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Abstract
Gestational diabetes and jaundice are the correlated diseases predominantly
found inmother and newborn child. Jaundice is a neonatal complicationwith an
increased risk when mother has gestational diabetes. Mothers with diabetes at
an early stage of gestational age are at higher risk for hyperbilirubinemia (jaun-
dice) and hypoglycemia. So, it is mandatory to monitor the condition of dia-
betes and jaundice during the pregnancy period for a healthy child and safest
delivery. On the other hand, nanotechnology has displayed a rapid advancement
that can be implemented to overcome these issues. The development of high-
performance diagnosis using appropriate biomarkers provides their efficacy in
the detection gestational diabetes and jaundice. This review covers the aspects
from a fast-developing field to generate nanosensors in the nanosized dimen-
sions for the applications to overcome these complications by coupling diagnos-
tics with biomarkers. Further, the serum-based biomarkers have been discussed
for these inborn complications and also the diagnosis with the current trend.
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1 INTRODUCTION

Gestational diabetes develops during the pregnancy
period, a type of metabolic disorder portrayed by hyper-

Abbreviations: dL, Decilitre; ELISA, Enzyme Linked Immunosorbent
Assay; ELASA, Enzyme-linked aptasorbent assay; GOx, Glucose
oxidase; MEMS, Microelectromechanical systems; mM, Millimolar; mg,
Milligram; NEMS, Nanoelectromechanical systems; pM, Picomolar;
PCD, Programmed Cell Death; SPR, Surface plasmon resonance; TMB,
3,3′,5,5′-Tetramethylbenzidine; ZnO, Zinc Oxide
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glycemia caused by defects with either secretion of insulin
or action of insulin or both to the pregnant mother.1–4
During the pregnancy period, various hormones are pro-
duced at higher rate by placenta, which impairs insulin
action in the cells, elevating the blood glucose level. As
baby develops, more insulin is counteracting the hor-
mones and is provoked with an increment in blood sugar
level and affects the baby. Apart from that, gestational
diabetes causes various organ failures, particularly the
eyes, kidneys, nerve, heart, and blood vessels are often
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2 Biosensors for diabetes mellitus and jaundice

connected to chronic hyperglycemia. Gestational diabetes
is also found to increase the complications associated with
birth trauma, hyperbilirubinemia, hypoglycemia, stroke,
and macrosomia.5,6 One of the most dangerous processes
taking place during the development of diabetes is the
programmed cell death (PCD) of the beta cells in pancreas,
which then results in insulin deficiency. An individual
with diabetes mellitus tends to possess abnormalities in
carbohydrate, fat, and protein metabolism due to deficient
insulin. Research has shown that approximately 18%
women in South Asia and 14% of women in West Africa
were diagnosed with gestational diabetes. Gestational dia-
betes develops during the period of week 24 of pregnancy,
and glucose tolerance test is usually conducted during the
period of 24–28 weeks.7–9
Hyperbilirubinemia (jaundice) and diabetes are highly

correlated diseases found with newborn babies and the
mother. Hyperbilirubinemia is a life-threatening disease
and affects approximately 25% of newborn of mothers with
diabetes.10 Hyperbilirubinemia is generally caused when
the liver does not work properly. When the breakdown of
red blood cell occurs, the bilirubin chemical is released,
making the skin become yellow. Newborn babies with
higher rate of bilirubin leads to jaundice. Liver disease
during the period of pregnancy and the period of post-
partum causes the dysfunction in the biliary system, and
leads to an abnormal level of bilirubin.11,12 This condition
is observed in 3%–10% of all pregnancies. As gestational
diabetes and hyperbilirubinemia are highly associated, it is
mandatory to monitor these two complications to deliver a
healthy baby.
Various researches prove that controlled diabetes allows

normal perinatal and does not show any complication
and side effects, such as hyperbilirubinemia. It is manda-
tory to follow a proper diet with continuous monitor-
ing for maintaining normal blood sugar level.13–15 Due to
the high variations of glucose level during the pregnancy
period, generating a simple monitoring system is manda-
tory for a healthier pregnancy. Different sensing methods
and biomarkers have been utilized to watch the glucose
level, and researchers are still experimenting toward an
efficient jaundice and glucose identification methods.16–23
This review discusses about the recent development of
biosensor in glucose monitoring and jaundice identifica-
tion, which are mandatory during the pregnancy period
and helpful for healthy pregnancy.

2 BIOSENSOR FOR GESTATIONAL
DIABETES AND JAUNDICE

Biosensor is an analytical device that combines a biologi-
cal receptor with a physiochemical detector, used to detect
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∙ Gestational diabetes and jaundice are corre-
lated diseases predominantly found in mother
and newborn child. It is mandatory to moni-
tor the condition of diabetes and jaundice dur-
ing the pregnancy period for a healthy child and
safest delivery. On the other hand, the devel-
opment of high-performance diagnosis using
appropriate biomarkers provides their efficacy
in the detection gestational diabetes and jaun-
dice, and this review covers the aspects from the
fast-developing field to generate nanosensors to
overcome the above complications by coupling
diagnostics with biomarkers.

the concentration of specific substance in a biological fluid
by converting a biological response into an electrical sig-
nal. Professor Leland C. Clark Jr. (1918–2005) is the “father
of biosensor” and also well known for the invention of
Clark electrode. In 1962, he published an experiment that
showed that by using a dialysis membrane, glucose oxi-
dase (GOx) can be entrapped at the Clark electrode.24 A
biosensor consists of three main components: (a) a biolog-
ical element that specifically interacts with target analyte
and produces a biological signal, which can be detected
by a transducer; (b) transducer transforms one signal to
another signal, which is easier to bemeasured; and (c) out-
put device displays the results in a user-friendly way. Bio-
logics such as enzyme, antibody, nucleic acid, hormone,
receptor, even biological cells and microorganisms can be
used selectively to interact and recognize the target ana-
lyte. Biosensor is classified into different classes based
on molecular interaction, biological signal and transducer
(Figure 1).25–29 Four basic types of transducing elements
are electrochemical, optical, thermal, piezoelectric, com-
monly used to identify various biomarkers for diagnosing
different diseases.24,30–34 Applying this receptor and trans-
ducer with a suitable biomarker, various diseases have
been identified including gestational diabetes and jaun-
dice.

3 BIOMARKERS FOR GESTATIONAL
DIABETES AND JAUNDICE

Glucose monitoring is mainly involved with three
enzymes, namely, hexokinase, dehydrogenase, and GOx.
The hexokinase assay was commonly used in spectropho-
tometry in clinical laboratories.35 In addition, various
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F IGURE 1 Basic principle of biosensing system. Different essential elements for biosensors and their displaying signal modes

researches are being carried out to develop a glucose
biosensor using glucose dehydrogenase.36–38 GOx is the
common enzyme used by all traditional sensors due to
its higher selectivity with glucose. Apart from that GOx
brings out other positive features, such as cheaper, high
ionic strength stability at all pH conditions and high tem-
perature tolerance than other enzymes.39 GOx can reduce
the oxygen into hydrogen peroxide (H2O2) and transform
glucose into 5-lactone and d-glucono-1; identifying glucose
based on the production of hydrogen peroxide and the
oxygen consumption, which is commonly used to create
a glucose biosensor to monitor the glucose level.40 These
overall advantages of GOx were considered by researchers
and were used to create various types glucose sensors.
Along with glucose monitoring, identifying the infant

jaundice with a suitable biomarker is also mandatory to
give the appropriate treatment and improve the condition
of the infant. Bilirubin is the orange-yellow color prod-
uct of red blood cell, which plays a major pharmacological
and physiological role for anti-lipid peroxidation and anti-
oxygen free radicals. The accumulated bilirubin can pass
through the liver and removed by bile. At the same time
higher level of bilirubin (over 50 mol/ml) is toxic to the
body causing jaundice, liver damage, and can even lead
to death of newborns. So, bilirubin serves as a suitable
clinical biomarker for identifying the neonatal jaundice
and evaluating the function of liver.41–43 Recently, different
biosensors have been developed with specific biomarkers

for identifying gestational diabetes and jaundice (Tables 1
and 2) as elaborated below.

3.1 Electrochemical sensor

Electrochemical sensor is one of the promising biosensors,
having various positive features such as easier to use, fast
response, reliability, portability, higher selectivity and sen-
sitivity. Thus, electrochemical sensor is a widely accepted
promising technique to monitor glucose level.44,45 With
the electrochemical sensor, three main components such
as electrical transducer, recognition element, and the
signal processing to record the electric changes are used
to identify the biomolecular interaction on the sensing
surfaces. Most of the electrochemical biosensors are based
on nanomaterials to enhance the signal amplification
process. Gold nanoparticle, carbon nanotube, zeolite,
silica, aluminum, graphene, and metallic oxide are the
common nanomaterials used in electrochemical sensors
to improve the electric activities and help to identify the
various diseases at earlier stages.28,46–49 Metallic and non-
metallic nano- and microparticles have a great potential
in biosensor development. Silica, aluminum, and gold
are very commonly used as the base of biosensing due to
their appealing properties and biocompatibility in var-
ied dimensions. Metallic oxides are more amenable
for surface chemical functionalization to link the
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TABLE 1 Glucose identification by the currently available sensing strategies

Sensor Probe Sensing substrate
Detection
limit/sensitivity Linear range Status Ref

Electrochemical GOx Gold nanoporous 1.02 μM 50 μM–10 mM Under
Dev.

50

Electrochemical GOx Multiwalled carbon nanotube
(MWCN)

3.4 μA/mM – Under
Dev.

52

Electrochemical GOx Gold nanoparticle/single-WCN 28.6 mA/M/cm2 – Under
Dev.

51

SPR Glucose-
binding
protein

Carboxymethyl dextran 0.5 mM (dissociation
constant)

1–30 mM Commercial
source

65

SPR – Gold, MoS2, graphene, h-BN 0–15 mg/dl – Under
Dev.

66

SPR Glucose
membrane

Gold sheet 0–160 mg/dl 0–200 mg/dl Under
Dev.

67

Colorimetric H2O2 MnO2 12.8 μM 0–100 μM Commercial
source

74

Ambient light sensor H2O2 – 0.005 mg/ml 0.039–10 mg/ml Under
Dev.

75

Colorimetric assay GOx Microzone plate 0.6 mmol/L 0–10 mmol/L 51

Current–volt GOx ZnO nanowire-SiO2 0.03 mg/dl 0.03–30,000 mg/dl Clinical 78

Current–volt GOx Graphene 0.02–0.03 mg/ml 0.03–0.25 mg/ml Under
Dev.

79

Current–volt GOx Silica-alumina 0.03 mg/ml 0.03–0.5 mg/ml Under
Dev.

24

TABLE 2 Bilirubin identification by the currently available sensing strategies

Sensor Sensing substrate
Detection
limit/sensitivity Linear range Status Ref

Electrochemical Graphene 30 nA/μM/cm2 0.1–600 μM Under
Dev.

58

Electrochemical MWCN 15 nA/μM/cm2 0.5–500 μM Under
Dev.

58

Electrochemical Iron-doped antimony oxide nanorod 16.5 pM 0.1 nM–0.01 M Under
Dev.

59

Amperometry Graphite-epoxy – 4 × 10–6 to × 10–4 M Under
Dev.

81

Colorimetry Gold nanoclusters 248 nM 0–50 μM Commercial
source

77

UV-luminescence Gold nanoclusters 3.1 × 10–2 mg/ml 0.2–0.8 mg/dl Under
Dev.

69

Potentiometry Polymeric membrane – 5–10 mM Under
Dev.

82

biomarkers. In particular, nanomaterial-modified elec-
trode surface exhibits excellent electrocatalytic activity
toward the process of glucose oxidation, which improves
the detection strategy of glucose quantification.40 In
general, GOx is attached on the electrode surface
through chemical modification and quantified by glucose

(Figure 2). Wu et al. conducted an experiment with
the combination of gold and enzymes to identify the
glucose level. They immobilized GOx on the 12-carat gold-
modified carbon electrode, and the three-dimensional
porous gold gave an excellent interface between the
electrode and the enzyme active sites, which helped to
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F IGURE 2 Electrochemical sensing. Electrochemical-based interdigitated electrode system is displayed for glucose sensing

reach the detection limit of glucose to 1.02 μM.50 Similarly,
another research was conducted to immobilize GOx on
gold nanoparticles with single-walled carbon nanotube-
modified carbon electrode and reached the sensitivity of
glucose to 28.6 mA/M/cm2.51 Graphene-based electro-
chemical sensor is also popular to identify the glucose
level; high immobilization of GOx on graphite nanosheet
was achieved and reached at 3.4 μA/mM.52 Graphene
plays an essential role in various fields due to its attractive
physio-chemical properties. Graphene has high charge
mobility, as it is well established in sensing systems and
their downstream applications. The structure and behav-
ior of graphene reveals wonderful electronic properties
and bond structure. Graphene exhibits high active sites
for charge interactions, which allows various techniques
in functionalizing graphene on sensing surface. There are
plenty of approaches to integrate graphene on sensing
surfaces. It is very important to understand the interaction
between graphene and sensing surface for generating a
potential graphene-modified sensor. There are several
emerging graphene materials in different dimensions to
fulfill the graphene-based requirements, such as for anti-
corrosion coatings, high-volume applications in energy
storage, thermal heat spreaders, and conductive inks.
The development of graphene by modified Hummer’s
method with the above properties also anchors the sensing
applications and provides the room for developing new
sensing approaches. Further, the competitive bottom-up
approach in developing beyond 2D-graphene materials
and conductive graphene accelerates the development

of micro- and nanoelectromechanical systems (MEMS
and NEMS).53,54 Similarly, other materials such as copper
foam, titanium oxide nanotube, zinc oxide nanorods are
utilized to attach GOx on the sensing electrode to reach
the lower detection level of glucose.55–57
Like glucose identification, various researches have

shown efficient detection of jaundice biomarker biliru-
bin through electrochemical sensors. Carbon nanotube
and graphene-modified electrodes have been utilized to
identify the bilirubin and found the sensitivity to be
15 nA/μM/cm2.58 Iron-doped antimony oxide nanorod-
modified electrode was utilized for the efficient detec-
tion of bilirubin and detection limit was reached at
16.5 pM.59

3.2 Enzyme-linked immunosorbent
assay (ELISA)

Developing a sensing strategy that is highly suitable and
reliable for the clinical purpose is very important in the
field ofmedical diagnosis. ELISA is the gold standard assay
to identify and detect the wide range of major diseases.
ELISA is the immunoassay involved with antibody-based
detection system (Figure 3).60,61 Until now the identifica-
tion and screening of major diseases are done by ELISA
due to its high sensitivity and selectivity without involv-
ing the dangerous chemicals such as radioisotope. Single-
step capillary ELISA was conducted by researchers to
identify the enzyme reaction using the combination
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F IGURE 3 Enzyme-linked immunosorbent assay. Involvement of antibodies with different steps are shown with the conventional ELISA

of GOx, antibody and polyethylene glycol containing
peroxidase-labeled antibody in a single capillary.62 Liu
et al. (2013) experimented with the electrochemical-based
ELISA to identify the glucose level by using multienzyme
and nanoparticle-based amplification method.63 These
kinds of ELISAs can be further modified/expanded by
aptamer-mediated assays, “so-called” enzyme-linked apta-
sorbent assay (ELASA), which involves aptamer (an artifi-
cial antibody) with/without the involvement of antibody.64

3.3 Surface plasmon resonance (SPR)

SPR is a device/strategy that can monitor consciously the
level of glucose and is highly valuable to manage the ges-
tational diabetes. SPR is refractive index-based biosens-
ing platform, which demonstrates the real-time monitor-
ing of analyte–ligand interaction65 (Figure 4). The cova-
lent attachment of glucose-binding protein was performed
on the SPR sensing substrate and it identified the glu-
cose by using the refractive detection method; the dis-
sociation constant of glucose was identified as 0.5 mM.
Modeling with a highly sensitive SPR-based biosensor
was constructed by researchers to identify the glucose
level. Sensing substrate was modified with four layers of
metals, namely, graphene, hexagonal boronnitride (h-BN),
molybdenum (MoS2), and gold to reach out to the glu-
cose detection to 0–15 mg/dl.66 MoS2 is one of the recent
popular material used in sensing applications due to its
analogous nature to the graphene. Further, broad range of
SPR-based glucose sensing was conducted with improved
glucose membranes. The membrane was immobilized on
the gold sheet to perform the SPR sensing for glucose iden-

tification, and found the sensitivity range of 0–160mg/dl.67
Like diabetes, jaundice is also identified by various sensors
by operating with the surface plasmon principle. Maity
et al. (2014) have demonstrated the bilirubin interaction
on a gold-modified sensing substrate by using the shift-
ing of plasmon resonance band.68 In another research,UV-
luminescence assaywas conducted on gold nanoclusters to
identify the bilirubin and reach the limit of detection 3.1 ×
10–2 mg/ml.69

3.4 Colorimetric assay

Colorimetric assay is very attractive in biosensors, with lots
of positive features such as it is cheaper, easier with visual
detection, and does not need any prior experience, requires
lesser time, and has high sensitivity.70–72 In particular, gold
is the popular material for colorimetric assay due to its
color changes of red (dispersed condition) to purple (aggre-
gated state). Gold nanoparticle-conjugated DNA, RNA,
or aptamer were utilized as the probe to diagnose vari-
ous diseases.32,73 Gold nanoparticle-mediated colorimetry
assay has attained the proper optimal level, as performed
by several researchers, due to easier steps involved in the
methodology. In the presence of target, GNP color changes
to purple due to aggregation, while remains red in the
absence of target (Figure 5). MnO2 nanosheets with yel-
low colorwere utilized to identify the glucose level by using
colorimetric assay. Identification of glucose corresponds to
different absorbance of MnO2 being achieved and reached
the detection limit of glucose to 12.8 μM.74 Similarly, col-
orimetric assay was performed with the combination of
hydrogen peroxide, horseradish peroxidase, and the TMB
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F IGURE 4 Surface plasmon resonance. Modified SPR with the involvement of fluorescent molecules

F IGURE 5 Colorimetry assay. Gold nanoparticle-based colorimetry assay with aggregation and dispersion states are indicated

substrate for glucose identification. They utilized the ambi-
ent light sensor-based smartphone assay and the detec-
tion limit of glucose was calculated as 0.005 mg/ml.75 Fur-
ther, toner-basedmicrozone platewas used as the substrate
for colorimetric assay and the researchers used GOx and
H2O2 for color changes to identify the glucose to reach
the lower sensitivity of 0.6 mmol/L.76 Colorimetric sen-
sor was also utilized to identify the lower level of biliru-

bin, human serum albumin stabilized gold clusters were
used as the fluorescent probe to identify the bilirubin and
the detection limit was found as 248 nM. The fluores-
cence from the nanoclusters was quenched by bilirubin in
a concentration-dependent manner by virtue of the inher-
ent interaction between human serum and bilirubin. This
method was used to quantify the bilirubin level in the
blood serum sample.77
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F IGURE 6 Current–volt measurement. A dielectrode measurement system for biosensor is shown. Both alternate and direct currents
are displayed as insets

3.5 Current–volt measurements

Current–volt measurements are the popularized label-free
approaches establishedwith currently availablemicro- and
nanobiosensors. Due to the appealing label-free current–
volt measurements, analyses have been performed with
intactmolecules and avoid structural changes inmolecules
with labeling. Apart from that, the current–volt measure-
ments can be carried out by both alternate and direct cur-
rents to be used for the point-of-care analysis (Figure 6).
With these set-ups, several portable and wireless sensors
are available in the market. Haarindraprasad et al. (2016)
made a sensing system for determining the blood glucose
level on zinc oxide (ZnO)-based nanowire on the silica sub-
strate and attained the limit of detection at 0.03mg/dl with
the linear range of 0.03–0.25 mg/dl.78 Their research out-
put is comparable with the conventional glucose portable
monitor and suitable for high-throughput analysis. ZnO
used in this research is found to have good electric conduc-
tivity and can be used in other available semiconductor-
based sensors. By using similar current–voltmeasurement,
Ge et al. (2019) have produced a dielectric sensor, which is
able to sense 10-fold higher sensitivity of the above report
by using the graphene surface on the linearity of 0.03–
0.25 mg/ml.79 On the other hand, recent report on silica-
alumina surface has also reached similar detection level as
a complement study to the report byGe and group.80 There
are plenty of patterns/designs of sensing surfaces that can
be made to expand/promote the above current–volt mea-

surements. The new developments with the current–volt
system might help to overcome several problems associ-
ated with clinical management of blood sugar and other
diseases.

4 CONCLUSION

Gestational diabetes and jaundice are highly related dis-
eases and affect pregnant mother and the newborn. Preg-
nant women with diabetes are at high risk for get-
ting hyperbilirubinemia (jaundice). Thus, identifying and
monitoring these two diseases and their conditions are
mandatory for healthy pregnancy and delivery. This review
discusses the potential biosensors and biomarkers involved
for high-performance analysis in determining gestational
diabetes and jaundice. Further, variousmethods/strategies
generated for earlier identification of diabetes and jaun-
dice were discussed, as they explore the recent develop-
ments with gestational diabetes and jaundice identifica-
tion. These biomarkers aided biosensors acquired the nan-
otechnological approaches to accelerate the conventional
set-ups. Biosensors are more amenable toward this direc-
tion for the production of high-performance and user-
friendly sensing systems for a wide range of clinical diag-
noses. Revealing additional biomarkers for the desired dis-
ease diagnosis aids to demonstrate the high sensitivity of
the developed sensors. At present, several hand-held sen-
sors are available in the clinics; however, implementation
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of current–volt based label-freemicro- and nanobiosensors
can help in advancing our research in the field way ahead.
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