). On the other hand, in the intervention group with zinc,
the cholesterol decreased significantly after the study (P = 0.038).

Based on the Wilcoxon test, LDL levels significantly decreased in the zinc group and zinc plus omega-3
before and after the study (P = 0.000 and P = 0.001, respectively), as well, the covariance analysis model
(after modulating the effect of confounding variables) showed that the effect of taking zinc supplement
alone or with omega-3 on LDL changes was significant (P = 0.001), so that, the reduction in LDL level was
15.262 units, however, in groups not consuming zinc, the reduction was 0.626 units. Also, in the omega-3
consumer groups, the reduction in LDL level was 8.926 units. No significant finding was observed
regarding the main effect of omega-3 supplementation, the main effect of zinc supplementation, as well as
the interaction of zinc supplementation and omega-3 supplementation on the mean change in HDL level (P
>0.05).

Table 4: Comparison of lipid profiles of type 2 diabetic patients in omega-3 and zinc supplement recipients

groups.
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0.825

0.001
0.654
0.347
0.269
0.756
0.737

0.724£8.9
102.72£32
102432.3
0.001
12.14£14.2
79.04+25.2
91.19432
0.000
12.71£13.1
90.384+32.2
103.94£29.8
0.601
3471314
97.65+26.8
101.13£32.2

LDL

0.613

0.741
0.428
0.827
0.716
0.241
0.026

-2.7744.8
43.8845.5
46.6616.5
0.123
-2.23+6.3
4.6617.8
42.90+8.1
0.599
-0.95 £8.1
43.0919.4
44.4+11.6
0.008
-4.0816.7
42.82+6.9
4291+£7.4

HDL

* The significance of before and after comparison of dependent variables within each experimental group
using the Wilcoxon test.

** The significance of the main effect of omega-3 supplement on the mean change in responses (compares
the groups receiving omega-3 supplements with other groups).

+ The significance of the main effect of zinc supplement on the mean change in responses (compares the
groups receiving zinc supplements with other groups).

++ The significance of interaction between the omega-3 supplements and zinc supplements on the mean
change in responses.

Table 5 shows the total antioxidant capacity of type 2 diabetic patients in different groups receiving omega-
3 and zinc supplements. In all intervention groups with zinc and omega-3, total antioxidant capacity was
significantly increased after study (p <0.001). The covariance analysis model (by modulating the effect of
all confounding variables) showed that the interaction of omega-3supplement and zinc supplement on the
mean total antioxidant capacity change was significant (P <0.001); that is, it could be stated that the highest
total antioxidant capacity was observed in the omega-3 supplementation and zinc supplementation group
(0. 313 unit), while the lowest total antioxidant capacity was observed in the control group (0.026 unit).

Table 5. Comparison of total antioxidant capacity of type 2 diabetic patients in omega-3 and zinc
supplement recipients groups.

modulating (without] (n=21)

the effect off modulating (n=18) (n=21) (n=23)

Model 2 (by] Model 1 Control omega-3 and zinc Zinc omega-3

P value ++3

P value +2|
P value
SD+mean|
SD+mean|

SD+mea:

P value
SD+mea:
SD+mean|
SD+me

P value
SD+me
SD+mea:
SD+me

P value

P value **1
P value +2|

P value **1

P value ++3
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SD+me
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SD+me




<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
0.903
0.24£0.02
<0.001
0.25%0.09
0.5210.08
0.2620.04

-0.00+0.04

0.27£0.04
0.27£0.02
<0.001
0.30£0.06
0.5620.06
0.2620.03
<0.001
0.27£0.1
0.5240.1

* The significance of before and after comparison of dependent variables within each experimental group

using the Wilcoxon test.

** The significance of the main effect of omega-3 supplement on the mean change in responses
(compares the groups receiving omega-3 supplements with other groups).

+ The significance of the main effect of zinc supplement on the mean change in responses (compares the
groups receiving zinc supplements with other groups).

++ The significance of interaction between the omega-3 supplements and zinc supplements on the mean

change in responses.

In Table 6, the hs-CRP level of type 2 diabetic patients in the different groups receiving omega-3 and zinc
supplements was compared. The hs-CRP levels in intervention groups with omega-3, zinc and omega-3
groups plus zinc significantly decreased after the study (P <0.004, P <0.001 and P <0.003, respectively),
However, after modulating the effect of all confounding variables, no significant finding was observed
regarding the main effect of omega-3supplementation, the main effect of zinc supplementation, as well as
the interaction of zinc supplementation and omega-3 supplementation on the mean change in hs-CRP level

(P <0.05).

Table 6. Comparison of hs-CRP of type 2 diabetic patients in omega-3 and zinc supplement recipients

groups

the effect off modulating (n=18)

Model 2 (by| Model 1 Control omega-3 and zinc Zinc omega-3

modulating (without] (n=21)

change after| before| change after] before| change| after| before| change| after] before
g 5 | = g I~ | =] & g [ | = =

P value +2|
P value **1
P value ++3

P value +2|
P value **1

P value
SD+mean|
SD+mean|
SD+mea:

P value
SD+mea:
SD+mean|
SD+mea:

P value
SD+mea:
SD+mea:
SD+mea:

P value
SD+mea:
SD+mean|
SD+mea:

P value ++3

(n=21) (n=23)




0.202
0.484
0.352

0.994
0.678
0.006
0.105

-1.59+0.9

-0.9+2.3
6.31£2.3
7.26x0.3
0.003
-2.7243.6
5.97£3.3
8.715.0
<0.001
7.4210.9
9.02£1.1
0.004
-2.60+3.9
5.47t4.4
8.07£6.5

* The significance of before and after comparison of dependent variables within each experimental group
using the Wilcoxon test.

** The significance of the main effect of omega-3 supplement on the mean change in responses
(compares the groups receiving omega-3 supplements with other groups).

+ The significance of the main effect of zinc supplement on the mean change in responses (compares the
groups receiving zinc supplements with other groups).

++ The significance of interaction between the omega-3 supplements and zinc supplements on the mean
change in responses.

Discussion and Conclusion:

This study was a prospective, randomized, double-blind, controlled clinical trial designed to determine the
effect of dietary supplements of omega-3 fatty acids and zinc together and separately on the lipid profiles
(LDL, HDL, CHOL, TG) and inflammatory status (hs-Crp) and total antioxidant capacity in type 2 diabetic
patients for two months. According to our data, this study was the first study to evaluate and compare the
effect of omega-3 fatty acids and zinc supplements together and separately on lipid profile, inflammatory
status (hs-Crp) and total antioxidant capacity (TAC) in type 2 diabetic patients. Increasing blood sugar can
result in sugar oxidation and glycation of proteins, these proteins in the brain increase the production of
free oxygen radicals and oxidative stress (26). Omega-3 fatty acids may be at risk for oxidation due to dual
bounding and can lead to lipid peroxidation, but according to Jazaery study, omega-3 fatty acids can
increase the antioxidant activity, this happens when these supplements are consumed for a long time (27).
Similarly, in the present study, omega-3 fatty acids could significantly increase antioxidant capacity in
diabetic patients, while the Toorang study did not show a significant effect of omega-3 fatty acids on the
antioxidant status of diabetic patients (28). In the study conducted by Yessouf, received omega-3 fatty acids
increased antioxidant activity in the body as well (29). LI in another study showed that receiving omega-3
by increasing the superoxide activity of motuzas could have an effect on improving the antioxidant activity
(30). Omega-3 fatty acids can enhance antioxidant defense by increasing levels of catalase in peroxisomes
and cytoplasm. On the other hand, omega-3 supplementation results in replacing these fatty acids with other
long-chain fatty acids and can strengthen the antioxidant defense (28, 31) . Zinc supplementation at 30 mg




dose significantly increased antioxidant activity in diabetic patients before and after study (P <0.001). Zinc
can be a potent protective agent against oxidative stress due to its role in cellular activity (32). Zinc has a
structural role in the activity of the superoxide dismutase enzyme, it can also act to protect sulfthydryl groups
against oxidation and to participate in inhibiting the production of free radicals. On the other hand, the zinc
complex of Metallothionein in pancreatic cells can play a protective role against free radicals produced by
immune system cells (¥V). Dervis et al. Showed that zinc can play a vital role in modulating and protecting
oxidative stress in diabetic patients (¥ ¢).Other studies have shown that taking 30 mg of zinc supplement
can reduce the effects and risks of oxidation by increasing antioxidant potency (¥ ,Y¢). This study showed
that taking omega-3 plus zinc has boost effect on antioxidant activity, in a way that the highest increase in
TAC was observed in the omega-3 plus zinc group after the study.

Lipid disorders are one of the most important variables of cardiovascular disease even more important than
blood pressure and blood sugar in diabetic patients (37). In this study, as in the Foster study (38), a
significant decrease in serum HDL concentration was observed in patients receiving zinc supplement after
two months, but in Afkhami study (19), the level of HDL concentration increased significantly at the end
of the study. Studies have shown that HDL particles, independent of the role that have in cholesterol
homeostasis, can have an effect in insulin sensitivity (39). Studies have shown that triglyceride levels are
reduced after omega-3 consumption (40, 41), while HDL changes were variable after omega-3 consumption
(40, 41). These results can be due to the difference in consumed dosages, consumed fat, and the type and
severity of lipoprotein disorder. In the present study, serum HDL levels significantly decreased in the
omega-3 group before and after the study, which is consistent with the results of the Farah Bakhsh study
(42). While HDL values were increased in the study conducted by Toorang (21); this could be due to
differences in the consumed dose of omega-3 in studies. However, the covariance analysis model (by
modulating the effect of all confounding variables) showed no significant finding regarding the main effect
of omega-3 supplement, the main effect of zinc supplement, as well as the interaction of zinc supplement
and omega-3 supplement on the mean change of HDL level in the present study (P>0.05). Overall, the
effects of omega-3 fatty acids on HDL depend on the dose and duration of consuming supplement (43).
Supplementation with higher doses or longer period may have more beneficial effects. Serum LDL levels
decreased significantly before and after the study (P = 0.000) in the pre-and post-test zinc group as it is seen
in Afkhami’s study (19). As well, in Parham’s study, receiving zinc supplement at 30 mg reduced the LDL
levels in diabetic patients after three months (25). However, blood levels of LDL increased after Zn
supplementation in the Hernandez study (20). The covariance analysis model showed that the effect of Zn
supplement alone or with omega-3 on LDL changes was significant (P = 0.001). In general, weight loss can
be considered as an important factor in lowering the blood levels of LDL and HDL, which was also
observed in this study. According to a study conducted in 2007, triglyceride levels in blood were found to
be an independent risk factor for cardiovascular disease, even after moderating the effects of HDL (44).
The consumption of omega-3 fatty acids leads to the removal of free fatty acids by the liver and their
oxidation, and thus the synthesis of triglycerides reduces due to the absence of free fatty acids (45). On the
other hand, omega-3 fatty acids increase triglyceride degradation and reduce liver triglyceride absorption
by activating the lipoprotein lipase enzyme (46). In the present study, an insignificant decrease in
triglyceride levels was observed in the groups consuming omega-3 and zinc supplement separately, but a
decrease in triglyceride levels in the group consuming omega-3 plus zinc was significant (P <0.001), in
other words, the simultaneous intake of omega-3 and zinc enhances their effect in reducing triglyceride
levels. In this study like most other studies, blood cholesterol levels decreased in the intervention groups
(19, 20). There is a direct correlation between increased blood sugar levels and inflammatory factors,
especially the C-reactive protein in the body (14, 15). CRP is a highly susceptible marker for systemic
inflammation, and its high levels in the blood can cause endothelial dysfunction in the blood vessels (47,
48). There was an inverse relationship between the hs-CRP blood levels and the omega-3 fatty acid plasma
levels (49). Omega-3 fatty acids have anti-inflammatory properties, and the addition of omega-3 fatty acids



in the form of fish oil to the diet can reduce symptoms in inflammatory patients (50, 51). In the present
study as in most studies (49, 51), the hs-CRP blood levels significantly decreased in the omega-3
intervention group after study (P = 0.004). The peroxisome proliferator activated receptors (PPARs) act as
mediators for lipoprotein metabolism, inflammatory processes and glucose homeostasis (52). By attaching
to these receptors and activating them, the zinc element can play a significant role in setting up
inflammatory and protective procedures (53). Studies have shown that zinc supplements can be effective in
reducing inflammation (54). In the present study, the blood hs CRP levels significantly decreased in the
intervention group with zinc (P <0.001), which was similar to that of Usman et al (55). The results of this
study indicate that omega-3 and zinc can have a boost effect in reducing inflammation, so that the reduction
of hs-crp in the simultaneous intervention group was more than the separate intervention groups.

Conclusions:

Considering the lack of essential omega-3 fatty acids and zinc in the diet and the usefulness of these
elements in the body and according to the present study, it is recommended to use omega-3 and zinc
supplements, especially in diabetic patients. As well, this study showed that taking omega-3 and zinc
together can enhance their effects in reducing lipid levels and increasing the antioxidant capacity of the
body.

Acknowledgements

We are grateful and thankful to Urmia University of Medical Sciences, Dr Peyvand Mohammadi, and all
would-be patients who participated in this research project.

1. Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty phenotype
hypothesis. Diabetologia. 1992;35(7):595-601.

2. Alberti KGMM, Zimmet Pf. Definition, diagnosis and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classification of diabetes mellitus. Provisional report of a WHO
consultation. Diabetic medicine. 1998;15(7):539-53.

3. Roglic G. WHO Global report on diabetes: A summary. International Journal of
Noncommunicable Diseases. 2016;1(1):3.

4. Maret W, Sandstead HH. Zinc requirements and the risks and benefits of zinc supplementation.
Journal of Trace Elements in Medicine and Biology. 2006;20(1):3-18.

5. Al-Maroof RA, Al-Sharbatti SS. Serum zinc levels in diabetic patients and effect of zinc
supplementation on glycemic control of type 2 diabetics. Saudi medical journal. 2006;27(3):344-50.



6. RAHIMI SF, MOUSAVI FZ, DAVARI TF. SERUM ZINC LEVELS IN GESTATIONAL
DIABETES. 2008.

7. Selvaraj N, Bobby Z, Sridhar M. Oxidative stress: does it play a role in the genesis of early
glycated proteins? Medical hypotheses. 2008;70(2):265-8.

8. Carpentier YA, Portois L, Malaisse WJ. n— 3 Fatty acids and the metabolic syndrome—. The
American journal of clinical nutrition. 2006;83(6):1499S-504S.

9. Song JH, Miyazawa T. Enhanced level of n-3 fatty acid in membrane phospholipids induces lipid
peroxidation in rats fed dietary docosahexaenoic acid oil. Atherosclerosis. 2001;155(1):9-18.

10. Frenoux J-MR, Prost ED, Belleville JL, Prost JL. A polyunsaturated fatty acid diet lowers blood
pressure and improves antioxidant status in spontaneously hypertensive rats. The Journal of nutrition.
2001;131(1):39-45.

11. Wander RC, Du S-H. Oxidation of plasma proteins is not increased after supplementation with
eicosapentaenoic and docosahexaenoic acids—. The American journal of clinical nutrition.
2000;72(3):731-7.

12. Higdon JV, Liu J, Du S-H, Morrow JD, Ames BN, Wander RC. Supplementation of
postmenopausal women with fish oil rich in eicosapentaenoic acid and docosahexaenoic acid is not
associated with greater in vivo lipid peroxidation compared with oils rich in oleate and linoleate as
assessed by plasma malondialdehyde and F2-isoprostanes—. The American journal of clinical nutrition.
2000;72(3):714-22.

13. Wu Y-Q, Dang R-L, Tang M-M, Cai H-L, Li H-D, Liao D-H, et al. Long chain omega-3
polyunsaturated fatty acid supplementation alleviates doxorubicin-induced depressive-like behaviors and
neurotoxicity in rats: involvement of oxidative stress and neuroinflammation. Nutrients. 2016;8(4):243.

14. Festa A, D’Agostino Jr R, Howard G, Mykkanen L, Tracy RP, Haffner SM. Chronic subclinical
inflammation as part of the insulin resistance syndrome: the Insulin Resistance Atherosclerosis Study
(IRAS). Circulation. 2000;102(1):42-7.

15. Nakanishi N, Shiraishi T, Wada M. Association between C-reactive protein and insulin resistance
in a Japanese population: the Minoh Study. Internal medicine. 2005;44(6):542-7.

16. Mahan LK, Escott-Stump S, Krause MV. Krause's food & nutrition therapy: Elsevier Saunders;
2007.

17. Taskinen M-R. Type 2 diabetes as a lipid disorder. Current molecular medicine. 2005;5(3):297-
308.

18. Goldberg RB. Lipid disorders in diabetes. Diabetes care. 1981;4(5):561-72.

19. Afkhami-Ardekani M, Karimi M, Mohammadi SM, Nourani F. Effect of zinc sulfate
supplementation on lipid and glucose in type 2 diabetic patients. Pak J Nutr. 2008;7(4):550-3.



20. Partida-Hernandez G, Arreola F, Fenton B, Cabeza M, Roman-Ramos R, Revilla-Monsalve M.
Effect of zinc replacement on lipids and lipoproteins in type 2-diabetic patients. Biomedicine &
pharmacotherapy. 2006;60(4):161-8.

21. Toorang F, Pooya S, Jalali M, Djazayery A, Koujan S. The effects of omega-3 fatty acids on
serum lipoproteins and apo-proteins levels in type 2 diabetic patients. [ranian Journal of Nutrition
Sciences & Food Technology. 2015;9(4):11-7.

22. Maes M, Christophe A, Delanghe J, Altamura C, Neels H, Meltzer HY. Lowered w3
polyunsaturated fatty acids in serum phospholipids and cholesteryl esters of depressed patients.
Psychiatry research. 1999;85(3):275-91.

23. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the developing world—a growing
challenge. N Engl j med. 2007;2007(356):213-5.

24, Crochemore ICC, Souza AF, de Souza AC, Rosado EL. ®-3 Polyunsaturated Fatty Acid
Supplementation Does Not Influence Body Composition, Insulin Resistance, and Lipemia in Women
With Type 2 Diabetes and Obesity. Nutrition in Clinical Practice. 2012;27(4):553-60.

25. Parham M, Amini M, Aminorroaya A, Heidarian E. Effect of zinc supplementation on
microalbuminuria in patients with type 2 diabetes: a double blind, randomized, placebo-controlled, cross-
over trial. The review of diabetic studies: RDS. 2008;5(2):102.

26. Fakher S, Djalali M, Tabei S, Zeraati H, Javadi E, Sadeghi M, et al. Effect of vitamins A, E, C
and Omega-3 fatty acids on lipid peroxidation in streptozotocin induced diabetic rats. Iranian Journal of
Public Health. 2007;36(2):58-63.

27. Sarbolouki S, Djalali M, Dorosty A, Djazayery S, Eshraghian M, Ebadi S, et al. Effects of EPA
and vitamin E on serum enzymatic antioxidants and peroxidation indices in patients with type Il Diabetes
Mellitus. Iranian journal of public health. 2010;39(3):82.

28. Toorang F, Djazayery A, Djalali M. Effects of Omega-3 Fatty Acids Supplement on Antioxidant
Enzymes Activity in Type 2 Diabetic Patients. Iranian journal of public health. 2016;45(3):340.

29. Yessoufou A, Soulaimann N, Merzouk S, Moutairou K, Ahissou H, Prost J, et al. N-3 fatty acids
modulate antioxidant status in diabetic rats and their macrosomic offspring. International journal of
obesity. 2006;30(5):739.

30. Li M, Kong Z, Liu Z. Antioxidant enzyme activities and lipid peroxidation induced by
eicosapentaenoic acid (EPA) in PC12 cells. Cell biology and toxicology. 2006;22(5):331-7.

31. Masters C. Omega-3 fatty acids and the peroxisome. Molecular and cellular biochemistry.
1996;165(2):83-93.

32. Powell SR. The antioxidant properties of zinc. The Journal of nutrition. 2000;130(5):1447S-54S.
33. Ohly P, Dohle C, Abel J, Seissler J, Gleichmann H. Zinc sulphate induces metallothionein in

pancreatic islets of mice and protects against diabetes induced by multiple low doses of streptozotocin.
Diabetologia. 2000;43(8):1020-30.



34, Ozcelik D, Naziroglu M, Tuncdemir M, Celik O, Oztiirk M, Flores-Arce M. Zinc
supplementation attenuates metallothionein and oxidative stress changes in kidney of streptozotocin-
induced diabetic rats. Biological trace element research. 2012;150(1-3):342-9.

35. Faure P, Benhamou P, Perard A, Halimi S, Roussel A. Lipid peroxidation in insulin-dependent
diabetic patients with early retina degenerative lesions: effects of an oral zinc supplementation. European
journal of clinical nutrition. 1995;49(4):282-8.

36. Anderson RA, Roussel A-M, Zouari N, Mahjoub S, Matheau J-M, Kerkeni A. Potential
antioxidant effects of zinc and chromium supplementation in people with type 2 diabetes mellitus. Journal
of the American College of Nutrition. 2001;20(3):212-8.

37. Shepherd J. Dyslipidaemia in diabetic patients: time for a rethink. Diabetes, Obesity and
Metabolism. 2007;9(5):609-16.

38. Foster M, Petocz P, Caterson ID, Samman S. Effects of zinc and a-linolenic acid supplementation
on glycemia and lipidemia in women with type 2 diabetes mellitus: a randomized, double-blind, placebo-
controlled trial. 2013.

39. Barter P. HDL-C: role as a risk modifier. Atherosclerosis supplements. 2011;12(3):267-70.

40. Harris WS. Fish oils and plasma lipid and lipoprotein metabolism in humans: a critical review.
Journal of Lipid Research. 1989;30(6):785-807.

41. Harris WS. n-3 fatty acids and lipoproteins: Comparison of results from human and animal
studies. Lipids. 1996;31(3):243-52.

42. Farsi PF, Djazayery A, Eshraghian MR, Koohdani F, Saboor-Yaraghi AA, Derakhshanian H, et
al. Effects of supplementation with omega-3 on insulin sensitivity and non-esterified free fatty acid
(NEFA) in type 2 diabetic patients. Arquivos Brasileiros de Endocrinologia & Metabologia.
2014;58(4):335-40.

43. Mensink RP, Katan MB. Effect of dietary fatty acids on serum lipids and lipoproteins. A meta-
analysis of 27 trials. Arteriosclerosis and thrombosis: a journal of vascular biology. 1992;12(8):911-9.

44. Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham S, et al. Triglycerides
and the risk of coronary heart disease: 10 158 incident cases among 262 525 participants in 29 Western
prospective studies. Circulation. 2007;115(4):450-8.

45. Shidfar F, Yarahmadi S, Jalali M, Eftekhari M, Hosseyni S, Ahari L. Effects of purified omega—3
fatty acids in postmenopausal women with type 2 diabetes. Iranian journal of endocrinology and
metabolism. 2007;9(3):229-34.

46. Kelley DS, Siegel D, Vemuri M, Mackey BE. Docosahexaenoic acid supplementation improves
fasting and postprandial lipid profiles in hypertriglyceridemic men—. The American journal of clinical
nutrition. 2007;86(2):324-33.



47. Festa A, D'agostino Jr R, Howard G, Mykkénen L, Tracy RP, Haffner SM. Inflammation and
microalbuminuria in nondiabetic and type 2 diabetic subjects: The Insulin Resistance Atherosclerosis
Study. Kidney international. 2000;58(4):1703-10.

48. Stehouwer CD, Gall M-A, Twisk JW, Knudsen E, Emeis JJ, Parving H-H. Increased urinary
albumin excretion, endothelial dysfunction, and chronic low-grade inflammation in type 2 diabetes:
progressive, interrelated, and independently associated with risk of death. Diabetes. 2002;51(4):1157-65.

49. Micallef M, Munro I, Garg M. An inverse relationship between plasma n-3 fatty acids and C-
reactive protein in healthy individuals. European journal of clinical nutrition. 2009;63(9):1154.

50. Tull SP, Yates CM, Maskrey BH, O'Donnell VB, Madden J, Grimble RF, et al. Omega-3 Fatty
acids and inflammation: novel interactions reveal a new step in neutrophil recruitment. PLoS biology.
2009;7(8):¢1000177.

51. Tayyebi-Khosroshahi H, Houshyar J, Dehgan-Hesari R, Alikhah H, Vatankhah A-M, Safaeian A-
R, et al. Effect of treatment with omega-3 fatty acids on C-reactive protein and tumor necrosis factor-alfa
in hemodialysis patients. Saudi Journal of Kidney Diseases and Transplantation. 2012;23(3):500.

52. Blaschke F, Takata Y, Caglayan E, Law RE, Hsueh WA. Obesity, peroxisome proliferator-
activated receptor, and atherosclerosis in type 2 diabetes. Arteriosclerosis, thrombosis, and vascular
biology. 2006;26(1):28-40.

53. Reiterer G, Toborek M, Hennig B. Peroxisome proliferator activated receptors a and y require
zinc for their anti-inflammatory properties in porcine vascular endothelial cells. The Journal of nutrition.
2004;134(7):1711-5.

54. Shen H, MacDonald R, Bruemmer D, Stromberg A, Daugherty A, Li X-a, et al. Zinc deficiency
alters lipid metabolism in LDL receptor—deficient mice treated with rosiglitazone. The Journal of
nutrition. 2007;137(11):2339-45.

55. Khan MI, Siddique KU, Ashfaq F, Ali W, Reddy HD, Mishra A. Effect of high-dose zinc
supplementation with oral hypoglycemic agents on glycemic control and inflammation in type-2 diabetic
nephropathy patients. Journal of Natural Science, Biology, and Medicine. 2013;4(2):336.



Filename: OLSla 4l docx

Directory: /Users/dineh/Google Drive/Products en

Template: /Users/dineh/Library/Group
Containers/UBF8T346G9.0ffice/User
Content.localized/Templates.localized/Normal.dotm

Title:

Subject:

Author: bime dana
Keywords:

Comments:

Creation Date: 10/6/26 11:34:00 AM

Change Number: 2
Last Saved On: 10/6/26 11:34:00 AM
Last Saved By: Microsoft Office User
Total Editing Time: 0 Minutes
Last Printed On: 10/6/26 11:34:00 AM
As of Last Complete Printing

Number of Pages: 18

Number of Words: 7,096

Number of Characters: 98,654 (approx.)



