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Abstract：Micronutrients provide the essential building blocks for brain 

development, healthy growth and a strong immune system in children. Malnutrition in 

form of micronutrient deficiencies develop gradually over time and their negative 

effects are not seen until irreversible damage may have occurred. The World Health 

Organization (WHO) supports the 2016 Global Nutrition Report (GNR), emphasizing 

the enormous importance of investing in the critical first 1,000 days nutritional 

requirement as it directly affects the attainment of 12 out of the 17 United Nations 

(UN) Sustainable Development Goals (SDGs). Up till now, in many countries, early 

detection of malnutrition is carried out by specific, majorly blood-based tests in 

specialized laboratories by trained personnel. This review expatiates on diagnostic 

trends towards early detection of micronutrient malnutrition highlighting the 

significant role of Engineering in this cause. Focusing on the children within the 1000-

day critical window, suggestions on modalities for continual tracking required to 

prevent malnutrition using biosensors are also advanced in this review. 

Keywords:1000 days; biosensor; early diagnosis; malnutrition; micronutrients; 

nutritional assessment; Sustainable Development Goals 

1.  Introduction 

 

Nutrition during the first 1,000 days of life, starting from conception up to 2 years of age, has a 

major influence on the quality of health throughout the life of an individual. It represents a critical 

period, where the essential building blocks for brain development, healthy growth and a strong 

immune system are rapidly formed [1]–[4]. The impact of poor nutrition (malnutrition) during this 

time can be irreversible and has lasting effects that spans generations. Malnutrition broadly refers to 

macronutrient and/or micronutrient deficiencies. The UN World Food Programme (WFP) states that 

malnutrition at an early age leads to reduced physical and mental development during childhood, 

which can lead to further complications in adulthood. In fact, malnutrition is the largest single 

contributor to diseases in the world, according to the UN's Standing Committee on Nutrition (SCN) 

[5]–[8]. The following are key benefits of right nutrition to children within this 1000-day window [6], 

[8]: 

 results in the healthy development of a child’s brain and fuels growth. 
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 improves a child’s preparedness for school and further educational achievements. 

 reduces inequalities in health, education, and earning potential. 

 reduces risk of developing non-communicable diseases such as diabetes and heart disorder 

later in life. 

 saves more than one million lives each year. 

 boosts a country’s GDP significantly.  

 breaks the intergenerational cycle of poverty. 

The importance of childhood nutrition during this 1000-day critical window is further reflected by 

WHO’s support of the 2016 Global Nutrition Report (GNR), pointing out the enormous importance of 

investing in the critical first 1,000 days nutritional requirement, which directly affects the attainment 

of 12 out of the 17 United Nations (UN) Sustainable Development Goals (SDGs) [9]. In fact, the 

UNSCN showed relationships between nutrition and all 17 SDGs [10], and Bill Gates stated “An 

investment in nutrition can help make every other investment in health and development pay-off”[11].  

According to the 2016 GNR, compiled and reported by all the Global Nutrition Stakeholders 

(WHO, UNICEF, etc.), the key goal is to end malnutrition in all its forms by the year 2030. In 2016, 

global nutrition targets were set for 2025, which include reducing the number of stunted children in 

the world by 40% and reducing and maintaining child wasting below 5%. With concerted and strategic 

efforts such as exclusive breastfeeding, many countries are on course towards meeting the pre-defined 

targets as it relates to the indicators of malnutrition among children under five years of age. However, 

the number of stunted children under the age of five is declining in every region except Africa [9].  

Of all African regions, West Africa alone accounts for half of the stunting increase in Africa; 

there were 4 million more stunted children in Western Africa in 2016 than in 2000 [12], [13]. West 

Africa also accounts for 33% of stunted children and 34% of severely wasted children in Africa. 

Nigeria, a West African country, is the most populous nation on the continent; ergo, solving this 

problem in Nigeria will have a significant effect on attainment of all WHO/UN set objectives in this 

regard, causing a ripple effect across the continent and the world at large. It’s been established that 

there are 17.3 million severely wasted children worldwide and one in ten of all severely wasted 

children worldwide live in Nigeria [14]. 

Specifically, the GNR 2016 reports Nigeria to have a stunting prevalence of 32.9% (which 

signifies that the nation is off course, making very minimal progress towards the set goal), with a 

position of 98 out of the 132 ranked (from lowest to highest stunting prevalence) countries. Also, 

Nigeria has been reported to have a wasting prevalence of 7.9% (which signifies that it is completely 

off course towards the set goal), with a position of 93 out of the 130 ranked (from lowest to highest 

stunting prevalence) countries.   

The overall global nutrition target of the WHO is “to end malnutrition in all its forms” [9], [15]. 

Though the 2016 GNR shows that not all countries have cases of malnutrition, ending malnutrition 

requires prevention of disease. Preventing malnutrition is driven by early diagnosis i.e. before a case is 

termed malnutrition. Therefore, targeted interventions in all its forms towards ending malnutrition is 

inevitable in order to attain the WHO goal and also ensure the benefits of proper nutrition as 

mentioned earlier. Figure 1 illustrates this goal with respect to children. 
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Figure 1: Malnutrition affecting Children [9]. Reproduced with permission from the International Food Policy 

Research Institute www.ifpri.org. The original table is available online 

at http://ebrary.ifpri.org/cdm/singleitem/collection/p15738coll2/id/130354/rec/1. 

 

2. Micronutrients 

Micronutrients refer to vitamins and minerals. They are the essential building blocks for healthy 

brains, bones and bodies. Micronutrient deficiencies result in weakened immunity, stunted growth, 

cognitive delays and certain diseases [16], [17]. While micronutrients are only required in small 

amounts in a child’s diet, they can cause a less visible and often devastating form of malnutrition. 

Sometimes they are referred to as “hidden hunger” because even after a child is probably full and 

satisfied from a meal, the meal may still lack micronutrients. Lam and Lawlis[17] presented an 

extensive meta-analysis, which proves that micronutrients are very essential for brain development. 

Micronutrient deficiencies develop gradually over time and their negative effects are not seen until 

irreversible damage may have been done [16]–[19]; hence, the need for them to be continually 

monitored for early detection and timely intervention. 

The following micronutrients have been identified as very important for child growth by WHO, 

UNICEF and Nutrition International (formerly known as Micronutrient Initiative Organization) [20]–

[22]. It is believed that deficiency in one or more of them indicates deficiencies in some other 

secondary micronutrients. 

 Iron – Iron deficiency is a widespread nutritional disorder affecting more people than any 

other condition, constituting a public health condition of an alarming proportion. It leads to 

impaired immunity and anaemia, which reduces the energy levels of those affected. 

 Vitamin A – Vit. A deficiency causes severe visual impairment and blindness, it increases the 

risk of severe illness considerably and potentially causes death from common childhood 

infections such as diarrhoea and measles. 

 Iodine – Iodine deficiency is the main cause of preventable brain damage or mental 

impairment in children. Its most devastating impacts occur during foetal development and in 

the first few years of a child’s life. 

 Zinc – Zinc deficiency impairs immunity and is also linked with an increased risk of 

gastrointestinal infections. In addition to Vit. A deficiency, it is also a contributing factor in 

child deaths due to diarrhoea. 

 Calcium – Deficiency in calcium leads to poor bone density which may ultimately cause bony 

deformity such as rickets. 

Child Stunting 
Low height for 

age 

Child Wasting 

Low weight for height 

Child Overweight 
High weight for height 

Micronutrient 

Deficiency 

Iron, Folate, Vit.A, 

Vit. D, Zinc, Calcium, 

Iodine below 

healthythresholds 

http://www.ifpri.org/
http://ebrary.ifpri.org/cdm/singleitem/collection/p15738coll2/id/130354/rec/1
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 Vitamin D – Vit. D deficiency can also cause calcium deficiency since it aids calcium 

absorption. Vit. D deficiency also causes delayed motor development in infants and like 

calcium deficiency may cause rickets. 

 Folate (Vit. B9) – Generally, folate deficiency slows growth rate. Folic acid is required in 

high amounts in infants as it helps stimulate DNA replication and cellular growth. 

Deficiencies in calcium, vitamin D and folate particularly are very serious issues during 

pregnancy and pose some health complications for both mother and growing infant. 

3. Conventional Methods for Nutritional Assessment 

The first important step of the 4-step Nutrition Care Process (NCP) is Nutrition Assessment, 

followed by Nutrition Diagnosis, Nutrition Intervention and Nutrition Monitoring/Evaluation. The 

goals of the NCP are: 

 To identify individuals at risk of becoming malnourished. 

 To identify individuals already malnourished. 

 To develop initiatives/intervention programmes to fight malnourishment. 

 To evaluate the effectiveness of already implemented initiatives and measures. 

Presented here are the four widely known methods of measuring malnutrition (i.e. Nutrition 

Assessment) [23]–[25], the problems associated with each method, and some related work using these 

methods: 

a. Dietary evaluation methods – Nutrients intake assessment through methods such as 24-hour 

dietary recall, food frequency questionnaire, dietary history, food diary technique and 

observed and weighed food consumption. Some of the typical challenges of this method are: 

trained interviewers needed, information supplied by the patient may not be truly 

representative of his/her actual dietary intake, long and time consuming questionnaires. 

[26]presented a typical example of a food diary and food frequency questionnaire, used to 

assess the nutritional status and eating behavior of children aged 9 months to 3 years in the 

Ukraine. This study revealed a nutritional imbalance in the children with excess consumption 

of macronutrients and insufficient intake of micronutrients. More recently, [27] described the 

AutoDietary, a wearable which consists of a high-fidelity microphone worn on the neck to 

accurately record acoustic signals during eating in a noninvasive manner.  

b. Clinical methods – Clinical examination of body parts like hair, skin, nails, mouth, gums, 

tongue, eyes, muscles, bones & thyroid gland for physical signs known to be associated with 

macronutrient and micronutrient malnutrition. The major problem with this method is its 

incapability to detect malnutrition early. 

c. Biochemical/ Laboratory methods – Sample collection (e.g., blood, stool or urine) in the field 

and analysis in specialized laboratory setting to assess nutritional status and deficiencies. This 

offers a precise and accurate evaluation before any physical malnutrition signs appear. Some 

challenges with this method are: pain/complications from taking (blood) samples, requires 

specialized labs with specific equipment and trained lab personnel, high costs and time 

consuming. 

d. Anthropometric methods – Anthropometry refers to the scientific study of measurements 

obtained from the various parts of the human body, e.g., to measure specific parts of the 

human body to validate suspected malnutrition. The most common anthropometric 

measurements are: height, weight, mid-upper arm circumference (MUAC) and head 

circumference; additional parameters collected are age, gender and presence/absence of 

oedema in children. Based on these measurements, three important anthropometric indices are 

drawn, which are used to indicate categorically the presence or absence of malnutrition: 

 Weight-for-height – Low weight-for-height signifies wasting while high weight-for-

height signifies overweight. 
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 Height-for-age – Low height-for-age signifies stunting. 

 Low weight-for-age could mean the child is underweight while High weight-for-age 

points to Obesity. 

The weight-for-height, height-for-age and weight-for-age are thereafter interpreted using the 

Z-score classification system, which expresses the anthropometric value as a number of 

standard deviations (SD) or Z-scores below or above the reference mean or median value. The 

WHO Global Database on Child Growth and Malnutrition [28] uses a Z-score cut-off point of 

<-2 SD to classify low weight-for-age, low height-for-age and low weight-for-height as 

moderate and severe malnutrition, and <-3 SD to define severe malnutrition. The cut-off point 

of >+2 SD classifies high weight-for-height as overweight in children. In addition, all cases of 

oedema are classified as severe malnutrition and the MUAC is regarded as a rapid and 

effective predictor of risk of death in children aged 6 to 59 months [29], [30]. Some of the 

issues associated with this method are measurement errors and the inability to detect when 

nutrient levels fall below healthy thresholds – it is only able to tell when a child is regarded as 

malnourished. 

In [31], the authors described the use of anthropometric method to detect malnutrition in 

children in Malawi. These measurements were taken at designated healthcare facilities by the 

health workers and then sent via text message to a central server where the information is 

analyzed for indicators of malnutrition. Where malnutrition is detected, instant feedback 

messages are sent to the health worker stating actions to be taken concerning the malnourished 

child. The authors in [32] pointed out the importance of accurate anthropometric 

measurements, stating that errors in reading and/or recording negatively affects the quality of 

healthcare; they described a means of electronically measuring and recording potentially 

malnourished children's MUAC. [33]addressed the difficulty of anthropometric measurements 

in rural areas – complications in transporting bulky and heavy equipment, which must be 

properly and adequately calibrated. Image processing techniques, enabled the authors to 

estimate anthropometric indices based on the measurements obtained from a set of body part 

images and its relations with the child's gender and age. 

Among these four, the biochemical/laboratory testing method is known to be most accurate with 

the capabilities to detect the early onset of malnourishment but its requirements makes frequent 

monitoring unfeasible.  

4. Biosensors 

Sensors have become vital components for real-time monitoring. Currently, sensors are 

ubiquitous; they are low cost devices and utilized in nearly every sector of life [34], particularly  in 

health monitoring as usually the first point of contact in a health monitoring system. Their application 

ranges from temperature, pressure, humidity, flow, optical and acoustic measurements.  

Simply put, biosensors miniaturize the entire biochemical/laboratory methods of testing into 

portable, Lab-on-a-chip (LOC) devices that can be used in POC settings. The aim of biosensors is to 

detect the presence and/or concentration of target analytes (biomarkers) in a given sample, which are 

representative of the health condition being analyzed. Biosensors (biological sensors) have been 

identified to provide accurate/precise information on the measured health indices as well as early 

indication of diseases [35], [36]. Among the different types, molecular-based biosensors which use 

biological active elements such as enzymes, antibodies and whole cells as the receptor elements 

(bioreceptors) produce the highest selectivity [37]. Using advanced technologies, biosensors are able 

to detect biochemical changes in the body at the subclinical on-set of diseases. As illustrated in figure 

2, the biosensors can measure certain biomarkers in body fluids, infected cells and/or their immediate 

environment to detect the biological changes due to disease.  
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Biosensors, have been proven to require low power, be cheaper, and less time consuming than 

laboratory-based biochemical methods of early diagnostics. For example, to test for the 7 

micronutrients listed in this paper, a certain laboratory in Lagos Nigeria charges approximately $430, 

and tests for Vitamin A and Vitamin D takes up to 6 weeks for the results to be ready. In contrast, Lee 

et al. [38] tested a LOC device for Vit. A and Iron analysis, which readily prepares results within a few 

minutes with expected costs of about $1 per biomarker for each micronutrient. 

 
Figure 2: Principle of Operation of a Biosensor. 

Partners representing the global food and nutrition enterprise created the BOND (Biomarkers of 

Nutrition for Development) Program to meet the growing needs for discovery, development, and 

implementation of reliable and valid biomarkers to assess nutrient exposure, status, function, and 

effect. Nutrition biomarkers are still undergoing extensive research under this program but so far a 

number of reports and publications have been done highlighting recent findings and also to define 

nutrient concentration in different sample fluids in order to make unbiased nutritional diagnosis [39]–

[43]. However, it is important to note that the concentration of biomarkers in body fluids are affected 

by several factors; therefore, considerations must be made to accommodate these factors in making 

nutritional diagnosis. Some of these factors include but not limited to: presence of infection or disease, 

use of drugs, food activities in the body (digestion, absorption, metabolism, storage, excretion), 

physical activities and certain environmental factors [44].  

Nutrition Biosensors: Some Related Works 

Presented in Table 1, are several nutrition biosensors that have been designed, as found in 

literature. With a focus on research within the last six years, a search was conducted majorly on the 

ScienceDirect database and then a general Google search. 
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Table 1: Literature search on micronutrient biosensors 

Ref Micronutrient Biofluid Biomarker Description 

[38] Vitamin D Serum 25(OH)D Colorimetric detection & quantification of 

25(OH)D using a novel gold nanoparticle-

based immunoassay. 

[45] Iron, Iodine Serum Ferritin, 

Thyroglobulin 

Fluorescence detection & quantification of 

ferritin, thyroglobulin & other proteins in 

complex elastomeric microfluidic devices. 

[46] Iron Whole 

blood 

Ferritin The biosensor comprised of a lateral flow 

immunoassay (LFIA) test strip to perform on-

chip sample preparation (to derive serum), 

antigen-antibody binding as in [38] to produce 

a colorimetric change. The LFIA test strip is 

inserted into an accessory where the 

colorimetric image is captured by a CMOS 

camera and analyzed by the developed mobile 

app to produce the required quantification. 

[47] Vitamin B12 Whole 

blood 

Not specified On-chip sample preparation to derive plasma; 

a novel spacer pad to allow thorough antigen-

antibody binding before colorimetric detection 

as done in [38].  

[48] Vitamin A, 

Iron 

Whole 

blood 

RBP, Ferritin On-chip sample preparation using a µPAD to 

derive plasma; quantification was done by 

measuring light transmission (colour) changes 

by a photodetector. Result information was 

stored on an EEPROM and transmitted through 

NFC to a mobile phone application developed 

for this purpose. The application geo-tags the 

data and transmits it to a remote server for real 

time tracking of micronutrient deficiencies. 

They also added capability to detect CRP to 

check for inflammation caused by infection as 

this affects the results obtained.  

[49] Vitamin A, 

Iron 

Serum RBP, Ferritin Their system consists of a reusable reader 

with a fluoresence imaging system and a 

disposable novel fluorescence test strip. Unlike 

their work in [46] that used LFIA, an 

incubation pad was used in the test strip to 

allow immediate sample-antibody interaction as 

soon as sample is introduced. 

[50] Zinc Serum/ 

Plasma 

N/A This is a patent that presents a pigment-based 

micronutrient biosensor, removing the need for 

quantification. The result is obtained by naked-

eye-observation of the pigment which is 

indicative of the concentration range. Although 

the emphasis was on Zinc, this biosensor can be 

implemented for Iron, Vit. D, Vit. B12, Iodine, 

Folate & others.  

[51] Iron Serum Ferritin Iron-oxide nanoparticles was used novelly to 

enhance detection sensitivity of photonic 

crystal biosensors to quantify Iron by tracking 

peak wavelength value changes. 

[52] Iron deficiency 

anaemia 

Serum Soluble 

Transferrin 

receptor (sTfR) 

Advancing from their work in [51], iron-oxide 

nanoparticles were functionalized with sTfR 

antibody and used as magnetic immuno-probes. 
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This resulted in increased signal to noise 

response of the photonic crystal biosensor for 

accurate and reliable determination of sTfR in 

serum. 

[53] Vitamin B1 

(Thiamine) 

Serum, 

Urine 

N/A Silver nanoparticles surface modified by 

glutathione (GSH-AgNP) was used to achieve 

visual colorimetric detection of Vitamin B1. 

This colorimetric detection actually reflects as 

changes in surface plasmon resonance and 

aggregation that occurs upon contact of 

Vitamin B1 and the GSH-AgNP. 

[54] Folate Serum, 

Urine 

N/A A selective electrochemical mediator was 

synthesized and used at the surface of a carbon 

paste electrode zinc-oxide-carbon nanotube 

composite for a simple and rapid voltammetric 

detection & quantification. 

[55] Folate Serum N/A A case was presented for a sensitive and 

selective determination of folic acid in the 

presence of an important interferent – Ascorbic 

Acid. The sensor was developed by modifying 

glassy carbon electrode with α-Fe2O3 

nanofiber. 

[56] Folate Urine N/A A novel electrochemical sensor was 

developed – Graphene was deposited on zinc-

oxide nanowire array that had been grown on 

graphene foam. The resulting sensitive hybrid 

detected Folic acid in the presence of an 

interferent – uric acid.   

[57] Vitamin B2 

(Riboflavin), 

Vitamin C 

(Ascorbic 

Acid), Folic 

Acid 

Plasma N/A Simultaneous electrochemical detection and 

quantification of the 3 micronutrients using a 

novel modified glass carbon electrode. The 

biosensor was able to selectively detect each 

micronutrient even at high concentrations of the 

others. 

 

5. Summary and Recommendations 

Although, global nutrition targets have been set for 2025, the main target is to end malnutrition in 

all its forms by 2030. In order to end malnutrition it must be prevented; preventing malnutrition may 

take different forms including efforts from the agricultural base. Preventing malnutrition also requires 

detecting it early enough for intervention to be carried out before it is termed malnutrition. In addition, 

the GNR highlights scarcity of data which prevents identification and learning from real progress at 

global and national levels. Therefore, provisions must be made for easy and continuous 

measuring/monitoring of nutrition status. 

As observed in Table 1, the bio-fluid used as test sample for almost all nutrient tests is blood or 

its derivatives (serum, plasma). Focusing on the children within the 1,000-day critical window, it is 

impractical to draw blood as frequently as possible as it is necessary for continuous monitoring of 

nutritional status. Therefore, there remains a huge gap in conveniently, promptly and accurately 

detecting when these important nutrients (micronutrients) fall below healthy thresholds in the body of 

children within this reference age bracket; the keyword being conveniently.  

The problems associated with micronutrient deficiencies and the current methods for early and 

convenient detection are: 
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 The clinical signs of malnutrition in the form of micronutrient deficiencies are less visible 

compared to macronutrient deficiencies, such that they do not produce these signs or 

symptoms until severity has been reached – already referred to as malnutrition. 

 The consequences of prolonged micronutrient deficiencies include those of macronutrients as 

well as weakened immunity, cognitive delays and diseases. 

 Early detection can only be accurately and precisely diagnosed using biochemical indicators 

lab-tested through body fluids. These tests are usually time consuming and expensive. They 

require specialized equipment and trained personnel to interpret readings. 

 Using blood as the test sample is characteristic to most of these tests but retrieving blood from 

children proves to be a painful/traumatizing process for them and difficult for the 

Phlebotomist.  

The following suggestions/recommendations would aid in achieving continuous monitoring. A 

generic methodology for this process is also presented in figure 3. 

 The development of micronutrient biosensors based on body fluids that are easier to collect 

such as urine, saliva or sweat. Specifically, many years of research on saliva confirms it 

contains abundant biomarkers like blood, and is able to facilitate early detection of diseases 

[58]–[68]. Table 2 presents some references to biochemical-based testing research works, 

proving the presence of nutritional biomarkers in saliva, and in some cases, how they 

correspond to serum-based measurements. Some disparities with results/conclusions from 

related works were noticed and mentioned in the result discussion column. The review 

conducted showed that there is very limited literature on the behaviour/characteristics of 

nutritional biomarkers in saliva of children within the first 1,000 days; therefore, thorough 

investigation in this area as well as research on its accuracy and reliability, will advance the 

possibility of saliva-based biosensors for this category. 

 The biosensors should be very simple devices that can be used at the POC. This means they 

should be low cost, small in size, safe to use and results should be easily interpretable. 

Importantly, the biosensors must not require sample preparation or other special conditions for 

use. 

 Furthermore, if integrated with a location mapping module and data transmission capabilities, 

such that somewhat anonymous test results are sent to a central database managed by an 

organization such as WHO or UNICEF, better targeted interventions can be carried out. 

 Common micronutrient deficiencies within certain geographic regions as indicated by the 

location mapping modules will also help to determine the root causes of these deficiencies e.g. 

lack of soil required to grow Iron or Folate-providing foods. 

 

Figure 3: Overview of Nutrition Biosensor Development Process. 
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Table 2: Related works highlighting the presence of micronutrients in human saliva – focusing on the micronutrients 

highlighted in this review. 

Micronutrient Ref Ages of Participants Results Description 

Iron [69]–[71] 6 – 25 years for [69]; 8 months – 

10 years for [70]; 8 – 14 years for 

[71].  

[69]showed a corresponding 

decrease in salivary ferritin with 

serum in iron-deficient subjects. 

[70], [71] showed increased 

salivary ferritin in contrast with 

decreased serum ferritin in iron-

deficient subjects. 

Vitamin A [72]–[74] 17 – 59 years for [72]; about 40 

years for [73]; 20 – 40 years for 

[74] 

Strong correlation between serum 

and salivary Vitamin A in the 

subjects in [72] and [74]. 

[73]demonstrated the presence of 

Vitamin A in saliva. 

Iodine [75]–[77] Adults for [75], [77]; 35 – 68 

years for [76] 

The absolute salivary iodide was 

proportional to plasma inorganic 

iodine level in [75]. [77]showed 

that serum inorganic iodine and 

salivary iodine concentrations 

correlated under certain 

conditions.  

Zinc [78]–[81] 12 – 13 years for [78]; primary 

school aged children for [79]; not 

specified for [80]; adults for [81] 

No significant correlation 

between serum/plasma and 

salivary zinc noticed; zinc was 

present in all saliva samples. 

Calcium [82]–[86] >18 years for [82]; 20 – 30 and 60 

– 80 years for [83]; 6 – 12 years for 

[84]; 30 – 45 years for [85]; 20 – 45 

years for [86] 

Significant correlation between 

salivary and serum calcium levels 

in [86]; others signify presence of 

calcium in saliva. 

Vitamin D [87], [88] 21 – 44 years for [87]; 18 – 48 

years for [88] 

Both studies are positively 

inclined towards using saliva for 

Vitamin D testing. They did not 

study correlation with 

serum/plasma. 

Folate [89]–[91] Mean age of 49 for [89]; 25 – 30 

years for [90]; majorly 25 – 35 

years for [91] 

[89]showed lower concetration of 

folate in saliva than serum. Results 

from [90] showed significant 

correlation between serum and 

salivary folate in the subjects. 

[91]simply quantifies the presence 

of folic acid in saliva. 

 

6. Conclusion 

The goal of ending malnutrition in all its manifestations is of global import. Malnutrition is not 

the problem of the poverty stricken or the uneducated alone, as it has been observed. Governments all 

over the world are strengthening national commitments towards the eradication of malnutrition in their 

respective countries, by apportioning significant funds to the cause. In-depth research spanning several 

years has been done for blood and its derivatives with respect to nutrient concentrations producing 

consistent results; hence, the development of several nutrition biosensors in this regard, as reviewed in 
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Table 1. As mentioned in the recommendations in this paper, thorough investigations on the 

characteristics/ behavior of micronutrients in non-blood samples from children within the first 1,000 

days is highly needed. Based on consistency and reliability obtained from the results of such 

investigations, the development of a nutrition biosensor to easily/conveniently, accurately and 

promptly detect micronutrient deficiencies in children will provide a more practical method of 

measuring malnutrition for children generally, within and beyond this 1,000-day window. It will also 

contribute positively to the sustainability of the WHO goal of ending malnutrition by 2030. 

References 

[1] I. Murković, M. D. Steinberg, and B. Murković, ―Sensors in neonatal monitoring: current practice and future 

trends.,‖ Technol. Health Care, vol. 11, no. 6, pp. 399–412, 2003. 

[2] E. L. Prado and K. G. Dewey, ―Nutrition and brain development in early life,‖ Nutr. Rev., vol. 72, no. 4, pp. 267–

284, Apr. 2014. 

[3] ―Why 1,000 Days - 1,000 Days.‖ [Online]. Available: https://thousanddays.org/the-issue/why-1000-days/. 

[Accessed: 06-Sep-2017]. 

[4] ―Early Life Nutrition | Infant Growth &amp; Development | Nutricia Research.‖ [Online]. Available: 

http://www.nutriciaresearch.com/early-life-nutrition/. [Accessed: 06-Sep-2017]. 

[5] ―Why the First 1,000 Days Matter | HMHB.‖ [Online]. Available: http://www.hmhb.org/2014/03/1000-days-matter/. 

[Accessed: 06-Sep-2017]. 

[6] UNICEF, Nutrition in the First 1 , 000 Days. 2012. 

[7] ―World Food Programme - Zero Hunger.‖ [Online]. Available: http://www1.wfp.org/zero-hunger. [Accessed: 06-

Sep-2017]. 

[8] L. C. Toe et al., ―THE 1,000-DAY WINDOW OF OPPORTUNITY: TECHNICAL GUIDANCE BRIEF,‖ J. Nutr., 

vol. 145, no. 3, pp. 634–639, 2015. 

[9] IFPRI, 2016 Global Nutrition Report - From Promise to Impact: Ending Malnutrition by 2030. 2016. 

[10] P. Webb, ―Nutrition and the Post-2015 Sustainable Development Goals - A Technical Note,‖ 2014. 

[11] ―Global Leaders Launch First-Ever Investment Framework for Nutrition and Call for Immediate Action.‖ [Online]. 

Available: http://www.worldbank.org/en/news/press-release/2016/04/18/global-leaders-launch-first-ever-

investment-framework-for-nutrition-and-call-for-immediate-action. [Accessed: 07-Sep-2017]. 

[12] UNICEF, ―Malnutrition - UNICEF DATA,‖ UNICEF, WHO and World Bank Group, 2017. [Online]. Available: 

https://data.unicef.org/topic/nutrition/malnutrition/. 

[13] UNICEF, WHO, and WorldBank, ―Levels and Trends in Child Malnutrition,‖ Jt. Child Malnutrition Estim., 2017. 

[14] Children’s Investment Fund Foundation, ―One million malnourished children treated in Nigeria.‖ [Online]. 

Available: https://ciff.org/impact/one-million-malnourished-children-treated-nigeria/. [Accessed: 01-Feb-2018]. 

[15] Development Initiatives, Nourishing the SDGs 2 GLOBAL NUTRITION REPORT 2017 Endorsements. 2017. 

[16] L. Ã. Persson, ―Prenatal nutrition , socioenvironmental conditions , and child development,‖ Lancet Glob. Heal., 

vol. 5, no. 2, pp. e127–e128, 2016. 

[17] L. F. Lam and T. R. Lawlis, ―Feeding the brain – The effects of micronutrient interventions on cognitive 

performance among school-aged children: A systematic review of randomized controlled trials,‖ Clin. Nutr., vol. 36, 

no. 4, pp. 1007–1014, 2017. 

[18] S. McCuskee, E. B. Brickley, A. Wood, and E. Mossialos, ―Malaria and macronutrient deficiency as correlates of 

anemia in young children: A systematic review of observational studies,‖ Ann. Glob. Heal., vol. 80, no. 6, pp. 458–

465, 2014. 

[19] D. D. Miller and R. M. Welch, ―Food system strategies for preventing micronutrient malnutrition. (Special Section: 

Food systems and the triple burden of malnutrition.),‖ Food Policy, vol. 42, pp. 115–128, 2013. 

[20] Nutrition International, ―When food is not enough,‖ By Micronutrient, 2017. [Online]. Available: 

https://www.nutritionintl.org/what-we-do/by-micronutrient/. [Accessed: 14-Mar-2017]. 

[21] UNICEF, ―Micronutrients,‖ Nutrition, 2018. [Online]. Available: 

https://www.unicef.org/nutrition/index_iodine.html. [Accessed: 14-Mar-2017]. 

[22] WHO, ―Micronutrients,‖ Nutrition, 2015. [Online]. Available: 

http://www.who.int/nutrition/topics/micronutrients/en/. [Accessed: 14-Mar-2017]. 

[23] M.-L. S. Tai, K.-L. Goh, S. H. Mohd-Taib, S. Rampal, and S. Mahadeva, ―Anthropometric, biochemical and clinical 

assessment of malnutrition in Malaysian patients with advanced cirrhosis.,‖ Nutr. J., vol. 9, p. 27, 2010. 



3rd International Conference on Science and Sustainable Development (ICSSD 2019)

IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012136

IOP Publishing

doi:10.1088/1742-6596/1299/1/012136

12

 

 

 

 

 

 

[24] B. Srinivasan, S. Lee, D. Erickson, and S. Mehta, ―Precision nutrition — review of methods for point-of-care 

assessment of nutritional status,‖ Curr. Opin. Biotechnol., vol. 44, pp. 103–108, 2017. 

[25] T. A. Knox, M. Zafonte-sanders, C. Fields-gardner, K. Moen, D. Johansen, and N. Paton, ―Assessment of 

Nutritional Status , Body Composition , and Human Immunodeficiency Virus – Associated Morphologic Changes,‖ 

vol. 36, no. Suppl 2, pp. 63–68, 2003. 

[26] S. Nyankovskyy et al., ―Dietary habits and nutritional status of children from Ukraine during the first 3 years of 

life,‖ Pediatr. Pol., vol. 89, no. 6, pp. 395–405, 2014. 

[27] Y. Bi, M. Lv, C. Song, W. Xu, N. Guan, and W. Yi, ―AutoDietary: A Wearable Acoustic Sensor System for Food 

Intake Recognition in Daily Life,‖ IEEE Sens. J., vol. 16, no. 3, pp. 806–816, 2016. 

[28] Who, ―Global Database on Child Growth and Malnutrition,‖ Chem. …, vol. 2, pp. 2–3, 2010. 

[29] WHO, ―Infant and young child nutrition,‖ in 55th World Health Assembly, 2002, no. May, pp. 1–3. 

[30] UNICEF, ―Nutrition in Emergencies,‖ 2017. [Online]. Available: https://www.unicef.org/nutrition/training/list.html. 

[Accessed: 16-Feb-2017]. 

[31] M. Denby and R. Short, ―Using Mobile Phones to Improve Child Nutrition Surveillance in Malawi,‖ New York, p. 

41, 2009. 

[32] M. Edwards, ―Designing an Anthropometric Measurement System for Hospitals in Malawi,‖ in 5th IET Seminar on 

Appropriate Healthcare Technologies for Developing countries, 2007. 

[33] V. A. Ayma, V. H. Ayma, and L. G. Armando Torre, ―Nutritional assessment of children under five based on 

anthropometric measurements with image processing techniques,‖ in 2016 IEEE ANDESCON, 2016, pp. 1–4. 

[34] D. P. Agrawal, ―Tutorial T-11: Basics of Wireless and Sensor Networks How to Form a Cluster Contention-Based 

Protocols,‖ in IEEE International Conference on Communications, 2016. 

[35] S. P. Mohanty and E. Koucianos, ―Biosensors: A tutorial review,‖ IEEE Potentials, vol. 25, no. 2. pp. 35–40, 2006. 

[36] P. Mehrotra, ―Biosensors and their applications - A review,‖ J. Oral Biol. Craniofacial Res., vol. 6, no. 2, pp. 153–

159, 2016. 

[37] Q. Gui, T. Lawson, S. Shan, L. Yan, and Y. Liu, ―The Application of Whole Cell-Based Biosensors for Use in 

Environmental Analysis and in Medical Diagnostics,‖ Sensors, vol. 17, no. 7, p. 1623, 2017. 

[38] S. Lee, V. Oncescu, M. Mancuso, S. Mehta, and D. Erickson, ―A smartphone platform for the quantification of 

vitamin D levels,‖ Lab Chip, vol. 14, no. 8, pp. 1437–1442, 2014. 

[39] S. A. Tanumihardjo et al., ―Biomarkers of Nutrition for Development (BOND)-Vitamin A Review.,‖ J. Nutr., vol. 

146, no. 9, p. 1816S–48S, 2016. 

[40] L. B. Bailey et al., ―Biomarkers of Nutrition for Development— Folate Review 1–5,‖ J. Nutr., no. C, pp. 1–45, 

2015. 

[41] F. Rohner et al., ―Biomarkers of nutrition for development--iodine review.,‖ J. Nutr., vol. 144, no. 8, p. 1322S–

1342S, 2014. 

[42] J. C. King et al., ―Biomarkers of Nutrition for Development (BOND)--Zinc Review,‖ J. Nutr., vol. 146, no. 4, p. 

858S–885S, Apr. 2016. 

[43] WHO, ―Evaluating the public health significance of micronutrient malnutrition,‖ Guidel. Food Fortif. with 

Micronutr., pp. 41–92, 2010. 

[44] T. Holen et al., ―Biomarkers for nutrient intake with focus on alternative sampling techniques,‖ Genes Nutr., vol. 11, 

no. 1, p. 12, 2016. 

[45] E. P. Kartalov, D. H. Lin, D. T. Lee, W. F. Anderson, C. R. Taylor, and A. Scherer, ―Internally calibrated 

quantification of protein analytes in human serum by fluorescence immunoassays in disposable elastomeric 

microfluidic devices.,‖ Electrophoresis, vol. 29, no. 24, pp. 5010–6, Dec. 2008. 

[46] B. Srinivasan, D. O’Dell, J. L. Finkelstein, S. Lee, D. Erickson, and S. Mehta, ―ironPhone: Mobile device-coupled 

point-of-care diagnostics for assessment of iron status by quantification of serum ferritin,‖ Biosens. Bioelectron., 

vol. 99, pp. 115–121, Jan. 2018. 

[47] S. Lee, D. O’Dell, J. Hohenstein, S. Colt, S. Mehta, and D. Erickson, ―NutriPhone: a mobile platform for low-cost 

point-of-care quantification of vitamin B12 concentrations,‖ Sci. Rep., vol. 6, no. 1, p. 28237, 2016. 

[48] S. Lee et al., ―Flexible opto-electronics enabled microfluidics systems with cloud connectivity for point-of-care 

micronutrient analysis,‖ Biosens. Bioelectron., vol. 78, pp. 290–299, 2016. 

[49] Z. Lu et al., ―Rapid diagnostic testing platform for iron and vitamin A deficiency.,‖ Proc. Natl. Acad. Sci. U. S. A., 

vol. 114, no. 51, pp. 13513–13518, Dec. 2017. 

[50] D. M. Styczynski, Mark Philip-Walter Watstein and M. Mcnerney, ―Pigment-based micronutrient biosensors,‖ 

WO2016205308 A1, 2016. 



3rd International Conference on Science and Sustainable Development (ICSSD 2019)

IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012136

IOP Publishing

doi:10.1088/1742-6596/1299/1/012136

13

 

 

 

 

 

 

[51] R. D. Peterson, B. T. Cunningham, and J. E. Andrade, ―A photonic crystal biosensor assay for ferritin utilizing iron-

oxide nanoparticles,‖ Biosens. Bioelectron., vol. 56, pp. 320–327, Jun. 2014. 

[52] R. D. Peterson, W. Chen, B. T. Cunningham, and J. E. Andrade, ―Enhanced sandwich immunoassay using antibody-

functionalized magnetic iron-oxide nanoparticles for extraction and detection of soluble transferrin receptor on a 

photonic crystal biosensor,‖ Biosens. Bioelectron., vol. 74, pp. 815–822, Dec. 2015. 

[53] R. Rajamanikandan and M. Ilanchelian, ―Simple and visual approach for highly selective biosensing of vitamin B1 

based on glutathione coated silver nanoparticles as a colorimetric probe,‖ Sensors Actuators B Chem., vol. 244, pp. 

380–386, Jun. 2017. 

[54] J. B. Raoof, N. Teymoori, M. A. Khalilzadeh, and R. Ojani, ―A high sensitive electrochemical nanosensor for 

simultaneous determination of glutathione, NADH and folic acid,‖ Mater. Sci. Eng. C, vol. 47, pp. 77–84, Feb. 

2015. 

[55] T. Maiyalagan, J. Sundaramurthy, P. S. Kumar, P. Kannan, M. Opallo, and S. Ramakrishna, ―Nanostructured α-

Fe2O3 platform for the electrochemical sensing of folic acid,‖ Analyst, vol. 138, no. 6, p. 1779, Mar. 2013. 

[56] X. Gao et al., ―Synthesis of graphene/ZnO nanowire arrays/graphene foam and its application for determination of 

folic acid,‖ J. Electroanal. Chem., vol. 808, pp. 189–194, Jan. 2018. 

[57] S. B. Revin and S. A. John, ―Simultaneous determination of vitamins B2, B9 and C using a heterocyclic conducting 

polymer modified electrode,‖ Electrochim. Acta, vol. 75, pp. 35–41, Jul. 2012. 

[58] S. Chiappin, G. Antonelli, R. Gatti, and E. F. De Palo, ―Saliva specimen: A new laboratory tool for diagnostic and 

basic investigation,‖ Clin. Chim. Acta, vol. 383, no. 1–2, pp. 30–40, 2007. 

[59] Y. H. Lee and D. T. Wong, ―Saliva: An emerging biofluid for early detection of diseases,‖ American Journal of 

Dentistry, vol. 22, no. 4. pp. 241–248, 2009. 

[60] R. Khan, Z. Khurshid, and F. Yahya Ibrahim Asiri, ―Advancing Point-of-Care (PoC) Testing Using Human Saliva as 

Liquid Biopsy,‖ Diagnostics, vol. 7, no. 3, p. 39, 2017. 

[61] T. Pfaffe, J. Cooper-White, P. Beyerlein, K. Kostner, and C. Punyadeera, ―Diagnostic potential of saliva: Current 

state and future applications,‖ Clinical Chemistry, vol. 57, no. 5. pp. 675–687, 2011. 

[62] A. Wang, C. Wang, M. Tu, and D. Wong, ―Oral Biofluid Biomarker Research: Current Status and Emerging 

Frontiers,‖ Diagnostics, vol. 6, no. 4, p. 45, 2016. 

[63] N. Malathi, S. Mythili, and H. R. Vasanthi, ―Salivary Diagnostics: A Brief Review,‖ ISRN Dent., vol. 2014, pp. 1–8, 

2014. 

[64] C. Punyadeera, ―New frontiers in heart failure detection: saliva testing,‖ BMJ Innov., vol. 2, no. 3, pp. 106–108, 

2016. 

[65] M. A. Javaid, A. S. Ahmed, R. Durand, and S. D. Tran, ―Saliva as a diagnostic tool for oral and systemic diseases,‖ 

Journal of Oral Biology and Craniofacial Research, vol. 6, no. 1. 2016. 

[66] K. E. Kaczor-Urbanowicz, C. Martin Carreras-Presas, K. Aro, M. Tu, F. Garcia-Godoy, and D. T. Wong, ―Saliva 

diagnostics – Current views and directions,‖ Exp. Biol. Med., vol. 242, no. 5, pp. 459–472, 2017. 

[67] E. H. Yee, S. Lathwal, P. P. Shah, and H. D. Sikes, ―Detection of Biomarkers of Periodontal Disease in Human 

Saliva Using Stabilized, Vertical Flow Immunoassays,‖ ACS Sensors, vol. 2, no. 11, pp. 1589–1593, 2017. 

[68] N. Rathnayake, D.-R. Gieselmann, A. Heikkinen, T. Tervahartiala, and T. Sorsa, ―Salivary Diagnostics—Point-of-

Care diagnostics of MMP-8 in dentistry and medicine,‖ Diagnostics, vol. 7, no. 1, p. 7, 2017. 

[69] D. Canatan and S. K. Akdeniz, ―Iron and ferritin levels in saliva of patients with Thalassemia and iron deficiency 

anemia,‖ Mediterr. J. Hematol. Infect. Dis., vol. 4, no. 1, 2012. 

[70] O. Mishra, K. Agarwal, and R. Agarwal, ―Salivary iron status in children with iron deficiency and iron overload,‖ J. 

Trop. Pediatr., vol. 38, no. 2, pp. 64–67, 1992. 

[71] Jagannathan N, T. C, R. P, P. P, N. A, and S. HJ., ―Salivary ferritin as a predictive marker of iron deficiency anemia 

in children,‖ J. Clin. Pediatr. Dent., vol. 37, no. 1, pp. 25–30, 2012. 

[72] A. Ayar, Y. Saral, B. Kandi Coskun, P. Ozturk, and F. Karatas, ―Non-Enzymatic Antioxidant Ability in Patients 

with RAU Assessment of Salivary and Serum Antioxidant Vitamins and Lipid Peroxidation in Patients with 

Recurrent Aphthous Ulceration,‖ Tohoku J. Exp. Med., vol. 206, pp. 305–312, 2005. 

[73] H. Abdolsamadi et al., ―Levels of salivary antioxidant vitamins and lipid peroxidation in patients with oral lichen 

planus and healthy individuals.,‖ Chonnam Med. J., vol. 50, no. 2, pp. 58–62, Aug. 2014. 

[74] H. Khademi, F. Khozeimeh, A. Tavangar, S. Amini, and P. Ghalayani, ―The Serum and salivary level of 

malondialdehyde, vitamins A, E, and C in patient with recurrent aphthous stomatitis.,‖ Adv. Biomed. Res., vol. 3, p. 

246, 2014. 

[75] R. McG HARDEN, D. K. Mason, and W. D. Alexander, ―The Relation between Salivary Iodide Excretion and the 



3rd International Conference on Science and Sustainable Development (ICSSD 2019)

IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012136

IOP Publishing

doi:10.1088/1742-6596/1299/1/012136

14

 

 

 

 

 

 

Plasma Inorganic Iodine Concentration,‖ Q. J. Exp. Physiol., vol. 51, pp. 130–135, 1966. 

[76] R. M. Harden, W. D. Alexander, J. Shimmins, and D. Chisholm, ―A comparison between the gastric and salivary 

concentration of iodide, pertechnetate, and bromide in man,‖ Gut, vol. 10, pp. 928–930, 1969. 

[77] R. L. Vought and W. T. London, ―Effect of dietary iodine on serum inorganic and salivary iodine,‖ Metabolism, vol. 

14, no. 6, pp. 699–707, Jun. 1965. 

[78] M. Sejdini, A. Begzati, S. Salihu, S. Krasniqi, N. Berisha, and N. Aliu, ―The Role and Impact of Salivary Zn Levels 

on Dental Caries,‖ Int. J. Dent., vol. 2018, pp. 1–6, 2018. 

[79] A. S. Hussein, H. F. Ghasheer, N. M. Ramli, R. J. Schroth, and M. I. Abu-Hassan, ―Salivary trace elements in 

relation to dental caries in a group of multi-ethnic schoolchildren in Shah Alam, Malaysia.,‖ Eur. J. Paediatr. Dent., 

vol. 14, no. 2, pp. 113–8, Jun. 2013. 

[80] M. De Oliveira Ribas, M. Selow, H. Martins, J. A. Bacher, and W. D. Martins, ―Zinc Concentration in Human 

Saliva,‖ Oral Surg. Oral Med. Oral Pathol. Oral Radiol., vol. 117, no. 2, p. e227, Feb. 2014. 

[81] M. N. Hegde, N. D. Hegde, A. Ashok, and S. Shetty, ―Biochemical Indicators of Dental Caries in Saliva: An in vivo 

Study,‖ Caries Res., vol. 48, no. 2, pp. 170–173, 2014. 

[82] V. P. Rodrigues et al., ―Salivary levels of calcium, phosphorus, potassium, albumin and correlation with serum 

biomarkers in hemodialysis patients,‖ Arch. Oral Biol., vol. 62, pp. 58–63, Feb. 2016. 

[83] M. Nassar, N. Hiraishi, M. S. Islam, M. Otsuki, and J. Tagami, ―Age-related changes in salivary biomarkers,‖ J. 

Dent. Sci., vol. 9, no. 1, pp. 85–90, Mar. 2014. 

[84] B. De Oliveira Perestrelo, A. R. Feres de Melo, G. R. De Sant’Anna, and M. F. Leite, ―Compromised salivary 

parameters of children with juvenile idiopathic arthritis,‖ Oral Surg. Oral Med. Oral Pathol. Oral Radiol., vol. 121, 

no. 3, pp. 262–268, Mar. 2016. 

[85] M. Shirzaiy, F. Heidari, Z. Dalirsani, and J. Dehghan, ―Estimation of salivary sodium, potassium, calcium, 

phosphorus and urea in type II diabetic patients,‖ Diabetes Metab. Syndr. Clin. Res. Rev., vol. 9, no. 4, pp. 332–336, 

Oct. 2015. 

[86] Neeli Vasavi, Ashank Mishra, and Krishnajaneya Reddy, ―Estimation and Comparison of Serum and Salivary 

Calcium Levels in Periodontitis Patients and Healthy Subjects: A Clinicobiochemical Study,‖ J. Periodontal Pract., 

vol. 1, no. 1, pp. 12–15, 2016. 

[87] T. Higashi, M. Hijikuro, K. Yamagata, and S. Ogawa, ―Overestimation of salivary 25-hydroxyvitamin D3 level 

when using stimulated saliva with gum-chewing,‖ Steroids, vol. 78, no. 9, pp. 884–887, Sep. 2013. 

[88] P. Gümüş, V. Ö. Öztürk, E. Bozkurt, and G. Emingil, ―Evaluation of the gingival inflammation in pregnancy and 

postpartum via 25-hydroxy-vitamin D3, prostaglandin E2 and TNF-α levels in saliva,‖ Arch. Oral Biol., vol. 63, pp. 

1–6, Mar. 2016. 

[89] N. Kilic et al., ―Saliva/serum ghrelin, obestatin and homocysteine levels in patients with ischaemic heart disease.,‖ 

Cardiovasc. J. Afr., vol. 28, no. 3, pp. 159–164, 2017. 

[90] R. R. Sultana, S. N. Zafarullah, and N. H. Kirubamani, ―Analysis of Saliva and Serum of Normal and Anomalies 

Pregnant Women - Folic Acid Deficiency using FTIR Spectroscopy,‖ Indian J. Sci. Technol., vol. 7, no. 3, pp. 367–

373, 2014. 

[91] S. L. Kauffman, G. J. Kasai, and S. A. Koser, ―The amounts of folic acid and Vitamin B6 in saliva,‖ J. Dent. Res., 

vol. 32, no. 6, pp. 840–849, 1953. 

 

 

 


