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ABSTRACT

Introduction: The increased risk of coronary artery disease in diabetics could be explained by the lipopro-
tein irregularities associated with diabetes mellitus� The primary aim of this study is to examine the role of 
apple vinegar and syrup in the management of type 2 diabetes mellitus�

Methods: The interventional study included 500 participants (195 men and 305 women) with dyslipid-
emia and prediabetes or type 2 diabetes mellitus, aged 50-70 years, living in Sarajevo area� Patients were 
recruited from 5 outpatient diabetes counselling departments and treated with natural apple vinegar and 
syrup supplementation over a period of five weeks� The patients have been evaluated before treatment 
and 5 weeks after the treatment� During the study, dosage of drugs for diabetes or prediabetes was not 
changed�

Results: After 5 weeks of supplementation with apple vinegar and syrup waist circumference (p=0�016), 
total cholesterol (p=0�01), low density lipoprotein (LDL) cholesterol (p=0�008) and triglycerides (p=0�019) 
were significantly reduced, as well as blood pressure (-14%)� Study results show decrease of mean fasting 
blood levels of glucose, but statistically not significant (p=0�058)� The body mass index also decreased 
insignificantly (p=0�089)� The high density lipoprotein cholesterol level was not increased significantly 
after supplementation (p=0�26)�

Conclusion: According to our results, apple vinegar has important role in reduction of total cholesterol 
levels, triglycerides, LDL cholesterol and waist circumference in patients with type 2 diabetes� Also, it has 
positive effect on blood pressure�
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INTRODUCTION
Coronary artery disease is the most common cause 
of death in patients with diabetes. The increased 
risk of coronary artery disease in diabetics could be 
explained by the lipoprotein irregularities associated 
with diabetes mellitus (1). The most common lipid 
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abnormalities in diabetics are hypertriglyceridemia 
and low levels of high-density lipoprotein (HDL). 
In type 1 diabetes mellitus, these abnormalities can 
usually be reversed with glycemic control. In type 2 
diabetes mellitus (T2DM), although lipid values 
improve, abnormalities commonly persist even after 
optimal glycemic control has been achieved (1). The 
lipoprotein abnormalities are related to the severity 
of the insulin resistance. A study that measured insu-
lin sensitivity using euglycemic clamp in patients 
with and without T2DM found that greater insulin 
resistance was associated with larger very low den-
sity lipoprotein (VLDL) particle size, smaller low 
density lipoprotein (LDL) particle size, and smaller 
HDL particle size (2).
Annual screening for dyslipidemia is recommended 
in patients with diabetes mellitus. Such screen-
ing should include measurements of total choles-
terol, HDL, low-density lipoprotein (LDL) and 
triglyceride levels. An acceptable LDL level is less 
than 3.35 mmol/l; triglycerides should be less than 
2.25  mmol/l. In patients with clinically evident 
vascular disease, LDL levels should be less than 
2.60 mmol/l, and triglycerides should be less than 
1.70 mmol/l. Whether these lower values should 
be the target for all patients with diabetes, regard-
less of whether they manifest vascular disease, has 
been a matter of debate. An HDL level greater than 
1.15 mmol/l is recommended (3).
Primary lines to lowering the levels of lipids in sub-
jects with diabetes mellitus should include glycemic 
control, diet, exercises and weight loss. If the goals for 
lipid levels have not been reached after 3 to 6 months 
of diet, exercise and improved glycemic control 
including drug therapy should be started (4). Effective 
treatment includes a combination of pharmacologic 
and non-pharmacologic therapy.
Currently, the accessibility of multiple lipid-low-
ering drugs and supplements make available new 
opportunities for patients to succeed target lipid 
levels. However, the variety of therapeutic options 
poses a challenge in the ordering of drug therapy. 
Most people with diabetes mellitus are candi-
dates for statin therapy, and often need treatment 
with multiple agents to achieve therapeutic goals. 
Nevertheless, drug therapy for dyslipidemia must be 
personalized (5).

For more than 2000 years, vinegar has been used to 
flavor and preserve foods, heal wounds, clean surfaces, 
fight infections, and manage diabetes. However, many 
recent studies have reported that vinegar reduces the 
glucose answer to a carbohydrate load in healthy 
adults and in people with diabetes (6). Vinegar can be 
made from practically any fermentable carbohydrate 
source, as well as wine, apples, molasses, dates, pears, 
coconut, grapes, melons, honey, beer, maple syrup, 
potatoes, beets, grains. Vinegar’s use can be consid-
ered safe by default. Yet there are rare reports about 
adverse reactions to vinegar ingestion (6).
The effect of vinegar on glucose was first reported 
by Ebihara and Nakajima (7) in 1988. In healthy 
adults, the insulin response was reduced for 20% 
after the ingestion of 50 g sucrose in combination 
with 60  mL strawberry vinegar (7). Several years 
later, Brighenti and colleagues (8) demonstrated that 
20 mL white vinegar as a salad dressing ingredient 
reduces the glycemic answer by over 30% in healthy 
people (p<0.05). As well, additional placebo-con-
trolled studies have documented antiglycemic effects 
of 20 g vinegar in healthy adults (9,10).
Apple vinegar might help lower blood sugar levels 
in people with diabetes by changing how foods get 
absorbed from the gut (11). In the past decade, there 
has been an increase in the use of natural products 
in type 2 diabetes mellitus (12). According to our 
knowledge, few studies have been done with apple 
vinegar in people with diabetes mellitus. Therefore, 
we designed pilot study, first in our country to 
investigate the effect of apple vinegar and syrup by 
brand product called Cardio Fit in participants with 
diabetes. The aim of this study was to examine the 
role of apple vinegar and syrup supplements in the 
management of type 2 diabetes mellitus.

METHODS
Study design
The interventional study included 500 participants 
(195 men and 305 women) with dyslipidemia 
and prediabetes or type  2 diabetes mellitus, age 
50-70  years, living in Sarajevo area. Patients were 
recruited from April to July 2013, from five differ-
ent outpatient diabetes counselling departments.
The inclusion criteria were: participants with dys-
lipidemia and prediabetes or T2DM according 
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to ADA criteria (13) on oral antidiabetic therapy. 
Patients with prediabetes used metformin, whereas 
patients with diabetes used metformin or combina-
tion of metformin and sulfonil-urea products. Total 
of 29% of the patients have never used statins for 
treatment of dyslipidemia, and 71% of patients 
have been using them occasionally, but ceased the 
usage during the study. Most of the participants 
had T2DM (n=485), while the number of subjects 
with prediabetes was 15 (3%) which is statistically 
insignificant, so that the subjects were not divided 
into two groups. The exclusion criteria were: alco-
hol consumption, liver diseases, chronic renal failure 
and hypothyroidism.
The patients were treated with natural apple vine-
gar supplementation (Cardio Fit, BioBrand, Bosnia 
and Herzegovina) over a period of five weeks. The 
patients have been thoroughly evaluated before 
treatment, and 5  weeks after the treatment. The 
study was performed according to the principles 
outlined in the Declaration of Helsinki and in 
accordance with ethical recommendations of the 
local Ethics Committee. The study was approved by 
the Ethics committee of the Medical Chamber.
Before and after the treatment, all the patients were 
measured fasting blood levels of glucose (FBG), total 
cholesterol, triglyceride, LDL-C (low density lipo-
protein cholesterol), HDL-C (high density lipopro-
tein cholesterol), AST (aspartate transaminase), ALT 
(alanine transaminase), creatinine, blood pressure, 
ECG, waist circumference and body mass index 
(BMI). Glycosylated hemoglobin (HbA1c) was mea-
sured only at the beginning because the short period 
since the last measurement. BMI was calculated as 
weight in kilograms divided by the square of height in 
meters (kg/m2). During the study, dosage of drugs for 
diabetes or prediabetes was not changed. All patients 
with prediabetes were taking metformin, whereas 
33% of diabetics were taking only metformin and 
67% diabetics were taking combination of oral antidi-
abetics: metformin and glimepiride or glibenclamide.
The patients were familiarized with the usage of 
Apple vinegar and syrup preparation and received 
the complete dosage. Each patient was taking 40 ml 
of apple syrup and 20 ml apple vinegar, daily. Doses 
are standardized by using plastic cups that were 
included in the supplement package.

Four patients experienced side effects related to their 
gastrointestinal tracts (vomiting and nausea) and 
decided against further consumption of the prepa-
ration (0.8%), eight patients had minor gastroin-
testinal difficulties and continued to consume half 
of the recommended dosage of the preparation for 
3-5 days after which the difficulties ended and they 
continued using the full dosage of the preparation. 
Fourteen patients (2.8%) out of the total number of 
patients, did not show up for the control check-up 
after 5 weeks of  consuming the preparation due to 
unknown reasons.

Statistical analyses
Normal distribution was investigated using Shapiro-
Wilk test. Data were expressed as means (SD) or 
absolute numbers (percentages) according to type of 
variables and normality of distributions. Statistical 
analysis of laboratory parameters was carried out by 
Student’s T. The cut-off for statistical significance 
was 0.05.

RESULTS
Clinical data of the patients included in the study 
are shown in Table 1.
The patients have been thoroughly evaluated before 
treatment, and 5 weeks after treatment with supple-
ments. After 5 weeks of treatment with Apple vin-
egar and syrup the waist circumference (p=0.016), 
total cholesterol (p=0.01), LDL cholesterol 
(p=0.008) and triglycerides (p=0.019), significantly 
reduced as well as blood pressure (-14%). Reduction 
of waist circumference is shown in Figure 1, reduc-
tion of triglycerides is shown in Figure 2, while the 
effect of Apple vinegar and syrup on blood pressure 
is shown in Figure 3.
Study results show decrease of mean FBG, but sta-
tistically not significant (p=0.058). The BMI also 
decreases insignificantly (p=0.089). The HDL level 
was not significantly elevated after the supplemen-
tation (p=0.26).

DISCUSSION
Many studies have investigated the antiglycemic and 
antilipidemic effects of natural products in diabe-
tes mellitus. Some of them have proved the positive 
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effect of these natural products on lipid and glucose 
level in diabetics (14-16).
On the other hand, based on the published infor-
mation, there is little evidence to support the use of 
herbal products for the treatment of T2DM. Some 
agents may be useful as adjunctive therapy (12).
This research examines the scientific evidence for uses 
of apple vinegar, focusing particularly on the recent 
investigations supporting vinegar’s role as antilipidemic 
agent. The hypoglycemic and hypolipidemic proper-
ties have been reported for vinegar, but some cases of 
discrepant effects were also observed. Mahmodi et al. 
showed hypoglycaemic effect of apple vinegar (17).
In comparison with these results, the effectiveness of 
Apple vinegar and syrup on glycemic control in our 
study was not significantly registered. Partial expla-
nation for this difference could be the short dura-
tion of the study.
According to our results, it is important to empha-
size the influence of Apple vinegar and syrup on a 
significant reduction of total cholesterol levels, tri-
glycerides and LDL cholesterol. Mahmoodi et al. 

did not find lipid changes in diabetics after vinegar 
supplementation (17).
Also, it is necessary to emphasize the reduction 
of BMI and a pronounced reduction in waist 

FIGURE 1. The effects of apple vinegar and syrup on waist 
 circumference in patients with type 2 diabetes mellitus (p=0.016)

FIGURE 2. The effects of apple vinegar and syrup on triglycerides 
in patients with type 2 diabetes mellitus (p=0.019)

FIGURE 3. The effects of apple vinegar and syrup on blood pres‑
sure in patients with type 2 diabetes mellitus (p<0.05)

TABLE 1. Clinical and laboratory characteristics of the study 
population
Parameters Descriptive statistics T P

Before 
treatment

After 5 weeks 
of treatment

+Number n (%) 500 (100) 486 (97,2)
*Age (y) 59.89±9.9 58.45±7,6
+Sex M/F 
(n/%)

195/305 
(39/61)

195/291 
(40/60)

+Blood pressure 
(mmHg)

150/90 130/80 
(−14%)

*HbA1c (%) 8,64±1,77
*BMI (kg/m2) 29.43±1.41 26.95±1.12 1.7 0.089
*Waist (cm) 102.65±6.36 95.47±3.54 2.4 0.016
*FBG (mmol/l) 6.36±2.11 5.91±1.72 1.9 0.058
*Total Cholesterol 
(mmol/l)

6.95±0.99 6.49±0.35 2.56 0.010

*HDL (mmol/l) 1.05±0.47 1.11±0.21 1.11 0.260
*LDL (mmol/l) 3.75±2.22 3.27±0.95 2.64 0.008
*Triglycerides 
(mmol/l)

3.71±0.67 2.17±0.77 2.35 0.019

Data in descriptive statistics were expressed as *means (SD) 
and, +absolute numbers (%). Laboratory parameters 
were analyzed by Student’s T test for paired samples (T). 
P=significance
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circumference, which show a statistically  significant 
reduction. This reduction of visceral fat can be 
explained by an adequate response of insulin after 
meal, which is shown in study of Ostman et al (18).
A significant reduction of 14% in blood pressure was 
registered in comparison to prior registered values of 
all patients. Kondo and colleagues (19) reported a 
significant reduction in systolic blood pressure. These 
observed reductions in systolic blood pressure were 
associated with reductions in both plasma renin activ-
ity and plasma aldosterone concentrations reductions 
in renin activity and aldosterone concentrations.
Apple vinegar preparation did not have any reported 
harmful metabolic effects apart from (0.8%) insig-
nificant gastrointestinal difficulties in 4 patients for 
which we are unsure whether they were other coin-
cidental gastrointestinal and alimentary disorders. 
Inflammation of the oropharynx and second-degree 
caustic injury of the oesophagus after vinegar con-
sumption occur rarely (20).
Future investigations are needed to delineate the 
mechanism by which apple vinegar alters lipids 
and glucose metabolism, especially in subjects with 
diabetes mellitus. Furthermore, future controlled 
studies need to follow-up patients over a longer 
period of time.

CONCLUSION
According to our results, apple vinegar has import-
ant role in reduction of total cholesterol levels, tri-
glycerides, LDL cholesterol and waist circumference 
in patients with type 2 diabetes. Also, it has positive 
effect on blood pressure.
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