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Abstract 

 
Is Darkfield Microscopic Examination of Fresh Capillary Blood a Valid 

Point of Care Screening Tool to Assess Metabolic Syndrome Risk Factors? 
 

Fresh capillary blood analysis using darkfield microscopy (FCB-DM) is a point of care screening 

tool used by complementary healthcare practitioners in Australia, where capillary blood cells are 

untreated and viewed immediately. The aim of the study was to determine the validity of FCB-

DM by examining the relationship between FCB-DM variables and venous blood pathology tests 

when screening for metabolic syndrome risk factors.  

 

Selected markers of metabolic syndrome such as blood lipids, inflammatory markers and the 

differential white blood cell count were investigated. A null hypothesis was tested, that FCB-DM 

results would not correlate to venous blood pathology results.  

 

The project was divided into two studies: the first study was on metabolic syndrome risk factors 

where participants were specifically recruited for the project in Brisbane (n=51) and Lismore 

(n=19). The second was a study of differential white blood cell counts where data from the above 

study were combined with retrospective data gathered from files at a naturopathic clinic (n=125).  

 

In the Brisbane cohort data, we found moderate but significant correlations between FCB-DM 

fasting platelet area and haematology platelet counts (rs (50) = .364, p < .05) and fasting platelet 

area and C-reactive protein (r (50) = .436, p < .05). Correlations were also between fasting FCB-

DM chylomicron remnant counts and hematology triglycerides (rs (50) = .298, p < .05), fasting 

insulin (r (50) = .334, p < .05), HbA1c (rs (51) = .353, p < .05), HOMAB (r (47) = .309, p < .05) 

and HOMAIR (r (46) = .305, p < .05).  

In the Lismore data the size of the cohort caused a type two error for most parameters, although 

fasting average platelet number was found to be significantly correlated with the pathology 

measure of platelets (r (19) = .470 p <.05). 

The differential white blood cell counts determined for each participant by the two techniques 

were compared in the second study. Despite some significant differences in some of the mean 
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scores, significant and positive correlations were found between the two techniques in neutrophil 

(t (124) = -9.24, p < .05; r = .60, p < .05), lymphocyte (t (124) = 8.56, p < .05; r = .63, p < .05), 

monocyte (t (124) = 1.25, p < .05; rs = .32, p < .05) and eosinophil (t (124) = 1.27, p > .05; rs = 

.596, p < .05) cell populations.  

This research provided new evidence that supports FCB-DM as a potential point of care 

screening tool for metabolic risk factors based on moderate levels of correlations.  
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1 Introduction 

The use of complementary and alternative medicine (CAM) in Australia has 

significantly increased over the last 20 years (Lin et al., 2009) with an estimated 

69.8% of the Australian population using some form of CAM each year, at an 

estimated expenditure of AU $4.13 billion per annum (Harris, Cooper, Relton, & 

Thomas, 2012; Lin et al., 2009; A. H. MacLennan, Wilson, & Taylor, 2002; Xue, 

Zhang, Lin, Da Costa, & Story, 2007). With this strong growth in the utilisation of 

CAM comes the increased need for research into the safety, validity and efficacy of 

CAM practices.  

 

Fresh capillary blood analysis using darkfield microscopy (FCB-DM) is a 

point of care screening tool used by CAM practitioners in Australia and New Zealand 

(Bensoussan, Myers, Wu, & O’Connor, 2004). Using darkfield microscopy, blood 

particles are viewed immediately in their fresh, untreated state, theoretically allowing 

the practitioner to make an assessment of the patient’s blood cell morphology and 

dynamics (Thorup, 1987).  

 

The practice of FCB-DM is currently not regulated. There are a number of 

different FCB-DM techniques currently practiced in Australia that differ in both 

method and interpretation of findings. Developed by Health World Ltd., HemaviewTM 

is the trade name of the specific live blood analysis method investigated in this study. 

This specific FCB-DM technique is based on blood film pathology practices and has a 

five-day training program in Australia. It is used by approximately 7000 registered 

CAM practitioners in Australia, as a rapid, point of care screening tool to inform 

clinical practice, educate and motivate patients regarding their health, and improve 

treatment compliance (Reilly, Mannion, & Barbiellini, 2010; Vitetta et al., 2005). A 

2004 survey on the nature of complementary medicine in Australia discovered that 

11.8% of practitioners surveyed used live blood analysis in the clinical setting 

(Bensoussan et al., 2004). Despite this, there is scarce scientific evidence that the 

observations made with FCB-DM relate to the acknowledged standard venous blood 

pathology testing.  
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Notwithstanding the paucity of scientific substantiation, CAM practitioners 

throughout Australia use FCB-DM in clinical practice as a screening tool. This study 

sought to provide preliminary data pertaining to the validity of FCB-DM as a 

screening tool for metabolic syndrome risk, by examining the relationship between 

FCB-DM data and commercial venous blood pathology results. 

 

Australia has the fifth highest rate of obesity in the world, and it is estimated 

that 63.4% of adult Australians are overweight or obese (Australian Bureau of 

Statistics, 2013). Patients with a high body mass index (BMI) or high waist 

measurement are at significantly increased risk of developing cardiovascular disease, 

insulin resistance and metabolic syndrome (Keller, 2006) placing a heavy burden on 

the national healthcare system (Colagiuri et al., 2010). A valid point of care screening 

tool for metabolic syndrome risk has the potential to ease the healthcare burden and 

improve patient outcomes through early identification.  

 

A wealth of research has shown that people with metabolic syndrome show 

evidence of chronic inflammation (Anand et al., 2003; Das, 2002; Dominiczak, 

2003b; Eckel, Grundy, & Zimmet, 2005; E. S. Ford, 2003; Haffner, 2006), 

dysglycaemia (Eckel et al., 2005; S. M. Grundy, Brewer, Cleeman, Smith, & Lenfant, 

2004; Samson & Garber, 2014) and alterations to lipid metabolism (Abbott et al., 

1987; Chahil & Ginsberg, 2006; Frayn, 1993; Garg, 1996; Kinoshita et al., 2009). As 

part of the medical diagnosis for metabolic syndrome, medical clinicians routinely 

request a number of venous blood pathology tests such as platelet counts, eosinophil 

sedimentation rate (ESR) and C-reactive protein (CRP), blood lipids (including 

triglycerides, high-density lipoprotein and low-density lipoprotein), fasting glucose 

and insulin and glycosylated haemoglobin (HbA1c) (K. G. M. M. Alberti, Zimmet, & 

Shaw, 2006; Anand et al., 2003). Though it has not been scientifically researched till 

now, clinical observations suggest that a relationship exists between platelet, fibrin 

and chylomicron remnant presence observed in FCB-DM and metabolic dysfunction 

(Reilly, 2011, p. 65). 

 

Platelets are non-nucleate cytoplasmic fragments involved in haemostasis, that 

can be clearly observed in darkfield microscopy (Slayter, 1989). Abdominal obesity 

has been linked with prothrombotic changes, as adipose tissue releases cytokines and 
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adipokines, which influence haemostatic and fibrinolytic balance, platelet function 

and inflammation (Anfossi, Russo, & Trovati, 2009; Russo, 2012).  

 

Low grade chronic inflammation is present in obesity (Gregor & Hotamisligil, 

2011; Hotamisligil, 2006; Wellen & Hotamisligil, 2003) where systemic increases in 

circulating cytokines and acute phase proteins, recruitment of white blood cells to 

inflamed tissue, and generation of tissue repair responses such as fibrosis is seen 

(Lumeng & Saltiel, 2011). Correlative and causative links have been demonstrated 

between low-grade inflammation and insulin resistance (Dandona, Aljada, & 

Bandyopadhyay, 2004; de Heredia, Gomez-Martinez, & Marcos, 2012; Shoelson, 

Herrero, & Naaz, 2007; Xu et al., 2003; Zeyda & Stulnig, 2009).  

 

Inflammatory markers in venous blood such as eosinophil sedimentation rate 

(ESR) and C-reactive protein (CRP) are routinely requested in clinical practice to 

ascertain the presence of inflammation in patients (Corrado & Novo, 2007). Obesity 

and a higher BMI are both associated with higher CRP concentrations (Aronson et al., 

2004; Visser, Bouter, McQuillan, Wener, & Harris, 1999). Both CRP and fibrin 

proteins are involved in the acute phase of inflammation and clotting. Fibrin is visible 

in darkfield microscopic (DM) examination of capillary blood (Barratt, 1920).  

 

Peripheral neutrophil, monocyte and lymphocyte counts have been 

independently and significantly associated with the cluster of symptoms indicative of 

metabolic syndrome diagnosis (Kim et al., 2008; J. C. R. Tsai et al., 2007). In an 

international nutrition workshop in 2009, Dr. Subramanian presented research 

showing the number of macrophages in adipose tissue strongly correlated with body 

weight, BMI and total body fat in rodents and humans (Subramanian & Ferrante, 

2009). Macrophages have been identified as the primary source of high levels of 

inflammatory cytokines present in obesity and it has been theorised that macrophage 

infiltration into adipose tissue is associated with inhibited adipocyte differentiation, 

hypertrophy, altered secretion of adipokines and increased storage of lipid within 

liver, muscle and other non-adipose tissues (Heilbronn & Campbell, 2008). These 

changes are partially responsible for the hyperlipidaemic state seen in obesity.  

 

Chylomicrons are lipoprotein particles that transport lipids from enterocytes 
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into the body via the intestinal lymph and systemic circulation (Gropper, Smith, & 

Groff, 2005; Silbernagel & Despopoulos, 2009). They consist mainly of triglycerides, 

phospholipids and cholesterol. What remains in the blood after lipoprotein lipase 

removes part of the triglyceride from the chylomicron, is termed a chylomicron 

remnant (Gropper, Smith, & Groff, 2005). Patients with impaired lipid metabolism 

may demonstrate higher concentrations of chylomicron remnant material in fasting 

capillary blood (Vitetta et al., 2005), and indeed slower clearance of chylous material 

postprandially. Furthermore, there is increasing evidence in the literature that insulin 

resistance is associated with postprandial hyperlipidaemia (Dominiczak, 2003b; 

Eleftheriadou, Grigoropoulou, Katsilambros, & Tentolouris, 2008; Esposito et al., 

2004; Ferrannini, Haffner, Mitchell, & Stern, 1991; Kinoshita et al., 2009), 

characterised by raised numbers of chylomicron remnants (Kinoshita et al., 2009).  

 

Thus it can be seen that metabolic syndrome encompasses a group of clinical 

findings including abdominal obesity, high blood glucose levels, high triglyceride 

levels, low high-density lipoprotein (HDL) levels (Dominiczak, 2003a; S. M. Grundy 

et al., 2004; Samson & Garber, 2014) and chronic, low grade inflammation (Das, 

2002; E. S. Ford, 2003; Shoelson et al., 2007). This collection of clinical findings 

makes this group of patients the ideal cohort to examine the validity of FCB-DM. 

Concurrent validity measures how well a particular test correlates with a previously 

validated measure (George, Batterham, & Sullivan, 2003; Hurley, Denegar, & Hertel, 

2011; Salkind, 2012). Validity, in this context, refers to the strength of association, or 

correlation, between FCB-DM measures of specific variables in comparison to the 

relevant acknowledged standard venous blood pathology test measures. 

1.1 Statement of Problem and Research Questions 

The paucity of rigorous scientific research into the validity of FCB-DM 

throws question over its use as a screening tool in health care. This study aims to 

investigate the validity of FCB-DM in screening for metabolic syndrome risk factors 

in two projects: 

 

1. Metabolic syndrome study, where the relationship between FCB-DM 

variables and venous blood pathology measures were examined. 



 5 

2. Differential white blood cell study, where correlations between FCB-DM 

and venous blood pathology differential white blood cell counts were 

examined.  

1.2 Aim and Hypotheses 

The aim of the study was to determine the validity of FCB-DM by examining 

the relationship between FCB-DM variables and venous blood pathology tests when 

screening for metabolic syndrome risk factors.  

 

This thesis investigated if relationships existed between the FCB-DM 

variables of platelet number and/or platelet area with venous blood pathology platelet 

counts; FCB-DM fibrin number and/or fibrin area with ESR and CRP; and FCB-DM 

chylomicron remnant presence with triglycerides, high-density lipoprotein (HDL) and 

low-density lipoprotein (LDL), fasting glucose and insulin and glycosylated 

haemoglobin (HbA1c).  

 

A null hypothesis was tested, that FCB-DM results would not demonstrate a 

significant relationship to venous blood pathology results in the following measures: 

 

A. The platelet area and number measured in fasting FCB-DM would not 

correlate to the platelet counts in fasting venous blood measured by 

conventional pathology tests.  

 

B. The presence of fibrin measured in fasting FCB-DM would not correlate to 

ESR and CRP in fasting venous blood measured by conventional pathology 

tests; and there would be no correlation between BMI and FCB-DM fibrin 

measures.   

 

C. The presence of chylomicron remnants in fasting FCB-DM would not 

correlate to the lipid profile, glucose, insulin and HbA1c in fasting venous 

blood measured by conventional pathology tests; and there would be no 

difference in chylomicron remnant counts between the fasting and 

postprandial samples as measured by FCB-DM. 
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D. The differential white blood cell counts as measured by FCB-DM would be 

different to, and not correlate with, that in the venous blood measured by 

conventional pathology tests. 

1.3 Significance 

Because the FCB-DM technique is utilised in CAM practices throughout 

Australia, understanding the clinical usefulness of the information it can supply is 

important in providing safe and effective treatments for patients. If found to be valid, 

the less invasive nature of FCB-DM in comparison with venous blood extraction, 

lends the technique to many health care applications, ancillary to the acknowledged 

standard venous blood pathology tests.  

 

The results of this study will help health care practitioners make a more 

informed choice about the clinical application of FCB-DM as a screening tool for 

metabolic syndrome risk factors.  
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2 Literature Review 

This narrative literature review provides analysis of the current literature 

available to the author in the following areas: 

• Darkfield microscopy and fresh capillary blood analysis 

• Venous blood pathology tests 

• Venous and capillary blood variables compared 

• Metabolic syndrome 

• Differential white blood cell counts 

 

A search of the literature was conducted by searching Medline, Pubmed and 

Embase.com databases using the keywords, phrases and combinations of:  

‘Hemaview’, ‘darkfield microscopy’, ‘darkfield microscope’, ‘dark field microscopy’, 

‘dark ground microscopy’’, ‘Günther Enderlein’, ‘blood counts’, ‘differential counts’, 

‘differential white blood cell counts’, ‘white blood cells’, ‘leukocyte count’, 

‘metabolic syndrome’, ‘inflammation’, ‘blood glucose’, ‘obesity’, ‘platelet’, ‘fibrin’, 

‘clotting cascade’, ‘HOMA’, ‘chylomicron’, ‘chylomicron remnant’, ‘blood lipids’. A 

total of 1205 articles were collected, 328 were cited and referenced.  

2.1 A History of Darkfield Microscopy  

Joseph Jackson Lister is credited as the creator of the first darkfield 

microscope in Germany in 1830 (Simon Henry, 1920; Teut, Lüdtke, & Warning, 

2006). By 1909, the Bausch and Lomb Company were manufacturing darkfield 

microscopes to assist chemists studying colloidal reactions such as the setting of 

cement. Central light rays along the optical axis of the microscope, that usually 

surround the specimen, are blocked out in darkfield microscopes, thus the sample is 

illuminated with oblique light from large angles. A seven-sided toroidal mirror that 

reduces the stray light entering the objective produces this oblique cone of 

illumination from 360 degrees. The oblique rays cross the specimen and are refracted 

and reflected by the specimen, producing a black background with objects brightly lit 

in the foreground (Chambers, Fellers, & Davidson, 2012) (Figure 1). 
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Figure 1. A schematic configuration of conventional darkfield microscopy. 
The darkfield condenser breaks illumination light so that light hits the specimen at 
oblique angles. Diffracted light from the specimen enters the objective lens giving the 
appearance of an illuminated specimen on a black background (Hu, Ma, & Liu, 2010).  

 

Darkfield microscopy is useful in observing sub-microscopic particles (B. J. 

Ford, 2009) in transparent specimens such as minute organisms, fibres, hair, unstained 

bacteria, yeasts, protozoa and blood particles (Chambers et al., 2012). 

 

Care needs to be taken in slide preparation in DM because features that lie 

above and below the plane of focus, such as fingerprints, dust, fibres or cleaning 

residue can scatter light and contribute to image degradation (Chambers et al., 2012). 

2.1.1 Darkfield microscopy in dentistry. 

Scientists and clinicians have been observing bacteria, human blood and body 

fluids with DM since the early 1900’s (Elkes, Frazer, & Stewart, 1939). Clinically, 

DM has been used since the 1970’s in dentistry (Macnab, 1976; Newman, 1985; 

Tomassini, Biscaro, & Frezzato, 1986). Other methods of evaluation of dental plaque 

samples are problematic, as the bacteria are difficult to distinguish from the diluent, 
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but DM enables the bacteria to be clearly identified and the patient treatment adjusted 

accordingly (Callens, 1992; Carrassi, Soragna, Onofri, & Abati, 1986; 

Chandrasekaran, Krishnaveni, & Chandrasekaran, 1998; Ullmann, 2001).  

 

Some dentists use DM as a tool to inform patients about dental plaque with the 

aim of improving oral hygiene habits. Research into the success of the technique used 

in this way was inconclusive, despite many practitioners anecdotally citing it as a 

useful motivational tool (Drisko, White, Killoy, & Mayberry, 1987). 

 

In 1988 Srivastava et al. carried out a study investigating sub-gingival plaque 

from healthy and diseased patients using DM and their results indicated ease of 

detection of pathogenic bacteria (Srivastava, Walsh, Basu, Glenwright, & Rippin, 

1988). In the same year another study found DM to be of significant clinical value in 

the differential diagnosis of periodontal and endodontic abscesses (Trope, Tronstad, 

Rosenberg, & Listgarten, 1988). 

2.1.2 Darkfield microscopy in microbiology. 

In 1906, Landsteiner and Mucha were the first to recommend the use of 

darkfield microscopes to identify the presence of Treponema pallidum, which is 

responsible for causing syphilis, in serum exudate (Crissey & Denenholz, 1984; 

Pierce & Katz, 2011). Within a year, the DM technique became the routine 

investigation for syphilis diagnosis in Europe (Crissey & Denenholz, 1984; S., 1970). 

It is still utilised today and there are many current studies that still highlight the 

usefulness of DM in syphilis diagnosis (Cummings et al., 1996; Pierce & Katz, 2011; 

Wheeler, Agarwal, & Goh, 2004).  In a 2004 retrospective study of 86 patients with 

primary (n=50) and secondary (n=36) syphilis, the authors concluded that DM 

investigation of serum extracted from a suspected syphilitic lesion was more 

diagnostically sensitive than serum treponemal enzyme immune assay (EIA) 

(Wheeler et al., 2004). Fast effective diagnosis allows treatment to be initiated 

immediately and can reduce the risk of the spread of infection.  

 

The ease of detection of parasite-infected cells as seen through DM allows for 

easy malaria diagnosis (Jamjoom, 1991; Wood et al., 2009). New diagnostic 



 10 

techniques have been developed such as saliva and urine antigen tests but in an earlier 

paper Jamjoom believed DM offered the “distinct advantages of rapid diagnosis, 

increased sensitivity, and adaptability to field work” (Jamjoom, 1983).  

 

Darkfield microscopy is recommended as an adjunct to the IgM ELISA test 

for leptospirosis diagnosis (Sharma & Kalawat, 2008) and DM examination of 

diarrheal stool specimens is useful in the diagnosis of Campylobacter enteritis 

(Benenson, Islam, & Greenough III, 1964; Paisley, Mirrett, Lauer, Roe, & Reller, 

1982). Darkfield microscopy is also being successfully used to monitor commercial 

yeast cultures and Wei et al (Wei, You, Friehs, Flaschel, & Nattkemper, 2007) state 

“the contrast of the images is higher than those taken by a light field in situ bright 

field microscope” allowing for more accurate monitoring. 

2.2 Fresh Capillary Blood Analysis 

Florence Sabin, in 1923, made observations of living human cells unstained 

and stained with supravital dyes. She reported that the “technique of studying living 

blood cells is so simple, that it is readily applicable to the study of clinical cases” 

(Sabin, 1923). In 1936 the haematologist Hansen-Pruss highlighted the usefulness of 

DM in viewing unstained blood samples (Hansen-Pruss, 1936). With the introduction 

of darkfield microscopes, early researchers gained a new insight into the anatomy and 

physiology of blood, such as revealing the first clear image of chylomicron remnants. 

Described by Edmunds in 1877 as 'blood-dust' or 'haemokonien', they were later 

discovered to be fat-laden particles from the digestion of food (Elkes et al., 1939). 

Early microscopic studies of blood coagulation were made using DM, as fibrin 

strands as well as the clustering of platelets can be distinctly imaged through this 

technique (Barratt, 1920). Todd and Barnetson (1988) highlight the use of darkfield 

microscopy in blood pathology research observing a number of organelles, granules 

and precipitates in red blood cells.  

2.2.1 Günther Enderlein. 

In 1925, Zoologist Günther Enderlein, published a comprehensive work titled 

Bakterien-Cyklogenie based on his research with FCB-DM, outlining his theory on 

microbial life cycles. Using FCB-DM he observed phenomena that could not be seen 
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in stained blood samples, and from observations he hypothesised that under 

conditions of environmental stress, many microbes and cells changed form in 

consistent ways. DNA was yet to be discovered in the 1920’s so to explain his 

observations, Enderlein followed Antoine Bechamp’s theory of pleomorphism 

(Bleker, 1993, p. 16; Teut et al., 2006). At the time Bechamp’s work was 

controversial, and eventually the scientific community accepted the monomorphism 

concept of Louis Pasteur over pleomorphism.  

 

Enderlein believed that some of the structures in the blood he observed were 

microbes that caused particular illnesses. He called this group of microbes endobionts 

(Bleker, 1993, p. 20). The smallest particles were called protits, which he believed to 

be small colloids of proteins, then in increasing size were symprotits and 

macrosymprotits (Teut et al., 2006).  

 

Enderlein thought that these small particles were necessary for health 

homeostasis. His theories postulated that under pathological conditions such as 

intoxication or high acid load, these particles would polymerize into more complex 

units that he could observe in the blood. He believed every microorganism would 

undergo a development-cycle, that he called cyclode (bacterial cyclode) and that 

specific diseases were related to particular cyclodes (Ullmann, 2001). He’s work 

mainly focussed on two cyclodes: the cyclode leading to the fungus Mucor racemosus 

that he linked to diseases concerning the blood, spine and rheumatism, and the 

cyclode leading to the fungus Aspergillus niger and diseases of lung, tuberculosis and 

cancer (Coyle, 2001).  

 

His methods involved observation of dried, stained and live blood samples, 

which were often left for some hours before analysis. Many of the compounds he 

observed in the blood are today recognised as blood particle deterioration due to the 

drying process, or artefacts for example, non-blood particles such as dust, or 

compounds caused by unclean slides or poor sample preparation (McLaughlin et al., 

2002). In the late 1990’s biochemist Dr Christopher Gerner conducted research into 

the Enderlein technique at the University of Vienna. He identified the cellular forms 

observed by Enderlein as being primarily composed of cellular debris from 

degenerating red blood cells and that they were in fact globulin and albumin 
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molecules (Teut et al., 2006).  Enderlein’s theory, though thought valid at the time, 

does not stand up to modern scientific scrutiny (El-Safadi, Tinneberg, von Georgi, 

Munstedt, & Bruck, 2005; Ullmann, 2001). In fact, much of the criticism of FCB-DM 

stems from the work of Enderlein (Patterson, 2012).  

 

There is a scarcity of research, not only on live blood analysis, but specifically 

Enderlein’s technique. A 2006 study aimed at testing the reliability of Enderlein’s 

blood analysis included only two experienced practitioners (Teut et al., 2006). They 

concluded there was limited accuracy and inter-observer reliability in the technique, 

affected potentially by the small scale of the study, and raised a number of valid 

criticisms of the Enderlein technique. These included the uneven distribution of blood 

over the slide that would affect the drying time of the blood and change the diagnostic 

conclusions; slide preparation and cleaning that left residue that may be read as 

diagnostically significant, and blood reactivity to glass over time, causing fibrin 

development. 

 

Another study in 2002 sought to investigate the efficacy of Enderlein’s 

technique in observing and diagnosing various cancers in blood samples. Out of the 

110 samples studied, 3 of the 12 patients with tumour metastases were detected, and 

the authors concluded the technique did not seem to reliably detect the presence of 

cancer (El-Safadi et al., 2005). This may well be the case, but both of these studies 

have used very small sample numbers deeming any significance unlikely. Neither of 

these studies made comparisons with conventional blood pathology.  

2.2.2 Philip Hoekstra. 

Philip Hoekstra developed the FCB-DM technique termed HemaviewTM in the 

1970’s in the United States. He developed live blood analysis models more in line 

with orthodox pathology techniques to help alleviate technical issues, improve the 

validity of the technique, and so that information about the patient could be 

understood by all types of health practitioners (Metagenics, 2010).   

 

Hoekstra, in a paper presented at the Live Cell Analysis System Symposium in 

Tokyo in 1987,compared two peripheral blood specimens from 25 patients – two 
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Wright’s stained blood smears and two wet-mounts immediately analysed by a FCB-

DM practitioner. He found that the linear regression analysis of the data from the two 

techniques demonstrated no significant difference between the wet-mount and the 

blood smear for acanthocytes, echinocytes, elliptocytes, macrocytes, and neutrophilic 

hypersegmentation (Hoekstra, 1987).  

 

The key differences between Hokestra’s HemaviewTM technique analysed in 

this study and Enderlein’s work lie not only in the interpretation of findings but in the 

duration of the observational window. In the HemaviewTM technique the capillary 

blood sample is analysed within 15 minutes of sample collection.  

2.2.3 Current literature and research. 

There has been very little research published regarding FCB-DM and its use as 

a clinical screening tool and thus, there is very little information about its validity. 

There are a small number of unpublished papers reporting on research from Australia, 

New Zealand and Japan.  

 

One large study in 1960 compared a wet capillary blood preparation observed 

under DM with ‘standard blood chemistry’ in Japanese men and women. The aim of 

the study was to investigate the clinical usefulness of FCB-DM in health care and 

evaluate “its sensitivity in discerning aberrant lipid and protein metabolism, detection 

of anaemia, and assessment of general level of health” (Oshima, Tsuruoka, Maeda, 

Hamada, & Takagi, 1987). This research utilised a grading system for FCB-DM 

analysis where numbers from 0 to 4 related to the extent a variable was observed, and 

then this data was converted to a health rating scale – ‘healthy’, ‘semi-healthy’ and 

‘unhealthy’. The authors demonstrated  “equal sensitivity between darkfield 

microscopy and standard chemistry analysis for the variables studied”. These 

variables included observations of white cell populations, liver function, cholesterol, 

blood sugar levels and red cell variables. However, the authors did not provide a clear 

and detailed description on how these variables were measured and what exact 

comparisons and correlations were made in the study, therefore the validity of their 

grading system is questionable.  
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A more recent study looking into FCB-DM accuracy using the HemaviewTM 

method found positive correlations between 13 different practitioners identifying an 

extensive range of variables (Petric, Aylett, & Hope, 2010). This study aimed to 

demonstrate practitioner’s congruence for each variable but was limited by the lack of 

a test control or comparison to other testing methods such as acknowledged standard 

venous blood pathology. Thus, this study demonstrated inter-practitioner reliability 

rather than accuracy of the technique.  

 

A number of conference papers and small-scale studies have been carried out 

in recent years in Australia. These have demonstrated the use of FCB-DM in 

observing nutrient deficiencies, inflammation, erythrocyte oxidation and abnormal 

white blood cells (Reeve & Reilly, 2011; Wayne Reilly, 2009; Reilly & Mannion, 

2009, 2010; Reilly et al., 2010). All these studies observed positive relationships 

between pathology markers and FCB-DM but are mostly retrospective clinical 

observations, and report on single patients or small cohorts. 

2.2.4 Point of care screening. 

Larson (Carey et al., 1997) stated that a useful point of care screening test 

should fulfill the following criteria: that it provide early detection of disease, that the 

disease being screened for poses a significant health problem, that the disease being 

screened for can be treated and that it be simple, cost effective, reliable and 

convenient to use.  

 

A 2005 rural community-based study monitoring diabetes in patients found 

that the point of care testing improved patient outcomes (Shephard et al., 2005). This 

study followed 54 participants with established diabetes whose finger prick capillary 

HbA1c, blood lipid and glucose were monitored at the point of care. Over the period 

of 12 months these patients had a 30% greater increase in glycaemic control than 

patients who were not monitored at point of care. A patient satisfaction survey of the 

point of care screening in general practice reported increased motivation for 

management of chronic conditions (Laurence et al., 2008). 

 

However, studies of the use of DM in the clinical dental setting (Cole, 
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Newcomb, & Nixon, 1984) found no alteration to patient motivation and treatment 

compliance with patients exposed to DM observations of their plaque and salivary 

bacteria. This was a study on a small sample of 14 patients, and the researchers 

recognised the benefit of using DM in patient education, as a number of the 

participants’ oral hygiene improved on observing dental plaque.  

 

According to Triveri (2002) the observation of the shape of red blood cells, 

white blood cells and platelets enables the FCB-DM practitioner to detect early signs 

of disease. If this is the case, then the clinical application of FCB-DM lends itself to 

use in monitoring health conditions such as metabolic syndrome. 

2.3 Pathology Techniques 

It is recognised that the automated pathology systems are faster and more cost 

effective for the counting of white blood cells, red blood cells and platelets, whereas 

visual microscopy is superior for differentiating cells based on nuances of cellular 

features, and especially for recognising immature cells (Barnes, McFadden, Machin, 

& Simson, 2005).  Manual counting and observation of blood components has the 

advantage in that it can extrapolate quantitative and qualitative assessment of blood 

cells. Blood films, which can be manually or mechanically analysed, are assessed by 

similar techniques to FCB-DM. The main point of difference between blood films and 

FCB-DM is that blood films are prepared using blood treated with anticoagulants and 

stains to aid analysis, whereas FCB-DM observes fresh blood and has greater 

resolution, contrast and acuity than analysis using light-field microscopes (Chambers 

et al., 2012). 

2.3.1 Blood films. 

Blood film analysis has remained as one of the world’s most widely and 

frequently used pathology tests and has undergone few changes since its evolution in 

the 1800’s (Houwen, 2002; S. Jung et al., 2010). With the development of more 

sophisticated automated blood-cell analysers, the proportion of blood films has 

steadily diminished (Gutierrez, Merino, Domingo, Jou, & Reverter, 2008), 

nevertheless, the blood smear remains a crucial diagnostic aid for certain infections 

and in the differential diagnosis of anaemia and thrombocytopenia and in the 
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identification and characterisation of leukaemia and lymphoma (Bain, 2005)(Table 1).  

Table 1. Clinical indications for blood smear analysis request. 
(Bain, 2005) 

 
 

There are some issues with blood films that relate mainly to their preparation. 

Certain cell types can be damaged easily, and the wedge methods, commonly utilised, 

can cause an uneven distribution of different cell types, especially monocytes and 

other large leukocytes, that are, during the preparation process, pushed to one end of 

the spread of blood over the slide (Houwen, 2002). This leads to a 5% to 10% 

underestimation of monocyte presence when compared with monoclonal antibody-

based flow cytometry differential counts (Houwen, 2002). The blood sample is left to 

dry before being fixed onto the slide by immersion in methanol.  The fixed film of 

blood is then stained with a mixture of several dyes to enable identification of 

individual cells (Bain, 2005). 

 

• Features suggestive of anaemia, unexplained jaundice, or both 

• Features suggestive of sickle cell disease — dactylitis or sudden splenic enlargement and 
pallor in a young child or, in an older child or adult, limb, abdominal, or chest pain 

• Features suggestive of thrombocytopenia (e.g., petechiae or abnormal bruising) or 
neutropenia (e.g., unexpected or severe infection) 

• Features suggestive of a lymphoma or other lymphoproliferative disorder — 
lymphadenopathy, splenomegaly, enlargement of the thymus (a mediastinal mass on 
radiology) or other lymphoid organs, skin lesions suggestive of infiltration, bone pain, and 
systemic symptoms such as fever, sweating, itching, and weight loss 

• Features suggestive of a myeloproliferative disease — splenomegaly, plethora, itching, or 
weight loss 

• Suspicion of disseminated intravascular coagulation 

• Acute or recent-onset renal failure or unexplained renal enlargement, particularly in a child 

• On retinal examination, haemorrhages, exudates, signs of hyper viscosity, or optic atrophy 

• Suspicion of a bacterial or parasitic disease that can be diagnosed from a blood smear 

• Features suggestive of disseminated nonhaematopoietic cancer — weight loss, malaise, 
bone pain 

• General ill health, often with malaise and fever, suggesting infectious mononucleosis or 
other viral infection or inflammatory or malignant disease 
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When any leukocyte suspension is subject to drying on the slide the cells 

undergo shrinkage and pyknosis where condensation of chromatin in the nucleus 

causes the cell to undergo necrosis (Cuadra, 1978). As the sample dries the fluid 

becomes increasingly hypertonic causing further shrinkage and necrosis (Cuadra, 

1978).  

 

Leukocytes, while floating in physiological fluid, are spherical in shape, but 

when released from their suspending fluid, they spread flat because the capillary force 

between the cell membrane and the glass overcomes the surface tension of the cell 

(Cuadra, 1978). This spreading allows the morphology of the cell to be observed 

readily, a major benefit of blood film analysis. 

 

A study in 1985 evaluated the manual differential white cell count performed 

by 73 technicians and found correlations with automated blood pathology counts for 

neutrophils, lymphocytes and eosinophils (Koepke, Dotson, & Shifman, 1985). 

Variability was noted for atypical lymphocytes and monocytes. The sensitivity of the 

manual differential white cell count for clinically important conditions ranged from 

100% to 34%. 

 

Another study comparing a 100 cell manual differential white blood cell count 

and an automated differential white cell count of blood films in 136 samples, reported 

similar precision between the two counting methods. The correlation values between 

the manual and automated counts were r2 > .9 for neutrophils and lymphocytes, 

monocytes r2 = .81 and eosinophils r2 = .67, indicating strong correlations (Briggs et 

al., 2007).  

2.3.2 Automated blood analysers. 

The French anatomist and histologist Louis-Charles Malassez developed a 

blood cell counting technique in the late 19th century upon which the modern 

automated cell counters are based (Verso, 1964). After a number of notable 

modifications in 1947, Swedish Professor of Medicine, Carl Magnus Lagercrantz, 

developed a sensitive and powerful photomultiplier tube utilising dark ground 

illumination, which enabled him to be the first to count erythrocytes with a machine 
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(Crosland-Taylor, Stewart, & Haggis, 1958; MacFarlane, Shillitoe, Watson-Williams, 

& Meynell, 1957).  

Hans Baruch, an American physiologist, invented a “robot chemist” in 1959. 

This machine used “discrete sample analysis” allowing lower reagent consumption 

and shorter manual processing times (Rosenfeld, 1999).These early machines were 

slow with only partial automated capacity, offering only limited assistance to the 

manual practices (Briggs et al., 2007). Since then there have been many developments 

in the automated analyser and cell counter technology and improvements in efficacy 

and accuracy. 

 

Today, there are a number of different types of clinical blood analysers used 

for quantitative buffy coat analysis, automated impedance analysis, digital image 

processing and flow cytometry analysis (DeNicola, 2011).  

 

For Digital Image Processors, stained blood films are analysed by a computer 

driven automated microscope and leukocytes are classified and counted (Bentley, 

1990). Early models were slow and there were difficulties in identifying specific cell 

types and abnormal cells, but developments in technology have produced analysers 

with precision similar to that of the 100 cell manual count (Briggs et al., 2007).  

 

In the 1950’s, American biochemist Leonard Skegges developed the 

Continuous Flow Analysis (CFA), or flow cytochemistry machine. This machine 

utilises air bubbles, anticoagulants and reagents to separate a continuously flowing 

stream of blood (Rosenfeld, 1999). CFA machines are the most commonly used 

machines in pathology labs today and are considered the acknowledged standard in 

automated haematology (DeNicola, 2011). These analysers use a combination of 

darkfield and bright field light scattering that focus on the counting sensor (Saunders, 

1972). These machines measure the components of a full blood count including liver 

function, electrolytes, glucose, serum albumin, creatinine, and iron levels.  

 

In 1974, the chemists Jarda Ruzicka and Elo Harald Hansen developed a 

related technique termed flow injection analysis (FIA) (Ruzicka & Hansen, 2008) 

where a plug of sample is inserted into a flowing carrier stream. The principle is 

similar to CFA but no air is injected into the sample or reagent streams. In CFA each 
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segment of sample is equally proportioned with reagent, and mixing within each 

segment is improved by the microcirculation pattern of the flowing stream (Patton & 

Crouch, 1986) whereas in FIA, mixing of the sample with reagent can take longer. 

These differences are significant when dealing with samples that require mixing with 

reagents to analyse the resulting reaction (Patton & Crouch, 1986; Snyder, 1980), but 

have little impact on haematological analysis. 

 

Automated haematology machines that can analyse finger prick capillary 

blood exist, and with ease of sample extraction (compared to venous blood sample 

extraction) have the potential to facilitate patient management. In a 2012 study 

(Ponampalam, Fook-Chong, & Tan, 2012), 314 emergency department patients’ 

capillary and venous blood samples were analysed and compared. The authors found 

strong correlations between the white blood cells, haemoglobin and platelet counts, as 

measured by the automated venous blood analysis and the capillary blood machine 

analysis (Osei-Bimpong, Jury, McLean, & Lewis, 2009). 

 

Other capillary testing techniques have been developed as viable alternatives 

to venous analysis. For example, the Demecal set (Demecal Europe, Haarlem, The 

Netherlands) that allows medically untrained people to take a finger prick sample and 

send it off to be analysed (Gootjes, Tel, Bergkamp, & Gorgels, 2009) or the HemoCue 

white blood cell analyser that has shown “good precision for replicate measurements 

on blood samples over a range of white blood cell counts” (Osei-Bimpong et al., 

2009). 

2.4 Capillary and Venous Blood Compared 

Determining blood cell counts from venous blood samples is acknowledged as 

the gold standard in pathology and considered the most accurate representation of 

blood constituents (Yang et al., 2001). Capillary blood collections have developed as 

an alternative to venepuncture notably in paediatrics and in field medicine since it 

requires only a small amount of blood for analysis (Schalk, Scheinpflug, & Mohren, 

2009). Only a small number of laboratories have undertaken analysis of capillary 

blood. Differences between capillary and venous blood samples are likely to exist, but 

the extent of the differences and the impact on clinical application is questionable.  
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There is conflicting information in the literature as to differences in blood cell 

constituents between venous and capillary blood samples. Numerous studies have 

shown that the total leukocyte counts are higher in capillary blood than venous 

samples (L. N. Daae, Halvorsen, Mathisen, & Mironska, 1988; Jouault et al., 1990; 

Schalk, Heim, Koenigsmann, & Jentsch Ullrich, 2007; Schalk, Scheinpflug, & 

Mohren, 2008; Yang et al., 2001). Studies of full blood counts in healthy adults using 

automated haematological analysers have found mean leukocyte counts are 7.8% (L. 

N. Daae et al., 1988) and 8.34% (Yang et al., 2001) higher in finger prick blood than 

venous samples. Variations were the greatest among the large leukocyte population 

(principally neutrophils) and lowest among small leukocytes (principally 

lymphocytes) (C. A. MacLennan et al., 2007).  

 

This variation was also observed in a number of studies investigating finger 

prick capillary blood sampling for monitoring of CD4 numbers in HIV patients 

(Cracknell, Hinchliffe, & Lilleyman, 1995; C. A. MacLennan et al., 2007). Despite 

the variances the authors concluded that finger prick blood analysis is effective and 

accurate, and less invasive than venous blood samples.  

 

In contrast, Dreyer et al. (Dreyer, Pillay, & Jacobs, 1994) analysed capillary 

and venous samples from 50 adults and found no difference in mean total white cell 

counts and the differential spread was concordant between the two samples. In two 

other studies (Schalk et al., 2008; H. B. Tsai et al., 2012), pairs of capillary and 

venous blood samples from haematologic and healthy patients were analysed using 

automated flow cytometry analysers. No statistically significant differences were seen 

in the white cell and absolute neutrophil counts in either of the groups.  

 

Another study comparing results of 310 patients’ finger prick capillary and 

venous blood samples found no significant differences between the mean levels of all 

complete blood count variables analysed, including white cell differential counts and 

haemoglobin (Rao, Moiles, & Snyder, 2011). 

 

Schalk et al. (2007) investigated 463 capillary and venous blood samples from 

haematologic and healthy patients. They investigated haemoglobin, haematocrit, 

white blood cells, platelets, red blood cells, mean corpuscular volume, mean 
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corpuscular haemoglobin, and mean corpuscular haemoglobin concentration using a 

haematology analyser. A higher value in capillary white cell counts (+0.2 X 109/L) 

compared to venous samples was observed. However, they found the correlation 

between the capillary and venous values was very high for most of the eight variables 

investigated (on average r = 0.95).  

 

In 2009, Schalk et al. published a review of the literature investigating 

capillary and venous blood count variables (2009). The study populations included 

children and adults, healthy and sick. They found that on average, the capillary white 

cell values were above the corresponding venous values by 9.5% (1.2 x 103/ μL). 

These differences were higher in children at 14.6 % (2.0 x 103/ μL) than in adults at 

2.7% (0.2 x 103/ μL). Capillary absolute neutrophil counts were on average 8.9% 

(0.68 x 103/ μL) higher than the corresponding venous count, again higher in children 

(11%, 0.91 x 103/ μL) than in adults (4.7%, 0.22 x 103/ μL) (Schalk et al., 2009).  

 

One explanation of this variation is the rapid laminar flow through the blood 

vessels, the central section having the highest velocity (L. N. Daae et al., 1988; N. W. 

Daae, 1989; Schalk et al., 2009; Vejlens, 1938). Erythrocytes and leukocytes are 

normally concentrated in this central and more rapid stream while platelets and 

plasma move more slowly along the vessel wall (N. W. Daae, 1989; Vejlens, 1938). 

Thus, whereas erythrocytes and leukocytes are likely to be concentrated in the skin 

puncture blood, this phenomenon may well be levelled out with increased volume of 

blood in venous samples. This phenomenon is more pronounced with exposure to the 

cold, most likely with bleeding from the contracted vessel accounting for the higher 

white cell numbers in an ear lobe prick (L. N. Daae et al., 1988; L. N. W. Daae, 

Hallerud, & Halvorsen, 1991; Schalk et al., 2009). Another explanation might be 

related to haemo-concentration caused by capillary fluid transudation (L. N. W. Daae 

et al., 1991; Kayiran, Özbek, Turan, & Gürakan, 2003).  

 

Capillary blood sampling is perceived by the patient as less traumatic or 

painful and more convenient and faster than venous sampling (Woods et al., 2004). 

The process does not require active participation of the patient such as making a fist 

or extending the arm and post procedural infection or complications are less likely 

(Schalk et al., 2009).  
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2.5 Determining the Validity of FCB-DM 

The aim of the study was to determine the validity of FCB-DM by examining 

the relationship between FCB-DM variables and venous blood pathology tests when 

screening for metabolic syndrome risk factors. Validity, in science, is the extent to 

which a concept or measurement corresponds accurately to the real world (Brians, 

Manheim, Willnat, & Rich, 2010, p. 125). Büttner (1997) states the validity of 

laboratory testing is the ‘degree of achieving the objective’, a test that answers the 

question the physician in clinical practice asks.  

 

There are a number of different types of validity: Content, Construct and 

Criterion (Salkind, 2011, p. 36). Content validity, usually used in the field of 

education research (George et al., 2003), is a measure of the extent to which a test 

accurately reflects all possible topics within one idea or subject. Construct validity 

examines how well a test reflects an underlying construct or idea (Salkind, 2011, p. 

37). Criterion validity includes both predictive and concurrent validity and ‘reflects 

the use of a criterion to create a new measurement procedure’ (Lund & Lund, 2013). 

Predictive validity measures how well a test predicts a criterion, while, Concurrent 

validity measures how well a particular test correlates with a previously validated 

measure (George et al., 2003; Hurley et al., 2011; Salkind, 2012) where the 

measurements are carried out at the same time.  

 

Concurrent validity, in the context of this study, refers to the strength of 

association, or correlation, between FCB-DM measures of specific variables in 

comparison to the relevant acknowledged standard venous blood pathology measures 

(Karras, 1997). To test concurrent validity, data analysis needs to examine the 

relationship between FCB-DM and venous blood pathology through correlation 

coefficients (Field, 2009, p. 167; Salkind, 2012, p. 125). The correlation coefficient 

(r) can only take on values of -1 to +1 indicating a positive or negative correlation. 

The value indicates the strength of the relationship, where 1 represents a perfect 

correlation and a correlation of 0 indicates no relationship between the variables 

(Pallant, 2007, p. 133). A significant correlation assumes the relationship between 

variables is meaningful, but in reality may lack clinical relevance, thus a degree of 

discernment in interpretation is required (Salkind, 2012, p. 125).  



 23 

2.6 The Global Epidemic of Metabolic Syndrome and Obesity 

Obesity is a chronic disease affecting all age groups and all regions of the 

world. Even in the early 20th century, obesity was recognised to increase death rate in 

studies of life insurance (Cordero et al., 2006). Obesity, now considered a chronic 

disease, has been shown to increase the risk of general mortality and morbidity (Binns 

& Low, 2013; Danaei et al., 2011; Finucane et al., 2011; Withrow & Alter, 2011; 

World Health Organisation, 2000b). The International Diabetes Federation has 

reported obesity to be one of the main drivers of the increasing incidence of metabolic 

syndrome (K. G. M. M. Alberti et al., 2006).  

 

 

Figure 2. A schematic presentation of the progression and development of 
metabolic syndrome. (Kaur, 2014) 
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Metabolic syndrome is a collection of interconnected physiological, 

biochemical, clinical and metabolic factors that increase the risk of diabetes, 

cardiovascular disease, chronic inflammatory conditions and all causes of mortality 

(K. G. M. M. Alberti et al., 2006; Dominiczak, 2003a; S. M. Grundy et al., 2004; 

Kaur, 2014; Samson & Garber, 2014; Shoelson et al., 2007). 

Obesity, especially visceral adiposity, is directly related to the pathogenesis of 

metabolic syndrome, triggering factors that cause changes to normal homeostasis 

(Aballay, Eynard, Díaz, Navarro, & Muñoz, 2013) (Figure 2). These include high 

plasma levels of pro-inflammatory cytokines and fatty acids, which together appear to 

be responsible for the development of metabolic syndrome and insulin resistance 

(Aballay et al., 2013; Ros Pérez & Medina-Gómez, 2011). It is well understood that 

patients with high waist measurement, high waist to hip ratio and/or high body mass 

index (BMI) are at significantly increased risk of metabolic syndrome.  

Due to the complexity of the clinical picture of metabolic syndrome, there are 

no internationally agreed diagnosis criteria (Alshehri, 2010; S. M. Grundy et al., 

2005; Kaur, 2014; Ritchie & Connell, 2007). The WHO, the American Heart 

Foundation (AHF) and the International Diabetes Foundation (IDF) provide the three 

diagnostic criteria most prevalent in the literature (Table 2). The WHO criteria 

emphasise insulin resistance as the major underlying risk factor, though this can be 

difficult to measure directly in a clinical setting (S. M. Grundy et al., 2005).  

A joint interim statement of the International Diabetes Federation Task Force 

on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; 

American Heart Association; World Heart Federation; International Atherosclerosis 

Society; and International Association for the Study of Obesity, published in 2009, 

aimed to address the issues with the WHO diagnostic criteria of metabolic syndrome 

(K. G. Alberti et al., 2009). They agreed that waist measurement would continue to be 

a useful preliminary screening tool, though internationally recognised waist 

circumference thresholds for abdominal obesity should be applied (Appendix E). 
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Table 2. Criteria for clinical diagnosis of metabolic syndrome. 
(S. M. Grundy, 2005; S. M. Grundy et al., 2005; Kaur, 2014; Ritchie & Connell, 2007; Samson & Garber, 2014) 

*IGT – Impaired glucose tolerance *HDL – High density lipoprotein *IFG – Impaired fasting glucose *BMI – Body mass index 
 

Clinical measures WHO (1998) AHA (2005) IDF (2005) and Joint Task Force 
(2009) 

Insulin resistance 
IGT, IFG, type 2 Diabetes 

or 
Lowered insulin sensitivity 

n/a  
n/a 

 
 

Plus any two of the following 
 

Any two of the following 
 

Waist circumference 
> 0.85 waist to hip ratio in women 

> 0.90 waist to hip ratio in men 
and/ or BMI > 30 kg/m2 

≥88 cm (≥35 inches) in women 
≥102 cm (≥40 inches) in men 

Increased waist circumference (population 
specific)  

Plus any two of the following 

Triglycerides 
≥150 mg/dL (1.7 mmol/L) 

 
≥150 mg/dL (1.7 mmol/L) 

or 
On drug treatment for elevated triglycerides 

≥150 mg/dL (1.7 mmol/L) 
or 

On drug treatment for elevated triglycerides 

HDL 

<39 mg/dL (1.3 mmol/L) in women 
<35 mg/dL (1.03 mmol/L) in men 

 

<50 mg/dL (1.3 mmol/L) in women 
<40 mg/dL (1.03 mmol/L) in men 

or 
On drug treatment for reduced HDL 

<50 mg/dL (1.3 mmol/L) in women 
<40 mg/dL (1.03 mmol/L) in men 

or 
On drug treatment for reduced HDL 

Blood pressure 

≥140/90 mm Hg ≥130 mm Hg systolic blood pressure 
or 

≥85 mm Hg diastolic blood pressure 
or 

On antihypertensive drug treatment in a patient 
with a history of hypertension 

≥130 mm Hg systolic blood pressure 
or 

≥85 mm Hg diastolic blood pressure 
or 

On antihypertensive drug treatment 

Glucose 
IGT, IFG, type 2 Diabetes ≥100 mg/dL 

or 
On drug treatment for elevated glucose 

≥100 mg/dL 
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2.6.1 Epidemiology 

Obesity and metabolic dysfunction are major global health issues today 

(Barquera et al., 2013; Binns & Low, 2013; Lal, Moodie, Ashton, Siahpush, & 

Swinburn, 2012; Swinburn, 2003; World Health Organisation, 2000a, 2000b, 2015). 

The prevalence of obesity has steadily increased over the last 30 years worldwide. In 

a recent review Kaur (2014) reports that the incidence of metabolic syndrome ranges 

from 10 - 84% worldwide, depending on region, population, ethnicity and gender.  

In Australia, high BMI has overtaken smoking and high blood pressure to be 

the leading risk factor for the burden of disease (Ananthapavan, Sacks, Moodie, & 

Carter, 2014). Australia has the fifth highest rate of obesity in the world behind USA, 

Mexico, New Zealand and the United Kingdom (Australian Bureau of Statistics, 

2011). The 2011 - 2012 Australian Health Survey reported 63.4% of Australians over 

the age of 18 had a BMI in the overweight or obese categories (Australian Bureau of 

Statistics, 2013). Over the last 20 years, Australia has seen a steady increase in the 

national BMI (Figure 3). The longitudinal population-based Australian Diabetes, 

Obesity and Lifestyle Study, surveyed 5985 men and women in 1999/2000 and again 

in 2004/2005 (Adrian J Cameron et al., 2003). They found an association between 

obesity and deterioration in mental and physical health. Health related quality of life 

was also found to be a predictor of weight gain over the five-year period, indicating a 

positive association between obesity and health deterioration (A. J. Cameron et al., 

2012).  

 

Figure 3. Increasing BMI in Australia. 
Percentage of overweight and obese adults over a 10 year period 
(Australian Bureau of Statistics, 2007; Welfare., 2015). 
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2.6.2 The rising cost of obesity.  

The Global Burden of Metabolic Risk Factors of Chronic Diseases 

Collaborating Group (Blood Glucose) published a number of reviews in The Lancet 

in 2011 (Danaei et al., 2011; Finucane et al., 2011). They examined plasma glucose 

results from 1980 - 2008 in 2.7 million people and demonstrated that hyperglycaemia 

and diabetes were a ‘rising global hazard’ and that the number of adults with diabetes 

more than doubled over the last 30 years (Danaei et al., 2011). They reported the age-

standardised mean BMI in Australian men increased from 24.9 in 1980 to 26.7 in 

2008, and from 23.6 to 26.9 in Australian women for the same period (Finucane et al., 

2011). Following the World Health Organisation BMI guidelines (Table 3), these 

results place the average Australian in the overweight category.  

Obesity manifests an increase in risk factors for a number of chronic illnesses 

placing a heavy burden on healthcare systems worldwide due to an increase in 

healthcare utilisation (Lehnert, Sonntag, Konnopka, Riedel-Heller, & König, 2013). 

In a review of the direct costs of worldwide obesity, obese patients were found to 

accumulate approximately 30% higher medical costs than those with normal weight 

(Withrow & Alter, 2011).  

In 2005, the Medical Journal of Australia reported that the direct cost of the 

overweight and obese on the Australian health care system was $21 billion (Colagiuri 

et al., 2010) and the annual cost of health care per obese person was almost double 

($2788) that of healthy weight person ($1472) (Binns & Low, 2013). The Australian 

Bureau of Statistics estimated the overall cost of obesity to Australian society and 

government in 2008 was $58.2 billion (Australian Bureau of Statistics, 2011).  

2.6.3 Obesity, metabolic syndrome and insulin resistance.  

Obesity is associated with an increased risk of developing insulin resistance, 

hypertension, lipid abnormalities, atherosclerosis and diabetes (Eckel et al., 2005). All 

of these risk factors are included in the diagnostic criteria of metabolic syndrome 

(Table 2). Compared to subcutaneous fat, visceral adipose tissue has specific gene 

expression patterns that are associated with insulin resistance (Samson & Garber, 

2014). Visceral adipose tissue produces metabolically active substances that elicit 

local and systemic effects on the body (Bastard et al., 2006), for instance, raised levels 
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and increased turnover of non-esterified fatty acids. These free fatty acids affect 

insulin signalling pathways in the liver, skeletal muscles and blood vessels that in turn 

lead to hyperglycaemia and endothelial dysfunction (Johnson & Weinstock, 2006; 

Reaven, 1988). These changes accelerate gluconeogenesis, decrease glucose uptake in 

skeletal cells, increase platelet aggregation and increase oxidative stress and the 

formation of advanced glycation end products (Johnson & Weinstock, 2006; Keller, 

2006). 

 

There are other diseases that have been reported to be associated with insulin 

resistance including polycystic ovarian syndrome, non-alcoholic fatty liver disease, 

hypertension, sleep apnoea and certain forms of cancer (Johnson & Weinstock, 2006). 

Although visceral adiposity is a risk factor for insulin resistance, not all overweight 

patients have insulin resistance (Despres, 2006). Despres and Lemieux pose the 

question – is visceral adiposity ‘a causal factor or simply a marker of a dysmetabolic 

profile?’ (Despres & Lemieux, 2006). 

2.6.4 Obesity, metabolic syndrome and inflammation. 

It is understood that low grade inflammation and immune system activation 

are involved in the pathogenesis of obesity-related metabolic changes such as insulin 

resistance (Emanuela et al., 2012; Esser, Legrand-Poels, Piette, Scheen, & Paquot, 

2014). Proinflammatory cytokines have been shown to be over-expressed in obesity 

(Emanuela et al., 2012; Hotamisligil, 2006). This increase in cytokines in the 

extracellular environment induces overall systemic inflammation (Emanuela et al., 

2012). The presence of obesity causes an infiltration of macrophages and other 

immune cells into adipose, pancreatic, liver and muscle cells leading to systemic 

inflammation (Esser et al., 2014). 

 

The high vascularity of the liver means that adipocytes are in close proximity 

to immune cells such as Kupffer cells and macrophages. Hotamisligil  (2006) states 

that this structure enables a dynamic interaction between immune and metabolic 

responses that may contribute to the initiation and development of insulin resistance 

and metabolic disease. Increased plasma CRP, fibrinogen and total white blood cell 

counts were observed in patients with metabolic syndrome compared to healthy 
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controls (E. S. Ford, 2003). It has been suggested that the increased levels of 

proinflammatory cytokines produced by adipose tissue, such as interleukin (IL)-6 and 

tumour necrosis factor (TNF)-α, play an important role in the development of insulin 

resistance (Bastard et al., 2006; Kahn, Hull, & Utzschneider, 2006; Wellen & 

Hotamisligil, 2005).  

 

Xu et al. (2003) found that many proinflammatory and macrophage-specific 

genes are significantly up regulated in white adipose tissue in mouse models of 

genetic and high-fat diet-induced obesity. The macrophages in adipose tissue are bone 

marrow-derived and their number is strongly correlated with bodyweight, body mass 

index and total body fat (Subramanian & Ferrante, 2009). This macrophage-related 

proinflammatory activation may contribute to the pathogenesis of obesity-induced 

insulin resistance (Balistreri, Caruso, & Candore, 2010; de Heredia et al., 2012; 

Subramanian & Ferrante, 2009; Xu et al., 2003).  

Obesity is also known to impair immune function through altering leukocyte 

counts as well as cell-mediated immune responses. In addition, evidence has arisen 

that altered immune function contributes to the pathogenesis of obesity (de Heredia et 

al., 2012; E. S. Ford, 2003).  

2.6.5 Obesity, metabolic syndrome and hyperlipidaemia. 

Insulin resistance and dyslipidaemia are established risk factors for metabolic 

syndrome (Dominiczak, 2003b; Eckel et al., 2005; Pannier et al., 2006; Samson & 

Garber, 2014). Lipoprotein abnormalities associated with insulin resistance include 

hypertriglyceridaemia and high levels of very low density lipoprotein (VLDL) with 

low levels of high density lipoprotein (HDL) and apolipoprotein A (Garg, 1996). The 

higher concentrations of oxidized low density lipoprotein (LDL) and triglycerides 

have been associated with an increased incidence of metabolic syndrome, as well as 

its components of abdominal obesity and hyperglycaemia (Holvoet, Lee, Steffes, 

Gross, & Jacobs, 2008).  

 

Lipoprotein lipase (LPL) hydrolyses triglycerides and is involved in 

promoting the cellular uptake of chylomicron remnants, cholesterol-rich lipoproteins, 

and free fatty acids in tissue (Eckel, Prasad, Kern, & Marshall, 1984; Mead, Irvine, & 
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Ramji, 2002; Rinninger et al., 1998). In healthy individuals insulin has a stimulating 

effect on the activity of LPL but in overweight individuals with insulin resistance, 

adipose tissue LPL responsiveness is reduced. This lowered LPL activity in insulin 

resistant states may reduce VLDL catabolism and accentuate hypertriglyceridaemia 

(Eckel & Yost, 1987; Garg, 1996). It is also postulated that a reduction in insulin 

responses may result in excessive tissue lipolysis and an increase in free fatty acids in 

the liver, driving up triglyceride synthesis (Avramoglu, Qiu, & Adeli, 2003; Zammit, 

1996). 

 

Some studies suggest that high concentrations of triglyceride rich VLDL 

particles may impair insulin action by inhibiting binding to the insulin receptor 

(Berliner, Frank, Karasic, & Capdeville, 1984; Karpe, Dickmann, & Frayn, 2011; 

Samuel & Shulman, 2012; Sparks, Sparks, & Adeli, 2012; Steiner & Vranic, 1982) 

indicating that primary dyslipidaemia leads to insulin resistance. Alternatively, Garg 

et al. (1988) showed that patients with hypertriglyceridaemia were likely to be insulin 

resistant, and that lowering plasma triglyceride levels in these patients did not 

improve the insulin-mediated glucose disposal, indicating that insulin resistance is the 

underlying mechanism. In more recent reviews the complexity and interdependent 

involvement of multiple endocrine and inflammatory pathways is acknowledged in 

metabolic syndrome (Glass & Olefsky, 2012; Qatanani & Lazar, 2007). 

 

Risk factors for atherosclerosis such as dyslipidaemia and changes in insulin 

and glucose metabolism have been extensively reported in patients with abdominal 

adiposity (Abbott et al., 1987; Berliner et al., 1984; Cassader et al., 2001; Chahil & 

Ginsberg, 2006; Frayn, 1993; Garg, 1996; Karhapää, Malkki, & Laakso, 1994; 

Laakso, Sarlund, & Mykkänen, 1990; Pouliot et al., 1994; Steiner & Vranic, 1982). 

2.6.6 Anthropometric measurements.  

It is understood that an individual’s weight is a fairly meaningless indicator of 

adiposity, unless it is related to the individual’s height, race, build or age (World 

Health Organisation, 1995), and it is actually the distribution of fat in the body that 

affects the health risks associated with obesity (World Health Organisation, 2000a). 

Anthropometric calculations often combine measures, for instance in the body mass 
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index (BMI). This calculation of weight-to-height ratio, weight (kg)/ height2 (m), is 

used clinically to classify underweight, overweight and obesity in adults (Table 3). 

BMI values are age-independent, the same for both sexes and do not take into 

consideration differences in body proportions (World Health Organisation, 2006). 

BMI generally correlates highly with adiposity but the calculation may not correspond 

to the same degree of adiposity in different populations such as in athletes and the 

very tall and very short (Freeman, Power, & Rodgers, 1995). A recent study of 25,241 

diagnosed type 2 diabetic patients and 50,482 matched controls found that the BMI 

values were not only ‘strongly and independently associated with the risk of being 

diagnosed with type 2 diabetes’, but also that the magnitude of this positive 

association was larger for higher BMI values (Ganz et al., 2014). 

 

Table 3. WHO international classification of BMI. 
Adult underweight, overweight and obesity according to BMI (World Health 
Organisation, 2006). 

 
 

The Nurses’ Health Study in 1997, after analysing data from 43,581 

participants, concluded that BMI, waist circumference, and waist to hip ratio, were all 

independent determinants of metabolic syndrome risk throughout their ranges of 

values (Carey et al., 1997). It is well established that BMI correlates closely with 

weight, clinical outcomes and mortality (Al Asfoor, Al Lawati, & Mohammed, 1999; 

Bastien, Poirier, Lemieux, & Despres, 2014; Carey et al., 1997; Deurenberg & Yap, 

1999; Wang et al., 2009; World Health Organisation, 1995, 2000a) 
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An excess of abdominal fat is closely associated with metabolic risk factors 

(Scott M. Grundy, 2004), and in fact, increases in waist circumference have been 

shown to be associated with increased risk factors for cardiovascular disease (Han, 

van Leer, Seidell, & Lean, 1995; Pouliot et al., 1994). From the clinical perspective, 

visceral adipose tissue is known to generate diabetogenic substances and thus may be 

more informative than total fat for diagnostic evaluation (Vazquez, Duval, Jacobs, & 

Silventoinen, 2007). An established way to estimate abdominal obesity in clinical 

practice is to measure waist circumference.  

 

The waist circumference is taken half way between the top of the iliac crest 

and the bottom ribs, at the level of the umbilicus. The tape should sit parallel to the 

floor and lie snug on the skin without compression (Pouliot et al., 1994; Wang et al., 

2009). Loman et al. (1991) determined the measurement error of the waist 

measurement in studies of adolescents. They calculated the average technical error of 

the waist circumference measurement to be 1.31 cm from intra-measurer error and 

1.56 cm from inter-measurer error, considered not clinically significant. Although it is 

arguable on how to determine body fat percentage accurately, body fat greater than 

25% in men and 35% in women has been used by some authors to determine obesity 

(Scott M. Grundy, 2004). 

 

Correlations between waist circumference and body mass index have been 

observed in the past (Abbasi, Blasey, & Reaven, 2013; Yu et al., 2015). A recent 

examination of data collected in the USA National Health and Nutrition Examination 

Survey observed strong correlations between BMI and waist measurements (r = ~ 0.9) 

(Freedman & Ford, 2015).  

2.6.6.1 Homeostatic model assessment. 

The homeostatic model assessment (HOMA) is a calculation used to assess 

beta cell function (HOMAB = 20 x fasting insulin (microU/L)/ fasting glucose 

(nmol/L) – 3.5) and insulin resistance (HOMAIR = fasting insulin (microU/L) x 

fasting glucose (nmol/L)/ 22.5) from a patients fasting blood glucose and insulin 

measures Wallace et al., 2004). Turner et al. (1979) developed the HOMA 

mathematical model based on the negative feedback loop between beta cell function 
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and the liver, and the influence this feedback has on blood glucose regulation and 

insulin sensitivity.  

 

A 2001 study investigated the accuracy and clinical usefulness of HOMA as 

an index of insulin resistance, in 55 type 2 diabetic patients undergoing diet and 

exercise therapy (Katsuki et al., 2001). Insulin resistance was assessed by 

hyperinsulinemic euglycaemic clamp, a two hour peripheral vein infusion of glucose, 

that measures the necessary amount of glucose required to compensate for increased 

insulin levels, without causing hypoglycaemia. This technique is mainly utilized in 

research. The authors found significant correlations between HOMAIR and 

hyperinsulinemic euglycaemic clamp (r = -0.617, p < 0.0001) and deemed the HOMA 

calculations a useful method for insulin resistance diagnosis (Katsuki et al., 2001). 

HOMA’s usefulness as a clinical and epidemiological tool has been demonstrated in a 

number of other studies (Katsuki et al., 2001; Levy, Matthews, & Hermans, 1998; 

Matthews et al., 1985; Wallace, Levy, & Matthews, 2004). 

2.7 Clinical Potential for FCB-DM 

Darkfield microscopic analysis of fresh capillary blood, like many medical 

screening devices, has its strengths and limitations (Vitetta et al., 2005). This research 

aims to improve health practitioner’s understanding of FCB-DM and to reveal if it has 

potential to support patient health outcomes. As discussed earlier, darkfield 

microscopy enables the clinician to clearly observe leukocytes and erythrocytes in 

unstained blood. Reports of clinical observations outline some of the potential 

strengths of FCB-DM in patient care including observations of myelodysplasia, 

abnormal lymphocytes and red cell oxidation (Mannion, Barbiellini, & Reilly, 2010; 

Reeve & Reilly, 2011; W.  Reilly, 2009; Reilly & Mannion, 2009; Reilly et al., 2010).  

 

This study focussed on investigating the validity of four specific FCB-DM 

variables: platelets, fibrin, chylomicron remnants and the differential white blood cell 

count. The following sections provide background information in these areas. 

2.8 Fresh capillary blood analysis variables in obesity. 

Though there is a large amount of literature and research in the area of 
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metabolic syndrome and insulin resistance diagnosis and treatment, there is little 

research investigating the use of FCB-DM as a tool in monitoring these disease states. 

In theory, FCB-DM offers a cost effective and non-invasive point of care patient 

screening and monitoring tool for patients with metabolic disorders (Reilly et al., 

2010; Vitetta et al., 2005).   

2.8.1 Platelet aggregation. 

German microscopic anatomist, Max Johann Sigismund Schultze published 

the first description of platelets in 1865, recognising them as normal constituents 

(Brewer, 2006) of the blood. Platelets are non-nucleate cytoplasmic fragments derived 

from megakaryocytes, which are involved in haemostasis (Dacie & Lewis, 1991, p. 

284; Kumar & Clarke, 2005, p. 466). The average lifespan of a platelet in the body is 

8 to 10 days (Harker et al., 2000), and the normal platelet count in humans ranges 

from 150 x109 to 400 x109 per litre (Brass, 2010; Dacie & Lewis, 1991, p. 58; Daly, 

2011).  

 

 
Figure 4. Electron micrograph images of platelets. 
Scanning electron micrograph of resting (left) and activated (right) platelets. 
(http://pixgood.com/activated-platelet.html, retrieved on 28/12/2014) 

 

If the blood vessel endothelial layer is disrupted through injury, basement 

membrane structures such as collagen and microfibrils are exposed (Dacie & Lewis, 

1991 pg 269). Adhesion receptors at the site of injury bind von Willebrand factor and 

collagen, which initiate platelet adhesion and activation (Andrews & Berndt, 2004). 

The platelet adhesion leads to the development of a haemostatic plug over the injured 

site, a process referred to as primary haemostasis. Once activated, platelets change 

http://pixgood.com/activated-platelet.html
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from a disk shape to a sphere and develop pseudopod projections (Barkalow et al., 

2003; Gravel, Zheng, Sims, & Dixon, 1994) (Figure 4).  

 

Brecher et al. (1950) observed platelets under DM in the 1950’s (Figure 5). 

From their research they concluded that the variety of platelet shapes depended on the 

thickness of the preparation, surface property of the glass and concentration of 

coagulant as well as possibly the pH and temperature. In FCB-DM platelets can be 

seen as irregularly shaped, dense blue-white grainy structures ranging greatly in size 

from 2 µm to upward of 80 µm (Metagenics, 2010, pp. 60-62; Petric, 2009, pp. 17-

18). Platelet activation begins as soon as blood is withdrawn from the fingertip. The 

classic marker of platelet hyperactivity is ‘spontaneous’ aggregation (Brass, 2010), as 

observed in laboratory controlled conditions. The degree and speed of aggregation can 

be used as an indicator of the reactivity of the platelets in vivo and can also be an 

indicator of cardiovascular risk (Petric, 2009). There is increasing evidence of the role 

of platelets in thrombotic diseases and vascular processes such as inflammation and 

atherogenesis (Yip, Shen, Berndt, & Andrews, 2005). 

2.8.2 Fibrin. 

Primary haemostasis is defined as the formation of the platelet plug, which 

seals off bleeding at the site of injury. Platelets express phosphatidylserine on their 

surface which encourages the formation of coagulation factor complexes, amplifying 

fibrin formation (Kumar & Clarke, 2005, pp. 466-467).  Occurring simultaneously to 

primary haemostasis, secondary haemostasis regulates the deposition and removal of 

fibrin in the body (Dacie & Lewis, 1991, p. 273). Several coagulation factors are 

involved in the clotting process, most of which are formed in the liver and, in general, 

are in an active state in the blood (Silbernagel & Despopoulos, 2009, p. 102). 

Activation of these proteins occurs in a cascade of events initiated by an exogenous or 

endogenous trigger. Prothrombin is converted to thrombin, which in turn activates a 

number of acute phase proteins including the conversion of fibrinogen to fibrin. Fibrin 

enmeshes the platelet aggregates at the site of injury, and stabilizes the haemostatic 

plug (Hoffbrand, 2006, p. 320).  

 

This process is carefully regulated by the body to prevent excessive clotting 
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and occlusion of blood vessels. Fibrinolysis is mediated by plasmin at the site of 

injury limiting the size of the evolving thrombus (Hoffbrand, 2006, p. 326). 

 

Various coagulation factors including fibrin and fibrinogen modulate the 

body’s inflammatory response by affecting leukocyte migration and cytokine 

production. Confining inflammation or infection is a complex process ensuring 

elimination of dangerous stimuli to return the body to homeostasis (Jennewein et al., 

2011). A number of inflammatory disease states such as rheumatoid arthritis, multiple 

sclerosis and obesity, involve a disruption to the inflammatory and coagulation 

processes in the body (Jennewein et al., 2011). Plasminogen activator inhibitor 1 

(PAI-1) levels rise in response to inflammation while inflammatory mediators such as 

IL-6 increase platelet count and reactivity. This leads to an amplification of the 

coagulation process and impaired ability to remove the thrombus (Esmon, 2004).  

 

 
Figure 5. Platelet clusters surrounded by erythrocytes as seen by FCB-DM. 
Photo sourced from research data. 
 

A 2003 study of 1276 people randomly selected from Asia, America and 

Europe found that people with metabolic syndrome had significantly higher PAI-1 

than people without metabolic syndrome (24.2 versus 14.6 U/mL; p < 0.001) and the 

time it took to lyse a blood clot in vitro in samples from people with metabolic 

syndrome was significantly longer than those without (Anand et al., 2003). People 
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with metabolic syndrome were also found to have higher concentrations of fibrinogen 

(E. S. Ford, 2003).  

 
Figure 6. Fibrin cluster as seen by FCB-DM. 
Photo sourced from research data.  
 

 
Figure 7. Diffuse fibrin as seen by FCB-DM. 
Photo sourced from research data. 
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Fibrin deposits within inflamed tissues are not just a reflection of a disease 

process but actively contribute to disease pathogenesis (Raghu & Flick, 2011). One 

mechanism that has been demonstrated to directly link fibrin to the regulation of 

inflammation is the ability of fibrin to serve as a ligand for cell-surface receptors, 

particularly integrins (Koh, Han, & Quon, 2005; Raghu & Flick, 2011). Therefore 

they are useful blood markers for monitoring inflammation.  

 

Fibrin can be observed in FCB-DM as clusters of white fibrous particles 

(Figure 6) called fibrin clusters, or these same particles spread throughout the sample, 

as a ‘disorganised spider web’ (Rubik, 2010) termed diffuse fibrin (Figure 7) 

(Metagenics, 2010, pp. 66-69). 

2.8.3 Chylomicron remnant clearance. 

Chylomicrons are lipoproteins that transport fats and fat-soluble vitamins from 

the intestine to the lymphatic circulation, then into the blood for use by body cells. 

Lingual lipases in the lumen of the stomach and pancreatic lipases in the small 

intestine break down dietary fats into small particles. These particles are then 

absorbed into the intestinal mucosal cells and are resynthesized into chylomicrons 

(Gropper et al., 2005, pp. 137-140; Hultin & Olivecrona, 1998).  

 

Chylomicron remnants are what remain in the blood after lipoprotein lipase 

removes part of the triglycerides from the chylomicron (Bierman, Gordis, & Hamlin, 

1962; Elkes et al., 1939; Flatt, Ravussin, Acheson, & Jequier, 1985). Chylomicron 

remnants can be clearly observed in FCB-DM and have been observed in postprandial 

blood samples since the 1930’s (Elkes et al., 1939; Frazer & Walsh, 1933). Early 

research in 1936 found that alterations to the particles seen in blood under DM, only 

occurred in relation to ingestion of fatty food (Elkes et al., 1939). A marked increase 

in chylomicron remnants in blood samples one and a half hours after ingestion of a 

meal containing fat was reported, with levels normalising by four and a half hours 

postprandial. Interestingly, a small rise (‘initial rise’) in chylomicron remnants 25-30 

min postprandial was observed and this was postulated to be due to the residual fatty 

acids in the blood stream from the previous meal (Elkes et al., 1939). More recently, it 

has been observed that the consumption of a fatty meal causes a rise in 
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triacylglyceride-rich lipoprotein particles and an increase in nuclear factor kappaB 

(NF-kappaB) which in turn promotes the transcription of pro-inflammatory products 

(Delgado-Lista et al., 2008; Duttaroy, 2005).  

 

Chylomicron remnants are visible in FCB-DM as dense white particles around 

1 µm in diameter (Metagenics, 2010, p. 100)(Figure 8) that appear to oscillate in the 

blood sample most likely due to Brownian motion. Chylomicron remnants peak in 

normal samples at 1.5 to 2.5 hours after food, and the peak reported value averaged at 

125 to 175 chylomicron remnants per viewing field at a 12.5x objective with a stop 

1/16 inch squared.  (R. R. Cooper & Lusk, 1942; Elkes et al., 1939).  

 

 
Figure 8. Chylomicron remnants as seen by FCB-DM. 
Chylomicron remnants appear as small white dots in the background as seen by FCB-
DM. Photo sourced from research data. 

 

Darkfield microscopic analysis of fresh capillary blood is not able to 

demonstrate or measure blood glucose or insulin levels, but another of the proposed 

uses as a screening tool for metabolic syndrome risk, is in the observation of 

chylomicron remnant presence. Accumulating evidence indicates a link between 

obesity, insulin resistance and dyslipidaemia (Abbott et al., 1987; Bansal et al., 2007; 

Chahil & Ginsberg, 2006; Frayn, 1993; Garg, 1996; U. J. Jung & Choi, 2014; Tomkin 

& Owens, 1994; Zammit, 1996). Chylomicrons and chylomicron remnants have, until 

recently, been thought to be the major lipoproteins in the postprandial 
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hyperlipidaemic patient but new analytical methods confirm the major portion of 

triglycerides that increase in the postprandial state are triglyceride rich lipoprotein 

remnants (Nakajima et al., 2011). Fatty acids released by adipose tissue result in 

increased delivery of fatty acids to the liver, causing an increased synthesis of very-

low-density-lipoprotein (VLDL). This increased synthesis of VLDL inhibits lipolysis 

of chylomicrons, promoting hypertriglyceridaemia (U. J. Jung & Choi, 2014).  

 

Clinical observations indicate that chylomicron remnant presence in capillary 

blood, when seen through DM, is possibly affected by how glucose is utilisd by the 

patient as well as a reflection of the patient’s triglyceride levels (Reilly, 2011). 

2.8.4 Differential white blood cell counts. 

White blood cells or leukocytes are nucleated cells present in varying 

concentrations in human blood. They can be classified according to their 

morphological appearance and immunological function (Witko-Sarsat, Rieu, 

Descamps-Latscha, Lesavre, & Halbwachs-Mecarelli, 2000).  

 

Manufacture and development of leukocytes occurs in the bone marrow. Only 

mature white blood cells are found in healthy peripheral blood. During childhood and 

adulthood, the bone marrow is the primary site of haemopoiesis, though the liver and 

spleen can resume their foetal haemopoietic function if required (Hoffbrand, 2006, p. 

111). Haemopoiesis begins in the bone marrow from pluripotent stem cells that are 

self-renewing and can give rise to different cell lineages. These cells are able to 

repopulate the bone marrow after damage from, for example, chemotherapy or 

radiation (Hoffbrand, 2006, p. 112).  

 

Pluripotent stem cells develop two types of progenitor cells, common myeloid 

and common lymphoid. Common myeloid cells, termed colony forming unit are the 

earliest detectable mixed myeloid precursors from which granulocytes, erythrocytes, 

monocytes and megakaryocytes develop (Haurie, Dale, & Mackey, 1998). 

Lymphocytes differentiate from the common lymphoid precursor.  

 

Haemopoietic growth factors are glycoprotein hormones that regulate 
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proliferation and differentiation of the progenitor cells and the function of mature 

blood cells (Hoffbrand, 2006, p. 6). These include cytokines like IL-6 and TNF that 

act on stromal cells, stem cell factor (SCF), Fms-like tyrosine kinase 3 ligand (FLT3-

L) and vascular endothelial growth factor (VEGF) that in turn act on pluripotent cells 

among others (Hoffbrand, 2006). Growth factors are mainly induced by stromal cells 

except for erythropoietin, which is mainly synthesised in the kidney and 

thrombopoietin made mostly in the liver (Hoffbrand, 2006, p. 112).  

2.8.4.1 Neutrophils. 

Various white blood cells present in the blood at any one time have a variety 

of different functions. Granulocytes are phagocytic white blood cells involved in 

immunological surveillance. These cells contain a high concentration of granules, 

which contain proteases and peroxides, and are readily distinguishable under dark 

field microscopy. Neutrophils, eosinophils and basophils are all granulocytes 

(Hoffbrand, 2006, p. 110). 

 

Neutrophils are the most numerous of leukocytes in a normal blood sample, 

making up 40-65% of the total white blood cell count. These cells are mobilised 

within a few hours of an immune challenge, circulate in the blood for only 6-8 hours 

before migrating into the tissues (Borregaard, 2010; Hoffbrand, 2006). They are 

generated in large numbers in the bone marrow, from stem cells that differentiate and 

proliferate into mature neutrophils that contain protein granules. Neutrophils have 

multidirectional motility and have non-specific phagocytic function (Hoffbrand, 2006, 

p. 110). Neutrophil granules are classified into three groups: primary azurophil 

granules (myeloperoxidase); secondary specific granules (lactoferrin) and tertiary 

gelatinase granules (Borregaard, 2010). 

 

Under darkfield microscopes neutrophils appear bright and silver-white. They 

are approximately 10-16 μm or one and a half to two times as large as erythrocytes 

(Figure 9). The granules in the cytoplasm are clearly visible, and typically between 1 

and 4 lobes are seen as dark segments (Metagenics, 2010).  

 



 42 

 
Figure 9. Neutrophils as seen by FCB-DM. 
Photo sourced from research data. 

 

The phagocytic neutrophil is attracted to bacteria or the site of inflammation 

by chemotactic substances released from damaged tissue, complement components or 

by the interaction of leukocyte adhesion molecules with ligands on the damaged tissue 

(Hoffbrand, 2006, p. 114). These adhesion molecules are glycoproteins that interact 

with ligands on the target cells, and mediate attachment of leukocytes and platelets to 

the extracellular matrix, endothelium, each other and other surfaces (Hoffbrand, 2006, 

p. 114). There are three groups of adhesion molecules, immunoglobulins, selectins 

and integrins. Immunoglobulins react with antigens and antigen dependent surface 

adhesion molecules; selectins enable leukocyte and platelet adhesion to the 

endothelium during inflammation and coagulation, and integrins are involved in cell 

adhesion to the extracellular matrix such as in collagen formation in wound healing 

(Hoffbrand, 2006, p. 114). The expression of glycoprotein adhesion molecules can be 

modified by intracellular and extracellular factors and their function can be 

quantitative or functional. TNF, IL-1, IFN-gamma, T-cell activation and viral 

infections up-regulate these molecules. 

 

It was believed that neutrophils were pro-inflammatory and that their presence 

was solely damaging to tissue (Anderson, Brown, & Harken, 1991), but more recent 
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research has exposed the benefit of these clever cells (Amulic, Cazalet, Hayes, 

Metzler, & Zychlinsky, 2012). As a key component in the inflammatory response, 

neutrophils also contribute to the recruitment and activation of antigen presenting 

cells by generating chemotactic signals that attract monocytes, dendritic cells and 

influence macrophage differentiation (Nathan, 2006). The dual function of immune 

surveillance and in situ elimination of microorganisms or cellular debris requires 

neutrophils to rapidly transform from a non-adherent circulating state to an adherent 

state, allowing ease of migration into the tissues (Witko-Sarsat et al., 2000). Once 

firm adhesion of the neutrophil to the activated endothelium is established, two 

pathways for trans-endothelial migration can be taken: trans-cellular where the 

neutrophils penetrate the individual endothelial cell, or para-cellular, where the 

neutrophils squeeze between the endothelial cells (Borregaard, 2010).  

 

Once inside the cell phagocytic digestion occurs via both oxygen and non-

oxygen dependent pathways. Oxygen dependent hydrogen peroxide in neutrophils 

reacts with myeloperoxidase and intracellular halide to kill bacteria. This production 

of reactive oxygen intermediates is known as the respiratory burst or oxidative burst 

(Nathan, 2006). The non-oxidative microbicidal proteins such as lysozyme can act 

alongside the oxygen dependent pathway or independently in reaction to the fall in pH 

(Hoffbrand, 2006, p. 115). In addition, the iron binding protein lactoferrin is present 

in neutrophil granules and is bacteriostatic, depriving the bacteria of iron and creating 

free radicals (Ambruso & Johnston, 1981).  

 

Neutrophil numbers can change rapidly in response to infection or tissue 

damage as large numbers of band and segmented neutrophils are held in the bone 

marrow as a ‘reserve’ pool (Hoffbrand, 2006, pp. 111-112). This pool in normal 

healthy blood holds 10-15 times the number of granulocytes as in peripheral blood, 

ready for release if required. Examples of causes of neutropenia and neutrophilia can 

be seen in Appendix F.  

2.8.4.2 Lymphocytes. 

Lymphocytes constitute the body’s adaptive immunity and are the second 

most abundant white blood cell in healthy human blood accounting for 20-35% of a 
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normal white blood cell count (Bain, 2005, p. 725; Metagenics, 2010).  

 

Lymphopoiesis occurs in the bone marrow from common lymphoid progenitor 

cells before differentiating into distinct types. B lymphocytes mature in the bone 

marrow and circulate in peripheral blood whereas T lymphocytes develop from cells 

that migrate to the thymus where they differentiate into mature cells through the 

migration from the cortex to the medulla (Hoffbrand, 2006, p. 127). During this 

process of migration in the thymus, self-reactive T cells are deleted and T cells that 

display some specificity for the host human leukocyte antigen molecules (HLA) are 

selected.  

 

There are two main types of T cells – helper T cells that express CD4 and 

cytotoxic T cells that express CD8. Natural Killer cells are cytotoxic CD8 cells that 

lack the T cell receptor. They kill target cells that have a low level of expression of 

HLA class I molecules as occurs for instance in viral infection or on a malignant cell 

(Hoffbrand, 2006, p. 129), as part of cell mediated immunity. 

 

Mature B lymphocytes, or plasma cells, contain membrane bound 

immunoglobulin receptors that produce antibodies when the cell is activated by 

contact with an antigen as part of humoral immunity (Bain, 2005, p. 725). Following 

maturation, lymphocytes continually migrate from the peripheral blood into lymphoid 

organs such as the spleen, lymph nodes or bone marrow via post capillary venules 

(Alberts, Johnson, & Lewis, 2002).  

 

Lymphocytes can be clearly seen in FCB-DM (Figure 10) but the technique is 

unable to distinguish between B and T lymphocytes as the cells are morphologically 

indistinguishable prior to activation (Bain, 2005). They appear as dull cells with grey 

cytoplasm and a large dark nucleus that occupies 70-80% of the cell (Metagenics, 

2010).  

 

The total lymphocyte percentage in the white cell differential count can 

indicate immune function and viral exposure. Lymphocytosis or raised lymphocyte 

count can be caused by acute or chronic infections including Epstein-Bar virus, 

cytomegalovirus, infectious mononucleosis, mumps, infectious hepatitis, tuberculosis, 

http://en.wikipedia.org/wiki/Lymphoid_tissue
http://en.wikipedia.org/wiki/Lymphoid_tissue
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toxoplasmosis, syphilis and HIV (Hoffbrand, 2006, pp. 135-137). Other causes can 

include chronic lymphoid leukaemia, acute lymphoblastic leukaemia, non-Hodgkins 

lymphoma, thyrotoxicosis, Addison’s disease and autoimmune diseases. It is normal 

for children up to 12 years of age, to have an elevated lymphocyte count of around 

40% (Denny et al., 1992). 

 

 
Figure 10. Monocyte and lymphocyte as seen by FCB-DM. 
Monocyte (bottom left) and lymphocyte (Centre top with arrow) as seen in FCB-DM. 
Photo sourced from research data. 

 

Lymphocytopenia can be seen mainly in association with several congenital 

diseases of the immune system or following treatment with corticosteroids, 

antineoplastic agents, or radiation (Bain, 2005, p. 726; Blumenreich, 1990). 

 

A case study was presented at the 2011 Molecular and Experimental 

Pathology Society of Australasia’s annual conference demonstrating the usefulness of 

FCB-DM in lymphocyte identification (Appendix C). A routine FCB-DM was 

performed and lymphocytosis, monocytosis and blast cells were observed. The 

lymphocytes were of abnormal morphology, larger than standard with hair like 

projections. The patient was referred to her GP for further investigations. Automated 

pathology counts and blood film confirmed a previously unseen diagnosis of hairy 
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cell leukaemia (Reeve & Reilly, 2011). 

2.8.4.3 Monocytes. 

Monocytes usually make up 3-8% of the total white cell differential count in 

normal blood and are the largest of the leukocytes (Blumenreich, 1990). They develop 

from myeloid stem cells and are released into the circulation for 1-3 days before 

migrating into tissues (Bain, 2005, p. 725). Monocytes are important accessory and 

regulatory cells in humoral and cellular immunity (Rothenberg & Hogan, 2006).  

 

Monocytes are large cells with a central oval or kidney shaped nucleus with 

clumped chromatin (Hoffbrand, 2006, p. 111). In FCB-DM they appear as dull white-

grey cells, 1-3 times the size of a red blood cell with a nucleus that occupies 50% of 

the cell (Metagenics, 2010) (Figure 10). 

 

The collective term for circulating monocytes in the blood and macrophages in 

tissues is the mononuclear phagocytic system (Wu et al., 2011). When monocytes 

migrate into tissues they differentiate into highly mobile macrophages or fixed cells 

such as Kupffer cells in the hepatic sinus, Langerhans cells in the skin, dendritic cells, 

or microglia in the brain (Ullmann, 2001, p. 96).  

 

Monocytes-macrophages phagocytose micro-organisms or cellular debris, play 

a role in the inflammatory reaction and participate in fibrinolysis by secreting 

plasminogen activators (Bain, 2005, p. 725; Zuo & Rothenberg, 2007). They secrete 

TNF and IL-1 and IL-12 that potentiate B and T lymphocytes.  

 

Undifferentiated monocytes reside in the spleen in higher numbers than in 

circulation. In response to injury, splenic monocytes increase their motility, exit the 

spleen, accumulate in injured tissue, and participate in wound healing (Young, Lowe, 

Stevens, & Heath, 2006). 

 

Monocytosis can follow chronic infectious disorders (tuberculosis, 

brucellosis), rheumatic diseases (lupus, rheumatoid arthritis), chronic inflammatory 

bowel disease, and some malignant processes (Hodgkin's and non-Hodgkin's 
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lymphoma) (Bain, 2005; Blumenreich, 1990). 

2.8.4.4 Eosinophils. 

Eosinophils are the fourth most abundant type of white blood cell, accounting 

for 0-4% of the total white cell differential count in a normal human blood sample 

(Young et al., 2006). They differentiate from myeloid precursor cells in the bone 

marrow. Three cytokines (IL-3, IL-5, and GM-CSF) are important regulators of 

eosinophil development under the instructive signals from a number of transcription 

factors, namely GATA-1, PU.1, and C/EBPs (Rothenberg & Hogan, 2006).  

 

Eosinophils are multifunctional leukocytes involved in initiation and 

propagation of diverse inflammatory processes including parasitic helminth, bacterial 

and viral infections, tissue injury, tumour immunity, and allergic diseases (Hogan et 

al., 2008; Rothenberg & Hogan, 2006). Eosinophils have also been shown to respond 

to foreign protein substances such as allergic antigens, fungal infections, some drugs 

and exposure to certain chemicals (Hoffbrand, 2006, p. 111).   

 

These cells largely reside in the tissues where they can live for up to two 

weeks. The majority of eosinophils are found in the lamina propria of the 

gastrointestinal tract except the oesophagus, thus increased presence in the blood is 

acknowledged as clinically significant (Hogan et al., 2008; Zuo & Rothenberg, 2007).  

 

They enter inflammatory exudates and have a special role in fibrin removal in 

inflammation (Hoffbrand, 2006, p. 111).  Eosinophils can serve as major effector cells 

killing pathogens but also inducing tissue damage of healthy cells by releasing toxic 

granule proteins and lipid mediators (Hogan et al., 2008). They produce cytokines that 

contribute to their pro-inflammatory functions.  

 

Alongside their role in acute inflammation, eosinophils are recognised as 

immunomodulatory cells interacting with B and T lymphocytes (Bandeira-Melo & 

Weller, 2005). Eosinophils can act as antigen presenting cells and activate antigen-

specific responses. 
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New research has shown that eosinophils can migrate to adipose tissue to 

maintain glucose homeostasis, increasing comprehension of the links between 

immune and metabolic systems (Wu et al., 2011). 

 

Eosinophils are suppressed by cortisol, thus numbers are suppressed with 

stress and concentrations can rise throughout the day. Increased numbers are also 

found after exercise and numbers are also affected by menstrual patterns in women 

(Davis & Hulit, 1949; Metagenics, 2010). 

 

 
Figure 11. Neutrophil and eosinophil as seen by FCB-DM. 
Neutrophil (top with arrow) and eosinophil (centre right) as seen in FCB-DM. Photo 
sourced from research data. 

 

Increased levels of circulating and tissue eosinophils are characteristic features 

of a number of pathological conditions for example parasitic infections, local allergic 

reactions such as asthma, rhinitis and eczema, and urticarial (Conroy et al., 1997). 

Recovery from acute infection, drug sensitivities, polyarteritis nodosa and vasculitis 

are also causes of increased concentrations, as are Hodgkins lymphoma, chronic 

eosinophilic leukaemia and pulmonary syndromes (Hoffbrand, 2006, p. 121). 
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Eosinophils are differentiated from other granulocytes in FCB-DM by their 

golden colour and cytoplasmic granules that are larger than a neutrophil’s 

(Metagenics, 2010) (Figure 11). 

2.8.4.5 Basophils. 

Basophils normally have the lowest presence of all leukocytes in the blood, 

making up less than 1% of the total white cell differential count. They have large 

granules, which contain heparin and histamine (Hoffbrand, 2006, p. 111) and become 

mast cells in the tissue.  

 

Recent research has demonstrated basophils’ role in bridging innate and 

adaptive immunity through responding to various stimuli mediated by both IgE-

dependant and IgE-independent mechanisms (Cromheecke, Nguyen, & Huston, 

2014). The degranulation of basophils is associated with histamine release, as well as 

rapid generation of LTC4, IL-4, IL-6, IL-13 and Th2 cytokines (Cromheecke et al., 

2014; Siracusa, Perrigoue, Comeau, & Artis, 2010).  

 

Basophils have been observed in FCB-DM using blood from patients 

previously diagnosed by a physician with environmental allergies and states of 

chronic immune suppression (Witko-Sarsat et al., 2000). 

2.8.4.6 Differential white blood cell count. 

Differential white blood cell counts are routinely performed as part of a full 

blood count in orthodox pathology (Barnes et al., 2005) and indicate the number of 

different white blood cell types in a sample of blood. This test provides quantitative 

information about blood particles, and aids diagnosis of illness, infection and 

inflammation. These measurements are useful in monitoring and treating immune 

mediated diseases (autoimmunity, inflammatory conditions, HIV), infection, allergies, 

diabetes, cardiovascular risk, illness recovery and cancer treatments (Brown, Giles, & 

Croft, 2001; Hoffbrand, 2006, p. 109).   

 

Manual rapid impression scanning has been investigated as a time saving, less 

labour intensive alternative to the manual differential white cell count, but it has been 
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shown to be less reliable (Arkin et al., 1987) and suggested to be used only in 

conjunction with automated counts, to increase the detection of abnormal cells where 

required. 

 

There is no requirement for differential staining in FCB-DM, as leukocytes 

exhibit colour due to the differential absorption of white light by cytoplasmic granules 

in the different cell types (Rottenfusser, Wilson, & Davidson, 2014) 

2.8.4.7 Differential white blood cell counts – manual v’s automated. 

Investigating the accuracy between manual and automated differential white 

cell counts, Pierre (1985) found manual counting lacked sensitivity and specificity 

compared to automated differential counts. Numerous studies in the 2000’s indicated 

that automated differential counts were as accurate, if not more accurate as the manual 

count (Buttarello & Plebani, 2008; Crissey & Denenholz, 1984; Jo et al., 2011; Osei-

Bimpong et al., 2009; Pierre, 2002). A number of these articles do still stress the 

importance of maintaining blood film and manual analysis techniques of blood to 

support accurate identification of morphologic abnormalities in appropriate blood 

samples (Jo et al., 2011; Pierre, 2002).  

 

A 2002 paediatric oncology study observed 111 specimens to determine the 

efficacy of automated absolute neutrophil counts in comparison to manual counts 

during chemotherapy monitoring (Parham et al., 2002). Automated count values 

ranged from .16-14.2 x109/L (median 2.6 x109/L) compared with manual count values 

.24-13.9 x109/L (median 3.0 x109/L). The authors concluded that the automated 

counts were adequate for determining suitability for chemotherapy and monitoring 

patients undergoing chemotherapy.  

2.9 Summary 

Darkfield microscopic analysis of fresh capillary blood is utilised as a 

screening tool in the complementary health care arena. The blood components such as 

erythrocytes, leukocytes, platelets, lipid and clotting particles, are readily visualised 

and quantifiable in FCB-DM. However there is a scarcity of scientific research based 

evidence pertaining to the accuracy of FCB-DM as a valid and reliable screening tool. 
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The literature outlines clearly the link between visceral adiposity and metabolic 

syndrome. Clinical evidence suggests FCB-DM can provide practitioners with 

information, at point of care, relating to patients’ immune function, lipid metabolism 

and inflammatory responses. Examination of the relationship between FCB-DM and 

the acknowledged standard, venous blood measures, would expand knowledge of the 

technique and its validity and reliability as a screening tool in the clinical setting.  
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3 Methodology 

To investigate the identified hypotheses, this Master of Science thesis included 

two studies that utilised quantitative research methods: 

1. The metabolic syndrome study focussed on investigating hypotheses A, B and 

C. This study investigated the validity of FCB-DM variables compared to 

fasting venous blood pathology measures. Participants were specifically 

recruited for this project in Brisbane (n=51) and Lismore (n=19).  

2. The differential white blood cell study focussed on investigating hypothesis D. 

This study collapsed 74 sets of retrospective data with 51 sets of recruited data 

from the metabolic syndrome study (n = 125) and analysed the accuracy of 

differential white blood cell counts performed with FCB-DM compared to 

acknowledged standard automated venous blood pathology counts.  

3.1 Metabolic Syndrome Study 

3.1.1 Target population, sample selection and size. 

Data collection focussed on two population groups: 

1. Obese participants with a waist measurement ≥ 88 cm for women and ≥ 102 

cm for men (Obese) 

2. Participants with a waist measurement < 80 cm for women and < 94 cm for 

men (Healthy) 

 

The above mentioned thresholds, based on World Health Organisation 

guidelines (World Health Organisation, 2011), were used to determine participants 

eligibility in the initial telephone screening, based on the subjects’ responses.  

 

After consultation with the University’s research methodologist, it was agreed 

that 70 would be the minimum number of participants to give statistically significant 

results and allow completion of the study within the two-year time frame.  
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3.1.2 Participant recruitment. 

Permission was obtained from the Director of Coorparoo Integrated Health 

Care Centre (CIHCC), Brisbane, for information letters to be sent out to potential 

participants in the clinic database and Health World sales representatives in Brisbane 

and Lismore/ Northern Rivers were contacted and supplied information letters for 

prospective participants (Appendix G). A university-wide email was sent out to SCU 

staff and students in Lismore, calling for interested participants (Appendix H). 

 

The student researcher initially screened respondents over the telephone or via 

email to assess their suitability. The screening process included gathering information 

about participant’s waist measurement, age, medications and health to fulfil the 

inclusion and exclusion criteria listed in 3.1.3. The details of the involvement required 

were explained to eligible participants, and, if they agreed to be involved, they were 

sent an information sheet and consent form. After screening for suitability, each 

eligible participant was allocated a number (1 – 100 for Brisbane and 101 – 200 for 

Lismore), which was used for identification of the data. Research assistants then 

contacted the participants to organise appointments for FCB-DM and venous blood 

pathology testing.  

3.1.3 Inclusion and exclusion criteria. 

As part of the initial telephone screening, the following exclusion criteria 

applied: 

• People under 21 years of age 

• Pregnant or breast feeding women 

• People on the following medications  

o Anti-inflammatories such as: 

o Glucocorticoids 

o Non steroidal anti-inflammatories (NSAID’s)   

o COX 2 inhibitors, methotrexate, and quinine as these can decrease ESR; 

anti-inflammatory supplements 

o Anti-lipidaemic medications and supplements such as:  

o HMG CoA reductase inhibitors or statins such as Lipitor (atorvastatin), 

Mevacor (lovastatin), Zocor, Simvastatin, Crestor 
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o Bile acid sequestrants such as Cholestyramine (Questran), Colestipol 

hydrochloride (Colestid, Colesevelam)  

o Niacin in high doses as it increases activity of lipase, reduces the 

metabolism or catabolism of cholesterol and triglycerides and can cause 

hyperglycemia 

o Fibric acid derivatives that activate lipase that suppress the release of free 

fatty acid from adipose tissue, inhibit synthesis of triglycerides in the 

liver, and increase secretion of cholesterol in the bile 

o Cholesterol absorption inhibitors such as ezetimibe (Zetia) 

o People on platelet aggregation inhibitors such as aspirin that inhibit 

cyclooxygenase 

o People on warfarin and statins.  

• Participants with clotting disorders such as thrombocytopenia, Von Willebrand’s 

disease, hemophilia and thrombophilia  

• Participants undergoing cancer treatment such as chemotherapy and/or radiation 

• Participants with diabetes or a history of hypoglycemia 

3.1.4 Study design. 

Much of the research into metabolic syndrome utilises venous blood pathology 

testing as outlined in Table 2. We were interested to see if any of these tests correlated 

with variables observed in FCB-DM by specifically investigating fibrin, platelet and 

chylomicron remnant presence, and comparing and/or correlating them to the 

acknowledged standard set by venous pathology testing. Queensland Medical 

Laboratories (QML) carried out the venous blood pathology tests. 

 

The FCB-DM and glucose data collection was carried out at two locations:  

A. Brisbane – CIHCC, and 

B. Lismore – The Lismore campus of School of Health and Human Sciences, 

Southern Cross University.  

 

Participants were mailed an information sheet together with a consent form to 

sign and return in a pre-paid envelope prior to their involvement in the study. 

Participants visited a QML collection centre at 8:00 to 8.30 am and had fasting 
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venous blood sample taken by a trained phlebotomist. The venous blood pathology 

tests requested are outlined in Table 4. 

 

Table 4. FCB-DM and venous pathology tests comparative variables. 

Test name 
Specific 

pathology 
Medical indication FCB-DM variable 

Eosinophil 

Sedimentation 

Rate 

ESR Raised in inflammation • Fibrin presence 
• Platelet aggregation 

C-reactive 

protein 
CRP 

Raised in inflammation 

(CRP is an acute phase 

protein) 

• Fibrin presence 
• Platelet aggregation 

Fasting blood 

glucose 
Blood glucose Blood sugar regulation • Chylomicron remnant 

presence/ clearance 

Fasting insulin Insulin Insulin sensitivity • Chylomicron remnant 
presence/ clearance 

HbA1c Glycosylated 

haemoglobin 

Blood sugar regulation and 

Insulin sensitivity 

• Fibrin presence 
• Chylomicron remnant 

presence/ clearance 

Lipid studies 
• Triglycerides 

Lipid metabolism • Chylomicron remnant 
presence/ clearance • HDL 

• LDL 
Differential 

white blood 

cell count 

Differential white 

blood cell count 

Immune function 

Inflammation 
• Differential white 

blood cell count 

 

 

Participants then travelled straight from the QML collection centre to CIHCC 

or the University for fasting FCB-DM analysis and blood glucose measurement. 

Participants then had their height, waist and hip circumferences measured and were 

weighed for BMI calculation. These measurements took 20-30 minutes to complete.  

 

The participants were then given a test meal, a smoothie with 165 mL of 

coconut milk, containing 4g of carbohydrate, 19g of fat, 20g of protein and 2g of 

fibre, a total of 1,225.9 J (293 calories). This was consumed within 15 minutes. Two 

hours after the test meal, blood glucose measurement and FCB-DM analysis was 

repeated. The participants were then discharged with a thankyou snack pack (e.g. a 

protein bar, donated by Health World Ltd., or raw nuts and a bottle of water 

purchased for the study), and given the contact details of the researcher in case any 

issues or questions arose. 
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Example of a timetable for the testing day: 

• No later than 10 pm the night before the research day participants were asked to 

eat a meal consisting of protein and salad or vegetables with minimal 

carbohydrates (for example, steak and vegetables; chicken and salad; tofu stir fry 

with no rice) and not to consume alcohol. They may also have a cup of tea or 

coffee with or without sugar. 

• 7.30 am and 8.30 am: Fasting venous blood taken at a QML clinic of participant’s 

choice. 

• 9:00 - 9.30 am: Fasting FCB-DM analysis, blood glucose, weight, height, waist 

and hip circumference measured. 

• 9.30 - 9.45 am: A test meal was provided – protein smoothie. 

• 11.45 - 12:00 am: FCB-DM and blood glucose tests repeated to observe changes 

in the blood variables. 

3.1.5 Blinding. 

All venous pathology results were held securely on the QML database and 

only released to the researcher when all data collection was completed.  

3.1.5.1 Blinding – Brisbane. 

A research assistant, a qualified and experienced FCB-DM practitioner, RR, 

was employed. Once participants were approved for the study RR organised 

appointment times with the participants who were allocated a random identification 

number between 001-100 to be used throughout the project. RR kept this list, together 

with participants’ consent forms and anthropometric measurements, in a secure place 

in the clinic, inaccessible to the student researcher until all data was collected. This 

ensured the student researcher was blinded to the sample being analysed.  

 

On the day of testing, the participants only had contact with RR who carried 

out the measurements and performed the finger prick blood collection for blood 

glucose measurement and prepared the slides for FCB-DM analysis. Immediately 

after preparation, these slides were delivered to the student researcher, who assessed 

the quality of the slide and performed the FCB-DM screening. RR then gave the 

participant the test meal to be consumed within 15 minutes and repeated the finger 
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prick blood collection two hours after the meal was finished.  

3.1.5.2 Blinding – Lismore. 

As the student researcher remained in Brisbane, blinding of the data collection 

in Lismore happened automatically. The assistant researcher, SK, a qualified and 

experienced FCB-DM practitioner, was able to liaise with the participants, book 

appointments, allocate participant numbers between 101 and 200, perform the finger 

prick and slide preparation and take photos of the FCB-DM analysis. SK then gave 

the participant the meal, instructed them to consume it within 15 minutes, and took 

the above-mentioned measurements before repeating the FCB-DM two hours later. 

The images were supplied to the student researcher in Brisbane for analysis with the 

code numbers only, and thus no contact was made between the Lismore participants 

and the student researcher beyond the initial screening phone call or email.  

3.1.6 Blood collection procedure – pathology. 

As stated previously, all pathology tests were performed by the Queensland 

Medical Laboratories (QML). Blood was collected by a trained phlebotomist and 

involved placing a sterile disposable double ended needle into a vein of the 

participant’s arm and collecting 5 mL of blood. This needle remained in the arm for 

about 1 minute, as the necessary blood was collected into a serum separation tube (for 

blood glucose, cholesterol and triglycerides) and EDTA tube, lavender topped (full 

blood count, ESR, CRP) (Queensland Medical Laboratory, 2010). 

 

Occasionally, when blood is extracted, patients experience minor bruising 

around the vein. A sterilised cotton ball and pressure was applied to the area for a 

period of 5 minutes after the blood was taken to lessen the possibility of bruising. The 

wound was covered with a band-aid and participants were provided with post blood 

collection care sheet to reduce any risk. The method of blood collection was carried 

out according to the ‘Universal Precautions’ guidelines set out in the NHMRC 

publication ‘Infection Control in the Health Care Setting’ (National Health and 

Medical Researtch Council, 2010a).  

 

Blood was transported to the commercial pathology laboratory where blood 
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haematology, including the full blood count, leucocytes, erythrocytes and platelets 

were analysed on a fluorescent flow cytometry Symex XE-2100 automated analyser 

machine. Lipid and Iron studies were analysed on a Siemens labcell Advia 2400 

machine.  

3.1.7 Blood collection procedure - fresh capillary blood analysis. 

An alcohol wipe was used to clean the third or fourth fingertip, then the lateral 

side of the finger was pierced with an Accu-Chek Softclix retractable, sterile lancet. 

The skin around the prick site was gently stretched to encourage a blood droplet to 

appear. The first drop was used for glucose measurements and wiped away with a 

Kimberly-Clarke professional Kimwipe to prevent appearance of any damaged cells 

from the wound. A clean Menzel-Gläser (Erie Scientific Company, Germany) 1 mm 

microscope slide was carefully touched to the second drop of blood without making 

contact with the skin. A Deckgläser (Erie Scientific Company, Germany) 22 x 40 mm 

cover slip was applied to the slide within 10 seconds of the drop of blood being 

collected. This was done gently and from as close to the slide as possible (no greater 

than 5 mm above) to avoid damaging the sample. A second slide was then prepared 

by wiping away any blood on the fingertip then stretching the skin around the prick 

site again. The research assistant collecting the sample wore Manufix sensitive 

powder free disposable examination gloves (B. Braun, Germany) that were disposed 

in a biological wastes container along with the used lancet needle immediately after 

use to avoid biohazard risk.  

 

The blood sample should spread immediately and evenly over the slide and fill 

2/3 of the coverslip with a discernible lysis zone in the centre. A timer was set from 

the moment the cover slip was in place. The analysis was recorded within 20 minutes 

of the sample being prepared as the progressive clotting process may obscure 

observations after 20 minutes (Metagenics, 2010).  

 

The perimeter of the blood on the slide was exposed to the air, and quickly 

began to clot and was prone to damage and distortion. The central area of the slide is 

known as the ‘Lysis zone’ when the blood cells are damaged in the process of 

preparing the slide (Metagenics, 2010). Surface area tension between the slide and 
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coverslip caused the coverslip to become slightly concave, applying pressure to the 

blood sample and creating the lysis zone in the centre of the slide. 

 

The area used for FCB-DM analysis is known as the ‘working zone’ of the 

slide. This zone is indicated below (Figure 12) and lies between the Lysis zone and 

the non-working zone.  

 

Two slides were prepared as per the clinical application of the technique. This 

was to ensure there was a back up slide if the first was corrupted or damaged and was 

used as a reference when clinical observations were unusual and for quality assurance. 

In this research project only the first slide was used for analysis, as no such incident 

occurred.  

 

 
Figure 12. FCB-DM slide territories. 
Health World Australia Ltd (Metagenics, 2010) 
 

3.1.8 Fresh capillary blood analytical technique. 

The slide was placed on the darkfield microscope stage and examined using 

the 10x objective to locate the working zone. One photo was taken at this 

magnification, and then the 40x objective was used to collect the images used for the 
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research. In Lismore, the slide was examined under a Prism Optical PRO 20/50 

microscope (Prism Optical, China) with a darkfield cardioid oil immersion condenser 

using Plan acromatic objectives with an attached Watec 22IS camera (Watec, Japan). 

The Brisbane microscope was a Zeiss Axiolab drbKT fitted with a darkfield cardioid 

oil immersion condenser using Zeiss CP Achrostigmat objectives with an attached 

GOVideo CCS-C680HR digital camera (Sony, Japan). 

 

Images of the blood cells were then captured with MetascreenTM software 

(Health World, Australia) using a camera attached to the trinocular tube at the 

eyepiece of the microscope. For each live blood screening, 15 consecutive fields of 

vision were photographed from a sample area of the slide, viewed at 400x 

magnification. The photographs were analysed once all the data was collected and 

measurements were recorded in an Excel spreadsheet. 

 

The photographs of each field of vision were taken, beginning at the top left 

corner of the working zone and proceeding left to right, then down one field of vision, 

returning to the left and continuing (Figure 13) until 20 sequential fields were 

photographed.  

 

 

 

 

 

 

 

 

 

Figure 13. The direction of movement across the blood film. 

 

A differential white blood cell count was carried out after the 15 photos were 

recorded and saved. The differential count involved counting 100 white blood cells as 

seen in sequential viewing fields, following the direction of movement as shown in 

Figure 13.  
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3.1.9 Microscope image calibration. 

Calibration was necessary to translate the image size and focus to ImageJ 

software (Schneider, Rasband, & Eliceiri, 2012) for analysis.  

• A slide micrometre with 0.01 mm intervals was placed on the darkfield 

microscope used in the data collection and photographed at 400x magnification. 

• This image was opened using ImageJ software and, using the line-measuring tool. 

A straight line measuring 100 µm was selected and a scale set to the number of 

pixels per µm on the micrometre. The scale determined was 1.4 pixels to 1 µm for 

Brisbane setting and 4.4 pixels to 1 µm for Lismore setting. 

3.1.10 Data collection. 

For each participant –  

• 15 images from the fasting sample and 15 images from the postprandial sample 

were captured in sequential viewing fields inside the working zone of each slide.  

• Each image was analysed using ImageJ software –  

o The number of chylomicron remnants, visible as small white spherical 

particles approximately 1 µm were counted. 

o The number of platelets in each picture was counted. The average size of 

the platelets was obtained by measuring the area of each platelet using the 

drawing icon in ImageJ software to trace the external perimeter of each 

platelet in the image. 

o The number of fibrin clusters in each picture was counted. The average 

size of the fibrin clusters was obtained by measuring the area of each fibrin 

cluster using the drawing icon in ImageJ software to trace the external 

perimeter of each platelet in the image. The presence of any diffuse fibrin 

was graded 0-3 where 0 = not present, 1 = mild, 2 = moderate, 3 = severe.  

• The average of the total of each variable’s measurements were calculated for each 

participant’s fasting and postprandial samples.  

3.1.11 Statistical analysis. 

Data was analysed using the Statistical Package of Social Science (IBM® 

SPSS® Statistics, Version 22). To assess normality of distribution in a small sample 
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size, two useful variables are the z-scores for skewness and kurtosis. Through SPSS, 

the statistical values of skewness (S) and kurtosis (K) were produced as well as their 

standard error (SE). The z-scores were subsequently calculated by subtracting the 

mean of the distribution (= 0) from the skewness/kurtosis value and then dividing it 

by the standard error of the distribution. If the z-score for skewness and kurtosis was 

between +/- 3.29 the variable was believed to follow a normal distribution (Field, 

2009, pp. 139-140). 

 

Alpha level was set at p = .05 as statistically significant. As per Pallant (2007, 

p. 145) correlation coefficients are regarded as strong if >.5, moderate if .3-.49 and 

weak if < .29. The relationship between FCB-DM findings and venous pathology test 

results were assessed with correlation coefficients as outlined in Table 4. Correlations 

were made using a bivariate correlation test and the strength of the effect size 

interpreted using Cohen’s guidelines (Pallant, 2007).  

 

The following statistical analyses were applied to the data to test the null 

hypotheses: 

 

A. The platelet area and number measured in fasting FCB-DM would not 

correlate to the platelet counts in fasting venous blood samples by 

conventional pathology tests. Pearson’s correlation coefficient or Spearman 

rank correlation were applied to the data to examine the relationships between 

FCB-DM platelet measures and venous pathology platelet counts.  

 

B. The presence of fibrin measured in fasting FCB-DM would not correlate to 

ESR and CRP in fasting venous blood samples by conventional pathology 

tests. To examine the relationship between venous pathology measures of 

inflammation (ESR and CRP) Pearson’s correlation coefficient or Spearman 

rank correlation were applied to the data. 

 

C. The presence of chylomicron remnants in fasting FCB-DM would not 

correlate to the lipid profile, glucose, insulin and HbA1c in fasting venous 

blood samples measured by conventional pathology tests; and there would be 

no difference in chylomicron remnant counts between the fasting and 
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postprandial samples as measured by FCB-DM; and there would be no 

difference in fasting and postprandial chylomicron remnant counts between 

the normal and high BMI groups. Pearson’s correlation coefficient (normally 

distributed data) or Spearman rank correlation (not normally distributed data) 

were applied to the data to examine the relationships between data. The fasting 

and postprandial chylomicron remnant counts were compared through paired 

sample t-tests.  

3.1.12 Intra-measurer reliability. 

To determine the intra-measurer reliability of the analysis, as part of the 

validation process, a third party person randomly selected 20 images from the data to 

be used in a reliability study. These images were renamed to ensure blinding, and then 

given to the principal researcher to analyse following the same methodology as 

outlined in 3.1.10. This data was compared to the original analysis of these images in 

a paired sample t-test, and Pearsons correlations. Technical error of measurement 

(TEM) was calculated following Kevin Norton’s and Tim Olds methodology (Norton 

& Olds, 2000; Perini, Oliveira, Ornellas, & Oliveira, 2005). 

3.1.13 Limitations and delimitations.  

The nature of the FCB-DM technique is always going to rely on appropriate 

slide preparation and precise location of the working zone on the slide for correct and 

accurate information extraction. To minimise the potential errors in sample 

preparation we used only two experienced practitioners to collect the capillary blood 

and prepare the slides, and all the slides (Brisbane) and photographs (Lismore) were 

analysed by the student researcher to assess quality control, to ensure the slides were 

of a high standard. If the initial set of slides were not of a suitable standard, a second 

set of samples would have been prepared. Difference in the scale of the images 

between Brisbane and Lismore meant the data for the different collection centres 

could not be combined.  

3.1.14 Ethics approval. 

The ethical and legal responsibilities that researchers have towards 

participants in research reflect the basic ethical values of integrity, respect for persons, 
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beneficence and justice (National Health and Medical Researtch Council, 2009, 

2010b). Ethics approval for this research project was granted on the 7th of May 2013, 

by the Southern Cross University Human Research Ethics Committee reference 

number ECN-13-111. 

3.2 Differential White Blood Cell Study 

3.2.1 Study design. 

The data were collected from two separate sources. The first was from a 

retrospective group (Retrospective) whose data was collected from files at a 

naturopathic clinic. The collection process involved systematic selection from the 

3000 archived clinic files obtained during the period from 2008 to 2012.  

 

A total of 172 patients who satisfied the criteria, as outlined in 3.2.2 were 

contacted in writing, and consent was obtained from 72 eligible participants. Two 

participants contributed two separate sets of FCB-DM and venous blood pathology 

data for the study obtained at different time points. The automated blood pathology 

analysis had been carried out at a number of different commercial blood pathology 

laboratories, namely QML Pathology Service and Sullivan Nicolaides Pathology.   

 

The second data set was collected as part of the Metabolic Syndrome study 

carried out at the same clinic during 2013 (Recent). As outlined in section 3.1.4, 

participants’ (n = 51) fasting venous blood samples were taken and automated 

differential white blood cell counts were performed at a commercial pathology 

laboratory (QML Pathology Service), then fasting fingerpick blood samples were 

obtained within one hour of venous sampling for FCB-DM differential white blood 

cell counts.  

3.2.2 Inclusion and exclusion criteria. 

The retrospective data selection was based on patients’ suitability for this 

study defined by the following inclusion and exclusion criteria: 

• Each of the patients should have had a complete FCB-DM screening performed by 

the same FCB-DM practitioner;  
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• Data should be collected from files of any patient who had an automated 

differential white cell count and a FCB-DM differential white cell count 

completed within 14 days of each other; and 

• Patients who were, at the time of screening, under 18 years of age, pregnant, 

undergoing chemotherapy, or who were on immunosuppressive agents, non-

steroidal anti-inflammatory drugs or antibiotics should be excluded. 

The inclusion and exclusion criteria for the recent data are outlined in section 

3.1.3.  

3.2.3 Blinding. 

The researcher who performed FCB-DM was blinded from the automated 

venous blood pathology results until the data collection was completed. 

3.2.4 Procedures. 

The HemaviewTM FCB-DM technique, as used in analyses for both the 

Retrospective and Recent groups, is outlined in section 3.1.8. For every participant the 

FCB-DM differential cell count was recorded for analysis. One hundred leukocytes as 

seen in sequential viewing fields were identified and counted. Cells observed were 

neutrophils, lymphocytes, monocytes, eosinophils and basophils. As utilised in 

clinical practice, all the white blood cell counts analysed, either FCB-DM or 

automated venous blood pathology, were calculated as percentages of the total white 

blood cell count.  

3.2.5 Data analysis.  

Data was analysed using the Statistical Package of Social Science (IBM® 

SPSS® Statistics, Version 22).  

 

The automated venous blood pathology and FCB-DM mean scores were 

calculated and an independent sample t-test was used to investigate the differences 

between the two white blood cell count techniques. To determine the relationship 

between the automated venous blood pathology and FCB-DM cell counts, analyses of 

correlation and covariance were carried out between each of the white blood cell 

types (neutrophils, lymphocytes, monocytes, eosinophils and basophils). Pearson’s 
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correlation was performed for normally distributed data (neutrophil and lymphocyte) 

and Spearman’s correlation was used for data not normally distributed (monocyte, 

eosinophil and basophil).  A linear regression uses the presence of a linear relationship 

to predict the value of a dependent variable based on the value of an independent 

variable (Lund & Lund, 2013). In this case, the linear regression model was used to 

test if FCB-DM differential white blood cell counts could predict the automated 

venous pathology results.  

3.2.6 Ethics approval. 

Ethics approval was granted on Jan 10th 2012 (approval number ECN-12-002) 

for the retrospective data collection and 7th of May 2013 (ECN-13-111) for the recent 

collection by the Southern Cross University Human Research Ethics Committee.  
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4 Results 

4.1 Metabolic Syndrome Study  

4.1.1 Characteristics of the participants. 

A total of 92 eligible participants were recruited (64 in Brisbane, 28 in 

Lismore). Ten of these eligible participants did not attend the agreed upon 

appointment time, five could not schedule appointments in the allocated timeframe, 

two were unable to participate due to illness and five chose not to participate. Thus, 

70 sets of data were collected, 51 from Brisbane and 19 from Lismore, that were 

analysed and included in the statistical analyses described below. The Brisbane cohort 

included 41 women and 10 men, the Lismore cohort contained 14 women and 5 men. 

As per the WHO criteria for BMI (Table 3) the Brisbane cohort had 24 ‘healthy’, 4 

‘pre obese’ and 23 ‘obese ‘ participants and the Lismore cohort was comprised of 10 

‘healthy’, 4 ‘pre obese’ and 5 ‘obese’ participants. The general characteristics of the 

participants are presented in Table 5, and the raw data is presented in Appendix I and 

J, and correlation results are tabulated in Appendix L.  

Table 5. Participants’ general characteristics mean values. 

 

4.1.2 Data collection site differences. 

A difference in the focal length or resolution of the cameras used at the two 

sites was discovered, in that when a micrometre ruler was used to correlate pixels to 

micrometres in Lismore, the ratio was 1 pixel = 4.4 µm, whereas in Brisbane the ratio 



 68 

was 1 pixel = 1.4 µm. The difference in the results (Appendix I & J) was clearly 

evident and thus prevented the data being collapsed into one cohort, so the Lismore 

and Brisbane data sets were analysed separately.  

4.1.3 Platelets – Brisbane. 

The Brisbane and Lismore mean values of the FCB-DM and venous blood 

pathology platelet measures are presented in Table 6. The fasting and postprandial 

average platelet number and the fasting and postprandial average platelet area 

determined by FCB-DM were correlated with each other to check repeatability of the 

measurements. A moderately significant Spearman’s correlation was observed 

between FCB-DM fasting average platelet area and FCB-DM postprandial average 

platelet area (rs (51) = .37, p < .05).  

 

Table 6. Participants’ platelets mean values. 

 
 

Significant Spearman’s correlations were observed between FCB-DM fasting 

average platelet area and venous blood pathology platelets (rs (50) = .36, p < .05) and 

between FCB-DM fasting average platelet area and venous blood pathology CRP (r 

(50) = .44, p < .05). 

 

A significant Pearson’s correlation was also observed between venous blood 

pathology platelets and venous blood pathology CRP (r (49) = .48, p < .05). No 

correlations were found between the fasting average platelet numbers and venous 

blood pathology platelets (r (50) = .03, p < .831) or venous blood pathology ESR (r 

(50) = .13, p < .37). 
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4.1.4 Platelets – Lismore. 

No correlations were found between the fasting FCB-DM average platelet area 

and fasting average platelet numbers (r (19) = .25, p < .3). Neither of the fasting 

platelet measures correlated with the venous blood pathology platelet counts (r (19) = 

.11, p < .65; r (19) = .03, p < .91) nor with ESR (r (19) = .26, p < .29; r (19) = .01, p < 

.96) or CRP (r (19) = .14, p < .56; r (19) = .06, p < .81).  

4.1.5 Fibrin – Brisbane. 

The Brisbane and Lismore mean values of the FCB-DM fibrin and venous 

blood pathology CRP and ESR measures are presented in Table 7. The fasting and 

postprandial fibrin numbers and the fasting and postprandial fibrin areas determined 

by FCB-DM were all found to correlate with each other. Strong significant Pearson’s 

correlations were found between fasting FCB-DM fibrin number and fasting FCB-

DM fibrin area (r (51) = .64, p < .05). Significant Pearson’s correlations were also 

observed between fasting FCB-DM fibrin area and postprandial FCB-DM fibrin 

number (r (51) = .45, p < .05). Significant Spearman’s correlation was found between 

postprandial FCB-DM fibrin area and fasting FCB-DM fibrin number (rs (51) = .38, p 

< .05), fasting FCB-DM fibrin area (rs (51) = .30, p < .05) and postprandial FCB-DM 

fibrin number (rs (51) = .47, p < .05).  

 

Table 7. Participants’ FCB-DM fibrin and markers of inflammation mean 
values. 

 
 

Significant Pearson’s correlations were observed between venous blood 
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pathology ESR and fasting FCB-DM fibrin number (r (51) = .69, p < .05) and fasting 

FCB-DM fibrin area (r (51) = .49, p < .05).  

 

BMI was also found to correlate with ESR (r (51) = .29, p < .05), CRP (r (50) 

= .48, p < .05), fasting FCB-DM diffuse fibrin (r (51) = .56, p < .05) and postprandial 

FCB-DM diffuse fibrin (r (51) = .44, p < .05). 

4.1.6 Fibrin – Lismore. 

A significant, positive and strong Spearman’s correlation was found between 

FCB-DM measures of fasting fibrin area and fasting fibrin number (r (19) = .99, p < 

.05).   

A correlation was observed between fasting FCB-DM fibrin area and ESR (r 

(19) = .47, p < .05), but no correlation was seen between fasting fibrin number and 

ESR (r (19) = 0.42, p > .05). No correlations between the fasting FCB-DM fibrin 

measures and CRP were found (r (19) = .11, p > .05; r (19) = .09, p > .05). 

4.1.7 Chylomicron remnants – Brisbane. 

The Brisbane and Lismore mean values of the FCB-DM chylomicron and 

relevant venous blood pathology measures are presented in Table 8. There was a 

statistically significant difference between fasting and postprandial chylomicron 

remnant counts in the FCB-DM scores (t (50) = -10.10, p < .05).  

4.1.7.1 Correlations.  

The fasting chylomicron remnant FCB-DM results were positively skewed so 

the Log-transformed data were used for determination of correlation coefficients.  

 

A significant but moderate Spearman’s correlation was found between 

(transformed) FCB-DM fasting remnant counts and venous blood pathology 

triglycerides (rs (50) = .30, p < .05). Significant Pearson’s correlation between 

(transformed) FCB-DM fasting chylomicron remnant counts and HOMAB (r (47) = 

.31, p < .05) and HOMAIR (r (46) = .31, p < .05) was observed. 

 

Significant Pearson’s correlation between (transformed) FCB-DM fasting 
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chylomicron remnant counts and venous blood pathology fasting insulin (r (50) = .33, 

p < .05) and (transformed) FCB-DM postprandial chylomicron remnant counts and 

HbA1c (rs (51) = .35, p < .05). 

Table 8. Participants’ FCB-DM chylomicron and lipid measures mean values. 

 

4.1.7.2 Influence of BMI. 

The cohort was divided into two groups by BMI, healthy (BMI < 25) and 

obese (BMI ≥30). Three participants were excluded as they were in the “pre-obese” 

category (< 25 BMI < 30).  

 

The mean of fasting actual chylomicron remnant number was 8.65 

(transformed .94) for healthy and 16.14 (1.21) for the overweight groups respectively. 

Postprandial actual chylomicron remnant mean was 78.70 (1.90) for the healthy and 

64.7 (1.81) for the overweight groups (Figure 14). Significant differences between the 

fasting and postprandial chylomicron remnant counts were found in both the healthy 

(t (22) = - 8.72, p < .001) and the obese groups (t (24) = - 6.12, p < .001).  

 

The two tailed, paired sample t-test comparing transformed FCB-DM fasting 

and postprandial chylomicron remnant between the healthy and obese groups were 

not significant in either fasting (t (46) = - 1.79, p > .05) or postprandial (t (46) = - 

1.24, p > .05).  

4.1.8 Chylomicron remnants – Lismore. 

The paired sample t-test for fasting and postprandial chylomicron remnant 
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counts was significant (t (19) = 7.72, p < .05). No significant correlations were found 

between the FCB-DM measures of fasting and postprandial total average chylomicron 

remnants with venous pathology triglycerides. The data was unable to be split into 

BMI group due to the small number of samples.  

 
Figure 14. Chylomicron remnants and BMI. 
Actual FCB-DM fasting and postprandial chylomicron remnant counts - healthy and 
obese.  
 

4.1.9 Reliability of analysis. 

Twenty images were randomly selected by a third party and analysed by the 

primary researcher following the method outlined in 3.1.11. Blinded, these results 

were compared to the results of the original analysis of these images. The paired 

sample t-tests for all FCB-DM variables were not significantly different i.e. platelet 

counts (t (20) = .57, p > .05), platelet area (t (20) = .59, p > .05), fibrin area (t (20) = 

1.186, p > .05), and chylomicron remnant count (t (20) = .96, p > .05). Strong Pearson 

correlations were found between platelet number (r (20) = 1.0, p < .05), platelet area 

(r (20) = 1.0, p < .05), fibrin number (r (20) = 1.0, p < .05), fibrin area (r (20) = 1.0, p 

< .05) and chylomicron remnant number (r (20) = 1.0, p < .05). The relative technical 
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error of mean (TEM) was calculated to obtain the error expressed as percentage 

corresponding to the total average of the variable to be analysed. Relative TEM was 

0% for fibrin number, 1.4% for fibrin area, 2.8% for platelet count, .11% for platelet 

area and 0.64% for chylomicron remnant count.  

4.2 Differential White Blood Cell Counts 

As shown in Table 9, here were significant differences between the two 

techniques in the mean scores of the total collapsed data set with significantly higher 

numbers in FCB-DM determined neutrophils (t (124) = -9.24, p < .001) than that in 

the venous blood pathology test. The FCB-DM lymphocyte and basophil counts were 

significantly lower than that of the automated venous blood pathology (t (124) = 8.56, 

p < .001; t (124) = 7.87, p < .001), respectively. No statistically significant difference 

was found between the FCB-DM and automated venous blood pathology tests in 

monocyte or eosinophil (t (124) = 1.25, p > .05; t (124) = 1.27, p > .05) counts, 

respectively.  

 

Table 9. Differential white blood cell counts. 
Combined retrospective and recent recruited mean percentage white cell counts 
(standard deviation) paired sample t-tests and correlation coefficient. 

Full data Collapsed   
  Haematology 

mean % 
Hemaview 

mean % 
t p Correlation p  

Neutrophil 57.7 (8.9) 64.7 (9.9) -9.24 0.001 r = .604 0.01 
Lymphocyte 30.7 (9.1) 24.7 (9.0) 8.56 0.001 r = .627 0.01 

Monocyte 8.8 (3.2) 8.3 (3.7) 1.25 0.214 rs = .32 0.01 
Eosinophil 2.5 (1.8) 2.3 (1.9) 1.27 0.206 rs  = .596 0.01 
Basophil 0.5 (0.5) 0.1 (0.3) 7.87 0.001 rs = .132 0.14 

 

4.2.1 Correlation. 

There was a significant, positive and strong Pearson’s correlation coefficient 

between the automated venous blood pathology and the FCB-DM counts for 

neutrophil (r (125) = .60, p < .001) and lymphocyte (r (125) = .63, p < .001) (both 

two-tailed) populations. There was also a significant and positive Spearman’s 

correlation between the automated venous blood pathology and the FCB-DM counts 
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for monocyte (rs (125) = .32, p < .001) and eosinophil (rs (125) =.60, p < .001) (both 

two-tailed) populations. A significant Spearman’s correlation coefficient was not 

found between the automated venous blood pathology and FCB-DM counts for 

basophil (rs (125) = .13, p > .05, two-tailed) (Table 9, Figure 15). 

 

 
Figure 15. Differential white blood cell scatter plots. 
Correlations between automated venous blood pathology and FCB-DM neutrophil, 
lymphocyte, monocyte and eosinophil counts. 
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5 Discussion 

The major findings of the studies included significant correlations between: 

• FCB-DM fasting average platelet area and venous pathology platelet counts and 

CRP. 

• FCB-DM fasting fibrin number and fibrin area and venous pathology ESR. 

• FCB-DM fasting and postprandial diffuse fibrin and BMI. 

• FCB-DM fasting chylomicron remnant counts and venous blood pathology 

triglycerides and insulin.  

• FCB-DM fasting chylomicron remnant counts and HOMAB and HOMAIR 

calculations. 

• FCB-DM postprandial chylomicron remnant counts and HbA1c. 

• FCB-DM neutrophil, lymphocyte, monocyte and eosinophil populations and 

venous pathology counts, and  

• Significant difference between FCB-DM fasting and postprandial chylomicron 

counts.  

5.1 Metabolic Syndrome Study 

The aim of the study was to determine the validity of FCB-DM by examining 

the concurrent correlation between FCB-DM variables and venous blood pathology 

tests when screening for metabolic syndrome risk factors. The relationship between 

fasting FCB-DM variables of fibrin, platelets and chylomicron remnants, and fasting 

venous blood haematology measures were examined. In addition, the relationship 

between fasting and postprandial FCB-DM chylomicron remnants was examined. As 

stated earlier, a significant correlation assumes the relationship between variables is 

meaningful, but in reality may lack clinical relevance, thus a degree of discernment in 

interpretation is required (Salkind, 2012, p. 125). In relation to FCB-DM, a 

statistically significant relationship in these initial investigations of the technique 

indicates the potential for clinical validity. This does not necessarily equate to 

accuracy, but the correlations indicate a significant relationship that warrants further 

investigation.  
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5.1.1 Platelets. 

No significant correlations were observed between the Lismore FCB-DM 

fasting platelet number and area with venous blood pathology platelet counts, most 

probably caused by an insufficient statistical power from the small number in the 

Lismore cohort.  

 

Brisbane data demonstrated correlations between FCB-DM fasting and 

postprandial platelet area and fasting and postprandial platelet number, indicating 

platelet area presence in FCB-DM did not change from the fasting state to the two 

hour postprandial state.  

 

Correlations were seen between the Brisbane FCB-DM fasting platelet area 

measures and venous blood pathology platelet count measures. These correlations 

were not observed with the FCB-DM fasting platelet numbers, possibly because of the 

small area of blood sample analysed in this study. Venous blood pathology guidelines 

for normal platelet counts range from 150 to 450 x 109/L (Queensland Medical 

Laboratory, 2013) and in this study participant platelet number results ranged from 

2.2 to 9.8 platelets and area 186 to 358 x 109/L.  

 

Bath et al.(1996) state that the peripheral platelet count is not a useful measure 

for information about platelet-related haemostatic function, unless the count is very 

low, whereas automated haematological analysis of mean platelet volume (MPV) is 

considered a more accurate measure of platelet activation (Coban, Ozdogan, 

Yazicioglu, & Akcit, 2005) and metabolic and cardiovascular risk (Chu et al., 2010; 

Coban et al., 2005). The FCB-DM platelet average area may well be an indicator of 

MPV, and warrants further investigation with a larger data set, to examine possible 

clinical applications.  

 

Venous blood specimens are collected in EDTA tubes treated with 

anticoagulants. Research has shown that platelets swell on exposure to EDTA and 

MPV rises over time, most markedly in the first hour and a half thus timing of the 

testing is critical for accurate outcomes (Bath & Butterworth, 1996; Giles, 1981). No 

anticoagulants are used in the FCB-DM process, so distortions of molecular features 
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are minimised (Slayter, 1989) 

C-reactive protein correlated with both venous blood pathology platelet counts 

and fasting FCB-DM platelet area. CRP is an immunoglobulin that initiates the 

inflammatory response in reaction to increasing IL-6 secretion from macrophages and 

T-cells (Hoffbrand, 2006). CRP rapidly increases in the body, within hours, in 

response to a stimulus. Elevated CRP levels are commonly observed in patients with 

obesity and metabolic syndrome (K. G. M. M. Alberti et al., 2006; Haffner, 2006; 

Saltiel & Kahn, 2001; Siegel & Ermilov, 2011; Visser et al., 1999; Yudkin, 2003). 

Obesity and visceral adiposity have been shown to correlate with CRP levels in a 

number of studies (Lemieux et al., 2001; Mendall et al., 1997) echoed by the 

correlations observed in this study between BMI and both CRP and ESR. Elevated 

CRP levels have also been observed in patients with high triglycerides and low HDL, 

and fasting insulin levels (Hak et al., 1999; Mendall et al., 1997; Yudkin, Stehouwer, 

Emeis, & Coppack, 1999).  

 

Abdominal obesity is independently associated with an elevated risk for 

atherosclerosis and cardiovascular disease (Anfossi et al., 2009; Coban et al., 2005; 

Perez-Campos-Mayoral et al., 2014). Dyslipidaemia and endothelial dysfunction 

trigger platelet hyperactivity, further increasing the risk of thrombotic arterial and 

venous events (Hyson, Paglieroni, Wun, & Rutledge, 2002; Mertens & Gaal, 2002; 

Nieuwdorp, Stroes, Meijers, & Buller, 2005). For this reason, it is important to have 

effective methods for identifying this hyperactive platelet state. FCB-DM fasting 

platelet area may be a useful clinical indicator of CRP concentrations seen in acute 

inflammation. 

5.1.2 Fibrin. 

Correlations were observed between FCB-DM fasting and postprandial fibrin 

area and fasting and postprandial fibrin number in the Brisbane data, but only 

correlations between fasting FCB-DM fibrin number and area correlated in the 

Lismore data. This is most likely due to the small sample size and therefore poor 

statistical power. Nevertheless these correlations indicate little change to the fibrin 

cluster area and number concentration from fasting to postprandial in FCB-DM 

samples.  
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Interestingly, no correlations were seen between diffuse fibrin in the fasting 

and postprandial measures in either the Lismore or Brisbane groups. One explanation 

for this could be that the postprandial state is more inflammatory than the fasting. 

Postprandial release of glucose and fatty acids potentially outstrip the capacity of 

oxidative phosphorylation leading to an increase in free radicals (O'Keefe, Gheewala, 

& O'Keefe, 2008). This postprandial oxidative stress triggers atherogenic changes 

including dyslipidaemia, platelet activation and impaired fibrinolysis, in the patient 

with metabolic syndrome or diabetes suffering from chronic hyperglycaemia (L. 

Monnier et al., 2006; O'Keefe et al., 2008). Diffuse fibrin presence as seen with FCB-

DM may have the potential to be a more sensitive marker of postprandial 

inflammation than fibrin cluster number and area. This is supported by the 

correlations observed in this study between BMI and both fasting and postprandial 

FCB-DM diffuse fibrin, and correlations of ESR and CRP with postprandial diffuse 

fibrin.  

 

The fasting and postprandial FCB-DM fibrin average area and number 

measures correlated with ESR. ESR is the rate at which erythrocytes sediment in one 

hour. It is a common test for non-specific inflammation in the body, used to measure 

the acute phase response. A raised ESR indicates increased concentration of 

fibrinogen and immunoglobulins in the blood (Kumar & Clarke, 2005, p. 421). The 

results of correlations in this study demonstrate this association between fibrin 

presence in the capillary blood sample and a patient’s ESR in line with in a paper by 

Hung et al. who found that increased concentration of fibrinogen accelerates 

erythrocyte sedimentation (Hung, Collings, & Low, 1994).  

5.1.3 Chylomicron remnants.  

Significantly different FCB-DM measures between fasting and postprandial 

chylomicron remnants were seen in both the Lismore and Brisbane groups. This 

indicates the chylomicron remnant concentration, observed in FCB-DM, changed 

from fasting to postprandial, an expected result in light of the literature discussed in 

2.8.3. Interestingly, when separated by BMI, no statistically significant difference was 

observed between the healthy and obese groups in the fasting chylomicron remnant 
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counts, nor in the postprandial chylomicron remnant counts. As shown in Figure 14, 

the healthy group had non-statistically significant lower fasting chylomicron remnants 

than the obese group, but higher in the two hour postprandial counts. The timing of 

the presence of chylomicron remnants in the blood is dependent on digestion, 

absorption and metabolism of lipids. The literature agrees that postprandial 

hyperlipidaemia occurs in healthy people, but is more persistent in the obese and 

metabolic syndrome patients (Cassader et al., 2001; Cohen, Noakes, & Benade, 1989; 

Cohn, 2006; Duttaroy, 2005). Thus a two hour postprandial chylomicron remnant 

measure may be capturing the peak concentration in the healthy participants, but a 

concentration still on the rise, or fall, in obese participants. Or the statistical power of 

the data may not be strong enough to show a correlation with only 23 healthy and 24 

obese sets of data. Besides being a disease in its own right, obesity is a risk factor for 

many other disease states (Formiguera & Canton, 2004). The complexity of obesity 

and abdominal adiposity, and the impact on metabolism, inflammation, liver function, 

hyperlipidaemia and endocrine function may well be clouding the data. For example 

decreased liver function or excessive fat consumption will result in an increase in the 

number, or a delayed clearance, of chylomicrons (Vitetta et al., 2005).  

 

In the Brisbane data, fasting chylomicron remnants correlated with venous 

blood pathology triglycerides, that is, the higher the participant’s triglyceride 

measures, the higher the fasting chylomicron remnant count in FCB-DM was. 

Correlations were also observed between fasting FCB-DM chylomicron remnant 

measures and venous blood pathology insulin, HOMAB, HOMAIR. As discussed 

earlier, triglyceride measures are used in clinical practice as a diagnostic indicator for 

poor lipid metabolism, atherosclerosis, cardiovascular disease risk and metabolic 

syndrome risk (Bansal et al., 2007). Patients with higher fasting insulin, higher 

HbA1c and raised triglycerides are considered at risk of metabolic syndrome (Balkau 

& Eschwege, 2005; Dominiczak, 2003a; Eckel et al., 2005; Ferrannini & Balkau, 

2002; S. M. Grundy et al., 2004). Persistent chylomicron remnant presence observed 

in FCB-DM may be an indicator of obesity related hyperlipidaemia. HOMAB and 

HOMAIR calculations, based on a patients fasting glucose and fasting insulin 

measures, are used as indicators of beta cell function and insulin resistance 

respectively in clinical medicine and as an epidemiological tool (Wallace et al., 2004). 

Thus the observation of higher fasting FCB-DM chylomicron remnants potentially 



 80 

indicates insulin resistance risk. These correlations indicate fasting FCB-DM may be 

a useful tool in monitoring cardiovascular disease and metabolic syndrome risk.  

 

It is interesting to note that a correlation was observed between postprandial 

FCB-DM chylomicron remnants and HbA1c measured from fasting venous blood. 

HbA1c, determined by both fasting and postprandial glucose levels, is an indicator of 

a person’s glycaemic exposure over the past 2-3 months (Woerle et al., 2006). Two 

cross-sectional studies suggest that reducing high HbA1c levels in patients is best 

achieved by targeting postprandial hyperglycaemia (Louis Monnier, Lapinski, & 

Colette, 2003; Woerle, Pimenta, Meyer, & et al., 2004).  

 

Cooper et al., in a 12 hour study of 31 non insulin dependent diabetic and 

control subjects, found that chylomicron remnant clearance had a significant 

relationship with the release of insulin precursors (M. B. Cooper, Tan, Hales, & 

Betteridge, 1996). They concluded that ‘abnormal postprandial lipidaemia in non 

insulin dependent diabetes is associated with beta-cell output, possibly mediated by 

the availability of free fatty acids’ (M. B. Cooper et al., 1996). The correlation with 

FCB-DM postprandial chylomicrons is interesting, and further investigation into this 

link between postprandial hyperglycaemia, hyperlipidaemia and HbA1c in a larger 

cohort may shed light on the usefulness of FCB-DM as a clinical monitoring tool. 

5.2 Differential White Blood Cell Study 

The automated haematology and FCB-DM techniques analyse different 

volumes of blood from samples obtained from vein and capillary respectively, so 

variations in the test results would be expected (Kayiran et al., 2003; Lee & Tsai, 

1989; Simmonds, Baskurt, Meiselman, & Marshall-Gradisnik, 2011). This is 

demonstrated by the significant difference in the mean scores between the two 

techniques in neutrophil, lymphocyte and basophil counts. The reference range for 

basophil counts in normal venous blood is ≤3%, therefore a statistically significant 

correlation is difficult to be observed in a sample size of 125. Also, there is contention 

in the literature in regard to the reliability of the testing of basophils with automated 

haematology machines (Amundsen, Henriksson, Holthe, & Urdal, 2012). The 

clinically valuable observation here is the significant correlation between the two 
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techniques, indicating they trend in parallel, however the test-retest reliability of the 

cell counts by FCB-DM, and the normal % ranges of cells, needs to be established. 

 

There is conflicting information in the literature about blood constituent 

differences between venous and capillary blood. Numerous studies have shown that 

total leukocyte counts are higher in capillary blood than that in venous blood (L. N. 

Daae et al., 1988; Jouault et al., 1990; Schalk et al., 2007; Schalk et al., 2008; Yang et 

al., 2001) and these variations were greater among neutrophil populations and least 

among lymphocyte populations. Schalk et al. (2009) published a review of the 

literature investigating capillary and venous blood count parameters. The populations 

studied in these reports included children and adults, healthy and sick. They found 

that on average, the capillary white cell counts were above the corresponding venous 

values by 9.5% (1.2 x 103/ μL) (r = 0.98–1.0). Capillary neutrophil counts were on 

average 8.9% (0.68 x 103/ μL) (r = 0.81–0.98) greater than the corresponding venous 

counts, and greater in children (11%; 0.91 x 103/ μL) than in adults (4.7%; 0.22 x 103/ 

μL) (Schalk et al., 2009). In contrast, Dreyer et al. (Dreyer et al., 1994) analysed 

capillary and venous samples from 50 adults and found no difference in mean total 

white cell counts and the differential spread was concordant between the two samples. 

In two other studies with n=447 (Schalk et al., 2008) and n=50 (Lee & Tsai, 1989), 

pairs of capillary and venous blood samples from volunteers with a variety of health 

conditions were analysed using automated flow cytometry analysers. No statistically 

significant differences were seen in the absolute white cell and neutrophil counts in 

either of the studies.  

 

The slightly higher average mean of neutrophil counts (p <.05) in FCB-DM 

(M = 64.70 ± 9.96) than in venous haematology (M = 57.74 ± 8.85) as observed in 

this study was in agreement with Schalk et al. (2009). The most significant difference 

in the white cell populations was with monocytes, a phenomenon that was also 

observed by Swaim (Swaim, 1991).  

 

Both the Retrospective and Recent cohorts included participants of various 

ages (23 to 70 years) and health status, which ranged from healthy to participants with 

cardiovascular disease, obesity, metabolic disorders, and/or endocrine dysfunction. 
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Regardless of the cohort age, gender and health status variation, and despite the 

difference in the mean scores, significant correlations were observed between the two 

techniques in their neutrophil, lymphocyte, monocyte and eosinophil blood counts.  

 

Cell counting with automated analysers is considered rapid, cost effective, 

efficient and statistically significant given approximately 8000 cells are counted 

(Kamath, 2011). Although the technology is advancing, the disadvantage of 

automated cell counts is that they offer limited morphological information (Ceelie, 

Dinkelaar, & van Gelder, 2007). Though manual blood smears are utilised by some 

pathology testing laboratories, they are not automatically included in the full blood 

count. An important advantage of the FCB-DM technique is the ability of the scientist 

and clinician to observe leukocyte morphology in a fresh, unstained, untreated blood 

sample. If further research can demonstrate acceptable validity and reliability, the 

FCB-DM technique poses a viable health-screening tool at point of care, for 

monitoring leucocyte morphology, counts and immune function.  

 

Figure 16 (a) highlights an observation that became apparent during the data 

collection. The image contains two neutrophils, the large bright cells in the top right 

and left of the image. The neutrophil on the left of the image appears normal, with an 

intact outer membrane, visible granular particles and three dark nuclei. The neutrophil 

on the right is disrupted, the outer membrane of the cell is ruptured and the granular 

particles can be seen leaking into the blood sample around the top of the cell. These 

granular particles are similar in size and appearance to chylomicron remnants. These 

granular particles have the potential to influence and alter a chylomicron remnant 

count. 

 

For every neutrophil in circulation, 50-100 mature cells are held in the bone 

marrow reserve (Zweifach, Grant, & McCluskey, 2014). With their short life span, 

this means a massive turnover and large numbers of cells lysing, passing out of the 

body through the intestine, skin and lungs or taken up by macrophages in tissue 

(Zweifach et al., 2014).  

 

Studies of disrupted neutrophils reveal they lyse at a pH of 5 or lower and 

have phagocytic enzymes associated with, or contained within them (E. L. Cooper, 
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1983). These lysed neutrophils were only present in one participant’s FCB-DM 

images and all care was taken to identify the critical areas and avoid any major 

alteration to the chylomicron remnant count. It should be noted that there will be a 

population of patients that would confound the chylomicron remnant count.  

 

  (a) 
 

  (b) 
Figure16. Comparison of data images between Brisbane (a) and Lismore (b). 
Illustrating the difference in resolution of the images between Brisbane (a) 1 pixel = 
1.4 µm and Lismore (b) 1 pixel = 4.4 µm. Two neutrophils are visible in both images: 
in image (a) the neutrophil on the left is normal, the neutrophil on the right is lysed; in 
image (b) both neutrophils in the bottom left are normal. 
 

5.3 Methodological Limitations in the Metabolic Syndrome Study 

The major strength of this study was that it endeavoured to provide 

preliminary evidence concerning the validity of a clinical screening tool for metabolic 

syndrome which, to date, there has been little scientific enquiry. A number of 
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limitations came to light during the roll out of the project, and are discussed here.  

First the disparity of results between the testing sites (Brisbane and Lismore)  

reduced the usable sample size significantly, as the two sets of data could not be 

collapsed. The significant difference in the resolution of the images in ImageJ, as seen 

in Figure 16, had different pixel ratios. This could have been avoided by recruitment 

from only one location, but time limitations drove the decision to expand the 

recruitment to the two locations. This resulted in a smaller cohort from one location 

than anticipated and therefore the potential for less statistical power. The disparity in 

the pixel ratio did not affect the collection of the data for the differential white blood 

cell study, as the differential count was carried out at the time of the FCB-DM testing 

directly from the fresh blood sample.  

 

Second, there were missing data caused by occasional omissions in taking 

blood samples and in completing specific tests by the collaborating venous pathology 

laboratory. As all the data collection occurred on one day, and timing in regard to 

fasting and postprandial blood samples was important, there was only a small window 

for error regarding venous blood collection issues. This further contributed to the 

shrinking of the sample size.  

 

A third limitation of this study pertains to the measurement of platelet area. As 

can be seen in Figure 5, the circumference of the platelets can be difficult to define, 

obviously resulting in disparity in the area measure. Although the reliability of the 

testing showed little variation between the area measures, it is important to note that 

variation is probable.  

 

The lack of prior research in the field and on the FCB-DM technique that 

might have been used as a guide in developing methodology presented its challenges 

to an early career researcher. Time restraints in the recruitment phase made it 

impossible to match the gender and age between the healthy and overweight groups, 

and thus the target groups included in the study were broad. The disadvantage of 

using a diverse sample is that the lack of homogeneity may introduce confounding 

factors that may affect the results and outcomes. Nevertheless, our data did 

successfully demonstrate significant and relevant correlations, in spite of the broad 

range of participant details, as well as the variable time period between the two blood 
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samplings, at least for the differential white cell measures, that help to justify the 

validity of FCB-DM compared with conventional venous blood analysis. 

5.4 Methodological Limitations in the Differential White Blood Cell 

Study 

A limitation in the study was the use of the retrospective data with up to 14 

days elapsed between the two tests compared to the Recent group which had only one 

hour between the two tests. The dynamic nature of the immune system is such that 

changes in white blood cell populations occur in response to the body’s requirements. 

White blood cell numbers would be expected, over time, to change with an 

individual’s health status. Future research on the influence of time on the correlations 

between automated haematology and FCB-DM differential white blood cell testing 

would be of clinical value.  

5.5 Future Study Directions 

Future research should focus in two distinct directions, the determination and 

validation of specific variables in FCB-DM: what exactly we are observing and how 

do we know this, and only then can the validation of the technique and its use in 

clinical setting be researched. 

 

As the observations of FCB-DM are largely subjective, further and thorough 

investigations of reliability and reproducibility are necessary to validate the technique. 

Small projects have been carried out in attempts to investigate inter practitioner 

reliability (Petric et al., 2010), but more scientifically rigorous and larger studies are 

required. 

 

Larger, gender and age matched cohorts would improve the rigor of studies 

into FCB-DM validity in assessment of metabolic syndrome risk factors. More 

specifically targeted groups would help focus the results and outcomes, for instance 

the selection criteria targeting a more specific disease state than the complex and 

multifactorial metabolic syndrome.  

 

Given the similarity of the techniques, an examination of FCB-DM compared 
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to blood film pathology, specifically around the manual differential white blood cell 

count and platelet number and area calculations, may shed more light on the accuracy 

of the technique. 

 

Venous blood measures were only collected in the fasting state in this study 

due to financial and time restraints, but future comparisons of both fasting and 

postprandial FCB-DM and venous blood pathology measures would be of clinical 

importance.  

 

Further research project areas of focus may include: 

• A clotting speed study observing FCB-DM platelet and fibrin presence in patients 

on warfarin with matched controls.  

• Chylomicron remnant comparison study on patients with fatty liver disease and 

matched controls. 

• Chylomicron remnant comparison study on non insulin dependent diabetics and 

healthy matched controls. 

• A time course study of postprandial venous blood pathology and FCB-DM 

parameters measured hourly after a test meal for 6 hours. 

• Comparison of blood film manual counts and FCB-DM differential white blood 

cell counts. 

• Comparison between differential white blood cell counts with FCB-DM and 

automated capillary counters differential white blood cell counts. 

• Comparison of FCB-DM and automated pathology differential counts on blood 

taken simultaneously. 
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6 Conclusions 

This research provides new evidence of the relationship between the results of 

FCB-DM screening and conventional venous blood pathology tests. Correlations were 

observed between a number of FCB-DM variables and corresponding venous blood 

pathology tests. Further findings indicated that the differential white cell counts as 

determined by FCB-DM were significantly correlated with that determined by 

conventional automated venous haematology for neutrophil, lymphocyte, monocyte 

and eosinophil populations. There were however some differences when comparing 

the absolute values of white cell counts between the two testing techniques. 

 

In respect of the hypotheses tested:  

• Null Hypothesis A was rejected as significant correlations between fasting 

average platelet area and venous pathology platelet counts were observed.  

• Null Hypothesis B was rejected because significant correlations between venous 

blood pathology ESR and FCB-DM fasting fibrin number and fasting fibrin area were 

observed.  

• Null Hypothesis C was partially rejected as significant correlations were observed 

between FCB-DM fasting chylomicron remnant counts and venous blood pathology 

triglycerides and insulin, and between FCB-DM fasting chylomicron remnant counts 

and HOMAB and HOMAIR calculations. A significant correlation was also observed 

between postprandial chylomicron remnant counts and HbA1c but no significant 

correlations were observed between FCB-DM chylomicron remnant counts and HDL 

and LDL cholesterol or glucose levels. Statistically significant differences were 

observed between the FCB-DM fasting and postprandial chylomicron counts. 

• Null Hypothesis D was rejected as statistically significant correlations were observed 

between FCB-DM neutrophil, lymphocyte, monocyte and eosinophil populations and 

venous pathology counts. 

 

Despite the limitations that came to light in the course of this study it remains 

that our data has demonstrated moderate but significant correlations between FCB-

DM screening and selected conventional venous blood pathology tests, that are 

utilised in clinical practice for metabolic syndrome diagnosis. FCB-DM has the 
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potential to provide a cost effective, point of care screening tool that is less invasive 

than venous blood pathology. Further research should strengthen the clinical value of 

FCB-DM screening in monitoring metabolic syndrome, as well as other disease states. 

 

 

  



 89 

References 

 

Aballay, L. R., Eynard, A. R., Díaz, M. P., Navarro, A., & Muñoz, S. E. (2013). 
Overweight and obesity: a review of their relationship to metabolic syndrome, 
cardiovascular disease, and cancer in South America. Nutr Rev, 71(3), 168-
179. doi: 10.1111/j.1753-4887.2012.00533.x 

Abbasi, F., Blasey, C., & Reaven, G. M. (2013). Cardiometabolic risk factors and 
obesity: does it matter whether BMI or waist circumference is the index of 
obesity? The American Journal Of Clinical Nutrition, 98(3), 637-640. doi: 
10.3945/ajcn.112.047506 

Abbott, W. G. H., Lillioja, S., Young, A. A., Zawadzki, J. K., Yki-Järvinen, H., 
Christin, L., & Howard, B. V. (1987). Relationships between plasma 
lipoprotein concentrations and insulin action in an obese hyperinsulinemic 
population. Diabetes, 36(8), 897-904. doi: 10.2337/diab.36.8.897 

Al Asfoor, D. H., Al Lawati, J. A., & Mohammed, A. J. (1999). Body fat distribution 
and the risk of non-insulin-dependent diabetes mellitus in the Omani 
population. Eastern Mediterranean Health Journal, 5(1), 14-20.  

Alberti, K. G., Eckel, R. H., Grundy, S. M., Zimmet, P. Z., Cleeman, J. I., Donato, K. 
A., . . . Smith, S. C., Jr. (2009). Harmonizing the metabolic syndrome: a joint 
interim statement of the International Diabetes Federation Task Force on 
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; 
American Heart Association; World Heart Federation; International 
Atherosclerosis Society; and International Association for the Study of 
Obesity. Circulation, 120(16), 1640-1645. doi: 
10.1161/circulationaha.109.192644 

Alberti, K. G. M. M., Zimmet, P., & Shaw, J. (2006). Metabolic syndrome—a new 
world-wide definition. A Consensus Statement from the International Diabetes 
Federation. Diabetic Medicine, 23, 469-480.  

Alberts, B., Johnson, A., & Lewis, J. (2002). Molecular biology of the cell (Vol. 4th 
edition). New York: Garland Science. 

Alshehri, A. (2010). Metabolic syndrome and cardiovascular risk. Journal of Family 
and Community Medicine, 17(2), 73-78. doi: 10.4103/1319-1683.71987 

Ambruso, D. R., & Johnston, R. B. J. (1981). Lactoferrin enhances hydroxyl radical 
production by human neutrophils, neutrophil particulate fractions, and an 
enzymatic generating system. Journal of Clinical Investigation, 67(2), 352-
360.  

Amulic, B., Cazalet, C., Hayes, G. L., Metzler, K. D., & Zychlinsky, A. (2012). 
Neutrophil Function: From Mechanisms to Disease. Annual review of 
immunology, 30(1), 459-489. doi: doi:10.1146/annurev-immunol-020711-
074942 

Amundsen, E. K., Henriksson, C. E., Holthe, M. R., & Urdal, P. (2012). Is the blood 
basophil count sufficiently precise, accurate, and specific?: three automated 
hematology instruments and flow cytometry compared. American Journal Of 
Clinical Pathology, 137(1), 86-92. doi: 10.1309/ajcp19bfthytmoro. 

Anand, S. S., Yi, Q., Gerstein, H., Lonn, E., Jacobs, R., Vuksan, V., . . . Yusuf, S. 
(2003). Relationship of metabolic syndrome and fibrinolytic dysfunction to 
cardiovascular disease. Circulation, 108(4), 420-425. doi: 
10.1161/01.cir.0000080884.27358.49 

Ananthapavan, J., Sacks, G., Moodie, M., & Carter, R. (2014). Economics of obesity-



 90 

-learning from the past to contribute to a better future. Int J Environ Res 
Public Health, 11(4), 4007-4025. doi: 10.3390/ijerph110404007 

Anderson, B. O., Brown, J. M., & Harken, A. H. (1991). Mechanisms of neutrophil-
mediated tissue injury. Journal of Surgical Research, 51(2), 170-179. doi: 
http://dx.doi.org/10.1016/0022-4804(91)90090-9 

Andrews, R. K., & Berndt, M. C. (2004). Platelet physiology and thrombosis. 
Thrombosis research, 114(5-6), 447-453. doi: 
http://dx.doi.org/10.1016/j.thromres.2004.07.020 

Anfossi, G., Russo, I., & Trovati, M. (2009). Platelet dysfunction in central obesity. 
Nutrition, Metabolism and Cardiovascular Disease, 19(6), 440-449. doi: 
10.1016/j.numecd.2009.01.006 

Arkin, C. F., Medeiros, L. J., Pevzner, L. Z., Guertin, B. P., Kobos, P. J., Phelps, J. 
W., & Smith, S. J. (1987). The white blood cell differential. Evaluation of 
rapid impression scanning versus the routine manual count. American Journal 
Of Clinical Pathology, 87(5), 628-632.  

Aronson, D., Bartha, P., Zinder, O., Kerner, A., Markiewicz, W., Avizohar, O., . . . 
Levy, Y. (2004). Obesity is the major determinant of elevated C-reactive 
protein in subjects with the metabolic syndrome. International Journal of 
Obesity, 28(5), 674-679.  

Australian Bureau of Statistics. (2007). Australian social trends 2007 Overweight and 
Obesity. Canberra: Australian Bureau of Statistics. 

Australian Bureau of Statistics. (2011). Overweight and Obesity in Adults in 
Australia: A Snapshot, 2007–08  Retrieved January 8th, 2015, from 
http://www.abs.gov.au/ausstats/abs@.nsf/Products/B2B67E82EFA3EB2ACA
25789C0023DAB9?opendocument 

Australian Bureau of Statistics. (2013). Overweight and Obesity. Proflies of Health 
Australia.  Retrieved January 8th, 2015, from 
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by Subject/4338.0~2011-
13~Main Features~Overweight and obesity~10007 

Avramoglu, R. K., Qiu, W., & Adeli, K. (2003). Mechanisms of metabolic 
dyslipidemia in insulin resistant states: deregulation of hepatic and intestinal 
lipoprotein secretion. Front Biosci, 8, d464-476.  

Bain, B. J. (2005). Diagnosis from the blood smear. New England Journal of 
Medicine, 353, 498-507.  

Balistreri, C. R., Caruso, C., & Candore, G. (2010). The role of adipose tissue and 
adipokines in obesity-related inflammatory diseases. Mediators Inflamm, 
2010, 802078. doi: 10.1155/2010/802078 

Balkau, B., & Eschwege, E. (2005). The metabolic syndrome. The Lancet, 366(9501), 
1921; author reply 1923-1924. doi: 10.1016/s0140-6736(05)67777-x 

Bandeira-Melo, C., & Weller, P. F. (2005). Mechanisms of eosinophil cytokine 
release. Memórias do Instituto Oswaldo Cruz, 100, 73-81.  

Bansal, S., Buring, J. E., Rifai, N., Mora, S., Sacks, F. M., & Ridker, P. M. (2007). 
Fasting compared with nonfasting triglycerides and risk of cardiovascular 
events in women. Journal Of The American Medical Association, 298(3), 309-
316. doi: 10.1001/jama.298.3.309 

Barkalow, K. L., Falet, H., Italiano, J. E., van Vugt, A., Carpenter, C. L., Schreiber, 
A. D., & Hartwig, J. H. (2003). Role for phosphoinositide 3-kinase in Fcγ
RIIA-induced platelet shape change (Vol. 285). 

Barnes, P. W., McFadden, S. L., Machin, S. J., & Simson, E. (2005). The 
international consensus group for hematology review: suggested criteria for 

http://dx.doi.org/10.1016/0022-4804(91)90090-9
http://dx.doi.org/10.1016/j.thromres.2004.07.020
http://www.abs.gov.au/ausstats/abs@.nsf/Products/B2B67E82EFA3EB2ACA25789C0023DAB9?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/Products/B2B67E82EFA3EB2ACA25789C0023DAB9?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4338.0%7E2011-13%7EMain%20Features%7EOverweight%20and%20obesity%7E10007
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4338.0%7E2011-13%7EMain%20Features%7EOverweight%20and%20obesity%7E10007


 91 

action following automated CBC and WBC differential analysis. Laboratory 
Hematology, 11(2), 83-90. doi: 10.1532/lh96.05019 

Barquera, S., Campos-Nonato, I., Aguilar-Salinas, C., Lopez-Ridaura, R., Arredondo, 
A., & Rivera-Dommarco, J. (2013). Diabetes in Mexico: cost and management 
of diabetes and its complications and challenges for health policy. Global 
Health, 9, 3. doi: 10.1186/1744-8603-9-3 

Barratt, J. O. W. (1920). The Action of Thrombin upon Fibrinogen. Biochemical 
Journal, 14(2), 189.  

Bastard, J. P., Maachi, M., Lagathu, C., Kim, M. J., Caron, M., Vidal, H., . . . Feve, B. 
(2006). Recent advances in the relationship between obesity, inflammation, 
and insulin resistance. Eur Cytokine Netw, 17(1), 4-12.  

Bastien, M., Poirier, P., Lemieux, I., & Despres, J. P. (2014). Overview of 
epidemiology and contribution of obesity to cardiovascular disease. Prog 
Cardiovasc Dis, 56(4), 369-381. doi: 10.1016/j.pcad.2013.10.016 

Bath, P. M. W., & Butterworth, R. J. (1996). Platelet size: measurement, physiology 
and vascular disease. Blood Coagulation & Fibrinolysis, 7(2), 157-161.  

Benenson, A. S., Islam, M. R., & Greenough III, W. B. (1964). Rapid identification of 
Vibrio cholerae by darkfield microscopy. Bulletin of the World Health 
Organization, 30(6), 827.  

Bensoussan, A., Myers, S. P., Wu, S. M., & O’Connor, K. (2004). Naturopathic and 
Western herbal medicine practice in Australia—a workforce survey. 
Complementary Therapoies in Medicine, 12(1), 17-27. doi: 
http://dx.doi.org/10.1016/j.ctim.2004.01.001 

Bentley, S. A. (1990). Automated differential white cell counts: a critical appraisal. 
Baillieres Clinical Haematology, 3(4), 851-869.  

Berliner, J. A., Frank, H. J. L., Karasic, D., & Capdeville, M. (1984). Lipoprotein-
induced Insulin Resistance in Aortic Endothelium. Diabetes, 33(11), 1039-
1044. doi: 10.2337/diab.33.11.1039 

Bierman, E. L., Gordis, E., & Hamlin, J. T., 3rd. (1962). Heterogeneity of fat particles 
in plasma during alimentary lipemia. J Clin Invest, 41, 2254-2260. doi: 
10.1172/jci104684 

Binns, C., & Low, W. Y. (2013). Obesity: upsetting the public health balance. Asia 
Pac J Public Health, 25(2), 121-123. doi: 10.1177/1010539513479003 

Bleker, M. (1993). Blood examination in darkfield according to Prof. Günther 
Enderlein. Germany: Semmelweis-Verlag. 

Blumenreich, M. S. (1990). The white blood cell and differential count. In H. K. 
Walker, W. D. Hall & J. W. Hurst (Eds.), Clinical Methods: The History, 
Physical, and Laboratory Examinations. Boston: Butterworth Publishers. 

Borregaard, N. (2010). Neutrophils, from marrow to microbes. Immunity, 33(5), 657-
670. doi: 10.1016/j.immuni.2010.11.011 

Brass, L. (2010). Understanding and Evaluating Platelet Function (Vol. 2010). 
Brecher, G., & Cronkite, E. P. (1950). Morphology and Enumeration of Human Blood 

Platelets’. Journal of Applied Physiology, August.  
Brewer, D. B. (2006). Max Schultze (1865), G. Bizzozero (1882) and the discovery of 

the platelet. British Journal Of Haematology, 133(3), 251-258. doi: 
10.1111/j.1365-2141.2006.06036.x 

Brians, C. L., Manheim, J. B., Willnat, L. B., & Rich, R. C. (2010). Empirical 
Political Analysis: Quantitative and Qualitative Research Methods: Longman. 

Briggs, C., Longair, I., Slavik, M., Thwaite, K., Mills, R., Thavaraja, V., . . . Machin, 
S. J. (2007). Can automated blood film analysis replace the manual 

http://dx.doi.org/10.1016/j.ctim.2004.01.001


 92 

differential? An evaluation of the CellaVision DM96 automated image 
analysis system. International Journal of Laboratory Hematology, 31(1), 48-
60. doi: 10.1111/j.1751-553X.2007.01002.x 

Brown, D. W., Giles, W. H., & Croft, J. B. (2001). White blood cell count: an 
independent predictor of coronary heart disease mortality among a national 
cohort. Journal of clinical epidemiology, 54(3), 316-322.  

Buttarello, M., & Plebani, M. (2008). Automated blood cell counts: state of the art. 
American Journal Of Clinical Pathology, 130(1), 104-116. doi: 
10.1309/ek3c7ctdknvpxvtn 

Büttner, J. (1997). Diagnostic validity as a theoretical concept and as a measurable 
quantity. Clinica Chimica Acta, 260(2), 131-143. doi: 
http://dx.doi.org/10.1016/S0009-8981(96)06491-1 

Callens, A. (1992). Darkfield or phase contrast microscopy. Usefulness in 
periodontology. Nederlands Tijdschrift Voor Tandheelkunde, 99(10), 381-384.  

Cameron, A. J., Magliano, D. J., Dunstan, D. W., Zimmet, P. Z., Hesketh, K., Peeters, 
A., & Shaw, J. E. (2012). A bi-directional relationship between obesity and 
health-related quality of life: evidence from the longitudinal AusDiab study. 
International Journal of Obesity, 36(2), 295-303. doi: 10.1038/ijo.2011.103 

Cameron, A. J., Welborn, T. A., Zimmet, P. Z., Dunstan, D. W., Owen, N., Salmon, 
J., . . . Shaw, J. E. (2003). Overweight and obesity in Australia: the 1999-2000 
Australian diabetes, obesity and lifestyle study (AusDiab). Medical Journal of 
Australia, 178(9), 427-432.  

Carey, V. J., Walters, E. E., Colditz, G. A., Solomon, C. G., Willett, W. C., Rosner, B. 
A., . . . Manson, J. E. (1997). Body fat distribution and risk of non-insulin-
dependent diabetes mellitus in women. The Nurses' Health Study. American 
Journal of Epidemiology, 145(7), 614-619.  

Carrassi, A., Soragna, I., Onofri, M., & Abati, S. (1986). Use of dark-field 
microscopy in periodontology. Mondo Odontostomatologico, 28(6), 27-38.  

Cassader, M., Gambino, R., Musso, G., Depetris, N., Mecca, F., Cavallo-Perin, P., . . . 
Pagano, G. (2001). Postprandial triglyceride-rich lipoprotein metabolism and 
insulin sensitivity in nonalcoholic steatohepatitis patients. Lipids, 36(10), 
1117-1124.  

Ceelie, H., Dinkelaar, R. B., & van Gelder, W. (2007). Examination of peripheral 
blood films using automated microscopy; evaluation of Diffmaster Octavia 
and Cellavision DM96. Journal Of Clinical Pathology, 60(1), 72-79. doi: 
10.1136/jcp.2005.035402 

Chahil, T. J., & Ginsberg, H. N. (2006). Diabetic dyslipidemia. Endocrinol Metab 
Clin North Am, 35(3), 491-510, vii-viii. doi: 10.1016/j.ecl.2006.06.002 

Chambers, W., Fellers, T. J., & Davidson, M. W. (2012). Darkfield illumination.   
Retrieved November 12th 2011, 2011, from 
http://www.microscopyu.com/articles/stereomicroscopy/stereodarkfield.html 

Chandrasekaran, S., Krishnaveni, S., & Chandrasekaran, N. (1998). Darkfield 
microscopic (DFM) and serologic evidences for leptospiral infection in 
panuveitis cases. Indian Journal Of Medical Sciences, 52(7), 294-298.  

Chu, S. G., Becker, R. C., Berger, P. B., Bhatt, D. L., Eikelboom, J. W., Konkle, B., . 
. . Berger, J. S. (2010). Mean platelet volume as a predictor of cardiovascular 
risk: a systematic review and meta-analysis. Journal of Thrombosis and 
Haemostasis, 8(1), 148-156. doi: 10.1111/j.1538-7836.2009.03584.x 

Coban, E., Ozdogan, M., Yazicioglu, G., & Akcit, F. (2005). The mean platelet 
volume in patients with obesity. International Journal of Clinical Practice, 

http://dx.doi.org/10.1016/S0009-8981(96)06491-1
http://www.microscopyu.com/articles/stereomicroscopy/stereodarkfield.html


 93 

59(8), 981-982. doi: 10.1111/j.1742-1241.2005.00500.x 
Cohen, J. C., Noakes, T. D., & Benade, A. J. (1989). Postprandial lipemia and 

chylomicron clearance in athletes and in sedentary men. The American 
Journal Of Clinical Nutrition, 49(3), 443-447.  

Cohn, J. S. (2006). Postprandial lipemia and remnant lipoproteins. Clinics in 
Laboratory Medicine, 26(4), 773-786. doi: 10.1016/j.cll.2006.07.003 

Colagiuri, S., Lee, C. M., Colagiuri, R., Magliano, D., Shaw, J. E., Zimmet, P. Z., & 
Caterson, I. D. (2010). The cost of overweight and obesity in Australia. 
Medical Journal of Australia, 192(5), 260-264.  

Cole, A. M., Newcomb, G. M., & Nixon, K. C. (1984). Dark-field microscopy and 
patient education. Australian Dental Journal, 29(6), 394-397.  

Conroy, D. M., Humbles, A. A., Rankin, S. M., Palframan, R. T., Collins, P. D., 
Griffiths-Johnson, D. A., . . . Williams, T. J. (1997). The role of the 
eosinophil-selective chemokine, eotaxin, in allergic and non-allergic airways 
inflammation. Memórias do Instituto Oswaldo Cruz, 92, 183-191.  

Cooper, E. L. (1983). General Immunology. Oxford, England: Pergamon Press. 
Cooper, M. B., Tan, K. C., Hales, C. N., & Betteridge, D. J. (1996). Postprandial lipid 

metabolism and beta-cell function in non-insulin-dependent (type 2) diabetes 
mellitus after a mixed meal with a high fat content. Diabetic Medicine, 13(9), 
816-827.  

Cooper, R. R., & Lusk, H. (1942). The amount of fat in the blood after a meal as 
estimated by counting the chylomicrons. American Journal of Digestive 
Diseases, 9(11).  

Cordero, A., Laclaustra, M., Leon, M., Grima, A., Casasnovas, J. A., Luengo, E., . . . 
Alegria, E. (2006). Prehypertension is associated with insulin resistance state 
and not with an initial renal function impairment. A Metabolic Syndrome in 
Active Subjects in Spain (MESYAS) Registry substudy. Am J Hypertens, 
19(2), 189-196; discussion 197-188. doi: 10.1016/j.amjhyper.2005.08.018 

Corrado, E., & Novo, S. (2007). Evaluation of C-reactive protein in primary and 
secondary prevention. Journal of Investigative Medicine, 55(8), 430-438.  

Coyle, M. (2001). New scientific findings and their impact on the Enderlein 
perspective. Explore! A peer-reviewed journal for the integrative medical 
professional and health conscious consumer, 10(6).  

Cracknell, S. E., Hinchliffe, R. F., & Lilleyman, J. S. (1995). Lymphocyte subset 
counts in skin puncture and venous blood compared. Journal Of Clinical 
Pathology, 48(12), 1137-1138.  

Crissey, J. T., & Denenholz, D. A. (1984). Darkfield examination and allied 
procedures. Clinics in Dermatology, 2, 71-77.  

Cromheecke, J. L., Nguyen, K. T., & Huston, D. P. (2014). Emerging role of human 
basophil biology in health and disease. Curr Allergy Asthma Rep, 14(1), 408. 
doi: 10.1007/s11882-013-0408-2 

Crosland-Taylor, P., Stewart, J., & Haggis, G. (1958). An Electronic Blood-Cell-
Counting Machine. Blood, 13(4), 398.  

Cuadra, M. (1978). The spreading of leukocytes released from their liquid 
environment. Blut, 37(2), 95-102.  

Cummings, M. C., Lukehart, S. A., Marra, C., Smith, B. L., Shaffer, J., Demeo, L. R., 
. . . McCormack, W. M. (1996). Comparison of methods for the detection of 
Treponema pallidum in lesions of early Syphilis. Sexually Transmitted 
Diseases, 23(5), 366-369.  

Daae, L. N., Halvorsen, S., Mathisen, P. M., & Mironska, K. (1988). A comparison 



 94 

between haematological parameters in capillary and venous blood from 
healthy adults. Scandinavian journal of clinical and laboratory investigation, 
48(7), 723-726.  

Daae, L. N. W., Hallerud, M., & Halvorsen, S. (1991). A comparison between 
haematological parameters in ‘capillary’ and venous blood samples from 
hospitalized children aged 3 months to 14 years. Scandinavian journal of 
clinical and laboratory investigation, 51(7), 651-654. doi: 
doi:10.3109/00365519109104576 

Daae, N. W. (1989). Different blood particle parameters for samples collected by skin 
puncture and venously European Journal of Haematology, 43(2), 190-190. 
doi: 10.1111/j.1600-0609.1989.tb00280.x 

Dacie, J. V., & Lewis, S. M. (1991). Pratical Haematology (7th ed.). Edinburgh, 
Scotland: Churchill Livinstone. 

Daly, M. E. (2011). Determinants of platelet count in humans. Haematologica, 96(1), 
10-13. doi: 10.3324/haematol.2010.035287 

Danaei, G., Finucane, M. M., Lu, Y., Singh, G. M., Cowan, M. J., Paciorek, C. J., . . . 
Ezzati, M. (2011). National, regional, and global trends in fasting plasma 
glucose and diabetes prevalence since 1980: systematic analysis of health 
examination surveys and epidemiological studies with 370 country-years and 
2·7 million participants. The Lancet, 378(9785), 31-40. doi: 
http://dx.doi.org/10.1016/S0140-6736(11)60679-X 

Dandona, P., Aljada, A., & Bandyopadhyay, A. (2004). Inflammation: the link 
between insulin resistance, obesity and diabetes. Trends in Immunology, 25(1), 
4-7. doi: http://dx.doi.org/10.1016/j.it.2003.10.013 

Das, U. N. (2002). Obesity, metabolic syndrome X, and inflammation. Nutrition, 
18(5), 430-432. doi: http://dx.doi.org/10.1016/S0899-9007(01)00747-X 

Davis, M. E., & Hulit, B. E. (1949). Changes in circulating eosinophils in women 
during the menstrual cycle and reproduction. J Clin Endocrinol Metab, 9(8), 
714-724. doi: 10.1210/jcem-9-8-714 

de Heredia, F. P., Gomez-Martinez, S., & Marcos, A. (2012). Obesity, inflammation 
and the immune system. Proc Nutr Soc, 71(2), 332-338. doi: 
10.1017/s0029665112000092 

Delgado-Lista, J., Lopez-Miranda, J., Cortes, B., Perez-Martinez, P., Lozano, A., 
Gomez-Luna, R., . . . Perez-Jimenez, F. (2008). Chronic dietary fat intake 
modifies the postprandial response of hemostatic markers to a single fatty test 
meal. The American Journal Of Clinical Nutrition, 87(2), 317-322.  

DeNicola, D. B. (2011). Advances in hematology analyzers. Top Companion Anim 
Med, 26(2), 52-61. doi: 10.1053/j.tcam.2011.02.001 

Denny, T., Yogev, R., Gelman, R., Skuza, C., Oleske, J., Chadwick, E., . . . Connor, 
E. (1992). Lymphocyte subsets in healthy children during the first 5 years of 
life Journal Of The American Medical Association, 267(11), 1484-1488.  

Despres, J. P. (2006). Is visceral obesity the cause of the metabolic syndrome? Annals 
of medicine, 38, 52-63.  

Despres, J. P., & Lemieux, I. (2006). Abdominal obesity and metabolic syndrome. 
Nature, 444(7121), 881-887. doi: 10.1038/nature05488 

Deurenberg, P., & Yap, M. (1999). The assessment of obesity: methods for measuring 
body fat and global prevalence of obesity. Clinical Endocrinology and 
Metabolism.  

Dominiczak, M. H. (2003a). Metabolic syndrome. Current Opinion in Lipidology, 
14(3), 329-332.  

http://dx.doi.org/10.1016/S0140-6736(11)60679-X
http://dx.doi.org/10.1016/j.it.2003.10.013
http://dx.doi.org/10.1016/S0899-9007(01)00747-X


 95 

Dominiczak, M. H. (2003b). Obesity, glucose intolerance and diabetes and their links 
to cardiovascular disease. Implications for laboratory medicine. Clinical 
Chemestry and Laboratory Medicine, 41(9), 1434-6621.  

Dreyer, R., Pillay, G. S., & Jacobs, P. (1994). Skin puncture blood counts. Clinical 
And Laboratory Haematology, 16(3), 304-305. doi: 10.1111/j.1365-
2257.1994.tb00428.x 

Drisko, C. L., White, C. L., Killoy, W. J., & Mayberry, W. E. (1987). Comparison of 
dark-field microscopy and a flagella stain for monitoring the effect of a Water 
Pik on bacterial motility. Journal of Periodontology, 58(6), 381-386.  

Duttaroy, A. K. (2005). Postprandial activation of hemostatic factors: role of dietary 
fatty acids. Prostaglandins, Leukotrienes and Essential Fatty Acids, 72(6), 
381-391. doi: 10.1016/j.plefa.2005.03.003 

Eckel, R. H., Grundy, S. M., & Zimmet, P. Z. (2005). The metabolic syndrome. The 
Lancet, 365(9468), 1415-1428. doi: 10.1016/s0140-6736(05)66378-7 

Eckel, R. H., Prasad, J. E., Kern, P. A., & Marshall, S. (1984). Insulin Regulation of 
Lipoprotein Lipase in Cultured Isolated Rat Adipocytes. Endocrinology, 
114(5), 1665-1671. doi: 10.1210/endo-114-5-1665 

Eckel, R. H., & Yost, T. J. (1987). Weight reduction increases adipose tissue 
lipoprotein lipase responsiveness in obese women. J Clin Invest, 80(4), 992-
997. doi: 10.1172/jci113193 

El-Safadi, S., Tinneberg, H. R., von Georgi, R., Munstedt, K., & Bruck, F. (2005). 
Does Dark Field Microscopy According to Enderlein Allow for Cancer 
Diagnosis? A Prospective Study. FORSCHENDE 
KOMPLEMENTARMEDIZIN, 12(3), 148.  

Eleftheriadou, I., Grigoropoulou, P., Katsilambros, N., & Tentolouris, N. (2008). The 
effects of medications used for the management of diabetes and obesity on 
postprandial lipid metabolism. Curr Diabetes Rev, 4(4), 340-356.  

Elkes, J. J., Frazer, A. C., & Stewart, H. C. (1939). The composition of particles seen 
in normal human blood under dark-ground illumination. Journal of 
Physiology, 95(1), 68-82.  

Emanuela, F., Grazia, M., Marco, d. R., Maria Paola, L., Giorgio, F., & Marco, B. 
(2012). Inflammation as a Link between Obesity and Metabolic Syndrome. 
Journal of Nutrition and Metabolism, 2012, 476380.  

Esmon, C. T. (2004). The impact of the inflammatory response on coagulation. 
Thrombosis research, 114(5-6), 321-327.  

Esposito, K., Marfella, R., M., C., Di Palo, C., Giugliano, F., Giugliano, G., . . . 
Giugliano, D. (2004). Effect of a mediterranean-style diet on endothelial 
dysfunction and markers of vascular inflammation in the metabolic syndrome. 
Journal Of The American Medical Association, 292(12), 1440-1446.  

Esser, N., Legrand-Poels, S., Piette, J., Scheen, A. J., & Paquot, N. (2014). 
Inflammation as a link between obesity, metabolic syndrome and type 2 
diabetes. Diabetes Res Clin Pract, 105(2), 141-150. doi: 
10.1016/j.diabres.2014.04.006 

Ferrannini, E., & Balkau, B. (2002). Insulin: in search of a syndrome. Diabetic 
Medicine, 19(9), 724-729.  

Ferrannini, E., Haffner, S. M., Mitchell, B. D., & Stern, M. P. (1991). 
Hyperinsulinaemia: the key feature of a cardiovascular and metabolic 
syndrome. Diabetologia, 34(6), 416-422.  

Field, A. (2009). Discovering statistics using SPSS (Third edition ed.). London: Sage 
Publications Ltd. 



 96 

Finucane, M. M., Stevens, G. A., Cowan, M. J., Danaei, G., Lin, J. K., Paciorek, C. J., 
. . . Ezzati, M. (2011). National, regional, and global trends in body-mass 
index since 1980: systematic analysis of health examination surveys and 
epidemiological studies with 960 country-years and 9.1 million participants. 
The Lancet, 377(9765), 557-567. doi: 10.1016/s0140-6736(10)62037-5 

Flatt, J. P., Ravussin, E., Acheson, K. J., & Jequier, E. (1985). Effects of dietary fat on 
postprandial substrate oxidation and on carbohydrate and fat balances. Journal 
of Clinical Investigation, 76(3), 1019-1024. doi: 10.1172/jci112054 

Ford, B. J. (2009). Did physics matter to the pioneers of microscopy? Advances in 
imaging and electron physics, 158, 27-87.  

Ford, E. S. (2003). The metabolic syndrome and C-reactive protein, fibrinogen, and 
leukocyte count: findings from the Third National Health and Nutrition 
Examination Survey. Atherosclerosis, 168(2), 351-358.  

Formiguera, X., & Canton, A. (2004). Obesity: epidemiology and clinical aspects. 
Best Practice and Research, Clinical Gastroenterology, 18(6), 1125-1146. 
doi: 10.1016/j.bpg.2004.06.030 

Frayn, K. N. (1993). Insulin resistance and lipid metabolism. Current Opinion in 
Lipidology, 4(3), 197-204.  

Frazer, A. C., & Walsh, V. G. (1933). An apparatus for the production of finely 
dispersed emulsions, and the rate of digestion of fat by lipase in relation to the 
surface area. The Journal of Physiology, 78(4), 467-474.  

Freedman, D. S., & Ford, E. S. (2015). Are the recent secular increases in the waist 
circumference of adults independent of changes in BMI? The American 
Journal Of Clinical Nutrition, 101(3). doi: 10.3945/ajcn.114.094672 

Freeman, J. V., Power, C., & Rodgers, B. (1995). Weight-for-Height Indices of 
Adiposity: Relationships with Height in Childhood and Early Adult Life. 
International Journal of Epidemiology, 24(5), 970-976. doi: 
10.1093/ije/24.5.970 

Ganz, M. L., Wintfeld, N., Li, Q., Alas, V., Langer, J., & Hammer, M. (2014). The 
association of body mass index with the risk of type 2 diabetes: a case-control 
study nested in an electronic health records system in the United States. 
Diabetol Metab Syndr, 6(1), 50. doi: 10.1186/1758-5996-6-50 

Garg, A. (1996). Insulin resistance in the pathogenesis of dyslipidemia. Diabetes 
Care, 19(4), 387-389.  

Garg, A., Helderman, J. H., Koffler, M., Ayuso, R., Rosenstock, J., & Raskin, P. 
(1988). Relationship between lipoprotein levels and in vivo insulin action in 
normal young white men. Metabolism, 37(10), 982-987. doi: 
http://dx.doi.org/10.1016/0026-0495(88)90157-6 

George, K., Batterham, A., & Sullivan, I. (2003). Validity in clinical research: a 
review of basic concepts and definitions☆. Physical Therapy in Sport, 4(3), 
115-121. doi: http://dx.doi.org/10.1016/S1466-853X(03)00075-0 

Giles, C. (1981). The platelet count and mean platelet volume. Br J Haematol, 48(1), 
31-37.  

Glass, Christopher K., & Olefsky, Jerrold M. (2012). Inflammation and Lipid 
Signaling in the Etiology of Insulin Resistance. Cell Metabolism, 15(5), 635-
645. doi: http://dx.doi.org/10.1016/j.cmet.2012.04.001 

Gootjes, J., Tel, R. M., Bergkamp, F. J., & Gorgels, J. P. (2009). Laboratory 
evaluation of a novel capillary blood sampling device for measuring eight 
clinical chemistry parameters and HbA1c. Clinica Chimica Acta, 401(1-2), 
152-157. doi: 10.1016/j.cca.2008.12.016 

http://dx.doi.org/10.1016/0026-0495(88)90157-6
http://dx.doi.org/10.1016/S1466-853X(03)00075-0
http://dx.doi.org/10.1016/j.cmet.2012.04.001


 97 

Gravel, M. R., Zheng, Z. G., Sims, S. M., & Dixon, S. J. (1994). Platelet-activating 
factor induces pseudopod formation in calcitonin-treated rabbit osteoclasts. J 
Bone Miner Res, 9(11), 1769-1776. doi: 10.1002/jbmr.5650091114 

Gregor, M. F., & Hotamisligil, G. S. (2011). Inflammatory mechanisms in obesity. 
Annu Rev Immunol, 29, 415-445. doi: 10.1146/annurev-immunol-031210-
101322 

Gropper, S., Smith, J., & Groff, G. (2005). Advanced nutrition and human 
metabolism. Belmont: Wadsworth. 

Grundy, S. M. (2004). Obesity, Metabolic Syndrome, and Cardiovascular Disease. 
Journal of Clinical Endocrinology & Metabolism, 89(6), 2595-2600. doi: 
10.1210/jc.2004-0372 

Grundy, S. M. (2005). Metabolic syndrome scientific statement by the American 
Heart Association and the National Heart, Lung, and Blood Institute. 
Arterioscler Thromb Vasc Biol, 25(11), 2243-2244. doi: 
10.1161/01.ATV.0000189155.75833.c7 

Grundy, S. M., Brewer, B. H., Cleeman, J. I., Smith, S. C., & Lenfant, C. (2004). 
Definition of Metabolic Syndrome. Circulation, 109(3), 433-438. doi: 
10.1161/01.cir.0000111245.75752.c6 

Grundy, S. M., Cleeman, J. I., Daniels, S. R., Donato, K. A., Eckel, R. H., Franklin, 
B. A., . . . Costa, F. (2005). Diagnosis and Management of the Metabolic 
Syndrome: An American Heart Association/National Heart, Lung, and Blood 
Institute Scientific Statement. Circulation, 112(17), 2735-2752. doi: 
10.1161/circulationaha.105.169404 

Gutierrez, G., Merino, A., Domingo, A., Jou, J. M., & Reverter, J. C. (2008). EQAS 
for peripheral blood morphology in Spain: a 6-year experience. International 
Journal of Laboratory Hematology, 30(6), 460-466. doi: 10.1111/j.1751-
553X.2007.00975.x 

Haffner, S. M. (2006). The Metabolic Syndrome: Inflammation, Diabetes Mellitus, 
and Cardiovascular Disease. Am J Cardiol, 97(2, Supplement 1), 3-11. doi: 
http://dx.doi.org/10.1016/j.amjcard.2005.11.010 

Hak, A. E., Stehouwer, C. D. A., Bots, M. L., Polderman, K. H., Schalkwijk, C. G., 
Westendorp, I. C. D., . . . Witteman, J. C. M. (1999). Associations of C-
Reactive Protein With Measures of Obesity, Insulin Resistance, and 
Subclinical Atherosclerosis in Healthy, Middle-Aged Women. 
Arteriosclerosis, Thrombosis, and Vascular Biology, 19(8), 1986-1991. doi: 
10.1161/01.atv.19.8.1986 

Han, T. S., van Leer, E. M., Seidell, J. C., & Lean, M. E. J. (1995). Waist 
circumference action levels in the identification of cardiovascular risk factors: 
prevalence study in a random sample (Vol. 311). 

Hansen-Pruss, O. (1936). The circulating blood cells as seen by dark-ground 
illumination. American JOurnal of Clinical Pathology, 6, 423.  

Harker, L. A., Roskos, L. K., Marzec, U. M., Carter, R. A., Cherry, J. K., Sundell, B., 
. . . Sheridan, W. (2000). Effects of megakaryocyte growth and development 
factor on platelet production, platelet life span, and platelet function in 
healthy human volunteers (Vol. 95). 

Harris, P. E., Cooper, K. L., Relton, C., & Thomas, K. J. (2012). Prevalence of 
complementary and alternative medicine (CAM) use by the general 
population: a systematic review and update. International Journal of Clinical 
Practice, 66(10), 924-939. doi: 10.1111/j.1742-1241.2012.02945.x 

Haurie, C., Dale, D. C., & Mackey, M. C. (1998). Cyclical neutropenia and other 

http://dx.doi.org/10.1016/j.amjcard.2005.11.010


 98 

periodic hematological disorders: A review of mechanisms and mathematical 
models. Blood, 92(8), 2629-2640.  

Heilbronn, L. K., & Campbell, L. V. (2008). Adipose tissue macrophages, low grade 
inflammation and insulin resistance in human obesity. Curr Pharm Des, 
14(12), 1225-1230.  

Hoekstra, P. (1987). Accurate microscopic haematology by the L.C.A. Paper presented 
at the Live Cell Analysis System Symposium, Tokyo, Japan.  

Hoffbrand, A. V., Moss, P. A. H., Pettit, J. E. . (2006). Essential haematology (5th 
ed.). 

Hogan, S. P., Rosenberg, H. F., Moqbel, R., Phipps, S., Foster, P. S., Lacy, P., . . . 
Rothenberg, M. E. (2008). Eosinophils: biological properties and role in health 
and disease. Clinical & Experimental Allergy, 38(5), 709-750.  

Holvoet, P., Lee, D., Steffes, M., Gross, M., & Jacobs, D. R. (2008). Association 
Between Circulating Oxidized Low-Density Lipoprotein and Incidence of the 
Metabolic Syndrome. Journal Of The American Medical Association, 299(19), 
2287-2293.  

Hotamisligil, G. S. (2006). Inflammation and metabolic disorders. Nature, 444(7121), 
860-867. doi: 10.1038/nature05485 

Houwen, B. (2002). Blood film preparation and staining procedures. Clinics in 
Laboratory Medicine, 22(1), 1-14.  

Hu, H., Ma, C., & Liu, Z. (2010). Plasmonic dark field microscopy. Applied Physics 
Letters, 96, 113107.  

Hultin, M., & Olivecrona, T. (1998). Conversion of chylomicrons into remnants. 
Atherosclerosis, 141 Suppl 1, S25-29.  

Hung, W. T., Collings, A. F., & Low, J. (1994). Erythrocyte sedimentation rate 
studies in whole human blood. Physics in Medicine and Biology, 39(11), 1855.  

Hurley, W. L., Denegar, C. R., & Hertel, J. (2011). Research methods; a framework 
for evidence-based clinical practice. Baltimore: Lippincott Williams and 
Wilkins. 

Hyson, D. A., Paglieroni, T. G., Wun, T., & Rutledge, J. C. (2002). Postprandial 
Lipemia is Associated With Platelet and Monocyte Activation and Increased 
Monocyte Cytokine Expression in Normolipemic Men. Clinical and Applied 
Thrombosis/Hemostasis, 8(2), 147-155. doi: 10.1177/107602960200800211 

Jamjoom, G. A. (1983). Dark-field microscopy for detection of malaria in unstained 
blood films. Journal Of Clinical Microbiology, 17(5), 717-721.  

Jamjoom, G. A. (1991). Improvement in dark-field microscopy for the rapid detection 
of malaria parasites and its adaptation to field conditions. Transactions Of The 
Royal Society Of Tropical Medicine And Hygiene, 85(1), 38-39.  

Jennewein, C., Tran, N., Paulus, P., Ellinghaus, P., Eble, J. A., & Zacharowski, K. 
(2011). Novel aspects of fibrin(ogen) fragments during inflammation. Mol 
Med, 17(5-6), 568-573. doi: 10.2119/molmed.2010.00146 

Jo, Y., Kim, S. H., Koh, K., Park, J., Shim, Y. B., Lim, J., . . . Han, K. (2011). 
Reliable, Accurate Determination of the Leukocyte Differential of Leukopenic 
Samples by Using Hematoflow Method. Korean Journal of Laboratory 
Medicine, 31(3), 131-137.  

Johnson, L. W., & Weinstock, R. S. (2006). The metabolic syndrome: concepts and 
controversy. Mayo Clin Proc, 81(12), 1615-1620. doi: 10.4065/81.12.1615 

Jouault, H., Imbert, M., Mary, J. Y., Ade, P., Herpin, J., & Sultan, C. (1990). 
Leukocyte differential of the Coulter VCS. Evaluation and modalities of use in 
comparison with the Coulter STKR and manual count. Annales De Biologie 



 99 

Clinique, 48(4), 247-252.  
Jung, S., Chae, H., Lim, J., Oh, E.-J., Kim, Y., Park, Y.-J., & Han, K. (2010). 

Differential Blast Counts Obtained by Automated Blood Cell Analyzers. 
Korean Journal of Laboratory Medicine, 30(6), 540-546.  

Jung, U. J., & Choi, M. S. (2014). Obesity and its metabolic complications: the role of 
adipokines and the relationship between obesity, inflammation, insulin 
resistance, dyslipidemia and nonalcoholic fatty liver disease. Int J Mol Sci, 
15(4), 6184-6223. doi: 10.3390/ijms15046184 

Kahn, S. E., Hull, R. L., & Utzschneider, K. M. (2006). Mechanisms linking obesity 
to insulin resistance and type 2 diabetes. Nature, 444(7121), 840-846. doi: 
10.1038/nature05482 

Kamath, M. A. (2011). Automated blood-cell analyzers. Can you count on them to 
count well? Doctors lounge. from 
http://www.doctorslounge.com/index.php/blogs/page/17172 

Karhapää, P., Malkki, M., & Laakso, M. (1994). Isolated Low HDL Cholesterol: An 
Insulin-Resistant State. Diabetes, 43(3), 411-417. doi: 10.2337/diab.43.3.411 

Karpe, F., Dickmann, J. R., & Frayn, K. N. (2011). Fatty Acids, Obesity, and Insulin 
Resistance: Time for a Reevaluation. Diabetes, 60(10), 2441-2449. doi: 
10.2337/db11-0425 

Karras, D. J. (1997). Statistical Methodology: II. Reliability and Validity Assessment 
in Study Design, Part A. Academic Emergency Medicine, 4(1), 64-71. doi: 
10.1111/j.1553-2712.1997.tb03646.x 

Katsuki, A., Sumida, Y., Gabazza, E. C., Murashima, S., Furuta, M., Araki-Sasaki, R., 
. . . Adachi, Y. (2001). Homeostasis model assessment is a reliable indicator of 
insulin resistance during follow-up of patients with type 2 diabetes. Diabetes 
Care, 24(2), 362-365.  

Kaur, J. (2014). A Comprehensive Review on Metabolic Syndrome (Vol. 2014). 
Kayiran, S. M., Özbek, N., Turan, M., & Gürakan, B. (2003). Significant differences 

between capillary and venous complete blood counts in the neonatal period. 
Clinical And Laboratory Haematology, 25(1), 9-16. doi: 10.1046/j.1365-
2257.2003.00484.x 

Keller, U. (2006). From obesity to diabetes. International Journal for Vitamin and 
Nutrition Research, 76(4), 172-177. doi: 10.1024/0300-9831.76.4.172 

Kim, D. J., Noh, J. H., Lee, B. W., Choi, Y. H., Chung, J. H., Min, Y. K., . . . Kim, K. 
W. (2008). The associations of total and differential white blood cell counts 
with obesity, hypertension, dyslipidemia and glucose intolerance in a Korean 
population. J Korean Med Sci, 23(2), 193-198. doi: 
10.3346/jkms.2008.23.2.193 

Kinoshita, M., Ohnishi, H., Maeda, T., Yoshimura, N., Takeoka, Y., Yasuda, D., . . . 
Teramoto, T. (2009). Increased serum apolipoprotein B48 concentration in 
patients with metabolic syndrome. J Atheroscler Thromb, 16(4), 517-522.  

Koepke, J. A., Dotson, M. A., & Shifman, M. A. (1985). A critical evaluation of the 
manual/visual differential leukocyte counting method. Blood Cells, 11(2), 
173-186.  

Koh, K. K., Han, S. H., & Quon, M. J. (2005). Inflammatory markers and the 
metabolic syndrome: insights from therapeutic interventions. Journal of the 
American College of Cardiology, 46(11), 1978-1985. doi: 
10.1016/j.jacc.2005.06.082 

Kumar, P. P., & Clarke, M. (2005). Clinical Medicine (P. P. Kumar & M. Clarke Eds. 
Sixth edition ed.). London, UK: Elsevier. 

http://www.doctorslounge.com/index.php/blogs/page/17172


 100 

Laakso, M., Sarlund, H., & Mykkänen, L. (1990). Insulin resistance is associated with 
lipid and lipoprotein abnormalities in subjects with varying degrees of glucose 
tolerance. Arteriosclerosis, Thrombosis, and Vascular Biology, 10(2), 223-
231. doi: 10.1161/01.atv.10.2.223 

Lal, A., Moodie, M., Ashton, T., Siahpush, M., & Swinburn, B. (2012). Health care 
and lost productivity costs of overweight and obesity in New Zealand. 
Australian and New Zealand Journal of Public Health, 36(6), 550-556. doi: 
10.1111/j.1753-6405.2012.00931.x 

Laurence, C., Gialamas, A., Yelland, L., Bubner, T., Ryan, P., Willson, K., . . . 
Beilby, J. (2008). A pragmatic cluster randomised controlled trial to evaluate 
the safety, clinical effectiveness, cost effectiveness and satisfaction with point 
of care testing in a general practice setting - rationale, design and baseline 
characteristics. Trials, 9, 50. doi: 10.1186/1745-6215-9-50 

Lee, S. C., & Tsai, L. Y. (1989). Blood routine tests in capillary blood compared to 
those of venous blood. Gaoxiong Yi Xue Ke Xue Za Zhi, 5(8), 471-475.  

Lehnert, T., Sonntag, D., Konnopka, A., Riedel-Heller, S., & König, H.-H. (2013). 
Economic costs of overweight and obesity. Best Practice and Research 
Clinical Endocrinology and Metabolism, 27, 105-115.  

Lemieux, I., Pascot, A., Prud'homme, D., Almeras, N., Bogaty, P., Nadeau, A., . . . 
Despres, J. P. (2001). Elevated C-reactive protein: another component of the 
atherothrombotic profile of abdominal obesity. Arteriosclerosis, Thrombosis, 
and Vascular Biology, 21(6), 961-967.  

Levy, J. C., Matthews, D. R., & Hermans, M. P. (1998). Correct homeostasis model 
assessment (HOMA) evaluation uses the computer program. Diabetes Care, 
21(12), 2191-2192.  

Lin, V., McCabe, P., Bensoussan, A., Myers, S., Cohen, M., Hill, S., & Howse, G. 
(2009). The practice and regulatory requirements of naturopathy and western 
herbal medicine in Australia. Risk Management and Healthcare Policy, 2, 21-
33.  

Lohman, T. G., Roche, A. F., & Martorell, R. (1991). Anthropometric Standardization 
Reference Manual. Champaign, Ill.: Human Kinetics Books. 

Lumeng, C. N., & Saltiel, A. R. (2011). Inflammatory links between obesity and 
metabolic disease. Journal of Clinical Investigation, 121(6), 2111-2117. doi: 
10.1172/jci57132 

Lund, A., & Lund, M. (2013). Laerd statistics.   Retrieved 20th January 2015, 2015, 
from https://statistics.laerd.com/aboutus.php 

MacFarlane, R. G., Shillitoe, A. J., Watson-Williams, E. J., & Meynell, M. J. (1957). 
Blood-counting machine. The Lancet, 270(6989), 295-296. doi: 
10.1016/s0140-6736(57)90758-4 

MacLennan, A. H., Wilson, D. H., & Taylor, A. W. (2002). The escalating cost and 
prevalence of alternative medicine. Preventative Medicine, 35(2), 166-173.  

MacLennan, C. A., van Oosterhout, J. J., White, S. A., Drayson, M. T., Zijlstra, E. E., 
& Molyneux, M. E. (2007). Finger-prick blood samples can be used 
interchangeably with venous samples for CD4 cell counting indicating their 
potential for use in CD4 rapid tests. AIDS, 21(12), 1643-1645. doi: 
10.1097/QAD.0b013e32823bcb03 

Macnab, R. M. (1976). Examination of bacterial flagellation by dark-field 
microscopy. Journal Of Clinical Microbiology, 4(3), 258-265.  

Mannion, P., Barbiellini, R., & Reilly, W. (2010). HemaviewTM Live Blood Screening 
- A Clinically Useful Tool for Assessment and Ongoing Evaluation of 



 101 

Inflammatory Parameters - a case study. Paper presented at the 16th 
International Integrative Medicine Conference of the Australasian Integrative 
Medicine Association Hyatt Regency Coolum, Sunshine Coast Qld.  

Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., & 
Turner, R. C. (1985). Homeostasis model assessment: insulin resistance and 
beta-cell function from fasting plasma glucose and insulin concentrations in 
man. Diabetologia, 28(7), 412-419.  

McLaughlin, R. W., Vali, H., Lau, P. C., Palfree, R. G., De Ciccio, A., Sirois, M., . . . 
Chan, E. C. (2002). Are there naturally occurring pleomorphic bacteria in the 
blood of healthy humans? Journal Of Clinical Microbiology, 40(12), 4771-
4775.  

Mead, J., Irvine, S., & Ramji, D. (2002). Lipoprotein lipase: structure, function, 
regulation, and role in disease. Journal of Molecular Medicine, 80(12), 753-
769. doi: 10.1007/s00109-002-0384-9 

Mendall, M. A., Patel, P., Asante, M., Ballam, L., Morris, J., Strachan, D. P., . . . 
Northfield, T. C. (1997). Relation of serum cytokine concentrations to 
cardiovascular risk factors and coronary heart disease. Heart, 78(3), 273-277. 
doi: 10.1136/hrt.78.3.273 

Mertens, I., & Gaal, L. F. V. (2002). Obesity, haemostasis and the fibrinolytic system. 
Obesity Reviews, 3(2), 85-101. doi: 10.1046/j.1467-789X.2002.00056.x 

Metagenics. (2010). Applied darkfield microscopy for clinical assessment of human 
physiology  HemaviewTM Training manual Australia: Health World Limited 
Australia. 

Monnier, L., Lapinski, H., & Colette, C. (2003). Contributions of Fasting and 
Postprandial Plasma Glucose Increments to the Overall Diurnal 
Hyperglycemia of Type 2 Diabetic Patients: Variations with increasing levels 
of HbA1c. Diabetes Care, 26(3), 881-885. doi: 10.2337/diacare.26.3.881 

Monnier, L., Mas, E., Ginet, C., Michel, F., Villon, L., Cristol, J. P., & Colette, C. 
(2006). Activation of oxidative stress by acute glucose fluctuations compared 
with sustained chronic hyperglycemia in patients with type 2 diabetes. Journal 
Of The American Medical Association, 295(14), 1681-1687. doi: 
10.1001/jama.295.14.1681 

Nakajima, K., Nakano, T., Tokita, Y., Nagamine, T., Inazu, A., Kobayashi, J., . . . 
Tanaka, A. (2011). Postprandial lipoprotein metabolism: VLDL vs 
chylomicrons. Clin Chim Acta, 412(15-16), 1306-1318. doi: 
10.1016/j.cca.2011.04.018 

Nathan, C. (2006). Neutrophils and immunity: challenges and opportunities. Nature 
Reviews Immunology, 6(3), 173-182. doi: 10.1038/nri1785 

National Health and Medical Researtch Council. (2009). National statement on 
Ethical Conduct in Human Research.  Canberra: Australian Government, 
National Health and Medical Researtch Council Retrieved from 
http://www.nhmrc.gov.au/guidelines/publications/e72. 

National Health and Medical Researtch Council. (2010a). Australian Guidelines for 
the Prevention and Control of Infection in Healthcare.  Canberra: Australian 
Government, National Health and Medical Researtch Council Retrieved from 
http://www.nhmrc.gov.au/guidelines-publications/cd33. 

National Health and Medical Researtch Council. (2010b). The Human Research 
Handbook, Commentary on the National Statement on Ethical Conduct in 
Research Involving Humans.  Canberra: Australian Government, National 
Health and Medical Researtch Council Retrieved from 

http://www.nhmrc.gov.au/guidelines/publications/e72
http://www.nhmrc.gov.au/guidelines-publications/cd33


 102 

http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/e42.pdf. 
Newman, H. H. (1985). Letter: Dark-field microscopy of dental plaque. British Dental 

Journal, 159(9), 276. doi: 10.1038/sj.bdj.4805704 
Nieuwdorp, M., Stroes, E. S., Meijers, J. C., & Buller, H. (2005). Hypercoagulability 

in the metabolic syndrome. Curr Opin Pharmacol, 5(2), 155-159. doi: 
10.1016/j.coph.2004.10.003 

Norton, K., & Olds, T. (2000). Antropometrica: Biosystem. Antropometrica: 
Biosystem.  

O'Keefe, J. H., Gheewala, N. M., & O'Keefe, J. O. (2008). Dietary strategies for 
improving post-prandial glucose, lipids, inflammation, and cardiovascular 
health. Journal of the American College of Cardiology, 51(3), 249-255. doi: 
10.1016/j.jacc.2007.10.016 

Osei-Bimpong, A., Jury, C., McLean, R., & Lewis, S. M. (2009). Point-of-care 
method for total white cell count: an evaluation of the HemoCue WBC device. 
International Journal of Laboratory Hematology, 31(6), 657-664.  

Oshima, M., Tsuruoka, N., Maeda, H., Hamada, A., & Takagi, H. (1987). The 
correlation of blood chemistry laboratory testing and darkfield microscopic 
examination of wet film blood. Paper presented at the Live Cell Analysis 
System Symposium, Tokyo, Japan.  

Paisley, J. W., Mirrett, S., Lauer, B. A., Roe, M., & Reller, L. B. (1982). Dark-field 
microscopy of human feces for presumptive diagnosis of campylobacter fetus 
subsp. jejuni enteritis. Journal Of Clinical Microbiology, 15(1), 61-63.  

Pallant, J. (2007). SPSS survival manual: a step by step guide to data analysis using 
SPSS for Windows (3 ed.). Crows Nest, N.S.W. : Allen & Unwin. 

Pannier, B., Thomas, F., Eschwège, E., Bean, K., Benetos, A., Leocmach, Y., . . . 
Guize, L. (2006). Cardiovascular risk markers associated with the metabolic 
syndrome in a large French population: the SYMFONIE study. Diabetes 
Metabolism, 32(5), 467-474. doi: 10.1016/s1262-3636(07)70305-1 

Parham, D. M., Ready, R., Stine, K., Quiggins, C., Becton, D., & North, P. (2002). 
Comparison of manual and automated leukocyte counts for determination of 
the absolute neutrophil count: application to a pediatric oncology clinic. 
Medical and Pediatric Oncology, 38(3), 183-186.  

Patterson, T. (2012). The Pseudoscience of Live Blood Cell Analysis. Skeptical 
inquirer, 36.6(November/December).  

Patton, C. J., & Crouch, S. R. (1986). Experimental comparison of flow-injection 
analysis and air-segmented continuous flow analysis. Analytica Chimica Acta, 
179(0), 189-201. doi: http://dx.doi.org/10.1016/S0003-2670(00)84463-3 

Perez-Campos-Mayoral, L., Perez-Campos, E., Zenteno, E., Majluf-Cruz, A., Perez-
Ortega, E., Matias-Perez, D., . . . Gallegos, B. (2014). Better detection of 
platelet aggregation in patients with metabolic syndrome using epinephrine 
and ADP. Diabetology and Metabolic Syndrome, 6(1), 93. doi: 10.1186/1758-
5996-6-93 

Perini, T. A., Oliveira, G. L. d., Ornellas, J. d. S., & Oliveira, F. P. d. (2005). 
Technical error of measurement in anthropometry. Revista Brasileira de 
Medicina do Esporte, 11, 81-85. doi: doi.org/10.1590/S1517-
86922005000100009 

Petric, V. (2009). Atlas of Live Blood through Darkfield Microscopy: The 
Morphology of Blood in Live Hematology. New Zealand: Vlatko Petric. 

Petric, V., Aylett, R., & Hope, H. (2010). Authentic microscopic live blood analysis 
reliability research - Unpublished Report. South Pacific College of Natural 

http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/e42.pdf
http://dx.doi.org/10.1016/S0003-2670(00)84463-3


 103 

Therapies. South Pacific College of Natural Therapies, Auckland, New 
Zealand.  

Pierce, E. F., & Katz, K. A. (2011). Darkfield microscopy for point-of-care syphilis 
diagnosis. Medical Laboratory Observer, 43(1), 30-31.  

Pierre, R. V. (1985). The routine differential leukocyte count vs automated 
differential counts. Blood Cells, 11(1), 11-23.  

Pierre, R. V. (2002). Peripheral blood film review. The demise of the eyecount 
leukocyte differential. Clinics in Laboratory Medicine, 22(1), 279-297.  

Ponampalam, R., Fook-Chong, S., & Tan, S. C. (2012). Comparison of Full Blood 
Count Parameters Using Capillary and Venous Samples in Patients Presenting 
to the Emergency Department. International Scholarly Research Notices 
Emergency Medicine, 2012. doi: doi:10.5402/2012/508649 

Pouliot, M.-C., Després, J.-P., Lemieux, S., Moorjani, S., Bouchard, C., Tremblay, A., 
. . . Lupien, P. J. (1994). Waist circumference and abdominal sagittal diameter: 
Best simple anthropometric indexes of abdominal visceral adipose tissue 
accumulation and related cardiovascular risk in men and women. American 
Journal of Cardiology, 73(7), 460-468. doi: http://dx.doi.org/10.1016/0002-
9149(94)90676-9 

Qatanani, M., & Lazar, M. A. (2007). Mechanisms of obesity-associated insulin 
resistance: many choices on the menu. Genes and Developement, 21(12), 
1443-1455. doi: 10.1101/gad.1550907 

Queensland Medical Laboratory. (2010). QML Pathology Reference manual. 
Brisbane: Queensland medical laboratory  

Queensland Medical Laboratory. (2013). QML pathology reference manual. Brisbane, 
Queensland: QML Pathology. 

Raghu, H., & Flick, M. J. (2011). Targeting the coagulation factor fibrinogen for 
arthritis therapy. Curr Pharm Biotechnol, 12(9), 1497-1506. doi: 
10.2174/138920111798281144   

Rao, L. V., Moiles, D., & Snyder, M. (2011). Finger-Stick Complete Blood Counts: 
Comparison Between Venous and Capillary Blood. Point of Care, 10(3), 120-
122 110.1097/POC.1090b1013e31822814e31822810.  

Reaven, G. M. (1988). Role of Insulin Resistance in Human Disease. Diabetes, 
37(12), 1595-1607. doi: 10.2337/diab.37.12.1595 

Reeve, K. (2011). HemaviewTM: A Clinically Useful Tool for White Blood Cell 
Differential Counts. Paper presented at the Annual Molecular and 
Experimental Pathology Society of Australia Conference.  

Reeve, K. (2014). Is darkfield microscopic analysis of fresh capillary blood a viable 
alternative option to venous haematology for health screening? Paper 
presented at the Australian Health and Medical Research Congress, 
Melbourne.  

Reeve, K., Arellano, J., Gruner, T. W., Reilly, W., Smith, B., & Zhou, S. (2015). A 
comparison of differential leucocyte counts measured by conventional 
automated venous haematology and darkfield microscopic examination of 
fresh capillary blood. Manuscript submitted for publication.  

Reeve, K., & Reilly, W. (2011). Identification of abnormal lymphocytes during 
routine screening using HemaviewTM – A case study. Paper presented at the 
Poster presented at: The Annual Molecular and Experimental Pathology 
Society of Australia Conference, Brisbane.  

Reilly, W. (2009). Identification of Myelodysplasia during routine screening using 
HemaviewTM,  a live blood analysis technique. Paper presented at the 15th 

http://dx.doi.org/10.1016/0002-9149(94)90676-9
http://dx.doi.org/10.1016/0002-9149(94)90676-9


 104 

International Holistic Health Conference of the Australasian Integrative 
Medicine Association, Novotel St Kilda, Melbourne VIC.  

Reilly, W. (2009). Identification of myelodysplasia during routine screening using 
HemaviewTM, a live blood analysis techique. Paper presented at the Poster 
presented at: The Australasian Integrative Medicine Association's 15th 
International Holistic Health Conference, Melbourne  

Reilly, W. (2011). Advanced Hemaview 2011 Training Manual Brisbane: Health 
World Ltd. 

Reilly, W., & Mannion, P. (2009). Visualisation of red blood cell oxidative damage 
using HemaviewTM and recovery following nutritional therapy. Paper 
presented at the Poster presented at: The Annual Molecular and Experimental 
Pathology Society of Australia Conferenc conference: Oxidative Pathways in 
Health and Disease, Veterinary Faculty Conference Centre University of 
Sydney.  

Reilly, W., & Mannion, P. (2010). Treatment of juvenile rheumatoid arthritis with 
interferential frequency microcurrent and monitoring with HemaviewTM 
following medication associated-morbidity: A case study. Paper presented at 
the Poster presented at: The 5th Australian Health and Medical Research 
Congress, Melbourne Convention Centre.  

Reilly, W., Mannion, P., & Barbiellini, R. (2010). HemaviewTM: A Clinical Useful 
Tool for the Evaluation of Red Blood Cell Parameters in Preclinical States. 
Paper presented at the 5th Australian Health and Medical Research Congress, 
Melbourne Convention Centre.  

Rinninger, F., Kaiser, T., Mann, W. A., Meyer, N., Greten, H., & Beisiegel, U. 
(1998). Lipoprotein lipase mediates an increase in the selective uptake of high 
density lipoprotein-associated cholesteryl esters by hepatic cells in culture. J 
Lipid Res, 39(7), 1335-1348.  

Ritchie, S. A., & Connell, J. M. C. (2007). The link between abdominal obesity, 
metabolic syndrome and cardiovascular disease. Nutrition, Metabolism and 
Cardiovascular Diseases, 17(4), 319-326. doi: 
http://dx.doi.org/10.1016/j.numecd.2006.07.005 

Ros Pérez, M., & Medina-Gómez, G. (2011). Obesity, adipogenesis and insulin 
resistance. Endocrinología y Nutrición (English Edition), 58(7), 360-369. doi: 
http://dx.doi.org/10.1016/j.endoen.2011.05.004 

Rosenfeld, L. (1999). Four centuries of clinical chemistry: Gordon & Breach Science. 
Rothenberg, M. E., & Hogan, S. P. (2006). The eosinophil. Annual review of 

immunology, 24, 147-174.  
Rottenfusser, R., Wilson, E. E., & Davidson, M. W. (2014). Education in Microscopy 

and Digital Imaging.   Retrieved October 11, 2014, from http://zeiss-
campus.magnet.fsu.edu/articles/basics/contrast.html 

Rubik, B. (2010). Live Blood Analysis of Adults Comparing the Weston A. Price 
Foundation Diet and the Conventional Modern Diet. Wize traditions in food, 
farming and the healing arts.  Retrieved November 11, 2014, 2014, from 
http://www.westonaprice.org/health-topics/pilot-research-study-live-blood-
analysis-of-adults/ 

Russo, I. (2012). The prothrombotic tendency in metabolic syndrome: focus on the 
potential mechanisms involved in impaired haemostasis and fibrinolytic 
balance. Scientifica (Cairo), 2012, 525374. doi: 10.6064/2012/525374 

Ruzicka, J., & Hansen, E. H. (2008). Retro-review of flow-injection analysis. TrAC 
Trends in Analytical Chemistry, 27(5), 390-393. doi: 

http://dx.doi.org/10.1016/j.numecd.2006.07.005
http://dx.doi.org/10.1016/j.endoen.2011.05.004
http://zeiss-campus.magnet.fsu.edu/articles/basics/contrast.html
http://zeiss-campus.magnet.fsu.edu/articles/basics/contrast.html
http://www.westonaprice.org/health-topics/pilot-research-study-live-blood-analysis-of-adults/
http://www.westonaprice.org/health-topics/pilot-research-study-live-blood-analysis-of-adults/


 105 

http://dx.doi.org/10.1016/j.trac.2008.03.004 
S., K. J. D. (1970). The detection of Treponema Pallidum by a rapid, direct 

fluorescent antibody darkfield (DFATP) procedure. Health laboratory science, 
7(1), 34-41.  

Sabin, F. R. (1923). Studies of living human blood cells John Hopkins Hospital 
Bulletin (Vol. 291, pp. 277-289): John Hopkins Hsopital. 

Salkind, N. J. (2011). Study Guide to Accompany Neil J. Salkind's Statistics for 
People Who (Think They) Hate Statistics, 4th Edition: SAGE Publications. 

Salkind, N. J. (2012). Exploring research. New Jersey: Pearson Education, Inc. 
Saltiel, A. R., & Kahn, C. R. (2001). Insulin signalling and the regulation of glucose 

and lipid metabolism. Nature, 414, 799-806. doi: 10.1038/414799a 
Samson, S. L., & Garber, A. J. (2014). Metabolic Syndrome. Endocrinology and 

Metabolism Clinics, 43(1), 1-23. doi: 
http://dx.doi.org/10.1016/j.ecl.2013.09.009 

Samuel, Varman T., & Shulman, Gerald I. (2012). Mechanisms for Insulin 
Resistance: Common Threads and Missing Links. Cell, 148(5), 852-871. doi: 
http://dx.doi.org/10.1016/j.cell.2012.02.017 

Saunders, A. M. (1972). Development of automation of differential leukocyte counts 
by use of cytochemistry. Clinical Chemistry, 18(8), 783-788.  

Schalk, E., Heim, M., Koenigsmann, M., & Jentsch Ullrich, K. (2007). Use of 
capillary blood count parameters in adults. Vox sanguinis, 93(4), 348-353.  

Schalk, E., Scheinpflug, K., & Mohren, M. (2008). Correlation of capillary and 
venous absolute neutrophil counts in adult hematological patients and normal 
controls. American Journal of Hematology, 83(7), 605. doi: 10.1002/ajh.21163 

Schalk, E., Scheinpflug, K., & Mohren, M. (2009). Capillary blood count analyses in 
clinical practice: a safe, reliable and valid method. Laboratoriums Medizin, 
33(5), 303-309. doi: 10.1515/jlm.2009.051 

Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH Image to ImageJ: 25 
years of image analysis. Nat Methods, 9(7), 671-675.  

Sharma, K. K., & Kalawat, U. (2008). Early diagnosis of leptospirosis by 
conventional methods: one-year prospective study. Indian Journal of 
Pathology and Microbiology, 51(2), 209-211.  

Shephard, M. D., Mazzachi, B. C., Shephard, A. K., McLaughlin, K. J., Denner, B., & 
Barnes, G. (2005). The impact of point of care testing on diabetes services 
along Victoria's Mallee Track: results of a community-based diabetes risk 
assessment and management program. Rural Remote Health, 5(3), 371.  

Shoelson, S. E., Herrero, L., & Naaz, A. (2007). Obesity, Inflammation, and Insulin 
Resistance. Gastroenterology, 132(6), 2169-2180. doi: 
http://dx.doi.org/10.1053/j.gastro.2007.03.059 

Siegel, G., & Ermilov, E. (2011). Hs-CRP may be associated with white blood cell 
count in metabolic syndrome patients treated with Ginkgo biloba. 
Atherosclerosis, 218(1), 250-252. doi: 10.1016/j.atherosclerosis.2011.05.007 

Silbernagel, S., & Despopoulos, A. (2009). Colour atlas of physiology (6th ed.). New 
York: Thieme. 

Simmonds, M. J., Baskurt, O. K., Meiselman, H. J., & Marshall-Gradisnik, S. M. 
(2011). A comparison of capillary and venous blood sampling methods for the 
use in haemorheology studies. Clinical Hemorheology And Microcirculation, 
47(2), 111-119. doi: 10.3233/CH-2010-1372 

Simon Henry, G. (1920). Modern Dark-Field Microscopy and the History of Its 
Development. Transactions of the American Microscopical Society, 39(2), 95-

http://dx.doi.org/10.1016/j.trac.2008.03.004
http://dx.doi.org/10.1016/j.ecl.2013.09.009
http://dx.doi.org/10.1016/j.cell.2012.02.017
http://dx.doi.org/10.1053/j.gastro.2007.03.059


 106 

141. doi: 10.2307/3221838 
Siracusa, M. C., Perrigoue, J. G., Comeau, M. R., & Artis, D. (2010). New paradigms 

in basophil development, regulation and function. Immunol Cell Biol, 88(3), 
275-284. doi: 10.1038/icb.2010.1 

Slayter, H. S. (1989). Dark-field electron microscopy of platelet adhesive 
macromolecules. Methods In Enzymology, 169, 326-335.  

Snyder, L. R. (1980). Continuous-flow analysis: present and future. Analytica 
Chimica Acta, 114(0), 3-18. doi: http://dx.doi.org/10.1016/S0003-
2670(01)84276-8 

Sparks, J. D., Sparks, C. E., & Adeli, K. (2012). Selective Hepatic Insulin Resistance, 
VLDL Overproduction, and Hypertriglyceridemia. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 32(9), 2104-2112. doi: 
10.1161/atvbaha.111.241463 

Srivastava, R. P., Walsh, T. F., Basu, M. K., Glenwright, H. D., & Rippin, J. (1988). 
Dark-field microscopy of subgingival plaque microflora in Indian and English 
subjects. Journal Of Clinical Periodontology, 15(10), 601-605.  

Steiner, G., & Vranic, M. (1982). Hyperinsulinemia and hypertriglyceridemia, a 
vicious cycle with atherogenic potential. International Journal of Obesity, 
6(Suppl 1), 117-124.  

Subramanian, V., & Ferrante, A. W., Jr. (2009). Obesity, inflammation, and 
macrophages. Nestle Nutrition Workshop Series Pediatric Program, 63, 151-
159; discussion 159-162, 259-168. doi: 10.1159/000209979 

Swaim, W. R. (1991). Laboratory and clinical evaluation of white blood cell 
differential counts. Comparison of the Coulter VCS, Technicon H-1, and 800-
cell manual method. American Journal Of Clinical Pathology, 95(3), 381-388.  

Swinburn, B. A. (2003). The obesity epidemic in Australia: can public health 
interventions work? Asia Pac J Clin Nutr, 12 Suppl, S7.  

Teut, M., Lüdtke, R., & Warning, A. (2006). Reliability of Enderlein's darkfield 
analysis of live blood. Alternative Therapies In Health And Medicine, 12(4), 
36-41.  

Thorup, O. A. (1987). Leavell and Thorup's fundamentals of clinical haematology. 
Philadelphia: W.B. Saunders Company. 

Todd, A. S., & Barnetson, W. K. (1988). Use of dark ground microscopy in 
haematology. Journal Of Clinical Pathology, 41(7), 786-792.  

Tomassini, V., Biscaro, L., & Frezzato, A. (1986). Role of dark field microscopy in 
the diagnosis of periodontal disease. Giornale Di Stomatologia E Di 
Ortognatodonzia, 5(4), 31-32.  

Tomkin, G. H., & Owens, D. (1994). Insulin and lipoprotein metabolism with special 
reference to the diabetic state. Diabetes Metabolism Reviews, 10(3), 225-252.  

Trivieri, L., Jr. (2002). Monitoring the river of life: doctors use darkfield microscopy 
to detect early signs of disease in the blood -- but its use as a tool to educate 
and motivate patients can be of even more value. Alternative Medicine 
Magazine(48), 90.  

Trope, M., Tronstad, L., Rosenberg, E. S., & Listgarten, M. (1988). Darkfield 
microscopy as a diagnostic aid in differentiating exudates from endodontic and 
periodontal abscesses. Journal Of Endodontics, 14(1), 35-38.  

Tsai, H. B., Chen, P. C., Liu, C. H., Hung, P. H., Chen, M. T., Chiang, C. K., . . . 
Hung, K. Y. (2012). Association of hepatitis C virus infection and 
malnutrition-inflammation complex syndrome in maintenance hemodialysis 
patients. Nephrology, Dialysis, Transplantation, 27(3), 1176-1183. doi: 

http://dx.doi.org/10.1016/S0003-2670(01)84276-8
http://dx.doi.org/10.1016/S0003-2670(01)84276-8


 107 

10.1093/ndt/gfr458 
Tsai, J. C. R., Sheu, S.-H., Chiu, H.-C., Chung, F.-M., Chang, D.-M., Chen, M.-P., . . 

. Lee, Y.-J. (2007). Association of peripheral total and differential leukocyte 
counts with metabolic syndrome and risk of ischemic cardiovascular diseases 
in patients with type 2 diabetes mellitus. Diabetes/Metabolism Research and 
Reviews, 23(2), 111-118. doi: 10.1002/dmrr.647 

Turner, R. C., Holman, R. R., Matthews, D., Hockaday, T. D., & Peto, J. (1979). 
Insulin deficiency and insulin resistance interaction in diabetes: estimation of 
their relative contribution by feedback analysis from basal plasma insulin and 
glucose concentrations. Metabolism, 28(11), 1086-1096.  

Ullmann, R. (2001). A modern scientific perspective on Prof. Dr. Enderlein's concept 
of microbial life cycles.   Retrieved January 28th 2012, 2012, from 
http://www.bioresourceinc.com/articles/perspective.php 

Vazquez, G., Duval, S., Jacobs, D. R., & Silventoinen, K. (2007). Comparison of 
Body Mass Index, Waist Circumference, and Waist/Hip Ratio in Predicting 
Incident Diabetes: A Meta-Analysis. Epidemiologic Reviews, 29(1), 115-128. 
doi: 10.1093/epirev/mxm008 

Vejlens, G. (1938). The Distribution of the Leukocytes in the Vascular System. 
Annals Of Internal Medicine.  

Verso, M. L. (1964). The evolution of blood-counting techniques. Medical history, 8, 
149-158.  

Visser, M., Bouter, L. M., McQuillan, G. M., Wener, M. H., & Harris, T. B. (1999). 
Elevated C-reactive protein levels in overweight and obese adults. Journal Of 
The American Medical Association, 282(22), 2131-2135.  

Vitetta, L., Sali, H., Burke, J., Mrazek, L., Cortizo, F., & Sali, A. (2005). The live 
blood analysis technique. Journal of the Australasian Integrative Medicine 
Association, 24.  

Wallace, T. M., Levy, J. C., & Matthews, D. R. (2004). Use and abuse of HOMA 
modeling. Diabetes Care, 27(6), 1487-1495.  

Wang, F., Wu, S., Song, Y., Tang, X., Marshall, R., Liang, M., . . . Hu, Y. (2009). 
Waist circumference, body mass index and waist to hip ratio for prediction of 
the metabolic syndrome in Chinese. Nutrition, Metabolism and 
Cardiovascular Diseases, 19(8), 542-547. doi: 10.1016/j.numecd.2008.11.006 

Wei, N., You, J., Friehs, K., Flaschel, E., & Nattkemper, T. W. (2007). In situ dark 
field microscopy for on-line monitoring of yeast cultures. Biotechnology 
Letters, 29(3), 373-378.  

Welfare., A. I. O. H. A. (2015). Who is overweight? AIHW analysis of the 2007 - 
2008 National Health Survey.  Canberra: Australian Government Retrieved 
from http://www.aihw.gov.au/overweight-and-obesity/prevalence/ - adults. 

Wellen, K. E., & Hotamisligil, G. S. (2003). Obesity-induced inflammatory changes 
in adipose tissue. Journal of Clinical Investigation(0021-9738 (Print)). doi: D 
- NLM: PMC297006 EDAT- 2003/12/18 05:00 MHDA- 2004/01/22 05:00 
CRDT- 2003/12/18 05:00 AID - 10.1172/JCI20514 [doi] AID - 112/12/1785 
[pii] PST - ppublish 

Wellen, K. E., & Hotamisligil, G. S. (2005). Inflammation, stress, and diabetes. 
Journal of Clinical Investigation, 115, 1111-1119.  

Wheeler, H., Agarwal, S., & Goh, B. (2004). Dark ground microscopy and 
treponemal serological tests in the diagnosis of early syphilis. Sexually 
transmitted infections, 80(5), 411.  

Withrow, D., & Alter, D. A. (2011). The economic burden of obesity worldwide: a 

http://www.bioresourceinc.com/articles/perspective.php
http://www.aihw.gov.au/overweight-and-obesity/prevalence/%23adults


 108 

systematic review of the direct costs of obesity. Obesity Reviews, 12(2), 131-
141. doi: 10.1111/j.1467-789X.2009.00712.x 

Witko-Sarsat, V., Rieu, P., Descamps-Latscha, P., Lesavre, P., & Halbwachs-
Mecarelli, L. (2000). Neutrophils: molecules, functions and 
pathophysiological aspects. LABORATORY INVESTIGATION, 80(5), 617.  

Woerle, H. J., Neumann, C., Zschau, S., Tenner, S., Irsigler, A., Schirra, J., . . . Göke, 
B. (2006). Impact of fasting and postprandial glycemia on overall glycemic 
control in type 2 diabetes. Diabetes Res Clin Pract, 77(2), 280-285. doi: 
10.1016/j.diabres.2006.11.011 

Woerle, H. J., Pimenta, W. P., Meyer, C., & et al. (2004). DIagnostic and therapeutic 
implications of relationships between fasting, 2-hour postchallenge plasma 
glucose and hemoglobin a1c values. Archives of Internal Medicine, 164(15), 
1627-1632. doi: 10.1001/archinte.164.15.1627 

Wood, B. R., Hermelink, A., Lasch, P., Bambery, K. R., Webster, G. T., Khiavi, M. 
A., . . . McNaughton, D. (2009). Resonance Raman microscopy in 
combination with partial dark-field microscopy lights up a new path in malaria 
diagnostics. The Analyst, 134(6), 1119-1125.  

Woods, K., Douketis, J. D., Schnurr, T., Kinnon, K., Powers, P., & Crowther, M. A. 
(2004). Patient preferences for capillary vs. venous INR determination in an 
anticoagulation clinic: a randomized controlled trial. Thrombosis research, 
114(3), 161-165. doi: 10.1016/j.thromres.2004.05.013 

World Health Organisation. (1995). Physical status: the use and interpretation of 
anthropometry. In WHO (Ed.), Report of a WHO Expert Committee (Vol. 
854). Geneva. 

World Health Organisation. (2000a). The Asia Pacific perspective: Redefining obesity 
and its treatment. In International association for the study of obesity (Ed.), 
WHO International obesity taskforce (Vol. 894). Geneva. 

World Health Organisation. (2000b). Obesity: preventing and managing the global 
epidemic. Report of a WHO consultation World Health Organ Tech Rep Ser 
(2001/03/10 ed., Vol. 894, pp. i-xii, 1-253). 

World Health Organisation. (2006, 02/12/2014). Global database on body mass index: 
BMI classification.   Retrieved July 11, 2014, from 
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html 

World Health Organisation. (2011). Waist circumference and waist-hip ratio. Report 
from WHO Expert Consultation. Geneva: World health Organisation. 

World Health Organisation. (2015). Obesity and overweight fact sheet 311. Geneva: 
World health Organisation. 

Wu, D., Molofsky, A. B., Liang, H., Ricardo-Gonzalez, R. R., Jouihan, H. A., Bando, 
J. K., . . . Locksley, R. M. (2011). Eosinophils sustain adipose alternatively 
activated macrophages associated with glucose homeostasis. Science, 
332(6026), 243-247. doi: 10.1126/science.1201475 

Xu, H., Barnes, G. T., Yang, Q., Tan, G., Yang, D., Chou, C. J., . . . Chen, H. (2003). 
Chronic inflammation in fat plays a crucial role in the development of obesity-
related insulin resistance. Journal of Clinical Investigation, 112(12), 1821-
1830. doi: 10.1172/jci19451 

Xue, C. C., Zhang, A. L., Lin, V., Da Costa, C., & Story, D. F. (2007). 
Complementary and alternative medicine use in Australia: a national 
population-based survey. Journal of Alternative and Complementary 
Medicine, 13(6), 643-650. doi: 10.1089/acm.2006.6355 

Yang, Z. W., Yang, S. H., Chen, L., Qu, J., Zhu, J., & Tang, Z. (2001). Comparison of 

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html


 109 

blood counts in venous, fingertip and arterial blood and their measurement 
variation. Clinical And Laboratory Haematology, 23(3), 155-159.  

Yip, J., Shen, Y., Berndt, M. C., & Andrews, R. K. (2005). Primary platelet adhesion 
receptors. IUBMB Life, 57(2), 103-108. doi: 10.1080/15216540500078962 

Young, B. L., Lowe, J. S., Stevens, A., & Heath, J. W. (2006). Wheater's Functional 
histology (Vol. 5th edition ). USA: Elsevier Health Sciences. 

Yu, Y., Wang, L., Liu, H., Zhang, S., Walker, S. O., Bartell, T., & Wang, X. (2015). 
Body Mass Index and Waist Circumference Rather Than Body Adiposity 
Index Are Better Surrogates for Body Adiposity in a Chinese Population. 
Nutrition in Clinical Practice. doi: 10.1177/0884533614564468 

Yudkin, J. S. (2003). Adipose tissue, insulin action and vascular disease: 
inflammatory signals. International Journal of Obesity, 27(S3), S25-S28.  

Yudkin, J. S., Stehouwer, C. D., Emeis, J. J., & Coppack, S. W. (1999). C-reactive 
protein in healthy subjects: associations with obesity, insulin resistance, and 
endothelial dysfunction: a potential role for cytokines originating from adipose 
tissue? Arteriosclerosis, Thrombosis, and Vascular Biology, 19, 972-978.  

Zammit, V. A. (1996). Role of insulin in hepatic fatty acid partitioning: emerging 
concepts. The Biochemical Journal, 314 ( Pt 1), 1-14.  

Zeyda, M., & Stulnig, T. M. (2009). Obesity, inflammation, and insulin resistance--a 
mini-review. Gerontology, 55(4), 379-386. doi: 10.1159/000212758 

Zuo, L., & Rothenberg, M. E. (2007). Gastrointestinal eosinophilia. Immunology and 
Allergy Clinic of North America, 27(3), 443-455. doi: 
10.1016/j.iac.2007.06.002 

Zweifach, B. W., Grant, L., & McCluskey, R. T. (2014). The Inflammatory Process: 
Elsevier Science. 

 

 

 

 

 

 

 

 

 

 

  



 110 

7 Appendices  

7.1 Appendix A. Published Paper. 

A Comparison of Differential Leucocyte Counts Measured by 

Conventional Automated Venous Haematology and Darkfield Microscopic 

Examination of Fresh Capillary Blood 

 
Advances in Integrative Medicine, accepted for publication available online June 
3rd 2015.  

Katrina Reeve1, Jacinta Arellano1, Tini Gruner1, Wayne Reilly2, Belinda Smith1, Shi Zhou1 
1School of Health and Human Sciences, Southern Cross University, Lismore, New South 
Wales, Australia 
2Wellness Care Australia 

 
Abstract 
Analysis of fresh capillary blood using darkfield microscopy (FCB-DM) is a point of care 
screening tool, used by healthcare practitioners in Australia. However, the relationship 
between the outcomes of FCB-DM measures and the automated venous haematology 
measures has not been determined.   
Objectives: The aim of this study was to compare differential white blood cell counts 
obtained using automated haematology and FCB-DM.  
Methods:  Data of 125 individuals were collected either retrospectively (n=74) or from 
participants specifically recruited for the project (n=51). Retrospective data were collected 
from active files at a naturopathic clinic. Newly recruited participants provided a fasting 
capillary blood sample for FCB-DM analysis within one hour of providing a venous blood 
sample at a commercial laboratory for automated haematologic analysis. 
Results: The mean score of neutrophils was found to be higher, and lymphocytes and 
basophils to be lower, in FCB-DM analysis (p < 0.001). A significant and positive Pearson’s 
correlation coefficient was found between automated haematology and FCB-DM in the cell 
counts for neutrophils (r =0.60, p <0 .001) and lymphocytes (r = 0.63, p < 0.001), and a 
significant and positive Spearman’s correlation was found for monocytes (rs = 0.32, p < 
0.001) and eosinophils (rs =0 .596, p < 0.001). Linear regression analysis was also conducted 
to assess the relationship between the two techniques. The variance explained by the 
regression model was large for neutrophil (37%), lymphocyte (39%), and eosinophil (37%) 
scores. 
Conclusion: Despite significant differences in the mean scores of cells counts, significant 
correlations between the data obtained by the two techniques for neutrophil, lymphocyte, 
monocyte and eosinophil cells were observed. Given the small amount of blood sample 
required, FCB-DM would have an advantage in clinical practice, though further research is 
required to determine the clinical implications of the FCB-DM cell counts.  
 
Key words: leucocyte, capillary blood, microscopy, differential count, screening, 
haematology  
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7.2 Appendix B. Abstract, Oral Presentation, AHMRC 2014. 

Is darkfield microscopic analysis of fresh capillary blood a 

viable alternative option to venous haematology for health 

screening?  (19928) 

Katrina Reeve 1 Jacinta Arellano 1 Wayne Reilly 2 Shi Zhou 1 

• Southern Cross University, Lismore 

• Wellness Care Australia, Brisbane 

Fresh capillary blood analysis using darkfield microscopy (FCB-DM) is a point of 

care screening tool used by complementary healthcare practitioners in Australia and New 

Zealand. In this technique, capillary blood samples taken from a fingerpick are left untreated 

and viewed immediately in their fresh state under a darkfield microscope. 

Aim: The aim of this study was to investigate the relationship between various blood 

parameters using FCB-DM and automated venous blood haematology including the 

differential white blood cell count. 

Methods: Data were collected retrospectively (n = 74) using existing patient files as 

well as blood samples taken from subjects specifically recruited for the project (n= 51). The 

cohort included both men and women between the ages of 24 and 70 with BMI ranges from 

16.8 to 55. Ethics Approval was received May 7th 2013 (ECN-13-111). 

Results: The differential white blood cell counts determined by the two techniques 

were compared for each participant. A significant positive correlation was found between the 

two techniques in neutrophil (r =0.60, p <0 .001), lymphocyte (r = 0.63, p < 0.001), monocyte 

(rs = 0.32, p < 0.001) and eosinophil (rs =0 .596, p < 0.001) cell populations. 

Conclusion: These results show a statistically significant relationship between 

neutrophil, lymphocyte, monocyte and eosinophil cell counts performed by FCB-DM and 

conventional venous blood haematology. This supports and justifies the use of this technique 

in clinical practice, as a quick and cost effective way of monitoring leukocyte populations.  
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7.3 Appendix C. Poster, MEPSA 2013. 
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7.4 Appendix D. Abstract, Oral Presentation, MEPSA 2011. 

HemaviewTM: A Clinically Useful Tool for White Blood Cell 

Differential Counts 

Hemaview TM is a darkfield microscopy technique that uses capillary blood to 

examine blood parameters such as erythrocyte and leukocyte numbers and 

morphology. It has been widely used in Australia, USA and Europe for more than 20 

years and can be performed rapidly at the point of care, allowing for fast and effective 

patient treatment. 

Differential white blood cell counts can be performed using Hemaview TM and 

theoretically, give similar results to blood films and automated pathology tests. It is 

recognised that the automated systems are faster and cost effective for counting of 

white blood cells, red blood cells and platelets, whereas visual microscopy is superior 

for differentiating cells based on nuances of cytological features, especially for 

immature cells. 

This study investigated how white blood cell differential counts performed 

with Hemaview TM correlate to automated white blood cell counts.  

Data that was collected from a Naturopathic clinic in Brisbane during 2010 

will be analysed. Cases selected require automated blood pathology to have been 

taken within 4 days of Hemaview TM being performed.  

Due to advances in technology, automated haematology analysers can provide 

precise and accurate white blood cell differential counts in most blood samples. 

However, when abnormal cells are present a manual differential count or examination 

of a stained blood film is still required. Hemaview TM provides a fast and cost 

effective technique to analyse blood in a clinical setting.  
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7.5 Appendix E. Waist Circumference Thresholds. 

Current recommended waist circumference thresholds for abdominal obesity 

by organisation (K. G. Alberti et al., 2009) 
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7.6 Appendix F. Causes of Neutropenia and Neutrophilia. 

Neutrophilia or increased numbers of neutrophils in the blood can be caused by: 

• Bacterial infections  
• Inflammation and tissue necrosis, post myocardial infarction 
• Metabolic disorders such as gout, eclampsia, uraemia, acidosis 
• Neoplasms (carcinoma, lymphoma, melanoma) 
• Acute haemorrhage or haemolysis 
• Medications such as corticosteroid therapy, lithium, tetracycline 
• Myeloid proliferative diseases, chronic myeloid leukaemia, polycythaemia vera, myelofibrosis, essential 

thrombocythaemia 
• Treatment with myeloid growth factors 
• Asplenia  
• Pregnancy 
• Smoking 

Neutropenia or decreased numbers of neutrophils in the blood can be caused by: 

• Kostmann’s syndrome 
• Medications such as 

o Anti-inflammatory drugs – phenylbutazone 
o Antibacterial drugs – chloramphenicol, sulfasazine, imipenm 
o Anticonvulsants – phenytoin, carbamazepine 
o Antithyroids – carbimazole 
o Hypoglycaemics – tolbutamide 
o Phenothiazines – chlorpromazine, thioridazine 
o Psychotropics and anti-depressants – clozapine, mianserin, imipramine 
o Miscellaneous – gold, penicillamine, mepacrine, frusemide, deferiprone 

• Autoimmune conditions, systemic lupus erythematosus 
• Large granular lymphocytic leukaemia 
• Viral infections 
• Fulminant bacterial infections – typhoid, military tuberculosis 
• Bone marrow failure 
• Splenomegaly 

(Hoffbrand, 2006, p. 117; Metagenics, 2010) 
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7.7 Appendix G. Recruitment Letter. 

 
Dear Colleague,  
 
I am conducting a research project as part of a Masters program through 

Southern Cross University. This project is looking into the use of live capillary blood 
analysis (HemaviewTM) in the screening for metabolic syndrome, insulin resistance 
and inflammation.  

 
We are seeking participants for this study from the following groups: 
 
Patients with a high waist measurement - Women above 88 cm (> size 16); 

Men above 102 cm (> 42” pants) OR  
Patients with a healthy weight measurement – Women below 80 cm (< size 

10); Men below 94 cm (< 34” pants) 
 
The project will involve about 3 hours of the participant’s time in which 

fasting venous blood will be taken at a QML collecton centre, followed by two 
HemaviewTM analyses performed two hours apart (fasting and postprandial) at 
Cooraparoo Integrated Healthcare Centre in Brisbane or Southern Cross University in 
Lismore. We will also be performing blood glucose measurements and body 
composition analysis and asking the participant to fill out a detailed questionnaire.  

 
A full report including the pathology and HemaviewTM results will be given to 

the participants to help inform their future healthcare. Venous testing will include: 
Full Blood Examination including Liver Function Tests, ESR/ CRP, Iron studies, 
Lipid studies and Triglycerides (incl. Apo A/B), Blood glucose (fasting), HbA1c.  

 
Participation in this project will provide a cost effective opportunity for a 

detailed health check for elegible participants. 
 
If you or any of your patients or friends would be interested in being involved, 

I would appreciate you passing on these details. I can be contacted on: 
# 03 3394 3711  # 0410 459 447 
katrina321@bigpond.com 
 
Thank you in advance for your time and support in this valuable research 

project.  
 
Yours Sincerely,  
 
Katrina Reeve 
Naturopath 
BA, BHSc (Naturopathy), Dip Opera, LTCL, Cert IV Msg 

mailto:katrina321@bigpond.com
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7.8 Appendix H. Southern Cross University Recruitment Email. 

 

 
 

Would you like to know more about your health? 
 

Hello, My name is Katrina Reeve and I am conducting a research project as 
part of a Masters program through the School of Health and Human Sciences, under 
the supervision of Prof. Shi Zhou and Dr Jacinta Arellano.  

 
I am investigating a fresh capillary blood analysis technique that is currently 

used in Naturopathic and Medical clinics in Australia.  
 
Participation will require you to give a sample of blood for standard pathology 

blood tests at a QML collection centre, followed by a few drops of fingertip blood for 
live blood testing (taken over a few hours) on campus in Lismore or at a clinic in 
Brisbane. Participants will receive copies of the pathology and blood screening results 
to help inform their future healthcare. Participation in this project is free, and would 
provide a cost effective opportunity for a detailed health check for eligible 
participants. 

 
We are seeking participants with waist measurements: 

• For women above 88 cm (> size 16) OR below 80 cm (< size 10) 
• For men above 102 cm (> 42” pants) OR below 94cm (< 34” pants) 

 
So if you are interested in finding out more information about this project 

please contact: 
 

Katrina Reeve 

 Email: kreeve.12@student.scu.edu.au  

 Phone: 0410 458 447 

 

This research has been approved by the Southern Cross University Human 

Research Ethics Committee Approval # ECN-13-111. 

mailto:kreeve.12@student.scu.edu.au
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7.9 Appendix I. Raw Data Table – Fibrin and Platelets. 
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Brisbane 1 251 5 1.9 4.1 330.5 0.0 0.0 0.0 
Brisbane 2 174 36 7 4.1 414.4 0.2 316.3 0.9 
Brisbane 5 262 5 2.5 2.3 215.1 0.3 366.7 0.4 
Brisbane 7 201 5 1.9 2.9 139.9 0.1 37.5 1.1 
Brisbane 8 181 5 0.1 9.3 260.4 0.1 23.1 0.1 
Brisbane 10 257 22 14 7.7 331.8 0.0 0.0 0.3 
Brisbane 11 196 5 0.1 2.3 290.7 0.0 0.0 0.0 
Brisbane 13 203 16 0.9 5.2 295.9 0.1 182.9 1.1 
Brisbane 16 330 8 12 3.1 594.9 0.1 214.9 0.5 
Brisbane 17 181 5 0.3 9.0 203.6 0.0 0.0 0.0 
Brisbane 18 251 8 5 6.6 353.3 0.0 0.0 0.0 
Brisbane 19 189 19 3.3 4.5 301.1 0.1 55.3 0.6 
Brisbane 20 218 5 4.9 4.8 228.7 0.0 0.0 0.3 
Brisbane 22 192 8 0.8 4.9 254.5 0.7 6.8 0.0 
Brisbane 27 249 24 1.8 1.2 85.9 0.0 0.0 0.0 
Brisbane 29 304 11 12 4.5 797.9 0.1 85.2 1.2 
Brisbane 30 366 16 9 2.3 301.5 0.0 0.0 0.1 
Brisbane 31 223 8 3.6 8.8 185.6 0.0 0.0 0.0 
Brisbane 33 240 8 5.9 4.3 338.4 0.0 0.0 0.1 
Brisbane 35 186 8 4.9 1.4 140.9 0.1 24.4 0.0 
Brisbane 36 251 5 4.9 6.5 341.2 0.0 0.0 0.0 
Brisbane 40 204 8 0.4 6.8 158.1 0.0 0.0 0.0 
Brisbane 41 235 5 n/a 2.7 241.7 0.0 0.0 0.7 
Brisbane 42 281 14 4.9 6.2 408.4 0.4 1115.3 2.3 
Brisbane 45 199 5 0.5 2.7 263.7 0.0 0.0 0.8 
Brisbane 47 162 11 4.9 6.3 222.7 0.0 0.0 0.0 
Brisbane 48 186 2 0.1 5.1 286.4 0.0 0.0 0.0 
Brisbane 49 315 24 0.2 3.8 410.6 0.0 0.0 0.5 
Brisbane 51 257 5 0.1 9.8 292.7 0.0 0.0 0.0 
Brisbane 52 282 8 4.5 7.1 345.8 0.1 17.6 0.3 
Brisbane 55 233 22 7 3.5 574.6 0.5 1303.3 1.2 
Brisbane 57 201 11 1.8 3.5 385.6 0.0 0.0 0.1 
Brisbane 59 212 22 4.9 8.9 232.5 0.0 0.0 0.0 
Brisbane 63 193 5 4.9 4.3 149.3 0.0 0.0 0.0 
Brisbane 65 227 5 4.9 6.1 312.1 0.3 942.6 1.3 
Brisbane 69 274 22 4.9 5.9 272.7 0.1 338.2 0.1 
Brisbane 70 n/a 8 n/a 8.5 226.9 0.0 0.0 0.0 
Brisbane 72 243 19 n/a 3.4 347.9 0.1 95.1 0.7 
Brisbane 73 279 5 0.1 5.8 447.4 0.0 0.0 0.0 
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Brisbane 74 358 14 9.5 5.7 287.7 0.2 300.0 1.9 
Brisbane 78 267 5 4.9 4.3 153.3 0.0 0.0 0.4 
Brisbane 80 198 2 0.4 10.8 202.0 0.1 94.9 0.6 
Brisbane 81 266 16 0.6 5.0 240.1 0.0 0.0 0.0 
Brisbane 84 259 5 4.2 9.5 311.5 0.5 1015.8 1.1 
Brisbane 86 239 11 4.5 5.5 470.1 0.4 1821.9 0.9 
Brisbane 90 242 14 4.9 8.2 318.0 0.3 254.3 0.5 
Brisbane 92 308 14 4.9 11.3 206.1 0.0 0.0 0.0 
Brisbane 94 231 14 4.9 7.7 134.7 0.0 0.0 0.0 
Brisbane 99 229 24 1.7 5.3 305.9 17.0 0.0 0.1 
Brisbane 79 266 5 4.9 9.2 231.5 0.0 0.0 0.0 
Lismore 201 252 16 4.9 5.0 79.0 0.0 0.0 0.7 
Lismore 202 210 5 0.3 7.0 122.0 0.1 11.0 1.1 
Lismore 203 326 29 4 9.0 274.0 0.0 0.0 0.7 
Lismore 204 213 5 4.9 3.0 77.0 0.0 0.0 0.0 
Lismore 205 237 2 0.1 7.0 122.0 0.0 0.0 0.0 
Lismore 206 272 11 4.9 6.0 26.0 0.0 0.0 0.6 
Lismore 207 175 32 4.9 4.0 18.0 0.0 0.0 1.3 
Lismore 208 266 5 1.4 8.0 29.0 0.0 0.0 0.0 
Lismore 209 186 2 0.1 2.0 26.0 0.0 0.0 0.0 
Lismore 210 282 11 0.1 4.0 34.0 0.2 10.0 0.7 
Lismore 211 285 5 0.8 2.0 22.0 0.0 0.0 0.0 
Lismore 212 345 16 5.2 6.0 27.0 0.0 0.0 0.0 
Lismore 213 201 8 4.9 5.0 136.0 0.0 0.0 0.0 
Lismore 214 267 19 22 3.0 39.0 0.1 47.0 1.0 
Lismore 215 250 11 0.1 6.0 23.0 0.0 0.0 0.0 
Lismore 216 214 14 0.1 4.0 36.0 0.0 0.0 0.0 
Lismore 217 367 2 18 9.0 30.0 0.0 0.0 0.0 
Lismore 218 278 5 5 12.0 35.0 0.0 0.0 0.0 
Lismore 219 311 5 4.9 6.0 34.0 0.0 0.0 0.0 
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7.10 Appendix J. Raw Data Table – Chylomicron Remnants. 

Chylomicron 
remnants 

  
Venous blood pathology FCB-DM 
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Brisbane 1 23.4 5 1.9 5.5 5.6 5 1.3 7.4 109.0 
Brisbane 2 43.9 36 7 6.1 6.6 26 2.6 15.4 111.3 
Brisbane 5 28.9 5 2.5 5.8 5.8 7 0.9 1.1 88.9 
Brisbane 7 32.2 5 1.9 5.7 6.3 20 2 15.2 79.7 
Brisbane 8 23.5 5 0.1 5 3.9 4 0.6 8.7 34.8 
Brisbane 10 49 22 14 5.4 5.3 16 1.1 48.0 49.9 
Brisbane 11 22.1 5 0.1 5.2 4.5 8 0.4 15.0 15.5 
Brisbane 13 20.1 16 0.9 5.6 4.8 7 0.7 1.3 142.3 
Brisbane 16 35 8 12 5.4 5.5 18 1 8.1 76.4 
Brisbane 17 38.3 5 0.3 5.6 5.9 34 1.5 50.9 92.5 
Brisbane 18 29.5 8 5 5.4 5.8 8 1.4 63.8 90.5 
Brisbane 19 37.1 19 3.3 5.4 5.4 10 0.5 34.9 36.3 
Brisbane 20 21.5 5 4.9 5.1 4.8 6 0.6 20.5 115.1 
Brisbane 22 20.2 8 0.8 5 4.9 6 0.4 4.5 24.0 
Brisbane 27 22.3 24 1.8 5.9 5.4 4 0.5 1.9 103.5 
Brisbane 29 39.1 11 12 4.9 5.2 18 1 33.5 65.0 
Brisbane 30 40.1 16 9 5.7 5.3 19 5.9 50.4 53.2 
Brisbane 31 47.7 8 3.6 5.8 5.4 21 0.6 29.1 52.5 
Brisbane 33 29.7 8 5.9 4.7 5.2 16 0.4 11.1 54.5 
Brisbane 35 22.7 8 4.9 5 4.9 3 0.4 0.5 23.3 
Brisbane 36 21.6 5 4.9 5.2 5.3 3 0.4 33.6 111.8 
Brisbane 40 26.6 8 0.4 5.2 5.4 4 0.4 19.9 26.6 
Brisbane 41 34.9 5 3.94 6 6.5 31 2.3 35.8 60.7 
Brisbane 42 55 14 4.9 6.2 5.5 10 1.6 9.3 134.7 
Brisbane 45 31.1 5 0.5 5.9 6.3 31 1.4 18.1 77.0 
Brisbane 47 16.8 11 4.9 5.9 4.3 3 0.5 12.8 124.4 
Brisbane 48 20 2 0.1 5.3 4.2 3 0.4 5.1 77.1 
Brisbane 49 21.6 24 0.2 5.6 5.6 6 0.8 6.9 110.3 
Brisbane 51 30.2 5 0.1 5.3 6.3 9 2.4 30.3 70.2 
Brisbane 52 31.3 8 4.5 5.5 5.4 10 0.9 13.2 44.1 
Brisbane 55 44.9 22 7 5.4 5.2 18 1.1 9.2 53.9 
Brisbane 57 39.3 11 1.8 6.3 6 28 2.5 12.8 68.3 
Brisbane 59 34.7 22 4.9 5.6 6.5 18 1.1 25.4 160.2 
Brisbane 63 21.8 5 4.9 5 5.9 6 0.3 5.0 68.3 
Brisbane 65 31.8 5 4.9 5.5 5.7 17 1.4 50.5 52.2 
Brisbane 69 19.7 22 4.9 5.5 4.9 2 0.5 3.3 90.0 
Brisbane 70 24.2 8 n/a 5.6 4.9 n/a n/a 7.3 109.0 
Brisbane 72 34.5 19 1.4 5.5 5.3 11 1.4 0.7 31.3 
Brisbane 73 21.4 5 0.1 5.1 5.3 5 0.9 8.4 125.3 
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Chylomicron 
remnants 
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Brisbane 74 43.1 14 9.5 5.2 5.2 20 1.2 4.1 23.1 
Brisbane 78 19.3 5 4.9 5.5 4.8 2 0.3 22.5 85.1 
Brisbane 80 23.9 2 0.4 5.7 6.3 6 0.8 103.3 131.8 
Brisbane 81 21.2 16 0.6 5.5 5.4 4 0.5 2.9 92.7 
Brisbane 84 33.4 5 4.2 5.2 5 25 1.5 49.0 88.8 
Brisbane 86 32.8 11 4.5 5.4 5.4 14 0.5 7.5 84.2 
Brisbane 90 40.4 14 4.9 5.2 5.4 12 1 0.7 58.7 
Brisbane 92 26.9 14 4.9 5.7 6 18 0.5 26.1 110.5 
Brisbane 94 20.9 14 4.9 5.3 4.3 3 0.4 10.1 97.1 
Brisbane 99 24.7 24 1.7 5 5.5 14 0.8 30.6 45.7 
Brisbane 79 21.6 5 4.9 5 4.3 4 0.7 194.0 73.0 
Lismore 201 22 16 4.9 5.6 4.4 6 0.7 6.0 32.0 
Lismore 202 24.3 5 0.3 5.3 5.6 4 0.9 57.0 67.0 
Lismore 203 20 29 4 5.4 5 7 0.5 44.0 95.0 
Lismore 204 21.8 5 4.9 5.5 4.9 14 0.4 9.0 81.0 
Lismore 205 23 2 0.1 5.4 4.9 7 0.8 7.0 74.0 
Lismore 206 21.8 11 4.9 5.1 4.3 6 0.3 5.0 45.0 
Lismore 207 33 32 4.9 5.8 5.4 16 1 7.0 167.0 
Lismore 208 34.3 5 1.4 5.5 5 13 0.5 14.0 58.0 
Lismore 209 20.3 2 0.1 5.7 5.1 8 0.4 7.0 68.0 
Lismore 210 24 11 0.1 5.2 4.3 5 0.5 145.0 53.0 
Lismore 211 28 5 0.8 5.7 5.3 15 0.9 32.0 82.0 
Lismore 212 28.7 16 5.2 5.6 5.5 8 1.8 5.0 45.0 
Lismore 213 21.3 8 4.9 5.4 4.1 6 0.3 16.0 94.0 
Lismore 214 36.1 19 22 5.5 5 13 1.7 12.0 71.0 
Lismore 215 17.9 11 0.1 5.1 4.6 5 0.6 22.0 65.0 
Lismore 216 29.6 14 0.1 5.5 4.7 11 0.8 7.0 46.0 
Lismore 217 42.8 2 18 5.2 4.5 14 0.6 34.0 54.0 
Lismore 218 45.4 5 5 5.3 5.1 11 0.8 20.0 31.0 
Lismore 219 27.6 5 4.9 5.7 4.4 12 1.3 14.0 66.0 
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7.11 Appendix K. Ethics approvals. 
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7.12 Appendix L. Correlation results 

  Brisbane       Lismore   

Automated 
haematology FCB-DM Correlation  

Automated 
haematology FCB-DM Correlation 

Platelets      Platelets     

Platelet count Fasting platelet area rs (50) = .36, p < .05* Platelet count Fasting platelet area r (19) = .11, p < .65 

Platelet count Fasting platelet number r (50) = .03, p < .831  Platelet count Fasting platelet number  r (19) = .03, p < .91 

CRP Fasting platelet area r (50) = .44, p < .05*  ESR Fasting platelet area r (19) = .26, p < .29 

ESR Fasting platelet number r (50) = .13, p < .37  ESR Fasting platelet number r (19) = .01, p < .96 

Fibrin      Fibrin     

ESR Fasting fibrin area r (51) = .49, p < .05*  ESR Fasting fibrin area r (19) = .47, p < .05* 

ESR Fasting fibrin number r (51) = .69, p < .05*  ESR Fasting fibrin number r (19) = .42, p > .05* 

BMI Fating diffuse fibrin r (51) = .56, p < .05*  CRP Fasting fibrin area r (19) = .11, p > .05 

BMI Postprandial diffuse fibrin r (51) = .44, p < .05*  CRP Fasting fibrin number r (19) = .09, p > .05 

Chylomicron remnants   

Triglycerides Fasting chylomicron remnant  rs (50) = .30, p < .05* 

HOMA B Fasting chylomicron remnant  r (47) = .31, p < .05* 

HOMA IR Fasting chylomicron remnant  r (46) = .31, p < .05* 

Insulin Fasting chylomicron remnant  r (50) = .33, p < .05* 
HbA1c 

 
Postprandial chylomicron remnant  

 
rs (51) = .35, p < .05* 

 
* Significant at .05 
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