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ABSTRACT

Background. Orthostatic hypotension (OH) stands as one of the initial indications of cardiac autonomic dysfunction in
diabetic individuals. Our objective is to assess the prevalence of OH across different degrees of diabetes.

Materials and methods. This study is a cross-sectional investigation conducted at a tertiary care center. After obtaining
ethical committee clearance and informed consent, 150 individuals aged above 50 years were recruited for this study. 50
of them had normal HbA1c levels, 50 with HbA1c levels between 7-8 and another 50 individuals with more than 8 HbAlc
values.

Results. The duration of diabetes exhibited a strong correlation with HbAlc levels, which was statistically significant
(p=0.000). The systolic BP difference in normal, HbAlc 7-8 and HbA1lc levels more than 8 were 6.34+1.95, 15.70+8.37 and
17.04+7.74 respectively. The diastolic BP difference in normal, HbAlc 7-8 and HbA1lc levels more than 8 were 4.00£1.42,
7.72+5.26 and 12.22+7.77. These results were found to be statistically significant (p=0.000).

Conclusion. OH serves as an ominous sign in diabetic patients, indicating a poor prognosis. Individuals with OH are at a
heightened risk of falls, which in turn, is associated with increased morbidity and mortality. Therefore, it is crucial to
prioritize the early detection of autonomic neuropathy, particularly in diabetic patients.
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INTRODUCTION

The prevalence of type 2 diabetes has been esti-
mated to be greater than 100 million people world-
wide and is projected to increase to 300 million by
2025 [1]. Autonomic neuropathy is a common compli-
cation in diabetics [2]. Orthostatic hypotension is
present in DM patients at a higher prevalence than
DM patients with no DM [3]. Orthostatic hypotension
(OH) is highly associated with cardiovascular disease
and mortality [4]. OH is linked with falls in the elder-
ly. In the standing position, impaired contraction of
resistance vessels, an abnormal decrease in blood
volume, or reduced cardiac output (CO) are the pri-
mary causes of orthostatic hypotension (OH). In indi-
viduals with long-term diabetes, any of these factors

can result in OH [5]. Orthostatic hypotension (OH) is
recognized as a clinical marker of diabetic autonom-
ic neuropathy. When OH is present alongside diabe-
tes mellitus, it can significantly impair quality of life
and severely disrupt daily activities. While mortality
in diabetic patients is often linked to macrovascular
diseases, cardiac autonomic neuropathy also contrib-
utes to a 20 percent reduction in survival rate [6]. Pre-
vious research has demonstrated a positive correla-
tion between the duration of diabetes mellitus and
the incidence of cardiac autonomic neuropathy [7].
Hemoglobin Alc (HbA1lc), a widely used measure for
assessing glycemic control, is inversely related to the
occurrence of complications [8]. Numerous studies
have documented the prevalence, risk factors, and
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prognosis of orthostatic hypotension (OH) in patients
with diabetes mellitus (DM). Therefore, this study
aims to evaluate the significance of postural blood
pressure and heart rate changes as cardiovascular
indicators of autonomic neuropathy.

MATERIALS AND METHODS

This cross-sectional study was conducted at a ter-
tiary care center to investigate the association bet-
ween glycemic control, as indicated by glycated hemo-
globin (HbA1lc) levels, and cardiovascular parameters
in individuals aged 50 years and above. A total of 150
participants were enrolled, stratified into three
groups based on their HbAlc levels: normoglycemic
(HbA1c within reference range), moderately hypergly-
cemic (HbAlc between 7-8), and severely hyperglyce-
mic (HbAlc exceeding 8).

Exclusion criteria encompassed individuals with
a medical history of hypertension, cardiac disorders,
or respiratory conditions to mitigate confounding
factors related to cardiovascular health. Detailed
documentation of participants' diabetic history was
undertaken to provide context for the analysis.

Blood samples were collected to quantify HbAlc
levels using standardized laboratory procedures. Addi-
tionally, baseline measurements of blood pressure
and heart rate were obtained while participants were
in a supine position. Subsequently, participants were
instructed to stand, and postural changes in blood
pressure and heart rate were recorded promptly
thereafter.

This methodological approach aimed to elucidate
potential correlations between HbA1lc levels and car-
diovascular dynamics, thereby contributing to our
understanding of the interplay between glycemic sta-
tus and cardiovascular health in the older adult pop-
ulation.

RESULTS
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and subjects with more than 10 years had a mean
HbAlclevel 11.12+1.986 (Table 1).

Table 2 represents comparison of cardiovascular
sympathetic reactivity by blood pressure response to
standing between the grades of HbAlc in type 2 dia-
betes mellitus patients by one-way ANOVA. The sys-
tolic BP difference in normal, HbAlc 7-8 and HbAlc
levels more than 8 were 6.34+1.95, 15.70+8.37 and
17.04+7.74 respectively. The diastolic BP difference in
normal, HbAlc 7-8 and HbAlc levels more than 8
were 4.00+1.42, 7.72+5.26 and 12.22+7.77. These re-
sults were found to be statistically significant
(p=0.000). Heart rate is increased drastically in indi-
viduals with HbAlc >8 (Table 2).

The data presented in Table 2 sheds light on the
intricate relationship between glycemic control, as
gauged by HbA1lc levels, and cardiovascular sympa-
thetic reactivity among individuals diagnosed with
type 2 diabetes mellitus. Notably, the significant dif-
ferences observed in both systolic and diastolic blood
pressure responses across varying HbAlc groups un-
derscore the clinical relevance of glycemic manage-
ment in modulating cardiovascular function. Elevat-
ed HbAlc levels, indicative of poorer glycemic
control, were associated with more pronounced fluc-
tuations in blood pressure upon transitioning from
lying to standing positions. These findings hint at a
potential deregulation of the autonomic nervous sys-
tem, which plays a pivotal role in regulating cardio-
vascular homeostasis. Consequently, individuals
with higher HbAlc levels may face an increased risk
of orthostatic hypotension, cardiovascular instability,
and heightened susceptibility to adverse cardiovas-
cular events (Table 2).

Furthermore, the observed differences in heart
rate responses between different HbAlc groups pro-
vide further insights into the impact of glycemic con-
trol on cardiac autonomic function. Elevated heart
rates, particularly in response to postural changes,
may signify heightened sympathetic activity and

TABLE 1. Comparison of age and diabetic status between the grades of HbAlc in type 2

Statistical analysis was

diabetes mellitus patients by one-way ANOVA

conducted using SPSS ver-

. . Grades of HbAlc
sion 21, employing the t-test - -
and chi-square test for the  Parameter Normal Diabetes mellitus F - value p - value
evaluation. HbA1c <7 HbA1c 7-8 HbA1c >8
Table I represents the MeaniSD (50) MeaniSD (50) MeanzSD (50)
comparison of age and dia- _A€° 50.52+6.86 51.88+9.23 60.54+11.58  16.625 0.000%***
betic status between differ- dDiL;La:tZZ of . 5.26 +4.105 12.62¢7.57  -6.044 0.000%**
ent grades of HbAlc. The
duration of diabetes was HPAlc 5.88+0.551 7.40%0.606 11.12+¢1.986  236.35 0.000%***
well correlated with HbAlc #ﬁ/‘l’-”lder 23 (45) 22 (44%) 27 (54%)
. ale
levels, which were found to ° ’ ?\}:ﬁ,le(xz 0.801 (ns)
be statistically significant Ferale 27 (54) 28 (56%) 23 (46%)

(p=0.000). Subjects with DM

of 5-10 years had a mean
HbAlc level of 7.40+0.606 test.

Values are expressed as Mean * SD; p value calculated using independent student —t test, *p<0.05-
***p<0.001- statistically significant, ns- not significant. # -Gender distribution was analysed by Chi- square
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TABLE 2. Comparison of cardiovascular sympathetic reactivity by blood pressure response to
standing between the grades of HbAlc in type 2 diabetes mellitus patients by one-way

ANOVA
Grades of HbA1c
Normal Diabetes mellitus Inter gr?up
Parameter F-value p-value comparison
HbAlc<7 HbA1c 7-8 HbA1c >8 P by post hoc
Mean+SD MeanSD Mean+SD tukey test
(50) (50) (50)

i 1-2%**
SYSONCBP 1) 544506 125.40£9.94 128561128  42.90  0.000%** 1.3%%*
on lying

2-3 (ns)
Systolic 1-2%**
BP on 106.20+5.67 109.70+8.57 111.52+11.40 4.65 0.011** 1-3***
Standing 2-3 (ns)

. 1-2%%*
SYStO ic BP 6.34+£1.95 15.70+8.37 17.04+7.74 38.04 0.000***  1-3%*x*
difference

2-3 (ns)
. . 1_2***
Diastolic 6994589  87.00¢6.77  90.88+6.51 1355  0.000%** 1-3***
BP on lying
2-3 (ns)
Diastolic 12k
BP on 66.98+6.23 79.2816.73 78.6616.57 38.04 0.000%** 1.3%**
standing 2-3 (ns)
Diastolic 1-2%**
BP 4.00+1.42 7.72+5.26 12.22+7.77 28.10 0.000***  1-3%**
difference 2-3 (ns)
1_2***
Heartrate ) 301077  81.0+11.88  84.48+12.50  10.03  0.000%** 1-3%**
on lying
2-3 (ns)
Heart 1-2%%*
rate on 78.5019 85.35+11.74  88.40%£12.12 56.51 0.000%**  1-3%**
standing 2-3 (ns)

Values are expressed as Mean * SD; p value calculated using independent student —t test, *p<0.05- ***p<0.001-
statistically significant, ns- not significant. BP—Blood Pressure, HbA1c — Glycated Hemoglobin.

TABLE 3. Comparison of interpretation of CAN in BP response to posture between the grades
of HbAlc in type 2 diabetes mellitus patients by Chi—Square test

Parameter Interpretation of Grades of HbA1lc
CAN in Bp response otal
HbAlc<8  HbALc>8 () ~ X2Value p-value
to posture N (%) N (%)
Basedon  Normal 37 (74) 29 (58) 66 2.859 0.249 (ns)
icB
systolic BP o ierline 07 (14) 11(22) 18
response
Abnormal 06 (12) 10 (20) 16
Total 50 (100) 50 (100) 100
Based on Normal 44 (88) 33 (66) 77 7.771 0.021**
diastolic
BP Borderline 06 (12) 14 (28) 20
response
P Abnormal 0 03 (06) 03
Total 50 (100) 50 (100) 100

p<0.05- ***p<0.001- statistically significant, ns- not significant. CAN — Cardiovascular Autonomic Neuropathy

compromised parasympathetic modulation, both of
which are established predictors of adverse cardio-
vascular outcomes in individuals with diabetes. This
underscores the importance of vigilant monitoring of
HbA1c levels as a means of assessing cardiovascular
risk and tailoring therapeutic interventions accord-

ingly.

From a clinical stand-
point, these findings hold
significant implications
for the management of in-
dividuals with type 2 dia-
betes mellitus. First, they
emphasize the critical
role of glycemic control in
preserving cardiovascu-
lar health and mitigating
the risk of cardiovascular
complications. Healthcare
providers should prior-
itize strategies aimed at
optimizing glycemic con-
trol, especially in individ-
uals with higher HbAlc
levels, to attenuate the del-
eterious effects of dysregu-
lated autonomic function
on cardiovascular out-
comes. Additionally, a
comprehensive approach
that addresses both glyce-
mic control and cardio-
vascular risk factors may
be warranted in individu-
als with poorly controlled
diabetes, with a particu-
lar focus on enhancing
cardiovascular autonom-
ic function through tar-
geted interventions.

Table 3 illustrates the
comparison of interpreta-
tion of CAN in BP response
to posture between the
grades of HbAlc in type 2
diabetes mellitus patients.
Abnormal and borderline
systolic BP response was
noticed in 20% and 22% of
individuals with HBAlc
above 8 respectively. In re-
lation to diastolic BP re-
sponse, 34% of individuals
had borderline and abnor-
mal BP response and it
was statistically signifi-
cant (p=0.021).

The significance of the findings presented in Table
3 lies in the potential association between glycemic
control, as reflected by HbAlc levels, and the inter-
pretation of Cardiovascular Autonomic Neuropathy
(CAN) based on blood pressure (BP) responses to pos-
ture among type 2 diabetes mellitus patients. Specifi-
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cally, in the context of diastolic BP response, there
appears to be a statistically significant association
between higher HbAlc levels (>8) and an increased
likelihood of abnormal diastolic BP responses com-
pared to patients with lower HbA1lc levels (<8) (Table
3). This finding underscores the importance of glyce-
mic control in mitigating the risk of autonomic neu-
ropathy-related cardiovascular dysfunction in dia-
betic individuals.

Conversely, while no statistically significant associ-
ation was observed between HbA1lc levels and systolic
BP response categories, the trends observed suggest a
potential relationship worthy of further investigation.

Overall, these findings contribute to our under-
standing of the impact of glycemic control on cardio-
vascular autonomic function in diabetes mellitus,
highlighting the importance of stringent glycemic
management in preventing or mitigating the devel-
opment of autonomic neuropathy and associated
cardiovascular complications.

DISCUSSION

The present study aimed to elucidate the relation-
ship between glycemic control, as indicated by HbAlc
levels, and cardiovascular parameters in older adults
diagnosed with type 2 diabetes mellitus. Our findings
demonstrate significant associations between elevat-
ed HbA1c levels and alterations in cardiovascular dy-
namics, suggesting that poor glycemic control is
closely linked to adverse cardiovascular outcomes in
this population.

Individuals with higher HbA1lc levels (>8) exhibit-
ed significantly greater fluctuations in both systolic
and diastolic blood pressure when transitioning from
a supine to a standing position. This heightened blood
pressure variability indicates impaired autonomic
regulation within the cardiovascular system. Elevat-
ed HbAlc levels were associated with more pro-
nounced postural blood pressure changes, suggesting
a dysregulation of the autonomic nervous system,
which plays a pivotal role in maintaining cardiovas-
cular homeostasis. The increased heart rate observed
in participants with HbAlc levels above 8 further
corroborates the notion of heightened sympathetic
activity and reduced parasympathetic tone.

Orthostatic hypotension (OH) is commonly de-
fined as a decrease in systolic blood pressure (SBP) of
at least 20 mm Hg or a decrease in diastolic blood
pressure (DBP) of at least 10 mm Hg within three
minutes of standing. Our findings revealed a signifi-
cant correlation between the duration of diabetes
and HbA1c levels (p=0.000). Subjects with diabetes
mellitus (DM) of 5-10 years had a mean HbA1lc level
of 7.40+0.606, whereas subjects with more than 10
years had a mean HbAlc level of 11.12+1.986.
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Our study noted that the systolic BP differences in
normoglycemic individuals, those with HbA1clevels of
7-8, and those with HbAlc levels greater than 8 were
6.34+1.95,15.70+8.37, and 17.04+7.74, respec-tively. The
diastolic BP differences in these groups were 4.00+1.42,
7.72+£5.26, and 12.22+7.77, respectively. These results
were statistically significant (p=0.000), indicat-ing a
greater difference in supine and standing BP in dia-
betes, which suggests the existence of orthostatic
hypotension. Individuals with HbA1c levels exceeding
8 exhibited a pronounced decrease in both diastolic
and systolic blood pressure. Doelman CJ et al. illustrated
thatinadequate glycemic control, indicated by elevated
HbA1c levels, may impair vascular elasticity and dimi-
nish extravascular volume through osmotic diuresis,
consequently contributing to OH [9].

Kocger A et al. noted that manifestations associated
with cardiac autonomic neuropathy were more evi-
dent in individuals with a known duration of diabe-
tes exceeding 5 years, as opposed to those with diabe-
tes for 5 years or less [10]. Our observations were
similar to this study. We found that the duration of
diabetes was well correlated with HbAlc levels,
which was statistically significant (p=0.000). Subjects
with DM of 5-10 years had a mean HbAlc level of
7.40+0.606, whereas subjects with more than 10 years
had a mean HbA1lc level of 11.12+1.986. Increased
HbA1C levels were associated with greater systolic
and diastolic pressure differences.

A comparison of cardiac autonomic neuropathy
and HbAlc revealed that abnormal and borderline
systolic BP responses were noticed in 20% and 22% of
individuals with HbAlc above 8, respectively. Re-
garding diastolic BP response, 12% of individuals
with HbA1lc between 7-8 had an increased fall, and
34% of individuals with HbAlc >8 had a borderline
and abnormal BP response, which was statistically
significant (p=0.021). This suggests that cardiac auto-
nomic neuropathy is correlated with both the dura-
tion of diabetes and the level of glycated hemoglobin.

While the relationship between HbAlc levels and
systolic blood pressure responses did not reach statis-
tical significance, the observed trends indicate a po-
tential association that merits further investigation.
Future studies with larger sample sizes and more
comprehensive assessments of autonomic function
could provide deeper insights into the mechanisms
underlying these associations.

Limitations of the study

Several limitations of this study warrant consider-
ation. First, the cross-sectional design precludes the
establishment of causality between glycemic control
and cardiovascular parameters. Longitudinal studies
are needed to elucidate the temporal relationships
and causal pathways involved.
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Second, the exclusion of individuals with pre-ex-
isting hypertension, cardiac disorders, or respiratory
conditions, while aimed at reducing confounding fac-
tors, may limit the generalizability of our findings to
the broader population of individuals with type 2 di-
abetes mellitus. The specific exclusion criteria might
have introduced a selection bias, potentially affecting
the applicability of the results to the general diabetic
population who often have comorbid conditions.

Third, the sample size of 150 participants, though
adequate for preliminary analysis, may limit the sta-
tistical power to detect subtle differences and inter-
actions between HbAlc levels and cardiovascular
parameters. Larger sample sizes could provide more
robust and generalizable findings.

Fourth, the reliance on a single measurement of
HbA1lc and cardiovascular parameters might not ful-
ly capture the variability in these metrics. Multiple
measurements over time would offer a more com-
prehensive assessment of the relationship between
glycemic control and cardiovascular function.

Lastly, the study was conducted at a single tertiary
care center, which may limit the external validity of
the findings. Multicenter studies across diverse popu-
lations and settings would enhance the generalizabil-
ity of the results and provide a broader perspective
on the relationship between glycemic control and
cardiovascular health in individuals with Type 2 dia-
betes mellitus.
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In summary, while our findings provide valuable
insights into the associations between glycemic con-
trol and cardiovascular parameters, these limitations
highlight the need for further research to confirm
and expand upon our results.

CONCLUSION

This study highlights the critical role of orthostatic
hypotension (OH) as an indicator of autonomic dys-
function in diabetic patients, demonstrating a signifi-
cant correlation between the duration of diabetes
mellitus (DM) and elevated HbA1lc levels. Our results
show that individuals with DM for over 10 years ex-
hibit higher HbAlc levels (mean 11.12+1.986) com-
pared to those with 5-10 years of DM (mean 7.40+
0.606), and these higher levels are associated with
greater orthostatic blood pressure fluctuations. Spe-
cifically, systolic and diastolic BP differences upon
standing were significantly higher in individuals
with HbAlc levels above 8, indicating exacerbated
autonomic instability due to poor glycemic control.
Clinically, this underscores the importance of early
detection and management of autonomic neuropa-
thy in diabetic patients, particularly those with pro-
longed disease duration and poor glycemic control,
to mitigate the associated morbidity and mortality
and improve overall patient outcomes.
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