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Abstract

Diabetes mellitus is a metabolic disorder characterized by hyperglycemia due to insulin deficiency
or its ineffectiveness. Successful management of diabetes involves constant monitoring of the glycemic
status of the patient which is usually done by estimating the glucose concentration in blood. However,
drawing blood is always an invasive procedure which has prompted researchers to look at alternative
biofluids as a reliable substitute to blood for glucose estimation. This mini review examines various
biofluids including urine, tears, sweat, and saliva as possible candidates for glucose estimation in diabetic
patients.

Introduction

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia
resulting from an absolute deficiency of insulin secretion and/or reduction in the biological
effectiveness of insulin or both [1]. Due to the burden of this disease across the globe, diabetes
mellitus is considered as one of the priority non communicable diseases and various measures
have been put forward for an effective screening, diagnosing and monitoring the diabetic
status in patients [2]. The classic symptoms of untreated diabetes are unintended weight
loss, polyuria, polydipsia, polyphagia and other symptoms of diabetes include tiredness,
blurred vision, fatigue, headache, slow healing of wounds and itchy skin. Diabetic retinopathy,
neuropathy, nephropathy and microvascular angiopathy leading to cardiovascular diseases
are long term complications [3]. The estimation of blood sugar levels have always been the
gold standard in estimating the diabetic status of individuals. Since blood testing is invasive,
painful and also leads to anxiety, risk of infection and also needs a skilled phlebotomist to
withdraw blood, blood testing may result in noncompliance with healthcare services to
perform a blood test to diagnose or monitor the glycaemia status in patients [4]. So recent
advances focus on various biological fluids other than blood in diagnosing and monitoring
the blood glucose level in patients [5]. Since 1841, urine has been used as a diagnostic fluid
for diabetes assessment. It has been extensively studied as it is very easy to collect and is
composed of metabolites such as glucose, proteins and other dissolved salts [6]. Glucose can
be found in urine when it is excreted from blood in elevated levels and as a result, this fluid has
been investigated for the diagnosis of diabetes [7]. But the main disadvantage of using urinary
glucose in diagnosis and screening of diabetes mellitus includes marked individual variations
in the renal threshold for glucose, poor reflection of changing levels of hyperglycemia and
lack of specificity and sensitivity of various qualitative and semi quantitative procedures
[8]. The other physiological fluid used in monitoring glucose levels is the interstitial fluid,
Blood and surrounding vascularized tissue readily exchange biological analytes and small
molecules by diffusion with the interstitial fluid. Methods of monitoring glucose via the skin
has become popular and counteract the challenges associated with patient compliance and
invasive monitoring. The Glucowatch was developed as a wearable device which used reverse
iontophoresis to extract interstitial fluid through skin and measure glucose levels [9].
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Although Glucowatch was a considerable advancement towards
noninvasive and continuous glucose monitoring, the approach was
hampered by the need of periodic recalibration, thereby resulting
in increase in cost for testing equipment and patient care. Other
drawbacks include long warm up times, sweating and skin rash
with irritation which subsequently resulted in product removal
from the market [10]. Sweat was also tried for diagnostic purposes
in diabetes mellitus but the analytes contained in sweat varied
significantly between basal and exercising states as well as between
individuals [11]. There are various researches including eye glasses
bio sensor system, watch sensing platform for glucose sensing in
sweat, glucose sensor integrated into a wearable wrist band for
monitoring glucose levels using sweat. Although sweat sensing
for diagnosis is very promising there are also some concerns
associated with this sensing fluid [12]. The main challenges include
limited fundamental knowledge about this sensing fluid compared
to blood, sampling issues associated with sweat production by
exercising, surface contamination due to skin impurities and
variability in the rate of sweat production. Ocular fluids have also
been analysed and this fluid is excreted from the body in the form of
tears. Analytes found in this fluid includes glucose, ascorbic lactate,
proteins, hormones and can offer great insight into individuals
health status [13].

As a result, ocular fluid was investigated for noninvasive and
continuous glucose monitoring. A smart contact lens was created
and was correlated with the blood glucose levels in diabetic patients.
Using contact lens as a sensing platform had many advantages
including real time continuous and noninvasive glucose monitoring.
However, the disadvantages include production of corrosive
hydrogen peroxide as a bi product in the electrochemical sensing
approach used in the smart lens and blinking causing artefact in
the sensor signal. The human saliva, an exocrine fluid secretion has
high potential for screening health and diseases. It consists of water,
electrolytes and a variety of proteins, polypeptides, and also studies
have shown that the proteins present in blood are present in saliva
as well [14]. Therefore, saliva is functionally comparable to blood
in reflecting the physiological status of the body [15]. The glucose
levels present in saliva correlates directly with blood glucose
levels. However, the mechanism of secretion is not very clear. Many
authors have explained various possible mechanisms to explain
increased glucose content in saliva of diabetic patients. There is
no single mechanism to explain the appearance of glucose in saliva
during periods of prolonged hyperglycemia. The small molecular
size, possible damage in the permeability of basement membrane,
changes in the blood vessels, increased leakage from the ductal
cells and leakage through the gingival crevices all may contribute
to the multifactorial cause of increased levels of saliva glucose
in diabetics. Saliva as a diagnostic fluid has many advantages of
being a simple, noninvasive method and diagnosis of disease with
analysis of saliva is potentially valuable since collection of this fluid

is associated with fewer compliance problems as compared to
blood. No special equipment is needed for collection of fluid Saliva
is a promising biofluid for early disease detection that leads to more
effective treatment, risk assessment for estimation of glucose level.

Conclusion

Blood has always been a standard for screening, monitoring,
and diagnosing diabetes. However, saliva transcends several of
its disadvantages and fulfils the diagnostic concerns as it closely
reflects blood levels. Saliva testing surpasses all the limitations
faced by various biological fluids in evaluating the glucose levels in
diabetic patients.
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