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ABSTRACT

Background: Diabetes is now a disease that is a major concern both globally and regionally
and is the leading cause of death in most countries. HbA1c levels are used to measure long-
term glucose levels in patients with type 1 and 2 Diabetes Mellitus (DM). Restrictions on
carbohydrate diets have the greatest effect on decreasing blood glucose levels. Nutritional
interventions with the provision of vitamin C and vitamin E can reduce inflammation and
oxidative stress as a strategy to prevent the occurrence of DM. The purpose of this study was to
determine the relationship of carbohydrate intake, vitamin C and vitamin E with HbA1c levels.

Subjects and Method: This was a cross sectional study conducted at Prodia Surakarta
Clinic, Surakarta, Central Java, Indonesia. A sample of 150 study subjects was selected by fixed
disease sampling. The dependent variable was HbA1c level. The independent variables were
carbohydrate and vitame E. The data were collected by questionnaire and 24-hour food recall.
The data were analyzed by a multiple logistic regression.

Results: High carbohydrate intake increased HbA1c level (OR= 2.84; 95% CI= 0.72 to 11.12;
p= 0.133), while high intake of vitamin E lowered HbA1c level (OR= 0.12; 95% CI= 0.02 to
0.64; p = 0.012).

Conclusion: High carbohydrate intake increases HbA1c level, while high intake of vitamin E
decreases HbA1c level.
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BACKGROUND

Diabetes is now a disease that is a major
concern both globally and regionally and is
the leading cause of death in most countries
(Nanditha et al., 2016). The prevalence of
prediabetes in Indonesia is very large (10%)
so prevention strategies need to be carried
out both for prediabetes and the progres-
sion of prediabetes to diabetes (Soewondo
and Pramono, 2011).

Detecting prediabetes is a fundamen-
tal strategy to maintain the transition to
diabetes. After detecting prediabetes, a
mangement plan must be implemented to
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prevent or slow the transition to diabetes. If
there is no management to improve health,
15%-30% of prediabetes patients will
become diabetic within 5 years. Physical
activity and good nutritional regulation can
prevent or slow down progression into dia-
betes (Bushman, 2015). Diets, especially
vitamin C, vitamin E and alcohol affect
HbA1c (Boeing et al., 2000).

HbA1c is an important monitoring
tool in the management of patients with
diabetes mellitus (Paputungan et al., 2014).
HbA1c levels were used to measure glucose
levels in the long run in patients with
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diabetes mellitus (Diabetes Mellitus) type 1
and 2, and to determine the treatment
response and risk of diabetes complications
(Weykamp and Ph, 2013). The lower the
value of HbA1c is the better, this is because
the lower HbA1c can prevent complications
in diabetic patients (Hinzmann et al.,
2012).

The development of DM can be
reduced by a diet of antioxidants vitamin C
and vitamin E (Montonen., 2004). In DM
there is a change in oxidative status charac-
terized by changes in endogenous anti-
oxidant activity as well as increased oxida-
tive biomolecular damage. Therefore, exo-
genous antioxidants are needed as inhi-
bitors of oxidative damage in the body, in
the form of vitamin C, vitamin E and gluta-
thione (Setiawan and Suhartono., 2005). In
prediabetes patients, vitamin C is greater
than normal people (Wilson et al., 2017).
Restrictions on carbohydrate diets have the
greatest effect on decreasing blood glucose
levels (Feinman et al., 2014). Nutritional
intervention by providing micronutrients of
vitamin C, vitamin D and vitamin E can
reduce inflammation and oxidative stress as
a strategy to prevent the occurrence of DM.
This can also be applied to prediabetes
patients (Bailo et al., 2011). Based on this
background, the purpose of this study was
to determine the relationship of carbo-
hydrate intake, vitamin C and vitamin E
with HbA1c levels.

SUBJECTS AND METHOD

1. Study Design

The design of this study was a cross
sectional study. It was conducted at the
Prodia Clinic in Surakarta, Central Java,
Indonesia.

2. Population and Sample

The study population was patients who
came to Prodia Clinic and conducted HbA1c
examinations. The sample size in this study
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was 120 people. The sampling was done
using "fixed disease sampling". The study
sample was selected which met the inclu-
sion criteria, namely patients domiciled in
Surakarta and exclusion criteria, namely
the sample consumption of supplements of
vitamin C and vitamin E.

3. Study Variables
The dependent variable was HbAi1c level.

The independent variables were vitamin C,
carbohydrate, vitamin E, gender, age, and
physical outcome.

4. Operational Definition of Variables
Carbohydrate intake was the total carbo-
hydrate derived from food and beverages
consumed, which is obtained from con-
sumption surveys using the method of
consuming food frequency then compared
with total energy intake, added or reduced
based on gender, age, activity, weight and
metabolic stress. The measuring instru-
ment used was the FFQ form and Food
Recall 24 hours 2 times. Dichotomous data
coded o for high and 1 for low.

Vitamin C intake was total vitamin C
sourced from food and beverages con-
sumed, which is obtained from consump-
tion surveys using FFQ and then calculated
the amount of intake per day. The data
were measured by FFQ and food recall 24
hours 2 times. Dichotomous data coded o
for low and 1 for high.

Vitamin E intake was total vitamin E
sourced from food and beverages con-
sumed, obtained from consumption surveys
using food frequency consumption method.
They are asked about the average frequ-
ency, and the number of food portions over
the past 1 month. The measuring instru-
ment uses the FFQ form and Food Recall
24 hours 2 times. Dichotomous data coded
o for low and 1 for high.

The level of HBA1C was an assess-
ment of plasma glucose levels on average
for 120 days. The measuring instrument
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uses the BioRad D-10 with the NGSP stan-
dardized high performance liquid chroma-
tography (HPLC) method. The scale was
categorical, coded o for high and 1 for low.

Physical exercise was physical activity
that is carried out routinely and structured.
The data were measured by questionnaire.
The scale was categorical, coded o for low
and 1 for high.

Age was the age of the subject during
the study, the continous data transformed
into dichotomous, coded o for >45 years
old and 1 for <45 years old.

5. Data Analysis

The data were analyzed by univariate
analysis, bivariate analysis, and multi-
variate analysis using a multiple logistic
regression.

6. Ethical Clearance

This study received ethical ethics from the
Health Research Ethics Commission of the
Faculty of Medicine, Universitas Sebelas
Maret, number 179/UN27.6/KEPK/2018.

RESULTS
1. Univariate analysis
The results of this study indicated that the
age of the study subjects was mostly over 45
Table 1. Sample characteristics

years old (59.3%). Then from gender,
female subjects were 58.7%. While the level
of education, most of them were mostly
senior high school (66%). Then from the
occupation, most of them are employees
(83.3%). Then from the level of physical
exercise, most are categorized in the low
level (76%). It can be seen in Tabel 1.

2, Bivariate analysis

Bivariate analysis was performed using the
chi square test. The results of bivariate
analysis showed in Table 2. Table 2 showed
that physical exercise, vitamin C and
vitamin E were associated with HbAic
levels. Tabe 2 showed that high vitamin E
decreased HbAic levels (OR= 0.10; p=
0.015). Carbohydrate intake increased
HbA1c levels and it was statistically signi-
ficant (OR= 3.38; p= 0.080). High physical
exercise reduced HbAic levels but it was
statistically non-significant (OR= 0.33; p=
0.452).

Age increased HbA1c level but it was
statistically non-significant (OR= 1.65; p=
0.741). Gender was not associated with
HbA1c level (OR= 1.06; p= 1,000). Vitamin
C reduced HbA1ic level but it was statis-
tically significant (OR= 0.80; p = 0.743).

Characteristics N %
Gender

Female 88 58.7

Male 62 41.3
Age

More than 45 89 59.3

Less than 45 61 40.7
Educational Background

High (above SHS) 99 66

Low (below SHS) 51 34
Occupation

Employee 125 83.3

Housewife 25 16.7
Physical Exercise

High 36 24

Low 114 76
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Table 2. The relationship between sex, age, physical exercise, carbohydrate,
vitamin C and vitamin E with HbA1c levels

Variable LowaAchi oh OR 95% CI P
Gender
Female 82 6 1.06 0.28-3.92 1.000
Male 58 4
Age
>45 years old 82 7 1.65 0.41-6.65 0.741
<45 years old 58 3
Physical exercise
High 105 9 0.33 0.41-2.72 0.452
Low 35 1
Carbohydrate
High 43 6 3.38 0.90-12.60 0.080
Low 97 4
Vitamin C
High 49 4 0.80 0.21-2.99 0.743
Low o1 6
Vitamin E
High 6 3 0.10 0.02-0.50 0.015
Low 134 7

Table 3. The results of multiple logistic regression analysis on the relationship of
carbohydrate intake, vitamin E, sex, and physical exercise with HbA1c levels

Variable OR 95% CI p
High carbohydrates 2.84 0.72 to 11.12 0.133
High Vitamin E 0.12 0.02 t0 0.64 0.012

N observation= 150
Nagelkerke R2= 14.4%

3. Multivariate analysis with diabetes. This shows that the aware-
Table 3 described the results of multiple ness of people to check themselves was
logistic regression on the relationship of good, possibly because the majority are
carbohydrate intake, vitamin C, vitamin E, highly educated and live in cities. According
gender, and physical exercise with HbA1c to Ramadhan and Marissa, 2015 people
levels. From the table 3, it can be seen that with higher education would usually have a
high carbohydrate intake increased HbAic lot of knowledge about health and have an
level but it was statistically non-significant awareness of maintaining health and influ-
(OR= 2.84; 95% CI= 0.72 to 11.12; 0.133). encing physical activity to be carried out.
High vitamin E intake decreased HbA1c Knowledge is needed by individuals to
level and it was statistically significant improve their ability to choose and decide
(OR= 0.12; 95% CI= 0.02 to 0.64; p= on the right actions to control their disease
0.012). (Prasetyani, 2017). The level of education is
also one of the factors that determine a

DISCUSSION person's behavior, and fosters the right

The subjects of this study were 95 people attitude (Idris et al., 2013). Thus increasing
(63%) normal HbAic levels, 46 people self-awareness in terms of health, changing
(31%) prediabetes, 9 people (6%) people lifestyles towards healthier ones (Rahma-

222 e-ISSN: 2549-0265



Andarwati et al./ Association between Carbohydrate, Vitamin C

wati et al.,, 2016). This study supports a
study from Sevin et al., (2009) where lower
education was significantly associated with
higher Hb A1C.

1. The relationship between carbohy-

drate intake and HbA1c

The subjects of this study showed that the
majority (62%) consumed low carbohy-
drates and low HbA1c values. In this study,
it was seen that high carbohydrate intake
increased the risk of high HbA1c. This is
similar to the research of Tay et al. (2015);
Ebe et al., (2017) and Haimoto et al.,
(2018), that carbohydrate intake is also
positively correlated with HbA1c. Although
the relationship between total carbohy-
drates and HbA1c can be partly explained
by energy intake. Little is known about
which carbohydrate foods affect HbA1c
levels. (Wang et al., 2018) examined that
HbAi1c levels in a low carbohydrate diet
(8.5%) decreased significantly (p <0.05)
compared to a low-fat diet (4%).

Based on the results of FFQ's inter-
view, the subject of the most commonly
consumed carbohydrate staple food is rice
(200 g/meal in 2-3 times per day). Accord-
ing to Haimoto et al. (2018), two staple
foods, rice and noodles, were the most
common carbohydrate sources and show
that the restriction of moderate carbo-
hydrates, especially carbohydrates from
rice and noodles, caused a tremendous
decrease in HbA1c levels with T2DM.

2. The relationship between vitamin
C intake and HbA1c
Most subjects had inadequate vitamin C
intake. Only 2 subjects with high food
intake. In line with the research of Franke
et al., (2013) that vitamin C intake from
most individuals was lower than 9o-100mg
per day. The results showed no significant
difference between vitamin C intake and
HbA1c. This supports the study conducted
by Dakhale et al (2011); Hamed et al.,
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(2016) and Prajapat et al (2017).

Donin et al. (2015) revealed the risk
of type 2 diabetes was more determined by
systemic vitamin C levels, rather than
vitamin C intake. The effect of vitamin C
intake on systemic vitamin C status was
modified by other factors including absorp-
tion and bioavailability. Diabetic subjects
require a higher dose of vitamin C than
recommended food intake (RDA) (Malazy
et al., 2014).

Moghaddam et al. (2002) states that
giving 1 g of vitamin C per day for 3
months, the pharmacological effects of
vitamin C on hemoglobin Aic (HbA1c) were
also not significant (p> 0.05). This is
because a decrease in HbA1c levels occurs
due to better weight loss and glucose con-
trol, not because of the effects of vitamin C.
3. The relationship between vitamin

E intake and HbA1c
The results of this study are in accordance
with Dass's study, 2018; Vijayakumar et al.,
2011 and Manzella et al., 2001 which stated
vitamin E was associated with a decrease in
HbAu1c levels.

Subjects with a larger dose of vitamin
E and a longer treatment period can expe-
rience increased benefits of vitamin E.
Smaller doses of vitamin E may not be
enough to increase vitamin E levels (Xu et
al., 2014). A study from Rafighi et al. (2013)
showed that supplementation of vitamin C
and vitamin E for three months had a
significant reduction in HbA1c levels in type
2 diabetes patients compared to the placebo
group. This implies that vitamin E supple-
ments for type 2 diabetics can improve
tissue sensitivity to insulin and stress due to
oxidative free radicals, delaying the occur-
rence of cardiovascular disorders.

4. The relationship between age and
HbA1c

Pani et al. (2008) stated that the HbAi1c

value was positively associated with age in
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the non-diabetic population (p<0.001).
Each 1-year increase was associated with an
increase in the A1C unit with non-diabetic
samples. One such explanation was a
change in the level of glycation associated
with age.

5. The relationship between gender

and HbA1c

Ramadan and Marissa (2015) showed the
results of the study that most DM patients
were female with HbAic values > 6.5.
Female gender was associated with high
BMI. This may be due to higher estrogen
levels in girls (Akesson et al., 2015). This
can be caused by differences in body fat
composition and sexual hormone levels
between women and men (Ernawati et al.,
2004). HbAi1c levels in women over 50
years of age are higher than men
(Nagakami et al., 2017).

The study of Yuan et al. (2014)
showed that female patients significantly
had high HbA1c levels. Female patients in
the 45-54 year group were also positively
associated with changes in HbA1ic. Mens-
trual women was faster erythrocyte replace-
ment (Ma et al., 2016).

6. The relationship between physical
exercise and HbA1c
In this study, there was no significant
relationship between physical exercise and
HbA1C levels, in line with the study of
Ghorbani et al. (2012) showing DM patients
with 4 weeks of physical exercise. This was
because the length of physical exercise was
too short. Decreasing HbA1C levels depends
on the continuity and length of physical
exercise. This study contradicts the study of
Ramadhanisa et al (2013) which states that
there is a significant relationship between
physical activity and HbA1c levels in DM
patients. Structured sports training of more
than 150 minutes per week was associated
with a reduction in HbA1c greater than 150
minutes or less per week (Umpierre et al.,
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2017). The Jagtap et al., (2015) study in
Japan stated that regular aerobic exercise
such as walking and yoga was associated
with a significant reduction in HbA1c in
adults with T2DM.

Based on the results of this study, it
can be concluded that there was no
relationship between carbohydrate intake
and HbAic levels, but there was a
relationship between vitamin E and HbA1c
levels.
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