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ARTICLE INFO SUMMARY
Am‘c{e history: Background: Some foods and drinks contain special ingredients, causing impressive effects on human
Received 24 March 2019 health. The aim of the current study was to assess the health effects of apple vinegar in patients with

Accepted 13 June 2019 diabetes and dyslipidemia.

Method: Seventy participants with type 2 diabetes and hyperlipidemia were randomly assigned into an
Keyworc?s: intervention and control group in order to assess the effect of 20 ml apple vinegar per day using an 8-
?pplez"g?efatr week parallel study. Fasting blood sugar (FBS), homeostasis model assessment for insulin resistance
D);I;fipi delfnis €s (HOMA-IR), homeostasis model assessment for b-cell function (HOMA-B), quantitative insulin sensitivity
Oxidative stress checks index (QUICKI), insulin, malondialdehyde (MDA), 2,20-Diphenyl-1- picrylhydrazyl (DPPH), ho-
mocysteine, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured at the

beginning and end of the study.
Results: The intervention with apple vinegar could significantly improve FBS (mean
change: —10.16 + 19.48 mg/dl, p = 0.006) and DPPH (mean change: 16.58 + 11.56, p < 0.001) within
intervention group and in comparison with control group (p < 0.001). Additionally, the significant in-
crease of MDA in control group (p < 0.05) caused a considerable difference between two groups. Gly-
cemic indices containing insulin, HOMA-IR, HOMA-B, and QUICKI decrease significantly in both groups
(p < 0.05). No considerable effect was observed on blood pressure and homocysteine in intervention
group as well as control group.
Conclusion: This trial provided some evidences that apple vinegar consumption may cause beneficial
effects on glycemic indices and oxidative stress in individuals with diabetes and dyslipidemia.
This randomized clinical trial was registered in the Iranian Registry of Clinical Trials (https://www.irct.ir/)
as 2013070710826N5.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction been increasing between 1980 and 2014 from 108 million to 422
million [2], its number will rise to 552 million people by 2030 [3].

Diabetes mellitus is one of the most prevalent metabolic disor- Type 2 diabetes mellitus (T2DM), the most common type of dia-

ders worldwide [1]. The number of individuals with diabetes has betes mellitus [4], is associated with deterioration of life quality,
causing a considerable reduction in life expectancy [5]. Based on
previous studies, diabetes imposes a significant burden on people
with diabetes as well as the healthcare system [6]. This disorder
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Additionally, hyperglycemia, hyperlipidemia, and hyper-
insulinemia are main causes of oxidative stress, which has been
proposed to be one of the causative factors of disease severity [11]
and complications of diabetes [12] such as insulin resistance and
hyperglycemia [13]. Furthermore, diabetes increases the risk of
atherosclerosis, as an inflammation response, independently [4,14].
In this case, elevated concentration of homocysteine has a signifi-
cant role, causing vascular complications of diabetes [15].

The management of blood pressure [16], antioxidant capacity
[17], and blood glucose [18] has been suggested as ways to control
diabetes complications. Some strategies, especially nutrition, have
a striking effect on diabetes management [19,20]. In this case,
plants play an impressive role in order to find new therapeutic
agents as major sources of antioxidant, hypolipidemic, and hypo-
glycemic factors [21]. Vinegar especially apple vinegar is consumed
more nowadays. Its major components are both polyphenols and
acetic acid [22]. Several cross-sectional and prospective epidemi-
ological studies have reported that consumption of foods and
beverages rich in polyphenols may cause a better plasma lipids
profile, glycemic indices, blood pressure, and biomarkers of
inflammation [23,24] and even may decrease the incidence of
diabetes [25]. It has been suggested that vinegar components
stimulate a protective barrier against oxidative stress in animals
[26]. So, it would appear the vinegar specifically apple vinegar
treatment lead to the normal oxidative stress [27]. Moreover,
several studies showed the beneficial effects of acid acetic in
humans. Consuming a beverage containing 750 mg/day acid acetic
considerably decrease blood pressure in hypertensive patients [28].
In some experiments, it is proposed that components of vinegar
improve serum triglycerides (TG) level and HbA1c in diabetic rats
[29]. Additionally, some human studies reported that vinegar
intake can improve insulin resistance in healthy participants as
well as subjects with diabetes [30,31] and fasting blood sugar (FBS)
in participants with diabetes on condition that it is consumed at
bedtime [32]. Also, it can suppress postprandial hyperglycemia
[30]. Although data are inconsistent regarding the effects of vinegar
on the human body. In a study, the insignificant effects of vinegar
on FBS, HbAlc, and Homeostasis model assessment for insulin
resistance (HOMA-IR) were reported [33], and also it is shown that
even 2 months of intervention with vinegar couldn't significantly
improve glycemic indices such as HbA1c [34]. Additionally, a sys-
tematic review and meta-analysis was revealed an insignificant
effect of vinegar on HbA1c, FBS, and fasting insulin [35].

Since the number of human studies to assess the effect of apple
vinegar are restricted, we aim to determine the effects of apple
vinegar, as a rich source of acetic acid and polyphenols, on human
glucose regulation, oxidative stress, and blood pressure by a parallel
randomized clinical trial in patients with type 2 diabetes and dys-
lipidemia. Additionally, in the current trial, the effect of apple
vinegar on homocysteine concentration, as an atherogenesis factor,
is assessed in patients with type 2 diabetes.

2. Materials and methods
2.1. Subjects recruitment

This parallel randomized clinical trial was conducted in Yazd,
Iran from May 2013 to February 2014. Subjects were recruited from
3 centers (Khatam Al-Anbia, Imam Ali and Diabetes Research
Center). Patients with T2DM and dyslipidemia who1) did not start a
new medication or insulin injection, 2) did not have any gastroin-
testinal, liver, kidney, and heart diseases, 3) were not on a specific
diet and 4) females were not pregnant and lactating, were included
in the study. Change of dose and type of medications two months
prior and during the study, use of either vitamin E, C, D, B, and

antioxidant supplements during the study and use of less than 80
percent of prescribed apple vinegar were considered as the exclu-
sion criteria. The current study was confirmed by the ethics com-
mittee of Shahid Sadoughi University of Medical Sciences, Yazd,
Iran (Ethics code: 52174). In addition, this randomized clinical trial
was registered in the Iranian Registry of Clinical Trials (https://
www.irct.ir/) as 2013070710826N5.

2.2. Study procedure

All eligible patients (n = 70) participated in an introductory
meeting and informed about the study procedure. All participants
signed informed written consent forms. Patients were randomly
assigned into apple vinegar and control group (Fig. 1). Randomi-
zation was performed by using computer-generated random
numbers. Patients with T2DM and dyslipidemia, who aged more
than 18 years old were recruited into the study. Individuals with
diabetes were screened based on personal medical records (such as
polyuria and polydipsia), the use of hypo-glycemic agents and with
biochemical tests of FBS > 126 mg/dl, HbA1C > 6.5%, 2 h post
glucose load > 200 mg/dl for more than 2 times. Furthermore,
dyslipidemia was defined as use of lipid-lowering drugs or having
impaired serum lipid levels as total cholesterol >200 mg/dl,
TG > 150 mg/dl, LDL-C > 100 mg/dl and HDL-C < 45 mg/dl in men
and <55 mg/dl in women [36].

Individuals in the treatment group were asked to use a glass of
water plus 2 spoons of apple vinegar equal to approximately
10 ml/day, before their lunch and dinner meal. Thus, participants
in the treatment group were prescribed to use a total of 20 ml of
apple vinegar daily. In this regard, all the participants were pro-
vided their apple vinegar for 4 weeks. Apple vinegar was manu-
factured with the concentration of 5% acetic acid, by Septico
Company, Mashad, Iran. In order to provide apple vinegar, Khor-
asan yellow apple species was used. After controlling for their
compliance in their checklist, those who had good compliance
were provided with apple vinegar bottles for the next 4 weeks. In
order to follow the patients, we called them every 10 days to
ensure their consumption. The compliance was defined to use
more than 80% of apple vinegar in the intervention period. Pa-
tients who were unable to use more than 80% of the prescribed
treatment were excluded. Also, in the treatment group compli-
ance was evaluated by the apple vinegar consumption checklist.
Individuals were asked to mark the appropriate checkbox after
consuming their prescribed apple vinegar each day. We measured
participants' physical activity status in a qualitative way by asking
them to fill out an international physical activity questionnaire
(IPAQ). It categorized into three qualitative subgroups including:
The total Met-min/week fewer than 600 was determined as low
physical activity, between 600 and 3000 Met-min/week as mod-
erate physical activity, and more than 3000 Met-min/week as
severe physical activity [37]. Also, participants were asked not to
change their routine physical activity or usual dietary intakes
during the study and not to consume any supplements other than
the one supplied to them by the researchers.

Dietary intakes of individuals throughout the study were
assessed by means of 3-day dietary records. The dietary records
were based on estimated values in household measurements. To
measure nutrient intakes of participants based on these 3-day food
diaries, the Nutritionist IV software (First Databank, San Bruno, CA,
USA) which is modified for Iranian foods was used.

2.3. Anthropometric and blood pressure assessments

A well-trained person at the centers performed the anthropo-
metric measurements at the beginning and the end of the study.
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Fig. 1. Flow diagram for study selection process. Summary of participants' flow.

Body weight was measured to the nearest 0.1 kg, while participants
were without shoes and in minimal clothing, using digital scales
(Seca, Hamburg, Germany). Height was measured by a non-
stretched tape measure (Seca, Hamburg, Germany) to the nearest
0.1 cm. Body mass index (BMI) was calculated as weight in kg
divided by height in meters squared. Blood pressure was measured
at the beginning and the end of the trial, in the sitting mode after
5 min rest, using a mercury sphygmomanometer (Riester) [38].

2.4. Biochemical measurements

10 ml blood samples were collected at the beginning and 8
weeks later, in the early morning after an overnight fast. Blood
samples were immediately centrifuged (Hettich D-78532; Hettich
GmbH) at 3000 rpm for 10 min to separate serum. Afterward,
Samples were stored at —70 °C before analysis at the central lab-
oratory of Shahid Sadoughi University of Medical Sciences. Fasting
blood glucose (FBS), the concentration was measured by using
commercial kits (Pars Azmoon). The intra- and inter-assay CVs for
FBS were 2.0% and 3.5%, respectively. All HOMA-IR, b-cell function
(HOMA-B) and quantitative insulin sensitivity check index (QUICKI)
were measured based on suggested formulas [39]. Plasma Malon-
dialdehyde (MDA) was determined using the thiobarbituric acid
reactive substance (TBARS) spectrophotometric test. The CVs for
MDA was 3.5%. Serum insulin was measured by using an ELISA kit
(Monobind) with the inter-and intra-assay CVs for serum insulin
were 2.9% and 5.9%, respectively. In order to assess total antioxidant
capacity (TAC) 2,20-Diphenyl-1-picrylhydrazyl (DPPH), based on
Janaszewska method, was evaluated [40]. Plasma total homocys-
teine concentrations were measured by use of frozen samples by
HPLC (High-performance Liquid Chromatography) method (KNA-
UER, Germany), The intra- and inter-assay coefficient of variation
for homocysteine samples were 3.9% and 5.9% respectively.

2.5. Sample size calculation

Sample size was determined by N = 2 [(Z1.y2+ Z1- 5)2[fx]52]/d2
[41], while typel (a) and type 2 errors () were considered as 0.05
and 0.2 (power = 80%) respectively. By using formula, the sample
size of 20 participants in each group was calculated.

2.6. Statistical analysis

Kolmogorov—Smirnov was applied to examine the normal dis-
tribution of variables. Therefore, Log transformation was used for
non-normally distributed variables. Independent sample t-test was
used to detect the differences in means of energy intake, mean of
biomarkers at both beginning and end of the study and changes in
biomarkers between apple vinegar group and control group.
Baseline and endpoints values were compared within each group
by paired t-tests. Both crude and a multivariate-adjusted model
(adjusted for changes in body weight and age) were performed to
compare mean differences between the intervention and control
groups. Independent student t-test and analysis of covariance were
applied in crude and in multivariate-adjusted models, respectively.
Continuous data are represented as mean and standard deviations.
All the analysis was performed by using SPSS version 20 statistical
software.

3. Results

Among 70 individuals with diabetes and dyslipidemia, who
were randomized to intervention and control groups, 62 partici-
pants completed the study and finally were included in the anal-
ysis. As it is shown in Fig. 1, since vinegar intolerance, not intend to
continue the project, and consumed medication changes, 8 par-
ticipants withdrew from the study.
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Baseline characteristics of the participants are represented in
Table 1. Mean age of participants in each group were 49.47 + 8.02
and 52.1 + 7.87, respectively. Additionally, no significant differences
were found in weight (P = 0.28) and BMI (P = 0.87) between
mentioned groups. Table 2 subscribes no considerable difference in
dietary intake in both pre-intervention and post-intervention
(P > 0.05) in each group, furthermore, no differences were
observed in dietary intakes between intervention and control
groups (P > 0.05).

Table 3 represents the effect of apple vinegar on glycemic
indices in the intervention group and its comparison with the
control group. Within-group analysis indicated a significant
decrease in insulin (P < 0.001), HOMA-IR (P < 0.001), HOMA-B
(P < 0.001), and QUICKI (P < 0.001) in both intervention and con-
trol groups, and a significant decrease in FBS level in participants
consuming apple vinegar (P = 0.006). Between-groups analysis
demonstrated a considerable difference in FBS level among par-
ticipants. It showed that apple vinegar can decrease FBS concen-
tration from 138.62 + 31.82 mg/dl at the beginning to
12846 + 29.74 mg/dl at the end of the study (Mean
change: —10.16 + 19.48 mg/dl) which is considerably different
compared with control group (P < 0.001).

The effects of the intervention on oxidative stress markers, ho-
mocysteine level, and blood pressure are shown in Table 4. Apple
vinegar can decrease MDA, homocysteine, and SBP, However, its
effects were not significant (P > 0.05). Also, DPPH, blood pressure,
and homocysteine did not substantially change in the control group
(P > 0.05). As it is shown in Table 4, DPPH was increased signifi-
cantly in apple vinegar group (pre: 35.15 + 12.31, post: 51.73 + 7.85,
mean change: 16.58 + 11.56, P < 0.001) and the change of MDA and
DPPH were considerably different between two groups (P < 0.001).

4. Discussion
The current randomized controlled clinical trial indicates that

the consumption of apple vinegar, a rich source of acetic acid and
phytochemicals, can improve glycemic indices (insulin, HOMA-IR,

HOMA-B, and QUICKI) and in comparison with participants
consuming just lipid-lowering drugs apple vinegar can significantly
decrease FBS by 10.16 mg/dl. Additionally, it was demonstrated that
DPPH increases more in patients who consumed the mentioned
juice than the control group, and the increase of MDA level was
much more in the control group in comparison with apple vinegar
group, which led to a significant difference between apple vinegar
and control groups.

Vinegar is an important source of acid acetic and can provide a
considerable amount of phytochemicals in the human diet [22]. In
order to improve the condition of patients with diabetes,
improvement of FBS is a vital pharmacologic treatment aim [42].
Apple vinegar may lead to this improvement. The current project
shows a statistically significant decrease in FBS in individuals who
consumed apple vinegar in comparison with patients that just
consumed related medications. In contrast, Siddiqui and et al. in a
systematic review and meta-analysis based on 103 participants,
which aimed to assess the effect of vinegar consumption as a dia-
betic control treatment, showed that vinegar cannot have a sig-
nificant effect on FBS (P = 0.15) [35]. Moreover, another study
reported an insignificant effect of apple vinegar in 19 patients with
diabetes on FBS [43]. On the other hand, a one-month parallel
intervention on 30 participants with diabetes indicated that
consuming 15 ml/day apple vinegar can decrease FBS level
considerably by 18 mg/dl in the participants [44]. In addition, Yoon
and et al. reported the significant reduction of FBS due to
consuming other types of vinegar by —1.19 mmol/l (P = 0.021) in
individuals with diabetes [45]. Also, our analysis indicates the
improvement effect of apple vinegar on fasting insulin and some
other glycemic indices as well as FBS in apple vinegar group, which
was inconsistent with other studies [35,45,46]. Several mecha-
nisms can clarify the effect of vinegar on glycemic indices. A study
which considers the effect of vinegar on postprandial blood glucose
found that acetic acid can decrease the rate of gastric emptying
which may explain the causes of glycemic improvement effect of
vinegar [47]. Additionally, this acid can reduce starch digestion
[48]. While it was proposed that acetic acid can change the activity

Table 1
baseline characteristics of patients with diabetes and dyslipidemia in both intervention and control group.
Variables Apple vinegar group (n = 32)? Control group (n = 30)* p-value®
Age (year) 49.47 + 8.02 52.1 +7.87 0.19
Male/Female 10/22 10/20 0.788
Height (Cm) 159.34 + 9.74 159.71 + 8.5 0.87
Weight (Kg) 7341 + 11.82 76.77 + 12.73 0.28
BMI (Kg/m?) 28.96 + 4.31 28.85 + 4.24 0.87
¢ All values are presented as Mean + SD, except for gender which is reported as number.
b Calculated by student t-test.
Table 2
Nutrients and calorie intake in patients with diabetes and dyslipidemia in both intervention and control group.
Variables® Apple vinegar group (n = 32) Control group (n = 30) p-value® p-value® p-value? p-value®
Before After Before After
Calorie (Kcal) 1326.62 + 308.8 1246.07 + 283.13 1358.55 + 169.05 1283.25 + 235.17 0.98 0.65 0.32 0.26
Carbohydrate (gr) 145.04 + 51.58 143 + 4241 149 + 49.55 142.85 + 49.82 0.8 0.99 0.83 043
Protein (gr) 38.22 + 11.92 34.74 + 9.52 38.2 + 8.68 36.43 + 10.96 0.99 0.6 0.1 035
Fat (gr) 46.33 + 9.96 46.42 + 9.61 45.93 + 12.42 46 + 10.6 0.9 0.89 0.96 0.95
Cholesterol (mg) 50.51 + 43.7 59.74 + 57.66 61.84 + 62.08 58.63 + 62.33 0.5 0.95 0.48 0.53
Fiber (gr) 7.46 + 3.52 691 +2.93 7.96 + 3.58 7.86 + 4.6 0.65 0.43 0.59 0.90
2 All values are presented as Mean + SD.
b p-value between groups before treatment. Calculated by student t-test.
¢ p-value between groups after treatment. Calculated by student t-test.
4 p-value within intervention group. Calculated by paired t-test.
e

p-value within control group. Calculated by paired t-test.
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Table 3
The change of glycemic indices among patients with type 2 diabetes and dyslipi-
demia in both intervention and control groups at baseline and after 8 weeks.

Variables® Apple vinegar Control p-value' p-value”
group (n = 32) group (n = 30)

FBS*

Before 138.62 + 31.82 137.63 + 40.04 0.774

After 128.46 + 29.74 153.70 + 52.79 0.033

Change —10.16 + 19.48 16.07 + 32.24 <0.001 0.001

p-value® 0.006 0.018

Insulin

Before 17.55 +£8.23 16.36 + 6.91 0.731

After 10.20 + 6.29 9.06 + 4.22 0.710

Change —7.34 + 845 —7.29 + 6.08 0.669 0.797

p-value <0.001 <0.001

HOMA-IR"

Before 5.95 + 3.05 5.68 + 3.29 0.670

After 3.17 £ 1.99 3.39+1.92 0.455

Change —2.77 £ 2.98 —2.28 + 2.56 0.469 0.337

p-value <0.001 <0.001

HOMA-B*

Before 4512 + 27.44 41.39 + 21.49 0.884

After 26.96 + 19.86 20.10 + 13.39 0.210

Change —18.16 + 25.02 —21.29 + 16.27 0.564 0.178

p-value <0.001 <0.001

QUICKI®

Before 0.30 + 0.02 0.30 + 0.02 0.651

After 0.33 +0.03 0.32 + 0.02 0.407

Change 0.03 + 0.028 0.02 + 0.028 0.267 0.301

p-value <0.001 <0.001

2 Fasting blood sugar.

Homeostasis model assessment for insulin resistance.

Homeostasis model assessment for b-cell function.

Quantitative insulin sensitivity checks index.

All values are presented as Mean + SD.

p-value presents between two groups, calculated by student t-test.
& P-value within group, calculated by paired t-test.

" Adjusted p-value presents between two groups.

-0 a8 n o

of several enzymes involved in glucose metabolism. Some studies
demonstrated that the stated acid may decline the accumulation of
xylulose-5-phosphate in the liver and change the activity of
phosphofructokinase-1 in skeletal muscles. These changes lead to
the reduction of glycolysis and the increase of glycogen synthesis.
These effects have impressive roles in the improvement of glycemic
indices [49—51].

We found that consuming apple vinegar causes less increase in
MDA level, albeit in participants who didn't consume apple vinegar,
MDA level increase significantly. Several studies have shown the
oxidative stress improvement effects of foods rich in polyphenols
and vinegar, and our results confirm them. An experimental study
was done by Zhao and et al. in order to assess the effect of a type of
tea rich in polyphenols on the mouse, and this study concluded that
several enzymes involving in the improvement of oxidative stress
were increased and the level of MDA was decreased in the tea group
[52]. Also, an inverse association between flavonoid-rich drinks and
MDA concentration was reported [53]. Additionally, another study
on rabbits indicated the beneficial effect of vinegar on oxidative
stress, specifically MDA [54]. This effect can be considered by some
mechanisms. The excessive production of reactive oxygen species
(ROS) induces oxidative stress, causing several chronic diseases
[55]. In order to balance the redox system, our body tries to
counteract ROS production [56]. Several studies subscribed that
polyphenols, which are defined as antioxidants, have a protective
effect against oxidative stress [57] and can prevent the production
of destructive elements such as reactive oxygen species [58,59]. The
reduction of the most common lipid peroxidation index, MDA, can
be related to the ability of a food or supplement to savaging free
oxygen radicals. It has been reported that fruits and vegetables

containing flavonoids can scavenge H,0, induced accumulation of
reactive oxygen [60]. Additionally, in the present clinical trial, we
assessed DPPH as a method to evaluate the total antioxidant ca-
pacity (TAC), consequently, it was found that consumption of apple
vinegar can considerably increase DPPH and undoubtedly increase
TAC in apple vinegar group. This result confirms the antioxidant
ability of the mentioned juice, hence, consuming apple vinegar may
lead to a reduction in oxidative damage.

An epidemiological observational study with 2573 participants
revealed that individuals in the higher tertile of polyphenol con-
sumption have lower SBP and DBP [61]. Additionally, a clinical trial
study was demonstrated that vinegar consumption can decrease
blood pressure in hypertensive rats. This study showed that vine-
gar, as well as acetic acid, can affect the renin-angiotensin-
aldosterone system and subsequently, regulate blood pressure
[62]. In spite of mentioned studies, which reported a significant
effect of vinegar on blood pressure, our study showed no significant
effect of apple vinegar, as a good source of acetic acid and flavo-
noids, on systolic and diastolic blood pressure.

Additionally, in the current trial, for the first time, the effect of
apple vinegar on homocysteine was examined. We found that the
apple vinegar consumption did not change the homocysteine
concentration significantly. Although, the results of a cross-
sectional study done by Murakami and et al., in 1050 Japanese fe-
male indicated that lower intake of green and oolong tea cause
lower concentration of homocysteine [63]. Additionally, a clinical
trial aimed to assess the effect of tea on fasting and non-fasting
plasma total homocysteine concentrations in human. As this
study reported, consumption of tea did not change homocysteine in

Table 4

The change of oxidative stress markers, homocysteine, and blood pressure among
patients with type 2 diabetes and dyslipidemia in both intervention and control
groups at baseline and after 8 weeks.

Variables® Apple vinegar Control p-value® p-value”
group (n = 32) group (n = 30)

MDA*

Before 6.03 +1.33 6.15 + 1.69 0.813

After 588 +1.14 8.08 + 3.16 0.001

Change -0.14 + 1.20 1.93 +2.93 0.001 <0.001

p-value® 0.582 0.001

DPPH"

Before 35.15 + 1231 35.97 + 12.49 0.795

After 51.73 + 7.85 40.33 + 11.80 <0.001

Change 16.58 + 11.56 4.36 + 14.79 0.001 <0.001

p-value <0.001 0.117

Homocysteine

Before 16.10 + 7.45 13.22 + 5.68 0.094

After 15.81 + 7.66 1533 +6.79 0.794

Change —0.28 +9.44 211 +£6.77 0.294 0.881

p-value 0.865 0.099

SBP®

Before 125.89 + 10.88 131.70 + 11.56 0.046

After 124.65 + 8.71 126.45 + 25.16 0.713

Change -1.23 +7.76 —5.25 +26.74 0419 0.876

p-value 0.375 0.291

DBP*

Before 7947 + 7.76 88.18 + 15.48 0.006

After 80.39 + 10.15 85.43 +9.15 0.045

Change 0.92 + 7.69 —2.75 +10.54 0.121 0.798

p-value 0.503 0.164

9Djastolic blood pressure.

4 Malondialdehyde.

b 2,20-Diphenyl-1- picrylhydrazyl.

¢ Systolic blood pressure.

¢ All values are presented as Mean =+ SD.’p-value presents between two groups,
calculated by student t-test.

& P-value within group, calculated by paired t-test.

" Adjusted p-value presents between two groups.
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none of the conditions, furthermore, a negative association be-
tween tea intake and homocysteine level were reported [64].
Hence, further studies are needed to assess the effect of vinegar on
homocysteine concentration.

The major strengths of the present study are described below.
The number of studies doing on the human is restricted, however,
this study as a randomized clinical trial was designed in the human
population with 88.57% of participates completed the study
(dropout rate: 11.43%). Furthermore, daily consumption of the ap-
ple vinegar did not have any side-effect and was tolerated by most
of the participants. Additionally, to the best of our knowledge, any
other randomized clinical trial has not assessed the effect of apple
vinegar on homocysteine, as an indicator of cardiovascular disease,
and our trial is the first one to assess this association.

The limitation of the current study is the lack of blinding among
participants and personnel. Also, Lack of a fat-restricted diet in
intervention and control group can be considered as another lim-
itation. Additionally, the content of apple vinegar poly phenols was
not measured in the current study. Moreover, we believed that a
longer intervention duration may provide more precise results,
although several previous studies were designed with an inter-
vention duration the same as the current study.

5. Conclusion

To be concluded, apple vinegar consumption may have several
beneficial effects in individuals with diabetes and dyslipidemia.
Daily consumption of this juice (20 ml/day) may decrease glycemic
indices, specifically FBS, and may increase the total antioxidant

capacity.
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