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Introduction
Diabetes mellitus (DM) is one of the most prevalent non-
communicable diseases (NCDs) as well as a predominant
cause of morbidity and mortality worldwide.1 DM is a
chronic hyperglycaemic multisystem disorder that can be
due to either genetic or metabolic dysfunction that leads
to insulin resistance (IR) or insulin deficiency (ID).2 Diabetes,
aside from its immediate impact on glycaemic control, is
associated with a multitude of consequences, including
cardiovascular diseases  (CVDs) and an increased risk of
fall.3,4 CVDs are the leading cause of morbidity and
mortality in DM patients, making the management of
blood glucose levels a critical aspect of DM care.5
Furthermore, DM patients are more prone to falling due to
multiple factors involved, such as neuropathy, muscle
weakness and impaired proprioception.6 Blood glucose
random (BSR) and glycosylated haemoglobin (HbA1c) have
frequently been used as important indices of assessing
glycaemic control for DM management. These factors must

be monitored to prevent DM-related complications.7 In
recent years, there has been a rising interest in exploring
the complex relationship of glycaemic control with other
health-related outcomes in DM patients, such as
cardiopulmonary endurance and risk of fall. However, the
specific relationship of glycaemic control with the
cardiopulmonary and musculoskeletal aspects of health is
still being researched and investigated.

Cardiopulmonary endurance, which is frequently
measured using maximal oxygen consumption (VO2 max)
as the marker, represents the circulatory and respiratory
systems' ability to supply oxygen to working muscles
during physical activity. It is an important indicator of total
physical fitness and an important element in the treatment
of CVDs.8 DM can interrupt the intricate sensory feedback
system that assists the individuals in keeping their balance,
resulting in impaired proprioception, neuromuscular
derangement and an increased risk of fall.4 Establishing the
relationship of glycaemic control with the risk of fall is
essential for prescribing effective medication, exercises and
preventive strategies to the diabetics. A study with 2,049
DM patients reported that there was an association
between frailty and the risk of fall, with a noteworthy
intensification of risk in susceptible groups, such as the
elderly, those living in rural areas, and those with poor
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physical balance. The findings highlighted the need of fall
prevention strategies, predominantly for at-risk
individuals.9 Another study comparing type 2 DM (T2DM)
patients to a control group showed a significant association
of blood glucose levels with cardiopulmonary endurance.
The study found that fasting plasma glucose (FPG) and
postprandial plasma glucose (PPG) levels increased in the
DM group, and cardiopulmonary functions decreased
significantly.8

According to one study, DM prevalence in Pakistan is 15.8%
and that of ischaemic heart disease is 17%. In T2DM,
mitochondrial dysfunction and chronic inflammation
contribute to reduced muscle endurance and increased
fatigue. Elevated cytokines, like tumour necrosis factor-
alpha (TNF-α) and interleukin-6 (IL-6) further exacerbate
muscle weakness, while cardiovascular changes include
decreased cardiac output, and limited oxygen delivery to
the muscles. IR impairs glucose uptake, reducing energy
availability and leading to early fatigue.10 Additionally,
peripheral neuropathy affects balance by damaging
sensory nerves, autonomic dysfunction causes instability,
and musculoskeletal changes reduce strength and
flexibility, all of which increase the risk of fall. Visual
impairments from diabetic retinopathy (DR) further
compromise stability. 11

The current study was planned to determine the
relationship of BSR and HbA1c with cardiopulmonary
endurance and risk of fall in DM patients with and without
CVDs.

Patients and Methods
The cross-sectional, correlational study was conducted at
the Riphah College of Rehabilitation and Allied Health
Sciences, Riphah International University (RIU), Islamabad,
Pakistan, from September 2022 to August 2023. The sample
was raised from The Diabetic Centre, Islamabad, and the
Pakistan Ordinance Factories, Wah Cantonment, and
comprised DM patients who were divided into group 1
with CVDs and group 2 without CVD.

After approval from the ethics review committee of the
Riphah College of Rehabilitation and Allied Health
Sciences, Riphah International University (RIU),
Islamabad, the sample size was calculated using the
University of California, San Francisco (UCSF)
calculator12 with α=0.05, beta (β)=0.20 and r=0.274
in line with literature.13 The sample was raised using
non-probability purposive sampling technique.
Those included were DM patients of either gender
aged 45-65 years with DM having been diagnosed
at least 7 years ago, and, for group 1, a CVD diagnosis
for at least 5 years. Those with neurological

complications or balance issues were excluded. Informed
consent was taken from the participants prior to sample
collection. Venous blood 5ml was aseptically drawn into
sodium fluoride tubes (NaF) for assessing blood glucose
level of all the subjects. After centrifugation at 3,000
revolutions per minute (rpm) for 5 minutes, glycaemic
control was evaluated on the basis of HbA1c and RBS.
Plasma glucose levels were determined via the glucose
oxidase method using an automated analyser and relevant
reagents (Selectra Pro M analyser, ELITechGroup, Puteaux,
France using the reagent Merck, Darmstadt, Germany).
HbA1c analysis was conducted on another automated
analyser named (Roche Cobas C311), employing the
turbidimetric inhibition immunoassay (TINIA) technique for
haemolysed whole blood, ensuring standardised and
precise assessments of HbA1c levels. The 6 Minute Walk
Test (6MWT)14 for cardiopulmonary endurance, and the
Berg Balance Scale (BBS)15 for assessing the risk of fall were
used.

Data was analysed using SPSS 22. Data was expressed as
frequencies and percentages. The relationship among the
variables was assessed, and binary logistic regression was
used to assess the variability between dichotomous
dependant and independent variables. P<0.05 was
considered significant.

Results
Of the 204 patients with mean age 53.56±6.39 years,
102(50%) were I group 1; 72(70.6%) females and 30(29.4%)
males with mean age 54.50±6.42 years. The remaining
102(50%) patients were in group 2; 61(59.8%) females and
41(40.2%) males with mean age 52.63±6.25 years (Table 1).

In group 1, HbA1c had negligible correlation with the risk
of fall (p=0.69, r=0.04) and cardiopulmonary endurance
(p=0.01, r=-0.25). In group 2, lower HbA1c levels were
associated with improved balance (p=0.12, r=-0.15) and
cardiopulmonary endurance (p=0.18, r=-0.13). BSR had
non-significant correlation with cardiopulmonary
endurance in group 1 (p=0.78, r=0.028) and group 2
(p=0.81, r=0.023). BSR’s correlation with the risk of fall in
both the groups was also noted (Table 2).

Table-1: Demographic data (n=204).

Variable Mean ± SD

Total Population Age of the diabetic participants with CVD Total Population 54.50 ± 6.42
Age (years) Age of the diabetic participants without CVD 53.56±6.39 52.63±6.25
Gender n (%)

Males With CVD 71 (34.8) 30 (29.4)
Without CVD 41 (40.2)

Females With CVD 133 (65.2) 72 (70.6)
Without CVD 61 (59.8)

SD: Standard Deviation; CVD: Cardiovascular disease.
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Logistic regression analysis showed that for every unit
increase in HbA1c, the odds of poor outcomes increased
by 29% in group 1 compared to group 2, and for every unit
increase in BGR, the odds of poor outcomes increased
significantly in group 1, while patients in group 1 were less
likely to have better balance and cardiopulmonary
endurance compared to group 2(Table 3).

Discussion
Literature shows that cardiopulmonary endurance is
inversely related to T2DM8,16 which supports the current
findings. CVD patients with high BGR carry an increased risk
of fall17 In the current study, the correlation of serum BGR
with the risk of fall in CVD patients showed a negligible
correlation with significant relationship (p=0.006). 

According to a 2022 study, those with hypoglycaemia also
had a high risk of fall (OR 6.64, p <0.001)15 but in the current
study, patients with hyperglycaemia had a higher risk of
fall.

A study suggested that there was a significant correlation
between HbA1c levels and VO2max, which supports the
current findings. Another study, in support of the current
results, reported that CVDs and other micro- and macro-
vascular problems are brought on by elevated blood
glucose levels in T2DM, and that aerobic exercise training
had substantial effects on HbA1c levels.18

The current study found the correlation between HbA1c

and the risk of fall in CVD patients to be negligible and non-
significant relationship. A study in 2021 noted that HbA1c
and BBS were significantly correlated (p<0.05).19

In the current study the correlation of HbA1C with
cardiopulmonary endurance in group 2 patients was
negligible and non-significant, while the correlation of
cardiopulmonary endurance with the risk of fall was also
negligible and non-significant. In Figure, Regression
analysis showed that those without CVD will have
significantly improved balance and cardiopulmonary
endurance. A 2021 study also reported that cardio-
pulmonary endurance was directly correlated with the risk
of fall.2

The current findings should be interpreted with caution
because of the observational design of the study. A primary
limitation was the lack of control over confounding
variables that could have affected the relationship
involving glycaemic control, endurance and the risk of fall.
Besides, the impact of age, an important factor in balance
and endurance, was not directly addressed. Other possible
confounders, such as medication adherence, physical
activity and comorbid conditions, were also not assessed,
and that might have influenced the results. Besides, the
study used only two biomarkers, and was conducted in a
specific geographical location.

Conclusion
Diabetic patients with increased BGR and HbA1c were
more likely to have the risk of fall and reduced
cardiopulmonary endurance, with those additionally
having CVDs were at a significantly higher risk than those
without CVD.
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