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INTRODUCTION

Hyperglycemia, a metabolic disorder caused by abnormalities in insulin
action, secretion, or both, is the hallmark of diabetes mellitus. It has been
established that the pathophysiology of central damage in Type 2 diabetes is due
to insulin resistance, which affects the liver, muscles, and pancreatic beta cells
(PERKENTI, 2021).

If blood pressure, nutritional status, and HbAlc all achieve predetermined
thresholds and blood glucose, lipid, and HbAlc levels reach the expected ranges,
diabetes mellitus is considered well controlled(American Diabetes Association,
2020). HbA1c levels have significant prognostic value in DM patients (Sherwani
et al., 2016). Clinical HbA1lc evaluations should be performed on a regular basis
to guarantee effective glycaemic management and to inform therapeutic
modifications (American Diabetes Association, 2020; Almutairi et al., 2022)

Haemoglobin with glucose linked is known as haemoglobin Alc. The
HbAlc test measures the percentage of glycated haemoglobin to assess the
average blood glucose level over the previous two to three months. Haemoglobin
Alc is a sign of effective type 2 diabetes patient care (American Diabetes
Association, 2020).

One of the leading causes of premature death worldwide is hypertension.
According to estimates from the World Health Organisation (WHO), 22% of
people worldwide suffer from hypertension. Less than 20% of people with
hypertension, however, try to lower their blood pressure. prevalence in
Southeast Asia, which accounts for 25% of the world's population. WHO
estimates that 1 in 5 women globally have hypertension, and 1 in 4 males (WHO,
2023).

Over two thirds of individuals with type 2 diabetes mellitus have
hypertension. Hyperglycemia and the onset of hypertension are compatible. The
mechanisms behind hypertension include insulin resistance, hyperinsulinemia,
and the excitatory consequences of hyperglycemia itself (Song et al., 2020). In
those without type 2 diabetes, elevated and normal HbAlclevels are significantly
linked to an increased risk of arterial stiffness (Lee et al., 2016). The development
of hypertension is significantly influenced by the activation of the sympathetic
nervous system (SNS) and renin-angiotensin-aldosterone system (RAAS) in
situations including obesity, insulin resistance, or hyperglycemia (Jia & Sowers,
2021).

HbAlc has prognostic importance because it is used to predict
cardiovascular complications associated with metabolic syndrome (Pan et al,,
2019). There is a significant difference in HbAlc levels in Type 2 Diabetes
Mellitus Patients with and without hypertension (Haryati & Tyas, 2022). Omar
et al., (2022) found that there was an increase in HbAlc with the incidence of
hypertension. Diabetes Mellitus with hypertension is a dangerous disease,
because the presence of this condition will facilitate complications of other
diseases, such as coronary heart disease, stroke, and blood vessel disease.
(Khorasani et al., 2019; Hardianto, 2021; Zeng et al., 2023).
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LITERATURE REVIEW

Numerous investigations have been carried out to examine the connection
between HbAlc and the likelihood of hypertension; nevertheless, the results
show mixed results. Research has to be carried out about the correlation between
HbA1lc levels and blood pressure in uncontrolled type 2 DM patients.

METHODOLOGY

This type of research is analytical observational research with a cross-
sectional design. The variables studied included HbAlc levels and systolic and
diastolic blood pressure. The subjects used in this study were patients with
uncontrolled type 2 diabetes mellitus (HbAlc more than 7%) who were
outpatients at the Polyclinic at PKU Muhammadiyah Gamping Hospital. The
minimum number of research subjects was calculated using the Slovin formula
as 45. The inclusion criteria used included: 1) Patients diagnosed with type 2
diabetes mellitus, 2) HbAlc levels > 7%, 3) aged 31 - 65 years. Exclusion criteria
include: 1) experiencing acute complications 2) having a history of chronic renal
failure 3) having a history of hyperthyroidism. The sampling technique used was
purposive sampling. This research was carried out August 2022 - October 2022.
HbA1c levels were examined using the Boronic Affinity method (HPLC). Blood
pressure was measured using a mercury sphymomanometer in a sitting position.
Determination of blood pressure categories (classifications) is based on the
criteria of the Joint National Committee (JNC) High Blood Pressure. Data
processing used the SPSS 25 computer application. Statistical analysis was used
to test differences using the independent T-test and Mann-Whitney U methods
as well as the Spearman test to test for correlation. The level of significance used
is a=0.05. The research carried out has received ethical clearance (Ref No.
072/EC/KEPK FKIK UMY/III/2021) and permission from the RSU PKU
Muhammadiyah Gamping institution. All subjects have provided written
informed consent.

RESEARCH RESULT

The research subjects were 90 patients suffering from uncontrolled type 2
DM who met the study inclusion and exclusion criteria. Subjects aged between
31-65 years consisted of 48 men (53.33%) and 42 women (46.67 %). Demographic
data can be seen in table 1.

Table 1. Respondents” Characteristic
Respondent
Frequency Percentage

Respondents’ characteristic

Gender

Male 48 53.33%
Female 42 46.67 %
Total 90 100%
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Age

31-35 year 2 2.22%

36-40 year 6 6.67%

41-45 year 9 10.00%
46-50 year 18 20.00%
51-55 year 15 16.67%
56-60 year 24 26.67%
61-65 year 16 17.78%
Total 90 100%

Time Spent Affected by DM

0-5 year 58 64.44 %
6-10 year 16 17.78%
11-15 year 11 12.22%
16-20 year 4 4.44%
>20 year 1 1.11%
Total 90 100%

The HbAlc level of the research subjects ranged from 7.1% at the lowest
to 15.0% at the highest, with a mean of 10 + 2.08%. The mean systolic blood
pressure was 132.75 #18.04 mmHg, with a minimum of 90 mmHg and a
maximum of 180 mmHg. With a mean of 83.28 £10.38 mmHg, the diastolic blood
pressure ranges from 60 mmHg at the minimum to 120 mmHg at the maximum.
Table 2 displays the results of the blood pressure test in detai.

Table 2. Profile of HbAlc Levels and Blood Pressure
Minimum Maximum Mean SD

HbAlc (%) 7.1 15,0 10 2.08
Systolic Blood Pressure (mmHg) 90 180 132.75 18.04
Diastolic Blood Pressure (mmHg) 60 120 83.28 10.38

The systolic blood pressure of the study participants was classified into
four groups: normal (14.44%), hypertension level II (13.33%), pre-hypertension
(48.89%), and hypertension level I (23.33%). Meanwhile, the comparable diastolic
blood pressure classifications are pre-hypertension (42.22%), hypertension level
I (25.56%), normal (21.11%), and hypertension level II (11.11%). Hypertension
(level I and II) was present in 36.66% of the participants (see table 3).

Table 3. Subject Blood Pressure Categories
Frequency Percentage

Systolic

Normal 13 14.44%
Pre-Hypertension 44 48.89%
Hypertension level 1 21 23.33%
Hypertension level 11 12 13.33%
Total 90 100%
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Diastolic 19 21.11%
Normal 38 42.22%
Pre-Hypertension 23 25.56%
Hypertension level 1 10 11.11%
Hypertension level II 90 100%
Total

The average systolic blood pressure for male subjects ranged from 100 to
170 mmHg, whereas the average for female subjects was 133.9 £ 19.4 mmHg (90-
180). These results were based on gender. The difference test utilising the Mann-
Whitney U test did not disclose a significant difference between the two (p=0.70)
(see table 4).

Male respondents had an average diastolic blood pressure of 82.72 + 9.9
mmHg (60-100), whereas female subjects had an average of 83.9 + 10.9 mmHg
(90-180). There was no discernible difference between the two (p=0.58) according
to the Mann-Whitney U test difference test (see table 5).

Table 4. Systolic Blood Pressure by Gender Group
Gender Amount Minimum Maximum Mean SD p
(mmHg) (mmHg) (mmHg)

Male 48 100 170 131.7 169
Female 42 90 180 1339 194 0.70
Total 90

Table 5. Diastolic Blood Pressure by Gender Group
Gender Amount Minimum Maximum Mean SD p
(mmHg) (mmHg) (mmHg)

Male 48 60 100 82,7 9,9
Female 42 60 120,00 83,9 10,9 0,58
Total 90

Based on control criteria, DM patients can be divided into good, moderate
and poor control groups. Uncontrolled DM patients have two criteria, namely
moderate and poor. The moderate control group had HbAlc levels between 7-
8%, while the poor control group had HbAlc levels of more than 8%.

Of the 90 subjects, 18 patients (31.2%) had moderate control and 72
patients (68.8%) had poor control. The moderate DM control group had a mean
systolic blood pressure of 130.2 + 16.5 mmHg (100-160) while the poor control
group had a mean of 133.3 + 18.4 mmHg (90-180). Analysis of different tests using
the independent T-test in the two groups did not reveal a significant difference
(p= 0.50) (see table 6)

The moderate DM control group had a mean diastolic blood pressure of
84.3 + 12 mmHg (70-120) while the poor control group had a mean of 83.0 £ 10.0
mmHg (60-100). Analysis of different tests using the Mann-Whitney U Test in the
two groups did not reveal a significant difference (p= 0.93) (see table 7).

2429



Gugun, Suryanto

Table 6. Systolic Blood Pressure Levels Based on Control Group
Control group Minimum Maksimum Mean SD p
(mmHg) (mmHg) (mmHg)
Medium(18) 100,0 160,0 130,2 16,5 0,51
Poor (72) 90,0 180,0 1333 184

Table 7. Diastolic Blood Pressure Levels Based on Control Group
Control group Minimum Maksimum Mean SD p
(mmHg)  (mmHg) (mmHg)
Medium (18) 70,0 120,0 84,3 12,0 0,93
Poor (72) 60,0 100,0 83,0 10,0

Moderate Correlation Between HbA1 Levels and Duration of DM on Blood
Pressure

From the Spearman correlation test, no significant correlation was found
between HbA1lc levels and systolic blood pressure (r=0.07, p=0.47). There was no
significant correlation between HbAlc levels and diastolic blood pressure
(r=0.00, p=0.99).

From the results of the Spearman correlation test, there was no correlation
between the duration of DM and systolic blood pressure (r=.09 and p=0.38).
There was no correlation between duration of DM and diastolic blood pressure
(r="-0.03 and p=0.76) (see table 8).

Table 8. Correlation of HbAlc Levels and Duration of DM on Blood Pressure
Systolic blood pressure Diastolic blood pressure

HbAlc r=0,07 dan p=0,47 r=0,00 dan p=0,99
Time spent r=0,09 dan p=0,38 = -0,03 dan p=0,76
DISCUSSION

In this study, all participants with uncontrolled diabetes mellitus (DM)
exhibited pre-hypertension of 48.89% and hypertension of 36.66%. According to
Lumban et al., (2015), 38.7% of DM patients had hypertension. Naseri et al., (2022)
found that the prevalence of hypertension in people with DM was 70.5%. A
systematic review and meta-analysis research conducted by Nawi et al., (2021)
found that the incidence of hypertension in people with diabetes mellitus was
33.82%. A systematic review study conducted by Haile et al., (2023) found that
the prevalence of hypertension in type 2 DM sufferers was higher at 55%.

In this study, there were no differences in blood pressure, both systolic
and diastolic, between men and women. Research conducted by Mohanty et al.,
(2022) states that men have a higher prevalence of hypertension up to the age of
50 years but after that, women have an increased incidence of hypertension.
Research conducted by Salsabila et al., (2024) found that the risk factor age
influences the incidence of hypertension, men are more likely to be under 45 to
55 years old than women, and as age increases the risk factor of gender does not
influence the incidence of hypertension.
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In this study, there was no difference in systolic-diastolic blood pressure
between the moderate and poor control category groups and there was also no
correlation between the duration of DM and blood pressure. This is different
from research conducted by Ramanathan, (2017) who found a correlation
between the duration of DM and the incidence of hypertension. Akalu & Belsti,
(2020) also found a correlation between the duration of DM and hypertension.
This difference in results is possible because HbAlc reflects the stability of
glycemic control within 8-12 weeks so it has the potential to fluctuate within the
observation period(American Diabetes Association, 2020; Hardianto, 2021).

In this study, there was no correlation between HbAlc levels and blood
pressure. This is in line with research conducted by Khorasani et al., (2019).
Research conducted by Arania et al., (2021) also found that there was no
significant relationship between HbAlc levels and blood pressure. In contrast to
survey research conducted by Song et al., (2020) stated that increasing HbAlc is
a risk factor for hypertension. Furthermore, a prospective cohort study
conducted by Huang et al., (2023) found a positive relationship between HbAlc
levels and blood pressure.

The lack of statistical significance in this study could be attributed to risk
factors for hypertension that were not thoroughly examined, including education
level, socioeconomic status, dietary status, physical activity, smoking history,
and dyslipidaemia (Nawi et al., 2021). Potential confounding variables have been
identified by exclusion criteria, albeit clinically.

The study's shortcomings stem from its neglect of the impact of
confounding variables on laboratory and clinical blood pressure readings. This
study's cross-sectional methodology also permits numerous restrictions on
extrapolating the correlations between the research variables.

CONCLUSIONS AND RECOMMENDATIONS
Conclusion

Patients with uncontrolled type 2 diabetes have a 36.66% prevalence of
hypertension, with the majority having pre-hypertensive conditions. There was
no difference in prevalence between males and women. There was no
relationship seen between blood pressure and HbA1c levels. Blood pressure and
the length of diabetes mellitus did not correlate. The intermediate control group's
blood pressure did not differ from that of the poor control group.
Recommendation

There is substantial confusion in the determination of HbAlc, as
evidenced by the inconsistent connection between the two. What is more crucial,
though, is that co-existence—the coexistence of diabetes mellitus and
hypertension —has the potential to worsen coronary artery disease, which raises
the risk of cardiovascular death and morbidity. Due to the strong correlation
between the two phenomena and macro- and microvascular problems, patients
who have both disorders may be at higher risk of vascular-related adverse
outcomes than those who only have one. Consequently, it is crucial and critical
for DM patients to have appropriate blood pressure regulation.
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FURTHER STUDY

This study still has limitations, so further research is needed related to the
topic of HbAlc and Blood Pressure Correlation in Patients with Uncontrolled
Type 2 Diabetes Mellitus in order to perfect this study and increase insight for
readers.
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