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EFFECTIVENESS OF APPLE CIDER VINEGAR ON POSTPRANDIAL SUGAR LEVELS:
A RETROSPECTIVE CROSS-OVER STUDY ON INDIVIDUALS WITH TYPE 2 DIABETES

Introduction:

Type 2 Diabetes is one of the most common metabolic disorders. India is known as the
Diabetes capital of the world. According to International Diabetes Federation’s findings in
2019 the top 3 countries with the highest number of individuals with Diabetes are China
(116.4 million), India (77 million) and the United States of America (31 million). [1]

Type 2 Diabetes is one of the leading endocrine disorders at present.One of the root causes
for Type 2 Diabetes is Insulin resistance in the body[2]. The major contributing factors
studied as a risk factor to develop Type 2 Diabetes are unhealthy lifestyles leading to high fat
storage mainly in the abdomen region. The various lifestyle factors that cause the onset of
diabetes are sedentary lifestyle, physical inactivity [3], smoking, alcohol consumption [2] and
unhealthy diet. Foods that are rich sources of refined flour, oil and excessive sugars lead to
fluctuations in the plasma blood sugar levels. When healthy people eat food containing
carbohydrates, the digestive system breaks them into smaller particles and releases
Glucose, which enters the blood. When glucose enters the blood, pancreas secrete the
hormone- Insulin. This hormone prompts the cells to absorb glucose for generating energy.
Glucose is absorbed into the liver, muscles and adipose tissues. Muscle accounts for a
major percentage of glucose absorption about 60-70% [4] in the form Glycogen. This is
utilised during the intense workout 10% of glucose absorption happens in the adipose tissue
[4]. During the prolonged starvation these tissues produce ketone bodies via lipogenesis
pathways that provide an alternate energy substrate to the brain.Liver accounts for 30% of
glucose uptake[4]. During the insulin deficiency and Insulin resistance,the hepatics via
gluconeogenesis pathway leads to production of hepatic glucose.

In a person with Type 2 Diabetes, when carbohydrates are consumed, due to Insulin
resistance and reduced secretion of Insulin from the pancreas, absorption of glucose is
decreased. This eventually leads to an increase in the plasma glucose levels. (Insulin is a
hormone which helps to control the amount of sugar in the blood). With Insulin resistance
glucose absorption by the skeletal muscle cells, adipose tissue and liver is significantly less
compared to healthy individuals [5].

The main goal in the management of diabetes is to achieve near normal levels of fasting and
post prandial sugar levels throughout the day [6]. The total amount of carbohydrate
consumption has the strongest impact on glycemic responses. American Diabetes
Associations in their 2019 position statement states that eating low carbohydrate meals have
resulted in better glycemic control and has the potential to reduce the antihyperglycemic
medications for the Type 2 Diabetics [7].

Carbohydrates are the chief source of energy contributing 70-80% of total calories [8]. A 10
year follow up study on urban Indians in Chennai showed that higher diet risk score which
included larger intake of refined grains and reduced intake of vegetables and fruits, dairy and
nuts doubled the incidence of new-onset T2D [9]. In a cohort where bringing down the total
carbohydrate intake can be challenging, health care professionals might have to look for
alternative methods to bring down food's impact on blood glucose (postprandial levels).
There are several foods and beverages that can bring a positive impact on our digestive
system. One such example is Apple Cider Vinegar (ACV).
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Apple cider vinegar is the part of fruit apple extracted by the biotechnological process of
double fermentation, alcoholic and acetic.This acidic solution is used throughout the world as
a flavouring solution or preservative for foods. Apple cider vinegar contains various
flavonoids, it also contains chemicals like Gallic acid, catechin, caffeic acid, and ferulic acid
[10] Apple cider vinegar has the various health benefits like Antioxidants, Anti-Diabeic, Anti-
inflammatory , Antihypertensive and anti hypercholesterolemia properties [11]. Due to
anti-diabetic properties of Apple cider vinegar, it helps in suppressing disaccharides activities
in the intestine. The active chemical composition Apple Cider Vinegar is Acetic acid that
interferes with digestion of molecules of starch which reduces the amount of glucose
absorption in the plasma of blood after meals [12].

Methodology:

This is a crossover study retrospectively evaluated on participants who enrolled in the
Sugarfit's diabetes reversal program (SDRP). SDRP is a personalized intervention program
that uses technology-enabled clinical management, dedicated human coach-led diabetes,
and nutrition experts to provide customized nutrition, progressive fithess, and behavioural
modification for the holistic management of Type 2 diabetes. Continuous Glucose Monitor is
a device which continuously monitors glucose levels. This device records fluctuations in
every 15 minutes intervals helping to capture glucose levels from interstitial fluid with trends
in real-time. This crossover study was done between a) a meal without ACV and b) a meal
with ACV during the 14 day continuous glucose monitoring (CGM) period. One of the most
commonly used interventions in SDRP is advice on consuming a teaspoon of apple cider
vinegar diluted in 150 ml water half an hour before major meals. Participants on CGM were
observed for the first 3 days for post meal spikes. Then advised to have apple cider vinegar
before consuming the meal. They were also expected to log their meal intake and activity
details on the Sugarfit's app to track the CGM progress. Those who were allergic to ACV, did
not tolerate the taste of ACV, were not interested in trying, saw any other adverse effects like
vomiting/diarrhoea/constipation, or did not continue the intervention for 3 successful days
were excluded from the study. A total of 40 participants' data was collected from the food log
recorded during the CGM period. The participants' baseline average Hba1c was 8.3% with
an average weight of 77 kgs. They were between the age group 22 to 67 years and in that
male participants were 25 while female participants were 15 in number.

The outcomes analysed were a) first hour postprandial spike, b) second hour postprandial
spike, c) highest spike value, d) duration of highest spike seen and e) duration it took to
come back to baseline, with and without ACV.

Table 1: Baseline characteristics of study participants

Age in years 22-67
Sex Male n=25 Female n=15
Hba1c in % 8.3

Weight in kgs 77
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Results:

Baseline characteristics including age, gender, starting Hba1c and weight of the participants
are given in Table 1. All the participants were diagnosed with type 2 diabetes and self
enrolled in sugarfit's diabetes reversal program. Data of 40 such participants who adhered to
the intervention of including apple cider vinegar in their diets before meals were analysed
during the CGM period. Since the recorded data was collected on the same participants for
3 days without an ACV meal and next 3 days with ACV before meals, baseline sugar values
were not significantly different. 1st hour post meal sugars without ACV was 48 mg/dl from
baseline while with ACV it was 35 mg/dl. Interestingly, 2nd hour post meal sugars without
ACV still remained an average of 48 mg/dl from baseline while with ACV it was reduced
further down to 28 mg/dI. (Refer Table 2a).

Highest spike value in 2 hours after the meal without ACV was 190 mg/dl while with ACV it
was 165 mg/dl. Highest spike was observed with the meal without ACV at 93 minutes while
with ACV it was observed at 74 minutes. It was observed that only 14% of values came back
to baseline sugars without ACV meal while with ACV 28% of values came back to baseline
within the next 120 minutes. (Refer Table 2b).

Results were plotted on graphs using python’s mathplotlib and seaborn library. Kernel
density estimation charts [Figure 1a, 1b, 2a, 2b and 3] were plotted to understand first and
second hour glucose levels with spike analysis and glucose back to baseline analysis
respectively.

Table 2a: Spike Analysis

Baseline 1st Hour Spike (mg/dl) | 2nd Hour Spike (mg/dl)
Sugars postprandial postprandial
(mg/dl) (mg/dl) (mg/dl)

Without | 123 171 48 171 48

ACV

With 115 149 35 143 28

ACV
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Figure-1:
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Table 2b: Spike Analysis

Highest spike value
(mg/dl)

Highest spike
duration (minutes)

Back to baseline in
%

Without ACV

191

93

14

With ACV

166

74

28

The primary outcome of Sugarfit's diabetes reversal program is reduction in Hba1c. In this
study, with 40 participants on ACV as the intervention, baseline Hba1c of 8.3% was brought
down to 7% with an average drop of 1.3% over the span of 3 months. Apart from that, there
was also a drop in weight, where the baseline weight in kgs was 77 and dropped to 74.3 kgs
with a change in an average of 2.7 kgs. (Refer Table 3a and 3b).

Figure-3:
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Table 3a: Hba1c Analysis

Baseline Hba1c in % Hba1c after 3 months in % Hba1c changes in %

8.3 7 131
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Table 3b: Weight Analysis

Baseline weight in kgs Weight after 3 months in kgs | Weight changes in kgs
77 74.3 2.7 ]
Discussion:

Postprandial levels are largely influenced by the meal consumed. In a healthy person, insulin
starts working immediately and blood sugar levels return to pre meal or baseline within 2
hours [13]. In a diabetic individual, this mechanism is influenced by many other contributing
factors like, anti-diabetic agents, insulin therapy, insulin resistance, insulin sensitivity,
physical activity, etc. This was a cross-over study done on 40 participants with type 2
diabetes to observe their postprandial response in 1st and 2nd hour without apple cider
vinegar for 3 days and later again with apple cider vinegar consumption for 3 days. Inclusion
of ACV has shown to reduce postprandial blood glucose [14].. The intake of apple vinegar
ameliorates the insulin sensitivity and increases the uptake of glucose in the skeletal
muscles [15]. The above hypothesis was also proved in this study where the postprandial
spike in both 1st and 2nd hours reduced with the consumption of ACV. It was also observed
that with ACV the highest spike duration was quicker in 74 minutes compared to 93 minutes
without ACV and less about 25mg/dl compared to the value without ACV. With the values
analysed, 14% came back to baseline or pre meal values without ACV while 28% came back
to baseline with ACV consumption. Although the type of food consumed was kept constant
in terms of its carbohydrate content and glycemic load, there might be missed logging and/or
false reporting expected. It is however also possible that the data collected from the food log
were not entirely correct, as the accuracy and performance of CGM systems are yet to be
tested for its performance as the values are taken from interstitial fluid and not taken from
capillary or plasma blood. Hba1c and weight were also compared from baseline to after 3
months in the SDRP, and were analysed in this study as well. Though ACV was not the only
intervention given for all the 40 participants evaluated for this study, it was definitely an
intervention which was adhered by all the participants and has positively contributed in
bringing down Hba1c and weight in these individuals with type 2 diabetes.

Conclusion:

Type 2 Diabetes is one of the major metabolic disorders for mankind. It is characterised by
high blood sugar levels(impairment in the insulin secretion), insulin resistance and excessive
production of the hepatic sugar levels.The main aim of management of Diabetes is to
achieve nearly normal values of post prandial and fasting sugar levels.

Post-meal hyperglycemia is an independent risk factor for cardiovascular problems. Recent
studies have shown that post-meal spikes and glucose variability have been associated with
diminished brain function and an increased risk of dementia. The American Diabetes
Association recommends a goal of <180 mg/dl as a postprandial glucose level target for type
2 diabetic individuals. To achieve the best Hba1c targets, along with pre-meal glucose levels,
having strict postprandial targets becomes imperative.
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The amount of carbohydrate we consume has a huge impact on post prandial sugar levels.
For the healthy individual, insulin secretion happens as soon as a person consumes food.
The sugar levels will return to baseline in around 2 hours and inturn maintain the plasma
sugar levels at the normal range. On the contrary, for a person with Type 2 diabetes, (due to
impairment in the insulin secretion and insulin sensitivity) fluctuations are observed in
postprandial sugar levels. There are some liquid supplements that are proven to help
manage postprandial blood sugar levels. Apple cider vinegar is one among them of its acetic
acid component. This current study shows the positive impact of apple cider vinegar on
controlling postprandial sugar levels.

This retrospective cross-over study concludes that this simple and easy-to-implement
intervention helps in controlling the post prandial blood sugar levels without any side-effects.
Although the duration of peak blood sugar level depends on the glycemic index of the grains
being consumed and the quantity of proteins and fibres, the blood sugar level normalisation
was shorter in case of ACV.

References:

1. Epidemiology of type 2 diabetes in India. Pradeepa, Rajendra, Mohan Viswanathan.
Indian Journal of Ophthalmology: November 2021 - Volume 69 - Issue 11 - p
2932-2938doi: 10.4103/ijo.IJO_1627_21

2. Cullmann M, Hilding A, Ostenson CG. Alcohol consumption and risk of pre-diabetes
and type 2 diabetes development in a Swedish population. Diabet Med.
2012;29(4):441-452

3. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the diabetes
epidemic. Nature. 2001;414(6865):782—-787.

4. Smith U. Impaired (‘diabetic’) insulin signaling and action occur in fat cells long
before glucose intolerance--is insulin resistance initiated in the adipose tissue? Int J
Obes Relat Metab Disord. 2002;26:897—-904.

5. DeFronzo RA. From the triumvirate to the ominous octet: a new paradigm for the
treatment of type 2 diabetes mellitus. Diabetes 2009. 58 773-795. (
10.2337/db09-9028)

6. American Diabetes Association. Diabetes Care. 2019 Jan;42 Supplement
1:546-S60. https://doi.org

7. Fineman R.D., et al. Dietary carbohydrate restriction as the first approach in diabetes
management: Critical review and evidence base. Nutrition. 2015;31:1-13.

8. Viswanathan Mohan, Ranijit Unnikrishnan, S. Shobana, M. Malavika, R.M. Anjana,
and V. Sudha. Are excess carbohydrates the main link to diabetes & its complications
in Asians? Indian J Med Res. 2018 Nov; 148(5): 531-538. PMCID: PMC6366262.
PMID: 30666980

9. Ranijit Mohan Anjana , Coimbatore Subramanian Shanthi Rani , Mohan Deepa et al.,
Incidence of Diabetes and Prediabetes and Predictors of Progression Among Asian
Indians: 10-Year Follow-up of the Chennai Urban Rural Epidemiology Study
(CURES). Diabetes Care. 2015 Aug;38(8):1441-8. doi: 10.2337/dc14-2814. Epub
2015 Apr 23.


https://journals.lww.com/ijo/toc/2021/11000
https://journals.lww.com/ijo/toc/2021/11000
https://doi.org
https://pubmed.ncbi.nlm.nih.gov/?term=Mohan%20V%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Unnikrishnan%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shobana%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Malavika%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Anjana%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sudha%20V%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6366262/#
https://pubmed.ncbi.nlm.nih.gov/30666980
https://pubmed.ncbi.nlm.nih.gov/?term=Anjana+RM&cauthor_id=25906786
https://pubmed.ncbi.nlm.nih.gov/?term=Shanthi+Rani+CS&cauthor_id=25906786
https://pubmed.ncbi.nlm.nih.gov/?term=Deepa+M&cauthor_id=25906786

&

sugar.fit Effectiveness of Apple cider Vinegar on Post Prandial Sugar Levels:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

A retrospective cross-over study on individuals with type 2 diabetes

DuPont MS, Bennett RN, Mellon FA, Williamson G. Polyphenols from alcoholic apple
cider are absorbed, metabolized and excreted by humans. J Nutr.
2002;132(2):172—-175. doi: 10.1093/jn/132.2.172.

Bashiri R, Ghadiri-Anari A, Hekmatimoghadam H, Dehghani A, Najarzadeh A. The
effect of apple vinegar on lipid profiles and anthropometric indices in type 2 diabetes
patients with dyslipidemia: a randomized clinical trial. SSU J. 2014;22(5):1543-1553.
Omar, Nassar Ayoub Abdellatif, A. N. E. A. Allithy, and Salah Mohamed EIl Sayed.
“Hepatoprotective and antidiabetic effects of apple cider vinegar (a prophetic
medicine remedy) on the liver of male rats.” Egyptian Journal of Hospitality Medicine,
Vol. 62, 2016, pp. 95-105

Insulin Basics. Diabetes education online. Diabetes teaching centre at the univercity
of california, San francisco.

Carol S. Johnston and Cindy A. Gaas. Vinegar: Medicinal Uses and Antiglycemic
Effect. MedGenMed. 2006; 8(2): 61. PMCID: PMC1785201. PMID: 16926800
Panayota Mitrou, Eleni Petsiou, Emilia Papakonstantinou, Eirini Maratou, Vaia
Lambadiari, Panayiotis Dimitriadis, Filio Spanoudi, Sotirios A Raptis, George
Dimitriadis. Vinegar Consumption Increases Insulin-Stimulated Glucose Uptake by
the Forearm Muscle in Humans with Type 2 Diabetes. Randomized Controlled Trial J
Diabetes Res. 2015;2015:175204. doi: 10.1155/2015/175204.

Sofia Kausar, Ayesha Humayun, Zaheer Ahmed, Muhammad Arshad Abbas and
Aroosha Tahir. Effect of Apple Cider Vinegar on Glycemic Control, Hyperlipidemia
and Control on Body Weight in Type 2 Diabetes Patients. International Journal of
Medical Research & Health Sciences, 2019, 8(5): 59-74

Ripsin CM, Kang H, Urban RJ. Management of blood glucose in type 2 diabetes
mellitus. Am Fam Physician 2009. Jan;79(1):29-3

Nseir W, Nassar F, Assy N. Soft drinks consumption and nonalcoholic fatty liver
disease. World J Gastroenterol. 2010;16:2579-88.

Wagas Sami, Tahir Ansari, Nadeem Shafique Butt, and Mohd Rashid Ab Hamid.
Effect of diet on type 2 diabetes mellitus: A review. Int J Health Sci (Qassim). 2017
Apr-dun; 11(2): 65-71..

Alison Gray and Rebecca J Threlkeld. Nutritional Recommendations for Individuals
with Diabetes. Feingold KR, Anawalt B, Boyce A, et al., editors. South Dartmouth
(MA): MDText.com, Inc.; Last Update: October 13, 2019.

Hui-Fang Chiu, Michael Chiang, Hui-JuLiao, You-ChengShen,
KameshVenkatakrishnan, ShiungCheng, Chin-KunWang. The ergogenic activity of
cider vinegar: A randomized cross-over, double-blind, clinical trial. Sports Medicine
and Health Science. Volume 2, Issue 1, March 2020, Pages 38-43

Gary Scheiner. Strike the Spike: Controlling Blood Sugars After Eating. Blood Sugar
Control, Diabetes Management, Type 1, Type 2, Type 2 Glucose Control. TCOYD:
Taking COntrol Of Your Diabetes

Glycemic Targets. American Diabetes Association. Diabetes Care 2015;38
(Supplement_1): S33-S40. DECEMBER 17 2014

Driss Ousaaid, Hassan Laaroussi, Meryem Bakour, Asmae EIGhouizi, Abderrazak
Aboulghazi, Badiaa Lyoussi, and llham ElArabi. Beneficial Effects of Apple Vinegar


https://pubmed.ncbi.nlm.nih.gov/?term=Johnston%20CS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gaas%20CA%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1785201/#
https://pubmed.ncbi.nlm.nih.gov/16926800
https://pubmed.ncbi.nlm.nih.gov/?term=Mitrou+P&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Petsiou+E&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Papakonstantinou+E&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Maratou+E&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Lambadiari+V&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Lambadiari+V&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Dimitriadis+P&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Spanoudi+F&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Raptis+SA&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Dimitriadis+G&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Dimitriadis+G&cauthor_id=26064976
https://pubmed.ncbi.nlm.nih.gov/?term=Sami%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ansari%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Butt%20NS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hamid%20MR%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5426415/#
http://www.endotext.org/
https://www.sciencedirect.com/science/article/pii/S2666337620300019#!
https://www.sciencedirect.com/science/article/pii/S2666337620300019#!
https://www.sciencedirect.com/journal/sports-medicine-and-health-science
https://www.sciencedirect.com/journal/sports-medicine-and-health-science
https://www.sciencedirect.com/journal/sports-medicine-and-health-science/vol/2/issue/1
https://tcoyd.org/author/gary-scheiner/
https://tcoyd.org/category/blood-sugar-control/
https://tcoyd.org/category/blood-sugar-control/
https://tcoyd.org/category/diabetes-management/
https://tcoyd.org/category/type-1/
https://tcoyd.org/category/type-2/
https://tcoyd.org/category/type-2-glucose-control/
https://pubmed.ncbi.nlm.nih.gov/?term=Ousaaid%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Laaroussi%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bakour%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=ElGhouizi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Aboulghazi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Aboulghazi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lyoussi%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=ElArabi%20I%5BAuthor%5D

&

sugar.fit Effectiveness of Apple cider Vinegar on Post Prandial Sugar Levels:

A retrospective cross-over study on individuals with type 2 diabetes

25.

26.

27.

28.

on Hyperglycemia and Hyperlipidemia in Hypercaloric-Fed Rats. J Diabetes Res.
2020; 2020: 9284987. PMCID: PMC7374219. PMID: 32766316

J.L. Ordonez, J.L.; Callejon, R.M.; Morales, M.L.; Garcia-Parrilla, M.C., A survey of
biogenic amines in vinegars, Food Chemistry, 2013, 141(3), 2713- 2719, ( Apple
cider vinegar)

Carol S. Johnston, PhD, RD and Cindy A. Gaas, BS. Vinegar: Medicinal Uses and
Antiglycemic Effect. PMCID: PMC1785201PMID: 16926800

Hassan, Shaymaa M. “"The effect of apple cider vinegar (ACV) as an antifungal in a
diabetic patient (Type Il diabetes) with intraoral candidosis.” International Journal of
Dental and Oral Health, Vol. 4, 2018, pp. 5-54.

Withers DJ, White M. Perspective: The insulin signaling system--a common link in
the pathogenesis of type 2 diabetes. Endocrinology. 2000;141:1917-21.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7374219/#
https://pubmed.ncbi.nlm.nih.gov/32766316
https://pubmed.ncbi.nlm.nih.gov/?term=Johnston%20CS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gaas%20CA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/16926800

