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Analytical Performance Specifications (APS): whither quality? 

Richard Wing-Cheung Pang, PhD, FADLM 

ProQ Consulting Services, Hong Kong 

Email: ProQ@live.hk  

Abstract 

It is important to establish analytical quality goals in laboratory medicine to ensure accurate and 

precise assessment of assay quality. Analytical performance specifications (APS) are crucial for 

maintaining high standards in laboratory medicine and ensuring that test results are clinically relevant 

and reliable for medical decision- making, as required by the ISO15189 accreditation standard for 

medical laboratories. By monitoring the laboratory's performance against the established APS, issues 

can be identified, and corrective actions can be implemented to maintain the desired level of quality. 

The debate and definition of quality goals, requirements, and specifications have been ongoing since 

the Aspen, Stockholm, Milan, and Prague conferences. The choice of model for application in the 

laboratory depends on the nature of the measurement and the intended clinical application of the test. 

It is important to consider the level of analytical performance to which an APS is applied. However, 

there is a significant amount of variation in the application of clinical requirements and APS for 

laboratory tests, with a concerning number of laboratories not routinely evaluating methods against 

performance standards. The main issue is how to establish reliable clinical performance goals and 

determine acceptable clinical performance for laboratory tests. Currently, the statistical approaches 

and proposals mentioned in information exchanges are not particularly helpful. The key question is 

which Milan model is best to use, as all three models are naturally applied during risk assessment and 

considering the impact of test results on patient management/outcomes. There is a   need for a future 

consensus conference on quality goals, specifications, or requirements. 

Keywords: Quality Control, Accreditation, Performance Specification, Method Validation 

mailto:ProQ@live.hk
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Introduction 

When setting Quality Control (QC) goals, laboratories 

define targets to ensure the accuracy and reliability of 

their test results. Westgard suggests transitioning from 

strict specifications to more aspirational goals, where 

consistently meeting a target can be considered an 

Acceptable Performance Specification. Goals are 

targets to strive for but may not always be achieved, 

while specifications and requirements must be met.1 

Analytical performance specifications (APS) are 

guidelines used to assess the quality of laboratory 

testing processes, ensuring accuracy, reliability, and 

consistency over time. APS cover precision, 

accuracy, trueness, linearity, detection limits, and 

consistency across instruments and time. Key 

parameters in APS should include imprecision, bias, 

total error limits, and uncertainty of measurement, 

which are critical for ensuring reliable and accurate 

test results for clinical use.2 

The Total Allowable Error (TEa) is the maximum 

error that a laboratory can allow. The Association for 

Diagnostics and Laboratory Medicine (ADLM), 

formerly AACC, has published an article explaining 

TEa and how much error laboratories can permit. You 

can find the article at the following URL: 

https://www.aacc.org/cln/articles/2021/december/total

-allowable-error-tea-how-much- error-can-your-

laboratory-allow 

(Accessed 21 June 2024). 

Alternatively, one can download the Defined 

Acceptability Criteria or the database of the European 

Federation of Clinical Chemistry and Laboratory 

Medicine (EFLM) biological variations for medical 

laboratory testing from the EFLM official website. 

The website provides a comprehensive list of 

biological variation estimates for various 

measurands, along with analytical performance 

specifications and reference change values. The 

website also offers meta-analysis-derived BV 

estimates for over 100 measurands. 

https://biologicalvariation.eu/ 

(Accessed 21 June 2024). 

Please note that the data on the website is 

copyrighted by EFLM, and you may not distribute 

or commercially exploit the content without their 

express written permission. 

The importance of establishing APS for 

applications in clinical laboratories 

It is important to establish APS for measurement 

procedures in clinical laboratories. The ISO standard 

for clinical laboratories, ISO 15189:2022, requires 

laboratories to validate or verify the performance of a 

measurement procedure for its "intended use." 

However, APS established for a particular scheme 

may not apply if a test is used for a different purpose 

than what was envisioned by the external quality 

assessment (EQA) provider. For instance, if a 

laboratory uses a glucose test to differentiate between 

hypoglycemic and hyperglycemic comatose patients 

in the Accident and Emergency (A&E) department or 

intensive care unit, a wider APS might be applicable 

than for other applications such as the diagnosis of 

diabetes. As EQA organizers cannot have APS for 

every possible intended use of a test, laboratories are 

advised to document their own required response to 

results if their use of the assay differs from the 

generally expected use. 

ISO 15189-2022 says: 

https://www.aacc.org/cln/articles/2021/december/total-allowable-error-tea-how-much-error-can-your-laboratory-allow
https://www.aacc.org/cln/articles/2021/december/total-allowable-error-tea-how-much-error-can-your-laboratory-allow
https://www.aacc.org/cln/articles/2021/december/total-allowable-error-tea-how-much-error-can-your-laboratory-allow
https://www.aacc.org/cln/articles/2021/december/total-allowable-error-tea-how-much-error-can-your-laboratory-allow
https://biologicalvariation.eu/
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7.3.7.2 Internal quality control (IQC)3 

a) The laboratory shall have an IQC procedure for

monitoring the ongoing validity of examination

results, according to specified criteria, that verifies

the attainment of the intended quality and ensures

validity pertinent to clinical decision-making.

1) The intended clinical application of the

examination should be considered, as the

performance specifications for the same

measurand can differ in different clinical settings.

The performance specifications for the same 

measurand can differ in different clinical settings, and 

the intended clinical application of the examination 

should be considered. The European Federation of 

Clinical Chemistry and Laboratory Medicine (EFLM) 

has published a consensus statement on defining 

analytical performance specifications, which provides 

a framework for setting analytical performance 

specifications based on the intended clinical 

application of the examination. Probably    it is globally 

accepted that analytical goals should best be 

calculated. It was all summarized in the IUPAC/IFCC 

"Stockholm Conference " in 1999.4 

The consensus reached at the 2015 Milan and 2023 

Prague conferences established the ladder of possible 

and acceptable procedures for setting analytical goals, 

focusing on practical applications of performance 

specifications. It was emphasized that the Prague 

Consensus would not replace the Milan Consensus, and 

the latter still serves as the accepted model for 

performance specifications. The Prague conference 

aimed to demonstrate practical applications of 

performance specifications using three different 

models: 

Model 1: Based on the impact of analytical performance 

on clinical outcomes. 

Model 2: Based on components of biological variation 

of the measurand. 

Model 3: Based on state-of-the-art analytical 

performance. 

Furthermore, the statement suggests that the 

performance specifications for pre- and post-analytical 

laboratory processes should follow the same models as 

for analytical performance specifications. The principle 

has been widely accepted for a long time, and various 

tables are available to support it. The choice of model 

for application in the laboratory depends on the nature 

of the measurand and the intended clinical application 

of the examination. The EFLM consensus statement 

provides a detailed description of each model and the 

measurands for which they are best suited. You may 

find it helpful to consult the statement to determine 

which model is most appropriate for specific clinical 

applications. 

External Quality Assurance (EQA) is a required 

laboratory activity under ISO 15189 and for numerical 

pathology results a quantitative assessment is made 

comparing a laboratory’s result against a target. To 

determine if your lab meets the APS requirements, you 

can participate in EQA programs. EQA organizers 

provide APS that indicate whether the deviation from 

the target value achieved by the laboratory is acceptable. 

The laboratory can download the Data Analysis and 

Assessment Criteria Handbook from the Royal 

College of Pathologists of Australasia Quality 

Assurance Programs (RCPAQAP) website. The 

handbook contains information on Analytical 

Performance Specifications (APS), which are quality 

standards that participating laboratories can use to 

assess their performance in all RCPAQAP disciplines 

and respond accordingly. 
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For Clinical Chemistry 

RCPA_302340_APS-Chemical-Pathology-Update-

Dec-2022_FA.pdf (rcpaqap.com.au) 

For Hematology 

 

RCPA_302678_APS-Haematology-Document-

Update_WEB.pdf (rcpaqap.com.au) 

 

(Accessed 21 June 2024). 

 

The handbook provides the following definitions for the 

terms mentioned: 

 

➢ Optimal: The analytical performance 

specification (APS) that is desirable for a 

laboratory to achieve. It is defined as 0.125 

(CVi2 + CVg2)1/2 + 2.33 x 0.5 CVi for total 

error (TE) and 0.25 (CVi2 + CVg2)1/2 + 2.33 x 

0.25 CVi for imprecision. 

➢ Desirable: The APS that is achievable by most 

laboratories. It is defined as 0.25 (CVi2 + 

CVg2)1/2 + 2.33 x 0.5 CVi for TE and 0.5 (CVi2 

+ CVg2)1/2 + 2.33 x 0.25 CVi for imprecision. 

➢ Minimal: The APS that is the minimum 

acceptable level of performance. It is 

defined as 0.375 (CVi2 + CVg2)1/2 + 2.33 x 

0.75 CVi for TE and 0.75 (CVi2 + CVg2)1/2 

+ 2.33 x 0.25 CVi for imprecision. 

 

The clinical and scientific/technical relevance of 

setting Analytical Performance Specifications 

(APS) 

1. Clinical Relevance: 

- APS ensure that laboratory results are 

suitable for clinical needs and can 

help prevent misdiagnosis and 

inappropriate treatment. 

- Clearly defined APS support evidence-

based medicine and informed clinical 

decision-making. 

2. Analytical Performance Validation: 

- APS provide a framework for validating 

the accuracy of laboratory methods and 

ensuring that results meet predefined 

quality criteria. 

- This process helps to identify 

and address potential sources of 

error, maintaining the reliability 

of test results. 

3. Quality Assurance and Continuous 

Improvement: 

- APS serve as a benchmark for 

ongoing quality assurance and 

continuous improvement efforts 

within the laboratory. 

- Monitoring performance against APS 

helps identify issues and implement 

corrective actions. 

4. Harmonization and Standardization: 

- APS contribute to the 

harmonization and standardization 

of laboratory practices across 

different institutions and healthcare 

systems, ensuring comparable and 

interchangeable test results. 

5. Patient Safety and Confidence: 

- Adherence to well-defined APS helps to 

ensure patient safety and improve 

patient satisfaction and trust in the 

healthcare system. 

In summary, setting Analytical Performance 

Specifications helps verify the quality of laboratory 

results, ensure consistent validity, and support 

informed medical decision- making for improved 

patient outcomes and public health.5 

https://rcpaqap.com.au/wp-content/uploads/2022/12/RCPA_302340_APS-Chemical-Pathology-Update-Dec-2022_FA.pdf
https://rcpaqap.com.au/wp-content/uploads/2022/12/RCPA_302340_APS-Chemical-Pathology-Update-Dec-2022_FA.pdf
https://rcpaqap.com.au/wp-content/uploads/2022/12/RCPA_302340_APS-Chemical-Pathology-Update-Dec-2022_FA.pdf
https://rcpaqap.com.au/wp-content/uploads/2023/09/RCPA_302678_APS-Haematology-Document-Update_WEB.pdf
https://rcpaqap.com.au/wp-content/uploads/2023/09/RCPA_302678_APS-Haematology-Document-Update_WEB.pdf
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Examples of how Analytical Performance 

Specifications (APS) have been successfully 

implemented to enhance patient care and 

clinical decision-making 

Analytical Performance Specifications (APS) play a 

critical role in enhancing patient care and clinical 

decision-making by ensuring the reliability and 

clinical utility of laboratory test results, particularly 

for cholesterol and hemoglobin A1c (HbA1c). 

For Cholesterol (Table 1): 

The APS for cholesterol testing are typically defined by 

national and international organizations such as the 

Clinical and Laboratory Standards Institute (CLSI) and 

the National Cholesterol Education Program (NCEP).7 

Key APS for cholesterol include: 

1. Imprecision (CV): The desirable total

imprecision (coefficient of variation)

should be less than 3% for total

cholesterol.

2. Bias: The desirable bias for total cholesterol

should be less than ±3%.

3. Total Error: The total allowable error for total

cholesterol should be less than ±8.9%.

These APS ensure that cholesterol test results are 

accurate and consistent, enabling healthcare 

providers to make reliable clinical decisions 

regarding the management of dyslipidemia and 

cardiovascular disease risk.8 

For HbA1c (Table 1): 

The APS for HbA1c testing are established by 

organizations such as the American Diabetes 

Association (ADA) and the International 

Federation of Clinical Chemistry and Laboratory 

Medicine (IFCC). 

Key APS for HbA1c include: 

1. Imprecision (CV): The desirable total

imprecision (coefficient of variation)

should be less than 2%.

2. Bias: The desirable bias should be less

than ±2 mmol/mol (±0.2%) from the

IFCC reference method.

3. Total Error: The total allowable error should

be less than ±4 mmol/mol (±0.4%) from the

IFCC reference method.

These APS for HbA1c ensure that the test results 

accurately reflect the patient's long- term glycemic 

control, enabling healthcare providers to make 

informed decisions about diabetes management, 

including medication adjustments, dietary changes, 

and lifestyle modifications. 

The National Academy of Clinical Biochemistry 

(NACB) recommends that HbA1c assays used for 

diagnosis should achieve an imprecision of <3% CV 

and should be NGSP certified. Currently, the NGSP 

requires 92.5% of results to be within ±6% of a 

reference method traceable to the Diabetes Control 

and Complications Trial (DCCT).9 

Adherence to these well-defined APS for cholesterol 

and HbA1c testing is crucial for providing reliable and 

clinically relevant laboratory data that supports 

healthcare providers in making appropriate clinical 

decisions and improving patient outcomes. 

Discussion 

The original Milan consensus papers were in a special 

issue of CCLM. The following paper was the 

executive summary of multiple articles published in 

the same issue: Clin Chem Lab Med 2015; 53(6): 

833–835. 
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Free to download at: 

https://www.eflm.eu/files/efcc/3.5%

20CCLM- 

Consensus%20Statement.pdf 

(Accessed 21 June 2024) 

The experts in Aspen, Stockholm, Milan, and Prague 

have been refining the definitions of quality goals, 

requirements, and specifications. The recent meeting 

in Prague did not result in a consensus, and different 

proposals were put forward. These include publishing 

a list of approximately 100 analytes with 

performance specifications, diagnostic 

manufacturers providing more information on the 

uncertainty of their reference assignments, 

standardizing performance specifications, expanding 

the database to include state-of-the-art and clinical 

outcome goals, and having multiple performance 

specifications for the same analyte. 

 

Chicken and egg situation 

 

When considering clinical guidelines for medical 

needs, it can feel like a chicken and egg situation - 

which came first? In my opinion, most clinical 

guidelines are based on research and analysis of 

laboratory data. For instance, cutoff values of 

cholesterol and HbA1c for cardiovascular risk 

assessment and the diagnosis of diabetes mellitus are 

established based on studies like the Framingham 

Heart Study10 and the ADA recommendations11, 

respectively. Medical doctors usually trust that the 

laboratory has selected the right methodology and do 

not question the reliability of the results. 

However, laboratory directors, usually pathologists in 

most countries, should be responsible for setting the 

analytical goals and specifications for their laboratory 

tests that impact medical decisions and estimating the 

measurement uncertainty. This requires a 

collaborative effort involving laboratory management, 

quality experts, technical personnel, and most 

importantly, the latest technology available on the 

market. It is essential to consider the level of analytical 

performance to which an analytical performance 

specification (APS) is applied. The state-of-the-art 

defines the highest technically achievable analytical 

performance at the time it is measured, as 

demonstrated by the participating laboratories in the 

EQA program. 

 

Specifications/requirements have to be met 

 

A goal is something you strive to achieve but may not 

always reach. Anything that you cannot achieve 

becomes a goal. The Prague Conference on Analytical 

Performance Specifications has been an important 

platform for discussing quality standards in laboratory 

medicine. In the most recent symposium held in 

October 2023, there was a significant change in 

terminology. Instead of using the term "analytical 

performance specifications" (APS), the conference 

proposed the use of "analytical performance goals" 

(APG) for performance targets that may not currently 

be achievable due to technological limitations. 

Essentially, if a specification cannot be met, it 

becomes a goal. However, specifications that can be 

achieved still fall under the APS category. This change 

reflects a practical approach to setting realistic 

expectations while maintaining quality standards. 

The attainment of biological goals may not always be 

possible, unlike goals related to cholesterol and 

HbA1c. Clinical goals, such as those for blood gas 

analysis, calcium, and glucose, vary depending on the 

clinical environment. For example, the TEa limits for 

PO2 differ between an operating room and a remote 

hospital, and tighter limits for calcium are used for 

samples from neonatal intensive care compared to 

general adult screening. Additionally, there are 

differences between glucose point-of-care (POC) and 

laboratory results. It is important to consider what 

https://www.eflm.eu/files/efcc/3.5%20CCLM-Consensus%20Statement.pdf
https://www.eflm.eu/files/efcc/3.5%20CCLM-Consensus%20Statement.pdf
https://www.eflm.eu/files/efcc/3.5%20CCLM-Consensus%20Statement.pdf
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healthcare providers, physicians, and patients aim to 

achieve, whether it's screening, diagnosis, assessing 

the severity of a condition, or exploring treatment 

possibilities. This complexity will continue to provide 

academia, literature, and industry with numerous 

interesting tasks and findings for many years to come. 

The draft guidance for performance goals at the Milan 

conference initially suggested clinicians' opinions as 

the most important criterion, but this idea was later 

removed from the final guidance. An article in the 

CCLM collection pointed out that, at least in Italy, 

there is some work to be done to promote the concept 

and the use of APS because many laboratorians and 

clinicians may not understand basic principles.12 

It's important to recognize that assays serve different 

purposes, such as screening, diagnosis, and 

monitoring, and a single goal cannot be universally 

applicable to all.  Furthermore, values that do not 

meet goals should not be considered equally 

problematic. Major errors can cause more significant 

issues than errors that only slightly exceed the goals. 

The measurement of APS depends on the model 

used to set the specifications 

The EFLM consensus statement provides detailed 

guidance on how to measure APS for each model. For 

example, Model 2 is based on the components of 

biological variation of the measurand. The APS for 

Model 2 can be measured by calculating the total 

allowable error (TEa), which is the maximum 

permissible difference between the true value of the 

measurand and the measured value that is consistent 

with the biological variation of the measurand. The 

TEa can be calculated using the following formula: 

TEa = 1.65 x CVi x (µ + CVg) 

where CVi is the within-subject biological variation, µ 

is the analytical measurement uncertainty, and CVg is 

the between-subject biological variation. The EFLM 

consensus statement provides detailed guidance on 

how to calculate the TEa for different measurands.13,14 

Tonks’ Formula 

It's crucial to determine which Milan model is best 

suited for use when conducting a risk assessment and 

evaluating the impact of test results on patient 

management and outcomes. Graham Jones has 

explained this in his papers in a practical and less 

theoretical manner. All measurements must be 

appropriate for their intended purpose. In laboratory 

medicine, the purpose of measurements is to 

differentiate between healthy and diseased 

individuals. To accomplish this, a reference range or 

interval for a test must be established to aid in clinical 

decision-making. Reference intervals are the inverse 

of biological variation. Therefore, the EFLM's 

systematic work on biological variation is important, 

even though the full implications are not yet fully 

understood. 

As an idea and an initiative, instead of just considering 

it, why not compile a list of TEa based on Tonks' rule 

(formula) from an article published in 1963? 

Reference ranges (RR) or intervals (RI) are essential 

for clinical decision-making, and every laboratory 

should include RR/RI along with the report. Although 

some of the calculated TEa by Tonks' rule may be 

larger than necessary, it is still the cutting-edge 

technology that most laboratories can achieve. 

You can see examples of typical results in Table 1 of 

the original 1963 article. 

https://www.qualitat.cc/sitebuildercontent/sitebuilder

files/tonks.1963.pdf (Accessed 21 June 2024) 

Disadvantages: The reference intervals may be too 

wide, laboratory-defined, often revised, or not 

established appropriately. They may not apply to 

https://www.qualitat.cc/sitebuildercontent/sitebuilderfiles/tonks.1963.pdf
https://www.qualitat.cc/sitebuildercontent/sitebuilderfiles/tonks.1963.pdf
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cutoff values. 

It's evident that our world is far from perfect, and 

therefore, selecting Milan or any other criteria for the 

APS option may not be suitable for all situations in the 

field of laboratory medicine. Let's work together to 

focus on larger systems rather than getting caught up 

in details (zero-sum mindset). We may need to 

incorporate additional tools and perspectives to 

achieve this. 

 

There are a lot of papers on APS in CCLM. This is a 

hotly debated topic in Europe. See the link for a 

collection: 

https://www.degruyter.com/search?query=analytical+

performance+specifications&sta 

rtItem=0&pageSize=10&sortBy=relevance&docume

ntVisibility=all 

(Accessed 21 June 2024) 

 

Performance specifications are crucial in maintaining 

high standards in laboratory medicine, ensuring that 

test results are clinically relevant and trustworthy for 

medical decision-making. The selection of the model 

for use in the laboratory depends on the nature of the 

measurement and the intended clinical application of 

the test. However, even after 25 years (since 1999) of 

recognizing the importance of clinical requirements 

and APS for laboratory tests, there is still a wide 

variety of applications and a concerning number of 

laboratories that do not regularly evaluate methods 

against performance standards. The mindset of "If the 

QC chart looks good, everything is fine. Just expand 

the QC chart range to make it look good" raises the 

question of why doing the wrong thing often feels like 

the right thing to do. In short, maintaining a specific 

standard of performance for a given test is likely more 

important than setting the performance standard. 

Minimizing spurious gross errors is the first priority in 

providing reliable tools for clinicians, ensuring they 

have trustworthy information to guide patient care. 

The primary issue still remains – how to establish 

reliable clinical performance goals and what 

constitutes acceptable clinical performance for 

laboratory tests. Performance specifications for the 

same analyte could vary based on different clinical 

uses and geographical locations. The key question is 

which Milan model is best to use, as all three models 

are naturally utilized in risk assessment to consider the 

impact of test results on patient management and 

outcomes.15 

 

 

Conclusion 

In conclusion, it is essential to establish appropriate 

Analytical Performance Specifications to ensure the 

quality of analytical results. This, in turn, supports 

reliable clinical decision-making, patient care, and 

other applications. Achieving this requires a 

collaborative, evidence-based approach that 

balances the needs of stakeholders with rigorous 

analytical performance requirements. However, the 

statistical approaches and proposals mentioned in 

the information exchange, such as  choosing 

minimal, desirable, or optimal acceptable 

performance limits, are not particularly helpful. The 

total error of 95% of results doesn't work because 5% 

of results are unspecified. It is necessary to have a 

future consensus conference on quality goals, 

specifications, or requirements. By addressing these 

challenges, laboratories can establish effective 

protocols to maintain the desired level of quality and 

reliability in their analytical results. Stay tuned. 

 

 

 

 

 

 

 

https://www.degruyter.com/search?query=analytical%2Bperformance%2Bspecifications&startItem=0&pageSize=10&sortBy=relevance&documentVisibility=all
https://www.degruyter.com/search?query=analytical%2Bperformance%2Bspecifications&startItem=0&pageSize=10&sortBy=relevance&documentVisibility=all
https://www.degruyter.com/search?query=analytical%2Bperformance%2Bspecifications&startItem=0&pageSize=10&sortBy=relevance&documentVisibility=all
https://www.degruyter.com/search?query=analytical%2Bperformance%2Bspecifications&startItem=0&pageSize=10&sortBy=relevance&documentVisibility=all
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Table 1. Examples of how Analytical Performance Specifications (APS) have been successfully 
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Introduction  

Citrin is a protein expressed in the liver, kidney, heart, 

and small intestine. Citrin involves several pathways, 

including the malate-aspartate shuttle and the malate-

citrate shuttle. It transforms aspartate from 

mitochondria to cytosol in exchange for glutamate, 

making aspartate available for ligation to citrulline in 

the next step of the urea cycle. Citrin also transfers 

cytosolic nicotinamide adenine dinucleotide hydrogen 

(NADH)-reducing equivalents into mitochondria, an 

essential shuttle for hepatic glycolysis and coupled 

lipogenesis.  

 

Deficiency or dysfunction of this transporter, a 

hereditary disorder caused by SLC25A13 mutations, 

affects the urea cycle, energy production in hepatocytes 

and results in impaired glucose utilization and galactose 

metabolism. A dysfunctional NADH shuttle increases 

the cytosolic NADH level and decreases the 

mitochondrial NADH level. The elevation of cytosolic 

NADH/NAD+ impairs glucose utilisation in glycolysis. 

A reduced mitochondrial NADH/NAD+ impairs the 

beta-oxidation pathway, resulting in an energy deficit in 

hepatocytes and inadequate ketone production during 

hypoglycemia events. Moreover, deficiency or 

dysfunction of this transporter results in decreased 

aspartate in the cytoplasm, which limits 

argininosuccinate synthase 1 (ASS1) enzyme activity. 

This results in increased plasma citrulline 

concentrations, as observed in citrullinemia Type I, 

mostly in neonatal presentation. An impaired urea cycle 

leads to hyperammonemia. 

 

Figure 1. The role of Citrin in the malate-aspartate shuttle and malate-citrate shuttle Glycolysis and 

lipogenesis in the liver. Hayasaka K, Numakura C. Adult-onset type II citrullinemia: Current insights 

and therapy. Appl Clin Genet. 2018 Dec 12;11:163-170. 

mailto:wongws@ha.org.hk
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Citrin deficiency was initially described in the Japanese 

population and was considered an East Asian condition. 

In recent years, however, patients in North America and 

Europe have been identified, and the condition is now 

widely viewed as a pan-ethnic disease. Citrin deficiency 

(CD) is an autosomal recessive disease caused by the

SLC25A13 gene mutation. It includes three age-

dependent clinical phenotypes (figure 2): neonatal 

intrahepatic cholestasis caused by citrin deficiency 

(NICCD), adult-onset type II citrullinemia (CTLN2) 

and failure to thrive and dyslipidemia caused by citrin 

deficiency (FTTDCD) between NICCD and CTLN2 

stages. Although NICCD is a pan-ethnic disease we 

recognized, it is still prevalent in East Asia. Meanwhile, 

China is a high-incidence area, and the mutation carrier 

rate of the SLC25A13 gene is as high as 1/65. The type 

of variation of SLC25A13 is also different in different 

regions. A total of >11,000 individuals are estimated to 

be homozygous or compound heterozygous for 

SLC25A13 pathogenic variants in the Guangdong 

province in southern China. Currently, >80 SLC25A13 

pathogenic variants have been identified, but among 

them, four prevalent mutations c.851_854del 

(p.R284fs286X), c.1638_1660dup (p.A554fs570X), 

IVS6+5G>A (p.A206fs212X), and IVS16ins3kb 

(p.A584fs585X) account for >80% of the Chinese 

population who exhibit citrin deficiency. In citrin 

deficiency, impaired energy production in hepatocytes 

and less triacylglycerol would be available via hepatic 

lipogenesis for the cholesterol metabolism, which plays 

a significant role in fat supply during growth spurt 

periods. As such, the clinical consequence of citrin 

deficiency is growth impairment, impaired liver 

function, dyslipidemia, and fatty liver. Most citrin 

deficiency patients (NICCD or CTLN2) present with 

cholestasis of fatty liver, though pathophysiology is not 

entirely understood. The underlying main reason is an 

energy deficit in the liver. Often, citrin deficiency is 

characterized by a strong preference for protein-rich 

and/or lipid-rich foods and aversion to carbohydrate-

rich foods. In adult-onset type II citrullinemia CTLN2, 

the clinical presentation of these phenotypes is 

summarized in Figure 2.  

Figure 2. Clinical and laboratory manifestations of citrin deficiency 

Saheki T, Song YZ. Citrin Deficiency. [Updated 2017 Aug 10]. In: Adam MP, Feldman J, Mirzaa GM, 

et al., editors. GeneReviews® 
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Diagnosis for citrin deficiency  

The diagnosis of citrin deficiency is established in an 

individual with characteristic biochemical findings. 

Diagnosis is firstly based on the measurement of these 

critical metabolites and then on the enzyme 

(citrullinemia type 1 -argininosuccinate synthetase 

deficiency and argininosuccinic aciduria-

argininosuccinate lyase deficiency) or genetic studies 

for differential diagnosis. The diagnosis of a metabolic 

disorder is always a tricky process which needs a 

complete synthesis between the clinical picture and the 

biochemical and biomarker profile. Therefore, it is 

essential to have a high index of suspicion to diagnose 

this disorder. Increased blood or plasma concentration 

of ammonia, plasma or serum concentration of 

citrulline and arginine, and plasma or serum threonine-

to-serine ratio were found.  

Laboratory investigations indicate signs of cholestasis 

and liver synthetic dysfunction, which may also indicate 

the possibility of citrin deficiency. Elevated liver 

transaminases, alkaline phosphatase, γ-

glutamyltranspeptidase levels, abnormal coagulation 

times, protein, glucose, conjugated bilirubin, and bile 

acid levels were also found.  

Biochemically, plasma ammonia, citrulline, and 

arginine levels are elevated in CLTN2, while 

hyperbilirubinemia, hypertyrosinemia, and 

hypermethioninemia seen in NICCD are absent. For 

confirmation, the identification of biallelic pathogenic 

variants in SLC25A13 by molecular studies was also 

performed. 

The first-tier MS/MS screening method using 

conventional marker metabolites alone is associated 

with a relatively low specificity. It is susceptible to a 

high false-positive rate, imprecision, and false negatives 

since the adequate cutoff citrulline level is difficult to 

determine. False-negative rates are high for citrin 

deficiency and may delay diagnosis and treatment in 

patients. To circumvent unnecessary concerns for 

parents and newborns in false positives and to increase 

the specificity of newborn screening for disorders 

without a particular primary marker, second-tier 

strategies have been developed. Second-tier NGS tests 

could help rule out ambiguous screening results due to 

nutritional impacts or common heterozygous carriers 

while ruling out IEM cases with unsatisfactory 

sensitivity using MS/MS, such as citrin deficiency. 

Several studies of molecular second-tier testing were 

validated in several reports, and the detection rate was 

increased to a rate similar to the expected rate 

estimated.  

Management of citrin deficiency patients 

Given the multiple metabolic pathways involved in 

citrin deficiency and its diversities in various 

phenotypes, management of citrin-deficient patients: 

Low protein and high CHO diet will worsen, and 

infusion of glucose, fructose, and glycerol is 

contraindicated. Alcohol may trigger CTLN2, while 

the medication prescribed needs close monitoring. 

The current treatment strategy will be mainly on diet 

therapy, with low carbohydrate, high protein and high 

fat, given impaired glucose utilization and also initiated 

the use of lactose-free, medium chain triglyceride MCT 

enriched formula, which facilitates direct absorption 

from the intestine without bile fluid and also direct 

energy to the hepatic cells by acetyl CoA, through TCA 

cycle—other treatments including administration of 

sodium pyruvate in addition to dietary control. 

Treatment for cholestasis has been shown to delay the 

onset of Adult-onset type II citrullinemia CTLN2 and 

improve prognosis. In case of impaired liver function, 

liver supportive therapy, including fat-soluble vitamins, 

FFP, albumin ammonia scavengers and in more severe 

cases, a liver transplant might be considered, which 

prevents episodic hyperammonemia crises and corrects 

the metabolic disturbances. Because intense treatment, 
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such as liver transplantation, may become necessary to 

cure CTLN2, effective preventative treatment during 

the adaptation/compensation stage is very important. 

Summary 

Citrullinemia type 2 is expected in East Asians 

(including Hong Kong) and usually presents in adults 

with hyperammonemia and neuropsychiatric disease 

(CTLN2). Citrin deficiency presentation can be highly 

variable. It may also cause neonatal/infantile 

cholestatic liver disease without hyperammonemia 

(NICCD), which is primarily transient, and failure to 

thrive and dyslipidemia with hypoglycemic attacks 

(FTTDCD) mainly after one year of age. 

Tandem mass spectrometry (MS/MS) program for IEM 

for early detection and diagnosis in newborn screening 

is widely adopted. When dried blood spot(DBS) or 

plasma amino acid analysis was performed, elevated 

levels of citrulline, methionine, tyrosine, phenylalanine, 

threonine, lysine, etc, may be observed. This allowed 

rapid, cost-effective, and simultaneous detection of 

analytes related to IEM, yet there still needs to be some 

limitations due to the high false negative rate. It is 

essential to investigate the diagnostic possibility of 

citrin deficiency even in patients with average newborn 

screening results. 

Application of second-tier strategies in NBS allows for 

increased specificity and, consecutively, a higher PPV 

of NBS. If clinically indicated, the family cascade 

screening of carrier status for at-risk relatives should be 

carried out since it can be asymptomatic in the early 

stages. One potential challenge encountered in testing 

genetic variants is the management of these carriers. 

Since the primary purpose of the newborn screening 

program is to detect patients and improve their 

prognoses, reporting other information, such as carrier 

status, is not intended to be a part of this program during 

second-tiered genetic testing. 
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Abstract 

In Hong Kong, the high prevalence of varicella places a considerable burden on the public healthcare system. 

A universal varicella vaccination programme was started in July 2014 to reduce the varicella infection rate. 

Since then, there have been limited studies assessing the changes in varicella immunisation and epidemiology 

in the Hong Kong population after implementing the programme. We conducted a retrospective study to assess 

the varicella-zoster virus (VZV) immunoglobin G (IgG) seroprevalence between 2015 and 2020 by extracting 

VZV IgG serological data of 3150 cases from the laboratory information system of a local private medical 

laboratory. We also reviewed the varicella notifications from 1999 to 2020 and the varicella serological data 

in 2000, 2005, 2010 and 2015 listed on the Centre for Health Protection (CHP) website. The overall 

seroprevalence estimate was 96.4% (95% CI: 95.8% – 97.1%). There was no significant difference in VZV 

IgG seroprevalence in the adult population between 2015 and 2020, X2 (5, N = 3088) = 8.06, p > .05. Gender 

differences were identified, with a higher VZV IgG seroprevalence rate in the female population, X2 (1, N = 

3088) = 4.37, p = .037. The data of age-specific VZV IgG seroprevalence rates are consistent with the data 

from the CHP, with >70% of individuals acquiring immunity against VZV before reaching adulthood. A 

dramatic increase in the VZV IgG seroprevalence rate in children aged 1 – 4 and a gradual decline in the 

annual rate of varicella notification were observed. It is concluded that a high VZV IgG seroprevalence rate 

was identified in the Hong Kong population, with a noticeably high prevalence of varicella among the younger 

population of <25 years. Implementing the universal varicella vaccination programme is essential in providing 

VZV immunity to and preventing varicella infections among children. 

Keywords: Varicella-zoster virus; Universal vaccination; Seroprevalence
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Introduction 

A primary infection with varicella-zoster virus (VZV) 

in humans can result in a highly infectious and 

contagious disease known as varicella (chickenpox), 

predominantly acquired in children below 12. The 

mode of transmission of varicella includes airborne 

and /or droplet information and direct or indirect 

contact with the discharges from the skin lesions of 

infected individuals.1 The primary VZV infection 

begins with the local VZV replication in the upper 

respiratory mucosa.2 The spreading of VZV follows 

local replication of VZV to tonsillar and regional 

lymphoid tissues via VZV-infected Langerhans cells, 

where T lymphocytes become infected with VZV.3 

VZV-infected T lymphocytes are reconfigured into 

activated memory T lymphocytes with reduced 

immune activities and increased skin-homing 

capacity.4 As a result, VZV is transported by the 

infected T lymphocytes throughout the body via the 

bloodstream and the lymphatic system and 

eventually disseminated majorly to the skin during 

primary infection, leading to the appearance of the 

characteristic vesiculopustular rash on the skin. 

Although the varicella infection is generally mild, 

benign and self-limited, varicella can cause severe 

complications, including secondary bacterial 

infections, pneumonia, encephalitis or haemorrhagic 

problems, especially in people with weakened 

immunity or women with pregnancy.5 

 

In the pre-vaccine era, VZV infections occur 

worldwide, causing essentially universal exposure to 

VZV. In high-income developed countries, the 

incidence of varicella occurred commonly among 

preschool and school-aged children, with more than 

90% of infections occurring by the age of 17 years; 

only less than 5% of adults remained susceptible to 

VZV without seroconversion.6 After developing and 

implementing the varicella vaccination programme, 

varicella infections and severe complications have 

dramatically reduced. In the United States, the 

hospitalisations and deaths caused by varicella have 

significantly reduced by 93% and 94%, respectively, 

since 1996, when varicella vaccine programmes for 

children aged 12 to 18 months were implemented.7 

Interestingly, the incidence of varicella also declined 

in all age groups, including infants who are not 

eligible for the vaccination program and adults who 

have not been vaccinated, indicating the benefits of 

herd immunity from the vaccination programme.8 

In Hong Kong, varicella infection has long been the 

most commonly notifiable infectious disease 

reported. From 2010 to 2019, the average annual rate 

of varicella notifications was 52.1% of all reported 

notifiable infectious diseases. Notably, the high 

prevalence of VZV-associated infections places a 

substantial economic burden on the public healthcare 

system and increases the burden associated with the 

shortage of medical and healthcare personnel in 

Hong Kong public hospitals. Therefore, it is crucial 

to minimise VZV infections, thereby reducing the 

burden associated with VZV infections. Vaccines 

against varicella have been available in Hong Kong's 

private market since 1996. Subsequently, the 

varicella vaccine was listed and scheduled in the 

Hong Kong Childhood Immunisation Programme in 

July 2014 to implement universal varicella 

vaccination in Hong Kong. Under the programme, 

eligible children born on or after 1 January 2013 

should receive a two-dose scheduled varicella 

vaccine.9 

 

Although several studies assessed the trends of 

varicella immunisation and the change in varicella's 

epidemiology between 1996 and 2014, minimal 

studies have been conducted in the Hong Kong 

population to assess these areas after implementing 
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the universal varicella vaccination programme. It is 

important to start assessing the trends of varicella 

immunisation to evaluate the effectiveness and 

importance of the universal varicella vaccination 

programme in changing the epidemiology of and 

preventing VZV transmission and its ability to 

reduce the disease burden associated with VZV 

infections. While serological data is essential to 

determine the effectiveness of the universal varicella 

vaccination programme, we conducted a 

retrospective study to investigate the VZV 

immunoglobin G (IgG) antibodies in the Hong Kong 

population between 2015 and 2020. This study 

aimed to assess the change of VZV IgG 

seroprevalence in Hong Kong after implementing 

the universal varicella vaccination. We also 

described the gender- and age-specific profiles of 

VZV seroprevalence in Hong Kong. Besides, we 

reviewed the varicella notifications and VZV IgG 

serological data from the public sector in Hong Kong. 

Methodology 

Study design 

A retrospective study investigated the 

seroprevalence of VZV IgG antibodies between 

2015 and 2020 in the Hong Kong Special 

Administrative Region. 

Sera collection 

The presence of immunity to VZV in the general 

population was determined by evaluating the serum 

IgG antibodies specific to VZV levels in the human 

blood samples. The blood samples were collected in 

serum separation transport tubes aseptically via 

venepuncture. All blood samples collected were 

centrifuged at 3400 rpm for 15 minutes to separate 

the serum from cellular elements. The separated 

serum is the ideal sample for determining the VZV 

IgG antibody levels.  

Laboratory test 

VZV IgG antibodies were measured in human sera 

by an indirect enzyme-linked immunosorbent assay 

(ELISA) using the Euroimmun anti-VZV IgG 

ELISA test kit (Euroimmun AG, Germany), which 

allows semi-quantitative detection of VZV IgG 

antibodies in the serum samples. The detection 

process involved adding 100 µl of the negative and 

positive controls, Euroimmun calibrator, and patient 

samples into the individual reaction wells according 

to the manufacturer's pipetting protocol, and the 

reaction wells were incubated at room temperature 

(18 to 25℃) for 30 minutes. After incubation, it 

emptied and washed the reaction wells thrice with 

300 µl of wash buffer per wash. Then, pipetting 100 

µl of enzyme-conjugated anti-human IgG antibodies 

to each reaction well and incubated at room 

temperature (18 to 25℃) for 30 minutes. After the 

conjugate incubation, emptying and washing the 

reaction wells as described above. Subsequently, 100 

µl of substrate solution was added into each reaction 

well to allow substrate incubation at room 

temperature (18 to 25℃) for 15 minutes, and the 

process of substrate incubation was protected from 

direct sunlight. After that, the substrate incubation 

was stopped by pipetting 100 µl of stop solution into 

each reaction well. The ELISA microplate was 

slightly shaken before the subsequent measurement 

to ensure a homogeneous distribution of the solution. 

Finally, the light intensity in each reaction well was 

measured via photometric measurement at a 

wavelength of 450 nm within 30 minutes of the 

addition of the stop solution. A wavelength between 

620 nm and 650 nm was selected as the reference 

wavelength. The testing result of VZV IgG 

antibodies was expressed in the ratio of the 

extinction value in a patient sample over the 

extinction value in the Euroimmun calibrator 
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containing 100 international units per litre (IU/L) of 

VZV IgG antibodies. Calculating the ratio according 

to the following formula given by the manufacturer's 

instructions: 

 

𝐸𝑥𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝐸𝑥𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑜𝑟

= 𝑅𝑎𝑡𝑖𝑜 

 

The results were interpreted according to the 

manufacturer's instructions: Ratio <0.8: negative; 

Ratio ≥0.8 to <1.1: borderline; Ratio ≥1.1: positive. 

All samples with inconclusive results (i.e., 

borderline results with a ratio of ≥0.8 to <1.1) were 

excluded from the analysis. All testing of VZV IgG 

antibodies was conducted by a third party in a local 

private medical laboratory. 

 

Data collection from the local private sector 

We extracted VZV IgG antibody data at ProCare 

Medtech Laboratory – a local private medical 

laboratory in the Cheung Sha Wan area in Hong 

Kong. The medical laboratory is accredited by the 

International Organization for Standardization (ISO) 

15189 quality management system under the Hong 

Kong Laboratory Accreditation Scheme (HOKLAS) 

provided by the Hong Kong Accreditation Service 

(HKAS). The laboratory mainly processes samples 

from medical diagnostic and health check-up centres 

that offer health check-ups and immigrant Visa 

medical examination services to the general public. 

We utilised the Laboratory Information System (LIS) 

installed in the laboratory's computers to generate 

PDF files for every tested year (2015, 2016, 2017, 

2018, 2019, 2020). Each PDF file contains all the 

VZV IgG testing cases within the tested year, which 

includes the year of testing, sample identity (SID), 

laboratory identity (LID), patient's age, sex and 

results. All patient information was kept confidential, 

and the data extracted were anonymous to ensure 

confidentiality. 

 

Data collection from the Centre for Health 

Protection (CHP) 

Data on varicella notifications reported to the 

Department of Health from 1999 to 2020 was 

obtained by accessing the CHP website, which 

assessed the trends of varicella immunisation in the 

Hong Kong population. In addition, data on 

seroprevalence rates of VZV IgG antibodies listed on 

the CHP's website was used to evaluate the change 

in seroprevalence rates in the Hong Kong population 

after the universal varicella vaccination programme. 

 

Statistical analysis 

The testing data of VZV IgG antibodies obtained 

from the private medical laboratory were categorised 

at first into subgroups according to the patient's age, 

sex, year of sampling, and VZV IgG antibodies' 

testing results. The seroprevalence rates were 

calculated as a percentage (%) according to the 

following formula: 

 

Number of cases with positive VZV IgG result

Number of cases measured
 X 100

= Seroprevalence rate (%) 

 

With a 95% confidence interval for proportions, 

Pearson's Chi-square test was used for the univariate 

analysis and logistic model of the testing data. All 

data analysis was performed with Microsoft® Excel® 

(version 2107). 

 

Results 

Altogether, 3150 cases (689 males; 2461 females) 

were extracted from the LIS of the local private 

medical laboratory based on samples collected 

between 2015 and 2020 and analysed for the 



Journal of Hong Kong Institute of Medical Laboratory Sciences 2023-2024 Volume 17 No 1 & 2  

 

24 
 

presence of VZV IgG antibodies. The number of 

samples with positive VZV IgG antibodies was 2977; 

negative: 111; borderline: 62. These 62 samples with 

borderline VZV IgG antibodies were excluded from 

data analysis. The overall VZV seroprevalence in 

Hong Kong between 2015 – 2020 was 96.4% (95% 

CI: 95.8% – 97.1%). 

 

VZV seroprevalence between 2015 and 2020 

The seroprevalence rates of VZV IgG antibodies in 

the Hong Kong population between 2015 and 2020 

are illustrated in Figure 1. There was virtually a 

decrease in the VZV seroprevalence rates over these 

years. With steeper VZV, IgG seroprevalence rates 

changed from 97.8% in 2015 to 96.7% in 2016, 

96.9% in 2017, and 95.4% in 2018, respectively. The 

frequency of VZV IgG-positive samples decreased 

gradually from 95.4% in 2018 to 95.1% in 2020. 

However, evidence of overall statistical differences 

in the seroprevalence rates was not identified, X2 (5, 

N = 3088) = 8.06, p > .05. 

 

 

Figure 1. Seroprevalence rate of VZV IgG antibodies 

in the Hong Kong population based on samples 

collected between 2015 and 2020. Error bars 

represent 95% confidence intervals for proportions. 

 

Gender-specific VZV seroprevalence 

Figure 2 demonstrates that the seroprevalence rates 

of VZV IgG antibodies in the male population were 

generally lower than that of the female population in 

Hong Kong within the tested period between 2015 

and 2020, except in 2018. After statistical calculation, 

there was a significant difference between the gender 

and the VZV seroprevalence rates within the tested 

period, X2 (1, N = 3088) = 4.37, p = .037. Females 

were more likely than males to present immunity to 

VZV. 

 

 

Figure 2. Gender-specific seroprevalence rates of 

VZV IgG antibodies in the Hong Kong population 

based on samples collected between 2015 and 2020. 

Error bars represent 95% confidence intervals for 

proportions. 

 

Age-specific VZV seroprevalence 

An age-specific seroprevalence rate of VZV IgG 

antibodies in the Hong Kong population according 

to five age groups (15 – 19, 20 – 24, 25 – 29, 30 – 

34, 35 – 39) was illustrated in Figure 3a. The result 

indicates that the VZV IgG seroprevalence rates of 

the Hong Kong population increased with an 

increase in age group, with a steeper increase of VZV 

IgG seroprevalence rates from 73.2% in the age 

group of 15 – 19 to 91.3% in the 20 – 24 age group. 

Afterwards, the VZV IgG seroprevalence rates 

gradually increased from 94.8% in the 25-29 age 
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group to 96.3% in the 35-39 age group. Further 

statistical analysis discloses that there was a 

significant relationship between the age (15 – 39) 

and VZV IgG seroprevalence rates, X2 (4, N = 1647) 

= 43.27, p < .001.  

 

 

Figure 3a. Age-specific seroprevalence rates of VZV 

IgG antibodies in the Hong Kong population 

according to five age groups (15 – 19, 20 – 24, 25 – 

29, 30 – 34, 35 – 39). Error bars represent 95% 

confidence intervals for proportions. 

 

On the other hand, age-specific seroprevalence rates 

of VZV IgG antibodies in the Hong Kong population 

according to five age groups (40 – 44, 45 – 49, 50 – 

54, 55 – 59, ≥60) indicates that the relationship 

between the age and VZV IgG seroprevalence rates 

was no longer significant among the older 

population equal to or greater than 40 years old 

(Figure 3b), X2 (4, N = 1441) = 6.23, p = .183. 

 

Figure 3b. Age-specific seroprevalence rates of VZV 

IgG antibodies in the Hong Kong population 

according to five age groups (40 – 44, 45 – 49, 50 – 

54, 55 – 59, ≥60). Error bars represent 95% 

confidence intervals for proportions. 

 

Discussions 

In this study, the presence of VZV IgG antibodies in 

serum samples collected from the general population 

in Hong Kong between 2015 and 2020 was 

examined to assess the effect of implementing 

universal varicella vaccination in Hong Kong. 

Results indicate that 96.4% of tested individuals 

were VZV IgG seropositive. This rate is similar to 

the study by Fung et al. (2011) of VZV IgG 

seroprevalence among pregnant women in Hong 

Kong, with documented VZV IgG seroprevalence 

rates of 95.4%.10 The high seroprevalence rates of 

VZV IgG in Hong Kong are probably associated 

with the high population density and close contact 

between kindergarten and school children promoting 

VZV transmission, resulting in more than 90% of the 

population varicella infections occurring by the age 

of 17 years.11 Once infected with varicella, those 

individuals would obtain a long-lasting immunity to 

it, which may even last their lifetime. Therefore, 

there have been high seroprevalence rates of VZV 

IgG in Hong Kong's adult population. In addition, 

the study of Fung et al. (2011) has indicated that the 

higher the degree of urbanisation of a region, the 
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lower the mean age of varicella infection.10 In Hong 

Kong, the mean age for varicella admission was 57.6 

months, and the median age of varicella infection 

was six years11,12, implying a remarkably high 

degree of urban development in Hong Kong. 

VZV seroprevalence between 2015 and 2020 

Between 2015 and 2020, there was no significant 

change in the VZV IgG seroprevalence rates in the 

Hong Kong population, and the results do not match 

the expectations proposed before the study. The 

primary reason for the unexpected results is probably 

the insufficient data in the younger group below the 

age of 15, so the immunity gained in children 

through the vaccination programme is not 

considered to influence the current study results. One 

possible reason for the insufficient data in the 

younger age group is that the testing data of VZV 

IgG antibodies generally came from the people who 

intended to identify the presence of immunity to 

VZV for obtaining Visa certification for immigration 

or international travel. Therefore, this study might 

not have data from the younger age group. This 

limitation may result in a biased reflection of the 

actual immunisation to VZV of the whole population, 

leading to the seemingly unchanged VZV IgG 

seroprevalence rates in the Hong Kong population 

during the tested period. Importantly, data from the 

younger age group is critical because they are most 

likely to be significantly affected by the universal 

varicella vaccination programme. Suppose the 

testing data of the younger population could be 

obtained. In that case, it might better illustrate the 

complete population immunisation to VZV, thereby 

allowing an unbiased prediction of the trend of 

varicella immunisation of the Hong Kong population 

after the universal varicella vaccination programme. 

In the current study, the size and distribution of data 

were unpredictable until it was extracted from the 

LIS of the local private medical laboratory, resulting 

in an unexpectedly low sample size from the younger 

population. To improve this, that is suggested to 

perform the VZV IgG seroprevalence study by 

collecting serum samples from a serum bank with a 

stratified sampling design (stratification by age), 

thereby allowing a sufficient sample size in the 

younger group aged 1 – 15 with a desirable sample 

number in each designated age groups. Despite this 

limitation, the results obtained from this study are 

still valid for assessing the trend of varicella 

immunisation and the change in seroprevalence rates 

of the adult population in Hong Kong. It is suggested 

that the VZV IgG seroprevalence rate in the adult 

population was not affected by the universal 

varicella vaccination programme as there was no 

significant alteration of the VZV IgG 

seroprevalences rates between 2015 and 2020 

(Figure 1). 

Although the data of VZV IgG seroprevalence in 

children aged 1 – 14 was excluded in this study, the 

data of varicella notifications from the CHP has 

disclosed that there has been a gradual decline of 

annual varicella notification rates, from 52.2% in 

2015 to 45.3% in 201913, suggesting the benefits of 

the universal varicella vaccination in preventing 

varicella infections among children. In the United 

States, the numbers of infections, hospitalisations 

and deaths caused by varicella have dramatically 

declined after twenty years of implementing the 

varicella vaccination programme.7 Over time, the 

universal varicella vaccination programme in Hong 

Kong is likely to achieve the expected benefits as in 

the United States. 

Gender-specific VZV seroprevalence 

This study showed relatively higher VZV IgG 

seroprevalence rates in the female population 
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compared with the male population (Figure 2). It 

seems the females in Hong Kong were more likely 

to present immunity to VZV, which does not match 

the expected results proposed before this study. One 

possible reason for this is that the varicella 

vaccination rates in the female population were 

higher than that of the male population in Hong 

Kong, implying the gender differences in attitudes 

and willingness towards vaccination. According to 

Akosionu et al. (2015) study on Asian Americans' 

attitudes towards HBV vaccination, females were 

four times more likely to get HBV vaccination than 

males, even though the male respondents were more 

likely to believe the effectiveness and benefits of 

HBV vaccination.14 Similarly, females in Hong 

Kong are more likely to get varicella vaccination via 

the private market, resulting in relatively higher 

VZV IgG seroprevalence rates. Another possible 

reason would be sampling bias in the data collected, 

as the female samples account for 3/4 of the samples 

in this study. Ideally, the male-to-female (M: F) ratio 

of the samples collected should be close to the 

male/female distribution of the sampled population. 

In Hong Kong, the M: F ratio was approximately 

1:1.19 in 202015, but the M: F ratio of the current 

study was 1:3.57, implicating the presence of 

oversampling in the female population and might 

result in a misrepresentation of the VZV IgG 

seroprevalence of the Hong Kong population. It is 

suggested that random samples from serum banks be 

drawn with a weighting adjustment by gender to 

match the Hong Kong population's M: F ratio. As a 

result, the results obtained could more accurately 

represent the tested population. 

 

Age-specific VZV seroprevalence 

The findings of age-specific VZV IgG 

seroprevalence rate from this study (Figure 3a, 3b) 

are consistent with age-specific VZV IgG 

seroprevalence data in 2015 listed on the CHP's 

website (VZV IgG seroprevalence rate at 15 – 19 

years age group: 76%; 20 – 24: 92%; 25 – 29: 94%; 

30 – 34: 100%; 35 – 39: 92%; >39: 98%)16, 

suggesting that there was no significant difference in 

the VZV IgG seroprevalence study between public 

and private sectors. Both studies in VZV IgG 

seroprevalence indicate that in Hong Kong, more 

than 70% of individuals acquire immunity to VZV 

before reaching adulthood. However, this rate was 

much lower than those of Western countries with the 

implementation of universal varicella vaccination, 

like Italy (>89%) and the United States (>90%).17,18 

The reasons for the lower rate in Hong Kong are 

unclear, but this may be associated with differences 

in the pattern of child care or the shorter period of 

implementing the universal varicella vaccination 

programme. In addition, this study shows a 

noticeable relationship between age and VZV IgG 

seroprevalence rates in the younger age group, 

especially in the group below 25 years of age (Figure 

3a). As for the age-specific VZV IgG seroprevalence 

data from CHP, increasing the age to acquire VZV 

IgG antibodies in people 1 – 24 years of age suggests 

the primary force of VZV transmission occurred in 

the younger population in Hong Kong. 

 

Apart from this, the data of age-stratified 

seroprevalence rates of VZV antibodies from the 

CHP has disclosed that the VZV IgG seroprevalence 

at 1 – 4 years of age increased dramatically from 

26% in 2010 to 36% in 2015 after a year of 

implementing the universal varicella vaccination 

programme16, suggesting the importance of varicella 

vaccination in providing VZV immunity to children. 

Although the data of VZV IgG seroprevalence at 1 – 

4 years of age between 2016 and 2020 was absent in 

this study or the public sector, we would expect that 

the VZV IgG seroprevalence rates at 1 – 4 years of 
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age would be increased year by year until reaching 

the highest possible VZV IgG seroprevalence rates. 

In conclusion, this study confirms a high VZV IgG 

seroprevalence rate among the Hong Kong 

population, with 96.4% overall VZV IgG 

seroprevalence and more than 70% of individuals 

living in Hong Kong acquire VZV immunity before 

reaching adulthood, probably resulted from the high 

degree of urban development and population density 

in Hong Kong. There was no significant change in 

the VZV IgG seroprevalence rate among the adult 

population in Hong Kong. Gender differences in 

VZV IgG seroprevalence revealed a relatively higher 

VZV IgG seroprevalence in the female population 

than that of the male population, probably due to the 

greater willingness towards varicella vaccination in 

the female population or the presence of 

oversampling in the female population. This study's 

data on age-specific VZV seroprevalence rates are 

consistent with the age-specific VZV IgG 

seroprevalence rates from the public sector in Hong 

Kong. A significant relationship is identified 

between age and VZV IgG seroprevalence in the 

population below 25, indicating the higher 

prevalence of varicella among younger people in 

Hong Kong. The data of VZV seroprevalence from 

the CHP showed a dramatical increase of VZV IgG 

seroprevalence rates in the 1 – 4 age group and a 

gradual decline of annual varicella notification rates 

after implementation of the universal varicella 

vaccination programme, suggesting the importance 

and benefits of the vaccination programme in 

providing VZV immunity to and preventing varicella 

infections among children in Hong Kong. 
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Abstract 

Thyroid hormone is essential in regulating metabolism, e.g. glucose and lipid metabolism. T3 and T4 

are primary hormones secreted by thyroid glands, and the pituitary gland's response to the plasma 

level of thyroid hormone secretes TSH. Fasting glucose and haemoglobin A1c are generally 

correlated and affected by different diseases. As thyroid hormone regulates metabolism, this study 

assesses any correlation between thyroid hormone and fasting glucose and HbA1c. Besides assessing 

the general correlation, correlation is also assessed after adjustment of gender and age group.  

A retrospective study was conducted. Twenty-four thousand five hundred seventy-eight data sets from 

2013 to 2020 were used for analysis, including 14157 females (58%) and 10421 males (42%). The 

age range is from 1 year old to 99 years old. Correlation between thyroid hormone and fasting glucose 

and HbA1c was analyzed using Pearson correlation according to the overall picture of all selected 

data, gender and age groups. Differences between age and gender were analyzed using one-way 

ANOVA and independent t-test, respectively. 

Strong correlations and weak correlations are found in this study. A strong correlation is found 

between free T4 and fasting glucose in young subjects. Meanwhile, a general positive correlation 

between TSH and HbA1c was found for weak correlations. A negative correlation between free T4 

and fasting glucose is observed in male subjects. A positive correlation between TSH and HbA1c and 

a negative correlation between free T4 and HbA1c were observed in the age group 18 to 30 years old. 

Significant differences are found within all analytes of different age groups and in free T4, TSH, and 

fasting glucose between genders.  

The correlation between thyroid hormone fasting glucose and HbA1c could differ in genders and ages. 

Since a significant correlation is found in young subjects, it is suggested that they have closer 

monitoring of thyroid hormone, glucose, and HbA1c levels to have an early diagnosis of diabetes and 

thyroid dysfunction. Gender and age differences, lifestyle and underlying diseases were believed to 

contribute to the different correlations observed. Limitations in data selection contribute to 

inconsistency of findings; it will be better to expand the selection criteria to identify other factors, e.g. 

smoking, pregnancy, medication, etc., that affect thyroid hormone and fasting glucose and HbA1c. 

Keywords: thyroid hormone, free T4, TSH, haemoglobin A1c, fasting glucose
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Introduction 

The thyroid hormone plays a vital role in 

maintaining metabolism. It regulates 

metabolism control, body temperature and 

body weight. Thyroxine (T4) and 

triiodothyronine (T3) are the two main thyroid 

hormones secreted by the thyroid gland 1. The 

hypothalamus secretes a thyrotropin-releasing 

hormone (TRH) and stimulates the pituitary 

gland to secrete thyroid-stimulating hormone 

(TSH). TSH act on the thyroid gland to 

stimulate secretion of T3 and T4 as required. 

Increased thyroid hormone levels inhibit TRH 

and TSH production, forming a negative 

feedback loop 2.  

Thyroid function tests measure TSH, T3 and 

T4 levels to assess thyroid dysfunction. Most 

clinicians rely on TSH and free T4 (FT4) to 

assess thyroid function. FT4 is used instead of 

total T4 because bound T4 included in total T4 

cannot be used by tissue cells since TSH 

stimulates the thyroid to produce more T4 and 

T3. The levels of T4 and T3 are then inversely 

related to TSH levels. FT4 level can be used as 

a proxy of T3 level in serum 3. Therefore, TSH 

and FT4 are selected as target analytes in this 

study.  

Patients with impaired thyroid function have a 

higher risk of developing obesity or other 

metabolic syndromes 4. TSH and free T3 

serum levels were positively related to 

metabolic syndrome 5. Studies suggest that 

TSH level is positively related to type 2 

diabetes. Moreover, patients affected by 

prediabetes have a higher risk of nephropathy 

and cardiovascular disease, and impaired 

glucose may bring pathogenic effects on 

prediabetes patients. Overt thyroid dysfunction 

has an alteration in glucose levels. However, 

the effect of glucose homeostasis, the balance 

of insulin and glucagon to maintain blood 

glucose, by thyroid hormone within the 

reference range is unknown 6. This study 

focuses on the effect of thyroid hormone 

within the normal range influencing blood 

glucose. 

Glucose enters circulation mainly through 

daily diet absorption, glycogenolysis and 

gluconeogenesis by the liver. Globally, 

neuropeptide regulation achieves glucose 

homeostasis and supports life 7. Fasting 

glucose and haemoglobin A1c (HbA1c) are 

generally considered glucose homeostasis 

parameters.  

HbA1c is a marker of long-term glycaemic 

control and is commonly used as a diagnostic 

indicator of prediabetes and diabetes—higher 

ambient glucose results in a higher HbA1c 

level. Patients with insulin resistance or 

diabetes tend to have a higher HbA1c level. 

However, HbA1c level is affected according to 

red blood cell life; hyperthyroidism shortens 

red blood cell life, while hypothyroidism is the 

opposite  6,8.  

The thyroid hormone is closely related to 

glucose homeostasis; however, research on 

how glucose homeostasis changes in response 

to thyroid hormone levels needs consistency 6. 

Thyroid hormone is related to pancreatic β-cell 

development and affects glucose metabolism 

by influencing different organs, e.g. liver, 

skeletal muscle and central nervous system 7. 

Thyroid hormones increase gastrointestinal 

motility to promote glucose absorption. It 

increases glucose levels by increasing 

gluconeogenesis and glycogenolysis in the 

liver. Hyperthyroidism increases glucose 

consumption in skeletal muscles 7. As there are 

different mechanisms for thyroid hormones to 

be involved in glucose metabolism and 

production, it is therefore important to study 

the effect of thyroid hormones on glucose 

homeostasis index, e.g., fasting glucose and 

HbA1c.  

Hypothyroidism 

Patients with hypothyroidism have a reduction 

of gluconeogenesis in skeletal muscle and 

adipose tissue, with impaired glycogenolysis. 

Thyroid hormone and insulin are interrelated 

with the production of stress hormone cortisol. 

Reduced cortisol levels result in 

hypoglycaemia 7.  
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Hyperthyroidism 

Hyperthyroidism increases metabolic rate, 

thus increasing the elimination rate of insulin 

from circulation, resulting in increased blood 

glucose and vice versa. However, increased 

thyroid hormone also stimulates insulin 

secretion. Excess thyroid hormone increases 

the glucose level in peripheral blood through 

different mechanisms 7. Long-term 

hyperglycemia impairs the peripheral 

deiodination of T4 to T3, causing thyroid 

dysfunction. Patients with diabetes and 

hyperglycaemia are thus closely related to an 

increased risk of thyroid dysfunction 9. 

Insulin resistance and dysglycaemia persist in 

both hypothyroidism and hyperthyroidism. 

Hyperthyroidism increases the recruitment of 

glucose transporters and increases glucose 

disposal in peripheral tissue; however, when 

there is an increase in glucose output, glucose 

absorption, and reduced muscle glycogen 

storage, the above regulation may be overruled 
10.  

Gender differences 

Females have a significantly higher risk of 

thyroid dysfunction 5. Men are more prone to 

impaired fasting glucose, while males and 

females have similar HbA1c levels; this 

suggests that glucose metabolism is similar in 

different genders 11. Sex hormones may 

contribute to the difference in glucose 

homeostasis.  

Age and thyroid hormone 

Hypothyroidism incidences increase with age 

and increase in females 7. Fasting glucose 

increases with age 12. An increase in plasma 

glucose levels may be due to the resistance to 

insulin or impaired secretion of insulin. Ageing 

is said to be one of the reasons causing such 

impairment. HbA1c also increases according 

to age. Serum TSH levels decrease with age, 

while free T4 levels remain unchanged 13. 

Since thyroid hormones are closely related to 

the metabolism and production of glucose, this 

study aims to study and identify the association 

between thyroid hormones, fasting glucose, 

and HbA1c.  If thyroid hormone is confirmed 

to influence fasting glucose and HbA1c 

significantly, people should focus more on 

thyroid function when monitoring blood 

glucose, especially for diabetes patients. 

 

Methodology 
Data were collected from the health check 

group of a private HOKLAS-accredited 

laboratory to evaluate the relationship between 

thyroid hormone, fasting glucose, and HbA1c. 

This study selected target FT4, TSH, fasting 

glucose, and HbA1c analytes. 

A dry lab was applied in this retrospective 

study with data from 2013 to 2020. No follow-

up of subjects and no extra patient control are 

required in a retrospective study. Since the data 

collected are not designed for the study, there 

may be limitations on interpretation and data 

selection. Since this is a retrospective study, 

there are no extra steps for patient preparation, 

and patient health history will not be 

applicable.  

Statistical software SPSS and Microsoft Excel 

were used for data processing, including 

sorting data and analyzing using statistical 

methods to study any association among 

different aspects. 

Pearson correlation was used to analyze the 

correlation between thyroid hormone fasting 

glucose and HbA1c. Pearson correlation 

coefficient (r) was used to indicate the strength 

and direction of a linear relationship. One-way 

ANOVA analysis was used to analyze 

differences between different age groups in 

each analyte. An independent t-test was used to 

investigate differences between genders. 

TSH and FT4 are the target hormones in this 

study against fasting glucose and HbA1c. 

Different genders and ages are found to 

increase the risk of thyroid dysfunction, and 

gender and age differences are found in target 

analytes; this study will also investigate any 

influence of thyroid hormone on fasting 

glucose and HbA1c regarding gender and age. 

Data were sorted according to age and gender 
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to study whether there is a relationship 

between gender or age group change with 

thyroid hormone levels towards fasting 

glucose and/or HbA1c. Age range cover and 

the number of data sets available depending on 

the patients undergoing laboratory testing of 

target analytes in the past few years. The age 

was generally divided into decades, except for 

the first two groups, where the first group 

account for all subjects below 18 years old; 

other age groups are 18 to 30 years old, 31 to 

40 years old, 41 to 50 years old, 51 to 60 years 

old, 61 to 70 years old and 71 years old or 

above.  

This study mainly focuses on data sets with 

normal thyroid hormones to understand 

whether the increase in thyroid hormone 

affects fasting glucose and HbA1c levels. 

People with high or low thyroid hormone may 

be under medication, affecting the 

interpretation of results. Since no medication 

history was available in this study, excluding 

data outside the reference range can limit the 

influence. 

In the data selection steps, data sets are also 

analyzed for distribution. To obtain a reliable 

data set, outliers of different analytes are 

excluded to provide a generally normal 

distributed data set. This data set are said to be 

with limited bias increasing validity of the 

study. 

 

 

 
 

Results 

Data from 2013 to 2020 were collected, 

including 51912 females (42%) and 70760 

males (58%), ranging from 1 year old to 101 

years old. Since different patients have 

different panels of health checks, the available 

data may differ in different subjects.  

Subjects with thyroid dysfunction could lead to 

pathological alteration in metabolism, and thus, 

to provide a more representative figure, 

average free T4 and TSH results are selected as 

inclusion criteria, while those outside the 

reference range are excluded. Since diabetes 

mellitus may have different extent of influence 

on target analytes, subjects with results 

classified as diabetes mellitus are excluded, i.e. 

fasting glucose levels ≥ 7 mmol/L or HbA1c ≥ 

6.5%. Although there are particular reference 

ranges in FT4 for patients below ten years old, 

all those results are within both reference 

ranges for below ten years old and above ten 

years old, and no specific exclusion steps were 

performed for results from subjects below ten 

years old. 

After exclusion, 24578 data sets were used for 

analysis, including 14157 females (58%) and 

10421 males (42%). The age range is from 1 

year old to 99 years old. Seven thousand seven 

hundred fifty-three free T4 results, 22620 TSH 

results, 16694 fasting glucose, and 2587 

HbA1c results are available. 

Data are analyzed using Pearson correlation of 

SPSS; that correlation significant in 0.05 

confidence interval are labelled with *, while 

those significant in 0.01 level are labelled with 

** in the following tables and highlighted to 

facilitate reading. Significant levels and 
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sample sizes are included in the following 

tables.  

Table 1 shows a negative correlation (r = 0.046) 

between TSH and HbA1c, which is 

statistically significant (p = 0.032) between 

analytes, without adjustment for age and 

gender. After gender adjustment, there is no 

significant finding between analytes in female 

subjects. A negative correlation is observed 

between FT4 and fasting glucose in male 

subjects, giving a r=0.059 and p-value 0.048, 

which is statistically significant. In the age 

group below 18, a high positive correlation 

between FT4 and fasting glucose is observed (r 

= 0.682, p < 0.01). The correlation is highly 

significant with sample size 31. The higher the 

FT4 level, the higher the fasting glucose level 

in these young subjects. In the age group 18 to 

30, a negative relationship (r=-0.333) is 

observed between FT4 and HbA1c, with a high 

significance of p-value <0.01. A positive 

relationship (r=0.186) is observed between 

TSH and HbA1c with a significance of p-value 

<0.05. The sample size for these two 

relationships is 67 and 121, respectively. There 

is no significant correlation between thyroid 

hormone and fasting glucose and HbA1c in 

other age groups. 

ANOVA is used to analyze differences in each 

analyte between different age groups. Table 2 

shows significant differences (p-value < 0.01) 

in different age groups in all four target 

analytes. Line graphs demonstrate the 

relationship between thyroid hormone and 

fasting glucose or HbA1c. Fasting glucose and 

HbA1c increase with age (Figure 1 to 4). 

Thyroid hormone effect on fasting glucose 

and HbA1c are not found except in the age 

group below 18, in which an increase in FT4 

level increase fasting glucose levels (Figure 1) 

is already observed in Pearson correlation 

analysis.  

Independent t-test is used to analyze any 

differences in each analyte between genders. 

Table 3 shows that the p-value of Levene's test 

is >0.05 in FT4, equal variances for FT4 are 

assumed, the p-value of Levene's test in TSH, 

fasting glucose, and HbA1c is <0.05, equal 

variances are not assumed for the three 

analytes. By referring to the corresponding p-

value in the t-test, there was no significant 

difference in HbA1c between the two genders, 

with p-value = 0.408, >0.05. At the same time, 

a significant difference was found between 

FT4, TSH and fasting glucose, with p-value < 

0.01. 

Line graphs are used to demonstrate the 

correlation and differences of thyroid hormone 

and fasting glucose or HbA1c between genders. 

The mean fasting glucose levels of males are 

higher than those of females in all ranges of 

FT4 and TSH (Figure 5, 6). The mean HbA1c 

levels show no apparent difference between 

males and females in TSH levels below or 

equal to 2.35mIU/L (Figure 7, 8). In 

comparison, HbA1c levels increased sharply in 

males in the TSH range above 2.35mIU/L and 

significantly higher than in females. The mean 

HbA1c levels show no apparent difference 

between males and females in FT4 levels ≤17 

pmol/L, but the HbA1c level increased sharply 

in the males in the FT4 range >17 pmol/L and 

was higher than in females.
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*. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 1. Correlation FT4 and TSH against fasting glucose and haemoglobin A1c concerning gender 

and age groups using Pearson correlation analysis.  
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➢ ANOVA analysis according to age groups

Sum of Squares df Mean Square F Sig. 

FT4 Between Groups 154.000 6 25.667 9.401 0.000 

Within Groups 21108.044 7731 2.730 

Total 21262.043 7737 

TSH Between Groups 7.977 6 1.330 4.748 0.000 

Within Groups 6309.824 22535 0.280 

Total 6317.801 22541 

FGLU Between Groups 541.574 6 90.262 383.966 0.000 

Within Groups 3907.250 16621 0.235 

Total 4448.824 16627 

HbA1c Between Groups 64.255 6 10.709 76.346 0.000 

Within Groups 355.029 2531 0.140 

Total 419.284 2537 

Table 2. One way ANOVA shows any significant differences between age groups is 

Figure 1. Correlation of free T4 levels towards 

mean fasting glucose levels between age groups.  

Figure 2. Correlation of TSH levels towards mean 

fasting glucose levels between age groups.  

Figure 3. Correlation of free T4 levels 

towards mean haemoglobin A1c levels 

between age groups   

Figure 4. Correlation of TSH levels towards 

mean haemoglobin A1c levels between age 

groups. 
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➢ Independent t-test analysis according to gender 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Independent T-test compares the mean difference between genders. 

 
 
 

 

Table 4. Independent T-test compares the mean difference between genders. 

Group Statistics 

 

Gender N Mean Std. Deviation 

Std. Error 

Mean 

FT4 F 5561 13.3024 1.66795 .02237 

M 2192 13.3974 1.64006 .03503 

TSH F 12786 1.18097 .551146 .004874 

M 9834 1.15476 .499673 .005039 

FGLU F 8266 4.8303 .49045 .00539 

M 8428 5.0387 .52243 .00569 

HbA1c F 1303 5.425 .3787 .0105 

M 1284 5.438 .4316 .0120 
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Figure 5. Correlation of free T4 level towards 

mean fasting glucose levels between genders.  

Figure 6. Correlation of TSH levels towards 

mean fasting glucose levels between genders. 

Figure 7. Correlation of free T4 levels towards 

mean haemoglobin A1c levels between genders.

Figure 8. Correlation of TSH levels towards 

mean haemoglobin A1c levels between genders. 

Discussions 
Thyroid hormones stimulate insulin secretion, 

glucagon release, and glucose absorption. 

Controlling thyroid hormone levels can 

influence glucose absorption and plasma 

glucose to a certain extent. In this study, we 

hypothesize that thyroid hormone will 

positively correlate with fasting glucose and 

HbA1c.  

Besides studying the general correlation 

between thyroid hormone and fasting glucose 

and HbA1c, this study also focused on whether 

thyroid hormone influences fasting glucose 

and HbA1c in the same way within females, 

males, and different age groups. One strong 

correlation and several weak correlations were 

found.  

For the strong correlation, increased FT4 

levels increase fasting glucose levels in people 

under 18. People under 18 years old with 

hyperthyroidism may pose a higher risk of 

developing high blood glucose. As this 

correlation is not demonstrated in other age 

groups, glucose levels are more likely to be 

affected by thyroid hormone in young subjects. 

Young people with hyperthyroidism are 

suggested to have a closer monitoring of blood 

glucose. On the other hand, those who have 

high blood glucose should also check for 
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thyroid function to have an early diagnosis of 

thyroid dysfunction. Although a strong 

correlation was found, the sample size is small; 

recruiting more subjects under 18 years old is 

recommended to perform a focusing study and 

provide a more accurate figure. 

Some statistically significant but weak 

correlations were also demonstrated. A 

positive relationship is observed between TSH 

and HbA1c, showing that an increase in TSH 

level may decrease HbA1c. Regarding gender, 

a negative relationship between FT4 and 

fasting glucose was observed only in males but 

not in females. This finding contradicts Kim et 

al. 14, where a positive relationship was found 

in female and male subjects instead. This 

contradiction may be because adjustment with 

age was not made in this study when analyzing 

the correlation concerning gender. Last, 

although there is a statistically significant 

correlation between HbA1c and FT4 or TSH, 

the correlation is weak, and the r-value is close 

to zero; we believe that the correlation 

observed is due to other factors instead of the 

effect of thyroid hormone. Different factors are 

believed to contribute to limitations in this 

study. Since there is no unique selection of 

patients, the results may be affected by those 

risk factors. 

Smoking 

Smoking may exert different effects on thyroid 

glands, affecting thyroid hormone levels. The 

TSH levels may be decreased, and T3 and T4 

levels may increase 15. Former smokers are 

found to have similar TSH levels after a period 

of smoking cessation compared to non-

smokers. This shows that the effect of smoking 

on TSH and thyroid hormone is reversible. 

Wang et al. 16 stated that a significant increase 

in fasting glucose is found in heavy smokers. 

For moderate and above smokers, there is an 

increase in HbA1c and a decrease in plasma 

insulin.  

 

Pregnancy 

Pregnant women produce more thyroid 

hormones during early pregnancy to supply 

suitable thyroid hormones to themselves and 

the fetus. This increases serum FT4 levels and 

decreases the TSH level in early pregnancy 17.  

Medical consideration 

Some of the medicines may affect glucose 

levels. Diabetes patients under treatment may 

not have been excluded from the study. The 

fasting glucose and HbA1c levels changes may 

be due to drug effects instead of thyroid 

hormone. 

HbA1c may change under conditions that 

shorten the red blood cells' life span, e.g. 

haemolytic anaemia, splenomegaly, drug 

effects, etc. 18. Patients may have a low HbA1c 

level even if there is a high fasting glucose 

level under drug-induced haemolysis.  

Liver disease 

Chronic liver disease is accompanied by 

insulin resistance and beta cell dysfunction, 

thus affecting glucose levels. Patients with 

chronic liver disease have complications of 

anaemia, which in turn have shortened red 

blood cell life span and thus affect HbA1c 

level 19.  

Medical history and lifestyle are not collected 

in this study; we cannot identify any influence 

of factors other than age and gender on target 

analytes level. The above provides a possible 

explanation of this study's weak correlation 

and contradiction. 

We also investigate whether there is a 

difference between gender and age groups to 

see if extra factors affect the levels of each 

analyte. Concerning gender, there is a 

significant difference in FT4, TSH and fasting 

glucose. Sexual hormones affect thyroid 

hormone levels to a certain extent. In estrogen 

dominance, the liver increases the production 

of thyroid-binding globulin, which releases 
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and binds to free T3 and FT4 in circulation, 

affecting thyroid hormone function. 

Progesterone significantly increased FT4 

levels 20. This suggests that sex hormones 

contribute to differences between genders. 

Mauvais-Jarvis 11 suggested that the HbA1c 

level is identical between males and females; 

this study agrees with this finding. No 

difference is found with HbA1c between 

genders, suggesting the postprandial glucose 

excursion is similar among genders 11. The 

difference in glucose levels between genders 

should be due to differences in height and 

muscle mass and associated glucose 

consumption.  

Concerning age groups, differences are found 

in all analytes. Fasting glucose and HbA1c 

levels increase with age, while no correlation 

between fasting glucose and HbA1c is 

observed in subjects >30 years old. Increasing 

fasting glucose and HbA1c levels in older 

subjects should be due to factors other than 

thyroid hormone. An increase in plasma 

glucose level results from production and 

metabolic disorder, possibly due to insulin 

resistance or impaired insulin secretion. 

Increasing age is often accompanied by 

increased adiposity, medication, and decreased 

exercise, and therefore, is a risk factor for 

insulin resistance and reduces the efficacy of 

insulin production. People should focus more 

on glucose homeostasis with increasing age to 

reduce the risk of developing diabetes mellitus. 

Different factors, such as lifestyle, are 

associated with thyroid hormones. It is better 

to develop a healthy lifestyle to limit the effect 

of alteration of thyroid hormone levels. 

Limiting thyroid hormone level alteration can 

reduce the effect of thyroid hormone on plasma 

glucose levels, reducing the risk of developing 

diabetes mellitus. 

Fasting glucose and HbA1c levels are 

generally agreed to be correlated; it is 

hypothesized that thyroid hormone will affect 

fasting glucose and HbA1c similarly; however, 

in this study, thyroid hormone does not 

influence fasting glucose and HbA1c to the 

same extent. It is suggested to be due to 

limitations on data collection. As this is a 

retrospective study, most of the data sets 

collected do not contain all four target analytes 

in this study. Correlation between thyroid 

hormone and fasting glucose or HbA1c may 

not be generated from the same subject; 

subject variation contributes to variation in the 

test result, and thus, the finding of thyroid 

hormone against fasting glucose and 

haemoglobin A1c may not be comparable.  

Due to the inconsistency among the studies, we 

believed there are factors other than thyroid 

hormone affecting fasting glucose level and 

HbA1c level. Although some of the findings 

agree with other studies, a more 

comprehensive study is required to confirm 

whether the correlation is due to thyroid 

hormone or other factors since different factors 

affect our target analytes to a certain extent. 

Conclusion 

Although a positive correlation is not observed 

as assumed, a strong positive correlation in 

subjects below 18 years old agrees with the 

hypothesis. This study suggests that patients 

with thyroid dysfunction should also monitor 

for metabolic disorders since thyroid 

hormones are found to have correlation with 

glucose and HbA1c. On the other hand, patient 

with diabetes or hypoglycaemia can also check 

for thyroid function since thyroid hormone 

take an important role in metabolism. To 

obtain a more comprehensive and 

representative database, future studies can 

expend the selection criteria in subject 

selection to provide the opportunity to include 

more diverse groups of subjects to identify 

factors affecting correlation between thyroid 

hormone and fasting glucose and HbA1c. It 

can focus more on statistically significant 

findings obtained in this study with a larger 

sample size. 
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Abstract 

Objectives: We screened for iron deficiency and anaemia among potential blood donors in Hong 

Kong, identified the biomarkers for iron monitoring and assessed the correlation between serum 

ferritin level and haemoglobin concentration. We, after all, intended to investigate the necessity and 

feasibility of serum ferritin testing in donation policy to monitor iron deficiency and anaemia in blood 

donors, ensuring sufficient and safe blood supply. 

Materials & Methods: We conducted a retrospective cohort study based on data from a private 

laboratory's Laboratory Information System. Our study population was potential blood donors, 

healthy individuals aged between 16 and 65. In subject groups, we compared serum ferritin level and 

haemoglobin concentration, determined the prevalence of iron deficiency and anaemia, and 

illustrated the correlation between these biomarkers. 

Results: Our results present a positive correlation between serum ferritin level and haemoglobin 

concentration. Females of reproductive age had the lowest mean serum ferritin level (16.81 ug/L) 

and haemoglobin concentration (11.01 g/dL) and the highest prevalence of iron deficiency (49.69%) 

and anaemia (62.63%). Our results also reinforce the current use of our cut-off values adopted by the 

private laboratory, accommodating the local population. 

Conclusion: This study provides insight into the need for iron monitoring in blood donation services. 

The high prevalence of iron deficiency and anaemia raises public health concerns. We suggest 

including a serum ferritin check as part of the donation criteria and a potential solution to low and 

high deferral rates. 

Keywords: ferritin, haemoglobin, iron deficiency, anaemia, iron monitoring. 
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Introduction 
According to the Hong Kong Red Cross Blood 

Transfusion Service, only 2.34% of the 

eligible local population donated blood in 

2020; 53% were men, and 47% were women 

(Hong Kong Red Cross, 2020). The service's 

low donation rate and high deferral rate remain 

two challenges. Low haemoglobin has been 

recognised as the main reason for donor 

deferral. Female donors are reportedly at 

higher risk than male donors (Browne et al., 

2019; Shi et al., 2014).  

We are interested in the prevalence of iron 

deficiency, anaemia and iron deficiency 

anaemia as reflected by either low serum 

ferritin, low haemoglobin or both. Ferritin is a 

specific biomarker for iron storage. 

Haemoglobin is a biomarker screening for 

blood diseases, beneficial for anaemia, and 

precisely one of our focuses. According to 

WHO guidelines, a serum ferritin level of 

<=15 ug/L is iron deficiency in healthy 

adolescents, adults and older persons (WHO, 

2020). In 2019, the WHO reported that the 

global anaemia prevalence for females of 

reproductive age was 29.9% and 15.5% in 

China (WHO, 2023). While haemoglobin 

concentrations of <=12 g/dL in women and 

<=13 g/dL in men are anaemia (WHO, 2011). 

More importantly, iron deficiency is the 

primary contributor to anaemia. Common 

causes include but are not limited to poor iron 

absorption, heavy blood loss, hefty menstrual 

bleeding in women, and excess iron 

requirements in growing children and during 

pregnancy (WHO, 2020; Wu et al., 2020). 

We focus on the correlation between serum 

ferritin level and haemoglobin concentration. 

Most previous studies focused on the 

prevalence of anaemia in different population 

groups, different factors that contribute to 

anaemia, and diagnosis procedures and 

management of different types of anaemia 

(Bouri & Martin, 2018; Lin, 2021; Wu et al., 

2020). Limited studies discussed the 

relationship between haemoglobin, red blood 

cell (RBC) indices, serum ferritin and other 

iron biomarkers. 

Besides, we question whether depleted iron 

storage can be identified with low serum ferritin 

before developing anaemia. Recent studies 

emphasised the importance of iron monitoring 

among blood donors (Spencer et al., 2019; 

Sweegers et al., 2020). Anaemia can be a 

temporary problem in frequent donors. 

Measuring serum ferritin level and 

haemoglobin concentration can be additional 

safety checks to avoid unnoticed iron depletion. 

This eventually helps to decrease low 

haemoglobin deferral, boosting donor return 

and improving blood transfusion service and 

the health of blood donors (Sweegers et al., 

2020). 

Our objectives are to (1) determine the 

prevalence of iron deficiency and anaemia 

among potential blood donors in Hong Kong, 

(2) identify the biomarkers for screening iron

deficiency and anaemia, and (3) further discuss

the necessity for iron monitoring. We

hypothesise that a positive correlation exists

between serum ferritin level and haemoglobin

concentration, and it is a positive biomarker for

blood donors.

Materials & Methods 
This retrospective cohort study was based on 

data collected from the private laboratory's 

Laboratory Information System (LIS) from 

July 2013 to July 2020. All patient data were 

anonymised; only patient demographics 

(gender and age), serum ferritin level and 

haemoglobin concentration were included. Our 

study population was potential blood donors in 

Hong Kong. A total of 834 healthy individuals 

aged between 16 and 65 with serum ferritin 

level and haemoglobin concentration results 

proceeded to statistical analysis. Software IBM 

SPSS Statistics version 26.0 (SPSS, Inc.) was 

used. Patients were subsequently categorised 

into three groups: males, females of 

reproductive age (aged 16-49) and 

postmenopausal females (aged 50-65). 

Blood samples were collected, with complete 
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laboratory examinations in the private 

laboratory. Serum ferritin level was measured 

using chemiluminescent microparticle 

immunoassay (CMIA) by the Alinity system 

(Abbott, Illinois, USA). Haemoglobin 

concentration was measured in complete blood 

count (CBC) through automated haematology 

analysis by the Alinity system (Abbott, 

Illinois, USA). Reference intervals of serum 

ferritin levels adopted by the private laboratory 

were 21.8-274.0 ug/L in males and 4.6-204.0 

ug/L in females. At the same time, 

haemoglobin concentration reference intervals 

were 13.3-17.5 g/dL in males and 11.5-15.2 

g/dL in females.  

Serum ferritin level and haemoglobin 

concentration were biomarkers for screening 

iron deficiency and anaemia. We first 

presented laboratory results of serum ferritin 

level and haemoglobin concentration as mean 

± standard deviation (SD) and median. We 

then assessed the prevalence of iron deficiency 

and anaemia in males and females in 

frequency and percentage. Accommodating 

the local population, ferritin <=10 ug/L was 

considered an iron deficiency. While 

haemoglobin <=13 g/dL in males and <=11.5 

g/dL in females signified anaemia. Iron 

deficiency anaemia describes patients with 

both iron deficiency and anaemia. 

After that, we performed linear regression 

analysis with ANOVA to study the 

associations between serum ferritin level and 

haemoglobin concentration. This explained 

the effect of serum ferritin levels on 

haemoglobin concentration. To study the 

importance of the linear regression model, the 

null hypothesis H0 and alternative hypothesis 

H1 were listed below: 

H0: There was no effect of serum ferritin 

level on haemoglobin concentration 

H1: There was an effect of serum ferritin level 

on haemoglobin concentration 

A p-value <0.05 was considered statistically 

significant, and there was evidence to reject 

the null hypothesis H0. The alternative 

hypothesis H1 was then accepted. A p-value 

>0.05 was considered not statistically

significant, and there was evidence to retain the

H0. We looked for significant associations

between serum ferritin level and haemoglobin

concentration.

Results 
Serum ferritin level and haemoglobin 

concentration were shown in Table 1 as mean ± 

SD and Figure 1 as median. Of all potential 

blood donors in Hong Kong, male participants 

had the highest mean serum ferritin level 

(239.35 ± 142.99 ug/L) and mean haemoglobin 

concentration (13.71 ± 1.83 g/dL). They were 

the subject group most eligible to donate blood. 

Nevertheless, female participants aged 16-49 

had the lowest mean serum ferritin level (16.81 

± 15.27 ug/L) and mean haemoglobin 

concentration (11.01 ± 1.75 g/dL).  

Figure 1. The median of (a) serum ferritin level 

and (b) haemoglobin concentration. 

Besides, we compared the prevalence of iron 

deficiency and anaemia referring to cut-off 
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values suggested by WHO (ferritin <=15 ug/L, 

Hb <=13 g/dL in male, Hb <=12 g/dL in 

female) and used by the private laboratory 

(ferritin <=10 ug/L, Hb <=13 g/dL in male, Hb 

<=11.5 g/dL in female) in Table 2. 
  

Male 

(n = 241) 

Female aged 

16-49 

(n = 487) 

Female 

aged 

50-65 

(n= 106) 

 

Total 

(n = 834) 

Parameters Mean  SD 

Ferritin 

(ug/L) 

239.35 

 

142.99 

 

16.81 

 

15.27 

80.97  

 

86.16 

89.27 

 

128.68 

Haemoglobin 

(g/dL) 

13.71 

 1.83 

 

11.01 

 1.75 

12.06 

 1.72 

11.92 

 2.13 

Table 1. The mean of serum ferritin level and 

haemoglobin concentration 

 

Our results reinforce the appropriate use of 

cut-off value established by the private 

laboratory in the local population (Hong Kong 

Red Cross, 2020). The total prevalence of iron 

deficiency dropped from 42.69% to 33.57%, 

anaemia from 56.00% to 50.24%, and iron 

deficiency anaemia from 36.81% to 29.26%. 

More potential blood donors were able to fulfil 

the donation criteria. Unsurprisingly, iron 

deficiency and anaemia were most common in 

females aged 16-49. Among 487 of them, 242 

(49.69%), 305 (62.63%) and 215 (44.15%) had 

iron deficiency, anaemia and iron deficiency 

anaemia, respectively. Roughly half of them 

were rejected or deferred from blood donation.  

 

In addition, we studied the necessity to include 

serum ferritin testing in iron monitoring. Figure 

2 presents the distribution graphs of 

participants. A positive correlation (r = 0.524) 

between serum ferritin level and haemoglobin 

concentration was reported. R2 (0.275) 

measured that 27.5% of the variance in 

haemoglobin concentration was due to serum 

ferritin level. The remaining 72.5% could be 

explained by individual variation and other 

factors(Kumari & Yadav, 2018). The p-value 

(0.000) was <0.05. 

  

  
Table 2. Prevalence of iron deficiency and anaemia according to subject groups with cut-off values 

suggested by WHO and adopted by the private laboratory. 
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Figure 2. Distribution of male and female subjects (n = 834) 

 

Three subject groups also noticed positive 

correlations (P <0.05). Therefore, it was 

statistically significant to accept the alternative 

hypothesis H1, which there was an effect of 

serum ferritin level on haemoglobin 

concentration. Low serum ferritin levels 

reflected low iron storage and low 

haemoglobin concentration.

.

 

 

Discussion 
Our representative (n = 834) study presented 

the association of serum ferritin level with 

haemoglobin concentration and the prevalence 

of iron deficiency and anaemia among 

potential blood donors in Hong Kong (Table  

2). We indicate that serum ferritin level 

positively correlates with haemoglobin 

concentration (Figure 2) and suggest that 

serum ferritin level could be included with 

haemoglobin concentration as biomarkers in 

blood donation services for screening iron 

deficiency and anaemia.  

 

As briefly introduced, few studies explained 

the correlation between serum ferritin level 

and haemoglobin concentration. Nevertheless, 

they were carried out in Western countries, not 

Hong Kong or other Asian countries. Our 

results help to fill the gap in our understanding. 

We accepted the hypothesis that serum ferritin 

level affects haemoglobin concentration. 

Lower serum ferritin levels lead to lower 

haemoglobin concentration, supporting the 

idea that iron deficiency causes anaemia. 

 

Previous studies found a positive correlation 

between serum ferritin level and haemoglobin 

concentration (Guo et al., 2013; Timmer et al., 

2020). Besides, more studies showed low 

serum ferritin levels and low haemoglobin 

concentrations in iron deficiency anaemia 

(Bouri & Martin, 2018; Jansen, 

2019). However, factors other than iron 

deficiency could contribute to low 

haemoglobin, brief infection or inflammation, 

thalassemia diseases, body mass index (BMI), 

blood loss, dietary practice, smoking, etc. 

(Weiss et al., 2019; WHO, 2011). Also, serum 
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ferritin level is associated with iron deficiency 

and other diseases, such as systemic sclerosis 

(Jiang et al., 2022) and multiple myeloma 

(Plano et al., 2023). Recent studies focused on 

the correlation between serum ferritin levels 

and outcomes in Covid-19 hospitalised 

patients (Ishikura et al., 2023; Shakaroun et al., 

2023). These circumstances complicate the 

role of serum ferritin levels in iron screening. 

 

We hope our findings help improve blood 

donation service and encourage more local 

people to become regular blood donors. 

Learning from practice in well-developed 

blood transfusion services, we discuss the 

feasibility of including serum ferritin level and 

haemoglobin concentration biomarkers in iron 

monitoring. 

 

In practice, haemoglobin concentration is the 

only pre-donation test screening for iron 

deficiency and anaemia. Low haemoglobin has 

been identified as a critical cause of donor 

deferral. In 2017, the Hong Kong Red Cross 

reported that 22% of donors were temporarily 

deferred, primarily due to low haemoglobin 

and travel history (Hong Kong Red Cross, 

2020). Deferring blood donors can lead to a 

blood supply shortage. Donors can also feel 

discouraged and have less intention to return 

for a donation, especially first-time donors 

(Yang, 2021). An important note is that 

haemoglobin concentration has limited 

sensitivity in detecting early stages of iron 

deficiency. On the other hand, serum ferritin 

levels reflect depleted iron storage more 

accurately and serve as a better biomarker than 

serum iron levels and haemoglobin 

concentrations (Sweegers et al., 2020).  

 

Internationally, there is no compulsory iron 

monitoring policy in blood transfusion 

services. In Switzerland, routine serum ferritin 

testing was first introduced in pre-donation 

screening in 2004 (O'Meara et al., 2011). Such 

practice monitored and allowed effective 

management of iron deficiency in blood 

donors. Moreover, the prevalence of pre-

donation anaemia was dropped, and the donor 

return rate was boosted with shorter donation 

intervals (O'Meara et al., 2011). In Denmark, a 

recent study presented that routine serum 

ferritin testing and iron supplements helped 

reduce donor deferral because of low 

haemoglobin (Rigas et al., 2019). Locally, the 

Hong Kong Red Cross recorded a significant 

drop in blood donation yet a high deferral rate 

(Hong Kong Red Cross, 2020). It is necessary 

to screen for underdiagnosed iron deficiency to 

optimise management in donors and reduce 

donor deferral. 

 

In addition to iron monitoring, serum ferritin 

testing among blood donors enables 

appropriate adjustment of donation interval 

and further guides iron supplements. In the 

Netherlands, recent research focused on 

implementing ferritin-guided donation 

intervals. Blood banks assessed iron storage 

among donors by serum ferritin level. Those 

with low serum ferritin measurement were 

asked to extend their donation interval to 6-12 

months. Blood donors were also enrolled in a 

ferritin-guided iron supplement programme 

(Karregat et al., 2021; Sweegers et al., 2020). 

This provides more time to restore iron, 

increase serum ferritin levels, and decrease 

low haemoglobin deferral (Sweegers et al., 

2020). 

 

Our discussion is based on the most updated 

research papers. There are several limitations 

to our study. Participants were grouped by 

their gender and age. If more information is 

provided, we can more thoroughly characterise 

them by socioeconomic background, physical 

fitness, dietary habits, and smoking status, 

contributing to iron deficiency and anaemia. A 

retrospective cohort study design also makes it 

challenging to conduct a follow-up study. We 

recommend future studies, such as evaluating 

how serum ferritin measurement helps 

improve iron monitoring and how frequent 

blood donation affects iron storage in local 

blood donors. We are also interested in 

examining the feasibility of following policies 

in Western countries establishing ferritin-

guided donation interval and iron supplement 

programmes in our local blood transfusion 

service. 
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Conclusion 
This study overviews the correlation between 

serum ferritin level and haemoglobin 

concentration. Our results reinforce the 

reliability of previous findings. We agree that 

serum ferritin level and haemoglobin 

concentration cut-off values adopted by the 

private laboratory are more applicable than 

those recommended by WHO. We also present 

the prevalence of iron deficiency and anaemia 

among potential blood donors in Hong Kong, 

suggesting including serum ferritin level and 

haemoglobin concentration as biomarkers in 

iron monitoring. Lastly, we need further 

studies to discuss how serum ferritin 

measurement can be appropriately added to 

current donation criteria in blood transfusion 

services. 
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Abstract 
Background: Human papillomavirus (HPV) is the primary cause of the development of cervical 

cytological abnormality. This research evaluates the prevalence rate and genotype distribution of 

human papillomavirus (HPV) to support and assess the effectiveness of the current vaccination 

program. We aim to investigate the recent pattern of HPV genotypes, which are closely correlated to 

cervical abnormality in Hong Kong. 

Objectives: To investigate the association between cytological findings, age, sex, and HPV 

genotypes found in the Hong Kong population to detect the recent prevalence and study the changes 

in the pattern of HPV genotypes. 

Materials and Methods: From January 2020 to December 2021, a private laboratory collected 2530 

random ThinPrep specimens from females aged between 17 and 83. Data analysis was done using 

Microsoft Excel and SPSS.  

Results: The overall prevalence of HPV was 54.6% (N=1381/2530) from 2020 to 2021. The highest 

infection rate was in the age group <=30. The three most commonly found HR-HPV subtypes in 

HPV-positive cases were HR-52 (10%), HR-53 (5.9%), and HR-58 (5.8%) in 2020. However, the 

three most commonly found HR-HPV subtypes in HPV-positive cases were HR-81 (10.9%), HR-40 

(5.4%), and HR-47 (6.3%) in 2021. In contrast, the most common LR-HPV subtype between 2020 

and 2021 was LR-43 (4.9%).   

Conclusion: This study revealed the increasing HPV infection rate and genotype distribution among 

women aged 30 years or below, especially for HR-52 as the dominant subtype with a higher risk of 

causing cervical abnormality in recent years in Hong Kong, which could serve as vital and statistical 

foundation for considering HPV vaccination and preventative strategies to minimize the risk for 

cervical pre-invasive disease. A significant decline of 30.1% HPV positive rate in the ASC-US 

population, a success with the diminishing prevalence rate of HR-18 and HR-31, and a positive impact 

of the HPV vaccine is the outcome.  

Keywords: human papillomavirus, age, cytology, vaccination, prevalence rate, HPV genotype
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Introduction 

Scientific Background 

Human papillomavirus (HPV) stands as the 

pivotal factor in the development of cervical 

neoplasia. This correlation is particularly 

strong with high risk (HR-HPV) and low risk 

(LR-HPV) genotypes1, which are known to 

lead to the development of cervical 

intraepithelial neoplasia (CIN, grade 3) or 

cervix cancer (CIN, > grade 3)2. The presence 

of HPV in the infected host is a consistent 

marker of cervical cancerous cells due to the 

cervix embedding HPV-DNA. HPV gains 

entry into the basal cell layer of the epithelium 

in the event of cervical epithelium trauma. The 

initial infection often occurs at the site between 

the ecto- and endo-cervix. The “transformation 

zone” is a term used to describe the frequent 

occurrence of cervical cell neoplasia in the 

cervix malignancy. 

An epidemiological study in recent years has 

indicated the prevalence of HR-HPV, which 

correlates to cytological abnormality. Five 

significant cytology abnormalities, Atypia 

ASC-US, AGC, Atypia ASC-H, LSIL, and 

HSIL, are commonly used for cytology 

screening reporting by the Bethesda system 

(2014)3,4. Cervical cytological abnormalities 

are classified as follows: Atypical Squamous 

Cell of Undetermined Significance (ASCUS), 

Atypical Squamous Cells include High-grade 

squamous intraepithelial lesion (ASC-H), 

Low-grade Squamous Intraepithelial Lesion 

(LSIL), Atypical Glandular Cell (AGC), High-

grade Squamous Intraepithelial Lesion 

(HSIL), and Squamous Cell Carcinoma (SSC). 

The global prevalence of HPV infection, 

including normal cervical cytology, is 

estimated at 16.93% in 2022 based on 

systematic reviews and meta-analysis 

performed by the Catalan Institute of 

Oncology (ICO)/ IARC HPV Information 

Centre5. With a comparison, this estimation of 

global HPV prevalence in 2022 is higher than 

that of the majority, 11.7% in 20106. An 

exceptionally high prevalence of HPV 

infection resulted in Oceania (21.8%) and 

Africa (21.1%), followed by Asia (9.4%). For 

gynecologically healthy and unhealthy women 

who were HPV carriers in 2011, Asia and 

Africa had the highest prevalence of 45.5 and 

29.6%, respectively7. In almost all European 

countries, the HPV prevalence was low 

(<30%), as in Western Europe (3.7%)8. There 

have been many studies worldwide on the 

epidemiology of HPV infection and oncogenic 

properties due to different HPV genotypes. 

In a recent study, 55% of cervical cancers 

belong to high-risk HPVs (HR-HPVs)9. The 

most common types of HR-HPV worldwide 

are in descending order HPV-16, HPV-18, 

HPV-59, HPV-45, HPV-31, HPV-33, HPV-

52, HPV-58, HPV-35, HPV-39, HPV-51, 

HPV-56 and HPV-53. High-risk types of HPV 

are also distributed unevenly by region, with 

HPV-16, HPV-18, HPV-59, and HPV-73 

having a distribution rate of around 32.1%, 

5.8%, 5.2% and 3.5%, separately in the 

world10. For Asian women infected with HPV-

16, the rate of invasive cervical abnormality 

and normal cervical cytology are 60.5%11 and 

2.5%12. In Figure 1A, the features and 

hallmarks for HPV genetic expression include 

the construction of viral capsomers such as L1 

and L2 proteins forming icosahedral protein 

shells, for the recognition site of origin of 

replication such as E1 and E2 proteins, which 

is for viral gene transcription. Negative cell 

cycle regulators, such as E6 and E7 proteins 

(shown in Figure 1B), facilitate stable viral 

genomes and protein maintenance and start a 

persistent infection13,14. 

Publication15 stated that the reason for HR-

HPV infection (e.g., HPV-16) is related to the 

precise loci of HPV-16. HPV-16 expresses 

histone post-translational modifications 

(PTMs) associated with the enhancer and 

promoters (p97 and p670) at HPV 

nucleosomes during the progression of in-vitro 

neoplastic progression to develop cervical 

squamous cell carcinoma (SCC)16. 
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Figure 1A. Summary of HPV-16 induced cervical carcinoma with major regulatory or capsid proteins, 

oncogenes, and replication factors involved in establishing cervical cancer adapted from hallmarks 

of cancer; Figure 1B. The invasive HPV-16 life cycle of replication in a differentiating epithelium. 

Adopted from the publication14. 

A recent study in China indicated the typical 

pattern of HPV infections caused by HR-HPV 

(71.8%). The single genotype of HPV 

accounted for 13.7%. The most common HR-

HPV genotype was HPV-16 (4.3%), followed 

by HPV-52 (3.5%) and HPV-58 (2.0%)17. 

HPV infection has reached a considerable 

proportion worldwide, particularly among 

women, in whom it is the primary cause of 

cancer18, therefore making HPV to be the 

highest priority of global public health issues. 

Moreover, prevalence and type distribution are 

heterogeneous, especially in Hong Kong. The 

prevalence of HPV positivity is 39.4%3. The 

age-specific HPV prevalence varies and shows 

a pronounced peak in young (31-40 years, 

34.5%) and advanced age (≧51 years, 47.1%) 

women populations19. And, the publication19 

revealed that HPV-66 (8.3%, n=108) was the 

most prevalent genotype, followed by HPV-16 

(6.5%), HPV-53 (5.6%), HPV-52 (4.6%), 

HPV-56 (4.6%) and HPV-73 (4.6%) in Hong 

Kong. 

Nowadays, vaccines now available in the 

market include bivalent against HPV-16 and 

HPV-18 (CervarixTM, licensed in 2009), 

quadrivalent against HPV-6, HPV-11, HPV-16 

and HPV-18 (Gardasil, approved in 2006), and 

9-valent against the high risk of HPV-16, 18,

31, 33, 45, 52, 58 and low risk of HPV-6, 11

(Approved by the US Food and Drug 

Administration (FDA) in 2014). Currently, the 

HPV vaccination program significantly 

minimises the prevalence of HPV infection as 

a public health problem in Hong Kong. 

Materials and Methods 

Subject data 

ThinPrep samples were collected from a 

private laboratory to perform cytological slides 

for pathologists to review and report any 

cytological abnormality with the HPV DNA 

test for different HPV genotypes. Pap stain is 

commonly used for slide examination by the 

IAC screener if the cases are negative or the 

pathologist if the cases are positive. 

A total of 2530 samples’ (Hong Kong women 

aged between 17-83 years old) retrospective 

data, including patients’ age, cervical 

cytological results, and HPV genotype results, 

were collected from January 2020 to 

December 2021. The laboratory results were 

examined by DNA extraction with the high 

pure viral nucleic acid kit (Roche, USA) and 

detection by SNIPERTM high-throughput 

DNA microarray HPV genotyping system to 

obtain qualitative results of HPV DNA 
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genotypes.  

 

One Hong Kong private laboratory generates 

the Excel data format through the Laboratory 

Information System (LIS). Sample data used in 

this study were unaccompanied, including 

identifying patient information. These data 

were used to analyse the relationship between 

cervical cytological findings and HPV 

genotype(s) within them - no effect to the 

patient’s diagnosis and treatment.

 

 

Figure 2. Sampling Model – A flow diagram of patient selection from a randomized sampling pool to 

a study group. [Remark: HSIL = high-grade squamous intraepithelial neoplasia, LSIL = low-grade 

squamous intraepithelial neoplasia, ASC-US = atypical squamous cells of undetermined significance, 

ASC-H = atypical squamous cells-cannot exclude high-grade squamous intraepithelial neoplasia, 

AGC = atypical glandular cell, Negative = negative for intraepithelial lesions or malignancy]

Data analysis 

Retrospective datasets analysis of HPV 

genotypes, cervical cytology and patients’ age 

will be performed by using a statistical 

program (e.g. SPSS®) to perform Fisher’s 

exact test and Pearson Chi-square test for 

analysis of statistical significance (P value 

<0.05 was considered significant), and 

Microsoft Excel® for data set integration. The 

95% confidence level and confidence intervals 

were used. Finally, the analysed results will be 

generated and presented in graphs or tables 

whenever required. 

 

 

Results 

All collected samples (n=2530) from 2020 to 

2021 were utilised for cytological study and 

HPV genotyping. In Figure 3, 54.6% 

(1381/2530) of all cases were determined to be 

infected with any HPV genotype.
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HPV Overall Prevalence 

Figure 3. Overall HPV infection rate in 2530 specimens (%). 

Table 1. Data showing the mean, standard deviation, and variance for the resulted prevalence rate of 

HR-HPV and LR-HPV from 2020 to 2021. 

The prevalence of HR-HPV genotypes in 

2020-2021 is shown in Figure 4. A total of 17 

HPV genotypes were identified. The most 

frequently detected HR-HPV genotypes in 

descending order were HPV-52 (Mean = 

10.45%), HPV-53 (Mean = 5.65%), HPV-58 

(Mean = 6.05%), HPV-66 (Mean = 5.55%), 

HPV-16 (Mean = 3.95%) and HPV-68 (Mean 

= 5.1%). 

Overall HPV infection rate in 2530 specimens (%)

Pos Neg

Positive cases
54.6% (n=1381)

Negative cases
45.4%

(n=1149)
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Figure 4. Prevalence of HPV genotypes among 2530 women in Hong Kong. HR-HPV includes HPV-

52, 53, 58, 66, 16, 68, 51, 56, 59, 39, 18, 31, 73, 45, 67, and 69. The HR-HPV genotypes are arranged 

according to the prevalence in decreasing order. [Remark: Women may be counted more than once 

for multiple infections.]

The prevalence of LR-HPV genotypes in 

2020-2021 is shown in Figure 4.1. A total of 

23 HPV genotypes were identified. The most 

frequently detected LR-HPV genotypes in 

descending order were HPV-44 (Mean = 

4.95%), HPV-43 (Mean = 4.85%), HPV-61 

(Mean = 4.25%), HPV-54 (Mean = 4.1%), 

HPV-40 (Mean = 3.95%) and HPV-55 (Mean 

= 3.95%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Prevalence of HPV genotypes among 2530 women in Hong Kong. LR-HPV includes 

HPV-44, 43, 61, 54, 40, 55, 42, 81, 6, 84, 26, 71, 57, 70, 82, 11, 62, 72, 88, 89, 90, 41, and 64. The 

LR-HPV genotypes are arranged according to the prevalence. [Remark: Women may be counted 

more than once for multiple infections.]

52 53 58 66 16 68 51 56 59 39 18 31 33 73 45 67 69
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Table 2. HR-HPV 68, 58, and 52 with an obvious increasing trend were 29%, 27%, and 26.6% by a 

comparison between 2020 and 2021. 

Table 3. LR-HPV 6, 26, and 82 with an obvious increasing trend were 71%, 77.8%, and 75% by a 

comparison between 2020 and 2021. 

Cytological Results vs HPV Infection 

Figure 5 shows that the detected HR-HPV 

infection correlated with cervical findings (e.g. 

HSIL/ LSIL, ASC-US/ ASC-H) which is 

higher than that in detected LR-HPV.  

HSIL/ LSIL Negative ASC-US/ ASC-H

0

100

200

300

Cytological findings

N
o

. o
f 

p
at

ie
n

t

HR-HPV

LR-HPV

Description of detected HR-HPV/ LR-HPV patient associated with
cytological findings in Hong Kong (2020-2021)

Figure 5. Description of detected HR-HPV/ LR-HPV patients associated with cytological findings 

except AGC cases (HSIL/LSIL with HR-HPV/ LR-HPV = 13%/ 6%, n=99/ 50; ASC-US/ ASC-H 

with HR-HPV/ LR-HPV = 21%/ 8%, n=165/ 66) in Hong Kong between 2020 and 2021 (n = 778).
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However, Figure 5.1 shows that the HPV 

infection rate was more than 30% in most 

cytological abnormalities except atypical 

glandular cells (AGC). The highest HPV 

prevalence with abnormal cytological results is 

in low-grade squamous intraepithelial lesions 

(LGSIL). LGSIL was a cervical lesion of the 

pre-invasive stage, which is more severe than 

a high grade of atypical squamous cell 

intraepithelial lesion (ASC-H), atypical 

squamous cell of undetermined significance 

(ASC-US), and AGC.

HSIL LSIL ASC-US ASC-H AGC Negative

0

50

100
2020

2021

Cervical cytology results

H
P

V
 p

re
v
a
le

n
c
e
 (

%
)

Prevalence of HPV infections according to cervical cytology results
among 2530 women in Hong Kong (2020-2021)

Figure 5.1 Prevalence of HPV infections according to cervical cytology results among 2530 women 

in Hong Kong. HPV positive indicates any HPV genotype infection. The HPV-positive rate of 

women with LSIL is higher than the others. AGC is the lowest rate of HPV-positive infection.
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Figure 5.2. Heat maps showing the prevalence of HPV infections according to cervical cytology 

results among 718, 1812, and 2530 women in Hong Kong (2020) shown in Figure 5.2.A., (2021) 

shown in Figure 5.2.B., and (summary of 2020-2021) shown in Figure 5.2.C. separately. HPV positive 

indicates any HR-HPV or LR-HPV genotype infection. In 2020-2021, the HPV-positive rate of 

women with ASC-US (12.6%, n = 320/2530) was higher than the others. HSIL is the only HPV-

positive infection by HR-HPV. 
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Figure 6. Age-stratified prevalence of HPV infections among 718 women in Hong Kong (2020). HPV 

positive indicates any HPV genotype infection, while HR-HPV and LR-HPV indicate the infections 

of HR-HPV and LR-HPV, respectively. In 2020, all the HPV positivity infections among the ages 

were in a skewed proper distribution. Using the Pearson chi-square test, the statistical significance 

value is p = 0.0312 (p-value < 0.05 is considered statistically significant).
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Figure 7. Age-stratified prevalence of HPV infections among 1812 women in Hong Kong (2021). 

HPV positive indicates any HPV genotype infection, while HR-HPV and LR-HPV indicate the 

infections of HR-HPV and LR-HPV, respectively. In 2021, all the HPV positivity infections among 

age were non-symmetric with a bimodal distribution. Using the Pearson chi-square test, the statistical 

significance value is p = 0.0534 (p-value < 0.05 is considered statistically significant).



Journal of Hong Kong Institute of Medical Laboratory Sciences 2023-2024 Volume 17 No 1 & 2 

60 

In our study of data collected in 2020 (Figure 

6), the most susceptible age group was below 

30 years old, and the second infection peak 

was observed in the 31-40 years old, while the 

above 61 age group was the most HPV-

resistant group. In contrast, for the analysis of 

data collected in 2021 (Figure 7), the most 

susceptible age group was still below 30 years 

old, and the second infection peak was 

changed to above 61 years old, while the 41-

50 years age group was the most HPV 

resistant group.  

Discussion 

HPV vaccines 

In Hong Kong, the 9-valent HPV vaccine 

consists of HR-HPV 16, 18, 31, 33, 45, 52, and 

58, accounting for about 90% of cases of 

cervical cancer. The citizens should be 

presumptively protected from all the above 

seven HR-HPV genotypes under the 

vaccination scheme by Hong Kong 

Government.  

The HPV vaccine is a prophylactic vaccine to 

prevent cervical-related cancer or diseases20. 

With the implementation and positive impact 

of the HPV vaccination scheme, a new change 

in the prevalence of genotypes minimizes the 

past and frequently prevalent subtypes of HR-

HPV in Hong Kong. (e.g. HR-16, 18, 31, 33 

shown in Figure 4) 

Previous studies & HPV Overall Prevalence 

(HR/LR) 

Regarding the previous studies on the 

prevalence of HR-HPV, this research data 

showed a high prevalence of HR-58 from 2018 

to 2022 between Hong Kong3 and China21. 

However, previous research3 in 2018 analyzed 

109 samples collected from a Hong Kong 

private laboratory, and the overall HPV-

positive rate was 39.4% (43/109, n = 109). It 

found that the top three prevalent subtypes 

were HR-58 (13.4%), HR-52 (9%), and HR-59 

(7.5%). Moreover, a study published in 2022 

showed that the typical pattern of HPV 

infections caused by HR-HPV (71.8%) is 

associated with a higher risk of causing 

cervical abnormalities in China21. 

Additionally, the most frequent subtypes of the 

HR-HPV genotype were HPV-16 (4.3%), 

followed by HPV-52 (3.5%) and HPV-58 

(2.0%)21. In contrast, in Hong Kong, HPV-16 

is not in the top 1 (4.0%) between 2020 and 

2021. 

Generally speaking, HR-16 is the primary 

HPV subtype with a relatively high risk of 

cervical cancer development22. 70% of 

cervical cancers and pre-invasive cervical 

diseases or abnormalities are occurrences of 

HPV subtypes, such as HR-16 & HR-18, in the 

world22. HR-16 is significantly and relatively 

decreasing in Hong Kong compared to other 

countries21. Therefore, the risky HR-HPV 

subtypes (e.g. HR-16) have diminished 

recently. 

However, in this research, from 2020 to 2021, 

the prevalence rate was 54.6% higher than 

39.4% in 20183. Moreover, HR-45, HR-33, 

and HR-18 were the lower-ranking subtypes, 

resulting in a significantly decreasing trend 

(prevalence rate ≤ 2.3%). Besides, the 

prevalence of the abovementioned HR-HPV 

changed in response to the successful 

vaccination scheme (9-valent HPV vaccine). A 

total of 24,000 females received the first dose 

of the HPV vaccine until 31-Dec-2021, as 

posted in LCQ10: Human papillomavirus 

vaccination by HKSARS Press Releases23. 

The reason is highly possible due to citizens' 

high participation and willingness to 

implement the vaccination scheme officially 

from 2006 until the present. 

Consistent with the expected protection from 

the HPV vaccine of the 9-valent vaccine, for 

the other subtypes included in the 9-valent 

vaccine protection, such as HR-18 and HR-31, 

these HR-HPV genotypes are not included in 

the top 10 (shown in Figure 4). The official 

vaccination scheme24 successfully turned 

down the rate of HR-18 and HR-31 to 

minimize the risk of further cervical 

abnormality development25. 
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Moreover, unfortunately, the most prevalent 

subtype in this research is HR-52 in both HPV-

infected persons suffering from cervical 

abnormalities. Furthermore, HR-58 is in the 

top 3 shown in Figure 4. Besides, HR-52 is one 

of the most common HPV subtypes among the 

general population in China than in developed 

countries26, commonly caused in patients with 

cervical cancer (e.g. CIN, grade 1) or its 

precursors in China than in other countries27.  

 

Therefore, in this research, the data for the 

prevalence of the HR-HPV subtype (HR-52) 

matched the global Asia studies published by 

China26. As a result, the effectiveness of the 

vaccination scheme for a positive impact of 

elimination for HR-HPV subtypes should be 

re-estimated, especially for HR-52. 

 

Cytological Results versus HPV Infection 

In this study from 2020 to 2021, all specimens, 

as shown in a heat map, present a significant 

correlation between HPV infection and 

cytological status in Figure 5.2.C. Previous 

analysis performed28 showed that the HPV 

positive rate was 92.1% in all ASC-US 

population. In this research, the HPV-positive 

rate correlated to ASC-US is 62%. In 

comparison, over the past ten years28, a 

decline of 30.1% by the effective vaccination 

has successfully provided protection for 

females and minimised or eradicated the HPV 

subtypes (HR/ LR), lowering the HPV-positive 

rate in Hong Kong. Therefore, a positive 

impact of the HPV vaccine is the outcome of 

achieving the presumptive expectation. 

 

On the other hand, in Figure 5, most patients 

suffer from detected HPV genotypes (HR/LR), 

but no cytological findings result (e.g., 

Negative according to the Bethesda system). 

Poor screener performance may affect the 

accuracy of cytological screening results. The 

cytologist's observation, pre-analytical 

preparation of the sample site, or the number 

of cervical cells added variables to the 

diagnosis. Therefore, incorporating 

cytological screening and HPV-DNA test 

minimizes and avoids the error rate of false-

negative up to 27-42%29. 

Reason for HR-HPV causing cervical 

abnormality 

Most globally published studies30,31 showed 

cervical abnormality correlated well with HR-

HPV infection than with LR-HPV infection. 

 

Because of genetic differences between HR-

HPV (e.g., viral oncoproteins E6 and E7 for 

early carcinogenesis) and LR-HPV, HR-16 

and HR-1832 are frequently discovered to 

have a significantly greater association with 

invasive cervical cancer than the other HPV 

subtypes33. 

 

Regarding the HPV genome, E1 to E8 encode 

early structural genes, and L1 and L2 encode 

late structural genes with the help of a 

promoter to express (e.g., P97 and P670 in HR-

16)34.   

The late-coding regions yield structural 

proteins, while the completion of early-coding 

regions, including E6 and E7, is responsible for 

early transcription, genome amplification, and 

malignant transformation34,35. HR-HPVs 

containing E6 and E7 proteins have early and 

rapid transforming cellular activity, leading to 

independent and long-lasting activity and vice 

versa in LR-HPVs35. 

 

Therefore, HPV detection plays a critical role 

in the diagnosis and clinical management of 

pre-cancerous lesions. Most likely, with HPV 

early detection (e.g., PCR of HPV viral DNA), 

the awareness of HR-HPV is higher than that 

of LR-HPV to prevent females from any pre-

invasive cervical abnormalities. This screening 

is beneficial and important36. 

 

Age-stratified prevalence of HPV infections 

The most HPV-susceptible age group was ≤30 

years (2020-2021), and the second infection 

peak was separately observed in 31-40 years 

(2020) and ≥61 years (2021), while the age 

group of ≥61 years (2020) and 41-50 years 

(2021) were the most HPV resistant group in 

this research. Some factors, like smoking, 

hormonal influence, and sexual habits, affect 

the infection rate in the population. Moreover, 

with the decline in HPV prevalence rate and 

increasing age, the specific cellular immunity 
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in older women is potent37. 

 

Enhancing the cervical cancer awareness of 

HR-HPV infected younger women at age ≤30 

years38, CDC39 suggests that cytological 

screening every three years or HPV test every 

five years, or both every five years lowers the 

cervical abnormality risk starting at age 21 to 

prevent early and pre-invasive cancerous 

state32 since HR-HPV related cervical 

abnormalities or cancers occur at a younger 

age (≤30 years) is higher than other cervical 

cancers32. 

 

Overall Prevalence: HR-HPV and LR-HPV 

Firstly, the HR-HPV genotypes, including 

HPV-68, HPV-58, and HPV-52, found in 2020 

and 2021 had an increasing trend of 29%, 27% 

and 26.6%, respectively (shown in Table 2). 

Current data is highly matched and correlated 

with study40 to find the most prevalent types, 

such as HPV-52 (11.9%) and HPV-58 (9.3%) 

in Hong Kong. The trend can be seen. 

 

Secondly, in Figure 4.1., the LR-HPV showed 

that the frequently detected LR-HPV 

genotypes, including HPV-6, HPV-26, and 

HPV-82, found in 2020 and 2021, had an 

increasing trend with 71%, 77.8% and 75%, 

separately (shown in Table 3). Cervical 

carcinomas are usually not closely correlated 

with LR-HPV subtype infection41. A previous 

study42 published that cervical cancer risk is 

higher in women suffering from genital warts 

(GW) than those without GW. In general, low-

risk HPV types (6 and 11) cause GW 

commonly with sometimes co-infection and 

co-existence with high-risk HPV types is more 

likely42. 

 

Therefore, the increasing trend of LR-HPV 

infection between 2020 and 2021 might not 

represent a positive impact of diminishing the 

purpose of LR-HPV by HPV (9-valent) 

vaccine scheme43. The 9-valent vaccine 

becomes more effective on HR-HPV, also 

called "oncogenic HPV" 44, and is prevalent in 

providing maximum health benefits to 

women's preventative strategy in Hong Kong. 

Limitations 

 

This present study has some limitations, such 

as a retrospective study and a small sampling 

size of diagnosed patients in this study. In the 

future, by using a more significant scale 

population, this might genuinely identify the 

distribution of individual HPV genotype(s) to 

assess the cervical pre-invasive abnormality of 

specific HR-HPV or LR-HPV types and to 

reflect the accurate picture of the community 

by using risk-stratification model for particular 

age group as very well. 

 

Lastly, the collected data shows a high 

correlation between cervical cytological 

findings and pathological diagnosis, indicating 

that this study is reliable. 

 

 

Conclusion 

 

This study revealed the increasing HPV 

infection rate and genotype distribution among 

women aged 30 years or below, especially for 

HR-52 and HR-81 as the dominant subtype 

with a higher risk of causing cervical 

abnormality in recent years in Hong Kong, 

which could serve as vital and statistical 

foundation for considering HPV vaccination 

and preventative strategies to minimize the risk 

for cervical pre-invasive disease. 

 

Last but not least, this research showed the 

prevalence of age-stratified HPV genotypes 

with a close correlation with globally 

published scientific data, indicating our results 

are accurate and reliable. A significant decline 

of 30.1% HPV positive rate in the ASC-US 

population, a success with the diminishing 

prevalence rate of HR-18 and HR-31, and a 

positive impact of the HPV vaccine is the 

outcome to meet the presumptive expectation. 

 

Finally, this study provides positive impact 

data to reveal the effectiveness of HPV 

vaccination in improving the HPV-related 

national immunization program and 
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management guidelines for new patterns of 

individual HPV subtypes, such as HR-52, 

which is the predominant one. 
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Abstract 
 

This pilot study aimed to assess the antibacterial properties and combined effects of two locally 

sourced honey varieties, fresh lemon juice and a honey-lemon juice blend, against Staphylococcus 

aureus (ATCC 25923) and Escherichia coli (ATCC 25922). Plate count analysis indicated that S. 

aureus exhibited increased susceptibility to lemon juice compared to E. coli. The research 

highlighted lemon juice's efficacy as an antibacterial agent against gram-positive bacteria like S. 

aureus over gram-negative strains such as E. coli in vitro. Noteworthy was the superior antibacterial 

performance of honey against E. coli in contrast to S. aureus. Furthermore, our study illustrated the 

synergistic antibacterial action of lemon juice and honey on E. coli. However, further investigation 

is needed to unveil the combined antibacterial impact of locally available honey and lemon juice on 

diverse pathogens. 
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Introduction 

The prevalence of drug-resistant bacteria is 

increasing worldwide due to the overuse of 

antibiotics. With the continuing development 

of drug-resistant bacteria, the discoveries of 

novel antibacterial drugs and components 

become crucial for treating infections caused 

by drug-resistant bacteria. In recent years, the 

broad screening of chemicals from natural 

products for antibacterial activity has been an 

alternative strategy for developing novel 

antibacterial drugs.  

There is an increase in studies revealing the 

antibacterial activity of honey on various 

pathogens. Among those, manuka honey is one 

of the most popular kinds of honey, and many 

studies have demonstrated its antibacterial 

activity based on its unique antibacterial 

ingredients, such as methylglyoxal (MGO)1. 

On the other hand, many studies have shown 

that lemon juice can inhibit bacterial growth, 

including Staphylococcus aureus (S. aureus) 

and Escherichia coli (E. coli). Lemon and 

Lime juices have been reported to exhibit 

antibacterial activity against S. aureus, E. coli, 

and other food-born bacterial pathogens in 

cooked foods.2 Lemon is a popular citrus fruit 

and food ingredient for flavouring and adding 

acidity. Lemon is also commonly mixed with 

honey to enhance its flavour. It is one of the 

most popular drinks in Hong Kong, 

particularly in the winter season. However, 

there has been no study on the antibacterial 

activities of using locally available honey. No 

study has investigated the synergistic 

antibacterial effect of lemon juice and honey 

mixture on foodborne pathogens such as S. 

aureus and E. coli. Understanding the 

synergistic antibacterial effects of lemon juice 

and honey can have practical implications for 

food processing and preservation industries. It 

may lead to the development of natural 

antibacterial agents for enhancing food safety 

and extending shelf life. This pilot study 

explored the antibacterial activities and 

synergistic antibacterial effects of two kinds of 

honey available in Hong Kong, fresh lemon 

juice and honey lemon juice mixture against S. 

aureus (ATCC 25923) and E. coli (ATCC 

25922). 

Materials and Methods 

Preparation of Honey 

Two kinds of honey, Winter Honey (WH) 

and Supreme Honey (SH), originating 

from Hong Kong, were selected for this 

study. The two kinds of honey were 100% 

pure and stored at room temperature. Each 

was prepared at 75% v/v concentration 

with sterile distilled water at a final volume 

of 1 mL. 

Preparation of fresh Lemon juice 

Fresh lemons from China were purchased 

from the local supermarket. The juice was 

squeezed out of the lemons and pooled into 

the sterilized bottle. The juice was stored in 

the refrigerator at 4°C for subsequent use. 

Preparation of mixed honey and fresh Lemon 

juice  

Honey and lemon juice were combined in 

equal parts by weight and volume, with 

0.5g of 100% honey mixed with 0.5 mL of 

100% lemon juice, using a vortex mixer. 

The mixture was then stored in an 

Eppendorf tube for future use. 

Bacteria strains and the preparation of 

growth curves 

Two bacteria strains, Escherichia coli 

(ATCC 25922) and Staphylococcus aureus 

(ATCC 25923), were purchased from 

ATCC. Stock bacterial broth cultures of 

0.5 McFarland were prepared using normal 

saline as the original bacterial 

concentration. The growth curves for both 

bacterial strains were established from the 

0.5 McFarland cultures for use in 

subsequent experiments.  
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Measurement of the antibacterial effect: plate 

count method 

10μl of 0.5 McFarland bacteria 

suspensions were mixed with 190μl of the 

following six combined sample solutions: 

Winter honey (WH); Supreme honey (SH); 

Lemon juice; Winter honey and lemon 

juice; Supreme honey and lemon juice; and 

normal saline (as neat control). The 200μl 

samples were grown in nutrient broth at 

37°C for 0-4 hours. Samples were 

collected at different time points, and 

optical density (OD) was measured at 

600nm. 100μL of the sample was extracted 

and subjected to serial dilution in a nutrient 

broth. Subsequently, 10μL from each 

dilution was spread onto nutrient agar 

plates for further analysis.3 The agar plate 

was incubated at 37°C overnight and the 

number of colonies was counted to 

determine the survival fractions as the 

colony-forming units (CFUs).  

 

Statistical analysis 

Data were collected from at least three 

independent experiments and findings 

were presented as mean±SD. Two-way 

analysis of variance (ANOVA) followed 

by Dunnett’s post hoc test was performed, 

and differences were considered 

statistically significant with p ≤ 0.05. 

 

Results 
Figures 1 and 2 demonstrated the correlation 

between bacterial colony number and the 

optical density (OD) measured as absorbance 

at 600nm.  

The plate count method measured the 

antibacterial activities of two honeys, lemon 

juice, and the mixtures of honey and lemon 

juice.  

 

For E. coli, compared to normal saline, there 

was a significant decrease in the number of 

bacteria when treated with lemon juice, 

Supreme honey, Winter honey, a 1:1 mixture 

of the lemon juice and Supreme honey or a 1:1 

mixture of the lemon juice and Winter honey. 

Among the tested conditions, the lemon mixed 

with Supreme honey resulted in the greatest 

decrease in the log number of bacteria, with 

2.64 log bacteria decreasing after 2 hours and 

reaching zero bacteria colony detected after 4 

hours. ( * P<0.05, ** P<0.01, *** P<0.001) 

Similar results were obtained for S. aureus, 

compared to normal saline, with a significant 

decrease in the number of bacteria observed 

when treated with lemon juice, a 1:1 mixture 

of the lemon juice and Supreme honey or a 1:1 

mixture of the lemon juice and Winter honey. 

Among the tested conditions, the lemon juice, 

1:1 mixture of the lemon juice and Supreme 

honey or 1:1 mixture of the lemon juice and 

Winter honey reached zero bacteria colonies 

detected after 4 hours. ( ** P<0.01, *** 

P<0.001) 

 

 

Discussion 
Based on the plate count findings, the data 

indicates that S. aureus exhibits greater 

susceptibility to lemon juice than E. coli. The 

resistance of E. coli to lemon juice is due to its 

unique acid-resistant characteristics, enabling 

it to endure and thrive in acidic environments. 
4 Our finding was echoed by Fisher and 

Phillip's study, with results showing that lemon 

juice is a practical anti-bacterial component to 

gram-positive bacteria (e.g. S. aureus) than the 

gram-negative bacteria (e.g. E. coli) in vitro.5  

Interestingly, honey demonstrated better 

antibacterial activity on E. coli than S. aureus. 

Among the two kinds of honey tested, Winter 

honey showed better antibacterial activity than 

Supreme honey on both E. coli and S. aureus. 

This difference may be because the 

concentration of hydrogen peroxide in Winter 

honey is more abundant than in Supreme 

honey. Hydrogen peroxide is produced by the 

enzyme glucose oxidase, which is naturally 

present in honey. Hydrogen peroxide 

contributes to honey's ability to inhibit the 

growth of certain bacteria and fungi. The low 

water activity and acidic pH of honey also 

create an unfavourable environment for 

microbial growth.6 Karabagias et al. 

demonstrated that the antibacterial activity of 

honey depends on the flower source, honey 
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bees, and the processing method between 

different types of honey.7 Escuredo’s studies 

also explained that the physical properties of 

honey, such as sugar content, pH value, water 

activity, and presence of phenol compound 

and/or active amino acid (eg. kynurenic acid), 

can also contribute to the antibacterial effect. 
8,9 Our study also demonstrated the synergistic 

antibacterial activity between lemon juice and 

honey on E.coli. However, further 

investigation is needed to reveal the synergistic 

antibacterial effect of locally available honey 

and lemon juice on different pathogens.  

Conclusion 
This pilot study demonstrated the antibacterial 

activity of lemon juice, honey available in 

Hong Kong, and the mixture of lemon juice 

and honey against E. coli and S. aureus. 

Further mechanistic investigation is needed to 

reveal the synergistic antibacterial effect of 

honey and lemon juice on S. aureus and E. coli. 
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Figure. 1 Determine the relationship between the number of bacteria and absorbance on 

E.coli (ATCC 25922)

Figure 1 shows the relationship between the number of E. coli colony-forming units and absorbance 

(OD) measured at 600nm. Samples were plated to count the number of bacterial colonies.  

Figure. 2 Determine the relationship between the number of bacteria and absorbance on S. 

aureus (ATCC 25923) 

Figure 2 shows the relationship between the number of S. aureus colony-forming units and 

absorbance (OD) measured at 600nm. Samples were plated to count the number of bacterial 

colonies.  
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Figure. 3 Log number of bacteria vs time on E. coli (ATCC 25922) 

Figure 3 shows the survival curve of E. coli treated with lemon juice and two kinds of honey. The 

strain was incubated with 100% lemon juice, 75% Supreme honey, 75% Winter honey, 1:1 mixture 

of lemon juice and Supreme honey, 1:1 mixture of lemon juice and Winter honey. The normal 

saline was the negative control of the experiment. The bacterial colonies were counted at 2 and 4 

hours of incubation time. Three values were collected for each time point from 3 independent 

experiments. 

Figure. 4 Log number of bacteria vs time on S. aureus (ATCC 25923) 

Figure 4 shows the survival curve of S. aureus treated with lemon juice and two selected honey. 

The strain was incubated with 100% lemon juice, 75% Supreme honey, 75% Winter honey, 1:1 

mixture of lemon juice and Supreme honey, 1:1 mixture of lemon juice and Winter honey. The 

normal saline was the negative control of the experiment. The bacterial colonies were counted at 2 

and 4 hours of incubation time. Three values were collected for each time point from 3 independent 

experiments. 
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HbA1c is a good indicator for predicting dyslipidemia. 
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Abstract 

This study explored the association between Glycosylated Hemoglobin A1c (HbA1c) and Lipid 

Profiles, alongside their clinical implications, using statistical analysis methods. An examination 

was made on data from 1000 subjects, encompassing HbA1c levels, total cholesterol (TC), low-

density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 

triglycerides (TG), as well as demographic and clinical variables such as age, gender, and body 

mass index (BMI). The outcomes of this investigation demonstrate a significant relationship 

between HbA1c and various lipid parameters circulating in the body. Noteworthy is the positive and 

substantial correlation between HbA1c and total cholesterol and triglycerides, suggesting a link 

between glycemic regulation and dyslipidemia. Age, gender, and BMI were pinpointed as factors 

influencing lipid profiles and HbA1c levels, with older individuals, females, people with obesity, 

and those with diabetes being at an increased risk of cardiovascular disease development due to the 

dyslipidemia condition. In summary, HbA1c emerges as a reliable gauge for glycemic management 

and a valuable tool for predicting dyslipidemia in diabetic patients. Consequently, monitoring 

glycemic indicators can enhance the early identification of dyslipidemia. Thus, it is strongly advised 

to regularly monitor blood glucose levels, HbA1c, and lipid profiles for comprehensive health 

evaluations. 
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Introduction 

Diabetes mellitus (DM) stands as a prevalent 

metabolic disorder worldwide, significantly 

contributing to both morbidity and mortality 

rates. In 2022, approximately 10,399 inpatient 

discharges and deaths were linked to DM, 

underscoring its profound impact1. The 

ramifications of poor glycemic control in 

diabetes extend to increased risks of 

dyslipidemia and vascular diseases, 

culminating in long-term organ damage and 

dysfunction. While Type 1 diabetes affects 5% 

of diagnosed cases and demands meticulous 

glycemic oversight to avert abnormal lipid 

profiles, Type 2 diabetes (T2DM) accounts for 

95% of cases. It is intricately tied to insulin 

resistance and metabolic dysregulation, often 

associated with cardiovascular complications2. 

Efficient management of diabetes through 

judicious lifestyle choices, exercise, and 

medication can mitigate severe complications 

like end-stage renal disease, blindness, and 

neuropathy3. Hemoglobin A1c (HbA1c) 

emerges as a pivotal marker for glycemic 

control and diabetes diagnosis, reflecting 

glucose concentrations over the preceding 

three months. HbA1c testing presents a 

convenient alternative to the oral glucose 

tolerance test, obviating the necessity for 

fasting periods to minimise variability4. The 

metric holds predictive value for assessing 

long-term diabetic complications based on 

multi-year data and finds common usage in 

screening for gestational diabetes among 

pregnant women. 

Recent research indicates that HbA1c not only 

acts as a glycemic control marker but also 

serves as a valuable predictor of lipid profiles, 

aiding in the identification of individuals at 

high risk for Cardiovascular diseases4. 

Recent studies highlight HbA1c as a glycemic 

control marker and a predictor of lipid profiles, 

aiding in identifying individuals at high 

cardiovascular risk. Various risk factors like 

gender, age, and BMI influence the 

relationship between HbA1c and lipid profiles, 

emphasising further research to understand the 

precise risk of dyslipidemia development 

based on HbA1c levels. Exploring these 

aspects comprehensively can enhance clinical 

strategies for managing glycemic and 

cholesterol levels in diabetic patients. 

Direct correlations have been observed 

between HbA1c and total cholesterol, 

triglycerides, and LDL-C, with an inverse 

relationship with HDL-C, particularly in 

individuals with inadequate glycemic control5. 

However, conflicting findings exist, with some 

studies indicating no correlation between 

HbA1c and HDL-C6 or lipid profiles in 

general7. Elevated HbA1c levels, significantly 

exceeding 8%, are associated with heightened 

risks of mortality in diabetes and CVDs, 

highlighting the interconnected nature of 

diabetes and dyslipidemia in accelerating 

atherogenesis.8,9 

Given the discrepancies in the relationship 

between HbA1c and lipid parameters, further 

research is imperative to explore potential 

variations and ascertain the risk of developing 

dyslipidemia based on HbA1c levels. A 

comprehensive investigation of these factors 

can elucidate the association between 

glycemic control, lipid profiles, and 

cardiovascular risk, assisting clinicians in 

refining their focus on managing glycemic and 

cholesterol levels in diabetic patient.
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Material and Method 

Data Source and Description 

The dataset was procured from an online 

repository, specifically Kaggle, and 

predominantly comprises data derived from 

the Iraqi population. Data gathering involved 

retrieving patients' records from the 

laboratories of Medical City Hospital and the 

Specialized Center for Endocrinology and 

Diabetes at Al-Kindy Teaching Hospital. A 

cohort of 1000 participants aged between 20 

and 80 years was included, comprising 435 

women and 565 men. Demographic 

information such as age and gender, along with 

clinical data like BMI, was collected. 

Additionally, biological parameters, including 

HbA1c, total cholesterol (TC), high-density 

lipoprotein cholesterol (HDL-C), low-density 

lipoprotein cholesterol (LDL-C), and 

triglycerides (TG), were incorporated for risk 

factor and subgroup analyses. HbA1c values 

were a percentage of total haemoglobin, while 

lipid parameter values were expressed in 

mmol/L. 

 

Definition and Reference Range Setting  

Hemoglobin A1c (HbA1c) serves as a 

dependable diagnostic marker for diabetes, 

endorsed by global bodies like the World 

Health Organization (WHO) and the American 

Diabetes Association (ADA). The 

standardisation of HbA1c dictates that results 

should be reported in two units: a conventional 

percentage unit using the National 

Glycohemoglobin Standardization Program 

(NGSP)-certified method aligned with the 

Diabetes Control and Complications Trial 

Assay and an SI unit (mmol/mol) as per the 

International Federation of Clinical Chemistry 

(IFCC) guidelines3. Non-diabetic individuals 

typically exhibit HbA1c levels falling within 

the range of 4.0% to 6.4%. A threshold of 6.5% 

(48 mmol/mol) is used to diagnose diabetes 

mellitus in adults as an alternative to the 

fasting plasma glucose criterion of ≥7.0 

mmol/L10. 

The National Cholesterol Education Program 

(NCEP) Adult Treatment Panel III guidelines 

were consulted for serum lipid reference levels. 

Dyslipidemia, a lipid metabolism disorder, 

may stem from elevated total cholesterol, high 

low-density lipoprotein cholesterol, low high-

density lipoprotein cholesterol, or increased 

triglyceride levels. As outlined in the 

guidelines, dyslipidemia is indicated by total 

cholesterol levels exceeding >5.18 mmol/L 

(>200 mg/dL), fasting triglycerides 

surpassing >1.7 mmol/L (>150 mg/dL), low 

HDL-C levels below <1.04 mmol/L (<40 

mg/dL), and high LDL-C levels above >3.37 

mmol/L (>130 mg/dL), presenting increased 

cardiovascular disease risk factors11. 

According to the World Health Organization's 

Regional Office for the Western Pacific in 

2000, body mass index (BMI) classifications 

are as follows: individuals with a BMI less 

than 18.5 kg/m² are categorised as underweight, 

those falling between 18.5 and 22.9 are within 

the normal weight range, individuals with 

BMIs between 23 and 24.9 are considered 

overweight, and those with BMIs equal to or 

exceeding 25 are classified as obese12. 

 

Statistical Method 

Correlation analysis evaluated the strength and 

direction of the relationship between HbA1c 

and lipid profiles. Pearson's correlation 

coefficient was utilised to assess the diverse 

correlations among these variables. Pearson’s 

correlation test examined correlations between 

continuous variables such as HbA1c, 

cholesterol, triglycerides, HDL-C, and LDL-C. 

An Independent sample t-test was performed 

to compare means across different parameters.  

Subgroup analysis was conducted to 

investigate potential variations in the 

association between HbA1c and lipid profiles 
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based on specific characteristics or 

subpopulations. Four distinct subgroups were 

delineated, including Diabetes and non-

diabetes, Female and Male, Age categories of 

20-40, 41-60, and 61-80, and BMI 

classifications (Underweight, Normal-weight, 

Overweight, and Obese). Unpaired student’s t-

tests and one-way ANOVA tests were utilised 

for subgroup comparisons. Pearson's 

correlation coefficient was applied within each 

group to ascertain the direction and strength of 

correlations. 

All the datasets underwent analysis utilising 

Prism GraphPad 9, where descriptive statistics 

were employed to provide an overview of the 

dataset's characteristics. A p-value below 0.05 

was deemed statistically significant, while a p-

value below 0.01 was considered statistically 

highly significant. 

Ethical considerations 

The dataset sourced from Kaggle13 was duly 

acknowledged. 

 

 

Results 
 

Patient’s Demographic data  

The study consisted of 1000 patients, with 

detailed demographic and clinical information 

in Table 1. Among the participants, 435 were 

female, and 565 were male, all of whom were 

adults, with a mean age of 54 and a standard 

deviation of 8.8. Most individuals were 41-60 

years old, accounting for 75.1% of the total 

cohort. 

None of the subjects were categorised as 

underweight, while 9.3% were classified as 

normal weight, 9.7% as overweight, and the 

majority, comprising 81% of the population, 

were identified as obese. The prevalence of 

non-diabetic individuals was 23.9%, whereas 

76.1% (n=761) were diagnosed with diabetes 

mellitus. 

The study unveiled that hypercholesterolemia 

was a prevalent lipid abnormality, impacting 

62% of the patient cohort. Additionally, 

hypertriglyceridemia, reduced HDL-C levels, 

and elevated LDL-C levels were identified in 

62.5%, 52.8%, and 76.5% of the participants, 

respectively. 

 

Correlation between HbA1c and Lipid 

Profiles 

In our study, a strong and statistically 

significant association was observed between 

HbA1c, TC (r = 0.18, p≤0.001), and TG (r = 

0.22, p≤0.001). Furthermore, HbA1c 

displayed notable correlations with age (r = 

0.38, p≤0.001) and BMI (r = 0.41, p≤0.001). 

However, no significant correlation was 

detected between LDL-C (r = 0.01, p≤0.001) 

and HDL-C (r = 0.03, p≤0.001) with HbA1c. 

Age exhibited direct correlations with TC (r = 

0.04, p≤0.001), LDL-C (r = 0.02, p≤0.001), 

and BMI (r = 0.38, p≤0.001). In contrast, BMI 

was positively associated with TG (r=0.11, 

p≤0.001) and negatively correlated with LDL-

C (r = -0.07, p=0.033). 

Significant relationships were identified 

among the lipid profiles. TC demonstrated 

significant correlations with three other 

parameters: TG (r = 0.32, p≤0.001), HDL-C (r 

= 0.1, p=0.001), and LDL-C (r = 0.42, 

p≤0.001). Conversely, HDL-C exhibited 

inverse correlations with TG (r = -0.08, 

p=0.009) and LDL-C (r = -0.14, p≤0.001). See 

Table 2 for details. 

Subgroup Analysis  

Diabetes and non-Diabetes 

Patients were divided into two groups based on 

their glycemic index: HbA1c levels below 

6.5% (non-diabetes) and those equal to or 

greater than 6.5% (diabetes)10. Among 

individuals with diabetes, the majority were 

obese (96%) and showed a tendency for 

hypercholesterolemia and 

hypertriglyceridemia, as illustrated in Table 3. 

Patients exhibiting HbA1c levels exceeding 

6.5% demonstrated significantly elevated 

levels of TC (4.965±1.3 vs 4.536±1.3, 

p<0.0001), TG (2.504±1.5 vs 1.859±0.99, 
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p<0.0001), age (55.71±7.3 vs 46.58±9.7, 

p<0.0001), and BMI (30.98±4.1 vs 25.11±4.8, 

p<0.0001). Conversely, no significant 

variances were observed in HDL-C 

(1.209±0.71 vs 1.191±0.48, p=0.7208) and 

LDL-C (2.619±1.1 vs 2.58±1, p=0.6352) 

levels between the diabetes and non-diabetes 

groups. 

 

Age 

The significant variations observed among 

different age groups in some key metabolic 

parameters like TG (p<0.0001), LDL-C 

(p=0.0164), HbA1c (p<0.0001), and BMI 

(p<0.0001) (shown in Table 4) likely stem 

from a complex interplay of factors. Increasing 

age brings about physiological changes that 

can directly impact lipid levels, glucose 

regulation, and body mass index. Lifestyle 

choices, including diet, exercise habits, and 

stress management, also evolve with age and 

can profoundly influence these metabolic 

markers. Hormonal shifts that occur as 

individuals age may further contribute to these 

alterations. Additionally, the combined effects 

of health conditions, medications, genetics, 

and dietary habits that accumulate over time 

can contribute to these patterns. Common age-

related conditions like diabetes and heart 

disease could influence these metabolic trends 

across different age groups. Understanding 

these diverse factors is critical to grasping how 

age influences these crucial aspects of 

metabolic health, highlighted in the study 

findings. The analysis examining the 

correlation between HbA1c and key metabolic 

parameters uncovered a notable positive 

association with BMI within the age groups 

spanning 20-40 and 41-60 years, exhibiting 

coefficients of 0.53 (p<0.001) and 0.4 

(p<0.001), respectively. (Figure 1). This 

association suggests that as HbA1c levels 

increase, so does BMI within these age groups. 

Similarly, in the same age ranges of 20-40 and 

41-60, HbA1c demonstrated positive 

correlations with TC (r=0.17, p<0.001 and 

r=0.28, p=0.0006) and TG (r=0.2, p<0.001 and 

r=0.2, p=0.0151) (as shown in Figure 1). 

Moreover, in the age group of 61-80, a direct 

correlation was observed between HbA1c and 

LDL-C (Figure 6). All are summarised in Table 

5. These findings suggest that metabolic 

parameters such as BMI, TC, TG, and LDL-C 

may be interlinked with HbA1c levels, 

potentially reflecting underlying metabolic 

processes and highlighting the intricate 

relationships between these variables, 

particularly in different age groups. 

 

BMI 

 

Based on the BMI categories (18.5-22.9, 23-

24.9, ≥25), subgroup analyses revealed a 

distinct trend: as age increased, the prevalence 

of obesity increased. Concurrently, a marked 

increase in the incidence of diabetes was noted 

with higher levels of obesity. Additionally, 

individuals identified as obese exhibited a 

notably higher prevalence of 

hypertriglyceridemia (refer to Table 6 for the 

results). The outcomes delineated a 

statistically significant differentiation among 

diverse BMI groups concerning TG 

(p=0.0002), Age (p<0.0001), and HbA1c 

(p<0.0001) (shown in Figure 3). Mean TG 

values displayed an escalating trend from 

1.9±1.1 to 2.0±1 and 2.4±1.5 with increasing 

BMI. A parallel pattern was observed in Age 

(43±9.9, 44±8.7, 56±6.9) and HbA1c (5.4±1.5, 

5.3±1.4, 9±2.2) (refer to Table 6). However, no 

significant variances were detected in HDL-C 

(p=0.6516), LDL-C (p=0.0627), and TC 

(p=0.7078). The correlation analysis between 

HbA1c and other parameters unveiled a 

positive correlation with TC across three BMI 

groups (r=0.29, p=0.0053, r=0.22, p=0.0279, 

and r=0.19, p<0.0001) (depicted in Figure 4). 

Similar relationships were observed with TG 

(r=0.23, p=0.0234 and r=0.18, p<0.0001) 

(Figure 4) in both normal-weight and obese 

cohorts. Furthermore, a direct correlation was 

observed between HbA1c and age, specifically 

within the obese group. It is noteworthy that no 

significant differences were observed in HDL-

C and LDL-C. 
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Discussion 

The linkage between diabetes and 

cardiovascular disease (CVD) has long been 

established and substantiated through 

historical evidence. Previous studies have 

suggested that HbA1c is a marker for glycemic 

control and a reliable predictor of lipid profile 

due to its interconnected nature. Nonetheless, 

various factors contribute to discrepancies in 

the results. This study explored the relationship 

between HbA1c and lipid profile within the 

1000 subjects, where 52.3% exhibited 

dyslipidemia and 76.1% had diabetes. Notably, 

38% of patients displayed 

hypercholesterolemia, 62.5% had 

hypertriglyceridemia, 52.8% manifested low 

HDL-C levels, and 23.5% exhibited high LDL-

C levels, recognised as cardiovascular risk 

factors. 

Our findings elucidate a significant positive 

correlation between HbA1c, TC, and TG, 

aligning with similar conclusions documented 

in previous studies14. This study underscores 

that HbA1c directly indicates elevated TG and 

TC levels, consequently aiding in assessing 

diverse vascular complications. Moreover, 

HbA1c notably correlated with age and BMI, 

emphasising its utility as a clinical marker. 

Nevertheless, our study failed to establish 

significant associations between HbA1c and 

HDL-C or LDL-C levels. These results deviate 

from a study by Khan et al.15, which reported a 

negative correlation with HDL-C and a 

positive one with LDL-C. It is worth noting 

that other research has also indicated an 

absence of correlation between HbA1c and 

HDL-C. This discrepancy might be attributed 

to the slightly higher HbA1c levels observed in 

the female group compared to the male group, 

as females typically exhibit elevated HDL-C 

levels compared to males16, thereby precluding 

a significant negative correlation. Subgroup 

analyses stratified by gender offered insights 

into this disparity. 

 

 

Subgroup Diabetes and non-diabetes 

Numerous studies have elucidated the intricate 

interplay between diabetes and dyslipidemia. 

Within this current study, demographic profiles 

of individuals with diabetes revealed a notably 

elevated prevalence of obesity (96%) as well 

as higher incidences of hypercholesterolemia 

(41% compared to 29% in non-diabetic 

individuals) and hypertriglyceridemia (68% 

compared to 44% in non-diabetic individuals). 

Moreover, subjects exhibiting HbA1c levels 

equal to or exceeding 6.5% displayed 

significantly elevated triglyceride (TG) and 

total cholesterol (TC) levels compared to those 

with HbA1c levels below 6.5%. 

Furthermore, HbA1c exhibited a direct and 

significant positive correlation with TC and 

TG within the diabetic group, findings that are 

consistent with previous research highlighting 

the reciprocal between diabetes and 

dyslipidemia, wherein each condition 

exacerbates the other, consequently 

heightening the risk of cardiovascular disease 
17. This phenomenon can be attributed to 

chronic hyperglycemia inducing 

apolipoprotein glycation and disrupting 

normal lipoprotein metabolism pathways. 

Inadequate insulin secretion or function, 

coupled with delayed removal of TG-rich 

lipoproteins, leads to increased TG levels. 

Augmented liver synthesis and release of TG 

due to enhanced raw material supply 

contribute to elevated TG and TC levels27. 

Furthermore, a lipotoxic mechanism facilitated 

by triglycerides can impede gastric or neural 

pathways that regulate glycemic control18. 

It can be inferred that HbA1c is a reasonable 

predictor for dyslipidemia in diabetes by 

forecasting TC and TG status, thereby 

identifying patients at heightened 

cardiovascular risk. Conversely, an HbA1c 

value below 6.5% appears conducive to 

mitigating cardiovascular risk owing to a 

normalised lipid profile. Nonetheless, no 

significant disparities were observed in low-

density lipoprotein cholesterol (LDL-C) and 

high-density lipoprotein cholesterol (HDL-C) 

levels. These findings diverge from prior 
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studies that reported significantly elevated TC, 

LDL-C, and TG levels alongside reduced 

HDL-C in diabetic individuals compared to 

their non-diabetic counterparts. These 

discrepancies may be ascribed to varying study 

designs and the selection of study populations, 

suggesting that factors beyond diabetes could 

contribute to dyslipidemia development19. 

Notably, this study identified significant 

positive correlations between age and BMI in 

individuals with diabetes, potentially 

representing pertinent contributing factors. 

However, our study revealed a higher 

prevalence of hypercholesterolemia in males 

(65%) compared to females (59%) within the 

study population. This discrepancy in 

outcomes could be attributed to differences in 

BMI distributions. Specifically, male 

participants exhibited an obesity rate of 84% 

(BMI > 25)20, potentially influencing the lipid 

profiles observed between the genders. 

 

Subgroup gender 

Gender-based analysis revealed significantly 

higher BMI, total cholesterol (TC), and high-

density lipoprotein cholesterol (HDL-C) 

values in females than in males. This 

observation aligns with findings from several 

other studies, except HbA1c and low-density 

lipoprotein cholesterol (LDL-C), where no 

significant differences between genders were 

noted. The disparity in gender-specific 

profiles may stem from variations in sex 

hormone levels affecting body fat distribution 

and the impact of estrogen post-menopause, 

which regulates glucose metabolism, inhibits 

lipid accumulation, and reduces inflammation 
21. Notably, within the age range of 41-60, 

316 females were included in the study. 

 

Subgroup age 

Age exhibits a notable correlation with 

dyslipidemia, a relationship well-documented 

in numerous studies that highlight an 

increasing prevalence of dyslipidemia with 

advancing age. Within our investigations, 

elderly individuals demonstrated a significant 

association with elevated triglycerides (TG), 

total cholesterol (TC), and low-density 

lipoprotein cholesterol (LDL-C), displaying a 

positive correlation with HbA1c levels. 

Additionally, subjects with higher HbA1c 

values tended to be older than those with 

lower HbA1c levels, thereby linking age with 

diabetes22. In both male and female cohorts, 

the most pronounced differences in body 

mass index (BMI) were observed at younger 

ages, with a strong positive correlation 

between BMI and HbA1c evident in older age 

groups. These findings bear similarities to 

previous research indicating that increasing 

age and BMI elevate the risk of developing 

diabetes. 

 

Subgroup BMI 

In our study, the average BMI of our 

participants exceeded 30, signifying obesity 

within the cohort. Obesity assumes a pivotal 

role in the pathophysiology of diabetes, as 

evidenced by a notable rise in the incidence of 

diabetes and the mean HbA1c levels among 

individuals with a BMI exceeding 25. Prior 

research has highlighted the link between 

obesity, physical inactivity, and compromised 

blood sugar regulation. This association is 

attributed to the metabolic strain imposed by 

increased BMI, which hampers HDL-C 

production, exacerbates pancreatic cell 

dysfunction, and fosters insulin resistance23. 

 

Clinical Implications 

HbA1c serves as a metric for glycemic 

regulation and a predictor of dyslipidemia in 

individuals with diabetes. Poorly controlled 

diabetic patients often exhibit elevated lipid 

levels. Our study underscores the critical role 

of glycemic management in addressing 

dyslipidemia. Within our patient cohort, 

insufficient glycemic control, defined by an 

HbA1c level of ≥6.5%, was associated with 

heightened triglyceride (TG) and total 

cholesterol (TC) levels. Per recommendations 
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from the American Diabetes Association, 

regular monitoring of serum lipids in diabetic 

patients is crucial due to the heightened risk 

of dyslipidemia26. Elevated HbA1c levels 

have been identified as a significant risk 

factor for cardiovascular ailments such as 

coronary artery disease and mortality20. 

Therefore, our findings emphasise the 

importance of effective glycemic control in 

managing diabetic complications, 

dyslipidemia, and the risk of cardiovascular 

diseases. This relationship was further 

corroborated by consistent results in subgroup 

analyses stratified by sex, age, and BMI, with 

no apparent correlation between HbA1c and 

high-density lipoprotein cholesterol (HDL-C) 

across different groups. Age and BMI are 

intricately linked to diabetes and obesity. 

Dietary choices significantly impact patients' 

glucose and lipid profiles, particularly HDL-C 

levels, where elevated circulating insulin 

levels are associated with reduced HDL-C 

levels17. Increased intake of saturated fatty 

acids tends to elevate lipid profiles, while 

polyunsaturated fatty acids have the opposite 

effect, reducing elevated triglycerides. 

The mechanisms underlying the deterioration 

of blood glucose regulation and dyslipidemia, 

leading to atherosclerosis, are multifaceted. 

Hyperglycemia triggers inflammatory 

responses and mitochondrial oxidative stress, 

directly contributing to vascular endothelial 

dysfunction. Reduced HDL-C levels trigger 

local inflammation, endothelial thrombosis, 

and endothelial cell apoptosis and impede 

vascular repair. Inflammation-induced by 

hyperglycemia and low HDL-C disrupts the 

immune balance, leading to immune system 

dysregulation. The dual impact of rising 

HbA1c levels and declining HDL-C levels 

accelerates atherosclerosis progression. This 

underscores the significance of 

comprehensive management of glucose-

metabolic disorders and dyslipidemia in 

averting atherosclerosis16. 

Limitations and Future Research 

Directions 

One limitation of this study is the absence of 

background patient data, including details such 

as diabetes type, blood pressure, smoking 

habits, dietary patterns, physical activity levels, 

and medication usage — factors widely 

recognised as risk determinants for 

cardiovascular disease. The lack of 

comprehensive information restricts our ability 

to assess these variables' contributions to 

dyslipidemia. The study did not stratify data 

based on treatment modalities, potentially 

influencing the study outcomes. On the 

positive side, the study's strength lies in the 

comprehensive biochemical profiles available 

for the patients, enabling thorough 

comparisons and correlations. Dietary habits 

and physical activity levels are known to vary 

by ethnicity, with lower diabetes prevalence 

observed among Asian and Black populations 

compared to White individuals11,24.). 

Exploring the relationship between HbA1c 

levels and lipid profiles across different ethnic 

groups could yield valuable insights. 

Furthermore, considering the two distinct 

types of diabetes—Type 1, which is inherited, 

and the other acquired form—it is crucial to 

acknowledge that dyslipidemia can also have 

genetic underpinnings passed down from 

parents. Future research directions might delve 

into molecular investigations, focusing on 

specific genes associated with a heightened 

risk of developing diabetes and dyslipidemia25. 

Conclusions 

The findings of this investigation reveal a 

noteworthy association between HbA1C 

levels and various circulating lipid 

parameters. Notably, we observed a 

substantial contrast in the lipid profiles 

between two cohorts categorised by their 

HbA1C levels (indicating excellent and poor 

glycemic control). This underscores the dual 

role of HbA1c as a dependable marker for 

glycemic regulation and a valuable indicator 

for anticipating dyslipidemia in individuals 

with diabetes. Consequently, utilising the 

glycemic parameter could facilitate the early 
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detection of dyslipidemia. Therefore, 

consistent monitoring of blood glucose levels, 

HbA1C values, and lipid profiles is strongly 

advised as part of routine health assessments. 
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Table 1: Demographic and clinical details of the patients 

Parameters Categories N (%) Mean SD Median Range 

Age (Years) 

20-40 101 (10.1%) 

54 8.8 55 20-7941-60 751 (75.1%) 

60-80 148 (14.8%) 

BMI 

Under-weight 0 (0%) 

30 5 30 19-48
Normal-weight 93 (9.3%) 

Over-weight 97 (9.7%) 

Obesity 810 (81%) 

HbA1c (%) 
Non-Diabetes 239 (23.9%) 

8.3 2.5 8 0.9-15 
Diabetes 761 (76.1%) 

TC (mmol/L) 

Normal (≤5.18) 620 (62%) 

4.9 1.3 4.8 0-10
High (>5.18) 380 (38%) 

TG (mmol/L) 
Normal (≤1.7) 375 (37.5%) 

2.3 1.4 2 0.3-14 

High (>1.7) 625 (62.5%) 

HDL-C 

(mmol/L) 
Normal ( ≥1.04) 462(46.2%) 

1.2 0.66 1.1 0.2-9.9 

Low (< 1.04) 528(52.8%) 

LDL-C 

(mmol/L) 

Normal (≤3.37) 765(76.5%) 
2.6 1.1 2.5 0.3-9.9 

High (>3.37) 235(23.5%) 
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Table 2 Correlation between Age, BMI, HbA1c, and lipid parameters 

Parameter 
AGE HbA1c BMI 

Correlation p-value Correlation p-value Correlation p-value 

AGE 1.00 - 0.38** <0.001 0.38** <0.001 

HbA1c 0.38 0.247  1.00 - 0.41** <0.001 

TC 0.04** <0.001 0.18** <0.001 0.01 0.666  

TG 0.15 0.527  0.22** <0.001 0.11** <0.001 

HDL-C -0.02 0.611  0.03 0.361  0.07* 0.022  

LDL-C 0.02** <0.001 0.01 0.727  -0.07* 0.033  

BMI 0.38** <0.001 0.41** <0.001 1.00 - 

 

Parameter 
TC TG HDL-C  LDL-C 

Correlation p-value Correlation p-value Correlation p-value Correlation p-value 

AGE 0.04 0.247  0.15** <0.001 -0.02 0.527  0.02 0.611  

HbA1c 0.18** <0.001 0.22** <0.001 0.03 0.361  0.01 0.727  

TC 1.00 - 0.32** <0.001 0.10** <0.001 0.42** <0.001 

TG 0.32** <0.001 1.00 - -0.08 0.009  0.02 0.627  

HDL-C 0.10** 0.001  -0.08* 0.009  1.00 - -0.14** <0.001 

LDL-C 0.42** <0.001 0.02 0.627  -0.14** <0.001 1.00 - 

BMI 0.01 0.666  0.11** <0.001 0.07 0.022  -0.07* 0.033  

**Correlation is significant at the 0.01 level (2-tailed)  

* Correlation is significant at the 0.05 level (2-tailed)  

 

 

 

 

 

 



Journal of Hong Kong Institute of Medical Laboratory Sciences 2023-2024 Volume 17 No 1 & 2 
 

 

86 
 

 

 

 

Table 3: The bio-clinical parameter results of patients with type 2 diabetes mellitus, with and 

without complications. 

Parameters Categories 

HbA1c %<6.5 

(non-Diabetes) 

HbA1c%≥6.5 

(Diabetes) 

 

 

p-value 

 
N  (%) N  (%) 

Age (Years) 

  

  

20-40 63 26% 38 5%  

<0.0001* 41-60 165 69% 586 77% 

60-80 11 5% 137 18% 

BMI 

  

  

  

Under-weight 0 0% 0 0%  

 

<0.0001* 

Normal-weight 74 31% 19 2% 

Over-weight 85 36% 12 2% 

Obesity 80 33% 730 96% 

TC (mmol/L) 

  

Normal (≤5.18) 169 71% 451 59%  

<0.0001* High (>5.18) 70 29% 310 41% 

TG (mmol/L) 

  

Normal (≤1.7) 135 56% 65 9%  

<0.0001* High (>1.7) 104 44% 521 68% 

HDL-C (mmol/L) 

  

Normal ( ≥1.04) 130 54% 408 54%  

0.7208 Low (< 1.04) 109 46% 353 46% 

LDL-C (mmol/L) 

  

Normal (≤3.37) 182 76% 583 77%  

0.6352 High (>3.37) 57 24% 178 23% 

*Statistically significant  

 

 

 

 

 

 



Journal of Hong Kong Institute of Medical Laboratory Sciences 2023-2024 Volume 17 No 1 & 2 
 

 

87 
 

 

 

 

Table 4: Distribution on comparison of HbA1c, BMI, and lipid profile categorized by age groups 

Parameters Categories 
Age:20-40 Age:41-60 Age:61-80 p-value 

 

N  (%) N  (%) N  (%) 

BMI 

  

  

  

Under-weight 0 0% 0 0% 0 0% <0.0001* 

Normal-weight 36 36% 53 7% 4 3% 

Over-weight 30 30% 66 9% 1 1% 

Obesity 35 35% 632 84% 143 97% 

HbA1c (%) 

  

Non-Diabetes 66 65% 165 22% 11 7% <0.0001* 

Diabetes 35 35% 586 78% 137 93% 

TC (mmol/L) 

  

Normal (≤5.18) 69 68% 462 62% 89 60% 0.2186 

High (>5.18) 32 32% 289 38% 59 40% 

TG (mmol/L) 

  

Normal (≤1.7) 20 20% 275 37% 50 34% <0.0001* 

High (>1.7) 51 50% 476 63% 98 66% 

HDL-C 

(mmol/L) 

  

Normal ( ≥1.04) 58 57% 405 54% 75 51% 0.4493 

Low (< 1.04) 43 43% 346 46% 73 49% 

LDL-C 

(mmol/L) 

  

Normal (≤3.37) 76 75% 581 77% 108 73% 0.0164* 

High (>3.37) 25 25% 170 23% 40 27% 

*Statistically significant  
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Table 5: Correlations between HbA1c, BMI, and lipid profile panel categorized by age groups 

Age:20-40 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL 

HbA1c 

vs. 

LDL 

HbA1c 

vs. 

BMI 

Pearson r -0.062 0.077 -0.12 0.048 0.53 

95% confidence interval 

-0.25 to

0.13

-0.12 to

0.27 -0.31 to 0.076 -0.15 to 0.24 0.38 to 0.66 

R squared 0.0039 0.0059 0.015 0.0023 0.28 

P value 0.535 0.4441 0.2263 0.6318 <0.0001* 

Age:41-60 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL 

HbA1c 

vs. 

LDL 

HbA1c 

vs. 

BMI 

Pearson r 0.17 0.2 0.044 -0.028 0.4 

95% confidence interval 0.10 to 0.24 0.13 to 0.27 -0.027 to 0.12

-0.10 to

0.043 0.33 to 0.45 

R squared 0.029 0.04 0.002 0.00081 0.16 

P value <0.0001* <0.0001* 0.2263 0.4368 <0.0001* 

Age:61-80 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL 

HbA1c 

vs. 

LDL 

HbA1c 

vs. 

BMI 

Pearson r 0.28 0.2 -0.015 0.19 0.041 

95% confidence interval 0.12 to 0.42 

0.039 to 

0.35 -0.18 to 0.15 0.031 to 0.34 -0.12 to 0.20

R squared 0.078 0.04 0.00023 0.037 0.0017 

P value 0.0006* 0.0151* 0.8549 0.02 0.6168 

*Statistically significant
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Table 6: Distribution on comparison of Age group, HbA1c, and lipid profile categorized by BMI 

Parameters Categories 

BMI18.5-

22.9 

BMI23-

24.9 
BMI≥25 

 

 

p-value 

 

N  (%) N  (%) N  (%) 

Age (Years) 

  

  

20-40 36 39% 30 31% 35 4% <0.0001* 

41-60 53 57% 66 68% 632 78% 

60-80 4 4% 1 1% 143 18% 

HbA1c (%) 

  

Non-Diabetes 74 80% 85 88% 80 10% <0.0001* 

Diabetes 19 20% 12 12% 730 90% 

TC (mmol/L) 

  

Normal (≤5.18) 59 63% 61 63% 500 62% 0.7078 

High (>5.18) 34 37% 36 37% 310 38% 

TG 

(mmol/L) 

  

Normal (≤1.7) 55 59% 45 46% 275 34% 0.0002* 

High (>1.7) 38 41% 52 54% 535 66% 

HDL-C 

(mmol/L) 

  

Normal ( ≥1.04) 54 58% 55 57% 429 53% 0.6516 

Low (< 1.04) 39 42% 42 43% 381 47% 

LDL-C 

(mmol/L) 

  

Normal (≤3.37) 68 73% 66 68% 631 78% 0.0627 

High (>3.37) 25 27% 31 32% 179 22% 

*Statistically significant  
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Table 7: Correlations between HbA1c, Age, and lipid profile panel categorized by BMI 

BMI18.5-22.9 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL-C 

HbA1c 

vs. 

LDL-C 

HbA1c 

vs. 

AGE 

Pearson r 0.29 0.23 -0.022 0.14 -0.0058

95% confidence interval 0.089 to 0.46 0.033 to 0.42 -0.22 to 0.18 -0.064 to 0.34 -0.21 to 0.20

R squared 0.082 0.055 0.00046 0.02 0.000034 

P value 0.0053* 0.0234* 0.8376 0.177 0.9559 

BMI23-24.9 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL-C 

HbA1c 

vs. 

LDL-C 

HbA1c 

vs. 

AGE 

Pearson r 0.22 0.011 -0.019 -0.034 -0.17

95% confidence interval 0.025 to 0.40 -0.19 to 0.21 -0.22 to 0.18 -0.23 to 0.17 -0.36 to 0.030

R squared 0.05 0.00011 0.00037 0.0011 0.029 

P value 0.0279* 0.9179 0.8519 0.7421 0.0955 

BMI>25 

HbA1c 

vs. 

TC 

HbA1c 

vs. 

TG 

HbA1c 

vs. 

HDL-C 

HbA1c 

vs. 

LDL-C 

HbA1c 

vs. 

AGE 

Pearson r 0.19 0.18 0.042 0.067 0.16 

95% confidence interval 0.12 to 0.26 0.12 to 0.25 -0.027 to 0.11 -0.0020 to 0.14 0.087 to 0.22 

R squared 0.036 0.034 0.0017 0.0045 0.024 

P value <0.0001* <0.0001* 0.2359 0.0571 <0.0001* 

*Statistically significant
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Figure 1 : Comparison between biochemical parameters between Diabetes and non-Diabetes 
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Figure 2. Correlations between HbA1c, BMI, and lipid profile panel categorized by age groups 
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Figure 3: Comparison between biochemical parameters categorized by BMI 
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Figure 4. Correlations between HbA1c, Age, and lipid profile panel categorized by BMI 
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